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What would you do”




What would you do”




What would you do”

“To do RCT or not to do RCT?”



Saving private pulp, Why?
|

* Enable complete root formation

* Prevents the tooth from becoming brittle

* Prevents discoloration of the tooth

Financially better option




Outlines

* 1. Introduction: Saving private pulp, what would you do?

* 2. Historical perspectives




|. Historical perspective




A previous paradigm of caries control and pulpal management in
restorative dentistry

Enamel { Sealants, PRR

N Shallow — simple fillings (Composite, amalgam)
entin
Deep — indirect pulp-capping (Gl)

Small exposure (< 1mm) — direct pulp-capping
CH, MTA



2000 Now

THE

DENTAL COSMOS.

Vou. XXXIHL PHILADELPHIA, JANUARY, 181 No. 1.

ORIGINAL COMMUNICATIONS

THE MANAGEMENT OF ENAMEL MARGINS.
BY G, N, BLACK, M L., DN, l,\(‘l“(-\\flll, [N

THERE is perhaps no subject more important to the operative den-
tist than the management of the enamel margins. On his knowledge
of the physical properties of the enamel, of its strength, of the causes
and directions of its weakness, and on his judgment and skill in making
the most of the strength it possesses, will depend much of his success
in saving teeth. Perhaps most dentists have learned what they know
of this subject from observation at the chair, While all must bow to
the old maxim, ** Experience is the best teacher,”' 1 have seen many
examples in which the price paid by both operator and patient for the
experience at the chair has seemed exorbitant, and which persuade
me that a much greater amount of the first experience should be
obtained elsewhere. The most appropriate ime and place for this
first study is in the class in operative technics as now organized in
some of our demtal schools, and which ought to be & feature of all,
Here the study can be systematized, not only in the form of lectures,
from which the student gains but shadowy notions even from the best.
framed sentences descriptive of physical attributes, but also by taking
the teeth and instruments into his own hands and studying the subject
in a practical way under the guidance of a skilled teacher. However,

those who have passed the schools without this training—and very
many have—must obtain it at the chair or in their own laboratory.

To all of these a systematized plan of study would be of great advan.
tage, while many of the older members of the profession will gain
clearer ideas of the subject by careful perusal of a dear statement of
the principal facts.
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Extension for Prevention

* “In no case should any decayed and softened material
be left. It is better to expose the pulp of the tooth than
leave it covered only with softened dentine”

-

P AR
Greene Vardiman Black (1836-1915)

=> Non-selective (complete) caries removal
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Prevention of Extension

* "Minimally invasive dentistry (MID)" as a new
conservative philosophy in early 2000.

=> Selective (partial) caries removal

Minimally invasive
dentistry

CAROL ANNE MURDOCH-KINCH, D.O.S., PhD.
MARY ELLEN McLEAN, D.D.S.
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Complete vs. Partial removal

Results. The results of three randomized controlled trials, one of which
followed up patients for 10 vears, provide strong evidence for the advis-
ability 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 1solated 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.

Treatment of deep carious lesions by
complete excavation or partial removal
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European Society of Endodontology
position statement: Management of
deep caries and the exposed pulp

Ewopean Sodety of Endodontology IESD) developed by
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Management of deep caries and exposed pulp

“Preserving the pulp in a healthy state with sustained vitality,
preventing apical periodontitis and developing minimally
Invasive biologically based therapies are key themes within
contemporary clinical endodontics”

Ducan et al., Int. End. J, 2019



Managing Caries vs. Carious lesion

- Caries management

 The actions taken at the patient level for prevention

. CAMBRA Caries

lesions
e Personality, habit, medical issues, etc.

- Carious lesion management




Definitions

 Extremely deep caries:

« Deep caries:

e Caries penetrating the entire
thickness of the dentine,
radiographically detectable
when located on an

iInterproximal or occlusal

surface. Pulp exposure is

o Caries reaching the inner
quarter of dentine, but with a
zone of hard or firm dentine

between the caries and the

pulp, which is radiographically
detectable when located on




Cross-section of Enlarged cross-section of carious

tooth with occlusal
carious lesion
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Definitions

Dentine Histological Dentine:

Clinical (tactile)
manifestations

terms
"J N’ .(,!“ ..n ﬁ’

' Sof! dentine
Lonlamnated one

o

Demineraised 20ne | — (Leathery dentine)

Transucent Jone Firm gentine

Sound gentine Harg gentine

Tertiary dentine

* Soft dentin (infected): Can be excavated with
miNnimum resistance using hand instruments.

* Firm dentin (affected): Resistant to excavation
using hand instruments.

* Hard dentin: Sound and resistant to probe

penetration and scratching.



Types of carious tissue removal

. Atraumatic restorative treatment (ART)




Atraumatic Restorative Treatment (ART)

e Caries removal using hand instrument only

 Remove soft, completely demineralized enamel and
dentine until firm resistance is felt




Selective (partial or incomplete) removal

* Also known as partial or incomplete caries removal

» Peripheral dentine (peripheral walls) - should be hard and free of infected
dentin (no soft and firm dentin)

e A scratching noise when scraping the surfac with a hsarp hand excavator or
dental probe




Step-wise removal

* [wo-steps to remove caries completely

» Stage I: Selective removal to soft dentin » Stage ll: Selective removal to firm dentin

amove Soft dentin and leave firm dentin behino e O 1C Mo later -

oW w1 .~ |
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Clinical
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J DentRes 91(11):1026-1031, 2012

ABSTRACT

This randomized, multicenter clinical trial evalu-
ated the effectiveness of 2 treatments for deep
caries lesions — partial caries removal (PCR) and
stepwise excavation (SW) — with respect to the
primary outcome of pulp vitality for a 3-year follow-
up period. Inclusion criteria were as follows:
patients with permanent molars presenting deep
caries lesions (lesion affecting = 1/2 of the dentin
on radiographic examination), positive response to
a cold test, absence of spontaneous pain, negative
sensitivity to percussion, and absence of periapical
lesions (radiographic examination). Teeth ran-
domly assigned to PCR (test) received incomplete
caries removal and filling in a single session.
Outcome success was evaluated by assessment of
pulp vitality, determined by pulp sensitivity to a
cold test and the absence of periapical lesions.
Data were analyzed by a Weibull regression model
with shared frailty term (survival analysis). At
baseline, 299 treatments were executed: PCR, 152
and SW, 147. By the end of the 3-year follow-up
period, 213 teeth had been evaluated. Adjusted
survival rates were 91% for PCR and 69% for SW
(p = 0.004). These results suggest that there is no
need to re-open a cavity and perform a second
excavation for pulp vitality to be preserved
(Clinical trials registration NCT00887952).

KEY WORDS: dental caries, clinical trial, per-
manent dentition, survival analysis, permanent
dental restoration, dental pulp.
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Randomized Trial of Partial vs.
Stepwise Caries Removal:
3-year Follow-up

INTRODUCTION

Tne treatment of asymptomatic teeth presenting deep caries lesions is usu-
ally based on traditional techniques that involve the complete removal
of the soft, demineralized dentin. In these cases, it is common to have the
pulp exposed during the operative procedure (Magnusson and Sundell, 1977;
Leksell et al., 1996; Ricketts ef al., 2006). Previous investigations have shown
that conservative treatments of the exposed pulp resulted in a poor prognosis
in follow-up trials (Barthel e al., 2000; Bjomdal et al., 2010).

Stepwise excavation (SW) is an option for the treatment of deep lesions. It
involves initial excavation, in which the necrotic and disorganized tissue is
removed, leaving soft tissue over the pulp wall. The cavity is then temporarily
sealed, allowing the pulp to react and produce tertiary dentin (Bjerndal,
2008). The cavity is subsequently re-opened, and the remaining demineral-
ized dentin is removed. This technique involves less pulp exposure compared
with complete caries removal during a single session (Magnusson and
Sundell, 1977; Leksell et al., 1996). One-year evaluation of SW revealed a
survival rate of 74 to 91% (Bjerndal and Thylstrup, 1998; Bjerndal et al.,
2010). However, SW requires 2 sessions for reatment completion, resulting
in additional costs and discomfort to the patient; further, there is a probability
of pulp exposure during the second procedure (Bjerndal and Thylstrup, 1998;
Bjerndal et al., 2010).

Because of these problems and the evidence pertaining to lesion arrest
after sealing of the cavity (Bjemdal and Larsen, 2000; Malz & al., 2002;
Alves et al., 2010), there is discussion in the literature concerning the neces-
sity for cavity re-opening (Ricketts & al., 2006). Three clinical trials have
studied partial caries removal (PCR) on permanent teeth: Two of these trials
included lesions reaching the outer half of dentin (Mertz-Fairhurst et al.,
1998; Bakhshandeh et al., 2011), and the third involved lesions reaching the
inmner half of dentin (Maltz et al., 2011). All of these studies reported no det-
rimental effects when demineralized tissue was left in the cavity. Despite
these, there are no long-term randomized, controlled trials that support a
1-step partial excavation followed by the immediate placement of a filling on
permanent teeth.

The aim of this randomized, multicenter trial was to compare PCR and SW
with respect to the primary outcome of pulp vitality for a 3-year follow-up
period.

Partial caries removal vs. step-wise caries removal
e 2012 report: e 2018 report:
e 5-year multicentrer RCT

e 3-year single center RCT

e Survival rate of 91% PCR vs. 69% e Survival rate of 80% PCR vs. 56%
SW SW

PCR as a single-visit technique to manage deep
caries lesions in permanent teeth

Maltz et al., JDR, 2012; Maltz et al., Clin Oral Investig, 2018



Non-selective removal

* Also known as complete excavation or complete caries removal

e Popular concept before but now considered overtreatment




summary

e Atraumatic restorative treatment (ART)

* Only In limited cases (caries control, elderly individuals, pediatrics,
etc.)

elective removse




[l. Managing deep caries:
Indirect pulp capping




What would you do”?: Deep caries
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\ RDI - critical!

Occlusal prep extending to the marginal ridge toward the cﬁntaot p{gi_nt



. . >, e o “"' e biggest available round bur to remove soft dentin and Ieave
Do ideal prep . L, et firm dentin behind -



Leave firm dentin behind « Leave firm dentin behind
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Follow the outer contour of the adjacent teeth to make it esthetic
(not as significant for composite restoration)
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C-tfactor and composite shrinkage

Higher C-factor means greater Lobe technigue allows for
contraction at the bonded surfaces minimal composite shrinkage
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[l. Managing extremely deep caries:
Direct pulp capping




What would you do”?: Deep caries




Pre_Op: Pu‘p d|ag NOSIS What is "no endo symptoms?” -

not irreversible pulpitis

- no Hx of throbbing, dull
aching, and spontaneous pain

- + cold test without lingering

e Endo testing pain (> 15sec)

« PA, Vitality test (Cold and EPT), Percussion - + EPT ftest (vital tooth)

e Patient history

e Throbbing pain, dull pain, spontaneous pain




Vital pulp therapy (VPT)

* Jo preserve entire or partial pulp tissues that are otherwise
diseased, traumatized, and damaged.

* The most conservative restorative procedure for protecting the pulp
from further insult (Aguilar et al., JOE, 2011).



Goal of VPT

Stress without exposure Stress with

.

* Joregenerate
reparative dentin

(Dentinal bridge),

which functions as
a “biological seal”
to protect the

Reparative dentin by ‘ underlying pulp.
odontoblast-like cells

Reactionary dentin by
odontoblastic cells




Calcium hydroxide (CH)

* Gold standard for direct pulp capping for many decades

* Long history (~90 years)

* Produce hydroxyl anions (O

e Creates alkaline environment which is favorable for

mineralization process

)

e rade LT il .

CATALYAT .\

Hilton et al., Oper Dent, 2009, Cox et al., Adv Dent Res, 2001, Kitasako et al., Dent Tromatol, 2008, Prosser et al., J Dent Res, 1982, Anusavice et al., S Dent Mat 2012



Major drawbacks of CH

* Pulp Surface Inflammation and Necrosis
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Hydraulic calcium silicate cements (HCSCs)

PTG 2 = L e e o :
» Derivatives of the prototype, Mineral trioxide MTA mechanism of action
aggregate (MTA)

* First introduced in early 1990s by
Torabinejad and his coworker.

* Hydraulic - requires H20 for activation

‘- '\ £ N/ \Y \ (O




Major drawbacks of MTA

-

* Long setting time

e Potential to cause tooth discoloaration

e Difficult handling properties
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Treatment Outcome of Mineral Tricxide Aggregate

or Calcium H.,dmdc DTC’. Pulp Capping: Long-term Results Direct pulp capping with mineral trioxide

aggregate

An cbservational study

A Wy el e - L T WM to 'O emed -t

ey Py ey Follow-up = 123 months

A e | Mo’ wmmw M wnd v mwm RN . e -~

R S ~ |MTA = 80.5 % success
. ICH = 59% success rate.

Tammge Guagee TS tag b Shm il Lol & Bmmad o

P=5 e @ HCSCs showeo
=l high long-term

- e s

SUCCESS rate In
———@l direct pulp capping
MTA = 97.96 7% success rate. |- I" ' -.-...

15/15 teeth with open species
showed complete root closure.

Follow-up = nine years




Which components in CH and HCSCs are responsible for dentinal bride formation®

Caz+ OF

H of 12-13 (Staehle et al., 1989; Tanomaru-Filho et

., 2009; Fridland et al., 2005)

kaline environment promote bone formation.

Kaline phosphatase activity, an important enzyme for
ineralization, is optimal in 7.37 (Monfoulet et al.,

'\1 /- N\NTA| O .‘

o

- Many bone grafting materials are enriched with
Ca2+

- Calcium alone can induce odontogenic
differentiation in vitro

3 > >0 70




Osteoinductive ceramics as a synthetic
alternative to autologous bone grafting

Huipin Yoan**', Hugo Fernandes™’, Pamela Habibovic®, Jan de Boer®, Ana M, C. Barradas®, Ad de Ruiter,
William R, Walsh®, Clemens A, van Blitterswijk®, and Joost D, de Brujn*~?

Table 1.

ML F P v 0 200w

HA TCP BCP1150 BCP1300 10 1%
Chemistry HA SHA 4+ 95TCP 20TCPBOHA 20TCP/BOHA

m’ /g

Percentage of 46424 4959218 45622 446219
materials, %

Microporosity, %* 3.1 48.7 a1 8.7

Ca release, ppm 092 0. 153202 541201 4204

*Volume percentage of micropores smaller than 10 pm withen the ceramic,

B MA
Particle size, mm 1.2 1.2 1.2 1-2 (&
Specific surface, 0.1 1.2 1 0.2

Calcum release: TCP > BCP1150 > BCP1300 > HA

More calcium release from the scaffolds means more bone formation




TARLE S ™

A T — Hydraulic Calcium Silicate Cements (HCSCs
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Modeling direct pulp capping in animals

-There are several animal model previously used (Koliniotou-Koumpia et al., J Dent, 2005; Tarim et al., Quintessence Int. 1998; Tziafa et al., J Endod. 2014).

-Among them, rats are most frequently used due to its small in size but large enough to overcome technical difficulties.

-However, these large animals are observational in nature.
-Genetically engineered mice (transgenic or knockout) would help expedite our understanding of these processes at the molecular level.

-Recent studies demonstrated direct pulp capping procedure in mice (Saito et al., JDR, 2016; Hunter et al, JBMR, 2015; Goldberg et al., Front Biosci. 2011).

However, there are no mouse models to demonstrate
anlcaﬂy relevant direct pulp capping procedure.




Establishment of direct pulp capping
model In mice

Initial Enamel Pulp
tooth removal
\'; J ~— .

BOIV®: oo of st Prpatmers

Video Artiche
Development of a Direct Pulp-capping Model for the Evaluation of Pulpal

Wound Healing and Reparative Dentin Formation in Mice

Mg Song’. Sot kim', Termesa KIm', St Pand’, K5-Hyuk Stin'? Mo Kang™* . No-Hee Park™™”_ Reuten Kam'~*
"The Shapeo Famsly Latoratony of Vieal Oncology and Agng Research The UCLA School of Dentaly

UCLA Jorsson Comprehensive Cancer Center
TDavic Gatlen Scaoci of Medane 3t UCLA

Comespondence 1o Reuen Km at riom@deniisiry uwch edu
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Comparison among different HCSCs

* Methods:
Enamel Pulp M : * Direct pulp capping on C57/BL6 mice and left it for 6 weeks
removal exposure _ « Samples (n = 14 per group):

« Composite (control)
e Dycal (control)

e Proroot MTA (Dentsply)



Dentinal bridge formation

PCM Type

PROROOT® MTA

TheraCal LC

EndoSequence BC RRM

Endo-Eze™ MTAFlow

UliraCal® XS

Control

Dentinal Bridge Formation

Dentinal formation




MTA Flow EndoSequence TheraCal LC




PARL development

PMC Type Number of Teeth with PARL

ProRoot MTA

Theracal

BC RRM

MTA Flow -

Dycal - . -—
Control Control Dycal Proroot Theracal BCRRM MTA flow

DACI|  pLOLOOf |P6LSCY] BC BEWW ALY Llom




Clinical procedures

Clinical procedures

Apply rubber dam

Use the high-speed large round burs to remove all
decay peripherally first ("High-speed zone")

Use the low-speed large round burs to carefully
remove all decay pulpally and axially ("Low-speed
zone")

Apply 3.5% NAOCI-soaked cotton pellets onto the
exposed pulp for 2 min

Place the hydraulic calcium silicate cement (HCSC)
materials

Apply conditioner (10% polyacrylic acid)

Apply RMGl-based liners (e.g., Fuji Il LC)

Apply etchant/primers/adhesives

total-etch

Rationales

To isolate the working environment
To assess whether the tooth is
clinically restorable

To establish the exposed pulp
opening

To stop the bleeding
To seal the exposed pulp opening

To increase the binding capacity of
RMG]

To seal the pulp-capping materials
To increase the binding capacity of
composite

To restore the tooth




Case 1: #3 MO






















Resin-modified Glass lonome (RMGI)

Conditioner (10% polyacrylic acid) removes smear layer without stripping
tooth of calcium ions. This allows chemical bond between Gl and calcium
lons (not micromechanical as in composite resin)







Before 1 year after




Case 2: #4 MOD



















1 year after
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Case 3: #4 D decay
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1 year later 3 years later




A new paradigm of caries control and pulpal
management in restorative dentistry

Enamel L Sealants, PRR
__I: Shallow — simple fillings
Deep — indirect pulp-capping

Dentin

Small exposure (< 1mm)
— direct pulp-capping

Pulp

—;l--l'l--'.l.l“-l“-‘v-ﬂ\




What's next”?

* By removing a single gene, one can

significantly induce tertiary dentin
formation in mice

2 months 6 months

e o)

A single gene
removal

Normal

A single gene
removal

Normal

2 months

6 months




Hypersensitivity”

Younger patient

e
o 20\
y’

o

Reduced sensitivity




Keep the pulp tissues alive!




Thank you!!!
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