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ABSTRACT

Differential Scanning Calorimetric (DSC) study was utilized to investigate the Super-elastic behavior —and Phase
transformation of used and unused Rotary Nickel-Titanium (NiTi) endodontic instruments from 3 different
manufacturers in the as-received condition and after subjection to 3 sterilization cycles. A total of 72 ProTaper (n=24),
Mtwo (n=24) and HyFlex (n=24) files were examined. DSC measurements showed that among the specimens of all three
brands, in the as-received condition and after 3 sterilizations, Hyflex rotary files has better super elasticity than the
ProTaper and Mtwo rotary files. It has advantageous microstructure and a better manufacturing process as the
temperature range for phase transformation is lowest for HyflexNiTi rotary files.
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INTRODUCTION

“Darkness cannot drive out darkness: only light can do that”-Martin Luther King Jr.

After the pioneering research by Walia H, which introduced nickel-titanium (NiTi) hand files to the
endodontic profession, both nickel-titanium hand files and particularly rotary instruments have
achieved widespread popularity.A major reason for their selection is the much greater flexibility (i.e.
much lower elastic modulus) of the nickel-titanium alloy compared with stainless steel, which offers
distinct clinical advantages with curved root canals [1-4].

Nitinol alloys exhibit two closely related and unique properties: shape memory and Super elasticity (also
called pseudo elasticity). Nickel-Titanium (NiTi) endodontic files show greater flexibility and superior
resistance in bending and torsion compared with stainless steel instruments. Some researchers found
that heat sterilization leads to reduction of cutting efficiency of the NiTi files.12Using a spectroscope,
Shabalovskaya and Anderegg examined NiTi alloy surfaces after repeated sterilization cycles. They
noticed that autoclaving at 1202C and 21psi (pound per square inch) resulted in an alteration of alloy
surface. In particular, files that underwent five cycles of sterilization experienced a reduction in cutting
ability of approximately 16.1% compared with untreated files. After 10 cycles of sterilization, the cutting
efficiency was further reduced by up to 50.8% [5-9].

The NiTi alloy’s inherent ability to undergo phase transformation within NiTi matrix, from austenite
(parent phase) to martensite (daughter phase) with application of temperature or stress, giving rise to
Shape Memory Effect (SME) and Superelasticity (SE). Differential Scanning Calorimetry (DSC) has been
successfully used to investigate phase transformation within NiTi matrix of popular brands of endodontic
instruments [10-11].

The martensite shape can be deformed easily to a single orientation by a process known as de-
twinning.NiTi alloy is more ductile in the martensitic phase than the austenite phase. The deformation
can be reversed by heating the alloy above the TTR i.e. the reverse transformation temperature range or
RTTR with the result that the properties of the NiTi alloy revert back to their previous higher
temperature values. The alloy resumes the original parent structure and orientation as the body-centred
cubic, high temperature phase termed austenite with a stable energy condition. The transition from the
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austenitic to martensitic phase as a result of the application of stress, such as occurs during root canal
preparation, in NiTi alloy a stress-induced martensitic transformation occurs [12-16].
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Diagrammatic representation of the super-elasticity effect of NiTi alloy.

DIFFERENTIAL SCANNING CALORIMETRY or DSCis a thermo-analytical techniquein which it measures
the temperatures and heat flows associated with phase transitions in materials as a function of time and
temperature in a controlled atmosphere. These measurements provide quantitative and qualitative
information about physical and chemical changes that involve endothermic or exothermic processes, or
changes in heat capacity [17-19].

The basic principle underlying this technique is that, when the sample undergoes a physical
transformation such asphase transitions, more or less amount of heat will need to flow to it. Whether less
or more heat need to flow to the sample depends on whether the process is exothermic or endothermic
[20].

In this study we have discussed about Superelastic quality of nickel-titanium rotary endodontic
instruments of different makers utilizing the measurement obtained through different phase
relationships of a controlled heat treatment procedure namely Differential Scanning Calorimetry(DSC)
experiment. The endodontic instruments used were Dentsply Maillefer- ProTaper rotary file system,
ColteneWhaledent- Hyflex CM file system and VDW Selmark-Mtwo file system. The files were used in as
received condition i.e. new or unpacked and after three cycle of sterilization (autoclaved at 1212 C at
15psi for 15 min). From this we can have an idea about the flexibility of these different files i.e. the file
system which will have less DSC value will have better superelastic behavior & will show better flexibility.
This will help us to choose the rotary file system we will prefer for the endodontic treatment mainly
where the canals are curved [21-13].

MATERIAL AND METHODS
The study was conducted in Guru Nanak Institute of Dental Science & Research, Kolkata & Institute of
Minerals and Materials Technology (IMMT), Bhubaneswar.

Table 1. SAMPLE SIZE

No of files
Manufacturer’s names: Tyl_)es of Tal_Jer of Len_gth
files files of Files
A B
DentsplyMaillefer- ProTaper file | Size-25 0.06 25 mm 6 6
system Size- 35 0.04 25 mm 6 6
ColteneWhaledent- Hyflex CM file | Size-25 0.04 25 mm 6 6
system Size-40 0.04 25 mm 6 6
VDW Selmark- Size-25 0.06 25 mm 6 6
Mtwo file system Size-35 0.04 25 mm 6 6

[A=NEW, B= AFTER 3 CYCLE STERILIZATION]
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STUDY TOOLS:

1. Differential Scanning Calorimetric (DSC) Machine:

2.

O 0NN Ww

Netzsch STA 449 F3 Jupiter

Slow-speed diamond saw

BUEHLERIsoMet Low Speed Saw

Special computer setup attached with the DSC machine
Liquid Nitrogen cylinder

X-Smart Endodontic micro-motor

2L Class N Tabletop Steam Autoclave

2.5% Sodium hypochlorite

Stainless Steel Autoclave Box

Distilled water

STUDY METHODOLOGY:
Sample Preparation-

Endodontic rotary NiTi files taken as test samples were collected from 3 different manufactures
i.e.ProTaper file system, Mtwo file system and Hyflex file system.

From ProTaper file system size 25 and 35, from Mtwo file system size 25 and 35 and from Hyflex
file system size 25 and 40 ( Hyflex file system don’t have size 35) were taken.

12 no of files from each size were taken.

This means total of 24 no files were taken from each file system, so the total no of files taken for
test were 72.

From the 12 no of files of each size 50% of it i.e. 6 no of files were tested new or as received
condition and rests 6 no of files were tested after 3 applications and subsequent sterilization.

Each application i.e. biomechanical preparation with the help of X-Smart Endodontic micro-motor
was done for 3 min in a extracted maxillary central incisor followed by sterilization. This
procedure was repeated for another 2 times for the same file, so total 9 min of application and 3no
of subsequent sterilization.

Sample Sterilization-

For sterilization each file after 3 min application was first kept in 2.5% Sodium hypochlorite (NaOCI)
for 15min.

Then rinsed thoroughly under distilled water & kept overnight to dry before sterilization
procedure.

Next, files were kept in autoclave box and autoclaved at 121°C at 15 pound per square inch (psi)
for 15min in Autoclave followed by overnight drying.

BEPLS Special Issue [1] 2022 1459 |Page ©2022 AELS, INDIA



Das etal

Sample Testing:

For all the file samples Differential Scanning Calorimetric (DSC) experiment was done in Netzsch
STA 449 F3 Jupiter machine between 252C to 752C.

e Thelinear heating rate is a standard 5°C per minute.
e The DSC result was monitored in the computer program which was attached to it.
e Theresults were noted and the DSC value to each sample was compared.
e Theresults were then sent for statistical analysis.
RESULTS

The samples Ni-Ti endodontic rotary files used for this study were collected from different manufacturers
and tested in the Differential Scanning Calorimetric machine to study their phase transformation and
evaluate their super elastic behavior. The results and observations thus derived are as follows:-

» Table 1 & Table 2 shows the Mean Mass & DSC value of unused & used ProTaper Size 25 with Taper

>

0.06 NiTi Rotary files.
In Table 1 the files were as received condition & in Table 2 the files were after 3 applications and
subsequent sterilization.

> The mean value of both mass & DSC value is calculated.

Table 2. ProTaperNiTi Rotary file system (DentsplyMaillefer, Switzerland)
Group 1: Size 25 Taper 0.06- New or as received condition

Mass in mg unit DSC in m.cal/sec unit

Mean 4.59 047 to -3.33

Table 3. ProTaperNiTi Rotary file system (DentsplyMaillefer, Switzerland)
Group II: Size 25 Taper 0.06- After 3 cycle of sterilization

Mass in mg unit DSC in m.cal/sec unit

Mean 4.52 047 to -3.23

Table 3 & Table 4 shows the Mean Mass & DSC value of unused & used Protaper Size 35 with Taper
0.04 NiTi Rotary files.

In Table 3 the files were as received condition & in Table 4 the files were after 3 applications and
subsequent sterilization.

The mean value of both mass & DSC value is calculated.

Table 4. ProTaperNiTi Rotary file system (DentsplyMaillefer, Switzerland)
Group III: Size 35 Taper 0.04- New or as received condition

Mass in mg unit | DSC in m.cal/sec unit

Mean 4.85 0.50 to -3.28

Table 5. ProTaperNiTi Rotary file system (DentsplyMaillefer, Switzerland)
Group 1V: Size 35 Taper 0.04- After 3 cycle of sterilization

Mass in mg unit | DSC in m.cal/sec unit

Mean 4.73 0.5to -3.24

Table 5 & Table 6 shows the Mean Mass & DSC value of unused & used Mtwo Size 25 with Taper 0.06
NiTi Rotary files.

In Table 5 the files were as received condition & in Table 6 the files were after 3 applications and
subsequent sterilization.

The mean value of both mass & DSC value is calculated.

Table 6. MtwoNiTi Rotary file system (VDW, Munich, Germany)
Group V: Size 25 Taper 0.06- New or as received condition
Mass in mg unit | DSC in m.cal/sec unit

Mean 4.61 0.47 to -3.33

Table 7. MtwoNiTi Rotary file system (VDW, Munich, Germany)
Group VI: Size 25 Taper 0.06- After 3 cycle of sterilization
Mass in mg unit DSC in m.cal/sec unit
Mean 4.61 0.47 to -3.33
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» Table 7 & Table 8 shows the Mean Mass & DSC value of unused & used Mtwo Size 35 with Taper
0.04 NiTi Rotary files.
» InTable 7 the files were as received condition & in Table 8 the files were after 3 applications and
subsequent sterilization.
» The mean value of both mass & DSC value is calculated.
Table 8. MtwoNiTi Rotary file system (VDW,Munich,Germany)
Group VII: Size 35 Taper 0.04- New or as received condition
Mass in mg unit | DSC in m.cal/sec unit
Mean 4.59 0.47 to -3.4

Table 9. MtwoNiTi Rotary file system (VDW,Munich,Germany)
Group VIII: Size 35 Taper 0.04- After 3 cycles of sterilization
Mass in mg unit | DSC in m.cal/sec unit

Mean 4.63 0.45to -3.11

» Table 9 & Table 10 shows the Mean Mass & DSC value of unused & used Hyflex CM Size 25 with
Taper 0.04 NiTi Rotary files.

» InTable 9 the files were as received condition & in Table 10 the files were after 3 applications and
subsequent sterilization.

» The mean value of both mass & DSC value is calculated.

Table 10. HYFLEX® CM NiTi Rotary file system (Coltene/Whaledent,Ohio,USA)
Group IX: Size 25 Taper 0.04- New or as received condition

Mass in mg unit | DSC in m.cal/sec unit

Mean 4.85 0.54 to -3.33

Table 11. HYFLEX® CM NiTi Rotary file system (Coltene/Whaledent,Ohio,USA)
Group X: Size 25 Taper 0.04- After 3 cycle of sterilization

Mass in mg unit | DSC in m.cal/sec unit

Mean 4.73 0.48 to -3.29

» Table 11 & Table 12 shows the Mean Mass & DSC value of unused & used Hyflex CM Size 40 with
Taper 0.04 NiTi Rotary files.

» InTable 11 the files were as received condition & in Table 12 the files were after 3 applications
and subsequent sterilization.

» The mean value of both mass & DSC value is calculated.

Table 12. HYFLEX® CM NiTi Rotary file system (Coltene/Whaledent,Ohio,USA)
Group XI: Size 40 Taper 0.04- New or as received condition

Mass in mg unit | DSC in m.cal/sec unit

Mean 4.59 0.51to-3.31

Table 13. HYFLEX® CM NiTi Rotary file system (Coltene/Whaledent,Ohio,USA)
Group XII: Size 40 Taper 0.04- After 3 cycles of sterilization

Mass in mg unit | DSC in m.cal/sec unit

Mean 4.52 0.5to0-3.2

Statistical analysis for the different groups are presented by Mean, Standard deviation (s.d.), Degree of
Freedom (d.f.), Test of significance (t), Probability (p) & More than (>). In order to compare the all 3
different rotary file system’s DSC experiment value a one-way analysis of variance i.e. the variance (F)
ratio test was conducted. The test was considered significant as the F-value obtained differ significantly at
5% level(Mtwo differs significantly from Hyflex&Protaper).

First the mean+S.D (mass value) of new instrument compared with instrument after 3-cycle of use. For
the purpose of test of significance, paired t- test used and the result has been assessed through the P-
value.

Test of significance shows that the difference in between new and after 3 cycles of use of the instruments
do not differ significantly with p value>0.05.

The t-value was calculated applying the formula t= D/S.E. whereS.E.=S.D./n%;
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D: average of deviation (new & after
3 cycle of sterilization Tabulated t value, 5df, 5% level =2.57)
S.E.: Standard error
S.D: Standard deviation of the
differences.

Tabulated t value, 5df, 5% level =2.57
Then the mean +S.D (DSC value) of new instrument has been compared with instrument after 3-cycle of
use. For the purpose of test of significance, paired t- test used and the result has been assessed through
the P-value.Test of significance shows that the difference in between new and after 3 cycles of use of the
instruments pro-taper size -25, size-35Mtwo size 25 & 35, Hyflex size25 and size40 do not differ
significantly with p value>0.05.However Mtwo size35 differ significantly with p value<0.05.
Tabulated t value, 5df, 5% level =2.57
The difference + SD (DSC) between new and after 3 cycle of different instrument has been compared.
While comparing Protaper with Mtwo test of significance shows that Protaper differs significantly from
Mtwo with p value less than 0.05 but with Hyflex, test of significance shows that both the instruments do
not differ significantly with p value more than 0.05.ComparingMtwo with Hyflex test of significance
shows that both the instruments differ significantly with p value less than 0.05 with respect to the super
elastic behavior and phase transformation.
Tabulated t value 22d.f, 5% level = 2.07
Difference in between new and after 3 cycles DSC of different instruments, viz- Mtwo, Hyflex and Protaper
has been calculated. Mean differences of each instruments and their square deviations has been
calculated to find out the total sum of square , sum of square between the classes and sum of square
between the classes for the purpose of Analysis of variance.

Di = Difference in between new & after 3-cycle of sterilization

YDi=YD1+YD2+YD3=2.841+0.469+0.903=4.213
Total sum of square =1.039

Name mean diff

Pro Taper

M Two

Hyflex

Sum of square between the classes=0.264
Error sum of square =0.775

Analysis of variance (F) ratio test

Square of d.f Sum of | Mean F-

Variances Square | sum of | Ratio
Square
Between 3-1=2 0.264 0.132
classes 5.73

Error 35-2=33 | 0.775 0.023

Total 36-1=35 1.039

» Compound ‘F’ Ratio = 2132 _573
0.023

Table F- Value at 2df ( —3 and 33df( )|at 5% level of significance is 3.23. Since the compound F-ratio
is more than the tabulated F-ratio, the diffdrence of DSC (New & after 3- cycle), between the instruments
of different manufactures differ significantly at 5% level.

Mean DSC value for the 3 different rotary endodontic NiTi files systems are
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From the mean DSC values significant differences are revealed between files of Mtwo rotary files and
Protaper and Hyflex rotary files. Hyflex rotary files showed less mean difference than the other two file
system which signifies that the Hyflex file system has a advantageous microstructure with better
superelastic behavior. For Hyflex the transformation from martensitic to austenitic NiTi is completed
between room temperature and oral environment temperature (~372C) while for Protaper and Mtwo the
transformation temperature value range is higher. The mean difference value between Hyflex and
Protaper is less comparative to the mean value for Mtwo which is much higher than both the Hyflex and
Protaper [22-29].

DISCUSSION

The file systems had gone under various tests by different scientists to know about their superelasticity,
shape memory, change in microstructure, effect of sterilization, etc but thermal analysis for these file
systems reference not available. Among different thermal analysis tests like differential thermal analysis
(DTA), thermogravimetry (TGA), evolved gas analysis (EGA) and differential scanning calorimetry (DSC)
the DSC is a powerful tool for materials characterization of rotary instruments, providing direct
information not readily available from other analytical techniques about the NiTi phases present, which
are fundamentally responsible for their clinical behavior. Studies by W. A. Brantley et al.,22Svec TA, lijima
M, et al [20], Georgia B. Alexandrou et al,[32] also supports this theory that DSCis ideal test to determine
the physiological & mechanical properties of the files.

In this present study which is more importantly is an attempt to evaluated the superelastic behavior of
the NiTi rotary endodontic files by DSC test of three different manufacturers namely ProTaperNiTi Rotary
file system (DentsplyMaillefer, Switzerland), MtwoNiTi Rotary file system (VDW, Munich, Germany) and
HYFLEX® CMNIiTi Rotary file system (Coltene/Whaledent, Ohio, USA) in relation to the phase
transformation. Also in combine this study will be first of its kind to test the super elasticity of these three
different file systems.

The result of our study can be cross matched with the results obtained by T. A. Svec et al. [31], where they
have evaluated flexibility of two rotary instruments of different manufacturers by DSC method.

According to W. A. Brantley et al, in their study [22]based on the DSC value they told that Light speed
instruments have a better flexibility with advantageous microstructure than Profile instruments [29-32].
The use of sodium hypochlorite (NaOCl) to irrigate root canals is currently the gold standard to achieve
tissue dissolution and disinfection. From the study they concluded that it would be a risk of corrosion of
NiTi rotary files in contact with NaOCl. Under the conditions of this in vitro study, both ProFile and RaCe
rotaries showed a reduction in fatigue resistance but not in torsional strength. Analysis & critical
discussion of the facts and figures derived from the study helps to clearly resolve that Hyflex file system
has better superelasticity than the ProTaper and Mtwo file system [32-36]. It has advantageous
microstructure and a better manufacturing process as the temperature range for phase transformation is
lowest for HyflexNiTi rotary files. As in our study, a limited variable was taken and only two sizes of
rotary files were included to conduct the DSC, further studies might enlighten the greater knowledge and
understanding about the subject studied and signify & support the result of our study.

CONCLUSIONS
The results of this in-vitro study guided to draw the following conclusions:
e The DSC thermal analysis is a powerful tool to examine the superelastic behavior of the NiTi rotary
endodontic files.
o The NiTi rotary endodontic files from Coltene i.e.Hyflex CM has better superelastic behavior than
Protaper and MtwoNiTi rotary files.
e By analyzing statistically, using the variance ‘F’ test , it was found that the mean DSC value for
ProTaper was 0.075, for Mtwo was 0.236 & for Hyflex was 0.039.
e The result that the microstructure of Mtwo files are significantly different than Protaper and
Hyflex.
e  While comparing ProTaper with Hyflex, test of significance shows that both the instruments do not
differ significantly in terms of their flexibility.

REFERENCES

1. Schilder H. (1974). Cleaning and shaping the root canal, Dent Clin North Am 18:269-96.

2. Civjan S, Huget EF, De Simon LB. (1975). Potential applications of certain nickel-titanium (nitinol) alloys. ] Dent
Res;54:89 -96.

3. Andreasen GF, Morrow RE. (1978). Laboratory and clinical analyses of nitinol wire. Am ] Orthod; 73:142-51.

BEPLS Special Issue [1] 2022 1463 |Page ©2022 AELS, INDIA



10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31

32.

33.

34.

Das etal

Lee JH, Park ]B, Andreasen GF, Lakes RS. (1988). Thermo mechanical study of Ni-Tialloys.] Biomed Mat Res
;22:573-88.

Otsuka K. In: Duerig TW, Melton KN, Sto" ckel D, Wayman CM, eds. (1990). Introduction to the R-phase transition.
Engineering aspects of shape memory alloys. London: Butterworth-Heinemann, 36-45.

Melton KN. Ni-Ti based shape memory alloys. In: Duerig TW, Melton KN, StdckelD,Wayman CM, eds. Engineering
aspects of shape memory alloys. London, UK: Butterworth-Heinemann, 1990:21-35.

Charles R. Glosson The effects of ni-ti hand files, ni-ti engine files, and k-flex files on root canal morphology,
University of Texas Health Science Center at San Antonio September 30. 1992.

J.A. von Fraunhofer, B.E.Johnson Force generation by orthodontic coil springs. The Angle Orthodontist Vol.63
No.2 1993.

Duerig TW, Pelton AR. Ti-Ni shape memory alloys. In: Boyer R, Welsch G, Collings EW,eds. Materials properties
handbook: titanium alloys. Materials Park, OH: ASM International,1994:1035- 48.

Serene TP, Adams ]D, Saxena A. Nickel-titanium instruments: application in endodontics. St Louis:
IshiyakuEuroAmerica, Inc., 1995.

Bradley TG, Brantley WA, Culbertson BM. Differential scanning calorimetry (DSC) analyses of superelastic and
nonsuperelastic nickel-titanium orthodontic wires. Am ] OrthodDentofacial Orthop1996;109:589-97.

Mize SB, Clement DJ, Pruett JP, Carnes DL. (1998). Effect of sterilization on cyclic fatigue of rotary nickel-titanium
endodontic instruments. ] Endod;24:843-7.

Torrisi L. (1999). The NiTi superelastic alloy application to the dentistry field. Biomed Mat Engineering ;9:39-47.
Thompson SA. (2000). An overview of nickel-titanium alloys used in dentistry. International Endodontic
Journal,33, 297-310.

Thierry B, Tabrizian M, Trepanier C, Savadogo O, Yahia LH. (2000). Effects of surface treatment and sterilization
processes on the corrosion behavior of NiTi shape memory alloy. ] Biomed Mat Res;51:685-93.
BoonratSattapan, Joseph E. A. Palamara, and Harold H. Messer, Torque (2000). During Canal
Instrumentation Using Rotary Nickel-Titanium Files Journal of endodontics Vol. 26, No. 3, 11-19.

Lars bergmans, Johan van cleynenbreugel, Martine Wevers, & Paul Lambrechts, (2001).Mechanical root
canal preparation with NiTi  rotary instruments: Rationale, performance and safety. Status Report for
the American Journal of Dentistry American Journal of Dentistry, Vol. 14, No.5,1-6.

Martins RC, Bahia MGA, Buono VTL. (2002). Surface  analysis of Profile instruments by scanning electron
microscopy and X-ray energy-dispersive spectroscopy: a preliminary study.IntEndod J;35:848 -53.

Kuhn G, Jordan L. (2002). Fatigue and mechanical properties of nickel-titanium endodontic instruments. ]
Endod;28:716 -20.

Brantley WA, Svec TA, lijima M, Powers JM, Grentzer TH. (2002). Differential scanning calorimetric studies
of nickel-titanium rotary endodonticinstruments after simulated clinical use. ] Endod;28:774-8.

R. Nicula (2002). Physics Dept.,  Rostock University, Introduction to Differential Scanning Calorimetry
Practical Course (English version, Sept.2002).

W. A. Brantley, T. A. Svec, M. lijima, ]. M. Powers, and T. H. Grentzer Differential Scanning Calorimetric Studies of
Nickel Titanium Rotary Endodontic Instruments journal of endodontics vol. 28, no. 8, august 2002.

Alapati SB, Brantley WA, Svec TA, Powers JM, Mitchell JC. (2003). Scanning  electron microscope
observations of new and used nickel- titanium rotary files. ] Endod;29:667-9.

Ove A. Peters,(2004). Current Challenges and Concepts in the Preparation of Root Canal Systems: A Review
journal of endodontics vol. 30, no. 8,11-15.

P Parashos, P Linsuwanont, HH Messer (2004). A cleaning protocol for rotary nickel-titanium endodontic
instruments, Australian Dental Journal;49:(1):20-27.

GhassanYared,(2004). In Vitro Study of the Torsional Properties of New and Used ProFile Nickel Titanium Rotary
Files, journal of endodontics vol. 30, no. 6, 12-17.

Michael A. Baumann, (2004). Nickel-titanium: options and challenges, Dent Clin N Am 48, 55-67.

P Parashos, HH (2005). Messer Uptake of rotary NiTi technology within Australia, Australian Dental Journal
;50:(4):251-257.

JovankaGasic, Mirjana Abramovic, Goran Radicevic, Jelena Dakovic, Mariola Stojanovic, (2005). The effect of
irrigating solutions on the Ca/P ratio in root dentine,Stom Glas S, vol. 52, 20-24.

Michael Hu'Lsmann, Ove A. Peters & Paul M.H.Dummer, (2005).Mechanical preparation of root canals: shaping
goals, techniques and means, Endodontic Topics, 10, 30-7 6.

Peter Parashos, Harold H. (2006). Messer Rotary NiTi Instrument Fracture and its Consequences, ] Endod;
32:1031-1043.

Georgia B. Alexandrou, Konstantinous Chrissafis, Leonidas P.Vasiliadis, Eleni Pavlidou, E.K. (2006).
Polychroniadis SEM Observations and Differential Scanning Calorimetric Studies of New and Sterilized Nickel-
Titanium Rotary Endodontic Instruments ] Endod ; 32:675- 679.

Xuejun Xu, M. Eng, Yufeng Zheng, and D. Eng (2006). Comparative Study of Torsional and Bending Properties for
Six Models of Nickel-Titanium Root Canal Instruments with Different Cross-Sections ] Endod; 32:372-375).

GR Young, P Parashos, HH (2007). Messer The principles of techniques for cleaning root canals, Australian
Dental Journal Supplement;52:(1 Suppl):S52-S63.

BEPLS Special Issue [1] 2022 1464|Page ©2022 AELS, INDIA



35. Keven S. Herold, Bradford R. Johnson, Christopher S. WenckusA (2007).Scanning Electron Microscopy

Evaluation of Micro fractures, Deformation and Separation in EndoSequence and Profile Nickel-Titanium Rotary
Files Using an Extracted Molar Tooth Model ] Endod;33:712-714).

CITATION OF THIS ARTICLE

P Gavali, A Suryawanshi, S Gimawekar, P Gugale. A Study of Statistical Distribution of Covid-19 Pandemic Cases in
Second Wave with Reference to Khanapur Tehsil. Bull. Env.Pharmacol. Life Sci., Spl Issue [1] 2022 : 1457-1465

BEPLS Special Issue [1] 2022 1465|Page ©2022 AELS, INDIA



