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Abstract

Aim To improve the oral health of children and teenagers with autism spectrum disorder (ASD) by using an iPad®-based
training programme.

Methods Fifty-two children and teenagers with ASD (aged 3—19 years) educated in schools or in care centres participated
in this cohort study and followed for 8 months. A training programme for teaching toothbrushing behaviours was proposed
to the educational staff. Quotation grids enabled assessment of the programme’s efficacy.

Results Showed an improvement in toothbrushing. The children’s autonomy increased and oral care was more easily imple-
mented when steps were taken by the caregivers. Wilcoxon analysis showed significant improvement in each variable related
to toothbrushing.

Conclusions The iPad® is an attractive and easy device for people with ASD to use. Its use in a training programme for

teaching toothbrushing behaviours was efficient.
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Introduction

Autism spectrum disorder (ASD) is a persistent neurode-
velopmental condition with early childhood onset. ASD is
characterised by a number of symptoms: impairments in
social interactions and communication; restrictive, repeti-
tive patterns of behaviour, interests or activities; and unu-
sual sensory interests or sensitivities (American Psychiatric
Association).

People with ASD are more likely to have behavioural
difficulties regarding dental care (Stein et al. 2012; Weil
et al. 2012; Lewis et al. 2015). Common behaviour-related
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barriers to dental care include the fact that children with
ASD are prone to agitation, self-injury and emotional dys-
regulation. Hypersensitivity to sensory input (Baranek et al.
2007; Stein et al. 2013), which can be seen in their excel-
lent attention to details (Baron-Cohen et al. 2009), can also
interfere with dental and oral care. These features make it
difficult for parents to care for their children’s teeth and for
professionals to examine and treat children with ASD (Stein
et al. 2012; Nelson et al. 2015). Compliance with regular
oral hygiene may be difficult for children with ASD and
for their parents (Bishop et al. 2013). These barriers are
the underlying reasons for the unmet dental care needs of
children with ASD as described by different studies (Brick-
house et al. 2009; Lai et al. 2012). Parents often give up
toothbrushing and poor oral hygiene seems to be common
in children with ASD (Loo et al. 2009; Marshall et al. 2010;
Jaber 2011; Delli et al. 2013; Gandhi and Klein 2014). How-
ever, preventive measures (like toothbrushing) are essential
for people with ASD, as they are considered at high risk for
developing caries (Marshall et al. 2010; American Academy
of Pediatric Dentistry 2013).

Learning new skills can be a challenge for children with
ASD. We must use adapted strategies that have proven
effective for these patients. Behavioural approaches can be
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of use. In a dental hygiene context, the use of these proce-
dures has the potential to improve the results of traditional
behavioural management (Kemp 2005; Marshall et al. 2010;
Udhya et al. 2014). Different studies have also shown that
visual pedagogy is a useful practice for children with ASD.
Visual support is beneficial because these children process
visual information better than auditory information (Her-
nandez and Ikkanda 2011; Knight et al. 2015). Some recent
studies have also demonstrated that numeric devices (e.g.,
the iPad®) can be integrated into a learning programme for
people with ASD, as the devices are efficient (Kagohara
et al. 2013). The devices can facilitate the four key compo-
nents (i.e., attention, retention, production, and motivation;
Bandura 1977), are easy to use, and have become a common
tool in many families.

Some authors have proposed training programmes for
teaching toothbrushing behaviours using visual pedagogy
and behavioural approaches (Pilebro and Backman 2005;
Dias et al. 2010; Asma’a et al. 2013; Bishop et al. 2013;
Popple et al. 2016). However, to the best of knowledge, no
study has investigated teaching toothbrushing behaviours by
breaking down the process into several steps using a digital
tool, evaluating the success, difficulties and autonomy of
the patients along the way. The aim of this study was to
evaluate a training programme for teaching toothbrushing
behaviours using an iPad® and a digital application based
on these considerations.

Methods
Participants

Participants with ASD were recruited in different educa-
tion centres located in the region of Nantes, France. Parents
received an informative letter and oral explanation of the
study. Fifty-five autistic patients (aged 3—19 years) educated
in seven different schools or care centres were included in
this cohort study. Written consent was obtained from each
participant’s parents. During the programme, one child
moved from the original care centre and two children missed
more than 25% of the training sessions. The remaining 52
patients completed the programme and their data were
analysed.

Training programme

Visual activity schedules were created on an iPad using
an application called cATED. The ¢ATED app is a digital
diary used to help patients with autism to be more independ-
ent. Pictograms or photos can be personalised and autistic
patients can organise their activities. The app allows the
breakdown of a complex activity into several easy steps to
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complete. Several pictograms and photos were elaborated
by the research team and were chosen with children and/or
caregivers. The visual activity schedule for toothbrushing
included 16 photos or pictograms for children up to 6 years
old (Fig. 1). For children under 6, 12 pictograms or pho-
tos were inserted into the application (photos 9—13 were
excluded).

Over 8 months, each participant met once per week with
a dentist for toothbrushing training using the cATED app
on an iPad. The training programme was conducted in the
school or in the care centre and consisted of two different but
complementary approaches, each of which were performed
once a week with the research team: “table work” (peda-
gogic models of toothbrushing and the mouth, including
sequence chronology, locating the different dental surfaces
to brush, and understanding of pictograms) and “real-life”
exercises (children’s toothbrushing activities in the bath-
room). The other days of the week, after the children had
lunch, their caregivers oversaw toothbrushing training using
the app.

Evaluation

The participants were evaluated at the beginning of the
study (baseline, TO), after 4 months (T1), and after 8 months
(T2). Evaluations by a dentist were assessed using grids and
scales, measuring achievement of the different steps and
autonomy.

The 16 pictograms for toothbrushing are associated with
25 steps: 1: take the brush; 2: open the toothpaste; 3: press
the toothpaste; 4: put toothpaste on the brush; 5: close the
toothpaste; 6: brush the right lower occlusal surfaces; 7:
brush the left lower occlusal surfaces; 8: brush the left upper
occlusal surfaces; 9: brush the right upper occlusal surfaces;
10: brush the right lower buccal surfaces; 11: brush the front
of the lower buccal surfaces; 12: brush the left lower buc-
cal surfaces; 13: brush the right upper buccal surfaces; 14:
brush the front of the upper buccal surfaces; 15: brush the
left upper labial surfaces; 16: brush the right lower lingual
surfaces; 17: brush the front of the lower lingual surfaces;
18: brush the left lower lingual surfaces; 19: brush the right
upper lingual surfaces; 20: brush the front of the upper lin-
gual surfaces; 21: brush the left upper lingual surfaces; 22:
spit; 23: rinse the brush; 24: store the toothbrush and tooth-
paste; 25: wipe the mouth. Children under six years were not
evaluated on steps 11-21.

For each step, autonomy was evaluated by attributing
scores on quotation grids depending on whether the step was
achieved alone, not achieved, or achieved with assistance.

1: Step was not performed; step was not achieved.

2: Step was performed by a caregiver with difficulty
because the child was uncooperative.
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Fig.1 Visual activity schedule
for toothbrushing

3: Step was performed by a caregiver easily; the child
was cooperative.

4: The child performed the step alone but with help
(verbal or/and gestural assistance).

5: The child performed the step alone without help (ver-
bal or gestural assistance); the step was achieved by the
child.

The 25 steps were independently studied and grouped
based on more general dimensions: toothbrushing prepara-
tion (steps 1-5), brushing of occlusal surfaces (steps 6-9),
brushing of buccal surfaces (steps 10—15), brushing of lin-
gual surfaces (steps 16-21) and the end of toothbrushing
(steps 22-25). A global autonomy score for toothbrushing
was also calculated for all the 25 steps. Scores of these
dimensions were calculated by adding scores obtained in
each step of the of the toothbrushing procedure (prepara-
tion, occlusal, buccal, lingual and end), and then dividing
the global scores by the number of steps (5, 4, 6, 6, and 4
steps, respectively). These scores were defined as follows:
SPrep (score for preparation), SOcc (score for brushing the
occlusal surfaces), SBuc (score for brushing the buccal
surfaces), SLing (score for brushing the lingual surfaces),
SEnd (score for the end of toothbrushing). For instance,
SPrep was calculated as follows: SPrep = (D scores steps
1-5)/5). A total score was calculated by adding the 25
steps together. This score, defined as the score of auton-
omy (SAut), represents the autonomy of the child during
toothbrushing.

Statistical analyses

Mean scores were calculated for each individual score of
toothbrushing (SPrep, SOcc, SBuc, SLing, SEnd and SAut).

Due to the nature of the design and data, which were not
normally distributed, the paired sample Wilcoxon signed
rank test was used to compare the results and determine the
significance of differences between the variables. The Bra-
vais Pearson test was used to assess the correlation between
variables. The statistical software SPSS version 16.0 was
used for statistical analyses.

Results

The study sample included 7 girls and 45 boys, represent-
ing 13% and 87% of the total number of the participants,
respectively. The mean age was 10.2 years old. Twenty-five
percent of the children were under 6 years of age, 46% were
6-12 years old and 29% were 13-19 years old.

Baseline

Based on dentist evaluations, no child in the study achieved
toothbrushing because no one performed the 25 steps of
toothbrushing alone without any type of assistance (Fig. 2).
Brushing of the various teeth surfaces (steps 6-21) was less
commonly achieved than the preparation or ending steps.
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Fig.2 Autonomy during tooth-
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Brushing of the lingual surfaces was the most difficult and
no child succeeded alone during these steps.

Longitudinal survey

The results showed that the cohort in this study gained
autonomy during toothbrushing.

During several evaluations, it was observed that chil-
dren were able to perform more steps alone and omitted
less steps. If we consider the number of steps omitted by
some children, at the beginning of the programme, 17
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T4. The children’s success in performing the ending steps
varied, mostly due to failure of the spitting step.

Toothbrushing was considered achieved when the child
had a score of 5 in all 25 steps. No child performed all
the steps alone at the beginning of the programme. After
4 months, 7.7% (4 children) were successful and at the
end of the training programme, 19% (10 children) were
successful.

Statistical analyses

The results showed an increase in all of the means of the
variables (SPrep, SOcc, SBuc, SLing, SEnd, SAut) and a
decrease in the standard deviations (Table 1). Over time,
scores improved and became more homogeneous. However,
the means of SBucand SLing were lower compared to the
other variables (SPrep, SEnd and SAut).

This positive evolution was statistically significant as
shown by the results of the Wilcoxon test. Toothbrushing
was performed better and more autonomy was observed.
This significant increase in autonomy was seen between each
evaluation and in each variable, except in T1 versus T2 for
SEnd (Table 2).

Statistical analyses also demonstrated that all the steps
were correlated, as shown by the results of the Bravais Pear-
son test. The preparatory and ending steps were more easily
implemented than brushing all the tooth surfaces. Brushing
the occlusal surfaces was easier than brushing the buccal or
lingual surfaces (Table 3).

Discussion

Individuals with ASD are impaired in social interaction and
communication and have repetitive, restricted, and stereo-
typed behaviour patterns and interests. Early diagnosis and
effective interventions through structured programmes and
educational methods result in significant progress for people
with ASD. The present study training programme was based
on a behavioural approach and visual pedagogy mediated

Table 1 Means and standard deviations (SD) of the different tooth-
brushing variables, at the different times of evaluation

Mean (SD) TO T1 T2

SPrep 4.2 (0.8) 4.5(0.7) 4.8 (0.5)
SOcc 3.1(1) 39() 4.2(0.7)
SBuc 2.6 (1.2) 3.5(0.9) 3.8(0.9)
SLing 2.1(1) 34(1) 3.8(0.9)
SEnd 3.9(0.9) 4.2 (0.8) 4.3(0.8)
SAut 3.2(0.9) 3.9(0.8) 4.2(0.7)

T0 Baseline, T1 at 4 months, 72 at 8 months

Table 2 Wilcoxon test analysis of autonomy during toothbrushing
between the different times of evaluation

Wilcoxon Zp
SPrep

TO-T1 —3.54%%*

T1-T2 —3.85%%*

TO-T2 — 5.1
SOcc

TO-T1 — 4.7

T1-T2 —3.05%*

TO-T2 —5.86%**
SBuc

TO-T1 —4.41%%*

T1-T2 —3.3%*

TO-T2 —5.51%**
SLing

TO-T1 —5.42%%%

T1-T2 —3.51%%*

TO-T2 —5.67%**
SEnd

TO-T1 —3.16%*

T1-T2 —1.07 NS

TO-T2 —3.59%**
SAut

TO-T1 —5.57%%*

T1-T2 4.38%%%

TO-T2 —6.27%%*

T0 Baseline, T/ at 4 months, 72 at 8§ months, NS non-significant
P>0.05

*P <0.05; **P <0.01; ***P <0.001

Table 3 Wilcoxon test and Bravais Pearson test analysis of autonomy
during toothbrushing between the different dimensions of toothbrush-
ing at the beginning (T0) and at the end (T2) of the training pro-
gramme

TO T2

z r z r
SPrep versus SOcc ~ —5.94%%*  (.67%%*  —472%¥%* () 59%**
SPrep versus SBuc ~ —5.65%*%*  (.80%**  —500*%¥*  (.61%**
SPrep versus SLing ~ —5.66%**  (.72%%*%  —486***  (.57F**
SPrep versus SEnd ~ —3.64%*%*  (.82%%* 4 54%%k (0¥
SOcc versus SBuc —3.62%F% (. 75%RE —4,62%%%k (. 88HHE
SOcc versus SLing ~ —5.27*%*  (.79%%*%  —4.61%**  (.85%**
SOcc versus SEnd —6.29%%*  (0.76%** —0.32NS  0.76%**
SBuc versus SLing ~ —4.97*%*%*  (0.88*** _—141 NS 0.97***
SBuc versus SEnd —5.58% k% (.82%*FF 4440k () 8] HHE
SLing versus SEnd ~ —5.68%%* (. 75%%%  —4.59%#* () 75%%*

NS non-significant P> 0.05
*P<0.05; **P<0.01; ***P <0.001
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by a digital tool. Both of these techniques have shown their
effectiveness for training children with ASD to learn new
skills (Bishop et al. 2013; Kagohara et al. 2013; Knight et al.
2015). The originality of the present study consists of the
combined use of these three different strategies for teaching
toothbrushing behaviours.

The ¢cATED application was chosen to implement the
training programme. It is a digital diary used for organis-
ing and structuring activities for people with ASD. More
broadly, it is aimed at increasing an individual’s autonomy,
stimulating self-reassurance, increasing organisation, and
improving space- and time-awareness for daily activities,
including learning activities. The app breaks down complex
tasks into simpler sub-tasks. Tasks can rapidly be created by
children (and adults), by using pictograms and pictures (and/
or sounds), directly inserted into the iPad®. Previous studies
have shown that this app enhances communication between
children with ASD and other children and adults (Mercier
et al. 2016). The app provides a platform for visual peda-
gogy. The use of a visual activity schedule (VAS) is helpful
for people with ASD, as previously described by Koyama
and Wang (2011). These authors explained that VAS allows
for behavioural changes, reduces prompt-dependency, main-
tenance, and generalisation, and presents social validity. The
¢ATED app also takes part in behavioural support, as the use
of an iPad® is attractive for children with ASD and can be
considered positive reinforcement. The iPad® was used with
the hypothesis that it would increase children’s motivation
for learning, and, more specifically in people with autism,
ease their difficulties with social communication.

Fifty-five children and adolescents were enrolled, and
data from 52 children and adolescents were analysed in this
study. The present study sample, which was elaborated with-
out a probability sampling technique (i.e., individuals were
not randomly selected) can be considered as a convenience
sample. However, the following inclusion criteria were used:
clinical diagnosis of ASD, educated in one of the educa-
tional institutions that were participating in the study, and
written consent from the child’s parents. The study sample
included 7 girls and 45 boys, which is representative of the
gender ratio of ASD. The sample was also representative
of ASD because it included children with mild to severe
autism.

With regard to toothbrushing technique, based on French
practice, the simplest method was chosen for children under
six years old (using 12 pictograms instead of 16). They were
only required to brush their occlusal surfaces with a horizon-
tal movement and were not trained or evaluated on brushing
the buccal and lingual surfaces of their teeth (steps 10-21).

The present study results showed a global improvement
over time in toothbrushing behaviours. Children with ASD
performed better and learned the different steps involved
in toothbrushing, even if some of the steps remained
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difficult for them to implement. The present study had
similar results to a previous study that showed that training
programmes were effective for improving toothbrushing
behaviours and oral health in people with ASD (Pilebro
and Bickman 2005; Dias et al. 2010; Asma’a et al. 2013;
Bishop et al. 2013; Popple et al. 2016). Toothbrushing is
a difficult activity for children with ASD, but a training
programme can desensitize them to this activity, which
allows better brushing behaviours. Children showed gains
in compliance and/or autonomy. The use-adapted strategy
(visual pedagogy and behavioural techniques) was helpful.

Regarding the acquisition of brushing dimensions, sig-
nificant differences were noticed between the means. One
could argue that children need time at the beginning to
better understand the expected psychomotor gestures. This
hypothesis can also explain the differences observed in
varying improvements in the steps for brushing the differ-
ent tooth surfaces.

The differences in the means also suggest that a devel-
opmental pattern can be distinguished during the acquisi-
tion of the phases of toothbrushing autonomy. The means
of the preparation steps were higher than the occlusal
steps, which were higher in comparison with next dimen-
sions. One interpretation could be that the first phases is
necessary for the acquisition of the second phase, which is
then necessary for the acquisition of the third phase, etc.
This developmental hypothesis of toothbrushing acquisi-
tion is linked with psychomotor perspectives, in as much
as the gestures required for each brushing stage seem to
be distinguishable from each other. Indeed, for brushing
the occlusal surfaces of the teeth, a horizontal gesture is
required, whereas for brushing the buccal and lingual sur-
faces, vertical and rotational gestures from top to bottom
are needed. In the literature, we have not found studies
supporting or rejecting these hypotheses. However, this
developmental approach has been described by Campbell
and Richie (1983) in the field of cognitive development,
and they posit that first steps are required for acquisi-
tion of more complex steps that follow. The first step (for
instance, acquisition of a horizontal gesture) can be con-
sidered a prerequisite for the acquisition of the second step
(for instance, vertical and rotational gestures).

Another hypothesis, based on cognitive publications,
highlights the fact that attention and concentration decrease
during the session, therefore, children are less successful in
the end stages of the experiment compared with the begin-
ning stages (Ash 1946). This hypothesis cannot be studied
through the present study results, however, due to the limita-
tions of the research protocol in which the different stages
were not balanced (i.e., first brush the buccal surfaces, then
the occlusal, etc.). Additional research, taking this limita-
tion into account, would help in generating a developmental
hypothesis and/or a hypothesis regarding cognitive attention.
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Another hypothesis is that the steps for brushing the tooth
surfaces are more difficult to accomplish due to the particu-
lar sensory profile of people with ASD. During this step,
the toothbrush must be introduced into the mouth and this
can be an aggressive movement for children with ASD. The
sensation of the brush touching the mouth and lips and the
presence of toothpaste can be difficult for some. The sensi-
tivities of children with ASD are well documented and often
include hyper-responsive sensory patterns (Baranek et al.
2007; Stein et al. 2013). This may explain the remaining
difficulties that the present cohort experienced. The use of
stimulus-fading procedures for those with major difficulties
could also be helpful (Bishop et al. 2013).

Finally, the present study highlights that the acquisition
of toothbrushing needs to be further assessed through addi-
tional research. More comprehensive research with typical
children, for example, may confirm the present study hypoth-
esis and the results and may allow modelling a more general
pattern for the acquisition of toothbrushing behaviours in
children with or without ASD. Age and severity of ASD can
also influence the process of learning toothbrushing behav-
iours, and must also be investigated.

Conclusion

Use of the ¢ATED application on an iPad®, within a train-
ing programme, enabled improvement in the oral health of
the study cohort of patients. Toothbrushing, as a preven-
tive measure for oral healthcare, was performed better, with
improved compliance and autonomy.

The positive results of the present research supports
establishing early prevention programmes for toothbrush-
ing support for children with ADS, in collaboration with
healthcare and education professionals and using adapted
and specific strategies. The iPad® is an attractive and simple
tool which enables setting up and using visual pedagogy for
patients with ASD. It can easily be used with various train-
ing programmes for acquisition of new skills in a dental
context.
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