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Nickel-titanium instruments with superior flexibility and cyclic fatigue resistance demonstrate improved shaping control and canal centering in mandibular molars. Understanding the relationship between mechanical properties and shaping performance can guide clinicians in selecting systems that optimize biomechanical preparation while minimizing dentin removal and procedural errors.


This study evaluated the cyclic fatigue, torsional, and bending resistance of five nickel-titanium (NiTi) instrumentation systems and investigated the relationship between these mechanical properties and the biomechanical performance of root canal preparation in mandibular molars using micro–computed tomography (micro-CT).


This study was approved by Institutional Research Ethics Committee of the (protocol #61206522.4.0000.5419).


NiTi instruments: Blue Shaper, VDW Rotate, ProTaper Ultimate, ProTaper Next, and WaveOne Gold

Blue Shaper 25.06 (400 rpm, 4 N·cm) (N=30); 
VDW Rotate 25.06 (350 rpm, 2.3 N·cm) (N=30); 
ProTaper Ultimate 25.08: (400 rpm, 4 N·cm) (N=30); 
ProTaper Next 25.06 (350 rpm, 4 N·cm) (N=30); 
WaveOne Gold 25.07 (“WaveOne All” mode – 350 rpm) (N=30).

Shaping outcomes were obtained through micro-computed tomography and included canal volume change, transportation, centering ratio, circularity, dentin thickness reduction in critical regions, and the percentage of unprepared walls. Mechanical outcomes consisted of cyclic fatigue resistance (time to fracture), torsional resistance (maximum torque and angle of rotation to failure), and flexibility or bending stiffness. Secondary outcomes included the fractographic features observed under scanning electron microscopy, such as fatigue striations, dimples, and torsional abrasion marks, as well as cross-sectional geometric characteristics associated with mechanical behavior.


The outcomes were assessed using high-resolution micro–computed tomography for morphometric measurements, which were performed by calibrated examiners blinded to group allocation. Mechanical outcomes were analyzed through standardized cyclic fatigue and torsional resistance tests conducted by trained laboratory staff following ISO specifications. Fracture patterns were evaluated by an experienced operator using scanning electron microscopy.

WaveOne Gold (WOG) and VDW Rotate (RT) exhibited the highest cyclic fatigue resistance. RT presented the greatest flexibility and the best results related with shaping ability, with higher canal circularity and fewer unprepared walls, indicating a more conservative and centered preparation. Conversely, Blue Shaper (BS), characterized by lower fatigue resistance and greater stiffness, produced the largest dentin removal and volumetric increase. A significant positive relationship was observed between increased flexibility/fatigue resistance and more conservative shaping outcomes.




The mechanical properties of NiTi instruments, especially flexibility as indicated by cyclic fatigue and bending resistance, play a crucial role in predicting biomechanical preparation performance. Systems combining enhanced flexibility through thermomechanical treatment and optimized cross-sectional design provide more conservative and centered shaping, improving clinical safety and efficiency.
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