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SUMMARY

One of the primary goals in endodontics is efficient cleaning and shaping of the root canal while
maintaining its original configuration. Numerous studies highlight the advantage of using nickel-titanium
instruments and the most important is their high flexibility and the ability to penetrate the curved canals.
The aim of this study was to analyze the ultrastructure of the surface of nickel-titanium endodontic files
before and after use. Eighty-four instruments were included in this study. The instruments were used one,
three and six times for root canal preparation on extracted upper premolars. The analysis was performed
based on the number of uses and the size of the instruments. Changes on flat surfaces in the grooves of the
instruments, defects of the cutting edges and fractures were evaluated. The surface ultrastructure was
analyzed on a scanning electron microscope (SEM). SEM analysis showed irregularities on the surfaces of
the new instruments. Surface defects and damage of the cutting edges were present after the first use.
After three uses, the damage was more evident in instruments of all sizes. After six uses, all instruments
showed damage of the cutting edges, and a significant number of fractures were observed. Irregularities
on the working parts are already noticed on the new endodontic instruments and originate from the
production process. The first signs of damage appear after the first use. In order to prevent errors in
clinical work during root canal preparation, it is recommended that the number of instruments uses
should be limited.
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INTRODUCTION

Endodontic treatment of uninfected and in-
fected root canal system includes its cleaning,
shaping, disinfection and obturation (1). Although
successful endodontic therapy depends on several
factors, one of the most important steps in endodon-
tic treatment is the biomechanical preparation of the
root canal while maintaining its original configura-
tion (2). The biomechanical instrumentation is im-
portant for the removal of the organic and inorganic
debris, as well as for providing the correct placement
of the obturation material into the root canal system
(3). However, when preparing curved canals, stan-
dard stainless steel instruments are usually not
successful in preserving their original shape (4). Nu-
merous studies emphasize the advantage of nickel-
titanium (NiTi) instruments, where the most impor-
tant is their high flexibility and the possibility of
penetration into the most curved canals (5, 6). Clin-
ical concern is that they undergo fatigue failure
which occurs unexpectedly (7). During their use, the
cutting edges wear due to friction with the root canal
walls. Simultaneous use of chemical agents for root
canal irrigation or contact with cleaning and dis-
infection agents, as well as sterilization, have an
impact on the occurrence of material fatigue and
corrosion of instruments. All these factors contribute
to degradation and deterioration of NiTi instru-
ments, which can lead to their fracture (8).

AIM

The aim of this study was to analyze the
ultrastructure of the surface of NiTi endodontic
instruments before and after multiple use.

MATERIAL AND METHODS

The study included 14 sets of NiTi hand files
(Dentsply, Maillefer, Ballaigues, Switzerland) size 15
to 40. After taking from
packaging, the instruments were cleaned of manu-
facturing impurities in an ultrasonic cleaner (JUS-
S01, JEOL) with distilled water for 15 minutes at a
frequency of 28 kHz. The instruments of each set

the manufacturer's

were exposed to one, three and six root canal
instrumentations in simulated clinical conditions on
extracted upper premolars. Four sets were subjected
to one use, four were used three times, four sets six
times, and two were not used and served as a con-

trol. After the preparation of the access cavity, the
preparation of each root canal was performed using
one set of instruments (15 - 40) and applying "step-
back" technique with 0,5% sodium hypochlorite ir-
rigation. Preparations of all root canals were per-
formed by one researcher to avoid interpersonal
errors. After each use, the instruments were sub-
jected to cleaning and sterilization procedures that
included soaking in 3% hydrogen peroxide, manual
brushing, ultrasonic cleaning, and autoclave ster-
ilization. The samples were then prepared for
scanning electron microscopic examination (SEM) (1,
3,7)

In order to obtain adequate visualization of
the working parts of the instruments, the handles of
the instruments were cut off, and their working parts
were fixed to the cylindrical supports with a fixing
agent (Dotite paint xc 12 Carbon JEOL, Tokyo,
Japan) and sputter coated with gold/palladium (in
the unit JFC 110 Ion Sputter JEOL). The surface of
the instruments was observed and analyzed on a
scanning electron microscope type JEOL JSM 5300.

Due to the assumption that different sizes of
the instruments are differently susceptible to dam-
age, the samples were divided into three groups: I
group - small size (sizes 15 and 20); II group -
medium size (sizes 25 and 30); Il group - large size
(sizes 35 and 40). The analysis of the ultrastructure of
working parts was performed in relation to the
number of uses and in relation to the size of the
instruments (Table 1).

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

Control | 1use | 3 uses | 6 uses | Total
I group 4 8 8 8 28
II group 4 8 8 8 28
III group 4 8 8 8 28
Total 12 24 24 24 84

The following ultrastructural changes on the
instruments were analyzed:

1. Changes on the flat surfaces of the thread
between the two blades (surface irregularities, the
appearance of metal particles due to poor finishing
and accumulation of debris);

2. Defects of the cutting edges (blunting and
refraction);

3. Instrument fractures
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Due to the superelasticity of the alloy, defor-
mations (bending and distortion) were not expected
and were not analyzed in this study.

The research was performed at the Depart-
ment of Restorative Dentistry and Endodontics,
Clinic of Dentistry and the Institute for Biomedical
Research, Faculty of Medicine, University of Nis.

Statistical analysis was performed using X2
and Fisher Exact test. A p value less than 0.05 was
considered to be statistically significant.

RESULTS

Ultrastructural analysis of the control group
revealed surface irregularities in the grooves be-
tween cutting edges in 33.3% of instruments (Figure
1). After one use, there was no change in the ultra-
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structure of the surface compared to the control
group. Surface irregularities were observed in 8.3%
of small, 8.3% medium and 16.7% of large instru-
ments. After three uses, 41% of instruments had sur-
face damages (8.3% small, 12.5% medium and 20.8%
large), while after six uses, 62.5% of instru-ments
showed irregularities of the surface structure (12.5%
small, 25% medium and 25% large). The analysis
showed that surface damages were increased with
the number of uses, but the difference was not sta-
tistically significant (x2 = 4.363; p = 0.122) (Table 2).
Ultrastructural analysis also showed defects of
the cutting edges in 33.3% of control samples (Figure
1). After one use, there was an increase in the
number of damaged samples, especially in the group
of medium instruments (12.5%). After three uses, the
tested instruments had damaged cutting edges (12.5%

Figure 1. SEM of the blunt cutting edge and surface irregularities of the new NiTi
endodontic instrument

Table 2. Surface irregularities on NiTi instruments before and after use

Surface Number of uses
irregularities Control N (%) 1N (%) 3N (%) 6 N (%)
Size of the | Damaged Not Damaged Not Damaged Not Damaged Not
instruments damaged damaged damaged damaged
I group® 1(8,3) 3(25) 2(8,3) 6 (25) 2(8,3) 6 (25) 3 (12,5) 5(20,8)
II group® 1(8,3) 3 (25) 2(8,3) 6 (25) 3 (12,5) 5 (20,8) 6 (25) 2(8,3)
1II group® 2 (16,7) 2 (16,7) 4 (16,7) 4 (16,7) 5(20,8) 3(12,5) 6 (25) 2(8,3)
Totald 4 (33,3) 8 (66,7) 8(33,3) | 16(66,7) | 10(41,7) | 14(58,3) | 15(62,5) | 9(37,5)

ax?=0,403; p=0,817
bx?=4,363; p=0,112
cx?=1,066; p =0,586
dx?=4,363; p=0,112
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Figure 2. SEM of the disrupted cutting edge Figure 3. SEM of the damaged cutting edge on
and metal surface irreqularities with adhered dentin a NiTi endodontic instrument
debris

Table 3. Defects of the cutting edges on the working parts of NiTi instruments before and after use

Defects of Number of uses
tti
mns Control N (%) 1N (%) 3N (%) 6 N (%)
edges
Size of the Not Not Not Not
d
instruments Damaged damaged Pamaged damaged Damaged damaged Damage damaged
I group? 1(8,3) 3 (25) 1(4,2) 7 (29,2) 3(12,5) 5 (20,8) 8 (33,3) 0(0)
II group® 1(8,3) 3 (25) 3(12,5) 5(20,8) 5(20,8) 3(12,5) 8(33,3) 0(0)
III groupe 2(16,7) 2(16,7) 2(8,3) 6 (25) 4(16,7) 4 (16,7) 8(33,3) 0(0)
Totald 4 (33,3) 8 (66,7) 6 (25) 18 (75) 12 (50) 12 (50) 24 (100) 0 (0)
ap = 0,002
bp = 0,039
°p = 0,013
dx2=28.8; p<0,001
Table 4. Fractures of NiTi instruments after multiple use
Fract Number of uses
ractes Control N (%) 1N (%) 3N (%) 6N (%)
Size of the | Damaged Not Not Not Not
instruments damaged Damaged damaged Damaged damaged Damaged damaged

I group 0 (0) 8 (33,3) 0 (0) 8 (33,3) 0 (0) 8 (33,3) 0(0) 8 (33,3)
1I group 0(0) 8 (33,3) 0(0) 8 (33,3) 0(0) 8(333) | 5(208) | 3(12,5)
11l group 0 (0) 8 (33,3) 0 (0) 8 (33,3) 0(0) 8(333) | 3(125) | 5(208)

) )

Total 0(0 12 (100) 0(0 24 (100) 0(0) 24 (100) | 8(333) | 16(66,7)
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small, 20.8% medium and 16.7% large) (Figure 2),
while after six uses, the defects of the cutting edges
were observed in 100% of the tested instruments
(Figure 3). The analysis determined the existence of a
statistically significant difference in cutting edge
damage depending on the number of uses for the
whole examined group (x2 = 28.8; p < 0.001), as well
as in relation to the size of the instruments: I (p =
0.002), II (p = 0.039) III (p = 0.013) (Table 3).

Table 4 shows the distribution of fracture
occurrence after a repeated use of NiTi endodontic
instruments. The first fracture occurred after the
fourth use, while after the sixth use, a total of 33.3%
of the instruments were fractured (20.8% medium
and 12.5% large).

DISCUSSION

One of the primary goals of endodontic
treatment is the removal of the existing and potential
irritants from the root canal system, which is
achieved by chemomechanical cleaning and shaping
(8). The production characteristics and design of the
instruments are essential for efficient preparation.
Stainless steel instruments have good cutting
efficiency, however, their modulus of elasticity is
high which makes them less flexible (4).

In order to overcome the disadvantages of
stainless steel instruments, NiTi instruments were
introduced in dentistry in 1988 to take advantage of
their physical and mechanical properties (9). The
superelasticity of the NiTi alloy makes these in-
struments suitable for processing narrow and curved
canals (10). However, despite their high flexibility,
their fractures are possible and most often occur due
to torsional stress and flexural fatigue. Torsional
fractures occur when a part of the instrument, and
most often the tip, is locked in the canal, while the
operator continues with rotation, then the elastic
limit of the metal is exceeded by the torque exerted
by handpiece, so the fracture of the instrument
becomes inevitable. Fractures caused by flexural
fatigue occur due to fatigue of the metal of which the
instrument was made after repeated uses (11). For
this reason, the number of uses of endodontic in-
struments must be limited. It is a known fact that
endodontic instruments are discarded in everyday
practice only when they are visibly deformed or
broken. Numerous authors have examined the
influence of multiple use on the torsional and flexion
properties of endodontic instruments (9, 12).
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The authors agree that the torsional strength
of the used instruments is lower compared to the
new instruments. The great concern in clinical use is
related to unexpected failure during work as this
instruments can undergo fracture without any signs
of visible defects or previous permanent deforma-
tion (13). Although they are not visible to the naked
eye after clinical use, numerous damage occurs at
the microscopic level (7, 9, 14). Since the visual
inspection would not seem to be an ideal way of
evaluating NiTi instruments in order to prevent the
fracture, this study was performed to analyse defects
on the working parts of the instruments at the micro-
scopic level after a certain number of uses. Numer-
ous literature data show that scanning electron
microscopy (SEM) is a reliable method for the anal-
ysis of ultrastructural changes on new and used
endodontic instruments (1, 3, 7, 9, 10, 14).

The results of this research confirmed that
certain defects can already be noticed on the new
instruments, where the most common were the
appearance of irregularities of the metal surface and
blunted cutting edges. Since such defects originate
from the manufacturing process, they are not related
to the size of the instruments. The occurrence of such
defects can compromise the cutting efficiency of
endodontic instruments, promote fatigue of the
material with consequential fracture and potentially
cause problems with corrosion (15).

The surface irregularities were present in
instruments of all sizes and were not significantly
changed with the number of uses of the instruments,
but since they represent a retention surface, after
multiple use dentin debris was retained on their
surface. Debris retention and instrument wear were
examined in the study by Emsallati et al. (8) and
proved that in the presence of surface irregularities,
significant amounts of debris stay retained on the
surface of the instruments even after ultrasonic
cleaning.

The number of instruments with cutting edge
defects has risen with the number of uses. Blunt
cutting edges were also observed in new instru-
ments, but their number has significantly increased
with the number of uses; defects of cutting edges
were observed after six uses in all instruments. In-
strument deformations like thread distortion and
derotation did not occur due to the superelasticity of
the alloy, while the first instrument fractures oc-
curred after the fourth use. Similar results were
obtained in the study by Bonetti-Filho et al. (16) and
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recommended that small size instruments should be
discarded after the first use. Although many manu-
facturers label their NiTi files as single use devices,
most of practices indicate that NiTi instruments are
reused. This trend is most likely a result of the price
of NiTi files. According to Logsdon et al. (17), 74%
respondents in their study reuse NiTi instruments,
and the largest proportion of practitioners (40.5%)
discard them after the third use.

Sterilization can also have a significant effect
on instruments. Multiple autoclave sterilization can
also modify surface topography and chemical
composition of NiTi instruments (18). Literature data
revealed that the pre-sterilization cleaning in sodium
hypochlorite, followed by sterilization, showed a sig-
nificant corrosion rate of the endodontic instru-
ments compared to the control group (19). These re-

sults are significant because corrosion is one of the
first factors that promote fatigue of the material from
which endodontic instruments are made and then
become more susceptible to damage with multiple
use.

CONCLUSION

New nickel-titanium endodontic instruments

have numerous defects on their surface that
originate from the manufacturing process. The first
signs of damage on the instruments appear after the
first clinical use. In order to prevent errors in clinical
work during root canal preparation, it is recom-
mended that the number of instruments uses should

be limited.
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Ultrastrukturna analiza povrsinskih promena na
endodontskim instrumentima od nikl-titanijuma
nakon viSestruke upotrebe
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SAZETAK

Jedan od primarnih ciljeva preparacije kanalnog sistema je efikasno ciS¢enje i oblikovanje kanala
korena zuba uz odrzavanje njegove originalne konfiguracije. Brojne studije isticu prednost koriS¢enja
instrumenata od nikl-titanijuma zbog niza prednosti, od kojih su najvaznije njihova visoka fleksibilnost i
mogucnost prodora u najzakrivljenije kanale. Cilj studije bio je da se izvr§i ultrastrukturna analiza povrsine
rucnih endodontskih turpija od nikl-titanijuma pre i posle njihove upotrebe. Osamdeset cetiri instrumenta
bilo je ukljuceno u ovu studiju. Instrumenti su podeljeni u grupe i koriS¢eni jedanput, tri i Sest puta, za
preparaciju kanala korena zuba na ekstrahiranim gornjim premolarima. Analiza je izvrSena na osnovu broja
upotreba i velic¢ine instrumenata. Analizirane su promene na ravnim povrSinama u Zlebovima instrumenata,
promene na secivima i frakture. Ultrastruktura povrSine radnih delova instrumenata analizirana je na
skening elektronskom mikroskopu (SEM). SEM analiza pokazala je nepravilnosti na povrSinama novih
instrumenata. Defekti povrsine i ostecenja secivnih ivica su bili prisutni vec posle prve upotrebe. Nakon tri
upotrebe, ostecenja su bila evidentnija i javljala su se kod veceg broja instrumenata svih veli¢ina, a
registrovane su i prve frakture. Nakon Sest upotreba, svi instrumenti pokazali su oStecenje secivnih ivica, a
uocen je i znacajan broj fraktura. Nepravilnosti na radnim delovima zapazaju se ve¢ na novim endodontskim
instrumentima i vode poreklo iz procesa proizvodnje. Prvi znaci oStecenja javljaju se vec posle prve
upotrebe. Da bi se sprecile greske u klinickom radu tokom preparacije kanala korena, preporuka je da broj
upotreba endodontskih instrumenata bude ogranicen.

Kljucne reci: endodontski instrumenti, nikl-titanijum, ostecenja, SEM
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