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Guidelines from the American Dental Associ-
ation, American Academy of Pediatric Den-
tistry, and the American Academy of Pediatrics
recommend that children visit a dentist by their
first birthday.1---3 Early dentist visits provide an
opportunity to establish and promote good oral
health practices, evaluate caries risk factors,
and deliver caries prevention strategies, such as
application of topical fluoride.2 Despite rec-
ommendations, few Medicaid-enrolled children
visit dentists. During 2007, only 4 states (Iowa,
North Carolina, Texas, and Washington)
reported that 20% or more of its Medicaid-
enrolled children younger than 3 years
visited dentists.4

Recognizing that primary care providers
(PCPs) see young children frequently and can
provide many of these services, most state
Medicaid programs now reimburse PCPs for
delivery of preventive oral health services in
medical offices.5 Since 2000, a North Carolina
Medicaid program, known as Into the Mouths
of Babes (IMB), has trained PCPs (e.g., physi-
cians, physician assistants, nurse practitioners)
to provide preventive oral health services to
children younger than 3 years. Training is
provided at the request of PCPs working in
private offices and public health clinics. As
described on the program’s Web site,6 IMB
visits include an oral evaluation and risk
assessment, anticipatory guidance for parents,
and application of fluoride varnish to prevent
dental caries—services similar to those pro-
vided during preventive visits in a dental office.
Children suspected to have caries or to be at
elevated risk are referred to dentists when they
are available in the community. This program
and similar programs in other states have
helped increase access to oral health services
and reduce treatments for young children
enrolled in Medicaid.7---9 By 2006, nearly 30%
of well-child medical visits for children younger
than 3 years included IMB services.9 Overall,
the percentage of Medicaid children younger

than 5 years obtaining oral health services in
North Carolina increased from17% in 2002 to
59% in 2011.10

Although the benefits of IMB services are
well-documented,8,9 less is known about the
oral health status of these children after their
third birthday when they are no longer eligible
to receive preventive oral health services from
PCPs. The IMB services are intended to co-
incide with recommended well-child medical
visits at 6, 9, 12, 15, 18, and 24 months of
age and end at an age when well-child visits in
the medical office become less frequent and
more dentists are willing to accept them as
patients.11,12 Previous research indicates that
children who had 4 or more IMB visits (com-
pared with zero IMB visits) between 2000 and
2006 received fewer caries-related treatments
after their IMB eligibility expired (ages 40 to 72
months).8 Although this finding suggests that
IMB visits may be associated with better oral
health, the study did not control for preventive
services received from dentists or examine the
program’s effect on clinical disease, which

provides a better measure of overall oral health
and access to dental care. Some barriers to
dental care for children may ease as they age
because dentists are more willing to care for
older children12; however, workforce shortages
and dentists’ low rate of participation in Med-
icaid remain as barriers to dental care as
children age.13,14

Widespread support exists for the integra-
tion of dentistry and medicine to promote
young children’s oral health,15---18 yet, to date,
no study has directly compared the oral health
outcomes of children receiving preventive oral
health services from PCPs or dentists (with or
without PCP visits). This comparison is impor-
tant because more than 40 state Medicaid
programs reimburse PCPs for application of
fluoride varnish.5 By using a unique combina-
tion of oral health surveillance data and Med-
icaid claims to help overcome limitations of
dental claims data, we aimed to determine
whether the provider of preventive oral health
services is associated with (1) the number of
decayed, missing, and filled primary teeth
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(dmft) per child, a measure of lifetime caries
experience at 5 years of age; and (2) the
proportion of dmft that is untreated, a measure
of the extent to which a child’s treatment needs
are being met.

Because children who receive preventive
oral health services before their third birthday
during IMB or dentist visits are expected to
benefit from early screenings, anticipatory
guidance, and applications of fluoride var-
nish,2,19 we hypothesized that these children
will have a similar number of dmft in kinder-
garten. Furthermore, because IMB providers
are trained to refer children suspected to have,
or be at elevated risk for, caries to dentists
when they are available in the community, we
hypothesized that the IMB program will im-
prove access to dental treatment and thus
children with IMB or dentist visits will have
a similar proportion of dmft that is untreated in
kindergarten.

METHODS

In this retrospective cohort study, we used
North Carolina oral health surveillance data
and Medicaid files for children enrolled in
kindergarten during the 2005---2006 school
year. Public health dental hygienists conduct
annual standardized screenings, providing in-
formation about the overall dental caries ex-
perience and the amount of dental treatment
received among children in kindergarten.20,21

Surveillance data have demonstrated good re-
liability when compared with an experienced
dentist performing a standard dental examina-
tion.22 Data were available for 92127 kinder-
garten children, which includes 82% of the
state’s public school kindergarten enrollment
from 98 of 100 North Carolina counties.21

Medicaid enrollment and claims files from the
NC Division of Medical Assistance provided
information about demographic characteristics,
length of Medicaid enrollment, and whether the
child had a preventive oral health visit from
a PCP or dentist.

The surveillance data and Medicaid files
were previously linked with Link King software
version 6.4.9 (Camelot Consulting), which uti-
lizes probabilistic and deterministic methods to
link individual records based on the child’s
name, date of birth, gender, race, and county of
residence.23,24 Of the children included in the

kindergarten surveillance data, 34 743 were
successfully matched to Medicaid claims of
children enrolled before age 1 and still enrolled
after their first birthday. We excluded children
from the analysis if they had a nonunique
identification number (n = 442), less than 12
months of continuous enrollment in NC Med-
icaid before age 3 years (n = 3095), IMB claims
posteligibility (n = 82), or missing oral health
surveillance measures (n = 1951), resulting in
a sample size of 29 173 children, which is
comparable to the proportion of children en-
rolled in NC Medicaid.25 Because the objective
of this study was to compare the effectiveness
of different providers of preventive oral health
services, we excluded children who did not
receive preventive services before aged 3
years, resulting in a sample size of 10 893
children.

Ideally we would compare the effectiveness
of children receiving more than 3 preventive
oral health visits before their thirs birthday,
which has been shown to reduce caries-related
treatments in previous studies of the IMB pro-
gram.8,26 However, only 1% of our sample
(n = 132) had more than 3 dentist visits before
age 3 years. Therefore, we constructed a sam-
ple including children with 2 or more IMB
visits, 2 or more dentist visits, or both dentist
and IMB visits before their third birthday (n =
5235). Within each category, children in our
sample were most likely to have 2 visits than to
have 3 or 4 or more visits.

Measures

We examined 2 primary outcomes. First,
we examined caries experience by using
a composite index of the number of dmft,
derived from a visual inspection of the primary
dentition of kindergarten students. We ex-
cluded primary incisors from the count of
missing teeth because they could be missing for
noncarious reasons, mostly natural exfoliation.
This outcome measure provides information
on the child’s lifetime caries experience in all
primary teeth with the exception of missing
incisors, thus providing a measure of a child’s
overall oral health status.27

The second outcome variable provided
a measure of the proportion of dmft that are
untreated (decayed teeth, dt) at the time of the
clinical assessment. We constructed a binomial
count of the number of dt out of the total dmft

score for all children with dmft greater than 0.
Although the prevention of dental caries is
ideal, filled teeth are regarded as healthier than
dt.27 This variable reflects a child’s use of
dental treatment by providing a measure of the
extent to which a child’s treatment needs re-
lated to dental caries are being met.

We operationalized the main explanatory
variable, provider of preventive oral health
services before age 3 years, as a 3-category
variable indicating IMB visits, dentist visits only
(reference group), or both IMB and dentist
visits. We defined a visit in a dental office with
preventive services, reimbursed by Medicaid
up to twice annually after any tooth erupts, as
having paid claims for a comprehensive or
periodic evaluation (Current Dental Terminol-
ogy codes28 D0150, D0120) with fluoride
(D1203, D1201). Some dental visits included
caries-related treatment because the purpose of
the visit could not be determined. We identi-
fied IMB visits with any of the following paid
claims filed by physicians for preventive oral
health services (D0120, D0150, D1201,
D1203, D1330, W8002, and W8003). Al-
though PCPs are encouraged to provide IMB
services to all eligible children, delivery is at the
discretion of the provider. Children may re-
ceive IMB services during an already scheduled
well- or sick-child visit if they visit a trained
provider and the provider chooses to deliver
IMB services during the visit. The time period
of this study coincides with the beginning of
IMB implementation and a time that access to
Medicaid dental providers was limited; thus,
many children did not visit participating
providers.

We also included child- and county-level
characteristics that may affect dental caries
status, measured at or before age 3 years. The
child-level covariates in the models included
sex, race (White, Black, other), Hispanic eth-
nicity, total number of months enrolled in
Medicaid, number of well-child visits, indica-
tors of special health care needs, receipt of
caries-related treatment, and whether any pre-
ventive oral health services were received in
a federally qualified health center, health de-
partment, or rural health clinic. At the county
level, covariates included proportion of popu-
lation with access to fluoridated public drinking
water,29 indicators of rural or urban status,30

and, per 10 000 people, the number of
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dentists, pediatricians and family practice phy-
sicians,31 and Medicaid-eligible children youn-
ger than 18 years.32

Propensity Score Estimation

Because of the lack of use of diagnostic terms
or codes in dentistry,33 it is unknown if dentist
visits are because of existing disease or demand
for preventive services. To address confound-
ing attributable to observed systematic differ-
ences between children, we utilized propensity
scores with inverse-probability-of-treatment
weights (IPTWs).34,35 With control for the
aforementioned covariates, including squared
terms of continuous variables (excluding the
variable indicating receipt of treatment before
age 3 years because of its relationship with
the exposure variable), we estimated propen-
sity scores by using logistic regression to pre-
dict the likelihood of having a dentist visit
with preventive services before age 3 years.
We calculated standardized weights for each
child, an approach that assigns greater weight
to children who received a dentist visit be-
fore age 3 years, but have characteristics
more similar to children who did not have
a dentist visit before age 3 years and vice
versa.35 Adjustment of IPTWs provides greater
precision than propensity score matching
and estimates the average treatment effect.36

Following IPTW adjustment, the distribu-
tion of propensity scores was more similar
among children with dentist visits and chil-
dren with only IMB visits (Figure A, avail-
able as a supplement to this article at http://
www.ajph.org) and covariate balance was
improved as evidenced by absolute standard-
ized differences less than 10% (Figure B,
available as a supplement to this article at
http://www.ajph.org).37

Analytical Approach

We used a 1-way rank analysis of variance
(Kruskal---Wallis test) to test for differences in
dmft and dt/dmft among children with IMB
visits, dentist visits, or both. Combining the 2
parts of a zero-inflated negative binomial
(ZINB) regression model, we estimated the
adjusted overall mean number of dmft for
children in kindergarten by provider type.38

For the logit part of the ZINB model, odds
ratios (ORs) indicate the odds of having excess
zero dmft, a nonrandom zero in the sense of

being considered not at risk for caries. The
negative binomial part describes the mean
number of dmft among children considered
to be at risk for caries, with exponentiated
parameter estimates giving incident rate ratios.
To estimate the proportion of dt among dmft
for children with any caries, we used a binomial
logistic regression (where dt/dmft is the num-
ber of “events” divided by the number of
“trials”).39

The regression models controlled for the
aforementioned covariates and used Huber---
White empirical standard errors to adjust for
intragroup correlation attributable to clustering
of children within counties. We estimated
Wald test statistics to determine the joint
significance of the key explanatory variables
indicating the provider of oral health services.
We predicted covariate-adjusted overall mean
outcomes for an average child utilizing each
provider (dentist only, IMB only, or both) by
using the full sample with 95% confidence
intervals (CIs) generated with 500 bootstrap
replications. In addition, we examined differ-
ences in adjusted mean outcomes by subtract-
ing the predicted outcomes for children with
IMB visits or both dentist and IMB visits from
the predicted outcomes for children with only
dentist visits. We assessed differences in pre-
dicted outcomes with the Wald test and 95%
CIs. We performed all tests in Stata/IC 12
(StataCorp, College Station, TX) using a .05
significance level.

RESULTS

Our sample included 5235 children who
received 2 or more preventive oral health
visits from a PCP, dentist, or both before their
third birthday (Table 1). Twenty-five percent
of children in this sample received preventive
oral health services during only dentist visits
(n = 480) or both dentist and IMB visits (n =
848). Most children (75%) received preven-
tive oral health services during only IMB
visits (n = 3907). Among these children,
about 13% (n = 503) received the recom-
mended 4 or more IMB visits before their
third birthday.

The unadjusted mean number of dmft was
lowest among children who received preven-
tive oral health services during IMB visits
(mean = 1.95; standard deviation [SD] = 3.03)

and highest among children with dentist visits
before their third birthday (dentist only = 3.40;
SD = 3.98; both = 3.00; SD = 3.66). Overall,
48% of children had dmft by the time they
entered kindergarten. Among these children,
the mean proportion dt/dmft was lowest for
children who received preventive oral health
services during dentist visits (dentist only =
0.15; SD = 0.32; both = 0.26; SD = 0.40) and
greatest for children with IMB visits (0.47;
SD = 0.47). Kruskal---Wallis test results indi-
cated dmft and dt/dmft differed significantly
among children with IMB visits, dentist visits,
or both.

Results from both parts of the ZINB re-
gression model used to predict mean dmft
are provided in Table 2. The variables in-
dicating only IMB visits, only dentist visits,
and both IMB and dentist visits were jointly
insignificant in the ZINB model (Wald test
statistic = 8.28; df = 4). Children who re-
ceived preventive oral health services dur-
ing IMB or dentist visits had similar overall
mean dmft (Figure 1). Mean predicted dmft
ranged from 2.22 (95% CI = 2.05, 2.39) for
children with only IMB visits to 2.48 (95%
CI = 2.12, 2.83) for children with both IMB
and dentist visits.

To examine a child’s receipt of treatment of
dental caries, we estimated the adjusted pro-
portion of a child’s dt/dmft for children with
any dmft (last column of Table 2). The 2
variables indicating the provider of oral health
services were jointly significant (Wald test
statistic = 11.97; df= 2). As illustrated in
Figure 2, the estimated proportion of dt/dmft
was significantly higher among children with 2
or more IMB visits (0.43; 95% CI = 0.39, 0.48)
than children with 2 or more dentist visits
(0.22; 95% CI = 0.13, 0.38).

DISCUSSION

We sought to compare the effectiveness of
dentists, the traditional providers of preventive
oral health services, with nondental PCPs,
a new model in many states for providing these
same services to children insured by Medicaid.
We did so by examining the oral health status
of kindergarten students who received these
services before they were aged 3 years. First,
we found that children with multiple IMB or
dentist visits before they were aged 3 years
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tended to have a similar number of dmft in
kindergarten. This finding suggests that the
setting and type of provider do not influence
the effectiveness of preventive oral health
services, which is encouraging because more
than 130 000 IMB visits were reimbursed
in North Carolina in 2012.40 Children from
low-income families are more likely to experi-
ence dental caries and less likely to visit
a dentist than children from higher-income
families.41 Thus Medicaid programs that re-
imburse preventive oral health services pro-
vided in medical offices can help to increase
access for children living in poverty and help
reduce disparities. Our results suggest that
PCPs can play a key role in meeting the Healthy
People 2020 oral health objective to increase
the number of low-income children receiving
preventive dental services.42

We also examined the proportion of dt/dmft,
a measure of the extent to which a child’s
treatment needs are being met. Although

children with multiple IMB and dentist visits
experienced a similar amount of dmft by the
time they were enrolled in kindergarten, chil-
dren who had only IMB visits before their third
birthday had a higher proportion of dt/dmft,
which was contrary to our hypothesis. Thus,
the treatment needs of children with only IMB
visits are not being fully met; nor are they met
to the same level as those who get preventive
services in dental offices at a young age.
However, this finding could be because many
children in this study did not receive the full
complement of 4 or more IMB visits. In
addition, barriers to dentist visits for Medicaid-
enrolled children, which can include parental
knowledge and beliefs about oral health and
dental workforce shortages,13,43---45 may affect
untreated decay. Children who received
preventive oral health services from only
PCPs lived in counties with fewer dentists
per capita on average. A previous study
reported that IMB services were more

likely to be provided in rural counties where
dental workforce shortages are most pro-
nounced.9

Initiatives like the IMB program enable PCPs
to deliver preventive oral health services to
children at an age when they frequently visit
medical offices and find it most difficult to
access dentists. However, services provided in
medical offices are not intended to replace
regular dental visits, where potential problems
can be detected early, treated, and monitored.
Treatment is particularly important as un-
treated dental caries has been found to be
associated with missed days of school, pain,
and decreased quality of life.46---48 The
American Academy of Pediatric Dentistry
recommends that, by their first birthday,
children establish a dental home that provides
“comprehensive, continuously-accessible,
family-centered, coordinated, compassion-
ate, and culturally-effective” oral health
care.49

TABLE 1—Baseline Characteristics of North Carolina Medicaid Enrollees in Kindergarten During 2005–2006

Variable Descriptiona

Full Sample

(n = 5235),

% or Mean (SD)

Children With Both

Dentist and IMB Visits

(n = 848), % or Mean (SD)

Children With ‡ 2 Dentist

Visits Only (n = 480),

% or Mean (SD)

Children With ‡ 2 IMB
Visits Only (n = 3907),

% or Mean (SD)

Clinical outcome variables

dmft score* 2.25 (3.28) 3.00 (3.66) 3.40 (3.98) 1.95 (3.03)

Percentage with any dmft 48.2 57.9 59.4 44.7

Proportion of dt/dmft among children with dmft* 0.39 (0.46) 0.26 (0.40) 0.15 (0.32) 0.47 (0.47)

Child-level characteristics

Number of months enrolled in Medicaid 32.3 (2.7) 32.7 (1.9) 32.7 (1.6) 32.2 (2.9)

Race

White 38.5 36.4 34.4 39.4

Black 41.8 42.7 42.1 41.6

Hispanic ethnicity 8.4 11.9 14.2 7

Male 51.8 53.4 50 51.6

Special health care needs 4.3 4.5 2.5 4.5

Number of well-child visits before age 3 y 4.9 (1.5) 4.9 (1.6) 4.0 (2.2) 5.0 (1.4)

Any caries-related treatments before age 3 y 10.4 31 39.2 2.4

Any oral health services received in public clinic before age 3 y 30 42.2 29.2 27.4

County-level characteristics

Medicaid eligible < 18 y per 10 000 people 493.2 (142.8) 452.8 (124.4) 417.7 (123.5) 511.2 (144.0)

Primary care providers per 10 000 people 4.1 (1.7) 4.1 (2.0) 4.5 (1.8) 4.0 (1.6)

Dentists per 10 000 people 3.5 (1.5) 3.8 (1.7) 4.6 (1.7) 3.3 (1.4)

Note. dmft = number of decayed, missing, and filled primary teeth; dt = untreated decayed teeth; IMB = Into the Mouths of Babes program. Kruskal–Wallis tests examined differences in dmft and
dt/dmft among children with IMB visits, dentist visits, or both.
aExplanatory variables included in the regression models, but not presented in this table include the rural or urban status of the child’s county of residence and the percentage of the county
population with fluoridated drinking water.
*P < .001.

RESEARCH AND PRACTICE

July 2014, Vol 104, No. 7 | American Journal of Public Health Kranz et al. | Peer Reviewed | Research and Practice | e95



The transition from receiving care in
a medical office to a dental office may affect
children’s continuity of oral health services
because barriers to dental care are common in
many communities. Although referrals by PCPs
increase young children’s likelihood of having
a dental visit,50,51 an early study of the IMB
program found that few children obtaining IMB
services receive referrals.52 Among parents
receiving referrals, only 41% reported receiv-
ing help scheduling a dental appointment.53

States in the early stages of implementing
similar programs need to consider children’s
transition from receiving care in medical
offices to dental offices and be proactive in
finding dental homes for Medicaid-enrolled
children. To improve care coordination be-
tween PCPs and dentists, risk assessment and
referral tools have been developed to identify
children at greatest risk of developing caries
and prioritize referrals on the basis of this

risk.3,51,54 A study examining a risk assess-
ment tool used by IMB providers reported
that caries presence was the strongest pre-
dictor of dental referral.51 Preliminary re-
search suggests that quality improvement
activities utilizing risk assessment tools can
increase referrals.55

Limitations

This study has several limitations. Although
we used IPTWs to address provider selection
on the basis of observed characteristics, un-
observed factors could still bias our estimates
because of reverse causality. Lacking dental
diagnosis codes, we are unable to determine if
these early dentist visits were because of
existing disease or demand for preventive
services. Having additional information about
children and families, including information on
brushing practices, dietary habits, and parent
knowledge and opinions about oral health

would help us to better understand oral health
outcomes.

As previously mentioned, we would ideally
examine children receiving 3 or more pre-
ventive oral health visits before their third
birthday, which has been shown to reduce
caries-related treatments, and thus may lead
to a further reduction in dmft.8,26 In addi-
tion, although more than 40 state Medicaid
programs reimburse PCPs for providing
fluoride varnish, generalizability of our
study findings beyond North Carolina may
be limited.5 Moreover, our study of Medic-
aid beneficiaries may have limited general-
izability to privately insured and uninsured
populations.

Conclusions

We compared the oral health outcomes of
children receiving preventive oral health ser-
vices from PCPs, dentists, or both. Regardless

TABLE 2—Results of Adjusted Regression Models Estimating Number of dmft and Proportion of dt/dmft Among North Carolina Medicaid

Enrollees in Kindergarten During 2005–2006

Variable Description

Results From ZINB

Logit Estimating Odds

of Excess Zero dmft

(n = 5235), OR (95% CI)

NB Estimating Expected Number

of dmft for Children at Risk for

dmft (n = 2521), IRR (95% CI)

Results From Binomial Logistic

Regression, Estimating Proportion

of dt/dmft (n = 2521), OR (95% CI)

Provider of preventive oral health services before age 3 y

‡ 2 dentist visits only (Ref) 1.00 1.00 1.00

‡ 2 IMB visits only 1.06 (0.78, 1.46) 0.95 (0.82, 1.09) 2.05** (1.28, 3.30)

Both dentist and IMB visits 0.77 (0.52, 1.14) 0.94 (0.82, 1.08) 1.34 (0.82, 2.19)

No. of months enrolled in Medicaid 0.99 (0.97, 1.01) 1.01 (0.99, 1.02) 1.00 (0.97, 1.03)

Race

White 1.43*** (1.17, 1.74) 0.97 (0.88, 1.06) 1.11 (0.87, 1.42)

Black 1.68*** (1.38, 2.06) 0.90* (0.82, 0.99) 1.19 (0.95, 1.49)

Other (Ref) 1.00 1.00 1.00

Male 0.84* (0.73, 0.96) 1.05* (1.00, 1.09) 1.05 (0.95, 1.17)

Indicator of Hispanic ethnicity 1.08 (0.80, 1.45) 1.13* (1.01, 1.26) 0.74 (0.55, 1.01)

Indicator that child has special health care needs 1.26 (0.86, 1.82) 0.92 (0.77, 1.09) 1.26 (0.91, 1.74)

Number of well-child visits before age 3 y 1.11*** (1.05, 1.18) 0.98 (0.95, 1.01) 0.96 (0.89, 1.03)

Indicator of caries-related treatments before age 3 y 0.12*** (0.08, 0.18) 1.66*** (1.51, 1.82) 0.31*** (0.24, 0.41)

Oral health services before age 3 y received in public clinic 1.02 (0.87, 1.19) 0.94 (0.86, 1.02) 1.11 (0.89, 1.38)

No. Medicaid eligible < 18 y per 10 000 people 0.999* (0.998, 0.999) 0.9997 (0.999, 1.00) 1.001* (1.000, 1.002)

No. primary care providers per 10 000 people 0.96 (0.90, 1.02) 1.03* (1.01, 1.06) 0.92* (0.85, 0.99)

No. dentists per 10 000 people 1.11** (1.03, 1.20) 0.94*** (0.90, 0.97) 1.10* (1.01, 1.21)

Constant term 0.89 (0.35, 2.27) 4.27*** (2.45, 7.44) 0.05*** (0.02, 0.17)

Note. CI = confidence interval; dmft = decayed, missing, or filled primary teeth; dt = untreated decayed teeth; IMB = Into the Mouths of Babes program; IRR = incidence rate ratios; OR = odds ratio;
ZINB = zero-inflated negative binomial. Models also controlled for the rural or urban status of the child’s county of residence and the percentage of the county population with fluoridated drinking
water.
*P < .05; **P < .01; ***P < .001.
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of the provider type, children who received
multiple preventive oral health visits before
their third birthday had a similar number of

dmft in kindergarten, leading us to conclude
that PCPs and dentists are equally effective
providers of preventive oral health services.

We also found that children who had only
IMB visits had a significantly greater propor-
tion of dt/dmft, suggesting that more efforts
are needed to improve referrals from PCPs to
dentists to help children obtain needed dental
treatment. Further research is needed to ex-
amine best practices to increase utilization of
preventive oral health services and to link
medical and dental homes through effective
referrals. j

About the Authors
Ashley M. Kranz, R. Gary Rozier, and Sally C. Stearns are
with the Department of Health Policy and Management,
University of North Carolina (UNC) Gillings School of
Global Public Health, Chapel Hill. John S. Preisser is with
the Department of Biostatistics, UNC Gillings School of
Global Public Health. Morris Weinberger is with the
Department of Health Policy and Management, UNC
Gillings School of Global Public Health, and the Center for
Health Services Research in Primary Care, VA Medical
Center, Durham, NC. Jessica Y. Lee is with the Department
of Pediatric Dentistry, UNC School of Dentistry and the
Department of Health Policy and Management, UNC
Gillings School of Global Public Health.
Correspondence should be sent to Ashley M. Kranz,

Dental Research, UNC School of Dentistry, Koury Oral
Health Sciences Building, Room 4505, Campus Box 7455,
Chapel Hill, NC 27599-7455 (e-mail: akranz@unc.edu).
Reprints can be ordered at http://www.ajph.org by clicking
the “Reprints” link.
This article was accepted March 6, 2014.

Contributors
A. M. Kranz contributed to the conceptualization, de-
sign, and analysis of study, and drafted the initial
article. R. G. Rozier acquired data, contributed to
conceptualization and design of the study, and
reviewed and revised the article. J. S. Preisser contrib-
uted to conceptualization, design, and analysis of study,
and reviewed and revised the article. S. C. Stearns
acquired data; contributed to conceptualization, de-
sign, and analysis of study; and reviewed and revised
the article. M. Weinberger and J. Y. Lee contributed to
conceptualization and design of the study, and
reviewed and revised the article. All authors approved
the final article as submitted.

Acknowledgments
This study was supported by grants R01 DE013949
and R03 DE017350 from the National Institute of
Dental and Craniofacial Research (NIDCR). A. Kranz
was partially supported by a National Research Service
Award Pre-Doctoral Traineeship from the Agency for
Health Care Research and Quality sponsored by the
Cecil G. Sheps Center for Health Services Research,
University of North Carolina at Chapel Hill, grant T32-
HS000032. M. Weinberger was supported by a Health
Services Research and Development Senior Career
Scientist Award from the Department of Veterans
Affairs.

Note. The content is solely the responsibility of the
authors and does not necessarily represent the official
views of the NIDCR or the National Institutes of
Health.

0

0.5

1

1.5

2

2.5

3
N

um
be

r o
f d

m
ft

≥ 2 Visits (n = 5235)
Dentist only IMB only IMB + Dentist

Note. IMB = Into the Mouths of Babes program. The overall mean (m) is given by combining the 2 parts of the zero-inflated
negative binomial model as m = (1 - w) l where w is the probability of an excess zero dmft and l is the mean number of

dmft given by the negative binomial part of the model that describes the (unobserved) latent class of children that are at risk

for dmft.

FIGURE 1—Adjusted overall mean number of decayed, missing, and filled primary teeth

(dmft) per child: North Carolina Medicaid enrollees in kindergarten during 2005–2006.

0

0.1

0.2

0.3

0.4

0.5

Pr
op

or
tio

n 
of

 d
t/

dm
ft

≥ 2 Visits (n = 2521)
Dentist only IMB only IMB + Dentist

a

Note. IMB = Into the Mouths of Babes program.
aIndicates significantly greater mean value than visits to dentists only (P < .001) and both IMB and dentists (P < .01).
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