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Mechanical 
Objectives

1. Continuously tapering funnel from the apex to the access 
cavity.

2. Cross-sectional diameter should be narrower at every point 
apically.

3. The root canal preparation should flow with the shape of 
the original canal.

4. The apical foramen should remain in its original position.

5. The apical opening should be kept as small as practical.
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Biological 
Objectives

1. Confinement of instrumentation to the roots themselves.
2. No forcing of necrotic debris beyond the foramen.

3. Removal of all tissue from the root canal space.

4. Creation of sufficient space for intra-canal medicaments..
Schilder,1974



Anatomical Challenges
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Problems with curved root canals

Transportation


Zip formation


Elbow formation


Perforation


Strip perforation


Ledging



I think I should 

do something



1960

Nickel Titanium for the Naval Ordinance Laboratories

NiTinol







Austenite

SIM

Deformed martensite

Stress

Superelasticity

Zupanc et al 2018

UnloadingSpring- back





Flexibility 



Time



Guelzow et al, Int Endod J 38, 743–752, 2005
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Tip design







First Group

Radial Land 
Passive Cutting Edge



First Group

System GT

LightSpeed Quantec

ProFile

Fixed Taper (4%, 6%…) 
Numerous files/kit



Second Group

Active Cutting Edge



Second Group

Variable Taper 
Lesser Files 
Alternating Cutting edge 
Electropolishing

ProTaper

RaCe



Third Group

Change in Metallurgy



Room  
Temp.



Room  
Temp.



Room  
Temp.



Austenitic 
NiTi Alloy





High temperature



Austenite Twinned martensite Deformed martensite

Cooling (Ms) Stress (MR)

Heating (Af)

Shape Memory Effect

Zupanc et al 2018



Martensitic 
NiTi Alloy





Austenitic NiTi
Af temperature is at or below room temp. 
Superelastic. 
High cutting efficiency. 
High torque resistance. 
Low cyclic fatigue resistance. 



thermomechanical processing 
unique nanocrystalline martensitic microstructure 
austenite finish temperature of M-wire was found to be around 43–50°C 

phases that are in both the deformed and microtwinned 
martensitic, R-phase, and are austenite whilst maintaining a 
pseudoelastic state 



higher strength and wear resistance and more fatigue resistance



R- Phase



R- Phase

Austenite MartensiteR- Phase



R- Phase

Austenite MartensiteR- Phase
Twisting



R- Phase

lower shear modulus



R- Phase

a post-machining R-phase heat treatment



R- Phase

Superior fatigue resistance 

Less stress needed to SIM transformation 

Superior flexibility 



Austenitic NiTi

Conventional NiTi 

Electropolished NiTi 

M-wire 

R-phase 
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Martensitic NiTi

Ductile 
Easily deformed 



Austenite Twinned martensite Deformed martensite

Cooling (Ms) Stress (MR)

Heating (Af)

Shape Memory Effect

Zupanc et al 2018



CM- Wire

The first thermomechanically treated NiTi alloy 
that does not possess superelastic properties at 
neither room nor body temperature. 
CM Wire instruments do not tend to fully straighten 
during 



CM- Wire

austenite finish temperature of CM Wire 
instruments is around 47–55 °C  
mixture of austenite and martensite structure 
with small amounts of the R-phase at room 
temperature.



CM- Wire

harden the surface of the NiTi file 
improved fracture resistance 
superior cutting efficiency







Af of is around 38°C, Ms around 
31°C. 
mainly contain martensite and R-
phase under clinical conditions 
Postmachining heat treatment  



Af of is around 38°C, Ms around 
31°C. 
Postmachining heat treatment 
greater amount of stable 
martensite 
Ductile 





Af of is around 50°C. 
mainly contain martensite and R-
phase under clinical conditions 
Postmachining heat treatment  
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Enhanced flexibility and fatigue 
resistance compared with Au NiTi



Martensitic (20 °C), austenitic (35 °C) 
Superelastic +shape memory effect





Martensitic NiTi

High cyclic fatigue resistance 
Shape memory 
Lower cutting effeciency 
Lower torque resistance 



Austenitic Martensitic

Low cyclic fatigue resistance
Super elastic (Spring back 
action)
High cutting effeciency
High torque resistance

High cyclic fatigue resistance
Shape memory
Lower cutting effeciency
Lower torque resistance





Austenitic NiTi Martensitic NiTi

Conventional 

EP

M-wire 

R-Phase

CM

Blue

Gold

MaxWire



Fourth Group 
Change in Kinematics

Int Endod J, April 2008



Fourth Group 
Change in Kinematics

Change in Kinematics



Unequal bidirectional movement

Fourth Group 
Change in Kinematics



The Protocol
Shaping 



Change of 
Rotation Mass

Fifth Group
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