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Objective: The purpose of this study was to compare clinical success of a novel material (silver
diamine fluoride incorporated with high-viscosity glass ionomer cement (SDF-GIC)) in Class Il restoration in primary

molars using atraumatic restorative treatment (ART) technique at 6- and 12- month follow-up.

Materials and Methods: A randomized controlled clinical trial using a parallel group design was carried
out on 150 children aged 3-8 years old, from 5 public school in Samut Sakhon province, Thailand, with at least one
class Il cavities. They were randomly allocated to two treatment groups: ART restoration using either GIC (Fuji IX
GP) or SDF-HVGIC (Fuji IX GP + Saforide). A total of 150 restorations were placed in vital primary molars by a
pediatric dentist (HVGIC= 75, SDF-HVGIC= 75) and were evaluated by one calibrated examiner, blinded to the

type of material and not involved in the placement after 6 and 12 months.

Results: The overall clinical success (95 percent confidence interval) at the 6-month follow-up for the
GIC and SDF-GIC were 73.3 percent (61.9-82.9) and 62.76 percent (50.7-73.6), respectively. At 12-month follow-
up, the clinical success for SDF-GIC and GIC were 61.3 percent (49.4-72.4) and 58.7 percent (46.7-69.9),
respectively. However, no significant difference was detected in clinical success between the study groups for

both follow-up periods (Chi's square, p=0.161 for 6-month and p=0.739 for 12-month).

Conclusion: Class Il ART restorations with the novel material (SDF-GIC) showed similar clinical

success rate after 6 and 12 months compared to those with GIC.
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Chapter 1

Introduction

Background and Rationale

Dental caries is one of the most common diseases globally (1). In Thailand, results of the
National Oral Health Survey conducted in 2017 showed that over 52.9 % of 3-year-olds have
experienced caries and the average dmft scores was 2.8 teeth/child, which most of them were left
untreated (2). Untreated carious lesions can cause toothache, pain, and infection. The
consequences will not only affect the children’s oral health but also their general health, such as their
growth, cognitive development, and also their quality of life (3).

Recently, the paradigm around the ideal management of carious lesions has been shifting.
In order to prevent, or at least minimize, the serious complications of complete excavation of carious
dentin close to the pulp, a minimally invasive, tooth-preserving method removal was developed (4).
This can be performed selectively or partially. This approach is biological and less invasive, making
it easier for the dentist to remove any remaining carious tissue without the risk of exposing the vital
pulp (5). Minimally invasive approaches to managing caries, such as partial caries removal
technique and atraumatic restorative technique (ART), both prevent dental caries and stop further
progression. These techniques show improved outcomes over the conventional treatment which is
complete caries removal (4).

ART is an alternative approach for managing dental decay, which involves the removal of
decayed tissue using hand instruments alone, followed by the application of a chemical adhesive
material (6). Therefore, patients who received ART have less painful experiences as well as less
dental anxiety (7). The cost of ART is 50% less than amalgam and composite filling (8). The
restorative material of choice for ART is a high-viscosity glass ionomer cement (GIC), which is also
recognized as an appropriate material to be used in single surface cavities in both primary and also
permanent teeth (6). GICs provide biocompatibility, fluoride release, chemical adhesion to the tooth
surface and a coefficient of thermal expansion similar to that of natural teeth (8).

The longevity performance of ART restorations has been evaluated through clinical trials

with the results of numerous studies showing the good performance of occlusal cavities in primary



and permanent teeth although there appears to be a much lower success rate for class Il cavities (8-
12). Secondary caries was observed as the main reason for failure (13, 14), resulting in the
replacement of restorations in primary teeth(14, 15). One of the reasons is that primary teeth have
higher tubule density and lower concentration of phosphate and calcium in peritubular dentin than
do permanent teeth (16). Therefore, the characteristics of primary teeth is possibly interfering with
the performance of restorative materials (16-18). Essentially, the major concern of ART is on the
cariogenic bacteria that remain under the restorations (19). Hence, the improvement of the materials
used for ART to overcome the concern on incomplete caries removal may lead to a higher success
rate of ART (20).

In order to overcome this, a number of studies investigated the modified of GICs containing
various antimicrobial agents (20-23) to improve antimicrobial property but the results remain
controversial.

Silver diamine fluoride (SDF), a well-known antibacterial solution, was first introduced in
1969 by Nishino et al. (24) This colorless basic liquid has been used recently for halting down caries
progression due to antimicrobial property and enhancement of fluoride remineralization. Multiple
published systematic and updated reviews indicate that SDF application successfully arrests dental
caries in children (3, 25, 26). Therefore, treating carious lesions with SDF solution application has
been proposed for arresting dentin caries (27). Moreover, a recent study reported that SDF does not
adversely affect the bond strength between glass ionomer cement and carious primary dentin (28).
The unpublished study investigating the effect of incorporating 38% SDF at different concentrations
to improve antibacterial activity of GIC found that physical properties of the GIC containing SDF at
5% (v/v GIC-liquid) which consist of 0.0152 g SDF provided the best esthetic profile and met the
International Organization for Standardization (ISO) standards for setting time, compressive strength
microleakage, and shear bond strength without deteriorating the GIC fluoride releasing pattern (29).
Consequently, this novel GIC maximized the effect of fluoride release from GIC in carious lesion
prevention which improved the antibacterial and remineralization properties of the materials.
Recently, another unpublished in vitro test of this novel material also showed no difference in

microleakage and shear bond strength compared to the standard GIC (30). However, clinical trials



about the longevity of SDF-GIC restoration in primary teeth have not been reported in the literature
yet. The novel material has a potential of being a restorative material for ART.

Therefore, the aim of this study is to evaluate the clinical success of a novel GIC (GIC
containing SDF) of class Il ART restorations in primary molars of preschool children compared to the

standard material of ART (GIC).

Research Question

Is there any difference in the clinical success of class Il ART restorations using GIC and

SDF-GIC in primary molars of preschool children at 6- and 12-month follow-up?

Research Objective

To investigate and compare the clinical success of class Il ART restorations using GIC and

SDF-GIC in primary molars of preschool children at 6- and 12-month follow-ups.

Research Hypothesis

The null hypothesis tested is that there is no difference between the clinical success of class
Il ART restorations using GIC and SDF-GIC in primary molars of preschool children at 6- and 12-

month follow-ups.

Research Design

The study is a randomized controlled clinical trial.



Conceptual Framework

Age
Child Sex (M/F)
Social status
Caries severity
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in preschool children Case selection - Secondary caries

Location of decayed teeth - Marginal adaptation
Size of restoration
Oral hygiene

Figure 1. Conceptual Framework.

Operational Definitions
1. Atraumatic Restorative technigue (ART)

Atraumatic Restorative Technique (ART) is defined as a minimal intervention care
approach, to prevent or stop the development of carious and restore carious dentin lesion in a
minimally invasive way (31). The procedure is done with hand instruments only, followed by
the adhesive materials (6).

2. High Viscosity Glass lonomer Cements (GIC)

High Viscosity Glass lonomer Cement (GIC) is a modified glass ionomer cement with
enhanced mechanical and physical properties by having a smaller particle size of glasses
and higher proportion of glass. GIC is the material of choice for ART technique due
antibacterial properties, fluoride release, rechargeability, and adhesion to tooth structure (32).
3. SDF-GIC

SDF-GIC is a GIC containing SDF with improved anti-bacterial and fluoride release
properties without deteriorating the setting time or physical properties including bonding
efficacy, microleakage, and shear bond strength.

4. Clinical Success

Clinical success of restorations will be discussed based on the clinical assessment of

clinical success rate, marginal defect, retention, and secondary caries.



Ethical Considerations

1. This study protocol was approved by the Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University (approval number: HREC-DCU 2019-17).

2. The study protocol was thoroughly explained to the parents of the study children. Written
parental consent was obtained prior to participating in the study. The informed consent states the
risks and benefits of entering the study, and the parents are free to withdraw their child from the
study at any time without affecting the quality of care.

3. The parents were informed about the objectives of the study, study process, and the
advantages and disadvantages of treatment prior to making the decision for their child to participate
in the study.

4. Participants were recruited in the trial after their legal guardians signed an informed
consent form containing detailed information about the research.

5. The proposed study procedure followed the guideline of ART technique, which is an
effective, acceptable, and commonly adopted approach when managing dentin caries in field
setting. Glass ionomer cements used in this study are commercially available. Also, the SDF product
used in this study has been approved by the United State of America Food and Drug Administration
(FDA).

6. All participants and primary caregivers received child oral health status report, and oral
hygiene products (toothbrush and fluoride toothpaste). Participants with loss of restoration with

secondary caries were informed and referred for appropriate care.



Chapter 2

Literature Review

International Caries Detection and Assessment System (ICDAS)

The visual and tactile examination of the teeth is enhanced when the clinician cleans and
dries the pits and fissures while examining the teeth. The new criteria for detection and assessment
of dental caries was first developed in 2002 and then in 2008 was revised following the validated
accuracy as ICDAS II. ICDAS provides methods for classifying stages of the caries process and the
activity status of lesions on the basis of their clinical visual appearance (33). The ICDAS detection
codes on coronal caries range from 0 to 6 depending on the severity of the lesion (33). A description
of each codes is given under the following table (Table 1) and showing on the figures below

(Figure2).

Table 1. ICDAS caries detection code description.

Code Description
0 Sound
1 First Visual Change in Enamel (seen only after prolonged air drying or restricted to

within the confines of a pit or fissure.

2 Distinct Visual Change in Enamel

3 Localized Enamel Breakdown (without clinical visual signs of dentinal involvement)

Underlying Dark Shadow from Dentin

Distinct Cavity with Visible Dentin

| o B

Extensive Distinct Cavity with Visible Dentin




Figure 2. ICDAS clinical visual codes, based on evidence of the histological extent of lesion, stage
the caries continuum.

Minimal invasive dentistry (MID)

Minimally invasive dentistry (MID) is an evidence-based intervention approach supported
internationally that aims to do the least harm to affected and surrounding tissue (34). This intervention
strategy employs individualized risk assessment and the early detection of carious lesions.
Treatment includes efforts to remineralize non-cavitated lesions and conservative operative
procedures that maintain tooth structure (35).

The philosophy of MID centers on early diagnosis, risk assessment, remineralization of early
non-cavitated lesion and the preservation of tooth structure when restorations are absolutely
necessary (36, 37). The example of MID is ART which concurs with the principles of carious lesion
management and carious tissue removal as recommended by the International Caries Consensus
Collaboration (ICCC) (31).

The 2012 review of Minimal Intervention Dentistry (MID) for managing dental caries,
documented by the FDI task group, presented principle guidelines for treating dentin cavities (37).
These are: Removing decomposed (previously labelled ‘infected’) dentin, because it is useless;
Leaving demineralized (previously named ‘affected’) dentin behind, because it can be remineralized;
and Restoring the cleaned cavity with a biocompatible material that has optimal physical properties,

because it will ensure long-term integrity of the restored tooth.



Maximum tissue preservation along with maintaining pulp vitality (sensibility) is the main
principle of minimally invasive dentistry, and the development of adhesive dentistry has promoted
the MI philosophy into mainstream operative care. The rationale for this is that by this point, any
residual bacteria will not have survived, the residual affected dentin will have remineralized and

tertiary reparative dentin will have been deposited (38).

Selective Caries Removal

From the ICCC consensus on the terminology and recommendations (4) for the carious
tissue removal and cavitated carious lesion management, support less invasive carious lesion
management (Figure 3). For existing carious lesions, dentist should work with patient to manage the
disease including control the lesion activity and arrest or inactivate to preserve dental hard tissue
and avoiding the initiation of the restorative cycle. The disease in cavitated carious lesions either are
noncleansable or no longer can be sealed are restorative interventions indicated.

When the restoration is indicated, the priorities are as follows: preserving healthy and
remineralizable tissue, maintaining pulpal health, achieving a restorative seal, and maximizing
restoration success (4). The aim of restorative management are to aid plague control, protect pulp-
dentin complex, restore the function, form, and aesthetics of the tooth (39).

Carious tissue is removed purely to create conditions for long-lasting restorations (4).
Bacterially contaminated or demineralized tissue close to the pulp do not need to be removed. In
deeper lesions in teeth with sensible (vital) pulps, preserving pulpal health should be prioritized,
while in shallow or moderately deep lesions, restoration longevity becomes more important (4). The
restoration longevity might be more important factor for teeth with shallow or moderately deep
cavitated lesions, carious tissue removal is performed, according to selective removal to firm dentin.
In deep cavitated lesion in primary or permanent teeth, preserving pulp should be prioritized, thus

selective removal to soft dentin should be performed (4).



Tooth suitable for retention
= Carious lesion: non-cleansable
/ « Pulp: vital (sensible) & not irreversibly inflammed \
e R—
[ Lesion depth ] | Lesion depth J
el
Deep Shallow/moderate Shallow/moderate Deep
Inner % or % dentine, Not reaching inner % or % dentine, Not reaching inner % or % dentine, Inner % or % dentine,
risk of pulp exposure no risk of pulp exposure no risk of pulp exposure risk of pulp exposure
*Selective removal to Firm
#Selective removal eHall-Technigue SART *Stepwise removal #Selective removal
to soft (maderate/deep anly) eNon-restorative Cavity Control *ART to soft
eFissure sealant (if non-cavitated)

Figure 3. Diagram shows Decision making for noncleansable carious lesions in retainable teeth with
vital pulps.

*ART, atraumatic restorative treatment.

Atraumatic Restorative treatment (ART)

The occurrence of cavitated caries lesion is still a problem in developed and developing
countries (40), with an increasing prevalence. Therefore, the Atraumatic Restorative Treatment (ART)
was developed by Frencken and Holmgren (41), and was first published in 1994 (42).

ART composes of two-part strategy for the management of caries: the restorative step, and
the essential adjunctive educational-preventive strategies(6). Therefore, ART can be defined as a
MID approach with the aim of preventing the development of carious lesion and stopping the
progression into dentin (31). The performance of ART restorations for longevity has been evaluated
through clinical trials with the results of numerous studies showing that ART performs well for
occlusal cavities in primary and permanent teeth (8, 43) but there appear to be much lower success
rates for occluso-proximal cavities in primary and permanent teeth (43). Thus, occluso-proximal or
class Il cavity is now the main focus for contemporary research (44).

ART was initially restricted to the treatment of cavitated teeth that would otherwise have
been extracted in people from communities in developing countries (45). Overtime, ART has been
proven to be a high quality and reliable approach in the management of dental caries, and therefore

became suitable for all patients, regardless of the economic and social situation (46).
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The ART approach was shown to be highly acceptable for its applications for providing
restorative dental care to young children outside the traditional clinical setting (47). Since ART
provides a much more acceptable introduction to dental restorative care than the traditional
‘injection, drill and fill (45).

Therefore, ART restorations have been better accepted by children than the traditional
restorative treatment (48). ART restorations are also the most cost-effective than conventional
treatment (49, 50). In sum, the technique has been considered an innovative, painless and minimally
invasive treatment for the management of caries. Other advantages (51) of ART compared with
conventional restorative techniques using dental handpiece and burs include: provision of restorative
dental treatment outside the dental surgery setting: a biologically friendly approach; minimal cavity
preparations; low costs (52); reduced risk for subsequent endodontics and tooth extraction (53); and
lower anxiety in children and adults (54).

The indicated material for ART is glass ionomer cement due to its physical and chemical
properties, such as adhesion to tooth structure, biocompatibility, chemical setting reaction and the
development and release of fluoride, which gives it preventive characteristics (55).

Later, the satisfactory behavior of ART was expected in the response to the introduction of
High viscosity Glass lonomer Cements (GIC) as a material of choice for this technique (56). This
material was modified from the conventional glass ionomer cement with an alteration in power:liquid
ratio to improve the mechanical properties and, consequently, the more longevity of the restorations
(57). Despite the good restoration longevity for occlusal restoration using GIC, the survival rates of
occluso-proximal restorations drop in approximately 30% in 2 to 3 years of follow-up (43).

The most recent meta-analyses (58) on the performance of ART restorations, including data
up until February 2017, showed cumulative survival rates for single-surface and multiple surface ART
restoration in primary teeth over the first 2 years at 94.3% (+1.5) and 65.4% (% 3.9), respectively

(12) (Table 2).
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Table 2. Overview of survival results (in %) and standard error (SE) of single- and multiple-surface

ART restorations using high-viscosity glass-ionomer cement in primary posterior teeth by year

survival.
Weighted mean score 1 Year of survival 2 Year of survival 3 Year of survival
of ART restoration %survival (SE) %survival (SE) %survival (SE)
Single-surface 96.4 (1.1) 94.3 (1.5) 85 (5.7)
Multiple-surface 76.9 (3.8) 65.4 (3.9) 49 (12.4)

Systematic reviews have provided evidence of a high level of effectiveness for the use of
high-viscosity glass-ionomer ART restoration in restoring single-surface cavities, both in primary and
permanent posterior teeth, although its survival rates in restoring multiple surface cavities in primary
molars needs to be improved (45).

Moreover, many studies (shows in Table 4) from systematic review (12) showed that the
longevity of ART restorations using GIC in primary teeth is not different from those produced in the
traditional way, using either amalgam (59) or resin composite (60).

In conclusion, ART is a reliable preventive and restorative approach to caries management
in single-surface cavities, but its application in multiple-surface cavities still needs further research.
There are many research papers that addressed the cause of associated with class Il restoration
failures in primary teeth. Some of them cited the isolation methods (61), the influence of the operator
(62), and the carious lesion size (63). The reason for failure are usually the total or partial loss of the
restoration and gross marginal defect (47, 64). These shortcomings may be related to the restorative

material properties (65).

Protocol for producing ART restorations with GIC (45) are as follows:
1. Isolate the tooth with cotton wool rolls. Keep the area free from saliva.
2. Use an explorer, gently remove plaque and food debris from the deepest parts of the

available pits and fissure.
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11.

12.

13.

14.

15.

16.

17.
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Wash the pits and fissures, using wet cotton wool pellets.

Assess the extent of the carious lesion.

Enlarge the entrance of the cavity if it is found to be too small, using an Enamel Access
Cutter or dental hatchet.

Break only very thin enamel that might fracture when the restoration is in place, using the
hatchet.

Remove the carious dentin with hand excavators in a scooping movement, starting at the
dentin-enamel junction and ending at the floor of the cavity. Leaving a little decomposed
dentin behind is permitted if it is difficult to remove if the child becomes impatient.

Clean the cavity with a wet cotton pellet(s) followed by a dry cotton pellet.

Ensure that the fissures which run into the cavity are free from debris. Remove debris with a
sharp probe.

Ensure that the enamel that forms the cavity opening is free from demineralization as far as
possible).

Place 2 drops of liquid on the mixing pad. The first one, positioned in the corner of the pad,
usually contains air bubbles and is, therefore, used for conditioning. Without releasing the
pressure, move the bottle to the center of the pad and place a second drop there. This one
should not contain air bubbles and will be used for mixing.

Condition the cavity and adjacent pits and fissures with diluted (15-20%) polyacrylic acid by
passing the moist cotton pellet, dipped in the conditioner, around the dentin and enamel in
the cavity for some 10-15 seconds. Bottled dentin conditioner is also available.

Ensure that the pellet touches the cavity walls. This is not always easy in small cavities. Use
pellets appropriate to the size of the size of cavity. A disposable brush can also be used.
Wash with a wet cotton pellet(s) for some 5 seconds. Repeating this is necessary.

Dry with cotton pellet(s) for some (do not use an air syringe). The cavity will look shinny.
Keep this situation uncontaminated by saliva and/or blood.

Ensure proper isolation. Perhaps replace cotton rolls.

Mix the GIC according to the manufacturer’s instructions. Only accept a properly mixed

GIC; no runny or dry mixture is acceptable. Encapsulated GIC can also be used.
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18. Insert the GIC material into the cavity with the applier/carver instrument. Push the GIC into
the corner(s) of the cavity (in case of enamel overhang) with the round end of the medium
excavator. Insert a second portion of GIC and press it into place with the round end of the
large excavator. Fill the adjacent pits and fissures but DO NOT overfill much, as the excess
has to be removed.

19. Rub some petroleum jelly over your index finger (very thin layer), place the finger over the
tooth surface and press for 20 seconds.

20. Remove the visible GIC excess with the carver end of the applier/carver instrument.

21. Check the occlusion with articulation paper.

22. Wait until the material has set and then adjust the bite with a medium-sized excavator and/or
carver instrument.

23. Remove petroleum jelly-covered top layer of the GIC with a large excavator and/or carver
instrument. Ensure a smooth GIC-onto-enamel junction. Use the round end of the small
and/or large excavator to achieve this.

24. Protect the restoration with a thin layer of petroleum jelly again.

25. Remove the cotton wool rolls.

26. Ask the patient not to eat for at least one hour.

Clinical Success Rate

There are many criteria that has been used to evaluate clinical success of the restorations
including United States Public Health Service (USPHS)/Ryge criteria, FDI criteria, ART criteria and
the modified from the above criteria. In the case of restorative materials, restoration performance is
often assessed via variable outcomes of longevity including retention, secondary caries, margin
integrity, surface wear (66).

Placing ART restorations mostly are done on the field such as school playgrounds or in a
classroom. The USPHS criteria have been criticized for their limited sensitivity in detecting improved
clinical performances of restorative materials currently in use. Consequently, the FDI criteria, as well
as the common ART criteria, were used to assess ART restorations (66). Since the ART criteria have

less detailed and include fewer clinical restoration characteristics than the FDI criteria but are easier
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and faster to use. Importantly, the modified ART criteria are a reliable measurement instrument for
assessing ART restoration survival. Therefore, it is recommended as the ART criteria to use for
restoration and tooth survival assessment in clinical oral health service studies (67). No significant
difference is seen between USPHS and ART criteria when both were applied for same ART
restorations and ART criteria are more stringent than USPHS criteria (68). Moreover, no significant
differences between the FDI and ART criteria were detected regarding survival outcomes of ART
restorations (9). In conclusion, ART criteria have reliable assessment of ART restorations.

In order to standardization and able to compare longevity of the restoration, the same
definition of success, survival, and failure are prerequisites (69).

“Success” defines a restoration that is still functioning and no intervention (repair or
replacement) is indicated, at the evaluation period. In this regard, refurbishment, recontouring and
polishing is not considered to be an intervention (69).

“Survival” defines a restoration that requires repair. This category would also include teeth
that require endodontic intervention, but with the restoration remaining in place, with the access
opening restored following the endodontic therapy (69).

While “Failure” will be considered if cases where a restoration must be replaced, or the tooth
has been removed for the reason related to the restorations, such as tooth fracture, but unrelated to
periodontal health or trauma (69).

Interestingly, there is a research suggests that re-restoration of failed ART may not be
necessary because of the remineralization effect of GIC restorations (70). Boon et al. in 2010
suggested redefining ART success as the number of teeth retained asymptomatically until natural
exfoliation rather than focusing on restorative success or failure, an approach which moves
evaluation of oral health away from a mechanistic view to a more functional, holistic frame of

reference (70).
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Glass-ionomer Cements (GICs)

Glass-ionomer cements (GICs) were invented by Wilson and Kent in 1969 at the Laboratory
of the Government Chemist in London, UK (71). GICs have had a wide range of clinical uses in
restorative, lining, luting and sealing application (32). GICs is an acid-base cement based on weak
polymeric acids and basic powdered glass. Their setting take place within water and results in a
complex polysalt matrix (32).

Glass

The original glass was based on the composition of SiO,-AlO,-AIPO,-NaAlF . Essentially, all
GIC glasses have been based on a similar formula of calcium or strontium fluoroaluminosilicate glass
(72).

Liquid

The liquid is a polymeric acid having carboxylate group(s), with a lower molecular weight to
prevent gelation. The inclusion of tartaric acid delays the setting reaction, improve working time and
manipulation of the cement (73). Another important liquid component in setting the reaction of GICs
is water, which influences the acid-base reaction (74).

Setting reaction

The filler portion is made up of a fluoroaluminosilicate glass which can range from 40 to 75%
by weight in the cement mix. The proportion of filler relates to the qualities required for the cement,
for example, low-viscosity luting cements on fissure protection materials have less powder compared
with high-strength and high-viscosity cements used as restorative materials that bear occlusal
loading (75). The set cement becomes a composite comprising unreacted glass fillers which are
surrounded by a siliceous gel, embedding in a matrix made up of poly acid salts holding cement
together. During setting,

GICs are sensitive to both moisture loss and uptake. Loss of water leads to dehydration of
the cement that causes subsequent surface crazing and increased opacity and results in weakened
cement in wear resistance and less esthetics. Recently, the high powder/liquid (P:L) ratio cements
have improved water sensitivity and does not need to be protected during the first 24 hours but 2 to

7 minutes for the initial set (32).



16

GICs are versatile acid-base materials with a variety of uses in modern dentistry because of
their bioactivity when set that causes them to develop an interfacial ion-exchange layer with the tooth
and results in the high durability of tooth surface adhesion as well as recharging and releasing
fluoride (76). The bond stability of GICs can be attributed to the bonding mechanism, which is based
on a chemical interaction between the calcium from hydroxyapatite and the carboxylic groups from
polyacrylic acid (76). Such interactions result in the formation of a relatively stable ion-exchange
layer at the interface of tooth and the material; composing of the calcium and phosphate from the
tooth structure and the calcium, fluorine, silicon, aluminum and/or strontium from the GIC (76).

The principle behind the adhesion of GICs to tooth structure can be explained by two inter-
related mechanisms. First principle is the hybrid layer of micromechanical interlocking where the
polyalkenoic acid component of the GIC acts on exposing the collagen fibers present in dentin
allowing the ion components of the cement to diffuse into the collagen matrix and create
micromechanical bonds. The Second principle is the true chemical bond of the ion between the
carboxyl group of the polyalkenoic acid and the calcium ions of the hydroxyapatite (HA) crystal
bonding to the collagen fiber (77). Overtime, an ion-exchange layer is formed between the GIC and
the tooth structure as ions continue to diffuse in the interface zone, and the material adhere more
strongly to tooth structure (76).

Later on, as with most other materials, GICs have been subjected to waves of improvements
and developments. There has an innovation of the material which adjust the power to liquid ratio as
an attempt to overcome the weakness of the physical properties. In essence, when compared to low-
viscosity GIC, high-viscosity GIC restorations showed better physical/mechanical properties and
higher survival rates (78).

GICs have been widely used for the restoration of primary teeth because of its several
advantages including fluoride release, chemical bonding to enamel and dentin, tooth preparation
with minimal removal of sound structure, biocompatibility and being user-friendliness (79). Moreover,
GICs are one of the materials that is highly acceptable for use in children (32). For many children, it
is not possible to achieve adequate moisture control due to inability to place a rubber dam clamp,

often due to inability to seal operative area with rubber dam, or behavioral issues (32).
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Even though, dental care of the pediatric patient involves the consideration of a number of
factors, including age, caries risk, behavioral capabilities and compliance of the child and the
parents (32). The longevity of the restorations relies on number of factors related to clinical variables,
operator ability, patients’ characteristics, and dental materials (80). Other factors including the side
of the tooth (right/left), the restored surface (mesial or distal), and the presence or absence of the
antagonist tooth had no influence on the longevity of restorations as described in other studies with
primary teeth (64).

In the mid- to late- 1990s, high powder:liquid ratio conventional GICs were introduced,
alternatively termed ‘packable’ or ‘high viscosity’ GICs(74). The examples of high viscosity GICs
(GIC) are ChemFlex® (Dentsply DeTrey, Konstanz, Germany), Ketac Molar Aplicap® (3M ESPE,
Seefeld, Germany), EQUIA® system (GC corporation, Tokyo, Japan), Fuji IX GP® EXTRA (GC
corporation, Tokyo, Japan). Among many brands of restorative materials in this research we will
choose Fuji IX GP® EXTRA (GC corporation, Tokyo, Japan) brand because of the outstanding
performance(81) and the popularity usage in Thailand. (Table 3) From the study of Bonifacio et
al.(64) showed no GIC brand effect on the survival rate of proximal ART restorations after 3 years.
GICs have specially designed for ART with lower curing and improved mechanical properties
compared to low and medium viscosity cement, which has results in increased survival of
restorations (48).

Recent systematic reviews (12) have reported the longevity of GIC in ART restorations is
similar to either amalgam (59) or resin composite (60) in children. Another systematic review on
survival and reason for failure of restoration in primary teeth, it has been found that the main reason
for failure observed was secondary caries followed by restoration loss and marginal adaptation (13).
However, the rate of secondary caries and clinical performance of GIC in occluso-proximal

restorations was significantly better compared to others materials, amalgam, composite resin,

polyacid-modified resin and compomer (82).
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Silver diamine fluoride (SDF)

Silver topical products, such as Silver Diamine Fluoride (SDF), have been used in Japan
since 1969 to arrest caries and reduce tooth hypersensitivity in primary and permanent teeth (83).
Recently, the United States Food and Drug Administration (USFDA) approved SDF as a device for
reducing tooth sensitivity (84), and off label use for arresting dental caries is now permissible and
appropriate for patients (85, 86).

Silver Diamine Fluoride (SDF) or Ag(NH,),F is a colorless ammonia solution containing silver
and fluoride ions. As neutral silver fluoride is unstable, it is commonly dissolved in ammonia-water to
form a more stable complex ion (87). At present, the mechanisms of SDF on caries arrest are not fully
understood, although it is hypothesized to be a combined effect through inhibiting cariogenic biofilm
(88), preserving collagen from degradation(87), and also increasing dentin hardness (89). Silver ions
are assumed to be responsible for anti-microbial action of SDF, inhibiting the growth of all tested oral
bacteria and denature enzymes that would breakdown collagenous dentin (90). In 2013, Mei et al.
found that SDF has an antimicrobial activity against the cariogenic bacteria associated with dental
caries, Streptococcus mutans and Lactobacillus acidophilus (91). While fluoride enhances the
remineralization of dental hard tissue and promotes deposition of fluoroapatite, which is more
resistant to acidic degradation than the normal tooth structure (92).

The most used concentration is 38% which contains high fluoride concentration as 44,800
ppm. Some clinicians were concerned about the use of SDF in young children because of the risk of
causing dental fluorosis. However, since only a very small amount of SDF solution is applied onto
carious lesion, researchers concluded that occasional application of SDF is well below toxic
concentrations (93). Moreover, Fluoride exposure was below the United State Environmental
Protection Agency (EPA) oral reference dose. Silver exposure exceeded the EPA oral reference dose
for cumulative daily exposure over a lifetime, but for occasional use, the total using amount is below
the toxic concentrations (94). Moreover, serum concentrations of fluoride and silver after topical
application revealed no potential toxicity (94).

Laboratory studies of 38% SDF have shown that it has effect in inhibiting dentin
demineralization and preserving collagen from degradation (87). Moreover, after being treated with

SDF, a highly remineralized surface zone rich in calcium and phosphate can be found on the
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arrested cavitated carious lesion. The dentin collagen is protected by the remineralized mineral
materials (95). 38% SDF inhibited demineralization and preserved collagen from degradation in
demineralized dentin. In conclusion, SDF application positively influences dentin remineralization.

Apart from staining the arrested lesion black, no other significant complication of SDF use
among children was reported (3). SDF is effective in arresting dentin caries in primary teeth among
preschool children '(96).

There are many studies reported clinical success with SDF in arresting dental caries (27, 85,

97), including Fung et al. who studied about the frequency and concentration of applying SDF in
order to arrest the dental caries. Fung et al. found that applying 38% SDF every 6 months is more
effective than applying 12% SDF (98).
The laboratory studies also found that an intense anti-bacterial effect on cariogenic biofilm and
halting of caries progression (87). From the systematic review (3) of clinical trials of Silver diamine
Fluoride in arresting caries among children, it was found the overall percentage of active caries that
became arrested was 81% with 95% confidence interval, (68% to 89%); P <0.001.

Additionally, SDF has not been shown to reduce adhesion of resin or glass ionomer
restorative materials (28). In contrast, the laboratory study showed that conditioning with 38% SDF
increased the resistance of the GIC and composite restorations to secondary caries (89). Moreover,
ex vivo studies demonstrated that SDF increased the microhardness and mineral density of the outer
surface of caries lesions (89).

A review concluded that SDF is a safe, effective, efficient, and equitable caries preventive
agent that appears to fit with the (WHO) World Health Organization’s Millennium Goals and fulfil the
United States Institute of Medicine’s criteria for 21% century medical care (27). One significant
limitation to note, as stated above, is that SDF treatment is that it will stain carious lesion black. This
appearance may not be acceptable for some children and parents. Hence, it is necessary to inform
patients and parents of this outcome of SDF treatment. Pretreatment discussion about the pros and

cons of SDF treatment with the children and their parents is vital to patient satisfaction (97).
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Figure 4. 38% SDF (Saforide®, Toyo Pharmaceutical Co., Ltd., Japan).

Related studies of antibacterial-GICs

GICs have become the most used material for ART approach due to their chemical,
physical, and biological properties (48). As the use and acceptance of GICs increase, finding by
scientific research groups have led to improved current limitations due to their poor mechanical
properties, the main weakness of this material (32). Modifications and improvements of GICs have
been continued to increase longevity and improve other physical and mechanical properties such as
flexural strength, fracture toughness, wear properties, fluoride release properties, and also anti-
microbial properties (99).

In consequence of the effectiveness of the antimicrobial effect of conventional GIC against
S. mutans is still questionable (100). The antimicrobial mechanism of GICs is also not fully clear (99).
In order to overcome the concern of remaining bacteria in the cavities using ART technique.
Consequently, there are many researches studies the modifying GICs with various antimicrobial
agents to improve the antimicrobial property (20-23). The antimicrobial agents commonly used for
modifying GICs are chlorhexidine (101), antibiotics (20) (ciprofloxacin, metronidazole, minocycline),
benzalkonium chloride and cetylpyridinium chloride (102) were added but exhibited controversial
results for achieving expected physical and mechanical properties of GIC.

Recently, there are studies on improving antibacterial activity, fluoride release properties,
and physical properties including compressive strength, bonding efficacy as microleakage, shear
bond strength of a GIC Containing SDF (29, 30). Studies investigating the effect of incorporating 38%

SDF at different concentrations to improve antibacterial activity of GIC found that physical properties
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of the GIC containing SDF at 5% (v/v GIC-liquid) which consist of 0.0152 g SDF provided the best
esthetic profile and met the International Organization for Standardization (ISO) standards for setting
time, compressive strength microleakage, and shear bond strength without deteriorating the GIC
fluoride releasing pattern (29, 30).

Consequently, this novel GIC maximized the effect of fluoride release from GIC in carious
lesion prevention which improved the antibacterial and remineralization properties of the materials.
The novel material has been tested through in vitro laboratories and showed interesting impressive
results Thus, it has a potential of being a restorative material for ART. However, clinical trials about
the longevity of SDF-GIC restoration in primary teeth have not been reported in the literature yet.

Table 4 shows the success rate of longitudinal ART clinical studies of GIC restoration in

primary molars.



(14

- - 85 - €8 - @ VINO3
- - 95 - 69 - wel ‘w9 0L-9 | BUOID JYV | PWOQJED SSEID (89)810¢ ‘[e 18 sedo]
MOOY g IHWdYd
- - 918 | 00L | S¢6 00} WZL ‘W9 | ¥'1g-8'S | BUeINO L1¥V 1014 gVINO3 "(801)£102 "I 18 BUlON
woge XIWAse]
299 | ¥'€6 | 608 | ¢86 | 568 1’66 ‘Wpg ‘'wel ‘wg L-9 | euelid 1YV BION | OB1SH "(LOL)v10T e 18 ebiiH
- - | g88 | 66 | - - U ((901)0L0Z
- - L'S6 | ¥'/6 - - wel 67 | BUSIND |YY Jawobewy ‘eygoys pue edeeQ
L'9L | L'96 | L'€8 | 00 | 206 00} Wy ‘wel ‘w9 0L-9 SHdSN @dO X11in4 '(501)900¢ [ 18 uisi3
SHJSN pue (Bumes ojuio
€8 16 | 00L | 66 - - wee ‘we'g 6-C | BUSIIO 1YV @ I WBUD | u)) (#01)€002 " 18 BlexuoH
09 16 L 56 - - WoE ‘Wz ‘Wzl L9 | euslId 1YY X114 (€01)2L0Z "I 1o Jnojie ]
ger | 26 | 519 | Les | - - X1 In4 ,
© (W) “(89)L00Z “Ie 1
Ly 9% | CT9Y | 996 - - wyg ‘wel ‘w9 vl-9 | BusINO 1MV @ Cl4-WeUD | 07 pue (wezl) 6661 “lele on
W0 | 110 | 1710 | 110 | 110 10
leaA zle JBoA | 1e SUIUOIN 9 1e pouad (siesp\)
8)el $$800Ng 8]el $$900Ng o]kl $S800Ng dn-mo||o4 aby eusiuD «|eus1eN sJioyiny

"siejow AJewd Jo SUONRIOISaI D) 10 SBIPNIS [BOIUID YV [euipniBuoT i a|ge




ve

‘webjewe Jo yibuans syl yum aseq Jawouol sse|b e s| Joswobjewy

*Jowiouol sse|b wolj padojaasp Usaq Ssey JUsWad _JaWogleo ssejo

®
(Auewla) ‘Hqwo Aailaq ‘Aldsjuaq ‘eAllelo}sal Jawouol sse|b PaoueApe ue) YO0y @HWeuD

(ueder ‘oAyo] ‘uonelodiod D9 ‘WalsAs aAlelolsal pidel ‘[|-3|nNg ‘peseg-Jewouol sse|b ‘sAlsusyaidulod e) ®__“_ vIND3
(Auewuss) ‘plajess ‘I4ST NE) XIWAseT Jelo Eomumx\gm_o_\,_ Eom_‘mx

(ueder ‘oAxo] ‘uonelodiod D9 ‘uswed Jewouol sse|b yibuans-ybiy e) @n_w X| __S“_\@x_ Iin4

(Auewueg ‘Hawo Aaileq ‘Aldsiuaq ‘uswed Jowouol sse|b [BUOUBAUOD B)  X8|{way)
WL

‘S|elie)eW PasSEg-IaWOoUO| SSe(S) ale 1Salalul JO S|BlRIBIA,



25

Chapter 3

Materials and Methods

Research Design

The study was a two-arm, parallel group, randomized controlled trial. The participants were
allocated to one of the two arms to compare clinical evaluations between the novel GIC and the
conventional GIC as ART restorative materials in terms of clinical performance in restoring and

arresting carious lesions.

Population and Sample
1. Target Population
The population of this study was cavitated primary molars of children that were
indicated for normal restoration without clinical characteristics of pulpal involvement (pain,

swelling, fistula, abscess).

2. Study Population

The study population comprised cavitated primary molars of children aged 3-8
years old that were indicated for normal restorations without clinical characteristics of pulpal
involvement (pain, swelling, fistula, abscess) in Ban Phaeo District in Samut Sakhon

Province.

3. Sample Population

The sample population was cavitated primary molars of children aged 3-8 years old
with class |l cavities that were indicated for normal restorations without clinical
characteristics of pulpal involvement (pain, swelling, fistula, abscess) in Ban Phaeo District

in Samut Sakhon Province with the eligibility criteria as listed below:
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Eligibility Criteria
The eligibility criteria were modified from the study of Lopes et al. 2018 (58) as follows:
1. Inclusion criteria
Children aged 3-8 years who have cavitated primary molars with the following
characteristics:
- Aclass Il lesion that can be accessed by using hand instruments (ICDAS 5 or
6) (33) according to the ART guidelines (6).
- No sign and symptoms of pulpal involvement (fistula, abscess, pulp exposure,
or history of spontaneous dental pain and pathological mobility).
- No signs of tooth developmental defects or enamel defects such as
hypomineralization, hypocalcification, hypoplasia.
Children whose parents or guardians filled in and signed the informed consent

forms for their child to participate in the study.

2. Exclusion Criteria

Children with known sensitivities to silver or other heavy-metal ions, presence of
any gingival or perioral ulceration or stomatitis.

Children with special health care needs.

Children whose cavitated primary molar has a deep carious lesion and a sign of

pulpal exposure.

Sample Size

Sample size calculation for this study was based on the article “Sample size requirements
for pilot randomized controlled trials with binary outcomes: a simulation study”. The researchers
concluded that the pilot RCT with a binary primary outcome should contain 60 subjects in each
group to estimate the event rate with a reasonable degree of precision (109).

Since one patient represents one cavity for the study, the number of samples in each group

was 60 children. This was a prospective study with 6- and 12-months of follow up time. To
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compensate for sample patient who drop out, 20% of the calculated sample was added. Thus, the

total sample size in the study was at least 75 teeth in each group or 150 teeth in total.

Sampling Method

All phases of this study were carried out in 5 schools in Ban Phaeo District of Samut Sakhon
Province.

Children who fulfilled the eligibility criteria were recruited into the study. One primary molar
per child was selected to prevent any cross-interaction of SDF through saliva which could affect the
antibacterial activity of the restoration of interest. If there were more than one cavity meeting the
inclusion criteria, one of them was randomly selected. In this circumstance, all the teeth that meet the
inclusion criteria will be numbered and written on pieces of paper folded and placed inside an
opaque box. A person who was not involved in the research was responsible for selecting one of the
papers containing the tooth number to be selected and included in the research. The other cavitated
carious lesions in the mouth of the selected children were referred to receive an appropriate

treatment by dentists working in a public oral health center in the city.

Allocation

Children who fulfilled the eligible selection criteria and for whom the parents gave written
informed consent allowing them to participate in the study were recruited.
Simple randomization using a randomization program called sealed envelopeTM,

https://www.sealedenvelope.com/simple-randomiser/v1/lists, was used to generate a scheme of

random code of control and test group. Each child (representing one cavity) is considered as one

sample. Therefore, each child had an equal chance of being assigned to either the control or the test

group.

Interventions
The materials used in the ART technique in this study are:
1. Control group

GIC (GC Fuji IX GpP® EXTRA, GC Corporation, Tokyo, Japan)


https://www.sealedenvelope.com/simple-randomiser/v1/lists
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2. Test group
GIC (GC Fuji IX GP® EXTRA, GC Corporation, Tokyo, Japan)

containing SDF solution (Saforide®, Toyo Pharmaceutical Co., Ltd., Japan)

Concealment

The randomization scheme was produced and a random code for each sample was placed
in an opaque envelope. At the time of mixing the material, a dental assistant opened an envelope to
get the assigned test and mixed the materials for the operator. However, the operator was not
concealed due to the different characteristics of the materials. The patients were not informed as to

which arm of the randomized groups they will were in.

Instruments

Instruments during different visits were as follows:

A. During sample selection (Screening) Visit
1. Student tables
2. Artificial clinical light
3. Oral examination set (a tray, a mouth mirror, an explorers no.5, a cotton plier)
4. Cotton rolls and gauze pads
5. Surgical gloves
6. Informed consent form (See in Appendix A)
7. Screening record form (See in Appendix A)
8. Consent forms (See in Appendix A)

B. During Treatment Visit
1. Toothbrushing set (toothbrush and fluoridated (1000 ppm) toothpaste)
2. Student tables
3. Artificial clinical light

4. Oral examination set (a tray, a mouth mirror, an explorers no.5, a cotton plier)
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11.

12.

13.

14.

15.

16.
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Cotton rolls and gauze pads

Surgical gloves

Data record forms (See in Appendix B)

Hand instruments for atraumatic restorative technique (spoon, carver, flat-ended
instruments)

T-band matrix and wooden wedges

Dry and wet cotton pellets

Petroleum jelly (Vaseline®)

Polyacrylic acid cavity conditioner (Dentin conditioner®, GC Corporation, Tokyo, Japan)
Restorative materials; a GIC (GC Fuiji IX GP® EXTRA, GC Corporation, Tokyo, Japan)
Silver diamine fluoride (Saforide®, Toyo Pharmaceutical Co., Ltd., Japan)
Mechanical pipette volume 0.1-3 LLL (Proline® Plus, Sartorius, Germany.)

Randomization envelopes

C. During Evaluation Visit

1.

2.

Methods

The

Student tables

Artificial clinical light

World Health Organization (WHO) CPI probes

Oral examination set (a tray, a mouth mirror, an explorers no.5, a cotton plier)
Cotton rolls and gauze pads

Dry and wet cotton pellets

Surgical gloves

Case record forms (See in Appendix B)

research study was registered in the website www.clinicaltrials.gov and

www.clinicaltrials.in.th. This proposal was written following the guidelines of the Consolidated

Standards of Reporting Trials Statement—CONSORT (110) and CONSORT participant flow chart of


http://www.clinicaltrials.gov/
http://www.clinicaltrials.in.th/
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the progress through the phase of a parallel randomized trial of two groups (110). The diagram of the

study is shown in Figure 5.

Target population
Cavitated carious primary molars

J

Sample population
Cavitated carious primary molars of healthy children, age 3-8 years old

U

‘ Intervention ‘

@ Q 1 operator gi’] ®

Experimental ART restoration group Control ART restoration group
GIC+SDF GIC
Qutcome
Clinical Success
at 6- and 12-month

1 examiner

Figure 5. Diagram of the study.

A. Calibration and Training Session

All restorations were placed by one operator with the same assistant to keep the
technique as uniform as possible. The examiner, another operative dentist who did not take
part with restorations placement, evaluated the restoration at both 6- and 12-months follow-up.

The procedures were standardized as described below:

a. Screening dentist

The screening dentist was calibrated by an experienced pediatric dentist. The
training included diagnosing carious primary molars in accordance with the criteria
established by the ICDAS (111) on photos and in children through clinical oral examination
at a pediatric dentistry clinic.

b. Operator
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Since the operator’s skills and performance is a key factor affecting the success of
ART restorations, a single trained operator performed all the restorations during the trial
(112). The operator was trained by a specialist in pediatric/dental public health who has
experience in placing ART restorations in a field setting. Training sessions included both the
principle of ART and practices in laboratory and clinic. The ART procedures followed the
approach outlined in the ART manual (6). Training and calibration was performed in the
clinical setting in 10 patients.
c. Examiner

The dentist who is an independent examiner was an operative dentist. Training
comprised of evaluating at least 10 ART restorations following the ART criteria in children.
During the study period, the intra-examiner reliability was evaluated at baseline and follow
up examinations.
d. Dental assistant

The dental assistant was responsible for mixing and manipulating the GIC in
accordance with the manufacturers’ instructions and transferring the mixture to the operator.
During training session, the dental assistant practiced mixing the material following the

manufactures’ instruction until meeting the standardized mixing technique.

B. Screening
The treatment was performed using 3 student’s tables as a portable bed and an
operating light in a classroom.
1. Cleaning
The screening dentist cleaned and dried the teeth thoroughly with cotton pellets.
2. Screening
One dentist performed the clinical examination in a kindergarten classroom using a
dental explorer, mouth mirror, and electric light bulb. Food debris was gently removed to
avoid under recording of dental caries. The diagnostic criteria followed the recommendation
of WHO (113) (Table 5) for dental caries experience and visible plague index (VPI) for

presence of dental plaque (114).
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Code
Primary Permanent
Condition/Status
teeth teeth
Crown | Crown | Root
A 0 0 Sound
B 1 1 Caries
C 2 2 Filled, with caries
D 3 3 Filled, no caires
E 4 - Missing due to caries
- 5 - Missing for any other reason
F 6 - Fissure sealant
G 7 7 Fixed dental prosthesis abutment, special crown or veneer/implant
- 8 8 Unerupted tooth (crown)/unexposed root
- 9 9 Not recorded

3. Collect the data

The dentist screened for the followings.

3.1 Visible plague index (VPI)

The visible plaque of buccal and lingual surfaces of six index teeth (55, 51, 63, 75,

71 and 83) were recorded as presence of visible plaque (score 1) or absence of visible

plague (score 0). VPI scores were calculated as the percentage of the number of surfaces

with visible plaque relative to the total number of surfaces examined (114).

3.2 Baseline caries experience (dmft)
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Caries experience was measured by dmft index. A tooth was recorded as decayed
(dt) when a lesion had an unmistakable cavity, undermined enamel, or detectably softened
floor or wall. A tooth was recorded as missing (mt) when it was extracted due to caries. A
tooth was recorded as filled (ft) when it was permanently filled without caries.
3.3 Class Il lesions
The dentist examined for cavitated primary molars (ICDAS 5-6 (111)) which can be
assessed by hand instruments following the eligibility criteria. The dental assistant noted
down the cavity of interest as G2 (describe in Treatment Record forms in appendix A).
4. Inform teachers and parents/guardians
The informed consent forms were given to parents or guardians. Information about
the patient’s age (birthdate), gender, and their socio-economic status of patient as well as

their medical and dental history was collected.

C. Treatment
The ART restorations were performed by one trained calibrated dentist, aided by one
trained dental assistant, in a classroom where the child laid on connecting 3 student’s tables
as a dental chair, with portable artificial clinical light for illumination. The procedure was done
according to the ART guidelines as described by Frencken et al (42).
1. Moisture control
Isolate the tooth with cotton wool rolls. The treatment area was kept free from saliva.
2. Plague removal
With an explorer, plague and food debris was gently removed from the deepest
parts of the available pits and fissures.
3. Cleaning
The operator cleaned and dried the teeth thoroughly with cotton pellets.
4. Remove caries
Hand excavators compatible with the size of the carious cavity were used.
Removing the infected dentin from the dentin-enamel junction (firm to tactile testing with a

probe) to confirm a hard cavity margin of the cavity, while softened caries were left on the
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pulpal floor if its removal was likely to endanger the dental pulp in keeping with the minimally
invasive approach to caries management (115).
5. Clean the cavity
Cavity walls were cleaned with cotton pellets moistened with water.
6. Matrix and wedge
A matrix was applied and stabilized with a wooden wedge to define the proximal
contour of the cavity.
7. Condition the dentin
A drop of polyacrylic acid cavity conditioner was applied with a micro-brush
(Dentin conditioner®, GC Corporation, Tokyo, Japan) for 20 seconds. Then, the cavity was
washed with three cotton pellets moistened with water and dried using three more pellets.
8. Prepare and Mix the materials
8.1 For the control group
A trained chairside assistant prepared the correct dosage (one spoon
measure of the powder to one drop of polyacrylic acid) placed the polyacrylic acid
bottle vertically and upside down, waited a few seconds until the bubbles rose and
then dripped two drops. The second drop was used to mix with the powder
because the initial drop may contain bubbles. The second drop of polyacrylic acid
was spread over the paper pad with plastic spatula. Then, the powder was mixed
in the acid in two stages— the first part for 10 seconds and the second part for 15-
20 seconds, with moderate pressure applied. The material was used only when it
was still glossy.
8.2 For the test group
A trained chairside assistant prepared the correct dosage (one spoon
measure of the powder to one drop of polyacrylic acid): placed the polyacrylic acid
bottle vertically and upside down, waited a few seconds until the bubbles rose and
then dripped two drops. The second drop was used to mix with the powder

because the initial drop may contain bubbles. The second drop of polyacrylic acid

was spread over the paper pad of two LI of SDF (Saforide®, Toyo Pharmaceutical
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Co., Ltd., Japan) was pipetted on the paper mixing pad, and the second drop of
polyacrylic acid was mixed over the paper pad with plastic spatula. Then, the
powder was mixed in the acid—the first part for 10 seconds and the second part
for 15-20 seconds, with moderate pressure applied. The material was used only
when it was still glossy.
9. Material insertion
The GIC material was inserted into the cavity with a #1 spatula followed by finger
pressure using petroleum jelly for a few seconds. For occlusal-proximal cavities, an adapted
matrix strip was used with a wooden wedge to maintain it in place, providing appropriate
contour to the restoration. Protecting the restoration with petroleum jelly is necessary to
inhibit syneresis and imbibition. The wooden wedge and matrix were removed.
10. Check the occlusion
After the initial set (approximately 5 minutes), the occlusion was checked with an
articulating paper. If necessary, sharp instruments were used for adjustments. In that case,
a new layer of petroleum jelly was then applied to the surface of the restoration.
11. Post-operative Instruction
The patient was instructed not to eat solid food for 1 hour. Also, school staff was

asked to supervise the children to guarantee that patients followed this recommendation.

D. Evaluation

The treatment was performed using 3 student’s tables as a portable bed and an
operating light. The evaluation examination was held in the children’s school.

1. Cleaning

The examiner cleaned and dried the teeth thoroughly with cotton pellets.
2. Moisture control

The tooth was isolated with cotton rolls. The area was kept free from saliva.
3. Evaluation

The restorations were evaluated according to the modified ART evaluation criteria

modified from ART criteria according to Lo and Holmgren, 2001 (47, 78) (Table 6) aided
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with dental mouth-mirrors and CPI probe (diameter 0.5 mm) to measure the size of any
marginal defect, the amount of wear, and secondary caries.
4. Data Collection

Dental assistant noted down the evaluation code and related data in the treatment
recording form.

During the study period, restored teeth that caused pain and were not considered
viable was extracted. For the most part, in the case of mechanical failure where parts of the
restoration remained such the teeth was considered viable. Additionally, if the child was not
experiencing pain, the restoration was left alone and the teeth exfoliated naturally (49).

Table 6. Evaluation criteria.

Code Criteria
0 Present, in good condition
1 Present, slight marginal defect (0.5mm), no repair is needed
2 Present, slight wear (£0.5mm), no repair is needed
3 Present, gross marginal defect (>0.5mm), repair is needed
4 Present, gross wear (>0.5mm), repair is needed

5a Restoration partly or completely missing with inactive caries, no repair is needed

5b Restoration partly or completely missing with active caries, repair is needed

6 Not present, restoration is repaired or replaced by another restoration
7 Tooth is missing, exfoliated or extracted
8 Restoration is not assessed, child is not present

Clinical evaluation was performed using a blunted explorer, a plane front-surface mirror, and
an electric light bulb as a light source. Restorations coded 0-2 were considered success. Those
coded 3-7 were considered failure. Code 8 were considered as failure according to the intention-to-

treat analysis.
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Measurement
A. Variables
1. Independent variable
The independent variable is the intervention given, GIC and SDF-GIC.
2. Dependent variable

The dependent variable is the clinical success of the treatment at 6 and 12 months.

B. Outcome Measurement
1. Primary Outcome Measurement
- The primary objective of this trial is to determine whether the clinical success of a
novel material (SDF-GIC) is comparable to of a standard material (GIC) following the
modified ART criteria.

- Clinical success following the ART evaluation criteria in Table 5.

The ART restorations with scores 0, 1 and 2 were considered successful;
those with scores 3-8 were considered as failures. Intention to treat (ITT) analysis
was used in this study.

2. Secondary Outcome Measurements

2.1 Number of caries (active or inactive) in case of quotations partially or
completely missing.

2.2 The relationship between the clinical success of restoration and type of ART
restorative material according to other variables (type of surface, proximal contact, type of
arch and type of molar).

2.3 Predictive model for clinical success of restoration by various independent
variables (type of ART restorative material, type of surface, proximal contact, type of arch

and type of molar).

C. Control Measure for Reliability of the Data
The examiner was assessed for the intra-examiner reliability with respect to the

recording of clinical success based on the modified ART criteria (Table 5). At the recall
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examination, the examiner examined 30 children (20% of sample population) with respect to
clinical success of the restoration. Kappa at greater than 0.8 will be accepted for excellent

agreement (116).

D. Data Collection
Demographic data was completed by a dental assistant who filled up the data record
form (Appendix A). Outcomes for clinical success was assessed and compared after 6 and

12 months of the treatment by one independent calibrated examiner other than the operator.

The data collection form comprises the following information:
1. Demographic data
a. Name
b. Date of birth
C. Sex
d. School
2. Clinical success conclusion code (Primary outcome)
a. Success = clinical characteristics shows all criteria of success
b. Failure = clinical characteristics shows at least one criterion of failure or the
restoration was not evaluated at follow-up.
3. Clinical data as noted as other variables affecting the restoration longevity
a. Type of teeth (first molar, second molar)
The scoring for Type of teeth will be defined as follows:
1 = first molar
2 = second molar
b. Type of arch (maxilla, mandible)
1 = maxilla
2 = mandible
c. Surface of cavity (mesial, distal)

1 = mesial



2 = distal

d. Occluding tooth (presence, absence)
1 = presence
2 = absence

e. Proximal contact (presence, absence)
1 = presence
2 = absence

f. Baseline caries experience (dmft)

Data dmft was recorded as a total number of dmft.

(d = number of decayed teeth,
m = umber of missing teeth,
f = number of filling teeth)
g. Visible plague index (VPI)
Data VPI was calculated as a percentage.
0 = absence
1 = presence

Statistical Analysis
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The Data was entered and analyzed using the computer Statistical Package for the Social

Science Plus version 22.0 (SPSS Inc., Chicago, lllinois, USA). The level of statistical significance was

setatp < 0.05.

A. Demographic variables

1. The baseline demographic data of the two groups (age, sex, surface type, arch

distribution, tooth distribution, presence of proximal contact, baseline caries experience

(dmft), and percentage of dental plaque (VPI)) were presented by descriptive statistics, using

the mean and standard deviation for continuous data and percentage for categorical data as

shown in Table 7.

2. Compared the difference of each categorical baseline demographic variables

between treatment groups. The data was analyzed using Chi-square test.
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For the continuous baseline demographic variables, the data was tested for normality
by using Kolmogorov-Smirnov test.
The differences between treatment groups was analyzed using independent t-test for

normality distributed data and Mann-Whitney U test for skewed data.

Table 7. Baseline demographic variables and descriptive statistics use.

Variables Type of Variable Descriptive Statistics
Age Continuous Mean, S.D.
Sex Categorical: dichotomous Percentage, ratio
Type of tooth Categorical: nominal Percentage
(first molar, second molar)
Type of Arch Categorical: dichotomous Percentage
(maxilla, mandible)
Type of Surface Categorical: dichotomous Percentage
(mesial, distal)
Proximal contact Categorical: dichotomous Percentage
(presence, absence)
Baseline caries Continuous Mean, S.D.
experience (dmft)
Visible Plaque Index Continuous Percentage
(VPI) Mean, S.D.

B. Outcome variables

1. Primary outcome

- The clinical success of both test and control ART restorative materials was

presented by descriptive statistics (number and percentage of tooth) (Table 8).

- The difference of success rates between test and control ART restorative

materials was compared by chi-square test.
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Table 8. Primary outcome variables and descriptive statistics use.

Outcome Variables Type of Variable Descriptive
Measurement Statistics
Primary Clinical Categorical: dichotomous (Number,
success rate (success, failure) Percentage)

2. Secondary outcome
2.1 - The number of partly or completely missing restorations (active and inactive)
between test and control ART restorative materials was presented by descriptive statistic
(number and percentage of tooth) (Table 9).
- The difference of number of partly or completely missing restorations (active
and inactive) between test and control ART restorative materials was compared by Fisher’s

exact test.

Table 9. Secondary outcome.

Outcome Variables Type of Variable Descriptive
Measurement Statistics
Secondary Rate of partly or Categorical: dichotomous (Number,
completely (inactive, active) Percentage)

missing restoration

2.2 The difference of the clinical success rate of restoration between test and
control ART restorative materials according to other variables (type of surface, proximal
contact, type of arch and type of molar, baseline caries experience, visible plaque index,
age)) was compared by Chi-square test.

2.3 Predictive model for clinical success of all restorations by various independent
variables (type of ART restorative material, type of surface, proximal contact, type of arch
and type of molar, baseline caries experience, visible plaque index, age) was calculated by

logistic regression.
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Results
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A total of 653 children from 5 schools in Ban Phaeo district, Samut Sakhon Provinces was

examined, 502 children were excluded because they did not meet the inclusion criteria, and one

child whose parent declined to participate. Finally, there were 150 children enrolled in the study (75

children in each group). A CONSORT flow diagram showing the number of children and restorations

present and absent at two evaluation times is presented in Figure 6.

Enrollment

Assessed for eligibility (n=653)

5 schools

SDF-GIC
Allocated to intervention (n=75)
(75 cavities)

All received intervention

A

Excluded (n=503)

- Not meeting the inclusion criteria (n=502)

Declined to participate (n=1)

Randomization (n=150)

(150 cavities)

v

Analyzed n=67 (67 cavities)
Failed to follow-up n=8
School absence n=7

Moved to another province n=1

GIC
Allocated to intervention (n=75)
(75 cavities)

All received intervention

|

6-month follow-up

h 4

Analyzed n=71 (71 cavities)
Failed to follow-up n=4
School absence n=3

Moved to another province n=1

Analyzed n=71 (71 cavities)
Failed to follow-up n=4
School absence n=2

Moved to another province n=2

i

12-month follow-up

Figure 6.

Analyzed n=68 (68 cavities)
Failed to follow-up n=7
School absence n=5

Moved to another province n=2

Flow diagram on the randomized trial.
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The mean age of children was 6.3 (+ 1.06) years, ranging from 3- to 8-years old. The mean
dmft scores for 150 children were 6.93 + 3.66 and mean visible plaque index (VPI) were 80.56%.
Other baseline characteristics of the children and the restored cavities (sex, mean dmft score,
surface type, arch distribution, and tooth distribution) can be seen in Table 10. Similar distribution

was shown between the test and control study groups.

Table 10. Baseline characteristics of the children and the restored cavities.

(Independent t-test and Chi-square test)

Test: SDF-GIC Control: GIC P-value*
Demographic background
Sex: n (%)
Male 38(50.7) 38(50.7)
1.000
Female 37(49.3) 37(49.3)
Age: mean + SD 6.26 £ 1.11 6.25 + 1.01 0.958°
Oral health Status
dmft: mean + SD 6.91 + 3.86 6.95 + 3.48 0.947°
%VPI: mean + SD 81.08% + 18.25 80.00% + 18.75 0.714°
Clinical characteristics
Surface type: n (%)
oM 37 (49.3%) 34 (45.3%)
0.624
oD 38 (50.7%) 41 (54.7%)
Arch distribution: n (%)
Maxilla 39 (52%) 38 (50.7%)
0.870
Mandibular 36 (48%) 37 (49.3%)
Tooth distribution: n (%)
First primary molar 46 (61.3%) 49 (65.3%)
0.611
Second primary molar 29 (38.7%) 26 (34.7%)
Proximal Contact: n (%)
No 13 (17.3%) 10 (13.3%)
0.497
Yes 62 (82.7%) 65 (86.7%)

®Independent sample t-test
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Children were evaluated after 6 months (n=138; 92%) and 12 months (n=139, 92.7%). The
drop-out rate is 8 % and 7.3% at 6- and 12-month follow-ups, respectively. The reason for not being
able to assess the restorations were mainly due to the children being absent from school on the day
of examination and families moving to other provinces (Figure 6). Due to the covid-19 outbreak
situation in February and March 2020, the examiner could not go to school to re-evaluate the children
who were absent from school at 6 months.

Cohen’s kappa coefficient or k values was used to determine the repeatability of the
examiner (117). In our study, the examiner re-evaluating 20% of children (60 children). An intra-
examiner kappa coefficient values for 6- and 12-month evaluation were 0.84 and 0.82 which showed

an excellent agreement (116, 117).

Primary Outcome Analysis

Clinical Success

The status of restorations was determined at 6 and 12 months (Table 11). Fifty percent of
restorations were assessed to be in good condition (code 0) or slight defects that did not require
repair (code 1 and 2) while the principle reason for failure was that the restoration was missing either
partly or completely (code 5). According to the intention-to-treat analysis, all teeth that were missing

exfoliated, extracted, or not assessed were evaluated as failure.
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Table 11. Number of restorations scored in the different evaluation codes for both groups at each

assessment time.

Test Control
Code Criteria (SDF-GIC) (GIC)
6m 12m 6m | 12m
0 Present, in good condition 37 35 46 36
1 Present, slight marginal defect (<0.5mm), no repair is needed | 8 10 8 7
2 Present, slight wear (SO.Smm), no repair is needed 2 1 1 1
3 Present, gross marginal defect (>0.5mm), repair is needed 4 3 2 1
4 Present, gross wear (>0.5mm), repair is needed 2 2 3 0
Restoration partly or completely missing with inactive caries,
5a no repair is needed 3 6 0 4
Restoration partly or completely missing with active caries,
5b repair is needed 10 11 11 16
6 Restoration is repaired or replaced by another restoration 1 1 0 0
7 Tooth is missing, exfoliated, or extracted 0 2 0 3
8 Restoration is not assessed; child is not present 8 4 4 7
(0,1,2) | Success 47 46 55 | 44
(3-7) | Failure 20 | 25 | 16 | 24
8) | Exclude 8 4 4 7
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The overall success rates (95 percent confidence interval [ 95% CI]) at the 6-month follow-
up for the SDF-GIC and GIC were 62.7% (50.7-73.6) and 73.3% (61.9 — 82.9), respectively, as shown
in Table 12. No significant difference was detected between the study groups (Chi-square, p=0.161).
At 12 months, the overall success rates of both materials were 61.3 percent (49.4-72.4) for the SDF-
GIC group and 58.7 percent (46.7-69.9) for the GIC group. The difference was not significant (Chi-

square, p= 0.739).

Table 12. Number of restorations as clinically successful for both study groups at 6- and 12-months,

along with success rate, prevalence risk ratio, and p-value.

Follow-up Success rate Prevalence Risk ratio
Material P-value
Period (95% ClI) (95% ClI)
SDF-GIC 62.7 (50.7 - 73.6)
6-month 0.79 (0.57, 1.09) 0.161
GIC 73.3 (61.9-82.9)
SDF-GIC 61.3(49.4-72.4)
12-month 1.06 (0.76, 1.47) 0.739
GIC 58.7 (46.7 — 69.9)

Secondary Outcome Analysis

2.1 The restorations that partly or completely missing with active caries
Figure 7. shows the number of restorations that were partly or completely missing
with inactive and active caries of both materials at 6- and 12-month follow-up. There was no
difference between test and control ART restorative materials at both 6 and 12 months.

(Fisher's exact test (p=0.223 at 6 months, p=0.460 at 12 months))
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No. of
restorations
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11

10 11
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5 3 4

m 0 N
0

SDF-GIC GIC SDF-GIC GIC

6-month 12-month

M 5a Restoration partly or completely missing with inactive caries, no repair is needed

W 5b Restoration partly or completely missing with active caries, repair is needed

Figure 7. Number of restorations partly or completely missing with active caries.

2.2 The difference between the clinical success of restoration of test and control ART
restorative materials and variables

There was no statistically significant difference between the clinical success rate and type of

surface, presence proximal contact, type of arch, type of molar, and age group (Table 13).

Table 13. Success rate of restorations according to type of tooth surface, presence of proximal

contact, type of arch, type of molar, and age group at 6- and 12-month follow-ups

Group 1: SDF-GIC Group 2: GIC
% (n/N) % (n/N) p-value

Overall

6 months 62.7 (47/75) 73.3 (55/75) 0.161

12 months 61.3 (46/75) 58.7 (44/75) 0.739
Type of surface
oM

6 months 64.9 (24/37) 76.5 (26/34) 0.284

12 months 59.5 (22/37) 61.8 (21/34) 0.843




Group 1: SDF-GIC Group 2: GIC
% (n/N) % (n/N) p-value
oD
6 months 60.5 (23/38) 70.7 (29/41) 0.339
12 months 63.2 (24/38) 56.1 (23/41) 0.523
Type of molar
First molar
6 months 60.9 (28/46) 77.6 (38/49) 0.078
12 months 63.0 (29/46) 63.3 (31/49) 0.982
Second molar
6 months 65.5 (19/29) 65.4 (17/26) 0.992
12 months 58.6 (17/29) 50.0 (13/26) 0.522
Type of arch
Maxilla
6 months 64.1 (25/39) 78.9 (30/38) 0.149
12 months 66.7 (26/39) 60.5 (23/38) 0.576
Mandible
6 months 61.1 (22/36) 67.6 (25/37) 0.565
12 months 55.6 (20/36) 56.8 (21/37) 0.918
Proximal contact
presence
6 months 61.3 (38/62) 72.3 (47/65) 0.187
12 months 59.7 (37/62) 60.0 (39/65) 0.970
absence
6 months 69.2 (9/13) 80.0 (8/10) 0.560
12 months 69.2 (9/13) 50.0 (5/10) 0.349
Age
3-5Y
6 months 61.3 (19/31) 70.6 (24/34) 0.429
12 months 67.7 (21/31) 50.0 (17/34) 0.147
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Group 1: SDF-GIC Group 2: GIC
% (n/N) % (n/N) p-value
6-8Y
6 months 63.6 (28/44) 75.6 (31/41) 0.231
12 months 56.8 (25/44) 65.9 (27/41) 0.393

2.3 The relationship between the clinical success of all restorations and variables

The univariate logistic regression analysis showed that the success rate at 6 and 12 months
was not significantly influenced by the type of restorations, type of surface, presence of proximal
contact, type of arch, type of molar, visible plaque index, baseline caries experience, age, gender,
primary caregiver, father’'s education, mother’'s education, family monthly income, age at start self-
tooth brushing, assistance of tooth brushing, toothpaste usage, age at start using tooth paste,
fluoride toothpaste, tooth brushing frequency, after toothbrushing behavior, and snack-intake
frequency (Table 14). The results of the multilevel logistic regression analysis are presented in Table

15. Age at start tooth brushing significantly influenced the success rate of restorations (p<0.05).



Table 14. Logistic regression model of the success of restoration at 6- and 12-months follow-up.

6-month 12-month
Explanatory variables Unadjusted Unadjusted
p-value p-value
Odds ratio Odds ratio
Type of restorative
SDF-GIC 0.61(0.31,1.22) 0.163 1.12 (0.58, 2.15) 0.739
GIC® Ref 1 Ref 1
Type of surface
Occluso-mesial (OM) 1.24 (0.62, 2.46) 0.547 1.05 (0.54, 2.01) 0.894
Occluso-distal (OD)? Ref 1 Ref 1
Proximal contact
None 1.4 (0.51,3.81) 0.51 0.96 (0.39, 2.38) 0.926
Presence’ Ref 1 Ref 1
Type of arch
Maxilla 1.38 (0.7, 2.75) 0.356 1.37 (0.71, 2.63) 0.351
Mandible® Ref 1 Ref 1
Type of molar
1st primary molars 1.2 (0.59, 2.44) 0.611 1.43 (0.73, 2.81) 0.3
2nd primary molars ® Ref 1 Ref 1
Visible plaque index 1(0.15, 6.45) 1 1(0.98, 1.02) 1
Baseline caries
1.07 (0.97, 1.18) 0.16 1(0.86, 1.16) 1
experience (dmft)
Age (mean) 1.08 (0.78, 1.5) 0.637 0.99 (0.73, 1.35) 0.938
Gender
male Ref 1 Ref 1
Female 0.85 (0.43, 1.69) 0.644 0.77 (0.4, 1.47) 0.424
Primary care giver
Father and/or mother 1.25(0.62,2.53) | 0.526 | 1.15(0.59,2.25) 0.68

Other relative

Ref

Ref
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6-month 12-month
Explanatory variables Unadjusted Unadjusted
p-value p-value
Odds ratio Odds ratio

Father’s education
Mandatory education Ref 1 Ref 1
Higher education 0.88 (0.44, 1.74) 0.705 1.36 (0.69, 2.67) 0.376
Mother’s education
Mandatory education Ref 1 Ref 1
Higher education 1.12 (0.55, 2.27) 0.753 1.05 (0.54, 2.01) 0.894
Age at start tooth brushing
0-24 months 2.53(1.22,5.25) | 0.013* | 2.86(1.39,5.87) | 0.004*
Over 24 months Ref 1 Ref 1
Age of start self-tooth brushing
1-36 months 1.48 (0.63, 3.47) 0.364 1.17 (0.54, 2.55) 0.694
Over 36 months Ref 1 Ref 1
Assistance of tooth brushing
No Ref 1 Ref 1
Yes 0.79 (0.37,1.7) 0.545 1.09 (0.52, 2.31) 0.82
Toothpaste usage
No Ref 1 Ref 1
Yes 2.15(0.13, 35.1) 0.591 1.51 (0.09, 24.59) 0.773
Age of start using toothpaste
0-2 years 1.26 (0.61, 2.6) 0.539 | 1.43(0.71,2.86) | 0.318
Over 2 years Ref 1 Ref 1
Fluoride toothpaste
No Ref 1 Ref 1
Yes 1.31 (0.45, 3.85) 0.619 2.09 (0.73, 5.96) 0.167

Tooth brushing frequency
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6-month 12-month
Explanatory variables Unadjusted Unadjusted
p-value p-value
Odds ratio Odds ratio
Once daily Ref 1 Ref 1
More than once daily 1.23 (0.52, 2.91) 0.641 0.96 (0.42,2.23) | 0.932
After tooth brushing behavior
No snack/food intake Ref 1 Ref 1
Have 0.86 (0.42, 1.73) 0.668 1(0.51, 1.95) 1
Snack intake frequency
< 2 times/day Ref 1 Ref 1
> 2 times/day 1.09 (0.55, 2.16) 0.812 1.49 (0.77, 2.88) 0.231

“reference category

Table 15. Multivariate logistic regression model of the success rate of restorations at the 12-months

follow-up.

Explanatory variables Adjusted Odds ratio” 95% ClI p-value
Type of restorative material
SDF-GIC 1.18 0.6 -2.31 0.635
GIC Ref 1 1
Age of start tooth brushing
0-24 months 2.89 1.4-593 0.004*
Over 24 months4 Ref 1 1

® Reference category

® Excluded non-significant variables: type of surface, presence of proximal contact, type of arch, type
of molar, visible plaque index, baseline caries experience, age, gender, primary caregiver, father’s
education, mother’s education, family monthly income, age at start self-tooth brushing, assistance of

tooth brushing, toothpaste usage, age at start using tooth paste, fluoride toothpaste, tooth brushing

frequency, after toothbrushing behavior, and snack-intake frequency
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Chapter 5

Discussion

Atraumatic Restorative Treatment (ART) is a part of the contemporary caries management
philosophy of minimal intervention dentistry (118, 119). ART is an economical and effective method
for preventing and controlling carious lesion development in vulnerable populations (119). GICs have
increasingly gained more acceptance for treatment of primary molars. However, multiple surface GIC
restorations have generally lower survival rates compared with single surface GIC restorations (12).

ART restorations in primary teeth were typically found to fail due to the total or partial loss of
the restoration, gross marginal defects (120-122) and secondary caries (19, 123, 124). To overcome
this, several studies investigated the use of modified GICs containing various antimicrobial agents.
However, the results of these studies remain questionable (20-23).

The present clinical study was carried out to assess the clinical success of a novel material
(SDF-GIC) in class Il ART restorations in primary molars compared with a conventional GIC under
field conditions. The novel material has shown promising results in prior in vitro studies, and
therefore warranted further investigation via a clinical study. After performing the clinical study, we
found that Class Il ART restorations of the 2 materials have similar clinical success at both 6- and 12-
month follow-up.

In our study, at 6-month follow-up, the success rate of Class Il ART restoration of SDF-GIC
and GIC were 62.7% (50.7 - 73.6) and 73.3% (61.9 — 82.9) respectively. At 12 months, the success
rate were 61.3% (49.4 - 72.4) for SDF-GIC and 58.7% (46.7 — 69.9) for GIC. It should be noted that
the success rate of Class Il ART restorations in our study at 12-month follow-up was lower when
compared to the recent systematic review reported the survival rate of Class Il ART restoration which
reported the survival percentage and standard errors of multiple-surface ART restorations in primary
posterior teeth over the first year were 76.9% (+ 3.8) (12). However, the systematic review included

studies using both hand-mixed and capsule type, and from both clinical and school settings (12).



54

As it has been reported, the success rate of both GIC and SDF-GIC was lower than
expected at 6- and 12-month follow-up period. Some issues, discussed below, may explain the
inferior success of these restorations:

Addition of SDF: The addition of SDF may have affected the setting reaction of GICs, and by
extension, the success rate. It was not surprising since the addition of antimicrobial agents into GICs
mostly affects the physical and mechanical properties of the cement. This issue has also been
reported in the review by Ching et al., where the addition of similar materials was shown reducing the
physical properties of GICs (99). They have also been found to reduce compressive strength, and
slightly increase the setting time when the concentration of antimicrobial agent increases (99).

The type of GIC: We used hand-mixed GIC because this was a preliminary clinical study.
We needed to pipette SDF solution into the liquid part of Gl. Pipette is more time consuming and
using hand-mixed has less accuracy of powder: liquid ratio and more air void while hand-mixing
leads to a lower success rate (125).

Oral hygiene: The success rate of restoration is lower in children with poor oral hygiene
(124). Two recent studies demonstrated that patients with higher caries risk presented a decrease in
the longevity of restorations (80, 126). The background of oral health status of the study samples was
poor with dmft average 6.93 (= 3.66) and VPI average 81.1%. We hypothesize that this may have
decreased the success rate of the restoration in this study group. However, we did not find the
difference of success rate between groups of dmft score for the subgroup analysis (see in Appendix
C).

Size of cavity: The size of cavity has been reported to affect the survival rate of its
restorations (63, 106). The size of Class Il cavities measuring less than 4 mm with involvement of
proximal portion of tooth shows higher success rate when compared with the cavities involvement of
proximal portion of tooth and extending up to central pit (106). Consistent with the study of Kemoli et
al., the authors concluded that restorations with the highest survival rate were of sizes between 2 and
3 mm (mesio-distal, bucco-lingual, and depth) or volumes 10.0-19.9 mm? (63). In this study, the sizes
of the included cavities varied and included all proximal cavities with no involvement of buccal or
lingual surfaces, which may result in small to large size. Thus, the results of success rates in our

study showed a wide range of success rates depending on the size of the cavity.
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Use of intention-to-treat analysis: Most studies (47, 105, 106) usually exclude the dropped-

out or missing sample (either tooth or child), but in our study, we used Intention-to-treat analysis,
which includes all missing samples in the calculations, counted as a failure. Therefore, a lower
success rate was expected. Nevertheless, with the evaluation criteria used in this study, restorations
with minor failures were scored as failures.

Food consumption after treatment Even if the children were instructed to not eat or drink for

1 hour after receiving treatment, we cannot ensure that the children will follow the instruction.
Additionally, Kemoli et al. found the survival rate of the proximal restorations was significantly
influenced by the presence of hard consistency foods in the next meal consumed by each child
(127).

However, we did not find a significant correlation between the success rate and type of
surface, presence of proximal contact, type of arch and type of molar. This result is also observed in
the studies of Ersin et al. (105), Deepa and Shoba (106) and Freitas et al (125). On the other hand,
Saetiew et al. studied factors affecting the failure of Class Il SMART restorations in mandibular
primary molars using capsule-type GIC. They found that the factors of occluso-distal lesion in
primary mandibular first molar, interproximal gingival inflammation and interproximal space were
significantly associated with higher failure rate of simplified modified ART (SMART) at 6-month follow-
up (128).

In addition to the issues raised above, the failure of restoration is multi-factorial and so, more
factors should be considered. Moisture contamination, height of the restoration, temperature, mixing
time, and powder liquid ratio might contribute to the failure of the restorations (123, 129). There are
many studies that address the cause associated with Class |l restoration failures in primary teeth.
Some of the cite the isolation methods (61, 129), the influence of the operator (62, 121), and the
carious lesion size (62, 106).

Caries lesions at the margins of restorations remain a major reason for the replacement of
restorative materials worldwide (130). There is a higher risk of proximal surface developing caries
lesions because of the presence of contact areas, which results in areas that are difficult to reach by

toothbrush and are accessible only by flossing (131). This results in the higher failure rate of proximal
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restoration when compared to occlusal restoration, also associated with poor oral hygiene (80).
These shortcoming may be related to the restorative material properties (65), and there is still
uncertainty regarding the optimal restorative material for primary dentition in Class Il restoration (44,
126).

However, GIC restorations presented better performance than composite resin regarding
the occurrence of secondary carious lesions, which seems to be related to the better physiochemical
properties of GIC regarding biocompatibility, chemical bond to the tooth structure, similar thermal
expansion coefficient compared to dentin, and mainly its ability to release and recharge fluoride (74,
132). In addition, SDF has been widely used to arrest and/or prevent caries progression (133, 134)
(135). According to multiple published systematic and updated reviews, SDF has been widely used
to arrest carious lesion in children due to its antimicrobial property and enhancement of fluoride
remineralization (27, 136, 137). The mechanisms of SDF on carious tooth tissue, a series of chemical
reactions take place that promote tooth desensitization and remineralization of demineralized tooth
(138) by dentinal tubule blockage, inhibiting cariogenic biofilm (88), preserving collagen from
degradation (87), and also increasing dentin hardness (89). Silver ions are assumed to be
responsible for anti-microbial action of SDF, inhibiting the growth of all tested oral bacteria and
denature enzymes that would breakdown collagenous dentin (90).

A study investigating the effect of incorporating 38% SDF at different concentrations to
improve antibacterial activity of GIC found that physical properties of the GIC containing SDF at 5%
(v/v GIC-liquid) which consist of 0.0152 g SDF provided the best esthetic profile and met the
International Organization for Standardization (ISO 9917-1:2007 is applicable to both hand-mixed
and capsulated cements for mechanical mixing) standards for setting time and compressive strength
without deteriorating the GIC fluoride release pattern (29). Consequently, this novel GIC maximized
the effect of fluoride release from GIC in carious lesion prevention that improved the antibacterial and
remineralization properties of the materials. Recently, another unpublished in vitro test of this novel
material also showed no difference in microleakage and shear bond strength compared to the
standard GIC (30). Consequently, the use of novel SDF-GIC in preventing caries lesion in the
margins of class Il surfaces will be beneficial due to the fluoride releasing and silver antimicrobial

abilities of the SDF solution. Moreover, another study found higher mineral contents in the dentin of
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carious lesions after treatment with SDF compared with normal dentin (89). Puwanawiroj et al. found
that SDF does not adversely affect the bond strength between glass ionomer cement and carious
primary dentin (28). Thus, the novel material has a potential of being a restorative material for ART.

The reasons for failure are usually the total or partial loss of the restoration (47, 55, 139) and
gross marginal defects (64, 121, 140). In our study, with regard to the failure of Class Il restorations
for GIC observed, the predominant failure characteristic was the loss of the restoration, which
accounted for around half of the failures observed.

The ART Criteria is used to evaluate the degree of marginal defects and wear and assessing
the partial or complete loss of restoration. As the study aimed to investigate the antimicrobial activity
in arresting caries, the ART Criteria was modified in order to allow for the observation of caries
activity (active or inactive), The modification was made to score 5 (restoration partly or completely
missing). Since we added SDF solution, we expected the outcome of arresting dentin carious lesion.
Thus, to observe the effect of the cavity’s surrounding carious dentin, we modified the criteria into 5a
(with arrested caries and no repair is needed), if cavities showed dentin that appeared hard and
darkened (considered to be a sign of caries arrest and remineralization), and 5b (with active caries
and repair is needed), if cavities were filled with food impaction and active caries.

Of the missing restorations, there were active caries in 10 restoration of SDF-GIC group and
11 restorations of GIC group at 6 months. At 12 months, there were active caries in 11 restoration of
SDF-GIC group and 16 restorations of GIC group.

Therefore, results show that SDF-GIC has a greater number of missing restorations with
inactive surrounding and fewer active caries, compared with GIC. This observation is consistent with
the previous in vitro studies of SDF-GIC, which found higher antimicrobial activity and enhanced
bonding efficacy (29, 30).

Methodology

The randomization and allocation concealment: Allocation and concealment of children to

the treatment groups was performed by computer randomization program called sealed envelope ™
which is so accurate that there is no difference of baseline characteristics of children and teeth

between two groups.
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Selection of sample: We chose the children aged 3-8 years because the information from

the previous national oral health survey by Ministry of Public Health in Thailand in 2018 reported
dental caries of 3- and 5-years old were 52.9% and 75.6%, respectively, and almost 99% of children
in both groups were still left untreated. Therefore, the children around these ages will be able to
receive an oral examination and dental restorations as needed. Additionally, if we chose to place
restorations in children at this age, to prevent the loss of dental arch space from an erupting first
permanent molar.

Controlling reliability: Since there is a study that found that the operator can influence the

success rate of the restoration (120), in our study, there was only one trained operator, one examiner,
and one dental assistant who mixed the material. With regard to the examiner, intra-examiner kappa
coefficient values were 0.84 and 0.82 for 6- and 12-month evaluation which is considered as almost
perfect agreement (116).

Limitations of the current study.

Several limitations should be taken into consideration while interpreting the findings of the
study. Given the constraints of the field setting, no radiographs were taken for caries diagnosis. This
might have led to a certain degree of underestimation of the caries increment, particularly proximal
surfaces. Moreover, when using distinguishable restorative material such as GIC and SDF-GIC, it is
not possible to blind operators and examiner regarding the treatment groups since SDF-GIC shows
greyish color after mixing. This results in a single-blind trial. Split-mouth design could not be done
since adding SDF may affect the oral environment. In order to avoid cross contamination of SDF in
material, one child represented one tooth of the test or control group.

Furthermore, We also noticed that climatic characteristics might have affected the success
rate of the restoration which also be reported earlier in the study of Hesse et al. (126). During the
treatment period, there were a variety of environments such as outdoor rain, outdoor sun, and indoor
air-conditioned room. A warmer climate may interfere with the GIC setting reacting prior to its
insertion into cavity. This is because the chemical bonding of GIC with the tooth substrate is
accomplished by an ionic interaction between carboxyl group from polyacids and calcium from
hydroxyapatite (141), and that the setting rate of material can be accelerated by increasing the GIC

temperature (142). If the gellification reaction is hastened by the warm weather, less polyacrylic acid
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will be available to react with dentin, leading to fewer cross-links and lower wettability of material
(126). This may reduce its adhesion, possibly contributing to a less long-lasting restoration.
For further study

Encapsulated GIC promoted better ART performance than hand-mixed GIC (125). A study
found that developing encapsulated GICs containing SDF solution reduced the incorporation of air
bubbles during mixing procedure (143), reduced the presence of porosities (air voids) in the cement
matrix (144), and created a more accurate proportion of powder and liquid ratio of the glass ionomer
cement. Other benefits of encapsulated GIC over hand-mixed GIC include the ability to prepare a
more precise SDF: GIC proportion and eliminating the time-consuming pipetting process. Therefore,
future clinical trials may consider using encapsulated GIC instead of hand-mixed GIC. To fully

observe the effect of antimicrobial activity from the restoration, a long-term follow-up is needed.
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Chapter 6

Conclusion

This is the first study that evaluate the clinical success of the novel restorative material (SDF-
GIC). Within the limitations and based on the results of this study, the following conclusions can be
drawn: The clinical success of novel atraumatic restorative treatment (ART) Class Il restorations in
primary teeth was similar to the high viscosity glass ionomer (GIC) restorations after 6 and 12 months
follow-up. Furthermore, the success rate of the restoration was not significantly influenced by type of
restorative materials, type of surface, presence of proximal contact, type of arch, and type of molars.

However, of all partly or completely missing restorations, SDF-GIC restorations showed
good trend in arresting caries of the cavity when compared to GIC. On the other hand, the missing
GIC restorations were found with active caries. Therefore, more long-term follow-up is needed to

evaluate further the effect of SDF to surrounding cavities.



REFERENCES



1. Edelstein BL, editor The dental caries pandemic and disparities problem. BMC
Oral Health; 2006: BioMed Central.

2. Bureau of Dental Health. The 8th National Oral Health Survey. Ministry of Public
Health 2018. Available from:

http://dental2.anamai.moph.qgo.th/ewtadmin/ewt/dental/ewt dl link.php?nid=2423&filena

me=stat.

3. Gao S, Zhao |, Hiraishi N, Duangthip D, Mei M, Lo E, et al. Clinical trials of silver
diamine fluoride in arresting caries among children: a systematic review. JDR Clin Trans
Res. 2016;1(3):201-10.

4. Schwendicke F, Frencken J, Bjgrndal L, Maltz M, Manton D, Ricketts D, et al.
Managing carious lesions: consensus recommendations on carious tissue removal. Adv
Dent Res. 2016;28(2):58-67.

5. Craig RG, Curro FA, Green WS, Ship JA. Treatment of deep carious lesions by
complete excavation or partial removal: a critical review. J Am Dent Assoc.
2008;139(6):705-12.

6. Frencken JE, Pilot T, Songpaisan Y, Phantumvanit P. Atraumatic restorative
treatment (ART): rationale, technique, and development. J Public Health Dent.
1996;56(3):135-40.

7. Schriks MC, van Amerongen WE. Atraumatic perspectives of ART: psychological
and physiological aspects of treatment with and without rotary instruments. Community
Dent Oral Epidemiol. 2003;31(1):15-20.

8. Mickenautsch S, Yengopal V, Banerjee A. Atraumatic restorative treatment
versus amalgam restoration longevity: a systematic review. Clin Oral Investig.
2010;14(3):233-40.

9. Holmgren CJ, Lo EC, Hu D, Wan H. ART restorations and sealants placed in
Chinese school children—results after three years. Community Dent Oral Epidemiol.

2000;28(4):314-20.


http://dental2.anamai.moph.go.th/ewtadmin/ewt/dental/ewt_dl_link.php?nid=2423&filename=stat
http://dental2.anamai.moph.go.th/ewtadmin/ewt/dental/ewt_dl_link.php?nid=2423&filename=stat

63

10. Olegario IC, Hesse D, Mendes FM, Bonifacio CC, Raggio DP. Glass carbomer
and compomer for ART restorations: 3-year results of a randomized clinical trial. Clin
Oral Investig. 2018.

11. Anna Luisa de Brito P, Isabel Cristina O, Clarissa Calil B, Ana Flavia Bissoto C,
Jose Carlos Pettorossi |, Daniela Procida R. One year Survival Rate of Ketac Molar
versus Vitro Molar for Occlusoproximal ART Restorations: a RCT. Braz Oral Res.
2017;31:e88.

12. de Amorim RG, Frencken JE, Raggio DP, Chen X, Hu X, Leal SC. Survival
percentages of atraumatic restorative treatment (ART) restorations and sealants in
posterior teeth: an updated systematic review and meta-analysis. Clin Oral Investig.
2018;22(8):2703-25.

13. Chisini LA, Collares K, Cademartori MG, de Oliveira LJC, Conde MCM, Demarco
FF, et al. Restorations in primary teeth: a systematic review on survival and reasons for
failures. Int J Clin Pediatr Dent. 2018;28(2):123-39.

14. Mijor IA, Toffentti F. Secondary caries: A literature review with case reports.
Quintessence Int. 2000;31(3).

15. Hickel R, Kaaden C, Paschos E, Buerkle V, Garcia-Godoy F, Manhart J.
Longevity of occlusally-stressed restorations in posterior primary teeth. Am J Dent.
2005;18(3):198.

16. Pires CW, Soldera EB, Bonzanini LIL, Lenzi TL, Soares FZM, Montagner AF, et
al. Is Adhesive Bond Strength Similar in Primary and Permanent Teeth? A Systematic
Review and Meta-analysis. J Adhes Dent. 2018;20(2).

17. Angker L, Nockolds C, Swain MV, Kilpatrick N. Quantitative analysis of the
mineral content of sound and carious primary dentine using BSE imaging. Arch Oral
Biol. 2004;49(2):99-107.

18. Lenzi TL, Camila de Almeida BG, Arana-Chavez VE, Raggio DP. Tubule density
and diameter in coronal dentin from primary and permanent human teeth. Microsc

Microanal. 2013;19(6):1445-9.



64

19. Weerheijm KL, Groen HJ. The residual caries dilemma. Community Dent Oral
Epidemiol. 1999;27(6):436-41.

20. Yesilyurt C, Er K, Tasdemir T, Buruk K, Celik D. Antibacterial activity and
physical properties of glass-ionomer cements containing antibiotics. Oper Dent.
2009;34(1):18-23.

21. de Castilho AR, Dugue C, Negrini Tde C, Sacono NT, de Paula AB, de Souza
Costa CA, et al. In vitro and in vivo investigation of the biological and mechanical
behaviour of resin-modified glass-ionomer cement containing chlorhexidine. J Dent.
2013;41(2):155-63.

22. Hafshejani TM, Zamanian A, Venugopal JR, Rezvani Z, Sefat F, Saeb MR, et al.
Antibacterial glass-ionomer cement restorative materials: A critical review on the current
status of extended release formulations. J Control Release. 2017;262:317-28.

23. Frencken JE, Imazato S, Toi C, Mulder J, Mickenautsch S, Takahashi Y, et al.
Antibacterial effect of chlorhexidine- containing glass ionomer cement in vivo: a pilot
study. Caries Res. 2007;41(2):102-7.

24, NishinoM, SY, S S, J K, M N. Effect of topically applied ammoniacal silver
fluoride on dental caries in children. J Osaka Univ Dent Sch. 1969;9:149-55.

25. Duangthip D. A randomized clinical trial on arresting dentin caries in preschool
children by topical fluorides. HKU Theses Online (HKUTO). 2015.

26. Crystal YO, Niederman R. Evidence-Based Dentistry Update on Silver Diamine
Fluoride. Dent Clin North Am. 2019;63(1):45-68.

27. Rosenblatt A, Stamford T, Niederman R. Silver diamine fluoride: a caries “silver-
fluoride bullet”. J Dent Res. 2009;88(2):116-25.

28. Puwanawiroj A, Trairatvorakul C, Dasanayake AP, Auychai P. Microtensile Bond
Strength Between Glass lonomer Cement and Silver Diamine Fluoride-Treated Carious
Primary Dentin. Pediatr Dent. 2018;40(4):291-5.

29. Puangphimolkij T, Jariyamana C, Teeranuwat P, Arunrukthavon O,
Thanyasrisung P, Poolthong S, Laiteerapong A. Development of a novel glass-ionomer

cement containing silver diamine fluoride. J Dent Res (Spec Iss) 2017: abstract number



65

SEAQ0174, https://iadr.abstractarchives.com/abstract/sea-iadr2018-

3006784/development-of-a-novel-glass-ionomer-cement-containing-silver-diamine-

fluoride.

30. Auychai P, Jitongart C, Khumtrakoon N, Daomanee P, Laiteerapong A., Glass
lonomer Containing Silver Diamine Fluoride Demonstrated Increased Bonding
Efficiency, J Dent Res (Spec Iss) 2019 :abstract number 0704,

https://iadr.abstractarchives.com/abstract/19iags-3186499/glass-ionomer-containing-

silver-diamine-fluoride-demonstrated-increased-bonding-efficiency.

31. Frencken JE. Atraumatic restorative treatment and minimal intervention dentistry.
Br Dent J. 2017;223(3):183-9.

32. Sidhu SK. Glass-ionomers in Dentistry: Springer; 2015.

33. Pitts NB, Ekstrand KR, Foundation I. International Caries Detection and
Assessment System (ICDAS) and its International Caries Classification and Management
System (ICCMS) - methods for staging of the caries process and enabling dentists to
manage caries. Community Dent Oral Epidemiol. 2013;41(1):e41-52.

34. Tyas MJ, Anusavice KJ, Frencken JE, Mount GJ. Minimal intervention dentistry—
a review* FDI Commission Project 1-97. Int Dent J. 2000;50(1):1-12.

35. Longbottom C, Huysmans M-C, Pitts N, Fontana M. Glossary of key terms.
Detection, Assessment, Diagnosis and Monitoring of Caries. 21: Karger Publishers;
2009. p. 209-16.

36. Ismail Al, Tellez M, Pitts NB, Ekstrand KR, Ricketts D, Longbottom C, et al.
Caries management pathways preserve dental tissues and promote oral health.
Community Dent Oral Epidemiol. 2013;41(1):e12-e40.

37. Frencken JE, Peters MC, Manton DJ, Leal SC, Gordan VV, Eden E. Minimal
intervention dentistry for managing dental caries—a review: report of a FDI task group. Int
Dent J. 2012;62(5):223-43.

38. Hesse D, Bonifacio CC, Mendes FM, Braga MM, Imparato JCP, Raggio DP.
Sealing versus partial caries removal in primary molars: a randomized clinical trial. BMC

oral health. 2014;14(1):58.


https://iadr.abstractarchives.com/abstract/sea-iadr2018-3006784/development-of-a-novel-glass-ionomer-cement-containing-silver-diamine-fluoride
https://iadr.abstractarchives.com/abstract/sea-iadr2018-3006784/development-of-a-novel-glass-ionomer-cement-containing-silver-diamine-fluoride
https://iadr.abstractarchives.com/abstract/sea-iadr2018-3006784/development-of-a-novel-glass-ionomer-cement-containing-silver-diamine-fluoride
https://iadr.abstractarchives.com/abstract/19iags-3186499/glass-ionomer-containing-silver-diamine-fluoride-demonstrated-increased-bonding-efficiency
https://iadr.abstractarchives.com/abstract/19iags-3186499/glass-ionomer-containing-silver-diamine-fluoride-demonstrated-increased-bonding-efficiency

66

39. Kidd EA, Fejerskov O. What constitutes dental caries? Histopathology of carious
enamel and dentin related to the action of cariogenic biofilms. J Dent Res. 2004;83 Spec
No C:C35-8.

40. Marcenes W, Kassebaum NJ, Bernabé E, Flaxman A, Naghavi M, Lopez A, et al.
Global burden of oral conditions in 1990-2010: a systematic analysis. J Dent Res.
2013;92(7):592-7.

41, Frencken JE, Songpaisan Y, Phantumvanit P, Pilot T. An atraumatic restorative
treatment (ART) technique: evaluation after one year. Int Dent J. 1994;44(5):460-4.

42. Frencken JE, Pilot T, Songpaisan Y, Phantumvanit P. Atraumatic restorative
treatment (ART): rationale, technique, and development. J Public Health Dent. 1996;56(3
Spec No):135-40; discussion 61-3.

43. de Amorim RG, Leal SC, Frencken JE. Survival of atraumatic restorative
treatment (ART) sealants and restorations: a meta-analysis. Clin Oral Investig.
2012;16(2):429-41.

44, Raggio DP, Hesse D, Lenzi TL, AB Guglielmi C, Braga MM. Is Atraumatic
restorative treatment an option for restoring occlusoproximal caries lesions in primary
teeth? A systematic review and meta-analysis. Int J Paediatr Dent. 2013;23(6):435-43.
45, Frencken JE. The state-of-the-art of ART restorations. Dent Update.
2014;41(3):218-20, 22-4.

46. Phantumvanit P, Songpaisan Y, Pilot T, Frencken JE. Atraumatic Restorative
Treatment (ART): a three-year community field trial in Thailand—survival of one-surface
restorations in the permanent dentition. J Public Health Dent. 1996;56(3):141-5.

47. Lo E, Holmgren C. Provision of Atraumatic Restorative Treatment (ART)
restorations to Chinese pre=school children—a 30-month evaluation. Int J Paediatr Dent.
2001;11(1):3-10.

48. Frencken JE, Leal SC, Navarro MF. Twenty-five-year atraumatic restorative
treatment (ART) approach: a comprehensive overview. Clin Oral Investig.

2012;16(5):1337-46.



67

49. Goldman A, Frencken J, De Amorim R, Leal S. Replacing amalgam with a high-
viscosity glass-ionomer in restoring primary teeth: A cost-effectiveness study in Brasilia,
Brazil. J Dent. 2018;70:80-6.

50. Tonmukayakul U, Arrow P. Cost-effectiveness analysis of the atraumatic
restorative treatment-based approach to managing early childhood caries. Community
Dent Oral Epidemiol. 2017;45(1):92-100.

51. Dorri M, Martinez-Zapata MJ, Walsh T, Marinho VC, Sheiham Deceased A, Zaror
C. Atraumatic restorative treatment versus conventional restorative treatment for
managing dental caries. Cochrane Database Syst Rev. 2017;12:CD008072.

52. Frencken JE, Holmgren CJ. How effective is ART in the management of dental
caries? Community Dent Oral Epidemiol. 1999;27(6):423-30.

53. Anusavice KJ. Does ART have a place in preservative dentistry? Community
Dent Oral Epidemiol. 1999;27(6):442-8.

54. Mickenautsch S, Rudolph MJ, Ogunbodede EO, Frencken JE. The impact of the
ART approach on the treatment profile in a mobile dental system (MDS) in South Africa.
Int Dent J. 1999;49(3):132-8.

55. Hilgert LA, de Amorim RG, Leal SC, Mulder J, Creugers NH, Frencken JE. Is
high-viscosity glass-ionomer-cement a successor to amalgam for treating primary
molars? Dent Mater. 2014;30(10):1172-8.

56. Smales RJ, Yip HK. The atraumatic restorative treatment (ART) approach for the
management of dental caries. Quintessence Int. 2002;33(6):427-32.

57. van Duinen RN, Kleverlaan CJ, de Gee AJ, Werner A, Feilzer AJ. Early and long-
term wear of 'fast-set' conventional glass-ionomer cements. Dent Mater. 2005;21(8):716-
20.

58. de Franga L, Condeixa CM, Schubert EW, Martins AS, Loguercio AD, Reis A, et
al. Randomized Clinical Trial of ART Class Il Restorations Using Two Glass lonomer

Cements: One-Year Follow-Up. Pediatr Dent. 2018;40(2):98-104.



68

59. Mickenautsch S, Yengopal V. Failure rate of high-viscosity GIC based ART
compared with that of conventional amalgam restorations--evidence from an update of a
systematic review. SADJ. 2012;67(7):329-31.

60. Raggio DP, Hesse D, Lenzi TL, Guglielmi CA, Braga MM. Is Atraumatic
restorative treatment an option for restoring occlusoproximal caries lesions in primary
teeth? A systematic review and meta-analysis. Int J Paediatr Dent. 2013;23(6):435-43.
61. Kemoli A, Van Amerongen W, Opinya G. Influence of different isolation methods
on the survival of proximal ART restorations in primary molars after two years. Eur J
Paediatr Dent. 2010;11(3):136-9.

62. Kemoli A, van Amerongen W, Opinya G. Influence of the experience of operator
and assistant on the survival rate of proximal ART restorations: two-year results. Eur J
Paediatr Dent. 2009;10(4):227-32.

63. Kemoli AM, Van Amerongen WE. Influence of the cavity=size on the survival rate
of proximal ART restorations in primary molars. Int J Paediatr Dent. 2009;19(6):423-30.
64. Bonifacio CC, Hesse D, Raggio DP, Bonecker M, Van Loveren C, Van
Amerongen WE. The effect of GIC-brand on the survival rate of proximal-art
restorations. Int J Paediatr Dent. 2013;23(4):251-8.

65. Sengul F, Gurbuz T. Clinical evaluation of restorative materials in primary teeth
class Il lesions. J Clin Pediatr Dent. 2015;39(4):315-21.

66. Farag A, van der Sanden WJ, Abdelwahab H, Frencken JE. Survival of ART
restorations assessed using selected FDI and modified ART restoration criteria. Clin Oral
Investig. 2011;15(3):409-15.

67. Hickel R, Roulet J-F, Bayne S, Heintze SD, Mjor IA, Peters M, et al.
Recommendations for conducting controlled clinical studies of dental restorative
materials. Clin Oral Investig. 2007;11(1):5-33.

68. Lo E, LuoY, Fan M, Wei S. Clinical Investigation of Two Glass—lonomer
Restoratives Used with the Atraumatic Restorative Treatment Approach in China: Two—

Years Results. Caries Res. 2001;35(6):458-63.



69

69. Opdam NJM, Collares K, Hickel R, Bayne SC, Loomans BA, Cenci MS, et al.
Clinical studies in restorative dentistry: New directions and new demands. Dent Mater.
2018;34(1):1-12.

70. Boon C, Visser N, Kemoli A, van Amerongen W. ART class Il restoration loss in
primary molars: re-restoration or not? Eur J Paediatr Dent. 2010;11(5):228-31.

71. KENT B, WILSON A. The Properties of a GIC. Br Dent J. 1973(135):322-6.

72. Nicholson JW. Chemistry of glass-ionomer cements: a review. Biomaterials.
1998;19(6):485-94.

73. Young A, Sherpa A, Pearson G, Schottlander B, Waters D. Use of Raman
spectroscopy in the characterisation of the acid—base reaction in glass-ionomer
cements. Biomaterials. 2000;21(19):1971-9.

74. Tyas MJ, Burrow MF. Adhesive restorative materials: a review. Aust Dent J.
2004;49(3):112-21; quiz 54.

75. Frankenberger R, Sindel J, Kramer N. Viscous glass-ionomer cements: a new
alternative to amalgam in the primary dentition? Quintessence Int. 1997;28(10):667-76.
76. Sidhu SK, Nicholson JW. A review of glass-ionomer cements for clinical
dentistry. J Func Biomater. 2016;7(3):16.

7. Olegario IC, Malagrana APVFP, Kim SSH, Hesse D, Tedesco TK, Calvo AFB, et
al. Mechanical properties of high-viscosity glass ionomer cement and nanoparticle glass
carbomer. J Nanomater. 2015;16(1):37.

78. van't Hof MA, Frencken JE, Helderman WHvP, Holmgren CJ. The atraumatic
restorative treatment (ART) approach for managing dental caries: a meta-analysis. Int
Dent J. 2006;56(6):345-51.

79. Croll TP, Nicholson JJPd. Glass ionomer cements in pediatric dentistry: review of
the literature. 2002;24(5):423-9.

80. Van de Sande F, Opdam N, Da Rosa Rodolpho P, Correa M, Demarco F, Cenci

M. Patient risk factors’ influence on survival of posterior composites. J Dent Res

2013:92(7_suppl):S78-S83.



70

81. Yip HK, Smales RJ. Glass ionomer cements used as fissure sealants with the
atraumatic restorative treatment (ART) approach: review of literature. Int Dent J.
2002;52(2):67-70.

82. Raggio DP, Tedesco TK, Calvo AFB, Braga MM. Do glass ionomer cements
prevent caries lesions in margins of restorations in primary teeth?: A systematic review
and meta-analysis. J Am Dent Assoc. 2016;147(3):177-85.

83. Yamaga R, Nishino M, Yoshida S, Yokomizo |. Diammine silver fluoride and its
clinical application. J Osaka Univ Dent Sch. 1972;12:1-20.

84. Diammine Silver Fluoride Dental Hypersensitivity Varnish: U.S. Food and Drug
administration; 2014 [updated 01/21/2019. Available from:

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfim?ID=K102973.

85. Duangthip D, Chu CH, Lo EC. A randomized clinical trial on arresting dentine
caries in preschool children by topical fluorides--18 month results. J Dent. 2016;44:57-
63.

86. Llodra J, Rodriguez A, Ferrer B, Menardia V, Ramos T, Morato M. Efficacy of
silver diamine fluoride for caries reduction in primary teeth and first permanent molars of
schoolchildren: 36-month clinical trial. J Dent Res. 2005;84(8):721-4.

87. Mei ML, Ito L, Cao Y, Li QL, Lo EC, Chu CH. Inhibitory effect of silver diamine
fluoride on dentine demineralisation and collagen degradation. J Dent. 2013;41(9):809-
17.

88. Chu CH, Mei L, Seneviratne CJ, Lo EC. Effects of silver diamine fluoride on
dentine carious lesions induced by Streptococcus mutans and Actinomyces naeslundii
biofilms. Int J Paediatr Dent. 2012;22(1):2-10.

89. Chu C, Lo EC. Microhardness of dentine in primary teeth after topical fluoride
applications. J Dent. 2008;36(6):387-91.

90. Mei ML, Li Q-I, Chu C-H, Lo E-M, Samaranayake LP. Antibacterial effects of
silver diamine fluoride on multi-species cariogenic biofilm on caries. Ann Clin Microbiol

Antimicrob. 2013;12(1):4.


https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm?ID=K102973

71

91. Mei ML, Chu CH, Low KH, Che CM, Lo EC. Caries arresting effect of silver
diamine fluoride on dentine carious lesion with S. mutans and L. acidophilus dual-
species cariogenic biofilm. Med Oral Patol Oral Cir Bucal 2013;18(6):e824.

92. Featherstone JD. The science and practice of caries prevention. J Am Dent
Assoc. 2000;131(7):887-99.

93. Mei ML, Lo EC, Chu CH. Clinical Use of Silver Diamine Fluoride in Dental
Treatment. Compend Contin Educ Dent. 2016;37(2):93-8; quiz100.

94, Vasquez E, Zegarra G, Chirinos E, Castillo JL, Taves DR, Watson GE, et al. Short
term serum pharmacokinetics of diammine silver fluoride after oral application. BMC
Oral Health. 2012;12(1):60.

95. Mei ML, Ito L, Cao Y, Lo EC, Li QL, Chu CH. An ex vivo study of arrested primary
teeth caries with silver diamine fluoride therapy. J Dent. 2014;42(4):395-402.

96. Milgrom P, Horst JA, Ludwig S, Rothen M, Chaffee BW, Lyalina S, et al. Topical
silver diamine fluoride for dental caries arrest in preschool children: A randomized
controlled trial and microbiological analysis of caries associated microbes and
resistance gene expression. J Dent. 2018;68:72-8.

97. Mei ML, Zhao IS, Ito L, Lo EC, Chu CH. Prevention of secondary caries by silver
diamine fluoride. Int Dent J. 2016;66(2):71-7.

98. Fung MHT, Duangthip D, Wong MCM, Lo ECM, Chu CH. Arresting Dentine
Caries with Different Concentration and Periodicity of Silver Diamine Fluoride. JDR Clin
Trans Res. 2016:1(2):143-52.

99. Ching HS, Luddin N, Kannan TP, Ab Rahman |, Abdul Ghani NR. Modification of
glass ionomer cements on their physical-mechanical and antimicrobial properties. J
Esthet Restor Dent 2018.

100. Eick S, Glockmann E, Brandl B, Pfister W. Adherence of Streptococcus mutans
to various restorative materials in a continuous flow system. J Oral Rehabil.

2004;31(3):278-85.



72

101.  Marti LM, Mata M, Ferraz-Santos B, Azevedo ER, Giro EM, Zuanon AC. Addition
of chlorhexidine gluconate to a glass ionomer cement: a study on mechanical, physical
and antibacterial properties. Braz Dent J. 2014;25(1):33-7.

102. Botelho M. Compressive strength of glass ionomer cements with dental
antibacterial agents. J Dent Assoc S Afr. 2004;59(2):51-3.

103. Taifour D, Frencken J, Beiruti N, Van‘t Hof M, Truin G. Effectiveness of glass-
ionomer (ART) and amalgam restorations in the deciduous dentition: results after 3
years. Caries Res. 2002;36(6):437-44.

104. Honkala E, Behbehani J, Ibricevic H, Kerosuo E, Al-Jame G. The atraumatic
restorative treatment (ART) approach to restoring primary teeth in a standard dental
clinic. Int J Paediatr Dent. 2003;13(3):172-9.

105.  Ersin NK, Candan U, Aykut A, Eronat C, Kose T. A clinical evaluation of resin-
based composite and glass ionomer cement restorations placed in primary teeth using
the ART approach: results at 24 months. J Am Dent Assoc. 2006;137(11):1529-36.
106. Deepa G, Shobha T. A clinical evaluation of two glass ionomer cements in
primary molars using atraumatic restorative treatment technique in India: 1 year follow
up. Int J Paediatr Dent. 2010;20(6):410-8.

107. Hilgert LA, de Amorim RG, Leal SC, Mulder J, Creugers NH, Frencken JE. Is
high-viscosity glass-ionomer-cement a successor to amalgam for treating primary
molars? Dent Mater J. 2014;30(10):1172-8.

108. Molina GF, Faulks D, Mazzola |, Cabral RJ, Mulder J, Frencken JE. Three-year
survival of ART high-viscosity glass-ionomer and resin composite restorations in people
with disability. Clin Oral Investig. 2018;22(1):461-7.

109. Teare M, Hayman A, Dimairo M, Shephard N, Whitehead A, Walters S. Sample
size requirements for pilot randomised controlled trials with continuous outcomes: a
simulation study. Trials. 2013;14(1):P46.

110. Schulz K, Altman D, Moher D. CONSORT 2010 statement: updated guidelines

for reporting parallel group randomised trials. . Br Med J. 2010.



73

111.  Pitts N, Ekstrand K, Foundation I. International Caries Detection and Assessment
System (ICDAS) and its International Caries Classification and Management System
(ICCMS)-methods for staging of the caries process and enabling dentists to manage
caries. Community Dent Oral Epidemiol. 2013;41(1):e41-e52.

112. Mickenautsch S, Grossman E. Atraumatic Restorative Treatment (ART): factors
affecting success. J Appl Oral Sci. 2006;14(SPE):34-6.

113.  Organization WH. Oral health surveys: basic methods: World Health
Organization; 2013.

114. Ainamo J, Bay I. Problems and proposals for recording gingivitis and plaque. Int
Dent J. 1975;25(4):229-35.

115. Walsh LJ, Brostek AM. Minimum intervention dentistry principles and objectives.
Aust Dent J. 2013;58 Suppl 1:3-16.

116. Ashby D. Practical statistics for medical research. Douglas G. Altman, Chapman
and Hall, London, 1991. Statistics in medicine. 1991;10(10):1635-6.

117. Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics. 1977:33(1):159-74.

118.  Frencken JE, Holmgren CJ. ART: a minimal intervention approach to manage
dental caries. Dent Update. 2004;31(5):295-8, 301.

119. Frencken JE, Leal SC. The correct use of the ART approach. J Appl Oral Sci.
2010;18(1):1-4.

120. Lo EC, Holmgren CJ. Provision of Atraumatic Restorative Treatment (ART)
restorations to Chinese pre-school children--a 30-month evaluation. Int J Paediatr Dent.
2001;11(1):3-10.

121. Da Franca C, Colares V, Van Amerongen E. The operator as a factor of success
in ART restorations. Brazilian Journal of Oral Sciences. 2011:10(1):60-4.

122. Bonifacio CC, Hesse D, Raggio DP, Bonecker M, van Loveren C, van
Amerongen WE. The effect of GIC-brand on the survival rate of proximal-ART

restorations. Int J Paediatr Dent. 2013;23(4):251-8.



74

123. Roeleveld AC, van Amerongen WE, Mandari GJ. Influence of residual caries and
cervical gaps on the survival rate of Class Il glass ionomer restorations. Eur Arch
Paediatr Dent. 2006;7(2):85-91.

124. Kemoli AM, Amerongen WE. Effects of oral hygiene, residual caries and cervical
Marginal-gaps on the survival of proximal atraumatic restorative treatment approach
restorations. Contemp Clin Dent. 2011;2(4):318-23.

125.  Freitas M, Fagundes TC, Modena K, Cardia GS, Navarro MFL. Randomized
clinical trial of encapsulated and hand-mixed glass-ionomer ART restorations: one-year
follow-up. J Appl Oral Sci. 2018;26:€20170129.

126. Hesse D, Bonifacio CC, Bonecker M, Guglielmi Cde A, da Franca C, van
Amerongen WE, et al. Survival Rate of Atraumatic Restorative Treatment (ART)
Restorations Using a Glass lonomer Bilayer Technique with a Nanofilled Coating: A Bi-
center Randomized Clinical Trial. Pediatr Dent. 2016;38(1):18-24.

127. Kemoli AM, Opinya GN, van Amerongen WE, Mwalili SM. Two-year survival rates
of proximal atraumatic restorative treatment restorations in relation to glass ionomer
cements and Postrestoration meals consumed. Pediatr Dent. 2011;33(3):246-51.

128. Saetiew S, Chankanka O, Srisommai P, Paiboonwarachart D, Factors Affecting
the Failure of Class Il SMART Restorations in Mandibular Primary Molar Teeth in
Preschoolers Participating in the Dental Proactive Project of Public Health Region 12. J
DENT ASSOC THAI. 2020;70(01):26-35.

129. Carvalho TS, Sampaio FC, Diniz A, Bonecker M, Van Amerongen WE. Two years
survival rate of Class Il ART restorations in primary molars using two ways to avoid saliva
contamination. Int J Paediatr Dent. 2010;20(6):419-25.

130. Tyas MJ. Placement and replacement of restorations by selected practitioners.
Aust Dent J. 2005;50(2):81-9; quiz 127.

131. Alm A, Wendt LK, Koch G, Birkhed D. Prevalence of approximal caries in
posterior teeth in 15-year-old Swedish teenagers in relation to their caries experience at

3 years of age. Caries Res. 2007;41(5):392-8.



75

132.  Tyas MJ. Milestones in adhesion: glass-ionomer cements. J Adhes Dent.
2003;5(4):259-66.

133.  Chibinski AC, Wambier LM, Feltrin J, Loguercio AD, Wambier DS, Reis A. Silver
Diamine Fluoride Has Efficacy in Controlling Caries Progression in Primary Teeth: A
Systematic Review and Meta-Analysis. Caries Res. 2017;51(5):527-41.

134. Oliveira BH, Rajendra A, Veitz-Keenan A, Niederman R. The Effect of Silver
Diamine Fluoride in Preventing Caries in the Primary Dentition: A Systematic Review and
Meta-Analysis. Caries Res. 2019;53(1):24-32.

135. Sinha N, Gupta A, Logani A, Shah N. Remineralizing efficacy of silver diamine
fluoride and glass ionomer type VII for their proposed use as indirect pulp capping
materials - Part Il (A clinical study). J Conserv Dent. 2011;14(3):233-6.

136. Zhao IS, Gao SS, Hiraishi' N, Burrow MF, Duangthip D, Mei ML, et al.
Mechanisms of silver diamine fluoride on arresting caries: a literature review. Int Dent J.
2017.

137. Duangthip D, Gao SS, Lo EC, Chu CH. Early childhood caries among 5- to 6-
year-old children in Southeast Asia. Int Dent J. 2017;67(2):98-106.

138.  Seifo N, Robertson M, MacLean J, Blain K, Grosse S, Milne R, et al. The use of
silver diamine fluoride (SDF) in dental practice. British Dental Journal. 2020;228(2):75-
81.

139. Hilgert LA, Frencken JE, de Amorim RG, Mulder J, Leal SC. A study on the
survival of primary molars with intact and with defective restorations. Int J Paediatr Dent.
2016;26(5):383-90.

140. van Gemert-Schriks MC, van Amerongen WE, ten Cate JM, Aartman IH. Three-
year survival of single- and two-surface ART restorations in a high-caries child
population. Clin Oral Investig. 2007;11(4):337-43.

141.  Wilson AD, Prosser HJ, Powis DM. Mechanism of adhesion of polyelectrolyte
cements to hydroxyapatite. J Dent Res. 1983;62(5):590-2.

142. Kleverlaan CJ, van Duinen RN, Feilzer AJ. Mechanical properties of glass

ionomer cements affected by curing methods. Dent Mater. 2004;20(1):45-50.



76

143.  Gjorgievska E, Van Tendeloo G, Nicholson JW, Coleman NJ, Slipper IJ, Booth
SJM, et al. The incorporation of nanoparticles into conventional glass-ionomer dental
restorative cements. 2015;21(2):392-406.

144.  Gjorgievska E, Van Tendeloo G, Nicholson JW, Coleman NJ, Slipper IJ, Booth S.
The incorporation of nanoparticles into conventional glass-ionomer dental restorative

cements. Microscopy and Microanalysis. 2015;21(2):392-406.



APPENDICES

7



Appendix A

Data Collection Forms

78



6.

® v & [ ‘ ok .
o\%jaahﬂhﬁcﬂ\m\@ﬁﬁzﬁg ey J xﬁgcr@v@@Eﬁwrrt?@t?@cczmﬁg BY W THRYI[LT €SVYADI MY BY P :8p0D

=yuwp
s/ 12 €L zL VL 18 z8 €8 78 S8 o1ep yuIg
9 9 €9 29 19 1S zs €s 7S ss ‘o1
EEN
=ywp
s/ 12 €L 2L VL 18 z8 €8 78 S8 o
59 9 €9 29 19 1S Zs €9 7S ele ol
EEN
=ywp
s/ 12 €L 2L VL 18 z8 €8 78 s8 o1ep UG
59 9 €9 29 19 1S zs €9 7S e ol
"sweN
=jup
s/ ) €l 2L 9] 18 z8 €8 78 S8 o1ep yuig
9 9 €9 29 19 1S zs €9 S Sg oL
"sweN
elep y1ea| uoneuwoju| asen
............ SSBJ e OO e 1]

Buiusaos bEeWELUUKMILINT

W04 uoneuiwexy |eiQ



08

a@@hrczohrﬁWV@FﬂﬁOSQﬁ@chﬁﬂﬂﬂj
~ = [ 4 % & o

SWI0 UoNewW.oU| [ejauss) juedionied

3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
3|alal3
100} P Jequinu Jaquinu (W/A) | (AAWIN/QQ)
PeYoeIes | oo uoisnioul oujeseg | @uoydelal |  uopeoynusp oby | elepyulg | Jopued oweujse] aweN oseo
............ SB[ v (QOQG s gl



aAnesadooo-uou Ajgliulep = -~ ‘aAneladood-uou = - ‘eAneladood = + ‘aAneladood Alybiy = +‘+ Joireyag puel

019-40S = g "0ID =V :[euslei\

X / NO v8 ++ v I

G8'1v8'GL 'Y/
ON ‘SeA ON 'S8\ ao ‘o G9'9'GS v = «8 v

10BIUOD [BWIXO0Id 4100} BuipnjooQ | 8oeung 4100) palos|eg yYwp suleseg | Joineyag | [eusiepy | esen

LRIUZELULWATL T8 BLLELUNEELBIFIURB UM

swio4 Bulploosy juswies. |



Z8

(3) Pepn|ox3 ‘(4) ainjied ‘(S) SS820NS UOISN|OU0D aouUBWIOLSad

"(Go|geL) 9100 BLBIID [ MY PAUIPO 8y} Buimolio) pal|ly 84 (M eleq

S X / NO 78 ++ |
g
uoISN|ou09 q (X) ON (X) ON ao 8'78'GL 'y
oouewloped (8| L |9 |G (/) saA (/) saA ‘WO | S9'V9'GG'PS | —~'+++ | o|dwex3
dn-mo||04 10BJU0D yio0) 6 ) 4100}
yluow-9 jewixodd | uipnjooO | oeung 8108|183 Joineyaqg myLy

fLEYI O BMELWWYTE T4 3

BLELUNLELBIMYRBLULAMLY
~ S Vs % ® = o

swio4 Buiploosy uonenjea]

:9p0)D



Appendix B

Consent Forms

83



84

School Consent Letter
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Parent/Guardian Consent Form
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nd/or amended as follows in compliance with the ICH/GCP

: Clinical evaluation of two glass ionomer cement

restorations placed in primary molars with atraumatic
restorative treatment technique: a randomized controlled
trial

: HREC-DCU 2019-017

¢ Chulalongkorn University

: Miss Manarin Chitwannapa
: March 25, 2019

: May 3, 2019

: May 2, 2021

L - Bhitg)

(Assistant Professor D{./Kanokpom Bhalang)
Chairman of Ethics Committee
Associate Dean for Research

*A list of the Ethics Committee members (names and positions) present at the Ethics Committee

ting on the date of approval of this study has been attached (upon requested). This Study Protocol
proval Form will be forwarded to the Principal Investigator

proval is granted subject to the following conditions: (see back of the approval)

88



Appendix C

Clinical and Statistical Results

89



(/. guesw)
1'9L 196 €8 00l z06 00l SHdSN ‘e 1o uisig do X 1In4 paxiW-pueH | |00Yog 9002 S
AOL-9
(,'G ueaw)
€8 16 6'88 £'Z6 - - BLOIIO [HY |e 19 ejejuoH x8|4way) paxiw-pueH | oD €002 4
A6-C
Jejojnoelay
09 16 zl G6 - - BLSIIO 1YY AL-9 ‘|e 18 Jnojie ] paxiw-pueH | oWl0 2002 €
pue x| 1in4
(Wyz) ¥00T 'fe 18 NA
GG 76 g9 76 - - SHdSN Je|o|\ OBIS) ensdeo ol 002
‘(wgl) zooz "leie diA
(WtZ) ¥00Z 18 18 NA
6t 68 99 G6 - ) SH4SN A6~ do x| 1in4 e|nsdeo ol 002 z
‘(wzl) 200z ‘e ¥e dix
(Wyz) L00Z ‘e 18 07
9Zy z6 G'19 168 - - BLOIIO [HY do X 1in4 pexiw-puey | |0040S | L00Z- 6661
‘(wezl) 6661 ‘e 1o on
(Wt2) L00Z 18 1o o7
Ly 96 9 9'96 - - BLSIIO [ YV AVL-9 x8|4way) pexiw-puey | |0040S | L0O0Z-6661 L
‘(wzl) 6661 ‘e 1o on
aoeuns aoepuns QoelNsS | @oeuns | adeuns | aoseuns elsID aby Joyiny |leusjew jo pueig leusjew Bumes e\ "'ON
so|dwes 10 adA]
s dnnA | ®buls | sdmnn | 8lbuls | sdnin | 8lbuis
wyg wyg wgl wgl wg wg

06

JusWwa) Jawouo| ssejs) Buisn suoneio)sal | Yy 10 Selpnis palejey




L6

vl 61 4% v 79 Gg BLOIIO [V AV-€ |e 1o Buelr Dl9+4asiesnaid | pexiw-pueH | [00yog 0202
vl 05 44 Gl 59 G8 BLOIIO [ YV AV-€ ‘|e 1o Buelr Jejow oeIey | pexiw-pueH | |00yos 0202 Ll
¥'59 6 69/ 7'96 = = |e 18 wuowyeq 219 VA B HS 8102 «
(Agueaw)
- - 98 - €8 - BLSIIO 1YY |e 18 sedo II4 VINO3 einsde) | |00yos 8102 ol
AOL-9
%00y [weyo
9’18 00l 9’18 00l G'Z6 00l BLSIIO 1YY NOHS ‘|e 19 eullon einsde) oo 1102 6
Jwaishs vIND3
(89 XiwAses
z'99 7'e6 6°08 286 G568 L'66 | eusluo 1YY ‘e 18 1ebiiH einsde) | peXIN | LLOZ-¥LOZ 8
uesuwl) A/-9 Jejow oe}ay|
(eg
- - G'88 676 - - BLSIIO | YV eyqoys pue edseq x| 1ng4 paxiW-puBH | |00YoS 010z i
ueaw) A6-¥
eus)o
- - Le z8 ¥9 G6 Aiojoeysies A9 ‘|8 1o sezaus |\ Jejow oeley | pexiw-pueH | owWID 9002 9
umQ
aoeuns 2oeuNns 90BlNS | 8oeuns | 8deuns | adeuns eusylD aby Joyiny |lelsjew Jo puelsg |lelsjew Bumes Jea A "'ON
sa|dwes 10 adA]
s dnnA | ®buls | sdmnn | 8lbuls | sdnin | 8lbuis
wyg wyg wgl wgl wg wg




c6

= - €19 = 129 = BLBIIO | Y A8-€ AQNLS ¥NO 219-4as pexiW-pueH | [00yos 020z
= - 189 = eeL = BUBJIO |V A8-€ AQNLS ¥NO do Xi 14 paxiW-pueH | [00Yos 0202 4}
aoeuns 2oeuNns 90BlNS | 8oeuns | 8deuns | adeuns eusylD aby Joyiny |lelsjew Jo puelsg |lelsjew Bumes Jea A "'ON
sa|dwes 10 adA]
s dnnA | ®buls | sdmnn | 8lbuls | sdnin | 8lbuis
wyg wg wzl wzl wg w9




€6

89/87 | L1/2S | (0°18-€8S) | (L'E€8-¥'L9) | LL/SS |  £9/0S (698-0099) | (G'¥8-G¢9) | (L'9AS'V'€C L'0/ESC'L'0) | dd+SS900NS=eG'Z'L'0
%90/ %2 €L %S L. %9 7.

GLI8Y | SL2S | (8'¥L-1'2S) | (§61-972G) | GL/ISS | GL/0S (6'28-6'19) | (L'22-8%S) | (8°2'9'd5'¥'€'C'1'0/€G'2'1'0) | LLI+SS800Ns=eG'Z'L'0
%19 %€ 69 %E €L %299

89V | LL9Y | (6°GL-C2S) | (8G4-6CS) | LL/SS | L9/L¥ (698-0'99) | (£°08-2'LS) (£-0/2°1'0) |020j01d Jod
%~ %9 %8 79 %S'L. %10/

Slvy | SL9Y | (669-L9Y) | (¥eLv6y) | SL/SS | SL/LY (628-6'19) | (9°€2-2°09) (8-0/2°1'0) Jeau} 0} uonusBU|
%.'8S %< 19 %E'EL %129

219 | 019-4as 219 019-40S | 219 | 219-4as 219 019-4as

||e/sse00Nng (10%G6) 81el sseoons ||e/ssao0ns (10%G6) 818y SS820NS

wel

w9

B1I8]110 SS900NS JUBJBYIP 0] BUIPIOOOE SUONEIOISal JO S]] SS900NS




Subgroup analysis according to

1. Baseline caries experience (dmft) score at 6 and 12 months

94

6 months 12 months
SDFGI Gl SDFGI Gl

dmft | Success Success Success Success

(n=47) % (n=55) % p-value (n=46) % (n=44) % p-value
1 2 4.3% 1 1.8% 0.468 2 4.3% 1 2.3% 0.584
2 1 2.1% 4 7.3% 0.230 1 2.2% 4 9.1% 0.152
3 9 19.1% 3 55% | 0.032* 7 15.2% 3 6.8% 0.205
4 4 8.5% 5 9.1% 0.918 4 8.7% 5 11.4% 0.673
5 3 6.4% 6 10.9% | 0.422 5 10.9% 5 11.4% 0.941
6 2 4.3% 7 12.7% 0.133 2 4.3% 4 9.1% 0.367
7 5 10.6% 5 9.1% 0.793 5 10.9% 4 9.1% 0.779
8 6 12.8% 4 7.3% 0.352 6 13.0% 4 9.1% 0.551
9 3 6.4% 4 7.3% 0.859 4 8.7% 2 4.5% 0.430
10 2 4.3% 4 7.3% 0.519 2 4.3% 2 4.5% 0.964
11 4 8.5% 5 9.1% 0.918 5 10.9% 5 11.4% 0.941
12 3 6.4% 3 5.5% 0.843 1 2.2% 1 2.3% 0.975
14 1 2.1% 2 3.6% 0.653 0 0.0% 2 4.5% 0.144
15 0 0.0% 1 1.8% 0.353 0 0.0% 1 2.3% 0.304
16 1 2.1% 1 1.8% 0.911 1 2.2% 1 2.3% 0.975
19 1 2.1% 0 0.0% 0.277 1 2.2% 0 0.0% 0.325




2. Baseline caries experience group at 6 months

Success 6 months

p-value
SDFGI (n=47) Gl (n=55)
n % n %
dmft =3 44 93.6% 50 90.9% 0.612
<3 3 6.4% 5 9.1%
dmft 24 35 74.5% 47 85.5% 0.164
<4 12 25.5% 8 14.5%
dmft 25 31 66.0% 42 76.4% 0.246
<5 16 34.0% 13 23.6%
dmft 26 28 59.6% 36 65.5% 0.540
<6 19 40.4% 19 34.5%
dmft =7 26 55.3% 29 52.7% 0.794
<7 21 44.7% 26 47.3%
dmft =8 21 44.7% 24 43.6% 0.916
<8 26 55.3% 31 56.4%
dmft 29 15 31.9% 20 36.4% 0.637
<9 32 68.1% 35 63.6%
dmft 210 12 25.5% 16 29.1% 0.688
<10 35 74.5% 39 70.9%
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3. Baseline caries experience group at 12 months

Success 12 months

p-value
SDFGI (n=46) Gl (n=44)
n % n %
dmft 23 43 93.5% 39 88.6% 0.420
<3 3 6.5% 5 11.4%
dmft 24 36 78.3% 36 81.8% 0.673
<4 10 21.7% 8 18.2%
dmft 25 32 69.6% 31 70.5% 0.927
<5 14 30.4% 13 29.5%
dmft 26 27 58.7% 26 59.1% 0.970
<6 19 41.3% 18 40.9%
dmft 27 25 54.3% 22 50.0% 0.680
<7 21 45.7% 22 50.0%
dmft =38 20 43.5% 18 40.9% 0.805
<8 26 56.5% 26 59.1%
dmft =9 14 30.4% 14 31.8% 0.887
<9 32 69.6% 30 68.2%
dmft 210 10 21.7% 12 27.3% 0.541
<10 36 78.3% 32 72.7%
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