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Abstract:

Dentinal microcracks during root canal instrumentation pose a serious risk by weakening root structure and predisposing teeth to
vertical root fractures. Therefore, it is of interest to compare the incidence of dentinal microcracks produced by HyFlex CM rotary file
system, HanuDent Blue rotary file system, NT Rainbow S rotary file system and conventional hand K-files in extracted premolars
under standardized conditions. Fifty specimens were prepared, sectioned at 2, 4 and 6 mm and evaluated under a stereomicroscope
with defects scored and analyzed using the chi-square test (p < 0.05). Results showed that hand K-files produced the least dentinal
damage, while rotary systems especially HyFlex CM and HanuDent Blue generated significantly more microcracks, with NT
Rainbow S performing comparatively better among rotary instruments. Thus, data show that file design and metallurgy significantly

influence dentinal preservation, supporting the selection of safer instrumentation systems in endodontic practice.

Keywords: Dentinal microcracks, biomechanical preparation, rotary file systems, hand k-files root dentine integrity

Background:

Dentinal cracks, although often clinically undetected, are a
significant concern in endodontics because they can compromise
the long-term success of root canal treatment [1]. Root canal
therapy aims to eliminate infection while preserving tooth
structure; however, biomechanical preparation can generate
stresses within dentin that may induce microcracks [2]. These
defects can propagate over time and may ultimately result in
vertical root fractures, leading to failure of the treated tooth [3].
Therefore, understanding the mechanisms and contributing
factors of dentinal crack formation is essential for improving
treatment outcomes. Root canal preparation involves cleaning
and shaping the canal system to facilitate effective irrigation and
obturation, but this process inevitably introduces mechanical
stresses into the root dentin [4]. When these stresses exceed the
tensile strength of dentin, microcracks may initiate and
propagate. Both intrinsic and extrinsic factors influence this
phenomenon; intrinsic factors include canal anatomy, dentin
thickness, pre-existing defects and age of the tooth, whereas
extrinsic factors involve instrumentation technique, applied
pressure, lubrication and the design and metallurgy of
endodontic instruments [5]. The introduction of nickel-titanium
(NiTi) rotary instruments significantly improved the efficiency,
flexibility and centering ability of canal preparation compared to
stainless steel hand files [6]. Despite these advantages, studies
have shown that continuous rotary motion and greater taper in
certain NiTi systems can increase stress concentration on canal
walls, thereby increasing the risk of dentinal crack formation [7].
To address these limitations, newer NiTi systems have been
developed using advanced thermomechanical heat-treatment
technologies to enhance flexibility and reduce stress
transmission [8]. Controlled Memory (CM) wire technology
represents one such advancement, improving flexibility and
fatigue resistance while allowing better adaptation to canal
morphology. HyFlex CM rotary file system, manufactured using
CM wire, has been reported to exert lower stresses on root
dentin due to its superior flexibility and reduced shape memory.
Similarly, heat-treated blue rotary systems such as HanuDent
Blue rotary file system exhibit enhanced cyclic fatigue resistance

S S
and cutting efficiency; however, their design and taper may still
contribute to dentinal microcrack formation [9]. More recently,
NT Rainbow S rotary file system, characterized by an S-shaped
cross-section and improved fatigue resistance, has been
introduced with claims of efficient shaping and reduced
dentinal damage, although supporting evidence remains limited
[10]. Dentinal microcracks are often asymptomatic and difficult
to detect clinically in their early stages, yet they may propagate
under functional or occlusal forces, increasing the risk of vertical
root fracture [11]. Preservation of dentinal integrity during
instrumentation is therefore critical to ensure the long-term
survival of endodontically treated teeth. Although several
studies have evaluated crack formation associated with different
instrumentation systems, there remains limited comparative
data on newer heat-treated rotary systems such as HyFlex CM,
HanuDent Blue and NT Rainbow S [12]. Therefore, it is of
interest to assess the comparative effect of different hand and
rotary file systems on root dentinal microcrack formation during
biomechanical preparation.

Materials and Methods:

Following approval from the Institutional Ethical Committee,
this in vitro experimental study was carried out in the
Department of Conservative Dentistry and Endodontics at K.D.
Dental College and Hospital under standardized laboratory
conditions to ensure consistency and reliability of results. A total
of 50 freshly extracted human mandibular premolars, obtained
for periodontal or orthodontic reasons, were selected. All teeth
were thoroughly cleaned using an ultrasonic scaler to remove
soft tissue remnants and calculus and were subsequently stored
in distilled water containing thymol crystals at room
temperature until further use. Radiographic evaluation in both
buccolingual and mesiodistal directions was performed to
confirm the presence of single canals, fully developed apices and
the absence of calcifications, resorption, or previous endodontic
treatment. Teeth exhibiting curved canals, cracks, carious
lesions, or anatomical anomalies were excluded. The crowns
were decoronated at the cemento-enamel junction using a
diamond disc under continuous water cooling to obtain a
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standardized root length of 12 + 1 mm, which was verified using
a digital vernier caliper. Each specimen was further examined
under a dental operating microscope to eliminate any pre-
existing cracks. Working length was determined by inserting a
size #10 K-file until it became visible at the apical foramen and
subtracting 1 mm from this length. To simulate periodontal
ligament conditions, each root was wrapped in aluminum foil,
embedded in acrylic resin blocks and the space created by the
foil was later filled with hydrophilic vinyl polysiloxane
impression material. The specimens were randomly divided into
five groups of ten samples each. Group 1 served as the control
group with no instrumentation performed, Group 2 underwent
hand instrumentation using stainless steel K-files up to ISO size
25, Group 3 was instrumented using the HyFlex CM rotary file
system up to size 25/.04, Group 4 was instrumented using the
HanuDent Blue rotary file system up to size 25/.04 and Group 5
was instrumented using the NT Rainbow S rotary file system up
to size 25/.04. A glide path was established in all specimens
using a size #10 K-file up to the working length. Instrumentation
was then performed according to the respective group protocols
following the manufacturers’ instructions. No instrumentation
was carried out in the control group, while in the hand
instrumentation group, canals were prepared sequentially using
stainless steel K-files up to ISO size 25. In the rotary groups, the
respective file systems were used sequentially up to size 25/.04
and all instruments were used according to manufacturer
recommendations and discarded after use to prevent fatigue-
related bias. Irrigation was standardized across all groups to
eliminate variability. During instrumentation, canals were
irrigated with 3% sodium hypochlorite using a 30-gauge needle
after each instrument change, delivering approximately 2 ml for
one minute. A total of 15 ml sodium hypochlorite was used per
canal. EDTA was used as a lubricant during instrumentation and
upon completion of preparation, all canals were rinsed with 2 ml
of distilled water to remove residual irrigants. Following
instrumentation, all roots were sectioned horizontally at 3 mm, 6
mm and 9 mm from the apex using an Isomet saw under
continuous water cooling to prevent the formation of artificial
cracks. The obtained sections were examined under a
stereomicroscope at 40x% magnification. Two independent
blinded examiners evaluated each sample to ensure objectivity
and in cases of disagreement, a third examiner provided the final
assessment. Dentinal defects were categorized using a
standardized scoring system. Score 0 indicated no defect, Score 1
represented craze lines extending from the outer surface into
dentin, Score 2 denoted partial cracks extending from the canal
wall into dentin and Score 3 indicated complete fractures
extending from the canal wall to the outer root surface. The
presence, type and location of defects at coronal, middle and
apical levels were systematically recorded for each specimen and
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tabulated accordingly. Statistical analysis was performed using
SPSS software version 22. Frequency and percentage
distributions of dentinal defects were calculated and intergroup
comparisons were carried out using the chi-square test. A p-
value of < 0.05 was considered statistically significant.
Additionally, subgroup analysis was conducted to evaluate
variations in crack formation at different root levels, thereby
providing a comprehensive assessment of the impact of different
instrumentation systems on dentinal integrity.

Results:

A total of 50 samples were included in the study and were
equally distributed among five groups (n = 10 each), ensuring
uniform representation for valid intergroup comparison.
Comparison of dentinal crack formation among all groups at the
coronal, middle and apical thirds revealed statistically
significant differences. The control group showed no dentinal
cracks at any level (100% Score 0), whereas a progressive
increase in crack incidence and severity was observed from hand
files to NT Rainbow, Hyflex CM and HanuDent Blue groups.
The overall difference among groups was statistically significant
at the coronal (p = 0.01), middle (p = 0.004) and apical thirds (p =
0.002). Higher crack severity scores (partial cracks and fractures)
were predominantly associated with rotary file systems,
particularly Hyflex CM and HanuDent Blue. Intergroup
comparison between control and experimental groups showed
that hand files produced minimal dentinal defects, with
statistically significant differences only at the apical third (p =
0.03). NT Rainbow demonstrated increased crack formation
compared to control, with significant differences at the middle (p
= 0.003) and apical thirds (p = 0.01). Hyflex CM exhibited
significantly higher crack incidence at all root levels (p < 0.003),
while HanuDent Blue showed the highest incidence and severity
of cracks, with highly significant differences at coronal, middle
and apical thirds (p < 0.001). Comparison among experimental
groups revealed no statistically significant differences between
hand files and NT Rainbow at any level. However, Hyflex CM
showed significantly greater crack formation than hand files at
the middle third (p = 0.03). HanuDent Blue showed significantly
higher dentinal defects compared to hand files at the coronal (p
= 0.05) and middle thirds (p = 0.03), although the apical
difference was not significant. Among rotary systems, Hyflex
CM and HanuDent Blue exhibited higher crack incidence than
NT Rainbow; however, these differences were not statistically
significant. Across all groups, the apical third showed the
highest frequency and severity of dentinal cracks, followed by
the middle and coronal thirds, indicating greater susceptibility
of the apical region during instrumentation (Table 1 and Table
2).

Table 1: Comparison of dentinal crack scores among NT Rainbow, Hyflex CM and HanuDent Blue at coronal, middle and apical thirds

Root Level Score NT Rainbow (%)  Hyflex CM (%) HanuDent Blue (%)
Coronal Score0 50 20 10

Score1l 30 40 30

Score2 10 30 30

Score3 10 10 30
Middle Score0 20 20 10
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Score1l 40 30 20
Score2 30 20 40
Score3 10 30 30
Apical Score 0 30 10 0
Scorel 20 20 30
Score2 30 40 30
Score3 20 30 40

Table 2: Comparison of dentinal crack scores between Hand File and NT Rainbow at coronal, middle and apical third

Root Level Score Hand File (%) NT Rainbow (%)
Coronal Score 0 60 50
Score1l 30 30
Score2 10 10
Score3 0 10
Middle Score 0 60 20
Score1l 30 40
Score2 10 30
Score3 0 10
Apical Score 0 40 30
Score1l 30 20
Score2 20 30
Score3 10 20
Discussion:

The present in vitro study evaluated root dentinal microcrack
formation after biomechanical preparation using hand K-files,
HyFlex CM, HanuDent Blue and NT Rainbow S rotary systems.
The study found that the uninstrumented control group showed
no cracks, while all instrumented groups produced varying
degrees of dentinal defects. Hand K-files showed the least
microcrack formation, whereas rotary systems produced more
defects, with HanuDent Blue showing the highest incidence and
severity, followed by HyFlex CM. NT Rainbow S showed
comparatively fewer defects among the rotary systems,
suggesting that file design, taper, flexibility and metallurgy
influence stress transmission to root dentin. These findings are
consistent with the study protocol and results described in the
uploaded manuscript. The results are in agreement with
Rahman et al. (2021) [13], who compared NiTi hand K-files,
ProTaper hand files, ProTaper rotary files and WaveOne
reciprocating files and reported that the control and NiTi hand
K-file groups did not show microcracks, whereas rotary
instrumentation produced significantly more dentinal defects.
Their findings support the present study, where hand files
caused minimal dentinal damage compared with rotary systems.
The lower incidence of defects with hand files may be due to
slower, controlled instrumentation reduced rotational stress and
less aggressive dentin engagement. Similarly, Branawal et al.
(2023) [14] reported that rotary instruments increased the
chances of dentinal defects compared with hand
instrumentation. This supports the present findings, where
rotary file systems produced more cracks than hand files. Rotary
systems may generate greater tensile and shear stresses on canal
walls due to continuous rotation, cutting efficiency and taper
design. These stresses become more critical in thin dentinal
areas, particularly in the apical third, where the present study
also observed the highest crack frequency. The present findings
also correspond with Guha (2021) [15], who evaluated thermally
treated NiTi instruments and hand files and concluded that both
hand and rotary instruments could produce dentinal
microcracks. In the present study, although hand files produced

fewer defects, minor cracks were still observed, indicating that
instrumentation itself can contribute to dentinal stress. However,
the severity and frequency of cracks were greater with rotary
systems, emphasizing that instrument design and kinematics
remain important determinants of dentinal safety. In contrast,
Arumgams et al. (2017) [16] reported through micro-computed
tomography that HyFlex CM, HyFlex EDM, Vortex Blue and
TRUShape systems did not induce new dentinal microcracks in
straight mandibular incisors. This differs from the present
stereomicroscopic findings, where HyFlex CM showed moderate
crack formation. The variation may be due to differences in
methodology, tooth type, sectioning technique, imaging method,
canal anatomy and pre-existing defects. Micro-CT allows non-
destructive pre- and post-instrumentation comparison, whereas
sectioning methods may reveal defects but can also introduce
artifacts if not carefully controlled. The higher crack formation
observed with Handing Blue in the present study may be related
to its cutting efficiency, taper and engagement pattern within the
canal. Although heat-treated blue files generally show improved
cyclic fatigue resistance, increased cutting efficiency may also
increase stress concentration on dentinal walls. HyFlex CM
showed fewer defects than HanuDent Blue but more than NT
Rainbow S, possibly due to differences in file core mass,
flexibility and canal wall contact. NT Rainbow S performed
better among rotary groups, suggesting that its design may
allow more conservative dentin removal and reduced stress
generation [17, 18 and 19]. Overall, the present study confirms
that biomechanical preparation can induce dentinal microcracks
and that rotary systems tend to produce more defects than hand
files. The apical third was the most affected region, probably due
to thinner dentinal walls and greater confinement of instruments
in this area. Therefore, careful file selection, controlled
instrumentation, conservative taper and use of flexible heat-
treated systems are essential to preserve dentinal integrity and
reduce the risk of vertical root fracture.

Conclusion:
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Hand K-files caused the least dentinal microcrack formation
during biomechanical preparation. Among the rotary systems,
NT Rainbow S produced fewer microcracks than HyFlex CM
and HanuDent Blue. Thus, file design and metallurgy play an

important

role in preserving root dentin during canal

preparation.

References:

1
[2]
[3]
[4]
[5]

[6]
[71

Kakka A et al. Clin Exp Dent Res. 2022 8:1218. [PMID:
35809233]

Bilaiya S et al. Med Pharm Rep. 2022 95:455. [PMID:
36506600]

Patel S et al. Int Endod ]. 2022 3:804. [PMID: 35338655]
Tomson PL et al. Br Dent ]. 2025 238:478. [PMID: 40217030]
Kusugar AN & Kirict D. BMC Oral Health. 2025 25:443.
[PMID: 40148885]

Tabassum S et al. Eur Endod ]. 2019 4:111. [PMID: 32161896]
Khallaf M & Hassan R. Contemp Clin Dent. 2022 13:183.
[PMID: 35846585]

©Biomedical Informatics (2026)

Abdelmomen 1 ef al. Materials (Basel). 2023 16:3437. [PMID:

37176319]

[9] da Silva TL et al. BMC Oral Health. 2025 25:1789. [PMID:
41249997]

[10] Sekar V et al. Eur | Dent. 2016 10:541. [PMID: 28042272]

[11] Pan X et al. Int Endod ]. 2025 58:736. [PMID: 39953739]

[12] Nasiri K & Wrbas KT. J Dent Sci. 2025 20:1991. [PMID:
40654412]

[13] Rahman H et al. Contemp Clin Dent. 2021 12:439. [PMID:
35068846]

[14] Branawal HC et al. Indian | Dent Res. 2023 34:433. [PMID:
38739827]

[15] Guha A et al. ] Conserv Dent. 2020 23:468. [PMID: 33911355]

[16] Arumugam S et al. Aust Endod ]. 2021 47:520. [PMID:
33956372]

[17] Jamleh A. Eur Endod J. 2022 7:193. [PMID: 36217636]

[18] Mariyam R et al. Cureus. 2024 16:e53506. [PMID: 38440012]

[19] Sharma A et al. Dent | Indira Gandhi Int Med Sci. 2026 5:10.

[DOI: 10.25259/ DJIGIMS_35_2025]

-

8]

Caveat Emptor is applicable among the literate community where
required and possible. The publisher, its journal, editors and the
internal/external reviewers take adequate steps to check, evaluate, correct,
edit, revise and improve content where possible and required.

4374



