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Be SMART:
Silver Modified Atraumatic 
Restorative Treatment
JEANETTE MACLEAN, DDS, DABPD, FAAPD

@drmaclean

Jeanette MacLean, DDS
Diplomate, American Board of Pediatric Dentistry
Fellow, American Academy of Pediatric Dentistry
Owner, Affiliated Children’s Dental Specialists 

BS Chemistry, Northern Arizona University 1999
DDS University of Southern California 2003
Pediatric Dentist, University of Nevada School of Medicine/Sunrise Children’s Hospital 2005

Disclosures: Neither myself nor my family members have any owner interest or stock in any of the 
products mentioned in this presentation, nor do I receive sales commission.

I have received speaking honoraria in the past from; Elevate Oral Care, Oral Science, 
GC America, DMG America, NuSmile, DryShield, P&G
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TODAY’S SCHEDULE:
 8:00 AM MORNING SESSION

SDF 

 15 Minute Morning Break
SMART 

Hall Technique

 30 Minute LUNCH (12:00 AM – 12:30 PM)

 12:30 PM AFTERNOON SESSION

MI Paste

 Icon Resin Infiltration

Etch Bleach Seal

We can’t drill our way out 
of a bacterial disease.

 Fillings and crowns are not cures for caries

 Traditional restorative dentistry does not address the 
bacteria or behavior, it  merely treats the symptoms of 
the disease

OR/GA pediatric dentistry has relapse rates 
between 20-80% (Almeida, Ped Dent 2000, 
Worthen, J Dent Child 2000)

Evidence of Effectiveness of Current Therapies to Prevent and 
Treat Early Childhood Caries.
Review article Twetman S, et al. Pediatr Dent. 2015,
May-Jun;37(3):246-53.

“There is lack of substantial evidence to 
suggest that restorative treatment leads to 
acceptable long-term clinical outcomes.”

“There is certainly a need to go beyond the 
drill-and-fill dentistry and integrate other 
concepts of disease management to ensure 
long-term success.”
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Daisy Lynn, 14 months Marvelena, 3 Amber, 4 Mykel, 4

When the treatments become riskier than the disease itself, 
We must reexamine our approach

Daleyza, 3

Online reaction = “I’m not taking my baby to the dentist”

Zion, 2

Minimally invasive treatment options, 
like SDF, are increasing in public 
awareness, popularity, and demand
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Millennial Parents

Millennial parents are researchers

Search online for parenting advice vs. asking 
family and friends

My Personal Stance;
TAKE NOTHING OUT OF YOUR TOOLBOX

 I still do “everything” 
 Sealants, fillings, 

crowns, extractions, 
oral sedation, etc.

 I just have more 
options now to help 
my patients and their 
families 

 Patient centered care

What does your “menu” look like ?
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SDF Review

AAPD policy statement & guideline

ADA Clinical Practice 
Guideline on the Use of 
Nonsurgical (Nonrestorative) 
Treatments for Caries 
Management

 Council on Clinical Affairs 

 Chair Dr. Rebecca Slayton

 Available at ADA.org/caries
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SDF Chairside Guide Free Download;
kidsteethandbraces.com

Basic Protocol
1. Patient/Clinic protection; safety/sunglasses, plastic lined bib, bracket cover

2. Vaseline over perioral area

Basic Protocol
3. “Toothbrush clean”    (*** SUBSTITUTE A MICROBRUSH VS. PROPHY BRUSH ***)
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Basic Protocol
4. Isolate with Dri-Aides and cotton rolls

Basic Protocol
5. DRY DRY DRY!!!   (*** SUBSITUTE COMPRESSED AIR WITH DRY GAUZE *** )

Basic Protocol
6. Apply SDF with a microbrush for 1 - 3 minute

 Use a plastic, disposable dappen dish

 Use caution to only get it on the desired tooth/teeth

 Saturate the surface of the lesion and allow to absorb via capillary action
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Basic Protocol
 DO NOT RINSE

 DO NOT BLOW COMPRESSED AIR while the SDF absorbs

 DO NOT LIGHT CURE

 Simply allow to absorb via capillary action, 

ideally for at least 1, up to 3 minutes

 If needed, blot excess after 1-3 minutes

 Remove cotton isolation

 FINISHED!

Updated package insert
Jeanette MacLean, DDS

Basic Protocol
7. Cover with fluoride varnish (OPTIONAL)
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FV is NOT necessary for the proven 
efficacy of SDF alone
 No clinical trial (yet) compares SDF with or without FV

 We don’t know if it’s good or bad (after 5 years of routine use, I’d say it’s not bad, I’d argue 
it’s good)

 Why do some practitioners like to use it?

 Masks poor taste, improves the patient experience

 I‘ve had patients cry that they didn’t “want the spicy medicine” that their other dentist used

 Keeps it where you place it, help prevents unwanted stain on other surfaces

 Where have we seen FV used?

 Graham Craig’s Bourke Study (BMC Oral Health. 2013; 13: 73 doi: 10.1186/1472-6831-13-73)

 Silver Nitrate + FV Steve Duffin CDA Journal 2012, Frank Mendoza IHS Warm Springs Protocol

 Hammersmith, DePalo proximal SDF + FV (JOCPD 2020 Vol. 44, No. 2, pp. 79-83 
doi.org/10.17796/1053-4625-44.2.2)

SDF + FV
38% SDF + 5% 

fluoride varnish

Applied at baseline 
and reapplied at 4 
months

Reassessed at 8 
months

96.2 % arrest after 
2nd application

 Compare to biannual, no 
FV Zhi 91%, Fung 75.7% 

Depth of Lesion
 The use of SDF in deep lesions is NOT a contraindication

 Irreversible pulpitis IS a contraindication

Misconception
components of SDF and/or the pH may irritate the pulp

• A histologic study found silver components had reached the pulp, 
and hypothesized that the silver component may act on the pulp via 
direct inactivation/destruction of bacteria in carious dentine and 
mechanical sealing of carious and sound dentinal tubules when 
followed by atraumatic placement of a glass ionomer cement 
restoration

• pH 10 SDF products are equivalent to direct pulp capping materials, 
such as calcium hydroxide (pH 10) and MTA (pH 10.2, after mixing,        
pH 12.5, 3 hours after setting)
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Silver Fluoride 
+ Deep Lesions
Griffith, M. CDA Jan. 2021

 Treating Deep Caries in 277 Adult Teeth with 
Silver Fluoride

 Used silver nitrate + fluoride varnish and SDF

 “Silver fluoride demonstrated the capacity to 
protect the pulp in this series of 277 teeth with 
very deep decay, with only 13 teeth requiring 
endotontia. It was successful in managing 
peripulpal caries with minimal recourse to 
endodontia and with asymptomatic clinical 
outcomes.”

Basic application tutorial

Video link available at Kidsteethandbraces.com

Frequency of application
 Reapplication frequency varies depending on the clinical trial

 Do not reapply more than once a week

 Biannual application is most effective (91% arrest, Zhi et al 2012)

 Average 80% arrest

 Reassess and reapply in 3-6 months depending on the size and location of the 
lesion as well as the patient’s risk level

 My approach - Re-evaluate and reapply to cavitations or lesions into dentin in 2-4 
weeks, incipient lesions in 6 months

 Once a restoration is placed or the lesion is shiny and hard/smooth, stable and/or 
asymptomatic, it is not necessary to keep reapplying the SDF

*** It is important to communicate that this is a treatment, not a cure, and proper 
diet, hygiene, and daily fluoride use will play a critical role in the success of this 
treatment.  Further, if the tooth is non-cleansable and broken down, a restoration is 
favorable when possible
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Follow up assessment 

 Clinical assessment

 SDF arrested caries should have a matte black “charcoal 
briquette” appearance

 Should feel firm to a perio probe or dycal instrument

 Do not try piercing it with a sharp explorer

 Radiographic assessment

 Watch for stability of lesion size

 Secondary dentin formation

 Patient assessment

 Asymptomatic

 Decreased sensitivity

Dr. Craig’s book is available at www.dentaloutlook.com.au

Jeanette MacLean, DDS

Case Selection

Seifo et a. British Dental Journal 2020; 228(2): 75-81
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Can SDF stain skin?
Yes

Dr. Liz Holguin

Judy Bendit, RDH

Judy Bendit, RDH

Stain Removal
 Fabrics

 Iodine

 Napisan

 Surfaces
 Bar Keeper’s Friend

 Mr. Clean Magic Eraser

 Comet

 Bleach

 Skin
 Hydrogen Peroxide

 Salt slurry

 Hair dye remover pads

 Remember – prevention is the best stain remover!

34

35

36



2/4/2023

13

SDF CODES
1354 = CARIES ARREST
Interim caries arresting medicament 

application
1355 = PRIMARY PREVENTION
Caries preventive medicament application 

per tooth
This is an ADDITIONAL code
It does NOT replace 1354
Coverage and limitations ?

Both per tooth

SDF as a “sealant?”
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Controlling caries in exposed 
root surfaces with silver diamine 
fluoride: A systematic review 
with meta-analysis

 "Yearly 38% SDF applications to 
exposed root surfaces of older 
adults are a simple, inexpensive, 
and effective way of preventing 
caries initiation and progression." 

 Oliveira JADA August 2018
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Toxicity and Potassium Iodide slides 
available on the thumbnails

TOXICITY
 1 drop of SDF can treat up to 5-6 teeth (this may 

be a stretch depending on the size/location of 
the lesion)
 I regularly treat more than 6 teeth at a time

 1 drop per 10kg body weight, with weekly 
intervals at most, is considered a safe dose
 This takes into account the lethal subcutaneous 

dose (LD50) of 380mg/kg, and gives a five-
hundredfold safety margin – UCSF Protocol

 Fluoride content in 1 drop of SDF is only 2.24mg 
(compared to 11.3mg in 5% varnish)
 Whitford’s probable Toxic Dose for fluoride =             

5mg/kg (or 50mg for a 10kg child)

 1 drop SDF + 5% varnish = 13.54mg fluoride                  
(at most! I rarely use the entire varnish)

 2.5% FluoriMax varnish is available from Elevate 
Oral Care, 0.3mL unit dose contains 3.39mg fluoride

 1 drop SDF + 2.5% varnish = 5.63mg fluoride Pediatr Dent 2016;38(7)466-471 

SDF and varnish can 
be safely applied on 
the same day

2.5% FluoriMax Varnish

 Enamel maxes fluoride 
absorption at 2.5%

(Carey, U of CO, IADR)

 “Consequently it can be 
stated at a reasonable level 
of certainty that if a 
difference in the efficacy of 
the two varnishes exists, it is 
probably minute. Lowering 
the fluoride concentration of 
Duraphat is worth considering 
at least when used in 
children.”

(Seppa et al 1994)
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TOXICITY
 0.05 ml drop of a 38% SDF contains;

 19mg SDF

 4.74mg silver

 2.24mg fluoride

 0.1 ml unit dose ampule of a 38% SDF contains;

 38mg SDF

 9.48mg silver

 4.48mg fluoride

 Short term serum pharmacokinetics of diamine silver fluoride after oral application 

“Fluoride exposure was below the U.S. Environmental Protection Agency (EPA) oral reference 
dose.  Silver exposure exceeded the EPA oral reference dose for cumulative daily exposure over 
a lifetime, but for occasional use (typically biannual application) was well below the 
concentrations associated with toxicity.”

(Vasquez et al BMC Oral Health 2012, 12:60 http://biomedcentral.com/1472-6831/12/60)

Pharmacokinetics of 38% topical silver diamine 
fluoride in healthy adult volunteers

Lin et al JADA March 2019

 "The low dosage applied topically and the frequency of 
treatment mitigate concerns about risks. It is important, 
nevertheless, to understand the disposition of silver and fluoride 
after SDF application in both adults and children. It would be 
challenging ethically and practically to conduct a 
pharmacokinetic study in children because of the intensive and 
long duration of blood sampling required to monitor silver 
concentrations.“

 "After application of SDF in healthy adult volunteers, the 
circulating levels of silver peaked at 3 hours and slowly declined in 
24 hours in most participants, although some participants had a 
delayed peak serum silver concentration that was observed from 
6 through 24 hours. The average half-life of silver was 
approximately 2 days.“

 "Results from our study support the continued development of 
topical SDF as a safe and efficacious treatment.” 

 “SDF was well tolerated in this study, and no adverse events 
related to SDF were reported."

Riva Star
 Dr. Graham Craig

 “It was originally designed for one use and one use 
only.  That is on vital, asymptomatic permanent 
posterior teeth where some caries is to be left to avoid 
a pulp exposure. If used incorrectly, or in other 
situations, staining can occur.”

 Must be used with immediate placement of a glass 
ionomer restoration or base

 When used alone or for minimally invasive treatments, 
such as with primary teeth or elderly root caries, 
staining will inevitably occur

 For more information; YouTube, Dental Outlook, Riva 
Star Use and Abuse

46

47

48



2/4/2023

17

49

50

51



2/4/2023

18

Zhao et al 2017

“SDF + KI treatment inhibited 
development of secondary caries on 
GIC restorations, but was not as 
effective as SDF treatment alone. 
Moreover, SDF + KI treatment caused 
a perceptible staining at the
restoration margin, but the intensity 
was less than that with purely SDF 
treatment”

Effect of Silver Diamine Fluoride and 
Potassium Iodide Treatment on 
Secondary Caries Prevention and Tooth 
Discolouration in Cervical Glass Ionomer
Cement Restoration

Randomized clinical trial on arresting dental root caries 
through silver diammine fluoride applications in community-
dwelling elders

Li R, Lo ECM, Liu BY, Wong MCM, Chu, C.H. 
Journal of Dentistry 2016

 “Application of SDF solution, with or without 
application of KI afterwards, is effective in 
arresting root caries among elders in a water 
fluoridated area. In the long term, blackening of 
arrested root caries is not reduced by immediate 
application of KI after the application of SDF.”
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SDF + KI

Turton, B. Clinical and Experimental 
Dental Research Nov. 2020

 The use of KI is associated with poorer 
caries control

 those teeth which had KI placed had 
around twice the odds of becoming 
pulpally involved

 The use of KI reduced the staining, 
however, it also reduced the chances of 
caries arrest. A higher proportion of lesions 
progressed to involve the pulp over a 12-
month period in those teeth where KI was 
used

Clinical images from Geoff Knight

Most recent SDI banner ad

SDF Use Around the World 
 SDF 30 – 38% have most efficacy

 DIY = SN + FV

 Beware of misleading marketing and/or online brands that are not subject 
to strict FDA regulations on purity and concentrationUse any 

brand you 
like!

Just please 
give 

patients 
non-invasive 

options
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• 3 year shelf life
• Replace when discolors
• Dispense just before using
• Immediately recap
• Store in box or dark place

Free Download;  kidsteethandbraces.com

Interproximal tutorials online
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Is floss necessary ? 

 76.4% arrest on incipient approximal 
caries in permanent molars & premolars 

 But not as successful as our study on 
primary molars (84% arrest)

 Not sure their exact protocol

 “Lesions where SDF was applied with 
Superfloss progressed more per month, 
on average, versus microbrush
application.”

 BOTH microbrush & Superfloss was the 
most successful at arrest, but they only 
examined 4 teeth treated this way

Polacek et al Pediatr Dent 2021;43(6):475-80

Interproximal SDF Research
with Ohio State University

Silver Diamine Fluoride and Fluoride 
Varnish May Halt Interproximal Caries 
Progression in the Primary Dentition. 
Hammersmith KJ, DePalo JR, Casamassimo PS, 
MacLean JK, and Peng J Journal of Clinical Pediatric 
Dentistry: 2020, Vol. 44, No. 2, pp. 79-83.

84.0% showed radiographic evidence 
of non-progression at 12-month

Studies on Topical Application 
of Ag(NH3)2F for the Control of 
Interproximal Caries in Human 
Primary Molars

Tsutsumi, Osaka University, 1981

Clinical trial of 58 children with 
contralateral interproximal lesions treated 
with SDF applied with unwaxed floss 
followed for 18 months

• Significantly reduced incidence of new 
interproximal caries vs. control

• Significantly reduced progress of enamel 
caries on interproximal surfaces vs. control

• Summary: multiple topical applications of SDF 
on interproximal surfaces in primary molars 
should be effective for interproximal caries 
development
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GV Black 
applied silver 
nitrate to 
proximal lesions 
with silk floss

SDF Penetration
 Photo from Dr. Gabriel Dominici
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3 year follow up

3.5 Years

Exfoliating
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Sometimes you win, 
sometimes you lose…

Interproximal SDF on an admitted non-flosser

Tips to avoid accidental stain

Tips to avoid accidental stain
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Notice how 
the arrested 
lesions did not 
stain

3 year follow up, SDF only
3/27/17

• 2nd opinion = “IV sedation only or risk sepsis”
• Both parents are physicians
• Research and find NYT SDF article
• FTT drinking Pediasure, frequent eating
• Diet and hygiene improve
• SDF applied 4 times; 3/17, 4/17, 10/17, 5/18
• Patient has been seen q6mo, FV applied,  no additional 

cosmetic treatment desired, teeth remain asymptomatic
• Lesions are shiny, hard and arrested

4 year follow up, SDF only
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SDF is Not a Cure-all

Extracted primary molar treated 
with SDF only for 2 years

Jeanette MacLean, DDS

SDF Pitfalls

 Poor case selection

 Inadequate isolation and drying

 Rinsing

 Light curing

 Not covering with varnish

 Patient/parent is not on board with behavior modification

 “Cure all” or “one and done” mentality

 Lack of understanding of caries etiology

 Delayed placement of a sealed restoration (SMART, Hall) in 
cavitated lesions that are not easily cleansed or open to saliva
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SDF Pitfalls

 Poor case selection

 Inadequate isolation and drying

 Rinsing

 Light curing

 Not covering with varnish

 Patient/parent is not on board with behavior modification

 “Cure all” or “one and done” mentality

 Lack of understanding of caries etiology

 Delayed placement of a sealed restoration (SMART, Hall) in 
cavitated lesions that are not easily cleansed or open to saliva

Jeanette MacLean, DDS

QUESTIONS

SMART Review
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Considerations for restoring form, function, & 
esthetics of SDF treated teeth

 Not every SDF tooth requires a restoration

 Incipient lesions, hypersensitivity, restoration margins, soon to exfoliate

 Clinical judgement

 Calendar age and dental age of the patient

 Cleansability of the lesion

 Associated risks

 Fracture, lesion progression

 Behavior, sedation

 Patient/parental preference

Dr. Jeremy Horst’s Decision Tree

Free Download;  kidsteethandbraces.com
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SMART = Silver Modified 
Atraumatic Restorative Treatment

 Silver Diamine Fluoride (SDF) to arrest and remineralize  

 Glass Inomer Cement (GIC) to restore and remineralize

2 year follow-up

3 year follow-up SMART
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4 year follow 
up = 

healthy new 
permanent 
tooth!

What’s the point of using SDF if 
you’re going to restore the tooth 

anyways ?

SDF 
reduced
emergency 
visits by 
80%
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Community trial of silver fluoride 
treatment for deciduous dentition 
caries in remote Indigenous 
communities Roberts-Thomson ADJ 2019

 “Silver fluoride was well accepted, easy to 
use and at least as effective a treatment as  
ART for dental caries in primary molars in 
young Aboriginal children in remote areas.”

 “However, even ART might be problematic 
and regarded as too intrusive for some 
Indigenous children.”

Effect of Silver Diammine Fluoride and 
Glass Ionomer on Remineralisation of 
Natural Dentine Caries

Eslami NP Journal of Dentistry Dec. 2020
 “One or two applications of SDF prior to 

placement of GI, were effective in remineralising
advanced dentine lesions, while additional 
applications, when combined with GI, did not 
demonstrate additional benefit in this study.”

 “One or two applications of SDF followed by GI 
coverage could remineralise advanced dentine 
caries in the presence of artificial saliva. This 
procedure carries potential in the treatment of 
difficult lesions where conventional restorations 
would require significant tooth structure removal 
through traumatic procedures.”

Reduce

Reuse

Recycle

Oral Health-Related Quality of Life in 
Preschool Children After Silver Diamine 
Fluoride Versus Atraumatic Restorative 
Treatments

Rodrigues et al Pediatric Dentistry 2020

Both SDF and ART 
had a positive impact 
on the oral health-
related quality of life 
of the preschool 
children
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Sorry 2020…

Benefits of SMART
 SDF as the initial treatment in a pre-cooperative or apprehensive patient;

 Quick, simple, painless

 Initiate treatment at the exam

 “Puts out the fire”

 Builds comfort and confidence in the dental setting

 Buys time 

 May eliminate the need for local anesthetic and/or handpieces

 Delay or avoid the need for sedation

 Reduces sensitivity in teeth with molar incisor hypomineralization (MIH) 

 Indirect pulp therapy

 “Desensitizes the tooth and the patient”

 Atraumatic, builds a positive dental experience and outlook

 Reduces stress for the patient, parent, and practitioner

 Sustained fluoride release to help reduce recurrent caries

 Seals SDF arrested lesions in fissures and cavitations, which improves biofilm 
cleansability and eliminates the need to keep re-applying SDF 

 Patient centered care

SMART Restorations
 Sealants

 Fillings

 Crowns (Hall Technique)
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The material of choice for SMART is a 
self-curing, glass ionomer cement 
(GIC)

 Biocompatibility – mimics dentin

 Ease of use - hydrophilic

 Antimicrobial effect

 Fluoride uptake and release

 Superior marginal seal – via ion exchange and chemical bonding 

The Chemical Bond of SMART
Image courtesy of Dr. John Frachella

 Chemical bonds rely on 
the chemical reaction 
between the two 
components forming a 
strong junction

 Chemical bonds are not 
prone to detachment (i.e. 
no leaking at the margin)

TRAC Research by Rella Christensen, RDH, PhD
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TRAC Research by Rella Christensen, RDH, PhD

High Viscosity Glass Ionomer and 
Glass Hybrid Restoratives

 Fuji EQUIA Forte and Ketac Universal

 Amalgam replacement in Europe

 This is NOT an “interim” material

 Bulk-fill

In my day, 
glass ionomer 

cement 
would wash 

out!
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Immediately post-op

Sabrina
Meets tetherball

4 months

1 year
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15+ months

Controversy over terminology
“Interim” vs. “Atraumatic”

 “Interim” implies temporary

 All restorations have a finite longevity

 “Atraumatic”

 Placing a restoration in an atraumatic way does not 
equate “temporary”
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Effectiveness of Single-surface
ART Restorations in the
Permanent Dentition:
A Meta-analysis

Frencken et al J Dent Res 2004

“there is no difference in survival results 
between single surface ART restorations 
and amalgam restorations in permanent 
teeth over the first 3 yrs.”

Survival of ART and Amalgam
Restorations in Permanent Teeth
of Children after 6.3 Years

Frencken et al J Dent Res 2006

“We conclude that the restorations 
produced with the ART approach, with 
high-viscosity glass ionomer, survived longer 
than those produced with the traditional 
approach, with amalgam, in the 
permanent teeth of young children. We 
recommend the ART approach as a 
complement to the preventive activities in 
the Syrian school oral health programs.”

Frencken re: ART vs. ITR

“To name as “interim” a dental procedure 
(ART) that has evidence that its survival 
percentages is not significantly different 
from amalgam and resin composite in 
single-surface cavities is to say that 
amalgam and resin composite restorations 
should not be considered permanent 
procedures.”
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Medical Management of Caries
 Dr. Steve Duffin

 Primary intervention: Treat caries, 
a chronic, behavior driven, 
bacterial disease, with behavior 
modification, biofilm removal, 
nutritional counseling, topical 
antimicrobials and remineralizing
agents, minimal interventions 
such as sealants and ART with 
biomimetic materials. 

 Secondary Intervention: surgical 
intervention, restorative dentistry

 NoDK System - treating caries 
with medicine vs. surgery all over 
the globe

Available on Amazon

“Combination Therapy”
The goal of SMART is to combine 
the known benefits of SDF with the 
known benefits of ART

 Silver + Fluoride combination therapy is superior to silver nitrate alone 
and fluoride alone.

 We postulate that SDF + GIC/ART combination therapy has the 
potential to be superior to SDF alone and ART alone

 WE NEED MORE EVIDENCE

 It’s coming…

 Dr. Duffin in Bolivia

 >10% of AAPD 2018 posters are SDF related, including on SDF + GIC 

Evidence for SMART
 The application of SDF under GIC restorations has been 

demonstrated to produce a promising pulpal response and 
be effective in facilitating the formation of reparative 
dentine (Gotjamanos Aust Dent J 1996)

 Prior treatment with SDF can increase resistance of cavity 
margins around GIC restorations to secondary caries 
development            (Mei et al Int. Dent. J. 2015)

 SDF and GIC are biocompatible and capable of inducing 
tertiary dentin deposition when used as indirect pulp 
treatment materials (Korwar et al Contemp Clin Dent 2015)
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SDF + GIC
 SDF prevents and arrests caries

 SDF has a strong antibacterial effect on 
cariogenic biofilms and hampered caries 
progression

 SDF does not adversely affect the bond strength 
of restorations to dentin

 Treatment with SDF can increase resistance of 
GIC and composite restorations to secondary 
caries

Zhao et al 2017

Microtensile bond strength between glass ionomer 
cement and silver diamine fluoride-treated carious 
primary dentin

Puwanawiroj A et al Ped Dent 2018

“Silver diamine fluoride does not 
adversely affect the bond 
strength between glass ionomer 
cement and carious primary 
dentin in vitro.”

Shear Bond Strength of Glass Ionomer Cement to 
Silver Diamine Fluoride Treated Caries

Elizabeth Ng et al 2019
 Results: The strongest bond strength was found 

when GIC was placed on conditioned and 
demineralized dentin treated with SDF 1 week 
prior. There was no statistical difference to uSBS
with and without SDF. Statistically significant 
increases in bond strength were found when the 
dentin was demineralized, when conditioner was 
applied before SDF, and when one week elapsed 
between SDF application and glass ionomer 
placement. The lowest bond strength was found 
with immediate GIC application after SDF.

 Conclusions: Results suggest that optimal 
retention is obtained by conditioning with 
polyacrylic acid and allowing SDF treatment to 
set for one week prior to glass ionomer 
placement.
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Tooth Preparation for SMART will vary on a 
case by case scenario, depending on the patient, 
the lesion, and the clinical situation, and may involve 
removal of tooth structure ranging from;

All

Some

or None 

None…?

“When you are considering whether to 
remove carious tissue in your pediatric 
patients, evidence-based research suggests 
that you should make your clinical decision 
based on hardness and not on a tooth's 
discoloration.” 

DR. MARGHERITA FONTANA, ADA ATLANTA 2017
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Caries removal and bond strength 
slides available on the thumbnails

SDF + SMART to treat occlusal caries in an apprehensive    
7 year old to avoid local anesthesia and sedation

• SDF placed at initial exam to arrest caries
• re-evaluated in 2-4 weeks 
• Restored with a self-curing GIC; PAA, Fuji EQUIA Forte, Fuji coat
• Coding and billing; D1354 + D2391

Visit the MMC Library and view the 2016 CAMBRA lecture, with particular attention to      
Dr. Doug Young’s discussion of GIC and the strong clinical evidence to support SMART

Background. The classical approach to treatment of deep 
carious lesions approaching the pulp mandates removing 
all infected and affected dentin. Several studies call this 
approach into question. 

Results. The results of three randomized controlled trials, 
one of which followed up patients for 10 years, provide 
strong evidence for the advisability of leaving behind 
infected dentin, the removal of which would put the pulp 
at risk of exposure. Several additional studies have 
demonstrated that cariogenic bacteria, once isolated 
from their source of nutrition by a restoration of sufficient 
integrity, either die or remain dormant and thus pose no 
risk to the health of the dentition. 

Clinical Implications. There is substantial evidence that 
removing all vestiges of infected dentin from lesions 
approaching the pulp is not required for caries 
management

JADA 2008
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Operative Caries Management inn Adults 
and Children (Review) 
Cochrane Database of Systemic Reviews 2013
 The management of dental caries has traditionally 

involved removal of all soft demineralized dentine 
before a filling is place

 The benefits of complete caries removal has been 
questioned because of concerns about the possible 
adverse effects of removing all soft dentine from the 
tooth

 “Stepwise and partial excavation reduced the 
incidence of pulp exposure in symptomless, vital, 
carious primary as well as permanent teeth. Therefore 
these techniques show clinical advantage over 
complete caries removal in the management of 
dentinal caries.”

FDI Guide

About FDI
 FDI World Dental Federation serves as the principal representative body 

for more than one million dentists worldwide, developing health policy 
and continuing education programmes, speaking as a unified voice for 
dentistry in international advocacy and supporting member 
associations in global oral health promotion activities.

 FDI is the leading global body committed to oral health and develops 
educational programmes, awareness campaigns, congresses and 
initiatives aimed at progressing the field of dentistry. It also advocates 
for oral health to be prioritized in global health and development 
agendas and pushes for their integration in chronic disease prevention 
programmes. 

 FDI membership comprises some 200 member dental associations 
in about 130 countries. It works at national and international level 
through its own activities and those of its member dental associations. It 
is in official relations with the World Health Organization (WHO) and is a 
member of the World Health Professions Alliance WHPA.

 FDI was founded in Paris in 1900 and its headquarters are currently 
located in Geneva, Switzerland.
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The International Caries 
Consensus Collaboration 
(ICCC)

 21 global experts in cariology convene in 
Belgium, 2015

 Frecken, Innes, Fontana…

 To address “A gap between research findings 
and clinical practice.  The reasons for this are 
complex, but contributing factors are 
inconsistencies in clinical guidelines, dental 
education, national health care policies, and 
renumeration systems.” 

 Findings and consensus publications featured in 
the 2016 special issue of Advances in Dental 
Research

Don’t Know, Can’t Do, Won’t Change: 
Barriers to Moving Knowledge to Action 
in Managing the Carious Lesion

“The failure to follow new evidence is not limited to 
dentists who are “out of touch,” do not undertake 
continuing professional development, or have been 
practicing for many years; in some countries and some 
schools, new dentists are still taught to remove all 
infected carious tissue, and it is actually not possible to 
pass professional examinations without demonstrating 
this.  The reasons underlying this failure to translate 
evidence into clinical practice are many and complex.”

“The “don’t know” could be due to general ignorance 
(perhaps remedied with an appropriate educational 
intervention) or the more problematic willful ignorance, 
where the subject chooses not to learn more about a 
topic (perhaps because it challenges his or her current 
beliefs).”
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Many US trained dentists are still 
“Bondodontists”

Complete 
caries 

removal

Extension for 
prevention

Drilling based 
on color vs. 

hardness
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Contemporary Concepts  
in Carious Tissue Removal: 
A Review
“Modern concepts for managing caries and its 
symptoms (ie, carious lesions) aim to avoid invasive 
treatments whenever possible and instead attempt 
to control the activity of the biofilm and the lesions.”

Ecologic Plaque Hypothesis = caries is an ecologic 
imbalance within the dental biofilm, with 
acidogenic and aciduric bacteria being more 
competitive under frequent intake of 
carbohydrates, eventually dominating the biofilm.  
The result is a further imbalance between mineral 
gain (from saliva) and mineral loss (by 
demineralization), leading to the symptom of the 
disease, the carious lesion

BE A FIREFIGHTER FIRST
• Control the biofilm
• Arrest and remineralize lesions

BE A CARPENTER SECOND
• Restore teeth as time, money, 

and behavior allow
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Fire of the Month;

SMART Aesthetic Pro-tips
 Placing SDF + GIC same day will inevitably turn your GIC from white to gray, even if self-curing

 Placing GIC over SDF arrested caries on a subsequent visit will allow your GIC to stay white 

 depending on the case, you may see a gray halo at the margins, which you can leave as-is, though I 
think it is important to inform the patient so it is not mistaken for recurrent caries

 Some advocate cleaning the margins with a finishing bur prior to placing GIC for SMART, though this is 
optional and there are pros/cons to both approaches
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Material Options for SMART
 Fillings with High Viscosity GIC/ GLASS HYBRID RESTORATIVES  

 Fuji EQUIA Forte (new and improved Fuji IX) +  new HT

 Primary Bulkfill Class I, V, Strip Crowns, V, Permanent I,II, III, V (HT)

 Sealants with Low Viscosity GIC 

 Fuji Triage

 Fillings with Resin Modified Glass Ionomer (RMGI) – a good 
option for situations in which you want to light cure for speed 
and/or a resin-like appearance, while still providing fluoride 
release.           *May require an opaquer

 Fuji II LC  (or Fuji Automix LC)

 Primary Class II, III (tip – use Fuji coat like bond to finesse/seal)

 Hall crowns 

 SSCs

 Seated with a GIC such as Fuji CEM2 or automix tip Fuji CEM 
Evolve or BioCem

Cavity Conditioner “PAA” = 
Polyacrylic Acid

 PAA and phosphoric acid etch for resin composite are 
NOT the same thing!

 PAA should be used whenever possible for SMART and 
GIC restorations

 Improves chelation and chemical bond

 A bonding agent is NOT necessary

 GC Cavity Conditioner = 

 20% Polyacrylic Acid; removes the smear layer to enhance 
the bond of GIC to enamel and dentin

 3% Aluminum Chloride Hexahydrate seals dentinal tubules 
to reduce sensitivity

Clinical performance of glass ionomer cement and composite 
resin in Class II restorations in primary teeth: A systematic 
review and meta-analysis. Dias et al J Dent 2018

 OBJECTIVES: This study compared the clinical performance of glass 
ionomer cement (GIC) compared to composite resin (CR) in Class II 
restorations in primary teeth.

 CONCLUSIONS: GIC and CR presented similar clinical performance 
for all criteria analyzed, except for secondary carious lesions, in 
which GIC presented superior performance, especially for the resin-
modified GIC and with rubber dam isolation.

 “Low-cost GICs have a poorer performance than GC”

 Compared to Vitro Molar and Maxxion

Low-cost GICs reduce survival rate in occlusal ART restorations in 
primary molars after one year: A RCT Olegario et al J Dent 2017
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1. Remove from wrapper immediately before use
2. Tap capsule on its side to loosen the glass particles

Basic GIC Capsule Mixing Steps

3. To activate the capsule, push the plunger until it is 
flush with the main body and hold it down for 2 seconds

4. Ensure the plunger is fully pressed to avoid the 
incorrect mixing ratio of powder and liquid
5. The capsule should be activated just before mixing 
and used immediately
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5. Place in triturator and mix for 10 seconds

5. Set a timer for 2 minutes, 30 seconds
(*** 3.5 minutes with matrix or crown form ***)

Basic Aesthetic SMART

 SDF applied at exam 

 Patient returns in 2-4 weeks for re-eval

 Lesion is matte black and ideally has sound 
margins
 Remove soft dentin with hand instruments or 

slow speed round bur if needed or tolerated, this 
is optional but it can improve long term retention 
and performance of the restoration

145

146

147



2/4/2023

50

 GC Cavity Conditioner

 Fuji EQUIA Forte

 Equia Forte Coat

 Clean with plain pumice

 Apply PAA for 10 seconds
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 Rinse, dry, but DO NOT DESSICATE

***remember GIC needs moisture to set

“rinse” with wet gauze

“dry” with dry gauze

(vs. air/water syringe)

 Isolate

Turn suction isolation systems
WAY down

or OFF

 Activate and triturate your HVGIC according 
to the manufacturers specifications
 In this example I am using Fuji EQUIA Forte

 Set a timer for 2 ½ minutes

 Apply the material to the cavity using the 
applicator gun (some use their finger, though I 
feel I have more control with the applicator)
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 Working time is SHORT
 Get into place within approx. 45 seconds (varies 

depending humidity, package insert specifies      
1 minute 15 seconds working time), then leave it 
alone until the full 2 ½ minutes are up (or longer)

 Options to press it into place; condenser, damp 
q-tip, finger, or microbrush/instrument dipped in 
coat

 Remove excess (I like a Hollanback)

 Over manipulating this material beyond the point 
of it being doughy (i.e. when it starts to get 
crumbly) will disrupt the glass matrix and the 
material will fail

If it starts to look like parmesan 
cheese, it’s going to fail…

 Apply Fuji Coat and light cure

 Provides a barrier to saliva while the glass 
achieves/reaches ideal properties

 Light cure 20 seconds
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BEFORE AFTER

The Finished Product

 Instruct the patient to avoid chewing hard foods for 48 hours

Download at 
kidsteethandbraces.com

6 month follow-up
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12 month follow-up

18 month follow-up

2 year follow-up
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Pre-op, 1 SDF 
application 

2 weeks prior

Immediate post-op, 
no prep, 
EQUIA Forte A1

6 months 12 months

18 months 24 months

Modification for Class 2

 Slide the matrix band out to the side, never pull it straight up

 If using a Denovo band, break the band, then slide it out to the side
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Class 2 Tips

Wait longer to remove the matrix

GIC can stick to metal, especially when not fully set

Vaseline? (not my preference, could get on the 
enamel)

Wait 3.5 minutes (vs. 2.5)

Check the material with a Hollanback

Peel back the matrix with an instrument

Gently slide matrix out to the side

Finishing and adjusting
 Use water spray
 Fuji II LC – gold polishing burs work well in high speed
 Caution with EQUIA Forte, it is soft initially

 Slow speed latch polishing stones work best to adjust without 
accidentally removing excessive material

 TIPS for Class II, III, V: 
Over fill
 Let it set
Cut back with stone under water spray
 (vs. messing around with the material while it’s setting and 

messing it up)
 Apply Fuji Coat and light cure 20 seconds
 (Coat seals the margin and surface defects, leaving an extra smooth surface on final 

restorations. GC Fuji COAT LC protects against moisture contamination and serves as a 
protective shield for glass ionomer materials.)
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Case Studies

5/1/18 x-rays from previous provider
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1 year later…

172

173

174



2/4/2023

59

Near 2 year follow up

3/12/20

3 year follow up
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3.75 year

178

179

180



2/4/2023

61

Sometimes the x-rays lie…

Jeanette MacLean, DDS
1-10-18

March 2019, 14 months
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Jeanette MacLean, DDS

June 2019, 17 months

2 year follow up
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2 year follow up

3 Year follow up
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From Doug Young
 Partial caries removal will always look the same (radiolucent) in the 

dentin on a radiograph.  That goes for active or arrested, remin or 
demin, or even infected dentin.  Enamel lesions often can appear 
to regress on a radiograph when remineralized but dentin has less 
mineral by volume and improvement is difficult or impossible to 
detect on a radiograph.  I teach that a radiolucency under a filling 
can be three things:

 1. Recurrent decay

 2. Nonradiopaque dental material

 3. Partial caries removal (infected, affected, remin, demin, etc.)

 Only recurrent decay needs a new restoration and you simply tell 
this by clinical exam of the margins.  It needs to have an open 
margin for bacteria to get in.  #2 and #3 still have sealed 
margins….no treatment needed 

GIC sealants and MIH slides 
available on the thumbnails

What defines sealant SUCCESS ?

 Is it RETENTION of the sealant material ? 
(common study metric/dentist mentality)

Or is it PREVENTION of caries ?
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GIC Sealants

“GIC fissure sealants are as 
effective as resin-based fissure 
sealants in the prevention of 
dental caries in the permanent 
dentition of children”

JADA May 2011

Glass ionomer cements as fissure sealing materials: yes or no? 
A systematic review and meta-analysis

Alirezaei JADA 2018

“There was no difference 
between the percentage of 
caries development with use 
of GICs as fissure sealing 
material compared with that 
for the conventional RBSs”

Alirezaei et al. JADA 2018 

“These findings indicate that the 
caries prevention effect of GIC-
based sealants is not associated 
with retention.”
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Alirezaei et al. JADA 2018 

“Mickenautsch and Yengopal indicated that 
the risk of loss of complete retention of sealant 
materials was associated with the risk of 
developing caries occurrence for RBSs but not 
for GIC-based sealants. The explanation of 
this result was that small particles remained in 
the bottoms of fissures that acted as a fluoride 
reservoir and that the slow release of fluoride 
enhanced nearby enamel remineralization.”

Cross section view

Tooth has been sectioned bucco-lingually to demonstrate the penetration of the GIC 
into the depths of the fissure.  It is apparent that the restoration is very efficient.

Mount, G.J., Hume, W.R. (2006). Preservation and Restoration of Tooth Structure. Queensland,
Australia: Knowledge Books and Software.

Leaking resin sealant
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GI Provides Caries
Protective Effects for 
Cavo and Adjacent
Surfaces

CDA Journal March 2003

After 28 days, enamel adjacent to GIC 
contained 1181.03 ppm (95% CI 1141.34–
1120.72; p < 0.00001) more fluoride than 
enamel adjacent to fluoride-containing resin

Alirezaei et al. JADA 2018 

 “Use of a surface conditioner 
(polyacrylic acid) with the glass 
ionomer sealant increased the 
chance of a chelation reaction 
between the calcium of the 
enamel and polyacrylic acid in 
the glass ionomer matrix that 
established a more stable 
bonding surface”
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A resin impression SEM technique for 
examining the glass–ionomer cement 
chemical fusion zone. Milicich G. 
Journal of Microscopy, Vol. 217, Pt 1 
January 2005, pp. 44–48

A resin impression SEM technique for 
examining the glass–ionomer cement 
chemical fusion zone. Milicich G. 
Journal of Microscopy, Vol. 217, Pt 1 
January 2005, pp. 44–48

Ionic constituents from both the 
GIC and the underlying dentin

GIC-dentin Chemical Fusion

Alirezaei et al. JADA 2018

 “It seems that GIC-based sealants, with their lower 
technique sensitivity, good adherence, and fluoride-
releasing properties, have an additive effect of being 
a sealant and fluoride provider for the prevention of 
occlusal caries. Therefore, GIC-based sealants may 
be a good alternative to RBSs specifically in 
community procedures when there is limited 
equipment, no chairside assistant for the dentist or 
dental hygienist, and a considerable number of 
children at high risk of developing caries.” 

LOW VISCOSITY GLASS IONOMER CEMENT
 SIMPLICITY OF APPLICATION

 HYDROPHILIC

 BIOCOMPATIBLE

 RELEASES/RECHARGES W/ FLUORIDE

 WELL TOLERATED BY WIDE RANGE OF PATIENTS

 CAN BE USED ON PARTIALLY ERUPTED MOLARS

 FLOWS INTO PITS AND FISSURES

 GIC SEALANT WEAR/LOSS IS NOT ASSOCIATED WITH CARIES
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LVGIC sealants

Triage Pink
Command set w/ 

curing light

(absorbs heat)

Visual/color indicator

Great for partially 
erupted molars

 Interim restorations

 Toothbrush abrasion

Exposed roots

EP = “Extra Protection”
 GC Fuji TRIAGE™ EP for maximum 

protection with fluoride, calcium 
and phosphate (3% RECALDENT)

 Seals and protects occlusal and 
exposed root surfaces

 Helps solve the problem of 
compliance

 Six times more fluoride than any 
other sealant

 Releases fluoride for up to 24 
months to help prevent decay 
from acid and bacteria

 Inhibits biofilm formation

 Helps prevent decay from acid 
and bacteria
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HYDROPHILIC 

GI Better in Wet Field

Triage Sealant Application Video

Longitudinal caries prevalence in a 
comprehensive, multicomponent, school-based 
prevention program 

Starr et al JADA 2021

 6-year prospective open cohort study in 33 US public 
elementary schools, providing care to 6,927 children in 
communities with and without water fluoridation. After 
dental examinations, dental hygienists provided twice-
yearly prophylaxis, glass ionomer sealants, glass 
ionomer interim therapeutic restorations, fluoride 
varnish, toothbrushes, fluoride toothpaste, oral hygiene 
instruction, and referral to community dentists as 
needed.

 The prevalence of untreated caries decreased by 
more than 50%

 Fuji IX 
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High Viscosity Glass Ionomer Cement
HVGIC

Download at 
kidsteethandbraces.com

SOFT FOODS 48 HOURS

On a cooperative patient you can 
do all 4 first permanent molars with 
one capsule of Triage in under 5 
minutes

 Teeth are protected!

 Parents are happy because you can do them right at the checkup

 Kids are happy because it’s fast, easy, and painless

 Saves chair time and supplies

 Increases production
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MIH Resource

Individualized Care

IDENTIFY
PREVENT
RESTORE

PREVENTION

PATIENT EDUCATION
MI PASTE
FLUORIDE VARNISH
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SEAL &
PROTECT

Protect partially 
erupted surfaces 
with a low viscosity 
GIC sealant

SDF to treat hypersensitivity in mildly 
hypocalcified molars

SDF placed at recall exam to hypersensitive 
molars with failed resin sealants

2 weeks later, patient returns for Fuji triage 
GIC sealants.  Reports dramatic decrease 
in hypersensitivity symptoms

Coding and billing; D1354 + D1351 Sealant
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SDF + SMART for 
cavitated lesions on 
partially erupted 
molars
1. SDF applied at exam
2. Re-eval in 2-4 weeks
3. Pumice
4. PAA cavity conditioner 10 seconds
5. Rinse and dab dry (do not desiccate)
6. SDF reapplication here (if needed)
7. HV GIC (EQUIA Forte in this case)

Coding and billing;
• D1354 caries arresting medicament
• D2391 one surface posterior composite

7 Year old with hypersensitive, severely hypoplastic first permanent molars

• SDF + GIC placed same day due to patient experiencing difficulty eating
• Tooth cleaned with tufted prophy brush and plain pumice
• PAA cavity conditioner applied 10 seconds
• Rinse and dry and apply SDF for 1 minute, dab excess, but leave as the “moisture” to help set the GIC
• Restored with Fuji EQUIA Forte 
• The patient returned for other treatment one month later and reports significant improvement in ability to 

eat and drink
• Great time buyer before a crown and/or extraction and 2nd molar substitution
• Coding and billing; caries arresting medicament (D1354) + interim therapeutic restoration (D2941)
• (other potential codes would be sedative filling (D2940) or unspecified restorative (D2999)

1 month follow upMarch 29, 2017

March 29, 2017
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10 Months later        January 18, 2018

Decisions in Dentistry
November 2018

Glass hybrid restorations as an alternative for 
restoring hypomineralized molars in the ART model

Grossi et al BMC Oral Health 2018

 Evaluated the success rate of restorations in 
MIH-affected teeth using HVGIC and the 
ART protocol

 Teeth we restored with Fuji EQUIA Forte, 
including GC cavity conditioner and Fuji 
Coat

 The success of restorations after 12 months 
of follow-up was 98%
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Hall Technique

SMART Hall Technique video
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Key point

 Hall Technique satisfies the “Triple Aim of Care”

 Increases access

 Improves health

 Reduces cost

What about us ?

Why choose to over-complicate 
something when the evidence has 
shown us it’s not necessary ?
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Don’t Know, Can’t Do, Won’t Change: 
Barriers to Moving Knowledge to Action 
in Managing the Carious Lesion

“The failure to follow new evidence is not limited to 
dentists who are “out of touch,” do not undertake 
continuing professional development, or have been 
practicing for many years; in some countries and some 
schools, new dentists are still taught to remove all 
infected carious tissue, and it is actually not possible to 
pass professional examinations without demonstrating 
this.  The reasons underlying this failure to translate 
evidence into clinical practice are many and complex.”

“The “don’t know” could be due to general ignorance 
(perhaps remedied with an appropriate educational 
intervention) or the more problematic willful ignorance, 
where the subject chooses not to learn more about a 
topic (perhaps because it challenges his or her current 
beliefs).”
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GIC Strip Crown Tutorials
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Minimally Invasive  
Combo Platter

 SDF only for incisors

 SMART for #L

 SMART Hall for #B & I
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REMEMBER

The tooth is connected to a child

The child is connected to a family

Each family has a unique story, with 
their own challenges and goals

What can offering minimal 
interventions do for your practice?

 Patient-centered care

 Increased patient retention

 Increased internal marketing

 Improved outcomes

 Reduced stress for dentist and patient

 Increased access to care when you can see a higher volume of patients

 Reduced overhead expenses

 Reduced recurrent caries with antimicrobial restoratives

 Reduced individual cost per patient

 Reduce aerosols

Just because I make it look easy,

doesn’t mean it is.

241

242

243



2/4/2023

82

August 24,  2017

Taming Patient Zero

Wyatt is now my BFF

“bill what you do”

 We do not charge by the hour, it’s the procedure 
accomplished

 Warranty as you would any other conventionally 
placed restoration

 Clinical trial evidence demonstrates HT is 
equivalent if not superior to conventional SSC, so 
why value it any less ?
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“Interim”

“Definitive”

“Definitive”

MIH in phobic 7 yo treated with
SDF + HVGIC = 2940 Protective 
Restoration

SDF + HVGIC ART = 2391 occlusal 
comp (2 year post-op)

SDF + SSC = 2930
Hall Technique (2 year post-op)

Thank You!

For more information;

Affiliated Children’s Dental Specialists

On Demand: Hall Technique Webinar

Icon, MI Paste, Etch Bleach Seal Webinar

@drmaclean

Request thumbnails:
info@Kidsteethandbraces.com

Live interactive monthly webinars:
Pediatric Dentistry for the GP
Pulp Therapy and SSCs
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QUESTIONS

JMB2023
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