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Abstract

Objectives: Demand for dental care is expected to outpace supply through 2025. The objectives of this study were to
determine the extent of pediatric dental care shortages in Georgia and to develop a general method for estimation that can be
applied to other states.

Methods: We estimated supply and demand for pediatric preventive dental care for the 159 counties in Georgia in 2015.
We compared pediatric preventive dental care shortage areas (where demand exceeded twice the supply) designated by
our methods with dental health professional shortage areas designated by the Health Resources & Services Administration.
We estimated caries risk from a multivariate analysis of National Health and Nutrition Examination Survey data and
national census data. We estimated county-level demand based on the time needed to perform preventive dental care
services and the proportion of time that dentists spend on pediatric preventive dental care services from the Medical
Expenditure Panel Survey.

Results: Pediatric preventive dental care supply exceeded demand in Georgia in 75 counties: the average annual county-level
pediatric preventive dental care demand was 16 866 hours, and the supply was 32 969 hours. We identified 41 counties as
pediatric dental care shortage areas, 14 of which had not been designated by the Health Resources & Services Administration.

Conclusions: Age- and service-specific information on dental care shortage areas could result in more efficient provider
staffing and geographic targeting.
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Dental caries was named the most prevalent unmet health

need among US children during 1993-1996.1 Almost 25% of

US children living in poverty had untreated caries.2

Untreated dental caries can lead to problems with eating,

speaking, and learning.3 Although preventive dental care

(ie, pit-and-fissure sealants4 and topical fluoride5) is highly

effective in preventing caries, <9% of low-income children

received at least 1 of these services in 2009.6 Increasing the

use of preventive dental care among low-income children is a

health goal of Healthy People 2020.7

Use of dental care depends on demand and supply.8 Geo-

graphic regions that do not have sufficient supply to satisfy

pediatric demand for preventive dental care are referred to as

pediatric preventive dental care shortage areas (hereinafter,

dental care shortage areas). Demand is influenced by the cost
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of services, personal income, perceived need for care, and

professional guidelines for the recommended and frequency

of services.8-10 The most precise estimates of dental care

demand are based on specific dental procedures; such esti-

mates provide details on quantity and delivery time.8

Dental care supply is typically measured by the number of

dentists or workforce hours. Measuring supply in this way,

however, may not accurately capture data on the supply of

dental care to Medicaid-eligible children; many dentists do

not accept Medicaid patients because of the high administra-

tive costs and low reimbursement rates.11-13

Demand for dental care is expected to outpace supply

through 2025.14 Contributing factors include population

growth and increased access to dental insurance through health

care reform.15-18 The Health Resources & Services

Administration (HRSA) predicts that every state will face a

shortage by 2025,14 suggesting that use of preventive dental

care could remain low. Local strategies to increase supply

include allowing dental hygienists or therapists to provide pre-

ventive services without a dentist’s supervision in public health

or school settings, providing federal grants to health centers that

offer dental care, increasing Medicaid reimbursements, offer-

ing federal assistance for dental school loans for dentists who

locate in dental care shortage areas, and offering I-1 visas to

international providers who practice in underserved areas.14

We estimated supply and demand for pediatric preventive

dental care for small areas (ie, county and census tracts)

using data from Georgia. We used need, as measured by

recommended frequencies for receipt of preventive dental

care in professional guidelines,19 as a proxy for demand. It

is important to note, however, that demand depends on many

factors, especially cost. Finally, we compared counties iden-

tified as dental care shortage areas by our methods with

counties designated by HRSA as dental health professional

shortage areas (HPSAs). Several problems have been identi-

fied with the HRSA designation methods.20 For example,

some designated HPSAs no longer meet criteria for being

an HPSA and yet still receive HPSA benefits. Furthermore,

HRSA methods do not account for certain types of providers,

such as primary care physicians.

Our approach differed from previous research in estimat-

ing dental care shortage areas15,21 in that we estimated sup-

ply and demand for specific services for a specific

population. We believe that our study is the first to estimate

county-level demand and supply for preventive dental care

hours. These estimates are sufficiently precise to determine

where to locate community programs and implement policies

to increase the use of preventive dental care among high-

need children. Although we piloted our approach for children

in Georgia, the proposed methods can be applied to other

states and age groups.

Methods

We estimated caries risk for 2.5 million Georgia children

aged 0-18 in 2010 using logistic regression analysis. We

estimated pediatric preventive dental care demand based

on the time needed to provide recommended dental proce-

dures. We estimated pediatric preventive dental care supply

based on the location of providers and the time available to

provide pediatric preventive dental care services. We deter-

mined dental care shortage areas based on the difference

between available supply and demand. We categorized coun-

ties as rural or urban to identify geographic disparities.22

Because this study did not include human subjects, it was

considered exempt from institutional review board review.

Estimated Caries Risk

The guidelines for caries risk assessment specify 3 categories

of risk based on a child’s sociodemographic characteristics,

behavior, and clinical indicators, as well as professional

judgment.19,23 Because these guidelines do not provide a

standardized case definition for each risk category and

because census data do not include data on some of the risk

factors, we estimated 2 levels of caries risk based on avail-

able census data.

We used data from the oral examination component of the

2001-2012 National Health and Nutrition Examination

Survey24 to classify children as high risk if they were aged

<6 years and had at least 1 tooth surface with caries (treated

or untreated) or if they were aged �6 years and had �3 tooth

surfaces with caries. To identify sociodemographic variables

that predicted a child’s risk, we used a quasibinomial logistic

regression model for children aged <6 years that fit the

dichotomous outcome of caries versus no caries and a

quasi-Poisson model for children aged �6 years that fit

the count variable of number of tooth surfaces with caries.

We estimated the prevalence of high-risk patients using a

microsimulation model that generated virtual populations

of children for each census tract based on 2010 US Census

data.25 We applied the age-appropriate regression model to

each virtual patient to determine risk and obtain the preva-

lence of high-risk children in each census tract. We used the

Wald w2 test, with P < .01 considered significant.

Estimated Pediatric Preventive Dental Care Demand

Pediatric preventive dental care demand is the total number

of minutes required to provide preventive dental procedures

at their recommended frequency annually. We used recom-

mended procedures, which vary by age group (0-3, 4-5, 6-7,

and 8-18 years) and caries risk, from the American Academy

of Pediatric Dentistry guidelines.19 We estimated dental care

demand per child (in minutes) for each age group stratified

by caries risk. We estimated pediatric preventive dental care

demand per county by multiplying per-child estimates for

each age and risk group by the number of corresponding

children living in that county, which we obtained from

2010 US Census data.26 We converted pediatric preventive

dental care demand into procedure minutes using published

data on procedure times.27
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Estimating Pediatric Preventive Dental Care Supply

To estimate the time allocated to pediatric dental care for

general and pediatric dentists, we first used national data to

estimate the percentage of pediatric and general dentist time

allocated to pediatric preventive dental care and then multi-

plied these percentages by average annual work hours.

Finally, we multiplied these values by the corresponding

number of general and pediatric dentists in each Georgia

county and then summed them across provider types to

obtain pediatric supply per county.

Estimating Percentage Hours Allocated to Pediatric
Preventive Dental Care

We used data from the Medical Expenditure Panel Survey28

to estimate the percentage of total dental hours spent on

pediatric preventive dental care services. We first obtained

frequencies for diagnostic and preventive procedures (eg,

examinations, cleanings, x-rays, fluoride applications, and

sealants) and restorative and treatment procedures (fillings,

crowns, root canals, extractions, bridges, dentures, and

whitening) for children (by age group) and adults (aged

�19). We estimated the time allocated to preventive and

treatment services provided to children and adults by multi-

plying procedure frequencies by their respective service

times, which were obtained from a published study27 and

expert opinion from the Georgia Department of Public

Health and the Division of Oral Health at the Centers for

Disease Control and Prevention. Finally, we divided time

spent on pediatric preventive dental services by total time

spent on pediatric and adult preventive and treatment ser-

vices. For general dentists, this value was 22%. We calcu-

lated the percentage of pediatric dentist hours available for

child preventive services in a similar manner, with the excep-

tion that times for adult services were not included. This

value was 84%.

Estimating Total Dental Care Hours per Provider

Based on the 2010 Survey of Dental Practice,29 male and

female dentists work an average of 35.2 and 33.6 hours per

week, respectively, for 49 weeks each year, which translates

to 1714 hours per dentist per year. By multiplying annual

hours per dentist by percentage time allocated to pediatric

dental care, we estimated the hours allocated to pediatric

dental care to be 377 for general dentists and 1440 for pedia-

tric dentists. To account for dental hygiene support, we

assumed that dental hygienists had the same pediatric dental

care caseload of a dental provider and that each dentist had 2

hygienists under his or her supervision.30 After including

dental hygiene hours, we estimated pediatric dental care

hours to be 1131 hours per general dentist and 4319 hours

per pediatric dentist.

Estimating Number of Dental Providers

We obtained providers’ practice location addresses and spe-

cialties from 2 data sources: the 2015 National Plan and

Provider Enumeration System31 data set and the Georgia

Board of Dentistry roster for licenses expiring March

2015.32 We used the roster as the initial supply base, and

we used the data set to link the National Provider Index with

a taxonomy code to records in the roster. Dental care supply

consisted of dentists (codes 1223G0001X, 1223P0221X, and

122300000X) and dental hygienists (code 124Q00000X).

From these data, we identified all providers who delivered

preventive care to children.

Estimated Pediatric Preventive Dental Care
Shortage Areas

For each Georgia county, we estimated the ratio of pediatric

demand to supply. We designated a county as a dental care

shortage area if this value exceeded 2. We chose this value

because national data indicate that approximately 50% of

children aged 0-18 use dental services at least once in a

year.28 Finally, we compared counties identified as dental

care shortage areas by our methods with counties designated

by HRSA as HPSAs.33

Results

Of 2 489 727 children in Georgia, we estimated that 349 060

(95% CI, 315 946-382 173) were at high risk for dental caries

in 2015 (Table). The per-county prevalence of children at

high risk for dental caries by census tract ranged from 8.1%
(95% CI, 7.8%-8.3%) to 36.6% (95% CI, 35.1%-38.4%; Fig-

ure 1). Each variable in the final logistic regression analysis

was significant at P < .05.

Table. Estimated annual pediatric preventive dental care demand
per child, measured in minutes, by age and risk group, Georgia,
2015a

Age, y

Dental Care Demand per Child per Year, minb

Low-Risk Groupc High-Risk Groupc

0-3 39.7 79.4
4-5 80.7 155.6
6-7 60.8 121.6
8-18 51.6 103.2

aData sources: 2010 US Census data26 and 2001-2012 National Health and
Nutrition Examination Survey data.24

bAnnual pediatric preventive dental care demand per child per year was
measured in minutes by using (1) caries risk estimated from a multivariate
analysis of National Health and Nutrition Examination Survey data, (2) rec-
ommended procedures (by age and risk) by the American Academy of
Pediatric Dentistry, and (3) service time for each procedure based on pub-
lished studies.
cAge and risk groups were defined by the American Academy of Pediatric
Dentistry guidelines.19
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We estimated total demand for pediatric preventive

dental care for Georgia to be 2.7 million hours. The

county-level pediatric preventive dental care demand

ranged from 395 to 251 920 hours, with a mean of

16 866 hours (median ¼ 5996). We estimated the pediatric

preventive dental care supply for Georgia to be 5.2 million

hours. The county-level pediatric preventive dental care

supply ranged from 0 to 913 181 hours, with a mean of

32 696 hours (median ¼ 5652). Twenty-one counties had

no pediatric preventive dental care supply hours because

they had no practicing dentists (Figure 2).

The pediatric preventive dental care supply exceeded

demand in 75 counties, 37 of which were urban. Our methods

identified 41 counties as pediatric dental care shortage areas,

of which 25 were rural. For these counties, we estimated that

it would take 46 908 additional supply hours per year to meet

pediatric demand. If we classified any county where pedia-

tric preventive dental care demand exceeded supply as a

dental care shortage area, then 84 counties would qualify and

the additional needed supply hours would be 241 748.

Of the 159 counties in Georgia, 100 were not designated

as dental care shortage areas by HRSA or by our method. Of

the 59 counties designated as a dental care shortage area by

either method, 27 were designated as dental care shortage

areas by both methods. We found that 32 counties differed

in designation between the 2 methods (Figure 3); 14 were

designated by our method only and 18 were designated by

HRSA only. For these 18 counties designated as dental care

Figure 1. Estimated percentage of children at high risk of dental
caries, by census tract, Georgia, 2015. The values range from 8.1%
to 36.6%. Percentages were calculated by creating logistic regres-
sion models that predicted whether a child was at high risk for
having caries according to demographic data in the National Health
and Nutrition Examination Survey and then simulating the popula-
tion of the census tract with 2010 US Census data. Data sources:
2010 US Census data26 and 2001-2012 National Health and Nutri-
tion Examination Survey.24

Figure 2. Estimated pediatric preventive dental care supply, in
hours per year, by county, Georgia, 2015. Data sources: 2015
National Plan and Provider Enumeration System31 and 2015 Board
of Dentistry roster from the Georgia Dental Association.32 The
Board of Dentistry roster was used as the initial supply base. The
National Plan and Provider Enumeration System data set was used
to associate National Provider Index and a taxonomy code to each
record in the roster, which allowed for the selection of only those
dentists who provided preventive dental care services.

Figure 3. Designation of dental care shortage areas in counties
differentiated by how shortage areas were determined, Georgia,
2015. Dental care shortage areas were defined in 3 ways: (1) by
the Health Resources & Services Administration (HRSA) criteria,
which are based primarily on supply factors without the consider-
ation of primary care physicians20; (2) by criteria based on both
supply and demand factors adjusted by caries for pediatric preven-
tive dental care; and (3) by using both methods. Data source: Health
professional shortage areas from HRSA.33
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shortage areas by HRSA, we estimated that none had

pediatric preventive dental care demand greater than the

available supply.

Discussion

Our findings suggest a poor distribution of pediatric preven-

tive dental care in Georgia. Although for the state overall,

supply of pediatric preventive dental care exceeded demand,

demand was more than double the supply in 41 counties.

Among children living in dental care shortage areas, those

enrolled in Medicaid may have even greater barriers in

accessing care than privately insured children, because only

28% of dentists in Georgia accept Medicaid.34 Strategies that

could increase access to pediatric preventive dental care in

these counties include implementing school-based dental

sealant programs, as recommended by the Community Pre-

ventive Services Task Force,35 and increasing primary care

providers’ provision of fluoride varnish to children aged �5

years, as recommended by the US Preventive Services Task

Force.36 The state could also consider allowing dental hygie-

nists to provide pediatric preventive dental care in schools

without supervision by a dentist. Studies indicate that this

policy would increase program efficiency and reach.37 States

that allow insurers to directly reimburse hygienists increase

annual use of hygienists by 3% to 4%.38 Furthermore, the

success of dental schools in placing graduates in rural areas

varies widely,39 possibly because of differences in recruit-

ment strategies and loan-forgiveness policies.

Our methods can be used to identify strategies to increase

the use of preventive dental care among children enrolled in

Medicaid and the Children’s Health Insurance Program.

Strategies designed to increase the demand for dental care

(eg, increasing the income eligibility threshold or conducting

oral health literacy campaigns) could be more effective in

counties where supply exceeds demand or is close to demand

than in counties with sufficient supply. Conversely, in pedia-

tric dental care shortage areas, implementing strategies to

incentivize providers to locate there or increasing Medicaid

reimbursements40 may be effective.

We found similarities between the HRSA model and our

model. Both models prioritize (1) counties with a large num-

ber of low-income children, an explicit HRSA criterion and a

predictor of risk in our model and (2) counties with fewer

dental providers compared with the average. A key differ-

ence is that we focused on specific services (preventive) for a

specific population (children). Because pediatric preventive

dental care services can be provided by auxiliary, such as

dental hygienists or pediatricians, we weighted dental aux-

iliaries more heavily than HRSA does when we estimated

dental care supply.

One interesting question is whether the increased specifi-

city of our model provides useful information beyond the

HRSA criteria. A 2012 study of dental capacity in Georgia

found that 64 counties were pediatric dental care shortage

areas according to the definition set by HRSA.41 Our

methods identified 50 of these counties as pediatric dental

care shortage areas. Identifying these areas is important

because children and adults are likely to be targeted at dif-

ferent venues by dentists with different specialties, and

having information about dental care shortage areas may

allow for effective staffing and program targeting. Using

our methods requires analytic capacity that some states may

not possess; however, it would likely offer a higher return

on investment for services based on surveillance (eg,

school-based sealant programs) in (1) states that have not

recently evaluated whether designated dental care shortage

areas still meet the HRSA criteria or (2) states with surveil-

lance data indicating rates of untreated decay or sealant

prevalence among children that are higher or lower than

the national average.

Although this analysis was largely conducted at the

county level, the methods can be used to generate estimates

at more local levels, such as ZIP code areas and census tracts.

These levels can be important if specific targeting of

resources is required, such as locating school-based sealant

programs or providing oral health capacity at a federally

qualified health center.

Limitations

This study had several limitations. First, our model (and the

HRSA model) did not account for differences in policies

between Medicaid and private dental insurance. Our model

underestimated supply in areas with high Medicaid enroll-

ment. That factor is important because dental supply avail-

able to Medicaid children relative to supply available to

non-Medicaid children may decrease if Medicaid reimburse-

ment rates or policies are lower or more restrictive than

private insurance rates and policies. Second, professional

guidelines on types and frequency of preventive dental ser-

vices may not accurately measure demand. Demand for pre-

ventive dental care can also be influenced by the cost of care,

income, and a person’s valuation or knowledge about oral

health and the benefits of prevention. The cost for preventive

dental care services may be close to zero for many children

because pediatric preventive dental care services are an

essential health benefit in the Affordable Care Act6; if so,

demand would be underestimated by our approach.

Third, we obtained parameters on the effect of sociode-

mographic factors on caries risk and proportion of time spent

on pediatric preventive dental care services relative to other

services from national data and thus did not account for

factors that could be specific to Georgia, leading to a poten-

tial error on demand. Fourth, dental procedure times were

based on dated standards updated with expert opinion; inac-

curate procedure times would lead to an error in the esti-

mated supply. Fifth, county boundaries used in the analysis

were defined for political reasons and did not represent true

dental markets, although the analysis can be applied at the

census tract level. Finally, there was no gold standard to

determine how well our model or the HRSA model identified
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dental care shortage areas. As a result, we could compare

findings between the models, but we could not identify the

better model.

Conclusion

More than 25% of counties in Georgia had pediatric preven-

tive dental care demand at least twice the available dental

supply. The more detailed information on pediatric dental

care shortage areas by age and service category provided

by our model as compared with that defined by the HRSA

criteria could result in more efficient provider staffing and

geographic targeting of preventive dental care for school-

based sealant programs or the provision of dental services

through federally qualified health centers.
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