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What would you do?

Clearly though the DEJ Very close to the pulp



What would you do?

Normal pulpal response 
No PARL



What would you do?

Incomplete root formation

“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 

• Prevent from traumatic fracture/damages from mechanical or thermal stresses 
(feedback mechanisms) 

• Because they are still alive!

Infected Pulp

Pulp
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II. Historical perspective



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

Enamel

Dentin

Pulp

Sealants, PRR

Small exposure (< 1mm)

Shallow – simple fillings (Composite, amalgam)

Deep – indirect pulp-capping (GI)

Large exposure, iatrogenic

Large exposure, infected
RCT

– direct pulp-capping
(CH, MTA)



1900 2000 Now

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”

=> Non-selective (complete) caries removal
Greene Vardiman Black (1836-1915)



1900 2000 Now

Prevention of Extension

• “Minimally invasive dentistry (MID)” as a new 
conservative philosophy in early 2000.

=> Selective (partial) caries removal

• (Peters & McLean, JAD, 2001; Murdoch-Kinch & McLean, JADA, 2003)



1900 2000 Now

Adhesive Dentistry

Composites Dentin adhesives Glass ionomers



1900 2000 Now

Van Thompson et al., JADA, 2008

Complete vs. Partial removal



1900 2000 Now

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 

• Personality, habit, medical issues, etc.

• Carious lesion management

• The actions taken at the tooth level for intervention 

• Non-invasive (Silver diamine fluoride, SDF) 

• Invasive



Definitions
• Deep caries:  

• 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 
an interproximal or occlusal 
surface. There is a risk of pulp 
exposure during operative 
treatment. 

• Extremely deep caries:  

• Caries penetrating the entire 
thickness of the dentine, 
radiographically detectable 
when located on an 
interproximal or occlusal 
surface. Pulp exposure is 
unavoidable during 
operative treatment. 



Definitions
• Soft dentin (infected): Can be excavated with 

minimum 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) 
• Selective removal 
• Stepwise removal 
• Nonselective removal



Atraumatic Restorative Treatment (ART)

• Caries removal using hand instrument only 

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

• Usually filled with GI cement



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) 

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

• It allows to have complete sealing with bonding 

• Inner dentin (pulpal or axial walls) - Remove soft dentin but may leave firm 
dentin



Step-wise removal

• Stage I: Selective removal to soft dentin 

• Remove soft dentin and leave firm dentin behind 

• The periphery of the cavity should be hard 

• A provisional restoration is placed

• Stage II: Selective removal to firm dentin  

• 6 to 12 mo later 

• Remove firm dentin 

• Place the definitive restoration

• Two-steps to remove caries completely



Partial caries removal vs. step-wise caries removal

• 2012 report:  

• 3-year single center RCT 

• Survival rate of 91% PCR vs. 69% 
SW

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

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

• 2018 report:  

• 5 -year multicentrer RCT 

• Survival rate of 80% PCR vs. 56% 
SW



Non-selective removal

• Also known as complete excavation or complete caries removal 

• Popular concept before but now considered overtreatment 

• Removal of both soft and firm dentin (leaving only hard dentin behind) 

• Not recommended any longer 



Summary
•Atraumatic restorative treatment (ART) 

•Only in limited cases (caries control, elderly individuals, pediatrics, 
etc.) 

• Selective removal
•Recommended practice 

•Stepwise removal 
•Nonselective removal



II. Managing deep caries: 
Indirect pulp capping



What would you do?: Deep caries

Clearly though the DEJ Very close to the pulp



#4 and 5 MOD



RDI - critical!

Occlusal prep extending to the marginal ridge toward the contact point



Do ideal prep
Use the biggest available round bur to remove soft dentin and leave 

firm dentin behind



Leave firm dentin behind Leave firm dentin behind



Follow the outer contour of the adjacent teeth to make it esthetic 
(not as significant for composite restoration) Alternative: TheraCal

Indirect pulp capping with GI lining cement

`



Confirm gingival margin seal

Short ring 
(Blue)

Tall ring 
(Orange)

Wide ring 
(Green)

Short ring on the M

Tall ring on the D



First layer on the ginigval floor, 
focusing on adapting composite in all margins Develop walls and the marginal ridges using the side of condenser



Shape the marginal ridge using 
explorer

Seal the margin by smearing composite on the margin using IPC

Restore with lobe technique



Place the sectional matrix band 

Confirm gingival margin seal

First layer on the ginigval floor, 
focusing on adapting composite in all margins



First layer on the ginigval floor, 
focusing on adapting composite in all margins



Restore with lobe technique

Buccal walls
Shape the marginal ridge using 

explorer

Seal the margin by smearing composite on the margin using IPC



Get a bit of composite onto the instrument and carry it to the tooth Restore with lobe technique



C-factor and composite shrinkage

Higher C-factor means greater 
contraction at the bonded surfaces 

Lobe technique allows for 
minimal composite shrinkage



Minimal finishing and polishing confirm tight sealing of the proximal walls and gingival walls



II. Managing extremely deep caries: 
Direct pulp capping



What would you do?: Deep caries



Pre-op: Pulp diagnosis
• Patient history 

• Throbbing pain, dull pain, spontaneous pain 

• Endo testing 

• PA, Vitality test (Cold and EPT), Percussion 
test, Palpation test, Mobility test, and 
Probing depth

• In case with extreme deep caries with no endo 
symptoms, direct pulp capping can be performed

What is “no endo symptoms?” - 
not irreversible pulpitis

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


- + cold test without lingering 
pain (> 15sec)


- + EPT test (vital tooth)

- WNL probing depth (no suden 
drop in depth)


- - to percussion, palpation, and 
mobility



Vital pulp therapy (VPT)

• To 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). 

• Only after non-selective carious-tissue removal 

• RDI absolutely required

Reparative dentin formation 

Complete root formation 

Bogen et al., JADA, 2008 



Goal of VPT

• To regenerate 
reparative dentin 
(Dentinal bridge), 
which functions as 
a “biological seal” 
to protect the 
underlying pulp.

Normal Stress without pulp exposure Stress with pulp exposure

“Biological seal”

Reactionary dentin by 
odontoblastic cells

Reparative dentin by 
odontoblast-like cellsOdontoblastic cells

Sloan & Smith, 2007; Waddington et al. 2009; Simon et al. 2009 



Calcium hydroxide (CH)
• Gold standard for direct pulp capping for many decades 

• Long history (~90 years) 

• Produce hydroxyl anions (OH-) 

• Creates alkaline environment which is favorable for 
mineralization process

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 

• Tunnel defects in dentin bridge. 89% of dentin bridges 
formed by calcium hydroxide cement in monkeys contained 
tunnel defects.  (Cox et al. 2001) 

• Does not provide hermetic seal against micro leakage 

• Lack of adhesion and degradation over time. 

• High solubility - “tunnel defects” 

• The success rate: 80.1% after 1 year, 68.0% after 5 years, 
and 58.7% after 9 years. (Willershausen et al. 2001)

a = Dentin bridge;  
b = tunnel defect;  
c = Dycal-ingested inflammatory cells

Cox et al., 1985



Hydraulic calcium silicate cements (HCSCs)

• Derivatives of the prototype, Mineral trioxide 
aggregate (MTA) 

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

• Hydraulic - requires H2O for activation 

• Main constituents are dicalcium silicates and 
tricalcium silicates

• (Ford et al., J Endo 1996; Torabinejad et al., J Endo 1993)



Major drawbacks of MTA
• Long setting time 

• Potential to cause tooth discoloaration 

• Difficult handling properties 

• Expensive to purchase 

• No known solvent
Fridland et al., 2003



HCSCs showed 
high long-term 
success rate in 

direct pulp capping

Follow-up = 123 months

MTA = 80.5 % success 
rate.

CH = 59% success rate.

Follow-up = nine years

 MTA = 97.96 % success rate.

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




Which components in CH and HCSCs are responsible for dentinal bride formation?
OH- 
- pH of 12-13 (Staehle et al., 1989; Tanomaru-Filho et 

al., 2009; Fridland et al., 2005) 
- Alkaline environment promote bone formation. 
- Akaline phosphatase activity, an important enzyme for 

mineralization, is optimal in 7.37 (Monfoulet et al., 
2014; Fliefel et al., 2016) 

- pH above 8.0 is shown to inhibit mineralization 
process both in vitro and in vivo (Monfoulet et al., 
2014; Fliefel et al., 2016) 

-  Excellent microbial activity 

Ca2+ 

- Many bone grafting materials are enriched with 
Ca2+ 

- Calcium alone can induce odontogenic 
differentiation in vitro 

 



More calcium release from the scaffolds means more bone formation

Calcum release: TCP > BCP1150 > BCP1300 > HA



Hydraulic Calcium Silicate Cements (HCSCs)

Cao et al., 2016

Which one is should I use?



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 
clinically relevant direct pulp capping procedure.



Establishment of direct pulp capping 
model in mice



Song et al., JOVE, 2016

Dentin-like 
mineralization

Bone-like 
mineralization



Comparison among different HCSCs
• Methods:  

• Direct pulp capping on C57/BL6 mice and left it for 6 weeks 

•  Samples (n = 14 per group): 

• Composite (control) 

• Dycal (control) 

• Proroot MTA (Dentsply) 

• TheraCal LC (Bisco) 

• EndoSequence BC RRM (Brasseler) 

• MTA FLOW (Ultradent)



Dentinal bridge formation

PCM Type Dentinal Bridge Formation

PROROOT® MTA 10/12

TheraCal LC 12/13

EndoSequence BC RRM 13/14

Endo-Eze™ MTAFlow 13/14

UltraCal® XS 0/14

Control 0/14



EndoSequence TheraCal LCMTA Flow

Dycal Composite Proroot MTA



PARL development
PMC	Type Number	of	Teeth	with	PARL

ProRoot	MTA 0/14

Theracal 1/14

BC	RRM 0/14

MTA	Flow 0/14

Dycal 4/14

Control 2/14
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Clinical procedures



Case 1: #3 MO















Resin-modified Glass Ionome (RMGI) 

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





1 year afterBefore After



Case 2: #4 MOD













Before After 1 year after



2012 2012

2013 2014 2015 2016

#19  
pulpotomy

2012 2016



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

Dentin

Pulp

Sealants, PRR

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

Shallow – simple fillings

Deep – indirect pulp-capping

Large exposure (iatrogenic)
– prophylactic RCT

Large exposure (infection) 
– RCT

?

?

Partial pulp removal
in the pulp chamber
followed by HCSCs

Partial pulp removal
to the orifices
followed by HCSCs



What’s next?

• By removing a single gene, one can 
significantly induce tertiary dentin 
formation in mice
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Hypersensitivity?
Younger patient

Natural aging

Induced pulp calcification

Reduced sensitivity



Keep the pulp tissues alive!



Thank you!!!

• rkim@dentistry.ucla.edu

mailto:rkim@dentistry.ucla.eduu

