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Abstract Background Longitudinalpatient leveldataavailable in theelectronichealth record(EHR)allows for
the development, implementation, and validations of dental quality measures (eMeasures).
Objective We report the feasibility and validity of implementing two eMeasures. The
eMeasures determined the proportion of patients receiving a caries risk assessment (eCRA)
and corresponding appropriate risk-based preventative treatments for patients at elevated
risk of caries (appropriateness of care [eAoC]) in two academic institutions and one
accountable care organization, in the 2019 reporting year.
Methods Both eMeasures define the numerator and denominator beginning at the patient
level, populations’ specifications, and validated the automated queries. For eCRA, patients
who completed a comprehensive or periodic oral evaluation formed the denominator, and
patients of any age who received a CRA formed the numerator. The eAoC evaluated the
proportion of patients at elevated caries risk who received the corresponding appropriate
risk-based preventative treatments.
Results EHR automated queries identified in three sites 269,536 patients who met the inclusion
criteria for receivingaCRA. Theoverall proportionof patientswho receivedaCRAwas 94.4% (eCRA).
In eAoC, patients at elevated caries risk levels (moderate, high, or extreme) received fluoride
preventive treatment ranging from56 to93.8%. For patients at high andextreme risk, antimicrobials
were prescribed more frequently site 3 (80.6%) than sites 2 (16.7%) and 1 (2.9%).
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Background and Significance

Health care is undergoing a transformation to provide better
health, better care, lower cost, and an engaged workforce.1,2

Continuous quality improvement is advocated for an ideal
health care system to monitor care.3 Each year in the United
States, over 195,000 active dental practitioners provide care
to more than 127 million patients, expending billions annu-
ally.4 Quality measures applied to dentistry provide an
understanding of the return in terms of quality and value
within the health care system.5,6

Tooth decay is a disease affecting 60 to 90% of children and
up to 100% of adults worldwide.7 Tooth decay is a complex
and multifactorial disease resulting from an imbalance of
protective and risk factors in the oral cavity and it remains
the most prevalent chronic disease in the United States,
affecting 91% of adults ages 20 to 64, with 27% having
untreated tooth decay.8 Healthy People 2030 goals for adults
include reducing untreated decay and tooth loss.9 Caries
management has evolved from a traditional restorative,
“drill-and-fill,” surgical intervention to a multilevel ap-
proach with assessment and determination of caries risk
levels divided into low, moderate, high, and extreme.10,11

Caries risk assessment (CRA) is conducted during a clinical
examination using a form inclusive of the information on
disease indicators, biological, and protective factors to pre-
dict the likelihood of future caries development with a goal
to determine a personalized caries management plan based
on the risk status.10,12

In the last 20 years, the dental community has embraced
the philosophy of CRA and management,13 but our under-
standing towhich extent dental institutions, that is, academ-
ic, private, and group practices perform CRAs, and deliver
appropriate risk-based caries treatments to patients is limit-
ed. With structured patient-level data in electronic health
records (EHRs), rather than relying on administrative claims
data, it is now possible to use clinical quality measures to
evaluate our patients’ oral health care. A definition of the
measure domain process of care is “a health care–related
activity performed for, on behalf of, or by a patient,” and
“supported by evidence that the clinical process has led to
improved outcomes.”14 The literature reports on the devel-
opment and implementation of process of care clinical
quality measures seeking to improve fluoride applications,
oral evaluations for patientswith diabetes,15 tobacco use and
cessation,16 and placement of dental sealants.17,18 In 2020,
the Dental Quality Alliance released technical specifications
of a process of care measure to evaluate caries risk docu-
mentation using program/plan administrative enrollment
and claims data in children aged 21 years and younger,19

combining primary, mixed, and permanent dentitions. Our
study builds on the Dental Quality Alliance measure, utiliz-
ing EHR derived data.

Objectives

In this research study, we employed a process of care quality
measurement to evaluate caries risk documentation in chil-
dren and adults in clinical practice, and evaluated if patients at
elevated risk received evidence-based caries preventive man-
agement care. Our research objectives are mentioned below:

1. eCRA: develop and validate a CRA measure to determine
the percentage of patients (any age) of record who re-
ceived a CRA within the reporting year.

2. Appropriateness of care eMeasure: develop and validate a
risk-based measure to determine the percentage of
patients (any age) who received a CRA within the report-
ing year and corresponding appropriate risk-based treat-
ment(s) on or after the date of the CRA during the
reporting year.

Methods

The development, implementation, and validation of eMeas-
ures eCRA and eMeasure appropriateness of care (eAoC) were
performed by our teamwith expertise in caries risk documen-
tation and management, general dentistry, public health,
dental informatics, and dental diagnosis terminology. Using
retrospective patient-level data,we implemented the research
study in three dental schools and one large dental accountable
care organization (ACO). All four institutions use the axiUm
EHR platform (Exan Corp, Coquitlam, BC, Canada) and the
Standardized Diagnostic Dental terminology (SNODDS).20

Each participating institution obtained respective Institution-
al Review Board (IRB) approval. As a first step, a query was
developed and validated as described earlier.15 Query valida-
tionwas conducted in four dental institutions. One institution
(site 4) had less than 25 charts with documentation of caries
risk, therefore the participation of site 4 in this research study
was limited to quality measure validation.

Dental Quality Measures eMeasure Carries Risk
Assessment and eMeasure Appropriateness of Care:
Development, Implementation, and Validation
►Fig. 1 includes a flowchart with the eMeasures description,
the numerator, and denominator details.

eCRA—numerator: we defined the numerator population
based on the latest documented caries risk levels in the
reporting calendar year of 2019 with three approaches
following a hierarchy of events, A1, A2, and A3.

Conclusion Patient-level data available in the EHRs can be used to implement process-of-
care dental eCRA and AoC, eAoC measures identify gaps in clinical practice. EHR-based
measures can be useful in improving delivery of evidence-based preventative treatments to
reduce risk, prevent tooth decay, and improve oral health.
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A1. Caries risk diagnosis SNODDS—treatment valid pairs: a
caries risk level–related SNODDS20 diagnosis term (extreme,
high, moderate, or low) associated with a planned, in process,
or completed valid procedure code, recorded in the EHR. For
example, caries risk high SNODDS term (596479), pairedwith
topical fluoride varnish treatment code (D1206), is a valid pair
because of a topical fluoride varnish application is an evi-
dence-based preventive treatment indicated for a high-risk
caries patient. ►Supplementary Appendix A (available in the
onlineversion)details the complete listofcaries riskdiagnosis-
treatment valid pairs.

A2. CRA procedure codes: we followed the Dental Quality
Alliance released specifications for practice-level measures
for dental clinics to evaluate caries risk documentation using
procedure codes21; D0601 (caries risk low), D0602 (caries
risk moderate), or D0603 (caries risk high) recorded in the
patient chart with a “completed” status.

A3. CRA forms: while the Caries Management by Risk
Assessment (CAMBRA) form10 is in use across all participat-
ing institutions, we identified the various CRA forms used at
each institution, and included those in the study to capture
all risk assessment evaluations.

Patient-level caries risk documentation can happen more
than once within the reporting year and the CRA may be
recorded with any or all of the methods. To address this
scenario, we utilized a three-step hierarchy of events for the
classification of caries risk levels: (A1) caries risk diagnosis
SNODDS–treatment valid pairs; (A2) CRA procedure codes;
and (A3) CRA forms. We calculated the measure rate as the
ratio of the numerator divided by the denominator.

eAoC is a measure of the caries preventive management
plan that is risk-based with patients at elevated risk (moder-
ate, high, or extreme) receiving evidence-based therapies.
The consensus recommendation is prescription fluoride for

Fig. 1 Flow chart with description of caries risk assessment and appropriateness of care eMeasures (eCRA and eAoC, respectively).
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patients at elevated risk levels, and antimicrobials treat-
ments for high and extreme caries risk patients.10 All partic-
ipating institutions follow the evidence-based CAMBRA
protocol for caries management and prevention which
includes prescription 1.1% fluoride toothpaste, professional-
ly applied fluoride (D1206 or D1208), and antimicrobials, or
prescription chlorhexidine gluconate 0.12%. We also includ-
ed the application of interim caries arresting medication
(D1354) as fluoride therapy. We excluded low-caries risk
patients from the numerator because they do not have active
disease and the recommendation is to continue oral hygiene
with over the counter toothpaste and regular dental visits.10

Development of Automated Electronic Health Record
Query
A structured query language (SQL) script was developed to
enable standardized extraction of EHR data across partici-
pating institutions. During this test, we confirmed that the
information extracted by the query from patient charts was
100% accurate and developed the final script for implemen-
tation at each site.

Validating the Automated Query
After implementing the script, we validated the query per-
formance with manual chart reviews following our previ-
ously described process.22

Specifically the below-mentioned steps:

Step 1: sample size calculations: the queried sample was
the population, the respective proportions (measure
scores) by site, and we used standard two-tailed z-score
of 1.96 and a margin for error of 0.05 (d¼0.05).23 The
resulting sample sizes for evaluating CRA (n1) and risk-
based treatments (n2) for each site are: site 1, n1¼314 and
n2 ¼ 362; site 2, n1¼326 and n2¼317; and site 3 n1¼347
and n2¼385.
Step 2: manual chart reviews: at each site, two indepen-
dent reviewers manually reviewed 50 charts; Cohen’s
kappa24 values for interrater reliability were κ¼1.0 for

all sites, allowing for a single reviewer to complete the
remaining chart reviews at each site.
Step 3: validity analysis: to evaluate the concordance
between the automated query and manual chart reviews,
we calculated sensitivity, specificity, and positive and
negative predictive values. The overall performance was
above 90% for eCRA and eAoC (►Table 1).
Step 4: measure scores: calculated as the ratio of the
numerator divided by the denominator for automated and
manual queries. We assessed differences between the
automated and manual queries by using a parametric,
one sample z-test for proportions. For analysis purposes,
we combined high and extreme caries risk patients,
because few patients classified as extreme caries risk: 1,
91, and 590 for sites 1, 2, and 3, respectively; and the
dental procedure codes do not differentiate between high
and extreme caries risk.

Results

eCRA: across all three sites, 269,536 patients met the inclu-
sion criteria for the denominator. The proportion of patients
who received a CRA (numerator) was 94.43% (n¼254,510)
across all sites. The number of female patients in the numer-
ator and denominatorwas higher comparedwithmales,with
95% of 150,273 female patients receiving a CRA (►Table 2).
Using a Chi-squared test for homogeneity of proportions,
there were statistically significant variations in the measure
scores by gender (χ2¼210.01, p<0.0001). We stratified our
data in four age groups as follows: 0 to 5 (primary dentition),
6 to 12 (mixed dentition), 13 to 18 (permanent dentition),
and 18þ (permanent dentition including wisdom teeth, 3rd
molars; ►Table 2). Across all sites, the majority of our
denominator patient population were adults aged 18 years
and older with 96.5% of 269,536 receiving a CRA and the
lowest were children aged 0 to 5 yearswith 70.1%with a CRA.
The measure scores were statistically significant by age
group (χ2¼19,838, p<0.0001). Across all sites, the patient
population was racial and ethnically diverse. Whites

Table 1 Overall validity analysis of eCRA and eAoC measures

Query vs. manual Sensitivity (%) Specificity (%) PPV (%) NPV (%)

eCRA 90.2 100 100 90

eAoC

Fluorides 90.4 100 100 90.2

Antimicrobials 100 100 100 100

Sensitivity When the manual review confirmed that the automated query correctly identified the patient
in the numerator

Specificity When the manual review confirmed that the patient, as identified by the automated query
was not a part of the numerator

PPV When the automated query confirmed that the patient was part of the numerator as
identified by the manual reviewer

NPV When the automated query confirmed that the patient was only a part of the denominator as
identified by the manual reviewer

Abbreviations: eAoC, eMeasures appropriateness of care; eCRA, eMeasures carries risk assessment; NPV, negative predictive value; PPV, positive
predictive value;
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corresponded to 57.2% of the total denominator population.
Themeasure scoreswere statistically significant by racewith
the highest proportion of Native Americans (98.8%) received
a CRA and 82.5% of patients in the “Other” race category. The
race data needs to be interpretedwith caution because of the
number of unknowns with 17.6% of the total study popula-
tion. The measure scores for ethnicity were significant with
higher proportion of patients being non-Hispanics (97.7% of
220,785 patients; ►Table 2).

We determined caries risk levels with three strategies.
►Fig. 2 illustrates the combined use of approaches (A1) caries
risk diagnosis SNODDS—treatment valid pairs; (A2) CRA Cur-
rent Dental Terminology (CDT) codes; and (A3) CRA forms by
site. In site 1, approach, A3 alone represented 23.0% of the
caries risk documentation. A combination of approaches A2
and A3 accounted for 60.0% of the caries risk documentation,
indicating the caries risk status was determined with a com-
bination of CRA forms and CDT codes (►Fig. 3). In site 2, a
combination of A1 and A3 corresponded to 45.0% of the caries
risk estimation. Lastly, in site 3, 98.4% of the caries risk
document was done with a combination of A1, A2, and A3
approaches. In summary, site 3 used a combination of the A1,
A2, and A3 strategies, while site 1 usedmore often a combina-
tion of A2 andA3, and in site 2, A1 andA3weremore common.

eAoC: ►Table 2 also displays the proportion of patients at
elevated (extreme, high, or moderate) caries risk levels who
received the appropriate caries risk management interven-
tions, fluoride therapies and antimicrobial interventions.
Overall, 85.2% of 128,898 patients with elevated risk received
fluoride therapy.Measure scores forfluoridedeliverywere not
statistically significant by gender (χ2¼7.59, p¼0.0058) as
both females and males received the treatment intervention
equally. Whereas, antimicrobial intervention was more fre-
quent in males (39.2%) than females (35.5%), and the scores
weresignificant. Also, among91.4%ofelevated risk patients, In
the 6 to 12 years of age group received a fluoride intervention
and itwas the lowest in the0 to5years of age groupwith79.7%
of patients. The measure scores were statistically significant
withantimicrobial intervention in theagegroupcategorywith
44.1% of adult patients (χ2¼6323.1, p<0.0001). In terms of
race and ethnicity, the highest proportion of Pacific Islanders
received a fluoride intervention (91.1%) and only 28.6% of
Asians received antimicrobials. Hispanics and non-Hispanics
both equally received fluoride therapies (χ2¼7,011.4,
p<0.0001; ►Table 2). ►Fig. 3 shows the proportion of
patients at extreme, high, and moderate levels who received
fluoride therapies and antimicrobial interventions. Among
high and extreme caries risk patients, the most common
treatment intervention were fluorides in site 1 (56%), site 2
(71.1%), andsite 3 (93.8%).Also, 80.6%ofpatients in site 3 in the
extreme and high risk categories received antimicrobials,
whereas only 2.9% of them received in site 1.

Discussion

Dentistry, as part of the health care system, is embracing
quality measures and advocating increased use of EHR
data,25 including interoperability between dentistry andTa

b
le

2
(C
on

tin
ue

d)

Po
p
ul
at
io
n
d
is
tr
ib
ut
io
n

eC
R
A

eA
o
C

V
ar
ia
bl
e

eC
R
A

d
en

om
in
at
o
r

Pe
rc
.
(%

)
eC

R
A

nu
m
er
at
o
r

M
ea

su
re

sc
o
re

(%
)

eA
o
C

d
en

o
m
in
at
or

To
ta
l
pa

ti
en

ts
re
ce

iv
in
g
fl
uo

ri
d
e

tr
ea

tm
en

t
in
te
rv
en

ti
on

s
(e
A
o
C
n
um

er
at
or
)

M
ea

su
re

sc
o
re

(%
)

To
ta
l
pa

ti
en

ts
re
ce

iv
in
g
an

ti
m
ic
ro
b
ia
ls

(e
A
o
C
n
um

er
at
or
)

M
ea

su
re

sc
o
re

(%
)

O
th
er

22
1

0
11

2
50

.7
10

6
71

66
.9
8

–
–

C
hi
-s
qu

ar
ed

(d
f¼

2,
3)

3,
38

2.
8

70
11

.4
23

0.
75

p-
V
al
ue

<
0.
00

01
<
0.
00

01
<
0.
00

01

A
b
br
ev

ia
ti
on

s:
eA

o
C
,
eM

ea
su
re
s
ap

p
ro
p
ri
at
en

es
s
of

ca
re
;
eC

R
A
,
eM

ea
su
re
s
ca
rr
ie
s
ri
sk

as
se
ss
m
en

t.

Applied Clinical Informatics Vol. 13 No. 1/2022 © 2022. The Author(s).

eMeasures For Dental Electronic Health Records Bangar et al. 85



medicine26,27 and the development of research and clinical
networks to share data.28,29 Using dental informatics, the
aggregation and sharing of data allow for electronic mining
of patient care data beyond claims and administrative data
for research, teaching, and clinical quality of care purposes.
Electronic dental patient care data are used for usability
testing,30 adherence to clinical practice guidelines31,32 as
reported in this paper, clinic decision support,33 treatment
planning,34 education,35 quality metrics,22 adverse events,36

and patient safety. Electronically derived dental quality of
care measures includes caries risk and appropriate care, as
discussed in this paper, also include a wide variety of dental
applications such as sealants,18,37 tobacco cessation,16 dental
patients with diabetes, and pregnancy.38 A critical aspect of
the EHR is a robust dental diagnostic interface terminology39

for providers to select diagnosis and pair the diagnosis to the
procedure performed.40,41 A robust EHR with dental diagno-
sis, clinic decision support, and electronic quality measures

Fig. 3 Percentage of patients with fluoride therapies and antimicrobial interventions with extreme/high and moderate risk across three sites.

Fig. 2 Three approaches to determine the caries risk level (eCRA measure). eCRA, eMeasures carries risk assessment; SNODDS, Standardized
Diagnostic Dental terminology.
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will allow for patient care data to be used for research,
patient care, and education purposes including the expan-
sion of quality improvement in dentistry.27

We developed, implemented, and validated two practice-
level eMeasures, the eCRA a process of care measure for caries
risk documentation and the eAoC, AoC measure for the deliv-
ery of evidence-based preventive treatments according to
caries risk status in two academic institutions and one dental
ACO.

The philosophy of CRA is established in dentistry.42 There
is a lack of standardization in determining caries risk status
with different forms being utilized across the profession,
with differing levels of accuracy in determining caries
risk.12,43–45 The electronic measures developed and validat-
ed in this study can be utilized, irrespective of whichCRA tool
is used to determine caries risk. The important aspect of the
eCRA and eAoC measures is that caries risk for the patient is
made by the provider. Recent review papers have summa-
rized the current status of CRA and prevention recommen-
dations.46,47 There many CRA tools available and used in
research and clinical practice to assess risk in children and
adults and many preventive intervention care recommen-
dations.10,48,49 Despite the variety of forms available, valida-
tion studies and risk prediction models of these forms are
limited in their ability to accurately predict future tooth
decay in some versions of CRA tools.13,42 Validation studies
with retrospective study designs conducted in academic set-
tingsestablished that pastcaries experience is themostcritical
predictor of future caries experience,11,12with high caries risk
patients more likely to develop new caries lesions during the
follow-upperiod. A randomizedprospective clinical trial using
the CAMBRA demonstrated reduction in tooth decay when
caries risk was used to determine and deliver prevention in a
systematic way.50 This method of care was enhanced and
implemented on a large scale which demonstrated CRA and
standardized preventive treatments lowered new decay well
below the Healthy People 2020 baseline and target levels.51

Evidence-based guidelines including the American Dental
Association52 and the CAMBRA protocol recommend that
individuals at lower caries risk continue the traditional oral
hygiene regimen, consisting of over the counter fluoride
toothpaste and attending regular dental visits. For patients
with moderate, high, or extreme caries risk, the personalized
cariesmanagement plan based on risk includes a combination
of oral hygiene and dietary instructions, prescription fluoride
therapies, and antimicrobials.10

The reimbursement model in dentistry has procedure
codes for CRA and documentation; however, no documenta-
tion is required for payment which accounts for the lack of
standardization. This study utilized the intent of the Dental
Quality Alliance measure which is limited in using adminis-
trative enrollment and claims data. This type of data are all
that is available for payors and plan administrators. Our
measures built on the DQA measure to be more provider
centric and informative from a quality improvement per-
spective. One of the significant challenges encounteredwhile
evaluating caries risk documentation in this study’s partici-
pating institutionswas the heterogeneity in the usage of CRA

tools. In this study, we developed quality measures derived
from EHRs that can be applied to any CRA tool utilized.
Looking solely in the electronic health record for a completed
CRA form can be problematic as data elementsmay be spread
throughout the EHR, from different software systems and
different implementations, compromising the effectiveness
of dental quality measurement and may lead to underrepre-
sentation of the relevant population (in the numerator). To
overcome this challenge, and capture the most complete and
accurate information, we used three distinct approaches de-
scribed in the methodology, diagnosis-treatment pair (A1),
CDT codes (A2), and CRA forms (A3) to classify caries risk
status. This method expands the applicability of the quality
measures as we were successful at the three institutions that
participated. For all sites, we were able to use the novel risk
assessment strategy “diagnosis and treatment valid pairs
(A1),” where each pair is comprised of the risk-level assign-
ment and its corresponding treatment choice. In earlier work,
we have documented the development of diagnosis–treat-
ment pair strategy,53 and the importance of using diagnostic
terms in assessing adherence to treatment protocols.39 To
measure quality effectively using EHR data and ultimately
improve the care, our patients received complete, accurate,
and high-quality data that were available for qualitymeasure-
ment evaluations and research. We anticipate that the ap-
proachwill be successful at awide range of dental clinics with
differing software and implementations, although customiza-
tion of the measures would be required.

There were site variations in the measure scores that
merit some explanation. Site 3, a dental ACO, had the highest
proportion of patientswith an eCRA relative to the other sites
(►Table 2). Also, site 3 had higher scores for eAoC compared
with sites 1 and 2, with the majority of patients at moderate,
high and elevated caries risk receiving appropriate caries
management interventions. Variations across sites may be
partially explained by the differences in the distribution of
at-risk patients and the ACO providers are continuously
trained and received feedback on their performance regard-
ing the use of diagnostic terminology and corresponding
procedure codes.

Our study employed a process of care measure that can
identify best practices and opportunities for quality improve-
ment. The participating dental ACO in this study has such
processes in place and the results clearly demonstrate im-
proved delivery of cariesmanagement strategies to their high-
risk patient population. Moving from measuring quality with
data to implementing policies for sustained quality improve-
ment takes a culture shift and leadership support as we have
described earlier.54 We expect that well-defined process of
caremeasures for caries risk, eCRA and goodAoCmeasures for
caries prevention, eAoCwould result in good outcomes of care
measures, eAoC for caries. Recently, the literature reported on
the development and validation of automated tools to calcu-
late caries indices from data available in the EHR, and can be
adapted to implement eAoCmeasures.55 The next steps in this
researchwill be to investigate the relationship between eCRA,
eAoC for prevention, and eAoC for incidence of new caries
lesions.
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Early childhood caries (ECC) is the single most common
chronic childhood disease.56 As noted by the CDC, “oral health
disparities are profound in the United States.”57 Although the
prevalence of early childhood caries is 37% among all children
aged 2 to 8 years, there are great disparities in prevalence
between Hispanic (46%) and non-Hispanic Black (44%) chil-
dren comparedwith non-Hispanicwhite children (31%).58 The
prevalence of severe early childhood caries among disadvan-
taged groups has been reported up to 85%.59 Clearly, the time
has come to implement preventive measures up front to
prevent draconian measures later on, for the children
entrusted in our care. The ability to evaluate these quality
measures including age, gender, and race/ethnicity can be
helpful in understanding other factors that might influence
the CRA and preventive management of care. A recent quality
improvement study showed that childrenwith a documented
CRA were more likely to receive preventive services, while
those who did not have a CRA had higher number of invasive
restorative procedures.6 We have begun to include other
factors, such as socioeconomic status, rural and urban location
adding to these measures based on EHR data which will be
beneficial in exploring health disparities.51,60 Given the prev-
alence of tooth decay, these measures have tremendous
importance in their ability to provide for practitioners,
patients, payors, and public health with tools to evaluate the
quality of care and appropriateness of treatment provided.

Evidence-basedcaries riskmanagement strategies formod-
erate-to-highcaries riskpatients continues to include sealants,
modification in diet, adequate plaque removal, and fluoride
toothpaste as important steps for maintaining and/or revers-
ing caries risk and improving the oral health of our patients.10

In summary, this work presents the use of process of care
dental quality measure using longitudinal patient data avail-
able in the EHR to provide feedback on the clinical care
related to the documentation of caries risk and risk-appro-
priate treatment to identify clinical workflows and areas of
concern for clinical improvement initiatives. As future direc-
tions, we will expand and implement these process-of-care
measures in other dental institutions that are a part of the
BigMouth Dental Data Repository.28 The routine adoption of
dental quality measures will optimize clinical performance
and, ultimately, precise and patient-centered clinical care.

Limitations

Despite obvious advantages of using clinical EHR data to
improveclinical outcomes,weencounteredseveral limitations
worthnoting. First, asprocess ofcaremeasureswere limited to
evaluate a procedure performed for the patient, we could not
assess the reasons why evidence-based preventive care was
not prescribed to a larger number of adult patients at elevated
caries risk in sites1 and2. Also,we couldnot evaluate if a lower
proportion of high-risk individuals in site 3, a dental ACO, is a
result of a well-established caries preventive protocol, leader-
shipstructureandclinical organization,orbecauseofpotential
different populations at each institution. Based on caries risk
status,weare currently developingoutcomes ofcaremeasures
derived from EHR data to evaluate new and untreated caries

lesions. Second, the number of patientswith a CRAmight have
been underestimated in sites 1 and 2, since most were identi-
fied from a variety of CRA forms. As quality measures become
more common in clinical practice, detailed information con-
necting disease conditions and dental procedures as available
in SNODDS standardized diagnostic terminology,61 it will be
necessary to appropriately capture the care provided and
include patients in the numerator. Lastly, our study was
conducted using the same EHR (axiUm) across all three sites
and calls into question the generalizability level in non-axiUm
user institutions. Nevertheless, themethodology andmeasure
specifications we described may be adapted in other institu-
tions using different EHRs, if they are set to the same stan-
dardized codes for treatment and diagnosis.

Conclusion

This study demonstrated the use of patient-level EHR data to
validate and implement two dental quality eMeasures on CRA
and risk-based treatment in a large anddiverse cross-sectional
sample. Data, available in the EHR allowed for the dental
quality eMeasures, developed and implemented in this study
utilizing a combination of methods to capture the caries risk,
providing the best results in documenting that patients re-
ceived a CRA and a risk-based caries preventive treatment.

Clinical Relevance Statement

This study’s results indicate that quality measurement re-
search using clinical data can be a valuable tool to evaluate
the performance of CRA and risk-based treatments. Findings
from such evaluations could inform clinicians, researchers,
and administrators to design interventions to optimize
clinical performance and provide our patients with evi-
dence-based personalized care.

Multiple Choice Questions

1. Which type of dental quality measure was selected to
determine the proportion of patients receiving a caries
risk assessment and corresponding appropriate risk-
based preventative treatments for patients at elevated
risk of caries?
a. Process of care
b. Outcomes of care
c. Structural measures

Correct Answer: The correct answer is option a. Process
of care measures can identify gaps in clinical care, and
inform the provider, and administrators on what is work-
ing well and what needs action.

2. What approaches were used to validate the eMeasures
(mark all that apply)?
a. Expert opinion
b. Concordance between manual chart reviews and auto-

mated queries
c. Comparison with external dataset
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Correct Answer: The correct answer is option b. The
automated query was validatedwithmanual chart reviews
in all participating institutions to verify if the query mea-
sured what was intended to measure (see Methods).

Protection of Human and Animal Subjects
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tutional Review Board (IRB) approval.
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