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ABSTRACT

Obijective: The purpose of this work is to examine and contrast the creation of dentinal cracks
using a scanning electron microscope (SEM) and a stereomicroscope during the root canal
preparation process.

Material and Method: Three groups of 15 were created from the 60 extracted human mandibular
premolars: two were experimental and one was controlled. The experimental groups underwent
root canal therapy. Group Il is the Trunatomy (TRN) file, and Group I is the Waldent walflex file.
Group I11, the control group, did not receive any preparations. After sectioning the roots at 3, 6,
and 9 mm from the apex, the surfaces were examined with a stereomicroscope and SEM.
Results: The data were examined using the Chi-square test. There were no fissures in the
untreated group. The area between 3mm and 6mm was where the cracks in Waldent Walflex were
most evident. There was no statistically significant difference between the experimental groups at
either the 6 mm or 9 mm levels (P > 0.05).

Conclusion: In conclusion, each rotary file utilized in the testing caused dentinal cracks.
Compared to the Trunatomy file group, the Waldent walflex file group has more errors. The apical
area of the samples had many more defects than the median and coronal regions.

Keywords: Dental Cracks, SEM, Trunatomy file, Waldent walflex file.

Introduction

Successful endodontic therapy requires a precise diagnosis, treatment planning, anatomy assessment, tooth
debridement, root canal shaping, and three-dimensional obturation.* A thorough biomechanical preparation is
essential since the root canal shaping determines the outcome of the three-dimensional obturation. It is not
appropriate to be overly enthusiastic or unprepared.?®

The development of rotary nickel-titanium (NiTi) devices has resulted in improved root canal shaping, easier,
faster, and more efficient design and concept. Crack formation can be induced by root canal shaping techniques
and rotary instrumentation using NiTi tools.A crack is characterized as a flaw that has entire fracture lines that

reach from the inner root canal space to the root's outer surface.*”’
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Human dentin is viscoelastic, and rotating stresses are applied to the dentin during root canal preparation using
NiTi rotary devices on the canals. By coming into contact with the dentinal walls, these rotating instruments
form the canal.®

The root dentin experiences numerous short-term stress concentrations as a result of these interactions, which
can result in craze lines or microscopic cracks. Within the root canal, tensions are created during the
preparation process. The dentin's bonding is broken by the forces that are transmitted from the root to the
surface.® 1°

These little fissures may eventually enlarge and result in a vertical root fracture. This is dependent upon several
factors, including the post's placement, the tension on the obturation, and the thickness of the root dentine.
These fissures allow bacteria to enter, which promotes the development of biofilm and raises the risk of
reinfection. The apical region must be properly cleaned and shaped because it is crucial for instrumentation.!
The geometry of the cross section, designs, heat treatments, and file movement can all lead to cracks in NiTi
files. Waldent Walflex files, which come from Waldent, India, are triangular-cross sectioned rotary files with
sharp cutting edges that are incredibly flexible and less prone to wear out with frequent use. With an
instrument composed of 0.8 mm NiTi wire that has been specially heated to make it superelastic and less likely
to remember its shape, TRN is a rotational file system. There has been no research conducted to determine the
frequency of dentin cracks resulting from the use of Waldent Wal flex files with TRN. 11213

Therefore, the purpose of this study was to examine and compare the amount of cracks in the dentin following
root canal preparation with Waldent Wal flex files and TRN using a stereomicroscope and SEM.

Material and Method

For the current in-vitro study, 45 removed human mandibular premolars with closed apices were selected. The
teeth were cleaned with a periodontal scaler to remove soft-tissue debris, and then they were disinfected for
24 hours with a 0.1% thymol solution. The roots were covered with silicone impression material (Zhermack
Zetaplus, Italy) and embedded in acrylic resin to resemble the periodontal ligament. Radiographs of the teeth
were taken from the buccolingual and mesiodistal sides in order to rule out the existence of a single canal and
single apical foramen with a closed apex. Major morphological anomalies, fissures, bending canals, numerous
roots, cavities or fillings, open apices, and resorption were all disqualified from consideration. The following
teeth were excluded: those with major morphological variations, cavities or fillings, curved canals, open
apices, calcified canals, resorption, and root fractures. Getting ready for a root canal the root canals were
examined to ensure they were open, and the working lengths were adjusted to be 1 mm below the apex using

a size #10 K-file (Mani Co, Tokyo, Japan). A glide route was created by the size #15 K-file (Mani Co, Tokyo,
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Japan). To replicate a PDL, a hydrophilic vinyl polysiloxane impression material was utilized, and roots will

be set in an acrylic resin that solidifies naturally.

Study groups:

Group I: Control group; No Instrumentation
Group I1: Waldent Walflex files

Group I11: Trunatomy (TRN) file.

The canals were disinfected with an X-Smart Plus, Dentsply, Switzerland, to the manufacturer's recommended
torque and speed. Group Il (Waldent Wal flex files) used W1 (17/0.08), W2 (19/0.02), W3 (20/0.04), W4
(20/0.06), and W6 (25/0.06) in order. With speed of 300 rpm and 1.8-3 Ncm torque. Up to the working length,
Group 2 employed TRN Prime (26/0.04), TRN glider (17/0.02), and TRN orifice modifier (20/0.08). A single
file was utilised to create instruments for a single canal. A complete rotation was performed for the
instrumentation, with mild pecking in and out. The control group made no preparations at all. Before changing
instruments, the canals were cleaned with two millilitres of 3% sodium hypochlorite (Vishal 5 Dentocare Pvt.
Ltd., India), five millilitres of saline (Eurolife, Pirmeera Healthcare Pvt. Ltd., Pune, India), and five millilitres
of 17% ethylene diamine tetraacetic acid (Dentwash, Prime Dental, Bhiwandi, India). After the last rinse, 2
mL saline. A diamond disc (Addler, Golden Nimbus, Mumbai, India) that was cooled underwater 16 mm from
the tip was used to adorn the teeth. Using a stereomicroscope (Leica M60; Leica Microsystems GmbH,
Wetzlar, Germany) adjusted to 2.5, each sample was initially examined. After that, the samples underwent
gold sputtering to prepare them for examination, and a scanning electron microscope was used to view them.
45 teeth with a single root, a single patent canal, and a closed apex were selected for this investigation. Dentinal
crack assessment Perpendicular to the teeth's long axis, a diamond disc was used to cut all the samples into
three mm apical, six mm middle-, and nine-mm coronal slices starting at the root apex.

To examine the slices, SEM were employed. A defect is anything that develops in the inner root canal space
and spreads to the tooth's surface. All other defects, such as craze lines, which were not regarded as cracks,
were not due to the canal wall. i) The root surface (inner and exterior) of the dentin has no flaws or crazelines.
i) Defects: every line and fracture that was seen, and they even reached the external root surfaces.

All data were tabulated and analyzed using the Chi-square test. The level of significance was set at o = 0.05.
Statistical Package for the Social Sciences (22.0) software was used to analyse the data using the Chi-square
test on an Excel sheet (MS Office 2010). (IBM, Chicago, IL, USA).
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Result
Group 1: The Waldent walflex file displays 11 cracks in total (3 mm =9 and 6 mm = 3). Group 2: A total of
5 cracks were shown by the trunatomy (3 mm = 3 and 6 mm = 2). Under SEM, neither group revealed any

cracks at 9 mm, while the control group did not exhibit any cracks at 3, 6, or 9 mm.

Table 1: Frequency and percentage of cracks under SEM
Groups 3 mm 6 mm 9mm Total number of specimens
presenting defects (%)
Group | Control Group 0 0 0 0
Group I1: Waldent Walflex | 9 3 0 11 (80.0%)
files
Group IlI:  Trunatomy | 3 2 0 5 (33.33%)
(TRN) file.
P Value 0.001 0.001
Discussion

According to Singh et al.,}* adequate and proper biomechanical preparation is the most crucial step in
endodontics because it greatly aids in achieving uniform hermetic three-dimensional obturation of the root
canal system and prevents bacterial reinvasion, which could occur during cleaning and shaping and result in
the formation of biofilms on the root surface and eventual failure of the entire endodontic treatment
procedure, 516

According to Peter et al., " 35% or more of the canal surface, including lateral canals, deep apical regions,
and other abnormalities, remain intact and uninstrumented after the instrumentation operation. Thus, they offer
bacteria a perfect habitat in which to grow and lead to the root canal treatment's failure.*®

Given that mandibular premolars have a high prevalence of VRF, as demonstrated by Rivera et al., newly
extracted mandibular premolars were examined for dentinal abnormalities in this investigation. This is due to
the possibility that thinner and smaller dentinal walls will be more affected by instrumentation forces. Recently
extracted teeth were employed in the investigation to minimize interference with the process of fracture
formation.1%2°

Researchers examined the effects of Waldent Wal flex files and TRN files on dentin fracture formation in this

study. According to prior research, every technique that was tested in the study resulted in dentin cracks. 13
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In this investigation, the experimental groups' dentin was discovered to have cracks, whereas the control
groups did not. Consequently, the null hypothesis is not possible. It is impossible to replicate the appearance
of a tooth in the mouth in vitro. Despite best efforts, scientists are unable to eliminate the impact of extraneous
variables from clinical situations in the lab.?%-??

To check for cracks, the teeth in this investigation were sectioned at various heights. Cracks may appear when
specimens are sliced into pieces. On the other hand, there were no fractures in the control group. This indicates
that sectioning is not the source of the dentin cracks; rather, preparation is. The apical segment had a higher
number of cracks than the middle and coronal sections in every experimental group. This is consistent with

the findings of investigations conducted by Nishad?, Chole et al.?*, Bhavsar BA!!, and Karatas et al.?

Study Limitation

The use of elastomeric material to replicate the periodontal ligament was one of the study's drawbacks.
Elastomeric material may collapse and allow direct tooth-acrylic contact, according to Adorno et al.?®
Additionally, the clinical situation is more complicated since the presence of periodontal ligament affects how
pressures are distributed. Because bias was not taken into consideration in the study's design, future research
should consider it when deciding how to standardize results. The file systems employed in this study have
varying requirements for speed and torque, which limits the scope of this investigation. The outcomes of
relevant studies were discussed, and standardizing torque and speed is essential for cross-study comparisons.
However, bias is always a possibility with this component and cannot be eliminated. One possible explanation
for the study's second flaw is that the instrumentation force might have differed based on the file system in

use.

Conclusion
It is evident, given the limitations of the study, that samples instrumented with Waldent walflex files revealed
more cracks than samples instrumented with Trunatomy files. Therefore, we may conclude that the most

reliable and efficient engine-driven NiTi equipment for root canal instrumentation is Protaper Next.

References

1. Peters OA, de Azevedo Bahia MG, Pereira ES Contemporary root canal preparation: Innovations in
biomechanics. Dent Clin North Am 2017; 61:37-58.
2. Missau T, De Carlo Bello M, Michelon C, Mastella Lang P, Kalil Pereira G, Baldissara P, et al. Influence

Mahek Kumar Rajeshbhai Bangawala. (2025). Comparison of Incidence of Dental Defects in Oval Root Canals Prepared
with Two Distinct Endodontic Rotary Files Systems: A Comparative In-Vitro Analysis. MAR Dental Sciences & Oral
Rehabilitation (2025) 6:2



MahekKumar Rajeshbhai Bangawala, MAR Dental Sciences & Oral Rehabilitation (2025) 6:2. Page 7 of 8

of endodontic treatment and retreatment on the fatigue failure load, numbers of cycles for failure, and survival
rates of human canine teeth. J Endod 2017; 43:2081-7.

3. Das D, Barai S, Kumar R, Bhattacharyya S, Maity AB, Shankarappa P. Comparative evaluation of incidence
of dentinal defects after root canal preparation using hand, rotary, and reciprocating files: An ex vivo study. J
Int Oral Health 2022; 14:78-85.

4. Bier CA, Shemesh H, Tanomaru-Filho M, Wesselink PR, Wu MK. The ability of different nickel-titanium
rotary instruments to induce dentinal damage during canal preparation. J Endod 2009; 35:236-8.

5. Burklein S, Tsotsis P, Schafer E. Incidence of dentinal defects after root canal preparation: Reciprocating
versus rotary instrumentation. J Endod 2013; 39:501-4.

6. Li SH, Lu Y, Song D, Zhou X, Zheng QH, Gao Y, et al. Occurrence of dentinal microcracks in severely
curved root canals with ProTaper Universal, WaveOne, and ProTaper next file systems. J Endod 2015;
41:1875-9.

7. Dane A, Capar ID, Arslan H, Akcay M, Uysal B. Effect of different torque settings on crack formation in
root dentin. J Endod 2016; 42:304-6.

8. Pedulla E, Lo Savio F, Boninelli S, Plotino G, Grande NM, La Rosa G, et al. Torsional and cyclic fatigue
resistance of a new nickel-titanium instrument manufactured by electrical discharge machining. J Endod 2016;
42:156-9.

9. Theisen W, Schuermann A. Electro discharge machining of nickel-titanium shape memory alloys. Mater
Sci Eng A 2004; 378:200-4.

10. Pirani C, lacono F, Generali L, Sassatelli P, Nucci C, Lusvarghi L, et al. HyFlex EDM: Superficial features,
metallurgical analysis and fatigue resistance of innovative electro discharge machined NiTi rotary instruments.
Int Endod J 2016; 49:483-93.

11. Bhavsar BA, Sharma P, Surana P, Badnaware S, Jadhaw D, Jain A. Oval Root Canals Prepared with Two
Different Endodontic Rotary Files: An In Vitro Study Comparing the Incidence of Dental Defects. Cureus.
2023;15(3):€35914. Published 2023 Mar 8. doi:10.7759/cureus.35914

12. Waldent.Available from: http://www.waldent.com/product-detail/24198. [Last accessed on 2020 Jun 15]

13. The Trunatomy Brochure. Ballaigues Switzerland, Dentsply Sirona
http://www.henryschein.nl/images/assets/TruNatomy_ Brochure_LR%20EN%200219.pdf

14. Singh TK, Mathur R, Passi D, et al. To study the crack initiation on the apical root surface following
different root canal preparation techniques and instruments: an in vitro study. Ann Med Health Sci Res
2018;8(3):55-59

15. Cordeiro MM, Rocha MJ. The effects of periradicular inflamation and infection on a primary tooth and
permanent successor. J Clin Pediatr 2005;29(3):193-200. DOI: 10.17796/jcpd.29.3.5238p10v21r2j162.

Mahek Kumar Rajeshbhai Bangawala. (2025). Comparison of Incidence of Dental Defects in Oval Root Canals Prepared
with Two Distinct Endodontic Rotary Files Systems: A Comparative In-Vitro Analysis. MAR Dental Sciences & Oral
Rehabilitation (2025) 6:2



MahekKumar Rajeshbhai Bangawala, MAR Dental Sciences & Oral Rehabilitation (2025) 6:2. Page 8 of 8

16. Ashraf F, Shankarappa P, Misra A, et al. A stereomicroscopic evaluation of dentinal cracks at different
instrumentation lengths by using different rotary files (ProTaper Universal, ProTaper Next, and HyFlex CM):
an ex vivo study. Sci (Cairo) J 2016; 2016:837-865. DOI: 10.1155/2016/8379865.

17. Peters O. Current challenges and concepts in the preparation of root canal systems: a review. J Endod
2004;30(8):559-67. DOI: 10.1097/01. don.0000129039.59003.9d

18. Jiang LM, Lak B, Eijsvogels LM, et al. Comparison of the cleaning efficacy of different final irrigation
techniques. J Endod 2012;38(6):838-841. DOI: 10.1016/j.joen.2012.03.002.

19. Soares CJ, Pizi EC, Fonseca RB, Martins LR. Influence of root embedment material and periodontal
ligament simulation on fracture resistance tests Braz Oral Res. 2005; 19:11-6

20. Rathi A, Chowdhry P, Kaushik M, Reddy P, Roshni, Mehra N. Effect of different periodontal ligament
simulating materials on the incidence of dentinal cracks during root canal preparation J Dent Res Dent Clin
Dent Prospects. 2018; 12:196-200

21. Ustun, Y., Aslan, T., Sagsen, B., &Kesim, B. (2015). The effects of different nickeltitanium instruments
on dentinal microcrack formations during root canal preparation. European journal of dentistry, 9(1), 41-46.
https://doi.org/10.4103/1305- 7456.149638

22. Karatas, E., Giindiiz, H. A., Kiric1, D. O., & Arslan, H. (2016). Incidence of dentinal cracks after root canal
preparation with ProTaper Gold, Profile Vortex, F360, Reciproc 11 and ProTaper Universal instruments.
International endodontic journal, 49(9), 905-910. https://doi.org/10.1111/iej.12541

23. Nishad, S. V., &Shivamurthy, G. B. (2018). Comparative Analysis of Apical Root Crack Propagation after
Root Canal Preparation at Different Instrumentation Lengths Using ProTaper Universal, ProTaper Next and
ProTaper Gold Rotary Files: An In vitro Study. Contemporary clinical dentistry, 9(Suppl 1), S34-S38.
https://doi.org/10.4103/ccd.ccd_830_17

24. Chole D, Kamble S, Bakle S, Gandhi N, Hatte N, BawaP.(2019) Effects of 3 Single-File System (Protaper
Universal, Protaper Next, Protaper Gold) on crack formation in dentin after root canal preparation — An in
vitro study. IOSR-JDMS; 18:47-50

25. Adorno CG, Yoshioka T, Suda H. Crack initiation on the apical root surface caused by three different
nickel-titanium rotary files at different working lengths. J Endod 2011; 37:522-5.

—-:'-4. 53
Medtronic

Mahek Kumar Rajeshbhai Bangawala. (2025). Comparison of Incidence of Dental Defects in Oval Root Canals Prepared
with Two Distinct Endodontic Rotary Files Systems: A Comparative In-Vitro Analysis. MAR Dental Sciences & Oral
Rehabilitation (2025) 6:2


https://news.medtronic.com/index.php?s=20303

