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Equipments in Morphological Analysis
for Dental Research
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Abstract

In dental material research, precise and
reliable investigating machines are indispens-
able. Morphological analysing tools have been
developed to be able to detect variety of delicate
details, for example smoothness and shape of
tiny materials. This development has helped
research personal to be able to attain much more
information than in the past. As a consequence,
researchers are required to understand capabilities,

indications, advantages and disadvantages of the
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instruments to achieve the objective of research.

Keywords: Morphological analysis, testing
machine, dental restorative materials, physical

properties
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1. napganssAtuuUliugs (optical microscope)

2. navuyanITANdLAANIOUN (electron micro-
scope)

3. nABUANIIAtILIIB:RBY (atomic force micro-
scope)

4. vowdnaladisudlnluns? (Optical cohe-
rence tomography)
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1. NRo9yanssAdidedeau (compound micro-
scope)
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Figure 1 Compound microscope

(Modified from www.barska.com{URL of homepage on the in-
ternet]. Pomona: Barska. Available from: HYPERLINK “http://
www.barska.com/Microscopes-Monocular Compound _Micro-
scope_40x_100x_400x_w.html”http://www.barska.com/Micro-
scopes—Monocular Compound_Microscope_40x_100x_400x_w.
html®)
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Figure 2 Principle of compound microscope
(Modified from Shaw PJ. Chapter 1 Introduction to optical mi-

croscope for plant cell biology. Plant Cell Biology A Pmctlcal
Approach. Oxford: Oxford university press; 2001: 1-330))
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Figure 3 Diffraction effect

(Modified from cnx.org[URL of homepage on the internet].
Houston.: Rice University; 1999-2017 Available from: HYPER-
LINK “http://cnx. org/contents/9Aths1h@5/Lzmzt9 of-Reso-
lution-The-Rayle” http://cnx.org/contents/9ANhisjh@5/Lim-
its-of-Resolution-The-Rayle” )
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Figure 4 Crack line observed in compound microscope

(From The Center For Special Dentistry[internet].Newyork.
Available from: HYPERLINK “http://www.nycdentist.com/
dental-photos/1523/Photos-Photomicrographs-dental-histolo-
gy-pictures-SEM-microscope ”http://www.nycdentist.com/den-
tal-photos/1523/Photos-Photomicrographs-dental-histologyp-
ictures-SEM-microscope with permission'”) (Copyright 2016

NYCdentist.com)

ABURZUSUTDUUBIN LR LU AUITDIAY YIaEIN1TA

ATIRIEiNTRsLANUINANURITD0Tag L (3U 4)

2. napsganssAtuuuldusesinesle (stereo mi-
croscope)
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Figure 5 Stereo microscope
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Figure 6 Principle of stereo microscope

(Modified from Rosas H. chapter 6 Perception and Reality in
Stereo Vision: Technological A)pplications Advances in Stereo
Vision, Rijeka: Intech; 2011.('7)
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3. nassganssAduuuldusolnanlsd (polarising

Microscope)

gt/ﬁ' 7
Figure 7 Polarising microscope

(Modified from www.meijitechno.com[URL of homepage on the
internet].Saitama: Meiji Techno Co., Ltd. Available from: HY-

PERLINK “http://meijitechno.com/meiji_old/ml9700.htm "http://
meijitechno.com/meiji_old/m19700.htm™)
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Figure 8 Principle of polarising microscope

(Modified from www.olympusmicro.com [URL of homepage on
the internet]. New York: Olympus America Inc. Availble from:
HYPERLINK “http://www.olympusmicro.com/primer/lightand-
color/birefringence.html” http.//www.olympusmicro.com/primer/
lightandcolor/birefringence.html™)
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nanmIvasndesyanssmiziaifenisldusoln-
alsdiduunaorinin Tngldununsoonsosuaeunfidod
wnedulunaficmelimiaifiasfismeiiinmuug a1
Huazfludunsooi 2 Genthesunlawes (analyzer) 4
ymnMememAAUm 1 asvilusefidunlisnansani
senlulddn doduusefiasieuainiusieteazgniudin
luseznlawes (Ui 8)

esanaduusefildlun1snsianeudlendas
aanssAduiiniazgnimuadiedinies mwiiinduds
unmiifianu3ouiouesnin (contrast) ARl
fu1sanTIatevesAlsznauiifoonisvosiumetold
azndoatu’?

9819 L3AMUNUIINIIVATDUARILARDIYANTIAY
viinififedinAetufetofosfinnmuiiluiwiuaud
(birefringence specimen) Fordud mqﬁmmaﬂﬁﬂ LALLE
I@sesfirmoifiosnnindn Saduiiinm 2 Auflosan
watosnRouiseans A luusazfianig vinle
dlelduseunddesiuinguaiiudofieaninaziduugs
Twanlsd athomooinnmani léud nfeuiu us
waaleyl (calcite) uonvnigofidesiAnduiedny
ndooganssminldugsuiindude Aadsagmiaiang
AenuuteoAdy sansazetaawld 1500 wh ezt
poflusowenlnAaifinadennuaLTaTosn N

\lasanndaseanssaduiiaiiinnummanlunis
NT0ILATATIVEDUMIRAIMLES Fusnunsald lumsnsae
gouA1 luinsuauduastuinfiouiiu s9uvonInTIa
aauﬂuwﬁﬁmﬁﬁmmmﬂﬁmﬁﬂulﬂmﬂa\jﬁﬂs:ﬂawao
AusTInm (3UR 9) mIguileidoreaanaudidosnisuen
MnesAUsznevduliiiuetsdaauuazAnudny s
AMNANMAITNI0TEe ndommagaumemenw
nMIRnwve9 Medeiros uazamzlull 2012 wuaien
lu3Wsuaudenstuinioviuazdsnluidedunfouiu
dufimsgadenssn uazamsldndesganssadaiia
Inalsdlumsnsraseuiunlunuidosesiinisnioy
Tudathofignaesnaunmaseulaslinsduduios
aslumsazmefifidnduiinm (refractive index) fng 9

o & o & o 16
LUU?ZE]ZL']N']‘ﬂimﬂ@uu?“ﬁ]uﬁ]’lﬂﬂﬂﬂlﬂﬂﬂﬂ@ﬂ( )



Uy, WuAsns U7 38 auft 1 1.A.-1.8. 2560 18

E 58
.
U9 umaviineuamiun ANy ARG asganTAiTnalsd
Figure 9 Dental caries observed in polarising microscope

(from Jensen ME. An Update on Demineralization/Remineraliza-
tion. Crest® Oral-B® at dentalcare.com Continuing Education
Course. [Monograph on the Internet]; 2010. [cited 2010 Jun 24].
Available from: “http://www.dentalcare.co.uk/media/en_GB/

education/ce73/ce73.pdf” http.//www.dentalcare.co.uk/media/
en_GB/education/ce73/ce73.pdf with permission™”)

4. néesganssrtiuuuneulipestiindlfiawesly
nIsuny (confocal laser scanning microscope)
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Figure 10 Confocal laser scanning microscope

(Modified from www.nikoninstruments.com.[Internet] Mel-
ville: Nikon Instruments Inc. Available from: HYPERLINK
“https://www.nikoninstruments.com/Products/Confocal-Mi-
croscopes "https://www.nikoninstruments.com/Products/Con-

focal-Microscopes™)
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Figure 11 Principle of confocal laser scanning microscope

(Modified from www.olympusmicro.com [URL of homepage on
the internet]. New York: Olympus America Inc. Availble from:
HYPERLINK " http://'www.olympusmicro.com/primer/techniques/
confocal/confocalintro.html”http://www.olympusmicro.com/
primer/techniques/confocal/confocalintro html™”)
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Figure 12-1 Undercut area can result in picture distortion
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Figure 12-2 Microscope can not detect undercut area
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Figure 13 Scanning electron microscope

(Modified from www.jeol.co.jp[URL of homepage on the Internet]
Tokyo: JEOL Ltd.;1996-2017. Available from: HYPERLINK
“http://www.jeol.co.jp/en/science/sem.html " http.//www.jeol.
co.jp/en/science/sem.hitml?)
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Figure 14 Principle of scanning electron microscope

(Modified from www.ammrf.org.au [URL of homepage on the
internet]. Sydney: Australian Centre for Microscopy & Micro-
analysis. Available from: HYPERLINK “http.//www.ammrf.org.
au/myscope/sem/practice/principles/layout.php "http://www.
ammrf.org.au/myscope/sem/practice/principles/layout.php“®)
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Figure 16 Transmission electron microscope

(Modified from www.hk-phy.org [URL of homepage on the inter-
net]. Hongkong: Department of Physics, The Chinese University
of Hong Kong. Availble from: HYPERLINK “http.//www.hk-phy.
org/atomic_world/tem/tem02 _e.html”http.// www.hk-phy.org/
atomic_world/tem/tem02_e.htm 15%)
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Figure 18 Principle of atomic force microscope

(Modified from physik.uni-greifswald.de [URL of homepage on
the internet].GriefSwald: Universtat Griefswald. Available from:
HYPERLINK “https://physik.uni-greifswald.de/en/biophys-
ics-and-soft-matter-prof-christiane-helm/methods/afm-atom-
ic-force-microscope "https://physik.uni-greifswald.de/en/
biophysics-and-soft-matter-prof-christiane-helm/methods/
afm-atomic-force-microscope/*?)
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Figure 19 Illustrates difference between contact mode and
non-contact mode passing through water droplet

(Modified from www.eng.utah.edufURL of homepage on the
internet]. Salt Lake City: College of Engineering, University
of Utah Availble from:HYPERLINK “http://www.eng.utah.
edu/~lzang/images/Lecture_10_AFM.pdf” http://www.eng.utah.
edu/~lzang/images/Lecture_10_AFM.pdf*" ) )
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Figure 20 Optical coherence tomography
(Modified from santec.com [URL on the Internet] Aichi: Santec
Corporation. Available from HYPERLINK “http.://www.santec.

com/jp/wp-content/uploads/IVS-300-C-E-v1.41503.pdf” http.//
wwvggantec. com/jp/wp-content/uploads/IVS-300-C-E-v1.41503.
)
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Figure 21 Principle of optical coherence tomography
(Modified from Hsieh YS, Ho YC, Lee SY et al.Review Dental

Optical Coherence Tomography. Sensors 2013; 13: 8928—
89497
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Figure 22 Enamel observed in optical coherence tomography

(From Hsieh YS, Ho YC, Lee SY et al.Review Dental Optical
Coherence Tomography. Sensors 2013; 13: 8928-8949 with
permission™”)

WAZHIIATUIIUAIBENINHIUAITLATEUDENIYNFDIUAS

TANRAILLATDIND MU R LLNLIATO

1ONEA15ANDY

1. Anusavice KJ, Shen C, Rawls HR. Phillpips’
science of dental materials. 12th ed. St. Louis:
elsevier saunders; 2013: 48-68.

Sakaguchi RL, Powers M. Craig restorative
dental materials 13th ed. St.louis: Elsevier Mosby;
2012: 17-45.

Scotti N, Comba A, Gambino A et al. Microleak-
age at enamel and dentin margins with a bulk fills
flowable resin Eur J Dent 2014; 8: 1-8.

Bitter K, Glaser C, Neumann K, Blunck U, Fran-
kenberger R. Analysis of Resin-Dentin Interface
Morphology and Bond Strength Evaluation of Core
Materials for One Stage Post-Endodontic Resto-
rations. PLOS ONE][serial on the internet].2014
Feb [cited 2015 Feb 2:[about 9 p.]. Available from:
HYPERLINK “http://journals.plos.org/plosone/ar-



YU,

10.

VURET 17 38 AU 1 10.A.-La8. 2560

ticle/asset?id=10.1371%2Fjournal.pone.0086294.
PDF”http://journals.plos.org/plosone/article/as-
set?1d=10.1371%2Fjournal.pone.0086294.PDF

Shaw PJ. Chapter 1 Introduction to optical micro-
scope for plant cell biology. Plant Cell Biology A
Practical Approach. Oxford: Oxford university
press; 2001: 1-33.

www.barska.com[URL of homepage on the in-
ternet]. Pomona. Available from: HYPERLINK
“http://www.barska.com/Microscopes-Monocu-
lar Compound Microscope 40x 100x_400x_w.

htm1”http://www.barska.com/Microscopes-Mon-

ocular Compound Microscope 40x 100x_400x-

_w.html

cnx.org[URL of homepage on the internet].Hous-
ton. :Rice University; 1999-2017. Available from:
HYPERLINK “http://cnx.org/contents/9ANhis-
jh@5/Limits-of-Resolution-The-Raylehttp://
cnx.org/contents/9ANhisjh@J5/Limits-of-Resolu-

tion-The-Rayle

The Center For Special Dentistry[internet].
Newyork. Available from: HYPERLINK “http://
www.nycdentist.com/dental-photos/1523/
Photos-Photomicrographs-dental-histolo-
gy-pictures-SEM-microscope”http:/www.
nycdentist.com/dental-photos/1523/Pho-

tos-Photomicrographs-dental-histology-pic-

tures-SEM-microscope

Kreindler RJ. The Stereo Microscope Part 1: In-
troduction and Background 3rd Edition Micscape
Magazine [monograph on theinternet]. Available
from: HYPERLINK “http://www.microscopy-uk.
org.uk/mag/artjun12/jk-stereol.pdf’http://www.
microscopy-uk.org.uk/mag/artjun12/jk-stereol.pdf
Rosas H. chapter 6 Perception and Reality in Stereo
Vision: Technological Applications Advances in

Stereo Vision. Intech Rijeka; 2011

26

11.

12.

13.

14.

15.

16.

17.

18.

CM Dent J Vol. 38 No. | January-April 2017

Zhang YY, Peng MD, Wang YN, Li Q. The effects
of ferrule configuration on the anti-fracture ability
of fiber post-restored teeth. J Dent. 2015;43:117-
25.

www.meijitechno.com[URL of homepage on the
internet].Saitama. Available from: HYPERLINK
“http://meijitechno.com/meiji_old/m19700.htm”

http://meijitechno.com/meiji_old/m19700.htm

www.olympusmicro.com [URL of homepage on
the internet]. New York Olympus America Inc.
Available from: HYPERLINK “http://www.olym-
pusmicro.com/primer/lightandcolor/birefringence.

htm!”http://www.olympusmicro.com/primer/

lightandcolor/birefringence.html

Patzel JW Polarized light microscopy Principles,
Instruments, applications 3rd edition; 1985: 19-43
Sundfeld RH, Neto DS, Machado LS et al. Mi-
croabrasion in tooth enamel discoloration defects:
three cases with long-term follow-ups J App! Oral
Sci 2014; 22: 347-354.

Medeiros RCG, Soares JD, Sousa FB. Natural
enamel caries in polarized light microscopy: dif-
ferences in histopathological features derived from
a qualitative versus a quantitative approach to
interpret enamel birefringence J Microsc 2012;
246:177-89

Jensen ME. An Update on Demineralization/Rem-
ineralization. Crest® Oral-B® at dentalcare.com
Continuing Education Course. [Monograph on
the Internet]; 2010. [cited 2010 Jun 24]. Available
from: “http://www.dentalcare.co.uk/media/en_GB/
education/ce73/ce73.pdf’http://www.dentalcare.
co.uk/media/en_GB/education/ce73/ce73.pdf

www.nikoninstruments.com.[Internet] Melville.
Available from: HYPERLINK “https://www.
nikoninstruments.com/Products/Confocal-Micro-

scopes”’https://www.nikoninstruments.com/Prod-

ucts/Confocal-Microscopes




YU.

19.

20.

21.

22.

23.

24.

25.

26.

27.

VURET U9 38 AU 1 1.A.-Lase. 2560

www.olympusmicro.com [URL of homepage on
the internet]. New York Olympus America Inc.
Availble from: HYPERLINK”http://www.olym-

pusmicro.com/primer/techniques/confocal/con-

focalintro.html”http://www.olympusmicro.com/
primer/techniques/confocal/confocalintro.html

Inoué S, chapter 1 Foundations of Confocal
Scanned Imaging in Light. Microscopy Hand-
book of Biological Confocal. New York. Springer
Science and Business Media ;2006: 1-19.
Lavender SA, Petrou I, Heu R et al. Mode of action
studies on a new desensitizing dentifrice containing
8.0% arginine, a high cleaning calcium carbonate
system and 1450 ppm fluoride. Am J dent 2010;
23: 14A - 19A

www.jeol.co.jp[URL of homepage on the Internet]
Tokyo. Available from: HYPERLINK “http://www.
jeol.co.jp/en/science/sem.html”http://www.jeol.
co.jp/en/science/sem.html

MCMULLAN D. Scanning Electron Microscopy
1928-1965. Scanning 1995;17:175-185

Smith KC and Oatley CW. The scanning electron

microscope and its fields of application Br. J. Appl.
Phys. 1955; 6, 391-400

Paradella TC. Scanning Electron Microscopy in
modern dentistry research. Braz Dent Sci 2012;
15(2): 43-48

www.ammrf.org.au [URL of homepage on the in-
ternet]. Sydney Australian Centre for Microscopy
& Microanalysis. Availble from: HYPERLINK
“http://www.ammrf.org.au/myscope/sem/practice/

principles/layout.php”http://www.ammrf.org.au/
myscope/sem/practice/principles/layout.php

Moran P, Coats B. Biological Sample Preparation
for SEM Imaging of Porcine Retina Microscopy-
today 2012; 20: 10-12

CM Dent J Vol. 38 No. | January-April 2017

28. Dale JG, Newbury D, Joy C et al. Scanning Electron

Microscopy and X-ray Microanalysis 3" Edition.
New York: springer; 2003: 591-619

29. Fan W, Wu D, Tay FR, Ma T, Wu Y, Fan B effects of

30.

31.

32.

33.

34.

adsorbed and templated nanosilver in mesoporous
calcium-silicate nanoparticles on inhibition of
bacteria colonization of dentin. /nt J Nanomedicine
2014;9: 5217-5230

Sadiasa A, Franco RA, Seo HS, Lee BT. Hy-
droxyapatite delivery to dentine tubules using car-
boxymethyl cellulose dental hydrogel for treatment
of dentine hypersensitivity J. Biomedical Science
and Engineering[serial on the internet]. 2013;6:
987-995 Available from: HYPERLINK “http://dx.
doi.org/10.4236/jbise.2013.610123 http://dx.doi.
org/10.4236/jbise.2013.610123

Arnold WH, Benz LB, Naumova EA. Resin Infil-

tration into Differentially Extended Experimental
Carious Le-sions. Oper Dent J, 2014; 8: 251-256
www.hk-phy.org [URL of homepage on the inter-
net]. Department of Physics, The Chinese Uni-
versity of Hong Kong. Availble from: HYPER-
LINK “http://www.hk-phy.org/atomic_world/

tem/tem02_e.html”http://www.hk-phy.org/atom-
ic_world/tem/tem02_e.html

Williams DB et al. Chapter 1 The Transmission
Electron Microscope. Williams DB. Transmission
electron microscopy a text book for materials sci-
ence. second edition. New York. Springer; 2009:
3-16

Williams DB et al. Chapter 10 specimen prepara-
tion. Williams DB.ed. Transmission electron mi-
croscopy a text book for materials science. second

edition. New York. Singer; 2009: 173-193



YU,

35.

36.

37.

38.

39.

40.

41.

VURET 17 38 AU 1 10.A.-La8. 2560

Hashimoto M, Ohnob H,Kagaa HS, Oguchia H. In
vitro degradation of resin—dentin bonds analyzed
by microtensile bondtest,scanning and transmis-
sion electron microscopy. Biomaterials 2003; 24:
3795-3803

Basinis A, Noort RV, Martin N. The use of acetone
to enhance the infiltration of HA nanoparticles into
a demineralized dentin collagen matrix. Dentmater
2016; 32: 385-393

Binnig G, F.C. Quate,C. Gerber. Atomic-Force
Microscope. Phys. Rev. Lett. 1986; 56: 930-933.
physik.uni-greifswald.de [URL of homepage on
the internet]. Universtat Griefswald. Availble from:
HYPERLINK “https://physik.uni-greifswald.
de/en/biophysics-and-soft-matter-prof-chris-
tiane-helm/methods/afm-atomic-force-micro-

scope/”https://physik.uni-greifswald.de/en/bio-

physics-and-soft-matter-prof-christiane-helm/

methods/afm-atomic-force-microscope/

Cappella B, Dietler G. Force-distance curves by
atomic force microscopy. Surf. Sci. Rep. 1999; 34:
1-3, 5-104

Zhong, Q; Inniss, D; Kjoller, K; Elings, V. “Frac-
tured polymer/silica fiber surface studied by tap-
ping mode atomic-force microscopy”. Surface
Science Letters 1993;290: 688-692
www.eng.utah.edu[URL of homepage on the in-
ternet]. College of Engineering, University of
Utah. Availble from: HYPERLINK “http://www.
eng.utah.edu/~lzang/images/Lecture 10 AFM.

pdf”’http://www.eng.utah.edu/~lzang/images/Lec-
ture 10 AFM.pdf

42

43.

44,

45.

46.

47.

48.

49.

CM Dent J Vol. 38 No. | January-April 2017

Sharma S, Cross SE, Hsue C, Wali RP, Stieg AZ,
Gimzewski JK. Nanocharacterization in Dentistry
Int J Mol Sci 2010; 11(6): 2523-2545.

Zuryati AG, Qian O, Dasmawati M. Effects of
home bleaching on surface hardness and surface
roughness of an experimental nano composite. J
Conserv Dent. 2013; 16(4): 356-361

santec.com [URL on the Internet] Aichi. Available
from: HYPERLINK “http://www.santec.com/jp/
wp-content/uploads/IVS-300-C-E-v1.41503.pdf”
http://www.santec.com/jp/wp-content/uploads/
IVS-300-C-E-v1.41503.pdf

Huang D, Swanson EA, Lin CP et al. Optical Co-
herence Tomography Science 1991; 254(5035):
1178-1181

Haidekker MA. Trends in Medical Imaging Tech-

nology. Medical Imaging Technology. New York:
Springer, 2013. p111-119

Hsieh YS, Ho YC, Lee SY et al.Review Dental
Optical Coherence Tomography. Sensors 2013; 13:
8928-8949

Colston BW, Sathyam US Jr, DaSilva LB, Everett
MJ ,Stroeve P, Otis LL. Dental OCT. Opt. Express
1998; 3: 230-238.

Baumgartner A, Dichtl S, Hitzenberger CK, Polar-
ization-sensitive optical coherence tomography of

dental structures. Caries Res. 2000; 34: 59-69.



