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 Chapter One   

Introduction to Oral Health Problems 

Oral diseases have been a major public health concern profoundly affecting people’s 

general health and quality of life worldwide (Petersen et al., 2005).  The World Health 

Organization (WHO) has stated that “despite great improvements in the oral health status in 

oral health of populations in several countries, global problems still persist” (pg 661, 

Petersen et al., 2005).  Oral diseases and conditions such as dental caries, periodontal 

diseases, tooth loss, dental trauma, craniofacial anomalies, oral cancer, and HIV-related oral 

manifestations all have broad impacts on oral and general health.  Among these conditions, 

WHO recognizes dental caries and periodontal diseases as the most important global oral 

health burdens (World Health Organization, 2003).  A conceptual map describing the 

clinical measurements and characteristics of these two dominating diseases in different age 

population is shown in Figure 1-1.  Recent findings from surveillance data have raised 

awareness of these diseases and elevated them as a public health concern.  According to the 

National Health and Nutritional Survey (2009-2010), over half of Americans over the age of 

30 have periodontal diseases (Eke et al., 2012); Center of Disease Control Surveillance data 

revealed an increasing trend in dental caries in children aged 2 to 5 (Dye et al., 2007).   

 



2 
 

 

*Data used in this dissertation 

Figure 1-1. A conceptual map of clinical measurements and characteristics of periodontal 

diseases and dental caries 

 

While there have been improvements in oral health, these dental outcomes still 

disproportionally affect underprivileged groups (US Dept of Health and Human Service, 

2000; World Health Organization, 2003).  Individuals with limited access to dental services 

have the highest rates of oral diseases, and their ability to access oral health care is directly 

related to their socio-economic status (Dye et al., 2007; Centers for Disease Control and 

Prevention, 2009; Dye et al., 2007; US Dept of Health and Human Service, 2000).  To address 

this issue, one of the major objectives of Healthy People 2020 is to understand and 

overcome the barriers to preventive interventions and oral health care in order to reduce 

the disparity (Healthy People 2020).  

Biomedical and epidemiological studies have demonstrated well that the etiology 

and the pathological process of oral diseases involves interplay of multidimensional causal 

factors such as genetic, biological, socio-economical, behavioral, and health care utilization 

(Fisher-Owens  et al., 2007; P.E. Petersen et al., 2005).  For periodontitis, numerous studies 
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support the concept that the disease is multifactorial meaning the development of the 

disease involves more than one factor (Albandar and Rams, 2002; Meisel et al., 2003; Van 

Dyke and Dave, 2005).  To summarize, the framework for assessing multi-factorial risks to 

oral health is presented in Figure 1-2.  It is important for public health to consider the whole 

spectrum of causal chain as it is evident that the progression of disease might be 

complicated by a complex combination and interactions of genetic and environmental 

factors ranging from bacterial infections, genetic variations, behavioral factors and tobacco 

use (Brogden et al., 2002; Fredman et al., 2011).  

 

Figure 1-2. Risk factors associated with oral health outcomes. The risk factors outlined 

inside the large box are those that can be prevented through effective preventive strategies 

and health promotions. 

 

Oral health data has several important and measurable dimensions including 

clinical outcomes, self-reported assessments, demographic factors, health service uses, and 

quality of life.  Studies have demonstrated that many dental outcomes (such as tooth decays 

and gum diseases) are a result of the interactions of some or all of these dimensions (Chen 

and Clark, 2011; Litt et al., 1995; National Institutes of Health, 2003; Petersen et al., 2005).  
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However, multidimensional models have not been widely considered in oral health outcome 

research (Reisine and Litt, 1993).  In fact, much of the research in the literature either over-

simplifies or isolates the components of multidimensional models from each other such that 

the influence of multidimensional factors on oral health outcomes cannot be understood 

comprehensively (Gift et al., 1997).  Consequently, efforts in preventing oral diseases, 

improving dental health and reducing health burden and costs cannot be achieved (Gift et 

al., 1997). 

However, strategies for analyzing multidimensional data are neither 

computationally straightforward nor efficient.  In large-scale data with many variables, the 

traditional approach becomes inefficient and biased due to the subjectivity of the prior 

assumptions on the algorithmic procedures (Wong and Wang, 2003).  Additional 

complexities with modern oral health data are that much of the oral health-related 

administrative data such as claims database, electronic medical records, and hospital 

service data are not primarily collected for the purpose of health research.  Thus, these 

massive amounts of information are typically not organized in a structure that is readily 

analyzable.  With the lack of analytical strategies, the massive amount of information 

remains difficult to assimilate. 

A challenge is to go beyond identifying risk factors from a single dimension and to 

describe large-scale datasets in a natural intuitive manner.  Over the past decades, there are 

several data mining techniques that are typically designed to deal with multidimensional 

data.  They include neural networks, principal component analysis, decision trees, cluster 

analysis, nearest neighbor methods, and data visualization.  These methods have been used 

popularly to summarize patterns and identify signals, for example, in high-throughput DNA-

sequencing data (Brunet et al., 2004; Eisen et al., 1998), dynamic activities of administrative 

data (Gourinchas et al., 2011; Lei and Zhang, 2010), and large high-dimensional datasets 
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(Cordeiro et al., 2011).  By mapping data to numeric forms and translating them into 

interpretable information, these machine learning methods allow users to obtain insight 

into the data, draw conclusions, and interact with the data directly, especially when little is 

known about the data.  

This work proposes innovative ways to explore and analyze oral health data, and 

informs potential researchers about methods that could be used to address the complexities 

described earlier.  First, to better understand the multidimensional factors associated with 

untreated decay, classification regression tree (CART) is used to identify low-income 

children with untreated dental caries necessiting a dental referral at an early age.  Second, 

to associate large scale environmental chemical factors with a dichotomous oral health 

outcome, a systematic algorithm is outlined and demonstrated.  A statistical significance 

technique is included to control false discovery rates. Additionally, a post-hoc tree-based 

methodology is used to identify complex interactive effects from various dimensions.  Third, 

to summarize predominant co-morbid conditions associated with hospital dental patients 

from the electronic medical records, network analyses and network maps are utilized as an 

aid to delineate the data and identify patterns.  

The purpose of this work emphasizes the application of the proposed analytical 

methodology on oral health-related data.  Nonetheless, these methods can be easily 

extended to a variety of health outcome research where the inherent nature of the data is 

multidimensional. 
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Chapter Two 

A Simple Tool for Identifying Children with Untreated Dental Caries: A Cross-Sectional 

Study of Low-Income Children 

Introduction 

Early childhood caries in United States affects approximately 30% of children aged 2 

to 5 (1999-2004 NHANES) (Dye et al., 2007).  Among them, 72% of decayed or filled 

surfaces remain untreated.  In particular, children receiving public health insurance are the 

most vulnerable group of having dental diseases among all children (Cosgrove, 2009).  

Results from nationally represented survey data showed that 1 in 3 children aged 2-18 with 

Medicaid had untreated tooth decay and 1 in 9 had at least three untreated dental tooth 

decays (NHANES 1999-2004).  The Institute of Medicine (IOM) has recognized untreated 

dental decay as one of the urgent issues and concluded that reducing the proportion of 

children with untreated dental decay as one of the major goals in Healthy People 2020.  To 

address and improve the oral health needs of children, the American Academy of Pediatrics 

(AAP) and the American Academy of Pediatric Dentistry (AAPD) has developed risk 

assessment for clinicians to determine pediatric patients’ risk profile as the first step in 

caries management by risk assessment (CAMBRA)  (American Academy of Pediatric 

Dentistry, 2012).  The practice of CAMBRA method focuses on providing individualized care 

and recommendations by assessing multiple contributory factors with minimal invasive 

procedures.  Due to the multi-factorial nature of the disease, the assessment is developed to 

evaluate many predisposing risk factors including patient’s biological, socio-behavioral and 

lifestyle risk factors that contribute to the development or progression of dental decays at 

early stage life.  
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A significant social determinant of ECC is socio-economic status, with children from 

low-income households bearing a disproportionate burden of dental disease (Edelstein and 

Chinn, 2009a).  A child is at increased risk of ECC if the primary caregiver has experienced 

dental caries because the infectious bacteria are transmissible (Berkowitz, 2003; Tinanoff et 

al., 2002).  Both the AAPD and ADA risk assessment tools include social determinants of 

childhood caries such as “low socio-economic status” and “caries experience of the mother 

and/or siblings” (American Dental Association, 2008; Moore et al., 2010).  However, not 

every parent who has ever had a tooth restored or is economically disadvantaged will have 

a child predisposed to dental caries.  Jones and Tomar (2005) demonstrated that if the 

AAPD policy (American Academy of Pediatric Dentistry, 2012), which recommends all 

children receive an age one dental visit regardless of risk, was implemented, low risk, 

private pay patients could potentially crowd out at-risk, low-income children and ultimately 

increase the burden of dental disease in this population.  Hence, it becomes necessary to 

identify which of these children are truly at increased risk of developing ECC and require 

referral to a dentist beyond the socio-economical determinant. 

A tool should provide physicians with an accessible and efficient means of 

discerning the potential for untreated decay based on social determinants of the disease.  

Common statistical methods for pinpointing caries risk factors have been limited to 

descriptions by characteristics or regression involving averaged effects.  Due to the 

multifactorial nature of untreated decay, conventional methods are incomplete because 

they avoid potential interactive effects among the risk factors.  To detect interactions, 

multiple independent risk factors should be considered simultaneously.  Currently, no such 

standardized screening questions based on this approach exist.  Therefore, the aim of this 

study was to better understand the multidimensional factors associated with untreated 
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decay using regression trees (CART) to identify low-income children (aged from 0 to 5) with 

untreated dental caries necessitating a dental referral at an early age. 

Methods and Data Collection 

Study Subjects.  

This study is a secondary analysis of data (n =1322) collected over a three-year 

period (2004-2007), from a partnership between a regional Head Start program and the 

University of Kentucky, College of Dentistry, which provided comprehensive dental care to 

enrolled children.  Among the 1322 children, 381 were enrolled in the first year, 445 in the 

second year, and 496 in the third year.  Given the transitional nature of children in the Head 

Start study and that few differences were observed between programmatic years, all years 

were combined into one dataset for analysis; the first year of participation was used for 

children with multiple years of data (n=1322).  This study was approved by the University 

of Kentucky Human Subjects Medical Institutional Review Board (IRB).  Data were 

abstracted and stored in Microsoft Excel and imported into SAS v9.3 (SAS institute Inc, Cary, 

NC) for further management and data analysis. 

Dental Examination. Dentists used the Kentucky oral health surveillance method, utilizing a 

headlamp and mirror in the knee-to-knee position to examine the children.  The number of 

decayed, missing and filled teeth (dmft) present upon the initial dental examination was 

entered on a portable tablet that created electronic records. 

Survey instrument. Prior to the initial dental examination, parents/caregivers were given a 

questionnaire to complete.  The questionnaire included dental care history of the child 

(toothache in the past six months, length of time since last dental visit, reason for last dental 

visit, access to dental care in the past year) and demographics (child’s race, gender, age, 
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insurance type and parents’ education level).  Parents were also asked to evaluate the 

condition of their own teeth and their children’s teeth by providing responses to “Please 

describe the condition of your teeth?” and “Please describe the condition of your child’s 

teeth?”  Lastly, parents were asked if the child had a history of a serious chronic health 

condition or any serious health problems.  

Target outcome of interest. The outcome of interest is the number of decayed teeth (DT) in 

primary teeth.  Children in this study were classified as having had untreated caries 

experience if he/she had at least one tooth affected by untreated caries at the time of the 

initial dental examination.  

Statistical Analysis 

Categorical variables were described with counts and percentages, and continuous 

variables were summarized with descriptive statistics (n, mean, SD).  Descriptions were 

provided for untreated primary tooth decay; comparisons between groups were made using 

chi-square tests of independence.  Adjusted mean of DT were computed using analysis of 

covariance (ANCOVA) controlling for children’s age, gender, race, insurance type and 

parents’ education level.  

Classification and regression trees (CART) were used to identify variables involved 

with untreated decay.  CARTs are powerful and assumption-free alternatives to logistic 

regression and are often used to identify potential interactions (Nagy et al., 2010; Steadman 

et al., 2000; Vayssières et al., 2009).  The principal concept of CART is to select a series of 

splitting variables with the best splitting point that classify observations into groups with 

and without the target outcome.  The model starts by selecting the variable with the 

greatest association with the response.  Next, a splitting point associated with this variable 

is chosen among all possible splitting values that best classifies observations into groups of 
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high and low rates of outcome.  For each subgroup, another splitting variable and point are 

chosen to be evaluated.  This process branches out continuously to reveal potential 

interactions/effect modifiers (Refer to Hothorn 2006 for mathematical detail).  As a result, 

the selection process of this hierarchical modeling is summarized using a tree-like plot, and 

the combinations of factors can be easily visualized. 

After identifying classifying variables, sensitivity was computed as the proportion of 

patients with untreated decay who were correctly identified, while specificity was 

computed as the proportion of children without untreated decay who were correctly 

identified to be caries-free.  CART analysis was conducted using Rv2.15.1 with the party 

package (Hothorn et al., 2009; Hothorn et al., 2006) and all other analysis and data 

management was performed using SAS v9.3. 

Results 

The majority (67%) of children were between the ages of 3 and 4 years with 

Medicaid dental insurance (66%); the racial/ethnic composition of the sample was: black 

(44%), white (32%), Hispanic (21%) (Table 2-1).  Most (96%) indicated no significant 

health problems.  The overall prevalence of untreated tooth decay in primary teeth was 

34%, and the average number of DT for the entire group was 1.19 (SD=2.39).  

Untreated Primary Tooth Decay and Dental Care Experience.  

When compared to those without untreated decay, children with at least one 

decayed tooth were more likely to have experienced a toothache in the last 6 months (11% 

vs. 3%, p<0.0001), less likely to have visited a dentist within the past year (51% vs. 36%; 

p<.0001), more likely to have difficulty with dental care access (28% vs 15%, p<0.0001), 

and more likely to have parents who rated their own teeth as “fair/poor” (33% vs. 19%, 
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p<0.0001) and their child’s teeth as “fair/poor” (27% vs. 7%, p<0.0001).  Of those who 

visited the dentist (n =608), the primary reason for both groups of children was preventive 

care (81% overall).  Difficulties for accessing dental care were also similar between the two 

groups, with reasons such as “could not afford” (18%), “no way to get there” (11%), and 

“not serious enough” (9%).  For children with at least one decayed tooth, the mean number 

of decayed teeth was 3.5 (sd=2.9).  Prevalence of tooth decay in primary teeth and the 

number of DT increased with age and lower parent educational levels (Figures 2-1a and 2-

1b).  

Development of the untreated decay identification  tool 

The CART analysis explored which factor(s) were associated with untreated tooth 

decay in primary teeth.  Of the seven self-evaluated candidate factors in the model 

(children’s age, gender, race, insurance type, parents’ education level, parents’ assessment 

of their and their child’s teeth), three variables (children’s age, parents’ assessment of their 

own and their child’s teeth) were selected by CART as the splitting variables and potential 

effect modifiers to identify groups with the highest rates of tooth decay (75%, 56%, and 

48%).  Furthermore, CART analyses suggested that children in the sample under 2 did not 

demonstrate high rates of untreated tooth decay (Figure 2-2).  Among children who were 

older than 2 and whose parents assessed the children’s teeth and their own teeth as 

“fair/poor”, 75% had at least one decayed teeth.  In fact, regardless of the parents’ 

assessment of their own teeth, 67% of children had untreated tooth decay if their parents 

rated their teeth as “fair/poor”.  Additionally, among children who were older than 3, 48% 

were identified to have untreated decay(s) if the parents assessed their child’s teeth as 

“good/very good” but their own teeth as “good/fair/poor”.  Using children’s age and 
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parents’ assessment of their child’s teeth and their own teeth, the overall sensitivity and 

specificity were 43% and 78%, respectively. 

Further investigation of parents’ assessment of their own and their child’s teeth was 

conducted on children older than 2 years of age.  For children over 2, 85% of the children 

whose parents assessed both their own and their child’s teeth as “fair/poor” had untreated 

tooth decay; 64% of children whose parents indicated that both their own and their child’s 

teeth as “good/very good” did not have untreated tooth decay (Table 2-2).  Moreover, 

parents who rated their own teeth “good/very good” and their children’s teeth as 

“good/very good” had children with the lowest levels of untreated tooth decay, even after 

adjusting for children’s age, gender, race, insurance type, and parents’ education level 

([a]mean=0.8, SE=0.2); the adjusted mean DT was highest for children whose parents 

indicated that both their own and their child’s  teeth were “fair/poor” ([a]mean=4.1, 

SE=0.3).  Using the parents’ assessment of their child’s teeth and their own teeth for 

children older than 2 years of age yield an overall sensitivity and specificity were 43% and 

78%, respectively.  For children younger than age 2, 90% were correctly identified as being 

DT-free when parents responded “good/very good” to describe their own and their child’s 

teeth.  In contrast, 16% and 15% of children were correctly identified as having tooth decay 

if the parents indicated that either or both their own teeth and their child’s teeth were 

“fair/poor” and that their own teeth were “fair/poor”, respectively.  The adjusted mean DT 

was also significantly lower for children whose parents responded “good/very good” to 

both teeth assessment questions (p=0.0127) or “good/very good” to describe their own 

teeth, compared to all other responses (p=0.0027).  

Discussion 
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There is a growing consensus that pediatricians include an evaluation of a child’s 

dental/oral health.  The purpose of this study is to identify factors for identifying untreated 

decay in a high-risk population using classification and regression trees (CART) in order to 

assist pediatricians to make a decision early for children who need to see a dentist.  A low-

income population provides the opportunity to classify children’s risk beyond a low-income 

criterion.  The decision rules determined in the further investigation yield a high specificity 

(78%) and moderate sensitivity (43%), suggesting that for children over 2 years of age, two 

assessment questions directed at parents: 1) “Please describe the condition of your own 

teeth”; and 2) “Please describe the condition of your child’s teeth”, could be used as 

standard screening questions for untreated dental caries during a regular health care visit.  

The national prevalence rate of untreated dental decay is approximately 14% 

among children aged 3 to 5, and 25% among children living at or below 100% federal 

poverty level (NHANES 2009-2010).  Compared to the children living in poverty, the 

prevalence rate reported in this study is almost 1.5 times higher among children whose 

parents reported “good/very good” for their teeth and their child’s teeth, and nearly 3.5 

times higher among children whose parents reported “fair/poor” for both assessments.  Our 

findings reveal the high unmet oral health care for children in low-income families, 

especially those whose parents evaluated their own and their child’s teeth as fair or poor.  

In a multidimensional model developed by Fisher-Owen (Fisher-Owens et al., 2007), 

children’s oral health determinants are evolved from the traditional dental caries model to 

include community and family level influences over time.  The results of this study highlight 

and supported the importance of family-level factor for children older than 2. 

While some literature suggested that a useful screening tool should have a 

combined sensitivity and specificity of over 160% (Kingman et al., 1988; Stewart and 
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Stamm, 1991; Zero et al., 2001), few models have met the requirement.  For models that 

achieve such a standard, they typically involve clinical examinations and biological tests 

(Yoon et al., 2012) which are neither convenient nor necessary in a non-dental clinic setting.  

In fact, the goal of this analysis is to develop a tool based on parents’ self-report responses 

before performing any dental or clinical examinations.  Additionally, while many 

assessment tools are helpful to enumerate significant factors of dental decay, the measures 

of association to dental decay is often computed using regression equations (Gao et al., 2010) 

rather than specific guidelines that mimic the clinical reasoning.  In contrast, the guideline 

in this study provides a simple and easy-to-use decision making rules for dental referral and 

early treatment. 

Children’s age is a significant risk factor for dental decay as both the mean decayed 

teeth and the prevalence of primary tooth decay increases with children’s age (Figure 2-1a).  

In order to isolate the critical factors in identifying children with untreated dental decay, 

the sample was divided by age.  The results in Table 2-2 suggest that pediatricians should 

consider referring children older than 2 to a dentist if the parents did not respond 

“good/very good” to describe both their own teeth as well as their child’s teeth.  A response 

of “good/very good” to both of these standardized questions suggests the child is less likely 

to have untreated caries and requires only preventive dental care (oral hygiene instructions, 

dietary counseling and fluoride varnish application).  While factors related to the rate of 

untreated dental caries for children older than 2 were effectively identified by CART, it 

provided limited information for children under age 2.  For edentulous infants, a parent 

obviously cannot be asked to describe the condition of the child’s teeth.  Therefore, asking 

the parent “What is the condition of your teeth?” may be sufficient.  An answer of 

“fair/poor” would suggest that their child may be at increased risk of caries and should to 

be referred to a dentist for an age 1 visit.  
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Given that analyses are based on cross-sectional data, it remains unknown whether 

a caries-free child would be at greater risk for dental decay if the parental assessment of 

teeth was “fair/poor”.  Although this is a longitudinal evaluation, the transitional nature of 

the participants prevents adequate follow-up data (i.e. only 10% of children in the study 

had multiple years of data).  Ideally, the parents’ assessment of caries-free children could be 

used to identify children at risk, and follow-up data would indicate the effectiveness of the 

tool based on parental assessment of teeth.  There are indications from several longitudinal 

(Grytten et al., 1988; Shearer et al., 2011) and cross-sectional studies (Dye et al., 2011; 

Mannaa et al., 2013; Weintraub et al., 2010) that mother’s dental health has a significant 

effect on children’s oral health.  While dental caries involves interplay of biological, 

behavioral, socioeconomical, and demographic risk factors, the data is limited to provide 

important predictors such as parents/child risk behaviors and oral hygiene practices.  

Future data collection and investigation of these risk factors is merited.  

A potential limitation in the parents’ assessment of their child’s teeth was if they 

were aware of the results of any previous dental examinations.  Since parents may reiterate 

professional opinion, a stratified analysis was performed for children who had never visited 

a dentist.  Those with and without a history of dental visits had similar results, and higher 

rates of untreated tooth decay were observed in the “fair/poor” group.  

Young children from low-income families have a disproportionally high risk of 

dental caries compared to affluent children regardless of gender, race and ethnicity 

(Edeistein, 2000; Edelstein and Chinn, 2009b; US Department of Health and Human Services, 

2000).  One of the strengths of this study was that it was conducted in the Head Start 

population.  As a member of an economically disadvantaged family, every Head Start child is 

automatically considered to be at high risk for dental caries.  However, upon clinical 
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examination, only 34% of these children had untreated dental caries and the remaining 

66% were either treated or caries-free.  Using the existing ADA/AAPD caries risk 

assessment tools would have required that 100% of these Head Start children be referred 

by the pediatrician to a dentist for oral health care.  If the two proposed screening questions 

had been applied to this population, it would have resulted in decreasing the number of 

children in need of a referral to a dentist from 1322 to 465.  As caries identification 

sensitivity decreases, some of the high-risk children who should have been identified by the 

caries identification questions would not have been detected and potentially needed care 

may have been withheld (MacRitchie et al., 2012).  On the other hand, the high specificity of 

these potential screening questions decreases the likelihood of inappropriately classifying 

children as at risk, which decreases the burden on the health care system.  This point is 

important because dental referrals for poor children are problematic.  Dentists are reluctant 

to accept Medicaid patients and cite broken appointments, poor compliance and low 

reimbursement rates as reasons (Shulman et al., 2001; Venezie et al., 1997).  As a result, 

physicians face barriers to referral for children most in need of dental care (Cruz et al., 

2004).  Consequently, pediatricians may be hesitant to screen for dental caries if they are 

unable to refer the child for treatment.  Screening to reduce the number of Medicaid 

children needing to visit the dentist for treatment may ultimately increase the likelihood of 

these children obtaining dental appointments because: (1) a dentist may be more likely to 

accept a referral from a professional colleague that is valid, and (2) the patient has 

demonstrated a history of appointment keeping behavior with the physician. 

Conclusion 

Our findings demonstrate that the majority of economically disadvantaged children 

actually needing referral to a dentist for individualized professional rehabilitative care 

could be identified using these two standardized screening questions, despite being in a 
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high-risk group for early childhood caries because of their low socio-economic status.  The 

preventive dental needs of infants and toddlers identified as being at low risk for dental 

caries, despite being from a low-income family, could be met during their regular health 

supervision visits to the pediatrician (Haupt, 2004).  There is no need to fragment their care 

and refer them to a dentist for treatment. 
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Table 2-1. Demographic characteristics by decayed teeth experience 

  2004-2007* No Untreated Decay teeth Untreated 
Decayed 

teeth† 

 
P-

value 

Number of children 1322 868 454  

Children and Parents Characteristics 

Age Year     <.0001 

0 71 (5.4%) 71 (8.3%) 0 (0.0%)  

1 129 (9.9%) 123 (14.3%) 6 (1.3%)  

2 173 
(13.2%) 

140 (16.3%) 33 (7.3%)  

3 439 
(33.6%) 

270 (31.4%) 169 
(37.6%) 

 

4 433 
(33.1%) 

224 (26.1%) 209 
(46.5%) 

 

5 63 (4.8%) 31 (3.6%) 32 (7.1%)  

Gender    0.6803 

Female 683 
(51.7%) 

452 (52.1%) 231 
(50.9%) 

 

Male 639 
(48.3%) 

416 (47.9%) 223 
(49.1%) 

 

Racial Group    0.0030 

White 423 
(32.5%) 

303 (35.4%) 120 
(26.9%) 

 

Black 575 
(44.1%) 

376 (43.9%) 199 
(44.6%) 

 

Hispanic 274 
(21.0%) 

160 (18.7%) 114 
(25.6%) 

 

Other 31 (2.4%) 18 (2.1%) 13 (2.9%)  

Insurance    0.6255 

No insurance 166 
(13.6%) 

104 (12.9%) 62 
(14.9%) 

 

KCHIP 204 
(16.7%) 

138 (17.2%) 66 
(15.9%) 

 

Medicaid 806 
(66.1%) 

536 (66.7%) 270 
(65.1%) 

 

Other Insurance 43 (3.5%) 26 (3.2%) 17 (4.1%)  

Caretaker’s Education 
Level 

   <.0001 
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Table 2-1 (Continued) 

High School 453 
(42.1%) 

270 (37.6%) 183 
(51.4%) 

 

Some College 492 
(45.8%) 

361 (50.2%) 131 
(36.8%) 

 

College Graduate 130 
(12.1%) 

88 (12.2%) 42 
(11.8%) 

 

Caries and Dental Care Experience 

Toothache in six month 
No 
Yes 

 

1068 
(94.3%) 

 

726 
(97.3%) 

 

342 
(88.6%) 

<.0001 

64 (5.7%) 20 (2.7%) 44 
(11.4%) 

Last dental visit 

≤ 1 year 

> 1 year 

Never have been 

 

497 (41.3%) 

 

289 
(36.4%) 

 

208 
(50.6%) 

<.0001 

111 (9.2%) 61 (7.7%) 50 
(12.2%) 

596 (49.5%) 443 
(55.9%) 

153 
(37.2%) 

Main reason for dental visit a 
Check-up, exam, or cleaning 
Something was wrong, bothering 

or hurting 
Follow-up treatment 
Other 

 
 

500 (84.5%) 
 

34 (5.7%) 
 

31 (5.2%) 
27 (4.6%) 

 
 

208 
(78.5%) 

 
25 (9.4%) 

 
22 (8.3%) 
10 (3.8%) 

 
 

292 
(89.3%) 

 
9 (2.8%) 

 
9 (2.8%) 

17 (5.2%) 

<.0001 

Could not get dental care when 
needed 

No 

Yes 

   <.0001 

883 (80.3%) 612 
(84.6%) 

271 
(71.9%) 

217 (19.7%) 111 
(15.4%) 

106 
(28.1%) 

Parents’ assessment of their child’s 
teeth 

Fair/Poor 

Good 

Very Good 

   <.0001 

170 (14.2%) 57 (7.4%) 113 
(26.8%) 

520 (43.6%) 325 
(42.2%) 

195 
(46.2%) 

503 (42.2%) 389 
(50.5%) 

114 
(27.0%) 
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Note: The sample size for each survey item represents the number of participants who 
provided responses. 
†At least one tooth affected by untreated caries 
* For children enrolled in multiple years, the first year of enrollment is used (N=1322). 
a This is a followup question for those who have seen a dentist before. 
b Serious health conditions includes rheumatic disease/heart problems, cancer, hemophilia 
or bleeding problems, epilepsy, asthma, tuberculosis, allergies and any serious health 
problems. 
 
 
 
 
 
 

Table 2-1 (Continued)     

Parents’ assessment of their own 
teeth 

Fair/Poor 

Good 

Very Good 

   <.0001 

280 (23.5%) 145 
(18.5%) 

135 
(32.8%) 

639 (53.6%) 421 
(53.8%) 

218 
(53.0%) 

274 (23.0%) 216 
(27.6%) 

58 
(14.1%) 

Serious Health Conditionsb 

No 

Yes 

   0.8307 

1209 
(96.3%) 

790 
(96.3%) 

419 
(96.1%) 

47 (3.7%) 30 (3.7%) 17 (3.9%) 
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Figure 2-1a) Age-related prevalence of untreated decay teeth and mean decayed teeth 

 

 
 
Figure 2-1b) parents’ education-related prevalence of untreated decay teeth and mean 

decayed teeth 
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Figure 2-2. The results of the conditional inference tree model to identify children at risk of 

untreated decay teeth by a combination of the most significant variables.  
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Table 2-2. Caries Experience by  parents’ evaluation of their own and their children’s   teeth 
 
Parents evaluation 

own/child teeth 

 No 

Untreated 

Decayed 

Teeth 

Have 

Untreated 

Decayed 

Teeth 

# of 

Decayed 

teeth† 

# of 

Decayed 

Teethadj
* 

P*
val 

Parent Child N      

Age>2      <.0001 

Very 

good/Good 

Very 

good/Good 

575 365 

(63.5%) 

210 

(36.5%) 

1.02 

(0.08) 

0.79 

(0.16) 

 

Fair/Poor Very 

good/Good 

125 75 

(60.0%) 

50 

(40.0%) 

1.13 

(0.17) 

0.96 

(0.23) 

 

Very 

good/Good 

Fair/Poor 48 15 

(31.3%) 

33 

(68.7%) 

3.75 

(0.60) 

3.05 

(0.35) 

 

Fair/Poor Fair/Poor 85 13 

(15.3%) 

72 

(84.7%) 

4.66 

(0.43) 

4.10 

(0.28) 

 

†Number of decayed primary teeth described in mean (standard error). 
*The least square mean (standard error) is estimated and compared using ANCOVA 
adjusting for children’s age, race, gender, insurance type, and parents’ education level. P-
value is estimated from the corresponding ANCOVA model. 
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Chapter Three 

Visualizing the Co-Morbidity Burden in Children with Pediatric Autism and Impact on 

Access to Comprehensive Oral Health Care 

Introduction 

Autism is described as a neurological and developmental disorder involving social, 

behavioral, and communicative impairments and conditions (Jaber et al., 2011).  Since the 

1980’s, diagnoses of autism have risen dramatically; the prevalence of autism in children 

has climbed to 1 in 88 (1.13%) in the United States, but it is most likely that these increases 

are due to greater awareness and changing definitions of the disorder (Baio, 2012; Rice, 

2009; Rutter, 2005).  Characterizing autism in children is complicated and relies on the 

assessment of behaviors and development (US Department of Health and Human Services, 

2008).  Moreover, recent modifications to diagnostic criteria have resulted in defining 

autism spectrum disorder (ASD) which incorporates diagnoses of autism along with 

Asperger’s disorder and pervasive developmental disorder – not otherwise specified 

(Diagnostic and Statistical manual of mental disorders - V, 2013).  The American Psychiatric 

Association suggests using a two-domain model in the diagnosis of ASD.  The domains are 

represented by 1) socio-communication deficits, and 2) restricted interests/repetitive 

behaviors (DSM - V, 2013).  The onset of these symptoms usually occurs before the age of 3 

(Kopycka-Kedzierawski and Auinger, 2008), and the disorder is five times as common in 

boys as in girls (Baio, 2012).   

Beyond the issues associated with ASD, these children may face additional 

challenges when seeking comprehensive healthcare. Children with ASD also have multiple 

concurrent medical diagnoses (Charles, 2010; Grinstein, 2001; Kogan et al., 2008; Kohane et 

al., 2012; Rada, 2010) and may find that the conditions of clinics and that the process of 
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obtaining care exacerbate conditions associated with ASD.  For example, children with ASD 

are at most ease under the environment that is undistracting, sterile, and with soft 

furnishings; however, most pediatric dental offices are designed to be interactive, bright, 

and appealing to children.  Moreover, children with ASD present a unique challenge to 

dentists and oral healthcare professionals due to their limited ability to comprehend and 

communicate efficiently, interact normally, and follow directions (Chiri and Warfield, 2012; 

Lai et al., 2012).  Additionally, children affected by ASD may have unusual responses to 

sounds, lights, or touches which greatly intervene with the dental examination and 

complicates the treatment (Charles, 2010; Medina et al., 2003). 

Children with ASD are believed to have poorer oral health due to other possible 

concurrent medical diagnoses, effects of prescribed medications, poor dietary habits, and 

damaging oral habits (Jaber, 2011; Klein and Nowak, 1998; Kopycka-Kedzierawski and 

Auinger, 2008; Marshall et al., 2007; Saraiya et al., 2004).  However, it is not clear that these 

result in especially high rates of caries (Fahlvik-Planefeldt and Herrstrom, 2001; Loo et al., 

2008; Murshid, 2005; Shapira et al., 1989), but children with ASD have been shown to 

exhibit extensive unmet needs for dental treatments and restorative care when compared 

to healthy children (Chiri and Warfield, 2012; Jaber, 2011).  The American Academy of 

Pediatric Dentistry (AAPD) recommends that special dental procedures such as general 

anesthesia (GA) be considered for children with ASD (Ganem, 2011; Jaber, 2011), which 

may require dental treatment in a hospital setting.  Dental treatment under GA in a hospital 

setting is characterized by long waiting times and high healthcare costs associated with the 

procedure (Forsyth et al., 2012; Johnson et al., 2010; Kanellis et al., 2000; Lewis and Nowak, 

2002; North et al., 2007; Saraiya et al., 2004; White et al., 2008).  A retrospective analysis 

showed that the average cost of GA in hospital setting for ASA I pediatric patients aged 3-5 

years old was estimated to be $7,303 (Rashewsky et al., 2012).  Since not all dental 
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surgeries under general anesthesia may be recorded, it is unclear how many children 

underwent the treatment and the percentage of total cost of the treatment to the hospital 

GA system.  However, data based on the Medicaid program in Iowa showed that the GA fee 

for 2% of the Medicaid-eligible children aged 6 and less accounted for 25% of the total 

dental expenditure (Kanellis et al., 2000).  With the increasing trajectory of children 

diagnosed with ASD, it is important to understand and incorporate the patterns of 

development of the disease and the burden of concurrent health concerns these children 

face in the future planning of public health and healthcare access policies (Jaber et al., 

2011).  

Systematic desensitization is a type of behavioral therapy that can be used to help 

children with ASD cope with anxiety and receive oral health care in a conventional dental 

clinic setting (Lang et al., 2010; Moree and Davis, 2010).  However, for children severely 

impacted with multiple communicative, sensory and developmental disorders, utilization of 

such therapies may be ineffective (Marshall et al., 2008; Marshall et al., 2007).  Little is 

known about the penetrance of ASD in children receiving dental treatment under GA and 

their co-morbidity burden.  Understanding the co-morbidity burden helps clarify whether 

children with ASD receiving dental treatment under GA could possibly have benefited from 

alternative strategies that are less invasive and less costly and with less wait times (Chew et 

al., 2006).  Familiarizing the children with basic dental instruments and procedures at home 

prior to dental treatment (Chew et al., 2006), and performing treatments in slow and small 

steps (Charles, 2010) may be helpful to reduce the time in preparing children with autism 

for dental treatment.  When more aggressive behavioral management beyond 

desensitization is needed for dental surgery, office-based sedation can be performed as safe 

and time-efficient as GA in an OR for children with ASA I (Lalwani et al., 2007; Rashewsky et 

al., 2012).  
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The purpose of this paper is to describe the co-morbidity burden and characterize 

the complexity of the concurrent disorders and conditions of children with ASD receiving 

dental treatment under general anesthesia.  

Method 

A retrospective review was conducted on pediatric hospital patients receiving full 

mouth dental rehabilitation under general anesthesia from June 1st, 2009 to June 31st, 

2012.  Hospital paper charts and Xtract software were used to collect date of birth, sex, 

postal code, date of treatment, provider, payment method, American Society of 

Anesthesiologists (ASA) physical status, and medical diagnosis.  Medical diagnoses were 

categorized using the International Classification of Diseases (ICD) 10 codes.  The ICD-10 

coding system consists of 21-chapter guidelines each containing blocks of categories, 

categories and subcategories (individual diagnosis level) of disease classification.  Based on 

this coding system, childhood autism is classified into the chapter of “Mental and Behavioral 

Disorders”, blocks of “Disorders of Psychological Development”, and categories of 

“Pervasive Developmental Disorder".  Using ICD10 chapters, blocks, and categories, 

subcategories, and diagnoses levels, children with autism (F84.0) were identified (Figure 3-

1).  Children’s caries experience was described by using the number of decayed, missing and 

filled teeth of 1) the primary teeth (dmft), and 2) the permanent teeth (DMFT) for each 

child.  

Children included were those treated by hospital staff pediatric dentists and 

community pediatric dentists.  The eligibility criteria for treatment in the dental operating 

room were: 1) children who were 48 months old and under with severe caries, and 2) 

children older than 4 years of age with a significantly compromising medical 

condition/comorbidity in addition to dental caries who were referred to the hospital by 
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their dentists.  The study included children from all age groups (N=2352).  Eleven children 

were excluded from the data because their residence was outside of British Columbia.  

Among the remaining children (N=2341), those without dmft and DMFT data were 

excluded.  In the remaining data (N=1582), 97% were seen by hospital pediatric dentists. 

The final analytical dataset contained a total of 1582 children, and these children were 

grouped into those with an autism diagnosis (N=303) and those without (N=1279).  

Descriptive analyses were performed to describe the demographic and clinical 

variables.  Categorical variables were described with counts and percentages, and 

continuous variables were summarized with descriptive statistics (n, mean, SD).  Children 

were stratified by age groups: 1) under 6, 2) between 6 and 12, and 3) at least 12 years old 

and caries experience described.  Independent two-sample t tests and chi-square tests of 

independence were used to make comparisons of children with and without autism for 

continuous and categorical variables, respectively.   

To characterize the interconnectedness of concurrent health conditions, patterns of 

conditions were graphically displayed using network plots.  While network plots are 

traditionally used to describe connections between individuals, the novel use of network 

plots in the description of disease burden demonstrates the extent of the health burden for 

children with autism.  Additionally, the plots have the potential to reveal hidden clusters 

and interconnections that are difficult to observe in numerical summaries.  In these 

network plots, each medical condition is represented by a node, and two nodes are linked or 

tied together when patients share both medical conditions.  For the ease of visualization and 

interpretation, medical conditions ties are displayed when at least 3% of the sample shares 

the same two diagnoses.  For comparison, the network plots for diagnoses in children 

without an ASD diagnoses are also presented.  The data for a network plot uses a diagnosis 

and not a patient as the observation; the data here consists of 470 ICD-10 diagnoses, 167 for 
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children with autism and 319 for children without autism.  Diagnoses with only one 

occurrence were removed for clarity in the plots, leaving 247 diagnoses to be included, 77 

for children with autism and 219 for children without.  In addition to the plots, measures 

associated with the plots are also provided.  The normalized degree of centrality provides a 

measure of connectedness with the other diagnoses (S. P. Borgatti and Everett, 2006).  In 

the context of medical diagnosis network, degree centrality is an index of exposure in a 

network that can be interpreted as the relatedness of conditions and allows for comparison 

of diagnoses networks for children with and without autism. 

All network plots were constructed in and analyzed with UCINET v. 6.385 with 

NetDraw package (S. Borgatti et al., 2006).  All other statistical analyses were performed 

using SAS v. 9.3 and R studio v.0.96.  P-values ≤0.05 were considered statistically significant. 

Results 

Among the 1,582 children included in this study, more than half of the children were 

aged 2-5 years old (55%) and male (58%) (Table 3-1).  The majority (78%) of the children 

were diagnosed with one or more medical conditions and approximately half had public 

(49%) or private insurance (45%).  The average dmft for children under 6 was 8.23 

(sd=4.47), and the average DMFT for children aged 12 or more was 4.36 (sd=5.35).  In this 

study, autism was the second most prevalent medical condition (42%) next to 

developmental delay (60%).  Overall, 715 (47%) had at least one mental and behavioral 

disorder (F00-F99), 303 (20%) were diagnosed with childhood autism (F84), and 339 

(21%) were healthy (i.e. no medical diagnosis).  Among the 339 healthy children, the 

majority (87%) of them were 4 years of age or younger, and had median dmft of 8 (IQR: 5-

11). 
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Compared to children without autism, children with autism were older (9.46 vs. 

6.00, p=<.0001), more likely to be male (77% vs. 53%, p=<.0001), had private insurance 

(57% vs. 42%, p=<.0001), and were classified as ASA II (i.e. patient with mild systemic 

diseases) (70% vs. 33%, p=<.0001).  When stratified by age, children aged 6-12 with autism 

had slightly lower dmft than children without an autism diagnosis (mean=5.13 vs. 5.94, 

p=0.0508) (Table 3-2). 

There were similarities in the medical diagnoses reported between children with 

and without a diagnosis of autism.  Children with and without an autism diagnosis shared 

the top four additional concurrently reported ICD-10 medical diagnoses; developmental 

delay (43% vs. 27%); intellectual disability/learning disorders (40% vs. 18%); speech delay 

(36% vs. 17%); and seizures (36% vs. 17%) (Table 3-3). 

The network plot of the medical diagnoses for children with autism was complex 

with more connected conditions while the plot for children without autism had fewer 

connected diagnoses (Figures 3-2a and 3-2b).  Children with autism were also affected by 

attention deficit hyperactivity disorder (ADHD) (14%), anxiety disorder (9%), and 

aggressive/behavioral/self-injurious issues (9%).  These diseases were less commonly 

observed in children without a diagnosis of autism.  In addition to mental and behavioral 

health problems, several children with autism also reported diagnoses of food allergies 

(14%), acyanotic/cyanotic congenital heart defect (6%), pneumonia (4%), and infectious 

diseases (4%).  Among children with autism, the network plot with autism appeared to have 

more connections compared to the network plot without autism (Figure 3-2a and Figure 3-

2c).  In the absence of autism, developmental delay, intellectual disability, and speech delay 

became the major player in the network.  The structure of the network also became 

simplified as the connection between autism and other diseases was removed. 
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In the network plot for children with autism, developmental delay, speech delay and 

intellectual disability were the conditions that exhibit the highest connectedness, while for 

those without a diagnosis of autism, developmental delay dominated the network by having 

at least twice the degree centrality as the other conditions (Table 3-4).  In a social network, 

an actor (e.g. a person) with high degree centrality implies a person who is central and 

influential by highly connected with many others.  For this data, highly central medical 

diagnoses would be those that demonstrate high tendency to predispose children to many 

other diseases, or the source of disease burden. 

Discussion 

This study takes a novel approach to evaluating pediatric disease patterns using 

network plots.  The approach is also known as the “non-categorical” approach where the 

disease burden is viewed as a whole as opposed to a list ranked by the disease prevalence 

(Stein et al., 1993).  Compared to the disease-specific method, this approach provides a 

better understanding of the co-morbidity burden by revealing the disease’s connections to 

other diseases.  For example, using the network plot, it can be easily seen that a large group 

of children with autism are not only affected by several mental and behavioral disorders but 

also have high connectedness with other diseases.  Moreover, in the network plot for 

children with autism, if the diagnosis of autism is removed from the picture, the co-

morbidity network is simplified with reduced disease connections (Figure 3-2c). 

The study shows that while children with autism do not exhibit a particular high 

rate of dental caries, the disease may predispose them to multiple other co-morbid health 

problems that made provision of health care difficult.  While the age-adjusted mean DMFT 

for young children (age<6) with autism is slightly higher than that of children without 

autism, the dmft and DMFT scores for older children with autism (age>=12) are generally 
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lower compared to the unaffected children (Table 3-2).  The result is in concordance with 

several studies that either show no difference in caries experience when comparing 

children with and without autism or better oral health status in children with autism 

(Fahlvik-Planefeldt and Herrstrom, 2001; Loo et al., 2008; Shapira et al., 1989; US 

Department of Health and Human Services, 2008).   

Although children with autism do not exhibit a particular high risk for dental caries, 

they are more likely to have unmet needs than children without special health care needs 

(Kogan et al., 2008).  One of the most commonly reported barriers for children with autism 

to obtain access to dental care is the children’s behavioral difficulties.  Children with autism 

have unusual sensory to the stimuli from the environment which may greatly interfere with 

the dental procedure during the course of a treatment (Charles, 2010).  In this study, the 

network plots demonstrate a high degree of interconnectedness to diagnoses such as 

developmental delay, intellectual disability, speech delay, and seizure disorders that are 

associated with challenges in engaging a child’s cooperation sufficiently to safely perform 

complex restorative treatment.  Due to their difficulty to manage sensory input from the 

environment, additional efforts such as providing care from the same dentist, in the same 

service facility, and consistent appointment times are necessary (Charles, 2010).  It not only 

requires patience, but also knowledge of the children’s disability, understanding the degree 

of their related medical and behavioral conditions, and accommodations in the medical 

facility (American Academy of Pediatric Dentistry Council, 2005; Charles, 2010) to 

efficiently provide oral health care to pediatric patients with autism.  Other barriers for 

children with autism in getting access to oral health care include high dental treatment cost 

and lack of insurance (Lai et al., 2012). 

Unlike other studies, the population in this study consists of children with severe 

dental conditions as well as significantly compromising medical conditions which provide a 
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unique opportunity to examine the complication of oral health status and dental need of 

pediatric patients beyond autism.  The study shows that children with autism are referred 

to a hospital for dental surgery because of their complex medical histories.  Specifically, 

children with autism are also more likely to be affected by 1) developmental delay, 2) 

speech delay, and 3) intellectual disability.  The occurrence of these diseases is at least twice 

as common as children without autism (Table 3-3).  While children with autism carry 

multiple other medical conditions, the majority (70%) of them are ASA II (i.e. patient with 

mild systemic diseases) instead of ASA III (i.e. patient with severe systemic diseases).  In 

fact, comorbid psychiatric conditions such as intellectual disability, and impaired language 

comprehension are common among children with autism (Autism and Developmental 

Disabilities Monitoring Network Surveillance Year 2002 Principal Investigators, 2007; 

Charles, 2010).   These additional mental and behavioral comorbid conditions associated 

with autism compromise children’s ability to follow directions and mimic instructions 

effectively.  Due to these impairments, significantly more children with autism are reported 

to be uncooperative at their visit to the dentists compared to healthy children (Loo et al., 

2008; Marshall et al., 2007).  Thus, it is recommended that autistic children with oral health 

problems receive dental treatment under general anesthesia in a fully equipped hospital 

facility so that the dental procedures can be performed safely and effectively (Ganem, 2011; 

Jaber, 2011).  Particularly, since children with autism are more likely to have multiple 

concurrent disorders, they require broader range of services.  It is necessary for them to go 

to a health care site that provides all of the care they need (Mathu-Muju et al., 2013).  To 

meet the larger demand of such services, it is necessary to divert resources to hospitals and 

support insurance plans to cover costs of dental care including general anesthesia fee.  By 

doing so, waiting times, and the cost of general anesthetic care could potentially be reduced, 

thereby improving the efficiency of care for CSCHN (Lewis, 2009; Mathu-Muju et al., 2013).  


