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Abstract. Periodontitis is an irreversible disease leading to tooth loss, and 42% U.S. 
population suffers from periodontitis. Hence, diagnosing, monitoring, and 

determining its prevalence is critical to develop preventive strategies. However, a 

nationwide epidemiological study estimating the prevalence reported a concern 
about the discontinuation of such studies due to cost and ethical reasons. Therefore, 

this study determined the feasibility of utilizing electronic dental record (EDR) data 

and periodontitis case definition to automate periodontitis diagnosis. We utilized 
EDR data from the Indiana University School of Dentistry of 28,908 unique patients. 

We developed and tested a computer algorithm to diagnose periodontitis using the 

case definition. We found 44%, 22%, and 1% of patients with moderate, severe, and 
mild periodontitis, respectively. The algorithm worked with 100% sensitivity, 

specificity, and accuracy because of the excellent quality of the EDR data. We 

concluded the feasibility of providing automated periodontitis diagnosis from EDR 
data to conduct epidemiological studies across the US. 
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1. Introduction 

Periodontitis is an irreversible chronic condition that leads to tooth loss and poor quality 

of life. Nearly 42% of U.S. adults are suffering from periodontitis, and 7% of patients 

are suffering from severe periodontitis. Moreover, it is an irreversible condition; hence, 

diagnosing periodontitis at the right time is critical [1,2]. Periodontitis is typically 

diagnosed using patients' intraoral and soft tissue findings, radiographs, and periodontal 

charting findings such as clinical attachment loss (CAL), bleeding on probing (BOP), 

and periodontal pocket depth (PPD) [2]. For periodontitis, two major diagnostic criteria 
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exist 1) the 2017 staging and grading of periodontitis [2] for clinical care and 2) the 2012 

periodontitis case definition for surveillance and prevalence purposes in the U.S. [1,3,4].  

The staging and grading periodontitis classification utilizes patients' periodontal 

charting findings, radiographic findings, medical histories, and social histories. However, 

the case definition is designed to be low cost with ethical compliance, such as only 

assessing periodontal findings on limited teeth and not using radiographs [1, 4]. The 

latest periodontitis prevalence study examining periodontitis in the U.S. utilized patient 

data collected through the Natural Health and Nutrition Examination Survey (NHANES) 

between 2009 and 2014 [1]. The study concluded that such a prevalence study is not 

anticipated in the future due to high costs associated with collecting data using 

prospective study designs. However, it is also critical to determine disease prevalence, 

and allocate appropriate resources to manage disease, and estimate healthcare costs [5]. 

The high use of electronic dental records (EDR) to document patient information 

could be a potential solution to this problem [6,7]. However, the diagnosis information 

in dental records is poor but could improve with time and education. Nevertheless, dental 

clinicians document patients' complete periodontal charting information. However, as 

per our best knowledge, no study has attempted to automate periodontitis diagnosis from 

periodontal charting data and using 2012 case definitions for epidemiological purposes 

[8]. Our long-term goal is to collaborate with other dental schools and private dental 

practices to examine the prevalence of periodontitis in the U.S. As the first step towards 

this goal, this study aims to determine the feasibility of generating periodontitis diagnosis 

automatically using the periodontal charting findings from the EDR data and using 2012 

periodontitis case definition [1].  

2. Methods 

2.1. Data Source 

The IRB was approved (IRB#1909819686) by the Indiana University School of 

Dentistry (IUSD) and funded by IUSD, Dr. Thyvalikakath's start-up funds. We utilized 

EDR (axiUm®-EXAN) data from the pre-doctoral clinics to conduct this study. We 

included adult patients (>18 yeears) who visited IUSD clinics and received at least one 

comprehensive oral evaluation (COE) between Jan 1, 2009, to Dec 31, 2014. During the 

COE, dental students are mandated to document patients' complete periodontal charting 

information in the EDR. This period was selected because the NHANES epidemiological 

study estimated the prevalence of periodontitis in the U.S. using the same timeline. 

Selecting this similar timeline would allow an effective comparison between this study 

results and the results of the NHANES study [1]. 

2.2. Periodontal Charting Data Pre-Processing 

We developed a computer algorithm that converts and stores each patient's periodontal 

charting information in individual text files. Each converted text file contained patients' 

I.D., charting date, periodontal findings (CAL, PPD, or BOP), tooth number, and tooth 

sites (mesiolingual, mesial, mesiofacial, distal, distolingual, distofacial). The text file 

format helped in tracking patients' P.D. diagnosis during each visit. By the end of this 

step, we created individual text files by unique patient I.D. & visit dates for further 

processing and analysis [9].  
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2.3.  Case Definition and Logic Development for Automated Diagnosis 

The case definition developed by the American Academy of Periodontology as described 

in the NHANES study was used to classify periodontitis status into mild, moderate, or 

severe periodontitis cases [1,8]. Severe periodontitis: Presence of >=2 interproximal sites 

with ≥ 6 mm CAL (not on the same tooth) and >=1 interproximal site(s) with ≥ 5 mm 

PPD. Moderate periodontitis: >=2 interproximal sites with ≥ 4 mm clinical CAL (not on 

the same tooth) or >=2 interproximal sites with PPD ≥ 5 mm, also not on the same tooth. 

Mild periodontitis: >=2 interproximal sites with ≥ 3 mm CAL and >=2 interproximal 

sites with ≥ 4 mm PPD (not on the same tooth) or 1 site with ≥ 5 mm (Figure 1). 

 
Figure 1. Workflow to automate diagnosis. 

2.4. Rule-Based Algorithm to Classify Periodontitis Automatically 

We developed three step rule-based computational algorithms that automatically 

classified patients' periodontitis status using their CAL and PPD information. As 

demonstrated in Figure 1, the algorithms utilize filtering approach and examines the 

maximum CAL and PPD in the patient's periodontal charting. For example, if the patient 

had two or more interproximal sites with CAL of more than 6 mm, and at least one 

interproximal site with a PPD of 5 mm or more, the program would classify this patient 

into the severe periodontitis category. 

2.5. Manual Review & Examining Performance of Algorithm 

Two clinical faculty members reviewed 50 common records and diagnosed patients' 

periodontitis status based on the rules described in the NHANES study. The inter-rater 

agreement was 0.9 (Cohen's Kappa value), which indicated excellent agreement. Next, 

each reviewer reviewed 150 records independently, resulting in an overall dataset of 350 
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cases. The algorithm's output was then compared with the reviewers' diagnoses. Based 

on the computer algorithm's ability to correctly diagnose periodontitis cases, true 

positives, false positives, and false negatives were calculated. Using these measures, we 

calculated the performance of the automated algorithm's precision, recall, and f-measure.   

3. Results 

3.1. Study Cohort 

This study cohort consisted of 28,908 unique patients who received at least one COE 

between January 1, 2009, and December 31, 2014. The mean age of the patient 

population was 46 years old (standard error=0.09, standard deviation=16.74). The patient 

population consisted of more female patients (54%) than male (46%) patients. The 

majority of the patient population were Caucasians (49%), followed by African 

Americans (13%) and others (41%). 

3.2. Automated Periodontitis Diagnosis 

We found 3,708 (16%) patients were healthy and did not have periodontitis. Out of the 

remaining 25,200 patients, 182 (0.78%) had mild, 12,635 had moderate (55%), and 6,317 

(27%) had severe periodontitis when the periodontitis case definitions were used. For 

6,028 patients, the charting information was missing. 

3.3. Evaluation of Algorithm's Performance 

While comparing patients' P.D. diagnoses generated from the computer algorithms 

against the gold standard, we found 100% sensitivity, specificity, and accuracy. All 

records belonged to the true positive case, which resulted in excellent accuracy. This is 

because the data is structured, and the information in each text file is written consistently. 

For example, the indexing method was used to locate a tooth number in the text file. In 

each text file, each tooth was present on the 10th element. As a result, computer 

algorithms were able to identify all patient cases correctly. 

4. Discussion 

We demonstrated the feasibility of diagnosing periodontitis status using the 2012 case 

definitions and periodontal charting data automatically from the EDR data. This method 

can be applied to other institutions and private practices' EDR data to determine 

periodontitis diagnosis and estimate prevalence. The rationale is that due to the high cost 

of conducting prospective epidemiological studies and the ethical purposes of exposing 

patients to radiographs, further NHANES studies will not be conducted.  

Our approach also has several advantages over the epidemiological study [1,4]. 

While calculating the prevalence of periodontitis, Eke et al. used measurements from 

four interproximal sites (mesiobuccal, distobuccal, mesiolingual, distolingual) with an 

assumption that those sites are most affected by the disease and excluded midbuccal and 

midlingual sites. Measurements from the mid-buccal and the mid-lingual sites that 
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potentially could indicate furcation involvement were not included in the study. In 

addition, they also excluded the involvement of people for medical reasons and people 

who are institutionalized such as nursing home residents who may have introduced 

selection bias. Because of time constraints, the examiners did not assess bleeding on 

probing sites which could provide information to estimate gingivitis prevalence which is 

a precursor of periodontitis. The study authors acknowledged that they might have 

underestimated the disease prevalence [1]. In contrast, this study used all six sites per 

tooth, which helped in estimating the health of the entire tooth. Moreover, no patients 

were excluded based on their medical conditions or institutionalization, which 

represented a real-world patient population.  

Finally, compared to Eke et al. [1], we found a significantly higher number of 

patients in severe periodontitis cases (8% to 27%). There could be multiple reasons for 

these discrepancies. First, we have only used one institute's dataset compared to the entire 

U.S. sample, as demonstrated in Eke et al. Also, in academic institutions, there is a high 

proportion of patients who belong to low socio-economical status and visit dental clinic 

when the disease is in the severe stages.  

5. Conclusions 

We utilized automated approaches to diagnose periodontitis cases using the 2012 case 

definitions [1,8]. Once the accuracy of the computer algorithm is confirmed by further 

studies, this approach can then be utilized to estimate prevalence in the U.S. by 

collaborating with other dental academic institutions and private dental practitioners. 
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