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Review Article

Work-Related Musculoskeletal Disorders Among Dentists

Nithimar Sermsuti-anuwat' and Pornchai Sithisarankul’
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Abstract

The health problems concerning muscle, tendons, lisaments, skeleton, cartilage and nerves
which are inclusively termed “Work-related musculoskeletal disorders” are induced by normal
performing dental work activities, could lead to temporary disorders or permanent disabilities. The
potential occupational risk factors for musculoskeletal disorders are repetition, force, vibration, stress
and posture. This article also introduces some chairside stretching exercises for strengthen the

muscles and minimizing the risk of such disorders.
Key words: Dentist; Musculoskeletal disorder; Occupational health
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Researcher/Year

Sample

Most Painful Site (%)

Szymanska/2002°

268 Polish dentists

Lower back (60.1 %)
Neck (56.3 %)

Alexopoulos et al./2004’

430 Greek dentists

Low back (46 %)
Neck (26 %)

Palliser et al./2005" 413 New Zealand dentists Lower back (63 %)
Neck (49 %)
Leggat et al./2006" 285 Australian dentists Neck (57.5 %)

Lower back (53.7 %)
Shoulder (53.3 %)
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Researcher/Year

Sample

Most Painful Site (%)

82 Iranian dentists

Lower back (28 %)

Pargali et al./2010"

Neck (12 %)

Bornsawan/2011"

360 Thai dentists

Shoulder (71.1 %)
Neck (60.8 %)
Back (49.7 %)

Kumar et al./2013*

646 Indian dentists

Neck (75.74 %)
Lower back (72.01 %)
Shoulder (69.4 %)

Feng et al./2014"

272 Chinese dentists

Neck (83.8 %)
Shoulder (40.1 %)

Rehman et al./2013*

137 Pakistan dentists

Lower back (57.8 %)
Neck (37.5 %)
Shoulder (29.6 %)

Alghadir et al./2015"

146 Saudi Arabian dentists

Lower back (74 %)
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Figure 2 Dental operator’s posture and position
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Figure 3 Patient’s headrest positioning
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Figure 4 Examples of chairside directional stretches
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Abstract

The aim of this study was to evaluate the effect of Casein Phosphopeptide-Amorphous
Calcium Phosphate (CPP-ACP) on surface microhardness of demineralized enamel surface of human
tooth. Twenty-six extracted human maxillary premolars were kept in 0.1 % thymol solution for 2 weeks
after extraction. The tooth was cut vertically into 2 halves; buccal and lingual using diamond tooth
cutting device. Fifty two specimens were randomly divided into 2 groups; control and experimental
groups (N = 26 each). For demineralization, all specimens were stored in 0.1 M lactic acid pH 4.8 for
4 days. All speciemens were subjected to Vicker’s microhardness measurement (VHN,, for control
group and VHN,, for experimental group). The specimens in control and experimental groups were
stored in 0.1 M lactic acid pH 4.75 for 10 minutes twice a day and then in artificial saliva at 37°C for
14 days, except that in experimental group, the specimens were applied with CPP-ACP tooth mousse
for 3 minutes before storage in artificial saliva. After 14 days storage, the VHN,,, VHN,, were measured
and AVHN, and AVHN, which were the difference between VHN,, VHN, and VHN,, VHN,, were
calculated. In control group, All the VHN are VHN,, = 242.07 kgf/mm’, VHN,, = 201.69 kgf/mm’ and
AVHN, = -40.37 kgf/mm”. In experimental group, all the VHN are VHN,, = 245.31 kef/mm’, VHN,, =
259.62 kgf/mm’ and AVHN, = 14.31 kgf/mm’. AVHN. and AVHN, were tested by paired t-test
(p = 0.05). Mean average of surface microharness of control group significantly differenced to study
group (p < 0.001). The specimens treated with CPP-ACP showed significantly more microhardness
value than those not treated (p < 0.001). It is concluded that CPP-ACP tooth mousse increased human

enamel surface microhardness.

Key words: Casein Phosphopeptide-Amorphous Calcium Phosphate (CPP-ACP); Demineralization; Remineralization
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(CCP-ACP) sipmnuudsinsziugannveandouiiuayud flunsudiesuvivemyudfignaeusenindiuiu 26
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waznguAnYY (VHN,,) Apunsnaaeslulday uazthiusethsranunutluansazatouanfinananduda 0.1
Tuafianmzanulunsasmeaviiy 4.75 adtae 10 wifituay 2 ad (uandw) wasiivliludhaediond
gaunfl 37 sameaiadunm 14 fulnengufinwagld¥unmamans CPP-ACP Wunan 3 unittuay 2 as
(uaziiu) asnuarsazalsuanin 10 Wi ﬁau%ﬂﬂﬂé’ulﬂLLﬁiuﬁﬁawaLﬁauﬁammﬁ 37 D9ALsaLTe
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(VHN,) uagngudnw (VHN,,) fmﬂuummmmmumﬂmwmmLaaammLmmimuagammmﬂqmmuqm
(AVHN) uagngudine (AVHN,) uazdiasizvideyanigata paired t-test fisgsiutedfynneada 0.05 nanns
Wenudn Tunquaduaudl VHN,, windu 242.07 kef/mm’ wagngunwndl VAN, windu 24531 kef/mm’
g VHN, lungumiumuiniu 201.69 kef/mm’ Faflen AVHN, anaawiiu -40.37 kef/mm? lewfieuiu
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SUN155UTB93INBIANTTBINISHEYEN (Food and
Drug Administration; FDA) 2ilannuuasndeiay
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D
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6. Luiduilufiesnwaaassiniiu (root canal
treatment) 11nDU
thilunswtiesfigndadonudunyian
drorndnetauazdinudsiiulngldiniawinilum
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Table 1 Composition of materials used in this study

Materials Ingredients

Tooth Mousse” (pH = 6.6)

Glycerol, CPPACP, D-sorbitol, CMC-Na, Propylene glycol, Silicone dioxide,

Xylitol, Titanium dioxide, Phosphoric acid, Flavoring, Zinc oxide, Sodium

saccharin, Ethyl p-hydroxybenzoate, Magnesium oxide, Guar gum, Propyl

p-hydroxybenzoate, Butyl p-hydroxybenzoate, Pure water

Artificial saliva (pH = 7)

Potassium Chloride BP
Magnesium Chloride BP
Calcium Chloride BP

0.65 ¢/liter
0.058 g/liter
0.165 g/liter

Di-potassium hydrogen phosphate USP 0.804 g/liter
Potassium dihydrogen phosphate 0.465 ¢/liter
Sodium benzoate 2.0 ¢/liter
Sodium carboxymethyl cellulose BP 7.8 g/liter

Deionized water

Lactic acid (pH = 4.8) 0.1 M lactic acid

mﬂuummﬁmmmmwuqmavmmamﬂ
summaauﬁumﬂammmm LLa“ﬂauﬂﬂ‘H’]VIﬂMmﬂ e
Lﬂuma;ﬂawugm‘lmaisnmiawmaaummufuamaumu
JanAkuLIANes (Vicker microhardness tester:
Matsuzawa Model MXT 70) Tusana 500 n3u vJu
1987 10 U YININAFBU 3 TOENATLEENINAIN 2
d' o v Y ISP (74 J
nfavynsindesdailivesndt 100 lulaswns

Tnegvineinduauieatuswiu 3 ast thennu
nf1eitiald dunandudenuudsiawuuiaines
(Vicker hardness number: VHN) udatufinuaiils
wazihuvatedsmuudaiasyduganiaves
wdoufludue VAN fiugruvesnduaiuny uaz
nauAnwmvuadua VHN, wag VHN,, audieu
A1 VHN Awandlaainans” LLasgiJ‘?i 1

1.854P

VHN = >
d

Imgf HV Ae AAudawuuianes (kef/mm?)
P A9 ussna (kef)
d Ao YwInLduMLeLN d1 ke d2 1ady (mm.)

JUI 1 8nwalemIue7) M2 UeNyYe9T0enAunysved Vickers Hardness Test

Figure 1 The diagonal length of the indentation from Vickers Hardness Test
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n¥ntwihnsdeeendeinfesudithnduluus
Tuthaneflewiigungfi 37 ssaneaidoa

4. Ypudumeudl 1 84 3 Juaz 2 asamntu
(uagifurisiaivieiu 12 $alus) unan 2
dunn

5. ¥N13IAIAURDIRITEAUIANIATDS
AUty adsit 2 (VHN,) udadudinwaiild

thAadsanundsisziuganmaveandioudi

[
v

ASIN 1 war 2 WIMANMULANAINYBIAILRAEAINM

@ a LY A

Llfuqmiwm;amﬂsuaqLﬂaauﬁuﬁmdummu uaz
nauAnY (AVHN, Uag AVHN,)
ynsduiufies1svesngunudiuay
23 fla flouuazvianans CPP-ACP wawnguAuAy
1 Fuwssalneddestunuliuiadunm 24 s,
udluvilsiuiis (dehydration) melefialeanaged
fanududufosar 50 Wunan 20 Wit wagAy
Wuduiesaz 75 Wunan 20 w1l mududuseay
95 1Hutaan 20 i andnduiesay 100 WWuran
2 Falus st ludees critical-point dryer udn
Wlupdevindevesienieaadauiin (sputter
coater) Wuan 3 Wil dednudnumyituin
\Feuiiuestushegneiendesganssmididnnson
FUAFDINT A (Scanning electron microscope, SEM,
HITACHI Co.Ltd. Japan) fif&sene 2,000 i1
NITANUIUNINEDA
mAnuudsihsyiugamarasndouTiuusseny
Fruadfdmssann duindede dudesu
1T UazANULUTUTIY
FnsSeudisuaaianuuaneies
AANULISEsTAUganIATeRAdaUilusEnIney
LaEnaiN1sNIeE CPP-ACP lunguaiuau uazly
nauANYIYNTlATEiNeeticne Paired t-test 7

STAUANULTRLU p < 0.001

1. navay CPP-ACP fiaAuLUeRI5EAURANIA
LENGERITLY
Wlefnunaes CPP-ACP wiinA3y Jeysyd
RoAULTIRITEAUan AT AR o UTl UL Y
AYNRINTLUIUNTAYFLUIT)
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Table 2 Mean and Standard deviation (mean + SD) of the microhardness values of human enamel

surface in control and experimental groups

Group Number of VHN, VHN, AVHN
specimen (kgf/mm®) (kgf/mm®) (kgf/mm”)
(piece)
Control group 26 242.07 + 10.97  201.69 + 7.92  -40.38" + 7.97
(acid + artificial saliva)
Experimental group 26 24531 + 11.46  259.62 + 10.85  14.31" + 6.19

(acid + CPP-ACP + artificial saliva)

AVHN" and AVHN" are significantly different to each other (p < 0.001)

91NN13IAAIAINLTIRITTAUIANIATDY
ideuitunudn Anedennundiaszsuganiaues
AR UTNUMAIINHIUNTEUIUNNTE LA LITIRIAY
TndiAesiufe lunguaunuilriadeeundsinsgi
JanavesAfauilu (VHN,,) wiriu 242.07 kef/mm’
wagnguAnuniideduanuudiiseiuganiaves
WaRUAY (VHN,) Wiy 245.31 kef/mm’ d@au
Anadseudsinsziugamendansnaasdungy
AUAN (VHN,,) vy 201.69 kgf/mm’ Faflenanas
Wity -40.38 kef/mm’ Anilludesas 16.67 Wewiou
fueneunismaaes TunguAnunianadeninuuds
HasEAuganIAvaIn1snnaed (VHN,) winiu 259.62
kef/mm’ adlAnuiiuduwiniu 14.31 kef/mm’ Andiu
Yovay 551 eiiguiuAneunisvaass

AaAEAIILANA1YBIAANLNTIR T
AN1AVAATOUNUITENINNGUATUANILAENALANY
Slovhnsiesgsinieaife Paired t-test aywy
TAedsanuLanisssmANLLddhszdugania
YA UNUIENINNOULAENSINIaNs CPP-ACP

YBINGUAIUANLAENANANWITAWAU 57.93 kef/
mm’ dideauuanasgruiauiniu 9.90 kef/mm’
wayfAUszanaAdesiu 95 % (95 % CI) iy
50.69 9 58.68 FaMUIN ANLALAIMILANANNYDS
AANNLTIESTAUganIATeRAdUTusTHINInaY
WALNHINIETS CPP-ACP ¥89nguAIuAl Lay
nauAnuIuAnesfuegaiituddymeatanse iy
Adesiy (p < 0.001)
2. WABY CPP-ACP dladnunizuasiiufin
GERIY
IINNINTIARNATOUTUFIENTDIaNTIAY
Bnnsouriindednsin iednmdnumsiuiaves

De @D

% 1

FUDE19YBINGURNYILALNGUAIVANNUIN ANEN
LA UNUAENAIHIUNTEUIUNTYLALUTT)
(3U 2 A)Duinedeuiluiiihunisudluansazaiense
wanfn Aududy 0.1 Ta fian1izanudunsn-ang
v < [ 1 a = = =
winfu 4.8 W 4 Fu wuh Bedeuituiinisande
aluv3eans (prism sheath) Fadudulsznou
= a 1 1 A @ a a6 .
\ndeuluiiegsau o dwiludunidans (prism core)
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ad1efunsiansaRLadeuiiuildlirunisda
(non-cutting enamel etching) JavilAiudnway
Aupdeuiludugngunszaaiinuinaiaiouiiy
fnsvgangimzvaiiinfiouity
amiedeuitulunguatuau (3U 28) 1Wu
Radeuiiuildldtiiunismans CPP-ACP nwui
Auadeuiiufidnuasidugnguuin uiuneslidiu

SE 05=0ct=07

Tssadaveailodtu Lifldnvazvosasuioussn
unAdeuTiialadouily
amRwedouiiulunguine (U 20) Wu
Atadeuiiuiiiunisnians CPP-ACP wuin
Ruedeuiluuinaiiaeiinisgapdoussinaziiuisg
n3ea1suNeg1ungnln Jevinlianuuzeg
Aupfouiiuiisniutiesnitneunians CPP-ACP

3 2 dnvarAiupdoui iledosdienaesganssaldians souridadesnsin (Madvee 15 kV, 2000x)

A. AuARRUITTIANIUNTEUIUNISIUTENT )

B. Aupdouihuiisunsyuaunsgadeussiglunguaivny

C. Aundeuiulungudng)

Figure 2 Photomicrographs of human enamel surface using SEM at 15 kV, 2000x magnification

A. Enamel surface after deminerization

B. Enamel surface after demineralization in control group

C. Enamel surface in experimental group
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Abstract

The objective of this study was to evaluate the cytotoxicity and biocompatibility of two
aluminum chloride containing local hemostatic agents, Racestyptine and a local hemostatic agent
prototype, Dent-Chula100°. To determine cytotoxicity, primary human gingival and pulpal fibroblasts
were treated with the local homeostatic agents at concentrations of 0.1, 1.0, 2.5, 5.0 or 10.0 % (v/v)
for 15 minutes. The MTT assay was used, with untreated cells serving as control. The biocompa-
tibility test was performed using the lower incisors of twelve 8-week old male Sprague Dawley rats.
The free gingival margin of the lower central incisors was temporarily displaced for 15 minutes using
retraction cords soaked with Racestyptine or Dent-Chula100°. Cords soaked with normal saline served
as a control. Seven days after treatment, the lower jaws were dissected. The H&E stained tissue
sections were histopathologically examined for four pathologic index scores; degree of sulcular
epithelium damage, collagen fiber appearance and orientation, inflammation and vascular reaction.
Two-way ANOVA and Kruskall-Wallis tests were performed for statistical analysis of the in vitro and
in vivo studies, respectively (p < 0.05). Our data revealed that Dent-Chula100® at 5.0 % - 10.0 %
significantly reduced gingival fibroblast cell viability compared with the control group (p < 0.05), while
Racestyptine at 2.5 % - 10.0 % significantly decreased cell viability (o < 0.05). Both Dent-Chula100®
and Racestyptine at 2.5 % significantly reduced pulpal fibroblast cell viability (p < 0.05). The

histopathological data indicated that the periodontal tissues did not incur any significant damage
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after exposure to Dent-Chula100” or Racestyptine. In conclusion, the cytotoxicity of Dent-Chula100”
and Racestyptine was dose-dependent. The in vivo study revealed that both Dent-Chula100® and

Racestyptine were biocompatible with gingival tissues.
Key words: Aluminum chloride; Biocompatibility; Cytotoxicity; Local hemostatic agent
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Introduction

Local hemostatic agents have been
widely used in prosthodontic and operative
dentistry because of their effectiveness, safety
and convenience.” Ideally, local hemostatic
agents should provide not only a sufficient
hemostatic effect, but also be biocompatible
with oral tissues.” To reduce the cost of dental
treatment and strengthen Thailand’s bio-
materials research, our group has developed a
local hemostatic agent prototype, Dent-Chula100°.

A previous study has reported that
Dent-Chula100” did not affect the physical and
mechanical properties of the light-cured resin
composite filling materials evaluated.” Following
ISO 4049:2009, Dent-Chulal00® was
demonstrated to not affect the solubility, water
absorption, depth of cure or flexural strength of
the light-cured resin composite materials.
However, the cytotoxicity and biocompatibility
of this local hemostatic agent have not been
investigated. Therefore, the purpose of this study
was to examine the cytotoxic effect of Dent-
Chula100” on primary human gingival and pulpal
fibroblasts. The biocompatibility of this local
hemostatic prototype on gingival tissue was also

investigated using an animal model.

Materials and Methods

The hemostatic agent Racestyptine
(Septodont, PA, USA; 25 % aluminum chloride,
oxyquinol and hydroalcoholic excipient) was used
as the reference material compared with our
local hemostatic agent prototype Dent-Chula100”

(Research Unit of Herbal Medicine, Biomaterial

and Material for Dental Therapy, Faculty of
Dentistry, Chulalongkorn University, BKK, Thailand;
25 % aluminum chloride, 30 % ethanol and
distilled water). The Racestyptine’s expiration
date was at least 6 months after the experiments
were performed.
In vitro study

pH measurement

The pH of the local hemostatic agents
was measured with a pH meter (Orion 420A pH
Meter, Orion Research Inc., Boston, MA, USA). The
measurements were repeated 3 times. The results
were expressed as mean and standard deviation.
Cell culture

Following a protocol approved by the
Human Research Ethics Committee of the
Faculty of Dentistry, Chulalongkorn University,
Thailand (HREC-DCU 2012-043), pulpal and
gingival tissues were obtained from non-carious,
impacted third molars and adjacent non-inflamed
healthy gingiva of 18 - 25 year-old healthy donors.
The tissues were washed 3 times with phosphate
buffered saline solution (PBS), cut into 1 - 2 mm’
pieces and placed into 35-mm culture dishes.
The explants were incubated with growth media
(Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10 % fetal bovine serum,
10,000 IU/ml penicillin G sodium, 100,000 pg/ml
streptomycin sulfate, 25 pg/ml amphotericin B,
and 1 % L-glutamine) at 37°C in a 5 % CO,
atmosphere. The media was replaced every two
days. When the cells reached confluence, the
cells were subcultured using 0.25 % trypsin - EDTA
solution. All materials were obtained from
Sigma-Aldrich, St. Louis, MO, USA. In the present

study, the experiments were performed using
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cells from the third - fifth passages. Three donor
lines were evaluated.
MTT viability assay

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay was performed
as previously described.” Briefly, 5 x 104 cells per
well were seeded in 24-well plates for 24 h. The
cells were then washed twice with PBS and
treated with the local hemostatic agents at
concentrations of 0.1, 1.0, 2.5, 5.0 or 10.0 % (v/v)
in growth media for 15 minutes. The pH of each
final concentration of the hemostatic agents in
DMEM is shown in Table 1. Cells incubated with
growth medium alone served as the control

group. Subsequently, the cells were washed 3

Table 1 pH of the hemostatic agents in DMEM

times with PBS and incubated with growth media
for 24 h.

To assess cell viability, the cells were
washed twice with PBS and incubated with
0.5 mg/ml MTT solution for 10 minutes.
The precipitated formazan crystals were dissolved
using dimethyl sulfoxide (DMSO). The optical
density was determined by measuring the light
absorbance at 570 nm with an Epoch Microplate
Spectrophotometer (BioTek Instrument,
Winooski, VT, USA). The background DMSO
absorbance was subtracted from the sample
absorbance. The experiments were repeated 3

times.

Concentration of the hemostatic

agent in DMEM (V/V)

pH

Dent - Chula100” Racestyptine
100.0 1.79 + 0.01 0.97 = 0.09
10.0 370 + 0.02 3.56 + 0.06
5.0 4.00 = 0.02 3.85 = 0.03
25 4.80 = 0.02 4.50 = 0.07
1.0 6.85 + 0.01 6.44 = 0.03
0.1 7.22 0.07 7.20 = 0.03

Note: pH of DMEM = 7.23 + 0.04
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In vivo study

Following a protocol approved by the
Animal Research Ethics Committee of the
Faculty of Dentistry, Chulalongkorn University,
Thailand (Protocol No. 1132001), twelve male
Sprague Dawley rats (8 weeks old, average weight
350 g¢) were obtained from the National
Laboratory Animal Center, Nakhon Pathom,
Thailand. The rats were kept on a 12-h light/12-h
dark cycle, fed a standard pellet diet and allowed
access to water and food ad libitum. The animals
received general anesthesia consisting of
80 mg/kg Zoletil® (chloral hydrate tiletamine and
chloral hydrate zolazepam; Virbac Laboratories,
Carros, France). The twenty-four lower incisors
were washed with normal saline and randomly
divided into 3 groups: normal saline (control),
Racestyptine-, and Dent-Chula100®-treated groups.
Fifteen mm of retraction cord (No. 000, Ultrapack,
Ultradent Products, Inc., UT, USA) were soaked
with 100 pl of the respective group’s material
for 10 minutes. The free gingival margins of the
incisors were temporarily displaced by the soaked
retraction cord for 15 minutes and the cords were
then removed.

Seven days after treatment, the animals
were sacrificed. The lower jaws were dissected,
fixed in 10 % neutral formalin buffer and
demineralized in 10 % formic acid. The tissues

were dehydrated using graded ethanol-acetone

solutions, followed by paraffin embedding.
Five-um thick serial sections were prepared in
the sagittal (labio-lingual) plane. Three sections
were selected from each specimen. The first
section was obtained from the center of the
tooth. The 2 and 3" sections were obtained 100
pum mesially and distally to the first section,
respectively. The sections were stained with
hematoxylin and eosin (H&E), scanned and
captured using the OLIVIA program (Olympus,
Tokyo).

Histomorphometric analysis

Histomorphometric analysis was performed
on the stained sections using the Image Pro-Plus
program, version 6.0 (Media Cybernetics, USA).
The examined area was localized as shown in
Fig. 1. The a line was parallel to the root surface.
The apical border (b line) and occlusal border
(c line) of the localized area were set by the
lines drawn through the lowest point of the
junctional epithelium and the highest point of
the free gingival margin, respectively. The b and
c lines were perpendicular to the a line (Fig. 1).

Four histopathological indexes (Table 2)
consisting of degree of sulcular epithelium
damage, collagen fiber appearance and
orientation, inflammation and vascular reaction
were modified from Akca et al." and used to

evaluate each stained section.
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Figure 1 Schematic illustration of the localized area of the gingival sulcus and surrounding
periodontium. J = junctional epithelium, S = sulcular epithelium, O = oral epithelium, B =
alveolar bone, P = periodontal lisgaments, R = root surface. The a line is parallel to the
root surface, b line = apical border of the localized area that was set at the lowest point
of the junctional epithelium, c line = occlusal border of the localized area that was set at

the highest point of the free gingival margin, b and c lines are perpendicular to the a line.

Table 2 Histopathological index [modified from Akca et al.’]

Score Degree of sulcular epithelium damage
0 No damage (epithelium is attached to the connective tissue.)
1 Slight damage (epithelium attachment to connective tissue is disrupted.)
2 Moderate damage (epithelial desquamation is evident.)
5 Severe damage (epithelium is completely detached from the connective
tissue.)
Score Collagen fiber appearance and orientation
0 No alteration in connective tissue (collagen fibers intact and orientation
normal)
1 Minor alteration in the connective tissue (collagen fibers intact but

orientation disrupted)
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Table 2 Histopathological index [modified from Akca et al.'] (continue)

Score Collagen fiber appearance and orientation (Continue)
2 Moderate alteration in connective tissue (collagen fibers disrupted and
fragmented, but identifiable; orientation of fibers disrupted)
3 Severe alteration in connective tissue (collagen fibers are not identifiable;
the region appears as an amorphous mass)
Score Inflammation (Cells were counted under a 40X object magnification)
0 No inflammation
1 Slight inflammation [minor inflammatory cells in the region, < 10 cells/
localized area (40X)]
2 Moderate inflammation [identifiable inflammatory cells in the region,
10 - 50 cells/localized area (40X)]
3 Severe inflammation [abundant inflammatory cells in the region, > 50
cells/localized area (40X)]
Score

Vascular reaction (Cells were counted under a 40X object magnification)

Normal, no vasodilation, no congestion

Small amount of congested blood vessels [< 10 vessels/localized area
(40X)]

Moderate amount of congested blood vessels [10 - 20 vessels/localized
area (40X)]

Large amount of congested blood vessels [> 20 vessels/localized area
(40X)] or dilated blood vessels

Statistical Analysis

The data were collected and analyzed
using the SPSS program for Windows, version 17.0
(SPSS, Chicago, IL, USA). For the in vitro study,
the results were expressed as mean + standard
deviation. The percentage of cell viability was

statistically analyzed by two-way analysis of

variance (ANOVA) and the Bonferroni multiple
comparison test. For the in vivo study, the results
were expressed as median and interquartile range.
The scores of each index were analyzed by the
Kruskal-Wallis test to evaluate the differences
between groups. Values of p < 0.05 were

considered as significant.
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Cytotoxicity of the local hemostatic agents
on gingival fibroblasts

The mean pH of Dent-Chula100® and

Racestyptine was 1.79 + 0.01 and 0.97 + 0.09,

respectively (Table 1). Racestyptine significantly

decreased the gingival fibroblast cell viability at

concentrations of 2.5 %, 5.0 % and 10.0 % (v/v),
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while Dent-Chula100° significantly decreased cell
viability at concentrations of 5.0 % and 10.0 %
(v/v), compared with the untreated group
(p < 0.05, Fig. 2). Moreover, at concentrations of
2.5 %, 5.0 % and 10.0 % (v/v), the viability of
Dent-Chula100-treated gingival fibroblast group
was significantly higher than that of the
Racestyptine-treated group (p < 0.05, Fig. 2).
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Figure 2 Percentage of cell viability of human gingival fibroblasts treated with the local hemostatic

agents for 15 minutes and incubated with growth medium for 24 h (MTT assay). Bars labeled

with # indicates statistically significant difference between treated and control groups
(p < 0.05, N = 3). Bars labeled with different letters (a, b) indicates statistically significant
difference between the Dent-Chula100® and Racestyptine-treated groups (p < 0.05, N = 3).

At concentrations of 0.1 % and 1.0 %
(v/v), the pulpal fibroblast viability in both local
hemostatic agent groups was not significantly
different from the untreated group. However,
at higher concentrations, a significant difference

was detected. Dent-Chula100® and Racestyptine

significantly decreased pupal cell viability at
concentrations of 2.5 %, 5.0 % and 10.0 % (v/v)
compared with the control (p < 0.05, Fig. 3).
However, there were no significant differences
between the Dent-Chula100® and Racestyptine

groups at any concentration (Fig. 3).
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Figure 3 Percentage of cell viability of human pulpal fibroblasts treated with the local hemostatic

agents for 15 minutes and incubated with growth medium for 24 h (MTT assay). Bars labeled

with # indicates statistically significant difference between treated and control groups

(p < 0.05, N = 3). Pulpal fibroblast cell viability was not significantly different between the

Dent-Chula100® and Racestyptine-treated groups at any concentration (N = 3).

Gingival and periodontal tissue response to
the local hemostatic agents

No animals died during or after the
experiment. Seven days after treatment,
clinically healthy gingiva was observed in all
groups. The histopathologic assessment was
evaluated based on 4 criteria; degree of sulcular
epithelium damage, collagen fiber appearance
and orientation, inflammation and vascular
reaction.

The percentages of normal sulcular
epithelium observed in the control group,
Dent-Chula100® and Racestyptine groups were
50 %, 37.5 % and 37.5 %, respectively. The scores

of the degree of sulcular epithelium damage

102

were not significantly different between the
control, Dent-Chula100® and Racestyptine groups
(Table 3). In all the groups, 100 percent normal
collagen fiber appearance and orientation was
observed (Table 4, Fig. 4). The Dent-Chula100®
and Racestyptine groups demonstrated slightly
more inflammation and amount of congested
blood vessels than those of the control group.
However, the scores of the inflammation and
vascular reaction of the control, Dent-Chula100®
and Racestyptine groups were not significantly
different (Tables 5 - 6, Fig. 4). Taken together,
these results indicate that the control group had
a slightly healthier tissue appearance than that
of the Dent-Chula 100° and Racestyptine groups.
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Table 3 Sulcular epithelium damage

Groups Degree of sulcular epithelium damage
Score =0 Score =1 Score = 2 Score =3 Median Interquartile
(N) (N) (N) (N) range
Control 4 3 1 0 0.5 1
(N =28)
Dent-Chula100" 3 a 1 0 1 1
(N =28)
Racestyptine 3 3 2 0 1 1.25
(N =8)

Table 4 Collagen fiber appearance and orientation

Groups Degree of sulcular epithelium damage
Score =0 Score =1 Score = 2 Score =3 Median Interquartile
(N) (N) (N) (N) range

Control 8 0 0 0 0 0

(N =8)

®

Dent-Chula100 8 0 0 0 0 0

(N =18)

Racestyptine 8 0 0 0 0 0

(N =18)

Table 5 Inflammation

Groups Degree of sulcular epithelium damage
Score =0 Score =1 Score = 2 Score =3 Median Interquartile
(N) (N) (N) (N) range

Control 5 3 0 0 0 1

(N =28)

®

Dent-Chula100 4 4 0 0 0.5 1

(N =8)

Racestyptine 3 5 0 0 1 1

(N =8)
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Table 6 Vascular reaction

Groups Degree of sulcular epithelium damage
Score =0 Score = 1 Score = 2 Score =3 Median Interquartile
(N) (N) (N) (N) range
Control 2 1 3 2 2 1.5
(N =28)
Dent-Chula100” 0 2 3 3 2 1.25
(N =28)
Racestyptine 0 2 2 [ 3 1
(N =8)

Figure 4 Representative histopathological images of the gingival sulcus of the control group (a, d),
Racestyptine group (b, e) and Dent-Chula100® group (c, ) 7 days after treatment at 10X
magnification (a - ¢) and 40X magnification (d - f). Normal appearance of the sulcular and
Jjunctional epithelium is present in all groups. Normal appearance of the collagen fiber
orientation is also seen. Inflammatory cells are rarely seen in any group. Dilated and
congested capillaries are present in the Racestyptine and Dent-Chulal100®-treated groups.
J = junctional epithelium, S = sulcular epithelium, O = oral epithelium, C = connective
tissue, R = root surface, black arrowheads = congested capillaries, scale bar = 100 um
(@-c), 50 um (d - f).
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Discussion

Local hemostatic agents have been used
in operative and prosthodontic dentistry for
hemostasis and in retraction cord used in the
temporary displacement of the free gingival
margin. Both clinical and animal studies have
shown that gingival retraction methods tend to
produce transient damage to the gingival sulcus
epithelium, junctional epithelium and the
underlying gingival tissue.” Consequently,
gingival fibroblasts can be directly exposed to
local hemostatic agents via the disruption of the
epithelial layer by the retraction procedure.””
In addition to its use in retraction cord for the
temporary displacement of the gingival margin,
local hemostatic agents are also used to control
pulp bleeding before direct pulp capping and
pulpotomy procedures.”™ Therefore, the
cytotoxicity of the hemostatic agents on human
gingival fibroblasts and dental pulp fibroblasts
was evaluated in our study.

The clinical application of gingival
retraction cord is usually not longer than 10
minutes.” However, local hemostatic agents can
remain in the gingival sulcus after removing the
retraction cord. To confirm the toxicity and
biocompatibility of the two hemostatic agents in
our study, we used an exposure time of 15
minutes in our in vitro and in vivo studies.

Cytotoxicity evaluation is necessary to
assess the biocompatibility of dental materials’.
According to I1SO 10993-5, the MTT assay is an
acceptable method to evaluate the cytotoxicity
of a biomaterial. This assay measures the

conversion of a yellow water-soluble MTT dye

into a purple formazan crystal that is produced
by active mitochondria.” This colorimetric
method is recommended as an economic,
accurate and reliable test for cytotoxicity
determination.®” The MTT test not only evaluates
cell - biomaterial interaction, but also relates to
the number of viable cells.”” In our study, the
MTT assay was used to determine the viability
of cells after exposure to local hemostatic agents.
Aluminum chloride, the active ingredient in
Dent-Chula100® and Racestyptine, has been
reported to be an effective and commonly used

17,21,22

hemostatic agent. The hemostatic effect of
aluminum chloride is due to its aluminum ions,
which act primarily by precipitating tissue proteins
and inhibiting the transcapillary movement of
plasma proteins.” Moreover, aluminum ions have
no systemic contraindications and few effects on
vasoconstriction.””

The cytotoxicity of Dent-Chula100® and
Racestypine likely results from their active
ingredient, aluminum chloride.”” Acidity is an
important property of aluminum chloride. To
prepare a hemostatic agent, aluminum chloride
is dissolved in alcohol. This reaction turns the
neutral pH of alcohol into a powerful acidic
solution. Thus, higher concentrations of aluminum
chloride results in increased acidity of that
solution. Indeed, we observed that cell
proliferation was not affected at aluminum
chloride pH levels near physiologic pH. In contrast
when the aluminum chloride pH dropped
precipitously at concentrations of 2.5 % and
above, cell cytotoxicity rose in kind. The results
of our study indicated that the local hemostatic

agents, at concentrations of 2.5, 5.0 and 10.0 %
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(v/v) reduced the cell viability of gingival and
pulpal fibroblasts. These results are consistent
with those of Kopac et al. who found that 10 %,
50 % and 100 % (v/v) of 25 % aluminum chloride
in culture medium reduced cell viability.”

In previous animal and clinical studies,
aluminum chloride has been reported to have a
deleterious effect on tissue.””” Used as a
hemostatic agent, aluminum chloride caused
hydrotropic degeneration, hyperemia and an
inflammatory cell infiltration.” However, aluminum
chloride is still the most popular gingival
retraction agent.”” In our study, histomor-
phometric analysis showed that 25 % aluminum
chloride was biocompatible with the sulcular
epithelium and underlying connective tissue
compared with normal saline.

We found that inflammatory cells were
rarely detected in the tissue sections of any group
7 days post-treatment. From our review of the
literature, studies on the effect of aluminum
chloride on the inflammatory cell response are
inconclusive.” Kopac et al. reported that
Racestypine-treated gingival tissue in animals
showed a severe inflammatory cell infiltration 7
days after treatment.’ In contrast, an animal study
by Acka et al. found that aluminum chloride only
induced a slight inflammatory cell infiltration into
the gingival tissue.” Moreover, a clinical study by
de Gennaro et al. revealed that there was no
significant difference in gingival inflammation
between the untreated control group and
aluminum chloride-treated group 7 days post-
treatment.” A possible explanation for this
variation is the differences in immune responses

among rats, dogs and humans.’

A vascular reaction was the only sign of
inflammation present in our histologic results.
A vascular reaction is an early sign of acute
inflammation.” Vasodilation and increased blood
vessel permeability occurring after a chemical
stimulus results in decreased blood flow and
dense packing of red blood cell in capillaries.””
In our study, more congested and dilated
capillaries were found in the Dent-Chula100” and
Racestyptine groups than that of the control
group; however, the difference was not significant.

In our in vivo study, the power analysis
of the four histopathological indices; degree of
sulcular epithelium damage, collagen fiber
appearance and orientation, inflammation and
vascular reaction, were varied. For the
inflalmmation and vascular reaction indexes,
the power analysis, 0.85 and 1.00, respectively,
were acceptable. However, the power analysis
of the collagen fiber appearance and orientation
and degree of sulcular epithelium damage were
low (0 and 0.27, respectively). The reason for this
is that none or very slight differences were
observed between the groups. To achieve the
appropriate power of all 4 indices, 180 animals
for the experimental, commercial and control
groups were required. Therefore, to minimize the
number of animals used in our study, the sample
size was set as eight for each group.

Dent-Chula100” has demonstrated in vivo
biocompatibility at 7 days post-treatment and
did not affect the physical and mechanical
properties of light-cured resin composite filling
materials.” Future clinical studies on the safety
and effectiveness of Dent-Chulal00” are still

required.
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Conclusion

In our in vitro study, Dent-Chula100® had
a cytotoxic effect on human gingival fibroblasts
and pulpal fibroblasts at 2.5 % and 5 % Vv/v,
respectively. However, Dent-Chula100® and
Racestyptine were biocompatible with gingival
tissues seven days after treatment. Our data
suggests that Dent-Chulal100® is a safe local

hemostatic agent.
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Abstract

The purpose of this study was evaluated dimensional accuracy and surface detail reproduction
of polyvinylsiloxanether impression (Identium®light) tested in dry, moist and wet conditions and
compared with addition silicone (Panasil®contact plus X-light) and polyether (Impregum™Penta™Soft).
Ninety samples for each impression were replicated using stainless steel metal die according to
American dental association (ADA) specification No. 19, 30 samples of each condition. Then, (1)
dimensional accuracy of dry and moist samples was done by measuring the average length of the
middle horizontal line of each impression by measuring microscope with 0.001 milimeters accuracy.
Two-way analysis of variance (ANOVA) was used to compare the mean dimensional change of three
impressions in dry and moist condition (Q = 0.05) and studied about time factor by compared length
of line between 1 hours and 24 hours by Paired t-test. (2) Surface detail reproduction of all above
conditions was evaluated following the criteria specified in ADA standard for details reproduction:
clear continuous replication at least 2 of 3 horizontal lines. Furthermore, this research also compared
the amount of defects on impression. The change of length of dimension accuracy test after 24 hours
compare with original model in each impression was signification and condition in dry and moist
impression are not affected to dimensional change. Impegum™Penta™Soft impression in moist
condition was found the most dimensional change value at 24 hours and there is difference in
dimensional accuracy after 24 hours and 1 hours in all types of impression (p < 0.05). In dry conditions,
allimpressions showed a definitive continuous horizontal line with no deformities. In moist conditions,
Identium®light, Panasil°contact plus X-lisht and Impegum™Penta™Soft showed a continuous line
86.7 %, 63.3 % and 100 % respectively. There were no difference in deformities in all three impression
materials. In wet conditions, only the Impegum™Penta™Soft impression passed the ADA standard,

however many deformities were seen. This study shows dimensional change accuracy for three
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impression materials was within ADA standard (< 0.5 %) and the polyvinylsiloxanether impression
showed excellent detail reproduction in dry condition but not as well as Impegum“Penta'Soft in

moist conditions.
Key words: Detail reproduction; Dimensional accuracy; Polyvinylsiloxanether
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Table 1 Properties of three impression materials used in this study

Product Manufacturer Chemical Lot Working Intraoral SO 4823 Color  Consistency
Type time setting (Type) (mm.)
23°c time 35°c
(mins) (mins)
Identium® Kettenbach Vinylsiloxanether 140121 2.00 2.30 3 Violet 42
Light GmbH (VSXE)
Panasil” Kettenbach Vinylpolysiloxane 140951 2.00 2.00 3 Violet 42
contact plus GmbH (VPS)
X-light
Impregum’ 3M ESPE Polyether 31792 245 3.30 3 Violet 36
Penta " Soft (PE)

FUA 1 msiuiluan 1sudadasruimasasoea 1w Iadnun U3 aasiui wisuy

Figure 1 Moist impression with water stain and spray on mold’s surface

FUN 2 msnuiluanrizilenidavevunyasuuvvegliseauu) 0.5 lwuauns

Figure 2 Wet impression with 0.5 centimeters underwater edge
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Figure 3 Impression defects affecting line clarity, i.e. rough surface, void or water stain

JUN 4 myusidlaiiielnfugivaudeunwsoamsesmilinnn tu
Figure 4 Grid for counting defects

JUI 5 seegitunusingueaaukuITivineidesiniaukas liwusimidnsetounnsasuusoeiiun

Figure 5 Clear and continuous impression of lines with no defect on surface
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Table 2 Two-way ANOVA (Test of Between-Subjects Effects)

Test of Between-Subjects Effects

Source Type Il Sum df Mean square F Sig Partial Eta
of Squares Squared
1 Hour
Impression 0.001 2 0 2.787 0.064 0.031
Condition 1.100 1 1.1 0.306 0.581 0.002
Impression*condition 0.003 2 0.002 13.37 0.000 0.133
24 Hours
Impression 0.007 2 0.004 20.58 0.000 0.191
Condition 4.827 1 4.827 0.572 0.450 0.003
Impression*condition 0.003 2 0.001 8.033 0.000 0.085
a = =~ a aa a o a = a ¢ o '
A15NN 3 NITIUAGUUUANUTDE TN INTIIAVDITOENUNING 3 V1R éi/@iQFJ‘Wl/WQf?’J@Z‘lJ 2 YT
Table 3 Showing dimensional change of three impression at two different time
Impegum Panasil Identium
Material Hours N Condition Mean + SD Mean + SD Mean + SD
1 Hour 30 dry 0.0212 + 0.0170 0.0188 + 0.0065 0.0098 + 0.0064
1 Hour 30 moist 0.0108 + 0.0079 0.0209 + 0.0089 0.0208 + 0.0158
24 Hours 30 dry 0.0267 + 0.0165 0.0127 + 0.0096 0.0286 + 0.0094
24 Hours 30 moist 0.0350 + 0.0150 0.0184 + 0.0152 0.0191 + 0.0107
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Table 4 Numbers of defects on impressions in moist and wet conditions

Number of defective impressions (pieces)

Moist Wet
Size of defect (mm.z) per Identium Panasil Impregum Identium Panasil Impregum
area of impression (A) N = 30 N = 30 N = 30 N =30 N =30 N =30
(A =314 mm.)
13to0 15 mm’ 0 0 0 0 3 0
10to 12 mm’ 0 0 0 0 3 0
7to9 mm’ 0 0 0 3 1 1
4to6mm’ 0 0 0 2 11 17
1to3 mm’ 2 a a 25 12 12
Average area (mm°) of
defects on one impression
vy X
X= N 0.13 0.33 0.22 2.6 3.5 3.37
Percentage (%)
100 (%)
314 0.04 0.11 0.07 0.82 1.11 1.07

A= Trr = (3.14x10°) = 314 mm’
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Effect of Herbal Toothpaste Containing Piper betle, Psidium
guajava and Garcinia mangostana on Dental Plaque and
Gingivitis
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Abstract

The aim of this randomized controlled clinical study was to compare the efficacy of herbal

toothpaste containing Piper betle, Psidium guajava and Garcinia mangostana with fluoridated
toothpaste in the reduction of dental plaque and gingival inflammation. Fifty one healthy participants
were randomly allocated to one of two groups, the control group (fluoridated toothpaste) and the
test group (herbal toothpaste). The enclosed label toothpastes and new soft bristled toothbrushes
were distributed to each participant according to their groups. All participants were instructed to
brush their teeth with assigned toothpaste for 2 minutes, 2 times a day for 4 weeks. The plaque index
and gingival index were examined and recorded on the first day (baseline), 14" day and 28" day
(endpoint). The plaque index and gingival index scores were decreased statistically significant in both
groups at the end of the study period (p < 0.05). However, these parameters were not statistically

significant different between the groups.
Key words: Gingivitis; Herbal toothpaste; Plaque control
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Introduction

Plague-induced gingivitis is an inflam-
mation of the gingival tissues resulting from
dental biofilm located at the gingival margin.
If it left untreated with time, the inflammation
may progress and eventually involve the entire
periodontal attachment apparatus of the
affected teeth.” Although, it has been shown
that gingivitis is reversible and the progression to
be periodontitis is not predictable, the prevention
of gingivitis in the population is still the first step
toward preventing periodontitis.”

The mechanical plaque control is an
effective method of controlling supragingival
dental biofilm and gingival inflammation.
To achieve sufficiently low levels of the dental
biofilm, the antimicrobial toothpastes as an
adjunct to tooth brushing are being used to
improve the efficacy of self-performed
mechanical tooth brushing method.” In addition,
various herbal toothpastes are being marketed
and have been used as adjunctive agents to
prevent the gingival inflammation and dental
biofilm accumulation.”

In Thailand, the local herbal ingredients
are used in commercial toothpaste such as
Piper betle, Psidium guajava and Garcinia
mangostana. The microbiologic and experimen-
tal studies demonstrated that Piper betle extract
can inhibit the adherence of dental plaque by
reduction of dental pellicle formation on the
tooth surface. It also increases hydrophobicity of
the bacterial cell membrane resulting in decreased
adherence to the acquired pellicle™ Furthermore,
the experimental study of Piper betle and

Psidium guajava extract revealed that the
biological activities possessed by these extracts
collectively contribute to their positive
antimicrobial effects on the early plaque
bacteria as S. sanguinis, S. mitis and Actinomyces
sp." According to the clinical trial of the gel form
of Garcinia mangostana, there was a significant
reduction in theperiodontal pocket depth in
periodontitis patients.” Besides, the herbal
mouthwash containing pericarp of Garcinia
mangostana demonstrated the reduction of
volatile sulfur compound (VSC) in gingivitis
patients.” Anyway, there is unavailable scientific
document about the effect of herbal toothpaste
containing Piper betle, Psidium guajava and
Garcinia mangostana in plaque control and
reduction of gingival inflammation.

The primary purpose of this study was to
compare the efficacy of herbal toothpaste
containing Piper betle, Psidium guajava and
Garcinia mangostana and fluoridated toothpaste
in the plaque control. The secondary purpose
was to compare the efficacy of the herbal
toothpaste and fluoridated toothpaste in the

reduction of gingival inflammation.

Materials and methods

The ethical approval of the study was
provided by the Ethical Committee Board of
Rangsit University (RSEC 04/2556). Participants’
age between 18 - 35 years, non-smoker and in
good general health were enrolled in this study.
All of the participants were given both verbal
and written information of the study and signed
a consent form. The participants were selected

on the basis of having mild to moderate gingival
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inflammation. Thus, the inclusion criteria were
defined as a whole mouth pre-brushing plaque
index scores” > 1.95 and gingival index” > 0.95
at the baseline. Participants must have no fixed
or removable orthodontic appliance or removable
partial denture. They all had at least 20 teeth
which no large dental caries. The exclusion
criteria included a medical condition with the
history of antibiotic therapy or anti-inflam-
matory medications less than 1 month before
the study. The participants had to refrain from
any non-emergency dental care including
prophylaxis during the study.

Prior to start this clinical trial, a single
examiner who had an experience in periodontal
investigation performed a pilot examination of
periodontal indices used in this study. During the
study period, the random allocation of participants
was generated and blinded from the examiner.
Every one of ten participants was repeated the
periodontal examination in each time point. The
intra-class correlation coefficient test was
calculated for overall. The following indices were
recorded from the buccal and lingual aspects of
each tooth.

1. The gingival index” (Lée and Silness,
1963): score 0 - 3

2. The plaque index” (Tureskey modifica-
tion of the Quigley-Hein index, 1970): score 0 -5

A randomized controlled clinical trial was
performed in parallel group for 28 days home
use protocol. Fifty one participants who fulfilled
the entry criteria were randomly allocated in 2
groups by simple random sampling method. Each
participant used the soft bristled toothbrush

(Systema®, the original, Lion Corporation) and

they were also allowed to use dental floss during
the study. The assigned toothpastes with enclosed
label were distributed to each participant as
following:

- Control group: fluoridated toothpaste
(containing active ingredients as 1,000 ppm
sodium monofluorophosphate 0.76 %, Colgate®,
Colgate-Palmolive)

- Test group: herbal toothpaste (contain-
ing active ingredients as Piper betle, Psidium
guajava and Garcinia mangostana, Abhaibhubejhr®)

All of the participants were instructed to
brush for 2 minutes twice a day, in the morning
and before bedtime. They were demonstrated
to squeeze 1 cm (approximate 1.2 g) of toothpaste
across the bristle of the toothbrush. During the
28 days of this study, the participants were asked
to refrain from using other tooth cleaning
procedures or oral hygiene product. Instruction
brochure and appointment card with contact
number were given to all participants in case of
any doubt or if they experienced any adverse

effect from the toothpaste

Data Analysis

The indices were recorded for each participant
in 3 phases.

1. Baseline: day 0

2. After the initial use of the toothpaste:
14" day

3. End point: 28" day

A whole mouth gingival index and plaque
index, a buccal and a lingual score were
calculated. The normality of data distribution
was assessed with Kolmogorov-Smirnov test and

the homogeneity of variance was tested with
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Levene's test. The paired t-test and the indepen-
dent sample t-test were used for the comparisons
within the groups and between groups in all three

phases.

Fifty one (29 males and 22 females) of
the initial 66 participants completed the 28 days
study period. There were fifteen participants
drop-out throughout this trial. Three individuals
were contacted but declared, they were "too
busy" or "didn’t have time" to come to the 28"

day exam, seven had discomfort using the

herbal toothpaste, one had sinus tract opening
in his mouth due to pulpal disease and four
discontinued using the toothpaste by themselves.
The drop-out subjects were examined and
received a prophylaxis, but the pertaining data
were not included in the statistical analyses.

Table 1 shows the mean age and gender
in the test group (N = 25) and control group
(N = 26). The mean age of the control group was
2527 + 533 and 27.16 + 7.05 in test group.
There was no significant difference between the
groups with regard to age (p = 0.46) and gender
(p = 0.284).

Table 1 Gender and means age of the participants in both groups

Gender
Groups Mean age
Female (N) Male (N)
Test group 12 13 27.16 + 7.05
Control group 10 16 25.27 + 5.33

The mean PI of the control group and
the test group at baseline, 14" and 28" days were
shown in Table 2. The whole mouth PI

significantly decreased from baseline toward the

endpoint in both groups (p < 0.05). However,
there was no significant difference between the

groups.

Table 2 Mean of Whole mouth plaque index score and comparisons within and between the groups

at baseline, 14" day, and endpoint

Pl score

Whole mouth Herbal toothpaste Fluoridated toothpaste p (***)
(Mean + SD) N =25 N =26

Baseline 261 +0.71 2.74 + 0.80 0.54
14" day 217 + 0.67* 2.30 = 0.65*% 0.50
p(*) < 0.001 < 0.001
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Table 2 Mean of Whole mouth plague index score and comparisons within and between the groups

at baseline, 14" day, and endpoint (continue)

Pl score

Whole mouth Herbal toothpaste Fluoridated toothpaste p (***)
(Mean + SD) N =25 N =26

Endpoint 2.05 + 0.67** 2.14 + 0.63** 0.62
p (**) < 0.001 < 0.001 0.50

Significant p < 0.05: * = pair sample t-test at baseline and 14" day, ** = pair sample t-test at baseline and endpoint, *** = indepen-

dent sample t-test

Table 3 presented means of gingival index and the control groups, but the comparison
score and comparisons between the groups at between the groups revealed no statistical
baseline, 14" and 28" day (endpoint). The gingival ~ difference.

index scores significantly decreased in the test

Table 3 Means of Gingival index score and comparisons within and between the groups at baseline,
14" day and endpoint

Gl score

Whole mouth Herbal toothpaste Fluoridated toothpaste p (***)
(Mean * SD) N =25 N =26

Baseline 1.76 + 0.38 1.81 + 0.39 0.63
14" day 1.52 + 0.25* 1.53 + 0.23* 0.81
p (% < 0.001 < 0.001

Endpoint 1.46 + 0.23* 1.44 + 0.26* 0.87
p (%) < 0.001 < 0.001

Significant p < 0.05: * = pair sample t-test at baseline and 14" day, ** = pair sample t-test at baseline and endpoint, *** = indepen-

dent sample t-test
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Discussion

Nowadays, the interest in alternative
toothpaste based on plant extracts has increased.
Previous in vitro studies shown the antimicrobial
properties of several of herbal extracts.””
However, there are limited clinical studies
available regarding the efficacy of herbal
toothpastes. This randomized controlled clinical
trial aimed to compare the efficacy of containing
Piper betle, Psidium guajava and Garcinia
mangostana with fluoridated toothpaste on
reduction of dental plaque and gingival
inflammation. The results demonstrated that
plaque index and gingival index scores at
baseline, 14" day and 28" day (endpoint) were
statistically significant decreased in both groups
of herbal toothpaste and the conventional
fluoridated toothpaste, but the statistical
difference between groups was not found. This
is in accordance with the previous clinical study
by Ozaki et al.”, which assessed the efficacy of
herbal toothpaste on the reduction of plaque
and gingivitis for 28 days. The herbal toothpaste
containing active ingredients as chamomile,
Echinacea, sage, myrrh and peppermint oil
(Parodontax”) was compared to the positive
control group usage the fluoridated toothpaste
with tricosan.” They reported a significant
reduction in plaque index and gingivitis in both
groups, but there was no statistically significant
difference between the groups. This is in

17

agreement with the studies by Saxer et al.
Mullaly et al.” that the plague index and gingival
index were significantly reduced in the

herbal-based toothpaste (Parodontax”), as well

as in the conventional toothpaste group, but
there were no statistically significant difference
was found between the groups. Pannuti
et al.” performed a 21-day clinical study to
evaluate the effect of herbal toothpaste
(Parodontax”) and the standard toothpaste.
Although, the result showed no significant
reduction in plaque index within groups, but the
herbal toothpaste product provided a significant
reduction in gingivitis. Another herbal toothpaste
study by George et al.”, presented that the
herbal toothpaste containing eucalyptus and
lemon extracts (Colgate” herbal) to be as
effective as the non-herbal toothpaste in the
reduction of gingivitis. Jayashankar et al.”
compared the efficacy between the mixture of
Indian herbal toothpaste (Sudantha®) and
placebo in terms of reduction on plaque index,
bleeding on probing and probing depth. The
result demonstrated that the evaluated
parameters were decreased significantly within
herbal toothpaste group at 4, 8 and 12 weeks
when compared to baseline, but the placebo
group did not show any statistically significant
improvement in all parameters.

Various clinical trials demonstrated the
comparable effect of herbal toothpaste to
conventional fluoridated toothpaste as mentioned
above. The active ingredients in herbal toothpaste
are claimed as anti-inflammatory effects, while
the major property of fluoridated toothpaste is
to prevent dental caries. As the reason of standard
oral care, the control group in this study was
allocated to use the fluoridated toothpaste.
At the end of this study, the plaque index and

gingival index score were decreased statistically
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significant within both groups. The reason might
be the benefit of mechanical plaque control
combined with toothpaste. Thus the reduction
of gingival inflammation was the consequence
from the mechanical plaque control resulting in
reduction of dental plaque.

In this study, seven participants had some
discomfort after brushing with the assigned
herbal toothpaste. They were advised to disuse
the product at once and the oral examination
were performed by the investigator. The oral sign
and symptom were recorded including mucosal
redness, dry mouth and alteration of taste
sensation. After cessation of toothpaste, the
unpleasant effects disappeared. These effects
might be the allergic effects from the toothpaste
ingredients. The review study by Zirwas and Otto”
demonstrated that the most common allergen
was the flavoring agents, especially cinnamon,
spearmint, peppermint carvone and anethole.
The fifth most common allergen is the parabens
which be used as preservatives in many over the
counter products. The herbal toothpaste used
in this study contains methylparaben and
propylparaben, which might cause the allersic
reactions. While, the fluoridated toothpaste is
paraben free. Nevertheless, these participants
were not received the allergic test, thus the
conclusion of allergy was still unclear.

Many clinical trials used multiple
examiners to help collect data. In those situations,
examiners need to be trained systematically and
calibrated with each other to be a standard
examiner. The reason that this study was carried
out by one examiner was to avoid inter-

examiner variable. Repetition measurement and

intra-class correlation coefficient test (ICC) were
also performed to assess the intra-examiner
reliability. The present study demonstrated an
overall ICC as 0.78 which is acceptable, but the
ICC in each time point was not presented. The
lacking of inter-observational due to single
examiner might be the weakness point of present
study. Moreover, using only one examiner is time
consume and difficult in schedule arrangement.

In conclusion, the herbal toothpaste and
the fluoridated toothpaste are effective in
reduction of dental plaque and gingivitis, although
there is no additional benefit of the herbal
toothpaste over the fluoridate toothpaste could
be observed. However, with the limitations of
this clinical study, the more sample size and
long-term study may be required to prove the
effectiveness of this herbal toothpaste in

reduction of plaque and gingivitis.

References

1.L6e H, Theilade E, Jensen SB. Experimental
gingivitis in man. J Periodontol 1965;36:177-
87.

2.Lang NP, Cumming BR, Loe H. Toothbrushing
frequency as it relates to plaque development
and gingival health. J Periodontol 1973;44:396-
405.

3.Brecx MC, Frohlicher |, Gehr P, Lang NP.

Stereological observations on long-term

experimental gingivitis in man. J Clin
Periodontol 1988;15:621-7.

4.Burt B. Research, Science and Therapy
Committee of the American Academy of
Periodontology. Position paper:

epidemiology of periodontal diseases.

130 J DENT ASSOC THAI VOL. 66 NO. 2 APRIL - JUNE 2016



J Periodontol 2005;76:1406-19.

5.Davies RM, Ellwood RP, Davies GM. The
effectiveness of a toothpaste containing
triclosan and polyvinyl-methyl ether maleic
acid copolymer in improving plaque control
and gingival health: a systematic review.
J Clin Periodontol 2004;31:1029-33.

6. Wu CD, Savitt ED. Evaluation of the safety and
efficacy of over-the-counter oral hygiene
products for the reduction and control of
plagque and gingivitis. Periodontol 2000
2002;28:91-105.

7.Maldupa I, Brinkmane A, Rendeniece |,
Mihailova A. Evidence based toothpaste
classification, according to certain
characteristics of their chemical composition.
Stomatologija 2012;14:12-22.

8.Dhingra K. Aloe vera herbal dentrifices for
plague and gingivitis control: a systematic
review. Oral Dis 2014;20:254-67.

9. Razak FA, Rahim ZH. The anti-adherence effect
of Piper betle and Psidium guajava extracts
on the adhesion of early settlers in dental
plague to saliva-coated glass surfaces.
J Oral Sci 2003;45:201-6.

10. Razak FA, Othman RY, Rahim ZH. The effect
of Piper betle and Psidium guajava extracts
on the cell-surface hydrophobicity of
selected early settlers of dental plaque.
J Oral Sci 2006;48:71-5.

11.Fathilah AR. Piper betle L. and Psidium
guajava L. in oral health maintenance. J Med
Plant Res 2011;5:156-63.

12.Rassameemasmaung S, Sirikulsathean A,
Amornchat C, Maungmingsook P, Rojanapan-

thu P, Gritsanaphan W. Topical application of

Garcinia mangostana L. pericarpgel as an
adjunct to periodontal treatment.
Complement Ther Med 2008;16:262-7.

13.Rassameemasmaung S, Sirikulsathean A,
Amornchat C, Hirunrat K, Rojanapanthu P,
Gritsanapan W. Effects of herbal mouthwash
containing the pericarp extract of Garcinia
mangostana L on halitosis, plaque and
papillary bleeding index. J Int Acad
Periodontol 2007;9:19-25.

14.Loe H, Silness J. Periodontal disease in
pregnancy |. Prevalence and severity. Acta
Odontol Scand 1963;21:533-51.

15. Turesky S, Gilmore ND, Glickman I. Reduced
plaque formation by the chloromethyl
analogue of victamine C. J Periodontol
1970;41:41-3.

16.Ozaki F, Pannuti CM, Imbronito AV, Pessotti
W, Saraiva L, de Freitas NM, et al. Efficacy of
a herbal toothpaste on patients with
established gingivitis - a randomized controlled
trial. Braz Oral Res 2006;20:172-7.

17. Saxer UP, Menghini G, Bohnert KJ, Ley F. The
effect of two toothpastes on plaque and
gingival inflammation. J Clin Dent 1995;6:154-
6.

18. Mullaly BH, James JA, Coulter WA, Linden GJ.
The efficacy of a herbal-based toothpaste on
the control of plaque and gingivitis. J Clin
Periodontol 1995;22:686-9.

19. Pannuti CM, Mattos JP, Ranoya PN, Jesus AM,
Lotufo RF, Romito GA. Clinical effect of a
herbal dentifrice on the control of plaque
and gingivitis: a double-blind study. Pesqui
Odontol Bras 2003;17:314-8.

20. George J, Hegde S, Rajesh KS, Kumar A. The

Benjasupattananan et al., 2016 131



efficacy of a herbal-based toothpaste in the the effects of a herbal toothpaste on gingival

control of plaque and gingivitis: a clinico- bleeding, oral hygiene and microbial variables.

biochemical study. Indian J Dent Res Ceylon Med J 2011;56:5-9.

2009;20:480-2. 22.Zirwas MJ, Otto S. Toothpaste allergy
21. Jayashankar S, Panagoda GJ, Amaratunga EA, diagnosis and management. J Clin Aesthet

Perera K, Rajapakse PS. A randomised Dermatol 2010;3:42-7.

double-blind placebo-controlled study on

132 J DENT ASSOC THAI VOL. 66 NO. 2 APRIL - JUNE 2016



Original Article

Effectiveness of Caries Infiltration and CPP-ACP Containing Paste
on Color Change and Surface Hardness of Artificial White Spot
Enamel Lesions

Patchareeya Pintanon’, Vanthana Sattabanasuk’ and Danuchit Banomyong’

1Department of Operative Dentistry and Endodontics, Faculty of Dentistry, Mahidol University, Bangkok, Thailand

Correspondence to:
Vanthana Sattabanasuk. Department of Operative Dentistry and Endodontics, Faculty of Dentistry, Mahidol University, Yothi Road,

Rajthewee District, Bangkok 10400 Thailand. Tel: 02-2007825 Fax: 02-2007824 E-mail: vanthana.sat@mahidol.ac.th

Abstract

Initial enamel caries is characterized as a whitish colored area with subsurface porosities that
may have progressed to a more advanced lesion. Several approaches have been proposed to
manage the non-cavitated enamel caries at different levels. This study aimed to determine the
color improvement and surface hardness recovery of artificial white spot lesions after two
conservative treatments - caries infiltration (Icon) and CPP-ACP containing paste (Tooth Mousse).
Enamel carious lesions on extracted human premolars were created and underwent the two
respective treatments following each manufacturer’s instructions. Groups with or without lesion
formation, but no further treatments, were included as negative and positive controls. All specimens
were subjected to the demineralization-remineralization pH cycles at 37 °C for 8 weeks. At
designated time points, the surface microhardness of the lesions was assessed using Vickers diamond
indenter and the difference in color of the lesions to the time before treatment was evaluated using
a spectrophotometer. The lesions were also microscopically observed from both top and
cross-sectional views using SEM. Parametric and non-parametric statistics were conducted to analyze
all data at 95% confidence level. Surface hardness of the lesions decreased significantly after artificial
enamel caries formation. Following the caries infiltration treatment, hardness value recovered
immediately and maintained throughout the period of pH cycles, even though not be comparable
to that of the positive control. Difference in color of the lesions could be significantly detected after
single treatment of the resin material. On the other hand, daily application of CPP-ACP containing
paste did not regain the surface hardness of the lesions and the color change could not be
significantly observed within 8 weeks of pH cycle. In conclusion, the caries infiltration is superior to
the CPP-ACP treatment in color and surface hardness improvements of artificial white spot enamel

lesions.
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Introduction

Dental caries is one of the major infectious
diseases affecting oral health, especially in
children and adolescent populations.” The
process of dental caries is initiated by an
accumulation of a complex microbial
community, termed as ‘dental biofilm’, on the
tooth surface, subsequently creating a unique
microenvironment. Frequent consumption of
high-sugar diet, for example, can increase the
acidity of such an environment, which in turn
disrupts the homeostasis of closely packed
bacterial plaque.” As supported by the ecological
plaque hypothesis, a shift in the plaque
microflora to the high proportion of acid-
producing (acidogenic) and acid-resistant (aciduric)
bacteria causes the decrease of pH at the tooth
surface and therefore, initiates the caries-
conducive conditions.” If the pH of interstitial
plaque fluid falls below the critical pH of 5.2- 5.5,
the dissolution of enamel minerals, mainly
apatite crystals, can occur. Conversely, once the
pH rises above the critical pH, dissolution will
cease. Repeated demineralization process would
then result in a formation of enamel caries, where
increasing intercrystalline spaces and porosities
of enamel surface can be detected.”

Characteristics of enamel carious lesions
comprise the subsurface body of the lesion, which
is porous and shows high degree of
demineralization and the outermost surface
layer, which contains high mineral content.” Thus,
initial enamel caries is usually non-cavitated and
detected as a subsurface demineralized zone

underneath the intact remineralized surface. The

clinical signs of enamel caries are the so-called
‘white spot’ lesions due to the difference of the
refractive indices of adjacent sound enamel and
air or electrolytes contained in the porosities of
the lesion.” A greater proportion of the incoming
light is scattered, resulting to the whitish look of
enamel caries compared with the surrounding
normal enamel. The white spot lesions are an
esthetic point of concern for the patients and
several treatment methods have been proposed
to manage this unpleasing appearance.”’

Currently, the concept of minimal
intervention in restorative dentistry has been
widely accepted. Initial enamel caries should be
detected as early as possible to promote the
remineralization before a cavitation occurs as
well as to stop the progression of the lesions by
conservative treatments. A number of noninvasive
or microinvasive procedures have been introduced
to both arrest caries progression (or further
remineralize the lesion) and also improve the
esthetic appearance in a suitable period of time.”
One modality is the use of casein phosphopep-
tide-amorphous calcium phosphate (CPP-ACP)
containing agents. CPP-ACP nanocomplexes are
milk-derived compounds, in which amorphous
calcium phosphate is stabilized. CPP-ACP has
been shown to reduce demineralization and
promote remineralization of initial carious lesions
by elevating the level of free calcium and
phosphate ions at the tooth surfaces.” Also,
clinical studies have confirmed the efficacy of
CPP-ACP containing paste in reducing the area
of enamel white spot lesion after daily application
for 4-12 weeks.”

Another conservative approach for the
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treatment of initial lesions is the caries infiltration.
This technique aims to arrest the progression of
the initial enamel caries by filling up the
subsurface porosities of the lesions with a low-
viscosity, light-curing material, so-called resin
infiltrants.” The conjugated features would block
the diffusion pathways for acids to further dissolve
the mineral contents of enamel, hence
preventing the progression of caries.” Moreover,
caries infiltration of the initial enamel lesions is
also useful for esthetic reasons. As the infiltrant
has a visual appearance similar to normal
enamel with the relatively slight difference
between both refractive indices, light scattering
at the surface can be modified and the white
spot lesions can, therefore, be masked and
become less noticeable.”"

Regarding the previous information, the
use of either CPP-ACP or caries infiltration
treatment is likely to potentially protect the
enamel caries from further acid challenge and
esthetically improve the appearance of the
lesions. As there is still no literature comparing
the effectiveness of both strategies, it is
noteworthy to investigate such benefits of these
two conservative approaches. The aims of this
in vitro study, therefore, were to assess the
masking ability on artificial white spot lesions by
means of CPP-ACP remineralizing paste and the
caries infiltration technique and also to evaluate
the protective capability of both treatments to
prevent the lesions from acid attack under pH
cycle regimen. The null hypotheses were that
there would be no difference in the color change

and in the surface hardness of enamel white spot

lesions, for either the use of CPP-ACP containing
paste or caries infiltration, at different evaluating

time points up to 8 weeks of pH cycle.

Materials and methods

Figure 1 shows the overall flowchart
illustrating the specimen preparation in the
current observation. Intact, non-carious, non-
restored human upper premolars extracted for
orthodontic purposes were collected as the
substrate with the protocol ethically approved
by the Institutional Review Board (MU-DT/PY-IRB
2014/DT 086). The teeth were stored in 0.1 %
thymol solution at 4 °C and used within 6 months
following extraction. Soft tissues and/or calculus
were removed and the enamel surfaces were
polished with pumice-water slurry using a rubber
cup mounted in a slow-speed handpiece.
Verification of enamel defects under magnification
loupes (x3.5) was performed and the teeth with
defects, previous demineralization or cracks were
excluded from the study. Roots were cut at the
cementum-enamel junction and the crowns were
buccolingually sectioned into halves using a
diamond blade under water coolant (IsoMet;
Buehler, Lake Bluff, IL, USA). Each half was
embedded in acrylic block with the proximal
surface facing outside and then polished as little
enamel as possible with wet 4000-grit silicon
carbide (SiC) abrasive paper, exposing
approximately 1x1 mm’ flat area of the enamel
surface. Two layers of acid-resistant nail varnish
were coated, leaving a window of polished

enamel surface.
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Figure 1 Flowchart of specimen preparation

1. Artificial white spot lesion formation

One group of the specimens was not
processed to the formation of artificial white spot
lesion, served as a positive control. For the
remaining specimens, white spot lesion at the
unprotected area was created by immersion of
an individual in @ 2 mL demineralizing solution,
modified from Mukai and others”, containing 50
mM acetic acid, 1.5 mM CaCl, and 0.9 mM KH,PO,
adjusted to pH 5.0 with 1M KOH, at 37 °C for 14
days. After the period, the specimens were
removed from the solution, rinsed with distilled
deionized water (DDW) for 1 min and blot dried
with absorbent paper. To produce a naturally
mimicking surface layer of white spot lesions, the
demineralized specimens were individually placed
in a 2 mL remineralizing solution” containing 1.5
mM CaCl,, 0.9 mM KH,PO,, 130 mM KCl and 20
mM HEPES adjusted to pH 7.0 with 1M KOH, at

37 °C for further 7 days, then again rinsed
thoroughly with DDW after immersion. The pH
was periodically monitored using a pH meter
(Orion 3-Star; Expotech USA, Houston, TX, USA),
and the respective solutions were renewed

daily after each immersion.

2. Treatments of the artificial white spot lesion

One group of the specimens with artificial
white spot lesions was left untreated, served as
a negative control. The remaining specimens
after lesion formation were randomly treated by
either resin infiltration material (Icon; DMG,
Hamburg, Germany) or CPP-ACP containing paste
(Tooth Mousse; GC Corporation, Tokyo, Japan)
following each manufacturer’s instructions.
Caries infiltration was done to the lesions only
one time prior to the pH cycle as described

below, while the CPP-ACP containing paste was
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applied before the remineralization step of the

pH cycle process at each day. The materials used,

Table 1 List of materials used in the study

compositions and treatment procedures are
listed in Table 1.

Material Compositions

Treatment procedures

Resin infiltration material - Icon

Icon-Dry: 99% ethanol

(DMG, Hamburg, Germany)
initiators, stabilizers

CPP-ACP containing paste - Tooth Mousse

(GC Corporation, Tokyo, Japan)

Icon-Etch: 15-20% hydrochloric acid

Icon-Infiltrant: TEGDMA-based resin,

Recaldent® CPP-ACP, glycerol, D-sorbitol,
water, sodium carboxymethyl cellulose,
propylene glycol, xylitol, sodium saccha-

Apply Icon-Etch and leave undisturbed for
2 min; remove using high-power suction
and rinse thoroughly with air-water spray
for 30 s.

Apply Icon-Dry for 30 s and dry for 5 s.
(repeat the etching process if the white
spot lesions are still visible after the
application of Icon-Dry)

Apply Icon-Infiltrant and let set for 3 min;
remove excess material with microbrush
and light-cure for 40 s; reapply and leave
for 1 min; light-cure for 40 s; gently finish
the surface using Astropol polishing
system.

Apply 0.01 ¢ of CPP-ACP containing paste
and leave in place for 5 min; wipe away
with cotton pellet.

rine, phosphoric acid, guar gum, silicon

dioxide, titanium dioxide, zinc oxide,

ethyl paraben, butyl paraben, propyl

paraben

CPP-ACP = Casein phosphopeptide-amorphous calcium phosphate; TEGDMA = Triethylene glycol

dimethacrylate

3. Regimen of pH cycle

Each group of the specimens - intact
enamel (positive control), white spot lesion
(negative control) and white spot lesions treated
with either resin infiltration material or CPP-ACP
paste - was subjected to a pH cycle to simulate
the demineralizing-remineralizing cycle in the
oral cavity. For each one-day cycle, the specimens
were separately immersed in the demineralizing
solution for 6 h and in the remineralizing solution
for 18 h at 37 °C. During each change, the

specimens were rinsed with DDW for 1 min, blot
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dried with absorbent paper and then immersed
in the new respective solutions. The pH cycle
process was repeatedly performed for a total of

8 weeks.

4. Evaluation of the color change of artificial
white spot lesion

Twenty specimens of each group were
employed in this part of the study. The color of
each specimen was measured using a
spectrophotometer (Spectro Shade Micro; MHT
ltaly S.p.A, Verona, Italy) at each designated time
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point. Each specimen was rinsed, blot dried and
the lesion color was measured immediately to
prevent any influences from surface dehydration.
The images were captured at the same position
and analyzed using the software (SpectroShade
software version 2.40; MHT Italy S.p.A). The values
of L* (difference in lightness), a* (green-red
coordinate) and b* (blue-yellow coordinate) were
recorded and the color change (AE*) was

calculated according to the following equation:

AE; v =Ly, =Ly )+ —ay ) + by by )’

where AE* is the color difference of artificial white
spot lesion at each of the designated evaluating
time points (T), i.e., immediate after treatment
(T), 1 day (T,), 1 week (T,), 2 weeks (T,), 4 weeks
(T.), 6 weeks (T,), and 8 weeks (T,) after treatment,

to the time before treatment (T,).

5. Measurement of surface hardness

One hundred and fifty specimens were
used in this part - 35 each for white spot lesion
groups with treatments and 40 each for positive
and negative control groups. Prior to the test,
baseline surface microhardness was assessed to
verify that all specimens had Vickers hardness
number (VHN) in the range of sound enamel
(370-420 VHN)." The specimens were then assigned
to each subgroup in balanced manner (4 groups
and 8 time points, in which the same specimens
were used at both T, and T, for the positive and
negative controls). The formation of artificial white
spot lesion, the application procedures of each
treatment and the pH cycle regimen were

performed as described previously. At each time

point, the surface microhardness was determined
using a fully automatic tester with Vickers diamond
indenter under a microscope at x500
magnification (Model ARS 9000; Future-Tech
Corporation, Kanagawa, Japan). A load of 100 ¢
was applied onto the surface for 15 s. Three
indentations, 100 um apart, were made and the
average VHN was calculated to represent hardness

value of each specimen.

6. Scanning electron microscopic (SEM)
assessment

The representative specimens from each
tested subgroup were sectioned vertically into
halves through the middle of the area of interest.
One half was used to observe the surface
morphology from top view. Cut surface of
another half was lightly polished with a series of
increasingly finer grit-size of SiC abrasive papers,
followed by a diamond suspension down to 1
pm and used to microscopically inspect the
cross-sectional view of the surface. All specimens
were rinsed with DDW, dried, mounted on
aluminium stubs and sputter-coated with gold,
then examined under a scanning electron
microscope (JSM 6610 LV; JEOL, Tokyo, Japan).

7. Statistical analysis

Collected data were analyzed using a
statistical software system (SPSS 17.0; SPSS,
Chicago, IL, USA). The central tendencies of AE*
and VHN values were calculated. Non-
parametric Kruskal-Wallis, Wilcoxon signed-rank
and Mann-Whitney U tests were carried out for
analysis of the color difference within and

between subgroups as the Shapiro-Wilk test did
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not assume the normal distribution of all AE*
data. For hardness values, parametric One-way
ANOVA with Dunnett’s T3 multiple comparison
test was used since Levene’s method indicated
heterogeneity among the variances. The

significance level was set at p < 0.05.

1. Color change of artificial white spot lesion
Line graph presenting medians, including

the first and third quartiles, of AE* values between

30 T
25
20 +
15 T

10 + ’

Color change (AE*)

each evaluating time to the time before treatment
(T,) is shown in Figure 2. Immediately after the
caries infiltration treatment, color of the lesion
changed significantly and was statistically
different from other groups during the period of
pH cycle (p < 0.001). For CPP-ACP application,
similarity in AE* values to those of the negative
control was observed (p > 0.057), indicating no
significant color change of white spot lesion after

treatment.
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Figure 2 Color differences [median AE* (25"/75" percentiles)] of artificial white spot lesion at each

designated evaluating time point to the time before treatment (T,). Same lowercase

superscript letters indicate no statistically significant difference between subgroups in the

same row (p > 0.05). Same uppercase superscript letters indicate no statistically significant

difference between subgroups in the same column (p > 0.05)
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2. Surface hardness

Figure 3 depicts the line graph displaying
means and standard deviations of VHN for each
subgroup at different evaluating time points.
Baseline enamel surface hardness was noted at
393.8 + 10.2 VHN. After artificial white spot lesion
formation, VHN decreased significantly to
approximately 37-64 VHN (p < 0.002). Throughout
the pH cycle process, daily application of CPP-ACP

containing paste did not improve the surface
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hardness (p > 0.999), which also was statistically
similar to that of the white spot lesion with no
treatment at every time points (p > 0.596). On
the other hand, a single application of resin
infiltration material immediately increased VHN
significantly (p = 0.026) and remained stable up
to 8 weeks of pH cycle (p > 0.137), however, such
values were not comparable to those of intact
enamel (p < 0.001).
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Figure 3 Means and standard deviations of enamel surface hardness (VHN) of each subgroup at

different evaluating time points. Same superscript letters show no statistically significant

difference between subgroups (p > 0.05)

3. SEM assessment

Figsure 4 represents the surface
characteristics and cross-sectional microstructures
of the enamel surfaces at immediately after each

treatment (T,). Smooth and homogenous

surfaces were discerned for the positive control
group (Fig. 4A and 4B). Characteristics of white
spot lesion, i.e., surface erosion and microcavities
(Fig. 4C), including intact surface layer and

subsurface demineralization (Fig. 4D) could be
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clearly observed for the negative control group
with lesion depth of 30-40 pm. After immediate
application of resin infiltration material, typical
keyhole appearance of demineralized enamel
surface was not apparent and seemed to be
covered with resin material (Fig. 4E). The cross-

sectional view of white spot lesion after caries

e & -

infiltration also showed disappearance of
subsurface lesion (Fig. 4F), which was similar to
what has been detected in the group without
lesion formation. For the CPP-ACP-treated group,
similar features as compared to the untreated
enamel white spot lesion were shown (Fig. 4G
and 4H).

Figure 4 Representative SEM micrographs (x500 magnification) of the surface characteristics (left)
and cross-sectional microstructures (richt) of enamel surfaces at immediately after each
treatment (T,). (A and B) Positive control group; (C and D) Artificial white spot lesion without
treatment (Negative control group); (E and F) Artificial white spot lesion treated with resin
infiltration material; (G and H) Artificial white spot lesion treated with CPP-ACP containing

paste
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Microscopic characteristics of enamel,
both top and cross-sectional views, after pH
cycle for 8 weeks (T,) are shown in Figure 5. In
general, all subgroups showed similar enamel
morphologies to those observed immediately
after treatments. Enamel surfaces of both positive
control and negative control groups seemed to
not significantly alter after 8-week period of pH

cycle (Fig. 5A-5D). Coverage of resin material to
the artificial white spot lesions was still intact
(Fig. 5E and 5F). For CPP-ACP application, similar
features of both views of the lesions compared
to those prior to the treatment were observed
(Fig. 5G and 5H), in spite of the daily application
of Tooth Mousse throughout the pH cycle period.

Figure 5 Representative SEM micrographs (x500 magnification) of the surface characteristics (left)

and cross-sectional microstructures (richt) of enamel surfaces after pH cycle for 8 weeks

(T). (A and B) Positive control group; (C and D) Artificial white spot lesion without treatment

(Negative control group); (E and F) Artificial white spot lesion treated with resin infiltration

material; (G and H) Artificial white spot lesion treated with CPP-ACP containing paste

Pintanon et al., 2016
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Discussion

Typical characteristics of initial non-
cavitated enamel caries are a whitish opaque
appearance with loss of luster and micro-
porosities at the surface, which extend deeper
into the enamel as subsurface lesion.” Such
features not only affect the patient’s look,
especially at the esthetically relevant teeth, but
also facilitate the caries progression, even though
the less acid-soluble surface zone is presented.”
Currently, there are several approaches aimed
to treat and prevent the caries process. The
noninvasive and microinvasive measures are of
interest in everyday dental practice as to promote
maximum conservation of tooth structure and
defer the operative intervention as long as
possible. Casein phosphopeptide-amorphous
calcium phosphate (CPP-ACP) remineralizing agent
and the caries infiltration technique are two
strategies, which claim to prevent enamel
demineralization (or further promote
remineralization) and improve the teeth to their
natural color.” The results of the current
investigation, however, clearly demonstrated that
both approaches provided different results with
positive outcomes derived from the caries
infiltration. Only single application of resin
material to the artificial enamel caries
immediately enhanced the surface hardness and
improved color of the lesion compared with the
daily use of CPP-ACP containing paste.
Throughout the period of pH cycle for 8 weeks,
both parameters were also maintained, wherein
those after daily application of CPP-ACP seemed

not to be ameliorated. The null hypotheses that

there would be a similarity in the color change
and in the surface hardness of enamel white spot
lesions between the two treatments, therefore,
were rejected.

The general principle behind caries
infiltration is to penetrate the lesions with the
low-viscosity, light-polymerizable resin material.”
After the surface layer of enamel caries has been
etched with hydrochloric acid gel (Icon-Etch) and
is fully dried with ethanol (Icon-Dry), the TEGD-
MA-based resin (Icon-Infiltrant) is able to penetrate
the lesions up to a few hundred micrometers.””
Following photopolymerization, the resin seals
the lesions externally and internally, as clearly
observed from both views of SEM micrographs.
Low-viscosity resin material then formed the
diffusion barrier on and within the caries, and
re-hardened the lesions by increasing the
enamel surface hardness, confirming the results
of previous investigations.” However, the
structure of TEGDMA molecule has low
molecular weight and is highly flexible.”"
Mechanical property of resin-infiltrated lesion
would, therefore, not be comparable to that of
the intact enamel. Nevertheless, infiltration of
the lesions could prevent further acid
demineralization. Stability of enamel surface
hardness was detected, at least during the 8-week
period of pH cycle. It would hence affirm the
efficacy of caries infiltration to arrest the
progression of caries, as supported by a number
of laboratory and clinical studies.”*" Slight
decrease of hardness value, but not statistically
different, after a week of pH cycle might be due
to the water softening of TEGDMA polymer

networks. "
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An alternative avenue to improve the
enamel lesion hardness is an enhancement of
calcium and phosphate delivery, with the
application of CPP-ACP containing paste. High
concentrations of calcium and phosphate ions
at the tooth surface after CPP-ACP treatment are
freely bioavailable to diffuse down the
concentration gradients into enamel subsurface
lesions, thereby promoting remineralization by
recrystallization of existing crystal remnants.’
However, throughout the period of pH cycle in
this study, the surface of enamel carious lesion
could not be strengthened despite the daily
treatment of CPP-ACP. Typical characteristics of
white spot lesions were still detected micro-
scopically, which resemble those observed in
the negative control group. These findings are
not in agreement with the results of previous
literature.” The typical intact or pseudo-intact
surface layer of initial enamel caries, which was
created to mimic the natural carious lesion, might
have blocked the diffusion of free calcium and
phosphate ions into the subsurface body of the
lesion™”, especially if the CPP-ACP has been
applied solely in the form of cream, rather than
in slurry preparation as used in the former
observations.”™ Furthermore, this experimental
study provided the absence of dental plaque,
which is essential for the action of CPP-ACP
molecules, no reservoir for a high concentration
of both ions was available. It has been
previously claimed that sole use of CPP-ACP
containing paste in the in vitro investigation might
not be sufficient to demonstrate the
remineralizing potential of CPP-ACP."”

In addition to protecting the enamel

lesions from acid challenge, esthetic improvement
has also been a concern for the treatments of
white spot appearance.” It is clearly shown from
the current outcomes that, immediately after
the caries infiltration, the color of the lesion
altered significantly. Lightness reduction was
observed (data not shown) and the color
difference could be noticed visually as median
AE* value exceeded that considering clinically
perceptible at higher than 3.3. Esthetic appearance
hence can be significantly enhanced within a
relatively short period of time. This improvement
would confirm the masking ability of caries
infiltration, based on the modification of light
refraction within the enamel lesion.””" Greatly
significant difference in color change after 1 day
of pH cycle, however, were beyond expectation.
It might be assumed that the resin-infiltrated
enamel lesions would show improved appearance
and better color mask after 1 day following
treatment.” Or else, it could possibly owing to
some interactions between the resin material
with demineralizing and remineralizing solutions
during pH cycle regimen, even though the surface
finishing was performed carefully to remove the
outermost oxygen inhibition layer. Due to the
hydrophilic nature of TEGDMA, impact on water
sorption and discoloration during storage in
aqueous solutions might be anticipated.”
Clinically, final polishing after polymerization of
the infiltrant material is therefore, important to
avoid discoloration of superficial unpolymerized
resin components.

On the other hand, CPP-ACP containing
paste showed no significant influence on the

color improvement of enamel white spot lesions.
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Only slight difference in color change could be
detected for the lesions in spite of the daily
application of Tooth Mousse. Such difference
could, however, not be noticeable (AE* < 3.3),
meaning that the white spot appearance was not
significantly improved. The result is in contrast
to what have been found in the previous clinical
studies.”” As mentioned above, the sole use of
CPP-ACP containing paste showed insufficient
effect on enamel remineralization in the
laboratory study.” Color of the white spot lesions,
therefore, may also not be recovered for similar
reasons. The observation period of this study,
however, was limited to 8 weeks with pH cycle
protocols. Besides, the current regimen of acid
challenge tends to favor the remineralizing
model, which might influence the formation of
intact surface layer to prevent the diffusion of
calcium and phosphate ions.” It is important to
take these factors into account because the
thickness of the outermost zone of enamel
caries possibly affects the subsequent
demineralization and remineralization."”
Within the limitations of this

experimental study, caries infiltration could
stabilize the artificial enamel lesions by
infiltrating the subsurface porosities of the defects
and increasing the surface hardness
immediately after treatment. Enhanced
mechanical property of the resin-infiltrated lesions
was maintained throughout the 8-week period
of acid challenge. Color improvement of the
white spot appearance was also detected
following the single application of resin infiltration
material. Daily treatment with CPP-ACP

containing paste, in contrast, was unable to regain

the surface microhardness as well as failed to
improve whitish discoloration of the initial
enamel caries during pH cycle process for 8 weeks.
Future investigations are needed to further
elucidate these two minimal invasive treatments
to enamel carious lesions in various conditions
of laboratory models and most importantly in

the clinical situations.

Conclusion

Caries infiltration with resin material is
shown to immediately improve the surface
hardness and esthetic appearance of artificial
white spot lesions in vitro. On the other hand,
CPP-ACP remineralizing paste is unsuccessful in
the enhancement of physical and mechanical
characteristics of initial enamel caries during 8

weeks of demineralizing-remineralizing regimen.
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