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Abstract
Regulations in many U.S. states prevent dental hygienists (DHs) from fulfilling their potential to improve oral health care. Wing et al. (2005) found that stringent practice regulations lower DH wages and reduce access to care. We add licensure regulations to the analysis and estimate the simultaneous effect of licensure and practice restrictions on the DH labor market and access to care. The results are consistent with licensure restrictions reducing employment, practice restrictions reducing wages, and wage and employment rates jointly influencing the prevalence of dental office visits. These results suggest that in order to significantly improve access to oral health care, states need to consider how their entry and practice regulations interact to influence outcomes.
Introduction
In the United States, state legislatures and dental boards are typically responsible for promulgating dental hygiene laws and regulations. These laws and regulations create a set of restrictions on both entry into the dental hygiene profession and functions that can be performed by licensed dental hygienists (DHs). While scholars have analyzed the effect of entry and practice restrictions separately, their simultaneous effect has not been fully explored. Using a basic demand and supply framework, we model the supply of DHs as a function of entry restrictions, which influence the flow to entrants into the profession. Demand for DHs by employers is a function of scope of practice restrictions, which influence the productivity and, consequently, the wage of DHs. Entry and practice restrictions jointly affect access to care through their influence on employment and wage rates. This model is consistent with the cross-state variations in DH regulation, wage, employment, and access to care that exist across the U.S.

Access to regular dental office visits is important because if left untreated dental caries, or tooth decay, can result in pain, disability, and even death.
 Despite the importance of oral health care, many Americans lack access to care due to financial, geographic, or educational constraints.  The lack of access to care is observed in the variation in use of dental services. The percentage of adults who had a dental office visit, which may have involved dental or DH services, in 2006 ranged from 58 percent in Oklahoma to 80.5 percent in Connecticut (CDC 2006). Even within low-income groups, Delaware had twice the rate of dentist visits, at 60.7 percent, than Oklahoma, at 30.6 percent (CDC 2006). Outcomes among the elderly have a similarly wide variation.  In the U.S., 27 percent of elderly have lost at least five teeth, but this ranges from 13 percent in California and Hawaii to 42 percent in Kentucky and West Virginia (Gooch et al. 2003).  

In order to understand how occupational regulation affects the DH labor market and access to care, we first review relevant studies on regulation of dental hygiene and other professions. We then expand the literature by developing a supply and demand model that predicts the changes in DH wage and employment rates and access to care resulting from various changes in entry and practice restrictions. We test the model using a three stage least squares (3SLS) estimation method to study the simultaneous effect of entry and practice restrictions on wages, employment rates, and access to care. Access to care is also analyzed for different population sub-groups, including for males and females and among different income and age groups. The results of this study will facilitate policymakers in better understanding the joint effect of their laws and regulations on access to oral health care. Furthermore, because entry and practice restrictions exist in many professions, this study expands the debate on health care reform by analyzing an area that is often overlooked but has the potential to significantly improve overall access to health care.

Literature
Scholars have been studying the costs and benefits of occupational regulations for more than a half of a century. Various arguments have been offered in support of licensure requirements. One potential benefit arises if licensure improves the quality of the workforce. Licensure requirements may increase the average quality of the workforce by reducing the inflow of less competent individuals (Kleiner 2006; 48-49). On the other hand, licensure may in fact reduce quality by screening out the most qualified individuals. Individuals with a high opportunity cost may opt not to enter a profession because of the high cost of obtaining a license. An example is the case of teachers, where the large upfront cost of acquiring a teaching license may discourage entry of high quality potential teachers who have many outside opportunities (Ballou and Podgursky 1998). 

Empirical studies also cast doubt on whether licensure improves quality. Kleiner and Kudrle (2000) compare oral health outcomes of Air Force recruits and find no correlation between state dental licensing practices and oral health outcomes. Kleiner (2006; 56-8) also compares insurance premiums for professions that are licensed in some states but not others. He finds that insurance companies are generally indifferent to whether a state has licensure requirements. This indicates that licensure requirements do not influence the risk of a malpractice lawsuit and consequently do not influence quality. These studies suggest that the average quality of providers in states with and without licensure or with more stringent requirements does not change.
Licensure may also provide a social benefit if it increases the standardization of skills. Standardization reduces the asymmetric information that consumers face (Benham 1980), thereby increasing the value of seeking professional services. The increased standardization may help explain the initial rise in licensure in the U.S. (Law and Kim 2005). It is not clear, however, that asymmetric information is a genuine problem, at least in the case of dental hygiene. DHs are hired and observed by dentists, reducing the asymmetric information problem, as dentists have an incentive to ensure higher quality DHs.   

What occupational regulation does appear to do is reduce the risk and increase the returns to those in the profession by allowing the occupation to reduce entry in response to market conditions (Wheelan 1999 cited in Kleiner 2006; 44). The result is to increase the cost to consumers. Numerous studies have found evidence of higher cost resulting from licensure requirements. Economic theory predicts that licensure requirements distort the labor market and allow for monopoly rents (Benham 1980; Friedman and Kuznets 1962). Friedman (1945) found that limitations on medical school positions, which are used as the primary means to restrict entry, are responsible for a large increase in physicians’ salary. Licensing exam failure rates among dentists and physicians are also used to restrict the flow of entrants, causing wages to rise (Benham et al. 1968). In fact, dental fees are estimated to be on average 8.5 to 17.9 percent higher for a variety of procedures in states without reciprocity agreements, or the automatic recognition of out-of-state licenses (Kleiner and Kudrle 2000; Shepard 1978). 
Dental hygiene is unique among licensed professions, in that it is regulated by dentists rather than self-regulated in most states. Nonetheless, many of the same mechanisms for restricting entry in other professions also exist for DHs. Similar to restrictions on medical school positions (Friedman 1945), competition to enter one of the 329 dental hygiene programs that are accredited by the American Dental Association (ADA) is often intense, with many programs receiving more than twice the number of qualified applicants as positions. Licensure by credential requirements, which allows DHs to avoid retaking the clinical examination, also appear to limit the flow of entrants, much as they do in other professions. To qualify for licensure by credentials the majority of states in 2006 required the applicant to have worked previously for a specific number of years, typically between two and five years, and to pay a fee ranging from $35 to $2,000. As of 2007, no state permitted reciprocity. On the other hand, most states do not manipulate the national or regional exam pass rates to control entry, as they do with many professions such as dentistry or law. With the exception of a few states that have their own clinical exams, neither the national nor regional exam pass rates are decided at the state level (Joint Commission 2008). 

The DH labor shortage in California provides an opportunity to examine the effect of educational requirements on changes in the DH labor market. Between 1997 and 2004, California experienced a period of growth in demand for oral health care due to increased prevalence in dental insurance coverage, changes in per capita income, and changes in the age structure of the population (Brown et al. 2007). During that period, DH wages rose rapidly. In contrast, the employment rate of dental assistants rose significantly, but wages did not. Dental assistants are typically unlicensed employees of dental offices who receive on-the-job training and are not permitted to perform as many functions as DHs. Brown et al. (2007) argue that California’s DH educational requirements produced a short-term bottleneck that resulted in a rapid increase in DH wages. Dental assistants faced fewer obstacles to entry, allowing the quantity of dental assistants to respond more rapidly to the increased demand. Their study did not, however, consider an alternative method of entry, licensure by credentials, which could also have helped alleviate shortages by allowing DHs in lower wage states to move to high demand areas.
Unlike entry requirements that directly influence the inflow of professionals, scope of practice restrictions prevent deploying professionals in the most cost-effective manner (Gaumer 1984). In the case of DHs, scope of practice regulations range from allowing DHs to perform only basic teeth cleaning and polishing services to conducting more complex or potentially hazardous procedures, such as administering anesthesia and conducting restorative functions. Restrictions also dictate the level of supervision required by dentists, ranging from direct supervision to complete autonomy. Direct supervision requires that the dentist is present in the office, personally diagnoses the condition, authorizes the procedure, and evaluates the performance of the DHs. General supervision requires that the dentist authorize the procedure, but does not require that the dentist be present in the treatment facility. Complete autonomy allows the DH to work without reporting to a dentist, which is currently permitted only in Colorado and in some public health settings in some states. In addition, some states limit the number of DHs that a dentist can employ. 

Scope of practice regulations are often analyzed in the context of jurisdictional battles between professions. In the case of dental hygiene, when DHs are unable to independently perform tasks, the demand for dentists increases. The result is in an underutilization of DHs and an increase in dental wages (DeVany et al. 1982). The potentially anti-competitive effect of dental hygiene regulation came under scrutiny by the Federal Trade Commission (FTC) in the late 1980s and again in 2003. A FTC study estimated that the price effects of states-imposed restrictions on the number of dental auxiliaries that dentists are permitted to employ or the functions DH can perform resulted in a seven to eleven percent increase in the average price of a dental visit (Liang and Ogur 1987). In 2003, the FTC issued a complaint against the South Carolina Dental Board for prohibiting dental hygienists from providing teeth cleaning services to Medicaid children. The case was eventually settled.
One consequence of the higher price of services is that it encourages providers to focus on the higher-cost, higher-quality market segment, while eliminating the low-cost market segment. The elimination of the low-cost market segment is particularly troubling when it serves to prevent lower income individuals from purchasing important health care services. Seeking to draw a link from practice restrictions to access to oral health care, Wing et al. (2005) constructed an index of practice restrictions, the dental hygiene professional practice index (DHPPI), covering all fifty states in 2001. They found that restrictive regulations not only reduce DH salaries, but also decreased the percent of the population that visited a dental office or clinic. The results are consistent with practice restrictions reducing the services available to the lower income segment of the oral health care market. 

This study makes three contributions to the literature. First, we quantify the distinction between entry and practice regulations. Occupational regulation literature has generally looked at entry and practice regulations separately. But the fact that both entry and practice restrictions are expected to influence the DH labor market suggests that both types of restrictions need to be considered. Second, the DH labor market is determined by both wage and employment rates, which are endogenous to each other.  Unlike previous studies of DHs, we use simultaneous equations to solve the endogeneity between wage and employment rates. Finally, we quantify the effects of entry and practice restrictions on access to care among different sub-populations. Together, these contributions improve our understanding of the importance of occupational regulations on health outcomes among DHs specifically and among licensed professions generally.
A Model 

A basic supply and demand model captures the relationship between entry and practice restrictions, wages, employment, and access to care. In this model, supply of DHs is a function of entry restrictions, while demand for DHs is a function of practice restrictions. Access to care depends on availability and price of providers, where the per capita number of DHs, dentists, dental assistants, and their mean wage serve as proxy variables. The basic model can be written as a system of interdependent equations:
(1) DH = f(Wdh, ER)
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(2) Wdh = f(DH, PR, Wd, Wda) 


(Demand)

 

[image: image3.wmf]  

¶

W

dh

¶

DH

<

0

, 
[image: image4.wmf]  

¶

W

dh

¶

PR

<

0

, 
[image: image5.wmf]  

¶

W

dh

¶

W

d

<>

0

, 
[image: image6.wmf]  

¶

W

dh

¶

W

da

<>

0




 (3) Visits = f(DH, D, DA, Wdh, Wd, Wda) 
(Outcome)
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where


DH = per capita DHs


Wdh = wage of DHs


ER = entry restrictions


PR = practice restrictions


Wd = wage of dentists


Wda = wage of dental assistants


D = per capita dentists


DA = per capita dental assistants
The first two equations represent a labor market demand and supply relationship. The supply of DHs to the labor market is a function of wages (Wdh) and entry restrictions (ER). As in a typical supply relationship, DH wage is positively correlated with DH employment, resulting in an upward supply curve. Other things equal, higher DH wages encourage more DHs to enter the labor market, thereby increasing employment. Entry requirements, which affect the flow into the profession at all wage levels, shift the supply curve.  
In the demand equation, DH wage is the dependent variable. When DHs are relatively scarce, employers, typically dental offices, must bid up wages to attract DHs. However, as more DH are in the labor market, the wage dental offices are willing to pay decreases, resulting in a downward sloping demand curve. Variables that shift the demand curve include practice restrictions (PR) and the price of substitutes or compliments (Wdh, Wd, Wda). Practice restrictions shift the supply curve by changing the productivity, and consequently value, of DHs. The wage that dentists and dental assistants receive represents the price of substitutes or complements to DHs. It is unclear whether dentists and dental assistants are complements, because they work as a team, or whether they are substitutes, because there is overlap in the functions that they perform. As the cost of a complement increases, demand for DHs decreases, implying a negative correlation. As the cost of a substitute increases, then demand for DHs increases, implying a positive correlation.
Two key assumptions of the model are that entry restrictions do not directly influence wages and that practice restrictions do not directly influence DH employment rates. These assumptions are central to identifying the system of equations and are consistent with the literature. Studies on entry restrictions, such as licensure passage rates and slots at educational institutions, focus on the flow of entrants into the profession (Friedman 1962; Kleiner 2006). Alternatively, practice restrictions change the distribution of work, which influences wages (DeVany et al. 1982). In theory, practice restrictions could influence the desirability and job satisfaction of a profession, thereby, directly influencing entry.  However, there is little empirical evidence of this in practice. Therefore, this analysis assumes that practice restrictions directly influence the labor market through wages and that entry restrictions directly influence employment rates.

The ability of entry and practice restrictions to vary simultaneously is a central contribution of this model to the literature and provides a realistic picture of occupational regulations in the states. The stringency of entry and practice restrictions in states does not follow a uniform pattern. Practice restrictions, measured by DHPPI, have less than a 0.1 correlation with any entry restriction (where 0 is no correlation and 1 is perfect correlation). The highest correlation is between two entry restrictions, practice years for credentials and cost of credentials, which have a correlation coefficient of 0.33. Therefore, we need to consider how varying the level of entry and practice restrictions affects DH wage and employment rates.

Under one scenario, the stringency of entry and practice restrictions moves in the same direction. The result is an unambiguous change in the equilibrium quantity of DHs and an ambiguous change in wages. For example, when both entry and practice restrictions are stringent, then we expect to observe lower DH employment rates but we cannot predict the effect on wages (Graph 1). Stringent entry requirements reduce the flow into the profession, while stringent practice restrictions reduce wages, which discourages individuals from choosing to enter the profession. The result is that both restrictions discourage entry. The restrictions, however, work against each other in the wage dimension. Stringent entry requirements result in scarcity of DHs, which increases wages. Stringent practice restrictions lower productivity, which reduces wages. Thus, the observed wage will depend on the relative movement and elasticity of demand and supply. In the reverse situation, liberal entry and practice regulations increase the DH employment rate, but wages remains ambiguous. Liberal entry requirements encourage entry, which reduces wages. Liberal practice restrictions increase productivity and wages, which encourages entry. 
Under the alternative scenario, states choose a mix of occupational regulations. When the stringency of entry and practice restrictions move in opposite directions, then the effect on wage can be predicted, while the effect on employment rates cannot. For example, if a state imposes stringent practice restrictions and liberal entry restrictions, then we can expect to observe lower wages and an ambiguous quantity of DHs (Graph 2). Stringent practice restrictions reduce DH productivity, which decreases wages. Liberal entry requirements increase the flow into the profession, which reduces scarcity and produces lower wage rates. At the same time, however, employment rates are ambiguous. Liberal entry requirements encourage entry, while stringent practice restrictions discourage entry due to the lower wage rates. On the other hand, when a state imposes liberal practice restrictions and stringent entry restrictions, we expect to observe higher wage rates and ambiguous employment rates. Liberal practice restrictions increase productivity and wages. Stringent entry restrictions reduce entry into the profession, which creates scarcity that can drive up wages. Employment is ambiguous because the higher wages from liberal practice restrictions encourage entry, while stringent entry restrictions limit entry into the profession. 

Insert Graphs 1 and 2
The final component of the model is access to care (Visits), which is a function of the availability of health care providers and prices. Higher DH, dental (D), and dental assistant (DA) employment rates, which are proxies for availability of oral health care services, are expected to improve access to care. Alternatively, higher wages of oral health providers (Wdh, Wd, Wda) are expected to increase price and, consequently, reduce access to care. The reduction in access to care is expected to have the strongest effect on lower-income individuals who are less likely to have insurance or for whom the cost of oral health services are a larger share of income, as well as for younger individuals who may have a lower perceived need for care.
Comparing entry and practice restrictions with access to care reveals some general patterns among the states.  In general, states that have liberal entry and practice restrictions tend to have higher rates of dental visits, states with stringent restrictions tend to have lower rates, and states with mixed regulations tend to be closer to the average in access to care. Graph 3 show states that have above or below average DHPPI scores and DH graduates per 100,000. The DHPPI represents practice restriction and DH graduates per capita represents one component of entry restrictions. Graph 4 shows the number of dental office visits for each state in 2006, using the CDC (2006) Behavioral . Connecticut and Minnesota, for example, have liberal entry and practice restrictions and have among the highest percentage of adults visiting a dental office. At the other end of the spectrum, Oklahoma and Arkansas have less than the mean DHPPI index and number of DH graduates and have the lowest level of access to care in the U.S. In the middle range, states like California or Colorado tend to have liberal practice restrictions but stringent entry restrictions and are close to the average in dental office visits. Similarly, North Dakota and Wyoming have a high number of graduates and below average DHPPI and are in the mid-range of dental office visits. There are exceptions to the general trend. For example, Rhode Island and Massachusetts have very high rates of dental office visits even though they have below average DHPPI index. These exceptions demonstrate the need to control for other factors, such as income level and population density, in a more systematic way.
Insert Graphs 3 and 4
Empirical Model 
The difficulty in estimating the model is that wages and employment rates are endogenous to each other and both simultaneously affect access to care. This two-way causality means that OLS estimates of the structural model of supply and demand will be biased and inconsistent. Therefore, to simultaneously estimate the supply and demand equations, we employ a three stage least squares (3SLS) estimation technique (Zellner and Theil 1962). The 3SLS estimator accounts for contemporaneous correlation in the error terms across equations, allowing for a consistent covariance matrix across the error terms of the model (Greene 2000). Consequently, 3SLS is the most efficient estimator of a system of equations in larger samples. One disadvantage of the 3SLS method, however, is if the system is not correctly specified, then the errors are compounded through all the estimates. Heteroscedasticity is also a concern. We test for heteroscedasticity using Pagan-Hall and scatter plot tests; both fail to reject homoscedasticity. 
The first stage of the 3SLS estimation method solves for all endogenous variables in the system by rewriting the endogenous variables as a function of the exogenous variables. The fitted values of each endogenous variable from the OLS estimation of the reduced form equations are used as instruments in the structural equations. The second stage involves estimating the structural equations separately using the first stage fitted values. The final stage involves using the covariance matrix as a weighting matrix as well as the instruments derived in the first stage to jointly estimate the equations in the structural model. Using instruments to estimate endogenous variables ensures consistency, while joint estimation ensures asymptotic efficiency (Wacziarg 2001). We estimate the system of equations using a 3SLS procedure with a STATA software package. 

Data

A summary of the mean, standard deviation, minimum and maximum is presented in Table 1. In the supply equation, the dependent variable is the DH employment per 100,000 population. The explanatory variables include the inflation-adjusted mean DH wage, DH graduates per 100,000 population, practice years required, state or regional exams accepted for licensure by credentials, and dental and dental assistant employment per 100,000 population. We also control for inflation-adjusted income using the national consumer price index (CPI), density of population, a state-specific cost of living index, and the year, where 2002 is the base year. We create a practice years index by taking the inverse of the number of years that a state requires a dental hygienist to practice out-of-state for licensure by credentials. Through this conversion, a high practice year index implies liberal entry restrictions, while a low practice year index represents stringent entry restrictions with zero being the limit of not allowing entry by credentials. We also transform employment, wage, income, and density by taking the logarithm to account for nonlinearities. To increase the sample size, and therefore the efficiency of the estimator, we pool data from 2002, 2004, and 2006, which are the years that data on dental office visits is available. 
Insert Table 1. 

The demand equation consists of mean DH wage as the dependent variable. Explanatory variables include DH employment per 100,000 population, the DHPPI index of practice restrictions, and mean, inflation-adjusted wage of dentists and dental hygienists to capture to price of substitutes or complements. We also control for state-level cost of living, CPI-adjusted income, density, and year. We considered the potential for nonlinearity in the index, but found that the square of the DHPPI was insignificant. 
In the access to care equations, the dependent variable is the percent of the population who visited a dental office or dental clinic within the past year. The dependent variable is broken down into subgroups in each of the regressions in order to test whether more stringent occupational regulation has a differential effect on certain segments of the market. The first system of equations includes males and females, the second system is by household income level, and the third system is by age. Among the explanatory variables are dentists, DHs, and dental assistants per capita to capture availability of providers and the wage of each of these professionals as proxy variables to capture the price of services. Income, density, cost of living, and year are also included as control variables.

Results

Male/ Female Regression

The 3SLS estimation addresses three hypotheses of the model. The first hypothesis—liberal licensure requirements increase the number of DHs employed—is consistent with the results of the pooled regression (Table 2, Eq. 1). The three proxy variables for entry restrictions (DH graduates, practice years, and exams accepted for credentials) indicate that liberal entry restrictions are correlated with higher DH employment. The number of DH graduates is significantly correlated with DH employment at the 1 percent confidence level. States that facilitate entry by offering more educational opportunities increase the number of DHs practicing in the state. The practice year index is positively correlated at the 5 percent confidence level, indicating that fewer practice years required for licensure by credentials increases DH employment. Finally, the number of exams a state will accept in licensure by credentials is positively correlated with DH employment at the 10 percent confidence level.
 Thus, facilitating entry through newly trained individuals or through in-migration increases DH employment rates. In addition, DH wage and employment are positively correlated, as expected in a supply relationship.

The second hypothesis—liberal practice restrictions increase DH wages—is also supported by the results (Table 2, Eq. 2). Liberal practice restrictions, represented by a high DHPPI index, are positively correlated with higher wages. This result is consistent with Wing et al. (2004). The coefficient of the DHPPI index is 0.002, which translates into a one-point increase on the DHPPI index (out of 100) being correlated with a 0.2 percent increase in wages. Thus, for the average wage of $60,000, the pooled regression predicts an increase of $120 wage for every point increase in the index.  

In addition, DH employment and wage are negatively correlated, as expected in a demand equation. Higher wages of dentists and dental assistants are positively correlated with DH wages, suggesting that DHs are substitutes for other oral health care providers. Higher cost of living and lower density increases wage. The negative correlation between wage and density is surprising because we expect urban areas to have higher wages.
The third hypothesis—wage and employment jointly influence access to care—is observed in the outcome equations (Table 2, Eq. 3-4). DH wages are negatively correlated with male visits to the dental office, but are insignificant for female visits. To the extent that DH wage is a proxy for cost of services, then the results suggest that males are more price sensitive to the cost of dental visits. The number of providers, including DH, dentists, and dental assistants, are positively correlated with number of visits for both males and females. This correlation suggests that availability matters and may be the primary determinant for females. Interestingly, income per capita is not significant. The density of the state, however, is significant, suggesting that living in a rural area and having to travel further to a dental office may hinder dental visits. 
Insert Table 2

Income Regression

Income and socio-economic status are thought be primary determinants of access to health care in the U.S. In order to better understand how regulations influence different market segments, we repeat the pooled regression using the five income groups—less than $15,000, $15-25,000, $25-$35,000, $35-50,000, and $50,000 or higher—reported by the CDC (2002, 2004, 2006) (Table 3). The results of the supply and demand equations are similar to the male/female regression. The outcomes equations (Table 3, Eq. 3-7) reveal that DH wages are only a significant predictor of visits to a dental office for middle-income groups ($15-25,000, $25-35,000, and $35-50,000). To the extent that wage is a proxy for price, the lowest and highest income groups are likely less sensitive to the price of dental care. These two groups are least likely to pay the full cost of care. The lowest income group likely relies on public services, while many in the higher income group likely have insurance that at least partially covers dental office visits. Furthermore, among those in the higher income group, oral health services are a smaller share of income per unit of service.  Therefore, the significance reflects the relatively higher price sensitivity of the middle-income groups. The wage of dentists and dental assistants is not significant for any group.
DH employment rates significantly influences the likelihood of visiting the dentist’s office for all but the middle-income group ($25-35K), at the one percent significance level. Visits for all income groups are positively correlated with dentists and dental assistants per capita. It is unclear why the middle-income group is not correlated with DH, but is correlated with the availability of other oral health care providers. Because the regression is in log-linear form, the results can be interpreted as supply elasticities. The largest effect of DHs on access to care is among the lowest income groups, where the coefficient of 0.5 indicates that a 1 percent increase in per capita DH employment would result in a 0.5 percent increase in dental visits.  Alternatively, a 1 percent increase in DH employment per capita among the highest income group results in only a .19 percent increase in dental office visits.

The density of a state is a significant predictor of visits for the higher income groups, as well as for the $15-$25,000 income group. The importance of the density variable suggests these individuals may be sensitive to travel time from rural areas to oral health care providers and travel time may be a primary determinant for higher income individuals. The dummy variable for the year 2006 is negative for all income groups, with a higher coefficient among lower income groups. This indicates that dental visits were significantly lower in 2006 than in 2002, the base year. Given that 2006 was not a recession year, why this decline occurred merits further inquiry.

Insert Table 3

Age Regression 

Separating out age groups provides useful information on whether occupational regulation affects different ages in different ways. The supply and demand results are similar to the previous two regressions (Table 4, Eq. 1-2). In the outcome equations, age groups varied in several respects. First, relatively younger individuals (age 18 through 44) were less likely to visit a dental office when DH wages were high, whereas individuals 45 and over were not effected by DH wage. One possible explanation is that as individuals get older visiting a dentist becomes more of a necessity.  Younger individuals tend to go more for preventative care and may have a lower perceived need for care. Alternatively, older individuals with more advanced careers may be more likely to have dental insurance.  
Results on availability of providers are mixed. While DH employment is significant for all age groups, the number of dentists per capita is not significant among younger individuals (18 to 34 years old). One reason may be that younger individuals rely more on dental hygienists for teeth cleaning, as opposed to older individuals who utilize dentists for restorative work. Interestingly, the insignificance of dental employment among younger individuals is consistent with Kleiner and Kudrle (2000). If dental employment has little effect on access to care among the young, then we would not observe dental licensure requirements influencing the outcomes of young recruits. 

The year dummy variable for 2006 is significant for 18 to 44 year-olds, but not for individuals age 45 and up, indicating that between 2002 and 2006 there was a decline in younger individuals visiting a dental office. Similar to the change in visits found in the prior regressions, this finding merits further investigation.
Insert Table 4

The results of the 3SLS estimation in all three outcome groups—male/female, income, and age—are consistent with the model’s predictions. In the supply equation, stringent licensure requirements are negatively correlated with DHs employed per capita. In the demand equation, stringent practice restrictions are negatively correlated with DH wages. Furthermore, for most groups of individuals, DH employment rates are positively correlated with access to care, while high DH wage rates discourage dental visits, particularly among younger individuals, medium income individuals, and males.  

Summary
Using a supply and demand framework and a 3SLS estimation method, we find that entry requirements are negatively correlated with DH employment, practice restrictions are negatively correlated with DH wages, and both wage and employment affect access to care, as observed in the prevalence of dental office visits. These results are consistent with a state’s entry and practice regulations jointly affecting access to oral health care. Not only does the regulatory environment in a state influence overall oral health care, but it appears to have a differential effect on certain groups.  When comparing males and females, males appear to be more sensitive to the cost of DH services, where DH wage is a proxy for cost.  Among different income and age groups, middle-income individuals and younger individuals are the most sensitive to price.  The availability of providers appears to matter for all market segments.  

This analysis has important policy implications both for overall oral health, as well as for reducing disparities. High caries and low dental visitation rates have prompted public health officials across the U.S. to proclaim a need to take action to improve oral health. This study suggests that by increasing the number of DHs working in a state through expanding educational opportunities, facilitating in-migration of DHs from other states, and implementing less stringent scope of practice regulations, states can significantly improve access to oral health care and reduce many of the disparities that exist. Furthermore, these results can be applied to other licensed occupations. Policymakers often do not appreciate the full implications of occupational regulations on health outcomes. This study highlights the need to consider occupational regulations as an important component of health care reform in the current health care debate.     
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Graph 2.
Stringent entry and practice restrictions
Liberal entry and stringent practice restrictions
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Graph 3. Practice and Entry Restrictions by State
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Source: DHPPI – Wing et al. (2005); DH Graduates – U.S. Department of Education, Integrated Postsecondary Education Data System (IPEDS). Mean DHPPI is 39; mean DH graduates per 100,000 is 2.8.
Graph 4. Adults Visiting Dental Office, BRFSS 2006
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Source: CDC (2006). The average is 70 percent.

Table 1. Means, Standard Deviations, Minimum and Maximum, 2006

	 
	Mean 
	Standard Deviation
	Minimum value
	Maximum value

	DH Labor Market
	
	
	
	

	DH Wage ($)
	55,408
	7,129
	44,770
	74,470

	DH Employment (per 100,000)
	57.7
	15.9
	32.6
	95.0

	Entry Restrictions
	
	
	
	

	Exams
	1.9
	1.6
	0.0
	5.0

	Practice yrs  
	1.7
	1.6
	0.0
	5.0

	DH Grads (per 100,000)
	2.8
	1.3
	0.6
	7.0

	Practice Restrictions

	DHPPI (median = 39)
	44
	20.4
	10.0
	97.0

	Outcomes (% population)
	
	
	
	

	visit male 
	67.8
	5.4
	56.6
	79.5

	visit female 
	71.8
	5.4
	59.1
	82.6

	visit less15K 
	46.0
	7.2
	30.6
	60.7

	visit 15-25K 
	54.1
	6.0
	42.3
	67.0

	visit 25-35K 
	63.2
	5.0
	53.4
	74.7

	visit 35-50K 
	70.7
	4.6
	59.5
	80.3

	visit 50K plus 
	81.9
	3.5
	75.3
	87.8

	visit 18-24 
	69.6
	5.5
	55.5
	78.6

	visit 25-34 
	66.9
	5.6
	55.6
	77.5

	visit 35-44
	72.0
	5.3
	59.8
	83.3

	visit 45-54 
	72.9
	6.2
	58.8
	86.8

	visit 55-64 
	71.7
	6.7
	56.9
	83.9

	visit 65 plus
	66.0
	7.1
	46.4
	78.2

	Other providers
	
	
	
	

	D wage ($)
	128,590
	21,724
	77,490
	164,220

	DA wage ($)
	15,154
	1,779
	12,088
	18,695

	D employment (per 100,000)
	29.6
	8.4
	32.5
	52.9

	DA employment (per 100,000)
	92.2
	18.1
	62.5
	162.8

	State control variables

	Income (per capita) ($)
	33,670
	5,521
	24,664
	52,811

	Cost living
	94.8
	15.4
	66.4
	131

	Density
	362
	1311
	1.1
	9378


Data Sources: DH Employment, D Employment, DA Employment - Bureau of Labor Static (BLS), Department of Labor’s Occupational Employment Statistics Survey and U.S. Census Bureau population estimates.  DH, D, DA Wage - BLS, Department of Labor’s Occupational Employment Statistics Survey and U.S. Census Bureau population estimates. Adjusted for inflation using CPI estimates.  Practice years and Exams - American Dental Hygiene Association, http://www.adha.org/careerinfo/licensure.htm (accessed 10/10/07).  DH Grads - U.S. Department of Education, Integrated Postsecondary Education Data System (IPEDS). DHHPI - Wing et al. (2004). Visits –Behavioral Risk Factor Surveillance System (BRFSS) survey, CDC (2002, 2004, 2006). Income - Bureau of Economic Analysis. Density - U.S. Census Bureau.  Cost living - Aten (2005).

Data is missing for: Dental employment - Alaska, North Dakota, Oregon, Utah, Vermont in 2002; Alaska, Colorado, Hawaii, Minnesota, Oregon, Rhode Island, Tennessee, Utah in 2004; DH employment –Washington D.C., Utah in 2002; Dental assistant employment – Rhode Island in 2004; DH wage – South Carolina in 2004; DHPPI – Delaware in all years. Dental Visits – Hawaii is missing dental office visit data for all years. New Jersey and Arkansas are missing dental office visit data by income group for 2002 and Alaska for 2006. Nevada and New Jersey are missing dental office data by age for 2002, Arizona for 2004 and 2006, and Alabama for 2006.
Table 2. 3SLS System Estimation

	
	(1) 

Supply
	(2) 

Demand
	(3)  

Outcome
	(4)
Outcome

	
	lnDH Employment
	lnDH Wage
	lnvisits male
	lnvisit female

	lnDH wage
	1.319***
	
	-0.360***
	-0.131

	
	(0.359)
	
	(0.107)
	(0.102)

	lnGrads
	0.173***
	
	
	

	
	(0.060)
	
	
	

	Practice years index
	0.016**
	
	
	

	
	(0.007)
	
	
	

	Exams
	0.027*
	
	
	

	
	(0.015)
	
	
	

	lnD Employ
	-0.179*
	
	0.058***
	0.055***

	
	(0.105)
	
	(0.020)
	(0.018)

	lnDA Employ
	-0.350*
	
	0.204***
	0.169***

	
	(0.202)
	
	(0.040)
	(0.037)

	lnDH Employ
	
	-0.230**
	0.205***
	0.221***

	
	
	(0.094)
	(0.058)
	(0.054)

	DHPPI
	
	0.002***
	
	

	
	
	(0.001)
	
	

	lnD wage
	
	0.267***
	0.049
	0.016

	
	
	(0.086)
	(0.050)
	(0.048)

	lnDA wage
	
	0.592***
	0.015
	-0.110

	
	
	(0.136)
	(0.094)
	(0.093)

	Cost living
	
	0.004***
	0.000
	-0.001

	
	
	(0.001)
	(0.001)
	(0.001)

	lnIncome
	0.346
	0.346
	0.153
	

	
	(0.309)
	(0.113)
	(0.064)
	(0.059)

	lnDensity
	-0.024
	-0.036***
	0.015**
	0.017***

	
	(0.027)
	(0.010)
	(0.007)
	(0.006)

	yr2004
	-0.003
	0.020
	-0.008
	-0.011

	
	(0.072)
	(0.026)
	(0.015)
	(0.013)

	yr2006
	0.022
	0.041
	-0.015
	-0.027*

	
	(0.071)
	(0.026)
	(0.015)
	(0.014)

	Constant
	-11.337***
	0.720
	3.977***
	3.366***

	
	(2.696)
	(1.547)
	(0.768)
	(0.736)


***significant at the 1 percent level; **significant at the 5 percent level; *significant at the 10 percent level. 
Standard errors in parenthesis.  133 observations. Data is missing for Delaware and Hawaii for all years; Alaska, North Dakota, Oregon, Utah, Vermont, and Washington D.C. in 2002; and Alaska, Colorado, Hawaii, Minnesota, Oregon, Rhode Island, Tennessee, Utah, and South Carolina in 2004. 
Table 3. Access to Care by Income Group

	 
	(1)  

Supply
	(2)  

Demand
	(3)  

Outcome
	(4)  

Outcome
	(5)   Outcome
	(6)   Outcome
	(7)   Outcome

	
	lnDH Employ
	lnDH Wage
	lnvisits $15K or less
	lnvisits $15-25K
	lnvisits $25-35K
	lnvisits $35-50K
	lnvisits $50K+

	lnDH wage
	1.211***
	
	-0.065
	-0.390**
	-0.390***
	-0.207*
	-0.065

	
	(0.357)
	
	(0.285)
	(0.191)
	(0.118)
	(0.115)
	(0.081)

	lnGrads
	0.169***
	
	
	
	
	
	

	
	(0.060)
	
	
	
	
	
	

	Practice years index
	0.013*
	
	
	
	
	
	

	
	(0.007)
	
	
	
	
	
	

	Exams
	0.024*
	
	
	
	
	
	

	
	(0.015)
	
	
	
	
	
	

	lnD Employ
	-0.182*
	
	0.102**
	0.095***
	0.047***
	0.047***
	0.032**

	
	(0.104)
	
	(0.043)
	(0.030)
	(0.018)
	(0.018)
	(0.012)

	lnDA Employ
	-0.364*
	
	0.317***
	0.285***
	0.188***
	0.154***
	0.070***

	
	(0.203)
	
	(0.090)
	(0.063)
	(0.038)
	(0.038)
	(0.026)

	lnDH Employ
	
	-0.293***
	0.497***
	0.276***
	0.076
	0.224***
	0.189***

	
	
	(0.106)
	(0.162)
	(0.107)
	(0.063)
	(0.065)
	(0.046)

	DHPPI
	
	0.002***
	
	
	
	
	

	
	
	(0.001)
	
	
	
	
	

	lnD wage
	
	0.283***
	-0.093
	0.078
	0.053
	-0.021
	-0.028

	
	
	(0.092)
	(0.138)
	(0.091)
	(0.055)
	(0.055)
	(0.039)

	lnDA wage
	
	0.667***
	-0.446
	-0.270
	0.103
	-0.127
	-0.103

	
	
	(0.157)
	(0.280)
	(0.185)
	(0.116)
	(0.112)
	(0.078)

	Cost living
	
	0.004***
	0.000
	0.001
	0.001
	-0.000
	-0.001

	
	
	(0.001)
	(0.002)
	(0.001)
	(0.001)
	(0.001)
	(0.001)

	lnIncome
	0.515*
	0.177
	0.039
	0.089
	0.103*
	-0.027
	-0.087*

	
	(0.309)
	(0.119)
	(0.156)
	(0.102)
	(0.060)
	(0.062)
	(0.045)

	lnDensity
	-0.041
	-0.043***
	0.029
	0.031**
	0.011
	0.023***
	0.026***

	
	(0.029)
	(0.014)
	(0.021)
	(0.014)
	(0.008)
	(0.009)
	(0.006)

	yr2004
	-0.011
	0.021
	-0.017
	-0.040*
	-0.012
	-0.024*
	-0.012

	
	(0.072)
	(0.027)
	(0.035)
	(0.023)
	(0.013)
	(0.014)
	(0.010)

	yr2006
	0.023
	0.046
	-0.143***
	-0.085***
	-0.051***
	-0.043***
	-0.019*

	
	(0.071)
	(0.028)
	(0.038)
	(0.025)
	(0.015)
	(0.015)
	(0.011)

	Constant
	-11.692***
	-0.152
	5.622***
	6.026***
	4.197***
	6.310***
	6.001***

	
	(2.785)
	(1.806)
	(2.098)
	(1.368)
	(0.826)
	(0.829)
	(0.592)


***significant at the 1 percent level; **significant at the 5 percent level; *significant at the 10 percent level. 
Standard errors in parenthesis.  131 observations. Data is missing for Delaware and Hawaii for all years; Alaska, North Dakota, Oregon, Utah, Vermont, and Washington D.C. in 2002; Alaska, Colorado, Hawaii, Minnesota, Oregon, Rhode Island, South Carolina, Tennessee, Utah in 2004   New Jersey and Arkansas are missing dental office visit data by income group for 2002 and Alaska for 2006.  
Table 4. Access to Care by Age Group
	
	(1) 

Supply
	(2) 

Demand
	(3) 

Outcome
	(4) 

Outcome
	(5)  Outcome
	(6)  Outcome
	(7)  Outcome
	(8) Outcome

	VARIABLES
	lnDH Employ
	lnDH wage
	lnvisit age 18-24
	lnvisit age 25-34
	lnvisit age 35-44
	lnvisit age 45-54
	lnvisit age 55-64
	lnvisit age 65plus

	lnDH wage
	1.617***
	
	-0.555***
	-0.565***
	-0.353***
	-0.146
	-0.130
	0.145

	
	(0.425)
	
	(0.148)
	(0.127)
	(0.113)
	(0.122)
	(0.111)
	(0.130)

	lnGrads
	0.240***
	
	
	
	
	
	
	

	
	(0.063)
	
	
	
	
	
	
	

	Practice years index
	0.012*
	
	
	
	
	
	
	

	
	(0.007)
	
	
	
	
	
	
	

	Exams
	0.046***
	
	
	
	
	
	
	

	
	(0.014)
	
	
	
	
	
	
	

	lnD Employ
	-0.165
	
	0.036
	0.039*
	0.057***
	0.046**
	0.055***
	0.060***

	
	(0.106)
	
	(0.026)
	(0.021)
	(0.019)
	(0.020)
	(0.018)
	(0.020)

	lnDA Employ
	-0.369*
	
	0.154***
	0.197***
	0.174***
	0.187***
	0.213***
	0.211***

	
	(0.220)
	
	(0.055)
	(0.046)
	(0.041)
	(0.044)
	(0.039)
	(0.045)

	lnDH Employ
	
	-0.222**
	0.161**
	0.119*
	0.145***
	0.264***
	0.163***
	0.147**

	
	
	(0.089)
	(0.072)
	(0.061)
	(0.054)
	(0.060)
	(0.052)
	(0.060)

	DHPPI
	
	0.002***
	
	
	
	
	
	

	
	
	(0.001)
	
	
	
	
	
	

	lnD wage
	
	0.281***
	0.063
	0.119**
	0.064
	0.013
	0.031
	-0.006

	
	
	(0.085)
	(0.066)
	(0.057)
	(0.050)
	(0.055)
	(0.050)
	(0.059)

	lnDA wage
	
	0.532***
	0.087
	0.089
	0.047
	-0.171
	-0.031
	-0.168

	
	
	(0.148)
	(0.127)
	(0.111)
	(0.099)
	(0.106)
	(0.099)
	(0.118)

	Cost living
	
	0.004***
	-0.000
	0.000
	0.000
	-0.000
	0.001
	-0.000

	
	
	(0.001)
	(0.001)
	(0.001)
	(0.001)
	(0.001)
	(0.001)
	(0.001)

	lnIncome
	0.132
	0.175
	0.174**
	0.166**
	0.139**
	0.150**
	0.132**
	0.149**

	
	(0.333)
	(0.116)
	(0.086)
	(0.073)
	(0.064)
	(0.071)
	(0.061)
	(0.071)

	lnDensity
	-0.013
	-0.034***
	0.010
	0.018**
	0.013*
	0.019**
	0.012*
	0.016**

	
	(0.028)
	(0.011)
	(0.009)
	(0.008)
	(0.007)
	(0.008)
	(0.007)
	(0.008)

	yr2004
	0.006
	0.016
	-0.040**
	-0.025
	-0.022
	-0.017
	0.018
	0.013

	
	(0.076)
	(0.026)
	(0.019)
	(0.016)
	(0.014)
	(0.016)
	(0.013)
	(0.016)

	yr2006
	-0.018
	0.041
	-0.065***
	-0.047***
	-0.034**
	-0.051***
	-0.013
	-0.018

	
	(0.075)
	(0.026)
	(0.020)
	(0.017)
	(0.015)
	(0.016)
	(0.014)
	(0.016)

	Constant
	-12.559***
	0.881
	5.281***
	4.647***
	3.783***
	3.768***
	2.366***
	1.109

	
	(2.968)
	(1.610)
	(1.052)
	(0.904)
	(0.798)
	(0.883)
	(0.785)
	(0.923)


***significant at the 1 percent level; **significant at the 5 percent level; *significant at the 10 percent level. 
Standard errors in parenthesis.  127 observations. Data is missing for Delaware and Hawaii for all years; Alaska, Nevada, New Jersey, North Dakota, Oregon, Utah, Vermont, and Washington D.C. in 2002; Alaska, Arizona, Colorado, Hawaii, Minnesota, Oregon, Rhode Island, South Carolina, Tennessee, and Utah in 2004; Arizona and Alabama in 2006.
� The seriousness of failure to treat caries is demonstrated by the 2007 death of a 12-year-old Maryland boy from an 


abscessed tooth cause by decay, which could easily have been diagnosed and treated. (The Washington Post 2/28/07, 


accessed 714/08.)


� Alternative measures of entry restrictions, including the cost of licensure by credentials, were also tested. Various combinations produced significant results, but concerns about multicollinearity led us to choose a reduced selection of explanatory variables.
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