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Abstract: Caries development is determined by a balance of protective and pathological factors, so the clinician should be able to
identify and document those factors, understand their relative weight in disease development or reversal, and make recommenda-
tions to patients that will lead to risk reduction. The caries management by risk assessment (CAMBRA) protocol frames these
factors into an easy-to-follow template that also guides the clinician in making recommendations. The purposes of this study

were to examine implementation of the CAMBRA-based risk assessment program in a predoctoral clinic at one dental school,
assess the accuracy of caries risk evaluation by the students, and evaluate the utilization of professionally applied fluoride varnish

in a moderate- and high-risk patient cohort. After dental clinic patients were screened for previous caries risk status, sixty-eight
moderate- or high-risk patients were invited to participate in the study. At the study visit that included four bite-wing radiographs,

a new caries risk assessment (CRA) form was completed. Our results showed that students underestimated the risk in 25 percent
of the cases; the underestimation occurred especially when visible cavitation or caries into dentin by radiograph was the only

risk factor or when caries were not identified at the initial visit when the CRA form was completed for the first time despite the

presence of other high-risk factors. Students also underestimated both risk and protective factors at the initial evaluation visit
compared with the study visit. The results show that students were not rigorous enough in documenting these factors and deter-
mining the patient’s risk. In order to increase the sensitivity of risk assessment, training and recalibration for students and faculty

members should be an ongoing process.

Dr. Teich is Associate Professor and Assistant Dean of Clinical Operations, Department of Comprehensive Care, School of Dental
Medicine, Case Western Reserve University; Dr. Demko is Associate Professor, Department of Community Dentistry, School of
Dental Medicine, Case Western Reserve University; Dr. Al-Rawi is Clinical Assistant Professor, School of Dentistry, University

of Michigan; and Mr. Gutberg is a senior dental student, School of Dental Medicine, Case Western Reserve University. Direct
correspondence and requests for reprints to Dr. Sorin T. Teich, Department of Comprehensive Care, School of Dental Medicine,
Case Western Reserve University, 2124 Cornell Rd., Cleveland, OH 44106; 216-368-6161; Sorin@case.edu.

Keywords: clinical education, clinical teaching, dental education, caries, dental caries, CAMBRA, fluoride, risk assessment

Submitted for publication 3/14/12; accepted 6/19/12

he value of prevention is widely recognized
by the dental profession, and teaching this
topic has become a foundational principle and
integral part of predoctoral dental currictif/hile
the basic scientific principles that lead to understand-
ing oral disease development have been identified,
translation of these principles into practice may pose
significant challenges during students’ training and in
practice. Since 1995, risk-based prevention of dental
caries has been promotednd algorithms aimed at
helping clinicians determine a patient’s risk level
have been developéd.

One study found that clinical protocols for
caries risk assessment and prevention can be imple-
mented in dental education and that students feel
training and practice of caries prevention should
be increasefl A recent survey of North American
dental schools found that caries risk assessment
has been incorporated into clinical caries manage-

ment curricula in 68 percent of those institutidfs.
Despite significant progress toward developing and
implementing evidence-based caries risk assessment
and management programs in U.S. dental schools,
however, wide variations in interpretation and ap-
plication of these programs exist.

Tools for caries risk assessment have been
tested in educational settings, with varying results.
Only 45 percent of the students in one study agreed
that the Cariogram tool developed in Sweden was
easy to understand, and only 36 percent agreed it
was easy to apply; 82 percent said they will not use
this tool in clinical practicé Another study found
that only 60 percent of full-time and 33 percent of
part-time faculty members were knowledgeable
about Cariogram useln contrast, most students in
another study agreed that the caries-risk assessment
tool (CAT) developed by the American Academy
of Pediatric Dentisty was useful for determining
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preventive procedures, and 80 percent indicated they
were likely to use it in clinical practi¢é Another

tool (the International Caries Detection and Assess-
ment System, ICDAS) was found to improve the
diagnostic skills of students when they tried to detect
occlusal carious lesion3.

The concept of caries management by risk
assessment (CAMBRA) was developed by a con-
sortium of dental-related organization§&uidelines
for clinical implementation of risk determination and
for therapeutic recommendations driven by risk were
published in three articlés!’ Since caries develop-
ment is determined by a balance of protective and
pathological factor&the clinician should be able to
identify and document these factors, understand their
relative weight in disease development or reversal,
and provide recommendations to patients that will
lead to risk reduction. The CAMBRA protocol aims
to frame these factors into an easy-to-follow tem-
platé+**that will also guide the clinician in making
recommendations to patieris’

Although many dental schools have embraced
the CAMBRA concept, integrating it into dental
education is not without challenges. Students have
reported limited confidence in using the protocol
with children younger than five yeatdraining
and calibrating students and faculty members are
difficult;'® risk assessment factors are dependent
on the caries prevalence of the populatfohand
reimbursement for CAMBRA-related procedures is
low or nonexistent? Many dental schools provide
access to care to underserved, low socioeconomic
populations, and prevention costs generated by car-
ies risk assessments can reach an annual amount up
to $1,117 for a high-risk patiefitBecause caries is
more prevalent in lower socioeconomic gro#gs,
the increased prevention costs pose another hurdle
in implementing these protocols in educational and
other institutions that provide care for these patients.

The concept of caries risk assessment and
prevention has also not been fully adopted in gen-
eral practice. The majority of dentists surveyed in a
U.S. dental network reported performing caries risk
assessment (CRA) for children, but only 14 percent
reported assessing risk using a special frénly
69 percent of the network dentists evaluated adult
patients with CRA, and only 57 percent of these
patients received individualized caries prevention.
Another survey in the United States found that 72
percent of the responding dentists performed some
type of risk assessment, but only 27 percent docu-
mented the outcome and only 51 percent provided a
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management plan based on the patient’s risk status.
Itis clear that enhancing caries prevention education
in predoctoral curricula will have a larger effect on
the profession as the graduates join residencies and
practices.

A CAMBRA-based CRA program has been
gradually implemented since 2008 as part of the
didactic and clinical curriculum at Case Western
Reserve University School of Dental Medicine. The
clinical use of a standardized form to characterize a
patient’s risk for caries helps the faculty and students
to determine individualized preventive therapeutic
intervention as part of the treatment planning process.
The purposes of this study were to examine the imple
mentation of the CAMBRA-based risk assessment
program in the predoctoral clinic, assess the accuracy
of caries risk evaluation by students, and evaluate the
utilization of professionally applied fluoride varnish
in a moderate- and high-risk patient cohort.

Methods

The faculty adopted a modified version of the
CRA form from the American Dental Association
(ADA).% The form (Figures 1 and 2) includes a list
of caries risk and protective factors, instructions
that help determine the risks, and caries preventive
recommendations aligned with the CAMBRA pro-
tocol1>” Students are required to complete the CRA
form as a baseline for their patients before starting
treatment. Fluoride varnish is indicated according
to patient risk as described on the form. Students
are trained regarding CRA in the second year in
classroom lectures and in the clinic with families of
patients for whom they have to assess risk. Additional
training is provided during clinical orientation at the
beginning of the junior year. Faculty members who
supervise determination of patients’ caries risk status
(CRS) as part of the comprehensive care predoctoral
clinic receive periodic in-house training in depart-
mental seminars.

For this study, initial CRA forms were com-
pleted by all junior and senior students for their as-
signed patients between July 2008 and May 2010, and
each patient’s CRS and fluoride varnish receipt were
entered into the patient’s electronic dental record. The
appointment during which the form was completed
for the first time as part of the standard patient evalu-
ation in the comprehensive care predoctoral clinic
was denoted the “initial visit.” Over a two-month
period (June-July 2010), consecutively scheduled
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Caries risk assessment form

LUse CDT code DO160 for initial exain and DO170 for recall

Stndent | Name: D=
Patient | Name: Chart#:
[ Date: | First evaluation appointment o Recall appointinent o
High risk factors
Yes | No | Notes
A | Visible cavitations (carious) or caries into dentin
by radiograph
B | Caries restored in last 3 vears
C | Readily visible heavy plaque on teeth
D | Frequent (= 3 times daily) between meals snacks
of sugar/cooked starch
E | Saliva reducimg factors
« Hyposalivatory medicarnons
+ Radiation to head and neck
& Syslenuc reasons . e.g. Sjogren svudrome
F | Visually madequate saliva tflow
G | Appliances present. fixed or removable: e.g.
orthodontic brackets/bands/retainer or removable
partial denture(s) or FPD or adhesively retained
FPD
o IfYES to A and hyposalivation confirmed — perform bacterial cultwre (CDT code DO415).
and define patient as Extreme High Risk
o IFYES to A, or any two of B-G. perform bacterial culture (CDT code D0415) and define
patient as High Risk
« IfYES to F. measure saliva flow (CDT code D0425-1). If = 0.7 ml/min by test
hvposalivanon — define patient as High Risk
o IfYES to Gonly. define patient as Moderate Risk
Bacterial tests should be continued at each recall until patient is categorized below high risk.
Moderate risk factors
Yes | No | Notes
A | Exposed roots
B | Deep pits and fissures / developmenral defects
C | Interproximal enamel lesions/radiolucencies
D | Enamel white spots lesions or occlusal
discoloration
E | Use of recreational drugs

Patient declines bacterial culrure and/or salivary flow test

Patient signamre (for test decline only)

Form should not be signed by faculty unless risk assessment and recommendations sections are completed

Faculty ID# and name

Date

Faculty signanure

Figure 1.

First page of the CRA form
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Protective factors

Yes | No | Notes
A | Salvary flow visually adequate or = I ml/nun
by test
B | Lives in fluoridated conumunity
C | Uses fluoride toothpaste daily
D | Uses fluoride mouthwash/rinse/gel daily ¢ Brand
E | Uses xvlitol gum or mints 4x/day * Brand
F | Uses Chlorhexidine rinse ¢ Brand
» Frequency

Caries Risk Assessment

Low risk o | Moderaterisko | Highrisk o | Extreme risk o
Recall schedule
12 mouths o | 6 months o | 4 months o | 3 months o
Bitewings recommended
24 months o | 18 months o | 12 months o | 6 months o

Recomimendations given (check all that apply)

CDT code

Low risk

Nurtritional counseling for control of dental disease D1310
OTC fluoride-containing toothpaste 2x/day

Moderate risk — all of the above and:
OTC 0.05% NaF rinse daily
OTC Xyluol gum or candies — 2 gums/candies, 4x/day
Application of 5% NaF varmish (at least twice during the restorative treatment D1206
sequence)

High risk — all of the above and:
Cllorhexidine 0.12%. 10 ml.. 1x/day. one week per month
Replace OTC regular fluoride toothpaste with 1.1% NaF toothpaste 2x/day
Extreme risk — all of the above” and:
OTC 0.05% NaF rinse when mouth feels drv. after snacking. breakfast and
lunch.
Baking soda sum as needed
Acid-buffering rinses as needed 1f mouth feels dry. after snacking. bedime
and afrer breakfast
Calciuy/Phosphate paste with Recaldent 2x/day
“For extreme 1isk - use Chlorhexidine i water base

CAMBRA publications - hitp://www.cdafoundation.org/who_we_are/publications/cda_journal_october 2007

See also the Chme Manual
http://dental.case.edwwikifiles/CariesRiskAssessment.pdf .
http://dental case. edwwikifiles/RiskAssessProtocol.pdf .
hitp://dental. case edw/'wikifiles Risk AssessProducts pdf

Figure 2. Second page of the CRA form
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patients in the predoctoral clinic were screened for
previous caries ris&tatus in their dental record, and
only moderate- or high-risk patients (as determined
at the initial visit) were invited to participate in the
study. The CRA forms filled out at the initial visit

by the students assigned to provide comprehensive

CRA), it became apparent that the information on
the CRA forms was not used as intended to produce
an accurate initial CRS. When the CRA form algo-
rithm was correctly reapplied to the available data
on the forms, 25 percent (17/68) of the initial CRS
were recategorized as high from the initial moder-

treatment were reassessed, and the CRS was recorded ate category. Underestimates occurred most often

in a database. These forms were reevaluated by one
of the authors (STT) after the patients were enrolled
in the study, and the CRS was redetermined based
on the risk factors mentioned on the form.

The visit during which the patients were en-
rolled is called in this article the “study visit.” At
the study visit, which included four bite-wing-ra
diographs, a new CRA form was completed by two
sophomore students under the supervision of two
faculty members (STT and WAR). Following com-
pletion of the CRA forms, the CRS was determined
by one of the authors (STT). Unpaired comparisons
between groups were tested using the Mann-Whitney
or Student’s t-test; paired comparisons were tested
using the Wilcoxen signed-rank test. The level of
significance for all testing was 0=0.05. The study
protocol was approved by the university’s Institu-
tional Review Board; patients signed an informed
consent to participate in the study.

Results

Sixty-eight patients with at least moderate car-
ies risk were enrolled in the study for assessment of
their follow-up CRA. Enrolled patients were at least
eighteen years of age, averaging 57.7 years (Table
1). The study visit occurred on average 12.2 months
after the initial visit (SD=8.1 months). Only thirty
patients out of sixty-eight enrolled (44.1 percent)
received fluoride varnish, despite the fact that our
protocol requires that all moderate-risk and high-risk
patients receive it.

After we reviewed the CRA forms completed
at the initial visit by the student dentists (initial

when caries were not identified at the initial visit or
when current caries was the only high-risk factor
(Figure 3). Following the results of reapplying the
CRA algorithm on the initial CRA forms, it was de-
termined that the moderate-risk group was too small
(eight patients) compared with the high-risk group
(sixty patients); therefore, we decided to reclassify
the patients for statistical analysis according to their
detectable caries status at the study visit (Table 1).

High-risk, moderate-risk, and protective fac-
tors at the study visit are summarized in Figures 4,
5, and 6. The red columns denote patients who had
detectable caries in dentin at the study visit (Caries+),
whereas the blue columns represent patients without
detectable caries in dentin at the study visit (Caries-).
Comparing the different factors for the Caries+ and
Caries- groups using the Mann-Whitney test showed
that the single statistically significant difference
was the presence of interproximal incipient lesions/
radiolucencies confined to enamel that were more
prevalent in the Caries+ group (Figure 5).

The risk and protective factors documented at
the initial and study visits were compared for the total
pool of patients, stratifying the pool by patients who
received fluoride varnish (FV+) or did not receive
fluoride varnish (FV-) after the initial evaluation
and also stratified by detectable caries at study visit
(Caries+ vs. Caries- groups). The results showed that,
in almost all categories, the students’ documentation
on the initial CRA forms underestimated both risk
and protective factors compared with the number
of factors identified during the study visit (Table
2). Between the initial visit and the study visit, the
number of risk factors documented increased, regard
less of fluoride varnish application or the presence of

Table 1. Study participant groups by detectable caries at study visit

Characteristic Caries + Caries - Total
Subjects 29 39 68
Females (%) 16 (55.2%) 20 (51.3%) 36 (52.9%)
Months between initial visit and study visit (mean, sd) 11.5(8.7) 12.7(7.7) 12.2 (8.1)
Age (mean, sd) 57.9 (14.8) 57.6 (14.4) 57.7 (14.5)
Fluoride varnish 13 (44.8%) 17 (43.6%) 30 (44.1%)
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68 patients at
Initial Visit

Moderate
Risk (n=25)

0l I

Reapply CRA form algorithm

(n=43)

I p -0 >

Moderate
Risk (n=8)

High Risk
(n=60)

High Risk

(17 misclassifications )
11 had current caries
6 had no caries, but2

| other high risk factors

Figure 3. Faculty review of CRA forms from initial visit and reclassification of patients’ caries risk status

detectable caries at the study visit. The same trend
also was observed for a number of protective factors,
except for the group that received fluoride varnish.

The consistent increase in protective and risk factors
was observed regardless of how patients were strati-
fied, i.e., presence or absence of prior fluoride varnish

and presence or absence of caries at the study visit.

Discussion

While current evidence suggests that the
paradigm shift to prevention has not been universally

implemented,integration of caries risk determination
and prevention strategies in dental curricula provide
opportunities to translate scientific evidence into bet-

ter patient care. Our results show that students-incor
rectly used the risk assessment algorithm on the CRA
form and underestimated the risk in 25 percent of the
cases. The underestimation occurred especially when
“visible cavitation or caries into dentin by radiograph”
was the only risk factor or when caries were notiden
tified at the initial visit, despite the presence of other
high-risk factors. This finding is of special interest
because visible cavitation has been reported as one
parameter that is an obvious sign of high caries'tisk.

S0.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00% -

High Risk Factors at Study Visit

W Mo caries at study

W Caries at study

Caries
Restored in
Last 3 Years

present plague

Appliances  Visible heavy

Saliva
reducing
factors

Wisualhy
inadequate
saliva flow

Frequent

=snacking

between
meals

Figure 4. Prevalence of high-risk factors at study visit, by detectable caries on study day
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70.00% -

60.00% -

50.00% -

40.00% -

30.00% -

20.00% -

10.00% -

0.00% -

Moderate Risk Factors at Study Visit

W Mo caries at study

M Caries at study

*

Exposed Roots

Enamel White
Spots Lesions |
Ocdlusal
Discoloration

Interproximal
Lesions/
Radiolucencies Developmental Drugs

Uses of
Recreational

Dieep Pitsand
Fissures |

Drefects

Figure 5. Prevalence of moderate-risk factors at study visit, by detectable caries on study day (red star denotes signifi-

cance, p<0.05)

100.00% -
90.00% -
80.00% -
70.00% A
60.00% -
50.00% -
40.00% -
30.00% A
20.00% -
10.00% A
0.00% -

Protecting Factors at Study Visit

M No caries at study

M Caries at study

Lives in Fluoridared
‘Community

Salivary flow visualy
adequate

Uses fluoride
toothpaste daily

mouthwas/rinsa/gel rinse

Uses chlorohexidine  Usesofditol gum or
mints 4x/daily

Uses fluoride

daily

Figure 6. Prevalence of protective factors at study visit, by detectable caries on study day

Previous studies have analyzed how dental stu-
dentsperform risk assessments and how practitioners
use these tools in practice, and the general consensus
is that incorporating risk assessment protocols such
as CAMBRA into predoctoral curricula is not with-
out challenge$’1°22The same conclusion can be
reached regarding the use of caries risk assessment
and prevention techniques in practiég*’

The first step that determines risk evaluation is
identifying the risk and protective factors; to the best
of our knowledge, no one has previously reported the

accuracy of dental students in performing this task.
One stud¥f that enrolled eighty-nine patients who
had a follow-up CRA (mean time after baseline=14
months, SD=4.5 months) described only the possible
association between different risk factors at the initial
visit and presence of caries at the follow-up visit.
When we analyzed the relation of risk and
protective factors at the study visit to the presence or
absence of caries in dentin, our results showed that
only incipient interproximal enamel lesions/radio-
lucencies were related to the presence of in-dentin
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Table 2. Mean number of risk and protective factors determined at initial CRA and at study visit, stratified by fluoride

varnish (FV) receipt and detectable caries at study visit

Participants

All FV + FV - Caries + Caries -

Mean Number of Factors N=68 N=30 N=38 N=29 N=38
High-risk factors Initial 2.5 2.7 2.4 2.7 2.4
Study 3.3 3.2 3.3 3.7 2.9

p-value* <0.001 0.052 0.001 0.03 0.027
All risk factors Initial 3.5 3.6 3.5 3.2 3.2
Study 4.6 4.5 4.6 4.2 4.2

p-value* <0.001 0.025 0.001 0.002 0.002
All protective factors  Initial 2.8 3 2.6 2.7 2.7
Study 3.7 3.4 3.2 33 3.3

p-value* <0.001 0.103 0.012 0.012 0.012

*p-value determined by Wilcoxen signed-rank test.

caries. This moderate-risk factor has been reported
by others to have the highest odds ratio (OR=13.55)
for the presence of in-dentin caries, even more so
than factors classified in the high-risk category that
have odds ratios between 0.99 to 2%Fhis finding

is easy to interpret because incipient interproximal
lesions usually denote that the patient presents with
previous caries activity that has been found to be
correlated with development of future lesidns.

In our study, the fact that students underesti-
mated both risk and protective factors at the initial
visit compared with the study visit is of significance:
the results show that students are not rigorous enough
in documenting these factors and in determining
the patient’s risk. This concern is amplified by the
fact that, at our dental school, the faculty member
confirms the risk determination after reviewing the
form with the patient and the student. These results
suggest that further effort should be made to calibrate
both students and faculty members and to identify
the reasons why the risk factors are underestimated
rather than overestimated, leading to a lower risk
determination. One explanation may be that, on our
risk assessment form, mentioning protective factors
in a separate category may overemphasize their
importance, so that students incorporate these protec
tive factors in the risk-determination algorithm. In
addition, the complexity of the form and the caries
risk determination algorithm may pose challenges
to both students and faculty members in the clinic.

The ADA'’s risk assessment foffrmentions
only fluoride exposure as a protective factor, and even
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complete absence of exposure to fluoride makes only

a minor contribution to increasing the risk. In order
to be classified as high risk according to the ADA
form, a patient has to accumulate ten risk points; the
absence of fluoride exposure will contribute only one
point. Use of fluorides has also been listed by dentists

as one of the less influential caries-risk factors for
treatment planning.

It is of interest that the ADA form does not
include use of Xylitol and/or Chlorhexidine in the
protective factors category; this contradicts the guide-
lines for CAMBRA*8hut is aligned with other stud
ies that showed these materials having only marginal
or insignificant value for caries risk reduction.*19-2%-31
Despite the ambiguity of the value of using Xylitol
and Chlorhexidine, 73 percent of North American
dental schools (including ours) still instruct patients
to use antibacterials as a strategy for caries preven-
tion.> We suggest that, in light of the new evidence
for the use of nonfluoride caries-preventive agents,3!
the clinic protocols should be reviewed.

Our results show that no protective factor
(fluoride, Xylitol, or Chlorhexidine) was related to
the presence of caries at the study visit. Stratifying
the patient pool either by exposure to fluoride varnish
application before the study visit or by presence of
caries at the study visit showed a similar pattern of
risk and protective factors underestimation by dental
students at the initial CRA visit.

According to our protocol as reflected by the
CRA form, all sixty-eight enrolled patients were
supposed to receive fluoride varnish following their
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initial visit, but only 44 percent of them did. This

result agrees with previous studies from network

practices that reported that only 57 percent of patients
with CRAreceive individualized caries prevention.

Another stud¥ argued that the barrier to using an-

timicrobial therapy for mitigating caries risk in an

educational setting is mainly financial and is related

to the fact that preventive care is not eligible for

reimbursement. Therefore, we can also assume that

financial barriers played a significant role in fluoride
varnish acceptance in our patient cohort.

The risk assessment underestimation leads to an
increased number of false negatives when the CRS is
determined: that is, patients who should be classified
as high risk are classified as moderate risk. Failure to
correctly classify these at-risk patients may lead to
undertreatment and progression of the disease-To in
crease the sensitivity of the risk assessment, training
and recalibration for students and faculty should be
an ongoing process. Increasing the sensitivity of the
CRA could lead to an increase in false-positive CRS,
but “this will not result in any harm to the patient . . .
other than economical (cost of preventioft).”

The results and conclusions of this exploratory
study should be interpreted with caution because the
initial CRA data were collected by a large number
of students as opposed to the CRA at the study visit,
which was completed by two students supervised by
two faculty members. Another limitation of the study
is that, despite the statistically significant results, the
number of patients enrolled in the study is relatively
small. We also did not survey the patients in the study
for the reasons of not receiving fluoride varnish.

Within these limitations, the following conelu
sions may be drawn:

1. Student dentists did not routinely use the infor-
mation from the CRA form to arrive at the correct
caries risk status.

2. The presence of untreated caries did not routinely
prompt students to place patients in a high-risk
category; similarly, multiple high-risk factors
without current untreated caries also did not
always prompt students to place patients in a
high-risk category.

3. Among the factors examined during caries risk
assessment at the study visit, only the presence
of interproximal enamel lesions/radiolucencies
was found to be associated with the presence of
in-dentin caries at the time of assessment.

4. In this cohort of patients, fluoride varnish was
underutilized as a treatment modality.
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