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Figure 4
Manufacturing machining 

marks were observed on the 
tip surface morphology of 

X1-Glide Path and ProGlider 
files after fatigue cyclic 

flexural fatigue resistance 
testing. Lateral view at 250x 
A), 500x B), 2,500x C), and 

5,000x D) magnification. 
Upper view at 500x E) and 

8,000x F) magnification.
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Figure 5
Surface morphology of 

fractured sites of WaveOne 
Gold Glider (cracks can be 
observed at the bottom of 

machining grooves) and 
R-Pilot (several cracks can be 

observed within the 
manufacturing machining 

marks) files after cyclic 
flexural fatigue resistance 

testing. Lateral view at 250x 
A), 500x B), 2,500x C), and 

5,000x D) magnification. 
Upper view at 500x E) and 

8,000x F) magnification.
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cyclic flexural fatigue resistance than 
other files, the null hypothesis had to 
be rejected. A static fatigue-testing mod-
el was used to avoid the root canal 
variations (angles and curvature length) 
of extracted human teeth (14, 15) as well 

as to eliminate operator-induced ten-
sions (16). The use of a stainless steel 
tube to simulate the root canal has been 
reported to provide standardization 
and reliability to studies on the cyclic 
flexural fatigue resistance of NiTi files 
(17-19). 
Pruett et al. (20) suggested the relevance 
of the radius of curvature as an inde-
pendent variable of studies on root canal 
shaping. The authors observed that cy-
cles to failure significantly decreased 
as the radius of curvature decreased due 
to increased tension and deformation of 
the files; in addition, all tested files 
fractured at the point of maximum flex-
ure of the shaft that corresponds to the 
midpoint of the curvature. Therefore in 
this study, all file types were tested 
into the same artificial canal with an 
identical radius of curvature. 
Kinematics has also been reported as a 
relevant variable in root canal shaping 
research since reciprocating glide path 
files have shown higher cyclic flexural 
fatigue resistance in comparison to ro-
tary glide path files (21). Reciprocating 
files combine clockwise and counter-
clockwise movements to complete a 
rotation cycle; thus, stresses are released 
along the files and fracture strength is 
increased (22). The results of this study 
corroborate Serefoglu et al. (23), which 
also reported significantly lower cyclic 
flexural fatigue resistance for rotary files 
in comparison to reciprocating files.
The metal alloy, heat treatment, helical 
angle, cross-sectional shape, core mass, 
and dimensions also influence the flex-
ibility and fatigue resistance of root 
shaping files (24). Heat-treated NiTi files 
(M-wire, Gold, or Blue technology) have 
been reported with higher flexural fa-
tigue resistance than superelastic NiTi 
files due to superior mechanical prop-
erties (25); however, some studies have 
shown that these files are sensitive to 
temperature variation and have higher 
fracture strength at low temperatures 
(26, 27). The M-Wire technology applied 
in ProGlider and R-Pilot files relies on 
the reduction of transition temperature 
that maintains a high percentage of the 

Figure 6
Morphology of the apical, middle, proximal, and 6.0 mm distant region (D6) of the X1 

Glide Path® file before fatigue testing. Tooling marks left by the instruments 
manufacturing process are visible. A) Morphology 6.0mm distant region (D6) of the 
X1 Glide Path file before fatigue testing. Mag 500x. B) Morphology 6.0mm distant 

region (D6) of the X1 Glide Path file before fatigue testing, Mag 500x. C) Morphology 
6.0mm distant region (D6) of the X1 Glide Path file before fatigue testing. Mag 250x. 

D) Morphology 6.0mm distant region (D6) of the X1 Glide Path file before fatigue 
testing. Mag 80x. E) Morphology6.0mm distant region (D6) of the X1 Glide Path file 

before fatigue testing. Mag 2500x. F) Morphology6.0mm distant region (D6) of the X1 
Glide Path file before fatigue testing. Mag 5000x.
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martensite phase at room temperature. 
Conversely, X1-Glide Path files are 
heat-treated with Blue technology (28) 
and WaveOne Gold Glider files are treat-
ed with Gold technology, which can 
explain different cyclic flexural fatigue 

resistance results observed in this study. 
Klymus et al. (28) reported that X1-Glide 
Path and WaveOne Gold 25.07 files have 
similar cyclic flexural fatigue resistance 
at body temperature; however, in this 
study, the Blue-treated files showed 
significantly higher cyclic flexural fa-
tigue resistance than both Gold-treated 
and M-wired files at 37 oC (body tem-
perature). Therefore, further studies are 
encouraged to confirm the promising 
results of X1-Glide Path files and their 
clinical feasibility. This study is one of 
the few studies that determine the cyclic 
flexural fatigue resistance of NiTi en-
gine-driven files by simulating the 37 
°C body temperature observed in in vivo 
root canals (26). 
In this study, both file types (X1-Glide 
Path and R-Pilot) manufactured with 
M-wire heat treatment showed the high-
est time to fracture; in addition, all files 
fractured approximately 8.5 mm from 
the tip (maximum shaft flexure), which 
corresponds to the midpoint of the canal 
curvature and corroborates with previ-
ous studies (29, 30) (Figure 6).
NiTi file’s cross-sectional design and core 
diameter can increase their overall met-
al mass, and affect flexibility and fracture 
strength (31). However, in this study, two 
squared-shaped file types (X1-Glide Path 
and ProGlider) showed significantly 
different flexural fatigue resistance. 
Moreover, the results of this study cor-
roborate Özyürek et al. (32), which ob-
served higher flexural fatigue resistance 
for S-shaped files (R-Pilot) than WaveOne 
Gold Glider files (parallelogram-shaped 
files (WaveOne Gold Glider) due to less 
metal mass. Although laboratory studies 
cannot entirely simulate clinical condi-
tions, their results can still provide 
substantial background knowledge.
 
Conclusion

X1-Glide Path files showed significant-
ly higher cyclic flexural fatigue resist-
ance than other file types. Further re-
search is needed to validate these 
findings and provide safe and effective 
correlations for clinical practice.

Figure 7
A) Morphology of the apical region, (D6) of the ProGlider file before fatigue testing. 

Tooling marks left by the instruments manufacturing process are visible. Mag 
1000x. B) Morphology6.0mm distant region (D6) of the ProGlider file before fatigue 

testing. Mag 500x. C) Morphology6.0mm distant region (D6) of the ProGlider file 
before fatigue testing. Mag 250x. D) Morphology6.0mm distant region (D6) of the 

ProGlider file before fatigue testing. Mag 5000x. E) Morphology6.0mm distant 
region (D6) of the ProGlider file before fatigue testing. Mag 80x. F) Morphology-

6.0mm distant region (D6) of the ProGlider file before fatigue testing. Mag 2500x.
Mag 5000x.
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Clinical Relevance

Evidence of the proper mechanical be-
havior of glidepath files is essential to 
ensure their safe use in endodontics. 
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