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ABSTRACT
Objective: To identify vulnerable areas and populations with limited access to dental care in Virginia, the study aimed (1) to cal-
culate travel time and accessibility scores to dental care in Virginia using a transit-based accessibility model for all dental clinics 
and dental clinics participating in the Medicaid dental program and (2) to estimate factors associated with accessibility to dental 
clinics participating in the Medicaid dental program in Virginia.
Methods: The study used building footprints as origins of transit trips to dental care services (or destinations). The study then 
computed transit-based origin–destination travel time matrices based on the detailed trip information, including in-vehicle and 
out-of-vehicle travel time. Accessibility scores were calculated by counting the number of dental clinics that can be reached 
within 60 min. Regression analysis was used to measure factors associated with accessibility scores to dental clinics participating 
in Medicaid.
Results: Residents in smaller regions spent longer travel time to dental clinics by public transit compared with those who resided 
in larger regions. Medicaid participants also faced longer travel time compared with the general population. Residents spent more 
than three-fourths of the time waiting for public transit and walking to clinics regardless of where they live and what type of 
insurance they have. Associations between sociodemographic factors and accessibility scores to dental clinics participating in 
the Medicaid dental program varied across regions.
Conclusions: Disparities in dental care accessibility exist depending on the size of regions and Medicaid participation in 
Virginia. The disparities in transit-based access to dental clinics and a disproportionate amount of time spent waiting for public 
transit and walking to dental clinics could be improved through tailored interventions taking into account the sociodemographic 
and geographic characteristics of each region.

1   |   Introduction

Access to dental care is a national public health crisis in the 
United States (USA). In 2023, around 21% of Americans are cur-
rently living in the dental Health Professional Shortage Areas, 

measured using the number of dentists relative to the population 
with consideration of high needs [1]. Based on the 2022 Medical 
Expenditure Panel Survey data, only 43% of the USA population 
had a dental visit in the past 12 months [2]. Access to dental care 
is also a health disparity issue that manifests a significant gap 
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in geographic location and socioeconomic status. In addition to 
the high cost of dental care, people living in rural areas, having 
lower income and education, with Medicaid/Children's Health 
Insurance Plan (CHIP), or being uninsured increases the likeli-
hood of unmet dental needs [1, 3–5].

The disparities in dental care access also vary across different 
states in the USA. In 2019, the highest density of dentists was 104 
dentists per 100 000 population in the District of Columbia, and 
the lowest was 40.97 in Alabama [5]. While the density of den-
tists in Virginia (63.19) was above the national average (61.06), 
it has a huge disparity across different areas [6]. For example, 
residents in the Northern and Eastern areas of Virginia are more 
likely to receive dental care than the residents in the Western and 
Southern districts [7]. The dentist-to-population ratio is generally 
greater in highly urbanised regions (e.g. Richmond metropolitan 
area and Northern Virginia) than in rural areas (e.g. Southwest 
and Southside areas) [7]. Four rural counties including Charles 
City County, King and Queen County, Surry County, and Sussex 
County did not have a single licensed dentist [7].

However, limited studies examine geospatial disparities in dental 
care access, especially in rural areas and small-sized cities. The 
existing studies also lack investigation into different accessibility 
levels in terms of the mode of transit (e.g. driving, public tran-
sit, and walking). For example, most studies only apply driving 
distance and time to measure geospatial accessibility, despite the 
fact that driving may not be an option for everyone, especially for 
those who do not have private vehicles or are unable to drive [8]. 
Thus, other modes of transit, including public transit, should be 
taken into consideration.

Insurance types also play an important role in access to dental 
care. Only 43% of dentists nationwide participate in Medicaid/
CHIP, reflecting burdensome administrative barriers, low re-
imbursement rates, and missed appointments from patients 
[9, 10]. This barrier would add a layer of difficulties for pa-
tients enrolled in Medicaid to access dental care. In Virginia, 
only 27% of practicing dentists have treated patients enrolled 
in Medicaid or Family Access to Medical Insurance Security 
(FAMIS) in 2022 [11]. Around 50% of Virginians whose house-
hold income is below $35 000 per year did not visit a dentist in 
2022 compared with one-third among all Virginians [12]. Given 
the disparities in accessibility and different healthcare-seeking 
behaviours, there has not been a measure of geospatial accessi-
bility among patients using Medicaid insurance considering the 
use of public transit, given that Medicaid users are more likely 
to take public transit [13].

To address this knowledge gap, this study aimed to identify vul-
nerable areas and populations of limited access to dental care in 
Virginia, through a transit-based accessibility model, which ad-
heres to public transit schedules and stops. Here, public transit 
includes fixed-route transit services, such as commute buses and 
metros. The aim was measured through two specific objectives: 
(1) to calculate travel time and accessibility scores to dental care 
in Virginia using a transit-based accessibility model for all den-
tal clinics and dental clinics participating in the Medicaid dental 
program and (2) to estimate factors associated with the accessi-
bility to dental clinics participating in the Medicaid dental pro-
gram in Virginia.

2   |   Methods

2.1   |   Study Region

The study comprised nine regions within Virginia, including 
Greenville, Altavista, Lynchburg, Winchester, Williamsburg, 
Staunton-Harrisonburg, Hampton, Richmond, and Northern 
Virginia (including Alexandria, Arlington, Fairfax County, 
Loudoun County, and Prince William County). The total popu-
lation living in our study area is 5 968 587, which is about 69% of 
the entire population living in Virginia in 2021. Although it would 
be ideal to include the entire state, many regions in Virginia do 
not maintain sufficiently detailed public transit data, especially in 
rural areas. The nine regions were selected as related transit data 
was available. Each region represented a diverse array of geograph-
ical locations and urban–rural mix. Small cities like Greenville 
and Altavista offered a contrast to the bigger and more urban set-
tings of Richmond, Northern Virginia, and Hampton. Lynchburg, 
Williamsburg, Winchester, and Staunton-Harrisonburg are 
middle-sized areas. This combination provided us with a compre-
hensive overview of varying geographic contexts within Virginia.

2.2   |   Data

The study used data from various sources to build a realistic 
public transit model that plays a key role in accurately assess-
ing transit-based dental care accessibility. First, in terms of the 
public transit model, general transit feed specification (GTFS) 
data were compiled [14], which is essential for analysing public 
transit schedules and routes from multiple sources, such as pri-
marily public transit websites and public repositories [15]. The 
GTFS files contained detailed information about transit routes, 
schedules, and stops, which are crucial for computing accurate 
transit-based travel time between origins and destinations [16]. 
The GTFS files of nearby transit agencies were aggregated to re-
flect the real-world transit service coverage area.

To measure the spatial accessibility to dental care services, 
the study utilised building footprints, a polygon or set of poly-
gons that show the total area of a building, assuming that indi-
viduals depart their transit trips from each building footprint 
to dental care services. Building footprints were used since 
they are the finest spatial resolution units that can be con-
sidered to be occupied by humans. The footprint data were 
obtained from the Virginia Geographic Information Network 
(VGIN) [17]. Regarding the destination information, the study 
used comprehensive dental clinic data, including location and 
participation in Medicaid in each clinic, from the American 
Dental Association (ADA) 2022 Office Database [18]. This da-
tabase includes dentists that participate in pediatric Medicaid 
or CHIP programs based on a roster of dentists listed in the 
Insure Kids Now website maintained by the Centers for 
Medicare and Medicaid Services [19].

2.3   |   Statistical Analysis

Next, using r5r, an R package designed for transit network anal-
ysis [20], the research team created a high-resolution schedule-
aware transit network for the study area. For each subregion in 
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the study area, a comprehensive transit network was built, and 
then a transit-based origin–destination travel time matrix was 
computed. The origin included all the geographic coordinates 
(longitude and latitude) of the centroid of the building footprints 
in each region, and the destination consisted of the geographic 
coordinates of the dental care facilities in these regions. Note 
that the transit-based origin–destination travel time matrices in-
clude detailed trip information, such as in-vehicle travel time (i.e. 
ride time) as well as out-of-vehicle travel time (e.g. walking to the 
bus stop or home and waiting time for the bus). Detailed infor-
mation on travel time estimation was provided in the Data S1.

As a result, accessibility scores were calculated by counting the 
number of dental clinics that can be reached within 60 min of 
travel time. The 60-min threshold was selected considering that 
it is an acceptable travel time for people using public transit and 
indicates the point at which accessing healthcare via public tran-
sit may impose an undue burden [21, 22]. The accessibility met-
rics evaluated how easily people could reach dental clinics using 
public transit [22]. Two accessibility scores were computed and 
aggregated to the census block group level: (1) access to all dental 
clinics; (2) access to dental clinics participating in Medicaid. Next, 
this study examined how residents' primary socio-economic fac-
tors are associated with each accessibility score but focused on 
dental clinics participating in Medicaid using multiple linear re-
gression models. This group was chosen based on a higher like-
lihood of Medicaid patients than overall residents taking public 
transit. Also, only six regions were selected from the included 
nine regions for this analysis due to the small number of census 
block groups in Greenville, Altavista, and Lynchburg. Dependent 
variables were the accessibility scores at the census block group 
level. Independent variables included primary socio-economic 
factors in each region, including population density, poverty per-
centage and non-White population that were extracted from the 
2021 American Community Survey (ACS) data  [23]. R version 
4.2.1 was used to conduct rapid transit network analysis and all 
regression analyses. ArcGIS Pro version 3.2.1 from Esri was used 
to visualise the accessibility score across the selected cities. The 
significance level was set at 0.05.

3   |   Results

3.1   |   Travel Time to the Nearest Dental Care Clinic 
for All Dental Clinics and Those Participating in 
Medicaid

Table  1 shows the descriptive statistics of one-way transit-based 
travel times to the nearest dental clinic in the study area. The 
findings demonstrated substantial differences in travel times 
to dental clinics across different cities. For example, the aver-
age transit travel time to the closest dental clinic was 38 min in 
Greenville (one of the smallest cities in rural Virginia). Medium-
sized cities like Winchester and Staunton-Harrisonburg reported 
average travel times of 29 and 33 min, respectively. In contrast, 
Richmond, a significantly larger city, had an average travel time 
of 29 min, which is shorter than other small- and medium-sized 
cities. Across nine cities, residents spent a considerable portion 
of their trips outside vehicles (i.e. walking and waiting), ranging 
from 78% to 89%, indicating challenges in accessing public transit. 
For instance, in Richmond, 80% of transit travel times consisted of 

out-of-vehicle travel. Moreover, the percentage of relatively short 
trips that can be made only by walking was calculated. This metric 
indicated another piece of evidence of inadequate accessibility to 
dental clinics. For instance, larger cities like Hampton Roads and 
Northern Virginia showed a higher prevalence of walking-only 
trips, approximately 53%–60%, in contrast to smaller cities such as 
Greenville and Altavista with 19% and 13%, respectively. Overall, 
these findings highlight travel times to dental care substantially 
vary across different cities, with larger cities benefiting from more 
densely located dental clinics, well-developed sidewalks favour-
able to walking access and well-covered public transit networks. 
In terms of Medicaid users, the travel times to dental clinics were 
consistently more prolonged than overall residents, suggesting 
more travel burden faced by Medicaid users.

3.2   |   Transit-Based Accessibility to All Clinics 
and Clinics Participating in Medicaid

Table  1 and Figure  1 further show the accessibility scores for 
dental care clinics in the different cities within Virginia. Figure 1 
illustrated that people living closer to regional centers (e.g. down-
town) had better transit-based access to dental clinics compared 
to those living in suburban or peripheral regions because of more 
densely concentrated clinics, more frequent transit services and 
better coverage of transit networks, regardless of regions in the 
study area. Similar to the travel time results described above, ac-
cessibility scores varied substantially by city size. Smaller cities 
like Greenville and Altavista generally had the lowest accessibil-
ity to dental clinics, with an average of 1.5 and 0.8 dental clinics 
reachable within a 60 min travel radius, respectively. For these two 
cities, only 50.3% (Greenville) and 21.1% (Altavista) of residents 
had access to at least one clinic within 60 min of transit trips. On 
the contrary, larger cities generally had better overall accessibility 
to dental clinics. For instance, Northern Virginia stood out with 
an average of 122 dental clinics being accessible within 60 min of 
transit trips, and 83.1% of residents had access to at least one clinic.

In comparison, the accessibility to dental clinics participating in 
Medicaid was notably lower in smaller regions, with an average 
accessibility score of 0.898 and 0.178 in Greenville and Altavista, 
respectively. On the other hand, bigger cities such as Richmond, 
Hampton Roads and Northern Virginia showed relatively 
higher accessibility to dental clinics participating in Medicaid 
compared to other smaller cities, with an average accessibility 
score of 10.108, 6.204, and 51.241, respectively. Regardless of 
city size, accessibility to dental clinics participating in Medicaid 
was significantly lower than all dental clinics.

3.3   |   Socio-Economic Inequality in Transit-Based 
Accessibility to Dental Clinics Participating in 
Medicaid

Table 2 presented the results of multiple linear regression models 
that examined the association between transit-based dental care 
accessibility scores and primary socio-economic factors for the 
dental clinics participating in Medicaid in each of the six selected 
cities and entire regions. The results revealed that population 
density had a consistently positive relationship with accessi-
bility scores for almost all the regions except for Williamsburg. 
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On the contrary, the poverty variable showed mixed results. For 
instance, a positive association was found between poverty per-
centage and accessibility in Northern Virginia [Coefficient: 0.975; 
standard error (SE): 0.164] and Richmond [Coefficient: 0.262; 
SE: 0.036], indicating that higher accessibility to dental clinics 
that participate in Medicaid can be found in the regions with a 
higher proportion of low-income populations. However, the as-
sociation was weaker or did not exist in other areas, such as 
Winchester (no association). Similarly, the relationship between 
non-White population percentage and accessibility scores also 
varied across different regions. For example, a positive association 
was found in Winchester, indicating that a higher percentage of 
non-White populations had better accessibility to dental clinics 
than participating in Medicaid [Coefficient: 0.140; SE: 0.041]. 
In contrast, a negative association was observed in regions like 
Northern Virginia [Coefficient: −0.552; SE: 0.068] and Richmond 
[Coefficient: −0.078; SE: 0.017], suggesting that a higher percent-
age of non-White populations living in these areas had lower 
accessibility to dental clinics participating in Medicaid. In addi-
tion to the regional differences, the results also underscore the 
distinction between individual regions and all regions, with the 
results in each region capturing the unique socio-demographic 

and geographic contexts of a specific area, while the results in all 
selected regions offer a broader but less nuanced view.

4   |   Discussion

This study analysed transit-based dental care accessibility, rep-
resented by total travel time and its breakdown (e.g. time spent 
walking and waiting) to the nearest dental clinics and the num-
ber of dental clinics that can be reached within 60 min, and ex-
amined the associated socio-economic factors across various 
regions in Virginia. People who resided in smaller regions with 
smaller population sizes faced longer travel times and lower ac-
cessibility to dental clinics by public transit compared to those 
residing in larger regions. These findings were consistent with 
previous research that measured geospatial accessibility to den-
tal care using driving time and straight-line distance in other 
states in the USA [24, 25]. However, people choosing to take pub-
lic transit in Virginia needed to spend a significantly longer time 
travelling to dental clinics, given that more than three-fourths of 
the time was spent waiting for public transit and walking to den-
tal clinics. The extra out-vehicle travel time might add additional 

FIGURE 1    |    Transit-based accessibility score to dental clinics participating in Medicaid (red colour) and all dental clinics (green colour) of nine 
regions in Virginia (Accessibility scores are normalised for each region to create consistent visualisations).
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burden to seek dental care and reduce people's willingness to 
take public transit for dental care.

People who used Medicaid would be more likely to rely on public 
transit for their mobility needs [26, 27]. It is unsurprising that 
accessing dental care for Medicaid enrolees is more challenging. 
The study reported notably lower accessibility to dental clinics 
participating in Medicaid compared with all dental clinics. The 
long transit travel time to those dental clinics may decrease pa-
tients' willingness to seek care or lead to missed appointments. 
Many states including Virginia have started to increase the invest-
ment in Medicaid program to expand the coverage of eligible en-
rolees and increase reimbursement rates for healthcare providers. 
However, it has not shown a notable improvement regarding the 
availability and accessibility of dental care. For example, Virginia 
expanded Medicaid coverage to include comprehensive adult 
dental benefits in July 2021 and offered a better reimbursement 
rate for dental care providers since July 2022 [28, 29]. However, 
the impact of new policies on improving health outcomes might 
take years, and a longitudinal analysis might provide additional 
insights into the effectiveness of those policies. Additionally, 
though 41% of the dentists enrolled in Medicaid program in 
Virginia, only 27% of dentists treated Medicaid/FAMIS enrollees 
[11]. Also, the study only measured accessibility to the nearest 
dental clinic, which may not be the real choice for everyone as 
clinics may not accept all types of private insurance and people 
often have personal preferences in selecting dental care provid-
ers. Thus, the actual accessibility may be underestimated com-
pared to those demonstrated in this study.

Considering the long transit travel time found in the study, sev-
eral strategic interventions could be considered. For example, 
these potential interventions include the development of public 
transit systems, location choices of new dental clinics, and avail-
ability of school-based dental clinics or co-location with other 
medical and social services. Referring to the various relationships 
between sociodemographic factors and transit-based accessibility 
scores across different regions, tailored interventions should be 
applied, considering sociodemographic and geographic charac-
teristics of each region to improve local dental care access [30].

There are several limitations that future studies can address. 
First, this study's approach to assessing transit-based accessi-
bility did not consider the potential mismatch between demand 
(i.e. the number of dental care users) and supply (i.e. the number 
of available doctors). In bigger cities, although there are more 
dental clinics available than in smaller cities, more potential 
dental care users may compete for the same services. Therefore, 
the actual accessibility score that considers the supply–demand 
mismatch, in reality, might be different from the results reported 
in this study. Also, a recent study introduced the concept of 
‘feels-like’ accessibility, which considers the different impacts of 
perceived travel time on accessibility regarding different transit 
trip segments (e.g. in-vehicle vs. out-vehicle travel time) [32]. 
Future studies can address these issues by utilising advanced 
accessibility models that account for both the demand and sup-
ply, and their complex interactions captured by travel time, such 
as the two-step floating catchment area (2SFCA) methods, or 
‘feels-like’ accessibility metrics [31, 32]. Second, this study did 
not consider the temporal variability of transit schedules across 
time of day and seasons. For instance, smaller cities with high T
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rates of college populations (e.g. Staunton–Harrisonburg) might 
have transit schedules that are substantially different between 
semesters and breaks [33]. Additionally, the study calculated 
transit travel time based on the assumption that transit operated 
according to its schedule on time, which may not be the case in 
reality [34]. Fourth, since building footprint data did not include 
whether buildings are residential or non-residential which might 
impact the study results. For instance, neighbourhoods that have 
adequate levels of transit services in commercial corridors might 
overestimate transit-based accessibility despite fewer people liv-
ing in those neighbourhoods. Future studies can consider obtain-
ing high-quality land use data to mitigate this challenge. Lastly, 
this study did not investigate the potential association between 
dental health accessibility scores and oral health outcomes, 
which would be explored in a subsequent study.

5   |   Conclusion

Disparities in dental care accessibility exist depending on the size 
of cities and Medicaid participation in Virginia. People in smaller 
cities experience longer travel times to dental clinics by public 
transit compared to those who reside in larger cities. Those who 
are enrolled in Medicaid also face more serious challenges com-
pared to the general population. The disproportionate amount of 
time spent waiting for public transit and walking to destinations 
affects all residents regardless of where they live and what type of 
insurance they have. To increase accessibility to dental care using 
public transit, stakeholders should consider the improvement of 
public transit systems, location choices of new dental clinics, and 
the availability of school-based dental clinics or co-location with 
other medical and social services, taking into account the socio-
demographic and geographic characteristics of each region.
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