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Abstract

Because of the limited supply of health care providers relative to the demand for health care services,
increases in provider autonomy are believed to improve access to health care by reducing barriers to the
provision of certain services. However, research on the impact of scope of practice laws for health and
dental professionals is limited. We investigate the effects of regulations governing the practice autonomy
of dental hygienists on dental care use and expenditure using the 2001-2014 Medical Expenditure Panel
Survey. We measure the strength of autonomy regulations by extending the Dental Hygiene Professional
Practice Index to the years 2001-2014, allowing us to capture changes in regulations within states over
time. Using a difference-in-difterences framework, we find that relaxing supervision requirements to
provide dental hygienists greater autonomy results in higher levels of dental care utilization in areas with
a shortage of dental care providers. Moreover, expanding dental hygienist autonomy increased the use of
many services that dental hygienists perform, such as cleanings, fluoride treatments, sealant applications,
and fillings. We also find that greater autonomy reduces costs associated with dental treatment for both

individuals and third-party payers.
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1. Introduction

Occupational licensure has grown dramatically over time as employment in the United States has shift-
ed from manufacturing to service industries (Kleiner and Krueger 2013). The health care sector is the
most licensed profession, with over 75 percent of workers having an active license or certification.! Pro-
fession-specific scope of practice (SOP) laws are an important segment of occupational regulations that
articulate requirements and govern practice authorities for health care providers. SOP laws are especially
important for nurse practitioners, dental hygienists, and certified nurse midwives because these profes-
sionals are generally required to work under the supervision of a more highly trained health professional
(e.g., a physician or dentist). Changes in the autonomy level of these professionals significantly affect the
boundary of services and settings in which the professional can render services.

In the case of dental hygienists, some research suggests that SOP restrictions in many US states may
prevent dental hygienists from delivering certain services, limiting the potential to expand access to oral
health care (Manski, Hoffmann, and Rowthorn 2015; Reinders et al. 2017). Since 1988, new legislation
has been gradually implemented in many states that enables dental hygienists to perform more tasks with-
out the supervision of a dentist. Nonetheless, as of 2020, Colorado is the only state to place no restrictions
on independent dental hygiene practices.? Advocates of legislative initiatives to reduce SOP regulations
believe that doing so will enhance access to dental health care and improve the efficient delivery of ser-
vices in underserved areas. Furthermore, expanding the scope of practice for dental hygienists is one way
to help dental providers meet the rising demand for dental services due to, for example, provisions of the

Affordable Care Act (Meyerhoefer, Panovska, and Manski 2016).

Previous research on state-specific SOP laws for dental hygienists has primarily focused on labor and
product market effects. For example, Wanchek (2010) and Kleiner and Park (2010) find that stringent
practice regulations on dental hygienists result in lower wages and slower employment growth for hy-
gienists; Wing and Marier (2014) find that expanding the SOP reduces the prices of basic dental services.
There are no studies that we are currently aware of that determine the impact of SOP laws for dental
hygienists on both dental care use and costs, and we seek to fill this gap in the literature.

SOP laws for dental hygienists could influence the utilization of dental care through a variety of chan-
nels. Greater autonomy for hygienists may increase dental care utilization if more hygienists are able to
practice where there are fewer dentists, thereby reducing pecuniary and non-pecuniary travel costs and
appointment wait times for consumers. Also, expanding hygienists’ SOP can enable them to administer
basic teeth cleanings and examinations without supervision, which could liberate dentists to perform more
complex procedures. On the other hand, if consumers view hygienists’ clinical competence as lower than
that of dentists, they may reduce their consumption of dental care in the regions that allow hygienists to
perform more tasks. Therefore, the overall effect of hygienist regulations on dental care utilization must be
determined empirically.

We exploit variation within states over time in SOP laws in order to determine their effect on dental care
use and expenditure. We collected detailed information on dental hygienist SOP regulations from indi-
vidual state statutes from 2001 to 2014 and merged these with data on dental care utilization from the
Medical Expenditure Panel Survey (MEPS). Focusing on areas with a shortage of dental providers, we
find evidence that more autonomy for dental hygienists increases the use of preventive dental care and
reduces the need for the number of dental treatment visits. Expanding dental hygienist autonomy is also
associated with increases in the use of many services that dental hygienists are allowed to perform, such
as examinations, cleanings, fluoride applications, sealant applications, and fillings. Our analysis of qualita-
tive measures of access to care suggests the increased use of these services is in part due to the reduction

1 See https://www.bls.gov/opub/mlr/2019/article/professional-certifications-and-occupational-licenses.htm for more details.
2 See https://www.adha.org/resources-docs/7513_Direct_Access_to_Care_from_DH.pdf for more details.



of barriers to care in shortage areas. Furthermore, both patient payments and payments from insurers are
lower at higher autonomy levels for those that are regular users of dental care, suggesting that expanding
the scope of practice of dental hygienists could concurrently increase access to care and reduce long-run
costs. We believe the associated cost savings reflect the cost-effectiveness of preventive care in reducing the
need for subsequent dental treatment.

2. Background

The first training program for dental hygienists was established in 1914, and as of 2016 there were a total
of 336 baccalaureate and masters-level programs to train dental hygienists (Picard 2009; Mertz 2016).
Dental hygienist licensure is required by all states, which have different requirements and different scope
of practice regulations. Typically, dental hygienists are allowed to perform basic dental services with or
without a dentist’s oversight. Such services are usually considered preventive dental care and primarily
include cleaning teeth, screening patients for oral health status, applying sealants or fluorides, and taking
dental X-rays. In some states with expanded scope of practice, hygienists are allowed to place amalgam
restorations and administer local anesthesia.’

2.1 Literature Review

Like other health fields, in the dental field there is intra-professional friction between dentists and dental
hygienists over SOP rules. Complicating the push for expanded SOP by hygienists is the fact that dental
hygienists are regulated by state dental boards made up primarily of dentists (Koppelman, Vitzthum, and
Simon 2016).

An important issue for policymakers is whether the expansion of provider SOP would improve the effi-
ciency of health care delivery. The economic theory of licensure regulations predicts that more stringent
regulations may reduce wages and employment of the regulated professional (Kleiner 2016). Empirically,
these predictions are borne out in research on the SOP of nurse practitioners (Kleiner 2016; McMichael
2018; Perry 2009), physician assistants (Perry 2009; Timmons 2017; McMichael 2018), nurse anesthetists
(Negrusa et al. 2016), and chiropractors (Timmons, Hockenberry, and Durrance 2016). In the case of
dental hygienists, Wanchek (2010) and Kleiner and Park (2010) also find that stringent practice regula-
tions for hygienists result in lower wages and slower employment growth, but they do not examine dental
care delivery.

In theory, occupational regulations for health care providers are expected to raise the price and reduce the
demand for health care services. Among the very few studies that examine how scope of practice regula-
tions affect the health care system, Kleiner et al. (2016) find that stronger regulation of nurse practitioners
raises the price of well-child visits. Markowitz et al. (2017) find that states with no barriers for certified
midwives have a higher probability of midwife-attended births but have very few effects on infant health
outcomes. Using the Medical Expenditure Panel Survey (MEPS), Traczynski and Udalova (2018) find
that nurse practitioner independence increases the number of routine checkups, medical care for under-
served populations, and other measures of health care quality. All of the three aforementioned studies use
a difference-in-difterences framework with staggered implementation of scope of practice laws.

Four studies on SOP laws are specific to dental care. Kleiner and Kudrle (2000) collected dental legisla-
tive information for the period from 1960 to 1994 and compared the oral health outcomes of Air Force
personnel over time to show that stricter SOP regulations raise the price of dental services and earnings of

dentists but do not lead to better oral health. Wing and Marier (2014) used the 2005-2007 FAIR claims
data to estimate the prices of seven basic services that hygienists are allowed to perform. They found that

3 See https://www.bls.gov/ooh/healthcare/dental-hygienists.htm for more details on dental hygienists’ duties.



regulations that limit the authority of dental hygienists to provide services increase the prices of those
services by approximately 12 percent but do not affect dental care utilization.

Wing et al. (2005) developed an index to assess practice environment of dental hygiene across US states in
2001. After merging this index to the 2002 Behavioral Risk Factor Surveillance System (BRFSS) survey,
they find that states with expanded scope of practice for dental hygienists (i.e., higher practice environ-
ment scores) have greater dental care use. Langelier et al. (2016) updated the index developed by Wing

et al. (2005) to 2014 and merged the 2001 and 2014 indices to the 2001 and 2012 BRFSS,; respectively,

to show that greater autonomy for dental hygienists is associated with a lower probability of having had
any teeth removed because of decay or disease. However, one limitation of both studies is that they only
estimate cross-sectional associations.

All previous studies of dental hygienist SOP, with the exception of Kleiner and Kudrle (2000), use the
BRFSS. The outcome variable in the BRFSS that measures dental care utilization is constructed from

a survey question that asks whether the respondent has ever had a teeth cleaning by a dentist or dental
hygienist in the previous year, which only allows analysis at the extensive margin of preventive dental care.
In contrast, we use the Medical Expenditure Panel Survey (MEPS), which contains a large set of dental
care utilization measures. In particular, we are able to construct measures of preventive care visits, visits for
dental treatment, hygienist visits, and dentist visits. Furthermore, we exploit the panel dimension of the
MEPS to mitigate omitted variable bias associated with unmeasured characteristics of states and patient
populations that are correlated with practice environments. Finally, we focus on areas with a shortage of
dental care professionals, where changes in SOP laws are most likely to affect access to care.

2.2 Dental Hygiene Professional Practice

Like several previous studies, our study makes use of the Dental Hygiene Professional Practice Index
(DHPPI). In order to quantify the SOP of dental hygienists for all states, the Center for Health Work-
torce Studies first created the DHPPI for the year 2001 and updated the index for the year 2014 using
the same set of items (Oral Health Workforce Research Center 2016). The DHPPI index is composed

of 37 items, with each categorized into four broad components: (1) legal and regulatory environment,* (2)
supervision levels in different practice settings, (3) tasks permitted under varying levels of supervision,’ and (4)
reimbursement.® Each item of the DHPPI is assigned a weighted score to reflect its relative impact on the
ability of the dental hygienists to provide services. The DHPPI score for each state is thus the total score
of the 37 items, ranging from 0 to 100, with higher scores reflecting a more autonomous practice environ-
ment for dental hygienists.

We extended the DHPPI by collecting information on the effective year of legislative changes associated
with each item of the DHPPI in order to compute the index for the intervening years from 2002 to 2013.
We rely on several sources to identify and verify the timing of law changes for each state. They include
advocacy files at the American Dental Hygienists’ Association (ADHA) website,” and reviews of state
statutes and administrative regulations.

4 'The variables in Legal and regulatory environment capture governance of the profession through the state regulatory board of dental hygiene or
a dental hygiene committee empowered by a dental board with a mandate to regulate the profession, licensure by credential or endorsement with
no new clinical exam required, scope of practice defined in law or regulations, and restriction to the patient of record of the primary employing
dentist.

5 Tasks evaluated in this section include prophylaxis, sealants, fluorides, X-rays, hygiene screening and assessment, as well as expanded functions
such as placing amalgam restorations, administration of local anesthesia, and administration of nitrous oxide.

6 The two variables in Reimbursement indicate whether direct reimbursement to hygienists is available from Medicaid and whether direct payment
is allowed from other third-party insurers or patients.

7 For more details on the policy changes in dental hygienist SOP laws, see: https://www.adha.org/sites/default/files/7513_Direct_Access_to_
Care_from_DH.pdf, https://www.adha.org/sites/default/files/7514_Local_Anesthesia_Requirements_by_State.pdf, and https://www.adha.org/
sites/default/files/75111_Self_ Regulation_by_State.pdf.



Rather than using the index itself, we use the changes in the second component of the DHPPI, the super-
vision levels component, to identify the effect of dental hygienist SOP laws in our analysis. The Supervi-
sion component of the DHPPI characterizes the level of autonomy dental hygienists are given to perform
various tasks. Based on the way that supervision levels are defined in the DHPPI, we categorized dental
hygienist autonomy into four levels, including direct supervision (level one), general supervision (level
two), collaborative supervision (level three), and full independence (level four). The definitions of the four
autonomy levels are given below. As indicated, the higher the autonomy level, the lower the supervision
requirement:

Level 1, Direct Supervision: The dental hygienist practice is mandated under the direct supervision of a
dentist, with supervision requirements specified. A dentist has to be present when dental hygienist is per-
forming the task.

Level 2, General Supervision: A dental hygienist practicing under the general supervision of a licensed
dentist shall have a written agreement with the supervising dentist that clearly sets forth the terms and
conditions under which the dental hygienist may practice. A dentist needs to authorize prior to services
but need not be present.

Level 3, Collaborative Agreement: The hygienist may practice without supervision, pursuant to a collab-
orative agreement with a dentist. For example, a dental hygienist who has entered into a collaborative
agreement may perform dental hygiene services on children, senior citizens age 65 and older, and persons
with developmental disabilities in long-term care facilities, free clinics, hospitals, Head Start programs,
residences of homebound patients, local health units, schools, community health centers, and state and
county correctional institutions. The dental hygienist must have a written agreement with no more than
one dentist.

Level 4, Full Independence: There is no requirement that a dentist must authorize or supervise most dental
hygiene services. The dental hygienist is allowed to work without the supervision of a dentist.

'The reason that we focus on the variation in supervision level of the DHPPI instead of the variation in
permitted tasks incorporated into other components of the index is that each state has specific hygiene
duties in the dental statutes that dictate the level of supervision required. Also, variation in permitted tasks
is limited within a state. Generally, dental hygienists in states that grant a particular level of supervision
may perform many other tasks with the same level of supervision. Thus, in practice, it is permitted autono-

my that dictates SOP.

Dental supervision requirements may differ across practice settings, even if the same level of autonomy
broadly applies to most practice settings within a state. These practice settings include private dental offic-
es, long-term care facilities, schools, public health agencies, correctional facilities, and similar institutional
facilities. In our analysis, we use changes in the highest autonomy level allowed among all the evaluated
settings as our treatment variable. Figure 1 shows the changes between 2001 and 2014 in the highest
autonomy level among all practice settings across states. During this time frame, the hygienist autono-
my level increased in 19 states and remained unchanged in all other states. As of 2014 there were still 25
states that restricted dental hygienist autonomy to level 2 (general supervision) or lower.

3. Empirical Model and Data
3.1 Empirical Model

To assess the impact of regulatory changes on the outcomes of interest, we use a difference-in-differences
approach in which we compare individuals in states that experienced a change in their SOP regulations



for hygienists during the sample period to individuals in states that did not change their regulations. Our
baseline estimating equation is as follows:

Kt=ﬂ114utonamy”+[>’2 Xit+ﬁ3 Z:t+5s+;{t+5s ) Tt+6”, (1)

where Y, represents the outcome of interest—dental care visits or expenditure—for individual 7 at year #
Autonomy, is the treatment variable that indicates whether the autonomy level granted to dental hygien-
ists increased in state s at year £ X is a vector of individual-level control variables including age, race and
ethnicity, marital status, urban residence, years of education completed before entering the survey, number
of children under 5 or under 18 in the household, log of income earned by other family members (nor-
malized by household size), self-reported physical and mental health status, and a disability indicator. Z
is a vector of socioeconomic factors for county ¢ in time # obtained from the Area Resource File, including
real income per capita; the unemployment rate; the poverty rate; the percentage of the population with

a college degree or higher at the county level; and the number of dentists, dental hygienists, and dental
assistants per 10,000 total population at the state level. We also include variables from the Reimbursement
component of DHPPI, including an indicator variable for whether direct reimbursement to hygienists is
available from Medicaid and an indicator for whether direct payment is allowed from other third-party
insurers or patients. These variables are intended to capture dental hygienists’ financial incentives. Finally,
6 and 4, are state fixed eftects and year fixed effects, respectively,and 6 - 7| are state-specific linear trends.
'The latter capture the differential growth rate in dental care use and expenditure across states.

In order to account for the mass point at zero and right-skewness of the dental care utilization distribu-
tion, we estimate separate models based on equation (1) using a binary outcome for any visits or expen-
ditures (the extensive margin) and using a continuous outcome for the number of visits or amount of
expenditure among the sample with positive values (the intensive margin). We specify the first model as a

linear probability model (LPM):
I(sz'z‘>0)=ﬁ1 AutO?’lOmy”‘Fﬁz Xif+ﬂ3 Z[t+5s+lt+5a‘ ' Tt+6xt’ (2)

where I(Y,>0) is a binary indicator that is equal to 1 if the individual has positive dental care use or
expenditures, and 0 otherwise. The second model is a log-linear regression model that we apply to the
sample with non-zero visits or expenditures:

I(sz'z‘)=y1 ﬂul‘anomy”+y2 Xiz‘+y3 Z[t‘+5x+/1t+55 ) T[+€n" (3)

Because the identifying variation in both models is within states over time, we cluster the standard errors
of the coeflicients and marginal effects at the state level (Cameron and Miller 2015).

3.2 Data and Outcome Variables
Our main data source is the 2001-2014 Medical Expenditure Panel Survey (MEPS), which is a nationally

representative survey of the non-institutionalized population in the United States, containing detailed
information on individuals’ health and dental care use and costs, as well as a large number of individual
socioeconomic characteristics. We use observations in the Full Year Consolidated Data Files of the MEPS
as a repeated cross-section to create a panel of states over time. The total number of observations in our
sample is 489,278. We used geographic identifiers in the restricted-use version of the MEPS to link coun-

ty- and state-level control variables and information on dental provider shortage areas.

In order to construct individual-level measures of dental care visits and expenditures, we use the MEPS
dental event files, which contain information on procedure and provider type (e.g., general dentist, den-
tal hygienist, or oral surgeon) for each visit. We categorize dental visits into those made to the following
provider(s): general dentist (GD) only, dental hygienist (DH) only, or both a dentist and dental hygien-

ist. Similarly, we group dental visits into the broad categories of preventive dental care (including dental



examinations, teeth cleanings, X-rays, fluoride applications, and sealant applications) and dental treatment
(including but not limited to root canals, fillings, inlays, crowns, gum surgeries, tooth extractions, implants,
bridges, dentures, repairs, and whitening) as well as into the more specific individual categories reported
in the event files. The MEPS dental procedure categories are consistent with procedure definitions in the
DHPPI, with the exception of the DHPPI category of “placement of amalgam restorations,” which we
map to the more general MEPS category, “dental fillings.” For dental expenditure, we construct measures
of total dental care expenditure, out-of-pocket payments for dental care, and third-party payments.

'The MEPS also contains measures of individual perceptions of access to dental care. Respondents are
asked, “Was {the person} unable to get (delayed in getting) necessary dental care?” Parents are asked about
children aged 2-17, “Has a doctor or other health provider ever given you {or the person} advice about
{him/her} having regular dental check-ups?” We use individual responses to these questions to construct
three binary indicators of access to dental care: (1) whether the person was unable to receive necessary
dental care, (2) whether the person was delayed in receiving necessary dental care, and (3) whether doc-
tors ever advised the child to have a regular dental checkup. To this set of variables, we add a measure of
the individual’s self-reported frequency of dental checkups; we code the response as 1 if the respondent
reported the frequency as “less than once a year” or more, and 0 otherwise. Table 1 shows the summary
statistics for all the outcome variables and the control variables.

3.3 Autonomy Levels and Sample Stratification

In order to use the difterence-in-difference framework, we must compare individuals in states with a law
change to those in the states without a law change. We categorize the SOP laws for dental hygienists
using the regulatory variable measuring the highest level of autonomy allowed among all practice settings.
We summarize the effective year of law change in the dental hygienist autonomy level for each state from
2001-2014 in table 2.8 Columns (1) through (3) of table 2 summarize the changes across states while col-
umns (4) through (6) specify the states used in each version of the model as either a treatment state or a
control state. Because moving to difterent autonomy levels can potentially lead to heterogeneous effects on
dental care access and use, we stratify the full sample based on the autonomy level that the state adopted.
Also, to enable comparison across panels, we keep the same control group in each panel (i.e., individuals in
the states where the DH autonomy level remained 1 or 2). Thus, the treatment group for each panel is (A)
states where the dental hygienist autonomy increased from 1 to 2, (B) states where the hygienist autonomy
increased from 1 to 3 or from 2 to 3, and (C) states where the hygienist autonomy increased from 1 to 4 or
from 2 to 4.

3.4 Dental Professional Shortage Areas

We expect laws governing dental hygienist SOP to have the largest effect on access to dental care in areas
with a shortage of dental care providers. The Department of Health and Human Services (DHHS) de-
fines Health Professional Shortage Areas (HPSA) as counties with an insufficient number of health care
providers. The definitions distinguish between counties where there is a shortage of providers in the entire
county, or just in part of the county. We use the HPSA definitions that are specific to the number of den-
tists in each county and restrict our sample to households living in an HPSA with a shortage of dentists in
the entire county. The designation of HPSA varies over time for many counties because the criteria used
to determine HPSA status is based on the value of a provider density index relative to a cutoff. While the
cutoft is relatively fixed, the value of the index fluctuates from year to year. In order to keep a consistent
sample of HPSA counties, we include counties designated as full HPSAs in 2008 (the mid-point of our

sample period) and follow this set of counties across our 2001-2014 sample period.

8 For states that changed supervision requirements, the law changed only once during the sample period.



4. Main Results

This section contains estimates from our difference-in-differences models of the effect of dental hygienist
autonomy on dental visits and expenditures. We estimate the models for individuals residing in health
provider shortage areas using the three different panels specified in table 2. We estimate each marginal
effect separately at the extensive margin (i.e., whether there were any visits or expenditures) and on the
intensive margin (i.e., the number of visits or amount of expenditures conditional on having any).

Table 3 contains estimates of the impact of changes in DH autonomy on total dental visits, preventive
dental care visits, and dental treatment visits. The results in panel A indicate that moving from DH auton-
omy level 1 to level 2 leads to an increase in the probability of receiving any dental care by 9.4 percentage
points, which is mainly driven by the increase in the probability of receiving any preventive care (by 12
percentage points). Likewise, an increase to DH autonomy level 4 (full independence) leads to a 12 per-
centage point (39 percent) increase in the probability of receiving any dental care (column 1 of panel C).
However, in this case there is an associated increase in the probability of both preventive care and treat-
ment visits. Full DH independence is also associated with an 11.5 percent reduction in the total number
of dental visits. While this is the case for panels A and B as well, those marginal effects are not precisely
estimated. The reduction in visits is mostly due to a statistically significant reduction in the need for treat-
ment (column 1 of panel C). There is also a reduction in dental treatment when states increase their DH
autonomy to level 3, but only at the extensive margin.

Table 4 shows the effect of DH autonomy on total annual dental expenditure as well as on third-par-

ty public and private payments and self-payments. Consistent with the results on dental care visits, the
increases to DH autonomy levels 2 and 4, as shown in panels A and C, both lead to an increase in ex-
penditure at the extensive margin ranging from 23 to 32 percent. More notable are the large decreases in
expenditure among regular users of dental care (i.e., those with positive expenditure) of between 37 and 57
percent for third-party payments, and between 49 and 74 percent for out-of-pocket payments.

5. Discussion
5.1 Robustness Check

We examine whether pre-existing trends in dental care utilization may cause us to overestimate the effect
of dental hygienist autonomy on dental care use and expenditure. To test for the presence of pre-existing
trends, we estimate equation (1) after adding the lead of the regulatory indicator variable. A statistically
significant coefficient on the lead is consistent with the presence of a pre-existing trend in the outcome
variable. We estimate this specification using both an indicator for any dental visit and the log of the total
number of dental visits on the conditional sample of dental care user. The results in table 5 show that the
coefficients on the lead of the regulatory indicator variable are statistically insignificant in most cases,
which is consistent with the parallel trend assumption of the difference-in-differences model. The one
exception is column (1) of panel A, which suggests that estimates from the LPM of the extensive margin
in panel A could be confounded by a pre-existing trend in the only treated state, Indiana.

5.2 Specific Dental Services

When states increase autonomy levels, hygienists are permitted to perform more preventive care services
such as teeth cleanings, X-rays, and sealant applications, as well as a limited number of restorative ser-
vices such as applications of amalgam fillings, with less supervision. Our main results indicate that higher
autonomy is associated with an increase in preventive care, which is consistent with changes to the tasks
hygienists are permitted to perform. In order to investigate this mechanism more directly, we estimate the
effect of changes in DH autonomy on the likelihood that hygienists perform specific tasks using the linear

9



probability model described in equation (2). The results, reported in table 6, indicate that moving from
autonomy level 1 to 2 (panel A) is associated with increases in the likelihood that hygienists perform oral
examinations, cleanings, X-rays, fluoride applications, and sealant applications. However, as noted in table
5, these estimates are only associational due to the potential for pre-existing trends in the outcomes. The
estimates from panel C, in which states moved to autonomy level 4, indicate a 9.7 percentage point (40
percent) increase in the probability of dental examinations; an 8.6 percentage point (38 percent) increase
in cleanings; a 1.9 percentage point increase in fluoride applications (47 percent); and a 2.3 percentage
point increase (38 percent) in the application of fillings.

5.3 Access to Care

There are two primary mechanisms through which dental care use might be affected by more liberal den-
tal hygienist SOP: lower input costs leading to lower dental care prices and greater availability of providers
in underserved areas. We investigate the latter by re-estimating the linear probability model specified in
equation (2) using patient responses to questions about the availability of necessary dental care as depen-
dent variables. Specifically, we model “whether the person was unable to receive necessary dental care” and
“whether the person was delayed in receiving necessary dental care.”

'The marginal effect of the autonomy treatment variable is negative in all models in table 7.This suggests
that DH autonomy improves perceived access to dental care, although the estimates are only precisely
estimated in panels B and C. In particular, an increase in DH autonomy to level 3 is associated with a re-
duction in both the probability of patients reporting that they were unable to receive dental care (down by
2.6 percentage points, or 65 percent) and the probability of patients reporting a delay in receiving dental
care (down by 1.6 percentage points, or 53 percent). In addition, moving to DH full independence (level
4) is associated with a reduction of 3.4 percentage points in the probability of reporting a delay in receiv-
ing necessary dental care. Overall, these estimates suggest that greater DH autonomy is associated with
better access to care.

6. Conclusion

In this paper, we study the effects of scope of practice (SOP) regulations for dental hygienists on dental
care use and costs. We use a difference-in-differences approach based on past state expansions of the per-
mitted autonomy levels of dental hygienists from 2001-2014. These autonomy levels correspond to direct
supervision (lowest), general supervision, collaborative agreement, and full independence (highest). Fo-
cusing on the areas with a shortage of dental care providers, our results indicate that more individuals use
dental care when hygienists have more autonomy, and particularly when states move from direct to general
supervision or from direct or general supervision to full independence. Notably the most consistent in-
creases in utilization are for preventive care services. In addition, we find that higher levels of autonomy
are associated with a decrease in the intensity of treatment for regular users of dental care services. This
occurs primarily through a reduction in treatment visits. Likewise, dental care expenditures are reduced for
regular users of dental care when states move from direct or general supervision to full independence. This
is consistent with previous studies that find greater use of preventive dental services is associated with a
decline in the need for treatment and restorative care (Meyerhoefer, Panovska, and Manski 2016; Manski
et al. 2014).

Previous estimates from Wing and Marier (2014) suggest that the probability of dental care use is not
affected by the number of tasks dental hygienists are allowed to perform. However, this study did not
consider supervision requirements. We find that removing the administrative burden of supervision from
dentists and granting dental hygienists more autonomy increases dental care use, especially for preventive
care, and lowers treatment costs. However, it is important to note that we focus our analysis on dental care

9 These two questions were not asked in 2001.



provider shortage areas, whereas Wing and Marier (2014) consider all areas combined. When we estimate
our models using the full sample, the estimates are much less precise, suggesting that changes in SOP laws
may have a much smaller impact on the use of dental services in non-shortage areas.”

In further analyses we find that the expansion of dental hygienist autonomy increases the likelihood

that patients undergo many of the specific preventive dental tasks that dental hygienists are allowed to
perform, including examinations, cleanings, X-rays, fluoride applications, and fillings (a restorative pro-
cedure). The magnitude of these increases in use is large, ranging from 38 to 47 percent in some cases.
Given that the cost-effectiveness of preventive care is higher than dental treatment, our results suggest
increasing DH autonomy could reduce barriers associated with the provision of basic dental services,
thereby promoting more efficient dental care delivery (Quinonez et al. 2005; Lee et al. 2006; Children’s
Dental Health Project 2013). Our analysis on qualitative measures of access to dental care is consistent
with better access after supervision requirements are lessened. Our findings have policy relevance because
they suggest that relaxing supervision requirements in areas with shortages of dental care providers could
mitigate access problems and increase preventive care while reducing future treatment costs.

Our study has several limitations that should be noted. First, the MEPS does not contain information on
the quality of care received during dental visits. As a result, we are not able to directly examine how SOP
laws for dental hygienists aftect the quality of dental care. In addition, models of the extensive margin of
use when states increase from direct to general supervision could be confounded by pre-treatment trends
in the outcomes. Finally, we do not have information on the hours worked by dental providers. Therefore,
we are unable to directly estimate labor substitution effects. Future research using information on pro-
viders’ service hours at the practice level could shed light on the change in labor supply between dental
hygienists and dentists after the expansion of scope of practice for dental hygienists.

10 Results available from the authors upon request.
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Figure 1. Dental Hygienist Autonomy Level by State in 2001 and 2014

Figure 1a. Dental Hygienist Autonomy Level by State in 2001
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Figure 1b. Dental Hygienist Autonomy Level by State in 2014
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Notes: Data were collected by authors from state statutes and regulations, and cross-referenced with advo-
cacy files at the American Dental Hygienists’ Association.



Table 1. Summary Statistics

Variable Mean Std. Dew. Min Max

Total dental visits 0.69 1.50 0 39
At least one dental visit 0.31 0.46 0 1
Preventive care visit 0.44 0.87 0 38
Dental treatment visit 0.23 0.81 0 32
Examinations 0.34 0.73 0 14
Cleanings 0.32 0.66 0 11
X-rays 0.18 0.46 0 11
Fluoride applications 0.049 0.25 0 6
Sealants 0.011 0.12 0 5
Fillings 0.088 0.40 0 12
Total dental expenditure 165.12 674 0 23,710
TPP dental expenditure 94.20 433 0 23,710
Self-pay dental expenditure 70.92 428 0 22510
Unable to access dental care 0.04 0.20 0 1
Delay in receiving dental care 0.03 0.17 0 1
Age 34.53 22.48 0 85
Female 0.52 0.50 0 1
Hispanic 0.47 0.50 0 1
Black 0.18 0.38 0 1
Other race 0.05 0.22 0 1
Married 0.34 0.47 0 1
Family size 3.72 1.90 1 14
Education year 8.76 5.53 0 19
Log of family income per person 9.76 1.79 -1.10 13.15
Self-reporting indicator 0.36 0.48 0 1
Private insurance 0.40 0.49 0 1
Medicare 0.11 0.31 0 1
Medicaid 0.28 0.45 0 1
Dental insurance 0.32 0.47 0 1
Ever employed during survey year 0.45 0.50 0 1
Urban 0.84 0.37 0 1
Self-reported health 0.18 0.39 0 1
Self-reported mental health 0.10 0.30 0 1
Disability indicator 0.05 0.22 0 1
Observations 112,771

Note: All means are calculated using the MEPS sampling weights.



Table 2. Changes in Highest Autonomy Level Allowed for DH during Period 2001-2014

Change in Autonomy Level States szel Pzglel Pegel
Control Group
Remained 1 AL X X X
DC DE FL GAHI ID IL LA MD
Remained 2 MI MS NC ND NJ OH OK RI SC X X X
TNTXUT VT WIWY
Remained 3 NM MN
Remained 4 CA CT COMO NV OR MA
Treated Group
From1to2 IN(10) X
From1to3 KY(11) VA(10) X
AK(09) AZ(03) AR(12) IA(05) KS(04
From2 to 3 MA((l(;) NIr(I(l?%) Nﬁ(((lzt) 51()(1)3) o X
From 1 to 4 WV(04) X
From 2 to 4 MT(04) NE(08) PA(10) X
From 3 to 4 ME(09)

Notes: Number in parentheses is the year (20XX) that the state implemented the change in autonomy
level listed at left. Autonomy levels correspond to direct supervision (lowest), general supervision, collab-
orative agreement, and full independence (highest). Data were collected by the authors from state statutes
and regulations, cross-referenced with advocacy files at the website of the American Dental Hygienists’

Association.



Table 3. Estimates of Effect of Dental Hygienist Autonomy Level on Dental Care Visits

(1) ) ©)
All Visits Preventive care Treatment
Panel A. DH autonomy increased to Level 2
Any visit 0.094** 0.116™* -0.020
(0.019) (0.020) (0.012)
In(visits) -0.030 0.014 -0.094
(0.073) (0.104) (0.077)
Observations 44,070 44,070 44,070
Panel B. DH autonomy increased to Level 3
Any visit 0.001 -0.025 -0.051*
(0.014) (0.016) (0.026)
In(visits) -0.017 -0.003 0.018
(0.030) (0.017) (0.017)
Observations 63,042 63,042 63,042
Panel C. DH autonomy increased to Level 4
Any visit 0.121%* 0.101%* 0.033**
(0.017) (0.016) (0.015)
In(visits) -0.115* -0.063 -0.140*
(0.055) (0.050) (0.068)
Observations 44,138 44,138 44,138

Notes: Level of significance: **<0.01,**<0.05, *<0.1. For each type of visit, we estimate a two-part model

wherein the first part is a linear probability model (LPM) using an indicator of any visit and the second
part is a log-linear regression for individuals who have any visit. All models include state and year fixed
effects and state-specific linear trends. Standard errors in parentheses are clustered at the state level.



Table 4. Estimates of Effect of Dental Hygienist Autonomy Level on Dental Care Expenditure

ey 2) 3)
Total Expenditure ~ Third-party Payment Self-Payment
Panel A. DH autonomy increased to Level 2

Any expenditure 0.071%* 0.082** 0.094*
(0.023) (0.019) (0.040)
In(expenditure) 0.178 -0.372* -0.493*
(0.107) (0.143) (0.216)
Observations 44,070 44,070 44,070
Panel B. DH autonomy increased to Level 3
Any expenditure -0.000 0.001 0.002
(0.013) (0.011) (0.015)
In(expenditure) 0.119 0.186* -0.093
(0.093) (0.093) (0.092)
Observations 63,042 63,042 63,042
Panel C. DH autonomy increased to Level 4
Any expenditure 0.098** 0.068™ 0.072*
(0.018) (0.024) (0.011)
In(expenditure) -0.530™* -0.570™** -0.739***
(0.097) (0.079) (0.142)
Observations 44,138 44,138 44,138

Notes: Level of significance: **<0.01,**<0.05, *<0.1. For each type of expenditure, we estimate a two-part
model wherein the first part is a linear probability model (LPM) using an indicator of any expenditure
and the second part is a log-linear regression for individuals with any expenditure. All models include
state and year fixed effects and state-specific linear trends. Standard errors in parentheses are clustered at
the state level.



Table 5. Specification Test of Parallel Trend Assumption for Effect of DH Autonomy on Total Dental
Visits

(1) 2)
Any Visit In(Visits)
Panel A. DH autonomy increased to Level 2
Autonomy 0.063** -0.041
(0.020) (0.101)
Lead of Autonomy 0.115* 0.040
(0.037) (0.132)
Observations 44,070 11,865
Panel B. DH autonomy increased to Level 3
Autonomy -0.008 -0.019
(0.022) (0.021)
Lead of Autonomy 0.005 0.034
(0.025) (0.029)
Observations 63,042 17,993
Panel C. DH autonomy increased to Level 4
Autonomy 0.124* -0.140™
(0.023) (0.046)
Lead of Autonomy -0.007 0.050
(0.030) (0.047)
Observations 44,138 12,041

Notes: Level of significance: **<0.01, **<0.05, *<0.1. Column (1) estimates a linear probability model
(LPM) using an indicator of any visit. Column (2) estimates a log-linear regression for individuals with

any visit. All models include state and year fixed eftects and state-specific linear trends. Standard errors in

parentheses are clustered at the state level.



Table 6. Effect of Dental Hygienist Autonomy Level on Specific Dental Tasks

ey ) 3) (4) () (6)
Exams Cleanings X-rays Flu(‘)rld.e Ap- Sealants Fillings
plications
Panel A. DH autonomy increased to Level 2
Autonomy  0.117*** 0.132%* 0.049** 0.041* 0.092** 0.011
(0.023) (0.025) (0.012) (0.019) (0.007) (0.014)
Obs. 44,070 44,070 44,070 44,070 44,070 44,070
Panel B. DH autonomy increased to Level 3
Autonomy -0.017 0.002 -0.006 -0.002 0.000 -0.004
(0.016) (0.012) (0.014) (0.014) (0.003) (0.010)
Obs. 63,042 63,042 63,042 63,042 63,042 63,042
Panel C. DH autonomy increased to Level 4
Autonomy  0.097*** 0.086™* 0.047 0.019* 0.006 0.023*
(0.020) (0.016) (0.030) (0.010) (0.005) (0.012)
Obs. 44,138 44,138 44,138 44,138 44,138 44,138

Notes: Level of significance: **<0.01,*<0.05, *<0.1. For each type of visit, we report the marginal effect
from the linear probability model using an indicator of any visit. All models include state and year fixed
effects and state-specific linear trends. Standard errors in parentheses are clustered at the state level.



Table 7. Effect of Dental Hygienist Autonomy Level on Access to Dental Care

(1) @)
Unable to Access Delayed Access
Panel A. DH autonomy increased to Level 2
Autonomy -0.033 -0.022
(0.028) (0.015)
Obs. 41,088 41,088
Panel B. DH autonomy increased to Level 3
Autonomy -0.026™* -0.016*
(0.008) (0.009)
Obs. 58,835 58,835
Panel C. DH autonomy increased to Level 4
Autonomy -0.005 -0.034***
(0.013) (0.010)
Obs. 41,112 41,112

Notes: Level of significance: **<0.01, *<0.05, *<0.1. All cells estimate linear probability model (LPM)
and reported coeflicients are average marginal effects. All regressions include state and year fixed effects
and state-specific linear trends. Standard errors in parentheses are clustered at the state level.
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