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both patients and dentists while improving
productivity




furthertissue removal is required




Survival ART and amalgam restorations
in Primary and Permanent teeth

Evidence-based results of ART/HVGIC
restorations: Meta-analysis

~ ® ART using a high-
viscosity glass-
jonomer can

afelyv be ad in
cavities in both
primary and
permanent

’ ) \
@ ¢
| posterior teeth

' (De Amorim et al, 2012) 10 year Fuji IX, hand-mix _
Jo Frencken = e




anatomy of a carious lesion
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infected dentine, bacterial
invasion into dentinal tubules

affected dentine, demineralized
dentine, low pH, no bacteria in
tubules, collagen intact

sclerotic dentine, ppted
tooth mineral in dentinal tubules

reparative dentine, odontoblasts
laying down dentine as a result of
bacterial invasion




the restorative interface cch
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sound dentine

all tooth structure forms as carbonated apatite (CaC0, apati
Oor apatite

) not




the restorative interface
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sound Ca apatite dentine
remin pH 5.5
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the restorative interface s

glass ionomer cement
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the restorative interface

glass ionomer cement P
sl R a—————  Otch 5 seconds

~ prepare moat at the DEJ in )
sound dentine with #3 bur

remove contaminated infected dentine just above affected leave
affected dentine



AQected dentiqe
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infected dentine .5mm
remaining
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ote small amount of slightly stained carious dentine
cavity floor
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oil spray from a freshly oil contamination removing

autoclaved handpiece caries with a slow handpiece

Matos AB, Oliveira DC, Vieira SN, Netto NG, Powers JM. Influence of oil contamination on in
vitro boncystrength of bonding agenfs to dental substrates. A‘ J Dent. 2008 Apr;21(2):101-4




effects of handpiece oil on etch and condition

1ttt

ﬂ.‘ """

preees §mm!_

|
|

' : !
:
) | N .
/ . v e i A il buks ~ ;
— " » 2
- . .
3 P | TR e R
. . . \ ¥ - -
- s I - o ey v

" before after 10 sec scrub, wash & dry
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Effec.‘t of dentine condltlonlng on adhesive of resin mpdified glass i |onomer

adheswes Hanama HH, Bur}row MF, Yiu C. Aus DentJ 2014:;59: 193-200 \\
/ | \ \



comparison between etched ,
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> o AccV  Spot Magn  Det wD | 1 10um
AccV  Spot Magn  Det WD | 1 5pm 100kv 30 62865x SE 3.1 GIC dentine conditioned G Knight
/ 100kV 8.0 11206x SE 15.6 GIC dentine etched G Knight

e%ed / \ conditi\\ned \

interaction zone, GIC in etched dental tubules leads to
cohesive fracture, conditioned dentine fails adhesivel




etch 5 seconds condition 10 seconds




etch or condition

etched carbonated apatite
dentine remineralizes as fluor apatite

demineralized carbonated apatite remineralizes as F apatite
due to minerals from dentine tubular fluid and F from GIC



insert GIC

PRy




GIC extended over adjacent occlusal fissurés
offering ongaing protection from future caries -




auto cure glass ionomer cement is |nd|cated f
that do not |nvolve 8 centrlc st p and have

~———"glass ionomer cementsd not reqwre the removal of caries affected
dentine, are fast and easy to place, relatively aesthetic and provide
ongoing caries protection at the cavo margins
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the restorative interface

glass |ono
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remove contaminated mfedteddentme above. ‘
~infected/affected dentine zone \




the restorative interface

glass ionomer cement
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infected dentine

affected dentine

sound Ca ap dentine

strontium and fluoride ions from GIC, Ca and PO, from dentinal tubules
causes-remineralization of infected and affected dentine



the restorative interface

glass ionomer cement

R R~ ~
T A

.5 mm layer of infected dentine
remineralizes as arrested caries

affected dentine remin as fluor
apatite dentine remin 4.5

sound Ca apatite dentine
remin 5.5

all caries affected dentine remineralizes as fluor apatite to form a
protective base below the GIC restoration



Electron Probe Micro Analysis

2 weeks in a S Mutans chemostat then restored with a GIC i i
restoration, EPMA scanned after 2 weeks GIC placeme‘“’t

left hand scale
shows % Welght Dentine Mineral Content (3 VII)
Ca and P right
hand scale
shows Sr, and F

red line shows
depth of demin

fluoride
penetrates to
base of demin

to reform as NIRRT SRR IR CIR SR RS S SR IR IR RO

ﬂuor apatite Distance (um)

F and Sr ions move from GIC into demineralized dentine



the effects of caries on composite and GIC restoration
and surrounding dentine

Dentine Calcium Content (10 um sub surface)

Composite
Riva

— Fuji VII
Fuji IX

— Ketac M

30 40 50 60 70 80 90 100 110 120 130
Distance from restoration (micron)

130 microns from cavo surface no evidence of demin of GIC restorations, 50
percent of dentine calcium-minerallostadjacent to-composite resin

Knight GM, Mcintyre JM, Craig GG,/ Mulyani, Ziim PS, Gully NJ. An /n vitro inyestigation of
marginal dentine and enamel carigs abutting composite resin and glass ionomer cement
restorationg. Australian Dental Journal. 2007;52:187-192



Riva SC UHV

future of GIC’s as an amalgam replacement e

ultra high viscosity GIC approaching composite 1) har
handling properties

riva SC HV

triturate, remove ball from capsule, role into a cylinder, take increments
and packs like a composite resin



Riva SC UHV

minimal tissue removal,
etch, pack contour and
finish










SDF is playing a disruptive role in managing
caries in vulnerable populations

enables emergency patients to have caries t'riégé
wish) before they leave the emergency clinic

introduces efficiencies in caries management in the public
health system

dramatically reduces the need for GA’s in young children

simple treatment protocols that facilitate providing care at
remote locations (nursing homes, schools)

provides a means of treating high caries rates in
emerging-economies that have little or no-dental
infrastructure
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80% effective: search for a delivery system that in
clinical effectiveness of SDF '

«  staining: limiting the use of SDF use in mainstream dentistry
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-~ incorporating SDF into the ART protocol before p acing a glasé
ionomer cement, has become known as Silver Modified ART or
the acronym SMART




pulpal response to SDF (not SDF/KI)
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| GIC GIC + SDF
minimal secondary dentine, healthy secondary dentine, low
heavy polymorph infiltration polymorph infiltration '

SDF is Iei;hal to caries, removes toxins, aIIowmg dentine to heal

V—-—_,_,

..—-—f-—'-"‘""

Gotjamanos T. Pulp response in primary teeth with deep residual canes treated
with sllver fluoride and glass ionomer cement (‘atraumatic technique’ ) A Dent J

1996" 41:328-334 | \ \
%: ./ | \
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causes dar staining around the margins
of a GIC restoration limiting its application
as an aesthetic restorative technique

|

because of this, clinical use of SMART
curr imi ' public dental
facilities, deciduous teeth and root carie




Riva Star
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Riva Star and ART gives dentists a non stair M
solutlon to treatln o] d ecay in b

e ih}str ,
asymptomatlc qarles and reqmres
following a strlct\treatment protocol
that will maX|m|zé\the clinical
benefits and prevent any future N\
marglnal staining ‘\\




difference between SDF
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Knight-Givtv yre JM, Craig , Mulyani, Ziim\PS, Gully NJ. Inability tc -
form a bjofilm of Strep Mutans on silver fluoride and potassium iodide\- treated
demineralized dentin.

QI 2009; 40:156-161




difference between SDF and SDF/KI
SDF and SDF/KI EPMA after 2 weeks i in 8 Mutan PERTA )

Demineralized Dentin Silver Content

spikes in silver
concentration

indicate Ag limitedto [ i
dentinal tubules 3"

SDF/KI deposits silver at the dentine surface to form a layer of Agl to
a depth of about 50 microns.

SDF deposits free silver to the depth of the caries in the
dentinal tubules , staining the carious dentine.

Knight-Gh-Mcintyre JM, Craig GG, Mulyani, Ziim\PS, Gully NJ. Inabjlity 16
form a bjofilm of Strep Mutans on silver fluoride and potassium iodide\- treated

demineralized dentin.
QI 2009; 40:156-161



= AgF/KI
= Cont.
Ki

100 150 200 250 300 350 400 450

Distance from surface (mi )

The lethal dose of fluoride for S Mutans is about 2,000ppm

SDF deposits fluoride into caries around 1% (5,000 ppm)

SDF/KI deposits fluoride at around 2% (10,000 ppm) and
beyond into sound dentine

Knight GM, Mcintyre JM, Craig GG, Mulyani, Zilm PS, Gully NJ. Inability to
form a biofilm of Strep Mutans on silver fluoride and potassium iodide %- treated

demineralized dentin.
Ql 2009: 40:156-161



SDF and SDF/KI EPMA after 2 weeks in S Mutans

Demineralized Dentin Fluoride Content

Ag(NH,),F

the difference in fluoride concentration between SDF and SDF/KI can
be attributed to the fact that SDF is a large molecule that binds up the
fluoride atoms limiting their penetration into the dentine

after reacting with the Ki, silver and fluoride atoms are separated
enabling the small fluoride atoms to pass freely through the dentine

Knight GM, Mcintyre JM, Craig GG, Mulyani, Zilm PS, Gully NJ. Inability to
form a biofilm of Strep Mutans on silver fluoride and potassium iodide %- treated
demingralized dentin.

Ql 2009; 40:156-161



effect of sodlum hypochl rite
~on S mu n

Carisolv  NaClO

SDF/KI penetrated deeper to dentlne
with a much higher bactericidal rate
than either CHX or NaCIO

Harmma HH, Yiu CK, Burrow MF. Effect of silver diamine fluoride and potassium
iodide on residual bacteria in dentinal tubules. Aust DJ 2015;60:80 -87




sl B_Iv(a Star is an EXTRA SMART tec o
= f ’potassmm |od|de (K1) immediately after SDF ireatmenttg'fqpm | Agl
that pptes jUSt below the surface of the carious dentine :

creates a bactericidal seal
of Agl just below the
surface of the the carious
dentine

deposits fluoride at twice
the concentration of SDF

~and beyond the depth-of
the caries







restorative surface preparation — condition or etch

confocal images using rhodamine B dye added to Ki solt tion t

— | condition , 8% etch
- / r " _‘\ \\ \\\\
surface c/ondltlonlng W|th polyacrylic aC|d does not asS|st the \\
penetre}tlon of Agl into mfected dentine | \.\

\

etchlné for 15 qacondS~Wash|ng and drymg, facﬂﬂatesihepetteuaﬂQL
of Ag’l into the caries | \

/ | |




not etching: etching prior to SDF/KI _
and p 0 C »

BT | L-*. ...-‘" g - ( ;

- $- 15secs T bqulnd O el
= | * dentine
unetched, stai/ri/ing due to etched 15 seconds, Agl ppté “bound to
unstable Agl breaking down protein visible on carious dentine surface
to Ag and | after photo cure but not stained and neither is carious
/ enamel after photo curing
—__——-.—___‘_______T'______,,_,_a____‘_ ----- ———————— . . e T
/ | \
etching fbr 15 seconds facilitates penetration of Riva Star into dentine
and exposes collagen protein to bond to Agl | \

\ \
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the restorative interface o
glass ionomer cement and SDF/KI 2019

minimal caries removal — =
m

etch 15 seconds

SDF/KI disinfects and remineralizes infected carious
enamel-and dentine (arrested caries)

remineralizes affected dentine from carbonated
apatite into enhanced fluoride, fluor apatite




affected Ca apatite dentine

sound Ca apatite dentine

SDF/KI solution penetrates into dentinal tubules to the depth of odontoblastic
processes forming-Aglunstable on the cavity surface but not within the
tubules



the restorative interface

glass ionomer cementand SDF/KI o
' Sa T gw%
Sr SDF GIC turns infected caries |nto fluorlde
enhanced arrested caries
Agl Agl

remin affected dentine as fluoride
enhanced fluor apatite

Ca PO,
1 1 sound Ca apatite dentine plus

extra fluoride .3mm

infected dentine forms enhanced arrested caries beneath GIC'and assists
fluor-apatite formation in affected dentine. fluoride ions penetrate atleast.3
mm thru Jesion into sound dentine beneath



Electron Probe Micro Analysis

2 weeks in a S Mutans chemostat followed by SDF/KI application, restored
with a GIC restoration, EPMA scanned after 2 weeks GIC placement.

left hand scale shows
% weight Ca and P
right hand scale shows
Ag, |, Sr,and F

Ag and | only found
about 50 microns
below the surface

fluoride released from
GIC and SDF/KI
orange curve. Fluoride
released from GIC only
green.curve,-SPBF/KI
increases F conc 50%
and depth penetration

Dentine Mineral Content (3agf)

SO D PSP P DD DO PO PO PO 8D 0D P
S S G R R R A S N S P

Distance (um)

AgF and | spikes due to tubular pptes
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untreated enamel in a chemo
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observe the subsurface breakdown of enamel prisms in carbonated
apatite (demin 5.5) below,

sultace caries res - HOrr ape .
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back scatter SEM shows no mineral deposits on the surface of
enamel
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observe no subsurface breakdown of SDSF/KI treated enamel

view shows Agl deposits on the surface and in the -
atic spaces of the enamel
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initial caries protection with Riva Star and
coronal section of occlusal surface of a tooth

PR

inachemostat @

— Riva protect Riva protect
NN

- """I‘ # el

_ # best option
Riva Star and GIC

SDF/KI treated control

fi ssure protection technique | \
/ clean fissures with and a probe and etch for 15 seconds

_—appIyLSDFthen Kluntil ppte’ becomes clear*washend—dfy\

/ apply auto cu If GIG sparingly i |n o fissures, occlude ona
freezer bag until set, remove any excess \







i)
.....
v

initial proximal caries managemen o -

s \

/ ' |
two e)/otracted premolars v»//ith deep proximal\\lesions prepared'just

belcyl the contact areas / \ \



A ——

clean interproximal area with an interdental brush

. arrest proximal bleeding with TCA on a micro brush if required

wash dry i}74erdental brush, apply 37% etch proximally 15 se

wash and dry




wash'and dry brush, a
- interproximally and rotate back and forth




A O N

.A/

/" forth, noting a white ppte forming

continue to apply Kl until'there is no white ppte remaining




SDF/KI ppte has penetrated deeply into both preparations

wash with water and dry the preparation
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Riva Luting Cement, apply to a clean
proximal brush and insert brush
interproximally, rotating the brush back and
forth

———
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followed by cleaning the interproximal surfaces with an abrasive
strip removes excess GIC




proxmal cari

rom the external environment




initial proximal caries protection , Riva Star, R
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initial caries distal 24
into dentine,
enamel mesial 25

TCA , etch, wash dry
SDF/KI, wash d
Riva Luting Cement,

floss note Agl deposit at

gingival margin

arresting initial caries without tooth preparation
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initial caries distal 45 TCA , etch, wash dry,
and mesial 46 both SDF/KI, wash dry,

into dentine Riva Luting Cement,
floss

arresting initial caries without tooth preparation




fissure and proximal surface protection

etch area for 15 seconds, wash and dry

apply SDF (grey ) and Kl (green) to surfaces
wash and dry

apply Riva Luting cement over surfaces with a mini brush or
interproximal brush

brush over exposed surfaces and/or rotate into
interproximal surfaces

bite onto a freezer bag on the occlusal surface or floss
interproximally when almost set to limit excess luting cement

after setting remove excess GIC with excavators or abrasive
strips
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2. multiple surface restoration using a cocured
‘sandwich’ restoration (composite resin bonded
to auto cure GIC) and Riva Star
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1. single surface auto cure GIC restoration

use a dental explorer to disrupt'ény'“

m existing biofilm and badly broken down
caries, etch for 15 seconds, wash and dry

apply the SDF (only on the caries) from the
grey capsule, followed immediately by Kl from
the green capsule until the ppte becomes clear

wash, dry and restore the lesion with an auto
cure GIC, (Riva SC, Fuji IX, Ketac Molar)
allow to set and contour




clinical case - smgle surface tun
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/ 6 weeks/post restoration placement




2. multiple surface cocured “sandwich” restoration

cocuring involves the chemical bonding of an auto cure GIC
composite resin to make a sandwich restoration —————

Knight GM. The co-cured, light-activated glass-ionomer cement-composite resin
restoration. Ql 1994 Feb; 25 (2):97-100

adhesion between an auto cure GIC and

composite resin involves placement of an

intermediary resin modified GIC adhesive composite resin
(Riva Bond LC) that will chemically bond to
both materials. Riva Bond LC can be applied
to the surface of the GIC either before setting auto cure GIC
or immediately afterwards

RivaBond LC

Knight GM, Mcintyre JM, Mulyani. Bond strengths betwéen composite resin and auto
cure glass ionomer cement using the co-cure technique. Aust Dent J 2006; 51:175-179



2. multiple surface cocured “sandwich” restoration

1 super etc ¢ use a dental explorer to disrupt any existing
| biofilm and badly broken down caries, etch

for 15 seconds, wash and dry

apply the SDF (only on the caries) from the
grey capsule, followed immediately by Kl from
the green capsule until the ppte becomes clear

wash, dry and restore the lesion with an
auto cure GIC up to dentine /enamel
margin




2. multiple surface cocured “sandwich” restoration

e
Snmdd

apply Riva Bond LC over an auto cure GIC
(either before or just after it has set) to
chemically bond the GIC to composite resin)
and all remaining cavo margins

add composite resin to fill the remaining cavity
and photo cure for 20 seconds. photo curing the
composite resin heats up the setting GIC,
speeds up the setting time and improves the
structural strength of the GIC




cocured “sandwich” restoration - clinical cas

/ R // e \ \ \\
/ | \
large asymptomatic lesion |hmed|ately aft\qr placement
e _Qf a sandwich reé‘toratlon

/
dramatic rise in pH pptes out dissolved to&)th mineral from ithin
tl17 caries and increases radiopacity \

/









caries healing beneath an EXTRA SMART restoration

3 years post treatment

SDF/KI treated caries left open to the oral environment will stain black
due to sulphur compounds in the oral environment deposited into the
remineralizing arresting caries

isolated from sulphur compounds under a GIC, SDF/KI treated lesions
do not stain

after 3 years, affected caries-has healed-as fluoride enhanced
fluorapatite and infected caries has healed as fluoride enhanced
arrested caries that combine to become a caries resistant base beneath
a restoration



existing restoration was removed to access ca
etched 5 secs. 37% phosphorlca as
dried, applle Riva Star, \
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. iopacity due to toot
out from carious lesion



14 mths

immediately after placement high pH pptes tooth mineral from caries
and after 14 mths.the - . . ; ;




5 second etch

aftera 5 "éecond etch staining is evident at GIC margins |
immediately and becomes-vaguely apparent in the composne—f-__ i
after 3, months, then appears to stabilize |

\ ‘\‘
/ / “ "\
/ | \ \\

/ / \\ \



LETHAL DOSES

O Dosage is based on 1 drop per 10 kg with weekly intervals at most

— Horst, J, Ellenikiotis, H, Milgrom,P. “UCSF Protocol for Caries Arrest Using Silver
Diamine Fluoride: Rationale, Indications and Consent” CDA Journal. (2016)44(1): 16-28

O In terms of safety it is appropriate to look at the number of capsules (A or
B) that need to be consumed to produce a possibly toxic dose. Presented
below is the estimated number of capsules of Riva Star required to reach
toxicological or upper recommended limits for each of the constituents in
an 80 Kg adult using the data given below

Constituents No. of capsules to reach toxic/upper limit
652

Silver
Ammonia

Fluoride
Potassium

lodide (pregnancy49)-128




over stain with sodium

next morning s

owel, leave overnig has disappearec
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SDF 4 years SDF/KI 4 years




first become-comfortable wi application outside aes ic.zone

by etching for 15 seconds prior to using Riva Star




.....

y surface bactericidal seal of silver complexes of
bound to carious dentine |

fluoride is transported at up to 2% conc. (10,000ppm) to the
depth of caries and beyond and encourages f apatite formation

ongoing antimicrobial action of silver, iodine and fluoride
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GIC bonding to carious dentine
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carious dentine

AccV  Spot Magn  Det WD | [ 20 pm
300kv 6.1 1213x CEN 10.2 0.9 Torr CarDent/E/RS/RBcured/RB-RSC

GIC adhesive to SDF/KI treated caries



SMART caries management of deciduous tegth, o

large proximal caries intact marginal ridge

access into caries via small lateral slot
etch 15 secs, wash and dry
Apply SDF/KI, wash and dry and place mylar strip proximally

insert GIC nozzle and place auto cure GIC



SMART caries management of deciduous tegth, o

no preparation just
etch 15 secs, wash
and dry

caries management in deciduous teeth by converting active
caries into decay resistant arrested caries



SMART caries management of deciduous teeth

isolate with cotton rolls, add SDF then Kl until ppte clears,
wash with water and dry.



SMART caries management of deciduous teeth

use either Riva Luting or Riva SC as a restorative agent 2
depending upon the nature of the lesion

riva star penetrates thru caries into sound dentine killing bacteria
and complimenting caries remineralization

auto cure glass ionomer cement seals riva star from oral
environment for at least a week to enable reaction with caries

any future loss of GIC only requires attention if food packing occurs
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~stress to parents this management may require ongoing maintenance as its
not about restoring teeth but rather atraumatically keeping them there
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triage for emerging ecomomies

use a dental explorer to disrupt any e
biofilm and badly broken down caries, etch
for 15 seconds, wash and dry

apply the SDF (only on the caries) from the
black bottle , followed immediately by KI from
the orange bottle until the ppte becomes clear

wash, dry and restore the lesion with an auto
cure GIC. After placement ,smear Vaseline
on a gloved finger and swipe across the
surface to clear the occlusion.-A'‘Mylar-strip
may be used as a proximal matrix.or contour
with hand instruments.




Timor Leste
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paint on set

enables multlple treatment of cariouslesions per d







root caries with
- bioload seconds,
removed wash and dry




- apply Kl until dry
ppte clears
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proximal lesion with supported cusps
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type “PI” cavity (tunnel restoration)
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SMART tunnel restorations

proximal caries
situated just below
contact area




SMART tunnel restorations

“T” access through
enamel only




SMART tunnel restorations

run slow speed bur
inside DEJ and loop

around lesion staying
clear of pulpal wall,
better to leave caries
here than try and
remove



SMART tunnel restorations
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enamel prep high speed

dentine access slow
speed

peripheral moat #3
bur into sound dentine




SMART tunnel restorations

complete cavity prep
by removing carious
proximal enamel
margins



SMART tunnel restorations

etch 5 seconds wash

and dry with oil clean
air




SMART tunnel restorations

Apply SDF/KI wash

and dry with oil clean
air




SMART tunnel restorations

insert mylar strip, cut
to 1 cm length, insert
wedge firmly with GP

point




insert GIC nozzle to depth
of cavity start injecting
GIC as withdrawing
nozzle




SMART tunnel restorations

slightly overfill

preparation




SMART tunnel restorations

forces GIC into
prep

1. eliminating
voids and

2. acts as
occlusal matrix

ask patient to close
slowly in retruded
occlusion

use a perio probe to
fold mylar strip over
the occlusion




SMART tunnel restorations
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completed
restoration
maintains structural
integrity of tooth
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ative alternative to tunnels when lesion situated at
GIC seal alone enables deep caries to be left in

situ, better with SDF/KI.

conse




slot restorations

extend into

. dentine \ ith a

5 round b
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insert sgctional matrix/ insertXGlC nozzletofarend
and wedge buccally and of cavity and slightly overfill

lingually







EXTRA SMART for patients significantly reduces e

.

visit

EXTRA SMART for dentists reduces stress,
improves clinical efficiency and has a high level of
patient acceptance of care that builds practices

published-references to/much of the material presented
available at www.dentalk.com.au go to publications







