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Abstract

In the United States, people are more likely to have poor oral health if they
are low-income, uninsured, and/or members of racial/ethnic minority, im-
migrant, or rural populations who have suboptimal access to quality oral
health care. As a result, poor oral health serves as the national symbol of so-
cial inequality. There is increasing recognition among those in public health
that oral diseases such as dental caries and periodontal disease and general
health conditions such as obesity and diabetes are closely linked by sharing
common risk factors, including excess sugar consumption and tobacco use,
as well as underlying infection and inflammatory pathways.Hence, efforts to
integrate oral health and primary health care, incorporate interventions at
multiple levels to improve access to and quality of services, and create health
care teams that provide patient-centered care in both safety net clinics and
community settings may narrow the gaps in access to oral health care across
the life course.
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1. INTRODUCTION

The title of this review is key to understanding its scope. The importance of oral health cannot be
overstated for physical, emotional, psychological, and socioeconomic well-being, not only at the
individual level but also at the interpersonal (e.g., family, friends), community, and societal levels
(48, 89, 104, 130). Disparities in oral health care are differences that are both unnecessary and
avoidable and also considered unfair and unjust (16, 17, 132, 146, 147; see the sidebar titled Oral
Health Care Disparities and Equity in Oral Health Care).

While the imperative to eliminate disparities in oral health has long been recognized (65, 66,
132), the vital role of access to quality oral health care for people who are low-income, uninsured,
and/ormembers of racial/ethnic minority, immigrant, or rural populations has heretofore received
insufficient attention in the public health literature (23, 37, 77, 129). Disparities need to be more
fully investigated in all aspects of oral health care, including the allocation of resources for oral
health care (11, 66), the actual receipt (utilization) of oral health care services (95, 139), the quality
of oral health care services (31, 32, 34), the oral health care workforce (90, 125), and the financing of
oral health care, particularly with respect to the burden of payment on individuals and households
(9, 65, 66, 132, 138, 142).

Community water fluoridation is rightfully considered one of the greatest disease-preventive
measures of the twentieth century (25, 63, 91). Nevertheless, the US oral health care delivery sys-
tem has failed to protect vulnerable populations from dental caries (i.e., tooth decay or cavities)
and periodontal disease (i.e., an inflammatory condition that affects the soft and hard tissues that
support the teeth), which consistently remain among the most prevalent of all chronic diseases
over time, despite being largely preventable (65, 66, 89). Moreover, the incidence of oropharyn-
geal cancer related to infection with human papillomavirus (HPV) is rising, making it now the
most common HPV-related malignancy in the United States, with no approved approaches for
prevention and early detection of the disease (126).

This review is restricted largely to the United States, as the historical and continued separation
of the oral health care delivery system from the medical care delivery system in this country is
comprehensive and reinforced by the fact that dentists, dental hygienists, and dental assistants are
separated from other health care professionals in virtually every way: where they are trained, how
their services are reimbursed, and where they provide oral health care (13, 96; see the sidebar titled
Oral Health Services Provision Worldwide).

Moreover, this history forms the background of current disparities and thus is briefly reviewed
next (89).Then, a conceptual model for understanding factors that influence disparities in access to
care and quality of health care services, by level, is presented (115), along with applications to oral
health care per se (44, 58, 98, 101). The following section introduces the life course perspective
(14, 15), which serves as an organizing framework for the subsequent section that details strategies
to reduce disparities in access to oral health care from pregnancy through older adulthood (99).

ORAL HEALTH CARE DISPARITIES AND EQUITY IN ORAL HEALTH CARE

Oral health care disparities reflect unequal opportunities to be healthy, making disadvantaged groups even more
disadvantaged with respect to their oral health; correspondingly, reducing oral health care disparities means giving
disadvantaged social groups equal opportunities to be healthy. Pursuing equity in oral health care means pursuing
the elimination of oral health care disparities, that is, equal access to available care for equal need, equal utilization
for equal need, and equal quality of care for all.

514 Northridge • Kumar • Kaur



PU41CH27_Northridge ARjats.cls March 18, 2020 8:34

ORAL HEALTH SERVICES PROVISION WORLDWIDE

According to the World Health Organization (WHO), oral health services provision coincides with the general
trend in health services reform to ensure “health for all” through primary health care. In severalWestern industrial-
ized countries, oral health services are made available to the population, comprise preventive and treatment services,
and are based on either private or public systems. Meanwhile, people in deprived communities, racial/ethnic mi-
norities, homeless people, homebound or disabled individuals, and older adults are not sufficiently covered by oral
health care. In countries of Central and Eastern Europe, decentralization and deregulation of oral health services
has taken place during recent years. With privatization, growing numbers of people cannot afford private dental
care. In some Eastern European countries, third-party payment systems have been introduced, but priority is not
given to preventive oral care. The demand for treatment services has increased, particularly for low-income groups.
In addition, many children are not covered by oral health programs because the school dental services formerly of-
fered in most Eastern European countries have been discontinued. In developing countries, oral health services are
offered mostly from regional or central hospitals in urban centers, and little, if any, priority is given to preventive or
restorative dental care. Many countries in Africa, Asia, and Latin America have a shortage of oral health personnel,
and the capacity of the systems is limited largely to pain relief or emergency care. In Africa, the dentist to population
ratio is 1:150,000 compared with 1:2,000 in most industrialized countries.

The challenge of creating an integrated system of oral health and primary care delivery with a
focus on equity of services is then critically considered (13), along with the policy implications to
address this challenge that would entail in the US context (89). The concluding section reaffirms
previous calls to action for public health to claim oral health care as a social justice issue that merits
concerted programmatic, research, and health policy support (128, 130, 133).

2. SEPARATE SYSTEMS OF ORAL HEALTH AND MEDICAL
CARE PROVISION

Leading up to the professionalization of US dentistry in the mid-nineteenth century, at various
times oral health care services had been rendered by physicians, surgeons, and artisans, with titles
such as barber surgeon, toothdrawer, operator for the teeth, and surgeon dentist (86, 87). Because
dentistry was not recognized during the establishment of US medical schools, the Baltimore Col-
lege of Dental Surgery (now the University of Maryland School of Dentistry) was founded as
an independent institution in 1840 (87). The 1926 Gies Report further solidified the develop-
ment of US dentistry as an autonomous field, albeit one that was heavily patterned after medicine
and often academically colocated (54, 89). In the ensuing years, medicine has played a dominant
role in the development of health policy and practice in the United States, and oral health care
is usually excluded or not considered part of primary health care, especially for adults (8, 137,
138).

Several constructively critical accounts have documented the consequences of the separate sys-
tems of oral health and medical care provision in the United States on disparities in access to even
basic services for impoverished and underserved population groups compared with their more so-
cioeconomically advantaged counterparts (13, 89, 124, 128). In essence, the current US oral health
care delivery system may be considered as consisting of two tiers: (a) a loosely organized network
of private practices; and (b) the oral health care safety net (65, 66, 128, 137). The network of pri-
mary practices consists primarily of solo and small group practices and serves about two-thirds of
the US population, most of which has at least limited commercial dental benefits or partial ability
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to pay for out-of-pocket oral health care expenses (6, 138). Note that most commercial dental
insurance plans, which are largely employer-provided benefits, have high coinsurance rates and
annual maximum benefit limits that, when adjusted for inflation, have decreased substantially over
time (138). As a result, out-of-pocket spending accounts for a much higher share of oral health
care spending than general health care spending (138). The oral health care safety net is expected
to cover the remaining one-third of the US population, notably those who are low-income, unin-
sured, and/or members of racial/ethnic minority, immigrant, rural, and other underserved groups
(50, 62, 137, 144). The safety net is composed of providers, payment programs, and facilities that
provide clinical, nonclinical, and support services, including Medicaid and the State Children’s
Health Insurance Program (SCHIP), Federally Qualified Health Centers (FQHCs), school-based
health centers, and academic dental institutions, among other entities (65, 66, 128). Nonetheless,
adult oral health care benefits are optional under federalMedicaid law and are not included among
the essential health benefits for newly eligible adults under the Affordable Care Act (ACA). As a
result, Medicaid adult oral health care coverage varies tremendously across states and is limited
in many states to emergency services such as tooth extractions or to specific populations such
as pregnant women (109). Because oral health care is expensive, few Medicaid beneficiaries can
afford to pay for dental services out of pocket (27, 109).

For the purposes of this review, this brief history is intended to underscore the role of structural
determinants in creating and maintaining disparities in access to oral health care that result from
the largely nonintersecting education, financing, and delivery systems of dentistry and medicine
(89). State practice acts, standards of care, and professional school curricula all support this his-
torical separation (80). As a result, the lack of infrastructure, technology, and personnel required
to connect these separate systems often means that patients with limited economic means, health
literacy skills, and psychosocial resources must navigate the dental/medical divide on their own
(13, 33, 52, 76, 84, 123). Substantial legal, regulatory, and training barriers concurrently stand
in the way of supporting dental providers to provide more primary health care services, medical
providers to provide more oral health care services, and both groups of professionals to efficiently
and effectively collaborate to improve patient care (80).

In the following section, we present a conceptual model intended to guide efforts to close
the gaps in health disparities, interventions, and research (115). In concert with the public health
perspective of this review, the present model was adapted from an ecological model on health
behavior and education (120) and based on an analysis of findings from systematic reviews of
cardiovascular disease and cancer disparities (28, 36, 56, 57, 94). Nevertheless, it has also proved
useful in contextualizing multilevel influences on oral health disparities, their intervention targets,
and the key stakeholders and outcomes that are affected by the devised interventions (44, 58, 97–
100, 102).

3. CONCEPTUAL MODEL FOR CLOSING GAPS IN HEALTH
CARE DISPARITIES

Factors that influence disparities in access to care and quality of health care services, by level,
are presented in Figure 1. Although this conceptual model is necessarily a simplification of com-
plex factors that influence such disparities, it belongs to a class of ecological models that are in
widespread use and which posit that determinants at various levels influence health and health care
(88, 104).The four levels of influence explicated in Figure 1 are individual patient (level 1); family,
friends, and social support (level 2); organization and provider (level 3); and policy and community
(level 4). The associated intervention targets at each of these levels are then identified, including
patient programs and services, insurance and affordability, and provider- and system-level supports

516 Northridge • Kumar • Kaur



PU41CH27_Northridge ARjats.cls March 18, 2020 8:34

Key interactions

Level 1
Individual patient

Level 2
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Ongoing support from
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Patient education and
clinical care; and biological,

sociodemographic, and
psychological factors

Figure 1

This conceptual model, factors that influence disparities in access to care and quality of health care services, by level, was created from
the analysis of findings from systematic reviews of cardiovascular disease and cancer disparities (115). Figure adapted from
Reference 115 with permission.

at the organization and provider level, which are especially pertinent to this review. Health care
processes are subsequently distinguished, namely, interactions among patients and support net-
works, health care providers, community health workers, and other organizational members and
stakeholders. Finally, the outcomes of interest are listed as follows: clinical outcomes, avoidable
hospital admissions, patient experiences of care, equity of services, and costs.

A qualitative study utilizing focus groups conducted with African American, Puerto Rican,
and Dominican older adults who attend senior centers in northern Manhattan, New York City,
indicated that all four of these levels are indeed salient to oral health care (103). Regarding the
acceptability of screening for hypertension and diabetes in the dental setting at the individual
patient level, a focus group participant explained, “It would solve a problem, because that way
the dentist would know my sugar level and blood pressure in order to work on me. . .it should be
obligatory” (58, p. 348). In terms of the attempts made to influence the oral health of children
and grandchildren at the family, friends, and social support level, an older adult shared, “I tell
my grandkids you don’t want to be like grandma. Keep, take care, brush your teeth, brush the
tongue, the top of the mouth” (102, p. 545). The importance of factors at the organization and
provider level was underscored by the largely positive experiences of racial/ethnic minority senior
center attendees with the oral health care they received at dental schools, including the following
observation: “If you go down to [New York University] dental school, you’ll be surprised. You get
beautiful teeth down there” (101, p. 1278). Finally, at the policy and community level, racial/ethnic
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minority older adults were concerned about proposedMedicaid reforms and their potential effects
on oral health care access, as evidenced by the following remarks of one senior center attendee:
“We shouldn’t have to have discussions about senior health. This should have been a foregone
conclusion years ago. All that’s been happening is that stuff has been taken away from us. It’s made
it more difficult for us to live like decent human beings” (98, p. S69).

Of critical importance, interventions that address factors at multiple levels of Figure 1 may
be more effective than those that target only a single level (110). With regard to the salience of
addressing multiple levels for oral health care, a feasibility and acceptability study of a multilevel
intervention in urban outreach centers to improve the oral health of low-income Chinese Ameri-
cans includes a community health worker approach to oral health promotion and systems science
modeling to understand dynamic complexity regarding the interplay of factors at all four levels and
resultant influences on oral health care disparities (100). Systems science modeling methods lend
themselves to a participatory and robust evaluation of whether this multilevel intervention results
in improved oral hygiene knowledge and behaviors at the individual patient level; enhanced access
to oral health care through encouragement and instrumental assistance at the family, friends, and
social support level; more effective teamwork among administrators, staff, and dental and medical
professionals at the organization and provider level; and ultimately, greater awareness of the im-
portance of oral health and health care among low-income Chinese Americans at the policy and
community level.

Note that the factors presented in Figure 1 that influence disparities in access to care and qual-
ity of health care services operate across the life course, beginning during pregnancy and extending
through the end of life. In the next section, the life course perspective on oral health promotion
is introduced, followed by a subsequent section on targeted strategies that may effectively reduce
disparities in access to oral health care at key stages throughout the life course.

4. LIFE COURSE PERSPECTIVE ON ORAL HEALTH PROMOTION

The life course approach is the study of long-term effects on chronic disease risk of physical
and social exposures during gestation, childhood, adolescence, young adulthood, and later adult
life (14). In disadvantaged populations and underserved communities, oral disease risk is ele-
vated throughout the life course owing to, e.g., socioeconomic status, discrimination, and lack
of eligibility and/or high out-of-pocket costs for public and private insurance coverage (9, 12,
19, 97, 99, 116). In particular, exposures that are patterned by social factors include poor nutri-
tion, lack of preventive primary and oral health care (including vaccination against HPV), infe-
rior quality of restorative oral health care (31, 34), violence and injury leading to face trauma,
and excessive alcohol and tobacco use, all of which may affect teeth and their supporting struc-
tures, leading to dental caries (beginning in early childhood), oropharyngeal cancer (currently an
epidemic among younger men), periodontal disease (highly prevalent with increasing age), oral
cancers (especially in older men), and eventually root caries and tooth loss (particularly in older
adults).

A simplified graphic that illustrates the life course approach to oral health promotion, be-
ginning in infancy and moving through older adulthood, is presented as Figure 2 below (15).
Figure 2 focuses on the developing dentition (i.e., the arrangement or condition of the teeth) in
the upper panel and on the oral health promotion behaviors in the lower panel that are beneficial
at each stage of the life course. At both the population and individual levels, these behaviors are
structured and patterned by the social and cultural determinants of oral health, including educa-
tion, employment, working conditions, occupation, income, housing, and culturally appropriate,
affordable, and acceptable prevention and treatment services (111, 127, 140, 141).
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CARIES AND PRESERVATION OF TOOTH STRUCTURE

The major outcome of caries prevention and management at the individual patient, organization and provider,
and policy and community levels ought to be the preservation of tooth structure and maintenance of teeth in a
healthy state. Access to primary oral health care and application of topical fluoride, pit and fissure sealants, and
silver diamine fluoride can control initial stages and arrest the progression of caries or reverse the caries process
toward health.Unfortunately, surgical restoration of lost tooth structure and function of decayed teeth with artificial
materials remains the dominant practice model. Instead, health outcomes should form the basis for compensation
and become the focus of oral health care. New tools such as the use of computerized reminders, electronic audit
and feedback, and stop-and-go decision algorithms in electronic health records can aid and empower changes to
norms of practice and the collection of outcome data.

4.1. Universal and Targeted General and Oral Health Interventions

Certain interventions are important for oral health per se, such as efforts to promote the use of
affordable and effective fluoride in its various forms and strategies to improve access to primary
oral health care to better preserve tooth structure and maintain teeth in a healthy state (15, 96,
114; see the sidebar titled Caries and Preservation of Tooth Structure).

Other interventions, however, are important in promoting both general and oral health. For
instance, a primary cause of dental caries is repeated conditions of acidity in the oral cavity (82),
including through the intake of frequent sugary snacks (21, 93, 114). Thus, limiting sweets as part
of a healthy diet through interventions at all levels of Figure 1 promotes better oral health and
may also reduce the incidence of obesity, diabetes, and related health conditions (15, 96, 143).

4.2. Trajectories of Oral Health Development

In reality, orofacial growth and development are complex processes that begin during gestation
and span the life course (18, 45, 107). In this review, the focus is on access to oral health care, which
may change the trajectories of oral health development for individuals and populations (60). Note
that health trajectories are not necessarily straight, linear, overly determined, or immutable but
can be in a constant state of flux relative to different influences at various points in time and, thus,
are amenable to intervention (60).

Next, we review evidence-based strategies that are practical and potentially scalable and that
hold promise in reducing disparities in access to oral health care at important stages of the life
course. In the end, programs that couple universal population-level strategies, such as those pre-
sented in Figure 2, with targeted approaches for at-risk groups, including those reviewed next,
are expected to add meaningful value to current efforts to advance oral health care equity (115).

5. REDUCING DISPARITIES IN ACCESS THROUGHOUT
THE LIFE COURSE

Both oral and general health conditions may be improved by regular dental visits (65, 66, 78, 132).
Accordingly, a Healthy People 2020 Leading Health Indicator (meaning that it is a high-priority
health issue) is OH-7: increase the proportion of children, adolescents, and adults who used the
oral health care system in the past year (105). The 2020 target for OH-7 is 49%, but the 2015
Medical Expenditure Panel Survey (MEPS) documented continuing disparities by poverty level
(28% poor, 32% low income, 39% middle income, and 55% high income), race/ethnicity (30%
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non-Hispanic Black, 33% Hispanic, and 49% non-Hispanic White), and dental insurance (20%
none, 33% public, and 56% private) (81). This section reviews the major oral health conditions at
each stage of the life course and evidence-based strategies that may be scaled up toward reducing
disparities in access to oral health care.

5.1. Pregnancy

5.1.1. Oral health conditions during pregnancy. In 2012, the Oral Health Care During Preg-
nancy ExpertWorkgroup underscored the importance of the provision of oral health care to preg-
nant women in an accessible report titledOral Health During Pregnancy: ANational Consensus State-
ment (61, 106). Convened by the Maternal and Child Health Bureau of the Health Resources and
Services Administration (HRSA), both dental and medical professionals stressed that preventive,
diagnostic, and restorative dental treatment is safe throughout pregnancy and effective in improv-
ing and maintaining oral health (106).

During pregnancy, shifts in hormonal, immunologic, and vascular function can exacerbate gin-
gival inflammation and increase susceptibility to periodontal disease (7, 73). Emerging evidence
suggests that there is a dynamic complexity to the oral microbiome that provides important ben-
efits to the host, including immunological priming, downregulation of excessive proinflammatory
responses, regulation of gastrointestinal and cardiovascular systems, and colonization by exoge-
nous microbes (83). Physiological disruptions to this finely tuned equilibrium at various stages
throughout the life course, including during puberty and pregnancy,may allow disease-promoting
bacteria to manifest and cause conditions such as caries, gingivitis, and periodontal disease (69; see
the sidebar titled The Oral Microbiome in Health and Disease).

Socioeconomic disparities across clinical oral health indices exist among pregnant women,
and extensive problems have been documented among lower-socioeconomic-status women while
pregnant and postpartum (47, 75, 117).

5.1.2. Targeted interventions to reduce disparities in access to oral health care during
pregnancy. While salient across all stages of the life course, the integration of care in safety net
settings is best instituted as early as possible, including during pregnancy for the developing fetus.
In 2014, the HRSA released the report Integration of Oral Health and Primary Care Practice, which
outlined interprofessional oral health core clinical competencies appropriate for primary care
providers who practice in safety net settings, including nurse practitioners, nurse midwives, physi-
cians, and physician assistants (134). These frontline primary care practitioners are the most likely
to care for vulnerable and underserved populations with no or limited access to oral health care

THE ORAL MICROBIOME IN HEALTH AND DISEASE

The mouth is home to the second most diverse microbial community in the body; more than 700 species of bac-
teria colonize the hard surfaces of the teeth and the soft tissues of the oral mucosa. The complex equilibrium
between resident species in the oral cavity is responsible for the maintenance of a healthy state (symbiosis) or a
state associated with disease (dysbiosis). In health, most of the bacteria have a symbiotic relationship with the host.
Potentially cariogenic or periodontopathic bacteria have been detected at healthy sites at low levels that are not
clinically relevant; they may also be acquired from close partners (transmission), but again, their levels would be
extremely low relative to the bacteria associated with health. In disease, there is an increase in the numbers and pro-
portions of cariogenic or periodontopathic bacteria, and there may be increased biomass (especially in gingivitis).
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RECOMMENDATIONS FOR AN INTERPROFESSIONAL PRACTICE MODEL

The Health Resources and Services Administration (HRSA) synthesized recommendations and considered expert
and professional opinions expressed during the Integration of Oral Health Care and Primary Care Practice meet-
ings. The following recommendations serve as guiding principles and provide a framework for the design of a
competency-based, interprofessional practice model to integrate oral health and primary care.

1. Apply oral health core clinical competencies within primary care practices to increase oral health care
access for safety net populations in the United States.

2. Develop infrastructure that is interoperable and accessible across clinical settings and enhances adoption
of the oral health core clinical competencies.The defined, essential elements of the oral health core clinical
competencies should be used to inform decision making and measure health outcomes.

3. Modify payment policies to efficiently address the costs of implementing oral health competencies and
provide incentives to health care systems and practitioners.

4. Execute programs to develop and evaluate implementation strategies of the oral health core clinical com-
petencies into primary care practice.

services, and they could incorporate oral health core clinical competencies into their existing scope
of practice (134; see the sidebar titled Recommendations for an Interprofessional PracticeModel).

Medicaid benefits for reproductive care, including both maternity care and family-planning
services, are critically important for low-income women, who make up two-thirds of nonelderly
adult enrollees (109). While the ACA did not affect Medicaid eligibility for pregnant women per
se, since they were already eligible,Medicaid coverage expansion in 37 states andWashington,DC,
under the ACA offers more continuous Medicaid eligibility to women who previously would have
lost coverage after the postpartum period (119). As mentioned previously, adult dental benefits
are optional Medicaid services on a state-by-state basis and are not part of the essential health
benefits requirement under the ACA (64). Hence, research and policy solutions to expand the
scope of Medicaid coverage coupled with safety net collaborations hold the greatest short-term
potential to improve access to oral health care for not only considerable numbers of low-income
pregnant women, but also other low-income adults in vital need of services (134, 135).

5.2. Infancy and Childhood

5.2.1. Oral health conditions during infancy and childhood. Along with the critical focus
on providing pregnant women with oral health care, maternal oral health is related to infant oral
health both biologically and behaviorally (47, 64, 107, 122). The same microbes found in the oral
cavity of themother have also been found in the amniotic fluid and the placenta andmay contribute
to adverse pregnancy outcomes (30, 51, 136). Maternal salivary bacterial challenge is associated
with oral infection among children and predicts increased incidence of early childhood caries
(ECC) (26). Prenatal smoking, higher prepregnancy weight, and lack of first-trimester prenatal
care have been associated with enamel defects and caries in children (47, 67, 68).

The period from birth through 3 years of age is characterized by dynamic and rapid develop-
mental changes in the oral soft tissues and the emergence of teeth beginning around 6 months of
age (107). Primary teeth begin forming around 7 weeks of intrauterine life and enamel formation
is complete in the first year of life (24). Teeth begin emerging into the oral cavity once three-
quarters of their roots are complete, and most primary teeth complete their root development by
3 years of age (24, 107).
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The 20 primary teeth are at risk for dental caries as soon as they emerge into the oral cav-
ity and are exposed to bacteria and fermentable carbohydrates (107). Risk factors leading to the
demineralization of teeth and carious lesion progression include frequent consumption of dietary
sugars, inadequate fluoride, poor oral hygiene, and salivary dysfunction (114). Protective factors
leading to remineralization of teeth and carious lesion arrest or regression include healthy diet,
brushing with fluoride toothpaste twice daily, professional topical fluoride, preventive and thera-
peutic sealants, and normal salivary function (114). Children with ECC have significantly lower
oral health–related quality of life (QOL) than do children without ECC or children who received
treatment for ECC, as assessed both by children and by their parents/guardians (46). Early tooth
loss caused by advanced dental caries can result in failure to thrive and nutritional deficiencies
in young children (107). Malnutrition and poor weight gain can have long-lasting developmental
effects (29).

Once complete, the primary dentition is stable until the lower central incisors (sharp-edged
teeth at the front of the mouth) become loose (mobile) at 5–6 years of age (107). This process
is followed by exfoliation (shedding of primary teeth and their replacement by permanent teeth),
with significant variation in timing by race/ethnicity, gender, and body mass index, where blacks,
girls, and overweight/obesity are associated with earlier first permanent molar emergence (108).

Mixed dentition refers to the presence of both primary and permanent teeth in the oral cavity
(107). The enamel on all permanent teeth except for third molars is complete by 8 years of age
(24). By 12 years of age, most children have all their permanent teeth present or actively erupting
in their mouths, except for third molars (107).

Dental caries is the most prevalent, and yet a largely preventable, chronic condition that dis-
proportionately affects socioeconomically disadvantaged children, resulting in considerable QOL
burdens, chronic tooth pain, and more than 51 million hours of classroom time lost annually (49,
53, 114). Untoward effects on chewing, swallowing, eating, and sleeping are found with severe
caries, thereby posing problems with nutrition, development, and health (53). The provision of
preventive oral health care services, early detection, and appropriate management of dental caries,
including with nonsurgical treatment, are critical to improving the health of infants and children
(41, 114, 132; see the sidebar titled Silver Diamine Fluoride and Caries Arrest and Prevention).

Second only to dental caries in prevalence among oral conditions (113), traumatic dental in-
juries (TDIs) occur with great frequency in preschool and school-aged children, comprising 5%
of injuries for which treatment is sought (38, 79, 112). In the primary dentition, one-third of
all children sustain a TDI, while in the permanent dentition, one-fourth of all children sustain
a TDI (55, 113). Dental avulsion (complete displacement of a tooth from its socket in alveolar

SILVER DIAMINE FLUORIDE AND CARIES ARREST AND PREVENTION

Silver diamine fluoride (SDF) is a colorless alkaline liquid that incorporates the antibacterial effects of silver and the
remineralizing action of fluoride to effectively arrest most carious lesions treated and reduce the cariogenic bacterial
load.The dark staining of the lesions and affected tooth structures upon carious arrest may be a deterrent for certain
patients/caregivers for aesthetic reasons. Clinical trials support the effectiveness of SDF for caries arrest in primary
teeth, root caries prevention and arrest in permanent teeth, remineralization of incipient caries, and treatment of
hypersensitive dentin. Its application is simple and inexpensive and requires minimal time and personnel. These
advantages are particularly beneficial in low-resource community settings (preschools, nursing homes) and high-
risk populations (young children and older adults with special needs) to overcome barriers related to insurance/cost,
transportation, facilities access, and dental fear.
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bone due to trauma) is an especially serious TDI, and the prognosis depends heavily on the ac-
tions taken at the site of injury and the oral health care that is immediately available and provided
(10). Young athletes have been found to suffer from TDIs more often than professional athletes,
and falls and collisions may mask intentional TDIs, such as physical abuse, assaults, and torture
(55). Oral factors (protrusion of the teeth), socioeconomic conditions (material deprivation), and
human behavior (risk taking, bullying, emotional stress, overweight/obesity, and attention-deficit
hyperactivity disorder) increase the risk for TDIs (55).

5.2.2. Targeted interventions to reduce disparities in access to oral health care during in-
fancy and childhood. The ACA requires most insurers to cover a package of health care services
known as essential health benefits, with pediatric dental care explicitly identified as a covered ser-
vice (43, 71, 138). The benefit for children and adolescents under the Medicaid program is known
as Early and Periodic Screening, Diagnostic and Treatment services (EPSDT), which provides a
comprehensive array of prevention, diagnostic, and treatment services, including oral health and
dental services, for low-income infants, children, and adolescents under age 21, as specified in
§1905(r) of the Social Security Act (109). These boosts in US federal policy have resulted in sub-
stantive improvements in dental coverage for children, even as socioeconomic and racial/ethnic
disparities in dental visits and oral health indicators remain (43, 71).

For instance, despite the recommendation of pediatric health care organizations that children
attend their first dental visit by age one year (2, 3, 20), nearly 10% of children already have dental
caries by this developmental milestone, while only 2% have visited a dentist (1, 49). In contrast,
the vast majority of children age one year (87%) have visited a physician (1).

Into the Mouths of Babes is a statewide program in North Carolina where pediatricians, fam-
ily physicians, and providers in community health clinics are reimbursed by Medicaid to provide
preventive dental services for children (risk assessment, screening, referral, fluoride varnish appli-
cation) and caregivers (counseling) (20, 118). An ecological study using panel data from 920,505
kindergarten students documented reduced dental caries among targeted vulnerable children,
which helped reduce oral health disparities among preschool-aged children in North Carolina (4).

Since 2014, the US Preventive Services Task Force has recommended that primary care clini-
cians apply fluoride varnish to the teeth of all children aged 5 years and younger to improve their
oral health and reduce oral health care disparities (92). A US national evaluation of the impact
of Medicaid reimbursement policies on fluoride varnish applications found that publicly insured
children in states with fluoride varnish policies implemented for four or more years had signifi-
cantly greater odds of having very good or excellent teeth compared with publicly insured children
in states without fluoride varnish policies (72).

While many school-based health centers offer basic dental screening, there is a need for com-
prehensive oral health care, particularly for children in low-resource communities (49, 131). For
instance, schools have partnered with an FQHC network, Family Health Centers at New York
University (NYU) Langone, in Brooklyn, New York, to create dental homes on site using a busi-
ness plan to deliver patient-centered and cost-effective oral health care (85). FQHCs have also
been the prime sponsor of demonstration projects that integrate pediatric oral health and primary
care services using a variety of collaborative models that, if sufficiently scaled up, hold promise for
improving the oral and general health of disadvantaged children (35, 40, 53, 121).

5.3. Adolescence

5.3.1. Oral health conditions during adolescence. During puberty (preadolescence), which
lasts from two to four years with an onset that varies by gender, race/ethnicity, and overweight/
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obesity, growth and maturation of the body and maturation of the brain accelerate, with accompa-
nying emotional, cognitive, and behavioral opportunities and challenges (107, 150). These phys-
iological changes have a major impact on all areas and functions of the body, including the oral
ecosystem (150). For instance, pubescent girls (typically aged 10–14 years) and pubescent boys
(typically aged 12–16 years) may experience gingivitis due to enhanced inflammatory responses
to plaque, even if their actual plaque levels have not increased (150).

By 13 years of age, most primary teeth have exfoliated and all permanent teeth, except for
third molars, have emerged (107).While the timing varies, third molars typically emerge between
17 and 21 years of age (24). The roots of most permanent teeth, except third molars, are com-
pletely developed by 16 years of age (107). Poverty status, rather than race/ethnicity or gender,
appears to be the main factor that influences the documented disparity in the experience of caries
in permanent teeth among adolescents (42).Nevertheless, race/ethnicity along with poverty status
contribute to the continued presence of oral health disparities among youth and young children
in the United States (42).

While most states allow adolescents aged 12 years and older to consent to services for contra-
ception, prenatal care, or sexually transmitted infections, these same adolescents are required to
obtain parental consent for even preventive oral health care (22). This inconsistency serves to un-
derscore the difficulties faced in providing age-appropriate oral health care services to adolescents,
who are confronted with critical life choices before they are developmentally and emotionally ma-
ture. Severe consequences to their general and oral health and well-being may result from sexual
activity, use of tobacco and alcohol, consumption of cariogenic foods and sugar-sweetened bever-
ages, eating disorders, and oral piercings (107). Nurturing a sense of self-assurance in adolescents;
providing them with the knowledge and engendering their self-confidence to deal with conse-
quential life choices; reassuring them about being attractive, loved, and strong; and reinforcing
their decisions to use evidence-based preventive measures (HPV vaccination, oral hygiene behav-
iors) will all guide them in developing the social competence and sense of responsibility to place
them on a life course trajectory of enhanced health and well-being (107, 126, 150).

5.3.2. Targeted interventions to reduce disparities in access to oral health care during
adolescence. Although the oral health status of young children has improved in the past decade,
few changes have occurred for many older children and adolescents (42), even as comprehensive
dental coverage is mandatory for both low-income children and adolescents enrolled in Medicaid
(109).While parental/guardian consent is a valuable tool toward ensuring appropriate health care
for adolescents, it can also be a barrier to timely access to basic preventive oral health services (22).
In school-based oral health programs and FQHCs, where many socioeconomically disadvantaged
adolescents receive care, services are provided at no cost to them or their parents/guardians re-
gardless of insurance coverage or citizenship status, but the logistics of obtaining opt-in consent
from every parent/guardian preclude upwards of 70% of eligible adolescents from receiving ser-
vices (22, 49, 85). In states where opt-in consent is prescribed by custom but not by law, an opt-out
process could be established without changing any laws and have an immediate positive impact on
the consent rates that determine access to basic preventive oral health care for adolescents (22).
Future research ought to be conducted to determine whether it is feasible to allow adolescents
themselves to consent to preventive oral health care such as dental sealants and fluoride treatment,
and at what age they are cognitively equipped for this type of health care decision making (22).

Most adolescents are not especially future oriented and thus do not regard themselves as vul-
nerable to health problems that will not result in symptoms until perhaps decades in the fu-
ture, including oral and oropharyngeal cancers related to tobacco and alcohol use and sexual
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PREVENTION OF HUMAN PAPILLOMAVIRUS–RELATED OROPHARYNGEAL
CANCER

In 2014, theWorldHealthOrganization recommended that efficacy against incidence and persistentHPV infection
can be a surrogate for disease risk. A number of studies have provided evidence that HPV vaccination decreases the
rate of HPV-related infections and is likely to reduce the incidence of oropharyngeal cancer. Oral HPV infection
is the primary risk factor for HPV-related oropharyngeal cancer, and more than 90% of oral HPV infections are
sexually acquired.
In the United States, only two-thirds (66%) of adolescents have initiated the HPV vaccine series (55% in rural

areas), and less than half (49%) have completed the series. On May 6, 2019, Oregon Governor Kate Brown signed
a bill into law allowing dentists to offer any vaccine to a patient, including the HPV vaccine. Implementation and
referral guidelines in Oregon and other states are undergoing review by boards, dental providers, and researchers.

activity [149; see sidebar titled Prevention of Human Papillomavirus (HPV) Related Oropha-
ryngeal Cancer]. Motivational interviewing (MI) is a person-centered counseling strategy that
elicits the intrinsic motivation of patients, enhances their commitment, and explores their own
solutions toward change (149). A growing body of research and decades of experience indicate
that MI is an effective method for facilitating behavior change in adolescents, including for unfa-
vorable oral health behaviors such as infrequent toothbrushing and frequent snacking (149). The
American Academy of Pediatrics advises providers that onceMI techniques are mastered, they can
be used effectively in brief sessions. Furthermore,MI can reduce stress and frustration on the part
of providers by involving patients in the problem-solving process, thus increasing the likelihood
that adolescents will find solutions that work for them.

5.4. Adulthood and Older Age

5.4.1. Oral health conditions during adulthood and older age. Over the past decade, an in-
creasing number of US children, especially disadvantaged children, have been visiting the dentist,
and the gap in rates of oral health care between disadvantaged and advantaged children has been
narrowing (137–139). In contrast, oral health care utilization for US adults has declined during
this time period, especially among the poor and uninsured, and in many states the gap in rates
of oral health care between disadvantaged and advantaged adults has been widening (137–139).
Compared with children and older adults, adults aged 19–64 years are much more likely to face
financial barriers to all types of health care, and more people regardless of income, age, or source
of dental benefits report financial barriers to dental care than to medical care, prescription drugs,
eyeglasses, and mental health care (138). Since Medicare covers only narrowly defined medically
necessary dental procedures and many state Medicaid programs do not cover dental services for
adults, adults pay an increasing portion of their dental expenditures out of pocket as they age
(59).

In a recent national survey conducted with respondents aged 18 years and older, of those who
had not visited a dentist in the last 12 months, cost is the primary reason regardless of income,
age, or source of dental benefits (5). Among adults withMedicaid, cost remains the primary reason
(50%), but trouble finding a dentist is second (41%) and more frequently cited than for adults
with private insurance (14%), other insurance (30%), or no insurance (13%). Yet nearby provider
supply is not related to the identification of a usual source of primary or dental care for adults
newly enrolled in Medicaid (27). Interventions to reduce oral health care disparities clearly need
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to do more, at the policy and community level, to enhance linkages between health care systems
and the communities they serve (115).

As adults age, reduced levels of salivary mucins may lead to lower lubrication and comfort,
while reduction in salivary histatins, known to possess antifungal activity, may result in Candida
outgrowth (150). Gingival recession also increases with age, exposing the root surfaces to the oral
environment and thus to the risk of developing root caries lesions (148). Among older adults, tooth
loss is associated with poor nutrition, leading to both weight loss and obesity (59). Socioeconomic
disadvantage in middle age has a strong influence on tooth loss in older age, and poor self-rated
oral health in older age is influenced by socioeconomic disadvantage across the life course (116).
On the other hand, long-term routine dental attendance improves oral health–related QOL (12).

Large racial/ethnic disparities in tooth loss and dental visits exist across the United States and
are exacerbated in rural areas owing to an underresourced rural and remote health care infras-
tructure (23). Ultimately, the oral health of older adults represents an accumulation of life course
experiences, and greater public health attention should be focused on oral health as an important
indicator of healthful aging (23, 59, 96).

5.4.2. Targeted interventions to reduce disparities in access to oral health care during
adulthood and older age. In response to fiscal challenges, many states have reduced or elim-
inated Medicaid dental coverage over the past decade, with a concurrent 10% decline in oral
health care utilization among low-income adults (5, 6). Moreover, Medicaid enrollees often have
difficulty finding Medicaid-contracted dental providers because only 20% of dentists nationwide
accept Medicaid, citing burdensome administrative requirements, missed appointments, lengthy
payment wait times, and low reimbursement rates as barriers to participation (5, 6).

To reverse these sobering trends and consequences, there is a critical need for interventions at
multiple levels to improve access to oral health care for adults, including ensuring a safety net that
covers basic and restorative services to eliminate pain and infection at the policy and community
level (59, 115). At the organization and provider level, interventions are needed to (a) demonstrate
whether and how team-based care using, e.g., community health workers (100) and nursing home
staff (145), can be used to improve access to and coordination of primary and oral health care
for underserved population groups; (b) determine how to optimize the use of data sources and
health information technology to improve the communication skills and cultural competence of
providers and reduce the impact of biases against underserved population groups; and (c) increase
the focus of health care organization leaders on oral health equity as an essential element in quality
improvement (115).

At the family, friends, and social support level, efforts are needed to better address cultural
differences in family decision making and that make use of social network dynamics in interven-
tion approaches (115). Family-based and intergenerational interventions have proven effective in
populations with severe oral health care needs, including older racial/ethnic minorities, immi-
grants, and homeless people (39, 70, 102). At the individual level, more interventions are needed
that include less well-studied populations such as Chinese Americans and other Asian subgroups,
Indigenous people, rural residents, refugees, and immigrants (23, 37, 100, 115, 127).

6. CONCLUSIONS: CREATING AN INTEGRATED AND EQUITABLE
SYSTEM OF CARE

This review has focused on US disparities in access to oral health care across the life course. The
net result is a greater likelihood of poor oral health at every age for people who are low-income,
uninsured, and/or members of racial/ethnic minority, immigrant, or rural populations than for
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populations with better access to quality oral health care. While progress has been achieved in
narrowing the oral health care gap for disadvantaged children over the past decade, the gap for
every other age group has either stayed the same or widened. Both universal and targeted inter-
ventions at multiple levels of influence are needed to eliminate disparities in access to oral health
care and end the disgrace of poor oral health as the national symbol of social inequality.

In the future, oral health professionals will care for more racially/ethnically diverse patients,
older patients with complexmedical and dental needs, and younger patients who will require fewer
restorative and prosthodontic treatments than did previous generations (144). To address dispar-
ities in access to oral health care, the Institute of Medicine and the National Research Council
recommend that the HRSA further expand the capacity of FQHCs to deliver essential oral health
services (66).While FQHCs are uniquely positioned to provide integrated, patient-centered care,
they experience challenges related to the oral health literacy of patients and to the building of
sufficient capacity to meet the high demand for oral health care services (74).

Thus, there needs to be continued development of integrative technology and health care
models that are designed for the communities they serve, recognizing the needs of families and
individuals with limited resources. Federal agencies, notably HRSA, the National Institute of
Dental and Craniofacial Research (NIDCR), and the Agency forHealthcare Research andQuality
(AHRQ), along with philanthropic organizations deserve credit and increased support for funding
programmatic, research, and health policy committed to oral health care equity. By leveraging
the commitment of public health, medical, and dental leaders and practitioners to integrate and
refocus training, redesign and expand coverage, and translate the evidence base of science (89),
no one at any age will need to endure pain and suffering because of a lack of access to oral health
care.
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