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The Effectiveness of Visual Pedagogy for Toothbrushing in Children with 
Autism Spectrum Disorder
Apiwan Smutkeeree1, Tippawan Khrautieo1, Sasithorn Thamseupsilp1, Natchalee Srimaneekarn2, Praphasri Rirattanapong1, 
Wimonrat Wanpen3

Objectives: The aim of this study was to evaluate toothbrushing effectiveness 
in children with mild and moderate levels of severity of autism spectrum 
disorder (ASD) after using visual pedagogy. Materials and Methods: This quasi-
experimental study was carried out with 30 children with ASD aged 5–17 years; 
21 had mild ASD and 9 had moderate ASD. Informed consent and the subject’s 
demographic information were obtained from caregivers. All subjects were then 
asked to show their toothbrushing practices, which were recorded by video. 
The toothbrushing ability, toothbrushing cooperation, and plaque index were 
evaluated before the study and at 2 weeks, 4 weeks, 3  months, and 6  months 
after visual pedagogy had been used. Results were analyzed by the Friedman test, 
Pearson’s chi-square test, Fisher’s exact test, and Mann‒Whitney U test. Results: 
Toothbrushing ability was significantly improved at all periods of follow-up. 
Toothbrushing cooperation and the dental plaque index were significantly better 
than before the study at 4 weeks, 3  months, and 6  months of follow-up. The 
toothbrushing ability of subjects with mild ASD was significantly better than 
that of subjects with moderate ASD at 4 weeks and 6 months of follow-up. The 
toothbrushing cooperation of the mild group was significantly better than that of 
the moderate group at 2 weeks, 4 weeks, and 3 months. There was no statistically 
significant reduction in the plaque index between the two groups. Conclusion: 
Visual pedagogy is useful for improving toothbrushing effectiveness in children 
with mild or moderate severity ASD. However, children with moderate severity 
ASD take longer to improve.
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IntroductIon

T   he autism spectrum disorder (ASD) encompasses  
  a group of neurodevelopmental disabilities that 

diminish social interactions and communication and 
involve restrictive or repetitive patterns of behavior. 
The symptoms present in early childhood and impair 
daily functioning. Patients with different levels of 
severity of ASD show dissimilar characteristics. The 
diagnostic classification systems are used to screen and 
assess the symptoms. The severity classification can 
lead a psychiatrist to develop an individual teaching 

program for each patient. Children with severe ASD 
usually have severe deficits in verbal and nonverbal 
social communication and extreme difficulty in coping 
with change. They require more support than children 
with low levels of severity.[1,2]

A
b

s
t

r
A

c
t

HeadA=HeadB=HeadA=HeadB/HeadA
HeadB=HeadC=HeadB=HeadC/HeadB
EDI_Affiliation=Correspondence_First=EDI_Affiliation=EDI_Correspond-
ence1



416 Journal of International Society of Preventive and Community Dentistry ¦ Volume 10 ¦ Issue 4 ¦ July-August 2020

Smutkeeree, et al.: Toothbrushing visual pedagogy in autism

Although patients with ASD have social and 
communication problems, they are able to learn from 
visual cues. Their visual processing is usually more 
effective than their audio or verbal processing.[3,4] 
Their understanding is heightened when visual formats 
such as pictures or short written words are used.[5] 
Visual pedagogy is a nontraditional approach to 
learning which composes of a set of coloring pictures 
accompanied with statements that guide patient with 
ASD to be familiar with the treatment tools and 
processes. It is part of the treatment and education 
of autistic and related communication-handicapped 
children (TEACCH) concept.[6] Visual pedagogy can 
help patients with ASD improve their learning ability 
both at home and at school. Rayner[7] and Marshall 
et  al.[8] reported that a communicative technique or 
visual pedagogy was the most acceptable technique 
used by the parents of healthy or disabled children. 
There are several types of visual pedagogy, such as 
books with color photographs, social stories, and video 
modelling.[9-11]

Previous studies reported a higher prevalence of 
periodontitis in patients with ASD than in the general 
population. This is possibly due to a low compliance 
with dental care, limited motor skills, and the side 
effects of medications.[12-16] Moreover, the prevalence of 
dental caries in these children was lower than or similar 
to that of the typical population; however, it can be 
considered as high.[12,17-19] Therefore, preventive dental 
care is essential to prevent oral diseases in patients 
with ASD.

Regarding the routine oral care of patients with ASD, 
parents or caretakers usually complain about behavioral 
problems during brushing. The study of Pilebro and 
Backman[20] showed the use of visual pedagogy in 
subjects with ASD, and the results stated that it was 
a useful approach for oral hygiene instruction in these 
subjects. The studies did not mention the severity of ASD 
in the subjects who participated, and the researchers 
measured only the upper incisors and canine teeth, a 
fact that may have prevented reporting of the overall 
oral hygiene status. When we undertook this study, 
there had been no other study on the effectiveness of 
visual pedagogy in teaching oral hygiene for patients 
at different levels of severity of ASD. Therefore, this 
study aimed to evaluate toothbrushing effectiveness 
by assessing the toothbrushing ability, toothbrushing 
cooperation, and dental plaque reduction in children 
with ASD after using visual pedagogy and to compare 
the outcomes between children with mild and 
moderately severe levels of ASD.

MAterIAl And Methods

Study population

The sample size of this study was based on a study 
by Pilebro and Backman,[20] which evaluated visual 
pedagogy as a method of teaching oral hygiene to 
children with ASD. The results showed that the 
difference proportion was 0.8 and the estimate error in 
the calculation was 0.15. The calculated formula was 
the infinite population proportion. The total sample 
size of the formula was 28. After compensating for 10% 
dropout, the sample size in this study was 31 in total.

Children with ASD aged 5–17 years who were diagnosed 
with mild or moderate ASD by psychiatrists of the 
Child and Adolescent Mental Health Rajanagarindra 
Institute were invited into this study. The Childhood 
Autism Rating Scale standard version (CASRS2‒ST)[21] 
was used to classify the severity of the ASD. The severity 
level information was blinded to investigators by using 
ID code numbers instead of patients’ names. Exclusion 
criteria included children with ASD who had physical 
disabilities, severe psychiatric comorbidities, or severe 
behavior problems. Parents/caretakers of the patients 
were asked to give their consent for their children to 
participate in the study.

Self-assessment questionnaire

The self-assessment questionnaire was composed of 
questions regarding demographic information, medical 
treatment, previous dental experiences, and experience 
in using toothbrushing visual pedagogy. The reliability 
of the questionnaire was evaluated by the Cronbach 
method as 0.8. The questionnaire included binary yes/
no answers and open-ended questions.

The visual pedagogy for oral hygiene practice

The set of drawing pictures in the visual pedagogy was 
approved by a psychiatrist and the ethical committee. 
All of the pictures were sent to five specialists to test 
the Index of Item-Objective Congruence (IOC) before 
it was used in this study. All of the validity results had 
an IOC equal to 1.

The visual pedagogy in this study had two formats: 
the visual pedagogy table calendar and visual 
pedagogy checklist board. The visual pedagogy table 
calendar consisted of nine pages of color pictures of 
toothbrushing steps in a table calendar format that 
could be set up in the bathroom or wherever children 
brushed their teeth, as shown in Figure 1. Each page 
contained one picture of 7 cm × 9 cm with a brief  
instruction at the bottom. The visual pedagogy table 
calendar was given to each subject for use at home. 
The visual pedagogy checklist board was used to guide 
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subjects when brushing their teeth in the dental office. 
It had seven color pictures showing the six quadrants 
of the mouth that need brushing and minimal rinsing 
or splitting of remaining toothpaste. This was similar 
to the pictures in the table calendar except that the 
checklist did not show the toothbrush, toothpaste, or 
how to put the toothpaste on the toothbrush. Each 
5 cm × 4 cm picture showed one step in the brushing of 
teeth. It was attached by a magnet to the vertical board 
[Figure 2]. As a child finished each step, the picture of 
that step was removed and placed in an attached box.

Data collection

After caretakers had completed a consent form and 
self-assessment questionnaire, all subjects were invited 
to enter the dental office at the Pediatric Dentistry 
Clinic, Faculty of Dentistry, Mahidol University. They 
were given toothbrushes to show how they usually 
practiced at home in front of a sink with running water. 
Their dental status and plaque index were recorded, 
according to the suggestions by LÖe and Silness.[22] 
The behavior and toothbrushing ability of each 
subject were recorded by a video recorder during all 
toothbrushing procedures. Then the visual pedagogy 
table calendars were given to subjects and their parents. 
Parents were advised on how to use visual pedagogy 
during toothbrushing and were encouraged to do so 
daily during brushing times.

Toothbrushing effectiveness was reevaluated for all 
subjects at 2 weeks, 4 weeks, 3 months, and 6 months 
after the first study visit. The children were invited into 
the dental office and asked to show their toothbrushing 
by using the pedagogy checklist that was coordinated 
with the brushing steps. After each step was performed, 
the picture of that step attached to the checklist 
board by a magnet was removed so that the subject 
would know that the step had been completed. Video 
recording was used during all procedures for analyzing 
the toothbrushing ability and subject’s cooperation.

Outcome

Primary outcome
The primary outcome was the score of toothbrushing 
ability after using the toothbrushing visual pedagogy 
from the time of the first study visit until the visit at 
6  months of follow-up. There were seven main steps 
of evaluation of the toothbrushing ability: brushing 
the upper anterior teeth, upper left posterior teeth, 
upper right posterior teeth, lower anterior teeth, lower 
left posterior teeth, lower right posterior teeth, and 
minimal rinsing or splitting the remaining toothpaste. 
Each step had four scoring options, which were based 
on the study of Shin and Saeed:[23] score 0 = inability to 
complete the step, score 1 = dentist/parent completed 
the step for the individual, score 2  =  a prompt was 
needed for the individual to complete the step, and score 

Figure 1: Visual pedagogy table calendar
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3 = individual completed the step independently. Each 
complete step required that 10 strokes of brushing be 
recorded in each quadrant. The summary of the mean 
score of the toothbrushing practice was used as the 
toothbrushing ability score.

Secondary outcome
The secondary outcome was the score for toothbrushing 
cooperation and the plaque index after using the 
toothbrushing visual pedagogy from the time of the 
first study visit until the 6-month follow-up visit. 
Toothbrushing cooperation was recorded based on 
the Frankl behavior rating scale[24]: scale 1 = definitely 
negative to or refusal of toothbrushing, scale 
2 = negative to or reluctance to accept toothbrushing, 
scale 3 = positive to or acceptance of toothbrushing, 
and scale 4  =  definitely positive to or good rapport 
with caregiver. Moreover, the dental plaque index 
was evaluated with the mean plaque index, according 
to the Green and Vermilion’s[25] criteria as follows: 
score 0 = no debris or staining, score 1 =  soft debris 
or extrinsic staining covering less than one third of the 
tooth surface, score 2 = soft debris or extrinsic staining 
covering more than one third but not less than two 
thirds of the tooth surface, and score 3 = soft debris or 
extrinsic staining covering more than two thirds of the 
tooth surface. The areas measured for the plaque index 

were the labial surfaces of teeth 16 or 55, 11 or 51, 26 
or 65, and 31 or 71 and the lingual surfaces of teeth 36 
or 75 and 46 or 85.

Outcome assessment
Each toothbrushing video recording was replayed 
for three evaluators, two postgraduate dentists and a 
pediatric dentist, for rating the toothbrushing ability 
and the cooperation during toothbrushing. The score 
was recorded based on agreement among two of the 
three evaluators.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) 
software program, version 18.0 (SPSS, Chicago, 
Illinois) was used to analyze all data. The difference 
in oral hygiene practices from before the study to the 
end of the study was compared using the Friedman 
test over a 6-month interval. The differences in 
demographic characteristics in the two groups (i.e., 
gender, educational program, and medical treatment) 
were compared by using the Pearson chi-square test. If  
more than 20% of a cell had an expected count of less 
than 5, that group was compared by using the Fisher’s 
exact test. The differences in mean age, toothbrushing 
ability, plaque index, and toothbrushing cooperation 
in the dental office between the mild and moderate 

Figure 2: Visual pedagogy check list board
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severity groups were analyzed by the Mann‒Whitney 
U test. A value of p < 0.05 was considered statistically 
significant.

results

For the three evaluators, the average intraclass 
correlation coefficient of toothbrushing ability was 0.98 
and of toothbrushing behavior was 0.97. The average 
intraclass correlation coefficient of intraexaminer 
agreement on toothbrushing cooperation and 
toothbrushing ability of all three examiners was 1.00. 
The average intraclass correlation coefficient of the 
plaque index between two examiners was 0.81, and 
the intraexaminer coefficients were 0.96 and 0.94. 
The interexaminer and intraexaminer agreements on 
toothbrushing ability, toothbrushing cooperation, and 
plaque index examination were excellent.

Subjects’ characteristics

Thirty-one children with ASD aged 5–17  years 
participated in this study with the consent of their 
parents or caregivers. One subject in the moderate 
severity group was excluded due to an extreme 
behavioral problem after a drug adjustment during 
follow-up visits. Therefore, a total of 30 children with 
ASD participated in this study from the first visit until 
the visit at 6 months of follow-up. They were 25 males 
(83.3%) and 5 females (16.7%). The mean age was 9.3 ± 

3.5 years (age range, 5 to 16.25 years). Fifty percent of 
subjects had experienced using visual pedagogy in their 
behavior modification training, as is shown in Table 1.

According to the Childhood Autism Rating Scale 
standard version (CASRS2‒ST) used by the 
psychiatrists for the study, there were 21 subjects 
with mild ASD and 9 subjects with moderately severe 
ASD. The mean age, gender distribution, educational 
program, medical treatment, dental care experience, 
and experience of using visual pedagogy of each 
severity group are shown in Table 1. There was no 
statistical significance between the groups with mild or 
moderate levels of severity.

Effectiveness of visual pedagogy for toothbrushing in 
all subjects

When compared with the toothbrushing practice at 
the first study visit, there was a statistically significant 
improvement in toothbrushing ability after 2 weeks, 4 
weeks, 3 months, and 6 months of using visual pedagogy. 
However, there was no statistically significant difference 
during follow-up periods after using visual pedagogy 
as shown in Table 2. The overall toothbrushing 
cooperation and plaque index showed statistically 
significant improvement after 4 weeks, 3 months, and 
6 months of using the visual pedagogy when compared 
with the baseline. Similarly, there was no statistically 
significant difference in the toothbrushing cooperation 

Table 1: Descriptive characteristics of study population
Descriptive characteristic* Total (N = 30) ASD level of severity

Mild (N = 21) Moderate (N = 9) P Value
†Age (mean ± SD) 9.3 ± 3.5 8.9 ± 3.5 10.4 ± 3.5 0.209
Gender (N [%])    0.622
 Male 25 (83.3%) 18 (85.7%) 7 (77.8%)  
 Female 5 (16.7%) 3 (14.3%) 2 (22.2%)  
Educational program (N [%])    0.065
 School for special needs children 19 (63.3%) 11 (52.4%) 8 (88.9%)  
 School for normal and special needs children 11 (36.7%) 10 (47.6%) 1 (11.1%)  
Medical treatment (N [%])     
 Drug taken 23 (76.7%) 16 (53.3%) 7 (23.3%) 0.547
 Speech therapy 27 (90.0%) 18 (85.7%) 9 (100.0%) 0.328
 Behavior modification 26 (86.7%) 18 (85.7%) 8 (80.0%) 0.655
 Occupational therapy 11 (36.7%) 8 (38.1%) 3 (33.3%) 0.571
Dental care experience    0.514
 Yes 23 (76.7%) 17 (81.0%) 6 (66.7%)  
 No 7 (23.3%) 4 (19.0%) 3 (33.3%)  
Experience using visual pedagogy    1.000
 No 15 (50%) 10 (47.6%) 5 (55.6%)  
 Yes 15 (50%) 11 (52.4%) 4 (44.4%)  
ASD = autism spectrum disorder, SD = standard deviation
*The percentage of descriptive characteristics was calculated for the total subjects and each severity group
†The differences in mean age were analyzed by the Mann–Whitney U test, whereas other demographic characteristics were analyzed 
by the Fisher’s exact test at P < .05
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or plaque index during follow-up periods, except 
between 2 weeks and 6 months of follow-up [Table 2].

Differences between the groups with mild and moderate 
severity ASD in toothbrushing effectiveness

Toothbrushing ability
The toothbrushing ability of subjects in the mild group 
was statistically better than for those in the moderate 
group at baseline and after 4 weeks and 6 months of 
using the toothbrushing visual pedagogy [Table 3].

Toothbrushing cooperation
At the first study visit, there was no significant difference 
in the Frankl behavior score between the mild and 
moderate groups. The results showed that most of the 
subjects refused to brush their teeth or were reluctant 
to do so. The Frankl behavior score of the mild group 
was significantly higher than that of the moderate 
group, however, at 2 weeks, 4 weeks, and 3 months after 

using the toothbrushing visual pedagogy. The Frankl 
behavior score for the mild group was similar to that 
of the moderate group after 6  months of using the 
toothbrushing visual pedagogy, as presented in Table 3.

Dental plaque index
Regarding the dental plaque index evaluation, the mean 
plaque index of subjects in the mild group was slightly 
lower than that of the moderate group. However, there 
was no statistically significant difference between the 
mild and moderate groups [Table 3].

dIscussIon

At the first study visit, most of the subjects with ASD 
were incapable of controlling a toothbrush, and had 
inappropriate toothbrushing practices. Of the parents/
caretakers, 22 (73.3%) were unable to help the child 
complete toothbrushing correctly. This finding is 
consistent with previous studies,[2,26-30] which mentioned 

Table 2: Toothbrushing effectiveness from baseline to 6 months of follow-up
Period Toothbrushing ability Toothbrushing Plaque index

(mean ± SD) (mean ± SD) (mean ± SD)
Baseline 0.6 ± 0.5a 2.4 ± 0.8a 1.8 ± 0.7a

F/U 2 weeks 1.9 ± 1.0b  2.8 ± 0.9a,b  1.5 ± 0.8a,b

F/U 4 weeks 2.2 ± 0.9b  3.0 ± 0.9b,c  1.2 ± 0.7b,c

F/U 3 months 2.4 ± 0.7b  3.4 ± 0.8b,c  1.1 ± 0.7b,c

F/U 6 months 2.4 ± 0.8b 3.5 ± 0.7c  0.6 ± 0.3c

SD = standard deviation
Different superscript symbols (a, b, c) in each column indicate the statistically significant difference between follow-up periods at P < 
.05

Table 3: Differences in toothbrushing effectiveness between the groups with mild and moderate severity autism spectrum 
disorder

Mild severity group (N = 21) Moderate severity group (N = 9) P Value
Toothbrushing ability (mean ± SD)
• Baseline 0.7 ± 0.5 0.3 ± 0.2 .032*
• F/U 2 weeks 2.1 ± 1.0 1.4 ± 0.9 .094
• F/U 4 weeks 2.4 ± 0.8 1.6 ± 0.6 .036*
• F/U 3 months 2.5 ± 0.7 2.1 ± 0.7 .077
• F/U 6 months 2.6 ± 0.6 1.9 ± 0.8 .045*
Toothbrushing cooperation (mean ± SD)
• Baseline 2.5 ± 0.9 2.1 ± 0.6 .349
• F/U 2 weeks 3.0 ± 0.9 2.3 ± 0.7 .045*
• F/U 4 weeks 3.2 ± 1.0 2.6 ± 0.5 .032*
• F/U 3 months 3.6 ± 0.7 2.8 ± 0.7 .005*
• F/U 6 months 3.6 ± 0.5 3.1 ± 1.1 .326
Plaque index (mean ± SD)
• Baseline 1.6 ± 0.6 2.1 ± 0.7 .086
• F/U 2 weeks 1.4 ± 0.8 1.6 ± 0.8 .397
• F/U 4 weeks 1.1 ± 0.7 1.3 ± 0.7 .349
• F/U 3 months 1.1 ± 0.7 1.0 ± 0.4 .859
• F/U 6 months 0.7 ± 0.3 0.6 ± 0.4 .476
SD = standard deviation
*Significant differences between groups as found by the Mann‒Whitney U test at P < .05
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that fine and gross motor impairments, mental 
disabilities, and sensory problems, as well as the need for 
parent/caregiver involvement, were barriers to the daily 
toothbrushing of patients with ASD. Furthermore, 
63% of the subjects with ASD were classified as having 
uncooperative behavior because of crying, aggressive 
behavior, and gagging during toothbrushing. These 
behaviors were probably due to sensory problems, 
anxiety, and emotional impairment.[2,27-29] In addition, 
the mean plaque index at the beginning of the study 
was 1.8 ± 0.7, which showed poor oral hygiene status 
of subjects. This finding was similar to some other 
studies, which reported that patients with ASD usually 
suffered from gingivitis, periodontitis, and discomfort 
owing to poor oral hygiene practices.[14,15] After using 
the toothbrushing visual pedagogy, the results of this 
study showed that the overall toothbrushing ability, 
toothbrushing cooperation, and plaque index had 
significantly improved from baseline until 6  months 
of follow-up. These findings reinforced the results of 
previous studies[6,20] which stated that visual pedagogy 
was useful for instructing children with ASD in the 
practice of beneficial oral hygiene.

This study was the first one to compare the 
improvement in children with mild and moderately 
severe ASD. Although those in the moderate severity 
group had significantly less toothbrushing ability 
than those in the mild severity group at the beginning 
of the study, they showed a significant improvement 
after using the toothbrushing visual pedagogy; in 
fact, the improvement was similar to that of the mild 
severity group. The toothbrushing cooperation of the 
mild group was significantly better than that of the 
moderate group at 2 weeks of follow-up. Subjects in 
the moderate severity group required a longer time to 
improve their cooperation during toothbrushing; they 
showed positive behavior at 6 months after using visual 
pedagogy. All of the subjects showed plaque reduction 
in all areas without a statistically significant difference 
between the mild and moderate severity groups.

The reduction in the plaque index in the mild severity 
group was the result of improved toothbrushing ability 
because the mean score for toothbrushing ability at 
6 months of follow-up was 2.6. The plaque reduction 
in the moderate severity group could have been the 
outcome of brushing by parents because the mean 
score for toothbrushing ability was 1.8. Therefore, 
the effectiveness of the toothbrushing of subjects 
in the moderate group did not truly represent their 
ability after 6 months of using visual pedagogy. Their 
parents reported that the toothbrushing ability and 

cooperation at home of some children with moderately 
severe ASD did improve, but they still required support 
from caretakers due to their limited cooperation.

There are several forms of visual pedagogy that can 
promote engagement in productive activities and 
reduce confusion and distress during toothbrushing.[6,20] 
The form of visual pedagogy used in this study was 
not similar to the forms used in previous studies.[20,31] 
It consisted of a set of drawing pictures, one for each 
page, showing a step-by-step process of toothbrushing, 
with clear short descriptions and set up in the style 
of a table calendar. Most parents mentioned that 
the toothbrushing pictures with a clear background 
attracted their child’s attention and helped the child to 
readily participate in toothbrushing at home. This result 
was similar to that of Mah and Tsang’s[31] study, which 
suggested that using a system of visual cues, along with 
weekly visits, helped patients with ASD to successfully 
complete more dental procedures in the dental office.

The limitation of this study was an unequal sample 
size between the two severity groups due to the limited 
number of subjects with ASD who were able to 
participate, especially subjects with moderate severity 
ASD. If  more subjects in the moderate severity group 
had been able to participate, the results would have 
been more precise.

conclusIon

After using a toothbrushing visual pedagogy for 
6 months, the results from this study showed that

1. The overall toothbrushing ability, toothbrushing 
cooperation, and dental plaque index were improved 
in children with either mild or moderate severity 
ASD.

2. Comparisons between the mild and moderate 
severity groups showed that
2.1 The toothbrushing ability of subjects in the mild 

group was significantly better than that in the 
moderate severity group at baseline, 4 weeks, 
and 6 months. The mild severity group tended 
to be able to brush independently, whereas 
the moderate severity group tended to require 
caretaker assistance during toothbrushing at 
6 months of follow-up.

2.2 The toothbrushing cooperation of the mild 
group was significantly better than that of the 
moderate severity group at 2 weeks, 4 weeks, and 
3 months.

2.3 There was no statistically significant difference 
in the plaque index reduction between the mild 
and moderately severe groups.
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