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Abstract
Objectives: To evaluate the cyclic fatigue resistance of XP-Endo® Finisher R after  
immersion in various types of gutta-percha solvent.

Methods: A total of 48 new XP-Endo® Finisher R rotary files, 31 mm in length, were 
used in this study. These files were equally divided into four groups: the control group (not 
immersed in gutta-percha solvent) and three experimental groups (immersed in chloro-
form, eucalyptus oil and GuttaClear). The 16 mm working part of each file was exposed 
to solvents for 5 minutes. Then the cyclic fatigue testing was performed using a stainless 
steel artificial canal with a 0.5 mm inner diameter, a curvature angle of 60 degrees and 
a curvature radius of 5 mm. The time to fracture in seconds was recorded and then the 
number of cycles to fracture (NCF) was calculated. The length of each fracture fragment 
was also measured. Two fractured instruments from each group were randomly selected 
to examine the fracture surface under a scanning electron microscope. Data was analyzed 
by analysis of variance (ANOVA) and Bonferroni tests (p=0.05).

Results: There were no significant differences between the groups. However, the instru-
ments immersed in eucalyptus oil showed the highest cyclic fatigue resistance followed 
by chloroform, control group and GuttaClear.

Conclusions: The immersion in different gutta-percha solvents had no effect on the cyclic 
fatigue resistance of XP-Endo® Finisher R retreatment files.
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Introduction
	 Nonsurgical root canal retreatment is indicated when 
the initial root canal treatment is unsuccessful.(1) The 
favorable outcome of root canal retreatment depends on 
the elimination of microorganism.(2) To achieve this goal, 
totally removal of previous root canal filling materials 
should be done, then the chemomechanical preparation 
of root canal system can be performed effectively.(3)  
Various methods have been proposed to remove root  
filling materials such as the use of heat, chemical solvents 
and mechanical removal by Nickel-Titanium (NiTi) rotary 
instruments.(4)

	 From previous reviews, in case of adequate root 
canal filling, the use of chemical solvents accompanied 
with NiTi rotary files can enhance the removal of root 
canal filling materials.(5) When comparing between the 
chemical solvents used for root canal retreatment, chlo-
roform shows the most efficacy in soften root canal filling 
materials and make them easily removed.(6) Although 
chloroform is also known as carcinogen, the effects on 
health risk seem to be little when using as solvents during 
root canal.(7) According to the concerning of the toxicity 
of chloroform, natural gutta-percha solvents have been 
introduced such as eucalyptus oil and orange oil.(8)  Gutta 
Clear (MDent, Bangkok, Thailand) is a new product of 
natural gutta-percha solvent, which is a citrus fruit oil-
based solvent containing d-limonene has been introduced. 
The efficiency of d-limonene is equivalent to chloroform 
in dissolving gutta-percha.(9)

	 Moreover the development of gutta-percha solvents, 
various NiTi rotary file systems were also specifically 
designed for gutta-percha removal such as the ProTaper 
Universal retreatment system (Dentsply Maillefer, Swit-
zerland), the R-Endo retreatment system (Micro-Mega, 
France), the D-Race retreatment system (FKG Dantaire, 
La Chaux-de-Fonds, Switzerland), the M-two retreat-
ment system (VDW, Munich, Germany) and EdgeFile XR 
(EdgeEndo, USA). Nowadays, the XP-Endo® Finisher R 
(FKG Dantaire, La Chaux-de-Fonds, Switzerland) has 
been introduced. This NiTi rotary file was designed as 
ISO 30 in diameter with zero taper and produced under the 
heat-treated technology (MaxWire alloy), which claimed 
to resist the instrument fatigue. This rotary system can 
adapt to canal morphology that facilitates removal of root 
filling materials during retreatment procedures especially 
in curved root canals.(10)

Considering the advantages of using NiTi rotary in root 
canal retreatment, this can reduce treatment time and 
risk of root canal transportation.(11) However, using NiTi 
rotary instruments has the risk of separated due to tor-
sional or cyclic fatigue.(12) Cyclic fatigue occurs when the 
instrument rotates in a curved canal and after a number  
of repeated cycles of tension and compression at the point 
of maximum flexure, the instrument fracture occurs.(13) 

During the retreatment process, the working part of rotary  
instruments come into contact for a few minutes with 
chemical solvents. This contact may influence the physical  
properties of NiTi rotary instruments. Previous study 
shows that chloroform had no effect on cyclic fatigue 
resistance of NiTi rotary retreatment files.(14) Since the 
literature is lacking of the effect of chloroform and the 
other solvents on the properties of heat-treated NiTi rotary 
instruments, this in vitro study aimed to evaluate the cyclic 
fatigue resistance of XP-Endo® Finisher R retreatment file 
after immersion in chloroform compare to the commonly  
used gutta-percha solvent such as eucalyptus oil and  
GuttaClear.

Materials and Methods
	 Sample size was calculated at the significance level 
of 0.05 and power of 0.95 using G * power, a sample size 
of 12 were obtained for each group.
	 A total of 48 new XP-Endo® Finisher R rotary files, 
31 mm in length, were used in this study. These files 
were equally divided into four groups (twelve of each): 
the control group (not immersed in gutta-percha solvent) 
and three experimental groups (immersed in chloroform, 
eucalyptus oil and GuttaClear). In the immersion groups, 
the 16 mm working part of each file was exposed to  
solvents for 5 minutes in small glass tube.
	 The cyclic fatigue testing was performed using a  
specific device (Figure 1). This device comprised of a 
stainless steel artificial canal with a 0.5 mm inner diame-
ter, a curvature angle of 60 degrees and a curvature radius 
of 5 mm. The handpiece was mounted on a holder. The 
speed and torque of endodontic motor (X-smart Plus;  
Densply Maillefer, Switzerland) were set at 1000 rpm and 
1.5 N/cm as manufacturer’s recommendation. The work-
ing length of artificial canal was set at 25 mm.
	 Each rotary file was rotated in the artificial canal 
until fracture occurred. The time to fracture in seconds 
was recorded. The number of cycles to fracture (NCF) 
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was calculated according to the following formula: NCF 
= time to fracture (in seconds) x rotational speed/60. The 
length of each fracture fragment was also measured using 
digital caliper. Two fractured instruments from each group 
were randomly selected to examine the fracture surface 
under a scanning electron microscope (SEM) (JEOL 6400; 
JEOL, Tokyo, Japan) at 200X magnification.

	 Statistical analysis
	 All statistical analyses were performed with SPSS 
26.0 software (SPSS Inc, Chicago, IL USA). The Shapiro- 
Wilk test was used for normality testing. The analysis of 
variance (ANOVA) and Bonferroni tests were done to test 
the different of NCF and length of fracture between group. 
The level of significance was set at p=0.05.

Results
	 Descriptive statistics of NCF and the length of each 
fractured fragments of tested retreatment files are pre- 
sented in Table 1.
	 There were no significant differences between the 
groups (p=0.556). However, the instruments immersed in 
eucalyptus oil showed the highest cyclic fatigue resistance 
followed by chloroform, control group and GuttaClear. 

Regarding the fragment lengths, there was no significant 
difference between them in terms of the mean fracture 
lengths (p=0.116).
	 The SEM analysis showed that the surfaces of retreat-
ment files in all groups displayed the typical features of 
cyclic fatigue failure (Figure 2). They are characterized by 
a crack initiation site and fatigue zone. The fractographic 
analysis of cross-sectional fractured surfaces revealed 
crack sites at the peripheral surface, which indicated an 
initiation point of cyclic fatigue.

Discussion
	 Using Ni-Ti rotary file conjunct with chemical  
solvent is one of the commonly methods to remove 
root canal filling materials. Various types of NiTi rotary 
files were designed to facilitate the cleanliness of root 
canal during root canal retreatment. To the best of our 
knowledge, the present study aimed at investigations into 
the negative effect of various gutta-percha solvents on 
heat-treated NiTi rotary retreatment file. 
  	 The manufacturer claims that XP-Endo® finisher R 
has greater cyclic fatigue resistance. Based on the results 
of this study, XP-Endo® Finisher R show higher cyclic 
fatigue resistance than the others conventional NiTi rotary 

Figure 1: Cyclic fatigue testing device.

Table 1:  Means ± standard deviations for NCF (cycles) and the length (mm) of fractured.

Data Control Chloroform Eucalyptus oil GuttaClear
Number of cycles to fracture (cycles) 1601.58±300.62 1636.83±292.01 1674.50±191.40 1568.75±311.41
Length (mm) 21.72±0.49 22.01±1.52 21.58±0.30 22.35±0.22

Figure 2: The fracture surfaces (200X magnification). (A) Control 
group; (B) Chloroform group; (C) Eucalyptus oil group; and (D) 
GuttaClear group. The arrows indicated crack initiation origin.
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retreatment system.(14) This result can be explained by the 
fact that the NiTi rotary files in the previous study have 
the greater taper, whereas XP-Endo® Finisher R show zero 
taper.(15) Moreover, the design, geometrical shape and 
flexibility may have the effect on cyclic fatigue resistance. 
The retreatment rotary file systems such as ProTaper and 
R-Endo were designed for penetration into root filling 
materials. On the other hand, XP-Endo® Finisher R was 
designed to facilitate the removal of remnant root filling 
materials.(16)

  	 In the current study, a static model was used during 
fatigue test. In the static model, stresses are concentrated  
in a particular area of the instrument which leads to change 
in the microstructure of the instrument. Compared to 
dynamic model, which the instrument moves axially, 
stresses are distributed along the shaft of the instrument. 
The differences in the distribution of stress concentration 
may affect the cyclic fatigue resistance of instruments.(17)

  	 In this study, the retreatment instruments were 
placed in glass tube containing chloroform, eucalyptus 
oil, and GuttaClear to replicate the contact conditions as 
seen in prior research.(18) Previous studies indicate that  
retreatment instruments typically remove filling materials 
from root canals within approximately 5 minutes.(18,19) 

Therefore, a 5-minute immersion period was adopted to 
approximate clinical conditions in this study.
	 Our study was performed under static conditions, 
which do not replicate the actual clinical condition. In the 
clinical situation, the present of gutta-percha in root canal 
may affect the cyclic fatigue resistance of the files.
  	 Various methods have been employed to assess the 
resistance to cyclic fatigue of NiTi instruments. In many 
studies, stainless steel canals have been utilized to prevent 
wear on the canal walls during instrumentation.(20) In this 
study, a device comprising a stainless steel canal with a 5 
mm radius was employed to simulate curved canal. Using 
such devices ensures consistency in canal dimensions 
throughout the experiments. In this investigation, almost 
all the instruments fractured at the curvature, confirming 
the standardized positioning of the instruments within the 
test device.
	 An artificial stainless steel canal was used to stan-
dardize the anatomical variation of root canals. However, 
there are still no specifications or international standard 
block to ensure uniformity of methodology and compa-
rable results for cyclic fatigue testing.

	 From the SEM image, it can be observed that crack 
initiation is present in the cross-sectional view. Addi-
tionally, the Ni-Ti rotary retreatment file does not exhibit  
unwinding in the longitudinal view, which is a character-
istic of torsional fatigue. Therefore, it can be concluded  
that the fracture observed in this image is caused by  
cyclic fatigue.(21) Furthermore, a comparison between the 
control group and the group soaked in the solution for 5 
minutes shows no change in surface condition. Thus, it can 
be concluded that soaking in various solutions does not 
affect the surface area (the cutting edge) of the material. 

Conclusions	
	 To summarize, the immersion in chloroform,  
eucalyptus oil and GuttaClear had no effect on the cyclic 
fatigue resistance of XP-Endo® Finisher R retreatment 
files.

Conflict of Interest
	 The authors declare no conflict of interest.

References
1.	 Torabinejad M, Corr R, Handysides R, Shabahang S.  

Outcomes of nonsurgical retreatment and endodontic  
surgery: a systematic review. J Endod. 2009;35(7):930-7.

2.	 Good ML, McCammon A. An removal of gutta-percha 
and root canal sealer: a literature review and an audit 
comparing current practice in dental schools. Dent Update. 
2012;39(10):703-8.

3.	 Rios Mde A, Villela AM, Cunha RS, Velasco RC, De  
Martin AS, Kato AS, et al. Efficacy of 2 reciprocating 
systems compared with a rotary retreatment system for 
gutta-percha removal. J Endod. 2014;40(4):543-6.

4.	 Alves FRF, Rôças IN, Provenzano JC, Siqueira JF.  
Removal of the previous root canal filling material for  
retreatment: implications and techniques. Appl Sci. 2022; 
12(20):10217.

5.	 Rossi-Fedele G, Ahmed HM. Assessment of root canal filling 
removal effectiveness using micro-computed tomography: 
a systematic review. J Endod. 2017;43(4):520-6.

6.	 Bodrumlu E, Uzun O, Topuz O, Semiz M. Efficacy of 3 
techniques in removing root canal filling material. J Can 
Dent Assoc. 2008;74(8):721.

7.	 Chutich MJ, Kaminski EJ, Miller DA, Lautenschlager EP. 
Risk assessment of the toxicity of solvents of gutta-percha 
used in endodontic retreatment. J Endod. 1998;24(4):213-6.

8.	 Schuurs AH, Moorer WR, Wesselink PR. [Solvents for the 
removal of gutta-percha from root canals. 1. Efficacy]. Ned 
Tijdschr Tandheelkd. 2004;111(7):271-5.

9.	 Rehman K, Khan FR, Aman N. Comparison of orange oil 

https://pubmed.ncbi.nlm.nih.gov/19567310/
https://pubmed.ncbi.nlm.nih.gov/23367635/
https://pubmed.ncbi.nlm.nih.gov/24666908/
https://www.mdpi.com/2076-3417/12/20/10217
https://pubmed.ncbi.nlm.nih.gov/28214018/
https://pubmed.ncbi.nlm.nih.gov/18845062/
https://pubmed.ncbi.nlm.nih.gov/9641120/
https://pubmed.ncbi.nlm.nih.gov/15315106/


Oral Sci Rep: Volume 47 Number 2 May-August 2026188

and chloroform as gutta- percha solvents in endodontic 
retreatment. J Contemp Dent Pract. 2013;14(3):478-82.

10.	 Silva E, Belladonna FG, Zuolo AS, Rodrigues E, Ehrhardt 
IC, Souza EM, et al. Effectiveness of XP-endo Finisher 
and XP-endo Finisher R in removing root filling remnants: 
a micro-CT study. Int Endod J. 2018;51(1):86-91.

11.	 Versiani MA, Carvalho KKT, Mazzi-Chaves JF, Sousa- 
Neto MD. Micro-computed tomographic evaluation of the  
shaping ability of XP-endo shaper, iRaCe, and EdgeFile  
systems in long oval-shaped canals. J Endod. 2018;44(3): 
489-95.

12.	 Shen Y, Zhou HM, Zheng YF, Peng B, Haapasalo M. Current 
challenges and concepts of the thermomechanical treatment 
of nickel-titanium instruments. J Endod. 2013;39(2):163-72.

13.	 Parashos P, Gordon I, Messer HH. Factors influencing  
defects of rotary nickel-titanium endodontic instruments 
after clinical use. J Endod. 2004;30(10):722-5.

14.	 KÜÇÜKkaya Eren S, KeleŞ A, Askerbeylİ ÖRs S, Aksel 
H. Effect of chloroform on the cyclic fatigue resistance of 
nickel-titanium retreatment instruments. Selcuk Dent J. 
2021;8(2):327-31.

15.	 De-Deus G, Belladonna FG, Zuolo AS, Cavalcante DM, 
Carvalhal JCA, Simões-Carvalho M, et al. XP-endo Finisher 
R instrument optimizes the removal of root filling remnants 
in oval-shaped canals. Int Endod J. 2019;52(6):899-907.

16.	 Alves FR, Marceliano-Alves MF, Sousa JC, Silveira SB, 
Provenzano JC, Siqueira JF, Jr. Removal of root canal fillings 
in curved canals using either reciprocating single- or rotary 
multi-instrument systems and a supplementary step with the 
XP-Endo Finisher. J Endod. 2016;42(7):1114-9.

17.	 Le HLA, Tran TL, Nguyen TT, Pham TLK, Pham VK. Static 
and dynamic cyclic fatigue resistance of nickel-titanium 
rotary instruments in a double-curved stainless steel artificial 
canal. Appl Sci. 2023;13(4):2687.

18.	 Rodig T, Hausdorfer T, Konietschke F, Dullin C, Hahn W, 
Hulsmann M. Efficacy of D-RaCe and ProTaper Universal 
Retreatment NiTi instruments and hand files in removing 
gutta-percha from curved root canals-a micro-computed 
tomography study. Int Endod J. 2012;45(6):580-9.

19.	 Unal GC, Kaya BU, Taç AG, Keçeci AD. A comparison of 
the efficacy of conventional and new retreatment instruments 
to remove gutta-percha in curved root canals: an ex vivo 
study. Int Endod J. 2009;42(4):344-50.

20.	 Bulem Ü K, Kececi AD, Guldas HE. Experimental evalu-
ation of cyclic fatigue resistance of four different nickel- 
titanium instruments after immersion in sodium hypochlorite 
and/or sterilization. J Appl Oral Sci. 2013;21(6):505-10.

21.	 El Abed R, Al Raeesi D, Alshehhi A, Alkhatib Z, Khamis 
AH, Jamal M, et al. Effect from autoclave sterilization 
and usage on the fracture resistance of heat-treated nickel- 
titanium rotary files. Materials (Basel). 2023;16(6):2261.

https://pubmed.ncbi.nlm.nih.gov/24171993/
https://pubmed.ncbi.nlm.nih.gov/28467618/
https://pubmed.ncbi.nlm.nih.gov/29273492/
https://pubmed.ncbi.nlm.nih.gov/23321225/
https://pubmed.ncbi.nlm.nih.gov/15448468/
https://www.researchgate.net/publication/354259735_Effect_of_chloroform_on_the_cyclic_fatigue_resistance_of_nickel-titanium_retreatment_instruments
https://pubmed.ncbi.nlm.nih.gov/30663790/
https://pubmed.ncbi.nlm.nih.gov/27215810/
https://www.mdpi.com/2076-3417/13/4/2687
https://pubmed.ncbi.nlm.nih.gov/22264204/
https://pubmed.ncbi.nlm.nih.gov/19220515/
https://pubmed.ncbi.nlm.nih.gov/24473715/
https://pubmed.ncbi.nlm.nih.gov/36984141/

