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Rotary Instruments in Nickel Titanium
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Over the last few yvears endodonties has undergone a
complete revolution with the introduction of the NiTi al-
lov for the manutacture of initially manual and then ro-
tury endodontic instruments, The extraordinary characte-
ristics of superelasticity and strength of the NiTi alloy
have made it possible to manufacture rotary instruments
with double. triple and quadruple taper compared o
the traditional manual instruments (Fig, 18.1).%°

This has made it possible to achieve perfect shaping
with the use of very few instruments ™ in a short pe-
riod of time and without the need for above average
skills on the part of the operator.

CHARACTERISTICS OF NITI ALLOY

The NiTi alloy came to the fore when used at the
beginning of the 60°s by W, 1. Buehler in a spa-
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Fig. 18.1. A. ProFile hand file .02 taper. B. ProFile rotary instruments .04 taper.
C.ProFile rotary instruments .06 taper

ce program of the Naval Ordnance Laboratory at
Silversprings, Maryland, USA.™

The alloy was called Nitinol, an acronvm for the
clements from which the material was composed:
ni for nickel, ¢ for Titanium and nol from the Naval
Ordnance Laboratory.,

[twas introduced into dentistry in 1971 by Andreasen
et al.™ in order to create orthodontic wires,

The NiTi alloy belongs 1o the fumily of the Nickel
and Titanium  intermetallic allovs, characterized by
two properties which distinguish them, the memory
of shape and superelasticity.”

Shape memory

By shape memory we mean the capacity of NiTi al-
fovs to reacquire its inital shupe through heating after
strain.® This property is utilized in orthodontics but
not in endodontics.

Superelasticity

We define clasticity as the property of bodics 1o de-
form by the action of external forces and once these
external forces cease the ability o return to the origi-
nal state. There is a limit which is defined ~clastic limit™,
bevond which there is 4 component of plastic strain
which can no longer be recouped by the climination of
external forces. Tor example it we compare two wires
of equal cross section, one in stainless steel and one in
NiT1 we can better understand the extraordinary pro-
monient of force to a stainless steel wire that is able to
produce an angular deformation of 80°. when the mo-
mentends Anermyaaent el badooriagan oo 08~ W
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Fig.18.2.Strain-stress diagram.

remain (Fig. 18.2). It can be deduced that the stainless
steel wire has an elastic deformation limit of 20° above
which every deformation becomes permanent.

If we apply a bending morment which is able to pro-
duce a deformation of 80° to a NiTi alloy wire of equal
cross section, wlien the moment ends a permanent
angular deformation of less than 5° will remain. The
wire in NiTi will undergo deformation which is almost
completely elastic, leaving a minimum permanent de-
formation (Fig. 18.2), 7%

This characteristic (superelasticity) is  particular-
Iy evident when for example, using a finger, we try
to bend two identical endodontic instruments, one in
stainless steel, the other in NiTi. The stainless steel en-
dodontic instrument presents a higher stiffness whi-
le the NiTi instrument is particularly compliant. The

use of endodontic instruments in NiTi is particular-
ly advantageous for shaping the canal system in har-
mony with the original anatomy.

Strength

Walia et al.* and Camps ¢t al.?" have demonstrated
that files in NIt were much more resistant to clockwise
and counter-clockwise torsional stress compared with
files of equal size but in stainless steel. This clevated
strength of the NUTT alloy has made it possible to ma-
nufacture rotary instruments that have greatly simpli-
fied the shaping of the root canal system.

Metallurgy of nickel-titanium alloys

The NiTt alloy used in root canal treatment con-
tains approximately 36% (in weight) of Nickel and
44% (in weight) of Titanium. In some NiTi alloys, «
small percentage (<2% in weight) of Nickel can be
substituted by cobalt.™ The resultant combination is
a4 one-lo-one atomic ratio (equiatomic) of the major
components (Ni and TD. This alloy has proved to be
among the most biocompatible materials and it is ex-
tremely resistant to corrosion. * As we have previou-
sly said, NiTi belongs to the family of inter-metallic al-
loys, This means that NiTi alloy can exist in various
crystallographic forms, with distinet phases and diffe-
rent mechanical properties: austenitic, transformation
and martensitic (Fig. 18.3).%°

De-twinned Martensite

Twinned Martensite

Fig. 18.3. Diagrammatic illustration of the martensitic transformation and
shape memory effects of NiTi alloy (By Thompson S.A.; int. Endod. J. 33:297,

2000).




520 I'ndodontics

1) AUSTENITIC PTITASE (A): with body-centred cubic
lattice. It's the most stable phase.

2) MARTENSITIC PHASE (M): with hexagonal com-
pact luttice. It's the most unstable and ductile pha-
SC.

3) TRANSFORMATION PIHASE (T): it is made up of a
series of intermediate phases whicl transform one
into the other, causing a movement of the Ni and T
atoms onto opposite and parallel cryvstalline levels:
this doesn’t entail a variation of the crystallographic
shape.

Each crystalline phase exists in a specific tempera-
ture interval.™ The ansition from one phase to the
other is possible only within a temaperature range in-
cluding those at the beginning and at the end of tran-
sformation (Fig. 18.4):

As:temperature at the start of Austenitic transforma-

tion

Al temperature at the end of Austenitic transforma-

tion

Ms:temperature at the start ol Martensitic transforma-

tion

M temperature at the end of Martensitic transforma-

tion

Cooling the alloy below the TR, (rransformation
temperature range), besides the erystalline modifica-
tion, we also have a change of its physical proper-
ties with an increase in malleability (Martensitic pha-
s¢). Raising the temperature above the TUTR. one re-
wirns to the energetically more stable phase witlva bo-
dy-centred cubic lattice CAustenitic phase),

Such phase changes can also be induced by the ap-
plication of detormation states, as happens with NiTi

100

% Austenite

M= Martensite
Austenite

Start temperature
Finish temperature

LI | L |

Temperature

Fig. 18.4. Hysteresis of martensitic transformation (By Thompson S.A.; Int.
Endod. J. 33:297, 2000).

endodontic instruments during their work inside the
root canals.™”

The NiTi alloy therefore has o strongly non-lincar
mechanical behaviour, ™7 This means that there isn't
1 (lincar) proportional correspondence between stres-
ses and strains.

The NiTi alloys are chavacterized by a stress-distor-
sion diagram which is divided into three distinet por-
tions, corresponding to the three crystalline phases:
austenitic, transformation. martensitic (Fig, 18.5).

The most performing phase of the NiTi endodon-
tic instruments corresponds to the second section of
the diagram (oranstormation phase), where we have
the passage between the more stable crvstalline pha-
se (the austenitic type), and the more unstable phase
(the martensitic type). where the alloy manifests im-
portant distorsions which culminate firstly in the vield
point and then in the fracture, ™

In the transtormation phase the characteristics of
superelasticity appear. If we observe the dingram we
see how in this phase the strains can increase whi-
le the stresses remain constant. The alloy can deform
over quite a wide range while the fatigue damage that
accumulates remains constant. Its like having 4 motor
car that has the exvaordinary churacteristic of being
able to travel from 60 km/h to 130 kni/h using the sa-
me quantity of the fuel,

[t is evident that the more the allov works in this
phase, the more the characteristics of compliance and
strength are established.™ The Niu rotary endodontic
instruments will thus be able to shape the root canal
following the original root canal anatomy even if com-
plex, without reaching elevated values of stress, ™
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Fig. 18.5.NiTj phase transformation.
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Advantages

In 1974 H. Schilder™ stated what the mechanical
and biological objectives to be followed to achieve a
correct cleaning and shaping of the root canal systen.
From that tume until a few years ago. numerous ma-
nual techniques have been proposed and many endo-
dontic stainless steel instruments (manual or rotary)
have been commercialized 2% There are two disa-
dvantages:

1) the stainless steel with which the endodontic instru-
ments were and are still made, 1s a material swith an
clevated stiffness which often doesn't adapt well to
the convoluted root canals

2) the stainless steel instruments available are almost
cvlindrical (02 taper). To achieve a tapering coni-
cal shape required laborious operative sequences,
which demanded good skill and a lot of paticence.
The introduction of the NiTi alloy has allowed one

to simultancously solve these two problems. The su-
perelasticity and the strength of the NiTi alloy has
made it possible to obtain rotating instruments with
a taper which is double, triple and bevond with re-
spect to the standard .02 taper of the stainless steel
hand instruments. The greater taper has drastically
reduced the number of instruments needed o sha-
pe a canal. The supercelasticity has furthermore made
it possible to carry out extremely conservative sha-
pes, better centered, with less canal transportation
and therefore with more respect of the original ana-
tOMV. 15.33.47.41.50.62.68.73-78.82

The strength of the NiTi alloy has made it possible
to mechanize these endodontic instruments with an in-
creased taper, making it possible for all the Operators
(cven those without exceptional skill) to obrain per-
fect shapings and in a short period of time,

To Dbetter understand  the enormous  differences
between the shapes obtained with stainless steel en-
dodontic instruments and those obtained with NiTi ro-
tary instruments with a greater taper it is useful to
compare the cross-sections of the two canals of me-
sial roots of lower first molars, at the level of the co-
ronal one third, before and after instrumentation with
cach rechnique.

The canals shaped with stainless steel files using
the step back technique are dangerously transported
towards the bifurcation. J.I3. Roane™ states that this
was causced by the “restoring force™ of the file which,
even if precurved, tries to regain its straight primit-

ve shape. Observing the shape of the cross section of

the canal, it is evident how the large and oval shape

is the expression of the dynamic movement of the fi-
le in the space and of the “restoring force™ and not of
the cross section of the instrument that has worked at
that level. The shape is not centered in the original ca-
nal (Fig. 18.6). The curves are straightened and conse-
quently the shape in those arcas is much larger than
the instrument cross-section, which has worked at that
point. These considerations are not only important to
avoid excessive weakening of some canal walls, with
the risk of creating perforations (stripping). but they
are also very important in order to obtain a trucly
three dimensional obturation of the root canal system,
Indeed, the gutta-percha cone having a round cross-
section adapts badly 1o an oval shaped canal. The
condensation forces of the warm gutta-percha during
the obturation will be dissipated filling the empty spa-
ces between the round gutta-percha cone and tie oval
canal and consequently the root canal system will be
underfilled (Fig. 18.7). If we analvze the result of the

Fig. 18.6. Cross section of the mesial root of the lower first molar
at the coronal third level:in red is the originat canal, in black the
canal shaped with hand files in steel using the step-back techni-
que. The shaped canals are enlarged in an oval shape with tran-
sportation towards the furcation.

Fig. 18.7.In pink the cross-section of a gutta-percha cone adap-
ted to the canal. Note the gap between the gutta-percha cone
and the oval shaped canal.
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work done by the NiTi rotary instruments, in this ca-
se Profile .06, still in a mesial root of a lower first mo-
lar, before and after instrumentation we see how the
shape developed exactly concentrically with respect
to the original canal, thanks to the extraordinary com-
pliance of these instuments. The shaped canals are
perfectly round. an expression of the corresponding
NiTi rotary instrument cross section that has worked
at that level of the canal (Fig. 18.8). As has previously
been said, this is of extreme importance in the obtura-
tion phase. The gutta-percha cone will thus have inti-
mate contact with the canal walls and the compacting
forces will be exploited fully to three dimentionally fill
the canal system (Fig, 18.9).

Fig. 18.8. Cross section of the mesial root of a lower first molar at the coronal
third level:in red the original canal, in grey the canal shaped with a .06 Profile
rotary instrument. The canals are shaped with minimal enlargement and have
around form. The shaping was developed centrally in the original canal.

Fig. 18.9.In pink a cross-section of the gutta-percha cone adapted to the ca-
nal. Note the perfect adaptation of the gutta-percha in a canal shaped to a
round form.

FUNCTIONING OF THE
NITI ROTARY INSTRUMENTS

Let us now analize the functioning of the NiTi rotary
instrtuments during the shaping of the canal system.

The states of stress to which the NiTi rotary instru-
ment is cyclically subjected are responsable for the
strain (deterioration).

The strain is determined by two principal tvpes of
stresses: bending stress and torsional stress.

Torsional stress

Torsional stresses are very harmtul and it they are
of elevated intensity, they rapidly cause the fracture
of the instrument, This generally happens in three si-
atons:

1) when o large surface of the instrument rubs exces-
sively against the canal walls (taper lock)

2) when the instrument tip is larger than the canal sece-
tion to be shaped

3) when the operator exerts excessive pressure on the
handpicce

Unlike the bending stresses which are largely de-
pendent of the original anatomy of the canal. and the-
refore not casilv modified, we can intervene on the
torsional stresses partially reducing the effect (impact)
through the correct use of the instruments and some
other techniques.

Large conlact surface

The cutting action and therefore the blade dentine
contact surface must be reduced to a fraction of the
working part of the NiTi rotary instrument with grea-
ter taper. The larger the blade-dentine contact surfa-
ce the higher the torque required to allow the rota-
ton of the instrument and therefore the cutting of the
dentine ™ (Fig. 18.10). This means an clevated torsio-
nal stress which the alloy stores, in this way rapidly
reducing the life of the instrument. Furthermore if the
torque values necessary to make the instrument rota-
te exceed the values of the maximum torque moment
that the instrument can endure, the instrument distorts
and fractures,

To avoid this dramatic inconvenicce the NiTi rotary
instruments with greater taper must be utilized with
the crown-down technique.

Blum ct al.' have demontrated that the NiTi rotary
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instruments are subjected to lower stress levels if utili-
zed with the crown-down technique rather than if uti-
lized with the step-back technique,

Even the cutting ability of the instrument is more ef-
ficient it used with the crown-down technique. >

The instruments must be used in sequence from the
largest to the smallest (Fig, 18.11).

The NiTi rotary instruments with greater taper once
introduced into the canal creates a shape similar to its

Fig.18.10.A.The blade-dentine surface contact is very large. The torque requi-
red to maintain a constant rotational speed of the instrument will therefore

also need to be very large. B.The blade-dentine surface contact is very smali:

the torque required to maintain a constant rotational speed of the instrument
will therefore also be small (Courtesy of Dentsply Maillefer).

Fig.18.11.Crown-down technique.

own shape. Tt will go forward in the canal as far as the
origina!l anatomy will make it possible. The next smal-
ler instrument will descend more apically and will no
longer work in the arcas where the previous instru-
ment, which was larger, had alveady shaped the canal.
In this way the canal will be prepared in successive
corono-apical sections that fit one into the other, The
instruments work in this way using only a small por-
tion of their working surface.

Another element that can increase the surtace con-
tact between canal wall and instrument and so increa-
se the torsional stress. is the accumulation of dentinal
debris between the blades of the instrument. This den-
tinal mud accummulates in large quantities between
the blades and il not removed. compuacts more and
more during successive use of the instrument.

Not only the blade surfaces of the working part co-
me into contact with the canal walls but also the denti-
nal mud compacted between the blades. The working
part of the instrument in this way is transtormed in-
to an entire contact surface, as though it is a uniform
frustum of cone.

This causes an immediate and notable increase in
torsional stress.,

The operator must become aware of when the speed
with which the NiTi rotary instrument acdvances inside
the canal starts to diminish, this is a sign of an excessi-
ve accumulation of debris between the blades.

[t is theretore important, after every passage. 1o
methodically clean the blades of the NiTi rotary in-
struments having a greater taper.

Instrument P dnd canal width

At the moment the vast majority of rotary NiTi in-
struments with greater taper have a non cutting tip
(non active) (Fig, 18.12) or moderately cutting (mode-
rately active) (Fig. 18.13).

This is to prevent the formation of ledges, false
paths or apical foramen transport. If on the one hand
the non active or moderately active tip, allows onc
to avoid the above mentioned errors, on the other
hand it presents one with another problem. If the tip
with poor or non cutting ability encounters a canal or
a canal portion with a smaller cross-section, the tip
advances with great difficulty. Torsional stress increa-
ses enormously and if the tip binds and the gearing of
the motor is higher than the maximum torque that the
instrument can withstand, this immediately undergoes
plastic strain and then fractures.” This condition, to-
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Fig. 18.12.ProFile .06: particulars of the tip.

gether with the complexity of the original anatomy are
the major factors responsable for the fracture inside
the canals of the NiTi rotary instruments with increa-
sed taper. It is therefore essential to manually crea-
te (manual pre-flaring) a glide path for the tip of the
greater taper NiTi rotary instrument that will have to
he utilized.®?

Initially a brief manual instrumentation, allows us
ro:

— drastically reduce the torsional stresses, by creating
a canal at least as large as the diameter of the NiTi
rotary instrument tip with greater taper, thar will be
used successively

— interpret the original anatomy,

To understand the importance of the manual pre-
Hlaring, rescarch carried out by E. Berutt et al. is meu-
ningful. The study calculated how many endodontic
simulators (Endo-Training-Block, Maillefer, with a 0.15
mm canal diameter and .02 wper), the first NiTi ro-
tary instrument of the Protaper series S1 could shape,
betore breaking, under two separate conditions: with
and without manual pre-flaring,

The S1 has a tp diameter of 0.17 mm. The endo-
dontic motor utilized was the Tecnika (ATR) with the
following characteristics: 300 rpm speed and  100%
torque corrisponding to 68 Nmum.

In the first group (group A) S1 shaped on average
(reached the apex) 10 new endodontic simulators be-
fore breaking.

In the second trial group (group B) a brief pre-fla-
ring was achieved manually using 3 files size 10, 15 in
stainless steel and 20 in NiTi, so as to enlarge the api-
cal foramen to a greater dimension than the calibre of
the instrument being used.

The aim of manual pre-flaring was to probe the apex

EHT=15.88 KV W= 19 nm Mag= 150 X
200un  p—— Photo No.=49 Detector= SE1 PROTAPER F1

Fig. 18.13.ProTaper: particulars of the tip.

with « 20 NiTi file. By so doing a guide path was achie-
ved (canal diameter after the manual pre-tlaring was
equal to 0.20 mm and .02 taper) for the tip of the NiTi
rotary instrument (the ST has a 0.17 mm tp diameter),
In these conditions the ST was able to shape (reach
the apex) on average 59 endodontic simulators befo-
re breaking (Fig. 18.14). The manual pre-flaring avoi-
ded subjecting the tip of the ST to torsion while uving
to make a path in a canal with a very small cross-sce-
tion. In this way once created a guide path for the tip
of the NIiTi rotary wnstrument thereby enormously re-
ducing the torsional stress that the instrument expe-
ricnces and in so doing increases its life span six fold,
This means a cost reduction and a reduction of the
fracture risks of the instrument in the canal. In recent
vears scientific studies have confirmed the importan-
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Berutti E, Negro AR, Lendini M, Pasqualini D:
Influence of manual pre-flaring and torque on the breakage rate of ProTaper rotery instruments
J Ended 2004; 30: 228-230.

Fig. 18.14. Diagram illustrating the number of plastic blocks shaped by the
ProTaper S1 before instrument breakage. In pink the number of virgin plastic
blocks shaped. in green the number of plastic blocks shaped after creating a
glide path using a # 20 hand file.
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ce of manuadl pre-flaring. Roland at al.®f showed on ex-
tracted human teeth that manual pre-flaring significan-
dy reduced the risk of fracture of the Profile .04 insi-
de the canal. Blumn JUY. et all™* used the Endographe,
an instrument able to measure, register and graphical-
ly reproduce the verticul torces as well the torque va-
fues that develop when using the Protaper instruments
(Dentsply Maillefer, Ballaigues, Switzerland) in the root
canals of extracted reeth with different anatomy.

The Authors showed that manual pre-flaring is e¢s-
sential for the safe use of NiTi rotary instruments and
that it significantly reduces the time that cach instru-
ment is used and consequently the total time for sha-

ping the root canal. Peters O. AL et al.™ did not record
any Protaper fractures in the canals of extracted hu-
man molars when sufficient manual pre-flaring was
carried out.

We can therefore conclude that manual pre-flaring
is an essential and irremissible phase ot canal shaping
with NiTi rotary instruments. This guarantees a vedu-
ced fracture risk of the NiTt votary instruments, redu-
ced working time and not least of all also allows us
to mentally develop a three dimenstional image of the
canal system which we have to shape. This is decisive
in making the correct operative sequence which will
follow (Fig. 18.19).

C D

E

Fig.15.Clinical cases of teeth with caicified canals where the preshaping with hand files is very important. A. Preoperative radiograph of the lower right first
molar.B.Postoperative radiograph (E. Berutti). C. Preoperative radiograph of lower left first molar. D. Radiograph to check the working length of the distal ca-

nal.E. Postoperative radiograph (G. Cantatore).
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Excessive manual pressure on the bandpiece

An excessive manual pressure on the handpiece
causes d notable increase in the friction between the
instrument and the canal wall. The rotation veloci-
tv reduces and the gearing immediately increases to
keep the velocity constant,

Consequently at the instrument tip level and /or on
the surfaces where the instrument makes contact with
the canal walls, very high torsional stresses are gene-
rated which could immediately cause the fracture of
the instrument.™

Bending stresses

The bending stresses are the main causes of
s and they depend on the original anatomy
of the canal which, with its curves, forces the instru-
ment to bend as it passes through it. Pruett et al.™ ha-
ve demonstrated that the curve radius, the hend angle
and the largeness of the instrument are the factors re-
sponsible for the fractures due to bending fatigue,

If one imagines a stationary rotary instrument insi-
de a curved canal it follows that it will be subjected to
two different types of stresses (Fig. 18.10):

— compression stress on the internal surface of the
curve

— tensile stress on the external surfaces of the curve.
In the central part of the instrument, there exists,

strain?

Fig. 18.16. Bending stress: on the internal aspect of an instrument rotating in
a curved canal compression develops while on the external aspect tension
develops. In the centre of the instrument there is theoretically a neutrat zone
that does not develop stresses.

theoretically speaking, a neutral plane where stres-
ses don't exist, This divides the two different types of
stress. The tensile and the compression stresses are at
their highest in the section where the curve radius is
at its minimum, then it reduces gradually as one gets
further away from the area of maximum stress (Fig,
18.17).

If one imagines the instrument in motion (continual
rotation) all the above mentioned stresses will conti-
nuously change with everv revolution.”

We will have the continuous passing from tension
to compression, from compression to tension and so
on. in other words the alloy will be continuously sub-
jected to stress of the opposite tvpe.

Therefore it is important to never stop inside & cur-
ved canal with the instrument in motion.” The insuru-
ment portion at the section with the least curve radius
will be extremely stressed and the allov will expe-
rience dn excessive guantity of stress, creating at that
point, a damaged arca.™

We must imagine the NiTi rotary instrument as ma-
de up of millions of small NiTi alloy bricks. Each brick
will experience quantities of strain perfecly propor-
tional to the amount of stress it has been subjected
to. It is therefore important to know how to utili-
z¢ the NiTi rotary instrument in the best way possi-
ble. distributing the stresses in a homogeneous way
throughout the alloy, thereby not creating areas of da-
mage.” Consequently the instrument must be introdu-
ced, already rotating, into the canal and advanced in-

Fig. 18.17.In the rotary Niti instrument working in a curved canal the tension
and compression are at a maximum in correspondence to the cross section of
the instrument where the radius of the curvature is the least.
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to its interior with light manual pressure. The move-
ment must be fluid. continuous, without interruption.
The operator must become aware of when the instru-
ment has terminated its penetration further into the
canal and can go no further. The operator must imme-
diately exuact the instrument, always doing so slowly,
with a continuous movement, without ever interrup-
ring its rotation,

IMPORTANCE OF THE SECTION OF THE
NITI ROTARY INSTRUMENT

The NiTi rotary instrument with greater taper works
inside the canal in continuous rotation and is therefo-
re subjected to continual and variable stresses bhased
on the original canal anatomy and on the hardness of
the dentine which it has to cut.™

The Idcal NiTi rotary instrument should therefore
be sufficienty compliant to be able to create a centri-
fugal shaping of the canal and to be sufficiently resi-
stant to withstand the torsional and bending stresses
which occur during its work. s section {s very impor-
tant. because it directy determines the suength cha-
racteristics to the different stresses and the ability to

cut the dentine is determined by the shape of the bla-
des ! To have a better understanding of how the sec-
tion is dable to condition the way in which the NiT1 ro-
tary instrument performs, it is interesting to analize the
research carried out by Berutti et al.®

The authors have analived the mechanical beha-
viours of two sections, the ProFile (U File) and the
ProTaper (convex  triangular sectiony through  the
method of finite element analvsis (Fig.18.18). This fo-
resees, first the realisation of mathematical models of
the structures to be analized, then the attribution of
the physical characteristics of the constitutive mate-
rial to the mathematical models and finally the impo-
sition of work conditions. The method makes it possi-
ble to highlight the different degrees of stress through
the colorimetric scale and their distribution in the ana-
lized models.

In this research stresses were compared resulting
from torsion and bending moments of two cylindrical
models with a diameter of 0.4 mm, one with a ProFile
section the other with a ProTaper section (Fig. 18.19).
First the torsion stresses were analized applving to
both models a4 2.5 Nmm worque. The distribution of
torsion stresses i the model with the ProTuaper sec-
tion resulted regular and uniform, while in the ProFile

Fig.18.18. A. NiTi ProFile rotary instruments: cross-section particu-
lars. B.NiTi ProTaper rotary instruments: cross-section particulars.

Fig. 18.19. Discrete models used to analyze the instruments with
the finite element method: A. ProTaper model; B. ProFile model.
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section model. high stress peaks were evidenced at
the base of the blade grooves and their distribution
was heterogencous (Fig. 18.20).

Even the intensity of the stresses was in favour of
the model with the ProTaper section that was working
in its more superficial portion in the superelastic field
(transformation phase).

The ProFile section model instead reached more
elevated stresses concentrated at the base of the bla-
de grooves, where the material had lost the characte-
ristics of superelasticity (martensitic phase). It therefo-
re appears evident how in the ProTaper section mo-
del the stress reaclt a lower intensity and a homoge-
ncous distribution.

Then the bending stresses were analized, applving
to both models a 2.9 Nmm bending moment. Fven in
this instance the analysis of the stresses in the two mo-
dels showed how the model with the ProTaper sec-
rion under equal loading reached lower stress levels
which were homogeneously distributed over all the
surfaces compared to the ProFile section model, whi-
ch always showed higher stress vatues that were con-

Fig. 18.20. Distribution of Von Mises stresses with an applied tor-
que of 2.5 Nmm. A, One notes with a ProTaper model the even
and homogenous distribution of the stresses (transformation
phase). B.One notes with the ProFile model the high stress level
{(martensitic phase) reached in the base of the blade troughs.

centrated at the base of the blade grooves (Fig. 18.21).

A further important fact which emerges from this
work is that the ProTaper section presents o lavger
arca of almost 30% compared to the ProFile section.
This translates into a lesser mass of the ProFile sec-
ton compared to the ProTaper section and therefo-
re in a moment of bending inertia noticibly lower for
the ProFile section, which therefore results more com-
pliant than the ProTaper scction. The section there-
fore, with its shape conditions the more determinant
charactevistics of the NiTi rotary instruments namely:
strength and compliance.

The variety of the instruments at our disposal are
increasing all the time. It will be the operator who,
on the basis of the endodontic anatomy to be shaped.
will chose the correct operative sequence.

One must not think of the NiTi rotary instrument sy-
stem as a closed system. Once the operator has inwer-
preted the endodontic anatomy he can substitute so-
me instruments of one system with others of another
svstem if these should prove 1o be more suitable in
obtaining a correct shaping,.

Fig.18.21.Distribution of Von Mises stresses with an applied ben-
ding moment of 2.9 Nmm. A. One notes with the ProTaper mo-
del the low level of tensions (transformation phase) reached and
their even and homogenous distribution. B. One notes with the
ProFile model the high level of tensions (martensitic phase) con-
centrated on the base of the blade troughs.
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We have already seen the different mechanical cha-
racteristics of the ProTaper and the ProFile svstems.

The ProTaper is made up of six Ni'T1 rotary instru-
ments. Three shaping files (SX, S1.S2) with multiple
and progressive taper 1o shape the coronal third and
middle third of the canal. Three finishing files (F1, F2,
F3) with respective tip diameters of 0,20, 0.25 and 0.30
mm to shape the apical third and link it up to the pre-
viously shaped coronal and middle third of the canal
(Fig. 18.22).

The Pro System GT (section U File) is made up of
[2 instruments with tip diameters of 0.20, 0.30 and
0.40 mm available in .04, .06, .08 and .10 taper. The
maximum blade diameter is ITmm and this determines
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Fig. 18.22. ProTaper System.

a different length for the working part of each instru-
ment (Fig, 18.23).'°

As we have previously seen, the characteristics of
the ProTaper section make these instruments particu-
larly strong. while the characteristics of the U File sec-
tion of the Pro System GT make these instruments par-
ticularly compliant.

In complex anatomies with accentuated curves,
consequently a correct operative sequence could be
to usc the Pro System GT instead of the ProTaper fi-
nishing to make use of its compliance in the shaping
of the apical third, in harmony with the diameter of
the apical foramen and using a taper indicated by the
original anatomy (Fig. 18.24).
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Fig. 18.23.ProSystem GT.

Fig. 18.24. Clinical cases of teeth with curved canals. ProTaper S1 and S2 were used to shape the coro-
nal third of the canal and the instruments of the ProSystem GT Series to shape the apical one third.
A. Preoperative radiograph of the upper right first molar. B. Postoperative radiograph (E. Berutti) (con-
tinued).
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Fig. 18.24. (Continued) C. Preoperative radiograph of the lower right first molar. D. Postoperative radiograph. E. Follow up radiograph at six months (G.
Cantatore).

ENDODONTIC MOTORS

Characteristics

As we have previously seen, the characteristics of
the NiTi alloy depend on its strongly non linear beha-
viour. The most performatory phase for the work of
the NiTi rotary instrument is the transformation phase,
where one sees the supcerelastic characteristic and the
increase in strain without a corresponding proportio-
nal increase in stress (Fig, 18.9).

To avoid an excessive and dangerous damage due
to cyclic stresses in the NiTi rotary instrument, the al-
loy should work within this security phase.

The stress which the NiTi alloy absorbs, which is
responsible for the phase variations, should be large
cnough to maintain it in the transformation phase.

The stress to which a NiTt rotary instrument is sub-
jected to is completely different to the stress that a
hand instrument is subjected to.

The NiTi rotary instrument in continuous rotation
within a canal is subjected 10 bending stresses, due
exclusively to the original canal anatomy and to tor-
sional stresses, that vary as a function of the cffort
required to cut the dentine. A dedicated motor with
which one can operate to maintain the stresses of the
N1l alloy constant is therefore decisive.

The first devices utilized were air driven. They
were mounted on dental units replacing the turbi-
nes. However, they were soon abandoned becau-
se the variations in the air pressure causcd the in-
strument to have dangerous variations of rotational
specd. ™ Then we had electric motors dedicated to

NiTi rotary instruments, able to maintain a perfectly
constant rotational instrument speed. In order 1o do
this. the torque utilized was quite high. This some-
times brought about such high stresses that breaka-
the canal.

To avoid fractures as much as possible, in recent
yvears highly soffisticated endodontic motors have
been introduced on the market, with which it it possi-
ble to control the speed as well as the maximum tor-
que (Figs. 18.25, 18.26).

To keep the speed constant, the torque varies conti-
nuously depending on the cutting difficulty and the in-
struments progression. Each instrument however, has
a maximum torque security limit which should not be
exceeded. Hence the importance of being able o re-
gulate the maximum utilizable torque that can be rea-
ched for that instrument (type. size) for specific work
conditions (original anatomy, dentine hardness).

These latest generation endodontic motors are ma-
de up of a control system that drives the electric mo-
tor which has a contra-angle reduction handpiece at-
tached to its shaft. (ATR Tecnika contra-angle 1:10,
Ascptico contra-ungle 1:8).

The control system allows one 1o set the rotatio-
nal speed and the maximum utilizable torque best in-
dicated for cach individual instrument and for cach
specific working condition. This data can e memo-
rized und thercfore successively re-used. The control
system is able to store a large amount of data, thereby
allowing the operator to utilize many ditferent NiTi ro-
tary Instrument systems.

As we have said these endodontic motors allow one
to set the desired maximum utilizable torque, When




13 - Rotary Instruments in Nickel titanium 531

Fig. 18.25. A. Endodontic motor Tecnika Vision (ATR and Sirona
Company, ltaly). B. Endodontic motor DTC (Aseptico, USA).

the instrument, working in the canal, reaches this va-
lue, the operator can choose o utilize a signalling sy-
stem provided {for in the motor: acoustic signal and /or
inversion of the rotational direction (autoreverse).

When the maximum torque value preset by the ope-
rator has been reached the motor will reverse the ro-
tation and the instrument turning anti-clockwise, will
automatically exit the canal.

The most evolved endodontic motors (ATR Tecnika)
pride themselves on having a soffisticated autoreverse
control system which is primed in a fraction of a se-
cond, so as to prevent further stress fatigue damage in
the NiTi rotary instrument, once the preset maximum
torque value has been reached.

Formulation

The correct formulation of the endodontic motors
is indispensable to guarantee the efficient use of the
NiTi rotary instruments. Efficiency means maximum
durability of the instrument without risk of fracture.
We have previously seen how all endodontic motors
available today are torque controlled. On the basis of

Fig.18.26.A.Endodontic motor DentaPort (J. Morita Corp., Japan).
B. Endodontic motor X-Smart (Dentsply Maillefer, Ballaigues,
Switzerland).

the NiTi rotary instrument characteristics and on the
basis of the original anatomy characteristics, the ope-
rator will have to set the rotational speed and the ma-
ximum utilizable torque, that is the highest torque va-
lue that the instrument can reach before the endodon-
tic motor automatically triggers the autoreverse.

Until now we have spoken of rotational speed and
maximum utilizable torque that the instrument can
withstand without risks. It is evident how the two pa-
rameters dare closely linked,

If the speed increases then as a consequence the tor-
que will increase so as to maintain the rotational speed
increase of the instrument constant. *7 Proportionally
however, the risks of fracturing the instument inside
the root canal also increases.>”

If the rowtional speed is too low, the instrument
will tend to come to a halt within the canal, its work
will be discontinuous, with the risk of an excessive fa-
tigue damage due to stresses especially in the succes-
sive anti-clockwise rotation whicly is necessary o di-
sengage the instrument,”

The correct balance is therefore needed between
these two values to obtain the maximum efficiency
without risks.
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The introduction of an endodontic motor that allows
the regulation of the utilizable maximum torque value
that the NiTi rotary instrument will be able to reach
during its work, has the aim of preventing the fractu-
re of the instrument inside the canal. Conscequently
the utilizable maximum torque value that the operator
sets on the endodontic motor will have to be lower
than the torque value able to produce plastic strain
and then fracture of the NiTi rotary instrument at that
speed of rotation, 1=

The maximum utilizable torque value must howe-
ver not be too low because in this case the cutting et-
ficiency of the instrument would decrease excessively
and the progression of the instrument in the canal
would be difficule. Consequently the operator would
tend to push on the handpicce of the endodontic mo-
tor to aid the progression of the instrument in the ca-
nal with a high risk of fracturing it, *?'** These two pa-
rameters, speed and torque, are specific for cach sv-
stem of NiTi rotuary instruments and often for each in-
strument within the system.

These parameters are determined by the mechani-
cal characteristics and size of the instruments.

We have previously scen how the section of the
mechanical insuument determines its properties, For
example the ProTaper section (triangular convex) pro-
ved 1o be very resistant to torsional and bending stres-
ses. [t follows that it will be able to withstand elevated
stress in terms of rotational speed and wtilizable maxi-
mum torqgue,

The ProtFile (U File) section proved to be more
flexible by comparison to the ProTaper section be-
cause the ProFile section, for equal diameter, has a
30% interior mass compared with the ProTaper sec-
tion and therefore proves to be more compliant. This
lower mass means however, also a lesser strength to
the stresses and consequently to the rotational speed
values and utilizable maximum torque that the instru-
ment is able to withstand without risks,

Even the design of the blades and therefore the cut-
ting capacity are mmportant.

The more the blades are active, (ProTaper System:
Dentsply/Maillefer) and therefore able to cut the den-
tine, the more the utilizable maximum torque value
can rise (Fig. 18.18). This because the cutting etficien-
cv s translated into case of progression in the canal
by the instrument and generically because cutting ef-
ficiency is determined by a reduced surface contact
between blade and canal walls.

[t follows that the torsional stresses during the cut-
ting of the dentine are reduced. The Nili rotary in-

strument in this way be able to work with a high ma-
ximum torqgue, without fatigue damage increase. On
the contrary, if the blades have a reduced cutting ca-
pacity (ProFile System, Dentsply/Maillefer) the stres-
ses which are generated during the working of the in-
strument are increascd (Fig, 18.18). These are princi-
pally determined by the friction that occurs between
the blades and the canal walls. The torque required to
induce the instrument to advance in the canal will be
high because the removal of the dentine will be less
effective with the risk of an excessive fatigue damage
due to cvclic stresses.™ These instruments must there-
fore be used cautiously and with low maximum tor-
que values, to prevent an excessive accummulation of
stress on the part of the instrument.

A further characteristic of the N1 instrument is its
size and calibre,

If the instrument size increases then its resistan-
ce to torsional stress also increases. ™ On the con-
trary instruments with small apical portions will not
be able to withstand clevated torsional stresses (Fig.
18.27).157° This consideration is only valid for the
NiTi rotary instruments with constant taper (Prolile.
System GT. Flero, K3 ete). The Nili rotary instruments
with multiple taper (ProTaper), having in thie shape
of the instrument itself the crown-down technique
and therefore cach one working in a specific sector
of the canal, are all utilized at the same rotational
speed and with a high utilizable maximum torque.
(300 rev. per minute. 100% torque value in Teenika
ATR). such a high torque enhances the marked cut-
ting ability of the ProTaper. thereby considerably ve-
ducing the working time,
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Fig.18.27. Diagram illustrating how the torsional resistance increases with the
increase in taper. Comparison between the ProFile .04 and the ProFile .06.
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LIFE OF THE NITI ROTARY INSTRUMENT

After having examined the technical characteristics
and the operative sequence, the obligatory questions
are: "how long do these instruments last? how many
canals are we able o shape?”

We have previously seen how the stress accummu-
lated by the instrument during its work is dependent
on the tip size. on the taper, on the canal width and
on the manual pressure exerted on the handpiece of
the endodontic motor, by the operator,®

The life of the NiTi rotary instrument is directly pro-
portional to the stress which it accummulates during
its work within the canal. 2%

Pruett et al.™ have demonstrated that the lite of the NiTi
rory instruments are strictly related to the number of
cvcles performed by the instruments within the canal,

Naturally, life is different for each tvpe of instru-
ment, but it is extremely constant for instruments ha-
ving the same characteristics.

We can compare the NiTi rotary instrument with a
car having a full tank of fuel, The fuel can be used to
¢o uphill, downhill. on a flat terrain, on 1 motorway
or to journcey on a mixed terrain. Naturally the con-
sumption and consequently the distance covered will
be ditterent,

An important role is also played by the driver: if he
uses the accelerator sparingly the comsumption will
most likely be reduced and it follows that the distance
covered will be greater.

The NiTi rotary instrument, created with its tank full
of fuel (life), will be used to shape simple endodontic
anatomies, complex ones, or a combination of these,

Let us now examine the criteria that will influence
the life of the instrument:

1) Original canal anatomy

2) Mechanical characteristics of the NiTi rotary instru-
ments

3) Rotational speed and maximum torque values when
using NiTi rotary instruments

4) Characteristics of the work carvied out by the NiTi
rOLry instruments

5) Operator ability

1. Original anatomy of the canal

The original anatomy of the canal is certainly the
factor that most conditions the life span of the NiTi ro-
tary instrument.®

We have previously seen how strain is to a large ex-
tent determined by the bending stress that the NiTi ro-
tary instrument expericnces during preparation of the
curvature of the root canal. ™ Some Authors #* do not
consider rotational speed significant as a factor favou-
ring the fracture of NiTi rotary instruments. On the con-
trary various studies® " have shown that instrument
rotational speed in curved canals has a notable influen-
ce on the life of the NITi rotary instruments. Tt is intui-
tive that increasing the speed also increases the contact
with the canal wall and therclore the amount of debris
between the instrument blades and the wall# But the
determining factor always seems 1o be the number of
rotations the instrument makes in the curve, Yared ™
has shown that the longevity of the instrument is strictly
correlated to the number of rotations it metkes inside
the canal. The more complex the anatomy is, the mo-
re wedr there is in terms of increased {atigue dama-
g and therefore the life of the instrument is reduced.
Theretore the curve radius and angle of the canal which
the instrument has to shape is determinant in the cyclic
fatigue of the instrument (Figs. 18,28, 18.29), 27158

Fig. 18.28. Clinical cases of teeth with canals having moderate curvatures. A. Preoperative radiograph of the upper left first molar.
B. Postoperative radiograph (E.Berutti) (continued).
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Fig. 18.28. (Continued) C. Preoperative radiograph of lower

left first molar. D. Radiograph to check the working length of

the mesial canals and the distal canal. E. Postoperative radio-
graph (G.Cantatore).

Fig. 18.29. Clinical cases of teeth with very accentuated canal
curvatures. A.Preoperative radiograph of the upper right first

molar. B. Postoperative radiograph. C. Follows up radiograph
after one year (E. Berutti) (continued).
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The original anatomy of the canal however, with its

curvatures is not the only factor in reducing the life of

the instrument, since the size of the canal and the cha-
racteristics of the dentine are also decisive,

The cutting ability of the NiTi instrument ¢ip is not
generically very efficient. This causes an immediate
increase in the torsional stress that the instrument ac-
cummuiates when it must advance in those canal sec-
tions of cqual or inferior diameter to its tip diame-
ter.

This is casily detectable by the immediate increa-
se of the torque values that the engine must supply to
overcome the obstacle. This fact is easily detectable
for example on the Teenika ATR motor display, whe-
re one can see the torque variations on a digital and
acoustic indicator. To this end we must recall the im-
portance of a manual preshaping which prevents the
cengagement of the NITi rotary instrument tip against
the canal walls, in this way drastically veducing the
torsional stress. 257 Even bending stress is partially
reduced after 4 nanual preshaping. The enlargement

Fig. 18.29. (Continued) D. Preoperative radiograph of lower
left second molar. E.Radiograph to check the working length
of the mesial canals and the distal canal. F. Postoperative ra-
diograph (G.Cantatore).

of a root canal will produce gentler curves which are
therefore less demanding. The life of the instument
will thus be considerably increased. Blum et al." ha-
ve shown that the coronal interferences are responsi-
ble for high levels of stress that the NiTi rotary instru-
ment accummulates during its work.

Dentine hardness also affects the accummulation
of torsional stress, Pulp characteristics and consc-
quently those of the dentine change as time passes
due to normal ageing or to pathological events such
a, pulpal inflamation and trauma. The result of the-
se events frequently results in a dentine hyvpermine-
ralization and in a considerable reduction of the en-
dodontic space.

Harder dentine vequires o proportional increasc in
the torque value needed to cut it This vesults in an in-
crease of the torsional stress which reduces the life of
the instrument,

Even in these specific clinical conditions @ manual
pre-flaring and the abundant use of chielators and lu-
brificants aid the work of NiTi rotary instvuments.
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2. Mechanical characteristics
of the selected instruments

Theoretically to optimize the use of NiTi rotary in-
struments and to avoid problems (fractures) the in-
strument should be subjected to low levels of stress.
We have previously seen at great length how the sha-
pe of the instrument determines the mechanical pro-
perties. The more the section is able to withstand high
levels of torsional stress the more it is resistant. The
more the section has a low bending moment, the mo-
re compliant it is and therefore able to respect the ori-
ginal canal anatomy. >

The capability of an instrument to resist the stress
and ar the same moment to respect the curvature of
the canal is therefore a compromise betsveen the tor-
sional and bending characteristics of its section. *#

It we want an extremely compliant instrument we
must accept that its working life will not be as long as
that of an instrument shich is more resistant but less
flexible. Strength and compliance are correlated to the
mass of the section: the more the mass is recduced,
the more the instrument will be compliant and conse-
quently less resistant and vice versa,

Tnstruments with the same chuaracteristics have dif-
ferent mechanical behaviours in relation to their size.
If the instrument has a small calibre. it has reduced
strength capabilities to torsional stress, if on the con-
trary it is big. it is more prone to fracture because of
bending stress (Figs, 18.30, 18.31).% This in part ex-
plains the unexpected fractures when we work with
large instruments in the final phases of the shaping.

We must therefore think of small instruments as ha-
ving a low strength to torsional stress and of large in-
struments as having a low strength to bending stress.,

The operator will be able to prevent the fracture of
the instruments within the canal by a having a preci-
se treatment plan that provides for the correct choice
of instruments and operative sequence suited for the
specific canal anatomy that has to be shaped. If for
example one has to shape a canal that has an extre-
me curvature , one should use an instument with re-
duced taper (06, .04) because as we said before they
more vesistant to cvelie fatigue (Fig, 18.32). Instead if
one has to shape a canal that is extremely narrow and
calcified it would be necessary to firstly carry out an
adequate manual preshaping to to reduce the torsio-
nal stress (Fig. 18.33). Finally to prevent possible fruc-
tures, all the NiTi rotary instruments must be accu-
rately checked. using magnification, belore and after
CVETY UISC.

The instrument which presents the slightest sign of
plastic strain (increase or decrease of the spiral gaps)
should be celiminated immediately (Fig, 18.34).°"%

The NiTi rotary instruments ditfer from the stainless
steel instruments in that the first signs of fatigue are
not always visible, " 1t a fracture has occurred becau-
se of torsion in some cases signs of plastic strain are
visible just above the fracture point.” If instead the
fracture has occurred because of fatigue(tlexion)the
signs of instrument deterioration are not evident.” [f
the canal anatomy is extremely complex (severe cur-
vatures, calcified canal) the NiTi rotary instruments
must be considered single use only. !
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Fig. 18.30. Diagram illustrating how the strength to torsion increases with the
increase in the diameter of the instrument. Comparison between the instru-
ments of the ProTaper Series.

Fig. 18.31. Diagram illustrating how the resistance to bending increases with
the reduction of the cross-section diameter of the instrument. Comparison
between the Finishing instruments of the ProTaper Series.
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Fig. 18.32. Clinical cases of teeth with very accentuated canal curvatures. In these cases it is important to use NiTi rotary in-
struments with low taper to prevent fracture due to cyclical fatigue. A. Preoperative radiograph of a lower left third molar.
B.Postoperative radiograph. C. Follow up radiograph after one year (E. Berutti). D. Preoperative radiograph of a lower right second
molar.E.Postoperative radiograph (E.Berutti). F.Preoperative radiograph of a lower right second molar. G.Radiograph to check the
working length of the mesial canals and the distal canal. H. Postoperative radiograph (G. Cantatore).




538 Endodontics

Fig. 18.33. Clinical cases of teeth with calcified canals. In these cases it is very important to have an adequate manual preflaring to reduce torsional stres-
ses. A. Preoperative radiograph of the lower right first molar. B. Post operative radiograph (E. Berutti). C. Preoperative radiograph of the lower left third mo-
lar. D. Postoperative radiograph (G. Cantatore).

Fig. 18.34. ProFile .06 with visible plastic deformation.
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3. Rotational speed and maximum torque values
for NiTi rotary instruments

We have seen before how important the balance is
between the rotational speed, which should be con-
stant and the maximum torque used, which should be
less than the torque value necessary to cause plastic
strain and subsequently fracture of theNiTi rotary in-
strument, 02

It is therefore essential o use an electric motor that
allows one to set the rotational speed and maximum
torque value to be used according to the recommen-
dation of the manufacturer for the particular rotary
NITi rotary instruments.

4. Characteristics of the work carried out

The characteristics of the work carried out by the
NiTi rotary instrument have a very important role,
There are two factors which influence the work of the
instrument:

— the section of the working part directly involved
with the cutting

— the depth at which the instrument carries out its
work within the canal.

The smaller the working portion of the instrument
directly involved with cutting the dentine, the lower
the torsional stresses. This is carried out with the in-
struments  using the crown-down technique  (Figs.
18,10, 18.11).

The more the instruments work deeply into the ca-
nal. the more their life is reduced, whether they work
in arcas where the canal is narrow and often with ac-
centuated curvatures. or because the instrument works
with the smallest portion of its working part. To this
end we must remember the importance of not remai-
ning stationary with the NiTi rotary instrument within
the canal, Once the maximum working depth for that
instrument is reached, one must remove it immedia-
tely. This allows a homogenous distribution of ben-
ding and torsional stress in the entire working area of
the instrument. In this way dangerous areas cdue to da-
mage will not be created,

At this point it is important to make a comment:
within a series of NiTi rotary instruments each one
has a different life in relation to its size and to the
characteristics of the work carried out within the ca-
nal. This is particularly evident for the instruments of
the ProTaper System (Dentsply/Maillefer) insoruments
with multiple taper along their working part.

Berutti et al. have verified how many endodontic
simulators the instruments of the ProTaper Svstem St,
S2. 11 F2 utlized in sequence were able to shape be-
fore breaking.

These were the results:

St: 59 endodontic simulators before breaking, The
multiple taper of the St limits the work to onlv the
coronal one third of the canal,

48 endodontic simulators before breaking. The
multiple taper of the S2 limits the work to the
middle one third of the canal. The first obscr-
vation is that the life of these two instruments
under these conditions is verv long. Towever,
they work in the areas of the canal, closest to the
crown with the largest and strongest scections of
their working parts,

F1: 23 endodontic simulators before breaking.

F2: 11 endodontic simulators before breaking.

These two instruments shape the apical one third
of the canal. They are subjected to very high bending
and torsional stresses in the smallest and consequently
weakest section of their working part (apical 3 mm).
A further important fact that emerged from this study
is that if the instruments of the ProTaper System work
with a lower torque, they have a considerably shor-

o
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ted life.

The following results were obtained using  the
Tecenika ATR endodontic motor (Fig. 18.33):
S2: torque 20%, speed 300 rpm = 28 simulators belore

breaking,
S2: torque 80%, speed 300 rpm = 48 simulators before
breaking,
F1: torque 28%, speed 300 rpm = 8 simulators before
breuaking,.
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Berutti £, Negro AR, Lendini M, Pasqualini D:
Influence of manual pre-flaring and torque on the breakage rate of ProTaper rotary instruments.
J Endod 2004; 30: 228-230.

Fig. 18.35. Diagram illustrating how torque influences the longevity of
ProTaper S2,F1,F2 NiTi rotary instruments.
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Fl: torque 100%, speed 300 rpm = 23 simulators befo-
re breaking,

F2: torque 40%, speed 300 rpm = 4 simulators before
breaking

F2: torque 100%, speed 300 rpm = 11 simulators befo-
re breaking.

This notable and constant difference in the life of the
tested ProTaper System instruments resulted from the
frequent insertion of the autoreverse of the endodontic
motorwhen the utilizable torque was low. Instead when
the instruments worked with a high torque, the autore-
verse was never switched on, The autoreverse is not
harmful, infact it is an excellent security system, espe-
cially for the instruments that have to work with a low
utilizable maximum torque (ProFile, System GT eto).

It is however a system that in inverting the clockwise
rotation of the instrument when it reached utilizable
maximum torque value involves a certain effort (Fig.
18.36). This means stresses that the instrument stores
and consequently a reduction of its life.

It possible, the operator should avoid all super(luo-
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Fig. 18.36. Registration of the torque variation during use of a
ProTaper F2 to reach the canal terminus in a plastic block. A.High
torque:one notes the regular variation of torque and their low in-
tensity. B. Low torque: one notes the enormous variation of the
toraue during activation of the autoreverse by the endodontic
motor. The instrument carries out twice the work load when the
autoreverse is activated.

us work for the NiTi rotary instrument. If the instru-
ments require a low usable torque, it is sufficient to
allow oneself to be guided by the digital and acoustic
indicator of the endodontic motor and to withdraw
the instrument just before the autoreverse sets in. In
this way we will avoid superfluous stress, limiting the
life of the ¢ndodontic instrument to only the cutting
of the dentine in harmony with the complexity of the
endodontic anatomy.

It one analyses the diagrams that summarise the
number of simulators shaped using the ProTaper St.
S2. F1, F2 in the study done by Berutti et al. it beco-
mes evident that there s a continuous reduction in the
life of the ProTaper rotary instruments from St to F2
(Fig. 18.37). This is true although only for canals sha-
ped using endodontic simulators.

60
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23

Plastic Blocks

| »

sl 52 F1 F2

Berutti E, Negro AR, Lendini M, Pasqualiru D:
Influence of manual pre-flaring and torque on the breakage rate of ProTaper rotary instruments.
J Ended 2004; 30: 228-230.

Fig. 18.37. Diagram illustrating the number of plastic blocks shaped by the
ProTaper S1,52,F1,F2 NiTi rotary instruments before fracturing.

The endodontic simulators do not crrespond o the
clinical reality for two reasons:

1) the simulator canals arve all the same which explains
the propotionality of the data obtained

2) the simulators are made from plastic which has
completely different characteristics o that of root
canal dentin.

To obtain data closer to reality one must therefo-
re simulate the clinical situation as closely as possible
by using root canals of human tecth. In this regard.
the successive work done by Beruttd et al.” done on
410 extracted permanent human teeth with a total of
677 canals is particularly interesting. In this study the
Prolaper S2 proved to have the longest life of the se-
rics while the F2 had the shortest life,
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5. Operator ability

It has been demonstrated that the experience of the
operator is decisive in preventing the fracture of the
NiTi rotary instruments inside the canal, 089092

The inexperienced operator probably exercises an
excessive apical pressure during the use of the NiTi
rotary instruments. > This brings about excessive fric-
tion of the instrument blades against the canal walls,
tely subjected to very high torque levels necessary to
maintain the speed constant.™ The result is either an
excessive accumulation of fatigue damage due to tor-
sional stresses or even a plastic strain and then the in-
strument fractures. Sattapan et al.” have demonstrated
that torsional fractures are more frequent (55.7%) com-
pared with fractures from bending stress (44,3%) and
they are brought about by the operator who excerci-
ses an excessive apical pressure during the use of the
NiTi rotary instruments. Blum et al.™ have shown that
the levels of maximum stress are generated during the
penctration phase of the instrument in the canal rather
than during the retraction phase.

Very important in fracture prevention is also the
method of use." ™ The inexperienced operator also
tends to hesitate with the instrument in rotation in-
side the canal for too long. Mesgouez et al.’ studied
the relationship that exists between the experience of
the operator and the time required o shape the ca-
nals. They used the NiTi Profile rotary instruments and
endodontic simulators. The results showed that the -
me required to shape a canal was inversely proporttio-
nal to the operators experience. Berutti et al.” previou-
slv carried out a similar study using 410 extracted per-
manent human teeth with a total of 677 canals, The
NiTi rotary instruments used were the ProTaper. The
diagram showed in Fig, 18.38 summarises the avera-
ge time cach instrument of the ProTaper scries was
used to shape a single canal by an experienced ope-
rator and by an inexperienced operator. The experien-
ced operator is able to shape more canals because the
average working time with each instrument is inferior
to that of an inexperienced operator. The inexperien-
ced operator is afraid of advancing and withdrawing
the instrument in the canal. Therefore more time is
required. This causes an unccessary stress overload
which the instrtument accumulated during the exces-
sive amount of time spent rotating in the canals, If it
is true that the operator must not apply excessive ma-
audl pressure on the handpiece.™ then it is also true
that the instruments must complete their work inside

8.47.52.58.81

the canal in the least amount of time possible.
As we have emphasised previously the movement
must be continuous and fluid on entering the canal
and also on withdrawal,

This brings about a useless overload of stress that
the instrument accummulates. It the operator then
keeps the rotating instrument stationary while in a cur-
ve of the canal, a damaged arca is created that corre-
sponds to the scction with the lowest curvature radius,
where the bending stress are at a maximum, Sattapan
et al.® have demonstrated that if the instrument is uti-
lized with a light back and forth movement, the stress
which develop in the apical area of the instrument are
relatively low even in narrow canals, independantly
of instrument size and taper. The expert operator is
able to feel the advance of the NiTi rotary instrument
in the canal on the handpiece and can therefore guide
it with the correct pressure and extract it inmediately
when it reaches the desired working length.

Some operators have the tendency to incline the
endodontic motor handpicce.

In this way a curvature is created of the instrument
outside of the canal and an increase in the load on the
instrument portion inside the canal. Even in this ca-
sc there will be an increase in stress and in the risk of
fracture of the NTT1 rotary instrument.

One must also note how many times accidents hap-
pen at the end of the shaping, during final passage
with the last instrument.

This is perhaps brought about by a decrease in con-
centration on the part of the operator, who knowing
that he/she is at the end of the work, doesn't keep ri-
gidlv to the rules and perhaps exerts excessive pressu-

EXPERIENCED NON EXPERIENCED
I 4
Z
§ 7
‘g‘ 4
B
’ S1 s2 Fi F2 F3

Fig. 18.38. Diagram illustrating the average time of use of each ProTaper 51,
S2,F1,F2, F3 NiTirotary instruments to shape a root canal by a skilled operator
{green) and by a not skilled operator (purple).
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re on the handpiece to end the treatment rapidly, 7
Yared et al.™ recommend that the use of NiTi rotary
instruments follows rigid guidelines: the apical pres-
sure that is exerted on the instrument must be very
light, and its use inside the canal must last onlv a few
scconds.

During the manual preshaping, the experienced
operator will be able to enterpret the difficulties pre-
sented by the original canal anatomy. Tt the original
canal anatomy is complex, manual shaping will be
more important in reducing the stresses in the NiTi ro-

by

tary instruments that will follow (Fig. 18.39).

G

Fig. 18.39. Clinical cases of teeth with canals having a complex original anatomy. In these cases manual preflaring will be more
important in order to reduce stresses in the successive NiTi rotary instruments. A. Preoperative radiograph of a lower left second
premolar. B. Postoperative radiograph. C. Follow up radiograph after one year (E. Berutti). D. Preoperative radiograph of the upper
right first molar. E. Radiograph to check the working length of the distal canals. F. Radiograph to check the working length of the
palatal canals. G.Radiograph to check working length of mesial canals (continued).
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Fig. 18.39.(Continued) H. Postoperative radiograph {G.Cantatore).

We must be aware that, as Ruddle tught us “its
the original canal anatomy that determines the game
plan”. The experienced operator will have o carceful-
ly check, using a magnification system, cach instru-
ment after having used it inside the canal, not only to
verify its good working condition, but also to under-

stand the workload it carried out. If a large portion of
the working part is full of dentinal debris, the work
carried out by the instrument has been significant, If
then the portion of the working part concerned with
the cutting was the apical part, it means that the in-
strument has worked in a very narrow canal and that
the price for enlarging it was very high in terms of ac-
cummulated stresses (Fig. 18.40). The life of that in-
strument could be at an end.

The working length of the NiTi rotary instruments
often does not have to coincide with the working
length of the canal. This is especiallv so when the
complexity of the anatomy of the apical third can fa-
vour the fracture of the NiTi rotary instruments and /
or the incorrect shaping of this important portion of
the root canal (Fig. 18.41).

Even the choice of the NiTi rotary instruments and
the correct operative sequence will have to be modu-
lated in relation to cach specific clinical case,

In this mechanistic age therefore it will alwavs be
the operator with his choices and his manual dexteri-
tv, that will know how to make the difference.

Fig.18.40.A.Protaper S1 at the end of its use in a root canal of average difficulty. Note how the dentinal debris is only on the coronal third of the instrument’s
blades.B.ProTaper S1 at the end of its use in a difficult root canal. Note how the dentinal debris are on most of the instrument’s blades.In these cases the in-

strument must be considered disposable.
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Fig. 18.41.Clinical cases of teeth with canals having an original complex anatomy in the apical one third. In these cases it is wise not to force the rotary NiTi
instruments to the terminus of the canal. A. Preoperative radiograph of a lower left first molar. B. Postoperative radiograph (E. Berutti). C. Preoperative radio-
graph of the lower right first premolar. D. Postoperative radiograph (E. Berutti). E. Preoperative radiograph of the lower right third molar. F. Postoperative ra-
diograph (G. Cantatore).
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