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ABSTARCT:

Root canal treatment (RCT) is a treatment used to e@pair and save the tooth which is badly
decayed or becomes infected. It is the process byieh a dentist treats the inner aspects of a tootballed
root canals which most commonly is referred as theerve. It is a part of Endodontic (means inside taih)
treatment study. Obturation, a process during RCT,is the complete filling and sealing of 3D root cara
space against further bacterial growth. The systeminder study is the dental pin, which forms a part &
the device that can be handheld portable apparatugsed during root canal obturation to heat, soften &
cut excess gutta percha as filler material with e@sand also fill it in root cavity without disturbin g patient.

Modal analysis is the study undertaken to see thdfect of frequency & mode shape during actual
root canal obturation. The actual effect of vibratay pin in filling root canal cavities has not beerstudied.
The current project will include vibration at the dental pin which will help to give a denser, more
compact filling of the root canal space, and will ghance the obturation process to certain extent. Ai of
the current study is to perform the modal analysif the dental pin (plugger) of biomedical device téat is
modeled as a tapered cantilever beam model with theefined configuration by using analytical methods
& verifying it using Finite Element Method model. This is undertaken to observe the effect of frequeyc
& mode shape during actual root canal obturation. Aso the experimental modal analysis on scaled up
dental pin model has been carried out, and the FEfesults are verified with experimental results.

Results for natural frequency of tapered pin are vdfied and found approximately same using
analytical method, and FEM approach. Experimental nodal analysis of scaled up (10 times) dental pin is
carried out and acceptable agreement is seen betwethe experimental results and the FEA results whit
are within 9% for all the modes.

Keywords: Root canal treatment, Obturation, gutta percha, Finite Element Method.

1. INTRODUCTION

The tapered pin is a part of the device that cahdelheld portable apparatus used during root canal
obturation to heat, soften & cut gutta percha Herfmaterial with ease and also fill it in rootvitg without
disturbing patient. Success of the current studlyhei beneficial to dental surgeons, dental expartsl in turns
the common patients in terms of cost. Successhilcanal treatment is based on diagnosis, treatpianting,
knowledge of tooth anatomy, and the traditionalosgts of debridement, sterilization, and obturatDantists
can charge $300 to $400 for a Dental Filling in U&A&urope. It costs only $20 to $40 in India. A R@anal
is $3,000 in the West but only $100 to $200 in énddentures can cost $1000 overseas but only $200ia.
Thus it is required to highlight the effect of comating Gutta Perch with mechanical vibration introanal
space during actual obturation phase, as it wially contribute to the success in root canaltneat.
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2. LITERATURE REVIEW

Mario Tanomaru-Filho et.al ™ (2007), he author studied the force required to providegaificant
increase in the diameter of heated gutta-percheirpas should be greater than 3 kg.

Maniglia-Ferreira C, et al @ (2007), This paper briefs information of thermal propertifsdental GP,
plasticized by a heat carrier or by thermo-mectanammpaction, if used improperly may cause partial
decomposition if the heat generated exceeds 10X€yrding to the Merck index. Root canal fillingheiques
must use temperature control (between 53°C and)588@nitting theB-phase GP to the-phase. GP in thp-
phase begins thephase change when heat reaches the range of 4&.&%®7°C.Thax-phase changes to the
amorphous phase when heated between 60°C and 6&aing GP to 130°C causes physical changes or
degradation.

Maurizio Ferrante et.al P! (2010),1t gives information on thermal analysis of GP Hiegtup to 130 °C
causes chemical-physical changes of the gutta-pethls is due to the presence of additives (70)80%ich
alter the behaviour of the material. For this reaghe dimensional stability of the filling matdsas not
guaranteed.

Alvin Goodman, Herbert Schilder, Winthrop Aldrich ¥ (1981), The maximum regional temperature
determined for bulk GP in the body of the canal 8% C., while the over-all peak temperature reedrih the
apical region was 45° C.Thermal penetration of@ewas expectedly limited, with significant therreéflects
rarely exhibited more than 4 to 6 mm into the niater

Clifford Ruddle ™! (2006), This article is to describe an obturation techgithat is safe, easy to use, and
routinely fills root canal systems in three dimems. The obturation technique that will be desdiiethe
vertical compaction of warm gutta percha.

The degree of endodontic success is directly ptap@l to a clinician’s knowledge of, appreciatiof) and
respect for the root canal system anatomy ancetttentques selected when performing treatment.

M. Venturi, R. Di Lenarda & L. Breschi ' (2006),A plastic mass of GP forced to flow where
compacting force applied to GP can have vectoredodthposition between two inclined planes. C into
tangential force (t) and normal force (n). r, ré&actforce; f, friction force; R, resulting force.n¥ frictional
force that would reduce the forward motion of tlengtrating gutta-percha, would likewise be parabethe
canal wall. The compacting of heated amorphousagpdtcha is difficult to control, especially cldsethe apex
(Clinton & Van Himel 2001). The main difficulty fahe practitioner is to adjust the compacting pdoce to
the softening of the GP.

Fig.1. Compaction force analysis during obturatfsocess

Alex Wai-Kwok Chan [ (2006),present study focuses to gather information on éoutic practice
of general dental practitioners in Hong Kong.Enddiiois a dynamic, evolving discipline with considele
advances in techniques and materials.Lateral caotopaof gutta-percha is a relatively simple andsatite
technique that has produced good results and dteequire expensive equipment. Thermo-plasticigeida-
percha is better adapted to the canal walls andfithégteral canals better than lateral condersati
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Ricardo Caicedo, Dr. Odon and Stephen M. Clari! (2008),Success in RCT is based on diagnosis,
treatment planning, knowledge of tooth anatomy, #iedtraditional concepts of debridement, stetiiizg and
obturation. University of Missouri- Kansas City $ch of Dentistry showed that DownPak’s combinatafn
heat and vibration resulted in a denser, more coirfiling of the root canal spac®agavino et al.(2006)
found that DownPak device with heat and vibratiwwhen compared to heat only, resulted in a greatef &P-
filled area at the 1.25-mm level from working leimgtith either a 0.4 or 0.8 taper, and at the 2.54ewvel with
a 0.4 taper in simulated curved canaMu et al.(2002, 2004)compared the use of the System B & the
DownPak with heat only, and the DownPak with hewat @bration. A significantly smaller percentagegoitta-
percha-filled area was found after using the SysBerihan than using the DownPak, either with heat an
vibration or with heat alone.

John Whitworth ' (2005),In technical terms, ‘success’ in obturation will hesociated with root
canals (prepared and) densely filled to within 2 winmadiographic root end. Clinical studies andeceesports
have convincingly reinforced the view that warm tiead condensation techniques can enjoy comparable
success to lateral condensation methods.

Stephen Cohen, Louis H. Berman & Gabriela Martin*” (2008),Even after heating and compacting

gutta-percha or Resilon into a canal system, thBllemay be voids in the obturation, to address iroblem
Martin developed a self-contained electronicallwated spreader for warming and laterally compactjntia-
percha (Endotec, Medidenta International), incrédke density of the obturation by approximatelypEscent.
Subsequently the Touch 'n Heat (Sybron-Endo) aedSystem B (Sybron-Endo), expanded on this coramght
were found to be successful for creating a more dgenous obturation of gutta-percha. The EndoTwinn
(MDCL) used in Europe, is a hand-held, self-corgdinheat-carrying instrument with spreader or pdudips.
Sonic vibration was also incorporated into thisideMo augment the compaction and obturation affeness.
In early 2007, efforts to improve and refine thed&hwinn led to the introduction of the DownPak (Hrtiedy)
is cordless and lightweight, with an ergonomicdlflanced hand-held grasp make it easier for timécidin to
more effectively provide a three-dimensional oltiorg also enables variable temperature settimgsta use
vibration feature, as desired.

Harris ! vibration Handbook, At 20 Hz and 30 Hz the head exhibits a mechan&sdmance.

Ming-yong HU 2 et.al (2010),Vibration mode of the constrained damping cantiteigebuilt up
according to the mode superposition of the elasdictilever beam. The control equation of the camséd
damping cantilever beam is then derived using Leggs equation. Dynamic response of the constrained
damping cantilever beam is obtained according ¢opttinciple of virtual work, when the concentrafecce is
suddenly unloaded. Frequencies and transient respafna series of constrained damping cantilevanmiseare
calculated and tested. Influence of parameterseofiamping layer on the response time is analyzed.

Saeid Bashash, Amin Salehi-Khojin, Nader Jalil*® (2008), This paper presents a novel framework
for forced motion analysis of Euler-Bernoulli beavith multiple jumped discontinuities in the croscson.
Results indicate that the added mass and stiffsigsgficantly affects the mode shapes and natuegjuencies.
This paper gives why Euler-Bernoulli Beam is used.

Dr S. Talukdar ™ Author gives various methods for vibration analysis continuous beam (to find
the natural frequency, mode shape etc.) Equatiomofion is derived by Hamilton principle. Also for
nonuniform geometry the exact solution of diffefahtequation is not obtained. Therefore RayleigteRi
method &Galerkin method is described for non umif@eometry.

Dumitru I. Caruntu ™ (2009), This paper deals with free transverse vibrationsnofiuniform
homogeneous beams. Cantilevers of rectangularll{ptical) cross-section with parabolic thickneszriation,
and cantilevers of circular cross-section with pate radius variation, are considered. Fourth odifferential
equations of transverse vibrations reduced int@ia @f second order differential equations leadg¢oeral
solutions in terms of hyper geometric functions.&xaatural frequencies and exact mode shapes poeted
for sharp parabolic cantilevers of various dimenkass lengths.
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H.H.Marbie & C.B.Roger "® (1964), Free vibrations of nonuniform cantilever beams véth end
mass have been studied, using the equations obBirEuler. Two configurations of interest are treat@):
constant width and linearly variable thickness; #@odconstant thickness and linearly variable widEtharts
have been plotted for each case from which the dmshtal frequency, the second harmonic, and thd thi
harmonic can be easily determined for various taatos and ratios of end mass to beam mass.

MARC and Mentat *7, In this paper Mode shape and natural frequencyuidied and derived for
cantilever beam. The beam is assumed to be pleessgtroblem. Mode shape and natural frequenayuisdf
using nastran software total four finite elements developed, three using one —D two noded thiambe
element and one using 2-D four noded bilinear press element.

J Eaton-Evanslet.al*® (2007), Super elastic and shape memory capabilities ofbdlitare strongly
dependent on the alloy composition, its heat treatmand mechanical deformation history. The curpaper
presents a review of the behaviour of Nitinol aedalibes a characterization study conducted tardete the
mechanical properties of the material.

Anamika S. Misty ™ (2011), The author studies the dynamic response of miniilesar beam in
viscous media. The dynamic response charactesstib as frequency, frequency amplitude in air doidl f
media (water, oil) is measured using laser Doppliarometer and compared as function like densityd a
viscosity of fluid media.

Le Ngoc Bich, Pham Thi Thu Hien, Phan Quoc Hun§?(2006), The experimental results and the
computation results show that the difference betwibem is within 10% for all modes.

3. PHYSICAL PROPERTIES OF MATERIAL FOR DENTAL PIN

Table.1. Typical physical properties for 316 L gradainless steels.

Grade Density (kg/nT) Elastic Modulus (GPa) | Poisson’s ratio ¢)

316/L/H 8000 193 0.27

4. LOADING CYCLE
There are two parts in the loading cycles

Manual compaction load of 15 N magnitude (gradirathree vertical increments in the three regions
of root canal , i.e. a. Cervical 193  b. middle 1/8and, c. apical 113

I/ ' // .\E
.ﬁ”

20 mun

Fig. 2: Regions of root canal

273



E-ISSN: 2321—9637
Volume 1, Issue 5, December 2013

International Journal of Research in Advent Tecimology

Available Online at:http://www.ijrat.org

The findings of preliminary studies showed that fbece required to provide a significant
increase in the diameter of heated gutta-percheirspas should be 3 kg. This is based on the America
Dental Association specification No. 57 (for endotio sealers) was adapted to gutta-percha teqtis@
6876:2002 — Dental Root Canal Sealing Materialsgn$verse Vibration excitation at the base of tegher
cantilever of 20 to 50 Hz. (As at about 200 Hz¢heill be resonance of lower jaw.)

5. STEPS IN MODAL ANALYSIS USING FEA

5.1 Eigenvectors and Eigen values:
5.2 Consistent Element Mass Matrices
5.3 Evaluation of Eigenvectors and Eigen values

5.1 Eigenvectors and Eigen-values:

The governing equation for structural dynamics fites general expression for structural mass and
damping.
For a single element of volume V, this work balaheeomes
[e(UTpU+U cU+,"6)dV=[. UFdVv e (D)
Where

p= Mass density

c= Damping

k= Stiffness

F= External force
Finite element discretization provides

U=Ny, 0=nu U=NG, e=Bu (2
Shape functions N are functions of space while hdegrees of freedom u are functions of time.
Combinations of egs. (1) and (2).

u'[fepN"NdV i+[.cN"NdV 0 +[.B" 6 dV-JN"FdV]=0 . 3)
Where Consistent element mass matrix
Me=JepN"NaV (4)
Damping matrix
Ce=JecN'NdV (5)
And stiffness matrix k=)o g cdv (6)
According to Newton’s second law F = m{. For a melément structure,
MU+CU+KU=F e (7)
For Undamped Free vibration (F=0 and C=0),
MU+kKU=0 ... (8)
For the steady state condition, starting from tipgiléorium state, we set
U= X Sinot ... (9)
Where
X = Vector of nodal amplitudes of vibration
o =2nf .... (10)

Where f is natural frequency inyH
Substituting Eq. (9) into Eq. (8), we have

KX= o? MX ... (11)
This is the generalized eigen value problem
KX=r MX ... (12)
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Where x is the eigenvector, representing the viamainode, corresponding to the eigen valu&he eigen
value is the square of the circular frequengy

5.2 Consistant Element Mass Matrices

The Consistent Mass Matrix for bar Element is gigsriollows
For bar element, the displacement vector and shegation are given by

u= [ w] "

N =[N;Nj " ... (13)
Where N= ; and N= =

Now, Consistént mass matrix ]

me=p [eN" NAdx = i_""_l"_'f NT Naz

Where dx= -%di

On carring out the integration, we get

pal2 1
me=T[1 5 ..(14)
5.3 Evaluation of Eigenvectors and Eigen values
Eigen values and eigenvectors are evaluated usenfptiowing methods:
Characteristic Polynomial Technique
From Eq. (12) , we have
(K-AM)X=0 - (15)
If the eigenvector is to be non-trivial, the regdrcondition is :
det(KAM)=0 (16)

This represents the characteristic polynomidl.ihe implementation of characteristic polynomial
technique on computers is tedious.

6. MODAL TESTING CONCEPTS:

Modal testing or experimental modal analysis isphecess of determining the modal parameters (&egjes,
damping factors, modal vectors and modal scalifi@) lmear, time-invariant system by way of an expental
approach. The modal parameters may be determinehélytical means, such as finite element analysid,
one of the common reasons for experimental modalysis is the verification/correction of the resutif the
analytical approach (model updating).

6.1 Experimental set-up:

8 FFT
0 Analyz

CPU Display
CPU
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ACCLEROMETER

Fig.3: Schematic Experimental setup

6.2 Apparatus: Following apparatus will be used to perform teal experiment:

a. Impact Hammer

b. Accelerometer
c. Multi-channel Vibration Analyzer (At least two-chael)
d. APC oralLaptop loaded with software for modallgsia.

e. Test-specimen (A cantilever held in a fixture)

f.  Power supply for the PC and vibration analyzer,nemting cables for the impact hammer and
accelerometer, fasteners and spanner to fix theirapa in the fixture, and adhesive/wax to fix the
accelerometer).

6.3 Geometric Scaling of Dental Pin:

Currently dental pin has been scaled up geomdiritsl 10 times , as it is not possible to conduct
modal testing on actual pin.

Fig. 4: Test Specimen (Scaled up dental pin) wittufe

6.4 Software’s and hardwares used:

Design — Pro-Engineer wildfire 4.0

Analysis — ANSYS Mechanical APDL10.0

Modal experiment — OROS Modal 2 with NV Gate sofeyaFFT Analyzer, Impulse hammer,
accelerometer etc.

6.5 Experimental Results
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Fig.5. Trial 2 Frequencies upto 200 Hz, Points20

6.6 Results for Trial 2, upto 200 Hz, , Order 20

Identification Freq.
Result

33.684
49.695
63.476
120.535
170.395
190.292
206.471

N[OOI WIN(F

6.7 Modal analysis using ANSYS 10.0:

Element Type: BEAM3 (2D Elastic 3)

e Material Properties ( 316 L)
— Young's modulus: E = 1.93e5 MPa
— Poisson's Ratio : 0.27
— Density : 8e-6kg/mrh(8000e-9)

e Modal Analysis

e Subspace, 15 modes

6.8 Results:
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Fig.6. FEA Results (ANSYS10.0 plots)

Table.2. Selected modes out of FEA Results (UsiN§¥S 10.0)

Set 4 5 6 8 10 11
Frequency (Hz) 32.214 52.780  79.586 110j44 178.846.28

6.9 Error estimation:
(It is based on the Trial 2 which is found to besel to the FEA results)

For mode 4
The FEAresult faren = 32.214 Hz
Experimental result faep= 33.684 Hz
Error : €= % *100 %
=((32.2145 - 33.684/32.2145))*100% 45623 %
Similarly,

For mode 5: Error i5.8450 %,for mode 6: Error i20.2422 % for mode 8: Error i9.1407%,
for mode 10: Error i4.7222%, & for mode 11: Error is8.7945%

Table 3.Comparison between FEA result and Experimentaltresu

Modes Fea (Ansys10.0) Results (Hz) ExperimentalRegHz) Error (%)
4 32.214 33.684 4.5623
5 52.780 49.695 5.8450
6 79.586 63.476 20.2422
8 110.44 120.535 9.1407
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10 178.84 170.395 4.7222
11 226.38 206.471 8.7945

7. CONCLUSIONS

Acceptable agreement is seen between the expdahresults and thEEA results which are within
9% for all the modes. Thshows that the FEA results are validated basecxkperienental work.

Some of the intermediate frequencies have beerectegl as seen in the limitations of modal analysis
that few frequencies corresponds to the load daiahnis not correctly applied during hammer hittimgo the
point at which the accelerometer is attached, eqy at this point is omitted. In the process dadanalysis
we have omitted some low frequencies correspondsitte modes at 1, 2,3 --- but the results are deresil to
be good enough.

The results are suitable as for the actual modgettboretical resonating frequency should be less t
200 Hz (Resonance occur at 200 Hz for lower jaw) #ns found that the frequency goes on increasiag
model size increases and for the scaled up mo@sdiirfies scaling), maximum modal frequency is fotmdbe
206.471 Hz, can be usedrasults for predicting the frequencies of actuaitdepin which would be definitely
less than 200 Hz.

8. ACKNOWLEDGEMENT

Authors sincerely thank BCUD, University of Puner froving necessary financial support for the entr
study. It is a part of funded Research Project BB, University of Pune during the year 2012-13 @13-14.
Also special thanks to Prof. (Dr.) D.W.Pande, Psste in Mechanical Engg Department of COEP,
Shivajinagar, for guiding in the experimental modaalysis.

References

[1]  Mério Tanomaru-Filho, Geraldine Faccio 8iha, Juliane Maria Guerreiro Tanomaru, and Caklesandre Souza BieEvaluation
of the thermoplasticity of different gutta-percha mnes and Resilon®Australian Endodontic Journal ; 33: 23-26, 2007.

2] Maniglia-Ferreira C, Gurgel-Filho ED, Sia JBA, Paula RCM, Feitosa JPA, Gomes BPFA, S&ilha- FJ, Brazilian gutta-
percha points. Part Il: thermal properties, Brazilian Oral Res; 21(1):29-34, 2007.

[3] Maurizio Ferrante, Paolo Trentini, Faustm€, Morena Petrini, Giuseppe Spofbermal analysis of commercial gutta-percha,
Journal of Therm Anal Calorim, 2010.

[4]  Alvin Goodman, Herbert Schilder, Winthrop Aldricfihe thermomechanical properties of gutta-percha. Pa IV. A thermal
profile of the warm gutta-percha packing procedure,Oral Surgery, Oral Medicine, Oral Pathology ,VokiBil, Issue 5, May 1981,
Pages 544-551.

[5] Clifford Ruddle, Three Dimensional Obturation of the Root canal Systm, Dentistry Today, 2006.

[6] M. Venturi, R. Di Lenarda & L. BreschAn ex vivo comparison of three different guttapercla cones when compacted at

different temperatures: Rheological considerationsn relation to the filling of lateral canals, International Endodontic Journal,
39, 648-656, 2006.

[7] Alex Wai-Kwok Chan, Danny Low, Gary Shua+PCheung, Robert Pong-Yin Ng,questionnaire survey of endodontic practice

profile among dentists in Hong Kong Hong Kong Dental Journal 2006;3:80-7.
[8] Ricardo Caicedo, Dr. Odon and Stephen MriCModern Perspectives in root canal obturation2008 by the Academy of Dental
Therapeutics and Stomatology, a division of PenhWdedce article.

[9] John Whitworthylethods of filling root canals: Principles and pradices Endodontic Topics 2005, 12, 2-24, Blackwell
Munksgaard.

[10] Stephen Cohen, Louis H. Berman & Gabriela Maifine DownPak device: Obturation with heat and vibraton, Endo Tribune
Us, Vol. 3, Issue 7, 2008.

[11] Harris, Vibration Handbook.

[13] Saeid Bashash, Amin Salehi-Khojin, NadeiliJdtorced Vibration Analysis of Flexible Euler-Bernouli Beams withGeometrical
Discontinuities (2008), American Control ConferenceWestin SeattiéeH Seattle, Washington, USA, June 11-13, 2008.

279



E-ISSN: 2321—9637
Volume 1, Issue 5, December 2013

International Journal of Research in Advent Tecimology

Available Online at:http://www.ijrat.org

[14] Dr S. Talukdar Professor Department of CirigineeringIndian Institute of Technology Guwalv1039.Vibration of Continuous
Systems.

[15] Dumitru I. CaruntuPynamic modal characteristics of transverse vibratins of cantileversof parabolic thicknessUniversity of
Texas-Pan American, Mechanical Engineering Departmgdinburg, TX 78541, USA Article history:Receaive2 January
2008Received in revised form 12 May 2008Availabiéree 30 July 2008.

[16] H. H. Mabie and C. B. Rogef@ansverse Vibrations of Tapered Cantilever Beams ith End Loads, J. Acoust. Soc. Am. Volume
36, Issue 3, pp. 463-469 (1964); (7 pages)

[17] Application of the Finite Element Method UsingARC and Mentat 6-1. Chapter Btodal Analysis of a Cantilevered Tapered
Beam.

[18] J Eaton-Evansl, J M Dulieu-Barton, E G Littladd A Brown(2007),0Observations during mechanical testing of NitinolProc.
IMechE Vol. 222 Part C: J. Mechanical EngineerirgeSce.

[19] Anamika S. MistyDynamic response of mini cantilever beam in viscousedia
Master of Science in engineering thesis, Montaate3Jniversity, Bozeman Montana (November 2010).

[20] Release notéd\VGate V7.00’, Modal Analysis Hardware linkup software.

[21] Analysis software Getting started manualQDROS Modal 2’ (2005)

[22] Le Ngoc Bich, Pham Thi Thu Hien, Phan Quoc Hulmdal Testing and Analysis of Cantilever Beam Southern Taiwan
University of technology, Department of mechanimdjineering, Dissertation report (2006).

[23] Ratnakar R.Ghorpade, Dr.Kalyana Sundar&ffect of Heat & Compaction on the tip of Gutta Pecha Cutter: A FEA based
approach in Biomedical Device Design|nternational Conference on ‘Biomaterials Implanévizes & Tissue Engineering’
BIDTE-2012 ProceedingsREC, Thandalam Chennai, Society for Biomaterialééificial Organs (India)SBAOI & Society for
Tissue Engg & Regenerative medicil@@ERMI, Jan.6-8, 2012.

280



