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Abstract

Aim: The aim of the study was to evaluate and compare the effect of conventional glass ionomer 
cement and Nano-glass ionomer using atraumatic restorative technique (ART) in a group of Egyptian 
autistic children. 

Materials and Methods: Thirty autistic patients had cavitated lower first primary molars (class I 
only) were included in this study. According to the type of restorative material used, the children were 
classified into 2 groups: (Group I) their teeth were restored with conventional glass ionomer, (Group II) 
their teeth were restored with Nano-glass ionomer (ketac N 100). All children were checked clinically, 
radio graphically and for bacterial count evaluation at baseline (before treatment) and after 1 week, 2 
weeks, 1 month, 3 months and 6 months. 

Results: After 6 months, group I showed statistically significant higher prevalence of pain, food 
stagnation, restoration defects and widening of lamina dura than group II while for bacterial count 
evaluation, the microbiological assay results show there was no statistically significant difference 
between the two groups. 

Conclusion: The results indicate that Nano-glass ionomer can be considered a successful 
alternative restorative material for ART technique with promising results in treatment of children with 
autistic spectrum disorder.

since it requires little setup time and the equipment is portable. It 
might help to reduce barriers to treatment of patients with disabilities 
and young and uncooperative children in which fear and anxiety are 
the reasons behind the unmanageable behaviors of children in the 
dental chair [8,9].

 The prevalence of autism has been increasing drastically over the 
past few decades. Due to tremendous lack of awareness, this special 
group is often neglected. Few studies over the past years showed a 
higher rate of oral diseases among the autistic patients [10]. Autism 
specifically affects brain function in the areas responsible for the 
development of communication and social interaction skills. The 
hallmark of autism is the lack of communication skills. Affected 
children also have problems with language, behavior and social 
skills [11]. Most recent studies of centers for Disease Control and 
Prevention suggest that children who meet the Autistic Disorder 
criteria range in numbers of up to 12 per 1,000 children, worldwide. 
Prevalence rates per country are difficult to determine. Wong [12], 
and Posserud et al. [13], calculated and identified respective country’s 
approximate prevalence rates of autism diagnoses of children living 
in other countries throughout the world and combined as follows: 
Australia: 6.25 in 1000, China: 1.1 in 1000, Denmark: Nearly 9 in 1000, 
India: 1 in 250, Canada: 1 in 154 and Sweden: 1 in 188. In autistic 
patients unpleasant stimuli, such as the injection of local anesthesia 

Introduction
Atraumatic restorative treatment (ART) is an alternative 

treatment for dental caries used to remove demineralized and 
insensitive outer carious dentin with hand instruments only. 
Therefore, no electricity or anesthesia is required and pain, usually 
experienced in conventional cavity preparation, is kept to a 
minimum. Originally, ART was developed for use in developing rural 
countries. More recently, ART has become increasingly accepted in 
developed countries because of its “atraumatic” approach in relation 
to the stress and pain experienced by patients [1,2]. ART consists 
of caries removal using hand instrument combined with the use of 
a modern restorative material with adhesive characteristics. High 
viscosity glass ionomer cement (HVGIC) is the material of choice 
for atraumatic restorative treatment due to properties such as 
biocompatibility, chemical adhesion to tooth structures, and fluoride 
release and uptake. HVGICs still have many disadvantages such as 
final polishing, short working time, slow development of ultimate 
properties and moisture dehydration resulted in micro-cracks [3-6]. 
Nano-ionomer is the latest development in a long history of glass 
ionomer technology. Nanotechnology provides some value added 
features not typically associated with glass ionomer restorative 
materials such as improved polish and aesthetics, abrasion resistance, 
strength, optical properties, and increased fluoride release [7]. 
Schools or clinics in the community may benefit from ART programs 
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or the noise and vibration of rotary instruments, may provoke 
disproportionate anxiety and subsequent opposition to treatment. In 
addition, poor muscle coordination, fatigability or oral dysfunction 
such as drooling and tongue movement, may compromise restorative 
procedures [14]. Finally ART is almost painless and may be useful 
to treat children, particularly those who present with management 
problems, and it could also be extended as an alternative treatment 
in school dental services, homes for mentally and physically disabled, 
and the elderly.

 The aim of the study was to evaluate and compare the effects 
of conventional glass ionomer restorative material and Nano-glass 
ionomer using atraumatic restorative technique (ART) in a group of 
Egyptian children with autistic spectrum disorder. 

Materials and Methods
 Thirty autistic patients aged from 4-6 years [before the eruption 

of the first molar] who were attending rehabilitation institute (Hack 
Awladna) under supervision of both Ministry of Social Solidarity 
and World Health Organization were included in this investigation. 
Informed written consent for participating in the study was taken 
from their parents. The protocol of the research project followed the 
guidelines of scientific committee of Suez Canal University, Faculty 
of Dentistry (an institutional review board) and has been approved 
by this committee. The children included in this study fulfilled the 
following criteria: a-Except for autism, they were apparently healthy 
children (past and present medical history were taken). B-There was 
no history of antibiotic intake (4-6 weeks). c-They used to brush their 
teeth twice daily. d-They were under fiber and protein enriched food, 
low sugar intake diet. e-They had carious and cavitated lower first 
primary molars (D) class I only. f-They had no signs or symptoms for 
pulpal involvement. All children had both clinical and radiographic 
examination “periapical radiograph” for the carious molars before 
treatment, also collection of salivary samples by Dentocult strips 
for streptococcus mutans (SM) were done. The dental caries was 
measured using the decayed, missed, and filled teeth index (dmft) for 
primary dentitions, according to the codes and criteria established by 
the World Health Organization [15]. A tooth was considered decayed 
when there was frank carious cavitation, as missing if it was extracted 
due to caries and as filled if it had a restoration for a carious lesion. 
Exfoliated teeth in the primary and mixed dentition, unerupted, and 
those extracted for other reasons apart from caries were not included 
in the indices. 

According to the type of restorative material used, the children 
were classified randomly into 2 groups: (Group I) consisted of 15 
children with autistic spectrum disorder; their teeth were restored with 
conventional glass ionomer (GC AMERICA INC, conventional glass 
ionomer restorative material). (Group II) consisted of 15 children 
with autistic spectrum disorder; their teeth were restored with Nano-
glass ionomer (3M ESPE-Germany Ketac N 100 restorative kit Nano 
filling restorative glass ionomer). Each child, accompanied by his/her 
teacher or even one of the parents, was brought to the examination 
room and was seated on a comfortable chair in upright position. 
A tell–show–do technique was used with all the children. Multiple 
diagnostic kits were used for examination, including plane dental 
mirror, explorer and tweezers. The examination of the soft and 

hard tissues was done under flash light and regular room light. The 
undermined enamel of lower (D) was removed by small chisel, while 
the soft dentine on both walls and the floor of the cavity was removed 
by a small spoon excavator. The cavity was rinsed with water using a 
cotton pellet, making sure that all soft dentine was removed from the 
cavity. Mixing was done for both types of the glass ionomer materials 
according to manufacturing instructions. The cavity was filled with 
the conventional glass ionomer by a condenser while nano-glass 
ionomer was applied by a special disposable plastic applicator for the 
kit. The restoration was pressed into the cavity against the walls, and 
then allowed to be hardened as in the conventional glass ionomer 
group as it is chemically cured or using light cure for the ketac N 100 
group to allow the final setting of the restoration. All children were 
checked clinically, radio graphically and for bacterial count evaluation 
at baseline (before treatment) and after 1 week, 2 weeks, 1 month, 3 
month and 6 month. Clinical evaluation was done by assessment for 
pain experience (presence or absence), food stagnation (presence or 
absence visually) and restoration defects (chipping margins, attrition 
of restoration, cracked restoration and lost restoration). Radiographic 
evaluation was done by assessment of any changes of the lamina dura 
and periradicular area. Bacterial evaluation was done to determine 
the Streptococcus mutans count in saliva by using Dentocult strips 
(NORTH BAY/Bioscience, LLC, Orion Diagnostic, Dentocult SM 
kit) according to the manufacturers’ chart. After incubation time, 
the presence of the Streptococcus mutans was confirmed by detecting 
light-blue to dark-blue raised colonies on the inoculated surface of 
the strip. Colonies suspended in the culture broth were excluded 
from the evaluation. The microbiological results were evaluated 
according to the manufacturers’ chart (Figure 1). Qualitative data 
were presented as frequencies and percentages. Chi-square (x 2) test 
was used for comparisons between the two groups. The significance 
level was set at P ≤ 0.05. Statistical analysis was performed with IBM® 
SPSS® Statistics Version 20 for Windows.

Results
Clinical evaluation

Pain experience: Table 1 illustrates that, at baseline as well as 

Model chart

Class 0 : <10,000 CFU/ml
Class 1 : <100,000 CFU/ml
Class 2 : <10,000 - 1,000.000 CFU/ml
Class 3 : <1,000.000 CFU/ml
CFU = colony-forming unit

0                1              2                3

Figure 1: Manufacturers’ chart.
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after 1 week, there was no statistically significant difference between 
prevalence of pain in the 2 groups. After 2 weeks as well as 1 month, 
there was no pain in the two groups while after 3 months as well 
as after 6 months, group I showed statistically significant higher 
prevalence of pain than group II. 

Food stagnation: Table 2 illustrates that, at baseline, all cases 
showed food stagnation in both groups. After 1 week, 2 weeks as 
well as 1 month, there was no food stagnation in the 2 groups while 
after 3 months as well as after 6 months, group I showed statistically 
significantly higher prevalence of food stagnation than group II. 

Restoration defects: Table 3 illustrates that, after 1 week, 2 weeks 
as well as 1 month, all cavities in the 2 groups showed no defects. After 
3 months, group I showed statistically significantly higher prevalence 
of defects than group II, the 6 defects found in conventional GI 
group comprised 5 restoration showed slight attritions and 1 cracked 
restoration. After 6 months, conventional GI showed statistically 
significantly higher prevalence of defects than Ketac N100, the only 
defect found in Ketac N100 group was fractured margin while the 
7 defects found in conventional GI group comprised 6 cracked 
restorations and 1 lost restoration. 

Radiographic evaluation
Widening of lamina dura: Table 4 illustrates that, widening 

of lamina dura was observed only after 6 months. Conventional GI 
showed statistically significantly higher prevalence of widening of 
lamina dura than Ketac N100. 

Periradicular pathosis: Table 4 illustrates that, only one case of 
(group I) have periradicular pathosis after 6 month period. 

Bacterial evaluation (streptococcus mutans) counts 
Figure 2 illustrates that, at baseline (<100,000) while after 1 week, 

2 weeks, 1 month as well as 3 months, both groups showed the same 
Dentocult results(<10,000). After 6 months, there was no statistically 
significant difference between the 2 groups. 

Discussion
 In this study, 30 children with autistic spectrum disorder were 

under supervision of both Ministry of Social Solidarity and World 
Health Organization (WHO) were included in this investigation 
because it makes the follow up easier and more regular and their 
trainers were helping in the examination. All included children had to 
be accompanied by his or her teacher or parents as the autistic children 

feel more comfortable and cooperative in presence of their teachers 
or parents. They were examined clinically, radio graphically and for 
bacterial count by using Dentocult (SM) kit before the treatment 
(baseline), 1 week, 2 weeks, 1 month, 3 months and 6 months after the 
treatment. Dentocult (SM) is one of the best ways for the detection of 
streptococcus mutans counts, as (SM) is responsible for the initiation 
of dental caries because of its ability to adhere to the tooth surface. 
So using Dentocult (SM) is better than Dentocult lactobacillus (LB). 
Moreover, this test is chair side, more patient compliance especially 
for disabled young age, minimal armamentarium needed, less time 
consuming and easy sample collection [16,17]. Davenport et al. [18], 
compared Dentocult (SM) kit with conventional method and found 

Table 1: Comparison between the frequencies and percentages (%) of pain at 
different time period in the 2 groups by Chi-square test.

Group

Time

Group I Conventional GI 
(n = 15)

Group II Ketac N100 
(n = 15) P-value

N % N %
Baseline 2 13.3 3 20 0.624

After 1 week 2 13.3 1 6.7 0.543
After 2 weeks 0 0 0 0 NC†
After 1 month 0 0 0 0 NC†
After 3 months 5 33.3 0 0 0.014*
After 6 months 6 40 1 6.7 0.031*
*: Significant at P ≤ 0.05, †NC: Not computed because the variable is constant

Table 2: Comparison between the frequencies and percentages (%) of food 
stagnation at different time period in the 2 groups by Chi-square test.

Group

Time

Group I Conventional GI 
(n = 15)

Group II Ketac N100 
(n = 15) P- value

N % N %
Baseline 15 100 15 100 NC†

After 1 week 0 0 0 0 NC†
After 2 weeks 0 0 0 0 NC†
After 1 month 0 0 0 0 NC†
After 3 months 6 40 0 0 0.006*
After 6 months 6 40 1 6.7 0.031*

*: Significant at P ≤ 0.05, †NC: Not computed because the variable is constant

Table 3: Comparison between the frequencies and percentages (%) of 
restoration defects at different time period in 2 groups by Chi-square test.

Group

Time

Group I Conventional GI 
(n = 15)

Group II Ketac N100 
(n = 15) P- value

N % N %
After 1 week 0 0 0 0 NC†
After 2 weeks 0 0 0 0 NC†
After 1 month 0 0 0 0 NC†
After 3 months 6 40 0 0 0.006*
After 6 months 7 46.6 1 6.7 0.031*

*: Significant at P ≤ 0.05, †NC: Not computed because the variable is constant

Table 4: Comparison between the frequencies and percentages (%) of widening 
of lamina dura and Periradicular pathosis in 2 groups at 6 months by Chi-square 
test.

Group I Conventional 
GI (n = 15)

Group II Ketac 
N100 (n = 15) P- value

N % N %
lamina dura 6 40 1 6.7 0.031*

Periradicular pathosis 1 6.7 0 0 0.309*
*: Significant at P ≤ 0.05
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Figure 2: Bar chart representing Dentocult results in the two groups.
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these dip-slide tests provide a simple and suitable method of screening 
salivary Streptococcus mutans level, which may have a useful role in 
caries risk assessment. In a similar study, the sensitivity, specificity 
and accuracy of Dentocult SM were better than the conventional 
methods [19]. The split-mouth design is a popular design in oral 
health research. In the most common split-mouth study, each of two 
treatments are randomly assigned to either the right or left halves of 
the dentition [20]. The attractiveness of the design is that it removes a 
lot of inter-individual variability from the estimates of the treatment 
effect but in our study this design cannot be used because the 
antibacterial effect of each restorative material should be evaluated 
separately.

Concerning the pain experience results, it was found that, at 
the baseline as well as after 1 week, 2 weeks and 1 month there was 
no statistically significant difference between prevalence of pain in 
the 2 groups, this may be due to the sealing of the prepared cavities 
with filling materials and elimination of the cariogenic bacteria. 
After 3 months as well as after 6 months, group I showed statistically 
significant higher prevalence of pain than group II. The results of 
the present study agreed with previous investigations of Lee et al. 
[21], who reported that, post-operative sensitivity resulted from the 
presence of carious dentin and the low quality of the adhesive bond 
to dentin, the deficient bond caused marginal gaps and consequently, 
micro leakage, recurrent caries and pulp inflammation. 

Regarding to the results of food stagnation, all cases of the 2 
groups at baseline time showed food stagnation, and this may be 
due to presence of cavitated molars. After 1 week, 2 weeks as well 
as 1 month, there was no food stagnation in the 2 groups but after 3 
months as well as after 6 months, conventional GI showed statistically 
significant higher prevalence of food stagnation than Ketac N100, it 
may be due to high surface hardness of Nano-glass ionomer than 
conventional glass ionomer, resulting in decreased surface attrition 
that may cause food stagnation. 

Concerning the restoration defects, after 3and 6 months, 
Conventional GI showed statistically significant higher prevalence of 
defects than ketac N100. This may be resulted from high muscular 
tonicity of autistic patients that may have caused high occlusal forces 
and low hardness of the conventional glass restoration. This finding is 
in consistence with the results of Konde et al. [22], who indicated that 
Nano-glass ionomer restoration were significantly better than glass 
ionomer restoration in case of cavo-surface marginal discoloration 
and marginal adaptation. Several previous studies demonstrated that, 
autistic patients whose age was 4 years old experienced excessive 
grinding and clenching of teeth as well as muscular in-coordination 
of the tongue. There is also the challenging media we are dealing 
with; excessive salivation, tongue movement, gingival bleeding and 
difficulty accepting rubber dam that may all result in contamination 
of a prepared cavity by saliva that may interfere with the adhesiveness 
of the glass ionomer. Both saliva and blood will reduce the adhesive 
properties of the restorative material used [9,23].

In this study in (group II), widening of lamina dura wasn’t 
observed except after 6 months in one case, while in (group I) there 
was widening of lamina dura in 6 patients, and only one case showed 

periapical pathosis. This may be due to increase in restoration 
defects that occurred in conventional glass ionomer group (group I) 
compared to katac N 100 (group II) after six months.

Concerning the bacterial count by Dentocult strips for both 
groups, there was significant decrease in Streptococcus Mutans count 
from baseline in relation to different time periods. This result is in 
accordance with previous studies [24,25] who reported that, there was 
a significant reduction of SM levels in saliva immediately after 1 week 
following the ART approach using Fuji IX glass ionomer. Concerning 
the bacterial count of conventional glass ionomer group (group I) 
there was a significant difference between the baseline and the end 
of six month period. While for ketac N100 group (group II), there 
was no statistically significant difference between Dentocult results 
at different time periods. This may be due to the high incidence of 
restoration defects in group I that lead to increased failure rate of 
the conventional glass ionomer group than in ketac N100 group. 
This finding goes with the results of Roshan et al. [24], who reported 
that, there was significant difference between baseline and 6 months 
period. Although the mean SM counts remained less than the baseline 
after 6 month evaluation, a trend toward re-establishment of SM to 
the baseline count was noticed. This study had some limitations as it 
was started with 60 children with autistic spectrum disorder, only 30 
patients completed the study. This was due to lack of cooperation of 
their parents, missing the follow up appointments and difficulty in 
communication with the child.

Conclusion
The results indicated that nano-glass ionomer (ketac N 100) can 

be considered a successful alternative restorative material for ART 
technique with promising results in the treatment of children with 
autistic spectrum disorder.
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