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acoustic streaming  149
Activa Bioactive base/liner  30
American Association of Endodontists (AAE)  51, 182
apexification  49–50
apexogenesis  24
apical plug technique  53
apical surgery  219–220
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bioactive glass  31
bioactivity  3–6
bioaggregate  28
bioceramics  3–6
Biodentine  28, 29
Biodentine’s radiopacity  33
bone marrow stromal stem cells (BMSSCs)  61, 62
bone morphogenetic protein‐2 (BMP‐2)  31
brain‐derived neurotrophic factor (BDNF)  59
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calcitonin (CT)  59
calcitonin gene‐related peptide (CGRP)  59
calcium hydroxide (CH)  20, 25–27, 54, 269–270, 293
calcium hydroxide sealers  184–185
calcium oxide  5
calcium phosphate‐based sealers  190
calcium silicate (CS)  11, 12
cellular differentiation  17–18
chlorhexidine gluconate (CHX)  136, 296
chlorhexidine‐impregnated gutta‐ percha points  193
chloroform‐based sealers  190
citric acid  137–138
cleaning and shaping

engine‐driven latch‐type  94
engine‐driven NiTi rotary instruments  94–98
hand use

barbed broaches and rasps  94
Hedström files  92
K‐files  90–92
K‐Reamers  92
machined K‐type and H‐type files  92–94

reciprocating instruments  99, 100
sonic and ultrasonic instruments  99–101

cold gutta‐percha condensation techniques
lateral condensation  194–195
single‐cone obturation technique  195–196

continuous‐wave‐of‐condensation technique  197
core instrument  87
coronoradicular restoration technique  295
C Pilot files  91
cutting angle  88, 89
cutting instrument  88, 89

d
deciduous teeth

primary dentine–pulp complex  264
pulp treatments

pulpectomy  275–280
vital pulp therapy  264–275

demineralization  2
dental pulp stem cells (DPSCs)  61
dental traumatology  48
dentinal tubules  289
dentine  1, 2

acid etching  290
bonding techniques  290
in nonvital teeth  294–298
pulp protection materials and effect  293–294
single‐step adhesives  292
‘two‐step’ systems  292

dentine extracellular matrix (dECM)  63
dentine matrix components (DMCs)  63–64
dentine matrix proteins  55
dentine phosphoprotein (DPP)  62
dentine–pulp complex  49
dentine sialoprotein (DSP)  62
detwinning  102
direct pulp capping  22, 23
discolouration  32–33, 56–57
DNA acetylation  64
DNA methyltransferase inhibitors (DNMTis)  65
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elastic limit  90
electric discharge machining (EDM)  106
electrochemically activated water (EAW)  7, 139
emdogain  31
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endodontic hydraulic sealers  188
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classification and components  82
cleaning and shaping
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engine‐driven latch‐type  94
engine‐driven NiTi rotary instruments  94–98
hand use  90–94
reciprocating instruments  99, 100
root canal anatomy  98–99
sonic and ultrasonic instruments  99–101

history  82–84
manufacture and standardization

design  86–89
physical properties  90
stainless‐steel  85–86

NiTi alloy properties  101
clinical implications  112
flexibility  109–112
manufacturing processes  105–108
martensitic transformation  101–102
pseudoelastic properties  102–104
transformation temperatures  104–105

thermomechanical treatments  101
endodontic intervention  1
EndoSequence BC Sealer  190
ethylene diamine tetra‐acetic acid (EDTA)  2, 9
European Food Safety Authority (EFSA)  9
European Society of Endodontology (ESE)  51
evidence‐based dentistry  1
extracanal heating techniques  198–199
extracellular matrix (ECM)  62

f
fibroblast  60
fibroblast growth factor‐2 (FGF‐2)  31
Flex‐R file (Miltex)  92
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full pulpotomy  22–24

g
glass ionomer cement (GIC)  10, 21, 22, 30–31, 185–186, 270
glial cell line‐derived growth factor (GDNF)  59
GT file rotary system  96
GuttaCore  198
GuttaFlow  187
gutta‐percha  191–193
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haemostasis  21–22
‘hard tissue’ bridge  20
heat‐softened gutta‐percha techniques  196–197

extracanal heating techniques  198–199
intracanal heating techniques  197–198

heat‐treated files  98
helix angle  88
histone acetyl‐transferase enzymes  31
histone deacetylase (HDAC)  31
histone deacetylase inhibitors (HDACis)  65
humidity  8
hydraulic calcium silicate cement (HCSC)  27–29, 270–275

formulations  53
root canal filling materials and techniques  201–202
sealers  187–190

hydraulic cements  233–234
portland cement‐based  234–239

antimicrobial properties  242
biological properties  239–242

clinical evaluation  245
clinical technique  242–244
environmental interactions  244–245

hydraulic silicate cement (HSC)  6
classification  11–12

hydrophilic polymers  202–203
1‐hydroxyethylidene 1,1‐disphosphonate  138

i
immature teeth, with pulp necrosis

apexification  49–50
biological material requirements

bioactivity  54
blood clot  55
dentine matrix proteins  55
reaction with tissue fluids  54–55

healing process and cellular responses
biological aspects  57–60
mineralization  60–62

materials and application  52–54
mechanical material requirements

discolouration  56–57
microhardness impact  55–56

non‐operator‐dependent factors  48
operator‐dependent factors  48
revascularization  48
revitalization  50

indications  50–51
limitations  52
outcome  51–52
procedure  51

root‐end closure  49–50
tissue engineering approaches

cell‐based and cell‐free dental pulp  65
clinical approaches  66
dentine matrix components  63
epigenetic influences  64–65
growth factors and molecular modulators  63–64
principles  62–63

treatment modalities  48
inflammation  18
International Union of Pure and Applied Chemistry 

(IUPAC)  9, 10
intracanal heating techniques  197–198
iodoform  278–279
iRoot SP  190
irrigation

activation and agitation techniques
laser activation  154–156
sonic agitation  152–154
ultrasonic activation  149–152

chlorhexidine gluconate  136
citric acid  137–138
delivery techniques

vs. multisonic activation  157–158
negative‐pressure techniques  147–149
syringe irrigation  142–147, 149
vs. ultrasonic activation  156–157

electrochemically activated water  139
ethylenediamine tetraacetic acid  136–137
1‐hydroxyethylidene 1,1‐disphosphonate  138
maleic acid  138
ozonated water  138–139
protocol  141
saline  139
sodium hypochlorite  134–136

endodontic instruments (cont’d)
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solution mixtures  139–141
techniques  141–142

k
K3 NiTi rotary endo file system  95

l
land instrument  88, 89
laser activated irrigation (LAI)  154
leading edge instrument  88, 89
less invasive carious tissue‐removal techniques  21
light‐cured hydraulic silicate  10
lightspeed system  95–96
lipopolysaccharides (LPSs)  59
lipoteichoic acid (LTA)  59
long noncoding RNAs (lncRNAs)  64

m
maleic acid  138
manual dynamic agitation (MDA)  156
martensitic transformation  101–102
matrix constraint  10
matrixdestroying agents  3
metronidazole  193
Micro‐Debriders  92
Micro Openers  91–92
microRNAs (miRNAs)  64
microsilica  10
mild dental injury  57
mineral aggregate  5
mineral trioxide aggregate (MTA)  27, 28, 29
MM1500 Sonic Air Endo handpiece  101
monoblocks  202
MTA Fillapex sealer  188–189

n
nerve growth factor (NGF)  59
neuropeptides  57–58
neuropeptide Y (NPY)  59
neutrophil extracellular traps  60
nitiflex  93
noncoding RNAs  64
noncollagenous proteins (NCPs)  62
nontaper instrument  86
non‐uniform (variable) taper instrument  86

o
odontoblasts  57
operative part instrument  87
ozonated water  138–139

p
partial pulpotomy  22, 23
paste fillers  200–201
pathfiles  97–98
periodontal ligament stem cells (PDLSCs)  61, 62
photon‐initiated photoacoustic streaming (PIPS)  154–155
pitch instrument  88
plastic deformation  90
plastic limit  90
platelet‐rich fibrin (PRF)  65
platelet‐rich plasma (PRP)  65
portland cement‐based hydraulic cements

antimicrobial properties  242
biological properties  239–242
chemistry and mechanical properties  234–239

clinical evaluation  245
clinical technique  242–244
environmental interactions  244–245

primary dentinogenesis  57
ProRoot MTA  33
ProTaper system  96–97
pulpal inflammation  59
pulp capping, histological response to  20
pulpectomy  23–24

coronal pulp  276
postoperative radiograph  277
restorative materials  278–280

pulpitis classification  18–19
pulpotomy  266
pulp vitality

clinical procedures
exposed pulp manage  21–24
immature roots  24–25
tooth preparation to avoid exposure  21, 22
unexposed pulp manage  21

healing after exposure  17–18
inflammatory state of pulp  18–19
irritants  16–17
pulpitis classification  18–19
specific soft tissue factors  19–20
traumatic pulpal exposure  19
VPT

calcium hydroxide  25–27
crown discolouration  32–33
experimental agents used  31–32
glass ionomer cements  30–31
hydraulic calcium silicate cements  27–29
material role  25
outcome  32
resin‐based adhesives  27
resin‐based hydraulic calcium silicate cements  29–30
setting time and handling  33
tooth restoration after  32

q
Quantec system  95

r
Race instruments  97
rake angle  88, 89
resin‐based adhesives  27
resin‐modified glass ionomer cements (RMGICs)  30
resin sealers  186–187
‘restorative cycle’  21
revascularization  48
reversible pulpitis  19
Rispi Sonic files  101
RoekoSeal  187
root canal filling materials and techniques

cold gutta‐percha condensation techniques
lateral condensation  194–195
single‐cone obturation technique  195–196

core materials
acrylic points  191
gutta‐percha  191–193
silver points  190–191

HCSCs  201–202
heat‐softened gutta‐percha techniques  196–197

extracanal heating techniques  198–199
intracanal heating techniques  197–198

hydrophilic polymers  202–203
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monoblocks  202
orifice barrier materials  203
paste fillers  200–201
retreatment  203–205
sealers  182–183

calcium hydroxide sealers  184–185
calcium phosphate‐based sealers  190
chloroform‐based sealers  190
glass ionomer cement  185–186
HCSC sealers  187–190
resin sealers  186–187
silicone sealers  187
zinc oxide‐eugenol sealers  183–184

thermomechanical compaction
rotating condenser  199–200
vibration and heat  199

tooth restoration  203
root canal shaping methodology

instrument motions  113–114
management strategies

‘backward’ preparation  115
balanced force  118, 119
corono‐apical preparation  117
crown‐down technique  119, 120
cylindrical apical preparation  114
flute’s pitch and helical angle  120
Gates Glidden drills  116, 117
internal transportation  114, 115
marketing‐driven propositions  123–124
maximal flute diameters  121
microCT reconstructions  122
ProTaper system  122
‘serial technique’  115–116
standardized preparation  114

root dentine  289, 290
root‐end closure techniques  49–50
root‐end filling and perforation repair materials and techniques

apical surgery  219–220
endodontic surgery

conventional materials  224–233
hydraulic cements  233–248

surgical environment  220–224

s
saline  139
sealers  182–183

calcium hydroxide sealers  184–185
calcium phosphate‐based sealers  190
chloroform‐based sealers  190
glass ionomer cement  185–186
HCSC sealers  187–190
resin sealers  186–187
silicone sealers  187
zinc oxide‐eugenol sealers  183–184

self‐adjusting file (SAF)  98–99
serial technique  116
S‐file  93–94
shaft instrument  87
shank instrument  87
shape instrument  86
shape memory alloys (SMAs)  90
shockwave‐enhanced emission photoacoustic streaming 

(SWEEPS)  155
silicone sealers  187

single‐cone obturation technique  195
sodium hypochlorite  2, 134–136
sonic agitation  152–154
sonochemistry  7
stainless‐steel reamers  92
standard instrument  86
stem cells for the apical papilla (SCAPs)  61
strain  90
stress  90
substance P (SP)  59
superelasticity  90
sureflex files  93
swelling  19

t
taper instrument  86
tensile strength  90
tertiary reparative dentinogenesis  20
TheraCal LC  29–30
thermoplastic delivery systems  199
tip design  88, 89
tissue engineering approaches  49
total‐etch adhesive systems  290
tricalcium silicate‐based sealers  189–190
tricalcium silicate cement‐based hydraulic cements   

245–248
twisted file  97

u
ultrasonic instruments  149–150
Unifile  93

v
vasoactive intestinal polypeptide (VIP)  59
vital pulp therapy (VPT). See also pulp vitality

calcium hydroxide  25–27
complete caries removal  266
crown discolouration  32–33
of deciduous teeth  267, 269–275
experimental agents used  31–32
glass ionomer cements  30–31
hydraulic calcium silicate cements  27–29
incomplete caries removal  264–266
materials role  25
outcome  32
resin‐based adhesives  27
resin‐based hydraulic calcium silicate cements  29–30
restorative materials  266–275
setting time and handling  33
tooth restoration after  32

w
watch‐winding  113

x
XP shaper and XP finisher  99

y
yield strength  90

z
zinc oxide‐eugenol (ZOE)  183–184, 278
zone of coagulation necrosis  25

root canal filling materials and techniques (cont’d)
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