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SUMMARY

Introduction Although many studies have reported various advantages of nickel-titanium endodontic instruments,
the use of stainless steel endodontic files still presents a standard in everyday practice. The aim of this study was to
evaluate ultrastructure of the surface of stainless steel endodontic instruments before and after their use.

Material and Methods Fourteen sets of non-used stainless steel endodontic reamers and files were included in the
study. Each set of instruments was used one, three or six times in simulated clinical conditions on extracted maxillary
premolars. After their use the instruments were subjected to cleaning and sterilization procedures. Ultrastructure of
the surface of instruments was observed under scanning electron microscope (SEM). Surface analysis was performed
based on the number of uses and size of instruments. The following characteristics were analyzed: defects of instru-
ment flutes, defects of cutting edges and instrument deformations.

Results SEM analysis showed defects on the surface of non-used instruments as a result of the manufacturing proc-
ess. Surface defects, defects of cutting edges as well as flutes deformations were observed after a single use and were
more often noticed in small sized instruments. After three uses, flutes deformations were observed in all small sized
instruments and some of the medium size. After six uses all groups of instruments showed defects of cutting edges.
Conclusion Non-used stainless steel endodontic instruments showed surface defects created by the manufacturing
process. Defects of cutting edges and flutes can be observed after a single use. To minimize complications and mistakes

during clinical preparation it is recommended to limit the number of instrument uses.
Keywords: defects; endodontic instruments; SEM; stainless steel

INTRODUCTION

Endodontic treatment of uninfected and infected root
canal system includes cleaning, shaping, disinfection and
obturation [1]. Although successful endodontic therapy
depends on several factors, one of the most important
steps in the root canal treatment is canal instrumenta-
tion. It is essential because it provides mechanical de-
bridement, creates the space for medicament placement
and final obturation [2]. Although numerous studies have
emphasized benefits of using nickel-titanium endodontic
instruments due to their abilities such as high flexibility
and safe penetration into the curved root canals, the use of
stainless steel endodontic instruments remains standard
in everyday practice [3, 4]. There are number of scientific
studies that have analyzed surface structure and wear-
ing of nickel-titanium instruments [5, 6], however, there
is little data in the literature that analyzed ultrastructure
of stainless steel endodontic instruments after repeated
use [7].

The aim of the present study was to perform ultra-
structural analysis of the surface of stainless steel endo-
dontic instruments before and after their use.

MATERIAL AND METHODS

The study was completed at the Department of Restora-
tive Dentistry and Endodontics, Clinic of Dentistry and
the Institute for Biomedical Research of the Faculty of
Medicine in Nis. The analysis included 14 sets of non-used
hand stainless steel reamers and files (Kendo, Miinich,
Germany) size 15-40. After taking out of the packaging,
instruments were cleaned of manufacturing impurities in
the ultrasonic cleaner (JUS-S01, JEOL) with distilled water
for 15 minutes at a frequency of 28 kHz.

Each set of instruments was exposed to one, three and
six root canal instrumentation procedures in simulated
clinical conditions on extracted maxillary premolars.
After preparation of the access cavity, instrumentation
of the root canal was performed using one set of instru-
ments (15-40) and applying step-back technique and 0.5%
NaOClirrigation. Four sets were subjected to a single use,
four were used three times and four sets were used six
times for root canal instrumentation whereas the two sets
of non-used instruments served as controls. To avoid the
influence of the operator the same person performed all
instrumentation procedures.
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After each use, the instruments were subjected to clean-
ing and sterilization procedures by immersing into 3%
hydrogen peroxide, hand brushing, cleaning in ultrasonic
bath and autoclave sterilization. Then after the samples
were prepared for scanning electron microscopic exami-
nation (SEM; JEOL-JSM 5300). In order to obtain ade-
quate visualization of the working parts of instruments,
the handles of the instruments were cut off, and their
working parts were fixed to the aluminium stubs with a
fixing agent (Dotite paint xc 12 Carbon JEOL, Tokyo, Ja-
pan) and sputter coated with gold/palladium (in the unit
JEC 110 Ion Sputter JEOL).

Ultrastructural surface analysis was performed in re-
lation to the number of uses and the size of instruments
(Table 1). Due to the assumption that instruments of
various sizes have different susceptibility to surface de-
formation, all samples were divided into the three groups:
[ group - small size (size 15 and 20); II group — medium
size (size 25 and 30); III group - large size (size 35 and 40).

Analysed ultrastructural changes on the instruments
were: 1) changes on the flat surfaces between two blades
(appearance of metal anomalies and irregularities due to
poor finshing, accumulation of debris); 2) defects of cut-
ting edges (blunting or disruption of the edges); and 3)
deformation of instruments (bending of the instruments,
the loss or disruption of threads).

Statistical analysis was performed using x* and Fisher
Exact test, a p value of p<0.05 was considered statistically
significant.

RESULTS

Fifty percent of non-used (control group) instruments
showed some manufacturing irregularities on flat surfaces
(Figure 1) while 16.6% of the instruments had blunt cut-
ting edges (Figure 2) (Table 2).

After a single use surface irregularities were detected
in 50% of instruments of all sizes, blunt cutting edges
were observed in 16.6% of the instruments, while loss of
threads of the working part was observed in 16.6% of the
instruments (Figure 3) (Table 2).

Defects on the surface of instruments used three times
were more obvious. Roughness of the metal surface was
detected in 50% of the instruments of all sizes. Blunt
edges were found in 25% of instruments, while loss of
threads occurred in 33.3% of instruments (Table 2).

Table 2. Working part deformities after multiple uses of instruments

Table 1. Analyzed endodontic instruments in relation to the size
and the number of uses

Tabela 1. Podela ispitivanih endodontskih instrumenata u odnosu
na broj koris¢enja i veli¢inu

Group Single use | 3 uses 6 uses | Control group Total

Grupa 1 3 6 Kontrolna Ukupno
P upotreba | upotrebe | upotreba grupa P

| 8 8 8 4 28

1l 8 8 8 4 28

1] 8 8 8 4 28

Total

Ukupno 24 24 24 12 84

‘\39’1&’0 X580 Sorm P60154
Figure 1. SEM of the manufactruring irregularities on the surface
of a non-used stainless steel instrument

Slika 1. SEM prikaz proizvodnih neravnina na povrsini novog in-
strumenta od nerdajuceg Celika

Figure 2. SEM of the blunt cutting edge as a manufacturing defect
on a non-used endodontic instrument.
Slika 2. SEM prikaz tupe secivne ivice kao proizvodnog ostecenja
na novom endodontskom instrumentu

Tabela 2. Ostecenja na radnim delovima endodontskih instrumenata posle upotrebe

Damages Control group Single use 3 uses 6 uses D test
Ostecenja Kontrolna grupa 1 upotreba 3 upotrebe 6 upotreba X
Surfafe |rregular|t{es 6 (50%) 12 (50%) 12 (50%) 12 (50%) NS
Povrsinske neravnine

Defects of cutting edges o o o o x’=40.57
Ostecenja secivnih ivica 2(166%) 4(166%) 6 (25%) 24 (100%) p<0.0001
Deformations of threads o o o o X*=6.00
Deformacije navoja 0 (0%) 4 (16.6%) 8 (33.3%) 12 (50%) <005

NS - not statistically significant
NS - nije statisticki znacajno



Table 3. Working part deformities after multiple use of the group
l instruments

Tabela 3. Analiza oStecenja na radnim delovima endodontskih in-
strumenata | grupe posle upotrebe

Number of uses
Broj upotreba

Small instruments
Mali instrumenti

Damages

2_
Ostecenja ! 3 6 X-test

Surface irregularities

10,
Povrsinske neravnine 4 (50%)

4(50%) | 4(50%) | NS

Defects of cutting edges o o o | X°=10.41
Ostecenja seCivnih ivica 2(25%) | 3 (37.5%) | 8 (100%) p<0.05
Deformations of threads o o o | X=9.60
Deformacije navoja 4(50%) | 8(100%) | 8 (100%) p<0.05

Table 4. Working part deformities after multiple use of the group
Il instruments

Tabela 4. Analiza o$tecenja na radnim delovima endodontskih in-
strumenata Il grupe posle upotrebe

Number of uses
Broj upotreba

Medium instruments
Instrumenti srednje velic¢ine

Damages

24

Ostecenja ! 3 6 Xtest
Surfav<.:e |rregu|arlt!es 4(50%) | 4(50%) | 4(50%) NS
Povrsinske neravnine

Defects of cutting edges o o 8 X’=10.41
Ostecenja secivnih ivica 2(25%) | 3(37.5%) (100%) | p<0.05
Deformations of threads o o o | X'=9.60
Deformacije navoja 0(0%) | 0(0%) | 4(50%) p<0.05

Table 5. Working part deformities after multiple use of the group
Il instruments

Tabela 5. Analiza ostecenja na radnim delovima endodontskih in-
strumenata lll grupe posle upotrebe

Number of uses
Broj upotreba

Large instruments
Veliki instrumenti

Damages 2
Ostecenja ! 3 6 X-test
Surface irregularities 4(50%) | 4(50%) | 4(50%) | NS
Povrsinske neravnine

Defects of cutting edges o o o | X=24.00
Ostecenja secivnih ivica 0(0%) | 0(0%) | 8(100%) p<0.0001
Deformations of threads 000%) | 0(0%) | 0(0%) NS

Deformacije navoja

After six uses endodontic instruments showed numer-
ous ultrastructural changes. Metal surface irregularities
were observed in 50% of instruments equally within all
groups and small amount of adhered dentin debris was
also detected on their surface (Figure 4). Damaged cutting
edges were observed in all instruments (100%) (Figures 4
and 5) and loss of threads was detected in 50% of instru-
ments (Table 2).

Statistical analysis showed that number of instrument
uses did not affect the number of instruments with sur-
face defects. Defects of cutting edges were observed after
multiple uses (p<0.0001), and number of instruments
with deformations increased with increased number of
uses (p<0.05) (Table 2).

In the group of small instruments (sizes 15 and 20)
there was no significant difference in the presence of
surface irregularities depending on the number of use.
Defects of the cutting edges after single use were observed
in 25% of instruments, after three uses in 37.5%, and after
six uses in 100% of instruments that was statistically sig-
nificant (p<0.05). A statistically significant difference

Stomatoloski glasnik Srbije. 2014;61(4):175-182

Figure 3. The loss of threads on a stainless steel instrument
Slika 3. Ispravljanje navoja seciva na instrumentu od nerdajuceg
Celika

TEkU 1B@Em

Figure 4. SEM of the metal surface roughness and disrupted cutting
edge with adhered dentin debris

Slika 4. SEM prikaz povrsinske neravnine i zalomljene secivne ivice
sa adheriranim dentinskim debrisom

Figure 5. SEM of damaged cutting edge on a stainless steel instru-
ment

Slika 5. SEM prikaz oStecene secivne ivice na instrumentu od ner-
dajuceg Celika

was found in the occurrence of deformation of threads
(p<0.05); after one use it was observed in 50% while after
three uses in 100% of instruments (Table 3).

Medium sized instruments (sizes 25 and 30) did not
show significant difference in the occurrence of surface
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roughness depending on the number of uses. There was
statistically significant difference in the number of in-
struments with defects of cutting edges depending on
the number of uses (p<0.05); after one use 25% of in-
struments showed damages of cutting edges, after three
uses 37.5% while after six uses 100% instruments showed
damages. After one and three uses none of instruments
showed thread deformations but after six uses 50% of in-
struments showed loss of threads and this was statistically
significant (p<0.05) (Table 4).

In the group of large instruments (size 35 and 40) statis-
tically significant difference in the number of instruments
with defects of cutting edges in relation to the number
of uses was found (p<0.0001). Defects were not observed
after one and three uses, while after six uses 100% of the
instruments had blunt or disrupted cutting edges. There
was no significant difference in the occurrence of surface
roughness and deformation of threads (Table 5).

DISCUSSION

One of the primary objectives of endodontic treatment is
to remove existing and potential irritants from the root
canal system. This goal can be achieved by chemomechan-
ical instrumentation of the root canal [8]. Efficient instru-
mentation depends on many factors such as material and
design of endodontic instruments, root canal morphology,
as well as experience of the therapist [9]. Stainless steel in-
struments have good cutting efficacy, however, their mod-
ulus of elasticity is high, which makes them less flexible
[10]. On the contrary, nickel-titanium instruments have
high flexibility that makes them suitable for instrumenta-
tion of narrow and curved canals [11].

Regardless of the material of endodontic instruments
their fractures most often occur due to torsional and flex-
ural fatigue. Torsional fractures occur when the working
part of the instrument, usually the tip, gets stuck in the
canal while the operator continues with movements or ro-
tations. Flexion fractures occur due to the material fatigue
after multiple uses of instruments [10]. Therefore, the
number of use of endodontic instruments must be lim-
ited. Although numerous clinical studies have confirmed
that endodontic hand instruments, especially smaller
size, should be used once only, often it is disrespected in
clinical practice [12]. It is well known fact that endodon-
tic instruments in everyday practice are discarded only
when they are visibly deformed or broken [13]. This study
aimed to analyze defects of instruments at the microscop-
ic level after a certain number of uses.

Results of the current study revealed that even non-used
instruments had some defects, most commonly metal sur-
face irregularities and blunt cutting edges. A large number
of these defects originating from the manufacturing process
can compromise cutting efficiency of endodontic instru-
ments and potentially cause problems with corrosion [14].

Irregularities of metal surfaces and retained dentin
debris after six uses were equally present in all sizes of
instruments. Elmsallati et al. [8] demonstrated debris re-
tention on the surface of instruments even after ultrasonic

cleaning. After multiple uses there was increasing number
of instruments with defects of cutting edges. Blunt cutting
edges were present in non-used instruments and their
number increased with the number of uses. Disruption
of edges was observed after six uses even in the groups
of medium and large size instruments.

Deformation in the form of thread loss was observed
after one use of small sized instruments. Number of de-
formed instruments increased with the number of uses
and after sixth use loss of threads was observed even in
the group of medium size instruments. Similar results
were reported by Bonetti-Filho et al. [15] who recom-
mended a single use of small sized instruments.

Sterilization has also been shown to have a significant
impact on instruments. Neskovi¢ et al. [12] demonstrated
significantly more frequent occurrence of instrument de-
formations after autoclave sterilization compared to dry
heating sterilization. Casella and Rosalbino [16] showed
that instruments subjected to presterilization cleaning in
sodium hypochlorite solution followed by sterilization
presented significant corrosion rate compared to the
control group of instruments. These results are import-
ant because corrosion is one of the most important factors
that promote material fatigue making instruments more
susceptible to deformation during further use.

CONCLUSION

Non-used stainless steel endodontic instruments have
numerous surface defects originating from the manufac-
turing process. First signs of instruments deformation
occur after the first clinical use. Small instruments should
be used once only in narrow and curved canals, up to
three times in straight canals whereas the number of uses
should be limited to six for medium and large instruments
due to the visible ultrastructural changes.
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KRATAK SADRZAJ

Uvod lako brojne studije isti¢u prednost kori$c¢enja instrumenata od nikl-titanijuma zbog njihovih prednosti, primena endodont-
skih instrumenata od nerdajuceg Celika i dalje je standard u svakodnevnoj praksi. Cilj ovog rada je bio da se provere ultrastrukturne
odlike povrsine radnog dela endodontskih instrumenata od nerdajuceg celika pre i posle njihove upotrebe.

Materijal i metode rada U istrazivanju je koriS¢eno 14 setova novih rucnih prosirivaca i turpija od nerdajuceg celika. Instrumenti
svakog seta su korisc¢eni jednom, tri i Sest puta za preparaciju kanala u simuliranim klinickim uslovima na ekstrahovanim gornjim
premolarima. Nakon svake upotrebe instrumenti su ocis¢eni i sterilizovani. Povr$ina instrumenata je posmatrana i analizirana na
skening-elektronskom mikroskopu (SEM). Analiza ultrastrukture instrumenata vriena je u pogledu broja upotreba i veli¢ine. Ka-
da su u pitanju ultrastrukturne promene na instrumentima, analizirani su osteéenja povrsine i seciva i deformacije instrumenata.
Rezultati SEM analiza je pokazala da i kod novih instrumenata postoje ostecenja koja su verovatno posledica proizvodnog procesa.
Nakon prve upotrebe javljala su se oStecenja povrsine, secivnih ivica, kao i deformacije navoja, i to ¢eS¢e kod manijih veli¢ina. Na-
kon tri upotrebe deformiteti navoja su se javili kod svih instrumenata malih veli¢ina i kod pojedinih instrumenata srednje velicine.
Nakon Seste upotrebe dominirala su ostecenja u vidu tupljenja i zalamanja secivnih ivica, koja su bila jednako zastupljena u svim
grupama instrumenata.

Zakljuéak Novi endodontski instrumenti od nerdajuceg ¢elika imaju na svojoj povrsini ostecenja koja poti¢u od procesa proizvod-
nje, a deformacije instrumenata i oStecenja seCiva se javljaju ve¢ posle prve klinicke upotrebe. Da bi se sprecile komplikacije i greske
u klini¢kom radu, preporuka je da broj upotreba endodontskih instrumenata bude ogranicen.

Kljuéne re¢i: defekti; endodontski instrumenti; SEM; nerdajudi Celik

uvoD

Endodontsko le¢enje neinficiranog i inficiranog kanalnog sistema
podrazumeva njegovo ¢i$¢enje, oblikovanje, dezinfekciju i optu-
raciju [1]. Tako uspesna endodontska terapija zavisi od nekoliko
faktora, jedan od najvaznijih koraka u tretmanu kanala korena
je preparacija kanala. Ona je od sustinskog znacaja jer se dobrom
preparacijom obezbeduju mehanicki debridman, stvaranje pro-
stora za nano$enje medikamenata i prostora za odgovarajucu
opturaciju kanalnog sistema [2]. lako brojne studije isti¢u pred-
nost koris¢enja instrumenata od nikl-titanijuma zbog njihovih
prednosti, od kojih su najvaznije visoka fleksibilnost i mogu¢nost
prodora u najzakrivljenije kanale, kori§¢enje endodontskih in-
strumenata od nerdajuceg celika i dalje je standard u svakodnev-
noj praksi [3, 4]. Postoji veliki broj nau¢nih studija koje su se
bavile analizom povrsinske strukture i tro$enjem instrumenata
od nikl-titanijuma [5, 6], medutim, malo je podataka u literaturi
koji govore o ultrastrukturi povr$ine endodontskih instrumenata
od nerdajuceg ¢elika posle viSestrukog kori$¢enja [7].

Cilj ovog rada je bio da se provere ultrastrukturne odlike po-
vrsine radnog dela endodontskih instrumenata od nerdajuceg
Celika pre i posle njihove upotrebe.

MATERIJAL | METODE RADA

Istrazivanje je uradeno na Odeljenju za bolesti zuba i endo-
donciju Klinike za stomatologiju i Institutu za biomedicinska
istrazivanja Medicinskog fakulteta u Ni$u. Za analizu je korisce-
no 14 setova novih ru¢nih prosirivaca i turpija od nerdajuceg
Celika (Kendo, Minhen, Nemacka), veli¢ine 15-40. Po uzimanju
iz pakovanja instrumenti su o¢i$¢eni od proizvodnih necistoca

u ultrazvuénom cistacu (JUS-S0I, JEOL) destilovanom vodom
u trajanju od 15 minuta, na frekvenciji od 28 kHz.

Instrumenti svakog seta su kori$¢eni jednom, tri i $est pu-
ta za preparaciju kanala u simuliranim klini¢kim uslovima na
ekstrahovanim gornjim premolarima. Nakon preparacije pri-
stupnog kaviteta uradena je obrada kanala korena tzv. step-back
tehnikom uz irigaciju rastvorom NaOCl u koncentraciji od 0,5%,
pri cemu je za svaki kanal korena koris¢en set instrumenata
(veli¢ine 15-40). Po Cetiri seta su kori$¢ena za obradu jednog,
Cetiri, odnosno $est kanala, a dva nova seta su posluzila kao kon-
trola. Preparacije svih kanala korena izvrsio je jedan istrazivac,
da bi se izbegle interpersonalne greske.

Nakon svake upotrebe instrumenti su o¢is¢eni i sterilisani,
a ovi postupci su podrazumevali: potapanje u troprocentni ras-
tvor vodonik-peroksida, ru¢no Cetkanje, ¢i$¢enje u ultrazvuc-
nom kupatilu i sterilizaciju autoklavom. Nakon toga uzorci su
pripremani za skening-elektronsko mikroskopsko ispitivanje
(SEM). Da bi se radni delovi instrumenata na odgovarajuci
nacin videli, odsecana je rucica instrumenata, a njihovi radni
delovi su fiksirani za cilindri¢ne nosace sredstvom za fiksira-
nje (Dotite paint xc 12 Carbon JEOL, Tokio, Japan). NanoSenje
tankog sloja zlata izvr$eno je u uredaju za jonsko raspriivanje
(JFC 110 Ion Sputter JEOL). Povr$ina instrumenata je posma-
trana i analizirana na skening-elektronskom mikroskopu tipa
JEOL JSM 5300.

Analiza ultrastrukture instrumenata je uradena u pogledu
broja upotreba i pre¢nika instrumenta (Tabela 1). Zbog pretpo-
stavke da instrumenti razlicitih dimenzija mogu biti i razli¢ito
deformisani, uzorci su svrstani u tri grupe: I grupu ¢inili su in-
strumenti malih veli¢ina (veli¢ine 15 i 20), II grupu instrumenti
srednje veli¢ine (veli¢ine 25 i 30), a III grupu instrumenti ve¢ih
veli¢ina (veli¢ine 35 i 40).



Kod instrumenata su analizirane: 1) promene na ravnim
povr$inama navoja izmedu dva se¢iva (pojava metalnih ne-
pravilnosti usled loe zavr$ne obrade, akumulacija debrisa); 2)
promene na se¢ivima (zatupljenje se¢iva i zalamanje sec¢iva); 3)
deformacije instrumenata (povijanje instrumenata, ispravljanje
- derotacija navoja).

Statisticka analiza je vriena pomocu x*-testa i Fiderovog (Fis-
her) testa egzaktnosti. Prag znacajnosti je bio na vrednosti od
p<0,05.

REZULTATI

Ultrastrukturnom analizom kontrolne grupe instrumenata, kod
50% instrumenta su uocene proizvodne nepravilnosti na rav-
nim povr$inama (Slika 1), dok su o$teéenja u vidu zatupljenog
seciva zabelezena kod 16,6% instrumenata (Slika 2) (Tabela 2).

SEM analiza instrumenata koji su kori$¢eni samo jednom
pokazala je povr$inske neravnine kod 50% instrumenata (instru-
menata svih veli¢ina). Tupe se¢ivne ivice su uocene kod 16,6%
instrumenata, dok je ispravljanje navoja instrumenata usled de-
formacije zapaZeno kod 16,6% instrumenata (Slika 3) (Tabela 2).

Kod instrumenata koji su kori$¢eni tri puta uocene su ja-
snije promene. Neravnine na metalnoj povrsini su uocene kod
50% instrumenata svih veli¢ina. OStecenja u vidu tupih se¢ivnih
ivica su zabeleZena kod 25% instrumenata, dok je ispravljanje
se¢ivnih navoja zapazeno kod 33,3% instrumenata (Tabela 2).

Nakon $est upotreba endodontski instrumenti su ispoljili
veliki broj promena na ultrastrukturnom nivou. Neravnine na
metalnoj povr$ini su uoc¢ene kod 50% instrumenata (jednako u
okviru svih grupa), a zapazene su i manje koli¢ine dentinskog
debrisa koje su prianjale na ovim neravninama (Slika 4). Ne-
pravilnosti u vidu o$tecenih secivnih ivica su zapazene kod svih
instrumenata (Slika 4 i 5), dok je ispravljanje se¢ivnih navoja
zabelezeno kod 50% instrumenata (Tabela 2).

Statisticka analiza je pokazala da broj kori$¢enja instrume-
nata nije uticao na broj instrumenata s povr$inskim neravnina-
ma. Promene na se¢ivima su se javljale statisticki znacajno cesce
s ve¢im brojem kori$¢enja (p<0,0001), a sa povecanjem broja
upotreba statisticki znacajno se povecavao i broj instrumenata
sa deformacijama (p<0,05) (Tabela 2).

U okviru grupe instrumenata manjih dimenzija (veli¢ine 15
i20) nije uocena razlika u pojavi povrsinskih neravnina u zavi-
snosti od broja upotreba. Ostecenja na se¢ivima instrumenata
posle jedne upotrebe uocena su kod 25% instrumenata, nakon
tri upotrebe kod 37,5%, a nakon $est upotreba kod svih instru-
menata; ova razlika je bila statisticki znacajna (p<0,05). Pojava
deformacija navoja (p<0,05) nakon jedne upotrebe uocena je u
50% slucajeva, a ve¢ posle trece upotrebe svih 100% instrume-
nata je bilo deformisano; ova razlika je bila statisticki znacajna
(p<0,05) (Tabela 3).

U okviru grupe instrumenata srednje veli¢ine (veli¢ine 25 i
30) nije zapaZena razlika u pojavi povrsinskih neravnina u zavi-
snosti od broja upotreba. Sa brojem upotreba statisticki znacaj-
no ¢e$ce su se belezila odtecenja se¢ivnih ivica (p<0,05). Nakon
jedne upotrebe 25% instrumenata je pokazalo o$tecenje seciv-
nih ivica, nakon tri upotrebe 37,5%, dok je nakon $este upotrebe
100% instrumenata bilo osteceno. Nakon jedne i tri upotrebe
nisu uoc¢ene deformacije navoja, a nakon $este upotrebe kod
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50% instrumenata je uoceno ispravljanje secivnih navoja, tako
da je razlika bila statisti¢ki znacajna (p<0,05) (Tabela 4).

U okviru grupe instrumenata ve¢ih dimenzija (veli¢ine
351 40) zapaZena je visoko statisti¢ki znacajna razlika u po-
javi o$tecenja se¢iva u odnosu na broj upotreba instrumenata
(p<0,0001). Ova ostecenja nisu uocena nakon jedne, odnosno
tri upotrebe, dok su posle Seste primene uocena kod svih instru-
menata. Razlike u pojavi povrsinskih neravnina i deformacija
navoja nisu zabeleZene (Tabela 5).

DISKUSIJA

Jedan od primarnih ciljeva endodontskog lecenja je uklanjanje
postojecih i potencijalnih iritansa iz kanalnog sistema, $to se
postize hemomehanickim ¢i§¢enjem i oblikovanjem kanala [8].
Za efikasnu preparaciju od sustinske su vaznosti proizvodne
osobine i dizajn instrumenata, kao i anatomomorfoloske od-
like kanalnog sistema i iskustvo terapeuta [9]. Instrumenti od
nerdajuceg Celika imaju dobru se¢ivnu efikasnost, medutim,
njihov modul elasti¢nosti je visok, $to ih ¢ini manje fleksibilnim
[10]. Nasuprot njima, instrumenti od nikl-titanijuma posedu-
ju visoku fleksibilnost, $to ih ¢ini pogodnim za obradu uskih i
povijenih kanala [11].

Bez obzira na materijal od kojeg je endodontski instrument
izraden, njihovi prelomi su moguci i najcesce se desavaju usled
torzionog i fleksionog zamora. Torzioni prelomi nastaju kada
se radni deo instrumenta (naj¢e$¢e vrh) zaglavi u kanalu, a
operator nastavi s naglim pokretima rotiranja ili turpijanja. Do
fleksionih preloma dolazi usled zamora materijala od kojeg je
izraden instrument posle viSestrukih upotreba [10]. Stoga broj
upotreba endodontskih instrumenata mora biti ogranic¢en. Iako
su brojne klinicke studije potvrdile da ru¢ne endodontske in-
strumente, posebno one manjih veli¢ina, treba koristiti jedno-
kratno, $to se u klinickom radu Cesto ne postuje [12]. Poznata je
¢injenica da se endodontski instrumenti u svakodnevnoj praksi
odbacuju tek kada budu vidljivo deformisani ili polomljeni [13].
Zbog toga je ova studija izvedena kako bi se o$tecenja na instru-
mentima analizirala na mikroskopskom nivou posle odredenog
broja upotreba.

Analizom rezultata ovog istraZivanja utvrdeno je da se vec
na novim instrumentima uocavaju neka o$tecenja, s pojavom
neravnina metalne povrsine i zatupljenih se¢ivnih ivica. Veliki
deo ovakvih o$tecenja koji poticu od procesa proizvodnje mo-
Ze da ugrozi se¢ivnu efikasnost endodontskih instrumenata i
dovede do korozije, koja je jedan od glavnih faktora koji uti¢u
na zamor i prelom instrumenta [14].

Neravnine metalne povrsine su bile jednako zastupljene kod
instrumenata svih veli¢ina i, s obzirom na to da predstavljaju
dobru retencionu povrsinu, posle $este upotrebe na njihovoj
povrsini doslo je do zadrzavanja dentinskog debrisa. Retenciju
debrisa i tro$enje instrumenata ispitivali su u svojoj studiji i
Elmsalati (Elmsallati) i saradnici [8], koji su pokazali da kod
zastupljenih povrsinskih nepravilnosti znacajne koli¢ine debrisa
zaostaju na povrsini instrumenata posle njihove primene ¢ak i
nakon ultrazvu¢nog ¢is¢enja. Sa brojem upotreba se povecavao
i broj instrumenata sa ostecenjima se¢ivnih ivica. Tupe se¢ivne
ivice su se javljale i kod novih instrumenata, ali se njihov broj
povecavao s povecanjem broja upotreba, dok je o$tecenje se-
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¢ivnih ivica zapazeno posle Sest primena i kod instrumenata
srednjih i ve¢ih veli¢ina.

Deformacije u vidu ispravljanja navoja su uocene ve¢ posle
prve upotrebe kod instrumenata manjih veli¢ina. S ve¢im bro-
jem upotreba povecavao se i broj deformisanih instrumenata,
pa je posle $este primene doslo i do ispravljanja seciva i kod
instrumenata srednjih veli¢ina. Sli¢ne rezultate u svojoj studiji
dobili su i Boneti-Filjo (Bonetti-Filho) i saradnici [15], koji su
zato preporucili da se instrumenti manjih veli¢ina odbacuju ve¢
nakon jednog kori$¢enja.

Istrazivanja su pokazala da znacajan uticaj na instrumen-
te moZe imati i sterilizacija. Ne$kovi¢ i saradnici [12] su do-
kazali znacajno ¢e$¢u pojavu deformacija na instrumentima
koji su vise puta sterilisani u autoklavu u poredenju s onima
sterilisanim u suvom sterilizatoru. Studija Kasele (Casella) i
Rozalbina (Rosalbino) [16] je pokazala da su instrumenti pod-
vrgnuti predsterilizacionom ¢i$¢enju u natrijum-hipohloritu,
a zatim sterilizaciji, ispoljili znacajnu stopu korozije u odnosu

na kontrolnu grupu instrumenata. Ovakvi rezultati su znacaj-
ni jer je korozija jedan od prvih faktora koji ukazuju na ,,za-
mor* materijala od kojeg su endodontski instrumenti izradeni
i koji, kao takvi, postaju podlozniji deformacijama pri daljoj
upotrebi.

ZAKLJUCAK

Novi endodontski instrumenti od nerdajuceg celika imaju na
svojoj povrsini brojna ostecenja koja poti¢u od procesa pro-
izvodnje. Prvi znaci deformacija instrumenata se mogu javiti
ve¢ posle prve klinicke primene. Preporuka je da broj upotre-
ba instrumenata manjih veli¢ina treba ograniciti na jednu kod
uskih i povijenih kanala, odnosno do tri puta kod pravih kanala,
a upotrebu instrumenata srednjih i ve¢ih dimenzija ograniciti
na $est, jer se posle toga na ultrastrukturnom nivou uocavaju
vidljiva o$tecenja njihove povrsine.



