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4. Rationale:  

 

The gold standard assessment for estimating prevalence of dental conditions such as 

periodontitis and dental caries is a full mouth examination. A full mouth exam involves 

inspection of up to 168 dental sites: six sites on 28 teeth (3
rd

 molars are usually 

excluded). These examinations are time intensive, requiring 25 to 45 minutes per exam, 

and thus are  costly and impractical for purposes of research and surveillance. 

Consequently partial mouth recording protocols (PRPs) are often used in large scale 

epidemiological studies and dental surveys instead of full mouth exams; PRPs include 

both random site selection methods (RSSMs) based on simple random samples and fixed 

site selection methods (FSSMs), where either specific teeth or sites or both are selected.   

 

PRPs significantly underestimate prevalence of dental conditions in a population. As  

disease classification is commonly based on the presence of the condition at one or more 

dental sites, sampling methods inherently lead to underestimates of the proportion of 

individuals affected by dental conditions when only a subset of sites is examined. 

Previous research has quantified the extent to which PRP techniques underestimate 

prevalence (Beck et al. 2006). Using probing depths of greater than 4, 5 or 6 mm and 

clinical attachment levels greater than 3, 4, 5 or 6 mm on at least one tooth as indicators 

of periodontitis, Beck et al. found that whole-mouth prevalence was underestimated 

anywhere from 1 to 78% depending on the type of sampling method used and the probing 

depth/clinical attachment level selected as a cut-point. All FSSMs showed greater 

underestimation than RSSMs for comparable number of sites. Thus, there is a need to 

develop innovative statistical methods to provide unbiased estimation of prevalence to 

validate partial mouth sampling methods and capitalize on their strengths.  The proposed 

manuscript will introduce new estimators of prevalence for RSSMs, and apply and 

evaluate these using the ARIC Visit 4 dental exam data (ARIC ancillary study #1996.01,  

principal investigator: Beck JD). 

 

5. Main Hypothesis/Study Questions: 

 

To overcome the current limitations of simple estimators for PRPs, we propose a 

statistical model for binary correlated data to estimate the prevalence from partial 

recording. Specifically, new estimators of prevalence for RSSMs will be based on the 

conditional linear family of models for correlated binary distributions (Qaqish et. al. 

2003). 

 

Specific aim 1: The proposed method to estimate the prevalence of periodontitis from 

RSSMs will be applied using several clinical attachment levels and probing depth cut-

points. These estimates will be compared with prevalence estimates based on full mouth 

exams for the whole ARIC cohort having a dental exam and for several subpopulations. 



We hypothesize that the new estimates for the dental ARIC cohort based on RSSMs will 

be very similar to the gold standard estimates based on full mouth recording.  Bootstrap 

standard errors for the prevalence estimates will be developed and illustrated. 

 

Specific aim 2: The accuracy of the new prevalence estimates based on RSSMs will be 

assessed with a simulation study based on repeated sampling from the ARIC full-mouth 

exam multivariate Bernoulli data. We hypothesize that the new estimates will have 

negligible bias with respect to the gold standard estimates based on full mouth recording, 

and that the precision of the new estimator will increase as the number of sites selected 

with RSSM protocols increases.   

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

We will first develop a new statistical model to use PRPs to obtain accurate estimates of 

prevalence of dental conditions such as periodontitis. We will then evaluate this model 

using dental ARIC data. Specifically, we will treat periodontitis as a subject level binary 

variable; as an example, we might treat any site with a probing pocket depth of ≥4 mm as 

indicative of periodontitis. Our goal is to estimate the proportion of individuals in a 

population that has at least one site with a probing depth of ≥4 mm. To estimate this, we 

start by considering an individual with all teeth remaining and with up to probing 168 

sites. Since each site is from the same individual, we assume that there is a correlation 

between sites: individuals who have periodontitis at one site are more likely to have 

periodontitis at another site relative to periodontitis from a site of another individual. We 

will denote each site as    where           and       for our model. We can denote 

the jth site as having periodontitis by      or not having periodontitis by     ; thus, 

we can say an individual has periodontitis when at least one of their 168 sites has 

periodontitis or       
        . Since prevalence is the total number of people in a given 

population with periodontitis divided by the population at risk, this is equivalent to the 

probability that a randomly selected individual in the population has periodontitis. Using 

our previous definition of periodontitis on an individual level, we can thus write the 

population prevalence,    as    (    
       ).  We can also think of this population 

prevalence as one minus the probability that all sites do not have periodontitis or 

     (    
       )     (           )  

 

To estimate this population prevalence, we will use a statistical model based on the 

conditional linear family (CLF) of correlated Bernoulli distributions (Qaqish, 2003). Use 

of CLF requires specification of the marginal means (probabilities)     (  )   (  ) 

for           and       the pairwise correlation coefficient between any two sites 

         (     )                                For a simple working 

model, we assume that all sites have the same probability of having periodontitis 

(             ) and the correlation between having periodontitis at any two sites is 

the same                                       Although these assumptions 
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are most likely not true, it is hypothesized that it should produce an estimate of 

prevalence with minimum bias because with a RSSM the sites are randomly selected.   

The working model leads to the following CLF expression for prevalence     

(   )    
 (  

(   ) 

  (   ) 
).  In order to estimate  , we plug-in estimates of   and  , 

obtained with simple estimators, the latter a GEE-type method-of-moments exchangeable 

correlation estimator. Other working models would lead to different CLF distributions 

(Preisser and Qaqish 2014), which would then give different estimators of prevalence. 

 

We will evaluate the estimator described above using data from ARIC. During visit 4, 

6793 ARIC participants had a full periodontal assessment.  This enables us to simulate 

RSSM PRPs by drawing samples from each participant, and then to estimate prevalence 

using the newly develop statistical model. We can compare these prevalence estimates 

from our model with the gold standard of the full mouth exam. We will apply the sample 

sizes (number of sites) and cut-points for periodontitis as used by Beck et al. (2006). 

Specifically, we will use the newly developed model with sample sizes of 6, 10, 15, 20, 

28, 36, 42 and 84 sites per mouth to estimate the prevalence of periodontitis. We will use 

the same cut-points for assessing periodontitis, defining the prevalence of periodontitis 

based on the proportion of people with one or more 4, 5, and 6 mm probing depths and 3, 

4, 5, and 6 mm clinical attachment levels. Prevalence will be estimated using the 

proposed method for the overall ARIC cohort and for specific subpopulations based on 

gender, race, education, income, smoking, Type 2 diabetes and dental visits (regular vs. 

episodic); the categories and definitions of these groups are contained in Beck et al. 2006.   

 

To rigorously assess the validity of the model to provide full mouth estimates, we will 

use repeated sampling of a fixed number of sites per mouth from the ARIC data to 

estimate means and their standard errors for the prevalence estimates given by our model.  

It is hypothesized that the new estimates will have negligible bias with respect to the gold 

standard estimates based on full mouth recording, and that the precision of the new 

estimator will increase as the number of sites selected with RSSM protocols increases.   
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