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Abstract

Objectives: Despite a significant national investment in oral health, there is little understanding
of the return in terms of quality. Value-based payments aim to refocus provider reimbursement
based on the value created to the patient. Our objectives were to apply a set of dental quality
measures to help determine the value of preventive dental care provided to children at two
academic dental school clinics.

Methods: We queried the institutional electronic health records (EHRs) for patients between the
ages of 6-14 years with sealable first or second permanent molars, determined caries risk status,
identified if dental sealants were placed, and finally if the teeth showed evidence of new caries
experience. In order to determine the cost-effectiveness of EHR-based triage of applying dental
sealants, we calculated the incremental cost-effectiveness ratio (ICER) for the dental quality
measures supported sealing program.

Results: Between the two academic sites, there were 6,155 unique children for a total of 12,302
eligible teeth without a sealant and 32,811 eligible teeth with a sealant. Teeth without a sealant
were more likely to have decay (4.8 percent) than those with a sealant (1.7 percent). At both sites,
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patients with high caries risk were more likely to benefit from sealants compared to those patients
with low risk.

Conclusion: Implementation of caries risk stratified fissure sealant quality measures
demonstrates the potential for extracting better value in oral health care.

Keywords

quality; dental quality measures (DQMs); value; low-value Care; dentistry; EHR; caries; caries
risk assessment; preventive dentistry

Introduction

Quality of care in dentistry can be defined as “an iterative process involving dental
professionals, patients and other stakeholders to develop and maintain goals and measures to
achieve optimal health outcomes.”? Therefore, standardized and reproducible measures
should be an indispensable part of clinical practice. As patients demand increased quality,
safety and transparency, dentists have increasingly been more motivated to undertake efforts
to meaningfully assess and improve the quality of care they provide to their patients.! Payors
are struggling to implement quality measures in a fee for service world. Over the years,
dentists have adopted three approaches to ascertain clinical quality: direct observation of
patient care by a trained observer, chart review, and quality metrics.2 Direct observation and
chart review are inherently prone to subjectivity and are intensely time consuming; in
contrast, the implementation of dental quality measures (DQMS) introduces a universal and
more objective methodology that allows for analysis of all patient records. Currently, most
DQMs are mainly procedure-based process measures and as such are not suitable for

measuring if the preferred oral health outcomes (e.g., caries-free mouth) have been achieved.
3

Oral health remains a significant burden in the United States, and a great deal of attention
has been focused on the use of dental sealants. Going back to 1976, when sealants were
approved as safe and effective in preventing pit and fissure caries lesions,* specific
objectives have been in place for providing sealants to children.> Early on, Healthy People
2000 and 2010 objectives® 7 advocated a 50 percent prevalence of sealants on at least one
permanent molar by the age of 14 years. However, reaching this goal remains elusive,®
further illustrated by the fact that Healthy People 2020 set the target for sealant placements
for adolescents age 6-9 years to 28.1 percent and 21.9 percent for children aged 13-15
years.9 In efforts to spur improvement, entities such as the Dental Quality Alliancel® and
Oregon Health Authority!! have developed DQM:s to help assess how well sealants are
placed in children. These measures rely on claims data. In our prior work, we have
demonstrated that these traditional measures often underestimate sealant placement!2 and
can be enhanced by using the rich data now available in dental electronic health records
(EHRs).13 Armed with these data, we now have the ability to accurately determine the caries
risk status of patients, identify if teeth are eligible for sealants, and measure the effectiveness
of the sealant in preventing future decay.
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Value-based care refocuses the reimbursement to the provider, based on the value created to
the patient rather than by the procedures performed.1# Low-value health care can be defined
as care that is unnecessary and provide no benefits to the patient.1> Examples include
cervical cancer screening for a woman younger than age 21, cardiac screening for low-risk
asymptomatic patients, or PSA-based screening for prostate cancer in all men regardless of
age.16 Low-value care may even harm the patient and may lead to overtreatment and
unnecessary testing.1> Up to $26.8 billion could be saved annually if measures were taken to
address overtreatment and low-value care in medicine.l” Current payment incentives
typically reward more services regardless of the value they create for the patient.16 Although
similar research is not available for the dental profession, we can extrapolate that low-value
care exists in dental care simply from the fact that dentistry, even more than medicine,
operates mainly as a fee-for-service model. Examples of low-value care in dentistry may
include sealants for patients who are assessed at low risk for caries, or the prophylactic
removal of third molars.

In this article, we explore how to apply caries-related process and outcome-based DQMs,
designed for use in EHRs, to determine the value for money of dental sealants according to
individual caries risk status.

Our research team applied three EHR-based quality measures to assess a) caries risk status,
b) provision of sealants on sealable teeth, and c) caries outcome as defined as incidence of
new decay. These measures were implemented by running database queries in the EHR at
two dental schools. Each institution belongs to the Consortium for Oral Health Research and
Informatics (COHRI),18 uses the axiUm EHR platform (Exan Corp, Coquitlam, BC,
Canada) and the SNODDS?? dental diagnostic terminology, and obtained Institutional
Review Board (IRB) approval.

Identifying caries risk status

Caries risk status is documented in three places within the dental EHR. Caries risk status
was reported with each exam. The status was based on the patient’s most recent caries risk
recorded at least 30 days prior to the exam and in one of the following three places: a)
SNODDS diagnosis of caries risk; b) CDT Dental Procedure codes D0601 (caries risk low),
D0602 (caries risk moderate), or DO603 (caries risk high or extreme); or ¢) caries risk
assessment (CRA) form. In the cases where a patient received more than one type of CRA
on the same date, the CRA was taken in the prioritized order of items 1-3 above. The CRA
form used was the evidenced based, validated, caries risk assessment tool developed at
UCSF, providing clinic decision support for providers.29-23 The caries risk was the risk level
determined (selected) by the provider as low, moderate, high, or extreme for SNODDS
diagnosis, CDT dental procedure code or use of the CRA form.

Identifying the placement of sealants

We applied our previously developed EHR-based sealant measure in order to determine the
rate of sealant placement among sealable teeth.13 A sealable tooth was defined as
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“permanent molars eligible for sealant treatment, thereby excluding teeth that were either
unerupted, carious, restored, or previously sealed from our evaluation.”13 A sealant was
identified using the CDT Dental Procedure Code D1351.

Identifying incidence of new decay

For each tooth, new caries experience was identified as a tooth previously recorded as sound
(erupted adult tooth with no prior caries or restorations) at the last examination, that is now
diagnosed with active and cavitated decay (D), has been filled (F), or was extracted (M) due
to decay.

Study population—The study population consisted of patients between the ages of 6 and
14 years who were treated within the dental care clinics of two US dental schools. During
the period from January 1, 2016 until December 31, 2018, a retrospective extract of data was
obtained from each site’s dental EHR. For inclusion, a first or second molar had to be
present and had not previously sealed or treated. The data collected included: exam dates,
age, gender, race, primary language spoken at home, zip code, per tooth sealant status on
either a first or second molar, per tooth decay status, and caries risk. The inclusion criteria
for our measure denominator included children aged 6-14 years who had either a completed
D0120 (periodic oral evaluation) or D0O150 (comprehensive oral evaluation) with at least one
or more sealable tooth/teeth on the date of the exam. The age criteria for our study
population were applied as of the date of the exam. Each patient in our sample data had two
exams. The first exam was scripted to be between 3 and 36 months prior to the second exam.
As a result, all second exams (T1 exams) occurred within the given time period from
January 1, 2016 to December 31, 2018. The measure took a retrospective look to see
whether there had been any change in decay since the initial visit. The subsequent analysis
was conducted at the tooth level rather than at the patient level. We compared all sealed
versus non-sealed sealable teeth, comparing the levels of new decay in each set.

Due to the retrospective nature of the data, the information needed for dental quality
indicators had been already been collected (in the process of routine care) through the EHR
and was available for analysis. Since all the participating institutions were axium EHR
users, the Structured Query Language (SQL) script was developed for both sites. Cost of
sealant placement per tooth was also ascertained through the National Dental Advisory
Service (NDAS) fee report for Sealants (D1351 procedure). The currency used for the
incremental cost-effectiveness ratio (ICER) was the United States Dollar ($USD). The fees
for sealants were set at $70.00 USD which represented the 70th percentile (middle of the
range from 40th to 95th percentile) of fees for sealants in 2020. The amount was based on
the NDAS 2020 Comprehensive Fee Report,24 which is a nationwide marketplace analysis
that consisting of confidential fee surveys and augmented by national claims data.

Statistical analysis and analytical methods

Our analysis used three methods: a) using two-sample test of proportions analysis, we
determined the difference in decay among those who were sealed and those who were not
for each caries risk category. The assumptions of its use are that that each population follows
a binomial distribution, observations are independent, and both np >10 and n(1-p) > 10. b) A
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generalized linear model for count data was used to assess the multivariate relationship
between dental decay and patient factors such as age, gender, race, caries risk, and number
sealants placed. The key assumption for its use is that the new decay outcome follows a
Poisson distribution. ¢) We calculated a stratified incremental cost-effectiveness ratio for
each category of caries risk. Descriptive statistics were calculated for all patient
characteristics. For categorical variables, frequencies and percent contributions were
reported and for numeric/continuous variables, mean and standard deviations were reported.
All patient characteristics, sealant treatments, and dental decay were extracted from the
dental EHR data pulls. In order to estimate the univariate differences in the percentage of
decayed teeth between those who had sealed teeth versus those who did not was assessed
using the independent sample z-test for proportions. A zero-inflated generalized linear
model for count data (negative binomial) was developed to assess multivariate associations
with decay and all relevant patient characteristics. The model adjusted for age, gender, race/
ethnicity, urban or rural status, the time between visits, caries risk, and number of teeth with
and without sealants. The average cost of sealed was calculated by average number of
sealants per exam (*) average cost per sealant. All tests were conducted at the standard
significance level (0.05) and analyses were performed using Stata statistical software and R
Project for Statistical Computing.2> 26 Further, the results of the cost-effectiveness analysis
were reported in accordance with the Consolidated Health Economic Evaluation Reporting
Standards Statement (CHEERS).2’

Approach for economic evaluation

The cost-effectiveness of DQM-supported versus hon-DQM-supported application of dental
sealants was modeled from the perspective of a societal decision maker and applying a 3-
year time-horizon. The reporting of this part of the study leans on the CHEERS statement.2”
In order to determine the cost-effectiveness of the EHR-based sealant measure, we
calculated the incremental cost-effectiveness ratio (ICER) for sealing versus not sealing.
Thereby, it was distinguished between onset of new decay between ordinal categories of
caries risk (low, moderate, and high). Sealants are indicated for retentive pits and fissures
likely to become carious. In addition, caries risk status is a key factor in the determination of
whether a sealant is eventually placed. To this end, establishing the cost effectiveness of
sealant placement relative to the caries risk level would allow for more targeted
interventions. Both the costs and health benefits were evaluated over the period from
January 1, 2016 until December 31, 2018. This represents a window relevant to the gestation
of decay.?8: 29 The health outcome of specific interest is the proportion of eligible teeth with
dental decay among those patients who have been sealed (PR(Dental Decay | Sealed)) and
those who have not (PR(Dental Decay | Un-Sealed)) at each given risk level. In the
calculation of the ICER, the denominator will represent the risk difference (PR(Dental
Decay | Sealed) - PR(Dental Decay | Un-Sealed)). Given that this part of the study was
aimed at demonstrating the proof-of-principle of DQM-based sealant triage representing
good value for money, the application of discount rates and sensitivity analyses was not
used.
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Results

Patient characteristics

Between the two academic sites, there was 6,155 unique children. The average age was 9.6
years (SD = 2.4) and 52.9 percent were male and 47.1 percent were female. Hispanic (30.1
percent) was the most frequently reported racial category and “non-Hispanic” (29.1 percent)
was the most frequently cited ethnicity. The most frequently reported primary language
spoken at home was English (63.8 percent) followed by Spanish (22.3 percent). The
plurality of child patients reported home residences that were categorized as considered
urban (91.5 percent) according to the RUCA code (See Table 1).

Tooth characteristics

There was a total of 12,302 eligible teeth without a sealant and 32,811 eligible teeth with a
sealant between the two sites. Among those, there were 594 decayed teeth without a sealant
(4.8 percent) and 555 decayed teeth without a sealant (1.7 percent) (Risk Difference = 3.14
percent; z-test = —18.8; A-value <0.0001). Table 2 shows the percentages of decayed teeth in
the sealed group and the unsealed group by caries risk assessment categories. There are
significant differences in the percentages of teeth with new decay between those with and
without sealants at all elevated risk levels.

Table 3 shows a multivariate, generalized linear model for count data modeling the rate/risk
ratio of dental decay over the 3-year study period. The frequency of eligible patients without
a sealant was associated with a 69 percent increased risk of decay (IRR = 1.69, 95% CI =
1.03-2.77). Similarly, the frequency of eligible patients with a sealant was associated with a
45 percent decreased risk of decay (IRR = 0.55, 95% CI = 0.35-0.85). Higher lengths of
time between appointments, elevated caries risk, older ages, male gender, and primary
language spoken at home “other” were all significantly associated with increased risk of
dental decay (~-values < 0.05). Race and rural-urban status were not associated with
increased risk of dental decay in our cohort (Table 3).

Cost-effectiveness

There were 2,329 teeth sealed and categorized as “low risk.” The cost per sealant, per tooth
within the two sites during the study period was $70.00/per tooth/ per sealant (average cost
per sealant based on private insurer). As reported in Table 2, there is no statistically
significant difference in the risk of dental decay for those low risk patients who have had a
sealant placed versus those who did not. This result represents a low-value care scenario
where the introduction of sealants to a low-risk population has no statistical impact on dental
decay among those that have been sealed. Had this sub-group of teeth not been sealed, there
would be a total cost savings for patients of $163,030 and a savings of ~365 hours of
provider time over the 3-year time horizon.

Alternatively, there were 26,262 teeth sealed and categorized as “Elevated risk” which
consists of caries risk categories “moderate,” “high,” and “extreme.” The cost per sealant
placed, per tooth was $70.00/per tooth/per sealant. There was a significant difference in
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decay between sealed and unsealed teeth for each elevated category. The total cost of the
sealants placed in the elevated risk categories is $1,838,340 over the three-year time horizon.

The incremental cost-effectiveness ratio was calculated to illustrate the value proposition for
sealants among patients age 6-14 with low and elevated risk teeth. Table 4 shows the ICER
for each risk level. The ICER for placing sealants in “Low” caries risk persons is
$413,870.47/per percent of decay averted per exam over a 1-year time horizon. That means a
societal decision maker would need to be willing to invest more than a hypothetical $400 k
per exam to avert 1 percent of caries over a year. On the other hand, the ICER for placing
sealants in “elevated” caries risk persons is —$1,452.14/per percent of decay averted per
exam over a 1-year time horizon. This means that a societal decision maker would gain more
than a hypothetical ~$1,500 per exam due to averting 1 percent of caries per year.
Qualitatively similar results were obtained when ICERS were calculated per tooth instead of
per exam.

Discussion

Our results at two dental school clinic practices suggest that the placement of sealants in
patients who are assessed as low caries risk is not cost-efficient because it would not prevent
more caries while the placement of sealants implies unnecessary treatment costs (i.e., waste
of resources). Correctly executed sealants that are fully retained prevent caries and in turn
will likely help to reduce cost to the patient and/or the health care system as a more
expensive restoration is avoided.> However, improper techniques may damage tooth
structure and compromise retention where improper patient/tooth selection misuses limited
resources.30: 31 Hence, in an effort to address low-value care in dental practice, the dental
community may consider moving from an indiscriminately public health approach of
“sealing every available tooth” to only “sealing teeth that are assessed as high caries-risk.”
Applying risk adjustment in DQMs is hence relevant and appropriate.12: 32

Our study is an initial attempt to demonstrate how a set of dental quality measures (DQMs)
may be used by individual dental practices to determine the value for money for preventive
sealant programs. We acknowledge that it is not completely accurate to compare the cost of
a sealant with the cost of a restoration as not all unsealed teeth are certain to become carious.
33 Our analysis was also conducted at the tooth level rather than at the patient level.
Additionally, the comparison does also not take into account the amount of suffering the
carious lesion may cause or the potential for further pain and care over the lifetime of the
patient and tooth. However, the fact remains that sealants have proven to be cost-effective
and do prevent caries. Our study was also limited by the time period of the study. Moreover,
the incremental cost-effectiveness ratios for sealants have proven to become more favorable
in the tenth and eleventh year after application, thus emphasizing the importance of
preventive dental care for high caries risk patients.3* However, providing sealants to low-
caries patients or teeth that are not prone to caries decreases the cost-effectiveness and cost-
savings of sealant placements,3® and hence would be considered low-value health care.

Strategies to reduce low-value care include awareness campaigns for both the patient and
provider; implementation of clinical decision tools and quality improvement measures; and
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involving the patient in informed decision making.1> Now rich data are available through
EHRs, payers may reimburse based on an accurate assessment for elevated caries risk.
Combining health promotion, health education, health literacy, and disease prevention
(appropriate placement of sealants, caries risk assessments) are needed to advance the
general understanding of the public how to improve their oral health.33 The use of clinical
decision support (CDS) is a rather sophisticated health IT component and can “significantly
impact improvements in quality, safety, efficiency, and effectiveness of health care.”36 When
intelligently filtered or presented at appropriate times, CDS can provide the dental team with
knowledge and person-specific information to improve oral health care.36 CDS tools can
warn the dental care team of potential problems, or provide suggestions for the clinical team
and patient to consider,3” that is, placing sealants when the caries risk assessment comes
back as high. Lastly, increasing the involvement of patients in their oral care is part of
patient-centered care, which has proven to improve quality and safety.38

Moving the dental providers to confront low-value care will take a significant change of the
established culture. The current fee-for-service (FFS) reimbursement system incentivizes
doing more procedures. Value base payment (VBP) on the other hand, rewards disease
prevention, health promotion, and improving population health, as such turning the focus on
results rather than services.39 VBP can take on several forms, including a) FFS with a link to
a value model, in which there is some payment tied to performance, reporting, or care
management; b) FFS where some payment is linked to managing a segment of the
population with respect to both cost and quality, in which the savings are shared upside only
or upside and downside; and c) Prospective payment model where there is no link to volume
and the provider is paid in advance with a fixed fee to provide a defined set of dental
services. These services may include specific services (sub capitation), certain episodes of
care, for example, new patient visits and risk assessment for a population, or integrated
delivery system capitation (per patient per month payment linked to specific services and
quality metrics). Quality pays a pivotal role in VBP as specific quality metrics need to be
met in order to receive the full incentive payment.3°

When considering the value of preventive dental services, it is also important to reflect upon
the present state of oral healthcare. The COVID-19 pandemic has impacted the dental
community significantly. The pandemic will likely create a perfect storm with vulnerable
people, who have lost their job and health/dental insurance turning to Medicaid/CHIP for
dental benefits and stretching an already over-burdened provider network. This may in turn
create the real possibility that actual benefits may be cut, and hence increasing their risk for
not receiving preventive dental services including sealants to prevent dental caries. Now is
indeed the time to generate evidence to help extract the most value for patients from the
limited resources in the dental public health safety net. Policy makers are also urged to
maintain dental benefits and to genuinely campaign to add dental providers to the Medicaid/
CHIP safety net to assure that the most vulnerable of our population receive preventive oral
health services. Our study highlights the suitability of using data available in the EHR for
measuring and helping to extract better value in oral health care.
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