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SUMMARY

Introduction Mechanical instrumentation of the complex root canal system is very demanding procedure which
requires use of the various manual and rotary instruments. The aim of this study was to assess the frequency and to
verify the possible deformation of the working part of endodontic instruments after their multiple clinical use.
Material and Methods New sets of the manual endodontic instruments (reamers, K-files and Hedstroem) used in
routine clinical use (44 instruments) and for root canal instrumentation of extracted teeth (44 instruments) were
included in the study. Instrumentation was performed by Step-Back technique and constant irrigation with 0.5%
NaOCl solution, 10 ml for each root canal. All the instruments were used 10 times and after use sterilized in a dry ster-
ilizer or autoclave.The working parts of deformed instruments were analyzed using optimagnetic print.

Results The results obtained after clinical use showed deformations of the working part of the reamers in 50%, K-files
in 43% and Hedstroem in 66.7% of used instruments. After instrumentation the canal of the extracted teeth, defor-
mations were observed in 87.5% of the reamers, in 50% of the K-files and in 62.5% of Hedstroem files. The difference
in frequency of the deformations was not statistically significant. On the instruments used for the preparation the
canals of the extracted teeth and sterilized in autoclave, malformations were observed in 86.4%, comparing to the
instruments sterilized in a dry sterilizer where malformations of the working part were registered in 59.1% of the cases.
That difference was statistically significant (x2=5.250; p=0.072).

Conclusion Multiple use of the manual endodontic instruments in clinical conditions leads to increased frequency of

malformations of the working part in all types of manual endodontic instruments.
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INTRODUCTION

Instrumentation of the root canal system is the most
important phase of endodontic procedure and success
of the endodontic treatment largely depends on how it is
performed. Adequate mechanical instrumentation of the
complex root canal space is very often demanding proce-
dure which requires use of various manual and rotary
instruments or its combination [1]. Chemomechanical
preparation, cleaning and shaping of the root canal system,
provides conical form of the canal and ensures safe condi-
tions for high-quality, three-dimensional hermetic obtu-
ration [2].

Manual endodontic instruments (reamers, different
types of files) are made of high quality steel or nickel-tita-
nium alloy (NiTi) and usually are for multiple uses. All
of these canal instruments during the instrumentation or
during their clinical use are subject to various forms of
stress and thus different deformations. The concentration
of stress and potential possibility of deformation or frac-
ture during endodontic instrumentation depends on many
factors, primarily on materials they are made of, the canal
anatomy, dynamics and frequency of their use, method of
preparation and sterilization, the design of the working

part of the instrument or application of various chemicals
during the instrumentation [2, 3, 4]. All these factors are
closely related to the professional qualities of the thera-
pistand mostly depend on his training to use instruments
properly with different preparation techniques. However,
the main goal is to provide the best possible results after
cleaning and shaping the canals and above all safe instru-
ment manipulation in the complex canal system [2].

Although numerous clinical studies confirmed that the
manual endodontic instruments of smaller diameter (0.6;
0.8; 0.10; 0.15; 0.20) should be used only once, it is not
often respected in clinical practice. Deformations and frac-
tures of instruments in the canal are much more frequent
when they are used many times and lead to greater number
of complications during endodontic procedure.

The aim of this study was to assess the frequency and
to verify possible deformations of the working part of
endodontic instruments after their multiple clinical use.

MATERIAL AND METHODS

The research was conducted at the Clinic for Restorative
Dentistry and Endodontics, The School of Dentistry in

Address for correspondence: Jelica NESKOVIC, Miloja Zaki¢a 98, 11000 Belgrade, Serbia; jelica.neskovic@yahoo.com

21



22

Neskovic ). et al. Deformations of the Manual Endodontic Instruments During Root Canal Instrumentation

Table 1. Manual endodontic instruments used in the study.
Tabela 1. Ru¢ni endodontski instrumenti koris¢eni u studiji.

Number of the instruments used in clinical conditions Number of the instruments used on extracted teeth
Instrument Broj instrumenata kori$éenih u klini¢kim uslovima Broj instrumenata kori$é¢enih na ekstrahovanim zubima
Instrument Dry sterilizator Autoclave Dry sterilizator Autoclave
Suvi sterilizator Autoklav Suvi sterilizator Autoklav
Reamers
vy 8 8 8 8
Prosirivadi tipa K
K-fil
res 8 8 8
Turpije tipa K
Hedst
edstroem 6 6 6
Turpije tipa H
Total / Ukupno 44 44

Belgrade. As a research material, new sets of manual
endodontic instruments were used: two sets of reamers
(K-reamers KENDO 25 mm; size 0.08, 0.10, 0.15, 0.20,
0.25, 0.30, 0.35, 0.40); two sets of K-files (K-file KENDO
25 mm; size 0.08, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40);
and two sets of Hedstroem (H-file KENDO 25 mmy; size
0f 0.15, 0.20, 0.25, 0.30, 0.35, 0.40). 88 manual endodon-
tic instruments were divided into two groups. 44 instru-
ments from the first group were used in routine clinical
practice on the teeth of different morphological groups
and different diagnosis, while other 44 instruments were
used for canal instrumentation in the extracted human
teeth (Table 1).

Both, in clinical and in experimental conditions, each
manual endodontic instrument was used for the prepa-
ration of ten canals. After preparation the access cavity
and content removal from each canal, a set of instruments
was used for mechanical instrumentation. Reamers were
used with rotational and filing movements, while for the
K-files filing movements were used only. Canal instru-
mentation in both groups was performed by Step-back
technique with constant irrigation with 0.5% NaOCl
solution in quantities of 10 ml for each root canal. In the
group of extracted teeth instrumentation included both
simple canal systems (central incisors) and complex canal
systems (mesiobuccal and distobuccal canals of the upper
first molars).

One set of instruments from each group, after their
use, was sterilized in a dry sterilizer (Electronic Sutjeska,
Belgrade) at the temperature of 121°C for 6 hours. Also,
one set of used instruments was sterilized in autoclave
(Vacuclave 24B/30B Melag) at the temperature of 134°C.

Working part of all used instruments was analyzed
under the magnifying glass and six times magnification.

For manual endodontic instruments (size 0.08, 0.15
and 0.20) with visible deformations of the working part,
cross-sections were made at the distances of 3.9, 4.0 and
4.2 mm from the tip of the instrument, for further analy-
sis. The instruments were initially placed in a mold with
autopolymerized acrylic and then cut in sections 1 mm
thick using the device IsoMet 4000 (Buehler) and the blade
IsoCut 7. The velocity of the blade (thick 0.7 mm) placed
perpendicular to the axis of the instrument was 6mm/min
at4000 rpm. New (unused) instruments of the same diam-
eter, prepared identically, served as controls.

Cross-sections of the working parts of deformed instru-
ments were analyzed using optimagnetic image (optimag-

netic fingerprint) to register any changes in the structure
of the material. This method is based on the interac-
tion between light and matter and relationships of elec-
trical and magnetic forces in covalent and intermolecu-
lar contacts in the matter. Reflected polarized light has
the electric component of interaction between light and
matter, the difference in response to stimulation with
white light (electromagnetic wave) and reflected polarized
light (electric wave) gives magnetic properties of matter
(optimagnetic print) [5].

Digital recordings in RGB system color (R - red, G -
green and B - blue) were used for analysis. According to
them, pixels were selected in the red and blue canal for
white diffuse light (W) and reflected polarized light (P).
The algorithm used in data analysis was based on the
color chart called “Maxwell’s triangle” and the operation
of spectral convolution according to the relation of (RB)
and (WP). Short label emphasizes that in the spectral
convolution algorithm, for the optimagnetic print calcu-
lation, the difference in spectra of red and blue channel
of white and polarized light is used. Thus, the method
and algorithm for getting unique spectral fingerprint is
based on the convolution RGB channel diagram made on
the basis of digital recordings obtained from the inter-
action of light and matter at the individual and multiple
wavelengths [5].

RESULTS

Deformations of the working part of the reamers after clin-
ical use are found in 50%, of K-files in 43% and Hedstroem
in 66.7% of used instruments. However, there was statis-
tically significant difference in frequency of the deforma-
tions between used endodontic instruments (Table 2). On
endodontic instruments sterilized in a dry sterilizer defor-
mations were registered in 63.6% while on instruments
sterilized in the autoclave in 40%. Statistically significant
difference in the frequency of deformations regarding the
method of sterilization was not observed (Table 3).
Deformations of the working part of the instruments
after the canal preparation in extracted teeth were
observed in 87.5% of reamers, in 50% of K-files and
62.5% of Hedstroem files. Statistically significant differ-
ences in the frequency of deformations on the instru-
ments were not found (x2=5.250; p=0.072; Table 4). On
instruments sterilized in a dry sterilizer, deformation was



Table 2. Deformations of the working part of the endodontic instru-
ments used in clinical conditions.
Tabela 2. Deformacije radnog dela endodontskih instrumenata kori-
$¢enih u klinickim uslovima.
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Table 4. Deformations of the working part of the endodontic instru-
ments used on extracted teeth.
Tabela 4. Deformacije radnog dela endodontskih instrumenta kori-
s¢enih kod ekstrahovanih zuba.

I Deformation Total I Deformation Total
nstrument Deformacija ota nstrument Deformacija ota
Instrument Ukupno Instrument Ukupno
No / Ne Yes / Da No / Ne Yes / Da

Reamers o o o Reamers o o o
Prosirivadi tipa K 8 (50.0%) 8 (50.0%) 16 (100.0%) Prosirivadi tipa K 2 (12.5%) 14 (87.5%) 16 (100.0%)
K-files o o o K-files o o o
Turpije tipa K 9(56.3%) 7 (43.8%) 16 (100.0%) Turpije tipa K 8 (50.0%) 8 (50.0%) 16 (100.0%)
Hedstroem o o o Hedstroem o o o
Turpije tipa H 4(33.3%) 8 (66.7%) 12 (100.0%) Turpije tipa H 6 (37.5%) 10 (62.5%) 16 (100.0%)
Total o o o Total o o o
Ukupno 21 (47.7%) 23 (52.3%) 44 (100.0%) Ukupno 16 (33.3%) 32 (66.7%) 48 (100.0%)

Table 3. Deformations of the working part of the endodontic instru-
ments used in clinical conditions depending on the sterilization type.
Tabela 3. Deformacije radnog dela endodontskih instrumenata kori-
$¢enih u klinickim uslovima u zavisnosti od nacina sterilizacije.

Table 5. Deformations of the working part of the endodontic instru-
ments used on extracted teeth depending on sterilization type.
Tabela 5. Deformacije radnog dela endodontskih instrumenta kori-
s¢enih kod ekstrahovanih zuba u zavisnosti od nacina sterilizacije.

. Deformation o Deformation
Natin seerilzacie Defortnacis W Nadin seeritzache Deformacija Ukpno
No / Ne Yes / Da No / Ne Yes / Da
EJ\),':Z‘;':: ﬁj;'cou'; 8 (36.4%) 14 (63.6%) | 22(100.0%) EJ\Z:?::K:;E; 9 (40.9%) 13(91%) | 22 (100.0%)
fucocave 13 (59.1%) 9(409%) | 22(1000%) futocave 3(13.6%) 19(864%) | 22(100.0%)
Jocal 21 (47.7%) 23(523%) | 44(100.0%) Total 12 (27.3%) 32(727%) | 44(100.0%)
Ukupno Ukupno =27 7 L
Table 6. Deformations of the working part of the endodontic instruments during endodontic treatment.
Tabela 6. Deformacije radnog dela endodontskih instrumenata pri rutinskoj klini¢koj instrumentaciji kanala korena zuba.
Deformation type
Vrsta deformacije
Instrument Number Curvature Thread loss Curvature and thread loss Fracture
Instrument Broj Zakrivljenost Gubitak navoja Zakrivljenost i gubitak navoja Lomljenje
Dry steril. | Autoclave | Dry steril. | Autoclave | Dry steril. Autoclave Dry steril. | Autoclave
Suva steril. | Autoklav | Suva steril. | Autoklav | Suva steril. Autoklav Suva steril. | Autoklav
Reamers 16 1 3(0.10; .15; 2 1 3 3
Prosirivaci tipa K (0.30) 0.25) (0.08;.15) (0.08) (0.10)
K-files 16 1 1 2 - ! - -
Turpije tipa K (0.15) (0.10) (0.20;.30) (0.08; 0.10) (0.10)
Hedstroem 9 2 1 1 1 1 1 1 3
Turpije tipa H (0.25; .35) (0.30) (0.30) (0.20) (0.20) (0.15) (0.15)
Total
Ukupno 44 3 3 6 3 4 3 1 -
Total number of instru-
ments with deformations
Ukupan broj instrumena- 3
ta sa deformacijama
Table 7. Deformations of the working part of the endodntic instruments during endodontic treatment on extracted tooth.
Tabela 7. Deformacije radnog dela endodontskih instrumenata pri preparaciji kanala korena ekstrahovanog zuba.
Deformation type
Vrsta deformacije
Instrument Number Curvature Thread loss Curvature and thread loss Fracture
Instrument Broj Zakrivljenost Gubitak navoja Zakrivljenost i gubitak navoja Lomljenje
Dry steril. | Autoclave | Dry steril. | Autoclave | Dry steril. Autoclave Dry steril. | Autoclave
Suva steril. | Autoklav | Suva steril. | Autoklav | Suva steril. Autoklav Suva steril. | Autoklav
Reamers 16 3(0.08; 3(0.30; 2 2 1 2 1 3
Progirivaéi tipa K 0.30;0.40) | 0.35;0.40) | (0.15;0.35) | (0.08;0.10) (0.20) (0.20; 0.15) (0.25)
K-files 16 2 3(0.08; 1 2 ; ;
Turpije tipa K (0.10; 0.25) 0.15; 0.40) (0.08) (0.20; 0.30)
Hedstroem 1 2 3(0.15; 0.20; 1(0.30) . 4(0.15; 0.20; 3 .
Turpije tipa H (0.25;0.35) 0.40) i 0.25; 0.40)
Total
Ukupno 44 5 5 5 6 2 8 1 -
Total number of instru-
ments with deformations
Ukupan broj instrumena- 32
ta sa deformacijama
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Figure 1. Deformation in a term of thread loss (reamer 0.10) in the
apical third of the working part after clinical use and sterilization in
dry sterilizer.

Slika 1. Deformacija instrumenta u vidu gubitka navoja (prosirivac ti-
pa K, 0,10) u apikalnoj tre¢ini radnog dela nakon koris¢enja u klini¢-
kim uslovima i sterilizacije u suvom sterilizatoru.

Figure 2. Deformation in a term of thread loss (reamer 0.20) in the
apical and middle third of the working part after use on extracted
teeth and sterilization in autoclave.

Slika 2. Deformacija instrumenta u vidu gubitka navoja (prosirivac ti-
paK,0,20) u apikalnoj i srednjoj trecini radnog dela nakon instrumen-
tacije kanala kod ekstrahovanih zuba i sterilizacije u autoklavu.

Figure 3. Deformation in a term of thread loss (K-file 0.08) in the api-
cal third of the working part after clinical use and sterilization in dry
sterilizer.

Slika 3. Deformacija instrumenta u vidu gubitka navoja (turpija tipa
K, 0,8) u apikalnoj tre¢ini radnog dela nakon kori$¢enja u klini¢kim
uslovima i sterilizacije u suvom sterilizatoru.
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Figure 4. Deformation in a term of thread loss (K-file, 0.20) in the api-
cal third of the working part after use on extracted teeth and sterili-
zation in autoclave.

Slika 4. Deformacija instrumenta u vidu gubitka navoja (turpija tipa
K, 0,20) u apikalnoj tre¢ini radnog dela nakon instrumentacije kanala
kod ekstrahovanih zuba i sterilizacije u autoklavu.

Figure 5. Deformation in a term of curvature (Hedstroem, 0.15) in the
apical third of the working part after clinical use and sterilization in
autoclave.

Slika 5. Deformacija instrumenta u vidu zakrivljenja (turpija tipa H,
0,15) u apikalnoj tre¢ini radnog dela nakon koris¢enja u klini¢kim uslo-
vima i sterilizacije u autoklavu.

observed in 59.1% while after sterilization in autoclave
deformation of the working part was observed in 86.4%.
This difference was statistically significant (x>=4.125;
p=0.042; Table 5).

On reamers which were sterilized in a dry sterilizer
after a routine clinical application, deformations in the
form of curvature and loss of thread were registered in
one instrument, while the loss of thread was observed in
three reamers in the apical third of the working part of
the instrument (Table 6, Figure 1). Reamers sterilized in
autoclave after clinical application showed curvature in
one instrument, the curvature and loss of thread also in
one, while the loss of thread was registered in two instru-
ments (Table 6).

After instrumentation of the canals in extracted teeth
and sterilization in a dry sterilizer, curvature was recorded
in three reamers, loss of thread in two instruments, and
the curvature and loss of thread on one. Fracture was
observed in apical third of one reamer (Table 7). In ream-
ers sterilized in autoclave curvature was observed in the
three instruments, the loss of thread in two (Figure 2),
while the curvature and loss of thread were registered in
two instruments (Table 7).

In K-files sterilized in a dry sterilizer after routine clin-
ical use, deformations in the form of a curvature were
found in one instrument. Loss of thread is registered in
two instruments and the curvature and loss of thread also
in two (Table 6, Figure 3) In K-files sterilized in the auto-
clave after the clinical use, the curvature was recorded
in one and the curvature and loss of thread also in one
(Table 6). K-files used on extracted teeth and sterilized
in a dry sterilizer had deformations in the form of curva-
ture and loss of thread in one instrument while in group
of instruments sterilized in autoclave curvature was regis-
tered in two instruments. Curvature and loss of thread
were observed also in two instruments. Loss of threads is
observed in three files (Figure 4, Table 7).

Deformations in the form of the curvature of the
Hedstroem files sterilized in a dry sterilizer after clinical
use were observed in two instruments (Figure 5). Loss of
thread was registered in one and the curvature and loss of
thread also in one. Fracture was also observed in only one
instrument (Table 6). In files sterilized in autoclave, curva-
ture was recorded in one and the loss of thread also in one.
The same was for curvature and loss of thread (Table 6).

Hedstroem files, used for canal instrumentation in
extracted teeth and sterilized in a dry sterilizer had defor-
mations in the form of curvature in two and loss of thread
in three instruments (Table 7). In Hedstroem files ster-
ilized in the autoclave curvature and loss of thread were
observed in four and the loss of thread in one file only
(Table 7).

Cross-section analysis of new unused manual instru-
ment (the reamer; 0.15) and deformed part of the instru-
ment (the reamer; 0.15) by optomagnetic print showed
that there is a difference in the structure of the material
between these instruments (Graphs 1 and 2). The analysis
also showed that changes in used instruments were espe-
cially presented in the area of deformation.
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Graph 1. Diagram of the cross section of unused reamer (0.15).
Grafikon 1. Dijagram poprecnog preseka nekoris¢enog prosirivaca
(0,15).
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Graph 2. Diagram of the cross section of the deformation of used re-
amer (0.15).

Grafikon 2. Dijagram poprecnog preseka koris¢enog prosirivaca (0,15)
na mestu deformacije.

DISCUSSION

The outcome of endodontic treatment mostly depends
on the quality and safe mechanical instrumentation of
root canals. Although the design of the endodontic instru-
ments (especially rotary) was considerably improved
and instrumentation techniques have become safer and
more efficient, deformations and fractures of instru-
ments during endodontic procedures are still a signifi-
cant problem [6, 7].

Endodontic instruments are exposed to numerous
stresses during clinical use in the complex root canal
system [6, 8]. Specifically, during root canal instrumenta-
tion various clinical factors can incorporate during clean-
ing and shaping of the root canal and they are hard to
control. These are the morphology of the root canal system
and initial diameter of the canal (curvature, length and
width), the selection and design of the endodontic instru-
ments, preparation technique, irrigation and experience
of the therapist [2, 4]. Therefore, canal instruments are
exposed to various forms of stress during clinical use and
the concentration of stress and potential possibility for
deformation (curvature, loss of thread, fracture) mainly
depend on the complexity of the canal system, the dynam-
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ics of use in the canal (rotation, filing) how many times
were used, sterilization type and above all, experience of
the therapist. After multiple use, instruments become
less effective and vulnerable to fractures when used in
the complex canal system [9, 10].

In this study manual endodontic instruments were used
in routine clinical practice in patients with different teeth
diagnosis and different canal systems. Canal instrumenta-
tion in extracted teeth included teeth with complex canal
system (upper molars with narrow and curved buccal
canals) and frontal teeth with a simple canal system, to
ensure similar conditions to clinical conditions [2]. To
obtain similar instrumentation conditions, all instruments
were used 10 times and canal preparations in clinical and
experimental conditions were done by one practitioner.
The experience of the therapist as well as his sense of the
work is important factors in assessing possible damage of
the endodontic instruments during their use [6].

Deformations of the working part of reamers were
slightly more presented in the root canal preparation
of extracted teeth. This could be explained by the fact
that some of extracted teeth had narrowed and curved
canals, while in the routine clinical practice, the choice
of teeth for endodontic treatment depended only on the
current pathology of the patients in the clinic. This could
explain also increased resistance of the larger reamers
during instrumentation of the narrow canal compared to
the instruments of smaller dimensions [8]. The greatest
number of deformities in the form of curvature and loss
of thread and one fracture of small size reamer confirmed
the fact that these instruments should be used only once
[8, 11]. The excessive rotation in curved and narrowed
canal leads to torsion stress, because while the handle
of the instrument rotates, the tip of the instruments in
curved and narrowed canal is squeezed and hard to rotate.
When this stress overcomes the limits of material fatigue
fracture or fractures of the instrument occur(s) [8, 12,
13, 14]. It has been confirmed that manual endodontic
instruments show excellent plastic deformation before
fracture occurs [8, 12].

Design of the K-files allows only filing movements in
the canal and therefore the deformation of these instru-
ments were fairly consistent in routine clinical use and
during root canal instrumentation in extracted teeth [11,
13]. Deformations in the form of the curvature are the
result of the narrow canal, cross-sectional design and iner-
tia that occurs during the canal preparation [7]. When the
tip of the instrument is forced through the small lumen
of the canal, it causes large torsion stress and deforma-
tion of the working part even if rotation is low [7, 8].
Mathematical analysis showed that the concentration
of stress occurs at the edges of the instrument, not on
the cutting edge, which disrupts the efficiency of dentine
cutting during the canal instrumentation [6].

Deformations of the working part of the instrument
were significantly present after sterilization in autoclave.
This could be explained by increased temperature during
sterilization but also the fact that these instruments are
used repeatedly in a complex canal system, where the
working part was often stressed during the instrumen-
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tation [10, 11]. Increase in diameter of manual instru-
ment contributes to the increasing resistance to defor-
mation and reducing the resistance to material fatigue
[6, 13]. This is especially important after multiple use of
instruments. Right preparation technique would be to
use larger diameter files first, then the smaller (crown-
down). That way, one provides less friction when shaping
narrow canal [2, 7, 12].

Deformations of the working part of Hedstroem files
were also fairly consistent in routine clinical use and
during instrumentation of the root canal in extracted
teeth but in a slightly larger number than the K-files.
The curvature of the manual endodontic instruments
was slightly expressed near to the tip of the instrument
also in the larger diameter instruments. This could be
explained by presented stress during instrumentation in
curved and narrowed canals. Excessive stress did not cross
the border of material fatigue and fracture of the instru-
ment was not presented (except in one case) because this
file was used carefully and without rotation in the canal
[13]. During the cutting of the dentine and filing move-
ments (up-down),stress was smaller than the mechanical
properties of materials of which the instrument was built,
and the anatomy of the canal did not have influenced on
deformations [8, 15].

CONCLUSION

Multiple use of the manual endodontic instruments in
clinical conditions and during the canal instrumenta-
tion in extracted teeth led to malformations of the work-
ing part in the form of curvature and loss of thread in all
types of used instruments. Higher degree of deforma-
tions was shown on instruments sterilized in the auto-
clave after their use.
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KRATAK SADRZA)

Uvod Mehanicka instrumentacija slozenog kanalskog sistema zuba je vrlo tezak i komplikovan zahvat i zahteva primenu razli¢itih
ru¢nih i masinskih rotirajucih instrumenata. Cilj rada je bio da se utvrdi u¢estalost deformacija radnog dela ru¢nih endodontskih
instrumenata posle njihove visekratne klinicke primene.

Materijal i metode rada U istrazivanju su kori$¢eni setovi novih ruénih endodontskih instrumenata (prosirivadi tipa K, turpije ti-
pa K, turpije tipa H) koji su koriséeni u rutinskoj klini¢koj primeni (44 instrumenta) i za instrumentaciju kanala ekstrahovanih zu-
ba (44 instrumenta). Kod svih kanala instrumentacija je uradena tzv. step-back tehnikom uz stalnu irigaciju rastvorom NaOCl od
0,5% u kolicini od 10 ml za svaki kanal. Svi instrumenti su koris¢eni deset puta i nakon primene sterilisani u suvom sterilizatoru, od-
nosno autoklavu. Preseci deformisanih radnih delova instrumenata su analizirani metodom optimagnetnog otiska.

Rezultati Rezultati istrazivanja su nakon klinicke primene ukazali na deformacije radnog dela prosirivaca tipa K kod 50%, turpija
tipa K kod 43% i turpija tipa H kod 66,7% koris¢enih instrumenata. Nakon instrumentacije kanala ekstrahovanih zuba deformaci-
je kod prosirivaca su uocene u 87,5%, kod turpija tipa K u 50%, a kod turpija tipa H u 62,5% slu¢ajeva. Razlika u u¢estalosti defor-
macija nije bila statisti¢ki znacajna. Kod instrumenata koriséenih za preparaciju kanala ekstrahovanih zuba i sterilisanih u autokla-
vu deformacija radnog dela je uocena kod 86,4% njih, a kod sterilisanih u suvom sterilizatoru kod 59,1% instrumenata. Ova razlika
je bila statisticki znacajna (x2=5,250; p=0,072).

Zakljucak Visekratna primena ru¢nih endodontskih instrumenata u klinickim uslovima dovodi do povecane ucestalosti deforma-

cija radnog dela svih tipova ovih instrumenata.

Kljucne reci: ru¢ni endodontski instrumenti; deformacije; sterilizacija

UvoD

Instrumentacija kanala korena zuba je najvaznija faza endo-
dontske procedure i od njene pravilne realizacije uglavnom za-
visi i uspeh endodontskog le¢enja. Adekvatna mehanicka obra-
da slozenog kanalskog prostora je ¢esto vrlo teska i kompliko-
vana i zahteva primenu razli¢itih ru¢nih i masinskih rotiraju-
¢ih instrumenata, odnosno njihovu kombinaciju [1]. Hemome-
hani¢kom pripremom, ¢i$¢enjem i oblikovanjem kanalskog si-
stema neophodno je obezbediti koni¢ni oblik kanala i osigura-
ti bezbedne uslove za kvalitetnu trodimenzionalnu hermeticku
opturaciju tako pripremljenog kanala korena zuba [2].

Endodontski instrumenti za ru¢nu upotrebu (prosirivaci,
razli¢ite vrste turpija) izradeni su od visokokvalitetnog ¢elika
ili nikl-titanijumske legure (NiTi) i obi¢no se koriste viSekrat-
no. Svi oni su tokom instrumentacije kanala, odnosno tokom
klini¢ke upotrebe podlozni razli¢itim vidovima pritiska, a time
irazli¢itim deformacijama. Koncentracija pritiska i mogu¢nost
njihove deformacije ili lomljenja tokom njihovog rukovanja za-
visi od raznih faktora: materijala od kojeg su izradeni, anatom-
skih osobina kanala, dinamike i ucestalosti njihove primene u
kanalu, nacina pripreme i sterilizacije, dizajna radnog dela sa-
mog instrumenta i primene razli¢itih hemijskih sredstava to-
kom instrumentacije [2, 3, 4]. Svi ovi faktori su blisko poveza-
ni sa stru¢nim kvalitetima terapeuta i najviSe zavise od njego-
ve obucenosti da pravilno koristi instrumente tokom realiza-
cije razli¢itih tehnika preparacije kanala. Ipak, osnovni cilj je
obezbedivanje najboljeg efekta ¢iS¢enja i oblikovanja kanala, a
nada sve bezbednosti tokom manipulacije u komplikovanom
kanalskom sistemu [2].

Iako mnoge klinicke studije potvrduju da ru¢ne endodont-
ske instrumente manjeg prec¢nika (0,6; 0,8; 0,10; 0,15; 0,20)

treba koristiti samo jednokratno, to se u klinickoj praksi vrlo
Cesto ne postuje. Naime, deformacije i lomljenje instrumenata
u kanalu su mnogo ¢e$¢i kod njihove viSekratne upotrebe, pa
su zbog toga ove komplikacije tokom izvodenja endodontskog
postupka Ceste i znacajne.

Cilj rada je bio da se proveri ucestalost mogucih deforma-
cija radnog dela ru¢nih endodontskih instrumenata posle nji-
hove viSekratne rutinske klini¢cke primene u preparaciji kana-
la korena zuba.

MATERIJAL | METODE RADA

Istrazivanje je uradeno na Klinici za bolesti zuba Stomatolo-
$kog fakulteta Univerziteta u Beogradu. Kao materijal korisce-
ni su setovi novih ru¢nih endodontskih instrumenata: dva se-
ta prosirivaca tipa K (KENDO K-reamers 25 mm, veli¢ine 0,08;
0,105 0,15; 0,205 0,25; 0,30; 0,35; 0,40), dva seta turpija tipa K
(KENDO K-file 25 mm, veli¢ine 0,08; 0,10; 0,15; 0,20; 0,25; 0,30;
0,35; 0,40) i dva seta turpija tipa H - Hedstrom (KENDO H-fi-
le 25 mm, veli¢ine 0,15; 0,20; 0,25; 0,30; 0,35;0,40). Kori$¢eno
je ukupno 88 ru¢nih kanalskih instrumenata svrstanih u dve
grupe. Prvu grupu su ¢inila 44 instrumenta koja su kori§¢ena
u rutinskom klini¢kom radu kod endodontskih zahvata na zu-
bima razli¢itih morfoloskih grupa i razli¢itih dijagnoza, a dru-
gu takode 44 instrumenta kori$¢ena za instrumentaciju kana-
la ekstrahovanih zuba (Tabela 1).

Kako u klinickim, tako i u eksperimentalnim uslovima svi
ru¢ni endodontski instrumenti su upotrebljeni za preparaci-
ju deset kanala. Nakon formiranja pristupnog kaviteta i ukla-
njanja sadrzaja iz kanala, svaki set instrumenata je kori$¢en za
mehanicku instrumentaciju kanala korena zuba. Prosirivaci
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su kori$¢eni pokretima rotacije i turpijanja, a turpije iskljucivo
longitudinalnim pokretima turpijanja. Instrumentacija kana-
la u obe grupe realizovana je tzv. step-back tehnikom uz stalnu
irigaciju rastvorom NaOCl od 0,5% u koli¢ini od 10 ml za svaki
kanal korena. U grupi ekstrahovanih zuba instrumentacija je
obuhvatila jednostavne kanalske sisteme (centralni sekutici) i
instrumentaciju slozenih kanala (bukomezijalni i bukodistalni
kanali gornjih prvih molara).

Po jedan set kori$¢enih endodontskih instrumenata iz svake
grupe je nakon primene sterilisan u suvom sterilizatoru (Elec-
tronic Sutjeska, Beograd) na temperaturi od 121°C tokom $est
sati, a drugi u autoklavu (Vacuclave 24B/30B Melag) na tempe-
raturi od 134°C.

Radni deo svih upotrebljenih ru¢nih endodontskih instru-
menata je analiziran lupom pri uvecanju od $est puta.

Kod ru¢nih endodontskih instrumenata sa vidljivim defor-
macijama radnog dela veli¢ine 0,08, 0,15 i 0,20 napravljeni su
preseci na udaljenosti od 3,9, 4,0 4,2 mm od vrha instrumen-
ta zbog pripreme za dalju analizu. Instrumenti su najpre uloze-
ni u kalup s autopolimerizujué¢im akrilatom, a potom su apara-
tom IsoMet 4000 (Buehler) i se¢ivom IsoCut 7 napravljeni pre-
seci debljine 1 mm. Se¢ivo debljine 0,7 mm upravno na osovi-
nu instrumenta zalivenog u akrilatni kalup kretalo se brzinom
od 6 mm u minuti pri 4.000 obrtaja u minuti. Kao kontrola po-
sluzili su preseci novih nekori$¢enih endodontskih instrume-
nata istog precnika, koji su pripremljeni na istovetan nacin.

Preseci deformisanih radnih delova instrumenata su anali-
zirani metodom optomagnetnog otiska (engl. optormagnetic fin-
gerprint), kako bi se ustanovile promene u strukturi materijala
deformisanog ru¢nog instrumenta. Ova metoda je zasnovana
na interakciji izmedu svetlosti i materije i odnosa elektri¢nih i
magnetnih sila u kovalentnim i medumolekularnim vezama u
materiji. Kako odbijena polarizovana svetlost sadrzi elektri¢nu
komponentu interakcije izmedu svetlosti i materije, razlika u
odzivima na stimulaciju belim svetlom (elektromagnetni talas)
iodbijene polarizovane svetlosti (elektri¢ni talas) daje magnet-
na svojstva materije (optomagnetni otisak) [5].

U analizi su koris¢eni digitalni snimci u sistemu boja RGB
(Red - crvena; Green - zelena; Blue — plava) na osnovu kojih
su odabrani pikseli u crvenom i plavom kanalu za belu difu-
znu svetlost (W) i odbijenu polarizovanu svetlost (P). Algori-
tam kori$¢en u analizi podataka je zasnovan na dijagramu boja
nazvanom ,Maksvelov trougao” i operaciji spektralne konvolu-
cije prema odnosu (R-B)&(W-P). Skra¢ena oznaka istice da se u
algoritmu spektralne konvolucije za prora¢un optomagnetnog
otiska koristi razlika spektara crvenog (R) i plavog (B) kanala
bele svetlosti (W) i polarizovane svetlosti (P). Tako su metoda
ialgoritam za dobijanje jedinstvenog spektralnog otiska zasno-
vani na konvolucionom dijagramu RGB kanala dobijenom na
osnovu digitalnih snimaka koji daju interakeciju svetlosti i ma-
terije na pojedinacnim i vi$estrukim talasnim duzinama [5].

REZULTATI

Deformacije radnog dela nakon klinicke primene uocene su
kod prosirivaca u 50%, kod turpija tipa K u 43%, a kod turpija
tipa H u 66,7% koris¢enih instrumenata. Utvrdena je statistic-
ki znacajna razlika u ucestalosti deformacija izmedu korisce-
nih endodontskih instrumenata (Tabela 2). Kod endodontskih

instrumenata sterilisanih u suvom sterilizatoru deformacije su
otkrivene u 63,6% slucajeva, a kod instrumenata sterilisanih u
autoklavu u 40%. Ova razlika u ucestalosti deformacija u zavi-
snosti od nacina sterilizacije, medutim, nije bila statisticki zna-
¢ajna (Tabela 3).

Deformacije radnog dela instrumenta nakon preparacije ka-
nala ekstrahovanih zuba uocene su u 87,5% prosirivaca, 50%
turpija tipa K1 62,5% turpija tipa H. Statisticki znacajne razli-
ke u ucestalosti deformacija instrumenata nije bilo (x>=5,250;
p=0,072; Tabela 4). Kod 59,1% instrumenata sterilisanih u su-
vom sterilizatoru uocena je deformacija radnog dela, dok je na-
kon sterilizacije u autoklavu ova deformacija ustanovljena kod
86,4% kori$¢enih instrumenata. Ova razlika je bila statisticki
znacajna (x2=4,125; p=0,042; Tabela 5).

Kod progirivaca tipa K koji su nakon rutinske klinicke pri-
mene sterilisani u suvom sterilizatoru deformacije u vidu za-
krivljenosti i gubitka navoja su zabelezene kod jednog instru-
menta, dok je gubitak navoja uocen kod tri prosirivaca u api-
kalnoj tre¢ini radnog dela instrumenta (Tabela 6, Slika 1). Kod
prosirivaca tipa K koji su sterilisani u autoklavu zakrivljenost
je uocena kod jednog instrumenta, kao i zakrivljenost i gubi-
tak navoja, dok je gubitak navoja zabelezen kod dva koris¢ena
instrumenta (Tabela 6).

Pri instrumentaciji kanala ekstrahovanih zuba i sterilizaci-
ji u suvom sterilizatoru zakrivljenost je zabelezena kod tri pro-
$irivaca, gubitak navoja je uocen kod dva instrumenata, a za-
krivljenost i gubitak navoja kod jednog. Lomljenje je uoceno u
apikalnoj trec¢ini jednog prosirivaca (Tabela 7). Kod prosiriva-
¢a sterilisanih u autoklavu zakrivljenost je uocena kod tri in-
strumenta, gubitak navoja kod dva (Slika 2), dok su zakrivlje-
nost i gubitak navoja zabeleZeni kod dva instrumenta (Tabela 7).

Kod turpija tipa K koje su nakon rutinske klinicke upotre-
be sterilisane u suvom sterilizatoru uo¢ene su promene u vidu
zakrivljenosti kod jednog instrumenta, gubitak navoja je za-
belezen kod dva instrumenta, kao i zakrivljenost i gubitak na-
voja (Tabela 6, Slika 3). Na turpijama tipa K koje su sterilisa-
ne u autoklavu zakrivljenost je zabelezena kod jednog instru-
menta, kao i zakrivljenost i gubitak navoja (Tabela 6). Turpije
tipa K kori$¢ene na ekstrahovanim zubima i sterilisane u su-
vom sterilizatoru imale su deformacije u vidu zakrivljenosti i
gubitka navoja kod jednog instrumenta, dok je u grupi sterili-
sanih u autoklavu zakrivljenost registrovana kod dva, kao i za-
krivljenost i gubitak navoja. Gubitak navoja je uocen kod tri
turpije (Slika 4, Tabela 7).

Deformacije u vidu zakrivljenosti kod turpija tipa H sterili-
sanih u suvom sterilizatoru su nakon klinicke upotrebe uoce-
ne kod dva instrumenta (Slika 5), gubitak navoja je zabelezen
kod jednog, kao i zakrivljenost i gubitak navoja. Lomljenje je
takode uoceno kod samo jednog instrumenta (Tabela 6). Kod
turpija sterilisanih u autoklavu zakrivljenost je zabelezena kod
jednog, kao i gubitak navoja, odnosno zakrivljenost i gubitak
navoja (Tabela 6).

Turpije tipa H kori$¢ene za instrumentaciju kanala ekstra-
hovanih zuba sterilisane u suvom sterilizatoru imale su defor-
macije u vidu zakrivljenosti kod dva, a gubitak navoja kod tri
instrumenta (Tabela 7). Kod turpija tipa H sterilisanih u auto-
klavu zakrivljenost i gubitak navoja je uocena kod ¢etiri, a gu-
bitak navoja kod samo jedne turpije (Tabela 7).

Analiza preseka nekori$¢enog ru¢nog instrumenta (prosi-
riva¢ tipa K; 0,15) i preseka deformisanog dela instrumenta



(progiriva¢ tipa K; 0,15) optomagnetnim otiskom otkrila je raz-
liku u strukturi materijala ovih instrumenata (Grafikoni 11 2).
Analiza je takode pokazala da su promene kod kori$c¢enih in-
strumenata narocito izrazene na mestu deformacije.

DISKUSIJA

Ishod endodontskog lecenja zuba u najvecoj meri zavisi od kva-
litetne i sigurne mehanicke instrumentacije kanala korena zu-
ba. Iako je poslednjih godina znacajno poboljsan dizajn endo-
dontskih instrumenata (pogotovo masinskih rotirajucih), a teh-
nike instrumentacije postale sigurnije i efikasnije, deformacije
i lomljenje ovih instrumenata tokom izvodenja endodontskog
postupka i dalje su znacajan problem [6, 7].

Endodontski instrumenti su tokom klini¢ke upotrebe izlo-
Zeni brojnim pritiscima u komplikovanom kanalskom sistemu
zuba [6, 8]. Naime, tokom instrumentacije kanala korena zuba
inkorporiraju se razliciti klinicki faktori koje je tokom ¢iS¢enja
i oblikovanja kanala korena tesko kontrolisati. To su, pre sve-
ga, morfoloske osobenosti kanalskog sistema zuba i inicijalni
pre¢nik kanala (zakrivljenost, duzina, $irina), izbor i dizajn en-
dodontskih instrumenata, tehnike preparacije i irigacije kanala
korena zuba i, naravno, iskustvo terapeuta [2, 4]. Kanalski in-
strumenti su zato izloZeni razli¢itim vidovima pritiska tokom
Kklinicke primene, a koncentracija pritiska i mogu¢nost defor-
macije (zakrivljenost, gubitak navoja, lomljenje) uglavnom za-
vise od komplikovanosti kanalskog sistema, dinamike prime-
ne u kanalu (rotacija, turpijanje), ucestalosti koris¢enja, naci-
na sterilizacije i prakti¢nog iskustva terapeuta. Zbog toga su
ovi instrumenti manje efikasni tokom instrumentacije i pod-
lozniji lomljenju pri koris¢enju u komplikovanom kanalskom
sistemu [9, 10].

U ovom istrazivanju ru¢ni endodontski instrumenti su ko-
ri$¢eni u rutinskoj klini¢koj praksi kod pacijenata s razlicitom
patologijom zuba i razli¢itim kanalskim sistemima. Instrumen-
tacija kanala kod ekstrahovanih zuba obuhvatila je zube sa slo-
Zenijim kanalskim sistemom (gornji molari sa suzenim i za-
krivljenim bukalnim kanalima), odnosno prednje zube s jed-
nostavnijim kanalskim sistemom, kako bi se obezbedili uslovi
sli¢ni klinickim [2]. Da bi uslovi instrumentacije bili $to ujed-
naceniji, svi instrumenti su koris¢eni po deset putna, a prepa-
raciju kanala i u klini¢kim i u eksperimentalnim uslovima oba-
vio je jedan prakticar. Iskustvo terapeuta je veoma vazan fak-
tor u proceni mogucih o$te¢enja endodontskih instrumenata
tokom rada, kao i njegov osecaj pri radu [6].

Deformacije radnog dela prosirivaca tipa K bile su nesto Ce-
$¢e pri preparaciji kanala korena ekstrahovanih zuba. Ovo bi se
moglo objasniti ¢injenicom da je kod ekstrahovanih zuba bi-
lo vise kanalskih sistema sa suzenim i zakrivljenim kanalima
nego $to je to bilo u rutinskoj klinickoj praksi, gde je izbor zu-
ba za endodontsko lec¢enje zavisio od trenutne patologije zuba
pacijenta koji se javio na Kliniku. Ovim bi se mogla objasniti i
povecana otpornost pro$irivaca ve¢ih dimenzija tokom instru-
mentacije suzenih kanala u odnosu na instrumente manjeg prec-
nika [8]. Najveci broj deformacija u vidu zakrivljenja i gubitka
navoja i jedno lomljenje kod progirivaca manjih dimenzija sa-
mo potvrduje ¢injenicu da ove instrumente treba koristiti samo
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jedanput [8, 11]. Naime, preterana rotacija u zakrivljenom i su-
zenom kanalu dovodi do torzionog stresa, jer dok se drska ru¢-
nog instrumenta rotira, vrh instrumenta u zakrivljenom i suze-
nom kanalu je stisnut i tesko se okrece. Kada ovaj pritisak pre-
vazide granice zamora materijala, dolazi do lomljenja instru-
menta [8, 12, 13, 14]. Potvrdeno je inace da ru¢ni endodontski
instrumenti pokazuju izuzetnu plasti¢nu deformaciju pre ne-
go Sto dode do preloma [8, 12].

Dizajn turpija tipa K omogucava samo pokrete turpijanja u
kanalu i zbog toga su deformacije ovih instrumenata bile pri-
li¢no ujednacene i u rutinskoj klinickoj primeni i pri instru-
mentaciji kanala korena ekstrahovanih zuba [11, 13]. Defor-
macije u vidu zakrivljenja instrumenta posledica su suzenog
pre¢nika kanala, dizajna popre¢nog preseka i inercije koja se
javlja tokom pripreme kanala [7]. Kada se vrh instrumenta for-
sira kroz mali lumen kanala, dolazi do velikog torzionog stre-
saideformacije radnog dela i pri najmanjoj rotaciji [7, 8]. Ma-
tematicka analiza je pokazala da do koncentracije pritiska do-
lazi na delu instrumenta uz ivicu, a ne na samoj se¢ivnoj ivi-
ci, ¢ime se i remeti efikasnost secenja dentina pri instrumen-
taciji kanala [6].

Deformacije radnog dela instrumenta su bile znacajno vece
nakon sterilizacije u autoklavu. Ovo bi se moglo objasniti pove-
¢anom temperaturom tokom sterilizacije, ali i ¢injenicom da su
ovi instrumenti kori$¢eni nekoliko puta u komplikovanom ka-
nalskom sistemu, gde je radni deo bio ¢e$¢e pod pritiskom to-
kom instrumentacije kanala [10, 11]. Povecanje promera ruc-
nog instrumenta doprinosi povecanju otpornosti na deforma-
ciju, ali i smanjuje otpornost na zamor materijala [6, 13]. Ovo
je narocito vazno nakon povecanog broja koris¢enja instrume-
nata u kanalu. Izborom prave tehnike preparacije, gde se prvo
koriste turpije veceg pre¢nika pa onda manjeg (crown-down),
omogucava se manje trenje prilikom oblikovanja kanala instru-
mentima malog prec¢nika [2, 7, 12].

Deformacije radnog dela turpije tipa H takode su bile pri-
li¢no ujednacene i pri rutinskoj klini¢koj primeni i pri instru-
mentaciji kanala korena ekstrahovanih zuba, ali u nesto ve¢em
broju nego kod turpija tipa K. Zakrivljenost ovih ru¢nih endo-
dontskih instrumenata je bila nesto izrazenija pri vrhu instru-
menta, kao i kod instrumenta veceg pre¢nika. Ovo bi se mo-
glo objasniti izrazenim pritiskom tokom instrumentacije u su-
Zenim i zakrivljenim kanalima. Preterani pritisak nije presao
granice zamora materijala i nije izazvao lomljenje instrumen-
ta (osim u jednom slucaju), jer je ova turpija koriS¢ena pazljivo
ibez rotacije u kanalu [13]. Naime, se¢enjem dentina i pokreti-
ma turpijanja (gore-dole) pritisak je bio manji od mehanickih
odlika materijala od kojih je instrument izraden, a anatomske
osobenosti kanala nisu dodatno uticale na deformacije [8, 15].

ZAKLJUCAK

Posle viSekratne primene endodontskih instrumenata u klini¢-
kim uslovima i pri instrumentaciji kanala ekstrahovanih zuba
doslo je do izrazenih deformacija radnog dela u vidu zakrivlje-
nosti i gubitka navoja kod svih tipova kori$¢enih instrumena-
ta. Vedi stepen deformacija je utvrden kod instrumenata koji
su nakon kori¢enja sterilisani u autoklavu.
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