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Purpose: This was a pilot study assessing the impact of a sensory adapted dental environment 

(SADE) on children with developmental disabilities (DD) receiving routine dental care. 

Methods: A crossover study of 22 children with DD, aged 6 through 21, was conducted at 

Virginia Commonwealth University Pediatric Dental clinic. Each participant was randomized to 

a sequence of two dental cleanings, one regular dental environment (RDE) and one SADE with a 

3-4-month recall. Outcomes included physiological measures (heart rate and oxygen saturation) 

and cooperation (Frankl scores).  



 
 

Results: Study subjects completed a total of 36 visits. None of the physiological measures 

differed at either time point between the two treatment settings. The Frankl scores were 

significantly higher with SADE setting than RDE (p =0.0368). Forty-six percent of parents 

strongly agreed that they would prefer the SADE for their child’s next visit. 

Conclusion: SADE may be associated with improved behavior in children with DD. 
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Introduction 
 
 
 
 

The number of children with developmental disabilities (DD) has increased dramatically since 

1990s. The CDC reported children with developmental disabilities have increased 17.1% from 

1997 to 2008. Recent estimates in the United States show that about one in six, or about 15% of 

children aged 3 through 17 years have one or more developmental disabilities.1 Developmental 

disabilities, also known as neurodevelopmental disorders, are a diverse group of chronic 

conditions that are due to mental and/or physical impairments. Children with DD experience 

challenges such as language, mobility, learning, self-help, and independent living. Under this 

broad spectrum of disability, individuals with DD may have intellectual disabilities (ID), 

communication disorders, Autism Spectrum Disorder (ASD), Attention-Deficit/Hyperactivity 

Disorder (ADHD), specific learning disorders, motor disorders, and other neurodevelopmental 

disorders.2 

Previous studies have shown that the rate of unmet oral health needs is higher in 

individuals with DD compared with the general population.3–6 Despite the growing number of 

children with disabilities living longer and healthier lives with medical advancements, it is a 

constant challenge for individuals with DD to receive comprehensive dental care. Multiple 

barriers have been identified: (1) residential effect, which promotes a community-based living to 

improve quality-of-life for individuals with DD without any parallel effort to ensure that there is 

a comprehensive and consistent health care system readily available for this vulnerable 
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population; (2) a lack of trained clinicians who can accommodate the special health care needs of 

DD;(3) challenging behaviors characteristic to this population.4–13  

 Nelson et al. divided barriers to oral health care into two groups, environmental and non-

environmental. Environmental barriers, which originate in the dental care system, include cost of 

care, getting appointments, physical accessibility, and lack of training of dental team. Non-

environmental barriers, which originate with the child and family, include child’s behavior, fear 

of dentists, and competing medical demands. In this survey, 20% of parents of children with 

special health care needs reported that their child had an unmet dental need. Also, children with 

cerebral palsy, ASD, developmental delay, and Down syndrome had more aversions to dental 

treatment, more treatment complications posted by their medical conditions, and more difficulty 

finding a dentist willing to provide care compared to that of children with other special health 

care needs.6  

 A dental appointment can be especially difficult for children with DD due to the child’s 

limited ability to comprehend the goal of the dental appointment, oral aversion corresponding to 

their medical diagnosis, the unfamiliarity of the dental environment, and sensitivity to sensory 

stimuli presented in a regular dental setting (high-speed hand piece, prophylaxis angle, overhead 

light, loud ambient noises, texture and taste of prophylaxis paste).14–18 In a study evaluating 

potential predictors of cooperation during dental appointments for children with autism, 65% of 

patients with ASD had uncooperative behavior, with only 35% being cooperative.19 In another 

study assessing the oral care and sensory issues in children with ASD, significantly more parents 

of children with ASD rated their child’s experience as “negative” and reported that it was 

“moderately to extremely” difficult to have the dentist or hygienist clean their child’s teeth. In 

the same survey of parents of child with ASD, 69% of parents reported that the dental visit is 
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more stressful for their child with ASD compared to that of other siblings.15 In another survey of 

parents of children with special healthcare needs, approximately 50% of parents believed that 

sensory processing difficulties interfered with their child’s oral care in the dental office.14  

 Current estimates indicate that more than 80% of children with ASD exhibit concurrent 

sensory processing problems.20 Sensory processing difficulties may be one of the contributing 

factors to poor cooperation in the dental office for children with ASD. When such problems are 

present, responses to incoming sensory stimuli are not graded adequately, leading to an over- or 

under-reaction to stimulation.14 Subsequently, children with ASD can respond atypically to 

visual, auditory, tactile, olfactory, or gustatory stimuli. In a regular dental environment, children 

with ASD are bombarded with sensory stimuli which could negatively impact their behavior and 

level of cooperation for routine dental visits. Sensory processing difficulties have been analyzed 

using the sensory integration theory introduced by an occupational therapist, A. Jean Ayres, in 

the 1970s. This theory refers to the body’s way of handling and processing sensory inputs from 

the environment. Ayres postulated that individuals with sensory dysfunction experience impaired 

sensory systems and neurological processing of sensory information, which negatively affect 

development and learning.21  

Based on Ayres’ sensory integration theory, sensory-based treatment has been studied 

and utilized by occupational therapists and other health professionals in treating individuals with 

DD. Sensory-based treatments are designed to provide individualized, controlled sensory 

experiences to help modulate responses to environmental inputs. These activities include a 

variety of sensory modalities such as vestibular, touch, and auditory, targeting hyper- or hypo-

sensitivities. The primary goals of sensory-based treatments are to improve sensory processing 

and self-regulation, to increase adaptive function, and to help the child participate in daily 
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activities. However, there is not a universally accepted protocol for implementing sensory-based 

treatment. A number of systematic reviews of sensory-based treatments show limited or 

inconclusive empirical support. The efficacy of sensory integration therapy is yet to be 

conclusive because it is unclear whether children who present with sensory-based problems have 

a distinct sensory dysfunction or that these deficits are characteristics associated with DD.22 

 In the dental field, sensory-based treatment has been studied as a novel intervention to 

reduce dental anxiety of children. Shapiro et al. studied 19 typically developing children, aged 6-

11 year, who participated in a cross-over intervention trial. The SADE was created by modifying 

visual, tactile, somatosensory, and auditory stimuli. Behavioral parameters included the mean 

number, duration, and magnitude of anxious behaviors recorded by observing the participants’ 

negative dental behavior (head movements, eye movements, mouth movements, forehead 

movement, coughs/gag reflex, crying/screaming, and others). Physiological parameters reflecting 

the level of arousal included the changes in dermal resistance. All measures consistently 

indicated that both behavioral and psychophysiological measures of relaxation improved 

significantly in the SADE compared with a conventional dental environment.23 In 2009, Shapiro 

et al. applied the same sensory-based treatment on 16 children with DD. This was the first study 

observing the efficacy of sensory-based treatment on anxiety of children with DD in a dental 

setting.24 The result from this study correlated with the results from the typically developing 

children, but the effect was smaller. The findings from this study indicated the potential 

importance of considering the sensory-adapted environment as a preferable dental environment 

for the children with DD. A similar pilot study by Cermak et al. examined the efficacy of SADE 

on children with autism. This study yielded results that supported the previous studies’ 

findings.25 
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 The purpose of this pilot study was to gather data on the effect of SADE on behavioral 

outcomes and physiological changes in the children with DD, compared to that of a RDE. We 

hypothesized that (1) the participants’ behavior during a routine dental care visit with SADE 

would be better compared to that of a RDE; (2) the physiological outcomes will be different in 

the SADE compared to the RDE; (3) parents of the participants will favor dental treatment under 

the SADE. The study presents adopting a sensory modified intervention in a dental setting to 

improve the dental experience of this vulnerable population.  



 
 

 6 

 

 

 

 

 

Materials and Methods 
 
 
 
 

The Institutional Review Board at Virginia Commonwealth University, Richmond, VA., USA, 

approved this pilot study evaluating the impact of the SADE on children’s behavior during 

routine dental exam and cleaning (Protocol Number: HM20009272). This was an experimental 

crossover design in which each participant was randomly assigned to a RDE or a SADE for 

his/her new patient exam or a recall exam (Phase I) and was asked to return for a 3-month recall 

(Phase II) which would be executed with the remaining environment. The study sample included 

children aged between 6 and 21 who have been diagnosed with DD, visiting VCU Pediatric 

Dental Clinic for oral health care between July 2017 and December 2017. Target participants 

with DD had neurodevelopmental disabilities including, but not limited to, Down syndrome, 

Autism Spectrum Disorder, cerebral palsy, developmental delay, and any disabilities associated 

with chromosomal disorders. The exclusion criteria included non-English speakers.  

 All parents or legal guardians of the target children were invited by the student 

investigator to participate on the day of their child’s dental appointment. Participation in this 

study was voluntary and the parents or legal guardians of the subjects were informed that they 

could withdraw from the study at any time. No incentives were given for participation in the 

study.  

The SADE was created by modifying sensory stimuli that are normally presented in a 

typical dental setting. For visual sensory modification, solar projector (Cloud B Tranquil Turtle 

Night Light, CB-7423PR) and practitioner’s overhead light (Q-Optics, Radiant LED Headlight, 
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Duncanville, Tx) were the only lights on in a quiet room. A regular X-ray lead apron was laid on 

each patient for proprioceptive stimuli, and calming nature sound (Calming Seas #1 – 11 Hours 

Ocean Waves Sound) was played in the background. The proprioceptive stimuli from the X-ray 

lead apron was aimed for providing deep pressure input to produce a calming effect.26 

Parents/guardians of participants completed a basic demographic survey and sensory 

profile. The demographic survey included the patient’s age, gender, race/ethnicity, and parents’ 

education level. The Short Sensory Profile is a frequently used screening tool with high validity 

for assessing sensory processing in children.27 It is a 34-item parent reported questionnaire 

standardized for children ages 3 through 14 years. The questionnaire uses a 5-point Likert scale 

for parents to report how frequently their child responds to sensory input in their daily activities. 

The purchase, scoring, and interpretation of the Short Sensory Profile were completed under 

supervision of a licensed occupational therapist. 

During the exam and cleaning, an additional provider (pediatric dental resident) was present in 

the room to record the Frankl behavior score for each patient. The Frankl Scale is a one-item 

dentist-reported scoring of children’s behavior in the dental environment. 28 It uses 4-point Likert 

Scale ranging: 1 (definitely negative), 2(negative), 3 (positive), 4 (definitely positive) and has 

high inter-rater reliability and moderate validity.29 The traditional description of Frankl behavior 

measurement was modified for this study to accommodate the unique characteristics of the 

participants’ disabilities (Figure 1). 

All pediatric dentistry residents were calibrated for consistent scoring of Frankl behavior 

scale prior to the initiation of the study. The differences in scoring during the calibration were 

discussed in detail to achieve consistency. During the study, two raters scored each patient and 

the interrater reliability was assessed using Cohen’s Kappa statistic. Physiologic outcomes such 



 

 
 

8 

as oxygen saturation and heart rate were recorded at the beginning and at the end of the 

appointment with a pulse oximeter (NellcorTM Covidien, Boulder, CO). Participants were asked 

to return for 3-month recall exam under either a RDE or SADE (Phase II) depending on the 

treatment received at the initial visit. Parents/caregivers completed the post-treatment survey to 

assess cooperation of their child in RDE compared to SADE.  

Sample demographic data was summarized using descriptive statistics. Paired analysis on 

physiologic outcomes and behavior scores was performed with Wilcoxon Signed Rank- Sum test 

for subjects who completed both visits. Repeated measures ANOVA models using all study 

visits were constructed to test for differences based on treatment setting while considering other 

covariates of interest. Post hoc pairwise comparisons were analyzed using Tukey’s HSD to 

adjust for multiple comparisons. All analyses were performed in SAS EG v.6.1 with a 

significance level of 0.05.
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Figure 1: Frankl Score and Modified Frankl Score 

  Standard Description Modified Description 

1 -- Definitely negative. Refusal of 

treatment, forceful crying, fearfulness, 

or any other overt evidence of extreme 

negativism. 

• Movement, pacing around the room, unable to 

sit in the dental chair; excessive head/hand 

movements 

• Inconsolable screaming and crying, verbal 

protest 

• Self-injurious behavior (can range from gentle 

patting to aggressive hitting and biting) 

• Unable to complete an exam/cleaning 

2 - Negative. Reluctance to accept 

treatment, uncooperative, some 

evidence of negative attitude but not 

pronounced (sullen, withdrawn).  

• Movement, pacing around the room but 

eventually sits in the chair with lots of TSD; 

head and hand movement that may interfere 

with the exam/cleaning 

• Mild screaming and crying, verbal protest 

• Self-injurious behavior 

• Allow for limited dental exam /cleaning 

3 + Positive. Acceptance of treatment; 

cautious behavior at times; willingness 

to comply with the dentist, at times 

with reservation, but patient follows the 

dentist’s direction cooperatively. 

• Minimal movement of head, hands remain 

down or partially raised to signal discomfort.  

• Tense facial expression, may have tears in eyes 

• No self-injurious behavior 

• Allow for a through exam/cleaning 

4 ++ Definitely positive. Good rapport with 

the dentist, interest in the dental 

procedures, laughter and enjoyment.  

• No movement; hands remain down  

• No self-injurious behavior 

• Allow for a through exam/cleaning 
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Results 
 
 
 
 

A total of 22 patients were enrolled in the study. Demographics are given in Table 1. Sixty-two 

percent were male, 41% were aged 6-10 years old, and the most common diagnosis was ASD 

(38%). Seventy-one percent had history of dental general anesthesia and 24% had history of use 

of papoose for dental treatment. Table 2 includes baseline sensory characteristics of the study 

participants.  More than half of the participants were non-verbal (60%) and 70% presented with 

probable sensory modulation disorder.  Results from the Short Sensory Profile are also given in 

Table 2.   
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Table 1: Sample Demographics 

  n % 

Age    

 6-10 9 41% 

 11-15 6 27% 

16-21 7 32% 

Gender     

Male 14 64% 

Female 8 36% 

Parent Education Level    

Less than High School/GED 3 14% 

High School/GED 8 38% 

Some College 1 5% 

Associate Degree 5 24% 

College Graduate 3 14% 

More than College 1 5% 

History of GA    

Yes 15 71% 

No 6 29% 

Papoose Use    

Yes 5 24% 

No 16 76% 

Treatment Order     

SADE-Normal 13 59% 

Normal-SADE 9 41% 

Primary Diagnosis (Check all that apply)    

Intellectual Disability (Mental Disability) 3 9% 

Autism Spectrum Disorder 13 38% 

Cerebral Palsy 2 6% 

Down Syndrome 4 12% 

Developmental Delay/Disability 4 12% 

Attention Deficit/Hyperactivity Disorder 

(ADHD) 3 9% 

Other 5 15% 
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Table 2: Characteristics of Study Subjects including Sensory Profile 

  n % 

Verbal    

Verbal 9 43% 

Non-verbal 12 57% 

Sensory Modulation Disorder    

Yes 15 71% 

No 6 29% 

Sensory Profile    

Sensory    

Less Than/Like Others 7 33% 

More Than/Much More Than 14 67% 

Behavioral    

Less Than/Like Others 6 29% 

More Than/Much More Than 15 71% 

Seeker    

Less Than/Like Others 7 33% 

More Than/Much More Than 14 67% 

Avoider    

Less Than/Like Others 5 24% 

More Than/Much More Than 16 76% 

Sensory Sensitivity    

Less Than/Like Others 5 24% 

More Than/Much More Than 16 76% 

Registration    

Less Than/Like Others 11 52% 

More Than/Much More Than 10 48% 

 

Study subjects completed a total of 36 visits resulting in a loss to follow-up rate of 36%. 

There was no difference in participant age (p-value=0.1426), gender (p-value=0.1673), treatment 

order (p-value=0.1870), verbal/non-verbal status (p-value=0.3972), or sensory modulation 

disorder (p-value=0.3544) between those who completed both visits and those who were lost to 

follow-up. Inter-rater agreement on Frankl scores was high (κ=0.8354).  
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The median difference in Frankl scores was 1, favoring better behavior in SADE than 

RDE (p-value=0.0703 for clinician’s Frankl scores and p-value=0.1094 for independent 

observer). None of the physiological measures differed at either time point (pre or post) between 

the two treatment settings (Table 3).  

Table 3: Median Study Outcome Measures by Treatment Setting 

  SADE RDE 

Paired  

Difference P-value 

Heart Rate      

Pre 92 94 0.00 0.9863 

Post 100.5 99 -2.00 0.8135 

Oxygen 

Saturation      

Pre 0.99 0.99 0.00 1.0000 

Post 0.99 0.99 0.00 0.8594 

Frankl      

Clinician 3 2 0.50 0.0703 

Observer 3 2 1.00 0.1094 

 

Due to the high loss to follow-up rate, an unpaired analysis was also performed to take 

advantage of data from all patient visits, while still adjusting for correlation between Frankl 

scores for subjects with multiple visits. When comparing all visits with repeated measures 

ANOVA, observer Frankl scores were significantly higher with SADE setting than RDE 

(average difference=0.443; p-value=0.0368). Results were similar when using clinician’s Frankl 

scores (average difference=0.435; p-value=0.0182).  

Covariates of interest were also included in repeated measures ANOVA model to 

determine if there were any factors associated with Frankl scores. Factors evaluated included: 

treatment order, age, gender, sensory modulation disorder, all subscores of the Sensory Profile, 

primary diagnosis of ASD, history of dental general anesthesia, history of papoose use, and 

whether or not the patient was verbal (Table 4). There was evidence of a difference in observer’s 
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Frankl Scores based on the patient’s verbal abilities (p-value=0.0435), patient age (p-

value=0.0841), and history of papoose use (p-value=0.0314). Specifically, non-verbal patients 

had lower Frankl scores on average (2.51 vs 3.24), 6-10 years old subjects had lower Frankl 

scores than the two older groups (2.4 for 6-10 vs 3.14 for 16-21years old and 3.18 for 11-15years 

old), and those with history of papoose use had lower average Frankl scores (2.1 vs 3.0). The 

interaction terms between treatment setting (RDE, SADE) and each of these covariates were not 

statistically significant, indicating the dental environment does not have a different effect based 

on these factors.  

Table 4: Repeated Measures ANOVA Results for Covariates of Interest 

 

  

Association with Observer 

Frankl Interaction 

Treatment Order 0.3725   

Age 0.0841 0.753 

Gender 0.1936   

Sensory Modulation Disorder 0.9776   

Sensory Profile Subscores    

Sensory 0.7523   

Behavioral 0.5543   

Seeker 0.9342   

Avoider 0.4000   

Sensory Sensitivity 0.4000   

Registration 0.8347   

Primary Diagnosis of ASD 0.6897   

History of GA 0.2633   

History of Papoose 0.0314 0.3865 

Verbal/Nonverbal 0.0435   

 

Results from parents and guardians of the study subjects who completed both visits are given in 

Figure 2. None of the respondents disagreed or strongly disagreed with any of the statements 

which favored SADE over RDE. Fifty-four percent of respondents strongly agreed that the 
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SADE improved their child’s dental anxiety during the routine dental exam and cleaning, and 

46% strongly agreed that they would prefer the SADE for their child’s next visit.  

Figure 2: Summary of Responses to Parent/Caregiver Questionnaire After Both Visits 

 

8%

15%

46%

62%

62%

38%

54%

31%

38%

46%

0% 25% 50% 75% 100%

The Sensory Adapted Dental Environment

(SADE) improved my child's dental anxiety

during the routine dental exam and cleaning.

The SADE improved my child's cooperation

for the routine dental exam and cleaning.

My child did better cooperating for dental

exam and cleaning in the SADE compared to

his/her previous dental exams and cleanings.

I would prefer my child to receive dental

exam under SADE instead of a regular dental

environment for my child's next visit.

Neutral Agree Strongly Agree
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Discussion 
 
 
 
 

This pilot study suggests that SADE has a positive impact on the behavior of children with DD 

undergoing routine dental treatment. The Frankl behavior score of the 36 completed visits 

indicate that SADE resulted in significantly higher Frankl scores compared to that of a RDE (p-

value=0.0368). The Frankl behavior score of the paired result were not statistically significant at 

the 0.05 level but were all below the 0.10 significance level, which is often used for preliminary 

results with pilot studies. Of the 14 who completed both visits, 8 (57%) had higher observer 

Frankl score with SADE, 4 (29%) had no change in Frankl score, and 2 (14%) had lower Frankl 

score with SADE. This supports our first hypothesis that the cooperation of children with DD 

under SADE would be better than compared to that of a RDE. Our findings on improved 

behavior under SADE are consistent with the previous studies presented by Shapiro et al and 

Cermak et al.23–25 A recent systematic review of specific sensory techniques and sensory 

environmental modifications for children with sensory integration difficulties concluded that 

there is moderate evidence supporting the use of SADE.30 

Our second hypothesis stating that there would be a difference in the physiological 

outcomes of the children with DD undergoing SADE or RDE was inconclusive. The 

participants’ heart rate and oxygen saturation were recorded in the beginning and at the end of 

each visit to collect objective data reflecting on their physiological distress during a dental 

appointment. Neither unpaired or paired analyses revealed any significant difference in the heart 

rate or oxygen saturation. Our data on the participants’ physiological distress was not a good 
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representation of their level of cooperation during either treatment intervention, SADE or RDE. 

The measurement of heart rate and oxygen saturation with a pulse oximeter was challenging for 

many of participants. Participants had a difficult time holding their hands still for an accurate 

reading, and the time it took to obtain the measurement varied from participant to participant.  

The third hypothesis of the study postulated that the parents and guardians of the 

participants will favor the sensory-based treatment over the conventional dental treatment. The 

results strongly supported our hypothesis. Not only did the parents agree that the SADE 

improved their child’s dental anxiety and cooperation during a routine dental exam and cleaning 

but, they also reported that their child’s cooperation was better under a SADE compared to a 

dental treatment under a RDE. Eighty five percent of the parents reported that they would prefer 

the SADE for their child’s next dental visit (38% agree and 46% strongly agree). The parents of 

children with DD are the best advocates for their children; they often help with bridging the 

communication gap between providers and their children given that these children may not have 

the ability to communicate their discomfort and dental distress. The agreement to applying the 

SADE during a dental visit reported by the parents in our study could indicate that the SADE 

indeed assists in maximizing relaxation and reducing sensory stimuli. It could also indicate the 

parents’ appreciation for the extra effort initiated by the clinician to provide a more enjoyable 

dental experience of their child.  

One of the goals of the SADE is to provide a positive dental experience for the children 

with DD. Our data support that the SADE, compared to a RDE, may increase the level of patient 

cooperation during routine dental appointment. Additional studies should be conducted to 

confirm that the SADE could be used as a practical tool for the clinicians to apply in their daily 

routine for treating the children with DD. One of the biggest barriers identified among general 
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dentists (60% of respondents) was patient behavior.10 Through the use of SADE and an 

improved patient cooperation level, clinicians may gain confidence in treating children with DD. 

Future studies need to focus on the behavioral guidance driven by individual patient’s 

sensory profile. The American Academy of Pediatric Dentistry recommends traditional 

behavioral guidance such as communication guidance, positive pre-visit imagery, direct 

observation, ask-tell-ask, voice control, Tell-Show-Do, non-verbal communication, positive 

reinforcement and descriptive praise, distraction, and nitrous sedation to guide children 

throughout the dental treatment and to help build their coping skills.31 However, these strategies 

are often not sufficient to engage children with DD for exam and cleaning visits due to deficits 

that are uniquely associated with their disabilities. Moreover, the physical and psychological 

impairments, including sensory processing difficulty, make cooperation and tolerance to dental 

treatment even more difficult for children with DD. Sensory-based interventions and sensory 

integration therapy have been used in occupational therapy to improve children’s functions of 

daily life and to develop adaptive responses to the child’s sensory processing and motor planning 

skills.22,32,33 The systematic review on sensory-based interventions concluded that there is limited 

evidence to support the use of sensory-based interventions on improving behavior in children. 

However, these studies often used a single-sensory strategy (e.g., a weighted vest) or they did not 

follow specific protocols.33 Despite the limitations, the use of sensory-based intervention in a 

dental setting has shown promising results and should be investigated further.23–25 By modifying 

sensory stimuli posed by a conventional dental environment, findings in our study along with the 

results of other pilot studies23–25 suggest associations between the SADE and improved 

cooperation and relaxation in children with DD.  
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There are two major clinical recommendations from our findings: (1) pre-appointment 

sensory/behavior assessment form reported by the parents and (2) tailoring the sensory 

modifications specific to the child’s need based on the assessment. The pre-appointment 

sensory/behavior assessment will allow the practitioner to have a better understanding of the 

child’s sensory responses. Based on this assessment, practitioners could modify the sensory 

environment to meet their specific sensory needs, thereby, identifying appropriate behavior 

guidance strategies for each patient.  

Marshall et al. identified five potential risk factors for uncooperative behavior in a dental 

setting: (1) age, (2) ability to read, (3) toilet training, (4) concurrent diagnoses (ID, DD, seizure 

disorder, attention deficit/hyperactivity disorder, fragile X syndrome, obsessive compulsive 

disorder, sensory defensiveness disorder, cerebral palsy, and oppositional defiant disorder), and 

(5) expressive language.19 This study found that having two or more of these risk factors was 

strongly associated with uncooperative behavior (p-value <0.001). In our study, there was 

evidence of a difference in observer’s Frankl scores based on the patient’s age (p-value = 

0.0841), communication skills (p-value=0.045), and history of papoose board (p-value = 0.0314). 

Our participants with younger age, inability to communication, and a history of papoose board 

use scored lower on Frankl behavior scores. These risk factors can be also considered in each 

child’s action plan for the following dental visit to better prepare the dental team for a successful 

dental visit.  
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Limitations 

 

 

 

There were five major limitations to this study: (1) demographics, (2) 3-month follow-up rate, 

(3) physiological measurement, (4) inability to blind the raters to the treatment group, and (5) 

parental bias. To review, the first limitation in our study was sample demographics. The 

participant sample for the study only included individuals with DD receiving care at VCU 

Pediatric Dental clinic. This resulted in a limited sample size that may not reflect the general 

population. All the consented participants were encouraged to return for 3-month follow-up visit 

under SADE or RDE. Only 64% returned for the Phase II visit, which limited the data analysis 

using paired Wilcoxon Rank Sum test. The recall fall-out may have been largely due to sickness 

in family members, weather issues, and conflicts with transportation.  

Also, it was difficult to obtain physiological measurements from the study subjects. The 

amount of time it took to place the pulse oxygen sensor on each participant varied due to the 

participant cooperation. The goal of the physiological measurement for this study was to observe 

any difference in heart rate or in oxygen saturation level in subjects receiving dental care under 

SADE compared that of a RDE. Future study should account for this confounding factor by 

videotaping the entire appointment and observing the time it took for the pulse oximeter sensor. 

Additionally, due to the nature of the study, we were not able to blind the raters as to how 

the dental environment was modified for the treatment group. The parents of the participants 

who completed the post-treatment survey were not blinded due to the same reason. Lastly, the 
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parents’ response to the post-treatment survey may be biased because since parents naturally 

want to see improvement in their child’s behavior. The parents may have showed a strong 

agreement and satisfaction with the SADE for their child because they support and appreciate the 

goals of the study and the effort made in finding ways to improve the dental experience of 

children with DD.  
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Conclusion 

 

 

 

 

The SADE designed to modify sensory stimuli typically presented in a dental setting may be 

associated with improving dental experience of children with DD. It may be associated with 

minimizing the sensory stimuli and increasing relaxation of the children of DD receiving a 

routine dental care. Future research with a larger sample size is needed to examine the efficacy 

of individualized SADE based on each child’s sensory/behavior assessment.   
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Appendix 1 

 

 

 

Demographic Survey  

1. Please select gender of your child: 

a. Male  

b. Female 

c. Other: (free text) 

2. Please select age of your child: 

a. 6—10 years old 

b. 11—15 years old 

c. 16-21 years old 

3. Please select race/ethnicity of your child (Select all that apply): 

a. American Indian or Alaska native 

b. Asian  

c. Black or African American 

d. Hispanic or Latino 

e. Native Hawaiian or Other Pacific Islander 

f. White  

g. Other 

4. Please select primary diagnosis of your child (Select all that apply): 

a. Intellectual Disability (Mental disability) 

b. Autism Spectrum Disorder 

c. Cerebral Palsy 

d. Down Syndrome 

e. Developmental Delay/Disability 

f. Attention Deficit/Hyperactivity Disorder (ADHD) 

g. Sensory Processing Disorder 

h. Other: (free text) 

5. Please select your level of education 

a. Some high school 

b. High school graduate 

c. Associate degree 

d. Some college 

e. College graduate (bachelor’s degree) 

f. Master’s degree 

g. Professional degree 

h. Doctoral degree
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Appendix 2 

 

 

 

 

Post-Treatment Survey for Parents 

 

 Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

1. The Sensory Adapted Dental 

Environment (SADE) improved 

my child’s dental anxiety during 

the routine dental exam and 

cleaning. 

     

2. The SADE improved my child’s 

cooperation for the routine 

dental exam and cleaning. 

     

3. My child did better cooperating 

for dental exam and cleaning in 

the SADE compared to his/her 

previous dental exams and 

cleanings. 

     

4. I would prefer my child to 

receive dental exam under 

SADE instead of a regular dental 

environment for my child’s next 

visit.  
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Appendix 3 

 

 

 

 

Sensory Adapted Dental Environment (SADE) 
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Appendix 4 

 

 

 

 

Sensory Adapted Dental Environment          Regular Dental Environment  
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