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Abstract: 
Dentinal microcracks formed during root canal preparation may increase the risk of vertical root fracture. Therefore, it is of interest to 
compare the microcrack formation after instrumentation with K-files, ProTaper Gold and Self-Adjusting File using micro-CT. 
Microcracks occurred in 40.0% of specimens, with the highest incidence for K-files (60.0%), followed by ProTaper Gold (50.0%) and 
Self-Adjusting File (10.0%). The likelihood ratio test showed significant differences among groups (p = 0.038) and no complete cracks 
were observed with the Self-Adjusting File. Thus, data supports self-Adjusting File for dentin preservation and advance minimally 
invasive endodontic instrumentation. 
 
Keywords: Dentinal microcracks, root canal preparation, protaper gold, self-adjusting file, micro-computed tomography, vertical root 
fracture, minimally invasive endodontics 

Background: 
Root canal treatment remains a cornerstone of contemporary 
endodontic practice, aimed at eliminating pulpal infection and 
preserving the natural dentition. While advances in nickel-
titanium (NiTi) alloy metallurgy and instrument kinematics 
have substantially improved shaping efficacy and safety, 
concerns persist regarding the potential of mechanical 
instrumentation to alter the structural integrity of radicular 
dentin [1, 2]. Dentinal microcracks are microscopic defects 
within root dentin that may present as craze lines, incomplete 
cracks, or complete fractures extending from the canal wall 
toward the external root surface. These defects can serve as 
stress concentrators and potential precursors to vertical root 
fracture (VRF), one of the most unfavourable complications in 
endodontics, frequently necessitating extraction [3]. The clinical 
significance of instrumentation-induced microcracks has 
therefore gained increasing attention in endodontic research. 
Biomechanical preparation subjects root dentin to torsional, 
compressive and tensile stresses whose magnitude depends on 
instrument design, alloy properties, kinematics, taper and canal 
anatomy [4]. Among contemporary systems, ProTaper Gold 
(PTG) employs a progressively tapered heat-treated NiTi design 
and continuous rotary motion, while the Self-Adjusting File 
(SAF) uses a compressible hollow lattice that adapts to canal 
morphology and operates with a vibratory motion distinct from 
conventional rotation [5, 6]. Stainless steel hand K-files 
represents the traditional manual standard. Comparative 
evaluation of these three instrumentation strategies under 
controlled conditions is therefore warranted to support 
evidence-based instrument selection. The accurate assessment of 
microcrack formation has been transformed by micro-computed 
tomography (micro-CT), a non-destructive three-dimensional 
imaging modality that enables pre- and post-instrumentation 
comparison on the same specimen, thereby distinguishing newly 
formed defects from pre-existing ones [7, 8]. Therefore, it is of 
interest to report the dentinal microcrack formation following 
preparation with PTG, SAF and K-files using micro-CT, with 

baseline-to-post instrumentation assessment to support causal 
inference within the study framework. 
 
Materials and Methods: 
This in vitro study was conducted at the Department of 
Conservative Dentistry and Endodontics, Santosh Dental 
College & Hospitals, Ghaziabad, following institutional ethical 
clearance. Thirty extracted human premolars with single straight 
canals were selected after radiographic screening to exclude pre-
existing periapical pathology, calcification, or canal 
irregularities. Teeth were decoronated at the cementoenamel 
junction to standardise root length to 15 mm. All specimens 
were stored in normal saline until use. Teeth were randomly 
allocated to three equal groups (n = 10 each): Group I -Stainless 
Steel K-files (manual instrumentation using balanced-force 
technique to size #40); Group II -ProTaper Gold (PTG; rotary 
instrumentation using an endomotor per manufacturer protocol, 
final apical size F2); and Group III -Self-Adjusting File (SAF; 
adaptive vibratory motion, 1.5 mm file, 5000 rpm, 4 minutes). All 
groups received irrigation with 2.5% sodium hypochlorite and 
17% EDTA using a standardised protocol. Micro-CT scanning 
was performed before and after instrumentation at identical 
settings (voxel resolution 14–15 μm) to enable matched baseline-
to-post comparison. Cross-sectional images at the coronal, 
middle and apical thirds were evaluated by two calibrated 
blinded examiners for the presence, location and type of dentinal 
defects (no defect, incomplete crack, or complete crack). The 
presence of microcracks post-instrumentation in specimens 
confirmed crack-free at baseline was recorded as new microcrack 
formation. Statistical analysis was performed using SPSS version 
26.0. Categorical variables were expressed as frequencies and 
percentages. Chi-square and likelihood ratio tests were used for 
intergroup comparisons; Fisher’s exact test was applied where 
expected cell counts were fewer than five. Spearman’s rank 
correlation was used to assess the relationship between 
instrumentation motion and microcrack formation. A two-tailed 
p-value < 0.05 was considered statistically significant. 
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Results: 
Pre-instrumentation micro-CT confirmed that all 30 specimens 
were free of detectable dentinal defects. After instrumentation, 
microcracks were detected in 12 of 30 samples (40.0%), while 18 
of 30 (60.0%) remained defect-free (Figure 1). K-files 
demonstrated the highest incidence of new microcracks (6/10, 
60.0%), followed by PTG (5/10, 50.0%) and SAF (1/10, 10.0%) 
(Table 1). Pearson Chi-square analysis yielded a borderline 
result (χ² = 5.833, df = 2, p = 0.054); however, the likelihood ratio 
was statistically significant (LR = 6.556, df = 2, p = 0.038). Among 
the 12 specimens with microcracks, incomplete cracks accounted 
for 7 (58.3%) and complete cracks for 5 (41.7%). The SAF group 

showed no complete cracks; PTG demonstrated 2 complete and 
3 incomplete cracks; K-files showed 3 complete and 3 incomplete 
cracks (Table 2). No statistically significant association was 
found between file system and defect type (χ² = 6.276, df = 4, p = 
0.179). Microcrack distribution across root thirds showed no 
significant association with file system (χ² = 6.833, df = 6, p = 
0.337). Material-based grouping (NiTi vs stainless steel) showed 
30.0% vs 60.0% incidence without statistical significance (χ² = 
2.500, p = 0.114). Spearman’s correlation between 
instrumentation motion and microcrack formation was weak 
and non-significant (r = 0.333, p = 0.072) (Table 3). 

 
Table 1: Post-instrumentation dentinal microcrack incidence by file system (n = 30) 

File System New  
Microcracks n (%) 

No 
 Microcrack n (%) 

p- 
value 

K-files (n = 10) 6 (60.0) 4 (40.0)   
ProTaper Gold (n = 10) 5 (50.0) 5 (50.0)   
SAF (n = 10) 1 (10.0) 9 (90.0)   
Total (n = 30) 12 (40.0) 18 (60.0) 0.038*† 

*p < 0.05; †Likelihood ratio test (LR = 6.556, df = 2); Pearson χ² = 5.833, df = 2, p = 0.054. 
 
Table 2: Type of dentinal defects by file system (n = 30) 

Defect Type K-files n PTG n SAF n Total n 

No defect 4 5 9 18 
Incomplete crack 3 3 1 7 
Complete crack 3 2 0 5 
Total 10 10 10 30 

χ² = 6.276, df = 4, p = 0.179 (Pearson Chi-square); PTG: ProTaper Gold; SAF: Self-
Adjusting File. 

 
Table 3: Summary of key statistical findings 

 Parameter Test Test  
Value 

p- 
value 

File system vs new microcrack formation LR test LR = 6.556, df 
= 2 

0.038* 

File system vs microcrack type Chi-square χ² = 6.276, df = 
4 

0.179 

Instrument material vs new microcracks Chi-square χ² = 2.500, df = 
1 

0.114 

Apical vs non-apical distribution Chi-square χ² = 2.400, df = 
2 

0.301 

Motion vs microcrack formation Spearman 
rho 

r = 0.333 0.072 

*Statistically significant (p < 0.05); LR: Likelihood Ratio. 

 
 

 

 
Figure 1: Percentage (%) of dentinal microcrack status after 
instrumentation 
  
Discussion: 
The principal finding of this in vitro micro-CT study was that the 
choice of instrumentation system significantly influenced 
dentinal microcrack incidence, with SAF showing the lowest rate 
(10.0%) compared with K-files (60.0%) and PTG (50.0%). The 
likelihood ratio test confirmed a statistically significant 
intergroup difference (p = 0.038), consistent with evidence that 
instrument design, alloy properties and motion kinematics are 
important determinants of dentinal stress distribution [9]. The 
favourable profile of the SAF is mechanistically plausible. Its 
compressible hollow NiTi lattice adapts continuously to canal 
morphology during vibratory motion, potentially distributing 
stress more uniformly and avoiding localised stress peaks 

associated with rigid tapered files [10]. This aligns with earlier 
sectioning-based work and more recent micro-CT studies 
confirming lower crack rates with SAF compared with rotary 
NiTi systems [11]. The higher microcrack incidence with K-files 
(60.0%) is notable given the assumption that manual 
instrumentation is gentler than engine-driven systems. Stainless 
steel is substantially stiffer than NiTi and lateral filing forces 
may transmit considerable tensile and compressive stresses to 
canal walls. The uniform distribution of K-file-associated 
microcracks across all root thirds is consistent with stress 
transmission along the full working length during balanced-
force instrumentation [12]. PTG demonstrated an intermediate 
profile (50.0%), with predominance of middle and apical third 
involvement. Although heat treatment of the PTG alloy 
improves cyclic fatigue resistance relative to conventional NiTi, 
it does not eliminate stress-mediated dentinal damage under the 
present conditions. These findings are consistent with micro-CT 
studies reporting system-dependent regional microcrack 
patterns [13, 14]. The absence of complete cracks in the SAF 
group supports the interpretation that adaptive instrumentation 
may better preserve structural dentin integrity. Complete cracks 
are more likely to propagate under functional loading and 
contribute to VRF than incomplete defects [15]. Neither 
instrumentation motion nor instrument material reached 
statistical significance as independent predictors, reinforcing 
that microcrack outcomes are multifactorial [16, 17]. 
 
Conclusion: 
All the three tested systems were associated with dentinal 
microcrack formation. Self-Adjusting Files showed the lowest 
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incidence (10.0%), with no complete cracks, whereas Stainless 
Steel K-files exhibited the highest incidence (60.0%). Microcrack 
incidence differed significantly among systems (p = 0.038), 
highlighting the importance of instrument selection for dentinal 
preservation. 
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