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Background and Aims: Different factors play a role in causing tooth decay. Modern dentistry is
looking for a way to prevent tooth decay and suggests different ways to increase remineralization.
The aim of this study was to evaluate the effect of nanohydroxyapatite toothpaste and mouthwash
on remineralization of primary enamel lesions and obstruction of tubules.

Materials and Methods: In this study, 90 human extracted central teeth were used. Artificial
decay was induced by placing the specimens for 72 hrs in a demineralization solution in an incubator
at 37 °C. Hardness of the specimens was determined by a microhardness test before any surface
treatment. The specimens were then divided randomly into 6 groups of 15. For 1-6 groups, the
specimens were subjected to a pH cycling for 14 days, which included 3 hrs of demineralization and
21 hrs of remineralization. At the same time, 1-3 groups were in contact with diluted toothpaste in a
ratio of 1:3 with deionized water at a rate of 5 ml twice a day for two min. Eac specimen of 4-6
groups was exposed to 5 ml of three types of mouthwashes for one min. Then, the specimens were
cut in the buccolingual direction in order to simultaneously evaluate the dentinal tubules and Vickers
microhardness test was performed again and the before and after microhardness values were
compared. Then, the percentage of deposition on the surface and tubule obstruction were analyzed
using SEM (Scanning electron microscope) (P=0.006). Data were analyzed using SPSS24 software
bu the descriptive statistics, ANOVA analysis of variance, and multiple Tukey comparisons.
Results: The results of analysis of variance test showed that there was a statistically significant
difference in the microhardness changes between study groups (P=0.006). Also, in-group analysis
of microhardness changes, there was a significant difference (P<0.0001). Besides, only in the group
containing 0.5% nanohydroxyapatite toothpaste, more than 50% tubule deposition and obstraction
was observed (P<0.05).

Conclusion: According to the present study, nanohydroxyapatite can be one of the treatment
strategies to repair incipient lesions of teeth and the addition of nanohydroxyapatite, preferably to
toothpaste, increases the dental microhardness.

Keywords: Nanohydroxyapatite, Microhardness, Demineralization, Remineralization, Caries

Journal of Dental Medicine-Tehran University of Medical Sciences 2022;35:9

Cite this article as: Davari A, Farahat F, Abbasi S. Evaluation of the effect of nanohydroxyapatite-containing toothpaste and mouthwash on remineralization of
early enamel caries and occluding of dentinal tubules. J Dent Med-TUMS. 2022;35:9.

Copyright © 2022 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.

@08

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.

1


https://jdm.tums.ac.ir/article-1-6132-fa.html

g dllde (OFY 55 A dlie XD 0y93) s Sloys o bligy losd 5 (Sibjs pole olKisly (Sl doro

gl il ey 32 Syl (g a2 gl A1guided g (4103 prod 51 (o
2o S gg5 dlamil 9 (ol gl Clals

T ol D Ty 63 g5l e s

ol O o (Bodo dgd Sloyd ¢ b lage Slesd g (Kb pole olKtiild o Kb 5l 0uSii i (oln; g (sewey (S 5l (B el 09,8 dliw |-
Ol 03« Bgho ared Sloy bl Sloss g (S pale oSl (pluid g oy cedles 5o (slaial Jolge Cliid 50 gae

Olpl o (Boto drd Slays (bl Sloss g Sy pole olKiily (Sl oSl ¢ ol 9 soun i (SBjlsd (el 09,5 jlutils —¥

Olpl @3 (Boto ard Sloy (il Clasd g (S pole oSl (olu g (soey (SB5ld (Bjgel 09,5 (paasS sl Y

[ Downloaded from jdm.tums.ac.ir on 2026-03-19 ]

Al Sl

DS

1l g4
g3y dlie

S RV, IS
VN CFIVA 1
VO CEYY Ll

1950 Dy o0
b ol

pole oS (alu) 9 owe S (SBjpl3 09,5
(Bgho b Glop Ll Sloss g (S35

oyl o

(Email: sepideabbasidnt@gmail.com)

Gl ol s & oppte (SB35l i (5> (Stag, dlow] 3 ilise Jolse 18R g dia
Al aallas ool ) Ban el galillyine) (Rl sl (s slaely 9 (M0 (Sawg e
31 g 1l 5 lon g Sl gpal ey 2 ST (g 5yl argila 5 06005
e Sy a5 ol Sl ok 0008 Jlglo s Ao slaw adllae oyl )3 3 oWy 33 W9y
TV slod b )bl ) Cogelidlines Jsloxs 3 caslow VY o 4y adiged (o3 )15 alwg 4
s aigas a5 plol (uio g Sie s bawgs Shalosl g9y 1 U Iadiges (s 3,5 sl 315 s
o5 oy W e s ladiged V=F 09,5 (gly B0 puanits (U VD 09,5 & 4y L Bolay shiel Joio & dn g
(sloes S oloj b 352 el i) el TV 5 pmalidlions ol ¥ el o 08,5 15 pH S
oy g1 (oo d e 4 030 T LY o 4y 00 38y Midjwed b wled 13 gy )3 5k 9V -F
g9 d b led > g0 a (lp i) (o O e 4 ¥oF (glaog)S cladiges i8S 115 44 s o
oles wa (ol polaie & SIS o 53 adiged s (2855 118 iy Sy e &y pg—itiled
3o 5 dmlio s g 8 gl 5 ploxl j5Sag o)y S o Bdna 5 aidygs g 2l slays
51 oolitnl b Weodld s (P=+/++F) 15,5 [5)liS SEM lw g Jaeg sl 5 gdow 59y Cowy do yd
3 4555 Tukey aBxs clbawlio g ANOVA Ll Julos g i og o] g SPSS24 133l o5
23S Jelos

i D (o) ine (lo] O] axlllas 3y90 (slaog)S w48 sy lois ()loT ygejl R ALAL
350 (SW0g)S )3 (s ey Se Slys (29,5 (193 3T izmen (P=2/+05) 35 392y iy S
G938 g g o (wwyp g3 Oyiad (P<ef e 0N) 35 2y (g5 iz BB a8 o 4L asdllas
3 ot g gy 5 sl 7o /D CybLT oS 5pm gl i 03 sl 09,5 0 oS 2o slasy
(P<+/+0) 155 oanlin /8-

Car Glop Sloisliol J (o Vg o] (S5l 0 b s & 25 L 35 5 Aol
O] o (3303 & Br 5 il (S gl (a5 6Ll 5 il 4yl Sy Slals il

D)5 o D uidyleg Suo
Sy Ol il sy c0osl llpined ¢ it g So il (S5 prmgil 10319 S

Ol Sley (idligy lods o (Sipy pole oluisly (K301 dloes
VEY A dlio Y0 o0



https://jdm.tums.ac.ir/article-1-6132-fa.html

[ Downloaded from jdm.tums.ac.ir on 2026-03-19 ]

e g (59 > Jle

o oo Ayl Slals Cpgrslidliiie) g Cll wSgm gl 4sdiled o s ed Sl )

il ) g geyed B F cble wailad g ol pes
(0) 295 c0 j9ygle Sy LS sl ol (pl & can3 o

P el &S cwl Sbop (Sl cunsy S (ale Cowlus
3 Ot oolaiwl ases 3 ale Coulus g o oblin YLluS )
(uiSSBLL 5 oyl s 4 Sl (ol gl glalie | as
JU392 5 S slon 9 a3l g (i (3] Soane b 4 4 il
) casl Joze

IS by ol (e ol 55 sl aie 3,505, S0
e sl ps 0aiS dgdue Jolge I edlatol (sl W Jgrg5 b
S sl 9 (0323 o) OB s L gle S wBlgi o
$3lge 53 &S Sbnl g5 e yol (09,0 b gl (59 lind
syt o Sl i peslty 3l SBOHSes ol
ol e > slagleyy e in 5290 sl o WIS
5 gy jaal iy 005 wulysls )b <l sl (Iontophoresis)
(V) il o o Ly 3

(©lawd g mueadS) s> Saxe dlge jl edlaiwl j3 Wis Cladss
§ el 01 e sla g i s 1HAP 155 2 s
S olgie sl lgseinl g iy Lol 3> n-HAP & bl
S P PN P VPV WL S P W 7Y

odiled 5 lidyed Sl awlie wslS cldlas
5488 Sygo gl Slals Gmliliiee; 2 Sl Sy hmsil
el (S9l> (Sl ued & Cand (¢ it b a8 o 0ol ol
b 586 (2o sl g Aol )3 5 305 wlygll s 5 2)0l5
23 1) g5l sapliizyed & Co (2o b Jgrgs dlal

Shr 29 (8 Ol Jla WS 2925 4 a2y L
2l s 53 yred by dlie )3 bl S gy hemgil (15003
5 9,42l 49> S () 3y90 53 jled CutSSl Clilas 4
N-HAP @ 0.55las g 0o med 5l oy p s oyl 5] i il
>l sladsg sl 559 ol s gl Slals Ggslidline 2

Al

I oY)
2Bl b9, 4 ¢ (Experimental) o506 adlas goi

dodko

oy Bl dile g i gy p pde Sl
03)5 35 503 568 lgm dlgo L 48y Cowd Sl (S el g (23Kl
o sla e gl 439 b il e, dugyy o
2 b JyuS sl ol S L daly )5 (S35 55)
A dgy Conl (oo (gl illiise; darlpd (19 dslus &0
02 (Byme 3 b gl il ey (sl (o350 (sla by, 3L
Lo dol clyls dbgl jl (o pSels (ol lsls (sla i)l ccul
sl po Coslly)slh dbnl gl Dlansd g oS slagyg Hpi> )
V) Slosis

oo el whsls 5l s 5l i edlatul &S bl )
ol oy o 4l gl e Sl i IS ) pegast
Sl (g 28l 5o wl)sls o &S Lo Spwgr omslidline) sl
ol Sluls gtz yiney (Y) 3 3939 bl azilis |y o] yuze
clises dlgo (Byme 4y e (Sbild Ml JBlas popse
5551 g G M land opdS gy Hla Bl Cayj
i 3 S 4 N pane (DA st o)
(V) a5 Nano- hydroxyapatite (n-HAP)

Ol Canj g 3l Camj il S plgis 4 n-HAP
SR 9 (il )3yl la Sl )3 & 298 0 485 )15 )3 3lge
Sl S, il 5 (55515890 sl 03,5] s 4y ool o
i Ue bl o Jlinn S 4 and bl uSgpam ol
eSoyin &S Wlodly ol pH JShw oKl slaings
35 lion b el ey s sl J s ot
slagpile SLbl ) le Ggealidlyis; coge Nlgoe omimen
o el s bl S 9,09 3l 385 prenilSle 355 05
Y S bl nSg el & Ly0l cnl 2 Gee S| 295
] el S bl b S o sloxy] Ugo Chlybol )3 | Sattias o lise
&S 25S o plo 00 By g e Law)y Gluls bl o |,
S5 g0 Jos yind g ol 008 0,055 lgis 4 Sl oS g pm g
Osmslidlyized 3 455l g ygl 0 dgen 1) gLl b o Ko
P34 eV (F) 3580 gl il ey sl sl 5035 S 5l>
2le ol (sl ymm b 5 ulyol6 b a5 plSin n-HAP o o


https://jdm.tums.ac.ir/article-1-6132-fa.html

[ Downloaded from jdm.tums.ac.ir on 2026-03-19 ]

ehgi dlie

(OFY 55 A dlie XD 0y93) s Sloys o bligy losd 5 (Sibjs pole olKisly (Sl doro

S ) (U5 09)5) il Mbgle mrdes sl X 0g)S
(o)l « EXOFY 2l s

Ll diop ofo) bl (ouSgpmg S dyptilad o 09,3
(&5 (silogyls Jlgil )

Wiyl aoyd /o) bl aSgyumgl agiilad D o)
(65 cs5lonls )

(U8 09)5) 0> +1+0 Uil wilysld e ay5iilas : Fog)S
(&5 (silogyls Jlgil )

Jols PH S €059y Y e @y baaigai V=F 09,5 (sl
ool i8S 18 el il ey el YV 5 ygunl il yied el ¥
Jobre Gl 4 (gian (Sipug oS dbxl Jolwe jl &5 s
ooy & eyeme Jn Joe 5 5 opmelidlied
sboogyS 53 PH JSew ploxl b loj o b o3liial (ygmlidl yine)
Ol e b wled )0 488> 93 Cde &y joy 0 b 90 badiges V-V
8,5 18 nd e d e 03090 O b VY o 4 00 53,

o) o 0 5o 4 a4l G e 4 ¥-F slrog,S sladiges
A5 )5 gl g5 d b poled > diges gl

S5y 35y LdgySee Cund Iaome PH S oLk 5l g
S9) Oy 2oyd g duglie g S @S g el Laaiges soles
(percentage of surface micro hardness b g5 sl 5 gdaw
A S TECOVETY)

CeSwe)Sen 2 (ap o gl Sy 095 bl
bil shaie & JIsSidsSh car 3 bdigel 5 Sl (Sl
S AV L bdiges o i2)03 Jhp (2l sladny ol o2
SEM L 5 oxlsg (sputter- gold) pga¥L -Mb U
w3 b g ISKv gy 5We »» (JSM-IT200, Jeol, Japan)
s ad,S Ly cdls s 5 esalie 1000X

« b :Completely occluded tubules (COT %) -
bl 04 dgdame v Jgrg7 cauas 3l iy

5l eS8 &8 Al :Partially-occluded tubules (POT %) -Y
Sl 0 dgdume o Ja165 Clual

45 g o b :Fully-open tubules (FOT %) -Y

ol odpuiS” Jlgol ls A slawy dalllas oyl )5 39y (Invitro)
Saagd Lo by |6d U .ad eoldtwl (Siuwss g paoyd (o (Sl
oolaiwl 3 )50 daxlllas (¢lys g a8 CEJ 435 5io (Lo ¥ jlcoarse _wloll
A S 5

bl oSy bwgs diges daw (slive (13,5 gdams (slp
Wiad Gy o Ao g P Fre Cigds b S 5ol
ghw Sop el ladyyie Cap )3 450 0 Seuwd 12 85 (b &
TV e Koyt Saml 5 Y paend cudlyy (glp e b o3l
5 (PH=Y) e ] 5> lntigas 5 aslil 4655 93 (sl (PH-Y)

ol T g oS5 & 00 Sl sy (5 L ol
al 4 (glasl 3> 4 diged JUL s (olod g LBl (gusyiaod LB
(Jetset, Loral, sl 4 polie 36 SY L o Lo Yx¥
8155 oloss ladiges g .50 ox5ligy Karlsruhe, Germany)
9 31 U (o> o 59y sl lae livlol plosl 4 x5 L
G by s (o SAdlie Jolge 3 (2] ca ptale]
L (SCTMC, MHV10002, China) ;5,555 i )lgySee
2 oedyle )5 8 bl cod gl Ve by p S Yo g
55509 e 235 Syt 4 ol 0eSile 5 (65 031 s 5] oo
(Kg/mm?) i 43,5 L )

ol el o> Jslro Lo 5

CaCl2=2.2Mm, NaH2P04=2.2Mm, Lactic acid=0.05mM
Eguan (Shwg L g pelas PH 4.5 (NaOH) 70+ Lwgs oS
2Ll 53 Jglore ()3 Cslis VY o ) ladiges (303 51,5 dliusg &
() 55 skl 3,8 Bl de 2 YV gl b

o b a5 Y+ Sate ¢ 553 51 izns 098 s 51
Loigad 48,5 )5 5,505 Coud 390 laigad Dot 5 i ol
U0 0g)S & 4 Bl dlael Jodo 4 dogi b padiy Oy &

ol ey [0 Cull uSgumgl ldped ) og)S
(o)l < EXOFY 8" G oS yi)

il o N cgl] wSs)nmgl ludypes Y oS
(0lp! EXOFY gl8' & s pui)


https://jdm.tums.ac.ir/article-1-6132-fa.html

[ Downloaded from jdm.tums.ac.ir on 2026-03-19 ]

e g (59 > Jle

o gliee 4yl Slals Cpgrslidliie) » Cill wSgm gl 4sdiled § s ed Sl )

4 (pow Al ya) (loyd 118 5l a9 (pgd Al ) (Stpuugy Sl ]
Gl odalde BB Y Jodn o ldyes 3 (gilwyg dbos dlawg
Oloy 3l 09,5 4w 2 53 (i) log Sie (35S0l &S 3D (LS s
(P=+/e8) cdly yiolidl s s b

P oxd 65 ol uinylagySee Jlre Bl g (:0Le
Soul e cdddllae linl 3 aaisley ) edd edliiwl (slaog,S
IS 50 il g dbge alwsgy Glop> A58 5l axy g (Saewg
(P<efee V)l odnlio LBY Jodn 50 55 dddllas 350 dlgo

plod )3 uidylagSue sline Sliol g (ke dunlie gl
anl 005 0351 ¥ Jod )3 &l5 aw Jolpe 1 adlllas 3540 (glmog S

Surface area covered by deposit precipitate layer —¥
05 Sy ot S35 (55, S3b @Y K, S s (DPL %)
ol 0045 dg9ume I Jos55

203l s g (65135 0o |y Ladiges SleMbl (6l o 5l an
obsly b 5 oy T 5 SPSS24 I3 g5 5l eskizal
35 o 5 4350 Tukey a8 sladuslio s ANOVA

Ladl

2ok S ofll Gun)lag e lae Bliol g (Sl
o ‘(J9| 41>).o) adllas (il 4o O‘J.bﬁo.& 1o eolaul dl!ao”f

Old ppod 51 b 0oLl (Wog,S 10 Ldiged (Bww iy w3l (sodId - Jaus

P-value Py oo F9? doy0 Jsl oo digod dlaas 09,5
(o) (Ogal sl yimed)  (axdllae (glaisl)
P<+/esy YYY/YA £ Y¥/YA WY/AY £ YY/aA YYY/OY £ Y¥/\Y VO ) 55;
P<-/. ) VAF/VA £ YV/YS WAV £ ¥ /DA YVY/0F £ YS/VY Vo Y 09,5
P<e/ev) VOY/YN £ £ /A8 VFA/OV £ ¥+ /5Y YYEIYY £ YEIVO Vo Y 89,5
P=./..5
Agguilad 31 oud oaliiwl (gWog S )d Ldiged (Bww iy w3l sodld -Y Jous
P-value Pow ds w0 g 3] ynod als o Jol dls 40 Laigos dlaas 09,5
P<e/ees VY £ ¥E/VY \\ZZAN =R a7An" AAATARESR AV VO Y 095
P<e/eeey AREVAV==R S VAV AINYARYE=R aVra% YO/« £ YY/AY VO Y 09,5
P<e/ees WEIb- £ 0/a VOO/AY £ B+ /FA YOY/+N £ VY)Y VO Y o095
P<e/ee
G aw Jol e 43 clideo sog,S > Ldiged (B mdlie godld - Jous
P-value Pgw dla w0 O gl 3] rod Al po Jol dl> o Wog,5
P=./ YYV/VA £ Y¥/VA WF/AY £ YY/AA YWY £ VENY e/ cdl] (S gy hmgil s el
P=./ VAF/VA £ YAV WA/YY £ Y+ /0A YWIOF £YEINY  Lol) el (S gyl s e
P=-/ VOV/YY £ £ /A5 VFA/DY = ¥./5Y YYS/YY £ Y5IVO KU PNEDERWARA TS
P=./ VA4/)Y £ ¥S/VE WE/AN £ FE/TY YVEINAE YD Toofo) bl S g yhamg Ko dy gl
P=-/ ARRVAVE =S SVAVN \OO/¥A £ FV/PY YO¥/o o EXVIAY Vool o) cbl pnSg gl 4 guislad
P=./ WE/0- + 0-/29 VOO/AY + B+ /SA YO/ £ 0V/Y) Lo+ 0ly5ls gudeo dygutiland
P<e/eev)


https://jdm.tums.ac.ir/article-1-6132-fa.html

[ Downloaded from jdm.tums.ac.ir on 2026-03-19 ]

g5y Al

(VFe) 55 Q& dlio XD 0)53) s sloy csmtliny lods 5 (S pole oKl S50 o

ORdped 09)S > S esalie pj @l gmelidlyie,
Zo0e 5 568 e 4 g sl Zo/V el Sy 0mgil
(VJSS ) 1 osalie b Joro5 pdaw )0 (s & (Jg 13,5 sdalin

AccV SpotMagn Det WD }——— | 50um
171K¥32 650x SE 87 PartoElectron ARD

AcoV SpotMagn Det WD —— | 10m
171K/ 32 2000x SE 120 Parto Electron ARD

s 895 ol oS3yl 10 /) I3 e ey - S5

S5 g Lol el S Sie apiiles 095 )
Sgpcdio gaw 3 b JS)b gy (Jg 0 osmlie b Jg295 55 (631l
ol

g 00l 710 ] S 5)amgil laid,med (g5l 09,5
¥ JS5) (P+10) 355 osnlie 700§ s o Sy oo

ol pas (Cobll o) dpsle ool Jaidpped 098 5
ol dgpctio aw )3 Sk g Lol A8 ssalin s Jgg5

Sl 4565 gud (anls) /40 Wyl vt 4guilad 09,5 )
Cunl dgpitie ghaw 3 LSS Heas (g it oaalie Jag
I )

Gaci a8 ool o) Cll S5 )hmsil pdilad 09)S 5
Cunl dgpie gaw 3 LSS gy g okl dgdue gy
¥ )

S dw g B ccalise (slmog)S uidylng,Se uSile e
QLY Jges ) PH s (sla S Jlosl 5l 5 Gl jall e

ol 005 031y

275 c

5}

= 250 2

<

S ¢ I

2 —1

& 2254 :

g 3

=

& 2004

=}

S

5 L

O 175 oo A

= By = -

N S
150 S B
T
S 1 9% Sz 35z 85E
5 B o5 =5 =5 2#o
2 s = s g 5B
= = g z I 8%
= = 2 = = =
3 = 5] = & S5
z 2 8 7 2 33
o o = & = o%
# * 3 s 3 °@
2 i T
Groups

3 s 5 B et (5laog 5 i g 5o (Silhe Y lages
PH pud o JSew Jlos! 51 (et 9 Gygaw! 340 iued

PSRN TR T NS G
dalllas dy90 (slrog,S e a5 ol s (Repeated measure)
35 D93y uidylbgySae Slpni 3 )b gme ()l B3
2 inegSee Sl (295 (90 5T Geizmen (P=1/--5)
Ol ol oy (o) ize BT &S 0ls )l adlllas D0 (slaog )5
(P<eleve¥)2yls 229

il 390 (£loog,S > pidylag San Slyests sl )b
2 og )3 plas > uinylng ;Suo yliue a8 ol (L A8 dus Jolpe po
S 00,8 Mo Gl gl jllited dlsje ) Cuns pgw dlsye
bl S g ymgil s ped 5l oolinl Jo ol b (P<e/++ )
bl S gungl s ymes ) ealiinl b awolio jd Loy +/0
orpen (P<elo o) s 5V inagSen plime 7o/
Loog ;S cxm ogmend jll e al o Sl g (i) 9SOl S i
2 Lol el S eyumgl lsgsed ) oolil a5 sl i
A Comsd 9 Sl (£ 5VL uid)log e (lime Wog ) olad b dulie
Oliee Syipse job 4 pow dbje > oud edlaiwl dlee ples
P<efeveN) 2gs 00l Liul3dl ) (uid)lng o

5 sl lliines Jolpo plol jl any SEM pyglia gus) o 3l g


https://jdm.tums.ac.ir/article-1-6132-fa.html

[ Downloaded from jdm.tums.ac.ir on 2026-03-19 ]

ObSe 5 5y pu> e o gliee 4yl Slals Cpgrslidliie) » Cill wSgm gl 4sdiled § s ed Sl )

S

F
AccV SpotMagn Det WD o 10um 4 AccM - SpotMagn® Det ‘WD
ABOKY 83 2000x SE 79 Paro Electron ARD P 171KV 407650 © SE, 93 PartoElectron ARD

Acc.V SleMagﬁvel \
171KV 24 g50%  {SEWSS

aguiilad b wlod 5l g (2o S g995 51 SEM ygaas —F JSu Thaw (89) Coibl (oS g, gili 7+ /0 ()05 o Cigaw, - JSU
ol o) il oSy pamngil

t
=
S5 A g Sy o
09,5 b 3 Sloyd gy (i 45 altylesl adlllas ol )
Sy bl ) eouan Sgo 4 &S Sluil odd oausS ol
Lol bl S gyaum el 55 ped 1 o3l Jolis 392 05 Sl
byl s Judpad 5 Ze/) o] Sy )limgil 000,03 :
a9l TV el Snmg S pdiles ) odlicd T
Sdo &y 7]+ 3lgl6 oyl 9 7e /) o] g e gl
oMol (polual 5 ()32 53 (Slie (ygmsliallyiney (liem o atin 93
o calsd Js 4 o cul cids pl b p bl g rgl
bl by ai |y b 2l ladng Slgiie gl Sase L5l
Clale [l s Cll (S g,0m 50 Ol izmen 29 (oS 5
SRy oyl Sy d0mi 53 5 33,5 g0 (g j o > JBF

(\ ') D 0

. . .. i K AccV  SpotMagn Det WD |——— | 10um
}I odlatwl &S Wb QR d)Lc‘ L;Ub)})u @L.: U»Lul » 150KV 34 2000« SE 100 Paro Electron ARD

e Sl sl gl il yind Al yo jl g 933L03 5 (535103 CoilyT S gl cygs dgputilad Y S5
L3Il d52 ¢l b (G103 gokans gl iall e 5 o3 gy See


https://jdm.tums.ac.ir/article-1-6132-fa.html

[ Downloaded from jdm.tums.ac.ir on 2026-03-19 ]

i dlio

(VFY o A dlie XD 0y93) s Sloy o bligy losd 5 Sz pole olKisly (Sl doro

Cl] (S 98l g3l 3003 Jlaz " 2l sla s Sl
Ao 31y owalgs b landyygldgie modur (sols L3 med Ve VD
0ol i S cwp oy W Ode gy 3 )L 9 48
5 o3 S & oelsi g Sl (S g)nmgl ool slagluioas
(e s e Olindg)gligige maw (sl (J3,0ed I yide
3 /10 bl S gyamgl s s 5l ooliinl pols adllas )
Sl s ymed g /) cusll S g amgl o ped b dunlie
Cbl (S g0m5b 3 (S 1 5 Cuenl oimd (Lt wlyols
Dyl cuale o o (Sawe luls gilejl j

2 o3l bl Ca dlge (p b pan p (S b gdslas
Ole 2 gy JgsSee Bl ol L dlge cul wal o (S35l
(V¥) o, S%e2 5 Banihashemrad .5, 0 )15 U531 (sla s low
0gMe olaidl leS 5 s 4 ey guislad wobs L Vo VY Jlo o
il 1y gle oINS Ul 4y Jlasl blss ¢ JlagSee 5T ol 2
odliw] (yisrod A o (SblE Ko oduwss (sl U peo S s g
rdlghe 9 i)l Sua) (Sl (elgd dgme sl wgiilas ]
4 S (poje Caldgry 9wl (glrog)S I Sy 2 > (A
aalllan 3y90 (5lo 353 o Wit il .l 0 Jgloxe 1306 clnog,S
gt aghie )3 (9l ¢ (5 L]l 3 aypdiles 5
alad &S dxe (pl 4 S 00 zle At elie 5 potiow
0323,)5 Cuilidg g ol 09,5 93 3 )3 (Sl (olg dge ety
Y0 Jw » (V0) o,Ken 3 Haghgoo adlles ) 8,k il .l
a9 bl (S5 e U 5tiled I3l (Slaglio (g 42 &S
ol o> sl uis)legySun g Cygmwlidline, 2 il
B 32y 9 ORIBl caw 93 pp &5 NS plgte ol By
ol o b )5

ol YooV o 3 (8) oylSan 5 Kim aallias gl eizean
osslidlie) Uy apdiles > bl wS5)uagl & b
aallas )3 &S Cunn S5 @ oY anll o)l 1) (S adgl wluls
321558 s 5 o] (S 9,009 gl 4y 5tiled loj oo 3l o]
A8l o dlyld 3929 4 39 045 () (Shpwgy adgl Sl
Al 4wl Glals ol el il iy 13 (S5

G dgdslad jloeolaiwl 4T i0)S edalie b ddlas j

D9 2 Omlidline) 9 (uinylg e (eSSl &3 (LS it
polo & s 7o /0 cil] S g,numgil a6 pmed jl edlizl Sloy>
by 6V (3 )lmg S (liee L)

J 53 o)l ] g gl 59 sl
L5 ookl Jg295 kel )8 ol (glys 9 505 _Byme cpl 0 VA
) am lcsls b 6 ol g9y Slge o] 53 29290 gl
oials cel wlgls a8 o1 whheld e g e BL edlil
ol 5 554 5 1 oo 11y 51 o) o8 3950 e
S o Jlacl el ppglia dul & 45 s Cobl] uS g
2l 4 Sl (S5umgl bl uSg)amgSee S5
Ol g (g Gl g b geos Sl adgg > Wlgi e
Clld iy (prdaw 4l b 4 ads dee 1) comles
el el @ Jlasl sl (5 b olowd cllad 9 S jglon

Sl 48y JI6 Ghe) Cn it G ped g Slaue Sl oalital
Slr e &5 Cal ©pE Gler 0 g ple 3 Ol 5)IS
Sl sl o c0fl ki Mg g 03 (5LaS 4 S8 g oLo
el e (219)See S S5 )

Sl as pgyS o Wby lis (VW) o)Ken 4 Sitthisettapong
2500 1 Gy (Sauws g0 odd ealatwl wlysls (gols b yees
3 3 yed) adlllas (gloog)S dan )3 (yrizxen dg: yide baog)S
Mo re OS] salds 09,5 b yamoljull sy 4l Colus (S y
laog)S 15 cppmlidlyise) 4ol ol puSile B Lol il
31 aleld aS 315 sgmg Jlai 38le5 39 Y me (g)lol Hlai I calisre
DRIl g Oogmelidlyined Lials cel (obond § (038 S35 35k
Sl5s05 oS s 81 ool i 131 U 355 gl il
255 1) (Sdewsy ssl>

& b gl 0 (VW) ol)Ken 9 Najibfard Y-V Jlo o
Bholh b dwlie el wSgumgl ol s
Sy Coply Blo g 39de 9o ) il gmwlidl e,
sldlas YN0 Jlo (V) o) Sen g Bennett yoocen 23940 o0

2 bl S5 ysl gob splinged L) Glgis coo


https://jdm.tums.ac.ir/article-1-6132-fa.html

[ Downloaded from jdm.tums.ac.ir on 2026-03-19 ]

e g (59 > Jle

o gliee 4yl Slals Cpgrslidliie) » Cill wSgm gl 4sdiled § s ed Sl )

oZislojl g b 13 &S ol Sy 5l (6 Sty sl 3 paed )
U e5 L lgie 4 wlyold 13U K05 Byl 5l el oad ol oLis
Db Gl (aslie gl cumlus (EalS (glp Gl pes )

B3 pmed (W) o) Ken g Vano b olojl,ls adlae j
65590 dalllas by gusods 455,55 sl ol jd idlS gud Ll)6l0
ol 1y eduyeld s ped b Cuwlas jd idlS 655 zun 45 Col
aoes copl 4 (V0) oh)Sen g Jena dalllas )5 ¢ Jolis j> .l 03l
S sl 2alS )3 Cil] S gy ld il (1155 o 48 Kk
Sl 5 5 (s (ol nns (g 5 2 gl & o
S (o Jos pae gl g Lo v 69y Sionegn

o= VoYY Jlo o (V) ohSes 5 Gul Solosiun aslllas )
2Eiolol Slallas 434S Wspwy 4o ol 4 lio VYWY oy
5 9239l (Gl Sllllae 13 9 398 o0 (2o nddeE ialS
3955 o 03l wan ABY I 2o Camlus ials el eyl
Db Slgred jols dalllas b oS

Las ol S £ (M) llKer 5 Farooq asllas )
5 Ldgy ol gl EDTA (ethylene-di amine-tetra acetic acid)
Hg Sl oy Sl (9 8 oSagSn b idgs 0 ey
e il ol p YL a8 ol s b awyp L85 snline
O 3l g iligld a9 €85 0 bl oS 5000 Lansgs
Cadyls iYL A cel oS Mo ditud paw I SO i Sl
e bawgi (egian Gl5 b oled Sl ey Ggmlidl ey 9 S 8L
o> planped 3 Sl hals 4 Jls s e sdalie wlel
3o VL 5 A5 o0 003 (sl G 3l oy Sl (S 5 009
G Glosed iy 4 SEM polal p Jee ol
221588 s 53 le5 g M S 1oy s 5 o] S 9,00 51
oS 9)hapgil (ggls gl g (yld jed < pils dalllas j3 045 64yd
9l guiilad ¢ 0 ped 4 s |y (6t Jorg8 Sl sl
Dyl Slgstan ol adlas b a8 sl Lis 1u]9l6 wotw

G Blg e casll S gyumgl ol adlas 4 avgi b

a8Ls) 5wl adgl odowg Sluls il cas Sy slasl il

Sgete el lylh gols a02lad b duglie > cuil] uS'gyael
S oYL gilujl @8 g edd balud  uid )by o
ol &g (V&) Gldllae plo b guen g3l L 358 1 Sauws
Al oo bl S g ) hamgil Loy Sl (63lojl il Bl oaim

US4 S Cul el Claud ey Cll S0
i ()85 g 4 calus zle ¢ Lo (Jaxe Bioactivity ol
Jeilty el aSgyun &S smd o olis Sldllas (V) 5
ol asudie cpized L(VY) 350 35 1y adgl Clyls el il e,
@ Comd G i) Cwols Cull wSue oldgl o«
S 9yl o pmed | oslitul ) ol ey la b S
iloil 5 smlidlie, can Gloy ol S el
Al Sy e s adgl (Sapwn

shb s ped 5l eslitul a5 58" @lsl 55yl adllas gl
Ol yiney el o gy ol 4y Cannsd 70 /0 Cil] onS'g hemgil
Sy Jop> (lise a5 43,5 oo (Shewgy (Sl (3 )3 (6l
o ol gaw g )8l ploj oa Uy 5 03l ke Slge
bl s ped 09)5 iy emolilliae) 5 (s Sles o oalatul
b osd 710 el nSgym il

ol b bl S50l Sl ool bl S (59w
Syl bgonn |y b ale (o L1y o 45 conl cids
4 S5 (V) Canl 6 Same jlidle 4 calis > 4 &S 2g40
col g gials 1) as o Jshe o8 a8 (gl S0
Iy 2 Syome Jlasl a8 ded 0 by s Clael yauliy Moo
L(V0) w5 o Ligdsce

Jw 3 (V) )Ken g Cheng adllas b ysls dalllas gl
2 1y el uS'g,mgl ¢ Galla Chinensis oS 5 5l 4 V- -A
adllas )3 bl .35l Slgstan 3,8 wyp adgl Sluls gamlsdl yius,
Jslome 43 Cill (uSg)tmsil b (3938 o W8S o 25
A S i)l g o ial38] Comr (615 xo ©jg0 4 (w390
chle &8 WS les L:n"j Oeed Dgd o (e S 09,5
Feoo ppm ol 4 Cuil] uSgamgl S (gl Voo ppm
Llyeld |65 008 30,5 o Lo il yamanl jull yine ) oo danl SIS

e 12 S Wlyels S e dbl Sls by usly ials


https://jdm.tums.ac.ir/article-1-6132-fa.html

[ Downloaded from jdm.tums.ac.ir on 2026-03-19 ]

i dlio

(VFY o A dlie XD 0y93) s Sloy o bligy losd 5 Sz pole olKisly (Sl doro

P18 g S

sl b g VV5 o)l b Slaios )b 5l ab Sy dlis o)
imods Coglee Jlo coles L IR.SSU.REC.1399.012 53!
Aoy cpdy ol 015 plol 3y Bgheo Aaged Sy pole oSl
Db o (6l Fulow

References

1- Tschoppe P, Zandim DL, Martus P, Kielbassa AM. Enamel
and dentine remineralization by nano-hydroxyapatite
toothpastes. J Dent. 2011;39(6):430-7.

2- Itthagaru A, Martyn King N, Man Cheung Y. The effect of
nano-hydroxyapatite toothpaste on artificial enamel carious
lesion progression: an in-vitro pH-cycling study. Hong Kong
Dent J. 2010;7(2):61-6.

3- Issa D, Sherine B, Essam O. Comparison Between Fluoride
and Nano-Hydroxyapatite in Remineralizing Initial Enamel
Lesion: In-Vitro Study. J Contemp Dent Prac. 2018;1;19(3):306-
12.

4- Philip N. State of the art enamel remineralization systems: the
next frontier in caries management. Caries res. 2019;53(3):
284-95.

5- Kim M, Kwon H, Choi CH, Kim B. Combined effects of nano-
hydroxyapatite and NaF on remineralization of early caries
lesion. Key Engineering Materials. 2007;330-2 11:1347-50

6- Amin M, Mehta R, Duseja S, Desai K. Evaluation of the
efficacy of commercially available nano-hydroxyapatite paste as
a desensitizing agent. Adv Oral Biol. 2015;5(1):34-8.

7- Bennett T Amaechi, Sapna M Mathews, K Ramalingam,
Poornima K Mensinkai. Evaluation of nanohydroxyapatite-
containing toothpaste for occluding dentin tubules. Am J Dent.
2015;28(1):33-9.

8- Ricardo M, Lucas da Fonseca R, Ulisses X, Antonio de M,
Ricardo G, Luiz P.Evaluation of 17% EDTA and 10% citric acid
in smear layer removal and tubular dentin sealer penetration.
Microsc Res Tech. 2018;81(3):275-82.

9- Ebaa A, Amira M. Effect of Different Remineralizing Agents
on White SpotLesions. Open Access Macedonian J Med Sci.
2021;21(9):14-8.

10- Jena A, Kala S, Shashirekha G. Comparing the effectiveness
of four desensitizing toothpastes on dentinal tubule occlusion: A
scanning electron microscope analysis. J Conserv Dentist.

Sl GMagmed 4 buay el wSgnegl s
A0 il 1) bl S gy am gl by 63 wid g ,Sae
Bl o)l
8l o)l g5 ibghy (B s B! pl

ol il

2017;20(4):269-72.

11- Erlind P, Lait Kostantinos B, Gaspare P, Gianluca T, Guido
M. Nano-hydroxyapatite and its applications in preventive,
restorative and regenerative dentistry: a review of literature. Ann
Stomatol (Roma). 2014;5(3):108-14.

12- Sitthisettapong P, Phantumvanit C, Huebner T, DeRouen T.
Effect of CPP-ACP Paste on Dental Caries in Primary Teeth A
Randomized Trial. J Dent Res. 2012;91(9): 847-52.

13- Najibfard K, Ramalingam K, Chedjieu I, Amaechi BT.
Remineralization of early caries by a nano-hydroxyapatite
dentifrice. J Clin Dent. 2011;22(5):139-43.

14- Banihashemrad SA, Moosavi Bandarabadi SH, Mokabberi
AR, Banihasherad A, Majidinia S. The effect of Chlorhexidine
12% Mouthwash on Microhardness and Elastic Modulus of
Dentin and Cementum of Healthy and Periodontally Involved
Extracted Teeth. ] Mashhad Dent Sch. 2021;45(3):230-6.

15- Haghgoo R, Haghgou HR, Abbasi F, Tavakkoli M. The
effect of nano-hydroxyappatite solution on the permanent tooth
remineralization followin exposure to soft beer (in situ). J Dent
Med. 2015;27(4):233-40.

16- Cheng L, Lie J, Hao Y, Zhou X. Effect of compounds of
Galla chinensis and their combined effects with fluoride on
remineralization of initial enamel lesion in vitro. J Dent.
2008;36(5):369-73.

17- Vano M, Derchi G, Barone A, Pinna R, Usai P, Covani U.
Reducing dentine hypersensitivity with nano-hydroxyapatite
toothpaste: a double-blind randomized controlled trial. Clin Oral
investig. 2018;22(1):313-20.

18- Gul H, Ghaffar MA, Kaleem M, Khan AS. Hydroxyapatite,
a potent agent to reduce dentin hypersensitivity; systematic
review. J Pakistan Med. Assoc. 2021;71(11):2604-10.

19- Farooq I, Moheet IA, AlShwaimi E. In vitro dentin tubule
occlusion and remineralization competence of various
toothpastes. Arch Oral Biol. 2015;60(9):1246-53.


https://jdm.tums.ac.ir/article-1-6132-fa.html
http://www.tcpdf.org

