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Program Specific Objectives

Cariology in the Curriculum

Detection and diagnosis of caries lesions

Risk assessment of patients a potential risk for dental caries

Evidence-based approaches and protocols for managing caries lesions 
and prevention of future ones, with special focus on fluorides

Cariology Clinical expectations and Competencies for dental students



Today’s Plan
Caries Competency.  Main philosophy

Dental Caries Prevention and Management

Fluorides

Sealants

Others (OH, Diet, Ca-based Products, Antimicrobials, Sugar Alcohols, etc.)

Detection, Diagnosis, Risk Assessment

Cariology in the Curriculum

Cariology Clinical expectations and Competencies for dental students

Break

Break

Break



Cariology Competency
…to prepare our graduates for active independent learning, critical-
thinking, problem-solving, and use of evidence-based information for 
dental caries detection, diagnosis, risk assessment, prevention and 
management (both at the individual and population level) 

Recommended “Caries Management” Competency
Upon graduation a dentist must be competent  in evidence-based detection, 
diagnosis, risk assessment, prevention, nonsurgical and surgical 
management of dental caries, both at the individual and community level, 
and be able to re-assess the outcomes of interventions over time.













Non-Operative Management Options

Fluorides
Sealants

Antimicrobials
Sugar Alcohols

Sialogogues/other stimulants
Ca-based products

Mechanical plaque removal
Diet Modification

Others



How to best use 
fluoride in our clinics?



Summary

• How fluoride works to inform your clinical decisions

• The evidence and the guidelines

• A bit about root caries

• Some clinically relevant tips

• Q & A 



How does fluoride work
in caries control?

Pre-eruptive effect Post-eruptive effect
Reducing tooth demineralization

Enhancing tooth remineralization

Antimicrobial?
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Local effect



Effect of fluoride on caries prevention 
or arrestment
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Methods of fluoride use

• Community level

• Individual level

• Professional use

Fluoridated water
Fluoridated salt
Fluoridated milk

Fluoride toothpastes
Fluoride rinses
Fluoride tablets

Fluoride varnishes
Fluoride gels/foams
Fluoride solutions
Fluoride-releasing

dental materials

The aim is to keep 
F available in the 

oral fluids



Fernández & González-Cabezas, 2015



Toothpastes and mouth rinses maintain increased 
fluoride concentrations in the oral fuids for 1-2 h after use

Brushing period

500 ppm NaF

1,100 ppm NaF
1,500 ppm NaF
1,000 ppm MFP

1,500 ppm MFP

Bruun,  Givskov, Thylstrup. Caries Res 1984

O’Mullane et al., 1997

• DMFS increment after 3 years
• Cup: 4.5      No Cup: 3.9

Rinsing with water after brushing reduces 
the anticaries effect of fluoride dentifrices

Chestnutt et al., 1988

• DMFS increment after 3 years
• Beaker: 6.8      Non beaker: 5.8

Ashley et al., 1999
• DMFT linearly increasing from groups not 

rinsing at all to those rinsing with more water



Professionally applied fluoride

Concentration in ppm F
Fernández & González-Cabezas, 2015



CRUZ, 1999

Tenuta LM, Chedid SJ, Cury JA. Fluoride use in Pediatric Dentistry – myths and evidence.                          
In: Maia LC, Primo LG. Integral clinical pediatric dentistry. São Paulo, Ed. Santos, 2012. 

Tooth
Biofilm

Fluoride from gels and varnishes react with the tooth 
structure forming fluoride reservoirs (CaF2-like)



The evidence and

the guidelines





Caries Management for the Modern Age: 
Improving Practice one Guideline At a Time

Fontana et al., JADA Nov 2018 (ada.org)











Root caries



The higher solubility of root dentin

• At any given sugar challenge, 
dentin will dissolve for longer
periods of time

• Diet carbohydrates that are 
not cariogenic for enamel 
because they cause a very 
small drop in pH (e.g. starch, 
lactose), may be cariogenic
for dentin 



More fluoride is needed to control root caries

0 ppm F                150 ppm F 450 ppm F            1350 ppm F

9 times higher concentration 
needed for the same effect 

on dentin vs enamel



Interventions to control root caries 
tested in clinical trials over the years
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F rinse F dentifrice High F dentifrice F gel/solution F varnish

CHX rinse CHX varnish SDF Ozone Preventive regimen

Tenuta. Evidence-based strategies for root caries control. 
In: Tenuta, González-Cabezas, Walls, Giácaman. Aging and oral health: science and evidence for root caries control. Symposium IADR2019



Clinically-relevant tips

• Achieving best performance with the fluoride

varnish

• Does the patient need to stay 30 min without

drinking water after fluoride application?



Dal Agnol, PhD Thesis, 2017

But the fluoride varnish requires hours of retention 
to react with enamel

Fluoride gels at high concentration (neutral NaF (9,000 ppm F), APF 
(12,300 ppm F)) react very fast with the tooth – 1 min! 



5% NaF varnishes (22,600 ppm F)

NaF solubility: max 4% in water



3.5x more fluoride
here...

... than here!

Make sure you mix before you apply… 
(we want the total fluoride in the package to be applied for reaction with the tooth)

… and that the varnish is not 
removed in the next hours

S. Flannagan
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Fluoride concentration on enamel

The “30 min” myth after F gel application
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Take away messages



Brushing 
twice/day for 
every patient

More fluoride for 
high-risk patients

More fluoride for 
high-risk patients Fernández & González-Cabezas, 2015



Professionally applied fluoride

Available in 
the clinic

Arrestment of lesions in 
dentin (coronal or root caries)

More fluoride for 
high-risk patients

Concentration in ppm F
Fernández & González-Cabezas, 2015





Caries Management For The Modern Age: 
Improving Practice One Guideline At A Time

Fontana et al., 2018      (ada.org)

By end of 2020 By end of 2021



JADA, 2018https://ebd.ada.org/en/evidence/guidelines

https://ebd.ada.org/en/evidence/guidelines


JADA, 2018



Fernandez and Gonzalez-Cabezas, 2015



Thus, use for caries control is “off label”

(FV use in the US is also “off label”, but indications are different)

38% Silver 
Diamine Fluoride 

(SDF)

2014

Breakthrough Therapy Status in 2016

Mei et al., 2014



Advantage Arrest
• Elevate Oral Care, LLC – Advantage Arrest

• 38% SDF [Ag(NH3)2F]

Riva Star
• SDI- Riva Star

• 2 step process: 38% SDF and Potassium Iodide (KI)
• April 2018 : approved by the FDA (substantially 

equivalent)



Yamaga et al., 1972; Chu and Lo, 2008
?

38% SDF (~44,800 ppm F)

• Ag precipitate (weakly soluble; turns black with 
sunlight or reducing agents)= Black, hard layer

• Silver is antimicrobial (long-term this effect might 
be lost; Mitwalli et al., 2019)

• Silver affects dentin metalloproteinases, cathepsins, 
etc. (involved in dentin degradation) (Zhao et al., 2017) 

Helps with caries control



Indications

Teeth:

• Cavitated accessible soft lesions 
(coronal or root caries) 

• No signs or symptoms of irreversible 
pulpitis

• Sensitivity

Patients:

• Increased caries risk 

• Restorative treatment challenged by 
behavioral or developmental disorders, 
finances, or other

• Interim or definite non-restorative caries 
management



Meta-analysis of studies using 38% SDF to arrest dentin caries

Gao et al., 2016

•Meta-analysis (5 papers); SDF= overall proportion 
of arrested dentin caries was 65.9 %

•Meta-analysis (8 papers) using 38 % SDF on primary teeth= 
overall proportion of arrested dentin caries was 81 %

Gao et al., 2016b

Oral Hygiene Effect
• Lesions with visible plaque have a lower chance of being arrested (Fung et al., 2016)

• Caries lesions might reactivate within the year if salivary function and oral hygiene is 
poor (Deutsch, 2016)

• Anterior and buccal/lingual surfaces more likely to become arrested (Zhi et al., 2012)

JADA, 2018



Oliveira et al., 2018

CHX V or FV

Evidence on Root Caries

JADA 2018



Mode of Use
https://www.youtube.com/watch?v=a0HH7GifdM4

(search SDF and ADA video)

1. Informed consent (staining side-effect)
2. Clean the lesion to remove visible plaque and food (there is no need to remove carious 

tissue). Do not use vaseline!
3. Isolate and dry the lesion (to avoid diluting the SDF)
4. Dip the microbrush into the SDF and paint the liquid onto the lesion (one drop can treat 

many lesions)..at least 10 sec rubbing it in the lesion
6. Remove excess SDF (e.g., blot dry excess)
7. Reapply every 6 months if possible, if not repeat annually (or reapply sooner if lesion is still 

soft, regardless of color) 
8. Patient should be instructed to continue to manage their caries risk at home with EBD 

strategies, and every effort should be made to keep the cavity clean. (Moderate and high 
risk patients should be receiving other F recommendations in office and at home)

https://www.youtube.com/watch?v=a0HH7GifdM4(search


Limitations and Other Considerations
• “Halo” preventive effect?

Lesion Type Removal Threshold Strength of 
Evidence

Non-cavitated lesion Do not remove tissue or restore:  Seal! Strong

Shallow/moderately 
deep CAVITATED 
lesion

Selectively remove to firm dentin 
(previously called affected dentin)

Weak

Deep CAVITATED 
lesions (pulpal 
third/quarter of 
dentin); vital pulp 

Selectively remove to soft dentin
(primary or permanent), or stepwise
removal to leathery dentin
(permanent)

Strong

• SMART Technique? 
ART works. Is ART + SDF better?



Frohlich et al., 2019

Before SDF

1 month After SDF

Restoration

Mitwalli et al., 2019

SDF + 
GIC

SDF + 
KI+ GI

6 week submersion in water & in direct 
sunlight

Courtesy of Dr Geoff Knight (SDI)



Pitts and Rimmer, 1992

Rating % Cavitated
Enamel lesions 6.7%
Dentin lesions 34%

• Interproximal lesions?  
F works. Is SDF better?

Krasnoff et al., 2020 (submitted)

Non cavitated caries lesions should not have tissue removedJADA 2018









Sealants on Sound 
Surfaces

(PREVENTION)

Strong evidence for prevention (when used on sound surfaces)

• PF on sound teeth ~80% at 12 months (both in private and school-
based settings)

• Sealants need to be monitored overtime and repaired when needed

Ahovuo-Saloranta et al., 2004, 2008, 2013, 2017

Simonsen 2011



Dental Sealants on Caries Lesions (ARREST) 

JADA, 2018



JADA 2018

• PF on carious teeth ~71%
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• Bacterial reductions ~99%

Oong et al., 2008
Griffin et al., 2008



• Unclear if one sealant material is superior to another

• Take into account the likelihood of experiencing lack of retention when choosing 
the type of material 

• If dry isolation is difficult, such as a tooth that is not fully erupted, then 
a material that is more hydrophilic (e.g., GI) would be preferable 

• If the tooth can be isolated to ensure a dry site and long-term retention 
is desired, then a resin-based sealant is preferable.

• Monitor sealants over time, especially sealants showing a higher risk of 
experiencing retention loss (i.e., GI)

Type of Material to Choose

Wright et al., 2016



Placement Techniques

• Routine mechanical preparation of enamel before acid etching is not 
recommended

Wright et al., 2016

A: Tooth Preparation
B: Acid-etch only

JADA, 2016

Retention is the same after 
acid etching or tooth 

preparation (thus tooth 
preparation is not needed)



• Sealed sound, initial and moderate lesions in a very high risk population

• Sealants were 99% effective in arresting caries for almost 4 years (annual repairs if 
needed) 

• Excellent retention (89% at 1-y; 78% at 2-y; 72% at 3.8 y)

BUT

Pre-Sealant
ICDAS 4; x-ray 

D1

Post-Sealant (12-
months)

ICDAS 4; x-ray D1

Post-Sealant (24-
months)

ICDAS 4; x-ray D1

Post-Sealant (32-
months)

ICDAS 4; x-ray D1
J Dent Res 2014

Can you seal in moderate lesions?

7-y survival on moderate lesions was:
• 37% for sealants (without repair) vs. 
• 91% for MI restorations.

Qvist et al., 2016

If sealed, might need frequent repair
Schwandicke et al., 2016

RESEARCH



Can we Seal Interproximal Caries Lesion?

N. Innes

Dorri et al., 2015



Infiltration (ICON)

“White spots” Post-Orthodontics

Hypoplasia-Fluorosis

Kim et al., 2011



Non-Operative Management Options

Fluorides
Sealants

Antimicrobials
Sugar Alcohols

Sialogogues, Other Saliva stimulants
Ca-based products

Mechanical plaque removal
Diet Modification

Others



Non-Operative Management Options

Fluorides
Sealants

Antimicrobials
Sugar Alcohols

Sialogogues, Other Saliva stimulants
Ca-based products

Mechanical plaque removal
Diet Modification

Others



Personalized Caries Management

• Best evidence
• Risk-Based; Person-Centered
• Focus on prevention and 

remineralization
• MI

Goal: Advance health and 
preserve tooth structure

Non-Restorative Restorative

No Treatment Remineralize, Arrest and/or Seal Minimally 
Invasive

Traditional 
Restorative

Endodontic
Treatment

Extraction

Health-Sound Non-Cavitated Active 
Caries Lesion

Cavitated Active 
Caries Lesion

From: Damdent

Infection: Abscess
Pr

ev
en

tio
n



ICDAS 1 ICDAS 2

ICDAS 3 ICDAS 4

ICDAS 5 ICDAS 6

ADA

Initial Lesion 

Moderate Lesion 

Advanced Lesion 

ICDAS.org

Non-
Cavitated 
Lesion

Cavitated 
Lesion

MiDENT

Sound Sound

You MUST record lesions and classify them (severity and activity)…THIS IS THE ONLY WAY TO MONITOR THEM 
AND  THE SUCCSESS OF NON-RESTORATIVE TREATMENTS OVERTIME



Initial (Non-Cavitated; 
White Spot) Lesion:

• Tissues are not 
infected

Fejerskov & Kidd, 2008

A. Stump, M. Fontana, C. 
Gonzalez-cabezas, S.D. Cho, 
L.H. Willis, J.A. Platt, And 
G. Eckert,  2011

Cavitated Lesion 
(Cavity): 

• Carious tissues  
are infected 



Caries Lesion Activity 

How to assess in one appointment?

Ac
tiv

ity

SOUND (ICDAS
0) ICDAS  1-4 ICDAS 5-6

Active
None

Enamel is rough, in plaque stagnation area, opaque, can be whitish 
or brownish

Dentin is soft on gentle 
probing

Inactive Smooth, not in plaque stagnation area, shiny, translucent Dentin is hard and shiny
on gentle probing

How to assess over time?
• Increase # of lesions/time 
• Increase of lesion (size, etc.)



Figure 5. Patient’s Care Plan Decision Flowchart.



Risk Assessment:
• Caries risk must be assessed regularly (i.e., risk may change over time) to 

aid in prognosis

• Caries risk forms may also identify modifiable risk factors

• Document it (at UoM it is mandatory this be done for every patient!)

• Use it to inform the frequency of patient recall, prevention and treatment 
strategies, and inform prognosis or restorative and non-restorative care

N.J.M. Opdam et al. J DENT RES 2014



Caries Detected?

Caries Active?

Initial
Diagnosis

(Based on physical 
appearance and location)

Recent Changes 
Present?

Low Risk

Yes

No

No

At Risk

No

Yes

Yes
High Risk

Moderate Risk ?

Fontana and Zero, 2006

Caries 
experience 
(especially  
recent) is the 
strongest 
risk factor

Expression of the 

cumulative effect 

of all risk factors 

and protective 

factors over a 

lifetime



Navazesh, 2003

1. Identify complaint (history of the problem, symptoms)… (use Fox et al., 1987 questions)

2. Medical history (Possible cause: medications, diseases, etc.)

3. Clinical evaluation of signs: soft and hard tissues

4. Further diagnostic

• Does your mouth feel dry when eating a meal? 
• Do you sip liquids to aid swallowing dry foods? 
• Do you have difficulty swallowing any foods?

Steps suggested for salivary screenings

Unstimulated: < 0.1 ml/min
Stimulated: <0.5-0.7 ml/min



Low Risk High Risk

Moderate Risk

• These 2 forms need to be completed for every patient, and re-assessed over time based on risk status
• Close to 90% of patients with an initial exam had the CRA done! Reassessments?
• Clinical test cases and OSCE associated with this! 
• 54% high risk, 25% moderate risk, 21 % low risk (Brons-Piche et al., 2018)



J Dent Educ 2019

Model (AUC: 0.82); Significant (p<0.001) factors:
Past/current caries experience (OR 23.7)
Dietary risk factors (OR 3.2)
Visible plaque (OR 2.6)
Salivary risk factors (OR 2.6)
Conditions that affect compliance (OR 2.4)
Lack of adequate protective factors (OR 2.1)

Of our high risk patients:
• 9% received fluoride varnish
• 23% a toothpaste prescription 
• 7% received both

Jang et al., 2018



Cariology Curriculum

Diagnosis

Risk Assessment

Preventive + Non-Surgical 
Intervention 

Restorative (Surgical) 
Intervention

Re-Assessment
Detection

• Person-Centered
• Best Evidence
• Risk-Based
• Focus on prevention 

and remineralization
• Minimally invasive

Goal: Advance health 
and preserve tooth 

structure



Clinical Test Cases

Start 

First Year

Cariology –
Clinical Sciences

Second year

Cariology I Cariology II

1st Sem 2nd Sem

Third year Fourth year

Cariology -
Clinical Sciences

Cariology-
Clinical Sciences

OSCE  
(Objective 
Structured 

Clinical 
Examination)

Course Assessments





Cariology I
• Introduction to Cariology
• Nomenclature in Cariology
• Histopathology and physico-chemistry of caries
• Visual Caries detection and diagnosis
• Introduction to radiographic interpretation of caries lesions
• Caries Detection Lab
• Role of Saliva in Caries Management
• Role of diet in the etiology and management of dental caries
• Microbiology of Caries
• Mechanical Plaque Removal and Caries Management
• Caries Risk Assessment



Cariology I (cont.)
• Caries Detection Practical Exam
• Use of fluorides in caries management
• Use of Sealants (and Hall Crowns, Infiltration) in caries prevention and 

management (sealing sound and caries lesions; selective caries 
removal to soft dentin-partial caries removal)
• Caries Risk Assessment discussion of forms and cases
• Clinic experience: detection and risk assessment



Cariology II
• Virulence determinants, microbial ecology in caries sites, Caries Vaccines, Fate of "sealed" bacteria.
• Clinical Exercise in Saliva Diagnosis and OTC Products Recommendations
• Silver Diamine Fluoride (SDF).
• Sugar Alcohols for caries control.
• Fluoride kinetics and toxicity.  Self-applied F products ("refresher").
• Fluoride delivered at community level.
• Clinical Exercise in Caries Prevention Products Professionally Applied or Prescribed
• Role of Antimicrobials in Caries Control.
• New Technologies for Caries Diagnosis.
• Secondary Caries.
• Root Caries. 
• Dental Erosion.
• Laboratory Exercise in Detection of Caries/Wear Lesions
• Epidemiology of Dental Caries.
• Calcium-Based and other strategies for caries control.
• Role of Operative Dentistry in Caries. Decision Trees for Management of Caries Lesions.



VIRTUAL   CLINIC

Upon graduation a dentist 
must be competent  in 

evidence-based detection, 
diagnosis, risk assessment, 

prevention, nonsurgical and 
surgical management of dental 
caries, both at the individual 
and community level, and be 
able to re-assess the outcomes 

of interventions over time



Didactic:
• Clickers
• Case-based learning
• Small groups
• Type of questions in exams (case-based)
• “Hands-on” experiences
• “Gameful learning” (autonomy, etc.)

• Assessment drives learning 
• We should assess how we teach (no surprises)

Promoting critical thinking for clinical-
decision making to solve clinical problems?



Cariology Education – Short Term Impact of a U.S. 
Cariology Curriculum

Lee D1, Eckert G2, Wolff M3, Doug Y4, Sharples Y5, Horlak D4, Nacimento M6, Fontana M1

83.3% Response Rate





1. Site-specific strategies at the lesion/surface level + Prevention at individual level

2. Use of Latest and Best practice guidelines

3. Risk level → Treatment Plan - Prognosis - Recall

4. ↑ F for most/all at risk patients

5. Dietary control is important - difficult to sustain

6. Most non-cavitated lesions are treated non-restoratively

7. Record and monitor active caries lesions to determine treatment effectiveness

8. Most cavitated lesions are treated restoratively - preserving tooth structure and pulpal 
health, while reducing discomfort and pain

9. 38% SDF can be used effectively as an alternative non-restorative strategy for control of 
cavitated lesions and root caries lesions (COVID-19 alternative)

Take Home Messages





Margherita Fontana: mfontan@umich.edu

Livia Tenuta: litenuta@umich.edu

Carlos Gonzalez: carlosgc@umich.edu

mailto:mfontan@umich.edu
mailto:litenuta@umich.edu
mailto:carlosgc@umich.edu

