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Abstract
Background. Dental care is a significant unmet health care need for children with autism spectrum disorders (ASD). 
Many children with ASD do not receive dental care because of fear associated with dental procedures; oftentimes 
they require general anesthesia for regular dental procedures, placing them at risk of associated complications. 
Many children with ASD have a strong preference for visual stimuli, particularly electronic screen media. The use 
of visual teaching materials is a fundamental principle in designing educational programs for children with ASD. 
Purpose. To determine if an innovative strategy using 2 types of electronic screen media was feasible and beneficial in 
reducing fear and uncooperative behaviors in children with ASD undergoing dental visits. Methods. We conducted a 
randomized controlled trial at Boston Children’s Hospital dental clinic. Eighty (80) children aged 7 to 17 years with 
a known diagnosis of ASD and history of dental fear were enrolled in the study. Each child completed 2 preventive 
dental visits that were scheduled 6 months apart (visit 1 and visit 2). After visit 1, subjects were randomly assigned 
to 1 of 4 groups: (1) group A, control (usual care); (2) group B, treatment (video peer modeling that involved 
watching a DVD recording of a typically developing child undergoing a dental visit); (3) group C, treatment (video 
goggles that involved watching a favorite movie during the dental visit using sunglass-style video eyewear); and (4) 
group D, treatment (video peer modeling plus video goggles). Subjects who refused or were unable to wear the 
goggles watched the movie using a handheld portable DVD player. During both visits, the subject’s level of anxiety 
and behavior were measured using the Venham Anxiety and Behavior Scales. Analyses of variance and Fisher’s 
exact tests compared baseline characteristics across groups. Using intention to treat approach, repeated measures 
analyses were employed to test whether the outcomes differed significantly: (1) between visits 1 and 2 within each 
group and (2) between each intervention group and the control group over time (an interaction). Results. Between 
visits 1 and 2, mean anxiety and behavior scores decreased significantly by 0.8 points (P = .03) for subjects within 
groups C and D. Significant changes were not observed within groups A and B. Mean anxiety and behavior scores did 
not differ significantly between groups over time, although group A versus C pairwise comparisons showed a trend 
toward significance (P = .06). Conclusion. These findings suggest that certain electronic screen media technologies 
may be useful tools for reducing fear and uncooperative behaviors among children with ASD undergoing dental 
visits. Further studies are needed to assess the efficacy of these strategies using larger sample sizes. Findings from 
future studies could be relevant for nondental providers who care for children with ASD in other medical settings.
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Introduction

Dental care is the most common unmet health care need 
for children with special health care needs in the United 
States.1,2 Children with autism spectrum disorders 
(ASD) are a group of children with special health care 
needs frequently cited as having difficulties complying 
with dental care procedures.3-9 There is also a higher 
prevalence of comorbidities like anxiety among children 
with ASD.10 ASD may be associated with unusual 
responses to sensory stimuli, such as oversensitivity to 
unfamiliar sounds, touch, and heightened reactions to 
light.11 These special characteristics often impede the 
children’s ability to cooperate in dental settings.9

To minimize dental fear among typically developing 
children, pediatric dentists use behavior guidance tech-
niques that are tailored to the individual patient and the 
practitioner. The techniques must “promote communica-
tion, alleviate fear and anxiety, deliver quality dental 
care, build a trusting relationship between dentist,  
child and parent, and promote the child’s positive atti-
tude toward oral/dental health and oral health  
care.”12 The American Academy of Pediatric Dentistry–
recommended nonpharmacologic techniques13-19 for 
children include the following: tell–show–do, voice 
control, nonverbal communication, positive reinforce-
ment, and distraction. However, these behavior guid-
ance techniques used for typically developing children 
with dental fear are generally ineffective for children 
with autism.20,21 Children with autism have a higher 
prevalence of poor oral hygiene status, dental caries, and 
periodontal disease.22,23 Furthermore, children with 
autism often require sedation or general anesthesia for 
routine dental procedures,6-8,20 placing them at risk of 
associated complications.

Children with ASD often have a strong preference for 
taking information using visual input, particularly elec-
tronic screen media such as television and videos/
DVDs.24-28 The preference for electronic screen media 
has been successfully exploited in educational and ther-
apeutic settings to engage and motivate children with 
ASD in learning activities.25-27 However, few studies 
have examined the potential of media technology to 
improve the dental visit experience for children with 
autism. One study examined the feasibility of video peer 
modeling for children with ASD in a dental setting.6 The 
study was not a randomized controlled trial and had a 
limited sample of 3 subjects. The effectiveness of video 
peer modeling or other types of electronic screen media 
interventions in reducing dental fear among a larger 

sample of children with ASD has not been evaluated. 
The goal of this study was to determine if electronic 
screen media strategies are effective and practical in the 
dental office setting for reducing fear and increasing 
compliance during dental procedures.

Methods

We conducted a pilot randomized controlled trial at 
Boston Children’s Hospital (BCH) dental clinic between 
December 2010 and July 2012. The study protocol was 
approved by the BCH Institutional Review Board.

Subjects

Eighty (80) subjects aged 7 to 17 years with a known 
diagnosis of autism were enrolled in the study. Subjects 
were recruited from the BCH dental clinic and from an 
ongoing autism study (“Phenotypic and Genetic Factors 
in Autism Spectrum Disorders”) that was being con-
ducted within the BCH Developmental Medicine Center. 
Eligibility criteria were (1) child who receives care in 
the BCH dental clinic with a diagnosis of ASD as docu-
mented in the electronic medical records, or a child who 
was referred from the autism data registry project and 
(2) child with a history of dental fear, per parental report. 
Exclusion criteria included (1) children with motor 
handicaps (eg, cerebral palsy), and significant neurosen-
sory impairments, including vision and hearing losses 
that would limit the ability to use intervention materials; 
(2) children with parents who did not speak English or 
Spanish; and (3) children who presented to clinic visits 
without the support of parents or legal guardians. A list 
of potentially eligible children was generated from the 
dental clinic patient records, and from a list of families 
participating in the autism data registry project who con-
sented to contact for other studies related to ASD. An 
introductory letter was mailed and followed by a tele-
phone follow-up call for those who did not return the 
enclosed opt-out postcard. Subject recruitment was ini-
tially slow. The target enrollment population was 
expanded to include children who met eligibility criteria 
who were in the clinic waiting area before a dental visit. 
Written informed consent and/or subject assent (if 
appropriate) was obtained prior to initiation of study 
procedures.

Intervention

Study data were collected only during preventive dental 
visits in order to maintain uniformity across visits. A pre-
ventive dental visit is a routine appointment that occurs 
every 6 months. The visits involve extra-oral and intra-
oral examination, scaling (if needed), prophylaxis, appli-
cation of fluoride varnish and periodically, radiographs. 
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All visits were scheduled with BCH dentists, including 
faculty and residents. Enrolled subjects initially com-
pleted a baseline preventive visit (visit 1), followed by a 
follow-up preventive visit 4 to 6 months later (visit 2). 
All subjects were assigned to 1 of the following 4 groups 
using a SAS-generated randomization scheme (1:1:1:1 
equal ratio within each group): (1) control group (group 
A); (2) video peer modeling only group (group B); (3) 
video goggles only group (group C); and (4) video peer 
modeling plus video goggles group (group D). Subjects 
who refused or were unable to wear the goggles watched 
the movie using a handheld portable DVD player.

Definitions

Video Peer Modeling. A DVD recording was filmed of a 
typically developing child undergoing a preventive den-
tal visit at the actual treatment site. The video demon-
strates various stages of the dental visit experience, 
including arriving at BCH, checking in at the dental 
clinic reception desk, receiving care in the dental chair 
(cleaning, scaling, polishing, and fluoride varnish appli-
cation), and obtaining a dental radiograph. Children 
assigned to intervention groups B or D were mailed a 
copy of the peer modeling DVD at least 4 weeks before 
the scheduled return visit. Parents were asked to review 
the video with their child at least once, but as many 
times as possible. Each child also watched the DVD in 
the waiting room, 15 minutes before the return dental 
visit.

Video Goggles. Sunglass-style video eyewear (Vuzix 
Corporation, Rochester, NY) was used that contains 2 
computer screens for viewing 2D or 3D movies. Sub-
jects randomized to group C or D watched a 2D movie 
during the return visit, using the video goggles.

Children assigned to group A (control group) received 
a preventive dental visit (usual care) and therefore had 
no intervention before or during the return visit. Parents 
of subjects assigned to this group were not provided any 
instructions specific to this study prior to visit 2.

Data Collection

Primary Outcome. The subject’s level of anxiety was the 
primary outcome. Anxiety was assessed at the end of the 
dental visit, using the Venham Anxiety Rating Scale,29 
an instrument that assigns numerical values to observ-
able behaviors associated with anxiety. It consists of 5 
behaviorally defined categories ranked by severity.

Secondary Outcomes
a. Behavior: We assessed the subject’s behavior 

at the end of the dental visit, using the Venham 

Behavior Rating Scale.29,30 The scale consists of 
5 behaviorally defined categories ranking sever-
ity on a scale from 0 to 5. Higher scores indicate 
greater levels of uncooperative behavior.29,30

b. Physiological arousal: The child’s pulse rate was 
recorded pre and post visit 2 (follow-up visit) as 
an objective measure of physiological arousal 
during the dental procedure.

The Venham Anxiety and Behavior Rating Scales have 
been used extensively to assess the level of anxiety and 
behavior of children in dental settings.31-35 Behavior and 
anxiety were measured during visit 1 and visit 2 for 
study subjects. The dentist and research assistant com-
pleted the Venham Anxiety and Behavioral Scale sepa-
rately at the end of each visit, and the average of the 2 
scores was recorded. During visit 2, the research assis-
tant measured previsit (just after the child sat in the den-
tal chair) and postvisit (after completion of the dental 
visit) pulse rates, using a pulse oximeter and finger 
probe. Although most patients tolerated this noninvasive 
procedure to measure pulse rates, several subjects 
became agitated. As such, we were unable to obtain 
measurements on all subjects.

Statistical Methods

Baseline data were collected for all 80 subjects at visit 1; 
3 subjects dropped out and 8 did not return for visit 2. 
We analyzed all subjects in their assigned randomized 
group, consistent with an intention-to treat approach. 
We used analysis of variance (for continuous variables) 
and Fisher’s exact test (for categorical variables) to 
compare baseline characteristics across the 4 groups. We 
employed repeated-measures analyses to test whether 
the Venham Anxiety Score and Venham Behavior Score 
(1) differed significantly between visits 1 and 2 within 
each group and (2) differed significantly between each 
intervention group and the control group over time. We 
conducted similar analyses comparing pre- and postvisit 
pulse rates for visit 2. The repeated-measures analysis 
was performed using PROC MIXED, with group, time, 
and a group × time interaction term included in the 
model. The differences between time points within each 
group were tested with the “ESTIMATE” statement and 
the pairwise differences between groups were tested 
with the “CONTRAST” statement. We performed all 
analyses using SAS software (Version 9.2; SAS Institute, 
Inc, Cary, NC).

Results

Figure 1 depicts the flow of subjects through the ran-
domization, follow-up and analysis process. Overall, 80 
children ranging in age from 7 to 17 years participated in 
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the study. The sample included 81% males with an aver-
age age of 9.9 years (SD = 2.44). Sixty percent (60%) of 
subjects’ parents had at least a college degree, and race/
ethnicity as follows: 53% Caucasian, 16% African 
American, 9% Asian, 4% Hispanic, and 16% other. 
There were no significant differences in the baseline 
characteristics of study subjects across the intervention 
and control groups. (Table 1) Overall, 20 subjects (8 in 
group B and 12 in group D) watched the peer modeling 
video more than once.

We also obtained subjects’ Full Scale Intelligence 
Quotient (categorized as <50, 50-70, and >70), and ver-
bal/nonverbal status from the medical records. We cre-
ated a composite variable as an indicator of cognitive 
ability (moderate to severe intellectual disability, intel-
lectual disability, and average/above average intelli-
gence). We did not find any statistically significant 
differences across groups in subjects’ cognitive ability 
(P = .79; data not shown).

Table 2 shows the mean Venham Anxiety and 
Behavior scores at baseline (visit 1) and follow-up (visit 2), 
as well as differences in visit 2 pre/post pulse rates, for 
subjects by randomization groups. Between visits 1 and 

2, mean anxiety and behavior scores decreased signifi-
cantly by 0.9 points (P = .03) for subjects within group 
C (video goggles or handheld DVD player only) and by 
0.8 points (P = .03) for subjects within group D (video 
peer modeling plus video goggles or handheld DVD 
player). Mean anxiety and behavior scores did not 
change significantly for subjects within group A (con-
trol) and group B (video peer modeling only). In addi-
tion, mean anxiety and behavior scores did not differ 
significantly between each intervention group and the 
control group over time, although group A versus C pair-
wise comparisons showed a trend toward significance 
(P = .06; Table 3). Differences in pre/post pulse rates 
were not significant within or across groups.

We evaluated whether there were differences in out-
comes depending on the number of times subjects in 
groups B or D watched the peer modeling video (1 vs 
>1), or if subjects in groups C or D used video goggles 
or a handheld DVD player. Our results indicated that 
mean anxiety and behavior scores were lower among 
subjects in group D who watched the peer modeling 
video more than once. Similarly, mean anxiety and 
behavior scores were lower among subjects in groups C 

19 Included in Analysis
� 1 Excluded from analysis
(Missing follow up data) 

20 Allocated to GROUP A

Analysis

Follow-Up

80 Randomized 

20 Allocated to GROUP D20 Allocated to GROUP C20 Allocated to GROUP B

6 month follow-up

� 19 Followed up                                 
� 1 Lost to follow up                           
� 0 Dropped out 

17 Included in Analysis
� 3 Excluded from analysis 
(Missing follow up data)

15 Included in Analysis
� 5 Excluded from analysis     
(Missing follow up data)

18 Included in Analysis
� 2 Excluded from analysis
(Missing follow up data)

80 Consented

80 Completed baseline visit

6 month follow-up

� 17 Followed up                                 
� 3 Lost to follow up                           
� 0 Dropped out 

6 month follow-up

� 15 Followed up                      
� 2 Lost to follow up                           
� 3 Dropped out (1 child anxious, 2 no reason) 

6 month follow-up

� 18 Followed up
� 2 Lost to follow up
� 0 Dropped out

Enrollment

Figure 1. Flow of subjects through the randomized controlled trial. Group A = control group; group B = video peer modeling 
only group; group C = video goggles/DVD only group; group D = video peer modeling plus video goggles/DVD.
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and D who wore the goggles, versus those who used the 
handheld DVD player. However, we were unable to test 
the statistical significance of these differences because 
of small sample sizes.

Discussion

The results of this pilot study suggest that certain elec-
tronic screen media may be feasible and useful strate-
gies for addressing fear and uncooperative behaviors 
among children with ASD undergoing dental visits. For 
many children with autism, going to the dentist is a 
stressful event.36,37 Parents sometimes avoid or postpone 
dental care for children with ASD because of the child’s 

fear of the dental office visits and procedures.36,37 The 
positive use of electronic screen media to teach children 
with ASD more adaptive behaviors has been docu-
mented in prior research.38 Our study sought to harness 
the potential for behavior change during the dental visit. 
The study results found that mean anxiety and behavior 
scores among children randomized to watch a movie 
during the dental visit, using either video goggles or a 
portable DVD player, decreased significantly between 
the baseline and follow-up visit. Watching a video with 
the video goggles or DVD player could have served as a 
distraction, thereby reducing associated anxiety and 
resultant uncooperative behaviors. According to McCaul 
and Malott,39 distraction works by diverting attention 

Table 1. Baseline Characteristics of Subjects, by Intervention and Control Groups.a

Group A (n = 20) Group B (n = 20) Group C (n = 20) Group D (n = 20) Pb

Age in years, mean ± SD 10.2 ± 2.4 9.8 ± 2.2 9.7 ± 3.2 9.8 ± 2.1 .92
Male gender, n (%) 17 (85.0) 17 (85.0) 14 (70.0) 17 (85.0) .62
Insurance, n (%) .77
 Public 7 (35.0) 8 (40.0) 8 (40.0) 10 (50.0)  
 Private 13 (65.0) 8 (40.0) 12 (60.0) 10 (50.0)  
Parent education, n (%) .18
 <4-year college graduate 9 (45.0) 7 (35.0) 2 (10.0) 7 (35.0)  
 ≥4-year college graduate 9 (45.0) 9 (45.0) 11 (55.0) 9 (45.0)  
Treating dentist, n (%) .09
 Faculty 17 (85.0) 17 (85.0) 13 (65.0) 19 (95.0)  
 Resident 3 (15.0) 3 (15.0) 7 (35.0) 1 (5.0)  

aGroup A = control group; group B = video peer modeling only group; group C = video goggles (or portable DVD player) only group; group D 
= video peer modeling plus video goggles (or portable DVD player) group.
bObtained from t tests or Fisher’s exact tests.

Table 2. Pulse Rate, Venham Anxiety and Behavior Scores at Baseline (Visit 1) and Follow-up (Visit 2), by Randomization 
Groups.

Outcomes Group A Group B Group C Group D Pa

Venham Anxiety, mean ± SD .23
 Visit 1 2.4 ± 1.8 2.6 ± 1.8 2.6 ± 1.3 2.9 ± 1.3  
 Visit 2 2.3 ± 1.6 2.6 ± 1.9 1.7 ± 1.8 2.1 ± 1.6  
 Pb .64 .98 .03 .03  
Venham Behavior, mean ± SD .07
 Visit 1 2.2 ± 1.9 2.7 ± 1.8 2.5 ± 1.6 2.9 ± 1.5  
 Visit 2 2.3 ± 1.6 2.9 ± 2.0 1.7 ± 1.9 2.1 ± 1.6  
 Pb .84 .69 .02 .03  
Pulse rate difference,c mean ± SD .57
 Visit 2 −1.8 ± 19.3 6.7 ± 9.2 2.0 ± 11.1 −2.8 ± 20.8  
 Pb .73 .30 .77 .40  

aObtained from repeated-measures regression models. P values indicate whether the outcomes differ significantly by groups over time.
bObtained from repeated-measures regression models. P values indicate whether the outcomes changed significantly over time for the 
particular group.
cDifference between pulse rate pre and post visit 2.
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from noxious stimuli toward more pleasant ones. 
Distraction through electronic screen media has been 
used as a cognitive–behavioral intervention to address 
anxiety in other research.40,41 One study using virtual 
reality technology as a distraction demonstrated 
decreased anxiety in children with cancer receiving 
invasive medical procedures.40 Although mean scores 
for children randomized to the video goggles (or porta-
ble DVD player) plus video peer modeling group (Group 
D) decreased significantly between visits, scores did not 
improve for children in the video peer modeling only 
group. As such, it is possible that significant changes 
among children in Group D were a result of the video 
goggles (or portable DVD player), rather than the video 
peer modeling.

Video peer modeling is an approach used to teach 
new skills by watching a video model of the desired 
behavior during a demonstration of a specific task. The 
method has been used in other research to teach children 
with ASD various social and play skills.42,43 The 
approach is based on applied behavioral analytic prin-
ciples, an evidence-based treatment for autistic behav-
iors. In the dental setting, video peer modeling has the 
potential to desensitize children with autism to the den-
tal visit experience. A small, nonrandomized study by 
Luscre and Center6 demonstrated that video peer model-
ing could be used to train children with ASD to cooper-
ate during a dental exam. However, the study design 
limited the validity and generalizability of its findings.

Study results also found that the mean anxiety and 
behavior scores did not differ significantly between 
groups over time, although pairwise comparisons between 
children randomized to group A (control) versus group C 
(video goggles or handheld DVD player only) showed a 
trend toward significance. This finding suggests that cer-
tain kinds of electronic screen media, when used as a dis-
traction during the visit, could potentially reduce 
uncooperative behaviors in children with autism undergo-
ing dental procedures. Further studies are needed to assess 
the efficacy of these strategies using larger sample sizes.

This study had several limitations. This was not a 
blinded study, thus, the raters were aware of the treat-
ment assignment of the subjects. As such, their scoring 
for subjects’ anxiety and behavior could have been 

biased, thereby influencing results. However, given the 
nature of the study, blinding was not feasible. The dose 
of exposure to the peer video varied across subjects, 
ranging from 1 to 5 viewings. All children watched the 
video at least once, just before the follow-up dental visit. 
Although our findings indicated that subjects in group D 
who watched the peer modeling video more than once 
had lower mean scores, small sample sizes precluded 
testing for statistical significance of this interaction. 
Because some children with autism have heightened 
responses to sensory input, some of the study procedures 
may have contributed toward some subjects’ anxiety. 
For example, subjects’ pulse rate measurements were 
obtained using finger probes in order to have an objec-
tive measure of physiological arousal. This is a rela-
tively noninvasive procedure. However, it made a few 
subjects anxious. Although many subjects really enjoyed 
using the video goggles, others who tried on the video 
goggles could also have become more anxious as a 
result. In future studies, researchers should strive to 
minimize procedures that could increase anxiety. A sen-
sory or preference assessment could be done prior to the 
start of the study to address this; other handheld devices 
like iPads could also be considered as alternatives. It is 
possible that effect of electronic screen media could 
have been modified by the subjects’ level of intellectual 
functioning but we were unable to assess this because of 
small sample sizes. Finally, the pilot nature of this study 
did not provide adequate power to detect significant dif-
ferences across intervention and control groups.

Conclusion

The results of this pilot study demonstrated the feasibil-
ity of using electronic screen media to address dental 
fear in children with autism. The results suggest that cer-
tain electronic screen media technologies may be useful 
tools for reducing fear and uncooperative behaviors 
among children with ASD undergoing dental visits. 
Further studies are needed to assess the efficacy of these 
strategies using larger sample sizes. Findings from 
future studies could be relevant for nondental providers 
who care for children with ASD in other medical 
settings.

Table 3. P Values for Pairwise Comparisons of Mean Venham Anxiety and Behavior Scores for Control and Intervention 
Groups.

P Values

Pairwise Comparisons Mean Venham Anxiety Scores Mean Venham Behavior Scores

Group A and group B .73 .88
Group A and group C .17 .06
Group A and group D .21 .08
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