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Abstract

To combat disparities in oral health and access to dental care among infants and toddlers, most 

state Medicaid programs now reimburse physician-based preventive oral health services, such as 

fluoride varnish applications. We used geospatial data to examine the distribution of dental and 

medical Medicaid providers of pediatric oral health services throughout North Carolina to 

determine if these services have improved access to care for Medicaid enrollees younger than 

three years old. We then used claims data to examine the association between distance from these 

practices and use of dental services for a cohort of approximately 1,000 young children. Among 

100 counties, four counties had no physician-based preventive oral health services and nine 

counties had no dental practice. While children who lived further from the nearest dental practice 

were less likely to make dental visits, distance from physician-based preventive oral health 

services did not predict use. For young Medicaid enrollees, oral health services provided in 

medical offices can improve access and increase use.

Dental care is the greatest unmet health need for children,[1] with young children living in 

poverty experiencing more untreated decay than children living above the federal poverty 

level.[2] Shortages and uneven distribution of the dental workforce adversely affect access 

to care [3,4] and young Medicaid-enrollees encounter additional barriers to care because of 

dentists’ reluctance to accept Medicaid, often due to administrative hassle or low 

reimbursement, and see young children, which may be due to lack of training and being 

uncomfortable treating young children.[3,4,5,6] Despite recommendations that children visit 

a dentist by their first birthday, most states reported that fewer than 10 percent of children 

younger than age three years had a dental visit in 2007.[7,8]

Training medical primary care providers to deliver physician-based preventive oral health 

services in medical settings is one strategy to combat disparities in oral health and access to 

care among infants and toddlers living in poverty. The rationale for physician-based 

preventive oral health services is that children are more likely to visit physicians than 

dentists during the first three years of life because well-child medical visits are 
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recommended to occur at nine, twelve, fifteen, eighteen, twenty-four, and thirty-six months 

of age.[9–13] The geographic barriers to preventive oral health services caused by dental 

workforce shortages and uneven distribution of dentists may be lessened by providing care 

in a setting young children visit frequently and in conjunction with well-child visits.

Physician-based preventive oral health services may include screening and risk assessment, 

parental oral health counseling, referral to dentists when needed, and fluoride varnish 

application.[11] Fluoride varnish is a powerful tool for preventing dental caries, commonly 

called tooth decay. Fluoride application is reimbursed by nearly all state Medicaid programs, 

and the US Preventive Services Task Force recommends that physicians apply fluoride 

varnish to all children ages five and younger.[12,14] Physician-based preventive oral health 

services increase the use of preventive oral health services among young Medicaid enrollees,

[15,16] and receipt of physician-based preventive oral health services over multiple visits 

reduces restorative dental treatment and dentally related hospital visits.[17,18] Nationally, 

the number of providers delivering physician-based preventive oral health services is low, 

[19] however since 2000 the North Carolina Medicaid program has supported nearly one 

million visits with physician-based preventive oral health services.[15]

Research examining the association between distance to health care providers and use of 

health care services supports Hagerstrand’s distance decay theory,[20] in which use 

decreases as distance increases.[21–25] For children, there is less evidence to support the 

distance decay theory. Among children living in rural North Carolina, no association was 

observed between distance from providers and number of medical visits.[26] For 

adolescents enrolled in Iowa Medicaid, distance was not a barrier to orthodontic care.[27] 

However, only 3 percent of the sample received orthodontic care, and it is not known how 

distance may affect use of more common nonspecialty oral health services. Geospatial 

studies of dentists treating children and Medicaid enrollees report that urban and highly 

populated areas have more dentists.[28–30]

We tested the hypothesis that preventive oral health services conveniently located in medical 

offices and public health clinics would improve access to oral health services for infants and 

toddlers. First, we examined the geographic distribution of the dental and medical practices 

providing pediatric oral health services for Medicaid enrollees to determine if physician-

based preventive oral health services have expanded the geographic availability of 

providers, and where. We then combined this geographic information with Medicaid claims 

for a cohort of approximately 1,000 infants and toddlers to test the hypothesis that distance 

from the nearest practice was inversely associated with dental visits and not associated with 

physician-based preventive oral health services.

Study Data And Methods

The study was approved by an Institutional Review Board. For a full description of the 

methods and results see the online Appendix.[31]
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Framework

The framework guiding this study posits that the probability of making a dental visit is 

influenced by a multitude of factors relating to: structure (for example, distance to care and 

demographic characteristics); history (for example, preventive behaviors and past dental 

use); cognition (for example, dental knowledge and opinions); and expectations (for 

example, rewards and costs).[32] Many of these factors are less likely to affect a child’s 

probability of receiving physician-based preventive oral health services. For instance, a 

caregiver’s dental fear or uncertainty about the timing of a first dental visit is unlikely to 

affect his or her decision to take a child to well-child medical visits where physician-based 

preventive oral health services are provided. The success of physician-based preventive oral 

health services at improving access to preventive oral health services for Medicaid-enrolled 

infants and toddlers requires sufficient provider participation so that structural factors, such 

as distance to care, promote rather than deter use. This study examines how physician-based 

preventive oral health services have expanded the geographic availability of care and uses a 

unique combination of survey and claims data to model the relationship between distance 

from the nearest practice and use of physician-based preventive oral health services and 

dental visits, adjusting for additional factors described in the conceptual framework.

Geographic Distribution Of Practices

We obtained street addresses for 630 dental practices that had at least one paid Medicaid 

claim for a child younger than three years of age and street addresses for 409 medical 

practices having at least one paid claim for physician-based preventive oral health services 

(oral evaluation and fluoride varnish application) from the North Carolina Division of 

Medical Assistance for the calendar year 2009. Physicians are reimbursed about $50 per 

visit for physician-based preventive oral health services by the North Carolina Medicaid 

program, up to six times per child before 3.5 years of age. ArcMap 10.1 was used to 

geocode and plot practice locations at the street level.

Data from the 2010 American Community Survey provided information on the county-level 

population and the child poverty rate.[33] The number of practices seeing young Medicaid-

enrollees in a county is likely affected by the number of young Medicaid-enrollees per 

county. Lacking a measure of the number of Medicaid-enrollees younger than three years 

per county, we used data from the American Community Survey to estimate demand for 

care by calculating the number of practices per 1,000 children younger than five years old in 

each county. Counties were grouped into four categories: 0 practices; less than 1 practice per 

1,000 children; 1 to 1.9 practices per 1,000 children; and 2 or more practices per 1,000 

children. We constructed categories that could be easily compared to the Health Resources 

and Services Administration’s definition of a dental health professional shortage area (1 

provider:5,000 population) and 2009 estimates published by the National Center for Health 

Statistics (nationwide = 1:1,667 and North Carolina = 1:2,222).[34,35] We included 

categories with higher practice-to-population ratios (such as lower demand) because our 

denominator included only some of a practice’s potential patient population.
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Distance To Care And Use

We used baseline data for 1,405 low-income child-caregiver dyads, primarily a mother and 

her child, from the Carolina Oral Health Literacy cohort study who were enrolled from July 

2008–09 in seven North Carolina counties. Caregivers were eighteen years of age or older, 

English-speaking, and the primary caregiver to a healthy, Medicaid-eligible child age five 

years or younger.[36] Structured interviews covered a wide range of domains including 

demography, socioeconomic status, health literacy, and self-reported oral health status and 

behaviors. Data from structured interviews with caregivers were linked to Medicaid claims 

for 1,245 children during calendar years 2008, 2009, and 2010. We successfully geocoded 

home addresses for 1,000 dyads (80 percent match rate) to identify the closest medical and 

dental practices. We excluded pregnant women (n = 2), children with less than five months 

Medicaid enrollment (n = 46), and children ages thirty-seven months or older (n = 35).

Medicaid claims were used to construct two variables indicating whether or not a child had a 

dental visit or received physician-based preventive oral health services. Using ArcGIS 

Network Analyst, we calculated the driving time in minutes from each child’s home address 

to the nearest dental practice or medical practice providing physician-based preventive oral 

health services.

We compared variables relating to the aforementioned framework domains of structure, 

history, and cognition (no variables were available to measure expectations) for children 

who received and did not receive dental visits and physician-based preventive oral health 

services. Adjusted logistic regression models determined whether distance from the nearest 

practice affected receipt of a dental visit or physician-based preventive oral health services. 

Analyses were conducted with Stata 13 statistical software.

Limitations

We examined practices having one or more Medicaid claims for infants and toddlers, and 

the results of a study focused on practices that treat a higher volume of Medicaid patients 

may yield different results about geographic accessibility of care. On average, there were 

more dental practices per capita than medical practices, but solo practices are more common 

in dentistry.

Our regression analyses assume that children visit the nearest practice and that families use 

their own vehicle to travel there, but this assumption may not hold true for all families in our 

sample. We were unable to compare actual travel distance to assumed distance among users 

because our administrative claims lacked provider addresses. Children in our sample lived 

relatively close to practices, which may differ for those in more rural communities for whom 

the distance barrier may be more pronounced. Finally, our findings may have limited 

generalizability because we examined a nonprobability, convenience sample. Compared to 

the full state population, our sample was more likely to live in metropolitan counties with 

larger populations and a higher rate of child poverty.
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Study Results

Geographic Distribution Of Practices

We successfully geocoded 409 medical practices with physician-based preventive oral 

health services (100 percent match rate) and 628 dental practices (99 percent match rate) 

serving North Carolina Medicaid-enrolled children ages three years and younger. The 

median number of physician-based preventive oral health services practices and dental 

practices per county was three. As Exhibit 1 illustrates, nine counties had no dental practices 

that treat young Medicaid enrollees. Among these counties, five had medical practices 

providing physician-based preventive oral health services (1.34 practices with physician-

based preventive oral health services per 1,000 children, standard deviation (SD) = 1.39). 

Furthermore, the number of medical practices with physician-based preventive oral health 

services per 1,000 children younger than age five was greatest in the nine counties with no 

dental practices (mean = 1.33, SD = 1.39) and the six counties with two or more dental 

practices per 1,000 children (mean = 2.69, SD = 2.84). Counties with a dental practice-to-

population ratio from 0.1 to 0.9 (n = 39) had a similar physician-based preventive oral health 

services-to-population ratio (mean = 0.95, SD = 0.58), while counties with 1.0 to 1.9 dental 

practices per 1,000 children younger than age five (n = 46) had on average a lower 

physician-based preventive oral health services practice-to-population ratio (mean = 0.93, 

SD = 0.67).

Exhibit 2 provides information on the child poverty rate and the location of medical and 

dental practices providing pediatric oral health services to young Medicaid-enrollees in each 

county. Counties with a child poverty rate of 35 percent or greater (n = 11) had 0.85 (SD = 

0.67) dental practices and 0.82 (SD = 0.75) practices with physician-based preventive oral 

health services per 1,000 children on average. The three counties that had neither physician-

based preventive oral health services nor dental practices had rates of child poverty of 10 

percent, 38 percent, and 42 percent.

Distance To Care And Use

We examined 917 child-caregiver dyads living in seventeen counties. Exhibit 3 illustrates 

that 483 dyads, or 53 percent of children, received physician-based preventive oral health 

services and 438 dyads, or 48 percent, had a dental visit during 2008–10. On average, 

children lived seven minutes (SD = 6) from the nearest dental practice and nine minutes 

from the nearest medical practice with physician-based preventive oral health services (SD = 

7). Receipt of dental visits and physician-based preventive oral health services differed by 

child’s age, caregiver’s race, family size, and residence in a metropolitan county.

Exhibits 4 and 5 show the adjusted regression results examining the relationship between 

distance from Medicaid providers of pediatric oral health services and the probability of a 

visit. Exhibit 4 shows that distance from physician-based preventive oral health services was 

not associated with having a medical visit (coefficient = −0.01, p = 0.65). Exhibit 5 

illustrates that living further from a dental practice was associated with a decreased 

likelihood of having a dental visit (coefficient = −0.03, p = 0.01). On average, the 

probability of a dental visit decreased from 46 percent (95 percent confidence interval (CI) = 
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43 percent, 59 percent) when ten minutes from the nearest dental practice to 37 percent (95 

percent CI = 28 percent, 45 percent) when thirty minutes away, a 24 percent decline in the 

probability of a dental visit (p = 0.007). Results concerning the relationship between use and 

additional factors described in the conceptual framework are included in the online 

Appendix.[31]

Discussion

In 2000 the North Carolina Medicaid program began reimbursing physician-based 

preventive oral health services to improve access to care for infants and toddlers. Our data 

underscore how physician-based preventive oral health services have expanded the 

geographic availability of preventive oral health services. Of the nine counties that lacked a 

dentist who treated infants and toddlers enrolled in Medicaid, five had physician-based 

preventive oral health services. Among the forty-two counties with equal to or greater than 

25 percent of children living in poverty, 60 percent have as many or more practices 

providing physician-based preventive oral health services than dental practices that cared for 

the youngest Medicaid enrollees. Geographic disparities in access to care persist. The three 

counties without physician-based preventive oral health services or dental practices were 

located in the northeast. Counties with few dental practices tended to have few practices 

with physician-based preventive oral health services. The 39 counties with less than 1 dental 

practice per 1,000 children younger than 5 years of age also had an average of less than 1 

physician-based preventive oral health services practice.

Our regression results indicated that greater distance to care was associated with decreased 

probability of dental visits. This was not true for physician-based preventive oral health 

services, likely because physician-based preventive oral health services can be provided 

during well- or sick-child medical visits, and thus the services require no additional effort 

from busy caregivers.[11,15] Although the effect of distance on use of dental care was 

modest, children in our sample lived on average less than ten minutes from the nearest 

dental practice, and the magnitude of this effect may increase in samples with a greater 

average distance to dental care. Unlike dental visits, physician-based preventive oral health 

services may be less affected by access barriers that may reinforce disparities, such as 

workforce shortages, providers’ reluctance to accept Medicaid, and parents’ value and 

knowledge of oral health. In North Carolina, the rate of physician-based preventive oral 

health services with fluoride application is nearly four times the rate of dental visits with 

fluoride application,[15] suggesting physician-based preventive oral health services can help 

to increase children’s use of oral health services, a leading health indicator in Healthy 

People 2020 and a 2014 core child health care quality measure for Medicaid.[37,38]

The United States Preventive Services Task Force recommends that physicians apply 

fluoride varnish as soon as a child’s first tooth comes in,[12] and national reports have 

promoted the integration of dentistry and medicine to promote child health.[9,10] Yet 

delivery of physician-based preventive oral health services is low nationally.[19] Although 

most state Medicaid programs reimburse varnish applications received in medical offices, 

few programs have adopted North Carolina’s model that includes an in-person American 

Medical Association–approved continuing medical education session on early childhood 
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oral health and reimbursement for oral evaluation, risk assessment, caregiver counseling, 

and fluoride varnish application.[11,39] Moreover, North Carolina reimburses $50 for 

physician-based preventive oral health services compared to a reimbursement rate of $15 or 

less in some states.[39] Collectively, these factors may help to explain the high rates of 

provider participation in physician-based preventive oral health services in North Carolina.

[15]

Although the Affordable Care Act lists pediatric dental care as one of ten essential health 

benefits, the law’s effect on oral health is uncertain because families are not required to 

purchase dental insurance in most states; there are no subsidies for dental insurance; and 

there are no provisions aimed at increasing dentist participation in Medicaid.[40,41] Dentists 

are essential for preventing, diagnosing, and treating oral diseases. This is an important 

public health service, especially for children, in whom untreated disease is associated with 

pain, decreased quality of life, and missed school days.[3] Strategies to increase the number 

of dentists treating infants and toddlers include enhanced training during dental school (for 

example, hands-on experience with infants) and afterwards through continuing education.

[42] States might also use a geospatial algorithm to efficiently allocate dentists to unserved 

areas.[43]

As steps are taken to increase the number of dentists accepting Medicaid and treating infants 

and toddlers, physician-based preventive oral health services can help to fill gaps in care by 

using providers already living in or near these communities and serving these children. 

Physician-based preventive oral health services offer a convenient option for triage in areas 

with limited dental workforces. For instance, children at low risk of developing caries could 

receive physician-based preventive oral health services, while higher-risk children could be 

referred to dentists, an approach recommended by the American Academy of Pediatrics.[44]

Conclusion

This study underscores how physician-based preventive oral health services can help 

increase the geographic availability of oral health services for young Medicaid enrollees, 

enabling the delivery of oral health services in areas not served by a dental provider. 

Disparities associated with workforce availability and accessibility may be addressed in part 

by scaling-up state programs that train and reimburse physician-based preventive oral health 

services. Strong advocacy and bold leadership at national and state levels are needed to 

increase physician-based preventive oral health services programs and providers’ 

participation in these programs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EXHIBIT 1. 
Location Of Medical Practices Providing Physician-Based Preventive Oral Health Services 

And The Number Of County-Level Dental Practices Per 1,000 Children Ages Five Years Or 

Younger In North Carolina, 2009–10

Sources: Five-year estimates from the 2006–10 American Community Survey and practice 

addresses from the North Carolina Division of Medical Assistance during 2009.
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EXHIBIT 2. 
Location Of Dental Practices And Medical Practices Providing Physician-Based Preventive 

Oral Health Services And The County-Level Percent of Population Younger Than 18 Years 

Of Age Living in Poverty In North Carolina, 2009–10

Source: Five-year estimates from the 2006–10 American Community Survey and practice 

addresses from the North Carolina Division of Medical Assistance during 2009.
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EXHIBIT 4. 
Effects Of Distance To Care On Probability Of Physician-Based Preventive Oral Health 

Services Among Infants And Toddlers Enrolled In North Carolina Medicaid, 2008–10

Source: Combination of national survey data, survey data from the Carolina Oral Health 

Literacy cohort study, and North Carolina Medicaid claims data, 2008–10. NOTES. 

Whisker marks represent 95% confidence intervals.
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EXHIBIT 5. 
Effects Of Distance To Care On Probability Of Dental Visit Among Infants And Toddlers 

Enrolled In North Carolina Medicaid, 2008–10

Source: Combination of national survey data, survey data from the Carolina Oral Health 

Literacy cohort study, and North Carolina Medicaid claims data, 2008–10. NOTES. 

Whisker marks represent 95% confidence intervals.
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Exhibit 3

Characteristics Of The Cohort Of Child-Caregiver Dyads, 2008–10

Mean (standard deviation) or %

No dental
visit (n =

479)

Dental visit
(n = 438)

No PB-POHS
(n = 434)

PB-POHS
(n = 483)

Child received PB-POHS 58.25% 46.68%**** 0.00% 100.00%****

Child had a dental visit 0.00 100.00**** 53.92 42.24****

Minutes driving to nearest dental practice that sees Medicaid 
enrollees younger than three years old, mean (SD)

7 (6) 6 (5)** 7 (5) 7 (6)

Minutes driving to nearest practice with PB-POHS, mean 
(SD)

9 (7) 8 (7) 9 (7) 9 (7)

Child’s age

  younger than one year 60.96% 24.66%**** 35.48% 50.93%****

  one year 21.09 24.43**** 18.66 26.29****

  two years 12.73 21.92**** 20.28 14.29****

  three years and older 5.22 29.00**** 25.58 8.49****

Caregiver’s race

  white 38.62% 42.92%** 48.16% 33.95%****

  African American 39.25 42.69** 38.71 42.86****

  American Indian 20.25 13.93** 11.52 22.36****

  Asian 1.88 0.46** 1.61 0.83****

Caregiver is Hispanic 7.93% 8.90% 9.45% 7.45%

Number of children in family

  one 46.76% 31.74%**** 32.03% 46.38%****

  two 29.02 37.90**** 35.25 31.47****

  three 12.73 19.63**** 20.74 11.80****

  four or more 11.48 10.73**** 11.98 10.35****

Months enrolled in Medicaid after enrolling in study, mean 
(SD)

21.87 (5.56) 23.98 (4.61)**** 22.55 (5.90) 23.17 (4.53)

Caregiver reports brushing child’s teeth daily 62.00% 84.02%**** 75.81% 69.57%**

Caregiver had dental visit in last year 54.28% 61.19%** 56.68% 58.39%

Caregiver had low health literacy 19.21% 14.61% 15.21% 18.63%

Caregiver had low oral health literacy 25.05% 23.97% 22.12% 26.71%

% population in census tract younger than eighteen years old 
living in poverty, mean (SD)

31.64% (20.00) 30.40% (21.40) 27.26% (19.97) 34.42% (20.77)****

Live in a metropolitan county 68.89% 80.37%**** 83.987% 65.84%****

Number of practices with PB-POHS per 1,000 children 
younger than five years old, mean (SD)

0.54 (0.24) 0.57 (0.22) 0.58 (0.21) 0.51 (0.25)****

Number of dental practices that see Medicaid enrollees 
younger than three years old per 1,000 children younger than 
five years old, mean (SD)

1.33 (0.26) 1.27 (0.27)**** 1.34 (0.26) 1.27 (0.27)****
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SOURCE Combination of national survey data, survey data from the Carolina Oral Health Literacy cohort study, and North Carolina Medicaid 
claims data, 2008–10.
NOTES Differences in variables between children with dental visits versus no dental visits and physician-based preventive oral health services 
versus no physician-based preventive oral health services were examined using chi-squared tests to compare proportions and t-tests to compare 
means. PB-POHS stands for physician-based oral health services. N = 917.

**
p <0.05

***
p <0.01

****
p <0.001
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