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Abstract 

Title of Thesis: Caries Experience Based on A Simulated Epidemiological Screening and 

Routine Examination with Radiographs 

Name and Degree: Abrar Kuchari, Master of Sciences, 2022  

Thesis Directed by Vineet K Dhar, Professor, University of Maryland School of Dentistry, 

Department of Orthodontics and Pediatric Dentistry 

Purpose: To assess and compare caries experience in 5-10-year-old children based on an 

epidemiological “screening” examination and a routine examination with radiographs.  

Methods: One hundred and twenty eight patients were examined in conditions simulating 

epidemiological screening and routine examination with radiographs. 

Results: Caries experience and untreated dental caries were higher by the routine 

examination with radiographs than the simulated epidemiological screening. There were 

no statistically significant differences between groups for all but one of the 

sociodemographic variables, the younger children had more untreated dental caries than 

the older children group. 

Conclusion:  There is a difference in the prevalence and severity of untreated carious 

lesions and overall caries experience detected by epidemiological screening vs. routine 

examination with radiographs. Differences in prevalence and severity are not associated 

with sociodemographic characteristics but one variable. In our study, untreated dental 

caries teeth were underestimated by 23.4% and caries experience was underestimated to 

13.3%. 
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Chapter 1 LITERATURE REVIEW 

Search strategy for reviewing literature included articles that were related to caries 

prevalence in pediatric population, caries detection methods, and epidemiological caries 

assessment tools. PubMed was the main database used. The search included the terms 

caries prevalence, caries detection methods, epidemiological caries assessment tools, and 

validity of epidemiological caries assessment tools. The initial search included a total of 

70 articles. Abstract from selected studies were hand reviewed for eligibility. After the 

initial review, full research reading was conducted for final evaluation. A total of 49 studies 

were included in this review.  

Dental caries is defined by the American Dental Association (ADA) as a “biofilm-

mediated, sugar-driven, multifactorial, dynamic disease that results in the phasic 

demineralization and remineralization of dental hard tissues”[1]. Early caries diagnosis has 

health and socioeconomic advantages through prevention, intervention, and reduced 

treatment cost. The development of new technologies will allow quantitative and 

qualitative caries monitoring. Traditional caries detection methods when used combined 

with new techniques that have higher sensitivity improve caries diagnosis and treatment[2, 

3]. 
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1.1 Methods of caries detection 

The first method for caries detection is visual examination. It is the traditional 

method and most commonly used. It requires the demineralization to take place in more 

than third of the enamel layer to be apparent upon examination[4]. Visual examination is a 

subjective method and hard to reproduce as its highly influenced by examiner knowledge 

and experience. It is based on enamel transparency, hardness and change in color[5, 6]. It 

has high specificity and low sensitivity as many non cavitated proximal lesions are below 

proximal contact point. An adjunctive procedure is recommended to be used for 

detection[2]. 

Researchers suggested that visual investigation presented better clinical 

performance after teeth separation with orthodontic rubber rings than bitewings. They 

included 56 children between the ages of 8-12 years old and 89 primary molars were 

studied. All children had baseline examination and bitewings then the teeth were separated 

for two days. An examination was conducted, and treatment decisions was made. Then, all 

teeth were histologically studied for caries extension. More preventative treatment was 

planned before separation than restorative treatment and 74 surfaces were scored sound 

before separation while only 27 were scored sound after the teeth separation without 

radiographic changes. The sensitivity of the visual examination and lesion activity were 

higher after tooth separation while specificities were lower. (Freitas et al. 2016)[6] 
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Pontes et al (2020) believed that patients who have bitewings will have more 

restorative treatments that could be delayed. They included 216 children in their study ages 

3-6 years old and followed them up for 24 months. Children were examined for their first 

dental visit, had bitewings and their decayed, missing, filled surfaces in deciduous dentition 

(dmfs) scores were recorded. Then children were allocated randomly to two different 

groups: visual investigation (VIS) and radiographic assessment (RAD). The two group 

were statistically not significant, but the RAD group had fewer sound surfaces and more 

failed restorations than the VIS group. They also had a higher caries risk than VIS group 

since the biggening of the study[7]. 

The second method for caries diagnosis is visual-tactile procedure. This method 

aimed to detect the presence of discontinuity of enamel and to evaluate the lesion level of 

activity[8]. The examiner carries out a visual examination with the use of an explorer over 

the white lesions or the suspected pits and fissures. This technique is no longer used in the 

U.S. and Europe for the following reasons (1) the explorer pressure will break the 

demineralized enamel and will prevent the chance for remineralization, (2) the use of probe 

will transfer the cariogenic bacteria from one spot in the mouth to another, and (3) the 

enamel that needs to be restored will be evident without the use of an explorer[9-11]. 

Newman and his colleagues (2008) evaluated 611 children from nine different 

elementary schools for dental caries and compared the findings with and without bitewings. 

The children were in grades 1, 3 and, 7 and resided in a non-fluoridated area and had a very 

low socioeconomic level. Four calibrated examiners conducted the visual-tactile 

examination and bitewing radiographs. dmfs and decayed, missing, and filled deciduous 

teeth (dmft) scores were recorded for both visual-tactile and radiographic examinations. 
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The radiographic examination could detect 91 percent of interproximal caries and 74 

percent of occlusal caries in comparison to only 43 percent of interproximal caries and 62 

percent of occlusal caries detected by visual-tactile examination[12].  

The use of bitewing radiographs is recommended in daily dental practice. It is used 

in conjunction with visual examination and mainly to detect interproximal caries. Enamel 

mineral loss of 30-40% is necessary before a lesion can be detected radiographically. It 

detects non cavitated interproximal lesions better than visual examination alone[2, 10]. 

Daniels et al noted that clinical caries extension is significantly underestimated if 

diagnosed without radiographs. 84 children whose ages were 8 to 11 years old were 

enrolled in this study. 124 approximal surfaces and 62 anterior teeth were investigated. For 

anterior teeth, 72 lesions were detected radiographically meanwhile only 51 were 

diagnosed clinically. For posterior approximal lesions, 101 lesions were diagnosed 

clinically while 229 were detected radiographically.  In this study alone, 128 lesions were 

misdiagnosed by clinical examination without radiographs. Which is 50% or higher than 

reported by the NHNES survey in 2011 and 2012 (37%)[13]. (2020) 

New diagnostic aids for early detection have been recently used like fiberoptic 

transillumination. It uses the principle of light transmission. Demineralized enamel appears 

darker as decalcified lesions has less light absorbance than sound enamel. It is used to 

detect caries in occlusal and interproximal surfaces and best used to detect the depth of the 

cavity[2, 14]. 
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Laser fluorescence (LF) (DIAGNOdent pen) is a quantitative, convenient, and fast 

method to detect caries. It is a device that reflect red light from a fiber optic beam. It 

captures the fluorescence from the bacteria metabolites and demineralized dental tissues. 

The reflected light will be converted to a numerical scale from 0-99. It is used for caries 

detection in smooth and occlusal surfaces and best used for interproximal caries 

detection[2, 14]. 

Near-infrared light transillumination (DIAGNOcam) is another quantitative 

method for early caries diagnosis. It is an instrument that uses a near-infrared light source 

that contains two flexible arms that transmit the light via a fiberoptic illuminator to the 

tooth then capture the signal as a digital image or video. It is used to detect caries in all 

surfaces. It is best used to detect incipient lesions, cracks, and secondary caries[2, 14]. 

A study compared the previous methods in caries detection. 335 patients were 

included. Average age was 24.7 years. Patients had one treated posterior tooth with a 

suspected interproximal lesion. Each patient was examined with four diagnostic methods: 

visual examination, radiographic evaluation, LF, and NIR-LT devices. The highest 

sensitivity (0.96) and accuracy (0.96) was in digital bitewing radiographs for dentin lesions. 

While LF had the lowest sensitivity (0.38) and accuracy (0.39) for both dentin and enamel 

lesions. Visual examination had the highest sensitivity (0.98) and accuracy (0.98) for 

enamel lesions. (Kucak N and Cenzig-Yanardag E 2020)[14]. 
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1.2 Caries Detection in Epidemiological Settings 

Dental Caries Prevalence 

Dental caries has reduced in many countries over the past few decades[8]. Even 

with this reduction, it is the most common chronic disease in children ages 6-19 years old. 

The prevalence of dental caries in 2-5 years old children as defined by the National Center 

for Health Statistics (NCHS) in their 2019 report has decreased from 28% to 23% since 

1999-2004 and untreated dental caries is 10% with a mean of 4.3 teeth affected with caries 

and mean 1.2 teeth with untreated caries. In children aged 6-8 years, the prevalence of 

caries is 52% that has not changed since 1999-2004 but untreated dental caries has 

decreased by 11 percentages points to become 16%, the mean caries for among children is 

4.4, and the mean untreated caries decreased from 1.5 to 0.8 teeth. Caries decreased from 

21% to 17% in 6-11 years old from 1999-2004 to 2011-2016 while untreated caries 

decreased from 8% to 5% with no changes in untreated caries in permanent teeth mean but 

filled teeth were overall 0.2 higher[15]. In addition to dental professionals, caries 

epidemiological surveys are available for policy makers, medical practitioners, politicians, 

and the public. Measuring the exact underestimation will reflect the true extent of the 

disease in the community[8].  
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Procedure of Epidemiological Detection Tools 

Caries diagnosis is a complicated process that balances the need for treatment and 

patient consequences. [16, 17] Caries detection is an extension of caries diagnosis in which 

earlier detection become possible. [18] Diagnosis of dental caries is critical before 

determining the need for treatment. The diagnostic criteria and recording systems are 

crucial in guiding the treatment need and monitoring disease progression. [19]  

Oral health surveys are encouraged to be conducted around the world every 5 to 6 

years in the same setting to monitor the disease burden[20]. Only validated carious lesions 

assessments or systems should be used due to the importance of monitoring the disease 

over time. Detection in epidemiological settings relies mainly on visual/tactile assessment 

despite its limitations. Many caries detection systems have developed throughout the years 

for recording caries at different thresholds of detection. Requirements of epidemiological 

caries assessment methods (i) manageable; cheap, acceptable, and easy to learn, (ii) 

reproducible; able to show the same results in two different settings by the same observer, 

and (iv) accuracy; able to truly detect the disease or not.[8] 

When diagnostic criteria were evaluated there was variation in the use of dental 

explorer, no consensus if the teeth should be cleaned before the examination, and European 

diagnostic criteria systems focus mainly of the progress of the disease while the US 

developed systems focus on reliability and comparability. [21] 

Many systems have developed for measuring a quantitative dental caries 

assessment. In 1941, Klein and Palmer developed DMF index; decayed (D), missing (M), 

and filled (F) teeth for use in permanent dentition only.[22] The most important phase of 

the dental health program is evaluating adequacy of dental service. It is highly desirable to 
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measure the occurrence of the amount of dental caries and filling in deciduous teeth 

comparable to that being used for permanent teeth to evaluate and monitor the disease and 

the preventive strategy. Measurement of the complete caries experience in primary teeth is 

not possible as a definite decision cannot be obtained whether a missing deciduous tooth 

has or has not been carious. Decayed and filled teeth measure the prevalence of dental 

caries in both deciduous and permanent dentitions. Lower letters ‘def’ are used to eliminate 

the confusion of DMF and to indicate decayed (d), decayed deciduous teeth indicated for 

extraction, and filled deciduous teeth (f)[23]. 

The diagnosis of caries is one of the most difficult decisions faces an examiner 

while obtaining a prevalence study or a survey. The criteria for diagnosis of dental caries 

were selected by the Task Group in 1968 and results were (i) frank lesions as a discontinuity 

of enamel surface, (ii) lesions not showing frank cavitations when an explorer catches or 

loss of translucency noted. Stains and questionable teeth should not be recorded as caries 

and when in doubt, call it sound. [24] 

The dental caries is measured by the mean number of dmfs/t or DMFS/T which 

may not be a useful tool for caries studies when there is a high population variance with a 

non-normal distribution. In a population with the majority of subjects are caries-free, the 

result will be low and that will undermine the seriousness of the subjects with caries. The 

caries analysis system was developed to differentiates between different caries patterns, 

the percentage of affected children, the degree of the subjects affected by caries, and the 

proportion of total caries each pattern represents. It measures the prevalence, distribution, 

and severity. It categorizes the caries into four patterns (i) the fissure pattern, (ii) the 
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maxillary anterior, (iii) the posterior proximal, and (iv) the posterior buccal/lingual smooth. 

The patterns are illustrated in figure 1.1[25].  

Figure 1-1 Categorization of Caries Patterns in Primary Teeth 

 

The most used criteria system especially in epidemiological settings is the one 

produced by the WHO for “Basic Methods” (1997).[19] The system assesses tooth status 

and scored as dmft/DMFT or dmfs/DMFS.[26] Caries was defined as unmistakable cavity 

or undermined enamel without any doubt. It records caries only at the dentinal threshold 

of detection and recently included dentinal lesions without frank cavitation[27]. This 

method is simple, quick, cost effective, and does not require the use of an explorer. It has 

good inter- and intra-examiner liability.[19] The WHO system is not sensitive as it 

excluded early carious lesions and early prevention cannot be validated.[28] 
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The International Caries Detection and Assessment System (ICDAS) was 

developed for use in epidemiological studies, public health and clinical research, clinical 

practice, and dental education. A ball-ended explorer is used to aid in the visuo-tactical 

assessment by removing plaque and debris and to evaluate the tooth status. Two digits are 

used to represent the status of the tooth using seven-point ordinal scale ranging from sound 

to extensive cavitation.[28, 29] Detection of dental caries by (i) stage of carious process, 

(ii) topography, (iii) anatomy, (iv) restoration or sealant status.[29] The first digit is for 

restoration or sealant, and the second is for severity of the carious lesion, illustrated in table 

1.1.[28, 29] Clinical score of 3 is comparable to WHO score decayed.[26] The ICDAS 

system has good reproducibility and accuracy in detecting enamel occlusal lesions, primary 

molars caries assessment and has a high satisfactory specificity and sensitivity.[30, 31] 

Tooth separation improves the classification when compared to radiographs. [32] ICDAS 

aids detection of early enamel lesions which leads to early intervention and prevention. It 

is also good in classifying and monitoring early lesions.[19]  
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Table 1-1 Classification of the restoration, sealant, or missing status in the 
International Caries Detection System (ICDAS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There is no tool to measure the consequences of untreated dental caries. The PUFA 

index records the pulpal involvement (P/p), ulcerations caused a displaced tooth fragment 

(U/u), fistula (F/f), and abscess (A/a). The assessment of this method is done by a visual 

examination and lesions not related to a tooth with visible pulp involvement as a result of 

caries are not recorded. Each tooth can be assigned to one score only. Thus, an individual 

can score from 0 to 20 for primary teeth and 0 to 32 for permanent teeth.  
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A new index developed due to the need of a reliable and easy to use system which 

reports results from DMF, ICDAS II and PUFA indices.[33] The Caries Assessment 

Spectrum and Treatment (CAST) index uses an entire range of findings. It identifies caries, 

restorations, sealants, lesions in enamel, caries into pulp, abscesses, and tooth lost due to 

caries.[26] The codes are illustrated in table 1.2. 

Table 1-2 The codes and descriptions of the Caries Assessment Spectrum and 
Treatment (CAST) index) 

 

 

 

 

 

 

 

 

 

 

 

 

The two measures commonly used to validate carious detection tools are sensitivity 

and specificity. Sensitivity is defined as the probability of a tested tooth to be positive when 

it is diseased. While specificity defined as the probability of negative result when the tested 

tooth lacks the disease. Hence, assuming the status of the tooth is known but in a clinical 

setting, tests used because the true status of the tooth is not determined yet. These two 
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measures provide no quantitative information on how probable the tooth has the disease 

hence accuracy cannot be obtained for the tool used. Positive predictive value (PPV) is 

statistically defined as the probability of obtaining a positive result when the test result is 

positive and negative predictive value (NPV) is defined as the probability of a tooth to lack 

the disease when the used test result is negative. But these two perimeters should be used 

with caution as the change of prevalence will affect their results. More studies need to be 

conducted to evaluate the validity of caries indices. Issues in different tools should be 

addressed to create valid studies[19]. 

1.3 Validity of caries detection methods in epidemiological settings 

The validity of the visual exam and adjunct diagnostic aids for caries detection in 

posterior permanent teeth in an epidemiological setting was evaluated by Da Silva AP and 

collogues. They included 165 children aged 12-year-old in their study. They evaluated all 

the children with a visual exam and natural illumination (v11), visual exam with an 

artificial light source (v12), DIAGNOdent (DD), Fiberoptic light (FOTI), and bitewing 

radiographs (BW). The highest accuracy reported for the v12 group and bitewings. The 

highest sensitivity presented in v12+DD+BW for occlusal surface lesions while 

v12+FOTI+BW for approximal lesions. It was concluded that the use of radiographs is the 

best adjunct method for caries detection in epidemiological settings[34]. (2011) 

A study included 1550 schoolchildren aged 4-14 years old. A total of 37,644 teeth 

examined and 2718 were carious. All the children were evaluated using DMFT/deft, 

ICDAS II, and CAST. DMFT/deft caries experience was 5.54% with the highest scores in 

primary dentition then mixed and permanent dentitions. Prevalence using ICDAS system 

was 6.7%. and the overall prevalence when CAST index used was 6.95%. Enamel lesions 
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were detected more by the ICDAS system. Dentin, and pulp lesions were detected better 

by the CAST system[35]. (Reddy et al. 2017) 

Taqi et al evaluated 183 children ages 11 and 12 years old using WHO and ICDAS 

systems and their scores were compared. 44% of the children were caries free according to 

the WHO criteria. All the children who had sound teeth, they scored less than three using 

ICDAS system. Similarly, all children with caries scored more than three using the ICDAS 

system. There was no significant difference between the WHO system and the ICDAS 

system in epidemiological caries detection[36]. (2019) 

The purpose of this study was to assess and caries experience in 5-10-year-old 

children, comparing epidemiological “screening” examinations against clinical 

examinations using radiographs. This will help determine the accuracy with which the 

disease burden can be estimated solely based on an epidemiological examination. 
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1.4 Statement of the problem and specific aim 

Caries prevalence studies are an important tool for policy makers, health providers, 

politicians, and the public. Most prevalence studies are conducted in epidemiological 

settings in mobile health clinics with no radiographs and only using epidemiological 

assessment tools. Caries prevalence extent is likely to be underestimated without proper 

examination and radiographs. Visual examination with radiographs is the gold standard for 

caries diagnosis and treatment which has the highest sensitivity (.96) and accuracy 

(0.96)[14]. The literature suggested an underestimation in epidemiological assessments to 

be over 23%[13]. A study estimated 50% more lesions to be detected by bitewing 

radiographs. Another study found that 86.84% of the patients who were considered caries 

free, were found to have caries after a radiographic examination[37].  

By omitting radiographs, loss of valuable information takes place, and untreated 

caries is likely to be undiagnosed in epidemiological assessments[38]. Over $2.1 million 

are spent every year on emergency dental treatments. And over 34 million school hours are 

lost every year due to emergency dental visits[39]. However, it may not be practical and 

perhaps beyond the scope to create an ideal environment for clinical examination or to 

carry our radiographic assessment at the time epidemiological screenings. 

While there is evidence in the literature that epidemiological assessment 

underestimates caries prevalence, data are still limited about this topic. This study will help 

policy makers to become more aware of the extent to which epidemiological assessments 

underestimate true disease so policies and programs for the community are adjusted 

accordingly. 
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1.5 Hypothesis  

There is a difference between an assessment in conditions simulating epidemiological 

screening and a routine clinical examination in dental office with radiographs. 

 

1.6 Null Hypothesis 

1. There is no difference in the prevalence of untreated carious lesions and overall 

caries experience (untreated plus treated carious lesions) detected by 

epidemiological screening vs. routine examination with radiographs. 

2. There is no difference in the severity (mean scores) of caries detected by 

epidemiological screening vs. routine examination with radiographs. 

3. Any differences in prevalence are not associated with sociodemographic 

characteristics (age, gender, place of residence, race and ethnicity, and insurance 

type). 

4. Any differences in severity are not associated with sociodemographic 

characteristics (age, gender, place of residence, race and ethnicity, and insurance 

type)   
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1.7 Specific Aims 

1. To determine the prevalence of untreated caries, defined as active non-incipient 

carious lesions for the purposes of this study, in the enrolled children based on 

a screening exam in conditions simulating an epidemiological screening 

assessment (simulated epidemiological screening) and a comprehensive dental 

examination (clinical with radiographs) conducted during a routine visit in the 

dental office. 

2. To compare the caries experience (untreated and treated carious lesions) as 

determined by prevalence and severity based on screening in simulated 

epidemiological setting and the comprehensive exam in the dental office.  

3. To determine whether differences between the two assessment methods are 

associated with the demographic variables.   
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Chapter 2 Caries Experience Based on A Simulated Epidemiological 
Screening and Routine Examination with Radiographs 
 

2.1 INTRODUCTION 

Dental caries is one of the most prevalent diseases in the oral cavity[40]. According 

to the 2018 National Health and Nutrition Examination Survey (NHANES), 22.7% of the 

2 to 5 years old and 55.7% of the 6 to 8 years old children had one or more primary teeth 

affected by caries[41]. The prevalence is directly related to the improper oral hygiene 

practices, high and frequent cariogenic diet, low socioeconomic status, and behavioral 

factors[38]. Caries consequences include higher risk of developing new carious lesions, 

treatment costs, loss of school days, reduces children’s’ ability to learn, and lowers their 

quality of life[42]. 

Proximal caries, especially in primary molars, has a major role in the high 

prevalence of caries due to the late detection of the lesions compared to smooth surface 

caries[38]. The American Academy of Pediatric Dentistry (AAPD) recommends 

radiographs as a valuable aid in the oral evaluation of children to diagnose and monitor 

oral diseases, evaluate development and traumas, and treatments outcome[37].  The AAPD 

recommends periodic radiographs every 6-24 months depends on the child’s caries risk. 

Practitioner clinical judgement is needed to select the type and frequency of the images 

with following the as low as reasonably achievable principle (ALARA) to reduce patient’s 

exposure.5 Unfortunately, radiographs cannot be always obtained and depends on patient’s 

cooperative ability, and other factors which eventually may lead to pain and discomfort to 

the child[42]. 
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Many studies found that clinical examination may underestimate the extent and 

prevalence of the disease[7, 13, 38]. In a study, 162 children were clinically examined. All 

molars and premolars were checked with an explorer and a mouth mirror then two 

bitewings were taken. The clinical diagnosis diagnosed all occlusal caries and restorations, 

but proximal caries lesions were underestimated by 86.84%[13]. In another study, the 

association between non proximal caries and proximal caries was studied. They evaluated 

106 patients and 212 radiographs. Proximal caries lesions were twice as likely when 

occlusal caries lesions were found[38]. On the other hand, 216 patients were randomized 

to two groups: visual inspection and radiographic examination. Both groups followed up 

for 2 years for caries detection and treatment outcome. They found that patients that had 

radiographic assessment had more restorative treatments and restorative repairs which 

could be detected later with no harm[7].  

Although many published studies have underestimated the detection of proximal 

caries, data is limited for measuring the exact underestimation in the primary dentition[38]. 

Based on a previous study’s results, the prevalence of caries in 2- to 8-year-olds in primary 

dentition may increase from 37 percent to 50 percent after radiographic examination[13].  

Policy makers obtain information about the need of the community from prevalence 

studies. Most of the caries prevalence studies like NHANES collects health information 

from personal interview and a physical assessment in a mobile examination center to obtain 

health information in which they have no access to radiographs. Analysis of the accurate 

underestimation will provide a true extent of the disease to policymakers and more accurate 

view of the need of the community. Over 34 million school hours are lost every year for 

emergency dental treatment and 2.1 million emergency room visits for dental emergencies. 
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Between the years 1996-2013, there were 26.5 billion dollars spent on dental care for 

children and adolescents[39]. 

2.1 MATERIALS AND METHODS 

This study was approved by the University of Maryland, Baltimore Institutional 

Review Board, Baltimore, MD, USA. All subjects recruited were English speaking or had 

a professional interpreter explain the study to them and their legal guardians.  

We included 128 patients ages five to ten who were scheduled at the University of 

Maryland, School of Dentistry, Post Graduate Pediatric Dental Clinic for a new patient 

exam or a periodic evaluation. The research protocol was explained to the legal guardian, 

then a written consent obtained (Appendix 1). The HIPAA authorization was also signed 

by the legal guardian (Appendix 2). Verbal assents were obtained from the patients after 

explaining the study briefly in simple age-appropriate words and was documented on the 

electronic health record by the research team (Appendix 3). The consent was approved by 

the University of Maryland School of Medicine-Human Research Protection Office 

(Protocol HP-00096712). 

Inclusion criteria 

Legal guardian consent. 

Patient ages five to ten years old. 

Healthy and cooperative patients. 

Diagnostic radiographs. 
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Exclusion criteria 

No exclusions. 

Instrument 

Examination 1: 

Simulated epidemiological screening: 

One pediatric dentist conducted all epidemiological screening assessments. The examiner 

was blinded from the second examination and from patient’s electronic health records 

(EHR). The exam followed WHO oral health survey (2013) recommendations using a 

tongue depressor, and a flashlight. Caries diagnosis criteria followed the Radike method 

(1968)[24]. All findings were recorded in a WHO form recruited from 2013 basic health 

methods (Appendix 4). All patients were examined while sitting on a stool chair. All non-

cavitied and decalcified lesions were not scored. Incipient lesions were recorded as sound.  

Examination 2: 

Routine dental examination with radiographs: 

Conducted by eight post graduate pediatric dental residents. All residents were calibrated 

before the data were conducted. Necessary radiographs were also taken by the same 

provider using phosphor plate films and/or digital sensors. Findings were recorded in the 

electronic health records using codes C3001 for clinical caries, R3002 for radiographic 

caries, and/or D2330, D2331, D2335, D2390, D2391, D2392, D2393, D2394, and/or 

composite, miscellaneous metallic, and/or amalgam from clinical findings for restored 

teeth. 
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Patient’s demographic data recorded: 

Patient’s age (recorded as individual year [I] and age range [II]). 

Gender (female, male). 

Race and ethnicity (Hispanic, Black or African American [AA], Other [including non-

Hispanic white, non-Hispanic Asian, and two or more races], Unknown). 

Place of residence (Baltimore City, Outside of Baltimore City). 

Insurance type (Medicaid or Children’s Health Insurance Program [CHIP], Private, 

Uninsured, Unknown). 

Procedure 

Eligible child patients who presented to the University of Maryland School of 

Dentistry clinics for either a comprehensive evaluation or a periodic evaluation were asked 

to participate in the study. Procedures were explained to interested parents and consent was 

documented in writing. 

The first examination and screening followed the WHO guide for oral health 

surveys after obtaining child’s assent. Patients were examined while sitting in a stool chair. 

A flashlight on a moderate mode (on blue-white color spectrum, BYBLIGHT rechargeable 

800 lumen) and a tongue depressor were used during the assessment. All primary and 

permanent teeth were scored for untreated dental caries and restorations and recorded on 

the WHO form. For the purposes of this study, only active non-incipient carious lesions 

were counted as untreated dental caries. Incipient lesions were excluded from the screening 

because of the challenges and variability related to its diagnosis. Missing teeth were 

excluded from the assessments as WHO recommends excluding missing teeth in mixed 
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dentitions due to the uncertainty of a physiologic exfoliation or a previous extraction in 

this age range. 

The second evaluation was completed in the dental chair as a routine examination. 

Radiographs were taken and dentition status and clinical findings were recorded in the 

EHR.  

Data from the WHO surveys were compared to findings from the EHR. The child 

characteristics that were studied included: age, gender, place of residence, race and 

ethnicity, and insurance type. 

Statistics 

The data from both assessments were entered into Microsoft Excel spreadsheets and 

reviewed for potential data entry errors. A password protected computer was used to store 

the data. Data were analyzed and univariate statistics were calculated using Microsoft 

Excel. The primary outcome variables were the sum of untreated dental caries teeth for 

both dentitions, combined, and the sum of decayed and filled teeth for both dentitions, 

combined (dft+DFT).  

The difference between routine examination with radiographs caries experience and the 

simulated epidemiological assessment caries experience were compared for both 

prevalence and severity. The untreated dental caries and caries experience prevalence were 

calculated using (Y/N) decayed and/or filled teeth in the study sample in percentage. The 

severity of untreated dental caries and caries experience were indicated by the mean scores 

of decayed and/or filled teeth. 

The chi-square test was used to test group differences for prevalence. The t-test was used 

to test group differences for severity. In addition to these analyses, the epidemiological 
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assessment findings were compared to the routine examination in terms of the following 

rates: 1) false positive, 2) false negative, 3) sensitivity, 4) specificity, 5) positive predictive 

value, and 6) negative predictive value. Statistical analyses were performed using the Prism 

9.0 biostatistics program (GraphPad Software). All data were expressed as the mean value 

± standard deviation of the mean. Results were considered statistically significant at a p-

value less than 0.05 (listed in bold text). 
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2.3 RESULTS 

Table 2.1 describes the study sample. There were 128 patients included in this study 

between the ages of 5 and 10 years (mean age=7.5). The study included 77 males (mean 

age = 7.3) and 51 females (mean age = 7.8). The majority of patients were from Baltimore 

City. More than 85% of the participants were either non-Hispanic Black/African American 

or Hispanic. More than 90% were either uninsured or had public dental insurance 

(Medicaid or CHIP).  
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Table 2-1: Sample Characteristics of the Study Group 

Characteristic Frequency (%) 
All 128 (100) 
Gender  
     Female 51 (39.8) 
     Male 77 (60.2) 
Age I (years)  
     5 15 (11.7) 
     6 27 (21.1) 
     7 23 (18.0) 
     8 23 (18.0) 
     9 17 (13.2) 
     10 23 (18.0) 
Age II (years)  
     5 to 7 65 (50.8) 
     8 to 10 63 (49.2) 
Place of residence  
     Baltimore City 107 (83.6) 
     Outside Baltimore City 21 (16.4) 
Race and ethnicity  
     Hispanic 83 (64.8) 
     Black or AA* (non-Hispanic) 26 (20.3) 
     Other 15 (11.7) 
     Unknown 4 (3.2) 
Insurance type  
     Medicaid or CHIP** 45 (35.2) 
     Private 9 (7.0) 
     Uninsured 73 (57.0) 
     Unknown 1 (0.8) 

*AA: African American 
**CHIP: Children’s Health Insurance Program 
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 Table 2.2 describes the prevalence of untreated dental caries (primary and 

permanent teeth) and of overall dental caries experience (dft+DFT), stratified by 

sociodemographic characteristics, for the epidemiological screening assessment. The 

enrolled children were in mixed dentition with mostly recently erupted permanent teeth 

and an established primary dentition, which could be the reason for significantly higher 

untreated dental caries and caries experience in primary teeth (dt, dft) compared to 

permanent teeth (DT, DFT). Considering the age range of enrolled children, it was decided 

to combine findings of both primary and permanent teeth for analysis. Overall, about half 

of the participants had untreated dental caries and about 77% had dental caries during their 

lifetime. The groups with notably higher prevalence of untreated dental caries included 

younger children, those from Baltimore City, and those who were uninsured. The groups 

that showed particularly higher prevalence of overall dental caries were males and younger 

children. In contrast to the results for untreated dental caries, those from outside Baltimore 

City had a higher prevalence of overall dental caries than those from Baltimore City.   
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Table 2-2: Prevalence of Untreated Dental Caries (Primary and Permanent teeth) 
and Dental Caries Experience (dft+DFT) for Epidemiological Screening 

Characteristic Untreated Dental 
Caries (%) 

Caries Experience 
(%) 

All 50.8 77.3 
Gender   
     Female 49.3 72.5 
     Male 52.9 80.5 
Age I (years)   
     5 46.7 53.3 
     6 59.3 88.9 
     7 56.5 91.3 
     8 60.9 87.0 
     9 47.1 76.5 
     10 30.4 56.5 
Age II (years)   
     5 to 7 55.4 81.5 
     8 to 10 46.0 73.0 
Place of residence   
     Baltimore City 53.3 76.6 
     Outside Baltimore City 38.1 80.9 
Race and ethnicity   
     Hispanic 51.8 78.3 
     Black or AA* (non-Hispanic) 50.0 76.9 
     Other 53.3 80.0 
     Unknown 25.0 50.0 
Insurance type   
     Medicaid or CHIP** 46.7 73.3 
     Private 33.3 77.8 
     Uninsured 56.2 80.8 
     Unknown 0.0 0.0 

 
*AA: African American 
**CHIP: Children’s Health Insurance Program 
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Table 2.3 describes the prevalence of untreated dental caries (primary and 

permanent teeth) and of overall dental caries experience (dft+DFT), stratified by 

sociodemographic characteristics, for the routine examination with radiographs. Given the 

age range of enrolled children, untreated dental caries and caries experience in primary 

teeth (dt, dft) was significantly higher than permanent teeth (DT, DFT) so both findings 

were combined. Overall, about 75% of patients had untreated dental caries and about 90% 

had dental caries experience. The groups with remarkably higher prevalence of untreated 

dental caries were younger children, non-Hispanic Black/African American, and uninsured 

patients. In contrast to the results for untreated dental caries, younger patients had a higher 

prevalence of overall dental caries than older patients. 
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Table 2-3: Prevalence of Untreated Dental Caries (Primary and Permanent teeth) 
and Dental Caries Experience (dft+DFT) for Routine Examination with 
Radiographs  
Characteristic Untreated Dental 

Caries 
% 

Caries Experience 
% 

All 74.2 90.6 
Gender   
     Female 70.6 86.3 
     Male 76.6 93.5 
Age I (years)   
     5 86.7 86.7 
     6 85.2 96.3 
     7 78.3 95.6 
     8 78.3 91.3 
     9 58.8 88.2 
     10 56.5 82.6 
Age II (years)   
     5 to 7 83.1 93.8 
     8 to 10 65.1 87.3 
Place of residence   
     Baltimore City 75.7 91.6 
     Outside Baltimore City 66.7 85.7 
Race and ethnicity   
     Hispanic 75.9 94.0 
     Black or AA* (non-Hispanic) 80.8 88.5 
     Other 60.0 80.0 
     Unknown 50.0 75.0 
Insurance type   
     Medicaid or CHIP** 73.3 88.9 
     Private 55.6 88.9 
     Uninsured 76.7 91.8 
     Unknown 100.0 100.0 

*AA: African American 
**CHIP: Children’s Health Insurance Program 
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Table 2.4 shows the mean scores of untreated dental caries (primary and permanent 

teeth) and the overall dental caries experience (dft+DFT) scores to ascertain severity, 

stratified by the sociodemographic variables, for the epidemiological screening 

assessment. Given the age range of enrolled children, untreated dental caries and caries 

experience in primary teeth (dt, dft) was significantly higher than permanent teeth (DT, 

DFT) so both findings were combined. Overall, the mean untreated dental caries for 

epidemiological screening was 2.0 and the mean caries experience was 3.2 for the 

epidemiological screening. The groups with the higher severity of untreated dental caries 

included younger children especially the five-year-old group and uninsured patients.  
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Table 2-4: Severity: Mean Untreated Dental Caries (Primary and Permanent teeth) 
and Dental Caries Experience (dft+DFT) for Epidemiological Screening 

Characteristic Untreated Dental 
Caries 

Caries Experience 

Mean (Standard Deviation) 
All 2.0 (2.9) 3.2 (3.1) 
Gender   
     Female 1.5 (2.0) 2.5 (2.6) 
     Male 2.4 (3.3) 3.6 (3.4) 
Age I (years)   
     5 3.1 (3.9) 3.8 (4.3) 
     6 2.9 (3.3) 3.9 (3.1) 
     7 1.7 (2.2) 3.6 (3.0) 
     8 2.3 (3.2) 4.1 (3.3) 
     9 1.5 (2.6) 2.3 (2.6) 
     10 0.7 (1.2) 1.3 (1.5) 
Age II (years)   
     5 to 7 2.5 (3.1) 3.8 (3.3) 
     8 to 10 1.5 (2.5) 2.6 (2.8) 
Place of residence   
     Baltimore City 2.2 (2.9) 3.4 (3.2) 
     Outside Baltimore City 1.1 (2.4) 1.8 (2.3) 
Race and ethnicity   
     Hispanic 2.3 (3.1) 3.5 (3.3) 
     Black or AA* (non-Hispanic) 1.2 (1.5) 2.4 (2.5) 
     Other 2.5 (3.4) 3.1 (3.2) 
     Unknown 1.2 (2.5) 2.5 (2.9) 
Insurance type   
     Medicaid or CHIP** 1.2 (1.9) 2.6 (2.6) 
     Private 1.9 (3.5) 2.7 (3.2) 
     Uninsured 2.6 (3.2) 3.6 (3.3) 
     Unknown 0.0 (0.0) 0.0 (0.0) 

*AA: African American   
**CHIP: Children’s Health Insurance Program 
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Mean untreated dental caries (primary and permanent teeth) and mean caries 

experience (dft+DFT) scores for the routine examination with radiographs, stratified by 

sociodemographic, is provided in Table 2.5. Given the age range of enrolled children, 

untreated dental caries and caries experience in primary teeth (dt, dft) was significantly 

higher than permanent teeth (DT, DFT) so both findings were combined. Overall, the 

untreated dental caries mean was 3.9 and the mean caries experience was 5.6 by the routine 

examination with radiographs. The groups that had a notably higher caries severity 

including younger children and Hispanic patients. In contrast to the results for untreated 

dental caries, those from Baltimore City had a higher severity of overall dental caries than 

those from outside of Baltimore City. 
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Table 2-5: Severity: Mean Untreated Dental Caries (Primary and Permanent Teeth) 
and Dental Caries Experience (dft+DFT) for Routine Examination with 
Radiographs 
Characteristic Untreated Dental 

Caries 
Caries Experience 

Mean (Standard Deviation) 
All 3.9 (3.7) 5.6 (3.7) 
Gender   
     Female 3.4 (3.1) 4.6 (3.3) 
     Male 4.3 (4.0) 6.2 (3.8) 
Age I (years)   
     5 6.0 (4.1) 6.9 (4.2) 
     6 5.4 (4.1) 6.6 (3.6) 
     7 3.6 (3.2) 6.4 (3.3) 
     8 4.2 (3.7) 6.2 (3.5) 
     9 2.3 (3.0) 3.9 (3.5) 
     10 2.3 (2.6) 3.6 (3.1) 
Age II (years)   
     5 to 7 4.9 (3.9) 6.6 (3.6) 
     8 to 10 3.0 (3.2) 4.6 (3.5) 
Place of residence   
     Baltimore City 4.1 (3.7) 5.9 (3.6) 
     Outside Baltimore City 3.0 (3.7) 3.9 (3.6) 
Race and ethnicity   
     Hispanic 4.2 (3.8) 5.9 (3.5) 
     Black or AA* (non-Hispanic) 3.1 (2.4) 5.0 (3.7) 
     Other 4.5 (4.8) 5.2 (4.5) 
     Unknown 2.0 (2.8) 4.2 (4.0) 
Insurance type   
     Medicaid or CHIP** 3.2 (3.2) 5.4 (3.8)  
     Private 4.0 (4.2) 4.7 (3.6) 
     Uninsured 4.4 (3.9) 5.9 (3.6) 
     Unknown 2.0 (---) 2.0 (---) 

*AA: African American 
**CHIP: Children’s Health Insurance Program 
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Table 2.6 compares the prevalence of untreated dental caries (primary and 

permanent teeth) that came from the epidemiological screening assessment with that from 

the routine examination with radiographs in the study sample. In this research, the false 

positive rate was 3.1% and the false negative rate was 50.8%. Also, the sensitivity was 

66.3% and specificity was 93.9%. The positive predictive value (PPV) was 96.9% and the 

negative predictive value (NPV) was 49.2% in our study.  

Table 2-6: Comparison of the Simulated Epidemiological Screening and Routine 
Examination with Radiographs (Untreated Dental Caries in Primary and Permanent 
Teeth) 

 
Epidemiological Screening 

Routine with Radiographs  
Totals Decay No decay 

Decay 63 2 65 
No decay 32 31 63 

Totals 95 33 128 
 

 

The univariate analyses for mean untreated dental caries (primary and permanent 

teeth) and mean dft+DFT are shown in Table 2.7.  These analyses suggest that the 

distributions are consistent with a normal, Gaussian distribution. Figures 2.1 provides a 

diagrammatic view of the difference between both types of assessments for untreated 

dental caries in both dentitions. Figure 2.2 provides a view of the difference between 

assessments for dft+DFT. For both assessment types, most differences (routine 

examination with radiographs minus epidemiological screening) were positive. However, 

there were a few instances where the mean score for the epidemiological screening 

assessment was higher (see red-colored negative values in both figures). 
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Table 2-7: Univariate Distributions of Mean Difference in Untreated Dental Caries 
(Primary and Permanent Teeth) and Dental Caries Experience (dft+DFT) between 
Routine Examination with Radiographs and Epidemiological Screening 
Assessments 
Measure Untreated Dental Caries Caries Experience 

Mean 1.9 2.4 

Standard deviation 2.2 2.3 

Mode 0 0 

Median 1 2 

Minimum -5 -4 

Maximum 9 10 

Range 14 14 

Kurtosis 1.1 0.9 

Skewness 0.7 0.6 

 

 

Figure 2-1 Difference in Untreated Dental Caries (Primary and Permanent 
Teeth) between Routine Examination with radiographs and Epidemiological 
Screening 
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Figure 2-2 Difference in Dental Caries Experience(dft+DFT) between Routine 
Examination with radiographs and Epidemiological Screening  

 

The differences between untreated dental caries (primary and permanent teeth) and 

caries experience (dft+DFT) scores for the epidemiological screening assessments and the 

routine examination with radiographs are shown in Table 2.8. Overall, the difference 

between assessments for untreated dental caries was about 2 teeth and the difference for 

overall dental caries experience was slightly higher. There were no statistically significant 

differences between groups for all but one of the sociodemographic variables. That is, 

younger children had a significantly higher difference between assessment types than older 

children but only for the untreated dental caries outcome, 2.3 teeth vs. 1.5 teeth. 
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Table 2-8: Mean (Standard Deviation) Difference in Untreated Dental Caries 
(Primary and Permanent Teeth) and Dental Caries Experience (dft+DFT) between 
Routine Examination with Radiographs and Epidemiological Screening 
Assessments 
Characteristic Untreated 

Dental 
Caries 

p-value Caries 
Experience 

p-value 

All 1.9 (2.2)  2.4 (2.3)  
Gender  0.83  0.21 
     Female 1.9 (2.0)  2.1 (2.2)  
     Male 1.9 (2.4)  2.6 (2.3)  
Age I (years)  0.10  0.47 
     5 2.9 (2.7)  3.1 (2.7)  
     6 2.4 (2.0)  2.7 (1.9)  
     7 1.9 (2.9)  2.8 (2.4)  
     8 1.9 (1.8)  2.1 (2.1)  
     9 0.8 (1.0)  1.6 (1.7)  
     10 1.6 (2.3)  2.3 (2.8)  
Age II (years)  0.03  0.06 
     5 to 7 2.3 (2.5)  2.8 (2.2)  
     8 to 10 1.5 (1.9)  2.0 (2.3)  
Place of residence  0.90  0.47 
     Baltimore City 1.9 (2.2)  2.5 (2.3)  
     Outside Baltimore City 1.9 (2.3)  2.1 (2.2)  
Race and ethnicity  0.78  0.85 
     Hispanic 2.0 (2.4)  2.5 (2.2)  
     Black or AA* (non-Hispanic) 1.9 (1.7)  2.6 (2.4)  
     Other 2.0 (2.3)  2.1 (2.4)  
     Unknown 0.7 (1.0)  1.7 (1.7)  
Insurance type  0.97  0.59 
     Medicaid or CHIP** 2.0 (2.0)  2.8 (2.2)  
     Private 2.1 (3.2)  2.0 (3.3)  
     Uninsured 1.8 (2.3)  2.3 (2.2)  
     Unknown 2.0 (---)  2.0 (---)  

*AA: African American 
**CHIP: Children’s Health Insurance Program 
Note: Bolded values are statistically significant 
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2.4 DISCUSSION 

A clinical examination combined with radiographs as recommended by the AAPD 

is the gold standard for caries detection and monitoring [42]. Most epidemiological studies 

are done without the use of radiographs and conducted outside of a dental clinic 

environment which is thought to result in an underestimation of disease prevalence and 

severity. Although underestimation is likely to exist, the extent remains poorly understood. 

The aim of the current study was to measure the prevalence, sum and severity of untreated 

dental decay and overall dental caries experience using two examinations: a simulated 

epidemiological screening and a routine examination with radiographs. Based on the 

results, the study supported the hypothesis that there is a difference between an assessment 

in conditions simulating epidemiological screening and a routine examination with 

radiographs, as the routine examination with radiographs resulted in higher prevalence and 

severity scores for untreated dental caries and overall dental caries experience. 

The WHO instrument was selected for this assessment because it is the most 

frequent caries assessment tool worldwide due to its validity, reproducibility, and 

generalizability[43]. The screening was done using a flashlight and a tongue depressor and 

done in a regular chair stool. A second evaluation was completed by eight calibrated 

pediatric post graduate residents and radiographs were ordered consistent with AAPD 

guidelines [42]. Missing teeth were excluded from the assessments as WHO recommends 

excluding missing teeth in mixed dentitions due to the uncertainty of a physiologic 

exfoliation or a previous extraction in this age range. In our results, given the age range of 

enrolled children, untreated dental caries and caries experience scores in primary teeth (dt, 
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dft) were significantly higher than they were in permanent teeth (DT, DFT). Therefore, 

findings for both dentitions were combined. 

In our methodology, we defined the prevalence of untreated dental caries and caries 

experience as the presence of untreated dental caries and/or restored teeth in our study 

sample (Y/N). In the literature, a significant underestimation of the approximal lesions with 

clinical assessment than when compared to a radiographic examination which may lead to 

inaccurate results[44]. In the current study, we found that the simulated epidemiological 

screening detected 50.8% overall untreated dental caries and 77.3% caries experience. On 

the other hand, the routine examination with radiographs was able to detect 74.2% 

untreated caries and 90.6% overall caries experience. On national level studies, like the 

National Health and Nutrition Examination Survey (NHANES), untreated dental caries in 

youth ages 2-19 years old was over 60% less than reported in our sample[41]. Our results 

correlate with another study that estimated caries prevalence to be over 50% if radiographic 

examination was used [13]. 

 Severity of untreated dental caries and caries experience was defined in the 

methodology as the mean scores of carious and/or filled teeth. The mean DMFT ranged 

from 2.2 to 4.8 in preschool children in the US [25].  The mean untreated dental caries and 

caries experience ranged from 2.00 to 3.2 which were also underestimated as the mean 

scores increased after using radiographs to 3.9 and 5.0. 

In 2019, in 6–16-year-old children in Croatia, the overall mean DMFT for all 

children was 3.03 and it was less in younger children (mean=1.8) than in older children 

(mean=4.7)[45]. In contrast, younger children in our results had higher mean untreated 

dental caries in primary and permanent teeth (2.5, 4.9) and dft+DFT (3.8, 6.6) than those 
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mean scores reported for older patients’ untreated dental caries in primary and permanent 

teeth (1.5, 3.00) and dft+DFT (2.6, 4.6) in both the simulated epidemiological screening 

and the routine examination with radiographs, respectively.  

Clinical examinations with radiographic assessments have higher specificity and 

lower sensitivity than visual assessments alone. It was reported in a previous study that the 

specificity of radiographs is up to 100% [13]. A study has found that adding radiographs 

to a visual examination revealed 105% more carious lesions[46]. In epidemiological 

screenings, the aim is to identify those who have disease. Our study showed that 

epidemiological screenings have reasonable sensitivity. When disease was truly present, 

the screening was able to identify it 66% of the time.  

In previous studies, it has been suggested that radiographic examination lead to 

more restorative treatments and more restorative repairs than visual screening alone [7]. 

One study reported that visual screening provided better diagnosis of carious lesions and 

treatment planning than radiographic examination[6]. Unfortunately, radiographs do not 

always reflect the true state of the tooth condition and specifically influenced by providers 

experience which may result in false positive diagnosis [44]. In the current study, the 

simulated epidemiological screening not only missed identifying some lesions, but 

occasionally scored disease not found on radiographic evaluation. This finding was likely 

explained by interpreting stain or surface defects as decay during the screening.  [47]. Also, 

it has been reported that at least 30% mineral loss should have occurred for a carious lesion 

to be detected as a radiolucency on a radiograph[48, 49]. This perhaps underlines the 

importance of both thorough clinical and radiographic examination.  
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The difference between the routine examination with radiographs and the simulated 

epidemiological assessment was studies to indicate the amount of underestimation. Then, 

the differences in prevalence and severity were studied to detect the association with 

sociodemographic characteristics (age, gender, place of residence, race and ethnicity, and 

insurance type). There was no statistical significance in all variables except for age. The 

“age II” variable showed that younger patients had more untreated dental caries than older 

patients. This result may be due to exfoliation in the older age group.  

Our study had several strengths, all initial examinations were obtained by one 

dentist and all the second examinations were done by calibrated residents. Also, this study 

is unique and among the first of its kind to compare epidemiological screening with routine 

examination with radiographs to determine underestimation in reported caries prevalence 

and severity. There were several limitations in this study. While all the screenings were 

conducted by calibrated examiners, no test was completed for inter- and intra-examiner 

reliability. Although we recorded sociodemographic characteristics, we did not capture 

other caries risk factors. Those factors should be included in a larger prospective clinical 

study to analyze the association. This study may not be representative of the entire 

population because a convenience sample was used. However, the findings can be used in 

further research in this area. Potential confounding factors like dietary habits, oral hygiene 

practices, access to fluoridated water, and others should be considered when estimating 

differences. We were unable to include these variables in the analysis.  
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2.5 CONCLUSION 
 

1. There is a difference in the prevalence of untreated carious lesions and overall 

caries experience (untreated plus treated carious lesions) detected by 

epidemiological screening vs. routine examination with radiographs. 

2. There is a difference in the severity of caries detected by epidemiological screening 

vs. routine examination with radiographs. 

3. Differences in prevalence and severity are not associated with sociodemographic 

characteristics but one variable, age. 

4. The simulated epidemiological examination underestimated untreated caries teeth 

by 23.4%, and underestimated dental caries experience by 13.3% compared to a 

routine clinical examination.  
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APPENDIX 2 
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APPENDIX 3 
 
 
Patient assent: 

The legal guardian has consented for patient’s participation in this study ‘caries experience 

based on a simulated epidemiological, clinical, and radiographic examination’. It was 

explained to the patient what to expect if they choose to participate in the study using age-

appropriate words. The patient gave assent to participate in this study in presence of their 

parent/legal guardian. 
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