
Jeremy Horst
DDS,PhD

UCSF

Silver Diamine Fluoride
is a Treatment for Dental Caries



disclosures

My research is funded by gifts & grants from:

Chan-Zuckerburg BioHub

Advantage Silver Arrest

Howard Hughes Medical Institute

National Institutes of Health

Jeremy Horst



downloads

You can get these slides and more at:

sites.google.com /site/ JeremyAHorst / 
OrOHC-201810

youtube.com/watch?v=zUAJkqcItco

youtube.com/watch?v=iPgccl9qrsA

ncbi.nlm.nih.gov/pmc/articles/pmid/26897901



3 year outcome – severely fragile 3 to 7 year old

1 year later

3 years later



No excavation SDF + GIC

3 years post-SDF
2 years post-GIC
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SDF - what is it?

Colorless liquid
25% silver: antimicrobial 
8% ammonia: solvent
5% fluoride: remineralization



SDF  vs SN + FV

SDF
25% silver
8% ammonia
5% fluoride
> effect data

SN + FV
16% silver
9% nitrate
2.5% fluoride
> safety data

BOTH are safe & effective.



SDF - what does it do?

- Arrests dental caries

- Prevents dental caries
• directly & indirectly

- Decreases dentin hypersensitivity



Accessible
cavity.

1. Isolate with cotton.
2. Air dry. 
3. Apply with microbrush.

Arrested cavities 
after 1 year

How do you use it?
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Dr. Jason Hirsch

Esthetics? SSC or SDF



Dr. John Frachella



SDF is now available in the U.S.

~60¢/drop

D1354 caries arrest CDT code
active January 2016. 

FDA clearance = 
hypersensitivity.

Off label use =
caries treatment.

This is the same as 
fluoride varnish.BREAKTHROUGH THERAPY



US acceptance
FDA clearance
UCSF protocol & guidelines
FDA “breakthrough status”
Advantage, Willamette protocols
Medicaid funding
IHS protocol & recommendation
ADA resolution
AAPD policy & guidelines
CDA Journal 2018 Jan & Feb
~20% of dentists, ~all pedodontists.



SDF Outline                                                  _

1. SDF – what is it?

2. SDF adoption

3. SDF clinical evidence

4. SDF clinical use

5. SDF treatment failure

6. SDF mechanisms





Ca
rie

s A
rr

es
ti

n 
ki

ds

Horst, Adv Dent Res 2018

9%
9%



n arrested (SD) 95% CI adverse events

SDF 30 .72 (.38) .55 to .85 flu, nausea,
redness, spot

placebo 36 .05 (.18) .00 to .16
diarrhea x 2,
tummy ache, 

toothache + diarrhea

Stopping Cavities Trial
purpose: Safety & Arrest Effectiveness

Advantage, UW, UCSF



Kanellis. CDAJ, 2018

SN+FV trial 
@Amish U.Iowa

C DA  J O U R N A L ,  V O L  4 6 ,  Nº 1

 J A N UA RY   2 0 1 8   41

Each carious lesion was treated in this 
way at monthly intervals for a total of 
three applications. At each six-month 
recall, all study teeth received a single 
additional application of silver nitrate. 
Any new carious lesions diagnosed 
at subsequent six-month recalls were 
treated with the baseline protocol, 
three applications of silver nitrate and 
fl uoride varnish one month apart.

Prevention (Both Groups)
Preventive procedures were 

provided to both treatment groups 
at six-month intervals in accordance 
with AAPD guidelines including recall 
examination, prophylaxis, oral hygiene 
instruction, dietary counseling, fi ssure 
sealant placement on permanent teeth 
and fl uoride varnish application. All 
subjects were given a toothbrush.

Recall Examination
Both groups were recalled at six-month 

intervals. At each six-month interval, new 
radiographs were obtained (bitewings and/
or occlusal radiographs as appropriate), 
calibrated examination took place and 
preventive procedures were applied.

Results
The study enrolled 85 children (mean 

age 7.16 ± 2.13 years) including 51 males 
(mean age 7.29 ± 2.28 years) and 34 
females (mean age 6.98 ± 1.19 years). 
Twenty-fi ve children were assigned to 
the CON group (18 males, 7 females) 
and 60 children to the SN group (33 
males and 27 females). Following group 
assignment, four children assigned to the 
CON group were immediately withdrawn 
from the study. In all four cases, their 

parents expressed disappointment 
because they were hoping for the silver 
nitrate treatment. These subjects 
were then offered the silver nitrate 
protocol and all four accepted and 
remained in the study and received 
the silver nitrate treatment protocol. 
The results of these four subjects are 
included with CON group results due 
to “intention to treat analysis.”15,16

At the time of this manuscript 
preparation, all 85 subjects remained 
in the study and 75 percent (64/85) 
of study subjects had completed their 
24-month recall examination.

Major and Minor Failures
Major and minor failures are reported 

by tooth in TABLE 2. In every case, 
major failures were study teeth that 
required extraction. Minor failures in 
the conventional group included lost 
fi llings or crowns, broken fi llings and 
recurrent caries that required replacement. 
Minor failures in the silver nitrate group 
included caries progression encroaching 
on the pulp where silver nitrate was no 
longer considered appropriate treatment. 
These teeth received excavation of 
caries and placement of a restoration.

Lessons Learned
Community engagement in planning 

and implementing research constitutes a 
cornerstone in the success of recruitment and 
retention of a study population. The Amish 
population is a unique one; a culturally 
appropriate approach was crucial to the 
successful recruitment and retention of 
study patients in this pilot clinical trial. 
This is due primarily to the conservative 
lifestyle of the Amish and their hesitation 

to interact with modern society. The unit 
of an Amish society is the church district 
ruled by bishops.17 The current study was 
able to successfully recruit children and 
their families because of support received 
from the bishops of Kalona’s nine church 
districts. Further, in appreciation of 
limited access to transportation, the study 
was conducted in a private dental offi ce 
in Kalona that was readily accessible to 
this population by horse and buggy.

Silver nitrate and fl uoride varnish provide 
an effective means for medically managing 
dental caries in the primary dentition. At 
this preliminary stage, it seems that silver 
nitrate works to arrest caries. After two 
years of follow-up, the majority of study 
lesions treated with SN were arrested. 
Caries activity (active versus arrested) was 
determined by visual and tactile sensation 
using a periodontal probe following 
criteria described by Nyvad et al.18 Despite 
a small number of failures, most teeth 
are doing well (TABLE 2). At the time 
of this manuscript preparation, 90.7 
percent of the SN group carious teeth are 
satisfactory (maintained in the mouth and 
symptomatic) compared to 96.8 percent 
of the CON group’s carious teeth. FIGURE 

2  provides a case example of a 6-year-7-
month-old (at baseline) female subject 
from the SN group with radiographic 
caries into dentine diagnosed on the distal 
of tooth I, the mesial of tooth J and the 
distal of tooth S. Following adherence to 
the silver nitrate protocol, these carious 
lesions did not progress throughout the 
study period, and teeth I and J actually 
appear to have reversed in progression. 
A second case example of lack of caries 
progression following adherence to the 
SN protocol is found in FIGURE 3. This 
9-year-4-month-old (at baseline) male 
subject is of special interest because the 
carious lesions were deep and capable of 

“packing food” at baseline and throughout 
the study. Despite the extent of the decay, 

TABLE 2

Major and Minor Failures at 24 Months*

Silver Nitrate Group Conventional Group Total

Major Failure Minor Failure Major Failure Minor Failure Major Failure Minor Failure

17 / 237 5 / 237 3 / 93 0 / 93 20 / 330 5 / 330

7.2% 2.1% 3.2% 0% 6.1% 1.5%

*Reported at the tooth level.

Baseline

6 months

12 months

18 months

24 months
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SDF q6mos
Llodra et al., 2005 
373 6 year olds 

control: 2.5 new lesions 

SDF q1year
Resin Sealant
NaF q6mos

Liu et al., 2012 
482 9.1 year olds 

control: 4.6 new lesions 

SDF q1year
exc SDF q1year
exc NaF q3mos
NaF q3mos

Chu et al., 2002 
308 3-5 year olds 

control: 1.6 new lesions 

SDF once
GIC Sealant

mean

 Monse et al., 2012
708 6-8 year olds 

≥ q1year

control: 0.44 new lesions 

40% AgF once

 
849 5-8 year olds 

control: 11.7 new lesions 
background: 10% SnF2

Green, 1989

SDF q3mos
Yoshida et al., 1976

26 1-2 year olds 
control: 2.2 new lesions

SDF q1year
SDF q6mos

Nguyen et al., 2017
295 2-3 year olds 

control: 9.0 new lesions 

SDF 3x/1week
 

25 6-8 year olds 
control: 0.88 new lesions 

Sato & Saito, 1970

50%

100%  

50%

100%

SDF q3mos Tsutsumi et al., 1981
58 5-7 year olds 

weighted average

Horst & Heima, Compendium. in press



Learned from clinical trials?
• 12 RCTs with 1,816 patients tx SDF = safe.

• 9 on caries arrest.
70-90% arrest with 1-2/year application.

• 11 on caries prevention.
70-80% prevention in kids by application only to lesions.
25-70% prevention, outperforms everything by far.
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Accessible
cavity.

1. Isolate with cotton.
2. Air dry. 
3. Apply with microbrush.

Arrested cavities 
after 1 year

How do you use it?



How much do you use?

– microliters per lesion.

– 1 drop (20μL) can treat 5+ lesions.



? OR ?

Interproximals?

Hirsch Horst



=
20 µL

50,000 ppm F

1 L
1 ppm F



SDF staining

time 0 1 day 1 week
Castillo et al, J Dent Res 2011

Duffin, J Cal Dent Assoc 2012



Restoration stain by SDF

SDF + GIC
Fuji 2LC
1 month

SDF + GIC
Fuji 9

1 month

3x SDF
no-prep GIC

Shofu Beautifil
2 weeks

Dr. John Frachella



 
 

 
Patient Name: 
Date of Birth: 
Medical Record Number: !

!
San!Francisco!Department!of!Public!Health!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Dental!Services!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

INFORMED!CONSENT!FOR!SILVER!DIAMINE!FLUORIDE!
!

Facts!for!consideration:!
• Silver!diamine!fluoride!(SDF)!is!a!liquid!that!helps!stop!tooth!

decay.!SDF!is!applied!every!3,!6!or!12!months.!
• A!small!amount!of!SDF!is!applied!to!the!decayed!tooth!area.!
• After!SDF!application!no!eating!or!drinking!for!60!minutes!

and!no!tooth!brushing!until!the!following!morning.!
• The!decayed!area!will!stain!black!permanently.!Healthy!

tooth!structure!will!not!stain.!!
• I!should!not!be!treated!with!SDF!if:!1)!I!am!allergic!to!silver.!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

2)!There!are!painful!sores!or!raw!areas!on!my!gums!or!anywhere!in!my!mouth.!
!!!

Benefits!of!receiving!SDF:!
• Helps!stop!tooth!decay.!
• Fast.!
• Do!not!need!to!numb!teeth.!
• Does!not!hurt.!

!
Risks!of!receiving!SDF:!

• The!affected!area!will!stain!black!permanently.!This!means!SDF!is!working.!
• ToothJcolored!fillings!and!crowns!may!discolor!if!SDF!is!applied!to!them.!!
• After SDF treatment, a filling or crown might still be needed.!
• If!accidentally!applied!to!the!skin!or!gums,!a!brown!or!white!stain!may!appear!that!causes!no!

harm,!cannot!be!washed!off!and!will!disappear!in!one!to!three!weeks.!
• Permanent dark spots if spilled on clothing.!
• Allergic reaction.!
• Risk!that!the!procedure!will!not!stop!the!decay.!
• Not every cavity can be treated with SDF!

!
Alternatives!to!SDF,!not!limited!to!the!following:!

• No!treatment,!which!may!lead!to!continued!break!down!of!the!tooth.!Symptoms!may!get!worse.!
• Placement!of!fillings!or!crowns,!extractions!or!referral!to!a!specialist.!

!
I have read this form. I understand the treatment and have had the chance to ask questions. I have seen the photo 
of how teeth may look after SDF discolors the cavities. I understand that I may refuse treatment with SDF. I 
understand that I can decide to have no treatment or I can have fillings, crowns, or extractions done at this or 
another dental office. 
 
I consent and authorize SFDPH Dental Services to use Silver Diamine Fluoride to help stop tooth decay. 
 
 
Signature!of!patient/parent/guardian!!______________________________________________________!Date____________!
!
!
Signature!of!witness____________________________________________________________________________Date!____________!!

Consent = Conversation

This is a consent document.

Risks?
Benefits?
Alternatives?

Simple language.

Show pictures!

sites.google.com/site/jeremyahorst/SDFconsents



Issues à prompts

• What are your goals for your oral health?

• Which matters more to you: 
looks or comfort?

• Do you prefer: 
multiple easy visits, or 
fewer visits that are more intense?



Tesoriero & Lee 2016



Billing
• D1354  caries arrest.
• D1208  topical fluoride.
• D9910  desensitization.

Per tooth / per application
… per quadrant equivalent?
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1 year

@ 2 years: 
0 new cavities

2 years

baseline



+6 months

+7 months

2 treatments

start: 2y11m

2 treatments

6 months

12 months

@ 1y4m: 0 new cavities



arrested

What to watch for:

active growing

@ 6 months.
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SDF: sustained antimicrobial effects
– Treated dentin resists plaque formation.
– demineralized dentin resists more.

– Zombie Effect: Silver-killed bugs kill active bugs.
• Ideal substantivity.



Gemella morbillorum
Roseburia intestinalis

Clostridium piliforme

unc Tannerella

Proteus mirabilis

unc Lachnospiraceae

0

2

4

6

−8 −4 0 4 8

−l
og

   
 p

10

FDR<.01
FDR<.05

∆ species after SDF

log  (                                                )2
∆ relative abundance SDF

∆ relative abundance placebo

logFC|>2

No 
decreases



SDF penetration testing



Before10 minutes1 hour

kinetics of SDF penetration



SDF: penetration
SDF casts silver rebar millimeters into dentin, 

reinforcing the lesion and sustaining kill.
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Kitchen SMARTs

Drs. Steve Duffin & John Frachella



SDF take-homes

1. Arrests 81% of lesions when used 1+/year.

2. Prevents 62% of new lesions.

3. Dry before use.

4. Safe.

5. Stains the crap out of everything.



THANK YOU

You can get these slides and more at:
sites.google.com /site/ JeremyAHorst / 

youtube.com/watch?v=zUAJkqcItco
youtube.com/watch?v=iPgccl9qrsA

ncbi.nlm.nih.gov/pmc/articles/pmid/26897901





0%#

50%#

100%#

0.5# 1# 1.5# 2# 2.5# 3#

SDF#q1year#
+#OHI#q6mon#
control##

Zhang et al., 2013 
227 60-89 year olds 
0.91 lesions at start 

0%#

50%#

100%#
SDF#q1year#

SDF,#KI#q1year#

control##

Li et al., 2016 
67 72 year olds 

1.9 lesions at start 

0%#

50%#

100%#

SDF#q1year#
NaF#q3mon#
Chlorhex#q3mon#

0%#

50%#

100%#

0.5# 1# 1.5# 2# 2.5# 3#

SDF#q1year#

+#OHI#q6mon#

Tan et al., 2010 
203 79 year olds 

control: 2.5 new lesions 

Zhang et al., 2013 
227 60-89 year olds 

control: 1.3 new lesions 
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Hamama, Aust Dent J 2015

SDF chases bugs 
down into tubules


