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Introduction
The introduction of adhesive dental materials changed the principles of cavity
preparation. At the same time, a better understanding of the caries process promoted the
substitution of the mechanical design by the biological principles of cavity preparation. The
concept of Minimal Intervention (MI) dentistry advocates not only saving sound tooth
material before applying an adhesive technique and/ or restorative material but it also
includes the remineralisation of non-cavitated lesions, inducing repair instead of
replacement of inadequate restorations and a careful education of the patient (1).
One of the most investigated MI approaches in the last twenty years is the
Atraumatic Restorative Treatment (ART), which was developed in response to the
unavailability of restorative care for populations with limited resources (2). This approach of
treating cavitated carious lesions uses only hand instruments to remove the soft carious
tissue and the cavity is restored with a high-viscosity glass-ionomer cement (GIC). The same
material is placed in excess to seal remaining fissures using the “press-finger” technique.
Simultaneously, a preventive program is implemented alongside the restorative treatment.
Learning the importance of removing dental plaque and having healthy eating habits, the
patient can shift from high to low caries risk, consequently reducing the indications for
extractions.
Atraumatic Restorative Treatment
Developed in the 1980s to manage dental caries in underserved communities, the
main goal of ART was to provide an affordable alternative for preventing decayed teeth
from being extracted where the required resources for modern dental treatment such as
electricity, piped water and finances were scarce (3). The efforts of implementing mobile
units with mobile drilling and suction equipment, portable dental chairs and generators
would be too expensive to implement and maintain, and were discarded as having been
deemed not economically sustainable (4, 5).
When working in the Dental School in Dar es Salaam, Tanzania, Dr. Jo Frencken
audited the dental clinics in the country side and observed that most of the dental
equipment was not functioning but that hand instruments were available. The cavities were
large enough to be treated with excavators and there was no need for drilling machines. A
pilot study in 28 cavities, cleaned with hand instruments and restored with polycarboxylate
cement showed promising results and the method was well accepted by the patients. These
results were presented in a scientific meeting of the Tanzanian Dental Association in 1986
and the ART approach was officially born (3).
Some years later, a randomized clinical trial comparing ART using GIC as the
filling material with the conventional treatment using amalgam was conducted in
permanent and primary teeth (6), and the favourable results of the ART approach caught the
attention of many people working in under-served communities. In 1994, ART was adopted
by the World Health Organization (WHO) and in 2002 by the Word Dental Federation (FDI).
The introduction of ART also challenged some concepts such as the need for complete
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removal of affected dentin and step-wise excavation (7), and supported concepts such as the
exclusive use of hand instruments (8).
Hand instrumenting is a more effective and efficient method than rotating
equipment to remove caries in cavitated lesions in primary teeth and is less likely to lead to
over-preparation of the dentin (9-11). Removing only the infected tissue, local anesthesia is
seldom required and dental anxiety in children is reduced (12-14). In this way, ART is not
only less traumatic to the patient (15) but also to the tooth structures (9, 10).
ART procedure
Caries removal: Firstly, it is important to remove food debris, which can easily be
combined with brushing instructions. If the cavity opening is not large enough for the use of
excavators, the enamel must be cut with dental hatchet or enamel access cutters. The
infected tissue is removed with sharp excavators. At the enamel/dentin junction, the
excavation is done until hard tissue is exposed to allow a good seal of the remaining lesion.
Cavity restoration: The restorative material for ART is a high-viscosity GIC and in
most of cases. The lack of electricity implies the use of the hand-mixed version. Cavity
conditioning with polyacrylic acid is performed using the liquid of the GIC diluted in water
for 10-20 seconds. The cavity is then rinsed and dried using cotton pellets. Moisture isolation
is achieved using cotton rolls. Proximal cavities are filled after placement of matrix bands
and wedges.
Press finger technique: The cavity and adjacent pits and fissures are slightly
overfilled and the material is pushed into the cavity with a gloved index finger covered with
a layer of petroleum jelly. The finger is removed sideways to simultaneously seal the
remaining fissures, the excess of the material is removed and the occlusion is checked after
the initial setting (3 min). After final adjustments, another layer of petroleum jelly is applied.
The patient is asked not to eat for at least one hour.
Applications of ART
Although developed for outreached rural areas in developing countries, ART is
also mentioned as a treatment option in modern equipped dental practices (16, 17).
Additionally, this technique can be used in special-needs patients, elderly living in nursing
homes and patients with high anxiety levels (13, 18).
Occlusal cavities are, without doubt, the best indication for ART restorations using
high-viscosity GIC. The results of meta-analyses show significantly higher survival rates in
occlusal cavities for ART restorations made with GIC than for conventionally prepared
amalgam restorations (19-22). The survival rates of occlusal-ART restorations in primary
and permanent molars after three years are generally 85% or higher while for the proximalART restorations this percentage drops to 49% (22, 23).
ART may also be applied in anterior teeth but the appearance of GIC is not as good
as that of a resin-based material and it is not be the first option for permanent teeth of
patients with aesthetical requirements (17). The low wear-resistance of GIC leads to a
roughening of the surface and discoloration develops in time. In cervical lesions, though,
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GICs are preferred above composites as far as aesthetics is not a priority, as they present
better retention (24). ART has been used to treat cervical lesions in elderly patients living in
nursing homes (25, 26), and Lo et al. (25, 26) reported no difference in success rate after one
year between the conventional approach using drill and resin-modified GIC (91.7%) and the
ART approach with high-viscosity GIC (87%).
The performance of GIC in multiple-surface or proximal preparations is considered
not good enough as a long-lasting restoration in permanent teeth, neither with the
conventional nor the ART technique (27, 28). For the primary dentition, amalgam proximal
restorations did not seem to survive longer than GIC with ART (29, 30). An “imperfect”
ART restoration, however, might be effective in the control of progression of carious lesions
and avoid extractions of primary teeth until they naturally exfoliate (31, 32).
Shortcomings of proximal-ART restorations in primary molars
There are many factors that may influence the success of proximal-ART
restorations in primary molars. Factors such as operator, material, extend of caries removal,
isolation method, post-restoration meal, size of the lesion/preparation and cooperation of
the patient are related to failures in proximal-ART restorations.
Operator effect
Even though the application of ART seems to be easy for any dentist, an operator
training course is indicated (29). In a recently published meta-analysis, the authors excluded
the studies performed by operators who were not dentists, as they supposed the little
experience of the non-dentists could influence the results (22). However, the literature
shows that ART restorations made by dental students (33) or by dental health workers can
have higher survival rates than those performed by dentists (33, 34). Individual
characteristics of the operators may be always of influence. Frencken et al. (35) found an
operator effect in a study comparing the ART approach using GIC with conventional
amalgam restorations in spite of the fact that all the dentists had ample experience in
applying the ART approach and had followed a training course on ART prior to the study.
Proximal cavities require more caution from the operator than occlusal ones in
several aspects, starting with preparation and caries removal, which are both more difficult
in cervical areas of proximal cavities. During restoration, contamination with saliva and
blood must be avoided. Even when a rubber dam is used, the control of the saliva flow is
difficult as the cervical margin lies under the contact point. The restoration technique is also
more sensitive as there is an increased risk of lack of adaptation in the cervical area of the
cavity and the finger-press technique is hampered by the presence of the matrix band.
Another factor is the use of hand-mixed GIC, which may impose an extra variable in
addition to the operator (36). When using such an operator-sensitive technique, a
comprehensive training course is recommended (34). Knowledge in cariology is essential
but most important is to practice the technique under supervision of an experienced
operator in order to execute it properly (29).
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Caries removal
Inadequate caries removal may result in insufficient sound dental structure to
adhere. The adhesion of GIC to caries-affected dentin is lower than that to sound dentin (37).
The insufficient caries removal may also lead to inadequate cavity sealing (38) and fracture
of the restorations due to the lack of a strong dentin support. However, partial caries
removal is preferable to complete caries removal in deep lesions to avoid pulp exposure
(39), which often leads to immediate extraction for the primary dentition when treated
under field conditions.
However, partial caries removal is preferable to complete caries removal in deep lesions to
avoid pulp exposure, which often imply immediate extraction (39).
Isolation method
The isolation from blood and/or saliva contamination is a fundamental step for a
good adaptation and sealing of the restoration. In a study in the rainforest in Suriname, van
Gemert-Schriks et al. (40) showed that in more than 30% of the restorations made by
experienced dentists there was blood or saliva contamination. However, no difference in
success rate was found between the groups with and without contamination. Carvalho et al.
(41) did not find any improvement on the survival rate using either a rubber dam or cotton
rolls as isolation methods for proximal-ART restoration in primary teeth. Kemoli et al. (42),
however, observed that the use of a rubber dam resulted in a statistically significant higher
survival rate, but it is questionable whether this difference is clinically relevant. With a
survival rate of 30% after two years in a sample of 804 patients, the significant difference
found for the rubber dam group might be not clinically relevant to justify the use of a rubber
dam in ART restorations.
Size of the cavity
The size and position of the cavity will influence the access of excavators to the
cavity as well as the direct or indirect view of the operator. Kemoli et al. (43) observed that
the one-year survival rate of proximal-ART restorations was significantly better for the
cavities with mean dimensions between 2 and 3 mm, when compared to smaller or larger
sizes. In the smaller cavities it might be more difficult to accomplish an adequate caries
removal and material adaptation. On the other hand, the larger ones may have suffered a
pulpal injury effect or failed because of bulk fracture of the cement (43).
Post – restoration meal
After placing the restoration, all patients are instructed not to eat for at least one
hour but in practice some of them eat already a few minutes after the restoration is placed,
hereby loading the incompletely set cement. Kemoli et al. (44) documented the type and
consistency of the next meal taken by the children who received proximal-ART restorations.
The type and consistency of food were classified as hard, soft or mixture. The children who
had a “hard” consistency meal after the placement of the restoration showed a significantly
higher failure rate at baseline and also two years later.
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Cooperation of the patient
During the treatment, the cooperation of the patient is important and may
influence the success of the final restoration, regardless of the technique. Studies show that
the acceptance of the ART in child- and adult-populations is high, and is attributed to the
absence of anesthesia and drilling, which increases comfort for the patient (15, 45). Although
ART may be more acceptable than conventional treatment, the low survival rates for ART
restorations in proximal cavities may lead to higher frequency of dental treatment and to
eventual pain experience, in case caries progression occurs in the tooth with a failed
restoration.
Material
The main failures of proximal-ART restorations are their partial and total loss,
which are frequently attributed to the GIC (40, 46-48). The mechanical properties and, in
particular, the poor fracture resistance of the GIC have led to the conclusion that a stronger
and more durable material would be beneficial to the success rate of the proximal-ART
restorations (46, 47, 49). However, there is no evidence that materials such as glass carbomer
cement, resin composite and amalgam used in field conditions will perform better than GIC
in proximal-ART restorations (30, 46, 47, 49, 50).
The high-viscosity of the material and the use of hand instruments instead of burs
challenge the insertion of the GIC in the deepest site of the cavity. Two studies showed that
more than two-thirds of the restorations had a cervical gap on bite-wing radiographs (51,
52). Another study (38) showed that most of the restorations with a cervical gap at baseline
ended up having secondary caries adjacent to them.
All these limitations of the proximal-ART restorations cannot individually explain
the high failure rate of these restorations. A combination of these variables is most likely a
better explanation and for each operator a different combination can be found. ART is not
the ideal method for proximal cavities; however, no other alternative and accessible
restorative treatment has yet shown better results in field studies. The need for restoring
these cavities is, most of the times, essential to allow removal of dental plaque and, in this
way, control the caries increment. In this thesis the focus is on the material of choice for
ART, the glass-ionomer cements, its properties and possible modifications.
Glass-ionomer cements
GICs were developed in the 1970s by combining the benefits of two existing
materials: polycarboxylate cement and silicate cement (53). The main advantages of the
GICs are the chemical bonding to the enamel and dentin allowing a proper seal of the cavity
and the sustained release of fluoride. Other advantages of the conventional GICs are their
biocompatibility with dental structures, an insignificant shrinkage during the setting
reaction, a linear coefficient of thermal expansion similar to tooth structures and a low
thermal conductivity. Disadvantages of the GICs include a long setting reaction, a low wear
resistance and a relatively low compressive and tensile strength, in particular during the
first 24 hours. These characteristics exclude the GICs as the first choice of restorative
material for multi-surface restorations, such as the proximal ones (54).
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GICs are available in hand-mixed and encapsulated systems. As with any material
presented in a powder and liquid form, the powder/liquid ratio determines the properties
of the GIC. By encapsulating the material, the operator variability is reduced as the
powder/liquid proportion is pre-determined by the manufacturer and the mixing is
mechanically driven (36). The GIC is subsequently injected in the cavity allowing a better
adaptation. The composition of the powder is generally based on fluoraluminosilicate glass,
sodium and silica. The liquid is composed of weak organic acids with a high molecular
weight, usually an aqueous solution of polyacrylic acid, maleic acid and itaconic acid (55).
These acids may also be incorporated into the powder in a freeze-dried form. The chemical
setting reaction starts in the presence of water, when after dissociation of the acids, the
hydrogen ions attack the glass particles releasing calcium, strontium, aluminium, sodium
and fluoride. This acid-base reaction results in a poly-acid salts matrix. The poly-acids are
responsible for the adherence to dental structures under wet conditions (56).
Adhesion is a result of an ion exchange between the GIC and some dental
structures, which is mainly represented by the reaction of the carboxyl group from the acid
with the calcium ions from the tooth (chelation). After two- to four-minutes, the initial
setting is finished and the material loses its glossy appearance. This is an indication that
most of the carboxyl groups have reacted with the powder particles. In this initial stage, the
material is very sensitive to water sorption and the uptake of water will result in weakening
of the surface. The second stage lasts 24 to 48 hours and is a slower continuation of the acidbase reaction, involving the release of calcium and aluminium cations within the matrix.
During this stage the material is very susceptible to dehydration. The water evaporation in
this stage would lower the mechanical properties of the material. To reduce this water
sensitivity it is imperative to protect the GIC surface during its setting reaction.
In the search for improved mechanical properties of the GIC, the conventional GIC
has been modified. The so-called metal-modified GIC contains amalgam alloy, silver,
stainless steel or even gold particles fused to (Cermets, such as Ketac Silver, 3M Espe) or
mixed with (Miracle Mix, GC Europe) the glass particles (57, 58). Although supposed to
perform better than conventional GIC, the literature does not always support these
“additions” (59). Another significant modification was the addition of metacrylate groups,
giving rise to the resin-modified GIC (60). This modification allowed a better working- and
setting-time as these materials are based on a dual-cure setting reaction (61). The resinmodified GIC is frequently used as a liner in combination with a resin composite or
amalgam restoration. However, the addition of a hydrophilic monomer (HEMA) has a
negative effect on biocompatibility.
Glass ionomers have a relatively low cost compared to resin composites, and they
are technically less sensitive. These characteristics make them an accessible material to the
world population. Associating the low cost with the adhesive auto-setting reaction and the
potential effect of inducing remineralisation, the GIC became the material of choice for use
in the ART (59). Moreover, conventional GICs contain fewer components that can cause
allergic reactions when compared to resin composites or resin-modified GIC (62).
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High-viscosity glass-ionomer cements
The restorations made with ART are intended to be long lasting and the restorative
material of choice should be able to withstand masticatory forces (63). Specially developed
for the ART technique, the high-viscosity GICs are the ideal material for clinical conditions
when optimal saliva isolation cannot be achieved (64-66). To increase the concentration of
glass in the matrix, the size of the glass particles was reduced, allowing some degree of
packability and improving mechanical properties (59). On the other hand, the higher
powder/liquid ratio raised the viscosity of the GIC, reducing wettability. This less-fluid
consistency may have a negative effect in the adaptation, bonding and the retention of the
restoration.
Mechanical properties
Better mechanical properties of the high-viscosity GIC improved the ART
restoration survival rate (20) but its fracture strength and early-wear rates remained
unsatisfactory compared to amalgam and resin composite materials (27). The setting
reaction is shortened because of the higher powder concentration but it is still a long-term
reaction, which makes it a sensitive material in particular during the first 24 hours, a period
in which the material is prone to dissolution (65). This might result in lower strength of the
surface and as a consequence, in low early wear resistance and flexural strength. To avoid
the consequences of water sensitivity during the setting reaction, it is recommended to
protect the GIC’s surface. Petroleum jelly is the most used coat but copal cavity varnish,
light-cured bonding resins, cocoa butter or even nail varnish can also be used (67-70).
The brittleness of the material and the fact that it is prone to dehydration and
erosion must be considered when performing mechanical tests. The bond strength tests for
GICs, for example, cannot always express the interface bond strength as they frequently
report cohesive failures within the material, limiting the results to the material strength (7174).
Adhesion to dental structures
The adhesion of GIC to hard dental tissues appears to be mainly of a chemical
nature (3). In addition to this chemical bonding, a mechanical interlocking of the cement in
dentinal tubules is reported (73, 75). The chemical adhesion is formed through ionic and
polar attractions between hydroxyapatite and polycarboxylate radicals in a way that the
latter displace the phosphate and calcium ions from the former, maintaining the electrical
neutrality (76) and promoting the chemical bond. This interaction layer is also considered to
be beneficial in reducing the hydrolytic degradation of the bonding interface and
consequently, enhancing the restoration longevity (77).
The bond strength may be influenced by two factors: the morphology of the
adherent and the surface treatment. The presence of contaminant agents can interfere in the
surface energy and therefore, reduce the wettability (78). In this way, the dentin pretreatment with polyacrylic acid is indicated to increase the bond efficiency of the GIC. The
acid produces a superficial cleaning and a partial demineralisation, which creates micro-
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porosities and enhances the possibility of chemical and micromechanical interaction with
the hydroxyapatite (73, 76).
The polyacrylic acid used in the pre treatment is a weak acid with high molecular
weight. The high molecular weight gives a high viscous consistency to this acid, which
hinders its penetration into the dentinal tubules, and is not harmful to the pulp structures.
This is one of the characteristics that classifies the GIC as a biocompatible material. The
chemical adhesion itself also improves the biocompatibility of this material. During the
setting reaction of the GIC, when polycarboxylate radicals meet calcium ions from the tooth
structures, there is a salt deposition at the dentin-GIC interface. This deposition may help
promoting a good sealing and preventing bacterial invasion at the interface between tooth
and restoration (79).
Fluoride release
The long term and continuous fluoride release is considered to be one of the
greatest assets of the GIC. The highest release occurs in the first hours after placement and is
due to the slow setting reaction of the material, when a large amount of ionically active
elements is released (80). Because of the possibility of recharging fluoride from the
environment, the fluoride release may continue thereafter. Although studies show that the
fluoride release from GIC is low and clinically insignificant (81-83), others found a
preventive effect including hypermineralisation of the adjacent dentin (84, 85) and
remineralisation of incipient enamel lesions (86).
Indications and limitations of GIC
The GICs have a wide variety of applications. They can be used as fissure sealant,
cavity liner, bonding agent, endodontic sealer, restorative material, and luting cement for
prosthetics and orthodontics.
In field situations, GICs are certainly the material of choice for fissure sealing. The
retention rate of fissure sealants made in a dental practice setting is showed to be higher for
resin-based materials (87, 88) but under field conditions, GIC performs better or similarly to
resin-based materials (89, 90). The best indication for GIC sealants is during tooth eruption,
when the tooth cannot be satisfactory isolated by the use of a rubber dam. The advantage of
GIC sealants is that the material may remain in the bottom of the fissure for a long time,
even when the sealant is partially broken or appears to be completely lost (91, 92). Studies
investigating the caries preventive effect of resin-based and GIC sealants are inconclusive as
to whether one is better than the other (20, 88, 89, 93-95).
As restorative material, GICs are particularly used in paediatric dentistry. Occlusal
restorations in the primary dentition made with high-viscosity GICs show lower failure
rates than the ones made with amalgam (19-22). Also in proximal restorations, the highviscosity GICs show a good survival up to three years when made under optimal clinical
conditions, in permanent (27, 28) and primary teeth (63, 96). In the primary dentition, Marks
et al. (96) reported 92% survival after 12 months using a hand-mixed material, while Rutar et
al. (63) observed 93% survival after two years using an encapsulated one; both studies were
conducted in proximal cavities under optimal clinical conditions. On the other hand, the
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survival rates of proximal restorations made with GIC in a field setting vary from 76.1%
after two years to 12.2% after three years (40, 49).
In the permanent dentition, Zanata et al. reported good survival over a ten-year
period for occlusal ART restorations performed under clinical conditions, but the success for
proximal cavities decreased significantly from two- (87%) to ten-year (31%) periods (28).
Another indication for GIC as a restorative material is in cervical lesions. The fluoride
release and adhesive qualities of the GIC make them the most effective and durable in
bonding to cervical lesions, fulfilling all the requirements of the guidelines for dentin and
enamel adhesive materials established by the American Dental Association (24).
The GICs used as a liner and luting agent are generally the resin-modified ones.
The liners are used in combination with an amalgam or resin composite restoration with the
aim of protecting the pulp against acids used for etching prior to the application of a resinbonding agent, or against the thermal conduction of amalgam restorations. Because of its
biocompatibility, conventional GIC can be used in deep carious lesions as a protection layer
for the pulp tissues. A GIC liner can also be applied in the so-called “open sandwich”
technique (97). The "open sandwich" technique is recommended in circumstances where the
cervical area of the cavity is difficult to isolate from the exudation of gingival crevicular
fluid or blood. In these cases, the use of an adhesive and fluoride releasing material in the
cervical area, such as the GIC, is indicated to prevent secondary caries formation (98).
However, on the long term, a liner of GIC may have a negative effect on the fracture
resistance of the composite restoration (99).
The development and diffusion of the ART approach has stimulated dentistry
manufacturers to expand the number of GICs indicated for ART. Although several brands
are available, most of the long-term follow-up studies use the most well known materials;
the ones presenting better mechanical properties in laboratory experiments and also the
most expensive ones (44, 48, 100, 101). It is of interest to study new and less established GIC
brands in laboratory and clinical studies and verify if they may be applicable to proximal
cavities made in isolated and rural areas of developing countries. In these areas where often
no other option of restorative dental treatment is available, the costs of the materials and the
high-caries activity of the population must be considered when choosing both restorative
approach and material.
Aim and outline of the thesis
The laboratory and clinical studies in this thesis evaluated the influence of GICs
indicated for ART on the longevity of Class II or proximal-ART restorations. We explored
different brands, a new nano-filled resin coating and a new insertion technique to improve
material adaptation, aiming to increase the longevity of this type of restorations.
Many brands of high-viscosity GIC have been developed and marketed for the use
with ART, but only few of them have been tested in clinical trials (8, 46, 47, 49, 50). In order
to choose the materials to be tested in a clinical trial, the physical-mechanical properties of
GICs indicated for ART were investigated (chapter 2). A laboratory study evaluated the
wear resistance, knoop hardness, flexural and compressive strength of six GICs indicated for
ART. From this study, three GICs were selected for a clinical trial based on their
composition, price and mechanical properties. The effect of GIC brand on the survival rate
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of proximal-ART restorations in primary molars is described in chapter 3. This study was
conducted in Itatiba (in the southeast of Brazil) and considered not only the survival of the
restorations but also the survival of the tooth.
During the evaluation period of this clinical study, we observed a high failure rate
of the restorations and an alternative method to improve the survival rate of proximal-ART
restorations was desired. Searching for a better marginal adaptation of ART restorations, we
performed a laboratory study using a flowable GIC as a liner (two-layer insertion
technique). Chapter 4 describes the material adaptation and the microleakage of this new
insertion technique.
Because of the promising laboratory findings, the two-layer technique was
clinically applied in the cavities that resulted from a complete loss of the restoration from
the previous trial (described in chapter 2). As inserting the GIC in two layers with two
different consistencies is a laborious procedure, we investigated the operator effect on the
survival rate of proximal-ART restorations using this two-layer technique in primary molars
(chapter 5).
We speculated that the good results of the flowable layer as liner could be also
originated from an improved bond strength of the flowable GIC to tooth structures. This
could result from its better adaptation and a higher concentration of polyacrylic acid
available. Chapter 6 describes the results of a microtensile bond strength test of this
flowable glass-ionomer cement layer bonding to sound and caries-affected dentin of
primary teeth.
To confirm the validity of our results in the previous bond strength test, we
evaluated different micro-mechanical bond strength tests for the assessment of the adhesion
of GIC to the dentin. We submitted different GIC-based materials to microtensile and
microshear bond strength tests in order to assess their ranking as well as their failure pattern
(chapter 7).
Concluding from the previous study that microshear bond strength tests seemed to
better represent the clinical behaviour of brittle materials such as the GIC, we investigated
the microshear bond strength of flowable GIC to sound and caries-affected dentin (chapter
8).
To evaluate the mechanical properties and stress distribution of the two-layered
GIC, a three-point-bending test was performed and a Finite Element Analysis was used to
interpret the results. This study is described in chapter 9.
To draw a preliminary conclusion as to whether the two-layer technique compared
favourably to the conventional insertion technique of GIC in proximal-ART restorations, it
was necessary to compare it with a conventional one-layer technique. The 18-month results
of a randomised controlled clinical trial are described in chapter 10.
As most of the drawbacks of the GICs are related to their low mechanical
properties in the first hours and the highest failure rates of ART restorations are reported in
the first six months, improving the early mechanical properties of the material may help in
improving restoration survival. We used a nano-filled resin (G-Coat Plus) to protect the
surface of a GIC (chapter 11). It is assumed that such a layer protects the GIC during its
slow- and long-setting period. This chapter investigates the flexural strength and the early
wear resistance of a high-viscosity GIC coated and uncoated with a nano-filler-containing
fluid resin.
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Abstract
Aim: This study evaluated mechanical properties of glass-ionomer cements (GICs) used for
Atraumatic Restorative Treatment. Wear resistance, Knoop hardness (Kh), flexural (Fs) and
compressive strength (Cs) were evaluated. The GICs used were Riva Self Cure (RVA), Fuji
IX (FIX), Hi Dense (HD), Vitro Molar (VM), Maxxion R (MXR) and Ketac Molar Easymix
(KME).
Methods: Wear was evaluated after 1, 4, 63 and 365 days. Two-way ANOVA and Tukey posthoc tests (p=0.05) analyzed differences in wear of the GICs and the time effect. Fs, Cs, and Kh
were analyzed with one-way ANOVA.
Results: The type of cement (p<0.001) and the time (p<0.001) had a significant effect on wear.
In early-term wear and Kh, KME and FIX presented the best performance. In long-term
wear, Fs and Cs, KME, FIX and HD had the best performance. Strong explanatory power
between Fs and the Kh (r2=0.85), Cs and the Kh (r2=0.82), long-term wear and Fs of 24 h
(r2=0.79) were observed.
Conclusions: The data suggest that KME and FIX presented the best in vitro performance.
HD showed good results except for early-term wear.

Chapter 2

Introduction
Since glass-ionomer cements (GICs) were introduced in the 70’s by Wilson and
Kent (1) they have undergone constant improvements in order to follow market trends and
to fulfill many functional and aesthetic requirements (2, 3). These materials are inexpensive
compared to resin composites and less demanding with respect to the clinical application.
By increasing the powder/liquid ratio, the high viscous or condensable GICs, with better
mechanical properties than tradition al GICs were developed for the Atraumatic Restorative
Treatment (ART) (4). GIC is the material of choice for ART due to its physical and chemical
properties. Such properties include its adhesion to dental structures, biocompatibility,
chemical set reaction, and fluoride release/uptake, which contributes GIC’s preventive
character (1, 2, 5). One of the major drawbacks of GIC is the relatively low fracture strength
and higher occlusal wear rate in comparison to amalgam and modern resin composite
materials (6).
Renewed interest in the study of GICs is due to their good performance in recent
clinical trials (6-8). Van 't Hof et al. (8) concluded based on a meta-analysis, that singlesurface ART restorations using high-viscosity GIC in both primary and permanent
dentitions showed high survival rates, and that medium-viscosity (traditional) GIC should
not be used for ART restorations. The reported clinical failure rates in multi-surface ART
restoration are due to gross marginal defect, secondary caries, loss of retention and fracture
of ART restorations (9, 10). Gross marginal defects were induced by occlusal forces or
insufficient wear resistance of the restorative material (10). Taken this into account, the use
of GIC in pediatric restorative dentistry would be still adequate of the relative low occlusal
forces applied to the restorations and their reduced time in the oral cavity. Furthermore,
GIC releases and uptakes fluoride, adhere chemically to the tooth structure, and can be used
in a variety of clinical scenarios (11). Based on these previous arguments, special attention
should be paid to the mechanical properties of GICs. Therefore, a better understanding of
GICs flexural and compressive strength, wear resistance and hardness is essential.
The development and diffusion of restorative treatment techniques has stimulated
dentistry manufacturers expand the number of GICs indicated for ART (high-viscosity and
better mechanical properties GICs). In this study, six commercially available conventional
GICs were investigated. These included Ketac Molar Easymix and Fuji IX, which were used
as reference materials as they are the most frequently reported materials in in vivo and in
vitro studies (12-15). The aim of this study was to investigate the mechanical properties of
GICs used for ART. The wear resistance, flexural and compressive strength, and Knoop
hardness were evaluated.
Material and Methods
The restorative GICs used in this study are listed in Table 1, together with the
manufacturer and batch code data. The GICs used are hand-mixed versions and were used
in accordance with the procedures supplied by the manufacturers.
Three-body wear was evaluated with the ACTA wear machine (15). This device
consisted of two motor-driven cylindrical wheels rolling over each other with a surface slip
of 15%, inside a bowl containing a third body medium, consisting of a slurry of rice and
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millet seed shells (pH = 7). The specimen wheel and stainless steel were pressed against
each other with a spring force of 15 N. A test run consisted of 200,000 cycles (55.5 hours) of
the specimen wheel at a rotational speed of 1 Hz (4). The specimen wheel consisted of 10
compartments, each containing approximately 1 g of cement. For Riva, Hi Dense, Vitro
Molar and Maxxion R, two compartments were filled with the cement. Ketac Molar Easymix
and Fuji IX served as reference material and therefore only one compartment was filled with
these cements. The specimen wheel was kept wet at 37°C at all times throughout a period of
one year. Four wear runs were performed on this specimen wheel. The first run starting six
hours after the preparation of the specimen, and the three subsequent ones started after 4,
63, and 365 days. After each run, 10 tracings were taken at fixed positions on the worn
surface of each pair of specimen (PRK profilometer No. 720702, Perthen GmbH, Hannover,
GE) so the loss of material (lm) could be measured.
The flexural strength (Fs) was measured according to the ISO Standard 9917-2
using 25 x 2 x 2 mm bar-shaped specimens (n = 10). After setting (10 minutes), the
specimens were removed from the moulds and placed into 37°C paraffin. After 24 hours, the
height and width of the specimens were measured using a digital micrometer to an accuracy
of 0.01 mm. The specimens were subjected to a three-point-bending test (the distance
between the two supports is 20.0 mm) on a universal testing machine (Mini Instron no. 4442,
Instron Corp, Canton, MA, USA) at a crosshead speed of 1.0 mm⁄min. The Fs was calculated
with the following equation:

FS 

3Fl
2 wh 2

where F is the load at fracture, l the distance between the supports (20.0 mm), w the
specimen width and h the specimen height. The compressive strength (Cs) was measured
analogue to the flexural strength, e.g., same storage conditions, testing machine, crosshead
speed and number of specimens per cement, using cylindrical specimens (n = 10) with 4 mm
diameter and 6 mm height (according to the ISO Standard 9917-1). The Cs was calculated
with the following equation:

CS 

1
4

F
d 2

where F is the load at fracture, d the diameter, and h the specimen height.
The Knoop microhardness was determined with a hardness test machine (HM 124
– Mitutoyo, Japan) with 25 g load and a 30-second dwell time (16). Two specimens of each
GIC were prepared in PVC moulds with a diameter of 8 mm and a height of 4 mm. Each
hole was filled with a small excess of cement and after 10 minutes the specimens were
stored in paraffin for 24 hours at 37°C (17). Prior to testing, the specimens were polished
with 1200 grit paper (Buehler) until the excess was removed. Five indentations were taken in
two specimens (n = 10).
Two-way ANOVA and Tukey post hoc tests (p=0.05) were used to test differences
in wear of the GICs and the effect of time. The flexural strength, compressive strength and
Knoop microhardness were analyzed with one-way ANOVA. Regression analysis was used
in order to find the explanatory power (r2) of each tested properties over another. The
software used was Sigma Stat 3.1 (SPSS Inc., Chicago, USA).
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Table 1 Materials used in this study.
Code

Product

Manufacturer

Color

Batch No.

Expiring
Date

RVA
FIX
HD
VM
MXR
KME

Riva Self Cure
Fuji IX
Hi Dense
Vitro Molar
Maxxion R
Ketac Molar
Easymix

SDI (Bayswater, VIC, AU)
GC Europe (Leuven, BE)
Shofu (Ratingen, GE)
DFL (Rio de Janeiro, BR)
FGM (Joinville, SC, BR)
3M/ESPE (Seefeld, GE)

A2
A3
*
*
A2
A3

50303
510031
100630-5
5070823
200706
243914

2008/03
2008/10
2012/10
2007/07
2008/07
2007/10

* There were no color specifications.

Results
The wear of different hand-mixed GICs are summarized in Table 2 and graphically
depicted in Figure 1. Two-way ANOVA showed that the type of cement (F=2371.7; p<0.001)
and the time (F=2965.6; p<0.001) had a significant effect on wear. Tukey post hoc test
(p<0.05) showed that cement wear decreased significantly for all time spans measured in the
one-year period.
Table 2

Mean wear and standard deviation in parentheses in m at different time periods for the
investigated materials.

Day

Riva

Fuji IX

Hi Dense

Vitro Molar

Maxxion R

Ketac Molar
Easymix

1
4
63
365

124.2 (11.8)
99.3 (11.3)
79.0 (2.1)bc
60.6 (9.6)

105.0 (2.7)a
85.8 (4.1)
74.2 (2.2)c
44.5 (1.8)d

184.7 (19.7)
225.9 (5.1)
84.4 (6.7)b
4.4 (1.6)d

198.8 (9.0)
185.0 (7.3)
n/a
123.2 (2.1)

146.2 (6.9)
111.0 (2.1)
80.0 (4.7)bc
68.8 (9.8)

100.9 (1.1)a
74.4 (1.1)
57.7 (1.6)
44.9 (4.8)d

Means with the same letter are not significantly different (p>0.05).

Ketac Molar Easymix presented the lowest wear in comparison to the other
materials, with significant difference in the 4 and 63 days time-frames. For the early-term
wear test (1 day), Ketac Molar Easymix and Fuji IX had the lowest wear rate, and Vitro
Molar and Hi Dense the highest. On the other hand, for the one year time-frame the best
performance was found for Ketac Molar Easymix, Fuji IX and Hi Dense.
The flexural and compressive strength together with the Knoop hardness are
summarized in Table 3. One-way ANOVA showed significant difference for Fs (F=9.2;
p<0.001), Cs (F=4.8; p=0.001) and Knoop hardness (F=24.3; p<0.001). The highest flexural and
compressive strength was achieved by Ketac Molar Easymix, Fuji IX and Hi Dense,
respectively. Both Riva and Vitro Molar had low flexural and compressive strength.
Maxxion R performed well in the strength tests, showing no statistical significant difference
in the flexural strength in relation to Ketac Molar Easymix, Fuji IX, Hi Dense and Riva. For
the compressive strength Maxxion R test, results were different only from Ketac Molar
Easymix. The Knoop hardness of Ketac Molar Easymix and Fuji IX was significantly higher
than the other cements. Vitro Molar and Riva showed the lower Knoop hardness. A strong
explanatory power between the flexural strength and the Knoop hardness (r2=0.85) and the
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compressive strength and the Knoop hardness (r2=0.82) was observed. The explanatory
power between the flexural and compressive strength was lower (r2=0.61). An even smaller
explanatory power between the wear at day 1 and the flexural strength, compressive
strength and the Knoop hardness was found (r2 < 0.52). The long-term wear after one year
showed a strong explanatory power with the flexural strength of 24 hours (r2=0.79). No
other strong explanatory coefficients were found.

Figure 1 Bar graph showing the wear in µm per 200,000 cycles on the investigated materials at slip of
15% and 15N force.

Discussion
The hand-mixed GICs were chosen for this study as they are commonly used in
clinical situations with a lack of electricity. In contrast, encapsulated cements were
dispensed beforehand, which minimized operator-induced variability. As the mixing is
automatic in this type of GIC, it is possible to add more powder in the mixture, resulting in
better mechanical properties, as was suggested in a previous study (4). Some of the GICs
used in this study are not available in an encapsulated version; therefore, for
standardization all GICs used were hand-mixed versions.
The effectiveness of single-surface ART restorations is already evidence based (7, 8)
as the survival rates for the high viscosity GICs reached very acceptable levels. However, for
multi-surface restorations the survival rates are reported to be less satisfactory (12 to 76%)
(6, 10, 18). The most common reasons given for ART class II GIC restoration failures are
gross marginal defect, loss of retention, fracture of ART restorations and secondary caries (9,
10, 13, 14). In a study carried out under ideal clinical conditions, the main reason for failure
of class II restorations in permanent teeth was the loss of GIC in the proximal area, leading
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to loss of proximal contact (6). Based on this evidence, the search for materials with strong
mechanical properties is necessary in order to accomplish better survival rates with multisurface ART restorations. The current study evaluated flexural and compressive strength, as
well as the Knoop hardness and wear resistance for GICs, characteristics that are useful in
identifying appropriate materials for ART.
When studying the wear resistance of GICs, de Gee et al. (15) found high early wear
rates with different GICs compared with the present study. The authors observed that wear
rates declined over time and a reduction in wear was still evident even between 4 months
and 1 year. Our results also showed decreasing values from the first to the last experiment
with the exception of Hi Dense between 1 day and 4 days. The reason for a high value for
the 4 days measurement of Hi Dense can be explained by its composition (19). Hi Dense is a
silver reinforced GIC. The silver particles in the powder interfere in the setting reaction,
making it lengthy. Concurrently, the final mixture is also thought to suffer from a lack of
cohesion. Therefore, it is assumed that the interfacial bonding between the particles and the
polymer matrix can be influenced by the different powder particles (16). This could be why
Hi Dense presented high wear test results in the first experiments. But even with these
characteristics in the early-term wear, Hi Dense presented similar wear rates to the reference
material in the long-term. Preliminary studies have shown that highly viscous GICs have
either comparable or superior mechanical properties and wear resistance to metal-reinforced
cements (20, 21). The Vitro Molar wear at two months (63 days) could not be measured due
to failure of the specimen reference. In the wear experiment, approximately 80 per cent of
the surface of the specimen wheel was subjected to three body wear by the antagonist
wheel, leaving two unworn ridges on the sides of the specimen wheel. These unworn ridges
serve as references. If the investigated material is weak or has a very high wear rate, fracture
of such a ridge is sometimes observed. This fact can be translated to a clinical situation
where the restoration will fail because of a fracture or a large loss of material.
Table 3

Mean flexural strength (Fs in MPa), compressive strength (Cs in MPa), and the Knoop
hardness (in MPa) and standard deviations in parentheses for the investigated materials
(after 24 hours).

Material

Flexural Strength
(Fs )

Compressive Strength
(Cs )

Knoop hardness
(Kh)

Riva
Fuji IX
Hi Dense
Vitro Molar
Maxxion R
Ketac Molar
Easymix

23.9 (10.7)ab
33.3 (6.1) c
33.3 (3.9) c
19.2 (4.0) a
29.5 (3.6)bc
34.5 (7.2) c

126.5 (18.5) a
166.7 (31.3)ab
159.2 (26.7)ab
135.7 (48.3) a
130.3 (23.2) a
177.8 (28.2) b

38.7 (12.9)ab
68.7 (10.9) d
55.8 (11.5) c
37.0 (5.5) a
50.4 (5.3)bc
73.8 (9.4) d

Means with the same letter, within Fs, Cs or Kh are not significantly different (p>0.05).

Compressive strength is often used as a measure of the ability of a material to
withstand masticatory forces. The obtained compressive strength for Ketac Molar Easymix
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and Fuji IX matched with previous reported values (22), but were lower compared to values
obtained by Peez and Frank (23). The three-point-bending test can be regarded as
representative of a clinical situation of the forces exerted by the opposing cusp (24). The
flexural strength values found, corresponded well with previous reported values (20).
Nevertheless, the low flexural strength for Riva and Maxxion R of 23.9 and 19.2
MPa, respectively, can be viewed as the Achilles heel of these materials when used in multisurface restorations. The microhardness can be defined as the resistance of a material to
indentation or penetration. In concordance with the flexural strength, the hardness of Riva
and Maxxion R was also significantly lower than the other materials studied. The reported
microhardness values of Xie et al. (16), which investigated the Knoop hardness for similar
materials with the same methods but a storage time of 7 days, were higher than our values.
This can be explained by the longer storage line.
A weak explanatory power was found between flexural and compressive strengths;
this finding is in line with Xie et al. (16). Between the long-term wear and the flexural
strength a strong explanatory power was found, suggesting that it is possible to forecast the
long-term wear by using the flexural strength results. The ART technique was developed, in
principle, for areas that lack electricity, in underprivileged communities of developing
countries (25). Considering the success of single surface ART restorations, the technique has
spread throughout the public dental health service and academic areas.
Conclusions
Within the limitations of this in vitro study, Ketac Molar Easymix and Fuji IX
presented the best performance in all the tests. Hi Dense, the metal reinforced GIC, although
presenting good strength results, showed very weak wear resistance. The worst
performance was found for Vitro Molar. As Maxxion R achieved, in general, a satisfactory
performance in comparison to Ketac Molar Easymix and Fuji IX, this material should be
evaluated in clinical situations. The manufacturer should improve this material in order to
make it possible for use on a larger scale by applying it in social projects, clinical research
and public dental health services.
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Abstract
Background: Laboratory studies show diverse behaviour of several brands of glass-ionomer
cements (GIC) design for the same indication.
Aim: This study investigated the clinical performance (survival rate: SR) of three GIC brands
applied to proximal-ART restorations. Additionally, the SR of the tooth was evaluated.
Methods: Proximal cavities of 262 primary molars were restored. The patients had been
randomly allocated to two operators and three GIC brands: Fuji IX, Hi Dense and Maxxion
R. Restorations were evaluated after 1, 6, 12, 18, 24, 30 and 36 months. Failed restorations
were, if possible, repaired or replaced. Linear regression analyses were used to evaluate the
effect of GIC brand, operator and surface of restoration. Kaplan-Meier survival analysis and
log-rank test were performed for both restoration survival and tooth survival (α=5%).
Results: After 3 years, 82.4% of the restorations were evaluated. The SR of the restorations
was 24.4% and there was no difference among GIC brands (log-rank test, p=0.6). In the first
18 months, a significant operator effect and significantly more failures in distal surfaces
were found. The SR of the tooth was 81.7%.
Conclusions: The SR of proximal-ART restorations was relatively low when compared to the
SR of the teeth. There are no differences in the performance among the GIC brands used in
the study.

Chapter 3

Introduction
Atraumatic Restorative Treatment (ART) was developed for underserved
communities to provide an alternative for preventing decayed teeth from being extracted
(1). For the past twenty years ART has been one of the most researched minimal
intervention approaches for caries management (2). When compared to traditional
restorative procedures, ART is considered a less traumatic and friendlier approach for child
populations (3, 4). The survival rates of single-surface or occlusal-ART restorations using
high-viscosity glass-ionomer cements (GIC) in primary and permanent posterior teeth do
not differ from the conventional restorations using amalgam (5-7). However, the survival
rate of multi-surface or proximal-ART restorations does not meet with the ADA
specifications for quality restorations (1). The most frequent failures found for proximalART restorations are loss of restoration and bulk fracture, generally attributed to the
materials’ properties (8, 9, 10, 11).
GIC is the material of choice for ART mainly because of its properties, namely
chemical bonding to enamel and dentin, fluoride release and uptake, as well as its chemical
setting reaction (12, 13). Specially developed for ART, the high-viscosity GIC have the
advantage of a relatively slow setting time and improved mechanical properties resulting in
higher survival rate of the restorations (5). Testing the physical-mechanical properties of six
high-viscosity GIC brands (Maxxion R, Vitro Molar, Hi Dense, Riva, Fuji IX and Ketac Molar
Easymix), we found that two GIC brands (Maxxion R and Hi Dense) performed as good as
the two most established GIC for ART (Fuji IX and Ketac Molar Easymix) in the majority of
the tests (14). Besides presenting a good performance in laboratory studies, Maxxion R, a
Brazilian GIC, has the benefit of costing less than 25% of the price of Fuji IX or Ketac Molar
Easymix. Hi Dense, a metal-reinforced GIC, may have the advantage of both antibacterial
and cariostatic properties, which are attributed to its silver content (15).
Although also serving as a treatment option in private dental practices (16, 17), the
initial and most common applications for ART are still in outreach and rural areas in
developing countries. In these areas, the costs of the treatment and the high-caries activity of
the population must be considered when choosing both restorative approach and material.
Another outcome to be considered is the survival of the tooth, even when without a perfect
restoration, but preventing the tooth of being extracted. The present clinical trial was
conducted in a field setting in Brazil and evaluated the survival rate of proximal-ART
restorations (class II) in primary molars. The restorations were made using GIC of three
different brands (Maxxion R, Hi Dense and Fuji IX). Additionally, a paralel evaluation on
the survival rate of the tooth was conducted, considering the repaired restorations.
Material and Methods
Sampling procedure – This study was approved by the local Research Ethical
Committee (USP, São Paulo, Brazil). A total of 2600 five-to-eight years old children, from 36
public schools in the city of Itatiba (State of São Paulo, Brazil) were examined and 265 of
them fulfilled the inclusion criteria. Inclusion criteria consisted of children having at least
one occluso-proximal carious lesion in a primary molar involving dentin, with dimensions
not larger than 2 mm mesio-distal, 2.5 mm bucco-lingual and occluso-cervical. Exclusion
criteria were: non-cooperative behaviour, pulp exposure, history of pain, presence of
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swelling or fistula, tooth mobility and cavity not accessable to hand instruments. A written
consent was obtained from the parents or legal guardians of the participating children.
Implementation - Only one restoration per child was included in this study. All other
cavities in the selected children were referred to the health centre of the municipality. The
operators and the dentists in the municipality received a training course regarding the ART
approach and preventive strategies to ensure that all of the children included in the study
would be part of an oral-health program. The operators were two final year dental students
who were previously trained to perform ART and to mix the GIC according to the
manufacturers’ protocol. A try-out week was included to give the operators the opportunity
to familiarise themselves with the local conditions prior to the start of the operative phase of
the study. Both operators were assisted by the same local dentist and all treatments were
performed on the school grounds. The children were randomly assigned into two groups,
one for each operator. The GIC brand used in each child was assigned by a separate random
list.
Treatment procedure – During treatment, in accordance with the ART approach (18),
no local anesthesia was used. Infected carious dentin was removed with hand instruments
and the cavities were restored with one of the three GIC brands: Maxxion R (FGM, Rio de
Janeiro, BR), Hi Dense (Shofu, Ratingen, GE) or Fuji IX (GC Europe, Leuven BE). After
cavity preparation its dimensions were measured using the graduations on the Michigan O
with Williams' markings periodontal probe (19) and a metalic matrix band and a wedge
were applied. Moisture control was done with cotton wool rolls. All cavities received a pre
treatment (conditioning) with the diluted liquid from the respective material (10 s), followed
by rinsing with water and drying with cotton pellets. The GIC were mixed according to the
manufacturers’ instructions (powder/liquid ratio 1:1) and inserted into the cavity with a
conventional application instrument. After adjusting for the occlusion, petrolium jelly was
applied to the GIC. The presence of adjacent and antagonist teeth was recorded. The
moment of restoration (before or after the lunch break) was also recorded in order to
evaluate the post-restoration meal consumption effect on the restorations’ survival rate. All
children were instructed not to eat for one hour after the restoration was placed.
Evaluation - The survival rate of the restorations was evaluated after 1, 6, 12, 18, 24,
30 and 36 months according to the ART evaluation criteria adapted for proximal restorations
(Table 1) (20). A restoration was considered as “failure” when codes 11-40 were registered.
Codes 00 and 10 were considered as “success” and codes 50-91 were assigned when the
tooth was unavailable for evaluation. All evaluations were carried out by one independent
evaluator, trained and calibrated by a benckmark (Kappa = 0.89) (21).
The survival rate of the tooth was evaluated by classifying the restoration in minor
and major failures [adapted from Innes et al., (22)]. The minor ones were restoration failure,
which could be managed by repair or replacement of the restoration (codes 11-21) and major
failures consisted of signs or symptoms of irreversible pulpal damage, such as dental
abscesses or tooth fracture and unrestorable with ART (codes 30 and 40). The teeth with a
restoration presenting minor or no failures were considered as “survived” and the major
failures characterised as “failed”. When the tooth was unavailable for evaluation, it was
censored. No distinction was made between extracted and shed teeth. For ethical reasons all
the failed restorations were repaired or replaced when necessary and possible. The indicated
extractions were referred to the health centre of the municipality.
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Statistical analysis – Statistical analyses were carried out using Stata 11.2 sofware
(StataCorp, Texas, USA). All significant differences were detected at 95% confidence level.
The effect of GIC brand, operator, surface of the restoration, meal consumption, mouth-side,
jaw, presence or absence of antagonist and adjacent tooth were evaluated in each evaluation
time-frame using Linear regression analyses. The effect of cavity size on the survival rate of
the restorations was evaluated using a chi-square test.
Kaplan-Meier survival analyses were performed on the censored data for both the
survival of the restoration and the survival of the tooth. The difference between survival
curves was determined with log-rank tests.
Table 1: Evaluation criteria for proximal-ART restorations (20).
Score

Criteria

00

Restoration still present, correct

10

Restoration present, slight defect at the margin and/or wear of the surface; <0.5mm in depth,
no reparation needed

11

Restoration present, defect at the margin and/or wear of the surface; >0.5mm in depth, repair
needed

12

Restoration present; under filled >0.5mm, no gap, repair needed

13

Restoration overfilled >0.5mm, repair needed

20

Secondary caries, discoloration in depth, surface hard and intact, caries within dentin; repair
needed

21

Secondary caries, surface defect, caries within dentine; repair needed

30

Restoration not present, bulk fracture, moving, (partly) lost; repair needed (if still possible
without exposing the pulp)

40

Inflammation of the pulp (restoration still in situ, not categorized in the former categories);
fistula or severe pain complaints; 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; unable to diagnose

90

Patient not present

91

Patient transferred

Results
Considering 0.8 as observed effect size, we performed the post hoc power analysis
of our sample, which revealed an observed power of 0.99. From the 265 selected children,
three of them had non-cooperative behaviour and were excluded. Of the 262 children (mean
age ± 6yrs) who participate in the study, 135 (51.5%) were female. The children were
randomly allocated and 88 (33.6%) of them had their cavities restored with Maxxion R; 88
(33.6%) with Hi Dense and 86 (32.8%) with Fuji IX; 151 (58%) were placed in the upper jaw
and 111 (42%) in the lower jaw; 127 (48%) were in the left side and 135 (52%) in the right
side; 164 (63%) involved the distal surface and 97 (37%) the mesial surface of the elements;
128 (49%) were placed before and 134 (51%) after the lunch-break. The mean volume of the
cavities was 13 mm3 (SD± 11.8). All cavities were classified according to a relative-volume
category proposed by Kemoli et al. (19). The intra observer reliability was performed within
one week-interval, in 40 cavities (15% of the sample), and was 0.9
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On a restoration-survival level, the lost to follow-up percentage after 3 years was
18% and it was equally divided over the three groups (GIC brands). The reasons for lost to
follow-up of the restorations were patient moved school or city, followed by tooth not
present. The cumulative survival of the restorations was 24% after 3 years. Once a
restoration failed it continued to be considered as a failure, but for ethical reasons it was
repaired or replaced if possible.
The survival of the tooth was calculated irrespective of whether restorations failed
or not and were repaired or not. On a tooth-survival level, after 3 years, the lost to follow-up
percentage was 56%. This percentage included the teeth that were re-restored by another
dentist, which were considered as censored data. A cumulative survival of 82% was
observed. The survival curves, with censored data, are presented in Figure 1. A log-rank test
indicated a statistically significant difference between the survival curves (p<0.001), where
the survival of the tooth was significantly higher than the survival of the restoration.
There was no difference in success rate of the restorations among the different
brands of GIC (log-rank test, p=0.6). Figure 2 shows the survival curves of the restorations
made with the three different materials. Different operators had significantly different
cumulative survival curves for the restorations (log-rank test, p=0.004, Figure 3). The distoocclusal restorations presented a significantly higher rate of failures than the mesio-occlusal
restorations (log-rank test, p<0.001, Figure 4). The linear regression analyses confirmed the
significant difference between operators and between disto-occlusal and mesio-occlusal
surfaces for the first 18 months.
The cavity size, meal consumption, mouth-side, jaw, presence or absence of
antagonist and adjacent showed no effect on the survival rate of the restorations. The main
failure characteristics were total or partial loss of the restoration (68%), gross marginal
defect (11%) and restoration underfilled or worn (10%).
Discussion
Experts recommend that only high-viscosity GIC that have been field-tested in
long-term follow-up studies should be used with ART (23). With this in mind, clinical trials
are generally performed with the strongest and the most expensive GIC brands (11, 24-26).
Although ART might be more cost-effective than comparable amalgam restorations (27), the
cost of the recommended GIC is still high for the public health system in developing
countries. The Brazilian brand used in this study (Maxxion R) has the advantage of costing
less than 25% of the price of the GIC used in the majority of the ART studies (Fuji IX and
Ketac Molar Easymix), without compromising the mechanical and physical properties (14,
28), Another brand selected for this trial (Hi Dense) contains silver particles in its
composition. These particles may give the material both antibacterial and cariostatic
properties, which are perhaps due to its low early-term wear resistance (14). The third
material, Fuji IX, was used as a control, as it is one of the most commonly used and wellstablished GIC for ART.
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Figure 1: Survival curves of the restorations and the teeth. Log-rank, p<0.001.

Figure 2: Survival curves per GIC brand. Log-rank, p=0.6.
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Figure 3: Survival curves per operator. Log-rank, p=0.004.

Figure 4: Survival curves per surface restored. Log-rang, p<0.001.
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Our results showed no GIC-brand effect on the survival rate of proximal-ART
restorations after 3 years. Irrespective of the material, the main reason for failure was
restoration fracture or loss. This finding indicates that the GIC may not be the suitable for
the proximal-ART restorations, given the fact that they all lead to a high failure rate.
Previous studies used restorative materials with strengthened mechanical
properties aiming to increase the survival rate of proximal-ART restorations in primary
molars. Using GIC and composite resin, Ersin et al. (29), found no difference in survival rate
of occlusal- and occluso-proximal-ART restorations, after 24 months, when the same type of
cavity and different materials were compared. Accordingly, Eden et al. (8) observed that
after one year proximal-ART restorations made with composite resin had low survival rates
regardless of the preparation method. The survival rates were 56.8% for the ART prepared
cavities and 56.9% for cavities prepared using conventional methods. Topaluglu-Ak et al. (9)
also used resin composite to restore cavities prepared with different caries removal methods
and found no significant difference in the cumulative survival after two years (54% for ART
and 46% for chemomechanical caries removal). Comparing proximal-ART restorations made
with high-viscosity GIC and with amalgam, Mickenautsch et al. (30) showed in a systematic
review that both materials seemed to be equally successful. These studies suggest the use of
composite resin or amalgam does not improve the success of proximal-ART restorations.
Multiple-surface restorations have generally lower survival rates when compared
to singles-surface restorations (5-7, 10), Working in field conditions, the cummulative effect
of variables influencing the success rate of the restorations occasionally increases. One of the
evaluated variables in this study was the cavity size. Kemoli et al. (19) reported that cavities
with volumes between 10 and 19.9 mm3 had significantly higher survival rate when related
to any of the other restoration volumes. In the present study, we did not find any cavity-size
effect but the mean volume of the restorations was 13 mm3, which classify them as the most
prone to fail, according to a relative-volume category proposed by Kemoli et al. (19). Despite
the fact that operators were trained, we found an operator effect, which is often reported in
ART studies (3, 10, 21), though it was significant only in the first 18 months of evaluation.
Within the same period a significantly higher failure was observed for the disto-occlusal
restorations, which may be justified by the lack of proper illumination, access and other
adverse conditions. The influence of these effects underlines the vulnerability of the method.
After 18 months, more than 70% of the placed restorations had failed, which may explain
the absence of significant differences in the subsequent evaluations.
Our discouraging results after 36 months (24% survival rate) raise the question of
whether these restorations should have ever being placed. Although they perform poorly,
the proximal-ART restoration might result in the retention of several teeth, which would
otherwise have been extracted at an earlier stage (1, 10). The need for re-restoring the failed
ART restorations in primary molars was investigated by Boon et al. (31) and their results
indicated that a re-restoration may not be necessary in all cases. The authors recommended
that new studies should focus on the survival of the restored teeth and not remain limited to
the restoration survival, as in many previous studies.
With the evaluation criteria used in this study, restorations with minor failures
were often scored as failures. We worked with the standard evaluation criteria applied by
the majority of ART clinical studies (Table 1). Nevertheless, according to these criteria cases
of overfilling (score 13) or underfilling without gap (score 12) were considered as failues and
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in these cases the restorations were, most probably fulfilling their role of stopping caries
progression and maintaining the function of the tooth.
The tooth survival rate was analysed including the survived, failed and repaired
restorations. From the 191 failed restorations, 119 were repaired or replaced. In a 36-month
follow-up evaluation, 70 of these repaired restorations were available for evaluation and 52
(74%) had survived. After three years, the overall cumulative tooth survival rate was 82%.
This result encourages new studies to investigate not only the retention of the restoration
but also the retention of the tooth, in view of the first objective of ART, which was to
prevent decayed teeth from having to be extracted (1,2).
The scores 50-70 were all considered censored data and no distinction was made
between extracted and shed teeth. Indeed, this was due to the fact that, in most cases, it was
not possible to establish the reason why the tooth was absent. It may be that some of the
major failures such as pulp damage or pain were missed as the teeth could have been
extracted between the evaluations. The other censored data (scores 90-91) were mainly
because of children who moved to another district during the course of the study or were
sick and abscent from school for a prolonged period.
The results of the present study indicate that less well-established GIC brands may
be an option for ART restorations. The fact that restorations presenting minor failures can be
repaired should be taken into account when ART is the treatment of choice, with a view to
preserving the tooth. The field of dental materials should consider the fact that GIC, besides
their innumerous advantages, do not appear suitable for long term restorations in proximal
cavities in primary teeth.
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Abstract
Aim: The present study aims to evaluate the in vitro microleakage of two-layer GIC
proximal restorations in primary molars.
Methods: Forty primary molars received proximal cavity preparations and were randomly
divided in two groups. G1 was restored with a regular powder/liquid ratio GIC. G2 firstly
received a flowable layer of GIC and secondly a regular GIC layer. After 24 hours water
storage (37ºC), the teeth were made impermeable with the exception of the restoration area
and 1 mm of their surroundings, immersed in 0.5% methylene blue solution (4 h), rinsed
and sectioned mesio-distally. One side was polished with and analyzed under light
microscope. Replicates from the other side were observed under SEM. Microleakage
evaluation was carried out by 3 evaluators.
Results: The data analysis (Mann-Whitney test) showed a significant (p<0.01) better result
for G2. Regarding the SEM evaluation, irregularities were observed in G1 at the tooth/GIC
interface. For G2, it was not possible to observe any displacement of the GIC in relation to
the tooth structure, which confirmed better adaptation as seen in the microleakage test.
Conclusion: the insertion of a flowable GIC layer in proximal cavities before the insertion of a
regular GIC layer improves the material adaptation to the tooth.
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Introduction
Contemporary treatments in Pediatric Dentistry search for restorative techniques
with maximum prevention and minimum intervention. The Atraumatic Restorative
Treatment (ART) is one of the existing treatment approaches that fits with this philosophy.
In two recent meta-analyses, Frencken et al. (1) and van ’t Hof et al. (2) found no difference in
survival rate of glass ionomer (ART) compared to amalgam in single surface restorations.
These findings contribute to scientific evidence for the ART approach and reinforce its
indication (3).
The material of choice for ART is high viscous glass ionomer cement (GIC) (4) due
to its well-known properties, i.e. bonding to enamel and dentin, fluoride release and uptake,
biocompatibility and chemical set reaction. However, this material presents a viscous
consistency, what makes it a cement with complex manipulation and insertion
characteristics.
The clinical behavior of GIC in proximal-ART restorations is far from ideal
compared to single surface restorations (2, 5-8). An important factor that may contribute to
the proximal-ART restoration failure is the high viscosity of the material, which leads to a
difficult insertion or incorrect adaptation to the tooth surface which turns to cervical gaps (911). The material’s insertion must be done when the consistency is not too thick and it is still
shiny (12, 13), indicating that remaining polyacrilic ions are available for chemical bonding
to the tooth structure.
It is unknown if the use of a thin layer of GIC with a more flowable consistency
before the insertion of a high viscous consistency layer can reduce these adverse effects. The
aim of this study is to evaluate the in vitro microleakage of two-layer GIC proximal
restorations.
Materials and Methods
This study was started after approval of the Ethical Committee of the School of
Dentistry (University of São Paulo). All the restoration were performed by one operator
which was not participating in the evaluation. Forty non-carious, intact primary molars,
obtained from the Human Tooth Bank at the University of São Paulo were cleaned with
pumice and a Robinson® brush in low-speed hand piece and washed with water.
Subsequently, the cavities were prepared with a diamond bur number 3101 (KG Sorensen,
São Paulo, Brazil) in a water-cooled high-speed hand piece. Dimensions of the cavities were
3 mm wide (bucco-lingual direction), 2 mm length (mesio-distal direction), and 3 mm deep.
For standardization purposes a millimeter ruler and a K file was used. Specimens were
randomly assigned in two groups (n=20).
The control group: the cavities received pre-treatment with Ketac Molar™ Easymix
(3M/ESPE, Seefeld, Germany) liquid diluted (10s); then specimens were water rinsed and
dried with cotton pellets. Metal bands were placed and the restorations were made in
accordance with the established technique quoted in the book of Frencken & Holmgren (4).
GIC was mixed according to manufacturer’s instructions: 1 powder scoop (142 mg –
measure with precision balance Ohaus Adventurer®) and 1 liquid drop (1:1); hand mixed
until a homogeneous consistency was achieved. The GIC was applied in small increments
by being pushed into the corners of the cavity. After overfilling the cavity, the GIC was
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firmly pressed into the cavity with a gloved index finger with petroleum jelly (14). After the
initial setting time (3 minutes) the restoration was finished with a carving instrument.
Two-layer group: the cavities received the same pre-treatment in as control group.
Metal bands were placed and the restorations were made using two different GIC layers. In
the first layer the GIC was hand-mixed with half a portion of powder (71 mg) and one liquid
drop (0.5:1). A flowable consistency mix was achieved. The first layer was inserted with
conventional application instrument, and in order to fill the cavity, the second layer was
hand-mixed according to the manufacturer’s instructions (powder/liquid 1:1) and applied
before the hardening of the first layer. After overfilling the cavity, the GIC was firmly
pressed into the cavity with a gloved index finger with petroleum jelly (14). After the initial
setting time (3 minutes) the restoration was finished with a carving instrument.
After 6 minutes petroleum jelly was applied on the surface of all restorations to
avoid water uptake and loss. The specimens were stored in distilled water at 37ºC for 24
hours and later were made impermeable using cyanoacrilate ester (Super Bonder, Henkel
Loctite Products, Rocky Hill, CT, USA) in the apical region to prevent dye penetration. Two
nail polish layers (Impala, Guarulhos, SP, Brazil) were applied on all tooth surfaces, with the
exception of the restoration area and a 1 mm margin around the entire restoration.
The specimens were immersed in 0,5% methylene blue solution, pH 7.2, (Fórmula
& Ação Farmácia – São Paulo, SP, Brazil) for 4 hours. Subsequently, they were rinsed in tap
water for one minute, and left on absorbent paper for two hours.
The specimens were sectioned once in mesio-distal direction using a cleaver. One
side was polished with a 1200 grid silicon carbide paper (Buehler Ltd, Lake Bluf, IL, USA) to
be analyzed under light microscope (Olympus SZ-PT, Tokyo, Japan). Replica impressions
were taken of the other side, using Express (3M/ESPE, Seelfeld, Germany) as the impression
material. Replicas were made with epoxy resin (Epo-thin® Buehler Ltd, Lake Bluf, IL, USA)
and prepared for viewing under scanning electron microscope - SEM (LEO 440i, Cambridge,
UK).
The SEM evaluation was made with 50x, 200x and 1000x magnifications, in order to
observe the interface between tooth structure and GIC. Ten unidentified specimens of each
group were analyzed in random order to observe interface differences, adaptation, voids
and cracks.
Three evaluators, previously trained and blind in relation to groups, examined
independently a hard copy of the images taken using a microscope (Olympus SZ-PT, Tokyo,
Japan) with 15x magnification. The examiners had attributed values to the penetration of the
tracer agent, according to a scale proposed by Salama et al. (9) (Figure 1).
The data were analyzed using a GMC software program (GMC version 7.5, Bauru,
SP, Brazil). The Mann-Whitney test was performed to determine statistically significant
differences between the groups, based on p≤0.05. The inter examiners agreement was
calculated by means of a Cohen’s Kappa test.
Results
The inter examiner agreement, calculated with Cohen’s Kappa test ranged from
0.78 to 0.89. The data analysis showed a statistical significant difference between the two
groups (p≤0.01) with better results for the two-layer group. Figure 2 shows the results in
percentage for each group.
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Figure 1: Scale to attribute values to the penetration of the tracer agent [Salama et al. (9)]. 0: no
penetration of the tracer agent; 1: penetration of the tracer agent in the superficial interface of the incisal
or gingival face; 2: penetration of the tracer agent in all extension of the incisal or gingival face, without
achieving the axial wall; 3: penetration of the tracer agent in all extension of the incisal or gingival face
including the axial wall.

Figure 2: Results in percentage for each group and microleakage score. The number shown in the bars
represent the number of cases per group with each score.

Regarding the SEM evaluation, it was possible to observe some irregularities in the
interface between GIC at the tooth structure for the control group, including some gaps
(Figure 3) evidencing the absence of an intimate contact between the GIC and the tooth. For
the two-layer group, it was not possible to observe any failure or gap between the GIC and
the to the tooth structure, demonstrating a better adaptation (Figure 4).
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Figure 3: Control Group Scanning Eletronic Microscope (1000x). D – dentin; I – interface
tooth/restoration; GIC - glass-ionomer cement 116 x 75 mm.

Figure 4: Two-layer group Scanning Eletronic Microscope (1000x). D – dentin; I – interface
tooth/restoration; GIC – glass-ionomer cement 182 x 131 mm.

Discussion
The restorations made with the flowable GIC as a liner seem to improve the cavity
walls adaptation in proximal cavities of primary teeth, in comparison with the traditional
ART restorative method purposed by Frencken & Holmgren (4). The restorations made with
the flowable GIC as a liner showed less microleakage (p<0.01) and no voids at the
tooth/restoration interface.
Despite the fact that the mechanism of GIC bonding to the tooth structure is not
completely clear, it is known that chemical adhesion is achieved by an interaction between
the carboxylic groups from the polyacids and the hidroxiapatite as the former displace
phosphate and calcium ions from the latter (12, 15). The lower powder-liquid ratio used for
the flowable layer has important characteristics related to the adhesion to tooth structures.
The higher polyacrilic acid available can be responsible for a higher number of cross-links
and a better wettability. These facts can explain the less microleakage and no voids in the
two-layer group.
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The adhesion principles suggest that the most fluid materials penetrate better in the
substrate, favoring the micromechanical adhesion (16). A better adhesion also contributes to
an increased resistance to microleakage (17). The GIC presents a chemical and a
micromechanical adhesion and both mechanisms are enhanced by the flowable layer.
Cracks were not observed in the two-layer group, neither at the tooth/restoration
interface, nor between the first flowable-GIC layer and the second conventional-GIC layer.
Apparently, the presence of a flowable-GIC layer in the dental cavity allows better
adaptation of the whole material in the cavity.
It is important to emphasize that the SEM was carried out in acrylic resin replicas.
These replicas were confectioned due to the fact that the previous dehydration needed for
the SEM observation may lead to cracks in the material, as GIC is a water-based material.
On the other hand, as the observations were made in resin replicas, which resemble the
teeth surface with great quality, it is possible to conclude that the images are reliable. This
gives us strong confidence on the conclusion regarding the presence of crack and air bubbles
in this study.
The sample size of this study was not so big in order to make possible the SEM
evaluation of all the replicas. Increasing the sample number could bring more solid
conclusions. Additional in vitro studies should be conducted to clarify the strength
properties of the two-layer GIC. It can be hypothesized there is no much differences
between it and one-layer GIC. Not only because the two-layer GIC has the superficial layer
with regular powder-liquid ratio but also because the flowable layer seems to present less
voids which can improve the strength properties.
If the results found in the present in vitro study are confirmed with in vivo studies,
a significant contribution to the reduction of failure proximal-ART restorations, widely
registered in literature (10, 18-20), will be achieved.
It is also relevant to ponder whether the two-layer technique is better than the
traditional GIC viscosity due to some of its disadvantages like the more material and time
spent for it.
Aiming to improve the oral health of a significant part of the population that
currently lacks access to conventional restorative dentistry treatment, additional research
should be carried out in order to enhance the longevity of proximal restorations in primary
teeth carried out by ART.
Conclusion
Based on the results achieved in the present study, it is possible to affirm that the
insertion of a fluid GIC layer within proximal cavities before the insertion of a regular GIC
layer improves the material adaptation to the teeth structures.
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Abstract
Aim: This in vivo study was carried out to assess the influence of the operator experience on
the survival rate of proximal-ART restorations using a two-layer technique to insert the
glass-ionomer cement (GIC).
Methods: Forty five proximal cavities in primary molars were restored in a school setting
according to the ART technique. The cavities were restored by two operators with Ketac
Molar Easymix, and received a flowable layer of GIC prior to a second GIC layer with a
regular consistency. The operators had different clinical experience with ART (no experience
or two years of experience), but both completed a one-week training to perform the
restorations and the GIC mixing in this study.
Results: After a 12-month follow-up, 72% of the restorations survived; the main reason for
failure was bulk fracture or total loss of the restoration. There was no operator influence
(long-rank test p=0.2).
Conclusion: The results encourage future well designed controlled clinical trials using the
two-layer technique for insertion of GIC in proximal-ART restorations, after training the
operators.
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Introduction
Atraumatic Restorative Treatment (ART) is an alternative approach to manage
dental caries. Studies show good performance for single surface restorations made with
high-viscosity glass-ionomer cements (GIC) and the ART approach (1-3). However, the
performance of proximal-ART restorations is still far from ideal (4-6). An important factor
that may contribute to the failure rate of proximal-ART restoration is the highly viscous
consistency of the GIC, which makes it a cement with complex handling and insertion
characteristics (7). These characteristics can lead to an incorrect adaptation to the tooth
surface, resulting in cervical gaps and loss of the restoration (8-11). Recent laboratory studies
showed that insertion of a thin layer of a flowable GIC within proximal cavities prior to the
insertion of a regular high-viscosity GIC layer (two-layer technique), can improve the
material’s adaptation to tooth structures and increase the bond strength to sound dentin (12,
13).
The success of ART-restorations can be influenced by many causative factors; the
most often reported is an operator effect (1, 14-18). The influence of the operator includes the
proper use of hand instruments, cavity conditioning, manipulation of the restorative
material and, in cases of multi-surface restorations, factors such as correct matrix band
application and sufficient cavomaterial adaptation (18). Differences in individual skills are
always expected (17) and it is likely that inexperienced or inadequately trained operators
would perform worse than trained ones (19).
Inserting the GIC in two layers with two different consistencies may enhance the
operator/assistant effect for proximal-ART restorations, and it is not known whether this
two-layer technique would be applicable to a school setting without facilities like proper
illumination, suction, and dental chair. In this study, we proposed to use this new technique
for insertion of GIC in proximal cavities, and aimed to assess the influence of operator effect
in the survival rate of proximal-ART restorations using the two-layer technique in primary
molars.
Material and Methods
After examining 232 children participating in an ART class II (proximal cavities)
study in the city of Itatiba (State of São Paulo, Brazil), we selected ones with an ARTrestoration that had failed (restoration not present) within the first six months after
placement. The selected occlusal-proximal cavities were in a primary molar. Exclusion
criteria were non-cooperative behaviour, pulp exposure, history of pain, presence of
swelling or fistula, and mobility of the tooth. Forty five five-to-eight year old children were
selected. Written consent was obtained from the parents, and this study was approved by
the local Research Ethical Committee.
The operators were one dentist who had two years experience with ART, and one
final year dental student who had no previous experience with ART. They both received the
same training to perform ART and mix the GIC according to the ART protocol and also to
the specific technique used in this study. The training consisted of theoretical lectures (12
hours), clinical demonstrations (4 hours), supervised practice in extracted primary molars (4
hours), and supervised practice in the school enviroment (20 hours). Both operators were
assisted by final year dental students who attended to the same training course. The patients
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were allocated randomly to one of the operators, and they were all enrolled in an oral-health
program.
No local anesthesia was used. Infected carious tissue was removed with hand
instruments, and the cavities were restored with Ketac Molar Easymix (3M/ESPE, Seefeld,
Germany) using a metallic matrix band and a wedge. The cavity-dimensions were measured
using the graduations on the Michigan’s O with Williams marks periodontal probe (20). All
cavities received a pre-treatment with diluted Ketac Molar™ Easymix liquid (10 s). A first
layer of GIC with flowable consistency (powder/liquid ratio 1:2) was applied. The second
layer was mixed according to the manufacturer’s instructions (powder/liquid ratio 1:1) and
inserted in the cavity before the final setting of the first layer (12). After the press-finger
technique, the excess of material was removed. The restorations were evaluated after one,
six, and twelve months according to the ART criteria adapted for proximal restorations (9).
All evaluations were performed by one independent evaluator, trained and calibrated by a
benchmark (Kappa = 0.89).
Statistical analysis were carried out using Stata 11.2 software (StataCorp, Texas,
USA). The results were tested using linear-regression analysis, Kaplan-Meier survival, and a
long-rank test at a 95% confidence level.
Results
At the 12 month follow-up, the survival rate was 72% and the lost to follow-up 13%
of the restorations (21, 22). Table 1 shows the survival/ failure percentages at six- and
twelve-month follow-ups.
Table 1: Survival rate and failure of proximal restorations performed with a two-layer technique, after
six and twelve months.
Follow-up

Survival

Failure

Total

6-months

38 (88%)

5 (12%)

43 (100%)

12-months

28 (72%)

11 (28%)

39 (100%)

Operator 1 performed 21 (47%) of the restorations while operator 2 performed 24
(53%). Of the 45 total restorations, 20 (44%) were placed in the lower jaw and 25 (56%) in the
upper jaw; 20 (44%) were on the left side and 25 (56%) on the right side of the mouth; 33
(73%) involved the distal surface and 12 (27%) involved the mesial surface of the element.
After one year, 38 restorations were evaluated; of these, 17 (45%) were from operator 1 and
21 (55%) were from operator 2; 18 (47%) were in the lower jaw and 20 (57%) in the upper
jaw; 17 (45%) were on the left side and 21 (55%) on the right side of the mouth; 29 (76%)
involved the distal surface and 9 (24%) the mesial surface of the element. Linear regression
analysis showed no influence of any of these variables on the survival rate of the
restorations.
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The estimated cumulative survival per operator is presented in Figure 1. The longrank test confirmed the absence of operator influence on the restoration survival rate (p=0.2).

Figure 1: Estimated cumulative survival of the two-layer proximal-ART restorations per operator.

Discussion
This study investigated whether the insertion of a fluid GIC layer within proximal cavities
prior to insertion of a regular GIC layer would be applicable to a school setting, and if this
new technique, in this specific setting, would have an operator effect. The results showed an
acceptable survival rate, and no operator effect over the time period investigated (12
months). Nevertheless, we acknowledge the limits of our study as having a small sample
size, short evaluation period, and the lack of a control group for comparison. The absence of
a control group would be a problem if the aim was to compare the retention rate of this
restoration against restorations made with the currently used insertion GIC technique in
proximal-ART restorations. Yet, in this study, we first aimed to evaluate if we could apply
this technique in a field clinical study, using non-experienced operators, so we focused on
the survival rate of the restorations per operator. A survival rate of 72% at the first year
suggests that this technique should be further investigated. The fact that the cavities had
already been previously restored may influence the results, as all the cavities had a second
chance to be cleaned, and had volumes between 8 and 16 mm3 after preparation, which are
the cavity sizes thought to have the best chance of survival for proximal-ART restorations
(23).
An operator effect on the survival of proximal-ART restorations has been
previously reported, associating experience with higher survival rates.(16-18) We expected
that the more sensitive the insertion technique using flowable GIC as a liner, the greater the
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influence of the operator would be; but this was not the case, as no significant difference
was found between the survival rates for the two operators. This lack of difference may be
attributed to the fact that both operators and assistants followed a comprehensive training
course. This finding suggests that the two-layer technique may have no additional effect on
the operator regarding the failure of proximal-ART restorations.
The main reason for failure was bulk fracture or total loss of the restoration (Table
2), which is in accordance with previous literature reports (17, 21, 24, 25). Bulk fractures are
generally related to the mechanical properties of the GIC; the use of a flowable layer as a
liner might contribute to reduce this property, as the final mixture lead to fewer glass
particles. However, Fonseca et al. (26) reported no differences in the diametral tensile
strength of conventional GIC when the powder/liquid ratio was reduced by 50%. There are
also patient related factors which may influence the survival of proximal-ART restorations,
such as cooperative behavior and saliva flow. Moreover, post-restoration meal consumption
of a “hard consistency” may influence on the survival rate of proximal-ART restorations
(27). The patients were instructed not to eat for one hour after the restoration was placed;
however, it was not possible to supervise them. Given the age of the patients, it is, therefore,
possible that our instructions were not strictly followed.
The literature shows that the 12-month survival rate of proximal-ART restorations
in primary posterior teeth ranges between 12% and 88%, for studies conducted in schools (5,
17, 28, 29). Our results showed a survival rate of 72% after one year (Figure 1). To confirm
the potential improvements delivered by the two-layer technique of applying GIC in ARTproximal cavities, further studies, i.e. controlled clinical trials and investigations of the
mechanical and adhesive properties of this two-layered GIC, should be conducted.
Table 2: Main reasons for restoration failure in each period.
Follow-up

Bulk
fracture

Secondary
caries

Pulp
inflamation

Wear of the
GIC

Total

6-months

2 (4.8%)

1 (2.4%)

1 (2.4%)

1 (2.4%)

42 (100%)

12-months

6 (15%)

3 (8%)

1 (3%)

1 (3%)

39 (100%)
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Abstract
Aim: To evaluate the effect of flowable glass-ionomer cement (GIC) layer application on
bond strength to sound (SD) and caries-affected (CAD) primary dentin.
Methods: Flat dentin surfaces from primary molars were randomly assigned to 4 groups (n =
5) according to substrate: SD or CAD (pH-cycling for 14 days) and layers of GIC: 1
layer/control (regular powder/liquid ratio) or 2 layers (firstly a flowable layer of GIC and,
secondly, a regular powder/liquid ratio layer of GIC). After 24 hours water storage,
specimens were prepared for being tested under microtensile test (1 mm/min). The fracture
pattern was evaluated at 400 X magnification (stereomicroscope).
Results: No significant difference was observed between one or two layers insertion of GIC
(p>0.05). However, the bond strength to sound dentin was higher than to caries-affected
dentin when GIC was inserted in two layers (p=0.02). For all groups, adhesive/mixed
fracture prevailed.
Conclusion: The effect of the application of flowable GIC layer on bond strength to dentin is
substrate dependent and results in a decrease in adhesion for caries-affected primary dentin.
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Introduction
Ultraconservative treatment approaches are recommended for treating cavitated
dentin lesions (1, 2). The Atraumatic Restorative Treatment (ART) is one of the proposed
treatment approaches. This technique is based on caries removal, using only hand
instruments, filling the dental cavity and sealing the adjacent pits and fissures with high
viscous glass-ionomer cement (GIC), without requiring energy sources (3).
GIC is the material of choice for ART (4) due to its physical and chemical
properties, such as fluoride release and uptake, biocompatibility, bonding to enamel and
dentin and chemical set reaction. The high viscous GICs were developed specifically for this
approach, with better mechanical properties than conventional GICs, by increasing the
powder/liquid ratio (5, 6). Nevertheless, this material presents a viscous consistency which
makes it a cement with complex handling and insertion characteristics.
Despite similar clinical behavior of GICs (ART) and amalgam in single surface
restorations (7-9), the performance of GICs in proximal-ART restorations is far from ideal
(10-13). This performance is even poorer in primary teeth, with survival rates lower than
those in permanent teeth (3).
Due to the difficulty in handling high viscous GIC, inadequate adaptation to the
cavity walls may result. Cervical gaps and open margins may contribute to proximal–ART
restoration failures (14-16).
The insertion must be performed when the consistency is not too thick and the
material is still shiny (17, 18), indicating that remaining polyacrilic ions are available for
chemical bonding to the dental structure. A recent laboratory study (19) demonstrated that
the insertion of a flowable GIC layer in proximal cavities of primary teeth before the
insertion of a regular GIC layer improves the material adaptation to the tooth surface, and
consequently, reduces the microleakage. Although the results are encouraging, the bond
strength properties of the flowable GIC layer to dentin is still unknown.
Therefore, the aim of this study was to evaluate the effect of the application of a
layer with a flowable consistency of a high viscous glass-ionomer cement (GIC) on bond
strength to sound (SD) and caries-affected (CAD) dentin of primary teeth.
Methods
Teeth selection and preparation
Twenty sound second primary molars naturally exfoliated were selected after the
patient’s informed consent was obtained under protocol approved by the local Research
Ethics Committee. Teeth were disinfected in 0.5% chloramine and stored in distilled water at
4ºC until use.
The occlusal surfaces were removed with a water-cooled diamond disc in a cutting
machine (Labcut 1010, Extec Co., Enfield, USA) to obtain flat dentin surfaces. Surrounding
enamel was also removed with a diamond bur in a high-speed hand piece with water spray
(#3195, KG Sorensen, Barueri, BR).
Exposed occlusal dentin surfaces were then polished with 600-grit silicon-carbide
paper under running water for 30 s to create a standardized smear layer (20).
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Artificial caries induction
Half of the previously prepared teeth (n = 10) were subjected to pH-cycling to
create artificial caries-affected dentin. The roots and cervical portions were sealed with
epoxy resin (Araldite Hobby, Ciba Especialidades Químicas Ltda, São Paulo, BR) and
received two layers of acid-resistant nail polish (Colorama Maybelline Ltda, São Paulo, BR).
The specimens were individually submitted to 14 cycles of immersion for 8 hours
in 10 ml of demineralizing solution (2.2 mM CaCl2, 2.2 mM NaH2PO4, 50 mM of acetic acid
adjusted pH of 4.8) and for 16 hours in the same volume in remineralizing solution (1.5 mM
of CaCl2, 0.9 mM of NaH2PO4 , 0.15 mM of KCl adjusted pH of 7.0) (21). The solutions were
changed every cycle and at each interval, the teeth were rinsed with deionized water and
dried with absorbent paper.
Bonding procedures
The dentin surfaces for all teeth (sound dentin – SD and caries-affected dentin –
CAD) were conditioned with diluted liquid of Fuji IX (GC Europe, Leuven, BE) for 10 s (22),
rinsed and dried, using cotton pellets. A teflon matrix was positioned surrounding the
prepared surface for high viscous GIC insertion, resulting in cylindrical specimens with
4mm diameter and 5mm height. After these procedures, specimens were randomly
reassigned into two groups:
- Control group: The high viscous GIC (Fuji IX; GC Europe, Leuven, Belgium) was mixed
according to manufacturer’s instructions: 1 powder scoop (3.6 g) and 1 liquid drop (1 g)
(1:1); hand mixed until a homogeneous consistency was achieved. The GIC was inserted
with a syringe (Centrix®) to avoid the inclusion of air bubbles into the material. A finger
press technique was applied for 10 s with a gloved index finger with petroleum jelly (23).
- Two layers group: In the first layer the high viscous GIC was hand mixed with 1 powder
scoop (3.6 g) and 2 liquid drops (2 g) (1:2). A flowable consistency mix was achieved. The
first layer was inserted with the syringe Centrix®, and the second layer was hand mixed
according to the manufacturer’s instructions (powder/liquid ratio 1:1) and applied before
the hardening of the first layer. Pressure was applied for 10 s with a gloved index finger
(“finger press technique”) with petroleum jelly (23).
After 6 minutes, the teflon matrix was removed and petroleum jelly was applied on
all surfaces of the specimens to avoid water uptake and loss (23). Specimens were stored in
distilled water at 37ºC for 24 hours.
Microtensile test
Teeth were sectioned both in “x” and “y” directions across to the adhesive interface
using low-speed diamond disc in a cut machine (Labcut 1010, Extec Co., Enfield, USA) to
obtain bonded sticks with a cross-sectional area of approximately 0.65 mm2. The crosssectional area of each stick was measured with the digital caliper (Absolute Digimatic,
Mitutoyo, Tokyo, JP).
Specimens were immediately attached to a testing apparatus with a cyanoacrylate
adhesive on a universal testing machine (Kratos Dinamômetros, São Paulo, BR) and were
submitted to a tensile test at 1 mm/min. Bond strength was expressed in MPa.
Fracture pattern
The fracture pattern was determined under 400 X magnification using a
stereomicroscope (HMV II, Shimadzu, Kyoto, Japan) and classified as: adhesive/mixed
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fracture (presence of dentin or GIC adjacent to interface) or cohesive (fracture in dentin or
GIC).
Statistical Analysis
The experimental unit in the current study was the tooth. Thus, the mean of the
microtensile bond strength values of all sticks from the same tooth were averaged for
statistical analysis.
Since a high number of premature debonded specimens during the preparation
phase mean high fragility of the bonding area, it was assigned 4.0 MPa as value for each
stick and the specimens were included in the statistical analysis (24).
Normal distribution of data was confirmed using Kolmogorov-Smirnov test. Data
obtained were submitted to two-way ANOVA (group and substrate) and Tukey’s post hoc at
the 5% significance level. A Chi-square test was applied to analyze the fracture pattern
proportions among experimental groups. We calculated the sample power. After calculating
the effect size of our sample, the power reached was 0.72, which represent a reliable sample
for detecting differences between groups.
Results
Microtensile bond strength means (MPa) and standard deviations for all
experimental groups are displayed in Table 1. ANOVA revealed that cross-product
interaction (group x substrate) was statistically significant (p0.05).
No significant difference was observed in bond strength using one or two layers of
GIC (p>0.05). However, when flowable GIC layer was applied, higher values of bond
strength were obtained when applied to sound dentin (p=0.02), compared to caries-affected
dentin, demonstrating a substrate-dependant result.
Table 1- Microtensile bond strength means (MPa) and standard deviations for all experimental groups.
Substrate

Sound dentin

Caries-affected dentin

Control

13.12  3.28 A,a

8.55  2.45 A,a

2 layers

17.57  4.19 A,a

9.14  1.16 B,a

Group

Different capital letters indicate significant difference between the main factor “substrate”; equal lower
letters indicate no difference between the main factor “group”.

The distribution of fracture pattern is summarized in Table 2. For all groups,
adhesive/mixed fracture prevailed. No difference was observed in relation to the
percentage of cohesive fracture in GIC among experimental groups. The percentage of
cohesive fracture in dentin was higher in the two layers group, independent of the substrate.
A lower percentage of premature fractures was observed for caries-affected dentin when a
flowable GIC layer was applied.
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Table 2 - Fracture pattern for all experimental groups. Chi-square test results of the fracture pattern
proportions among groups.
Fracture pattern

1 layer

2 layers

p

SD

CAD

SD

CAD

Adhesive/mixed

34

38

46

22

Cohesive in GIC

17

7

15

11

0.178

Cohesive in dentin

1

1

9

5

0.032

Premature

15

17

3

19

<0.001

SD: sound dentin; CAD: caries-affected dentin

Discussion
High failure rates of proximal-ART restorations have been reported in literature
(10-13, 25, 26). A recent laboratory study (19) revealed that the insertion of a flowable GIC
layer into proximal cavities prior to the insertion of a regular high-viscous GIC layer seemed
to improve the material's adaptation to tooth structures. The presence of a flowable GIC
layer seems to enhance adhesion in proximal cavities. The adhesive principles suggest that
low viscous materials penetrate in the substrate more effectively, enhancing the
micromechanical adhesion (27). However, it is unknown if the insertion of the flowable GIC
layer influences the bond strength to dentin. Thus, this study aimed to evaluate the bond
strength of high viscous GIC to sound and caries-affected primary dentin inserted in two
layers with different viscosities.
No significant difference was found in bond strength values between control and
two layers groups. However, the bond strength to sound dentin was higher than to cariesaffected dentin when flowable GIC layer was applied, suggesting the substrate dependant
behavior of this insertion technique.
Despite the fact that the GIC bonding mechanism to the tooth structure is not
completely clear, chemical adhesion is attributed to ionic interaction between carboxylic
groups from polyacids and the hydroxyapatite from the tooth surface, dislocating calcium
and phosphate ions from the latter (28, 29). As affected dentin is demineralized due to the
carious process, the GIC bonding to this substrate may be reduced compared to sound
dentin. Moreover, the lower powder/liquid ratio used for the flowable layer has important
characteristics related to the adhesion. The higher polyacrilic acid available can be
responsible for increasing the number of cross-links and a better wettability in sound dentin
and consequently, higher bond strength values compared to caries-affected dentin.
Even though the caries-affected dentin has shown lower bond strength in the twolayered group, the values were similar compared to caries-affected dentin in the control
group. This indicates that the application of a flowable GIC layer does not necessarily
decrease the adhesion to caries-affected dentin, but increases the bonding to sound dentin.
Previous studies (20, 30) that evaluated the microtensile bond strength of high
viscous GIC (Fuji IX) to sound dentin found values means between 9.7 to 12.4 MPa.
Considering that the bond strength values to caries-affected dentin obtained in this study to
control and two-layered group were, respectively, 8.55 and 9.14 MPa, it seems to be the
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threshold for bonding success. Moreover, clinically, caries-affected and sound dentins
coexist in the cavity preparations and, a proper adhesion can be expected.
Even though smaller specimens in microtests allow the more uniform stress
distribution along the adhesive interface, a higher number of cohesive fractures were
observed in this study, especially in the cement, which seems to be a typical finding for GIC
(31). This fracture pattern has often been interpreted as indicating that the bond to the
dentin was stronger than cohesive strength of the cement. However, bond rupture is far
more complex than this. There are inherent problems with the tensile tests since there are
several layers of substrates and materials bonded together: glass-ionomer cement, hybridlike layer, demineralized dentin, and dentin, all of which have different elastic moduli. In
addition, GIC may contain numerous air bubbles that can act as stress points, thus giving
rise to the increased likelihood of cohesive fracture within the cement (20). Since a large
number of cohesive fractures were observed, they were included in the statistical analysis,
although, the true bond strength is represented by fracture in the adhesive interface.
We speculated that a larger number of cohesive fractures in GIC would be
observed in the two-layered group, which did not occur. Although it was not possible to
evaluate if cohesive fractures occurred between the two layers, no difference was found
compared to control group. In contrast, cohesive fracture in dentin was more prevalent in
the two-layered group, probably due to the presence of less voids in the two-layered GIC
(19), which could improve the strength properties of the material. Likewise, premature
fractures were less prevalent when flowable GIC layer was applied to sound dentin (around
5% compared to others groups) indicating a better adhesion.
Long term studies should be conducted to confirm the bonding success of the twolayered GIC to dentin clinically before encouraging the use of a flowable GIC as a liner to
enhance the longevity of proximal-ART restorations in primary teeth.
Conclusion
The effect of the application of flowable GIC layer on bond strength to dentin is
substrate dependent and results in a decrease in adhesion for caries-affected dentin.
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Abstract
Aim: The aim of this study is to critically evaluate the bond strength (BS) of Glass-Ionomer
Cements (GIC) to dentin with microtensile (µTBS) and microshear (µSBS) BS tests by
assessing their rankings and failure patterns.
Methods: Samples were made on flat dentin surfaces and submitted to µTBS and µSBS. The
materials tested were: high viscosity GIC (Ketac™ Molar Aplicap-KM), resin-modified GIC
(Fuji II-FII), nano-filled resin-modified GIC (Ketac™ N100-N100) and an etch-and-rinse
adhesive system with a composite resin (Adper™ Single Bond 2 and Z100™-Z100). All tests
were performed with a Universal Testing Machine (24 h water storage, crosshead speed of 1
mm/min). Debonded surfaces were examined with a stereomicroscope (X40) to identify the
failure mode. The data was analyzed with Two-way ANOVA (p<0.05) and LSD test.
Results: Means were statistically different regarding the tests and materials, indicating that
values for BS obtained for each material depend on the test performed. Failure analysis
revealed that failures produced by µTBS were mainly cohesive for KM and FII. µSBS failures
were mainly adhesive or mixed for all materials. For the µTBS, the rank was
Z100>FII>KM=N100, whereas for the µSBS it was Z100=FII=KM>N100.
Conclusion: It may be concluded that distinct micro-mechanical tests present different failure
patterns and rankings depending on the material to be considered.
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Introduction
Glass-Ionomer Cement (GIC) was introduced in the 70’s by Wilson and Kent (1) as
a material that presented good marginal sealing properties. The characteristics of
biocompatibility and fluoride release to adjacent structures, which might reduce secondary
caries progression, as well as their less demanding clinical application technique and good
retention in cervical lesions (2), characterize GICs as the material of choice for treatment of
primary teeth in several countries. One of the GIC’s main advantages compared to other
restorative materials is their chemical bond to enamel and dentin (3). It is well known that
GIC bonds chemically to tooth surfaces (1, 4, 5). This chemical adhesion is formed through
ionic and polar attractions between hydroxyapatite and polycarboxylate radicals in a way
that the latter displace the phosphate and calcium ions from the former, which maintains the
electrical neutrality (5) and promotes the chemical bond. This interaction layer is also
considered to be beneficial in reducing the hydrolytic degradation, enhancing the
restoration longevity (6).
The mechanical tests to assess bond strength of conventional GICs usually show
cohesive failures within the material, indicating that the obtained values represent better the
cohesive strength of the material itself rather than the interfacial bond strength between the
material and the tooth (5). Because of that, some authors suggest that GIC bond strengths
must be higher than the cohesive values frequently presented (1, 3). Different testing
methods have been applied for bond strength measurements, such as tensile, shear,
microtensile and microshear (7-9). The development of the bond micro-tests showed that
smaller surface areas were associated with higher adhesive strengths, probably due to fewer
flaws, as suggested by Griffith’s defect theory (7, 9, 10). Improvements were achieved with
better attaching methods, delimitation techniques, and the micro-tests apparently showed a
lower number of internal defects and more uniform interfacial stress distribution (7-12).
Although both micro-tests are used to assess bonding effectiveness of GICs, it seems that the
application of shear forces is more suitable for this kind of material due to its higher
brittleness and fragility (13). Unfortunately, it remains unclear which test would be the most
appropriate for evaluating the bond strength of GICs to dental hard tissues.
The purpose of this laboratory test was to critically evaluate the bond strength of
GIC-based materials to dentin with microtensile and microshear bond strength tests by
assessing their ranking and failure patterns. An etch-and-rinse adhesive and a composite
were used as control material. The null hypotheses tested were that there is no difference in
materials’ bond strength behavior (I) and in the failure patterns (II), irrespective of the test
type used.
Material and methods
The study was approved by the research ethics committee of the School of
Dentistry (University of São Paulo). Forty non-carious human third molars were stored up
to one month in distilled water (5ºC).
Experimental Design
The factors under study were mechanical tests, at two levels: microtensile and
microshear, and adhesive restorative materials, at four levels: high viscosity GIC (Ketac™
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Molar Aplicap), resin-modified GIC (Fuji II LC), resin-modified GIC with nanoparticles
(Ketac™ N100) and etch and rinse adhesive system with a composite resin (Adper™ Single
Bond 2 and Z100™). The experimental units were randomly divided into 8 groups
according to the sets of variables forming a 4 x 2 factorial design (Figure 1).

Figure 1: Diagram of experimental design.

Specimen preparation
Each tooth was sectioned 3 mm above and below the cement-enamel junction (CEJ)
using a slow speed diamond saw (Isomet 1000/Buehler Ltd., Lake Bluf, IL, USA). The
occlusal side of the tooth section was ground with wet 120-grit silicon carbide sandpaper
until the enamel was totally removed and the superficial dentin exposed. This procedure
was controlled with aid of a stereomicroscope (SZ40 Olympus corporation, Tokyo, JP).
Dentin surfaces were polished with wet 600-grit silicon carbide paper under running water
for 1 min, for smear layer standardization.
All materials were applied in accordance with the manufacturers’ instructions.
Samples of the Ketac™ Molar and Fuji II LC had their surfaces protected following the
manufacturer instruction (Table 1).
For the light cured materials a halogen curing light was used (Jetlite 4000 Plus, J.
Morita USA Inc., CA, USA) with 600 mW/cm2, as confirmed by the device´s own
radiometer. Prior to the bond strength measurements, all specimens were stored in
distillated water at 37C for 24 h.
Microtensile Bond Strength (µTBS)
Six tooth sections were selected (n=6) for each material. After the surface pre
treatment, a crown was built over each surface using either one layer of Ketac™ Molar, or
three to four layers of the other materials. The crown was up to a height of 5 mm.
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The specimens were serially sectioned perpendicular to the bonding surface using a
low speed diamond saw under water-cooling (Isomet 1000/Buehler Ltd., Lake Bluf, IL,
USA) in order to obtain rectangular specimens of about 1 mm x 1 mm wide and 6-8 mm
long (Figure 2). The final width and thickness of each specimen were measured with a
digital micrometer (Mitutoyo Co, Tokyo, JP). The specimens were examined under X40
magnification using a stereomicroscope and the ones with visible interfacial defects were
excluded.
The specimens were fixed to a Geraldeli jig (14) with cyanoacrylate glue (Loctite
454, Henkel Loctite Corp., Rocky Hill, CT, USA) and stressed at a crosshead speed of 1
mm/min until failure, using a universal testing machine (Mini Instron 4442 - Canton, MA,
USA). The µTBS was expressed in MPa as derived from dividing the imposed force (N) at
the time of fracture by the bond area (mm2). Premature failures were included for statistical
analysis as 0 MPa.
Microshear Bond Strength (µSBS)
For each tooth surface, 3 specimens were made (Figure 2). Three lined up holes, 1
mm diameter, were punched in a double face adhesive tape (Tectape, Manaus, AM, BR),
which was then positioned on the dentin surfaces (15). After surface pre treatment, a micro
tube from a micro bore Tygon tubing (R-3603, Norton Performance Plastic, Cleveland, USA)
with an internal diameter and height of 1 mm and 0.5 mm, respectively, was mounted over
each hole of the tape. The materials were carefully inserted into the tubing lumens with a
pediatric plugger (#0/1, Ice-Stainless, São Paulo, SP, BR). The specimens of Ketac™ Molar
and Fuji II LC groups had their surfaces protected following the manufacturer’s instruction
(Table 1). All specimens were stored in distilled water at 37ºC for 24 h before µSBS testing.
After removal of the tygon tubing with a scalpel, the specimen were checked under
X40 magnification using a stereomicroscope for interfacial defects and the specimens
showing formation of interfacial gap, bubble inclusion or any other defects were excluded
from the study and replaced.
The teeth sections were adhered with cyanoacrylate glue (Loctite 454, Henkel
Loctite Corp., Rocky Hill, CT, USA) to the testing apparatus, which in turn was placed in a
universal testing machine (Mini Instron 4442, Canton, MA, USA) for µSBS testing. A thin
steel wire (diameter 0.20 mm) was looped between the load cell projection and the
restorative material cylinder, making contact through its lower half circumference and was
gently held flush against the dentin/material interface (Figure 2P). A shear force was
applied at 1 mm/min crosshead speed until the failure occurred (11). The fracture load (N)
was recorded and the µSBS (MPa) was calculated.
Failure mode
All debonded surfaces were examined under a stereomicroscope at X40
magnification to identify the failure mode as: adhesive (apparently interfacial failure),
cohesive in dentin, cohesive in material or mixed. Representative failed specimens were
processed for field-emission scanning electron microscopy (FEI Quanta 600 FEG, Hillsboro,
OR, USA) in order to illustrate the predominant failure mode in each group. The selected
specimens were prepared using common specimen processing procedures, including
fixation, dehydration, chemical drying, and platinum-sputter coating.
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Table 1 – Materials used in this study. Dentin pre-treatment and restoration surface protection.
Material

Composition

Application

Surface
Protection

(KM)
Ketac™
Molar
Aplicap™
(3M ESPE,
Seefeld,
Germany)

Ketac™ Conditioner: polyacrylic
acid (25%)
Powder:
calcium
aluminumlanthanum-fluorosilicate
glass,
acrylic acid-maleic acid copolymer,
pigments
Liquid: water, acrylic acid-maleic
acid copolymer, tartaric acid

Apply Ketac Conditioner (10
s); rinse with copious amount
of water; gently air-dry (5 s);
leaving a moist surface.
Activate the capsule for 2 s;
automatically mix the capsules
(15 s); apply to enamel and
dentin surfaces.

Ketac™ Glaze

(FII) Fuji II
LC (G. C.
Europe,
Leuven,
Belgium)

Cavity conditioner: 3% aluminum
chloride, 20% polyacrylic acid
Powder – fluoroaluminio-silicate
glass
Liquid – polyalkenoic acid, HEMA,
dimethacrylate,
camphorquinone,
water

Apply cavity conditioner and
leave undisturbed (10 s); rinse
with water (10 s); gently airdry (5 s); leaving a moist
surface. Automatically mix the
capsules (10 s); apply to
enamel and dentin surfaces;
light-cure for 20 s.

G-Coat PLUS

(N100)
Ketac™
N100 Nano
LightCuring (3M
ESPE,
Seefeld,
Germany)

Primer: water (40-50%);HEMA (3545%);
acrylic/itaconic
acid
copolymer
(10-15%);
photoiniciators.
Ketac™ N100 Nano : De-ionized
water, HEMA, vitrebond copolymer
\9
a
methacrylate
modified
polyalkenoic
acid),
fluoraluminosilicate glass, nanomers
and nanoclusters.

Dispense and apply the nanoionomer primer during 15 s;
air-dry for 10 s (shiny surface);
light cure (10 s); Dispense 2
clicks of the Ketac N100; mix
for 20 s (uniform color); apply
incrementally (2mm); lightcure each layer for 20 s.

Not
recommended

Bis-GMA, TEGDMA, zirconia, silica.

Etch (Phosphoric acid 35% - 15
s); rinse with water (10 s);
gently dry. Apply 2 to 3 layers
of Single Bond 2 (15 s), gently
air-dry (5 s); light-cure (10 s).
Insert
the
composite
incrementally (2mm); lighcure each layer for 40 s.

Not
recommended

Z100™ (3M
ESPE,
Seefeld,
Germany) –
used with
Adper™
Single bond
2.

Bis-GMA, bisphenol-glycidil methacrylate; HEMA, 2-hydroxyethyl methacrylate;
polyethylene glycol dimethacrylate; TEGDMA, thiethylene glycol dimethacrylate.

PEGDMA,

Statistical analysis
For an analysis of the different tests (inter-method), the percentage of the different
failure modes were calculated for each material and test method. A chi-square test was
performed to analyze if the failure mode of each material was test-dependant. For
quantitative analysis, two-way ANOVA and LSD (Least Square Difference) post hoc test were
used to examine differences in the calculated bond strengths (MPa) between the different
tests and materials. Due to the absence of homocedasticity, it was necessary to transform the
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bond strength data into logarithmic data. A p-value lower than 0.05 was taken as
statistically significant for all tests. We calculated the sample power. Considering the effect
size of 0.8 (large), the power was 0.88, which represent a reliable sample for detecting
differences between groups.
Results
Comparing the four materials submitted to µTBS, significant differences (p<0.001)
were found among the materials. Nevertheless, Ketac™ Molar and Ketac™ N100 were
statistically similar and presented significantly lower bond strength values than Fuji II LC,
which was, on its turn, significantly lower than for Z100™. For µSBS, Ketac™ Molar, Fuji II
LC and Z100™ showed no difference among each other and presented significantly
(p<0.001) higher values than Ketac™ N100.
The bond strengths for all materials were ranked as: Z100>FII>KM=N100 for the
µTBS; whereas for the µSBS it was Z100=FII=KM>N100. The descriptive results from failure
analysis are graphically summarized in Figure 3. A great number of specimens submitted to
µTBS, tended to fail cohesively in the material while the µSBS leaded to a majority of
adhesive and mixed failures (Figure 4). The chi-square test revealed a significant testdependence on the failure modes for KM (p=0.0002) and FII (p<0.001). The microtensile test
showed a higher number of cohesive (in material/dentin) and mixed failures, while the
microshear test produced a majority of adhesive failures. For N100 (p=0.055) and Z100
(p=0.43) this pattern was not observed, as there was no difference in failure modes between
the tests (the two materials had a large count of both adhesive and mixed failures).
ANOVA revealed an interaction effect between test and material (p<0.001). Table 2
shows the mean and standard deviation values for bond strength of all materials. The two
different bond strength tests produced significantly different (5%) bond strength values in
all four materials.
Discussion
Even presenting poorer physical-mechanical properties when compared to
composites, GICs have been demonstrating an excellent clinical retention rate in cervical
lesions (3, 16) and in ART single-surface cavities (17). Therefore, the low laboratory bond
strength values may not correspond to the clinical outcomes (6, 8, 17). Microtensile and
microshear bond strength tests and the qualitative analysis of the failure mode in this study
were performed to give a better elucidation of the GIC’s behavior regarding the different
bond strength micro-tests, and thus possibly establish some relation to the clinical findings.
The results found in the present study showed that the bond strength means were
statistically different regarding the tests and materials. This indicates that bond strength
values of the materials depend on the test method. This is in line with other papers, which
investigated the bonding mechanism with adhesive systems (18, 19). To the best of our
knowledge, this is the first paper that evaluated the bonding test effect with GIC.
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Figure 2: Schematic illustration of the µTBS and µSBS specimen preparation.
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Table 2 – Bond Strength means (MPa) and standard deviations (SD). Different uppercase letters indicate
a statistically significant difference (p<0.05) for each material in the two different tests (horizontal lines).
Different lowercase letters indicate a statistically significant difference between the materials within
each test (vertical lines) (p<0.001).
Material

µTBS - Mean (SD)

µSBS - Mean (SD)

KM

9.5 (1.9) A, a

17.2 (3.0) B, b

FII

23.8 (4.7)

18.3 (2.8) A, b

B, b

N100

9.4 (3.8) B, a

6.8 (1.4) A, a

z100

50.7 (14.5) B, c

21.0 (5.5) A, b

The bond strength values found for Ketac™ Molar were significantly higher in
µSBS than in µTBS, whereas for all other materials, this pattern was not repeated. The failure
modes of KM were significantly test dependant, with a predominance of adhesive and
mixed failures for µSBS, whereas failures were mainly cohesive for µTBS. This indicates that
µSBS was possibly more appropriate to evaluate the bond strength instead of the cohesive
strength of this material. This greater number of cohesive failures found for µTBS can
explain the lower values found for KM in such test as they are more related to a cohesive
failure or to a tensile strength than to the bond strength itself. For this specific material the
tensile strength (20) seems to be lower than the bond strength, which might explain the
lower values for KM in µTBS.
The failure mode for Fuji II LC was found to be 91.67% adhesive for µSBS, as for
µTBS only 15.57% was adhesive. The chi-square test revealed the failure mode was
significantly test dependent (p<0.001). Moreover, the mean averages for µTBS were
significantly higher. Therefore, again, this might also reinforce the fact that the µTBS test
measured mostly the tensile strength rather than the bond strength. This would explain the
higher values found for µTBS, since the tensile for RMGIC is higher than for high viscosity
GIC (20).
The nano-RMGIC (Ketac™ N100) presented the lowest bond strength values. The
failure analysis showed a similar behavior in both tests with mostly adhesive failures. Other
authors observed mainly adhesive failures between the nano-RMGIC and dentin (21, 22).
Investigating the shear bond strength (SBS) of different nano-filled materials to dentin,
Korkmaz et al. (22) found the lowest bond strength values for the nano-filled RMGIC. The
µTBS results from Coutinho et al. (21) showed that the nano-filled RMGIC bonded as
effectively to dentin as a conventional GIC, but less effectively than the other RMGIC (Fuji II
LC), which are in accordance to our µTBS results.
The control group (composite resin) presented higher mean values for µTBS than
µSBS. The failure patterns were similar in both tests, with mostly adhesive and mixed
failures.
We should be careful when comparing nominal values from both tests as the
difference can be attributed to methods, heterogeneous stress distribution at the interface
and also to the occurrence of cohesive failures (11, 23). Presenting higher bond strength in
one specific test does not mean a greater degree of reliability. The ranking of materials was
different for the two tests. It was Z100>FII>KM=N100 for µTBS; whereas for µSBS
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Z100=FII=KM>N100. Comparing rankings or methods is also questionable as there is a
range of differences that should be taken into account in the analysis, including all the
factors quoted above and mainly the operator running the tests (8, 9, 23). The ranking
presented by the µSBS test seems to be more related to the outcome of clinical studies as far
as GICs are taken into account (24).

Figure 3: Graphical presentation of the incidence of failure modes. (CM) Coehesive in material; (M)
Mixed; (A) Adhesive; (CS) Coehesive in substrate.

An advantage of the µSBS test is the absence of sectioning, trimming and shaping
procedures after bonding the specimen. Such treatments possibly affect the results as they
can create micro-cracks in the material, which might become areas of stress concentration
that may propagate the crack during mechanical loading (9, 11). The mold removal is the
only pre-stress caused to the specimen prior to its testing (11). The loading method, with the
wire correctly positioned in the interface area, can help preventing premature failure (8).
Therefore, for brittle materials such as the GIC, µSBS seems to be better indicated when
compared to µTBS, as their low cohesive strength predictably leads to cohesive failures
when they are tested in tension.
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Bond strength variation for the different materials can be related to adhesion
mechanisms and also to the individual material’s composition (25). The adhesion
mechanisms of GIC to the tooth structure are attributed to ionic and polar links between the
carboxylic groups and the tooth surface (4). These interactions are initiated by a weak
hydrogen bond, and it is gradually strengthened by a polar/ionic interaction. Then,
polyalkenoic acid chains will spread in the enamel and dentin, dislocating calcium and
phosphate ions from the apatite crystals (25). Another bond mechanism attributed to GIC is
its micromechanical retention, established by the diffusion of GIC components within the
collagens fibers exposed by the polyacrylic acid, thus forming a layer similar to the hybrid
layer (5).

Figure 4: SEM micrographs of µSBS (a,b,c,d) and µTBS (e,f,g,h) debonded surfaces. (a) Ketac Molar
mixed failure (b) Fuji II LC adhesive failure (c) Ketac N100 adhesive failure (d) Z100 mixed failure, (A)
adhesive and (S) cohesive in substrate, arrows indicate some material remaining in the surface. (e) Ketac
Molar cohesive failure (f) Fuji II LC adhesive failure (g) Ketac N100 mixed failure (C) cohesive failure
(A) adhesive failure (h) Z100 mixed failure, (C) cohesive failure within the material (S) cohesive failure
within the substrate.

The dentin pre treatment can also influence the bonding mechanism. Polyacrylic
acid is indicated to increase the bond efficiency of GIC as it creates a superficial cleaning and
a partial demineralization, which enhances the possibilities of chemical and
micromechanical interaction with the hydroxyapatite (5). Figure 5 shows smear layer
remaining on the dentin surface of a sample prepared with Ketac™ N100 after debonding,
which can contribute to an insufficient adaptation and to a weaker adhesion Based on the
failure mode and the ranking of bond strength values of each test, we conclude that
different materials behave differently depending on the bond strength micro-test employed.
Altogether, the bonding effectiveness of GIC-based materials may be more dependent on
the characteristics of the mechanical test used than on their actual interaction with the
substrate. This may explain the incongruence between clinical and laboratory results as far
as the adhesion of GIC-based materials is concerned. It may also explain why in our vitro
test the bonded composite performed better than any of the tested GIC, while clinical
evaluations usually favor GIC when it comes to bond performance. Considering these
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findings, in vitro bond strength values and their clinical performance may not be well
correlated.

Figure 5: N100 micrograph showing the smear layer (*) remaining in a debonded specimen.
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Abstract
Aim: The purpose of this study was to evaluate the microshear bond strength (µSBS) of a
high-viscosity glass-ionomer cement (GIC) using two different powder/liquid mixing ratio,
to sound and caries-affected dentin.
Methods: Sixty bovine incisors were ground to obtain flat buccal dentinal surfaces and
polished with 600 SiC paper for 60 s. Specimens were allocated into four groups (n = 15)
according to substrate: sound and caries-affected dentin (pH-cycling for 14 days), and the
powder/liquid ratio of the high-viscosity GIC: conventional (1:1) and flowable (1:2).
Polyethylene tubes with internal diameter of 0.76 mm were placed over the pre-treated
dentin and filled up with GIC (KetacTM Molar Easy Mix, 3M ESPE). The µSBS test (1
mm/min) was performed after 24h of water storage at 37°C. Failure mode was evaluated
with a stereomicroscope (X400). Data were analyzed with two-way ANOVA and Tukey’s
post hoc tests (α=0.05).
Results: We observed no significant differences between conventional (5.3±1.6 MPa) and
flowable (5.4±1.4 MPa) GIC (p=0.99), regardless of the substrate. Sound dentin (6.3±1.1 MPa)
showed higher bond strength values than caries-affected dentin (4.4±1.0 MPa) (p<0.0001).
For all groups, adhesive/mixed failure prevailed.
Conclusion: The powder/liquid ratio does not affect the µSBS, and caries-affected dentin
leads to lower µSBS than sound dentin.
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Introduction
The actual scenario of minimal intervention dentistry is characterized by a better
understanding of the caries process and less invasive treatments (1, 2). One of the most
investigated minimal intervention techniques in the last decades is the Atraumatic
Restorative Treatment (ART). It is based on caries removal using only hand instruments and
restoring the cavity with an adhesive restorative material (3).
Glass-ionomer cement (GIC) is the material of choice for ART because of its
properties, such as ability to chemically bond to enamel and dentin, biocompatibility with
dental and periodontal tissues, fluoride release and uptake, and a similar coefficient of
thermal expansion to tooth structure (4). Despite their satisfactory results in occlusal-ART
restorations (5-10), the same results were not reported in proximal-ART restorations (11-14).
GIC presents some adverse mechanical properties as a relative low fracture
strength and high occlusal wear rate in comparison to amalgam and resin composite (15,
16). To improve their clinical performance up to the level that they could be used as a
permanent restoration in posterior teeth, the high-viscosity or condensable GICs were
developed for ART, with better mechanical properties by increasing the powder/liquid ratio
(17, 18). However, the high-viscosity of the material hampers its handling, insertion into the
cavity and adaptation to the cavity walls. The thick consistency of the material usually leads
to air bubble inclusion during the insertion of the material into the cavity (19). The
consistency may also contribute to an incorrect adaptation to the tooth surface, reducing the
strength of the material and making its adaptation at the cervical margin more difficult (2024).
Previous studies have suggested the use of a low viscous or flowable layer of GIC
before the insertion of a conventional layer of high-viscous GIC (two-layer technique) to
minimize the adverse effects related to margin adaptation. Recent research showed that the
two-layer technique presented less microleakage and improved adaptation to the cavity
walls in proximal cavities compared to the conventional one-layer technique (25).
Furthermore, higher microtensile bond strength values were observed for the two-layer
technique when applied to sound compared to caries-affected dentin (26). However, since
GICs are brittle materials and tend to have a higher number of cohesive fractures in a
microtensile bond strength test than in a microshear bond strength test, their reported
bonding effectiveness may be more dependent on the mechanical test itself than on their
actual interactions with the substrate (27). Once caries-affected dentin is the predominant
substrate in cavities prepared according to ART, it is, therefore, relevant to evaluate whether
a flowable GIC would have any positive influence in its bond strength, in particular to caries
affected-dentin and by microshear bond strength test. We investigated the microshear bond
strength of a flowable and a conventional GIC to sound and caries-affected dentin. Our nullhypothesis was that there is no difference in microshear bond strength of a flowable and a
conventional GIC bonded to sound and caries-affected dentin.
Materials and methods
Teeth Selection and Preparation
Sixty freshly extracted bovine incisors were stored in 0.5% aqueous chloramine at
4°C. The root portion of each tooth was removed using a low speed water-cooled diamond
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saw in a cutting machine (Labcut 1010, Extec Co, Enfield, CT, USA) and the crowns were
embedded in self-curing acrylic resin (JET Clássico®, São Paulo, BR). The buccal surfaces
were ground with 120-grit SiC paper until a flat dentin surface was obtained. Dentin
surfaces were polished with 600-grit SiC paper for 60 s, under running water, to standardize
the smear layer.
The teeth were randomly assigned to four experimental groups according to the
experimental groups, based on: substrate - sound or caries-affected dentin; and GIC
powder/liquid mixing ratio - conventional GIC (1:1) and flowable GIC (1:2). This resulted in
a 2 x 2 factorial experimental design with 15 teeth in each subgroup. Composition, batch
number and manufacturer’s instructions of the GIC are summarized in Table 1.
Artificial caries induction
Thirty teeth were submitted to cariogenic challenge by pH cycling. The cervical
portion was sealed with epoxy resin (Araldite Hobby, Ciba Especialidades Químicas Ltda,
São Paulo, BR) and received two layers of acid-resistant nail polish (Colorama Maybelline
Ltda, São Paulo, BR). The teeth were individually submitted to 14 cycles of 8 hours in 10 mL
of demineralizing solution (2.2 mM CaCl2, 2.2 mM NaH2PO4, 0.05 M acetic acid adjusted to
pH 4.8 with 1 M KOH) and 16 hours in 10 mL of remineralizing solution (1.5 mM CaCl2, 0.9
mM NaH2PO4 and 0.15 mM KCl adjusted to pH 7.0) at room temperature and without
agitation (28). The solutions were changed every cycle and at each interval the teeth were
washed with deionized water, and dried with absorbent paper.
Bonding and Restorative Procedures
The surface pre-treatment was done with the diluted liquid of the GIC (29).
Polyethylene tubes (Micro-bore®Tygon S-54-HL Medical Tubing, Saint-Gobain Performance
Plastics, Akron, OH, USA) with an internal diameter of 0.76 mm and 1.0 mm height were
placed on the bonded surface, filled up with GIC, covered with a matrix strip and gently
pressed with a glass slide. Conventional GIC groups were mixed according to manufacturer
instructions (Table 1), and flowable GIC groups were obtained from the mixing of two
liquid drops to one powder portion. A thin layer of petroleum jelly was applied to the
exposed GIC surface to avoid water uptake and loss. The bonding and restorative
procedures were carried out by a previously trained operator at room temperature.
After 24 hours storage in distilled water at 37°C, the polyethylene tubes were
removed by cutting it into two hemi-cylinders using a surgical blade, resulting in cylindrical
specimens with a cross-sectional area of approximately 0.45 mm². Specimens were examined
using a stereomicroscope at X10 magnification (Discovery V20, Zeiss, Berlin, GE) for
interfacial defects. Specimens with interfacial gaps, bubble inclusion or other defects were
excluded from the test and replaced.
Microshear bond strength test (µSBS)
One by one, the specimens were attached to a universal testing machine (Kratos
Industrial Equipment, Cotia, BR). A thin steel wire (0.20 mm diameter) was looped flush
between the load cell projection and the GIC cylinder making contact with the lower halfcircumference of the cylinder and touching the dentin surface. A shear load was applied at a
crosshead speed of 1.0 mm/min, until failure occurred. The cylinder was kept in line with
the center of the load cell and the wire loop was parallel to the load cell movement direction
and to the bonding interface. The fracture load was recorded and the bond strength was
expressed in MPa.
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Failure mode
The failure mode of debonded specimens was determined at X400 magnification
using a stereomicroscope and classified as adhesive/mixed failure (presence of dentin or
GIC adjacent to interface) or cohesive (failure in dentin or GIC).
Table 1 – GIC; characteristics, general composition, manufacturer, batch number and manufacturer’s
instructions
Ketac Molar Easy Mix
Characteristics

Composition

High-viscosity glass-ionomer cement
Powder: Al-Ca-La fluorsilicate glass, 5% copolymer acid (acrylic and maleic
acid)
Liquid: Polyalkenoic acid, tartaric acid, water

Manufacturer

3M/ESPE
Seefeld, GE

Batch Number

386216

Manufacturer’s
instructions

Conditioning of the substrate:
Apply the liquid for 10 s.
Rinse with copious amounts of water.
Blot excess water with cotton pellet.
Dosing:
1 spoonful with leveled powder surface;
1 drop of liquid.

Statistical analysis
The experimental unit in the current study was the tooth. Thus, the mean of µSBS
values of all specimens from same tooth were averaged for statistical analysis. Normal
distribution of bond strength data and equality of variances were assumed after
Kolmogorov-Smirnov and Levene’s tests, respectively. The µSBS means were analyzed with
two-way ANOVA and Tukey post hoc test. The significance level was set at p<0.05. All
statistical analysis were performed using SPSS V18 (SPSS Inc., Chicago, IL, USA) for
Windows.
Results
Microshear bond strength means (MPa) and standard deviations for all
experimental groups are summarized in Table 2. Conventional GIC showed similar
microshear bond strength values to the ones obtained by the flowable GIC (p=0.99; F=0.022),
regardless to substrate. The factor substrate was statistically significant (p<0.0001; F=50.514).
Sound dentin showed higher microshear bond strength values than caries-affected dentin.
The interaction between these two factors revealed no significance (p=0.646; F=0.213),
indicating that the bond strength values of GIC were not dependent upon the substrate.
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Table 2 – Microshear bond strength means (MPa) and standard deviations for all experimental groups.
Substrate

Sound dentin

Caries-affected dentin

Conventional GIC

6.4(0.9)a,A

4.3(0.9)b,A

Flowable GIC

6.3(1.3)a,A

4.5(1.0)b,A

Powder/liquid
ratio GIC

*Different lowercases indicate statistically significance difference between the columns (substrate).
**Equal uppercases indicate no statistically significant difference between the rows (GIC) (p<0.05).

The percentages of failure mode and pre-testing failures observed are showed in
Table 3. There was a predominance of adhesive/mixed failures, whereas no cohesive
failures in dentin were verified.
Table 3 - Failures mode and pre-testing failures for experimental groups (%).
Adhesive/mixed

Cohesive in GIC

Pre-testing failures

Conventional GIC to
sound dentin

67 (29)

5 (2)

28 (12)

Flowable GIC to sound
dentin

80 (35)

7 (3)

14 (6)

Conventional GIC to
caries-affected dentin

70 (31)

9 (4)

21 (9)

Flowable
GIC
to
caries-affected dentin

67 (28)

7 (3)

26 (11)

Discussion
In this study we investigated the microshear bond strength of a flowable and a
conventional GIC to sound and caries-affected dentin. We found similar performance for the
flowable GIC and the conventional GIC, regardless the substrate. Although the change in
powder/liquid ratio may modify other mechanical properties of the material, it seems not to
affect the bond strength to dentin. The null-hypothesis was, therefore, rejected.
We observed that both conventional and flowable GIC were influenced by the
substrate condition, with lower bond strength values for caries-affected dentin. This
substrate presents some difference in morphological and chemical characteristics such as the
higher degree of porosity, which can result in minor mineral content and might lead to a
deeper demineralization layer (30, 31). This demineralized zone might not be fully
infiltrated by the GIC, resulting in exposed collagen fibers in the hybrid layer and reduction
of the bond strength. Caries-affected dentin also contains calcium-phosphate crystals, which
are less soluble to acid conditioner than sound dentin. This less soluble structure is likely to
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require stronger acids to solubilize the mineral phase and, consequently, an adequate
material infiltration associated to high bond strength is more difficult to be obtained in
caries-affected dentin (32, 33).
A previous study (25) showed that a low viscous layer of GIC inserted prior to a
conventional layer reduces the microleakage and improves adaptation to the cavity walls in
proximal cavities in primary teeth. According to these results, it was speculated that a
higher number of cross-links and a better wettability could be obtained with flowable GIC,
resulting in a better adhesion to tooth structures. Since for the flowable GIC we used two
drops of the liquid, the higher polyacrilic acid concentration could result in more substrate
demineralization. As a consequence, a better micromechanical bonding by infiltration of the
fluid GIC could be obtained, which should contribute to the longevity of the restorative
procedure. Our results do not confirm this hypothesis, as we did not find difference in bond
strength between the flowable and the conventional GIC.
Lenzi et al. (26) evaluated the microtensile bond strength of another high-viscosity
GIC (Fuji IX) and found no difference between flowable and conventional viscosities, which
corroborates with our results. Nevertheless, they observed a better performance of the
flowable GIC in sound than in caries-affected dentin, diverging from our results, as we
found that the µSBS values of the two-layer GIC were independent of the substrate. They
also observed more premature failures in caries-affected dentin, while we found similar
distribution of pre-testing failures among all groups. The difference observed between these
two studies might be attributed to the materials composition or to the design of test
performed (27).
Literature reports that, since contemporary materials have high bond strength
values, “microtests” are more accurate than “macrotests”, as shear and tensile bond strength
tests (34, 35). In the case of brittle materials like the GICs, the microtensile test may not be
the most appropriate test as specimens confection can create micro-cracks on the material.
These cracks may propagate and lead to cohesive fracture in low loading values.
Bonifácio et al. (27) evaluated the adhesion of GICs to sound dentin with
microshear and microtensile bond strength test and observed that the different tests resulted
in different material’s ranking and different failure patterns. The microshear bond strength
test showed predominance of adhesive/mixed failures, which is a desirable failure in bond
strength tests as it may measure more accurately the strength in the adhesive interface (36).
Accordingly, it seems to be reliable to use this method to evaluate the bond strength of
GICs.
We used bovine dentin for bond strength evaluation, since it has been used as a
substitute of human teeth in several research evaluating bonding mechanisms (37-39).
Despite some anatomical differences, evidence in literature showed similar
micromorphology’s characteristics between human and bovine teeth such as number and
diameter of tubules per mm², and collagen matrix, confirming the validity of the use of
bovine teeth to adhesion studies (37, 40, 41).
Within the limitations of this laboratory study, we can conclude that the presence
of caries-affected dentin result in lower bond strength values than sound dentin, and that
the powder/liquid ratio has no effect on the microshear bond strength. A flowable layer of
GIC employed before the use of a conventional layer could be an alternative to ART that
does not jeopardize the bonding to dentin. Further studies could complement the current
comprehension of the behavior of a flowable GIC layer in ART treatments. In order to

107

108

Microshear Bond Strength of Flowable GIC to Caries-Affected Dentin

investigate whether this more fluid layer of GIC can lead to different interface degradation
over time, long-term evaluations may be, specially, desired. The drawbacks of the two-layer
technique as higher material costs and a more time consuming technique should be also
considered.
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Abstract
Objective: A high-viscosity consistency of the glass-ionomer cement (GIC) may lead to poor
adaptation into the cavity. The use of a flowable GIC layer seemed to improve its adaptation
in approximal restorations in vitro. In this study we assessed the flexural strength of a twolayered GIC, using a flowable GIC as a liner (two-layer technique). Aditionally, Finite
Element Analysis (FEA) on standardized bar-shaped models and on a representative tooth
model were performed to rationalize the obtained results.
Methods: The flexural strength and Young’s modulus were calculated from the results of a
three-point-bending test. Bar-shaped specimens were prepared either with a conventional
GIC, with a flowable GIC (powder/liquid ratio 1:2), and with two-layers. Three dimensional
FEA models of the bar-shaped specimens and a model of tooth 46 provided information on
the stress distribution of each component of the specimen and on the restoration.
Results: The apparent flexural strength and Young’s modulus of both two-layered groups
were significantly lower than that of the conventional group. FEA showed that the layers of
the two-layer specimens with the flowable GIC down detached from each other under load.
The tooth model showed better stress distribution for the two-layer restorations.
Significance: The two-layer GIC showed inferior flexural strength, which might be explained
by the detachment of the layers under load. Nevertheless the tooth model showed that the
two-layer GIC provides a lower stress concentration on the occlusal surface of the material.
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Introduction
Glass ionomer cements (GICs) are the most used filling material for minimal
invasive restorations done by Atraumatic Restorative Treatment (ART) (1). Essentially, this
is due to the combination of its adhesive properties with a relatively slow chemical setting
reaction, and a possible therapeutic effect on demineralized enamel and dentin provided by
the fluoride released from the GICs (2).
Specially developed for ART, high-viscosity GICs have better mechanical
properties than their predecessors (3-5), but because of their brittleness and difficult
handling, their performance on multi-surface cavities is far from optimal (6-8).
With regard to the adaptation of any restorative material in a posterior proximal
cavity, the cervical margin is the weakest point. A high-viscosity material may lead to
difficult insertion and cervical gaps, both of which contribute to restoration failure (9-11).
Aiming to improve cervical adaptation and reduce secondary caries occurence, GICs were
often used as liners before the insertion of a resin composite or amalgam restoration (12).
Laboratory studies suggested that a flowable GIC layer as a liner within proximal cavities
before the insertion of a regular high-viscosity GIC (two-layer technique) improved the
adaptation of the material to teeth structures, reduced microleakage (13) and allowed a
better adhesion in sound dentin than in carious dentin (14).
However, a flowable GIC contains less reinforcing glass filler particles, thereby
reducing the fracture resistance. We, therefore, assessed the flexural strength, the ability to
withstand an applied stress, of a two-layered GIC, using a flowable GIC as a liner (two-layer
technique). Additionally, Finite Element Analysis (FEA) on standardized bar-shaped
specimens model and on a representative tooth model were performed to rationalize the
obtained results.
Material and Methods
The flexure strength and Young’s modulus were determined for conventional GIC,
flowable GIC, and layered specimens where the flowable GIC was under tension (flowable
GIC down) and compression (flowable GIC up). Bar-shaped specimens (25 x 2 x 2 mm; n =
20 per group) were made according to the ISO Standard 9917-2. The flexural strength and
the Young’s modulus were determined using a three-point-bending test. Hand mixed Fuji
IX GP (GC Europe, Leuven, BE; batch nr 1105131) was used as material for all specimens.
Group 1 (conventional GIC only - C): specimens were prepared with an uniform
layer of the GIC mixed according to the manufacturer’s instructions (conventional GIC,
powder/liquid ratio 1:1).
Group 2 (two-layer flowable GIC down - FD): specimens were prepared using a
two-layer technique. In the first layer one powder portion was mixed with two liquid drops
(powder/liquid ratio 1:2). A flowable consistency mixture was achieved and the first layer
inserted in the mold. Immediately thereafter, a second layer was mixed according to the
manufacturer’s instructions (powder/liquid ratio 1:1) and applied before the setting of the
first layer.
Group 3 (two-layer flowable GIC up - FU): specimens were prepared as in group 2,
but were tested up-side-down, to allow tensile stress to occur in the conventional layer.
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Group 4 (flowable GIC only - F): specimens were prepared with a uniform flowable
GIC layer mixing one powder portion with two liquid drops (powder liquid ratio 1:2).
Acetate strips covered with microscope slides were placed on the top and the
bottom of the filled mold and the mold assembly was clamped and left to set for 15 min. All
groups were stored at 37°C in liquid paraffin. After 24 hour the height and width of the
specimens were measured using a digital caliper. The specimens were subjected to a threepoint-bending test on a universal testing machine (Hounsfield Ltd, Redhill, Surrey, UK) at a
crosshead speed of 1.0 mm/min. The flexural strength (FS) was calculated with the
following equation:

FS 

3Fl
2wh 2

where F is the load at failure, l the distance between the supports (l = 20.0 mm), w the
specimen width, and h the specimen height. The apparent flexure strength was calculated
for the two-layer specimens.
The Young’s modulus (EM) was calculated using the following equation:

EM 

Fl 3
z 4wh 3

where ∆F is the increase of applied force, l the distance between the supports (l = 20.0 mm),
∆z the increase in deflection at the increase of force, w the specimen width, and h the
specimen height. The apparent Young’s modulus was calculated for the two-layer
specimens.
Finite Element Analysis (FEA)
The Finite Element modeling was carried out using FEMAP software (FEMAP
10.1.1; Siemens PLM software, Plano, Texas, USA) and the analysis was done with NX
Nastran software (NX Nastran; Siemens PLM Software, Plano, Texas, USA). Three
dimensional FEA models of the three-point-bending test set-up and of a proximal cavity in a
permanent molar were created. For the Young’s modulus the following data were used:
conventional GIC 12.6 GPa (Table 1), flowable GIC 7.2 GPa (Table 1), dentine 18.6 GPa, and
a Poisson ratio of 0.3 was used for all materials. The tested models of the two-layer
specimens were analyzed with the two layers attached and detached from each other
(groups 2a and 3a). For the models with the two layers detached, the interface between the
two layers was designed as a contact surface. The bar-shaped models (25 x 2 x 2 mm) were
composed of 46,353 parabolic tetrahedron solid elements. The models were loaded with the
experimental determined values of the load at failure (Table 1). The nodes at the bottom of
the model at the points of support were not allowed to move vertically. The nodes in the
centre of the models were only allowed to move in the vertical plane.
In a model of tooth 46, a occluso-mesial cavity of 2.0 mm high and 2.0 mm deep
with a width of 2.5 mm was created. Two types of fillings were made: one of conventional
GIC only and another of conventional GIC with a liner of 1 mm of a flowable GIC. The
models were composed of 52,365 parabolic tetrahedron solid elements. The cavity was
loaded with a load perpendicular on the surface, where the vertical component was made 50
N. A load perpendicular to the cavity surface is most likely the load direction in clinical
situations. The nodes at the bottom of the tooth were fixed.
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Statistical analysis
One-way ANOVA and Tukey post-hoc were used to test differences for the flexural
strength and the Young’s modulus. The data were analysed with SPSS 12.0.1 software (SPSS
Inc., Chicago, IL USA) using a 95% confidence interval.
Results
The flexural strength and the Young’s modulus obtained by the three-pointbending test are summerized in Table 1. The flexural strength of the conventional GIC and
the flowable GIC were not significantly different, but the Young’s modulus of the flowable
GIC was significantly lower. The apparent flexural strength of both two-layered groups
were significant weaker than that of the conventional GIC, and the apparent Young’s
modulus of the two-layered groups was also lower than that of the conventional GIC and
the flowable GIC groups alone.
Table 1: Load at failure, flexural strength (FS), and Young’s modulus (E) of the different GIC groups.
Apparent values were calculated for the two-layered specimens, showed in the grey cells (figures in
brackets represent standard deviations)
Group

Load at failure (N)

FS (MPa)

E (GPa)

1 (C)
2 (FD)
3 (FU)
4 (F)

6.7 (2.6)
2.8 (0.6)
4.4 (2.1)
5.1 (1.9)

24.5 (10.7)a
9.9 (2.3)c
15.1 (6.9)bc
18.7 (6.8)ab

12.6 (5.1) a
4.2 (2.2) c
5.5 (3.5) b
7.2 (4.6) b,c

Note: Different superscripts represent significant differences at the 95% level when the one-way
ANOVA and Tukey’s test were employed.

Figure 1a shows the stresses in the length directon of the bars in the two-layer FD
specimen with the layers attached to each other compared with the stresses in the flowable
GIC only specimen. Figure 1b shows the stresses in the two-layer FD specimen with the
layers detached from each other compared with the stresses in the conventional GIC only
specimen. The highest tensile stresses in the flowable GIC in both specimen in Figure 1a are
different, while the highest tensile stresses in the conventional GIC in both specimen in
Figure 1b are comparable. Figure 2 shows the stresses in the length directon of the bars on
the interface for the two layers attached, with the flowable layer down and with the
flowable layer up. The stresses in the interface are tensile stresses in the FD specimen and
compressive stresses in the FU specimen. Table 2 shows the highest tensile stress (MPa) in
the length direction of the bars calculated with FEA.
Figure 3 shows the maximum solid principle stresses in a model of tooth 46 with a
occluso-mesial cavity. The cavity is filled either with a conventional GIC only or with the
two-layer GIC. The maximum solid principle stress in the conventional GIC is 16.5 MPa for
the cavity of conventional GIC only and 11.0 MPa for the cavity with the two-layers of GIC.
For this load direction, the stresses between the GIC and the dentin, and between the
conventional and the flowbale GIC are compressive stresses. When submited to the same
load, the conventional and the two-layer GIC differ in amount of absorbed stress, with
lower stress values for the two-layer GIC.
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MPa
a
Stresses in group 2 with the two‐layers attached and in group 4
Conventional GIC
Flowable GIC

Two‐layers
attached
Flowable GIC

Stresses in group 2a with the two‐layers detached and in group 1
Conventional GIC
Flowable GIC

b

Two‐layers
detached
Conventionial
GIC

Figure 1: (a) The stresses in the length direction of the bar for group 2 with the two layers attached
compared with the tensile stresses in the flowable GIC only, and (b) for group 2a with the two layers
detached compared with the tensile stresses in the conventional GIC only.

Two‐layers flowable GIC down

MPa

Two‐layers flowable GIC up

Figure 2: The stresses in the length direction of the bar for the two-layers (attached) flowable GIC down
and for the two-layers (attached) flowable GIC up.
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Table 2: The highest tensile stress (MPa) in the length direction of the bars calculated with FEA.
Group

in the conventional GIC

1 (C)
2 (FD)
3 (FU)
4 (F)

23.7
1.2
17.5

2a (FD) layers detached
3a (FU) layers detached

20.9
34.5

in the flowable GIC
7.8
0
17.3
11.3
18.0

MPa

Cavity
conventional GIC only

Cavity
two‐layer GIC

Figure 3: The solid maximum principle stress in tooth model 46 with a occluso-mesial cavity filled with
conventional GIC only and with the two-layer GIC.

Discussion
In this study we assessed the apparent flexural strength of a two-layer GIC
specimen using a three-point-bending test set-up, and rationalized the results with a Finite
Element Analysis (FEA). The FEA simulation provided information with regard to the stress
distribution of each component of the restoration and allowed a better understanding of the
values found in the three-point-bending test. The flexure stress obtained from the test (Table
1) showed significantly lower values for the two-layer groups. These values were
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considered only as the apparent flexure stress because the formula to calculate the flexure
stress based on a three-point-bending test is intended for a single-layer specimen.
The reduction of the powder content by 50% in the flowable GIC group (F) did not
result in a flexural strength that was statisticaly significantly different from that of a
conventional GIC (C). These findings are consistent with Fonseca et al. (15), who reported no
diference in diametral strength between the GIC specimens with 100% or 50% powder
content. However, Darvell showed that the validity of the diametral strength methodology
for brittle materials like GIC is low (16). Fleming et al. (17), though, observed a significantly
lower compressive strength when the powder content was reduced to 50% of the
manufacturer’s recommended consistency. The difference between the results obtained in
these studies may be attributed to the designs of the strength tests.
Different methods are available for testing the strength of a material. The ISO
standard for water-based cement, such as the GIC, describes only the compressive strength
test (ISO standard 9917-1). As this test has been shown to be an invalid measure of strength,
it may not be the ideal test to predict a failure mechanism as it is more representative of a
combination of tension and shear (16, 18). Nonetheless, the ISO standard was formulated at
a time when GIC were not considered for use in Class II cavities. Recently, Dowling et al.
(18) investigated an alternative to the compressive fracture strength test for GIC and
concluded that the International Organization for Standardisation should replace the
compressive strength test by flexural strength tests. The authors recommended both threeand four-point-bending tests as valid strength measures for GIC (18).
The obtained flexural strength for the conventional group (C) were consistent with
those previously published (19-21). Although the two-layer flowable GIC down (FD)
especimens contained more glass-filler particles than the flowable GIC only (F) specimens,
FD showed significantly lower flexural strength than the flowable GIC only (F). This result
was the trigger for investigating the stress distribution in the different specimens with FEA.
Wang and Darvell (22) stated that the difference in mechanical properties of a twolayered material may also affect its failure behavior as the elastic modulus mismatch
between the layers can produce new stresses at the interface between the two layers. We
hypothesized that when submitted to a load until fracture, the stresses in the interface might
become higher than the bond strength between the two GIC layers. To investigate this
hypothesis, we performed the FEA on the two layers attached to and detached from each
other. The FD values from the three-point-bending experiment are correspondent to the FEA
values of the FD with detached layers. During loading, the tensile stresses in the interface
may have indeed became higher than the bond strength between the two layers, detaching
them. The FEA demonstrated that the highest flexural stresses of FD with the two layers
detached are concentrated in the lower side of the conventional layer (Figure 1b). On the
other hand, the specimens with two layers and the flowable GIC up (FU) seems to remain
with both layers attached to each other when submitted to flexural stress. This can be
explained by the fact that the stresses in the interface of the FU specimens are mainly
compressive, while the stresses on the interface of the FD are mainly tensile stresses (Figure
2).
FEA demonstrates that the low flexural strength values from the FD specimens are
due to a lack of relevant adhesion between the two layers. One should realise that this
results cannot be extrapolated to resin based materials. In resin-based materials the
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inhibition layer formed by the contact with oxigen allows a good chemical adhesion
between the layers of the material (23), even if they have different consistences (24).
The Young’s modulus or modulus of elasticity of a material is a measure of the
resistance to deformation under load. Bulk, chip, and marginal fractures have been observed
to be more frequent in restorations using materials with a low Young’s modulus (25). The
use of a high Young’s modulus material in the second layer of the two-layer GIC is intended
to avoid these type of failures in occluso-proximal-ART restorations and, at the same time,
the low Young’s modulus flowable layer provides a better material adaptation in the
margins of the cavity (13).
The tooth model shows that the stresses in the restoration at a minimum load (50
N) may already put the restoration at risk. In particular with the conventional GIC, in which
a tensile stress of 17.5 MPa is observed, while the strength of the material is only 24.5 (10.7)
MPa. This may explain the great number of failure reported in approximal GIC restorations
(11, 26, 27). The flowable layer, although, might be beneficial, as it dissipates the stress from
the occlusal load and could, consequently, improve the lifetime of these restorations. The
survival of the restoration might be also dependent on the design of the preparation and the
presence of lateral walls in the cavity. If the cavity is too large or lateral walls to support the
material are absent, tension in the interface might occur, resulting in detachment of the
layers similar to the three-point-bending test.
It should be considered that the flowable GIC, by having less glass-filler particles, is
more sensitive to solubility. By being located in the cervical region, this layer might be more
often in contact with dental plaque and with a acidic environment, which can lead to the
dissolution of the material and the absence of support, exposing the restoration to a risky
situation that will probably lead to failure.
In conclusion, the two-layer glass ionomer showed inferior performance on the
three-point-bending test, which might be explained by the fact that the layers maybe
detached from each other under load. The FEA tooth model showed that the two-layer GIC
might be beneficial when used in an occluso-proximal cavity, as it provides a lower stress
concentration in the occlusal surface of the material.
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Abstract
Aim: Good survival rates (SR) have been reported for occlusal-ART restorations but not for
proximal-ART restorations. The high-viscosity consistency of the glass-ionomer cement
(GIC) may lead to its incorrect adaptation to the cavity walls and thus to failure of the
restoration. Because the use of a flowable GIC as a first layer seemed to improve its
adaptation in proximal restorations in vitro, we evaluated whether the use of an
intermediate flowable GIC layer would improve the SR of proximal-ART restorations.
Methods: A total of 208 children (6-7 years old) with at least one occluso-proximal carious
lesion in a primary molar were selected and randomly allocated to two groups: G1,
conventional technique, one layer GIC (powder/liquid ratio 1:1); and G2, two-layer
technique, consisting of a first layer of GIC with a flowable consistency (powder/liquid ratio
1:2) and a second layer of a regular consistency. Restorations were evaluated after 2, 6, 12
and 18 months. Restoration survival was evaluated using Kaplan-Meier survival and logrank test. Poisson Regression Analyses (α=5) were used to verify the influence of factors
such as insertion technique, restoration surface and operators.
Results: The overall SR of the restorations after 18 months was 68%. There was no difference
in SR between the techniques. Neither did the other factors influence the SR.
Conclusions: Over 18 months, the use of an intermediate layer of flowable GIC in proximalART restorations does not improve the restoration survival.
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Introduction
The Atraumatic Restorative Treatment (ART) was developed in the mid-eighties to
prevent the extraction of decayed teeth of patients in outreach areas, where resources such
as electricity and rotary dental equipment were not easily accessible (1). Glass-ionomer
cements (GICs) are chosen as the most suitable filling material for ART because of their
biological, physical and chemical properties (2).
The high-viscosity GICs were specially developed for ART. They have a relatively
slow setting time and better physical-mechanical properties, when compared to their
predecessors (2-4), resulting in higher survival rates of the restorations (5). In a metaanalysis, Van’t Hof et al. (6) showed that ART restorations in single surface (occlusal)
cavities using high-viscosity GIC have higher survival rates when compared to amalgam
whereas the multi-surface (proximal) cavities in primary teeth required improvements.
Several clinical trials have investigated different causative factors associated to
proximal-ART restoration failures, such as isolation methods, materials with different
strengthened properties, influence of the operator, the post-restoration meal (time between
restoration and loading) and the cavity size (7-13). Although in some cases the survival rate
had increased, this type of restorations still does not meet the ADA specifications for quality
of restorations (1).
The most reported reason for failure of proximal-ART restorations is loss of
retention or bulk fracture (8, 14-16). These failures might be related to the material’s
properties and also to an incorrect adaptation or cervical gap formation in proximal-ART
restorations (17-19).
Recent laboratory studies show that the insertion of a thin layer of flowable GIC
prior to the insertion of a regular high-viscosity GIC layer (two-layer technique) can
improve the material adaptation within proximal cavities (20) and increase the bond
strength to sound dentin (21). To investigate whether these findings are also clinically
relevant we conducted a randomized-controlled clinical trial, in schools, applying this new
insertion technique. The hypothesis tested was that there is no difference in survival rate of
proximal-ART restorations made with one- or two-layer technique in primary molars.
Material and Methods
Sampling procedure – After approval for conducting the studywas obtained from the
local Research Ethicals Committee (USP, São Paulo, Brazil), a total of 2000 children (6-7
years old) from public schools in the city of Barueri (State of São Paulo, Brazil) were
examined. We selected 208 of them, who fulfilled all the inclusion criteria and had a written
consent from parents or legal guardians. The inclusion criteria were: at least one occlusoproximal carious lesion in a primary molar involving dentin with dimensions not larger
than 2 mm mesio-distal, 2.5 mm bucco-lingual and occluso-cervical, cooperative behaviour,
absence of fistula or abscess near the selected tooth and no mobility of the tooth. The
dimensions of the cavity were measured using the graduations on the Michigan O with
Williams’ markings periodontal probe (10).
Implementation - Only one cavity per child was included in the study. If a selected
child had multiple cavities that met the inclusion criteria, one of them was randomly chosen.
All the other cavities in the selected children were treated by other dentists who work in
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oral health centers in the city. The operators were four final year dental students who were
previously trained to perform ART, including the GIC mixing according to the
manufacturer’s protocol and to the specific technique used in this study. A training week
was included to give the operators the opportunity to familiarise themselves with the local
conditions and the restorative technique prior to the start of the operative phase. The
operators assisted each other and all treatments were performed on the school enviroment
under less than optimal conditions. The children were randomly assigned to one of the
operators and insertion technique.
Treatment procedure – No local anesthesia was applied during the treatments.
Infected carious dentin was removed with hand instruments and all the cavities were
restored with high-viscosity GIC Fuji IX (GC Europe, Leuven BE). After preparation, a
metalic matrix band and a wedge were applied. All cavities received a conditioning with the
diluted liquid from the respective material (10 s), followed by rinsing with water and drying
with cotton pellets. The mixing and insertion of GIC was different for each group. In G1, the
conventional restoration group, GIC was mixed according to the manufacturer’s instructions
(powder/liquid ratio 1:1), and in G2, the experimental group (two-layer technique), a first
layer of GIC with flowable consistency (powder/liquid ratio 1:2) was applied in the bottom
of the cavity. The second layer was mixed according to the manufacturer’s instructions
(powder/liquid ratio 1:1) and inserted in the cavity before the final setting of the first layer
(20). After adjusting the occlusion, petrolium jelly was applied on the GIC. The presence or
absence of adjacent and antagonist teeth was recorded.
Evaluation - The restorations were evaluated after 2, 6, 12 and 18 months according
to the ART criteria adapted for proximal restorations (17) (Table 1). A restoration was
considered as a “failure” when codes 11-40 were registered. Codes 00 and 10 were
considered as a “success” and codes 50-91 were assigned when the tooth was unavailable
for evaluation. All evaluations were performed by two blinded and independent evaluators,
who were trained and calibrated with a “gold standard” (11) regarding the evaluation
criteria (Kappa = 0.94).
Statistical analysis – Statistical analysis were carried out using Stata 11.2 software
(StataCorp, Texas, USA). All significant differences were detected at 95% confidence level.
The influence of insertion technique, operator, presence or absence of antagonist and
adjacent tooth, tooth surface involved in the restoration, mouth-side and jaw (upper or
lower teeth) were evaluated in each assessment using Poisson regression analysis.
Kaplan-Meier survival analysis were performed on the censored data for the
restoration survival. The difference between survival curves was determined with log-rank
tests.
Results
After 18 months the drop out rate was 6% and was equally distributed among the
groups. One child died, others moved from school or city, or lost the restored tooth by
exfoliation or extraction. Of the 208 restored cavities, 110 (53%) were made with the
conventional technique and 98 (47%) were made with the two-layer technique. The overall
cumulative survival of the restorations was 68%; for the conventional group this was 67%
and 68% for the two-layer group. The survival curves, with sensored data, are presented in
Figure 1. Log-rank test indicated no significant different between the groups (p=0.8).
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The Poisson regression-analysis confirmed the abscence of a significant difference
between groups. The operator, presence or absence of antagonist and adjacent tooth, surface
of restoration, mouth-side and jaw had no influence on the survival rate of the restorations.
The majority of failure characteristics were total or partial loss of the restoration (82%).
Discussion
Glass-ionomer cements have been intensively investigated as restorative material
for primary molars, and, in general, the results have been disappointing (22). Although
high-viscosity GIC produced much better results than the early conventional materials (5,
23), their consistency may contribute to incorrect cervical adaptation (17-19). On the basis of
promising results from recent laboratory studies (20, 21), we investigated whether inserting
GIC with the two-layer technique would improve the survival rate of proximal-ART
restorations in a school setting.
After 18 months, our results showed a survival rate of 68%. The null-hypothesis
was not rejected, as the survival rates of proximal-ART restorations made with one- or twolayer technique in primary molars were similar.
Table 1: Evaluation criteria for approximal-ART restorations (17).
Score

Criteria

00

Restoration still present, correct

10

Restoration present, slight defect at the margin and/or wear of the surface;
<0.5mm in depth, no reparation needed

11

Restoration present, defect at the margin and/or wear of the surface;
>0.5mm in depth, repair needed

12

Restoration present; under filled >0.5mm, no gap, repair needed

13

Restoration overfilled >0.5mm, repair needed

20

Secondary caries, discoloration in depth, surface hard and intact, caries within dentin;
repair needed

21

Secondary caries, surface defect, caries within dentine; repair needed

30

Restoration not present, bulk fracture, moving, (partly) lost; repair needed (if still possible
without exposing the pulp)

40

Inflammation of the pulp (restoration still in situ, not categorized in the former categories);
fistula or severe pain complaints; 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; unable to diagnose

90

Patient not present

91

Patient transferred

The application of a GIC liner in proximal cavities was first described by McLean
and Gasser in 1985 (24). Such layer was combined with either resin composite or amalgam
as final restoration, in what is often called “open sandwich” restoration. Because the cervical
area of proximal cavities is often difficult to clean and to isolate from saliva and gingival
fluid, it is more sensitive to secondary caries formation (22). In an area of such high risk, the
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use of an adhesive and fluoride releasing material, such as the GIC, might provide extra
protection. With high-viscousity GIC, the cervical adaptation was reported to be poor (1719). Laboratory studies testing flowable GIC as a liner suggested that material adaptation to
the enamel and bond strength to sound dentin were both increased, and microleakage was
reduced (20, 21). However, these findings did not result in a better clinical performance in
our study.

Figure 1: Survival curves per insertion technique (log-rank test p=0.8)

Irrespective of the insertion technique, the main reason for failure was restoration
fracture or loss (n = 38). As some remnant material was observed on the bottom of the
cavity, most of the restorations failures (90%) were caused by restoration fractures. We
therefore speculate that we did not find a better success for the two-layer group as whereas
the adaptation to tooth structures may have improved, the fracture resistance of the material
may have worsened, since the reduced powder content of the first layer contains fewer glass
particles in the set material. However, Fonseca et al. (25) reported no difference in the
diametral tensile strength of conventional GIC when the powder/liquid ratio was reduced
by 50%.
A possible reason for the absence of difference between the insertion techniques is
that the operators were well trained for the restorative technique. We found no operator
effect and for both groups a reasonable survival rate was observed. Individual differences
are expected between the different operators. To prevent that a more sensitive and laborious
method, would accentuate differences in individual skills, the operators received a
comprehensive training not only in ART preparation and restoration techniques but also in
handling and insertion of the GIC for the two-layer technique. This training may have
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improved their skills in performing proximal-ART restorations in general, making the
insertion technique irrelevant.
Although previous studies have investigated the survival rate of proximal-ART
preparations restored with composite resin (7), several cavity-preparation methods (8, 15)
and isolation methods (13, 26), none of them significantly reduced the failure rate.
Mickenautsch et al. (27) showed in a systematic review that proximal-ART restorations made
with high-viscosity GIC or amalgam were equally successful. Nevertheless, they could also
be classified as equally unsuccessful, as their survival rates were both very low.
Our study suggests that the two-layer technique does not increase proximal-ART
restoration longevity. Several authors have reported that the failure of ART restorations may
not be attributed to a specific variable but to a combination of factors such as cavity selection
and preparation, salivary contamination, restorative material, and knowledge and clinical
skills of the operator (12-14, 17, 28, 29). Despite the improved mechanical properties of the
high-viscosity GIC, they are difficult to manipulate and to insert into the cavity. The
strength of the restorative material or its adaptation to the cavity wall seems to make no
difference when the operators are well trained to use the technique and to manipulate the
material (7, 15). To minimize the cumulative effect of all causes of failure in proximal-ART
restorations, we therefore recommend that particular attention should be paid to operators’
training, and on developing alternative self-curing restorative materials with enhanced
mechanical properties.
The standing question is whether it is possible to improve the success rate of
proximal-ART restorations made under field conditions to the point that they would be as
successful as the ones made under ideal conditions in private practices (30, 31). Although an
18-month assessment showed that the two-layer technique using a flowable GIC under
another GIC layer did not improve the survival of proximal-ART restoration, the results of
ongoing studies may provide more insight into one of the most popular minimal
intervention techniques and the appropriate material for proximal restorations.
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Abstract
Aim: The objective of this study was to investigate the effect of a nanofilled resin coat on the
flexural strength (FS) and the early wear (after 50,000 and 200,000 cycles) of the glassionomer cements Fuji IX GP Extra (FIXE) and Ketac Molar Aplicap (KM).
Methods: Specimens were prepared and half of them were coated with G-Coat Plus. The
uncoated specimens were used as controls. Flexural strength (n = 10) was evaluated after 24
hours using a three-point-bending test on a universal testing machine (ISO 9917-2). Wear (n
= 20) was evaluated after 50,000 and 200,000 cycles using the ACTA wear machine. Oneway, two-way ANOVA and Tukey post hoc tests were used to analyze differences in FS and
wear.
Results: For FIXE the coat significantly increased the FS and the wear along the two time
spans. KM did not show a significant difference in FS with the coat. Improvements in wear
were observed only after 50,000 cycles.
Conclusion: Based on these laboratory results, it is concluded that G-Coat Plus is indicated in
association with FIXE with the aim to improve the mechanical properties of the former.
However, this study is limited to a short-term observation.
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Introduction
Glass-ionomer cements (GICs) are widely used in preventive and pediatric dentistry as they release fluoride and have chemical adhesion to dental structures (1). This latter
property is believed to be beneficial in terms of resistance to degradation of the interface
between GIC and dental substrate (2), which also promotes advantages regarding
microleakage and secondary caries formation (2). Moreover, GIC have an expansion coefficient similar to the tooth structure, biocompatibility, chemical setting reaction and fluoride
release/uptake, attributing a preventive character to them (1-5). In the late 1990s, the conventional GICs were replaced by the highly viscous GICs, which have a faster setting time
and notably higher strengths (6). They are mainly used in single surface restorations and in
non-carious cervical lesions. They are also the material of choice for the atraumatic restorative treatment (ART) and for restorations that are at risk of early water contamination (7).
Some GICs characteristics may impose limits to its indication for clinical use. The
long setting reaction time and the water sensitivity during setting reaction (first 24 hours)
associated with a relatively low fracture strength and high occlusal wear rate in comparison
to amalgam and modern resin materials are considered drawbacks of conventional GIC (6,
8-10). The setting reaction of conventional glass-ionomers needs water to form the
polyacrylate matrix. This initial stage, which is the clinical setting reaction, occurs within the
first 10 min after mixing. The second stage, involving the release of the calcium and aluminium cations within the matrix, is a slower continuation of the acid–base reaction that lasts 24
hours (11). During the first reaction, the material is very sensitive to water uptake, while
during the second stage the material is very susceptible to dehydration. This short-term
sensitivity to water can result in lower strength of the surface and, as a consequence, in low
wear resistance and low early flexural strength. This in turns restricts the full potential of
GICs for dental applications (8, 12-14). To avoid problems within the first 24 hours, it is
recommended to protect the GIC’s surface. In case the manufacturers do not provide special
varnishes, copal cavity varnish, light-cured bonding resins, petroleum jelly, cocoa butter, or
even nail varnish can be used as such (11, 15-18). The longer this protective material is in
contact with the restoration, the smaller the chance that the material will have its mechanical
properties reduced (2). Recently, a new generation of coating for GIC has been introduced.
The main difference between this material (G-Coat Plus) and the previous generations of
coat for GIC is the content of nanofiller particles. A previous study showed no effect of the
G-Coat Plus on the fracture toughness of Fuji IX while fracture toughness of a resinmodified glass-ionomer (Fuji II LC) was positively affected (19). On the other hand, it is
expected that the conventional GIC, being more sensitive to water, would be more positively affected by the coat.
In contrast to single-surface, the success rate of multi-surface ART restorations is
still not satisfactory (20). Gross marginal defects due to wear and fracture of the restoration
are among the most common failure reasons. It is interesting to know if the G-Coat Plus
would have a positive influence on the fracture strength and the early wear on the most
commonly used highly viscous GIC.
The aim of this study was to investigate the flexural strength and the early wear resistance of highly viscous GICs coated and uncoated with a nanofiller-containing fluid resin.
The null-hypotheses tested were that there is no difference in (I) flexural strength and (II)
wear between coated and uncoated specimens.

139

140

Coating glass-ionomer cements with a nanofilled resin

Materials and Methods
The materials used in the study, their manufacturers, batch numbers, shade and
expiration dates are shown in Table 1. The GICs were supplied in capsulated form and activated/mixed according to manufacturers’ instructions.
Table 1: List of the materials tested, manufacturers, batch numbers, shade and expiration dates.
Material

Code

Manufacturer

Batch/shade/exp date

GC Fuji IX GP Extra

FIXE

GC
Europe 0609261/A3/2008-09 and
(Leuven, BE)
0812151/A2/2010-12

Ketac Molar (Aplicap)

KM

3M ESPE (Seefeld, 70201103911/A3/2009-08 and
GE)
360334/A3/2011-09

G-Coat Plus

C

GC
Europe 0610241/-/2008-10 and
(Leuven, BE)
0809131/-/2010-09

Flexural strength
The flexural strength (FS) was determined according to the ISO Standard 9917-2 using 25 x 2 x 2 mm bar-shaped specimens. Twenty specimens were made for each material.
The GICs were mixed by a Rotomix (3M ESPE) and set at room temperature for 10 min.
After setting, the specimens were removed from the molds and randomly assigned in two
groups (n = 10). The control group did not receive any surface protection. The experimental
group had one surface coated with G-Coat Plus and light cured for 20 s in three sites along
the bar (Elipar Highlight, 3M ESPE, power density of 750 mW/cm2). Both groups were stored
in liquid paraffin at 37°C (14). After 24 hours the height and width of the specimens were
recorded with a digital caliper. The specimens were subjected to a three-point-bending test
on a universal testing machine (Hounsfield Ltd, Redhill, Surrey, UK) at a crosshead speed of
0.75 mm/min. The FS was calculated with the following equation:

FS 

3Fl
2 wh 2

where F is the load at fracture, l the distance between the supports (20.0 mm), w the specimen width, and h the specimen height. For the experimental group, the coated surface was
placed opposite to the applied load.
Wear
Three-body wear was evaluated with the ACTA wear machine (21). In short, this
device consists of two motor-driven cylindrical wheels rolling over each other with a surface
slip of 15% inside a bowl containing a third body medium, consisting of a slurry of rice and
millet seed shells (pH = 7). Fuji IX GP Extra and Ketac Molar were mixed by a Rotomix (3M

Chapter 11

141

ESPE). For this experiment, new specimens were prepared to fit the wear machine. A total of
8 specimens were used for this experiment, i.e. two experimental specimens and two control
specimens of each material. The specimens were placed into one of these wheels and set at
room temperature for 10 min. The specimen wheel consisted of ten compartments, each
containing approximately 1 g of cement. After setting, the specimens are removed from the
mold and repositioned with cyanoacrylate ester (Super Bonder, Henkel Loctite Products,
Rocky Hill, CT, USA). The wheel with the specimens was kept at 37ºC and 100% humidity
for the whole period of the test. A test run consisted of 200,000 cycles of the specimen wheel
(taking approximately 55.5 hours) at a rotational speed of 1 Hz to simulate the chewing frequency (6).
The surface finishing was done 10 min after mixing by placing the specimen wheel
on the fixed axis of the wear machine and a diamond-grinding wheel on the other axis, which
was allowed to move slowly into the direction of the specimen wheel. The grinding procedure
was carried out under water at 37ºC with grinding wheels with grits up to 1000. The grinding
wheel was replaced by the 'antagonist wheel', which was pressed against the specimen wheel by
a spring force of 15 N and rotated with a surface speed, which differed 15% from that of the specimen wheel (15% slip).
A wear-in run of 10,000 cycles was performed to adapt the two wheel surfaces and the
worn-in surfaces were measured by profilometry (A1 - Baseline). A total of four specimens, two
from Fuji IX GP Extra (FIXEC) and two from Ketac Molar (KMC), were coated with G-Coat Plus
(specimens with C as last letter) and light cured for 20 s 3 times along the specimen (Elipar Highlight, 3M ESPE). After coating, the profile was measured again (B1) to establish the profile of the
coating. Then, a wear run of 50,000 cycles was initiated. After 50,000 cycles, the profile was remeasured (C1) and followed by another wear run of 150,000 cycles, giving a total of 200,000 cycles. At the end of this run, which was four days after the preparation of the specimens, the final
profiles were measured (D1). The procedure is schematically depicted in Figure 1. After completion of the sequence A1 → D1, the whole procedure was repeated (A2, B2, C2, and D2). For this
part of the experiment, a fresh coating layer was applied again on the worn surfaces of FIXEC
and KMC before the wear runs. Freshly prepared slurries were used for all three sequences.
After each run, ten tracings were taken at fixed positions on the worn surface of
each pair of specimen (PRK profilometer No. 720702, Perthen GmbH, Hannover, GE) so the
loss of material (m) could be measured. The positioning of the specimen wheel and the direction in which the surface tracings were taken, are shown in Figure 2.
The wear (in m) after 50,000 cycles was calculated by subtracting the profile after
the wear-in run of 10,000 cycles (A) from the profile after 50,000 cycles (C). The wear (in m) at
200,000 cycles was calculated by subtracting the profile after the wear-in run of 10,000 cycles
(A) and the profile after 200,000 cycles (D). It should be noted that after completion of the first
sequence (A1 → D1) a fresh coating layer was applied, before measuring B2, C2, and D2. The
coating thickness was calculated by subtracting the profile after the wear-in run of 10,000
cycles (A) from the profile after coating (B).
Scanning electron microscopy (SEM)
Representative cross-section of the specimens from the FS test were selected for
SEM images. Replica impressions were taken using President™ JET light-bodied (ColteneWhaledent, Alsätten, Switzerland) as the impression material. Replicas were made with

142

Coating glass-ionomer cements with a nanofilled resin

epoxy resin (Epo-thin® Buehler Ltd, Lake Bluf, IL, USA) mounted on aluminium stubs,
gold-sputtered and examined using a scanning electron microscope (XL 20: Philips, Eindhoven, NL) in order to illustrate the interaction between the GIC and G-Coat Plus.

Figure 1: Top: Schematic representation of the wear after 50,000 cycles (C-A) and after completion of
200,000 cycles (D-A) of the uncoated specimens. Bottom: Schematic representation of coating thickness
in m (B-A), wear after 50,000 cycles (C-A) and after completion of 200,000 cycles (D-A) of the coated
specimens after the initial coat.

Statistical Analysis
Two-way ANOVA and Tukey post hoc test were used to test differences in wear of
the GICs with or without the coat and the effect of time/experiment. The flexural strength
was analyzed with one-way ANOVA and Tukey post hoc test. Pearson correlation test was
performed to investigate possible correlation between the materials in both tests. The software used was Sigma Stat 3.1 (SPSS inc., Chicago, USA).
Results
The flexural strength data are summarized in Table 2. One-way ANOVA (F=31.2;
p<0.001) and post hoc Tukey’s test (p<0.01) showed a significant improvement on the flexural
strength of Fuji IX GP Extra when the G-Coat Plus was applied. For the Ketac Molar no differences were observed between the groups with and without the coat. Pearson correlation test
showed no correlation between the materials in both tests.
The SEM micrographs showed that there are micro-mechanical interlocking between
both materials and the coat (Figures 3 and 4).
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Figure 2: Schematic representation of the various steps in the wear experiment. Upper left: Specimen
wheel with specimens cured and glued in the wheel. Middle: Antagonist wheel and specimen wheel
rolling over each other in a slurry of rice and millet seed shells to produce 3-body (abrasive) wear. For
standard experiments the antagonist wheel is pressed against the specimen wheel by a spring force of
15 N and the surface velocity is adjusted to obtain a slip rate of 15%. The rotational speed of the
specimen wheel is fixed at 1 Hz. Upper right: Profile tracings from one unworn reference to the other
across the worn surface to measure wear.
Table 2: Mean (SD) flexural strength (Fs) in MPa for investigated materials. Different letters indicate a
statistically significant difference (p<0.01).
Material

Flexural strength (Fs)
without G-Coat Plus

with G-Coat Plus

FIXE

20.2 (4.1) c

34.9 (6.7) b

Ketac Molar

44.1 (5.6) a

36.1 (5.8) a,b

143

144

Coating glass-ionomer cements with a nanofilled resin

Figure 3: SEM micrographs of the specimens’ cross-section of FIXE (A) and KM (B), where it is observed
that there are micromechanical interlocking between the coat and the GIC.

Figure 4: SEM micrograph of the specimens’ cross-section of KM. Part of the GIC fell off and the coat
was left intact. The arrows indicate areas where the coat penetrated the voids of the GIC.

The wear data are summarized in Table 3 and graphically depicted in Figure 5. The
mean coating thickness (SD) for Fuji IX GP Extra was 25.3 (4.7) m (50,000 cycles) and 48.4
(10.6) m (200,000 cycles) and for Ketac Molar 26.1 (5.5) m (50,000 cycles) and 42.4 (9.9) m
(200,00 cycles). Two-way ANOVA showed that time (F=4327.2; p<0.001) and the different GICs
with or without coat (F=319.4; p<0.001) had a significant effect on wear. Tukey’s post hoc test
(p<0.05) showed that wear decreased significantly after 200,000 cycles comparing with 50,000
cycles for all groups. The coated specimens showed significantly lower wear than the uncoated
specimens, except for the Ketac Molar groups after 200,000 cycles, which showed the same wear
irrespective of the coating application.
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Table 3: Wear in m after 50,000 cycles (C-A) and after completion of 200,000 cycles (D-A) at two time
span. Negative values indicate that there is still presence of coating. Standard deviations in parentheses
are from ten tracings at different locations on the worn surfaces.
Cycles

Material
Ketac Molar

Ketac Molar C

FIXE

FIXEC

(C-A)

50,000

18 (2)bB

7 (2)aB

22 (2)bB

6 (2)aB

(D-A)

200,000

83 (3)cD

72 (4)bD

93 (2)dD

54 (5)aD

recoat

recoat

(C-A)

50,000

7 (1)cA

-5 (15)aA

9 (1)c A

0 (3)bA

(D-A)

200,000

57 (2)bC

59 (6)bC

70 (3)cC

46 (4)aC

Different lowercase letters indicate a statistically significant difference between the materials within the
same experiment (in the same line) (p>0.01). Different uppercase letters indicate a statistically significant difference between the experiments (in the same column) within the same material (p<0.05).

Figure 5: Wear in µm per 50,000 and 200,000 cycles for the investigated materials at slip of 15% and 15 N
force. The bars represent standard errors.
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Discussion
The null hypothesis, stating that there was no difference in flexural strength between coated and uncoated specimens was rejected. Ketac Molar showed no difference in FS
irrespective of the coat application but Fuji IX GP Extra showed statistically significant difference in FS depending on the use of the coat. Regarding the wear, the null-hypothesis was
also rejected. There was a statistically significant difference in the use of the coat for both
materials with all experiments, except for the one of Ketac Molar after 200,000 cycles.
Coating specimens with G-Coat Plus results in improved material properties in the
laboratory. Despite some beneficial properties, the poor wear-resistance and the low fracture
strength are still the most challenging properties of GICs, which limit their use to low-stressbearing areas (22, 23). Using a coat might help to overcome these problems. Besides the coat,
the long setting time can have a great influence on the sensitivity to water uptake (15). To
avoid differences in this characteristic Fuji IX GP Extra was selected for this study as its
setting time (2 min and 30 s) is the same as for Ketac Molar, which is much faster than the
conventional Fuji IX GP (4 min and 30 s).
The wear rate of the uncoated specimens of Ketac Molar and Fuji IX GP Extra were
consistent with those previously published (6). With exception of Ketac Molar after 200,000
cycles all groups showed significant differences between the coated and uncoated specimens. For all materials, with or without coat, a decrease in wear rate as function of time was
observed. After 200,000 cycles the specimens showed a lower wear rate than after 50,000
cycles. The re-application of the G-Coat Plus reduced the wear rate for Fuji IX GP Extra after
200,000 cycles, but for Ketac Molar the wear rate was only lower in the short-term experiment. One can say that this might be due to the fact that the coating did not chemically interact with Ketac Molar but only superficially penetrated the material, forming an outer
layer (Figure 3), which was totally removed in the longer wear experiment (200,000 cycles).
This hypothesis is supported by Figure 4, in which the GIC detached from the coating despite the existence of micro-mechanical interlocking.
It has been shown that the three-point-bending test can represent the clinical situation (24), e.g. when the opposing cusp of the opposing tooth exerts forces onto the restoration. The ISO standard 9917-2 for dental water-based cements included only compressive
strength as a mechanical property. The flexural strength is included in the ISO standard
9917-2 (for light-activated dental water-based cements). These standards were designed at a
time when conventional GICs were not considered for use in occlusal and proximal cavities
(25) and highly viscous GICs were not developed yet. However, an evaluation of the flexural strength seems to be more appropriate than compressive strength, as the bulk fracture is
one of the main reasons for failure of proximal GIC restorations (25, 26). The coated surface
in this experiment was placed opposite the applied force as it is the most stressed surface in
which the crack will start. The results showed higher flexural strength compared to the
previous version of those materials, the so-called low and medium viscosity GICs (27, 28).
The flexural strength for these high viscosity versions of Ketac Molar and Fuji IX GP Extra
are in line with previously reported values from hand mixed versions of those materials
(29). While Fuji IX GP Extra showed significant improvement in its flexural strength with GCoat, the same was not observed for Ketac Molar. Though Fuji IX GP Extra improved its
flexural strength, this material seems to have lower strength than Ketac Molar. In the threepoint-bending test the highest tension is on the opposite side of the applied force. Applying
a coating at this side might prevent the existing flaws to serve as areas of stress concentra-
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tion and crack propagation. Once a crack sets off, the specimen will fail due to its brittle
nature. Apparently, the crack starts from within the specimen and not from the surface,
meaning that the coat do not play a role when applied on materials which are intrinsically
more resistant to flexural stresses. For some restorative materials, a correlation is observed
between the surface damage and flexural strength (30). In the present study, we did not
observe any correlation between the wear and the flexural strength, as the materials behaved differently for each property when the coat was used.
The manufacturer’s instructions recommend 20 s of light curing for G-Coat Plus.
However, due to the length of the specimens (25 mm) in the FS experiment and the diameter
of the curing light (10 mm), the curing was done in 3 times each 20 s along the bar. The coating was applied just after the first stage of the setting reaction. In the specimens of the wear
test, it was re-applied after the first experiment. The aim of this re-application was to reproduce the clinical situation of coating the material when it is already for some time in the
mouth, probably worn or which had already lost its coating layer. This was done to evaluate
if the re-application of the coat can be done also in old restorations. According to our results,
Fuji IX GP Extra showed significant improvement in wear-resistance and flexural strength
when the G-Coat Plus was applied. Even after a long-wear experiment, when the coat was
re-applied after 200,000 cycles, Fuji IX GP Extra with G-Coat Plus showed significantly better wear results than Fuji IX GP Extra without coat. This means that the coating can be used
to protect the Fuji IX GP Extra restoration for at least 24 hours in the present experimental
design. Recently, a research by Bagheri et al. (19) evaluated the fracture toughness of different esthetic restorative materials. Fuji IX GP Extra was either coated with G-Coat Plus or
non-coated. The coated group showed significant differences compared to the non-coated
group after 4 and 8 weeks of aging in water. Their results agree with the statement that
water uptake in conventional GIC results in decrease in strength and elasticity of the material (31, 32). Another research by Schmage et al. (10) presented the wear rates for restorative
composites, measured under similar circumstances. The values ranged between 18 and 50
µm after 200,000 cycles. Usually, restorative composites are required to have wear values
lower than 50 µm per year (33). Fuji IX GP Extra with G-Coat Plus showed an average wear
of 54 µm after 200,000 cycles, suggesting that the wear properties of these materials combined may approach the ones of composites.
Conclusions
G-coat Plus is indicated for concomitant use with Fuji IX GP Extra to decrease the early wear
rate and increase its fracture strength. However, it should be considered that this study is
limited to a short-term observation.
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General discussion
There is still a demand for dental materials and restorative techniques that can be
used for proximal cavities in primary teeth under field circumstances, where the facilities of
a dental office are not available. The main reasons for restoring cavitated carious lesions in
primary teeth are to keep the teeth symptom-free, to enable access for dental plaque
removal, to safeguard natural exfoliation with no discomfort to the child, and to provide the
space for the permanent successor (1, 2). Proximal surfaces are hard to reach for oral hygiene
measures, and when proximal cavities are not restored, even under strict caries-prevention
control, these lesions often tend to progress (3, 4).
Initially the Atraumatic Restorative Treatment (ART) seemed to be an ideal
technique for restorations in remote areas. Because of the combination of using hand
instruments and an auto-curing glass-ionomer cement (GIC), ART restorations can be
placed all over the world, without the need for electricity and a dental chair, resulting in low
costs. However, the survival of an ART restoration depends greatly on proper cavity
selection. Though many studies have shown the effectiveness of ART over conventional
cavity preparation using amalgam in occlusal cavities (5-8), ART is much less effective when
applied to cavities involving multiple surfaces of the tooth (9-11), presenting low survival
rates.
Studies show that different factors are responsible for the failure of ART
restorations (Chapter 1) (7, 10, 12, 13), revealing that ART is an extremely sensitive
technique. As chapter 3 shows, different GIC brands seemed to have no influence on the
survival rate of GIC proximal-ART restorations. Neither was the two-layer technique
significantly better than the conventional insertion technique (chapter 10). The application of
a flowable GIC layer prior to the application of a conventional layer of GIC does not increase
proximal-ART restoration longevity overall. In the studies of this thesis, the material and its
different applications did not reduce the sensitivity of the ART technique.
Nevertheless, restoration survival improved from the first to the last clinical study
described in this thesis. Comparison between the one-year survival rate in the first clinical
study (chapter 3) and the other two clinical studies (chapters 5 and 10) showed an increase
in overall survival rates (Figure 1), regardless of the groups in each study (log-rank test,
p<0.001). Both the first (chapter 3) and the last study (chapter 10) had one group receiving
Fuji IX restorations under the same conditions (ART preparation of the cavity in a school
setting and GIC mixed according to the manufacturer’s instructions). We found no
statistically significant difference between the groups within each study, and therefore we
combined the results from each study. In this way the survival rate of the studies were
compared.
The difference might be explained by the level of training of the operators. Though
the trainers for all the operators were the same, their training skills may have improved in
time. The operators in the last study may have benefit from this.
The failure of ART restorations has been mainly attributed to the restorative
material, the high-viscosity GIC. However, studies using composite resin and amalgam as
restorative materials have not shown that the survival of multi-surface restorations made
using ART in primary teeth was significantly worse (1, 9, 14, 15). Table 1 shows studies that
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evaluate the survival rate of proximal-ART restorations in primary teeth made in field
settings with various restorative materials. The studies in this table have a follow-up of at
least 24 months and were performed with hand instruments only. The study by van den
Dungen et al. (16) used mobile rotating equipment for the conventional preparations and
found no difference in survival rates of the GIC restorations in relation to the preparation
method. The only material other than GIC used in the selected studies was composite resin
[in the study of Ersin et al. (9)]. Nonetheless the use of composite resin (SureFil, Dentsply,
GE) in combination with an adhesive technique (Xeno III, Dentsply, GE) did not result in
significantly different longevity of the restorations. It is important to note that Ersin’s study
was the only one performed exclusively by dentists and produced relatively good survival
rates (9).

Figure 1: Kaplan-Meier survival analysis of survival rate of the restorations from the three clinical
studies of this thesis, regardless of the groups (Log-rank test, p<0.001).

Table 2 summarises studies that compared the survival rate of proximal restoration
in primary teeth made in a clinical setting either with ART or conventional cavity
preparation techniques. The studies had a minimum follow-up of 24 months. None of these
studies found significant differences in the longevity of the restorations. Although the study
of Honkala et al. (14) presented relatively high survival rates, it had only 9 pairs of
restorations. Furthermore the two dentists act as both operators and evaluators, which may
question the reliability of the results.
In permanent teeth, the survival rate of proximal-ART restorations seems to be
better than in the primary teeth. Table 3 shows studies performed in dental clinic settings or
in field settings, using the ART approach for cavity preparation and GIC or amalgam as
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restorative materials. The studies had a minimum follow-up of 24 months. The survival
rates seem to be acceptable up to 5 years (18) but decrease dramatically in the longer term
(17). Only one study compared resin-modified GIC and high-viscosity GIC in permanent
teeth used in proximal-ART restorations, made under field conditions (19). The follow-up
period was 12 months, reason why this study is not included in Table 3 but the results
showed an excellent survival rate for the resin-modified GIC (100%), which were not
statistically different from the ones of the high-viscosity GIC (93%). The use of resinmodified GIC in proximal-ART restorations should be also investigated in primary teeth
under field conditions. A drawback of using resin-modified GIC as restorative material
infield situations is the need for light curing. Furthermore the high content of hydrophilic
monomers would lower the biocompatibility of the restorative material with the tooth
structures.
In general, independent of the restorative technique or material, the longevity of
the restoration is influenced by its size, location in the dental arch and in the tooth. Multisurface restorations in primary and permanent teeth show shorter longevity than occlusal
restorations (20-22). The lower survival rates in occluso-proximal compared to occlusal
restorations can be explained by the presence of less tooth structure to distribute the stress
in class II (23). The surrounding sound tooth structure will have a protective effect on the
restoration. Besides that, the low strength of GIC limits its applicability to temporary
restorations or single-surface permanent restorations (24).
In outreach areas, where the ART approach is mainly applied, the prevalence of
caries is usually higher and the severity and extension of the lesion are greater than found in
clinical settings in developed countries. Additionally, the healthcare system in these areas is
often insufficiently equipped to provide the necessary care (25). Patients search for a dental
office only when the cavity is large and causes unbearable pain and extraction is the usual
solution (25). When a cavity can be restored, the resources and materials available may not
be the ideal ones, and the low survival rates of the GICs in proximal cavities make it
unlikely that the placement of a restoration with a probable short survival would be helpful
(26). On the other hand, a negative influence of untreated dentin lesions and their
consequences in children’s quality of life are reported by Leal et al. (27), reinforcing the need
of restoring dentin lesions in such cases. The results from chapter 3 show that even after the
failure of an ART restoration, the tooth can survive without discomfort to the child.
Corroborating with that, Boon et al. (28) found hard dentine in 92% of the molars that had
lost their ART restorations after 12-18 months of placement. These findings suggest that
even if not remaining for long, ART restorations might be helpful. To be able to investigate
that properly, a research comparing the use of ART with “no treatment” in a field setting
would be of interest.
The main failures of proximal-ART restorations are partial or complete loss of the
material. Even well-trained operators who should be able to improve the survival rate
should exercise caution when extending the indication of ART to large, multi-surface
restorations. It may not be possible to improve the success rate of proximal-ART restorations
made under field conditions to the point that they are as successful as those made under
ideal conditions in private practices (24, 29).
Still the need of improving GIC restorations remains. The use a nano-filled resin
(G-Coat Plus) to protect the GIC restoration made by ART (chapter 11) showed to reduce the
wear and increase the flexural strength of Fuji IX GP Extra, what makes this coat interesting
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for further field investigations. One retrospective study performed in a clinical setting using
Fuji IX Extra and G-Coat Plus in permanent dentition reported satisfactory results for
occlusal and small occluso-proximal restorations, but no control group was included in this
study (29). We are currently performing a study in 3 different cities, using the combination
of Fuji IX and G-Coat Plus and will hopefully be able to answer this question soon.
The restorative treatment of proximal cavities under field conditions should
involve less sensitive materials and techniques. Less technical demanding treatment to the
primary dentition would safeguard the place for the permanent teeth without discomfort to
the child in a more effective way than with the ART approach. A treatment that not only
“ARTists” are able to perform would probably benefit a wider share of the population.
Nevertheless, it is also important not to dissociate these treatments from the preventive
strategies and the approach to caries management introduced by ART. In this way, even
when a restoration fails, caries progression can be controlled by the improved hygiene and
new habits of the patient.
A restorative treatment that has high potential for treating multi-surface cavities in
primary teeth in underprivileged areas is the Hall technique, as it does not require any
electrically driven equipment. It consists of filling a preformed metal crown with GIC and
placing it on the decayed tooth. Because it does not involve any tooth preparation,
anesthesia or caries removal, it is also considered a minimal intervention technique.
Although few studies to date have evaluated the Hall technique, the results seem to be
promising (30-32). However, in remote areas, the costs of the treatment are of extreme
importance and the metal crowns are usually very expensive. On the other hand metal
crowns rarely need to be repaired or replaced and, therefore, the cost-effectiveness of the
Hall technique and the ART technique should be further investigated.
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Proximal carious lesions normally start under the contact point. The initial lesion is
not always detected by visual inspection and also difficult to reach for proper oral hygiene,
leading to plaque retention and lesion progression. When the lesion progresses into the
dentin, the undermined enamel breaks down and a cavity becomes clinically detectable. It is
important to diagnose these lesions at an early stage; however, this does not always happen.
This depends not only on the knowledge and the focus on early diagnose of dental caries of
the dental team but also on the diagnostic tools that are available. In underserved
communities there are no other tools than the hand instruments. Cavitated lesions are
generally found in patients with a high caries risk. If not treated, these lesions will progress
until they reach the pulp causing pain and discomfort.
This process can happen in primary and permanent teeth. The thinner enamel and
dentin combined with the relatively large pulp in the primary dentition indicate that a
carious lesion in these teeth can cause pain earlier than a lesion in permanent teeth. When
the lesion reaches the pulp and the patient is in pain, the treatment options are pulp
treatment or extraction. In underserved communities, the very likely option is extraction,
because it is cheaper and less technical sensitive.
The Atraumatic Restorative Treatment (ART) was developed to prevent decayed
teeth from being extracted by arresting active carious lesions and promoting oral health in
underserved communities. In the case of children, ART is an alternative treatment to avoid
pain, discomfort, early loss of the primary dentition and, at the same time, give the children
the opportunity of having a caries free permanent dentition. However, if these restorations
last not very long, the real advantage of making them instead of extracting the decayed teeth
is questionable. In one of the studies in this thesis, we found that even failed restorations can
help retaining the tooth.
The importance of keeping the primary teeth is related to several factors. The
functions of eating, talking and keeping the space for their permanent successors are the
most important and objective ones. There is also a subjective factor related to the value of
oral health. This has a cultural component and it has to do with the importance of keeping
the teeth instead of having them extracted. This factor is hard to change in communities
where prevention and oral health care are inexistent or inaccessible. In the ART approach,
the preventive program implemented alongside the restorative treatment gives to this
people the opportunity to learn the importance of avoiding extractions, to be able to detect
signs of carious lesions in an early stage and to search for dental care before it becomes
painful.
ART restorations with high-viscosity glass-ionomer cement in occlusal lesions are
shown to be a very good treatment option, even better then amalgam restorations. However,
the proximal restorations made by the ART technique do not show good survival rates.
Failures are mainly partial or total loss of the restoration. Considering that proximal
restorations lack support of dental structures, the material strength is challenged to
withstand masticatory forces. Given that the GIC do not present strong mechanical
properties and that these failures might be mostly material related; we investigated in this
thesis the influence of different brands of high-viscosity glass-ionomer cements indicated for
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Atraumatic Restorative Treatment (ART) on the longevity of proximal-ART restorations
(Class II). The insertion of the GIC into the cavity is aided by the “press finger technique”,
which help the adaptation of the material to the cavity walls. However, in proximal cavities
the presence of the matrix band can difficult this procedure and the adaptation of the
material in the cervical region is not always optimal. With the purpose to improve this
adaptation, a new insertion technique to improve material adaptation was proposed and
investigated, both in vitro and in vivo settings.
Chapter 1, the introduction of this thesis, describes the development and
applications of the ART technique as well as shows some shortcomings of proximal-ART
restorations in primary molars. Furthermore, it gives some information on the properties
and indications of glass-ionomer cements, being one of the main focuses of this thesis.
The popularity of ART in the 1990s, stimulated dental manufacturers to expand the
number of GICs indicated for ART. In chapter 2, six commercially available conventional
GICs were investigated. These included Ketac Molar Easymix (3M ESPE, GE) and Fuji IX
(GC Europe, BE), which were used as reference materials, given that they are the most
frequent reported materials in laboratory and clinical studies for this subject. The other
materials tested were one metal-reinforced GIC (Hi Dense, Shofu, GE), one Australian brand
(Riva, SDI, AU), and two Brazilian brands (Maxxion R, FGM, BR and Vitro Molar, DFL, BR).
There is a large difference in cost and availability of these materials to the dentists in
developing countries in general and with respect to this thesis, in Brazil. The properties
evaluated were wear resistance, flexural and compressive strength, and Knoop hardness.
Compressive strength is often used as a measure of the ability of a material to
withstand masticatory forces. Although the findings of the compressive strength tests with
GIC are difficult to interpret, it is the only mechanical test described in the ISO standard
9917-1 for water based cements and, therefore, widely used as the criterion of strength for
GIC. The flexural strength is generally indicated as a test to predict the failure of proximal
restorations. The microhardness can be defined as the resistance of a material to indentation
or penetration and it generally presents a negative correlation with the wear. The high
occlusal wear rate of GIC is considered one of its major drawbacks. In proximal restorations,
gross marginal defects may facilitate plaque accumulation and in these circumstances either
secondary caries or a new lesion in the adjacent surface is likely to develop.
The results showed that Ketac Molar Easymix and Fuji IX had the best performance
in all the tests. This indicated that these materials can be used as control group when
investigating other GICs indicated for ART. Maxxion R performed well in the strength tests
and Vitro Molar had the worst performance for all tests. Hi Dense presented good strength
but had the weakest resistance in the early-term wear evaluation. It was concluded that
Maxxion-R and Hi Dense could be interesting to be evaluated in clinical situations. Maxxion
R presented comparable mechanical properties to Ketac Molar Easymix and to Fuji IX, but
costs less than 25% of their prices. Hi Dense contains silver particles, which may attribute to
this material an increased potential antibacterial and cariostatic properties.
The GIC-brand influence on the survival rate of proximal-ART restorations is
described in chapter 3. In a clinical trial with 262 children performed in Itatiba (Brazil), one
cavity per child with dimensions not larger than 2 mm mesio-distal, 2.5 mm bucco-lingual
and occluso-cervical was restored with one of the three GICs: Maxxion R, Hi Dense and Fuji
IX. The evaluations took place after 1 and 6 months and then every 6 months up to 36
months. One independent trained and calibrated evaluator performed all the evaluations
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according to the ART criteria adapted for proximal restorations. When a restoration failed, it
was repaired or replaced and the tooth continued to be evaluated. For the survival rate of
the restoration, once a failure was detected, this restoration was considered as a failure but
for the tooth survival rate, repaired and replaced restorations were included. A failure in
tooth survival happened when the tooth presented symptoms of irreversible pulp damage,
such as dental abscesses, tooth broken down, and when it was unrestorable with ART.
We found no difference in success rate of the restorations among the different
brands of GIC. The cumulative survival of the restorations was 24% after 3 years. On a
tooth-survival level, after 3 years, a cumulative survival of 82% was observed. Despite the
fact that operators were trained, we found an operator effect, which is often reported in ART
studies, only significant in the first 18 months of evaluation. Within the same period a
significantly higher failure was observed for the disto-occlusal restorations, which may be
justified by the lack of proper illumination, access and other adverse conditions. In the 18
months evaluation more than 70% of the placed restorations had failed, which may explain
the absence of significant differences in the subsequent evaluations.
In spite of a poor performance, the proximal-ART restoration might result in the
retention of teeth, which would otherwise have been extracted earlier. We used the ART
criteria for evaluating the restoration to be able to compare our results with the literature.
According to these criteria, restorations with minor failures are often scored as failures, but
most of the times they are fulfilling their role of reducing biofilm accumulation and
maintaining the function of the tooth. The results of the present study indicate that less wellestablished GIC-brands may be an option for ART restorations; but the low survival rates
observed point out that the tested materials are not suitable for long lasting restorations in
proximal cavities in primary teeth.
An important factor that may contribute to the proximal-ART restoration failure is
the high viscosity of the material, which might lead to a difficult insertion or incorrect
adaptation to the tooth surface. With a cervical gap, the restoration is doomed to fail. To
improve cervical adaptation and avoid gaps, the “sandwich technique” is often used for
class II restorations. A two layered “sandwich” restoration is made of a more flowable and
less moisture sensitive material, in the cervical area, and a stronger and more condensable
material in the occlusal area. In a similar design we proposed the insertion of a flowable GIC
layer before the insertion of a conventional GIC layer. Chapter 4 describes a laboratory
study, in which we found less microleakage and a better adaptation of the restoration to the
cavity walls of a two-layer GIC, using a flowable GIC as a liner, compared to a conventional
one layer insertion.
Inserting the GIC in two layers with two different consistencies is a more laborious
technique. In chapter 5 we describe the investigation on whether this two-layer technique
would be applicable in a school setting without facilities like proper illumination, suction,
and dental chair. We assessed the influence of the operator in the survival rate of proximal
ART-restorations using the two-layer technique in primary molars in a preliminary study
with 45 children. The 12-month assessment of these restorations showed a good
performance (72% survival) in comparison with the literature, and no operator influence
was found. As it was supposed to be just a preliminary investigation, no control group was
included.
The better adaptation and the higher polyacrylic acid concentration of the flowable
GIC layer might be responsible for higher numbers of cross-links between the material and
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the tooth structures, improving the adhesion when compared to a conventional GIC layer.
To test this hypothesis, we describe in chapter 6 the microtensile bond strength of this
flowable glass-ionomer to sound and artificial caries-affected dentin of primary teeth.
Although not significant, the microtensile bond strength of the flowable GIC was higher
than the conventional GIC, to sound dentin. Furthermore, the flowable GIC had a significant
better adhesion to sound than to caries-affected dentin.
The results of the microtensile test showed a high number of premature failures in
the caries-affected dentin group, suggesting the bond strength between caries-affected
dentin and the GIC was low. On the other hand these failures might be related to the design
of the test and the preparation of the specimens. Besides that, the tensile strength when
applied to brittle materials like the GIC may results in cohesive failures within the material,
expressing better the cohesive strength of the material rather than the interfacial bond
strength between the material and the tooth. By assessing the failure pattern and the rank of
bond strength of different GIC-based materials, we critically evaluated the use of
microtensile and microshear bond strength tests (chapter 7). The investigated materials were
a high-viscosity GIC, a resin-modified GIC, a nano-filled resin-modified GIC, and a
composite resin. The results showed that the bond strength averages were statistically
different regarding tests and materials. This indicates that bond strength values of the GIC
materials depend on the test method. A great number of cohesive failures was observed in
the microtensile test, while microshear led to a majority of adhesive and mixed failures. The
failure mode (adhesive, cohesive in dentin, cohesive in material or mixed) was significantly
dependent on the test for the high-viscosity GIC and the resin-modified GIC. We concluded
that for brittle materials such as the GICs, microshear bond strength test seems to be better
indicated.
Chapter 8 describes a study where a microshear bond strength test was used to test
the same hypothesis investigated in chapter 6. Flowable GIC showed a similar microshear
bond strength than that showed by conventional GIC. For both flowable and conventional
GIC, sound dentin showed significant higher bond strength values than caries-affected
dentin.
The two-layer GIC insertion technique might be an alternative for the ART
technique without jeopardizing the bond strength to dentin. However, a flowable GIC
contains fewer reinforcing glass filler particles, and it may reflect in a lower fracture
resistance of this two-layer GIC restoration. To investigate this hypothesis we assessed the
flexural strength of a two-layered GIC (chapter 9). Additionally, we performed a Finite
Element Analysis (FEA) on standardized bar-shaped specimens and a representative tooth
model to rationalize the obtained results. The apparent flexural strength of the two-layer
GIC was significant weaker than that of the conventional GIC. FEA on the bar-shaped
specimens indicated that the two layers detach from each other under load, which might
explain the strength values obtained in the experiment. The FEA tooth model showed that
the two-layer GIC might be beneficial in an occluso-proximal cavity and this is due to a
better stress distribution provided by the flowable layer, resulting in lower stress
concentration in the occlusal surface of the restoration.
To draw a conclusion on whether the two-layer technique is better than the
conventional insertion technique of GIC in proximal-ART restorations, chapter 10 describes
a clinical trial with 208 children. After 18 months, the survival of the restorations was 67%
for the conventional group and 68% for the two-layer group, suggesting that the two-layer

Summary

technique was not the answer for increasing proximal-ART restoration longevity, although
the results of this study are better than those of chapter 3.
All the studies showed a high failure rate in the first 6 months and they all used
petroleum jelly as a protective coat. Being very sensitive to water uptake and dehydration
during its setting reaction, GIC could benefit from a better protective coat. This coat should
be present at least during the first 48 hours. Probably, petroleum jelly is present for no
longer than the first hours, or not longer than the moment the patient eats or brushes his
teeth. We hypothesize that protecting the GIC with a coat that penetrates into the GIC and
remains longer on the surface can improve GIC’s mechanical properties and maybe
influence in the success of the restorations. Chapter 11 describes a laboratory study where
we investigated the flexural strength and the early wear resistance of two high viscosity
GICs coated and uncoated with a nanofiller containing fluid resin (G-Coat Plus, GC Europe,
BE). The results showed that in a short-term observation, G-Coat Plus improved the flexural
strength and the early wear, mostly for Fuji IX GP Extra, recommending this combination.
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Samenvatting
Proximale cariëslaesies beginnen normaliter onder het contactpunt. De beginnende
laesie kan niet altijd met visuele inspectie worden waargenomen en is moeilijk te bereiken
voor adequate mondhygiënische maatregelen. Dit leidt dikwijls tot plaqueretentie en
progressie van de laesie. Wanneer de laesie voortschrijdt tot in het dentine kan het
ondermijnde glazuur breken en ontstaat er een caviteit, die klinisch zichtbaar wordt. Het is
van belang om de laesie in een zo vroeg mogelijk stadium te diagnosticeren, maar dit
gebeurt niet altijd. Dit hangt niet alleen af van de kennis over de vroegdiagnostiek en de
focus hierop van het tandheelkundig team maar ook van de aanwezigheid van
diagnostische hulpmiddelen. In achtergebleven gebieden zijn vaak alleen handinstrumenten
voorhanden waardoor vroegdiagnostiek lastig kan zijn. Gecaviteerde laesies worden vaak
aangetroffen bij personen met een hoog cariësrisico. Wanneer er geen behandeling
plaatsvindt, zullen deze laesies dikwijls voortschrijden tot in de pulpa wat pijn en ongemak
kan veroorzaken.
Dit proces kan plaatsvinden in het melk- en blijvend gebit. Het dunnere glazuur en
dentine in combinatie met de relatief grote pulpa in melkelementen betekenen dat in melk
elementen pijn en ongemak sneller optreden dan in blijvende elementen. Wanneer de laesie
de pulpa bereikt en de patiënt pijn heeft zijn de behandelopties een
wortelkanaalbehandeling of extractie. In achtergebleven gebieden wordt vaak gekozen voor
extractie omdat deze behandeling goedkoper en technisch minder ingewikkeld en minder
techniekgevoelig is.
De Atraumatische Restauratieve Behandeling (ART) is ontwikkeld om in
achtergebleven gebieden te voorkomen dat door cariës aangetaste elementen geëxtraheerd
moeten worden door het cariësproces te stoppen en de mondgezondheid te bevorderen.
Voor kinderen is ART een alternatieve behandelmethode om pijn, ongemak of vroegtijdig
verlies van de melkelementen te voorkomen en tegelijkertijd hen de mogelijkheid te bieden
van een cariësvrij blijvend gebit. Als de ART-restauraties een te korte levensduur hebben,
dan zou het voordeel van ART ten opzichte van het extraheren van de elementen discutabel
zijn. In een van de onderzoeken van dit proefschrift werd echter gevonden dat ook na het
falen van de restauratie de levensduur van het element verlengd was.
Het belang van het behoud van melkelementen kent verschillende aspecten. Het
kunnen eten en praten, en ruimte behouden voor de blijvende kiezen zijn de meest
belangrijke en meest objectief vast te stellen functies. Er is ook een subjectief aspect namelijk
de waardering voor een gezonde mond. Dit is mede cultureel bepaald en heeft te maken
met het belang dat men hecht aan het behouden van elementen ten opzichte van extractie.
Deze subjectieve factor is moeilijk te beïnvloeden in gemeenschappen waar
tandheelkundige preventie en behandeling niet bestaan of niet toegankelijk zijn. De ARTbenadering behelst naast de tandheelkundige behandeling een preventief programma dat
de personen de mogelijkheid biedt om het belang van het vermijden van extractie te
waarderen, vroege tekenen van tandcariës op te merken en tandheelkundige hulp te zoeken
voordat het element pijn gaat doen.
ART-restauraties met een hoog-viskeus glasionomeer cement (GIC) zijn voor
occlusale laesies een goede behandelingkeuze die zelfs beter is dan de gouden standaard de
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amalgaamrestauratie. Proximale ART restauraties voldoen echter minder goed en hebben
een lage overlevingskans. Zij falen hoofdzakelijk door gedeeltelijk of totaal verlies van de
restauratie. Omdat proximale restauraties niet gesteund en omsloten worden door
tandmateriaal, wordt het restauratiemateriaal voortdurend blootgesteld aan de
kauwkrachten. Omdat GIC geen goede mechanische eigenschappen kent en het falen dus
afhankelijk is van het materiaal, is in dit proefschrift de levensduur van proximale (klasse-II)
ART-restauraties in melkelementen met verschillende hoog-viskeuse GIC-cementen
onderzocht. Bij het aanbrengen van het GIC in de caviteit werd gebruik gemaakt van de
“pressfinger”-techniek om de adaptatie aan de caviteitswanden te bevorderen. In proximale
caviteiten kan de aangebrachte matrijsband deze procedure hinderen, resulterend in een
slechte adaptatie aan de cervicale outline. Om deze adaptatie te verbeteren is een nieuwe
applicatietechniek onderzocht zowel in vitro als in vivo.
Hoofdstuk 1 is de introductie van dit proefschrift. Het beschrijft de ontwikkeling
en het toepassingsgebied van de ART-techniek en geeft de tekortkomingen aan bij het
gebruik in proximale caviteiten in melkelementen. Bovendien geeft het informatie over
eigenschappen van GIC, een belangrijk onderwerp van dit proefschrift.
De populariteit van ART in de jaren 90 van de vorige eeuw stimuleerde fabrikanten
om het aantal GIC’en geschikt voor ART uit te breiden. In hoofdstuk 2 worden 6
commercieel verkrijgbare GIC’en, waaronder Ketac Molar Easymix en Fuji IX, met elkaar
vergeleken. Ketac Molar Easymix (3M ESPE, GE) en Fuji IX (GC Europe, BE) werden
gebruikt als referentie omdat er veelvuldig onderzoek naar is gedaan en over gepubliceerd
is. De andere 4 materialen waren een metaal-versterkt GIC (Hi Dense, Shofu, GE), een
Australisch GIC (Riva, SDI, AU) en 2 Braziliaanse merken, te weten Maxxion R (FGM, BR)
en Vitro Molar (DFL, BR). De eigenschappen die werden bestudeerd zijn de weerstand
tegen slijtage, buig- en druksterkte en de Knoop hardheid. De prijs en de beschikbaarheid
van deze materialen in Brazilië, waar het klinisch onderzoek zou plaatsvinden, verschillen
enorm.
Druksterkte wordt vaak gebruikt als maat voor het vermogen weerstand te bieden
aan kauwkrachten. Hoewel de bevindingen van deze test met GIC moeilijk te interpreteren
zijn, is het de enige test die beschreven is in de ISO-standaard 9917-1 voor cementen op
waterbasis en wordt daarom veelvuldig gebruikt. Ook de buigsterkte wordt veelvuldig
gebruikt als indicatie voor falen wanneer een materiaal proximaal wordt toegepast. De
Knoop hardheidsmeting beschrijft de weerstand tegen penetratie en is in het algemeen
negatief gecorreleerd met slijtage. Wanneer occlusaal toegepast is slijtage één van de
grootste nadelen van GIC. In geval van proximale toegepassing zijn grote randdefecten een
belangrijk probleem waarin plaque gemakkelijk accumuleert en secundaire cariës ontstaat.
Ketac Molar Easymix en Fuji IX presteerden het beste in alle testen. Dit bevestigt hun status
als referentiemateriaal en zij kunnen gebruikt worden in de positieve controlegroepen.
Maxxion R en Hi Dense presteerden goed in de sterktetesten, maar Hi Dense was het zwakst
in de vroege slijtagetest. Vitro Molar was in alle testen het slechtst. De mechanische
eigenschappen van Maxxion R waren vergelijkbaar met die van Ketac Molar Easymix en
Fuji IX, maar het is 25% goedkoper op de Braziliaanse markt. Hi Dense bevat zilverdeeltjes
die mogelijk een antibacteriële en cariostatische werking hebben. Maxxion R en Hi Dense
waren interessante materialen om in een klinisch experiment uit te proberen.
In hoofdstuk 3 werden Maxxion R, Hi Dense en Fuji IX met elkaar vergeleken in
een klinisch experiment uitgevoerd in Itatiba in Brazilië. Bij 262 kinderen werd een caviteit
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niet groter dan 2 mm in mesio-distale richting, 2,5 mm in bucco-linguale en occlusocervicale richting gerestaureerd met een van de drie cementen. De evaluaties vonden plaats
na 1 maand en daarna elke 6 maanden tot en met 36 maanden. Een onafhankelijke,
getrainde en gekalibreerde evaluator voerde alle evaluaties uit volgens de ART-criteria.
Wanneer een restauratie faalde, werd deze gerepareerd of vervangen en het element werd
verder geëvalueerd. De restauratie bleef echter als gefaald beschouwd. De levensduur van
het element werd als beëindigd beschouwd als er tekenen waren van irreversibele
pulpaschade, bijvoorbeeld een abces, als het element afbrak of niet meer te restaureren was
met de ART-methode.
Er werd geen verschil gevonden in het succespercentage tussen de restauraties van
de verschillende materialen. De cumulatieve overleving van de restauraties na 3 jaar was
24%. Op elementniveau was de overleving na 3 jaar 82%. Ondanks dat de behandelaars
getraind waren, werd na 18 maanden een significant behandelaarseffect, dat dikwijls
gemeld wordt in ART-onderzoeken, gemeten. Op dit tijstip werd ook een hogere graad van
mislukking gemeten voor disto-occlusale restauraties hetgeen het gevolg kan zijn van
onvoldoende verlichting/zicht bij de behandeling, onvoldoende toegankelijkheid van de
preparatie of andere ongunstige factoren. Na 18 maanden was reeds 70% van de restauraties
mislukt en het resterende aantal was misschien te gering om een behandelaarseffect te
blijven vertonen.
Ondanks het geringe succespercentage, kan de proximale ART-restauratie toch
bijdragen aan de levensduur van het element, dat zonder de behandeling mogelijk
geëxtraheerd was. De criteria voor succes waren dezelfde ART-criteria die gebruikt worden
in andere onderzoeken. Hierdoor is vergelijking met andere onderzoeken mogelijk. Volgens
de ART-criteria faalt een restauratie ook vanwege kleine gebreken terwijl de restauratie nog
steeds de cariësprogressie voorkomt en het functioneren van het element mogelijk maakt.
De resultaten van hoofdstuk 3 maken duidelijk dat ook minder bekende GIC-merken
gebruikt kunnen worden voor de ART-techniek maar de lage overlevingsgraad maakt
duidelijk dat GIC niet geschikt is voor langdurige restauratie van proximale caviteiten in
melkelementen.
Een belangrijke factor voor het mislukken van ART-restauraties in de proximale
vlakken van melkelementen is mogelijk de hoge viscositeit van het vulmateriaal, waardoor
het aanbrengen en de adaptatie aan de caviteitswand bemoeilijkt worden. Met een slechte
aansluiting aan de cervicale outline is de restauratie gedoemd te mislukken. Om adaptatie
aan de cervicale outline te verbeteren en randspleten te voorkomen wordt bij klasse-IIrestauraties wel vaker de sandwichtechniek toegepast. Een sandwichrestauratie bestaat uit
twee lagen: een meer vloeibare, weinig vochtgevoelige laag in het cervicale gebied en een
sterker en condenseerbaar materiaal in het occlusale gebied. Mogelijk verbetert een
sandwich-ARTrestauratie bestaande uit een onderste vloeibare GIC-laag en een bovenste
conventionele GIC-laag de levensduur van deze restauraties. Hoofdstuk 4 beschrijft een
laboratoriumonderzoek waarin een betere adaptatie aan de wanden van de caviteit en
minder lekkage werden gevonden van de sandwich-ARTtechniek in vergelijking met de
conventionele ART-techniek.
Het aanbrengen van twee lagen GIC van verschillende consistenties is een meer
bewerkelijke techniek. In hoofdstuk 5 werden de mogelijkheden van deze
tweelagentechniek bestudeerd bij behandeling van kinderen op scholen waar moderne
tandheelkundige voorzieningen zoals goede verlichting, afzuigapparatuur en een
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behandelstoel ontbreken. De invloed van de behandelaar op de overlevingskans van de
proximale ART-restauraties vervaardigd met de twee-lagen-techniek in melkmolaren werd
onderzocht in 45 kinderen. Na 12 maanden overleefden onafhankelijk van de behandelaar
72% van deze restauraties, hetgeen in vergelijking met de literatuur een goed resultaat is. In
dit pilotonderzoek was geen controlegroep opgenomen.
De betere adaptatie en de hogere polyacrylzuurconcentratie van het vloeibabare
GIC leidt mogelijk tot meer cross-links tussen vulmateriaal en het tandweefsel waardoor de
hechting verbeterd wordt in vergelijking met een conventioneel GIC. Om deze hypothese te
testen werd in hoofdstuk 6 de micro-treksterkte van vloeibaar GIC aan gezond en
kunstmatig gecariëerd dentine van melkelementen gemeten. De hechtsterkte van het
vloeibare GIC aan gezond dentine was groter dan aan het kunstmatig gecariëerde dentine
van melkelementen.
De micro-treksterktetest toonde veel mislukkingen in de groep met het kunstmatig
gecariëerde dentine hetgeen wijst op een geringe hechtsterkte. De mislukkingen kunnen
echter ook te wijten zijn aan het ontwerp van de test en de voorbereiding van de monsters.
De test kan aanleiding geven tot een cohesieve breuk in het broze materiaal in plaats van
een adhesieve breuk tussen materiaal en tand. Door een vergelijking te maken tussen het
klinische gedrag en de hechtsterkte in vitro wordt in hoofdstuk 7 een kritische beschouwing
gegeven over de waarde van de in vitro testen. De onderzochte materialen waren een hoogviskeus GIC, een kunsthars-gemodificeerd GIC, een nano-gevuld kunsthars-gemodificeerd
GIC en een composietmateriaal. De resultaten laten zien dat de gemiddelde hechtsterkte
significant verschillend was bij de diverse testen en materialen. Dit illustreert dat
hechtsterkte van GIC afhangt van de methode van testen. Een grote hoeveelheid cohesief
falen werd vastgesteld in de micro-treksterktetest, terwijl de micro-afschuifsterktetest vooral
adhesieve of gecombineerde ad- en cohesieve mislukkingen aantoonde. Het type falen
(adhesief of cohesief in materiaal of dentine of een combinatie) was afhankelijk van de
gebruikte test voor het hoog-viskeuze en kunsthars-gemodificeerde GIC. Voor broze
materialen zoals GIC lijkt de micro-afschuifsterktetest de best aangewezen test.
Hoofdstuk 8 beschrijft de micro-afschuifsterktetest van vloeibaar GIC en
conventioneel GIC na hechting aan gezond en kunstmatig gecariëerd dentine van
melkelementen gemeten. De waarden voor vloeibaar en conventioneel GIC verschilden niet.
De hechting aan gezond dentine was beter dan aan kunstmatig gecariëerd dentine.
De hechtsterkte van de twee-lagentechniek werd bestudeerd in hoofdstuk 9.
Hiertoe werd de buigsterkte gemeten. Bovendien werd een Eindige-Elementen Analyse
uitgevoerd op een gestandaardiseerd staaf-vormig monster en een representatief
elementmodel. De buigsterkte van de twee-lagenrestauratie was significant minder dan die
van de conventionele restauratie. De Eindige-Element Analyse liet zien dat onder druk de
twee lagen van elkaar loslieten, hetgeen de hechtsterkte verkregen in dit experiment zou
kunnen verklaren. Verder toonde het model aan dat de twee-lagentechniek voordeel heeft in
occluso-proximale caviteiten als gevolg van een betere verdeling van de spanning door de
vloeibare laag, waardoor er minder spanning in het occlusale oppervlak ontstaat.
Het klinisch functioneren van de twee-lagentechniek in proximale ARTrestauraties werd onderzocht in hoofdstuk 10. Het onderzoek werd uitgevoerd bij 208
kinderen en liet zien dat na 18 maanden 67% van de conventionele controle restauraties en
68% van de twee-lagenrestauraties nog in functie waren. De twee-lagenrestauratie bood dus
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geen voordelen. De resultaten in dit hoofdstuk waren beter dan de resultaten in hoofdstuk
3.
Alle onderzoeken lieten veel falen zien in de eerste 6 maanden van onderzoek. In
deze onderzoeken werd steeds vaseline als afdekmateriaal gebruikt. Wellicht kan het GIC
beter beschermd worden tegen opname van water en uitdroging tijdens uitharding. De
beschermlaag zou tenminste 48 uur aanwezig moeten zijn. Waarschijnlijk is vaseline slechts
enkele uren aanwezig en verdwijnt zodra de patiënt eet of zijn tanden poetst. Wellicht zou
een andere beschermlaag die in het GIC dringt beter bescherming geven en leiden tot
succesvollere restauraties. In hoofdstuk 11 wordt een laboratoriumonderzoek beschreven
dat de buigsterkte en slijtageweerstand van twee hoog-viskeuze GICen meet met of zonder
coating van een met nanodeeltjes gevulde kunstharsvloeistof (G-Coat Plus, GC Europe, BE).
De coating verbeterde de buigsterkte en slijtageweerstand van met name Fuji IX GP Extra
en deze combinatie zou aangeraden kunnen worden.
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