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PROBLEM STATEMENT 

Predict dental treatment costs using a quantitative probability model. 

 

MOTIVATION 

While dental costs continuously fluctuate, predicting them remains universally important when 

managing a dental practice. The condition of uncertainty in dental treatment often poses a 

problem when predicting dental costs; for this reason, having a strong quantitative model is 

important. It allows office managers to mitigate the unknown and accurately plan and budget. 

Calculating the probable cost of dental care ultimately allows dentists to negotiate capitation 

rates that are fair and profitable. Capitation rate is predetermined rate at which insurance 

companies reimburse health care providers for rendered services.  

 

MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH 

The data and tables in this section are retrieved from a study conducted by Boffa and Pekruhn 

(1975). We will begin by identifying the basic formula to calculate expected value: 

 

 

Equation 1 

 

Expected value = P*α , 

where P is a probability value (0 ≤ P ≤ 1) and α is the conditional or dollar value of an event.  

 

Next, we must address different cost factors to create our probability model. The first cost factor 

is age, which accounts for cost differences between adults and children. According to a study by 

Schoen (1974), there are cost differences between children (4-17 years) and adults (18+ years); 

however, it is important to note that there are not significant differences when considering 

different age groups within the two age categories.  

 

Another cost factor is whether the dental treatment is initial or maintenance care. Initial care 

tends to be more costly than maintenance care.  

 

Considering these two factors mentioned above, we can create a model that incorporates four 

mutually exclusive events and accounts for the financial dichotomy between adults and children. 

The four mutually exclusive events are initial year adult (IA), maintenance year adult (MA), 

initial year child (IC), and maintenance year child (MC). We can use the following basic 

equation to calculate the expected value for each user of dental care: 
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Equation 2 

 

Expected value = (PIA* αIA)  + (PMA* αMA) + (PIC* αIC)+ (PMC* αMC) 

 

Using the probability (P) and conditional values (α) from Table 1 below, we can use the equation 

above to calculate the total expected value for each user of dental care. Note that the probability 

and conditional values should be empirically derived by the manager who is calculating the total 

expected value. 

 

Table 1 

 

 
 

Expected value = (0.1*150) + (0.4*50) + (0.1*75) + (0.4*35) = 56.50. This means that the dental 

office is expected to spend $56.50 on each patient. 

 

This model can be expanded to account for the price differences between the various types of 

dental services that are offered within one practice. To do this, the office manager must first 

empirically set a relative cost value for each type of visit. 

 

Table 2 

 

 
 

See Figures 1-5 in APPENDICES. Note that in Table 2, the cost value of 1 is equivalent to 

$4.50. This is done for simplification purposes. 

 

Next, we can further expand the model to account for age. In Table 3 below, the average number 

of different visits is listed for each age group.  
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Table 3 

 

 
 

We can solve for the conditional values for each age group above by adding the product of the 

average number of visits (Table 3) by the relative cost value (Table 2). This is represented by 

Equation 3 below. 

 

 

 

 

Equation 3 

 

CV = (average number of visits operative*relative cost value operative) + (average number of visits 

prosthetics *relative cost value prosthetics) + (average number of visits periodontics *relative cost value 

periodontics) +…. (average number of visits orthodontics *relative cost value orthodontics) 

 

For example, the conditional value for 4-17 years is $39.60. We can solve for this by using 

Equation 3.  

CV = (1.2)* (2.61) + (1.0) * (1.74) + (1.1) * (2.53) + (0.7) * (1.02) + (0.3) * (1.58) = 8.843  

The true cost value is $39.79 (8.843 * $4.50). The cost value of 1 is equivalent to $4.50, as 

mentioned below Table 2. 

Many patients come in for an operative procedure as a subevent/initial session, for example, and 

then end up needing services that are considered different visit types. Conditional values can be 

calculated for these cases. If we look at just one category from Table 1, such as initial year, adult 

(IA), we can compose the chart below to account for patients who come in for multiple visit 

types. 
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Table 4 

The conditional values in Table 4 are calculated by using Equation 3. The relative cost value 

corresponding to each subevent is taken from Table 2. For example, this is how the conditional 

value of operative initial session is found: 

CV = (2.7*5.00) + (1.7*8.60) + (0.1*5.00) + (0.7*5.30) + (0.4*3.20) + (0.7*1.00) = 34.31 

The true cost value is $154.4 (34.31*4.50). 

Finally, to calculate the expected value based on the conditional values, two factors are 

necessary: Pi (the proportion of sample patients in percentages) and CVi (conditional values). Pi 

values can be determined empirically and CVi values can be taken from Table 4. 

 

Table 5 

 

 
 

Table 5 above is based on the final equation that is used to determine expected value, in this 

case, of initial year care of adults. The equation used is shown below 

 

Equation 4 

 

EVIA = (P1 * CV1) + (P2 * CV2) + (P3 * CV3) + (P4 * CV4) + (P5 * CV5) = 40.12 

 

The true cost value is $180.54 (40.12*4.50).  
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DISCUSSION 

While the cost of dental care has undoubtedly increased since this model is proposed, this model 

remains useful for dentists or dental managers who are working with insurance companies. For 

example, in a private dental practice which provides the subevents listed above (Table 5), the 

estimated value of initial year care of adult is $180.54. Based on this information, a dentist can 

determine whether the capitation rates that are being provided by insurance companies are 

profitable enough for the dental office.  

 

 

CONCLUSIONS AND RECOMMENDATIONS 
 

Withal, this probability model is useful because it allows dental practices to predict dental costs. 

By taking into account different types of dental care, age groups, and whether the care is initial 

or maintenance, dental practices can better understand capitation rates. It is important to note that 

this model is developed based on data from a general practice, and for this reason, is 

recommended to be used by general dentists. Refinements would be necessary in order to allow 

this model to work for specialized dental practices. 

 

 

 

 

 

NOTATIONS 

 
P is a probability value (0 ≤ P ≤ 1). 
 

Expected value:  P*α , where α is the conditional or dollar value of an event. 

 

Initial year adult: IA 

 

EVIA: Expected value of initial year care of adults 

 

Maintenance year adult:  MA 

 

Initial year child: IC  

 

Maintenance year child: MC 
 

CV: Conditional value 

 

Pi: the proportion of sample patients in percentages 
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APPENDICES 

 

Figure 1: Operative (dental bonding) 

 
https://www.webmd.com/oral-health/ss/slideshow-cosmetic-dentistry 

 

Figure 2: Prosthetics (implants) 

 
https://www.shutterstock.com/search/dental+prosthesis 

 

Figure 3: Periodontics (scaling and root planning) 
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https://sonrisadental.com/before-after/ 

 

Figure 4: Endodontics (root canal)

 
https://askthedentist.com/root-canals-know-before-you-go/ 

 

Figure 5: Oral surgery (wisdom tooth removal) 
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https://www.waydental.com/wisdom-tooth-extraction.html 
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