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Abstract

Objective: The aim of the study was to evaluate the surface areas and volumes of HyFlex EDM (HEDM)
nickel-titanium (NiTi) files before and after multiple uses in mandibular molar root canal preparation.
Materials and methods: Twelve HEDM files with sizes of 10/.05 and 25/.08 were evaluated by mi-
cro—CT before and after a single use or multiple uses in root canal preparation. The mesiobuccal and
mesiolingual root canals of thirty-six human mandibular molar teeth were instrumented using twelve
10/.05 (300 rpm and 1.8 Ncm) and twelve 25/.085 Ncm) HEDM files according to the manufacturer’s
recommendation. HEDM files were evaluated using micro—CT at four different timelines: 1) Intact file,
2) After instrumentation of one canal, 3) After instrumentation of two canals, and 4) After instrumen-
tation of three canals. Each group’s volume and surface area were analyzed by applying Friedman’s
test. Each group comparison was assessed using the Wilcoxon signed-rank test with Bonferroni cor-
rection. Results: Intact HEDM 10/.05 and HEDM 25/.08 files showed significantly larger volumes and
surface areas compared to the used instruments (p <0.05). Conclusions: A significant decrease in the
volume and surface area of the NiTi files was observed as the number of uses increased regardless
of the file group. These findings emphasize the importance for clinicians to understand the structur-
al changes in HEDM files during repeated use to ensure safe instrument reuse and prevent endodon-
tic treatment failure.
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Introduction

Nickel titanium (NiTi) rotary file systems are frequent-
ly used to prepare root canals due to their excellent cut-
ting ability and flexibility. (1, 2) Despite these advantag-
es, files are exposed to pressure and stress during root canal
treatment. These stresses cause cyclic fatigue, thus leading
to sudden breakage or distortions in the instruments (3)
and negatively affecting the outcome of root canal treat-
ment (4).

Uvod

Rotacijski sustavi instrumenata od nikla i titanija (NiTi)
¢esto se upotrebljavaju za pripremu korijenskih kanala zbog
izvrsnog svojstva rezanja i fleksibilnosti (1, 2). Unato¢ tim
prednostima, tijekom obrade korijenskog kanala, instrumen-
ti su izlozeni pritisku i naprezanju. Ta naprezanja uzrokuju
cikli¢ki zamor, Sto rezultira iznenadnim puknuéem ili defor-
macijom instrumenata (3) i negativno utjece na ishod endo-

dontskog lijecenja (4).
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There are many factors that increase the susceptibility to
fracture of root canal files. While fabricating files, cracks,
grooves, and pits often form on the instrument surface. (5)
These areas are stress-inducing and can result in instrument
breakage during clinical use. (6) HyFlex EDM (HEDM,;
Coltene/ Whaledent) is produced from a controlled memory
(CM) alloy using electrical discharging machining (EDM)
technology. EDM technology is based on a noncontact ther-
mal erosion process that partially melts and evaporates a wire
through high-frequency spark discharges (7). By creating a
unique shape on a file surface, the file can exhibit high abra-
sion resistance and good mechanical properties (8). The files
produced with this method are stronger and up to 700%
more resistant to cyclic fatigue compared to those produced
with other methods. In addition, these features reduce file
usage during root canal preparation while preserving origi-
nal anatomical forms.

NiTi files might be used more than once in dental prac-
tice for financial reasons; however, studies have reported that
long-term clinical use of NiTi files significantly reduces cy-
clic fatigue resistance (9-11). Currently, it is not possible to
establish a definitive guideline regarding the safe number of
uses for rotary NiTi files, as this varies depending on factors
such as the type of tooth, operator, and root canal anatomy.
Nonetheless, there is a clear trend toward advocating for the
single-use of rotary NiTi files during root canal treatments
(12). HEDM files return to their original shape after steril-
ization. If the files do not return to their original shape after
sterilization, their use is not recommended (8). The irregu-
larities on the surface of intact HEDM files do not cause risk
on file surface preservation after repeated use due to noncon-
tact production of NiTi files with EDM technology (13). The
spark-machined surface was shown to remain unaffected af-
ter multiple uses, confirming a high wear resistance in pre-
vious studies (8). However, there are no studies in the litera-
ture on the post-use changes in surface area and volume of
HEDM rotary files. The aim of this study was to evaluate the
surface areas and volumes of HEDM files before and after
three instances of instrumental use with microcomputed to-
mography (micro—CT). The null hypothesis of the study was
that there would be no significant changes in the volume and
surface area of HEDM rotary files after repeated use com-
pared to their pre-use measurements.

Materials and methods

Sample size calculation

The sample size for this study was calculated using soft-
ware (G * Power 3.1.7 for Windows; Heinrich Heine, Uni-
versity of Dusseldorf, Dusseldorf, Germany), and the t test
for 2 independent groups was selected with an alpha-type er-
ror of.05 and a beta power of 0.95 for all variables. A previ-
ous study was used to determine an effect size (f) of 1.71 (13).
The minimum sample size required was seven specimens per
group. The sample size was increased to twelve files per group
after considering the potential risk of file fracture during root
canal preparation and the possibility that the files would not
return to their original shape after autoclaving.

Povrsina i volumen Hyflex EDM-a

Mnogo je ¢imbenika koji povecavaju osjetljivost na pu-
knuce instrumenata za obradu korijenskih kanala. Tijekom
izrade na povrsini instrumenta cesto se stvaraju pukotine,
zljebovi i udubljenja (5). Ta podrudja izazivaju naprezanje i
mogu potaknuti slamanje instrumenta tijekom klinicke upo-
trebe (6). HyFlex EDM (HEDM; Coltene/Whaledent) pro-
izvodi se od legure s kontroliranom memorijom (CM) pri-
mjenom tehnologije elektroerozijske obrade (EDM). EDM
tehnologija temelji se na beskontaktnom procesu toplinske
erozije koji djelomi¢no topi i isparava zicu putem visokofre-
kventnih iskri (7). Stvaranjem jedinstvenog oblika na povrsi-
ni instrumenta on moze pokazati visoku otpornost na abra-
ziju i dobra mehanicka svojstva (8). Instrumenti proizvedeni
tom metodom jaci su i do 700 % otporniji na ciklicki zamor
u odnosu prema onima proizvedenim drugim metodama. Te
znacajke smanjuju troenje instrumenata tijekom obrade kori-
jenskog kanala, a istodobno ¢uvaju izvorne anatomske oblike.

NiTi instrumenti mogu se upotrijebiti vi$e puta u stoma-
toloskoj praksi iz financijskih razloga, no istrazivanja su po-
kazala da njihova dugotrajna klinicka primjena znatno sma-
njuje otpornost na ciklicki zamor (9 — 11). Trenuta¢no nije
moguce utvrditi kona¢ne smjernice o sigurnom broju upo-
trebe rotacijskih NiTi instrumenata zato $to to varira ovi-
sno o ¢imbenicima kao $to su vrsta zuba, operater i anatomi-
ja korijenskog kanala. Ipak, postoji jasan trend zagovaranja
jednokratne upotrebe rotacijskih NiTi instrumenata tije-
kom endodontskog lijecenja (12). Instrumenti HEDM vra-
¢aju se u svoj izvorni oblik nakon sterilizacije. Ako se to ne
dogodi, njihova se upotreba ne preporucuje (8). Neravnine
na povrsini intaktnih instrumenata HEDM nisu rizi¢ne za
ocuvanje njihove povrsine poslije ponovljene upotrebe zbog
beskontaktne proizvodnje NiTi instrumenata EDM tehno-
logijom (13). Pokazalo se da povrsina obradena iskrom osta-
je nepromijenjena nakon videstruke upotrebe, $to u prethod-
nim istrazivanjima potvrduje visoku otpornost na trosenje
(8). No u literaturi nema istrazivanja o promjenama povrsine
i u volumenu rotacijskih instrumenata HEDM nakon upo-
trebe. Cilj ovog istrazivanja bio je mikrora¢unalnom tomo-
grafijom (mikro-CT) procijeniti povrsine i volumene instru-
menata HEDM prije i poslije triju upotreba. Nulta hipoteza
istrazivanja bila je da nece biti znatnih promjena volumena i
povrsine rotacijskih instrumenata HEDM poslije ponovljene
upotrebe u usporedbi s njihovim mjerenjima prije upotrebe.

Materijali i metode

Izracun veli¢ine uzorka

Veli¢ina uzorka za ovo istrazivanje izracunata je s pomocu
softvera (G * Power 3.1.7 za Windows; Heinrich Heine, Sveuci-
liste Diisseldorf, Diisseldorf, Njemacka), a t-test za dvije neovi-
sne skupine odabran je s alfa-tipom pogreske od 0,05 i beta sna-
gom od 0,95 za sve varijable. Prethodno istrazivanje koristeno je
za odredivanje veli¢ine ucinka (f) od 1,71 (13). Minimalna po-
trebna veli¢ina uzorka bila je sedam uzoraka po skupini. Veli-
¢ina uzorka povecana je na dvanaest instrumenata po skupini
nakon §to se uzeo u obzir potencijalni rizik od puknuéa instru-
menata tijekom obrade korijenskog kanala i moguénost da se
nakon autoklaviranja instrumenti nece vratiti u prvotni oblik.
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Sample selection

After the study received ethical approval by the Ankara
Yildirim Beyazit University IRB Committee (2019-336), 36
mandibular molar teeth featuring mesial roots with Vertuc-
ci’s type IV(Two unique and independent canals from the
orifice to the root apex) canal configurations (14) and cur-
vature angles between 20° and 40° (15) were selected from a
pool of extracted human teeth. The homogeneous distribu-
tion of the teeth and their compliance with the inclusion cri-
teria were confirmed using digital periapical radiography and
micro—CT (16). The inclusion criteria were as follows: teeth
that had not undergone root canal treatment before, mature
roots, no diagnoses such as root caries or internal or exter-
nal resorption, and no calcification, cracks or fractures. The
crowns of the teeth were removed from the enamel-cement
junction with a diamond bur (Diatech, Charleston, U.S. A)
by water cooling; the root length was 12+0.5 mm.

Sample preparation

The sizes of the access cavities were uniformly prepared
in all samples. After access cavity preparation, the working
length (WL) was determined by measuring the length of
the #10 K-file (Dentsply, Maillefer, Ballaigues, Switzerland)
when its tip became visible at the apical foramen. HEDM
files were used with a VDW Gold (VDW, Munich, Germa-
ny) endodontic motor. The mesiobuccal and mesiolingual
root canals of thirty-six human mandibular molar teeth were
filed using 10/.05 (300 rpm and 1.8 Ncm) and 25/.085 Nem)
HEDM files according to the manufacturer’s recommenda-
tions. The shank parts of the files were marked with an ISO
014 diamond bur (Strauss & Co, Industrial Diamonds Ltd,
Ra’anana, Israel) to assess the same area in each instrument
during a micro—CT analysis.

The root canals were irrigated using 5 mL of 3% sodium
hypochlorite (NaOCl; CanalPro, Coltene/Whaledent, Ger-
many) during instrumentation. In total, 20 mL of 3% NaO-
Cl was used for each sample. The debris on the surface of the
file was wiped off with alcohol-soaked gauze after each use.

One set of new HEDM files (10/.05 and 25/.08) was used
to prepare two root canals (mesiolingual and mesiobuccal)
on each of the three mandibular molar teeth, totaling six
root canals per set of instruments. After filing the mesial ca-
nals of each mandibular molar tooth, the files were washed
with 5 mL of distilled water to remove accumulated debris.
They were then cleaned in an ultrasonic bath containing de-
tergent (acetone, ethanol, and deionized water) and sterilized
at 134 °C for 4 minutes at 30 psi before being used on the
next canal (17). All procedures in this experiment were con-
ducted by a single experienced endodontist to maintain con-
sistency in technique and outcomes.

The changes in the spirals and surfaces of the files were
examined at 40X magnification under a dental operating
microscope (OMS 2350, Zumax, Jiangsu, China). The files
with spirals that returned to their original shape during ster-
ilization were used to prepare the root canals of the next sam-

ple.

Surface Area and Volume of Hyflex EDM .

Odabir uzorka
Nakon $to je istrazivanje dobilo eticko odobrenje odbora

IRB-a Sveudilista Ankara Yildirim Beyazit (2019.-336), me-
du izvadenim ljudskim zubima odabrano je 36 donjih kut-
njaka s mezijalnim korijenima s Vertuccijevom konfiguraci-
jom kanala tipa IV (dva odvojena i neovisna kanala od otvora
do vrha korijena) (14) i kutovima zakrivljenosti izmedu 20°
i 40° (15). Homogena raspodjela zuba i njihova uskladenost
s kriterijima za uklju¢ivanje potvrdene su digitalnom peria-
pikalnom radiografijom i mikro-CT-om (16). Kriteriji za
uklju¢ivanie bili su sljede¢i: zubi koji nisu bili podvrgnuti en-
dodontskom lijecenju, zreli korijeni, bez dijagnoza poput ka-
rijesa korijena ili unutarnje ili vanjske resorpcije te bez kal-
cifikacija, pukotina ili fraktura. Krune zuba uklonjene su na
mjestu spoja cakline i cementa dijamantnim svrdlom (Dia-
tech, Charleston, SAD) uz hladenje vodom; duljina korijena
bila je 12 + 0,5 mm.

Priprema uzorka

Veli¢ine pristupnih kaviteta bile su jednoliko preparira-
ne u svim uzorcima. Nakon preparacije pristupnog kavite-
ta, radna duljina (WL) odredena je mjerenjem duljine K-in-
strumentom #10 (Dentsply, Maillefer, Ballaigues, Svicarska)
kada je njegov vrh postao vidljiv na apikalnom foramenu.
Instrumenti HEDM koriteni su s endodontskim motorom
VDW Gold (VDW, Miinchen, Njemacka). Meziobukalni i
meziolingvalni korijenski kanali trideset Sest ljudskih donjih
kutnjaka obradeni su instrumentima HEDM 10/.05 (300 o/
min i 1,8 Nem) i 25/.085 Nem) prema preporuci proizvoda-
¢a. Dijelovi drzaka instrumenata oznaceni su dijamantnim
svrdlom ISO 014 (Strauss & Co, Industrial Diamonds Ltd,
Ra’anana, Izrael) kako bi se analizom mikro-CT-om procije-
nilo isto podru¢je na svakom instrumentu.

Korijenski kanali irigirani su s 5 mL 3-postotnoga na-
trijeva hipoklorita (NaOCl; CanalPro, Coltene/Whaledent,
Njemacka) tijekom instrumentacije. Ukupno je za svaki uzo-
rak koristeno 20 mL 3-postotnoga NaOCl-a. Ostatci s po-
vrdine instrumenta obrisani su nakon svake upotrebe gazom
natopljenom alkoholom.

Jedan set novih instrumenata HEDM (10/.05 i 25/.08)
koristen je za obradu dvaju korijenskih kanala (meziolingval-
noga i meziobukalnoga) na svakom od triju donjih kutnjaka,
sto je ukupno Sest korijenskih kanala. Instrumenti su ispra-
ni s 5 mL destilirane vode da bi se uklonili nakupljeni ostat-
ci. Zatim su o¢is¢eni u ultrazvu¢noj kupki koja je sadrzava-
la deterdZent (aceton, etanol i deionizirana voda) i 4 minute
sterilizirani na 134 °C pod tlakom od 30 psi prije upotrebe
u sljede¢em kanalu (17). Sve postupke u ovom eksperimentu
proveo je jedan iskusni endodont kako bi se odrzala dosljed-
nost u tehnici i rezultatima.

Promjene u spiralama i povr$inama instrumenata anali-
zirane su pri povecanju od 40 x pod stomatoloskim opera-
cijskim mikroskopom (OMS 2350, Zumax, Jiangsu, Kina).
Instrumenti sa spiralama koje su se vratile u prvotni oblik ti-
jekom sterilizacije upotrijebljeni su za obradu korijenskih ka-
nala sljedeceg uzorka.
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Micro—CT analysis
The sizes (10/.05 and 25/.08) of each new HEDM file

and those used multiple times were evaluated by micro-CT
(SkyScan 1274, SkyScan, Aartselaar, Belgium) four times:
when intact, after filing one canal, after filing two canals and
after filing three canals. Samples were scanned with a resolu-
tion of 33 pm, exposure time of 50 ms, and rotation of 0.4°.
The electrical values applied to the X-ray source during scan-
ning were 50 kV and 800 pa. Data were reconstructed with
NRecon (NRecon version 1.6.9.4; Skyscan), and transverse
sections were obtained. Then, the surface properties were an-
alyzed with CTan (CTan version 1.13.5.1; Skyscan). Three-
dimensional models were created using CTvol (CTvol ver-
sion 1.7.4.2; Skyscan).

Statistical Analysis

Data were first analyzed using the Shapiro-Wilk test to
verify the assumption of normality; the data were not nor-
mally distributed. The volume and surface area in each
file group were analyzed by applying Friedman’s test. Each
group comparison was assessed using the Wilcoxon signed
rank test with Bonferroni correction. Statistical analyses
were performed using SPSS 21.0 (IBM - SPSS Inc., Chica-
go, IL, USA) software, and the statistical significance level
was P < 0.05.

Results

No fractures occurred in any HEDM files during root
canal preparation. Figures 1 and 2 show the three-dimen-
sional (3D) micro-CT superimposition of pre- and post-use
images of the HEDM 10/.05 and HEDM 25/.08 files, re-
spectively. These images show the surface alterations of the
instruments after repeated clinical use. Color coding is used
to differentiate the file surfaces: intact instruments are shown

Povrsina i volumen Hyflex EDM-a

Analiza mikro-CT-om

Veli¢ine (10/.05 i 25/.08) svakoga novog instrumenta
HEDM i onih koristenih viSe puta procijenjene su mikro-
CT-om (SkyScan 1274, SkyScan, Aartselaar, Belgija) cetiri
puta: kada su bile intaktne, poslije instrumentacije jednog
kanala, poslije instrumentacije dvaju kanala i poslije instru-
mentacije triju kanala. Uzorci su skenirani u rezoluciji od 33
pm, s viemenom ekspozicije od 50 ms i rotacijom od 0,4°.
Elektri¢ne vrijednosti primijenjene na izvor X-zraka tijekom
skeniranja bile su 50 kV i 800 pa. Podatci su rekonstruirani s
pomoc¢u NRecona (NRecon verzija 1.6.9.4; Skyscan) i dobi-
veni su popre¢ni presjeci. Zatim su povrsinska svojstva ana-
lizirana s pomo¢u CTana (CTan verzija 1.13.5.1; Skyscan).
Trodimenzionalni modeli izradeni su s pomocu CTvola

(CTvol verzija 1.7.4.2; Skyscan).

Statisti¢ka analiza

Podatci su najprije analizirani Shapiro-Wilkovim testom
kako bi se provjerila pretpostavka normalnosti; podatci ni-
su bili normalno distribuirani. Volumen i povrsina u svakoj
skupini instrumenata analizirani su primjenom Friedmano-
va testa. Svaka usporedba skupina procijenjena je Wilcoxo-
novim testom rangova s Bonferronijevom korekcijom. Stati-
sticke analize provedene su u SPSS-u 21.0 (IBM - SPSS Inc.,
Chicago, IL, SAD) softvera, a razina statisticke znacajnosti
bila je P < 0,05.

Rezultati

Nisu zabiljezene frakture ni na jednom instrumentu
HEDM tijekom obrade korijenskih kanala. Na slikama 1.
i 2. trodimenzionalna (3D) je mikro-CT superpozicija slika
prije i poslije upotrebe instrumenta HEDM 10/.05 i HEDM
25/.08. Ove slike pokazuju promjene na povrsini instrume-
nata nakon ponovljene klini¢ke upotrebe. Kodiranje bojama
koristeno je za razlikovanje povrsina instrumenta: intaktni

Figure 1 Representative three-dimensional (3D) micro-CT
reconstructions of HEDM 10/.05 instrument. Color-coded
instrument surface indicates a) Intact (green) and after
single-use (red) b) After second-use (green) and after
third-use (red) of the instrument.

Slika 1. Reprezentativne trodimenzionalne (3D) mikro-CT
rekonstrukcije instrumenta HEDM 10/.05; povrsina
instrumenta oznacena bojama oznacava a) intaktno
(zeleno) i poslije jedne upotrebe (crveno) b) poslije
druge upotrebe (zeleno) i poslije trece upotrebe (crveno)
instrumenta

Figure 2 Representative three-dimensional (3D) micro-CT
reconstructions of HEDM 25/.08 instrument. Color-coded
instrument surface indicates a) Intact (green) and after
single-use (red) b) After second-use (green) and after
third-use (red) of the instrument.

Slika 2. Reprezentativne trodimenzionalne (3D) mikro-CT
rekonstrukcije instrumenta HEDM 25/.08.; povrsina
instrumenta oznacena bojama oznacava a) intaktno
(zeleno) i poslije jedne upotrebe (crveno) b) poslije
druge upotrebe (zeleno) i poslije trece upotrebe (crveno)
instrumenta
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in green, while the surfaces after each usage are depicted in
red (1x, 2x, and 3x).

In Figure 1, the 3D reconstruction of the HEDM 10/.05
instrument highlights the changes that occur after each use.
The transition from the intact state to the post-use states vi-
sually represents the reduction in surface area. Similarly, Fig-
ure 2 presents the HEDM 25/.08 instrument in 3D, thus al-
lowing for a direct comparison of its surface integrity before
and after each use, providing a reference for understanding
how the performance of the instrument may be affected by
continued use.

The median and interquartile range (IQR) for the vol-
ume (V) and surface area (SA) values of the HEDM 10/.05
and HEDM 25/.08 files are presented in Table 1. Based on
the obtained data, the effect size value was found to be 1.25,
and from this, the obtained power value was 83%.

Intact HEDM 10/.05 and HEDM 25/.08 files exhibited
the highest values for both volume and surface area. With an

increasing number of uses, the volume and surface area val-
ues decreased significantly (P < 0.05 or P = 0.000).

Surface Area and Volume of Hyflex EDM .

instrumenti prikazani su zelenom bojom, a povr$ine nakon
svake upotrebe prikazane su crvenom bojom (1 x, 2 x i 3 x).

Nasslici 1. 3D rekonstrukcija instrumenta HEDM 10/.05
istice promjene koje se dogadaju poslije svake upotrebe. Pri-
jelaz iz intaktnog stanja u stanje poslije upotrebe vizualno
oznacuje smanjenje povrsine. Sli¢no tomu, na slici 2. je in-
strument HEDM 25/.08 u 3D-u pa je omoguéena izravna
usporedbu integriteta njegove povrsine prije i poslije svake
upotrebe, pruzajuéi referenciju za razumijevanje kako konti-
nuirana primjena moze utjecati na performanse instrumenta.

Medijan i interkvartilni raspon (IQR) za vrijednosti vo-
lumena (V) i povrsine (SA) instrumenata HEDM 10/.05 i
HEDM 25/.08 prikazani su u tablici 1. Na temelju dobivenih
podataka utvrdeno je da je vrijednost veli¢ine ucinka 1,25,
a iz toga je izracunata postignuta vrijednost snage od 83 %.

Intakeni instrumenti HEDM 10/.05 i HEDM 25/.08 po-
kazali su najvise vrijednosti i za volumen i za povr$inu. S
povecanjem broja upotreba, vrijednosti volumena i povrsine
znacajno su se smanjile (P < 0,05 ili P = 0,000).

Table1  The surface area and volume values of HyFlex EDM 10/.05 and HyFlex EDM 25/.08 files
Tablica 1. Vrijednosti povrsine i volumena instrumenata HyFlex EDM 10/.05 i HyFlex EDM 25/.08
HyFlex EDM 10.05 HyFlex EDM 25.08
Surface Area ® Povrsina Volume ® Volumen Surface Area ® Povr§ina Volume * Volumen

Median® IQR (25th-75th)* Median® IQR (25th-75th)s Median® IQR (25th-75th)e Mediane® IQR (25th-75th)

Medijan IKR (25.-75.) Medijan IKR (25.-75.) Medijan IKR (25.-75.) Medijan IKR (25.-75.)
Intact ® Intaktan 27.05+0.40° 26.8-27.3 2.61+0.09* 2.58-2.65 31.98+0.40° 31.6-32.08 3.53+0.00° 3.53-3.54
First Usage * 25.84+0.43%| 254262 | 253+0.07% | 2.49-258 (30704035 305-30.8 | 3.46+0.06* | 3.42-347
Prva upotreba
Second Usage * 24.424048%| 243246 | 245+0.81 | 241-252  |29.98+0.39%| 29.8-30.08 | 3.31+0.07% | 3.24-3.36
Druga upotreba
Third Usage » 2348+070°| 233237 | 2394007 | 2.352.42 |28.05+0.35| 27.8-282 | 3.14+0.05 |  3.14-3.17
Treéa upotreba
Pvalue *
P-vrijednost 0.05

*Different superscript letters indicate statistically significant differences between groups (2 < 0.05) (> <for intragroup comparasion, *” for intergroup
comparasion) ® Razli¢ita slova u nadnaslovima oznacavaju statisticki znacajne razlike izmedu skupina (2 < 0,05) (a, b, ¢, d za usporedbu unutar

skupine, x;y za usporedbu medu skupinama)

EDM, electrical discharge machining method; IQR, interquartile range © EDM — metoda elektroerozijske obrade; IKR — interkvartilni raspon

Discussion

The changes in the surface properties of files after clini-
cal use affect their cyclic and torsional fatigue resistance and
cutting efficiency (18). Surface irregularities and blunt cut
ting edge can affect the cutting ability of NiTi rotary files
and contribute to corrosion and material fatigue (3). Addi-
tionally, exposure to chemicals during use, as well as pre-
sterilization cleaning and multiple sterilization cycles, can
deteriorate these instruments and increase their corrosion
rate (19). Therefore, evaluating the surface characteristics of
NiTi rotary files is essential to assess their susceptibility to
damage. Some clinicians may reuse the same file while treat-
ing another tooth of the same patient out of convenience or
for financial reasons (20). Scholars have reported different re-
sults regarding the maximum number of canals that can be
treated with NiTi rotary files before they need to be replaced
with new files (8). The recommended number of uses can

Rasprava

Promjene u svojstvima povrsine instrumenata poslije kli-
nicke upotrebe utje¢u na njihovu otpornost na ciklicki i tor-
zijski zamor te u¢inkovitost rezanja (18). Neravnine povrsine
i tupi rezni rub mogu utjecati na to kako NiTi rotacijski in-
strumenti rezu te pridonijeti koroziji i zamoru materijala (3).
Uz to, izloZenost kemikalijama tijekom upotrebe i ¢is¢enje
prije sterilizacije te visestruki ciklusi sterilizacije, mogu po-
gorsati svojstva instrumenata i povecati njihovu stopu koro-
zije (19). Zato je procjena povr$inskih znacajki NiTi rotacij-
skih instrumenata klju¢na za procjenu njihove osjetljivosti na
o$te¢enja. Neki klini¢ari mogu ponovno upotrijebiti isti in-
strument za instrumentaciju drugog zuba istog pacijenta iz
prakei¢nih ili financijskih razloga (20). Znanstvenici su izvi-
jestili o razlicitim rezultatima u vezi s maksimalnim brojem
kanala koji se mogu obraditi NiTi rotacijskim instrumenti-
ma prije nego $to ih je potrebno zamijeniti novima (8). Pre-
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vary depending on the complexity of the root canal system
being treated and the operator’s technique. This research is
the first study to examine changes in surface area and volume
of HEDM files after multiple uses on natural teeth, using
micro-CT, thus providing valuable insights into the practical
implications of reusing these instruments in clinical practice.
According to the results of this study, after the use of HEDM
10/.05 and HEDM 25/.08 files in root canal preparation, a
decrease in volume and surface areas was observed (P <0.05).
Therefore, the null hypothesis of the study was rejected.

The HEDM instruments demonstrated greater flexibili-
ty and improved resistance to cyclic fatigue when compared
to the HyFlex CM, Twisted File, and K3 files in a recent
study. (21) Similarly it exhibited higher cyclic fatigue resis-
tance than Protaper Gold and K3XF (22). The unwinding
of the spirals compensate for stress during their clinical use.
HEDM files return to their original shape with full shape
recovery and the continuous functionality following high-
temperature sterilization cycles (23). This allows for multi-
ple uses of the same file, potentially increasing their lifespan
in clinical applications. However, it is essential to acknowl-
edge that this design feature does not completely prevent the
risk of degradation over time. To use files safely during clini-
cal applications, it may be important to understand the post-
production conditions and how repeated use affects surface
properties, which is critical for ensuring patient safety and
effective treatment outcomes. This study addresses a signifi-
cant gap in the existing literature, as there are currently no
micro—CT studies investigating the changes in volume and
surface area of HEDM rotary files before and after multiple
uses. By understanding how changes to the surface affect the
performance of these instruments, clinicians can make more
informed decisions about reusing files, ultimately enhancing
the quality of endodontic treatments.

Artificial or natural teeth have been used in studies to ex-
amine the changes in the mechanical properties of files af-
ter root canal preparation (13). Since extracted teeth better
reflect real clinical conditions than artificial teeth, extract-
ed teeth with inclined (20°-40°) mesial canals of mandibu-
lar molar teeth were used for root canal preparation in the
present study.

Studies to assess the quantitative wear amount of used ro-
tary files utilizing microscopic images and software analysis
(24). However, no study has examined the volume and sur-
face area changes that occur on the surfaces of files using mi-
cro—CT imaging. Micro-CT provides high-resolution, 3D
images, allowing for detailed quantitative assessments of vol-
ume and surface characteristics. It provides precise volumet-
ric data by assessing the entire 3D structure of the sample.
The results of our study cannot be directly compared to those
of other researchers.

In studies on surface roughness in the literature, surface
topographies were reported to change after the clinical use
of a rotary system file, and these changes were related to ero-
sion , cutting surface deformation, plastic deformation and
microcrack formation (25). In addition, as the surface rough-
ness increased, the tendency of the files to break increased,
and the cutting efficiency decreased (26). The files were used
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porucen broj upotreba moze varirati ovisno o slozenosti su-
stava korijenskih kanala koji se tretira i primijenjenoj tehnici
instrumentacije. Ovo istrazivanje prvo je u kojemu autori is-
pituju promjene povrsine i volumena instrumenata HEDM
poslije viSestruke upotrebe na prirodnim zubima, koriste-
njem mikro-CT-a, pruzaju¢i vrijedne uvide u prakti¢ne im-
plikacije ponovne upotrebe tih instrumenata u klinickoj
praksi. Prema rezultatima ovog istrazivanja, poslije upotrebe
instrumenata HEDM 10/.05 i HEDM 25/.08 u obradi kori-
jenskog kanala, uoceno je smanjenje volumena i povrsine (P
< 0,05). Zato je nulta hipoteza studije odbacena.

Instrumenti HEDM u nedavno provedenom istraziva-
nju pokazali su vecu fleksibilnost i poboljsanu otpornost na
ciklicki zamor u usporedbi s instrumentima HyFlex CM,
Twisted File i K3 (21). Takoder, pokazali su ve¢u otpornost
na ciklicki zamor od Protaper Golda i K3XF-a (22). Odmo-
tavanje spirala kompenzira naprezanje tijekom njihove kli-
nic¢ke upotrebe. Instrumenti HEDM vradaju se u svoj izvorni
oblik s potpunim oporavkom oblika i kontinuiranom funk-
cionalno$¢u nakon ciklusa sterilizacije na visokim tempera-
turama (23). To omogucuje visestruku upotrebu istog in-
strumenta, $to potencijalno povecava njihov vijek trajanja u
klini¢koj primjeni. Medutim, bitno je napomenuti da ta zna-
¢ajka dizajna ne eliminira potpuno rizik od degradacije ti-
jekom vremena. Za sigurnu upotrebu instrumenata tijekom
klinicke primjene vazno je razumjeti uvjete nakon proizvod-
nje i kako ponovljena upotreba utje¢e na karakteristike po-
vrdine, $to je klju¢no za sigurnost pacijenata i uc¢inkovitih is-
hoda lije¢enja. Ovo istrazivanje treba nadopuniti praznine u
postojecoj literaturi, s obzirom na to da trenuta¢no ne postoje
mikro-CT studije koje istrazuju promjene volumena i povrsi-
ne rotacijskih instrumenata HEDM prije i poslije viSestruke
upotrebe. Razumijevanjem kako promjene na povrsini utje-
¢u na performanse tih instrumenata, klini¢ari mogu donositi
informiranije odluke o njihovoj ponovnoj upotrebi, $to u ko-
nacnici pobolj$ava kvalitetu endodontskog lijecenja.

U istrazivanjima su uporabljeni umjetni ili prirodni zu-
bi za ispitivanje promjena mehanickih svojstava instrumena-
ta poslije obrade korijenskog kanala (13). Budu¢i da izvadeni
zubi bolje odrazavaju stvarne klinicke uvjete od umjetnih, u
ovom istrazivanju za instrumentaciju korijenskog kanala ko-
riSteni su izvadeni zubi sa zako$enim (20° — 40°) mezijalnim
kanalima donjih kutnjaka.

U istrazivanjima za procjenu kvantitativnog trosenja
koristenih rotacijskih instrumenata primjenjuju se mikro-
skopske slike i softverske analize (24). No u ni jednoj stu-
diji autori nisu ispitali promjene volumena i povrsine koje se
pojavljuju na povr§inama instrumenata kori$tenjem mikro-
CT snimanja. Mikro-CT pruza 3D slike visoke rezolucije,
$to omogucuje detaljnu kvantitativou procjenu volumena i
povrsinskih karakteristika. Daje precizne volumetrijske po-
datke procjenom cijele 3D strukture uzorka. Rezultati naseg
istrazivanja ne mogu se izravno usporediti s rezultatima dru-
gih istrazivanja.

U istrazivanjima hrapavosti povrsine u literaturi zabilje-
zene su promjene u topografiji povrsine poslije klinicke upo-
trebe rotacijskih instrumenata, a te su promjene bile pove-
zane s erozijom, deformacijom povriine rezanja, plasticnom
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sequentially in this study, following the manufacturer’s rec-
ommendations. To reduce the stress of HEDM 25/.08, it was
suggested to use HEDM 10/.05 files as the first file for mesi-
al root curvatures in mandibular molar teeth (27). Especial-
ly at the tip of the file, HEDM 10/.05 files exhibit openings
in their spirals due to stress. This effect may be due to the
small-diameter files being exposed to torsional stress in root
canal preparation.

Pirani et al. (8) examined the surface properties of
HEDM files by SEM after the preparation of 10 molar teeth,
with each file having a curvature of 50°~70°. The authors re-
ported that none of the HEDM 25/.12 and 25/.08 files were
deformed, except for slight deformations on the surfaces of
the HEDM 10/.05 files. Scholars have reported that the ir-
regularities on the surfaces of new HEDM files do not pose
a danger after use. Although the authors reported that both
files had oxide layers on their surfaces, they also reported that
EDM may be more durable than CM, which consists of B2-
austenite and B19-martensite phases, because it contains a
large amount of R phase (8). While these mechanical prop-
erties are closely related to the safety and efficacy of HEDM
files during clinical use, small EDM files were reported to be
permanently deformed due to their higher susceptibility to
torsional failure than larger instruments. Caution was rec-
ommended regarding reuse of small HyFlex EDM rotary in-
struments (7).

Uslu et al. (13) evaluated the changes in the surface prop-
erties of HyFlex CM 25.08 and HEDM 25/.08 files before
and after use with 3D optical profilometry. Although both
files tested in this study were made of CM alloy, changes oc-
curred in the surfaces of the files after use, and the preser-
vation of surface roughness values was observed with EDM
technology.

[rrigants were found to reduce the risk of torsional frac-
tures by reducing the torque values of Ni-Ti rotary instru-
ments. (28) However, these instruments showed a variable
increase in surface roughness after being exposed to irrig-
ants. (29) NaOCI can cause micropitting by removing nickel
from the instrument surface. This can cause corrosive areas
on the NiTi instrument affecting the surface roughness. (30)
Therefore, NaOCl irrigation with a concentration of 3% was
chosen in the present study to reduce the amount of available
chlorine that would attack the alloy. In a study, immersion
in NaOCl reduced the cyclic fatigue resistance of ProTaper
Next, Hyflex CM, and HEDM instruments, with a greater
effect observed on those made from CM wire (31).

Changes in the surface structures of EDM files might
occur due to sterilisation periods (18). Repeated sterilization
contributes to surface roughness and changes in mechani-
cal characteristics. Hyflex EDM and WaveOne Gold files
were reported to show similar surface changes when subject-
ed to multiple usage and autoclaving cycles (32). In a study
in which the changes on the surfaces of HEDM files during
autoclave sterilization were examined with atomic force mi-
croscopy, the surface roughness of the new brand HEDM
file was reported to change at a low level after the first ster-
ilization, and the surface roughness increased significantly
after the fifth sterilization (18). After being applied as in-
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deformacijom i stvaranjem mikropukotina (25). Uz to, ka-
ko se hrapavost povrsine povecavala, tako je rasla tendenci-
ja puknuca instrumenata, a smanjivala se ucinkovitost reza-
nja (26). Instrumenti su se u ovom istrazivanju upotrebljavali
sekvencijalno, prema preporukama proizvodaca. Kako bi se
smanjilo naprezanje HEDM-a 25/.08, predlozeno je koriste-
nje instrumenta HEDM 10/.05 kao prvog za mezijalne za-
krivljenosti korijena kod donjih kutnjaka (27). Posebno na
vthu, instrumenti HEDM 10/.05 pokazuju otvore u svojim
spiralama zbog naprezanja. Taj uc¢inak moze biti posljedica
izloZenosti instrumenta malog promjera torzijskom napreza-
nju tijekom obrade korijenskog kanala.

Pirani i suradnici (8) analizirali su povrsinska svojstva in-
strumenata HEDM s pomo¢u SEM-a poslije instrumentaci-
je 10 kutnjaka, pri ¢emu je svaki instrument imao zakrivlje-
nost od 50° do 70°. Autori su izvijestili da nijedan instrument
HEDM 25/.12 i 25/.08 nije bio deformiran, osim blagih de-
formacija na povr$inama instrumenta HEDM 10/.05. Znan-
stvenici su izvijestili da nepravilnosti na povr$inama novih
HEDM instrumenata ne predstavljaju opasnost nakon upo-
trebe. lako su autori izvijestili da oba instrumenta imaju ok-
sidne slojeve na svojim povr$inama, takoder su istaknuli da
EDM moze biti trajniji od CM-a koji se sastoji od faza B2-
austenita i B19-martenzita jer sadrzava veliku koli¢inu R-faze
(8). Iako su ta mehanicka svojstva usko povezana sa sigurno-
$¢u i uc¢inkovito$¢u instrumenata HEDM tijekom klinicke
upotrebe, zabiljezeno je da su mali instrumenti EDM trajno
deformirani zbog njihove veée osjetljivosti na torzijsko pu-
knuce u usporedbi s ve¢im instrumentima. Preporucen je
oprez u vezi s ponovnom upotrebom malih rotacijskih in-
strumenata HyFlex EDM (7).

Uslu i suradnici (13) procijenili su 3D optickom profilo-
metrijom promjene povrsinskih svojstava HyFlex CM 25.08
i instrumenata HEDM 25/.08 prije i poslije upotrebe. Iako
su oba instrumenta testirana u ovom istrazivanju bila izra-
dena od CM legure, poslije upotrebe uocena je promjena na
njihovim povr$inama, a ocuvanje vrijednosti hrapavosti po-
vr$ine utvrdeno je tehnologijom EDM.

Utvrdeno je da iriganti smanjuju rizik od torzijskih pu-
knuc¢a smanjenjem vrijednosti momenta sile rotacijskih Ni-Ti
instrumenata (28). No ti instrumenti pokazali su varijabil-
no povecanje hrapavosti povrsine nakon izlaganja iriganti-
ma (29). NaOCl moze prouzrociti mikrorupice uklanjanjem
nikla s povrsine instrumenta. To moze prouzrociti koroziv-
na podru¢ja na NiTi instrumentu koja utje¢u na hrapavost
povrsine (30). Stoga je u ovoj studiji odabrano ispiranje Na-
OCl-om u koncentraciji od 3 % kako bi se smanjila koli¢i-
na dostupnog klora koji bi nagrizao leguru. U jednoj studiji
je uranjanje u NaOCl smanjilo otpornost na ciklicki zamor
instrumenata ProTaper Next, Hyflex CM i HEDM, s ve¢im
uc¢inkom uocenim na onima izradenim od CM Zice (31).

Promjene povrsinske strukture instrumenta EDM mo-
gu se pojaviti zbog sterilizacije (18). Ponovljena sterilizacija
pridonosi hrapavosti povrsine i promjenama mehanickih ka-
rakeeristika. Istaknuto je da instrumenti Hyflex EDM i Wa-
veOne Gold pokazuju sli¢ne promjene na povrsini kada su
podvrgnuti visestrukoj upotrebi i ciklusima autoklaviranja
(32). U studiji u kojoj su promjene na povrsinama instrume-
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struments, heating and severe deformation in the canal, a
decrease in hardness and an increase in the elastic moduli of
the EDM files were observed. These results were explained by
the re-dissolution of the Ni,Ti, phase and the stress-induced
martensitic transformation of some austenite into an addi-
tional R-phase, which is consistent with the phase changes
observed in the EDM files used (23). In this study, the files
were sterilized by autoclave after each use to mirror the con-
ditions of actual clinical use as much as possible. The de-
creases in the surface area and volume values of the files and
the effects of sterilization on the deformations on the surface
can be explained in this manner.

Considering the limitations of controlled laboratory con-
ditions, the setting may not fully replicate the complex bi-
ological and mechanical interactions present iz vivo, thus
making it difficult to directly correlate the findings to the
clinical performance of the instruments. Potential biases
from operator variables and the anatomical canal configu-
ration of mandibular molars may limit the applicability of
findings to other types of teeth with different canal anato-
mies (33). Further research considering a diverse range of op-
erators and anatomical canal variations is needed to enhance
the generalizability of these results.

Although the results of the study show that the volume
and surface area changes could be analyzed using micro—
CT, further studies are needed to examine how the micro-
CT findings correlate with the cyclic and torsional fatigue
of files in clinical use and their relationships with the inci-
dence of fracture. SEM and mechanical testing can be fur-
ther combined with micro-CT to analyze surface details, re-
vealing micro-cracks or assessing mechanical integrity.

Conclusion

Within the limitations of the study, micro-CT analysis
revealed that the surface area and volume of HEDM files
decreased progressively with each repeated use, along with
observable deformations on the surfaces after multiple uses.
Micro-CT analysis can be utilized to assess the volume and
surface area changes of rotary instruments. Clinicians should
monitor the integrity of files, consider the effects of steriliza-
tion, and the risks associated with reusing files to enhance
endodontic treatment outcomes, particularly in complex ca-
nal anatomies where the risk of instrument failure is higher.
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nata HEDM tijekom sterilizacije u autoklavu ispitivane mi-
kroskopijom atomskih sila, zabiljezeno je da se hrapavost po-
vrSine nove marke instrumenata HEDM malo promijenila
poslije prve sterilizacije, a hrapavost povrsine znacajno se po-
vecala poslije pete (18). Nakon instrumentacije, zagrijavanja i
jake deformacije u kanalu, uoceno je smanjenje tvrdoce i po-
vecanje modula elasti¢nosti instrumenata EDM. Ti rezulta-
ti objasnjeni su ponovnim otapanjem faze Ni4Ti3 i marten-
zitnom transformacijom dijela austenita u dodatnu R-fazu
izazvanu naprezanjem, $to je u skladu s faznim promjenama
uocenima na koritenim instrumentima EDM (23). U ovoj
studiji instrumenti su sterilizirani u autoklavu poslije svake
upotrebe kako bi se postigli uvjeti $to sli¢niji stvarnoj klini¢-
koj upotrebi. Smanjenje povrsine i volumena instrumenata,
te ucinci sterilizacije na deformacije povr$ine, mogu se obja-
sniti na ovaj nacin.

S obzirom na ogranicenja kontroliranih laboratorijskih
uvjeta, okruzenje mozda neée potpuno replicirati slozene bi-
oloske i mehanicke interakcije prisutne in vivo, $to otezava
izravnu korelaciju nalaza s klinickom ucinkovitos¢u instru-
menata. Potencijalne pristranosti prouzrocene varijablama
operatera i anatomskom konfiguracijom kanala donjih kut-
njaka mogu ograniciti primjenjivost nalaza na druge vrste
zuba s razlicitim anatomijama kanala (33). Potrebna su dalj-
nja istrazivanja u kojima ¢e se uzeti u obzir Sirok raspon ope-
ratera i anatomskih varijacija kanala kako bi se poboljsala ge-
neralizacija ovih rezultata.

lako rezultati istrazivanja pokazuju da se promjene volu-
mena i povrine mogu analizirati mikro-CT-om, potrebna
su daljnja istrazivanja da bi se ispitalo kako nalazi mikro-CT-
a koreliraju s ciklickim i torzijskim zamorom instrumenata u
klinickoj upotrebi i njihovim odnosom s ucestaloséu puknu-
¢a. SEM i mehanicko ispitivanje mogu se dodatno kombini-
rati s mikro-CT-om za analizu detalja povrsine, otkrivanje
mikropukotina ili procjenu mehanickog integriteta.

Zaklju¢ak

Uzimajuéi u obzir ogranicenja istrazivanja, analiza mi-
kro-CT-om otkrila je da se povrsina i volumen instrumenata
HEDM progresivno smanjuju sa svakom ponovljenom upo-
trebom, uz uodljive deformacije na povrsinama poslije vise-
struke upotrebe. Analiza mikro-CT-om moze se upotrijebiti
za procjenu promjena volumena i povrsine rotacijskih instru-
menata. Klinicari bi trebali pratiti integritet instrumenata,
uzeti u obzir ucinke sterilizacije i rizike povezane s njihovom
ponovnom upotrebom kako bi poboljsali ishode endodont-
skog lije¢enja, posebno u slu¢aju slozenih anatomija kanala u
kojem je rizik od puknuca instrumenata vedi.
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Sazetak

Surface Area and Volume of Hyflex EDM .

rani pristanak dobiven je od svih ispitanika i/ili njihovih zakonskih
skrbnika.

Doprinos autora: N. B. Ki D. H. Y —idejni koncept i pisanje teksta; N.
B.iZ.U.— priprema materijala i metoda; D. H. Y. — priprema slika. Svi
autori pregledali su tekst.

Zaprimljen: 11. studenoga 2024.

Svrha rada: Cilj istrazivanja bio je procijeniti povrsine i volumene nikal-titanijevih (NiTi) instrumena- Prihvacen: 15. travnja 2025.

ta HyFlex EDM (HEDM) prije i poslije visestruke upotrebe u obradi korijenskog kanala donjeg kutnja-

ka. Materijali i metode: Dvanaest instrumenta HEDM veli¢ina 10/.05 i 25/.08 procijenjeno je mikro- ~ Adresa za dopisivanje

CT-om prije i poslije jednokratne ili visekratne upotrebe u obradi korijenskog kanala. Meziobukalni i Dilek Helvacioglu-Yigit

meziolingvalni korijenski kanali trideset Sest ljudskih donjih kutnjaka instrumentirani su s dvanaest  College of Dental Medicine, QU Health,
instrumenata HEDM veli¢ine 10/.05 (300 okretaja u minuti) i 1,8 Ncm i dvanaest 25/.085 Ncm prema Qatar University, Qatar

preporuci proizvodaca. Instrumenti HEDM procijenjeni su mikro-CT-om u éetirima razli¢itim razdoblji-  tel: +97450011251

ma: 1) intaktni instrument, 2) poslije instrumentacije jednog kanala, 3) poslije instrumentacije dvaju dilek@qu.edu.ga

kanala i 4) poslije instrumentacije triju kanala. Volumen i povrsina svake skupine analizirani su pri-

mjenom Friedmanova testa. Usporedba svake skupine procijenjena je Wilcoxonovim testom rango-

va s Bonferronijevom korekcijom. Rezultati: Intaktni instrumenti HEDM 10/.05 i HEDM 25/.08 poka-

zali su znacajno vece volumene i povrsine od koristenih instrumenata (p < 0,05). Zakljuéci: Znacajno ~ MeSH pojmovi: priprema korijenskog
smanjenje volumena i povrsine NiTi instrumenata uoceno je s povec¢anjem broja upotreba, bez obzira kanala; stomatoloski instrumenti; ana-
na skupinu instrumenata. Ti nalazi pokazuju koliko je vazno da klini¢ari razumiju strukturne promje- liza kvara opreme

ne u instrumentima HEDM tijekom ponovljene upotrebe kako bi se omogucila njihova sigurna ponov-  Autorske kljucne rijeci: HyFlex EDM;

na upotreba i sprije¢io neuspjeh u endodontskim postupcima.
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