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Scanning Electron Microscopic Analyses of Polymer-Based
Desensitizing Agent on Human Dentine
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Abstract

Objectives: To evaluate the effects of polymer-based desensitizing agent by scanning electron

microscope that occludes, penetrates into and persists in the dentinal tubules.

Materials and Methods: Twenty-four dentine discs from third molars were etched with 37%
phosphoric acid and divided into 6 groups (each group 4 pieces); Group 1: served as control, Group 2:
applied with MS polymer desensitizer, Group 3-6: applied with MS polymer desensitizer and immersed
in reversed osmosis water for 1, 3, 6 and 12 hours, respectively. All dentine discs were examined
dentinal tubule occlusion and penetration by SEM in both cross-sectional and longitudinal views.

Results: The diameters of dentinal tubules that etched with phosphoric acid were 2.34 to
3.43 Um and the mean was 2.94 LLm. The MS polymer-based desensitizing agent occluded and
penetrated into the dentinal tubules at the depth from 105.75 to 119.42 [Lm on magnification 1,000X.
When the samples were immersed in reverse osmosis water for 1, 3, 6 and 12 hours, the particles
decreased respectively from before immersed 83.34 to 73.47, 66.20, 56.32 until 46.19 % in cross-
sectional view and from before immersed 78.31 to 73.61, 58.68, 56.24 until 43.35 % in longitudinal
view. The polymer-based desensitizing agent in all groups were statistically significant difference
occluded dentinal tubules compared to etched dentine discs on magnification 1,000X (p < 0.01).

Conclusion: Polymer-based desensitizing agent has efficiency and persist in dentinal tubule

occlusion and penetration more than 50% after 12 hours of application.

Keywords: Hypersensitive dentine, MS polymer, Polymer-based desensitizing agent, Scanning

electron microscope

Received Date: Sep 4, 2023
Revised Date: Jun 23, 2024
Accepted Date: Sep 11, 2024

*Pranangklao Hospital 91 Nonthaburi Road, Bang Krasaw, Mueang Nonthaburi District, Nonthaburi 11000, Thailand
**School of Dentistry, Mae Fah Luang University, Mae Fah Luang University 365 Moo 12, Nang Lae Subdistrict, Mueng Chiang Rai
District, Chiang Rai 57100, Thailand

47



2.UAUAD UA 17 QUUA 2 w.A. 2567

Ui (Introduction)

1M SR UTNINNRRBEUAG  LEU
widBnsu (gingival recession) Wuinannsding
(abrasion) N3 (erosion) Wi ldaama L L nLTL
(abfraction) ¥38MINHNWTUANTIN LHU N1TYA
Fuhaeuazinanniu (scaling and root planing)
miqzytﬁﬂﬁgumﬁauﬂu (enamel) ﬁﬂﬂf;ju‘faﬂu
iy (exposed dentine) (1-2) @vluduiiadiu
oo (dentinal tubule) ﬁﬁmawmaaﬁimﬂu
wmniiamsiadsulmzssossmaimeluviaiaiiu
nfensedu 1wy tifu 1hieu sewnu mads
(exploration) M3Whax (air blow) Haziine1ns
LREHU quyﬁmsmﬁaﬂmmawmmm‘luvia
WiaWu (hydrodynamic theory) (3) 1uﬂﬁ)ﬁgﬂ'u
ﬁmﬁnmwmﬂgﬂLmuﬁg\ﬁqns'}u (invasive) L%
maysuziilaitudeiangaity uazlisnsu (non-
invasive) 15y MansieABULTiiausTRgaYia
ity (block dentinal tubule) LLa:f;Tuéy’omimzﬁu
N3cUaUIs8 M (depolarizing nerve synapse) (4)
Jofufifonlfendituisdunaneswgeslsdiiu
myfnsuuuligniu wazidenl#iziidusuduusn
(5) dqum‘sﬁwm‘sﬁﬁqmauﬂ’ﬁqmﬁaLﬁaﬂmﬁaaﬂ
maieadiuiiinsidetnenveas Teusnsnsaduun
T 2 Ysziam (6) Ao mamsldn Suuudfils
i aclddeuazaansaldsneitunaisd wu
WTAY (tooth powder) BN&WL whenthunuas
WNNHSY 81950 uuUi 19 Tnaiun uwn s aviun
yaans 3sddudounaziidldine T4 lumssnm
Wl wenandfoutemanalnmavieurieu
(mechanism of action) 1#u ar19n13lvazae
spaimadluviaiiioiiu (blocking the flow of tubular
liquid) miqﬂvimﬁaﬁu (occlusion of dentinal tubule)
\u Waoslsd (Fluoride) lapnisnnmznauzay
LLﬂaLﬁﬂuwQaaﬁﬁﬂ%aﬁa (Calcium Fluoride crystal)
aangILae (Oxalate) Tmﬂmimumjmammmﬁﬂu
ganeLan (Calcium Oxalate) Svanmafusuiionu
(dentine permeability) [#iviosas 98 (7,8) iu
WBaLDAWDAINDS (MS polymer) uazlwunaidus

p9NYILam (Potassium Oxalate) 30 (Varnish)
T%msmgmﬁaﬁuﬁmﬂﬁo iy lavaa 15y (Copal
Varnish) Laag3W1581 (adhesive resin) &§13LARDY
viowlaiu 1wy n3dsveudiveiduy (bonding
agent) ngxN (Gluma®) wazau 9 wananil &
gsfiaan1snauausddulssamiifinasoniny
FuLae @ wunadenluwmsn (Potassium Nitrate)
TosszglwunaFonsmudnluluvsidaiiu Fean
nmsnsefuidulszamiithlugansudutin an
M3ANE2aY Davies wazAne 1) 2011 (9) wung
gavistilafudipendilu 3 via Addudszney
91531l (Arginine) anTauULfizd (Strontium) LaE
wgealsd wumsgevieideiiu Fewivasanms
NAEDUAILNIA (acid challenge) uaﬂmnﬁﬁowu
magewiniflettuvasld wunaiduusensan (10)
wasfinsfnsfivnisans n19iieafluflruans
#lase q (6) Miimsdnelud 2021 wonsld
Twunadsnsanianiosas 3 annsideaiulu
Ny TmﬂmwamiqﬂviaLﬁaﬂuuazammﬁumu
laftuannsfnenludeasufiinislugaviaa
1 4l (1) & Kijsamanmith uazAuy (12)
wuwgeslsd  senzianuazuendfvisduneanis
\wanuzavTasmadluviaieiy  Seannisduniu
loitu upnanniinsndundd (organic acid) Tuams
avazmpduailes (smear layer) w%amsﬁqmia
aftwihldiedleiuda WunmsBushusaadoiu
ARDAIUMILREIHUL (13)
wiawmlasian-f-alasudaluiinuada
Tanadinesd (Methyl Methacrylate-P-Styrene
Sulfonic acid copolymer) viaplduioanaawas Hu
Tanedwesfiazaneth Uszneudswfiammiasian
uaznsnalasusalvin Weimamasuuiieiu
raanuszivLAaLduNlaaau (Calcium ion)
fuaspananandusiios (smear layer) VUi
otuuazdadauuiseundoiu adulasead
wannedwssvosuaaifoniiliazanh Unagaia
iadui e %'oqmﬂmialﬁaﬁu (14) M3@nE
i) 2015 enumsldasanmsiduiitubues

48



SWU Dent J. Vol.17 No.2 2024

waﬁma‘iﬂ'fiﬂmﬁﬂuwgaﬂsﬁ (sodium fluoride) i
Sunduealanen (MS coat F) wuwQaaIiﬁ
Toaau (Fluoride ion) gnﬁdaﬂaanmﬂmimﬁaﬂu
LAZAAMIAANIUTIANNLIER (demineralization)
wimeldnmziiiunse  uazviowadudamanuns
Wulddnse (15) nmsansaamsideniuidued
wodluasidngealsdiduna 5 wi ezl
waeslsddurimudndoiuldunndu eifsuiy
MIMaTanNILREINY 30 JuNdl FvaIonunIn
(acid resistant) T&unndu (16)

Sniienu ssaamaLEsiuiiiiEu s
woAwasgavioifiaiu wazaansonanensideaity
nnMansziurevgurgd enauazanasasild
st lsAmuansaansideiuiifiBuesnafmes
fhausznavlusensmeanman (Oxalic acid) 3aeas 1
femnnsngaviaidoiulddnuazAniiansannis
\@uniiuiifivgeslsogfilunaaifondainniiu
DNAUSZNOU (Fluoro Alumino Calcium silicate-based
desensitizer) Lara1saAMILEuINUAT AR
NoawaHueedlsenay (Calcium Phosphate-based
desensitizer) Tuﬁaﬁgﬁuﬁmsﬁ“@umaqﬁﬂsxnawm
ssaamaieaiiuiifiBuieanadwes Insfinanu
dadurovpaswadlugUuuniea iennsindn
vuideny Todsuwgaslsduazlnunaides
WadaIW® (Potassium Phosphate) P ANAIN
u,%\amwmLfraﬁuLLazamminszﬁuLﬁuﬂi:mw
Tushitu (14-15,17) ustaealsfimanjiseniiiiadu
ssrhvaiduoswedwe’ nsneenmanuazwgenlsd
Tosau Tmvivmaeiinuazaseeluioidaitugiony
Tsinsuuidn(14,18) MsAnETLRe AN NaTDIENS
ammilﬁmﬂuﬁugwuwaﬁma% (polymer-based
desensitizing agent) Mendpvyanssmidianasau
wppdesniia lumsaaviaiiloiu anudnzavansan
madriiuiugiuwedwasiiaunsodluluve
oy UszAnsammanvatzavansannsideiu
Augruwadwasinlluazeylunaidoty o
Jepeafisneiuy

s

JanguUnsaluaziBnis (Materials and Methods)

mafnenil [§5un1ssusesnnAuznIINmMs
BusaumATulunysd  anIneasuiiney
2565 TWRlATINMTIE: EC 22113-22 COA: 140/2022
Toeidunmaidelukesfuing Aldusuidaiu
(dentine disc) el ﬁﬁmq 18-25 1) anWunsu
Twajdfiana (19-21) Svdsannlsaudviud uy
mMIysue Msinseasenniy Miuuan WAuln
NMsdng @nnTBuaNnA MIRLaNETBeIINTU
mauan/melu ANNRaUnAserninemsaseiiu

MIUAN3T U 24 Fu (14,22)

N5ALAUNTSIFY
Wudufnauannedfiniuanssy  a1inden

TUALNNYAEAS NINLABLNAMAN Tt

U

aa

Tuhinfefidanudududosas 0.9 Aifldmyszney
PaveavlandBaiu (Amoxicilin) 500 Naansu/ans
(23) ﬁﬁmLﬁanﬂuﬁ'ﬁ@mauﬁﬁmuﬁﬁmms BLA
LLa::iumLﬁmémauﬂu‘lﬁmmuazmﬂ Fu 24 Bu
Soil

ilyugluwhindefifianudaduiovas 09
fishulsznausavenaziiond®adu 500 fadn3u/ans
Fovdsnnaeuiiy fuazgmianidumelu 2 wou
itulydnluwuIfneng (cross section) N
voaluitu 2 fiafwes (10) Wil dunuiiaiy
FuAFINYS (diamond disc) (16) T lsaunmgu
EugudnawLszanu 8 NadwnT uazvun 2 Nafwns
(24) hludasmenszaensieiwes 600 800 1,000
1,200 1,500 2,000 W@z 3,000 FHEIY Wivduiils
Huonaa 3 ludiindefifianududuiosas 0.9
fifishulssnevevenaziionddaiu 500 Aaansw/ans
iesomasanmadsiiuiuguwedwed (Sun
Medical Co., Ltd. Shiga, Japan) fisznausae
IwRdiawmlasian (Polymethyl-Methacrylate)
wRalasudalniinuadalewadwes nsmpanmdn
wgnalsduazih Tnsrewhlumaseubhhluvhes
AronMELAAvaNTanI 5N (Ultrasonic cleaner)
farfiafudensanaanasn (Phosphoric acid)

49



2.UAUAD UA 17 QUUA 2 w.A. 2567

AnuENdudras 37 wiu 15 Auil Wierdndu
afind ihludedmihineisosaluda (reverse
osmosis water) WU 1 W#i 1Ay Lflumg'uﬁ 1 17U
4 By vhiileftufivie 20 $u snnansaanisiiy
Hupumedwaslusnauwhiumdedn  duiu
Augna1Y 3 Aadwns (Mumuunhzesuisn (asd
Suia AumssUaistu siiim) ihandenulygreh
3nesasealuda iWoifuifunguil 2 dwou 4 Bu
Wiflafiuiinge 16 du [Wusluhdnesaoaaluda
Wunan 1, 3, 6 uaz 12 Falus iulifungud
3, 4, 5 uaz 6 NUIWNGNAT 4 Hu

nMaiuswnuuazienzidaya
thusudaiuiitainueiusonsaveaain
$1uau 24 Fu oy 6 ngw 4 8z 4 u ngudl 1
unguenuan nguil 2 Faduansanmsiduity
Muguwodwns nguit 3-6 daduasaan iy

Augrumadimed ihluuslwhinesaeealuda Wu
na 1, 3, 6 uaz 12 e muady FogUd 1
ihuwsuioituudaznguiau 4 $u TuinFoadnm
FundpuganssAtBIENATaULULEDINTIA (Scanning
electron microscope, SEM; Mira, Tescan, Czech
Republic) WaAnnmwluluenevieadienu wav
ynthuhusiwdoituionualuimuuunanusm
gowiniileiu  Foiuluusiaznguasiusudaiuly
wnmnwisidlefiuduon 8 fu udnhlwdoy
wafnmdondosqanssrmiianaseulundesnie
(25) ‘[mmﬁu%mﬁaﬂul’ﬂu‘[n@mmm%u (desiccator)
pgwilay 2 U senisemsfnmnenenaeanssel
dénmsausiingaensna (10) Wiawusznauludan
viauilaitufinudiudsguil 2 mnindeuitu/adon
nitudnvievnely  aziliviedeituluauaziin
omMadiiu msldmsgeviaiaiiuaztivanams
WReitule

Etched dentine discs 24 T

UM 1 uruAILEAINTIATENLATLLNNENBUABDENY

Fig 1. A diagram showing the preparation and grouping of samples.
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Fig 2. Block section of dentine shows the cross-sectional and parallel views of dentinal tubule.
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Fig 3. SEM micrographs of diameter of dentinal tubules (A) and intertubular
dentine (B) after phosphoric acid etched on magnification 1,000X.
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Fig 4. SEM micrographs of the cross sectional view of dentinal tubules after phosphoric acid
etched (A) then applied MS polymer (B) immersed in reverse osmosis water 1 hour (C)

3 hours (D) 6 hours (E) and 12 hours (F) on magnification 1,000X.
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Fig 5. SEM micrographs of the cross sectional view of dentinal tubules after phosphoric acid
etched (A) then applied MS polymer (B) immersed in reverse osmosis water 1 hour (C)
3 hours (D) 6 hours (E) and 12 hours (F) on magnification 3,000X.
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Fig 6. SEM micrographs of the cross sectional view of dentinal tubules after phosphoric acid
etched (A) then applied MS polymer (B) immersed in reverse osmosis water 1 hour (C)
3 hours (D) 6 hours (E) and 12 hours (F) on magnification 5,000X.
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Fig 7. SEM micrographs of the longitudinal sectional view of dentinal tubules after phosphoric
acid etched (A) then applied MS polymer (B) immersed in reverse osmosis water 1 hour (C)
3 hours (D) 6 hours (E) and 12 hours (F) on magnification 1,000X.
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Fig 8. SEM micrographs of the longitudinal sectional view of dentinal tubules after phosphoric
acid etched (A) then applied MS polymer (B) immersed in reverse osmosis water 1 hour (C)

3 hours (D) 6 hours (E) and 12 hours (F) on magnification 3,000X.
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Fig 9. SEM micrographs of the longitudinal sectional view of dentinal tubules after phosphoric
acid etched (A) then applied MS polymer (B) immersed in reverse osmosis water 1 hour (C)
3 hours (D) 6 hours (E) and 12 hours (F) on magnification 5,000X.
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Table 1. Percentage mean £ SD of occluded and depth of penetrated MS polymer particles in
cross sectional and longitudinal dentinal tubules from scanning electron micrograph on magnification
1,000X.

Dentinal tubules (mean £ SD)

Method Cross section (N = 4 each method) Longitudinal section (N = 8 each method)
No. of No. of % Group  No. of No. of % Maximum
tubules occluded tubules occluded depth

tubules tubules (Wm)

Etched 71400 £ 100.00 0.00 £0.00  0.00 £ 0.00* 36.75+ 453 0.00+0.00 0.00+000 0.00

Etched+Gel 559.75 £ 90.50 471.75 £ 124.36 83.34 + 12.17 2788 £ 7.74 2213 £7.55 7831 £ 11.75 119.42

Etched+Gel 633.75 + 258.76 459.25 £ 172.13 73.47 £ 6.91 37.63 £ 5.76 27.50 £ 518 73.61 £ 13.02 112.15
then RO

water 1 hr.

Etched+Gel 556.00 £ 92.90 355.00 £ 198.66 66.20 + 37.21 3850 + 537 22,00 £3.70 58.68 + 15.37 110.74
then RO

water 3 hrs.

Etched+Gel 520.25 + 189.74 301.50 £ 13529 56.32 + 9.66 27.88 + 442 1538 £2.77 56.24 + 13.57 109.86
then RO

water 6 hrs.

Etched+Gel 508.50 + 23359 234.75 + 114.86 46.19 £ 4.71 3313+ 6.71 1475 £721 4335471 105.75
then RO

water 12 hrs.

* Statistically significant difference from etched and etched plus gel in all groups at (p < 0.01).
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Table 2. Percentage mean % SD of occluded and depth of penetrated MS polymer particles in

cross sectional and longitudinal dentinal tubules from scanning electron micrograph on magnification

3,000X.
Dentinal tubules (mean % SD)

Method Cross section (N = 4 each method) Longitudinal section (N = 8 each method)
No. of  No. of occluded % Group No. of No. of occluded %
tubules tubules tubules tubules

Etched 84.00 £ 11.97 0.00 £ 0.00 000 £000 5 813+ 155 0.00+0.00 0.00 £ 0.00

Etched+Gel 75.75 £ 20.71 64.50 + 1515 86.82 £ 1129 2 838 £ 1.06 575205 69.62 + 2444

Etched+Gel 86.25 £ 2164 7575+ 2551 8248 £919 2 900+ 131 588+ 155 64.83+ 1242
then RO

water 1 hr.

Etched+Gel 80.00 & 3.56 63.50 £580 7928 £434 2 825+ 071 500+151 6022+ 16.29
then RO

water 3 hrs.

Etched+Gel 82.00 £ 6.32 61.00 £4.76 7507 £11.73 2 800+ 0.76 463+ 1.06 57.69+ 11.18
then RO

water 6 hrs.

Etched+Gel 80.00 &£ 7.75 59.50 &+ 11.56 7545+ 1823 2 913+ 113 513+ 1.64 5587 £ 15.02
then RO

water 12 hrs.
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Table 3. Percentage mean = SD of occluded and depth of penetrated MS polymer particles in
cross sectional and longitudinal dentinal tubules from scanning electron micrograph on magnification

5,000X.

Dentinal tubules (mean % SD)

Method Cross section (N = 4 each method) Longitudinal section (N = 8 each method)
No. of  No. of occluded % Group No. of No. of occluded %
tubules tubules tubules tubules

Etched 2750+ 465 000+000 000+000 5 525+116 0.00+0.00 0.00=+0.00

Etched+Gel 22.75 + 1511 2150 £ 1340 9569 +498 2 500+ 093 3.13+146 61.46+ 2267

Etched+Gel 47.00 £ 3599 43.00 £ 36.67 9053 £ 1764 2 563+ 052 375+0.71 66.67 £ 10.84
then RO

water 1 hr.

Etched+Gel 19.25+ 629 16.25+ 443 86.19 1034 2 625+ 0.71 4.00+0.76 64.05+0.76
then RO

water 3 hrs.

Etched+Gel 31.00 £3.16 2375+ 457 7616+786 2 550+ 093 338+ 141 61.01 £ 21.01
then RO

water 6 hrs.

Etched+Gel  26.00 £ 469 21.00+216 8178+£795 2 575+ 1.04 338+ 052 59.79 £+ 10.11
then RO

water 12 hrs.
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miammitﬁmﬂuﬁhgmwaama%izaﬁmw
uazavey  Tumsgauasdndinlluwisideiiuinnnh
Souaz 50 nawmans 12 Fluy

madautisuissslamishuyanauazradsslon
&§7US9 (Conflict of Interest)

Ya o A

#Ivedladnadsslombivdoulunsfnm

o o

Apniuil

Lana15a1989 (References)

1. Dowell P, Addy M. Dentine hypersensitivity
--a review. Aetiology, symptoms and theories of
pain production. J Clin Periodontol. 1983;10(4):
341-50.

2. Kijsamanmith K, Surarit R, Vongsavan
N. Effect of tropical fruit juices on dentine
permeability and erosive ability in removing
the smear layer: An in vitro study. J Dent Sci.
2016;11(2):130-5.

3. Brannstrom M. The hydrodynamic
theory of dentinal pain: sensation in preparations,
caries, and the dentinal crack syndrome. J Endod.
1986;12(10):453-7.

4. Kanehira M, Ishihata H, Saito M. Dentin
hypersensitivity: Etiology, prevalence and treatment
modalities. In: Sasaki K, Suzuki O, Takahashi N,
editors. Interface oral health science 2014. Tokyo:
Springer; 2015. p.325-33.

5. Liu XX, Tenenbaum HC, Wilder RS,
Quock R, Hewlett ER, Ren YF. Pathogenesis,
diagnosis and management of dentin hypersensitivity:
an evidence-based overview for dental practitioners.
BMC Oral Health. 2020;20(1):220. doi: 10.1186/
$12903-020-01199-z.

6. Davari A, Ataei E, Assarzadeh H. Dentin
hypersensitivity: etiology, diagnosis and treatment;

a literature review. J Dent. 2013;14(3):136-45.

7. Morris MF, Davis RD, Richardson
BW. Clinical efficacy of two dentin desensitizing
agents. Am J Dent. 1999;12(2):72-6.

8. Pillon FL, Romani IG, Schmidt ER.
Effect of a 3% potassium oxalate topical application
on dentinal hypersensitivity after subgingival
scaling and root planing. J Periodontol. 2004;
75(11):1461-4.

9. Davies M, Paice EM, Jones SB, Leary
S, Curtis AR, West NX. Efficacy of desensitizing
dentifrices to occlude dentinal tubules. Eur J
Oral Sci. 2011;119(6):497-503.

10. Gillam DG, Khan N, Mordan NJ, Barber
PM. Scanning electron microscopy (SEM)
investigation of selected desensitizing agents in
the dentine disc model. Endod Dent Traumatol.
1999;15(5):198-204.

11.Chinajitphan N, Ajcharanukul O,
Kijsamanmith K, Vongsavan N, Matthews B.
Time-course of the effect of potassium oxalate in
the treatment of hypersensitive dentine in man.
Arch Oral Biol. 2021;126:105109. doi: 10.1016/].
archoralbio.2021.105109.

12. Kijsamanmith K, Wallanon P, Pitchayasatit
C, Kittiratanaviwat P. The effect of fluoride
iontophoresis on seal ability of self-etch adhesive
in human dentin in vitro. BMC Oral Health. 2022;
22(1):109. doi: org/10.1186/s12903-022-02146-w.

18. Kijsamanmith K, Monthonjulaket N,
Kuanpradit N, Thongwong K, Kijprasert N. The
effect of iontophoresis delivery of fluoride in
stannous fluoride desensitizing toothpaste on
dentin permeability in human extracted teeth.
Sci Rep. 2022;12(1):13615. doi: 10.1038/s41598-
022-18043-9.

65



2.UAUAD UA 17 QUUA 2 w.A. 2567

14. Kameyama A, Haruyama A, Nakazawa
Y, Furusawa M, & Muramatsu T. Micrographic
and spectroscopic analyses of the application
of methyl methacrylate-p-styrene sulfonic acid
copolymer-based desensitizing agents to bovine
dentin. Asian Pac J Dent. 2019;19(iss 2):51-7.

15. Oshima M, Hamba H, Sadr A, Nikaido
T, Tagami J. Effect of polymer-based desensitizer
with sodium fluoride on prevention of root dentin
demineralization. Am J Dent. 2015;28(3):123-7.

16. Matsuda Y, Altankhishig B, Okuyama
K, Yamamoto H, Naito K, Hayashi M, Sano H,
Sidhu SK, Saito T. Inhibition of demineralization
of dentin by fluoride-containing hydrogel
desensitizers: An in vitro study. J Funct Biomater.
2022;13(4):246. doi: 10.3390/jfb13040246.

17.Ma Q, Wang T, Meng Q, Xu X, Wu H,
Xu D, Chen Y. Comparison of in vitro dentinal
tubule occluding efficacy of two different methods
using a nano-scaled bioactive glass-containing
desensitising agent. J Dent. 2017;60:63-9.

18. Obayashi S, Hamba H, Nakamura
K, Nikaido T, Tagami J. Preventive effect of
experimental polymer-based desensitizers with
NaF on demineralization of root dentin-observed
using micro-CT. Dent Mater J. 2020;39(6):1050-
6.

19. Mordan NJ, Barber PM, Gillam DG.
The dentine disc. A review of its applicability
as a model for the in vitro testing of dentine
hypersensitivity. J Oral Rehabil. 1997;24(2):148-
56.

20. Gillam DG, Mordan NJ, Newman HN.
The dentin disc surface: a plausible model for
dentin physiology and dentin sensitivity evaluation.

Adv Dent Res. 1997;11(4):487-501.

21. Pereira JC, Martineli AC, Tung MS.
Replica of human dentin treated with different
desensitizing agents: a methodological SEM
study in vitro. Braz Dent J. 2002;13(2):75-85.

22.Berg C, Unosson E, Engqvist H, Xia
W. Comparative study of technologies for tubule
occlusion and treatment of dentin hypersensitivity.
J Funct Biomater. 2021;12(2):27. doi: 10.3390/
jfb12020027.

23.Chatanan A, Kijsamanmith K,
Kerdvongbundit V, Aroonrangsee T, Vongsavan
N. Effect of a modified methyl methacrylate-
pstyrene sulfonic acid copolymer-based gel
desensitizer on dentin permeability and tubule
occlusion in human dentin in vitro. J Dent Sci.
2024;19(3):in press.

24. Eldarrat A, High A, Kale GM. Age-
related changes in cyclic voltammetry and
potentiodynamic studies of normal human
dentine. J Mater Sci Mater Med. 2003;14(11):979-
84.

25. Chen CL, Parolia A, Pau A, Celerino
de Moraes Porto IC. Comparative evaluation of
the effectiveness of desensitizing agents in dentine
tubule occlusion using scanning electron
microscopy. Aust Dent J. 2015;60(1):65-72.

26. Wikipidia. Saliva [Internet]. Wikipidia;
2023 [cited 2023 April]. Avaliable from: URL:
https://th.wikipedia.org/wiki/%E0%B8%99%E0%
B9%89%E0%B8%B3%E0%B8%A5%E0%B8%B2
%E0%B8%A2.

27. Schilke R, Lisson JA, Bauss O, Geurtsen
W. Comparison of the number and diameter of
dentinal tubules in human and bovine dentine
by scanning electron microscopic investigation.

Arch Oral Biol. 2000;45(5):355-61.

66



SWU Dent J. Vol.17 No.2 2024

28. Lopes MB, Sinhoreti MA, Gonini Junior
A, Consani S, McCabe JF. Comparative study
of tubular diameter and quantity for human and
bovine dentin at different depths. Braz Dent J.
2009;20(4):279-83.

29. Xu C, Wang Y. Chemical composition
and structure of peritubular and intertubular
human dentine revisited. Arch Oral Biol. 2012;
57(4):383-91.

30. Gillam DG, Mordan NJ, Sinodinou AD,
Tang JY, Knowles JC, Gibson IR. The effects
of oxalate-containing products on the exposed
dentine surface: an SEM investigation. J Oral
Rehabil. 2001;28(11):1037-44.

31. Arends J, Duschner H, Ruben JL.
Penetration of varnishes into demineralized root
dentine in vitro. Caries Res. 1997;31(3):201-5.

32. Pashley DH, Galloway SE. The effects
of oxalate treatment on the smear layer of ground
surfaces of human dentine. Arch Oral Biol. 1985;
30(10):731-7.

33. Tay FR, Pashley DH, Mak YF, Carvalho
RM, Lai SC, Suh BI. Integrating oxalate desensitizers
with total-etch two-step adhesive. J Dent Res.
2003;82(9):703-7.

34. Mehta D, Gowda VS, Santosh A, Finger
WJ, Sasaki K. Randomized controlled clinical trial
on the efficacy of dentin desensitizing agents.
Acta Odontol Scand. 2014;72(8):936-41.

35. Mushtaqg S, Gupta R, Dahiya P, Kumar
M, Bansal V, Melwani SR. Evaluation of different
desensitizing agents on dentinal tubule occlusion:
A scanning electron microscope study. Indian J
Dent Sci. 2019;11(3):121-4.

36. Nomura Y, Yasuo K, Iwata N, Yoshikawa
K, Yamamoto K. Effect of various materials on
dentin permeability for the treatment of dentin
hypersensitivity. Jpn J Conserv Dent. 2013;56(6):
516-25.

37. Oguma H, Matsuda Y, Yoshihara K,
Okuyama K, Sakurai M, Saito T, Inoue S, Yoshida
Y. Prevention of root caries using oxalic acid.
Materials. 2023;16(4):1454.

ANFABUNAN:

Wiy aanA el

Tsswemnawszisinan 91 nuuny3 munenszan
8.9 2.uuny3 11000

Inswii : 084 077 9137

BIR : athimas.cha@gmail.com

Corresponding author:

Dr. Athimas Chatanan

Pranangklao Hospital 91 Nonthaburi Road,
Bang Krasaw, Mueang Nonthaburi District,
Nonthaburi 11000, Thailand.

Tel: (668) 4077 9137

E-mail: athimas.cha@gmail.com

6/



