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\sBuADLlNER (Resin composite) WuTaniiilew

q

LU AIULAULS IR (Tensile stress) AIIULAULSIDA

Tduegrsunsvanglunisysaglnseituynaila souvisly  (Compressive stress) A311LAUILS LAY (Shear stress)

Hunddaufuusnaiisuusuniagann (Stress bearing
area) Wiosaniauarsay aunsawmseulnseiiulag
n1seyinidedlu fin1sdnfia (Adhesion) Fuiadavilu
(Enamel) wagiiioflu (Dentin) iieldsrufuansinin
(Adhesive) Lital#LAnaduuuvainldveuianuay
\iun1sBneg famanddlusiunisamuyesd (Color
stability) saudlafinauandfdana (Mechanical property)

AULTRY (Hardness) fiwiunzau® 1s3umoulndnlesu
nsWaILIegseaies 1wy n1sUSuLAsua1sSaunsn
(Filler) T flvunaidnladiiu 1 luasou (Micron) titels
FAIUNIUNSEN (Wear resistance) ldu1nT U n5Ldta
USunes anssaunsnuiiatfinmnuudansiwaznissnums
waninvesian (Fracture resistance) Ls@unaulndn
fifldoros Ao nsnafainnsiinuiselndwesisiedu

L@ v iuensIuysaly AETUAUNNEManT U1 IneIaeYaruun
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* wwunviuanssu lsawerviaguasad ennaguaiid Jainveuunu

 wwunviusnssu lsaweruialnguilae ennelnguiide Sevinumansaiu

" fUseiususTUAT



Page 2 |

o o

Uit 28 aduil 3 (n.o.-5.0. 2568)

(Polymerization shrinkage)®”® Fsanaviiliingesineudiias
vaudan (Marginal leakage) Aulnseilu flaniainnis
mﬁ?ﬂ (Recurrent caries) N151ARIUBUTTUABUINER
anunsnanldlasnisysasuuula@udu (ncremental
placement)’ ag1slsfinu n1sgauuuusIaLinnam
Aamanald 19y n1siianeseInea (Void) denisuuton
(Contamination) s¢vinsduestan Tnstamslulnseilui
anvidedvuslvgdsdenihnmsgavas 1 $u Feenadana
RonuLdansswesian’ Felddnisiausduneulngs
yiinUanilad (Bulkfill resin composite)® atHuisdu
AoUlNERYTIANARIN (Low shrink resin composite) wae
ansavnialdfinudn 45 fadwnslaenisuiulge
sAUsEneUYesianiioann1suafiannsinlndes
Tsigdudiednises q Wy nsusuddsuduamsng
Tngiinlelaisululumes (Silorane monomer) wialf
laau (Silane) Tutandaunsn WielWiAnszuuiaumude
(Ring-opening system) Faikatigannsuafiainnisiia
Indweslsiwtuldegrafided Ay’ viionsifivansaiuay
mslndmeslsiwdu (Polymerization modulator) L9y g3
Iatumnsmsian (Urethane di-methacrylate) aaevi Tsiiin
Indwelswdudias Inatieananunsenatlaglidme
NIENUABINIINITAAINELLDS N1IRAILIANNAINITOUY
ifouasvesianstuneulndnliaansnusiieuasd
AL 4-5 Sadiunsiy ininnnsuuugeTaglid
AMULUSIUES (Light transmission) qns’ﬁu 1y MsanUIue
Tandaunsn vsedmMsUTuUTedIuYeEnTgANAUILAY LYY
wesnduBusudanflad (Tetric N Ceram bulk fill) léfins
T#leTawe3u (vocerin) Fuduoysiusveslauuleda 1903
1Ly (Dibenzoyl germanium derivative) wduansie
Funsgandunas (Photo initiator) vl faniiduyseans
mi@mﬂﬁ‘uuﬂﬁ (Absorption coefficient) q&éﬁu @I

Walndweslswdulunudniiuinduls !

Hg19in73
ysuzisturouindnluitundeildhedy [aaiosas
wartsandymiiAnainnisysuzuuutulddndae
uenanildinsimunaaandalfnngadlunsysasy
flundnfiesuussuafsanazfinaanuaiunsalunig
AIUNIUNITRANTN 13U 101851804 Inafli3e (everX
Posterior) fin1siAuAanaufilidianniaeanatalnives

(Discontinuous electrical glass fiber; E-glass fiber) 141

IWludwagdaunsn viliAnnsidienvansuvuidlass
$1991%78 (Semi-interpenetrating polymer network) &4
Hrglunisatewmanuasen Wudmganisveiesesdn
vaaian’
nsuaninidundsdudgmianulduinesnis
ysauzilundsnesduneulngn’ Anuwiearnunisunnin
JruanedsnuaInsalunsunswAnENTAA1NNS
veusesinitiegluian (Crack propagation)”® sseeim
fiffogiuenainainnisdauseguinasdunouindn
‘VﬁaLﬁuﬁﬁﬁﬁﬁLﬁﬂ%ﬂi%WjNﬂﬁQW Fannnisnumau
155UNTTUVOY Heintze Lavamy™ wuindnnudunus
FPINAIANUINTEIA U TLANANAUAISLARNITUANIN
vosTangalundin wagdnisfnundinudt Aranumien
FIUNUNTUANIA dUNUSAUNSUANENALBU (Marginal
breakdown) azn158n (Wear) v03153 unoulndn ™'
Aanumiloaunsuaniniutuesddseneunani
vos¥an uariinnudiiusiuiadeifedosiunsdiem
ALATEA (Stress) MnLunsnduasindiwesludiounia
a139aunsn Madun1sWauIsYUUA1sSALNSA (Filler
system) waglassasndlululesvousduunsng 39819l
HareAMANURNIIIUUNSLANENvaRsTuAeNLnE 6
innsinwiiiuan ! wuinsduneulndnalsiianniy

WTEIAIUNITHANTNAIWA 1 89 2 MPa-m®®

nsNAdaU
ArAmlgdsunsuaninausavilanatesuuuu
1 AT uRaenuenitu (Single edge notch beam method:
SENB) mgldmsmageutuung 3 90 (Three point bending
test) FannaeusiefogauUABIALTY (Compact
tension specimen) NMElANSVIAGBULUULIIATILLUILAY
1Ae7 (Uniaxial tension) N1sNa@auA8usIBaldgunan
Was (Brazillian disk test) #9357 5uanudeouuinly
AINAFOULTTUADNINER ADNIINAFDUAILITTIAALEAT
vondy Wosnildhowazazain'® wWunsanwives
Ibarra wagAms " WTsUsUAMANUTANIINI8NIN
YaasFunadlndntaniiad nuistdumeulndnlulaslausa
warN13ANYIve Tiba uazane™ Wisuieunuaudd
menmennuazAantiidanavesstunetlndnlaniad
Fuistureulndnunly egrdlsinuisiidedey Ao Hu
fhogilivaaouivuelng eraviliduudestan'
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nswmuInuandiveustuneulndnlaunis
USuugsesAaUsznauuediue1vdInansenusonuau U
\Benavesiag Inslannzisduaeyindniilédmivysas
iunds Badusumisiiinaiuussunieguazilonia
Aamsuandinldie msdnmitedinguszasdifiofing
ANuEusalunsiunIunsueesesitulan Loy
Wisuigua1amnilean1un1un1TwaAnNinvousgu
oulwdniivhunldlunisysasilundssiadng q ATl
donldludagdu laun Jadadisgunsulnds 6 ¥iia
uaztstunoxlndnvingiiesuea 1 via eaimiso
nansAnwilalufudeyatsznounisiorsudentd
iumsulndalunisysusilundsluadindely lasd
AULAZIUNITANYY ArAIAUWTEIRIUNITLANTNY DY
\sBuske 7 ol launnsnedty

dulsznavvenstuneulndnildlunisfnwil
Composition of resin composites used in this study

A5edl 1
Table 1

Matrix composition

Bis-GMA, UDMA, TEGDMA,
PEGDMA, Bis-EMA

Bis-GMA, UDMA, Bis-EMA

UDMA, dimethacrylate
co-monomers

UDMA, Bis-GMA, TEGDMA,
TMPTMA, dibenzoyl peroxide;

o/

YenaunIaluasIzns

nsnuiidumsiteidmeassdluioslfifing
(Experimental research) 138 uLiiguAIAALRT BRI
n1suaninvesiansdunsuinds 7 vila lawn LsGuney
IndnUartladviln Wwilvalwaise (G-senial posterior; GP)
WS uTwsuUaAlad (Tetric N Ceram Bulk Fill; TB)
Haadw (Fill-Up; FU) Londasilaa (X-tra Fil; XP) #awn
Jarflad (Filtek Bulk Fill; FB) waztawiasidnd lnaiise
(everX Posterior; EXP) uaglsdunaulndnyiingiiiesven
fana® 350 LOND7 (Filtek Z350XT; Z350XT) (M1571991
1)Imaﬁwﬂﬁﬁﬂwﬂwﬁuﬁaasmﬂfjuag 10 du Faduau

Y '

NAUFBE1ILAINNITAIUINIUIAFIDL1INIINAINITVN

1

79811993 (Pilot study) aa8lUsunss G*PowerTM

version 3.1.9.2

Inorganic filler content
(Wt%/ vol%)

Zirconia filler, and aggregated
zirconia/silica cluster filler
(78.5/63.3)
Barium aluminium silicate glass
(ytterbium fluoride and spherical
mixed oxide) (80/61)
Prepolymerized filler, FAL-silicate
glass, (81 /-)
Zinc oxide coated filler, (65/49)

benzoyl peroxide

Resin composite Manufacturer Type
Filtek Z350 XT 3M ESPE Nano fill
(Z350XT)

Tetric N Ceram Ivoclar Bulk fill
Bulk Fill (TB) Vivadent
G-zenial Posterior (GP) GC Corp. MFR hybrid
composite
Fill Up (FU) Coltene Dual cure
Bulk fill
X-tra Fil (XF) Voco Bulk fill
Filtek Bulk Fill (FB) 3M ESPE Bulk fill
everX Posterior (EXP) GC Corp. Bulk fill

Bis-GMA, UDMA, TEGDMA

AUDMA, DDDMA, UDMA

Bis-GMA, PMMA, TEGDMA

Bariumboroaluminiumsilicate
(86/70.1)

Ytterbium trifluoride and zirconia
filler, an aggregated zirconia/silica
cluster filler (76.5/58.4)

Short E-glass fibers, barium
borosilicate glass particulate
(74.2/53.6)

Bis-GMA: Bisphenol A-diglycidyl dimethacrylate, Bis-EMA:Ethoxylated bisphenol A dimethacrylate, TEGDMA:Triethylene glycol dimethacrylate,
PEGDMA: Polyethylene glycol dimethacrylate, PMMA: Polymethyl methacrylate, UDMA:Urethane dimethacrylate, TMPTMA:
Trimethylolpropane trimethacrylate, AUDMA: aromatic dimethacrylate, DDDMA:1,12-Dodecanediol dimethacrylate

Khon Kaen University Dental Journal



Page 4 |

o o

Uit 28 aduil 3 (n.o.-5.0. 2568)

MIA3BULITUADLLINER WSBLLLLUUREASANTA
sUNTaUITugrudimasuvunn 2x25x2 fiadiuns Failly
flauvuauiindanss wasiidnuauii 2 $raveddutinilals
Aenansvesusiuuy (FUilla) ielildedwuvduia
lenduondudifisosuindn 1 dadiuns > (3Ufl1b)
nfwiLuuiendiwedu Glycern) Ingldyiu 1ile
Jasulalistuneulndadniuusiuuy dustuneulndn
Taluuduvudenarafinduangimsi sinisgauuunds
Weorlduuwiuuy aniuladieinsduneulndndae
wiunszanla (Glass slide) wazidnandiuiunudia
PENMENANARNBUARIIUUA YIN1IRBLALUUTUTY
(Overlapping exposure) ‘quaz 4 ﬂ%’jn ﬂ%’ﬂas 20 Au1
frewndesansuasniinueads (Demi™ plus, Kerr, USA)
TngnsUanensyueniadesansudunsunszanlaasas
nfuTusege tifedieenanuluuuetssysnseTe
aeldFuinogrmwensiunoulndnvunn 2x25x2 fadwns
¥msandusegannnnasinisiadi Tnsauunedu
Fregaeiniasinrunianeaasiile (Digital vernier,
Hachi, China) 1ilofnguiagnadiunn 2x25x2 gnuaan
daduns LLazmnq%vuﬁaas'Nﬁ”uUﬂé’aaqamiﬂﬁﬂuﬁm
awna3le (Nikon measurescope 20, Japan) ift1dseny
20 Wi Wietnaudnvessesurneindu 1 Saduns 393
auaanpdeuldliiiiu 0.1 fadiuns wazd unuves
iaamﬂa&ﬁaﬂmﬁuﬁaaﬂw linusesunnvizegwgud
Usnadulansvessosun thusiegefiiiunasinng
ﬁ’mLefhLLszﬂmf’]ﬂguiuéNﬁwmmuqquﬁﬁqmmﬁ 37
ssrwaua unan 24 $ilus Aewihmmegeu®

nsvadeuALmdadunIUNSUAnEn ity
FetnsmmualunaaouALmloadunsuaningy
\A3DIVAABULSILUUAING (Universal testing machine,
LLOYD LR30K, UK) fei3snageunuunaaugn (3Uf 10)
Tnefiszoginssgninganaiaiesie 20 faduns 252
AUEINedeU 0.13 fadlunsaeundl 23-25 aunseits
fegUARNITLANIAN

JUANAILTILALAIUIUAIIUL AL EIATUNS
WAnvin (K,o) vodusazdudiieg1aangns”™

Ko = PxS a
167 b x Wl's] Xf(;)
Kic = Fracture toughness (MPa.m*’)

= Peak load (Newton)

P

w = The width of sample (Meter)
b = Thickness of sample (Meter)
S

= Span distance (Meter)
= The notch length (Meter)

Q

ned f (%) Awalaanaunis

s (E) (1.99 —(a/w) x [1 = (a/w)] x [2.15 — 3.93(a/w) + 2.7(a/w)2]>
T W 2 % [1 + 2(a/w)] % [1 — (a/w)]72

AATIEATRLAAUMTEIFIUNTUANTN VDS

Yanstunaulndn 7 viin laely SPSS™ 17.0 for Windows

q

d Y 4'

Asziuanudesiudesay 95 :nn1snTIadeUALLAT Y
AIUNIINAABUYIALIAaA (Shapiro-Wilk test) Wu3n
ToYalN1TUINLIMUUVUNF (p>0.05) M519d8UAIY
wUsUTIUTERINeNGY (Test of homogeneity of variances)
AIUN1INAADUAIU (Levene’s test) Wudn vayaiainy
wUsUsIuTEnienguuand1eiued 1eslideddeynieada

[

(p<0.001) FAATERTDYUAMBAITVAGDUATAAA-1NAAE

U

(Kruskal-Wallis test) wu31 A1ANULATEIRIUNITHANKN

vaianstuneulndnva 7 yila Jegradoy 1 Aunneg

v
o = ¢ '

fiu (p<0.001) INTUITUATIERAIUUANANTENISARE
nsnageuLNLINid g (Mann-Whitney U test) lag a =

295 _ 002
21

MN15UsEluRI508uANY0lANTHUATIDEN
U 3 Jusienguiiege Mendosganssmididnaseu
FUAEDINTIN (Scanning electron microscope, S-3000N,

Hitachi, Japan)
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Top view

Side view

(b)

sufi 1
Y
ANAI@Y

Razor blade

-

AL

(a) NM9wSeuBuieg1alukUUeEA3AN (b) Busipd 1MW EIESA (C) N1SVAFRUANLMTEIFIUNIUN TN TUTUSeEe Lay

Figure 1 (a) Specimen preparation in acrylic mold (b) Prepared specimen (c) Fracture toughness testing of specimens and

simulated image

W&

31NMSUSEUIBUATTSEg1Y (Median) 383A1
Anuwlgamununsuantinlusdaznaulagldnig
VAFOU ATARIA-IARE WUTIAIATINWTEIUNSLANTIN
vousBunsulndnita 7 viia fogatios 1 gilumndnaiiy
(p<0.001) uaziiloviinsIATIERANLANATENI1ag
shemanagouunu-inid g Assiunnudesiiesas 95
nadsil (msafi 2) (Ut 2)

TBuay GP dldrAd1utnieadiunisunnin
Tndiesiulaesniisduneulndnvdinduegadiveddy

'
a a

MNREDA (p>0.05) wakansee 9 liitedAgynisadfile

o

Wisuiu FU (p=0.84 taz 0.83 muaiau) kazwuin FU 3
AR AREIAUNITHANTNAINIT EXP agnsliveudnagy

N9a0RA (p<0.001)

LsBumeNlndnvila XF Z350XT wag FB fiAaay
wilgadunsunniingendn TB uay GP agrailteddny
N9EDA (p<0.05) WATAMULANAINLITUADNIWARTLR

o w

dupdlifidedfgyvneada (0>0.05) EXP daArmnuwmilen

'
a

ANUNITHANINAINER LALIANUWLANA199IN TB GP hag

Y 9
o

FU ogeditiodAtyvneaia (p<0.001)

o
v v

ilethiiufasesunnesufiegamnngudes
mundssganssaudianasouriindensinaieideny
500 11 2,000 111 wag 5,000 i1 WUSN WALV
fiufnsesunnuazanssaunsniiuanansfuluusasaina (3
71 3) lnoisBunoulndnvin T8 uaz GP wua1sdaunsn
sUsrabiiuvueu vuelndidssiunszaseglasimliuas
fufnddnunrasvss FU WUﬁﬂiﬁm%ﬁ’]iﬁﬂLL%iﬂﬁzﬂgﬂ'ﬁN
nasuazgUsliuiuousgufudunguion uasiiuiag
anuEYIUTE TUABULNARYn XF ddnyara1senunsn
sUiliutiuouvnadndmivanssaunsnguivasmunn
ey lungu Z350XT uaz FB wudnwauzdunguueanssn
wnsnguTnauvnalndlAssiusmiuiasesuandnyy
\Dunaqunaslagalu Tungu EXP wudrudiaaudiuaniing
ulonssnszuonunsnegludiuanssaunsniifisuinslal
wiueu uagiuindidnumsagussdntios uenanismy
msAugmdusesuaniNUIadly
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Table 2 Mean, Standard deviation, Median, and interquartile range of 7 resin composites

B 10 0.83 0.03 0.80° 0.77-0.86 0.16
GP 10 0.84 0.01 0.84° 0.82-0.88 0.78
FU 10 0.96 0.01 0.96%° 0.93-0.99 0.19
XF 10 1.23 0.05 1.25% 1.09-1.37 0.35
Z350XT 10 1.33 0.02 1.32%¢ 1.27-1.39 0.91
FB 10 1.43 0.07 1.44% 1.30-1.58 0.96
EXP 10 1.77 0.09 1.68° 1.59-1.93 0.96

*Same superscript letters indicate no statistically significant difference
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*Same labeled letters indicate no statistically significant difference
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Figure 2 Compare the fracture toughness and resistance of the seven types of composite resins, showing the median (mean) values
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Figure 3 The surface characteristics at the fracture sites of each type of composite resin, as observed under a scanning electron

microscope, reveal the characteristics of the filler material in each type of composite resin. In the fractured specimen of

EXP, fiber-like features were observed within the filler material, along with the termination of cracks near the fibers (as

indicated by the arrows)
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Fracture Toughness of Posterior Resin Composites
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Research Article

Abstract

Objective: This study aimed to compare the fracture toughness of seven types of resin composites used for posterior tooth restoration:
Tetric N Ceram Bulk Fill (TB), G-aenial Posterior (GP), Fill-Up (FU), X-tra Fil (XF), Filtek Bulk Fill (FB), everX Posterior (EXP), and Filtek Z350XT
(Z350XT).

Materials and Methods: Single-edge notched beam resin composite specimens were prepared in an 2x25x2 mm acrylic mold (10
specimens in each group). All specimens were immersed in distilled water at 37°C for 24 hours before testing. Fracture toughness was
measured using a three-point bending test with a universal testing machine. The fracture toughness of each resin composite group was
compared using the Kruskal-Wallis test, and differences between pairs were analyzed using the Mann-Whitney U test at a 95% confidence
level.

Results: The results showed that the fracture toughness values (MPa-m®?), ranked from lowest to highest, were TB, GP, FU, XF, Z350XT, FB, and
EXP, respectively. The study found that EXP had significantly higher fracture toughness than TB, GP, and FU but was not significantly different
from FB, Z350XT, and XF. Meanwhile, XF, Z350XT, and FB had significantly higher fracture toughness than TB and GP.

Conclusion: The study concluded that the seven resin composites have significantly different fracture toughness values, with the fiber-
reinforced EXP presented the highest fracture toughness.

Keywords: Fracture toughness/ Posterior resin composite/ Resin composite/ Bulk-fill resin composite
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Mouthwash with Antimicrobial Activity Against
Streptococcus mutans
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Research Article

Abstract

Obijective: Dental caries is the most common oral health issue in the Thai population, primarily caused by Streptococcus mutans (S. mutans).
Although chlorhexidine (CHX) mouthwash is the gold-standard antibacterial agent for reducing dental plaque and pathogenic microorganisms
such as S. mutans, it is associated with side effects such as tooth discoloration, altered taste, dry mouth, and oral burning sensations.
Consequently, plant-based extracts are increasingly being explored as safer alternatives. Previous studies have demonstrated that both
Butterfly pea and Aloe vera possess antibacterial activity against S. mutans; however, no study has evaluated the efficacy of a Butterfly pea-
Aloe vera solution. Therefore, this study aims to assess the effectiveness of Butterfly pea-Aloe vera solutions against S. mutans.

Materials and Methods: To evaluate the antimicrobial effect of Butterfly pea—Aloe vera solutions against S. mutans, thirteen groups were
tested using a modified broth dilution assay and the drop plate technique. These groups included three Butterfly pea solutions at 400
(BP400), 200 (BP200), and 100 mg/mL (BP100); three Aloe vera solutions at 100 (AV100), 50 (AV50), and 25 mg/mL (AV25); four formulations
of Butterfly pea-Aloe vera solutions (BP200 AV50, BP200 AV25, BP100_AV50, BP100 AV25); a bacterial suspension (experimental control);
CHX (positive control); and deionized water (DI, negative control). Colony-forming units (CFU/mL) were analyzed using the Kruskal-Wallis and
Mann-Whitney U tests (0L=0.05).

Results: All Butterfly pea solutions (BP400, BP200, BP100) and combined Butterfly pea-Aloe vera solutions (BP200 _AV50, BP200 AV25,
BP100_AV50, BP100_AV25) significantly inhibited S. mutans compared to the DI group, with no significant difference between the Butterfly
pea group and the Butterfly pea—Aloe vera group. All Aloe vera solutions (AV100, AV50, AV25) showed no significant inhibition and performed
similarly to the DI group. The CHX group exhibited the highest antibacterial activity.

Conclusion: Butterfly pea solution at 100 mg/mL and the Butterfly pea—-Aloe vera solution at BP100 AV25 show promise as natural
alternatives to chemical-based mouthwashes for daily caries prevention. Further development will focus on BP100_AV25 as a ready-to-use,
chemical-free herbal mouthwash, aiming to harness additional biological properties of the two plants, such as anti-inflammatory, wound-
healing, and remineralization effects.

Keywords: Aloe vera/ Antimicrobial activity/ Butterfly pea/ Mouthwash/ Streptococcus mutans
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Introduction pharmacological  properties include  antioxidant,
antidiabetic, hepatoprotective,  anti-inflammatory,

Dental caries is the most prevalent oral
infectious disease’ and remains a significant public
health concern in Thailand, with the 2024 National
Oral Health Survey reporting high prevalence across
all age groups.2 Streptococcus mutans (S. mutans), a
Gram-positive bacterium, is the primary causative
agent, particularly within dental plaque. Dental caries
development begins with biofilm formation on the
salivary pellicle, which facilitates bacterial adhesion
by serving as a receptor for oral bacteria."” 5. mutans
produces the enzymes glucosyltransferase (GTF) and
fructosyltransferase (FTF), which convert sucrose into
glucans and fructans, promoting bacterial attachment
and plaque development.*” Its ability to metabolize
carbohydrates and produce lactic acid contributes to
the demineralization of dental enamel. Therefore,
once S. mutans colonies are established on the tooth
surface, they lower the oral pH to critical levels,
leading to enamel demineralization and the onset of
dental caries.” Consequently, preventive strategies
aim to reduce or eliminate S. mutans colonization.

Chlorhexidine (CHX) mouthwash is the gold
standard for reducing dental plaque and pathogenic
microorganisms such as S. mutans.’ However, due to
its broad-spectrum antimicrobial activity, it is not
recommended for regular use. Long-term application
can lead to side effects, including oral tissue and tooth
discoloration, oral mucosa irritation, taste alteration, dry
mouth, buming sensations, and cytotoxicity to human
cells, potentially causing cell necrosis.”” These
concerns have prompted growing interest in plant
extracts as alternative antimicrobial agents with lower
toxicity and minimal side effects.”>"*1%!

Butterfly pea (Clitoria ternatea Linn.), widely
found in Thailand and globally, is traditionally used in
cooking as a natural food colorant and in Ayurvedic
medicine to treat indigestion, constipation, arthritis,

skin conditions, and gastrointestinal disorders.'*"” lIts

anticancer, and antimicrobial activities,”" attributed to
its rich phytochemical content—such as alkaloids,
saponins, tannins, flavonoids, and their derivatives
including anthocyanins (ternatins), flavonol glycosides,
kaempferol glycosides, quercetin glycosides, and

*281213 ot dies have shown that

myricetin glycosides.
Butterfly pea extracts inhibit S. mutans, though efficacy
varies depending on the extraction method and
solvent used. Reported values include a minimum
inhibitory concentration (MIC) of 100 pg/mL and a
minimum bactericidal concentration (MBC) of 400
peg/mL (aqueous extract),” anti-biofilm activity at 100
mg/mL (ethanol extract),” and inhibition zones >13
mm at 200 mg/mL and >11 mm at 100 mg/mL
(aqueous extract)f‘ as well as >9 mm at 50-100
mg/mL (ethanol extract).’

Aloe vera, a species of the Liliaceae family,
has long been used to treat gastrointestinal disorders,
sunburns, and wounds. It exhibits various pharmacological
activities, including anti-inflammatory, antimicrobial,
antioxidant, immunomodulatory, wound-healing, and

6,10,14

antineoplastic effects. These effects are attributed

to bioactive compounds such as anthraquinones (and
other phenolic compounds, including aloin and aloe-

emodin), saponins, acemannan, sterols, amino acids,

7,10,14,15

organic acids, vitamins, and minerals. Aloe vera

has gained recognition in oral healthcare, with its

extracts incorporated into products like toothpaste

7,11

and mouthwash. Extracts from Aloe vera have

demonstrated antimicrobial properties against key
bacterial species implicated in dental caries and

periodontal infections, including S.  mutans,

Aggregatibacter  actinomycetemcomitans (A

actinomycetemcomitans), Bacteroides fragilis (B.

fragilis), and Porphyromonas gingivalis (P. gingivalis).***

Reported MIC values against S. mutans include 125
1

mg/mL (aqueous extraction) ®12.5 ug/mL® and 12.5%
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(dimethyl sulfoxide [DMSO] extract),” while MBC
values exceeded 750 mg/mL for aqueous extract.'®
Inhibition zones ranged from 6.8 mm at 100% (DMSO
extract)”” to 17 mm at 25 mg/mL (DMSO extract).®
Variability in outcomes likely reflects differences in
extraction methods, solvents, and plant sources.

As mentioned above, studies have shown
that Butterfly pea and Aloe vera effectively inhibit
S. mutans. However, no study has evaluated a
Butterfly pea-Aloe vera solution. The objective of this
study is to assess the effectiveness of a Butterfly Pea-
Aloe Vera solution in inhibiting S. mutans. The null
hypothesis posits that the Butterfly Pea-Aloe Vera
solution will show no significant difference compared
to deionized (DI) water and CHX. The expected
outcome is to establish it as an alternative to
chemical-based antiseptic mouthwashes and as a
preliminary guideline for developing fresh, ready-to-

use, chemical-free herbal mouthwash products.

Materials and Methods

Preparation of S. mutans and growth
condition

The S. mutans ATCC 25175 DMST 1877
(Department of Medical Sciences, Ministry of Public
Health, Nonthaburi, Thailand) stock culture was
thawed and cultured on Brain Heart Infusion (BHI) agar
(Himedia, Dindori, Nashik, India) using the streak plate
technique. The culture was incubated at 37°C in a cell
incubator (Shel Lab Incubator, Sheldon Manufacturing,
USA) for 48 hours. To ensure purity, colonies from BHI
agar were subcultured onto fresh BHI agar and
incubated for 24 hours. Subsequently, five colonies of
S. mutans were inoculated into BHI broth (Himedia)
and incubated for 24 hours.

After 24 hours of incubation, the S. mutans
inoculum suspensions were adjusted to a turbidity of
1 x 10° colony-forming units (CFU/mL) by adjusting
the optical density (O.D.) to 0.1 at 600 nm'’ using a

spectrophotometer (Genesys 20™; Thermo Fisher
Scientific, USA), confirming the desired concentration
for further experiments.

Preparation of Butterfly pea solutions and
Aloe vera solutions

Butterfly pea and Aloe vera powders
(Specialty Natural Product, Chonburi, Thailand) were
obtained via aqueous extraction. Solutions were
prepared by dissolving the powders in room-
temperature DI water using two-fold serial dilutions to
final concentrations of 800, 400, 200, 100, and 50
mg/mL for Butterfly pea and 800, 400, 200, 100, 50, 25,
12.5, and 6.25 mg/mL for Aloe vera. Fresh solutions
were prepared prior to each experiment. The solutions
were not filtered before testing. The sterile tubes used
to prepare the Butterfly pea solutions were wrapped in
foil to protect them from light.

Optimization of Butterfly pea and Aloe
vera concentrations for S. mutans inhibition via
disc diffusion assay

To evaluate the antimicrobial activity of
Butterfly pea and Aloe vera solutions against
S. mutans, a disc diffusion assay was performed to
measure the zone of inhibition. The prepared
S. mutans suspension was cultured on BHI agar plates
using the spread plate technique and a sterilized
cotton swab. Subsequently, sterile 6.0 mm filter discs
(6-mm-diameter sterile disc, Himedia, PA, USA) were
placed on the agar. Twenty microliters of each
solution were applied to the discs, with 0.12% CHX
(C-20 chlorhexidine antiseptic mouthwash, Chonburi,
Thailand) used as a positive control and sterile Dl
water as the negative control. After 24 hours of
incubation, inhibition zones were measured using a
digital caliper. Results are presented as the average +

standard deviation of three independent trials.
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Antimicrobial activity of Butterfly Pea-
Aloe Vera solutions against S. mutans via modified
broth dilution

The disc diffusion assay identified effective
concentrations against S. mutans at 400, 200, and 100
me/mL for Butterfly pea and 100, 50, and 25 mg/mL
for Aloe vera. Combined Butterfly Pea-Aloe Vera
solutions were prepared by mixing selected
concentrations (1:1 ratio) for testing via the modified
broth dilution method. Due to excessive viscosity, 400
me/mL Butterfly pea and 100 mg/mL Aloe vera were
excluded from combinations. Thirteen test groups
were included, with CHX as the positive control, DI
water as the negative control, and S. mutans alone as
the experimental control (Table 1 and Figure 1A).

In the modified broth dilution method, 500 uL
of S. mutans suspension (1x10° CFU/mL) was
incubated with 500 pL of the test solution (Figure 1B).
After 24 hours, bacterial growth was assessed using
the drop plate technique. Serial ten-fold dilutions (10°

to 10”) were prepared in sterile phosphate-buffered

Table 1 Experimental group for modified broth dilution

saline (PBS), and three 10 pL drops from each dilution
were plated on sectioned BHI agar (Figure 1C). Plates
were incubated for 24 hours, and colonies were
counted from dilutions yielding 3-30 colonies per
drop. The total CFU count was averaged from three
drops of each countable dilution and calculated as
CFU/mL (Equation 1). The experiment was performed

in five replicates.

Microbial concentration (CFU/mL)

= Number of colonies count ....Equation 1

Dilution factor x Volume plate (mL)

Statistical analysis

Data normality was tested using the Shapiro-
Wilk test. All microbial concentration data were
analyzed using the Kruskal-Wallis and Mann-Whitney
tests. Statistical analysis was performed using IBM
SPSS Statistics 20 (IBM, NY, USA). All statistical tests

were conducted at the 0.05 significance level.

Group Solution Abbreviation
1 Bacterial suspension (Experimental control) BAC
2 Chlorhexidine (Positive control) CHX
3 Deionized water (Negative control) DI
4 Butterfly pea solution at 400 mg/mL BP 400
5 Butterfly pea solution at 200 mg/mL BP 200
6 Butterfly pea solution at 100 mg/mL BP100
7 Aloe vera solution at 100 me/mL AV100
8 Aloe vera solution at 50 mg/mL AV50
9 Aloe vera solution at 25 mg/mL AV25
10 Combine Butterfly pea solution at 200 mg/mL with Aloe vera solution at 50 mg/mL BP 200_AV 50
11 Combine Butterfly pea solution at 200 mg/mL with Aloe vera solution at 25 mg/mL BP 200 AV 25
12 Combine Butterfly pea solution at 100 mg/mL with Aloe vera solution at 50 mg/mL BP 100 AV 50
13 Combine Butterfly pea solution at 100 mg/mL with Aloe vera solution at 50 mg/mL BP 200 AV 25
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e A mixture of the effective butterfly pea solution and the
effective aloe vera solution

The most effective
concentrations for

Butterfly pea 200 - Aloe vera 50 (BP200_AVS0)

Butterfly pea 200_ Aloe vera 25 (BP200_AV25)

inhibiting S. mutans from J ; / J J / q
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50 \ 25
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c

Figure 1 Determination of the efficacy of Butterfly pea-Aloe vera solutions using the broth dilution method. A) Preparation of
Butterfly pea solutions, Aloe vera solutions, and Butterfly pea-Aloe vera solutions. B) Modified Broth dilution and
incubation for 24 hours. C) Ten-fold dilution and drop plate technique.

Results

The results of the first part, which aimed to
determine the optimal concentrations of Butterfly
pea and Aloe vera solutions for inhibiting S. mutans
using the disc diffusion assay, are shown in Tables 2
and 3. The CHX positive control group produced the
largest inhibition zone, while the DI water negative
control group exhibited no detectable inhibition
zone. Butterfly pea solutions at 800, 400, 200, and 100

meg/mL demonstrated similar inhibition zones, in

contrast to the 50 mg/mL solution, which showed no
detectable inhibition. For Aloe vera solution testing,
concentrations of 6.25 and 12.5 mg/mL showed no
inhibition, while concentrations ranging from 50 to 800
mg/mL exhibited similar inhibition zones. Therefore,
the three lowest effective concentrations—400, 200,
and 100 meg/mL for Butterfly pea solution, and 100,
50, and 25 mg/mL for Aloe vera solution—were
selected for further study using the modified broth

dilution method.
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Table 2 Inhibition zones of Butterfly pea solutions

Solution
Chlorhexidine (CHX, Positive control)
Deionized water (DI, Negative control
Butterfly pea solution at 800 meg/mL
Butterfly pea solution at 400 mg/mL (BP400
Butterfly pea solution at 200 mg/mL (BP200
Butterfly pea solution at 100 mg/mL (BP100
Butterfly pea solution at 50 mg/mL (BP50)
S.D.; Standard deviation, ND; no detection

)
(BP80O
(
(

)
)
)
)

MeanzS.D.

21.66+1.06
ND
6.87+0.46
7.76+0.72
8.08+0.69
7.27+0.57
ND

Table 3 Inhibition zones of Aloe vera solutions

Solution
Chlorhexidine (CHX, Positive control)
Deionized water (DI, Negative control)
Aloe vera solution at 800 mg/mL (AV800)
Aloe vera solution at 400 mg/mL (AV400)
Aloe vera solution at 200 mg/mL (AV200)
Aloe vera solution at 100 mg/mL (AV100)
Aloe vera solution at 50 mg/mL (AV50)
Aloe vera solution at 25 mg/mL (AV25)
Aloe vera solution at 12.5 mg/mL (AV12.5)
Aloe vera solution at 6.25 mg/mL (AV6.25)
S.D.; Standard deviation, ND; no detection

Table 4 Microbial concentration (10° CFU/mL)

Group Mean#S.D.
BAC 76.75+59.89
CHX 0.00+0.00
DI 35.37+28.83
BP 400 4.41+3.87
BP 200 4.48+2.54
BP 100 2.22+2.01
AV 100 38.63+26.38
AV 50 30.37+20.23
AV 25 29.00+27.14
BP 200 AV 50 5.33+2.80
BP 200 AV 25 3.89+2.44
BP 100 AV 50 4.88+2.42
BP 100 AV 25 2.17+1.23

Statistical analysis was performed using the Kruskal-Wallis H and Mann-Whitney U tests. Identical letters indicate no significant difference at

the same level (P > 0.05).

S.D.; Standard deviation, Bac: Bacterial group, CHX: Chlorhexidine group, DI: Deionized water, BP: Butterfly pea, AV: Aloe vera, BP_AV:

Mean+S.D.
22.41+1.06
ND
6.73+0.46
6.24+0.53
6.87+0.27
8.15+0.69
7.55+0.64
7.35+0.13
ND
ND

Combined Butterfly pea-Aloe vera solution in a 1:1 ratio.

The modified broth dilution method was
employed to assess the effectiveness of the Butterfly
pea-Aloe vera solution in inhibiting S. mutans growth.
The results demonstrated that the colonies of
S. mutans on the agar plates varied in number across
the different experimental groups, as illustrated in
Figure 2. After analyzing the data, the results (as
shown in Table 4 and Figure 3) indicated that the DI
water group and all Aloe vera solution groups
exhibited significantly lower bacterial concentrations

compared to the bacteria-only group, with no

significant differences observed among these groups.
In contrast, all Butterfly pea solution groups and all
four Butterfly pea-Aloe vera solution groups
demonstrated significantly lower bacterial
concentrations than the DI water and Aloe vera
groups. Finally, the CHX group was the most effective
in inhibiting S. mutans, showing a significant difference
from the other groups.
Median Minimum Maximum
58.67° 20.67 151.40
0.00° 0.00 0.00
19.00° 11.00 68.33
2.33¢ 1.00 9.67
3.40¢ 1.67 7.33
2.00¢ 0.33 4.33
38.67° 4.00 69.00
30.20° 11.33 60.67
13.67° 13.00 60.33
5.67¢ 1.67 8.33
2.80° 2.00 7.67
4.67¢ 2.40 7.67
1.67¢ 1.33 4.00
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Figure 2 Colonies of S. mutans on an agar plate. S. mutans colonies on the agar plates from the following groups: Bacterial
group (A), Chlorhexidine group (B), Deionized water group (C), Butterfly pea solutions at concentrations of 400 mg/mL
(D), 200 mg/mL (E), and 100 mg/mL (F), Aloe vera solutions at concentrations of 100 mg/mL (G), 50 mg/mL (H), and
25 mg/mL (1), as well as Butterfly pea-Aloe vera solutions, namely BP200-AV50 (J), BP200-AV25 (K), BP100-AV50 (L),
and BP100-AV25 (M).
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Figure 3  S. mutans concentration analysis
Statistical analysis was performed using the Kruskal-Wallis H and Mann-Whitney U tests. Identical letters indicate no significant
difference at the same level (P>0.05).
Bac: Bacterial group, CHX: Chlorhexidine group, DI: Deionized water, BP: Butterfly pea, AV: Aloe vera, BP_AV: Combined Butterfly
pea-Aloe vera solution in a 1:1 ratio.
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Discussion

In this study, all four Butterfly pea—Aloe vera
solutions—BP200_AV50, BP200 AV25, BP100 AV50,
and BP100_AV25—were found to effectively inhibit
S. mutans compared to DI water and CHX. Therefore,
the null hypothesis was rejected.

Extraction is a crucial step in evaluating
medicinal plants, as it separates essential chemical
constituents. To preserve bioactive compounds,
appropriate extraction methods and solvents must be
selected for efficient recovery. Zulkamal et al. found
that extraction solvents influence the antimicrobial
activity of Butterfly pea, with aqueous extracts
exhibiting bactericidal effects against Gram-positive
bacteria and bacteriostatic effects against Gram-
negative bacteria, while methanolic extracts were
bactericidal against both.'® Methanolic extracts
inhibited Gram-positive bacterial growth by 999%,
compared to 95% and 79% inhibition by aqueous
extracts against Gram-positive and Gram-negative
bacteria, respectively.® Dental caries are primarily
caused by S. mutans, a Gram-positive bacterium.
Therefore, this study employed aqueous extracts of
Butterfly pea and Aloe vera from a certified
manufacturer to assess their efficacy against
S. mutans, as water-based extracts are safe for oral
use and can be further developed into a natural
herbal mouthwash for future caries prevention.

This
diffusion (Kirby-Bauer) method to determine the

study initially employed the disc
effective concentrations of Butterfly pea and Aloe
vera solutions against S. mutans, with inhibition zones
<7 mm considered a negative result.’ This qualitative
method was chosen for its simplicity, low cost, and
suitability for routine microbial testing, although it is
subject to some degree of error.’ Despite
demonstrating antimicrobial activity, the inhibition
zones were small (7.27-8.15 mm) and showed no

significant differences among concentrations, likely

due to the limited diffusion of the herbal solutions in
agar.” Given these qualitative limitations, the broth
dilution assay was employed for its greater accuracy
and quantitative capabilities.” The three lowest
effective concentrations from the disc diffusion
assay—400, 200, and 100 mg/mL for Butterfly pea,
and 100, 50, and 25 mg/mL for Aloe vera—were
selected for further testing. For combined Butterfly
pea-Aloe vera formulations (1:1 ratio), only the 200
and 100 mg/mL Butterfly pea solutions and the 50
and 25 mg/mL Aloe vera solutions were used, as the
higsher concentrations were excluded due to
excessive viscosity, rendering them unsuitable for
mouthwash development.

The present findings revealed that Butterfly
pea solutions at 400, 200, and 100 mg/mL showed
antimicrobial activity against S. mutans, consistent
with previous studies.”* This effect may be attributed
to bioactive phytochemicals such as flavonoids,
alkaloids,

(ternatins), which inhibit bacterial growth via multiple
1,3,4,6,8,9,12,19,20

saponins, tannins, and anthocyanins

mechanisms. Flavonoids strongly inhibit
S. mutans by disrupting oral biofilm formation
through inactivating GTF enzyme, which is essential
for plaque development."”’ Biofilm development in
S. mutans is a sucrose-dependent mechanism,
involving GTFs and glucan-binding proteins (GBPs) that
synthesize glucans essential for plaque structure.
GTFs are key to virulent plaque formation, while
Protein antigen ¢ promotes adhesion to the salivary
pellicle, contributing to caries progres.sion.l’3
Flavonoids also disrupt bacterial cell walls and
membrane permeability by reducing membrane
fluidity, causing fluid imbalance and leakage of
proteins, nucleic acids, and ions, ultimately leading to

death.!*?®

cell In  Gram-positive  bacteria, the

flavonoid-induced release of Ca?’—crucial for cell
stability—further structural

wall compromises

integrity.” These findings align with Zulkamal et al.,
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who reported that Butterfly pea exhibited antibacterial
activity against S. mutans by severely damaging the
bacterial surface, causing irregular cell morphology and
eventual cell death, as observed via scanning electron
microscopy.” Saponins exert antibacterial effects by
functioning as natural detergents, reducing the surface
tension of bacterial cell membranes, which in tumn
compromises cell wall permeability and impairs
bacterial integrity.’® Anthocyanins, the pigments
responsible for Butterfly pea’s bluish-purple color,
also serve as natural dyes,12 contributing to the
aesthetic appeal of potential mouthwash formulations.

Previous studies have shown that Aloe vera
contains bioactive components such as saponins and
anthraquinones (or other phenolic compounds including
aloin and aloe-emodin) that inhibit S, mutans.®
However, this study found Aloe vera solutions at 100,
50, and 25 mg/mL ineffective, with results similar to
DI water. Although the experimental data indicated
that higher

associated with increased microbial concentrations,

concentrations of Aloe vera were

statistical analysis revealed no significant difference
(p> 0.05). These findings contrast with Majid et al.,
who reported reduced S. mutans levels in plaque
after rinsing with a diluted Aloe vera extract."
Notably, their extract was ethanol-based and derived
from the peel, with ethanol comprising one-fourth of
the final solution (1:4 extract:water)." Fani and
Kohanteb also reported that a 2% DMSO extract of
exhibited

S. mutans, as measured by disc diffusion and

Aloe vera gel inhibitory  effects on
microdilution methods.® Variations in outcomes may
be due to differences in the source of Aloe vera—
such as species, strain, and growth conditions—as
well as extraction methods, solvents, and plant parts
(gel vs. peel) used, all of which influence the

. . : 6,16
concentration of bioactive compounds.

This study is the first to evaluate the efficacy
of combined Butterfly pea—Aloe vera solutions against
S. mutans. Formulations BP200 AV50, BP200 AV25,
BP100_AV50, BP100 AV25

statistically significant antimicrobial activity compared

and demonstrated
to DI water. However, no significant differences were
observed when compared to Butterfly pea solutions
at 400, 200, and 100 mg/mL. This result is consistent
with the finding that Aloe vera at 50 and 25 mg/mL
had no inhibitory effect on S. mutans. Although Aloe
vera alone was ineffective, the present study
proposes further development of the Butterfly pea—
Aloe vera solution as a natural herbal mouthwash,
which may offer advantages over using Butterfly pea
This is supported by previous

Aloe

alone. studies
highlighting

inflammatory, and remineralization properties, as well

vera’s wound-healing, anti-
as its benefits in reducing gingival inflammation,
treating oral ulcers, relieving pain, and moisturizing

wounds.'® 22 All

combined Butterfly pea—Aloe vera
solutions in this study demonstrated significantly
lower antimicrobial efficacy against S. mutans
compared to CHX. Although CHX is effective in
reducing S. mutans, its broad-spectrum antimicrobial
activity makes it unsuitable for regular use. Moreover,
long-term application can result in various side
effects, including tooth and oral tissue discoloration,
mucosal irritation, taste alteration, dry mouth, burning
sensations, and cytotoxicity to human cells,
potentially leading to cell necrosis.”’ Therefore, the
Butterfly pea-Aloe vera solution may serve as a
suitable prophylactic option for individuals at high risk
of dental caries, plaque-induced gingivitis, and
orthodontic patients prone to white spot lesions
around brackets” and traumatic oral ulcers affecting
the gingival and buccal mucosa—common side

effects of orthodontic treatment.?
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The present study showed that the 100
mg/mL Butterfly pea solution and the BP100 AV25
formulation were the lowest concentrations to
demonstrate significant efficacy against S. mutans,
with no significant difference compared to higher
concentrations of both Butterfly pea solutions and
combined Butterfly pea-Aloe vera solutions. These
effective lower concentrations do not result in
excessive viscosity, making them suitable for use as
mouthwash, and may serve as natural alternatives for
daily use in preventing dental caries, potentially
replacing chemical-based mouthwashes containing
CHX. However, as previously mentioned, the Butterfly
pea—Aloe vera formulation BP100_AV25 is suitable for
future development as a ready-to-use, chemical-free
herbal

beneficial for individuals seeking natural oral care

mouthwash and could be particularly
options or those sensitive to synthetic ingredients
commonly found in conventional mouthwashes. In
this study, Butterfly pea and Aloe vera powders were
obtained through aqueous extraction with clearly
defined expiration dates. These powders can be
dissolved in water at specified amounts to achieve
the desired concentration and used immediately as a
mouthwash. This preparation method allows for a
chemical-free formulation by eliminating the need for
preservatives and additional solvents such as alcohol.
Furthermore, because Butterfly pea extract s
naturally pigmented, there is no need to add artificial
coloring agents to the formulation.

The limitation of this study is its laboratory-
based design, which does not fully replicate the
complexities of the human oral cavity. Additionally,
the study focused only on S. mutans, while other
bacteria like Lactobacillus, Staphylococcus aureus, A.
actinomycetemcomitans, Fusobacterium nucleatum,
B. fragilis, and P. gingivalis also play a role in dental
caries and periodontal disease.”* " ?® Further research
is needed to assess the antimicrobial activity of the

Butterfly pea-Aloe vera solutions against these

bacteria. Additionally, analyzing the bioactive
components and isolating the specific compounds
responsible for the antimicrobial effects of Butterfly
pea and Aloe vera, as well as understanding their
mechanisms, is essential. Although minimal side

effects have been reported for both herbs,'%*?

toxicity
assessments are needed to confirm their safety in
mouthwash formulations. Finally, exploring other
biological properties such as anti-inflammatory,
wound-healing, and remineralization effects will help
support the development of a comprehensive herbal

mouthwash.

Conclusion

Based on this in vitro study, Butterfly pea
solutions at 400, 200, and 100 meg/mL, along with all
four Butterfly pea—Aloe vera solutions (BP200 AV50,
BP200 AV25,  BP100_AV50, BP100_AV25),
exhibited inhibitory  effects

S. mutans compared to DI water. In contrast, Aloe

and
significant against
vera solutions at 100, 50, and 25 mg/mL showed no
significant antimicrobial activity. CHX mouthwash
demonstrated the highest antibacterial efficacy,

significantly outperforming all other groups.
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meeit 1 dununasfesasvesthAnunduunmudeyarily (n=255)
Table 1 The numbers and percentages of students are organized based on general information (n=255)
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M 2 U uadeuavvesindne duunsnuiidenishnnseeInisuazenIsanaInmRnUnRIusaU-0nsslng (n=255)
Table 2 The numbers and percentages of students are classified according to the temporomandibular disorder screening
form (n=255)

U (Sowaz) 9w (Sewaz)

FAnUimvagsrinvsesUinauinnield W aausu 17 (6.70) 238 (93.30)
fornsnnssinsmasefadanseld 14 (5.50) 241 (94.50)
flonstiavdeRadanaieiewns wa i varldunssinsdel 9 (3.50) 246 (96.50)
Iedudesnan nseuwnsu Uihadesevinsstnamis il 40 (15.70) 215 (84.30)
Hnuslos v viedfivinainssinaduuszswviol 20 (7.80) 235 (92.20)
fornsunluy Wseuimy 95U Wioutunioll 27 (10.60) 228 (89.40)
fonsthadisee Vanme wietmitululsydmiold 37 (14.50) 218 (85.50)
IFsunaduusnaisey ae vernssinsdes) q dvieli 8 (3.10) 247 (96.90)
fHnmsauitureshuudsuluniels 33 (12.90) 222 (87.10)
weldsunsiidasnwianudulanusnalunin wisvnssinswislal 6 (2.40) 249 (97.60)

59l 3 anuduiusseninsladeiineadesiumafreimsiazeinmsuanwesesRaunfivinamiv-ansslnsesindne (n=255)
Table 3  Factors associated with the incidence of signs and symptoms of temporomandibular disorders in students (n=255)

1aid

fowaz | dwu
LA
‘va:\‘i 82 38.10 133 61.90 2.525 0.112
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NANGAINITANEN
awﬁmmﬁﬁmqwmu 25 33.30 50 66.70 13.353 0.010
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Uszinnisdanu
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by 27 58.70 19 41.30 12.449 <0.001
aifd 65 31.10 144 68.90
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AZLA3EA
\ASEAtaY (0-7AZLUL) 62 31.00 138 69.00 10.370 0.001
1A38ALIN (8-15 ATLUL) 30 54.55 25 45.45

* x2= chi-square test
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aaf 4 AdandueudsmesdedefiduiusiunisifnennsuareinisuanmweseuinUniivsnandu-inssinsvesindne Tae
Aaswimeaunsanaesnauaeiann (n=255)
Table 4  The odds ratio indicates the factors associated with the occurrence of symptoms and signs of temporomandibular
disorders in students using multiple logistic regression (n=255)
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LASEANIN 30 (54.55) 1 1

* OR = odds ratio, Cl = confidence interval
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Research Article

Abstract

Objective: To evaluate the prevalence and associated factors of signs and symptoms of temporomandibular disorders in students at
Sirindhorn College of Public Health Chonburi

Materials and Methods: The participants consisted of 255 students aged 18 to 30 years from Sirindhorn College of Public Health
Chonburi, from January to October 2024. The tools consisted of general information, a self-assessment of stress (ST-5), and a 10-item
temporomandibular disorders questionnaire. Descriptive statistics, including frequency, percentage, mean, and standard deviation. The
multiple logistic regression was used to determine the correlations between the variables with a significance level of 0.05.

Results: The majority of the students were female, accounting for 84.30%, with an average age of 19.67+1.48 years. We found that
36.10% of students had signs and symptoms of temporomandibular disorders. The top three most commonly reported problems were
hearing clicking or grinding sounds in the jaw joint (15.70%), followed by frequent headaches, neck pain, or toothaches (14.50%), and a
feeling of changes in the occlusion (12.90%), respectively. In terms of related factors, it was found that academic program, bruxism,
clenching, and stress levels were significantly associated with signs and symptoms of temporomandibular disorders in students (p<0.05).
Dental public health students are 2.57 times more likely to have temporomandibular disorders than students in other programs. Students
with bruxism, clenching, and high stress are 2.40, 3.05, and 2.56 times more likely to have temporomandibular disorders, respectively.
However, gender, consuming hard or chewy foods, unilateral chewing, and a history of orthodontics were not associated with signs and
symptoms of temporomandibular disorders in students.

Conclusion: Academic program, bruxism, clenching, and stress levels were significantly associated with signs and symptoms of
temporomandibular disorders in students. Dental professionals should prioritize providing appropriate education regarding temporomandibular
disorders to the student population, including prevention strategies that may be implemented from the early stages.

Keywords: Prevalence/ Factors/ Signs and Symptoms of temporomandibular disorders/ Students
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vinsiuanssu lonsiesginisannesladafnuuuly
113 (Binary Logistic Regression Analysis) fifsdadon
FuUsHuy Backward stepwise: Wald

13|

nan1sAnwfissazdeaduieluld deyadan
yana nui naudiegsdulugidunands (Sovaz 55)
91y 60-94 U e1gLade 74 T (SD=9.33) drulny
anunIwansa (Sevay 53.1) aumiﬁﬂm%uﬂisauﬁﬂm
(Fovaz 65.0) druluglonFnnanuiondnlushin A
NwRINg (Feuag 65.0) luaunisinauludagdu diu
Tngfladldvinanu Govay 70.0) f5eldindedeiioutios
771 1,000 U AeLeu (Seway 42.5) sﬁqmﬁﬁagm‘uaa
s1el@windu 1,000 um Imaswslé’mé’ﬂdauimgmmﬂﬁa
ity (Fovay 53.8) diulvgflufidayymimedunisiiu
(59
GR!
29ANNTUIMITAIUUA (Sovay 88.1) uay daulugjende

vay 63.7) andn1ssnediulngfednsnanusyiu
Andunin (Fevar 87.5) fwniandeaglulan

agfiuanil/nIseargnuaiu (Fevay 31.3) (M5797 1)
Taduauguaim wudn ngusiegns dwlvgjiay
fivsraumsalnisviiity (Segay 65.6) filsausedndm (Sey
az 82.5) Tusuauaiusalunsgiemaoniies wull
dndvglifinnefsiadodunduindsau Gevag 72.5)
Uadea1udninegt wudingudaiegiediulng
sAndludndudeadrsuuinsiunnssy (Fevas 62.5)
usagdlalumsiinsunmaviunnssy deuszneuse 1. ms
Fuitamauaintesuinvesnues wuddnlvgsuiin
supdlifidgymavandeniin Gosaz 36.9) sotatunfie
Jgymnsid er0mnsldfussansam Gevar 11.1)
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(A37971 2) 2. nsFuiAuguussvestsalugesdan
Ing ey lusyaunn (Mean=2.56, SD=0.46) 3. N353
Uselegdveanisiinsuuinsiuanssulassiueg
J2AUNN (Mean=2.82, SD=0.40) 4. NM133U3MIIAUINT
unnssulagsiuegluseduinn (Mean=2.64, SD=0.56)
yapfinnufifeafunsdhiuuinmsiunnssudanlngeg
Tuszsuuiunans (Gewas 46.3) Vimuadfifisenisidnsu
UINsuanssulagsINeg seAuUI1uNae (Mean=2.10,
$D=0.29) kazAuAIANTaLA BafunsIdITULT AN
unnssulaesinegluseduiin (Mean=2.79, SD=0.33)
Uaduaudind wu1BnsnaanAseuaAsIve
dlaesineglusgduUiuna1s (Mean=2.07, SD=0.75)
Sw%‘wamnLﬁauimaiauasﬂuisﬁumuﬂmd (Mean=1.75,
SD=0.77) BvsnaanviunyAaInslagsinegluseauun
(Mean=2.46, SD=0.67) NM5i13 AN sundn lag sy
agluszAuUuNa1 (Mean=2.01, SD=0.58)
Yadwaniunisal wuingudiegnediulngd
sregneluMIAUNIEnanuuInsieenimiewiiu
10 Alatuns (Seuag 51.2) (Mean=11.94,SD=7.87) uazil
guassalun1sidfuuInsiunnssy Tnesineglusesiu
Yunans (Mean=1.76, SD=0.60)
Toyan1sindulad1suusnsiuanssy wui
nausivegns dnllvgiiinisdndulalidisuusnsiuanssy
Souag 68.1 uagAnaulatnTuuIMIiuANTsy Seeas 31.9
NAN1TILATIEA ANUFLRUSTEITadEsa 9
Aumsdeaulaiifuuinmsiunnssuvesiaeny lagns
AR AR (Univariate Analysis) wusndade
Afanuduiusiunsdaduladiiuuimsiunns 7
sedutsd1dny 0.05 (13197 3) IduA 01g anunm
A17EN9N19TU AEANTalUN1TYIEInA BRI ULe Y
anusdndndulunisidrsuusmeiiunnssy nsius
Jaymguningesunvesnues n1suinisdausnisiu
AnTTU dndnavnauluaTauATIVERYIA BNEWATIN
iiputudviwaaniiunyaains guassalunisidnu
UINSYIUANTTY
\lemunudvdnaaindadosng q wdr Jaduiis
dngnasiensdndulaidisuuinsiunnssuvesigieny
agnfitiudfyn1eadnisedu 0.05 (5197t 4) Toun
anunw ihudadeiitidvinadensinaulaii

o o

Suuimsiunnssuvesaeny eg1alitudrAnymeaia

(p=0.039) Tagwuin fgeengifianunmausaazilonia
dpdladnsuuimaviunnssisnnndn fasengiidaniunin
lan vy 1319 weniueg 2.67 Wi (95% Cl agsening
1.05-6.77)

Asgnansiiu Wuladedfisvinasenns

1 =

AnauladrSuusnmsiunnssuvesgaeny agaditdudday

=

N9add (p =0.018) lnewuin {geegnddyvimieniu
N353 Alenadndulainsuuinisiunnssuuinnii
Fasenglaiftammaeiiunisiiu 3.05 i (95% Cl og
381119 1.21-7.69)
anuidndndulunmsdisuuinsiuanssy W
Hadefidsvinasiensinauladuusnmsiiuanssuves
g1y ag1alidud1Ayn1eaia (p<0.001) lagnuin
11y iAaindndufeadrsuuinmsiuanssy Tlema

B
Y
A
Y 9 ;
dnduladruuinisriuanssunnnindgeergnandill
Fndudeadrsuusnisiiuanssy 7.60 win (95% Cl oy
58I 2.89-19.95)
n1ssuinsTauinisiuanssy Wudadend
g

answasonsinduladrfuuTnsTiunnITuYe g el

X

pgiltlydAyn1eaia (p=0.016) lngnwuin Heaseyiil

]
=

N153U3N159AUINSINANTIUTEAUT 8 /UUNaNd 3
TonadadulaidrFuusmsiunnssuunninggsengsl
N135U3MIAUSNIsTUANTIUSEAULIN 3.38 11 (95%
Cl og5¥1319 1.25-9.11)

dvwanitunyaains iJuiedeiiiavinae
n1sdnduladrsuuinisiunnssuvesaseny ognad
Toddannsadn (p=0.045) Inenuin (70197 Li 5y
gvsnaanviuayransluszauun dlenadadulaii
Fuuimsviuanssunniggeengiildsudvinaaniiun
yaaInsluszaulunas/dey 2.62 1y (95% Cl oy
FEWIN 1.02-6.74)

guassalunsiusimsiunnssy Wudaded
figvswasienisdndularinSuuinsiunnssuvesgaseny
ogslildndnyysaia (p=0.039) Tnewnudn fgeenedid
auassalun1sidnsuuimsviuanssuluseauies /U
na1s dlenadnduladrfuusnisiuanssuuinnin
Hgeorgiifguassalunisidniuuinsunnssulusedu
UN 3.47 11 (95% Cl og5enin9 1.06-11.36) laeUady
et amnsnesurslanianisdnauladuuinng
Tunnssveeateny laseuay 52.2
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a1319l 1 wansdiudunazfesazvengudiegne Suunmy  ans1ei 2 uanesiuluLaziesazveanguiieg1a Sauunny
Yadwaiuyama (n=160) Uadeiudningn (n=160)
Table 1 The number and percentage of the sample group ~ Table 2 The number and percentage of the sample group
classified by personal factors (n=160) classified by psychological factors (n=160)
Uadwdauynna AU (%) Vavedudninen AU (%)
Ll 1. anwiEnsndulunisidhsuudnsiuanssu (N)(%)
e 72 (45%) Fanlaidndu 100 (62.5%)
neJe 88 (55%) FAnsudu 60 (37.5%)
a1y
6074 ¥ 97 (60.6%) 2. ussgslalunsidrsuuinisviuanssu 225 (100%)

75 Fauly

Min=60 Max= 94 X = 74 (SD=9.33)
#a1un1n (N)(%)

Tan
ausd
e

Mne319/ueniueg
sERUNSANYY

TileiSeu

Uszaudne
isenufngn
Y/ ha/eyuiyan

Useyey s
du 9
=

271TN
LNYASNS
Ay
Sude

= .
NIBGFINN

FuTams/Agiaving
g3fadue

NN

nYU

Bu 9 (e, neade,neves)
asvinnululagiu

il
Y1914

. T
uvassglanan

NIV

UAIBAULDS

adl/nssen

unInau

WJedaeny
AGACHL]
Rutungy

au 9 (s
seldndes
feunin 1

N1T)
aLiou
,000 URBLRBU

1,000-5,000 UMFBLHOU

11nA71 5,
Min=600 Max= 50,000 Median=1,000

000 UMABLABY

ansnssnun

Unnes

Useiudapy

F1519n15/55738 e
waitegonde

LURNAUTE

WwRBIANITUIMIdIURIUA
nsatanAeiuAsauA3l

agfAUAY

a3l/n3581

anviau
v a

adl/n3sy
ATRTI N

WATHNNAIUY

63 (39.4%)

20 (12.5%)
85 (53.1%)
47 (29.4%)
8 (5.0%)

34 (21.3%)
104 (65%)
10 (6.3%)
6 (3.7%)

6 (3.7%)

0 (0%)

104 (65%)
15 (9.4%)
23 (14.4%)
5(3.1%)

8 (5.0%)

2 (1.2%)

3 (1.9%)

112 (70%)
48 (30%)

41 (25.6%)
1 (0.6%)
22 (13.8%)
86 (53.8%)
6 (3.7%)
4 (2.5%)

68 (42.5%)
63 (39.4%)
29 (18.1%)

140 (87.5%)
4 (2.5%)
16 (10%)

19 (11.9%)
141 (88.1%)

18 (11.3%)
40 (25%)
46 (28.7%)
50 (31.3%)
6 (3.7%)

2.1 mssuitaymauamdesinvesautes (Hen
Iavaneda)
Laifidgymn
o
aoduily
s s o
WAgle s iiusednsam
Uiy
ftu Huduse
flulen
TRy
ot
anaudin
a - = P
U 9 (Hudn wilenuiuuas wlssilufiidon unalu
Un fudutihang flumng

83 (36.9%)
22 (9.8%)

25 (11.1%)
20 (8.9%)

15 (6.7%)
19 (8.4%)
14 (6.2%)
11 (4.9%)
16 (7.1%)
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P19°97 3 wansauduiusseniedadedis 4 dunsdnduladiiuuinisiuanssuvesigeeny a adtlinggeey lsmeuianiy
Jauriadiesse: nsieTgiiLUadanen (n=160)
Table 3  Relationship between factors and decision on using dental service of elderly people at Geriatric clinic, Phan hospital,

Chiangrai province. : Simple logistic regression analysis (n=160)

Whuusms Taidsuusnng
(n=51) n (%) (n=109) n (%)
Uaedauyana
LAl
—Wﬁd 26(51.0) 62 (56.9) 88 Ref. 0.49
-8 25 (49.0) 47 (43.1) 12 1.27 0.65-2.47
218
-75 TJ%UIU 12 (23.5) 51 (46.8) 63 Ref. 0.005
-60-74 U 39 (76.5) 58 (53.2) 97 2.86 1.35-6.04
AN
Jan, e, menn, weniueg 16 (31.4) 59 (54.1) 75 Ref. 0.007"
-dUTd 35 (68.6) 50 (45.9) 85 2.58 1.28-5.21
STAUNTANEN
LadlAiseu 8(15.7) 26 (23.9) 34 Ref. 0.234°
“Uszau@nel 34 (66.7) 70 (64.2) 104 1.58 0.65-3.85
spudnw /Ua.Uaa 5(9.8) 11 (10.1) 16 1.48 0.39-5.53
U3y 1m3viseaandn 4(7.8) 2(1.8) 6 6.50 1.00-42.31
21¥nwnan/anInlusin 0.25°
-LNWATNTIN 30 (58.8) 74 (67.9) 104 Ref.
e 3(5.9) 12 (11.0) 15 0.62 0.16-2.34
Fudendnauene, su 9 (19974, 12 (23.5) 16 (14.7) 28 1.85 0.78-4.37
foass, nszasl)
-$U19N19/3538 A/ 6(11.8) 7(6.4) 13 2.11 0.66-6.81
msvineulutagdu 0.32
el 33 (64.7) 79 (72.5) 112 Ref.
-au 18 (35.3) 30 (27.5) 48 1.44 0.71-2.93
unaselivan 1.00°
-Rutungy 2(3.9) 4(3.7) 6 Ref.
-INASTUAITAULDS 13 (25.5) 28 (25.7) 41 0.93 0.15-5.73
-umwam,mﬁmﬁm 7(13.7) 16 (14.7) 23 0.88 0.13-5.94
gy dofinns 29 (56.9) 61 (56.0) 90 0.95 0.17-5.49
sreldindedaiiou 0.44
-taendn 1,000 Um 25 (49.0) 43 (39.4) 29 Ref.
-1,000-5,000 umn 19 (37.3) 44 (40.4) 63 0.74 0.36-1.54
-11nA71 5,000 UM 7(13.7) 22(20.2) 68 0.55 0.21-1.46
ANITNNNITRY <0.001"
Laifidgymmnesnunisdu 22 (43.1) 80 (73.4) 102 Ref.
Silgvmnesnunisitu 29 (56.9) 29 (26.6) 58 3.64 1.81-7.31
andn1sdnen 0.85
“913m3/357amn uazUseiudeay 6(11.8) 14 (12.8) 20 Ref.
-Unsneg 45 (88.2) 95 (87.2) 140 1.11 0.40-3.07
\waiagandy 0.58
-IMBIANTUSMNTAIUAUA 46 (90.2) 95 (87.2) 141 Ref.
-LUAMAUNG 5(9.8) 14 (12.8) 19 1.36 0.46-3.99
nsagandeiiuasaunia 0.89
-agfAuiAe 6(11.8) 12 (11.0) 18 Ref.
“ildfoganugnia 45 (88.2) 97 (89.0) 142 0.93 0.33-2.63

NUBNA: Ref. = NG99

Khon Kaen University Dental Journal



Page 45 | U4l 28 atiufi 3 (n.v. - 5.0. 2568)
Meeit 3 uansnwdutusseninsiiadesng 4 funsdaduladihiuuinmsiunnssuvesdgeeny a addnggeeny lsswerunaniy
Friifiease | n1TlRERFuUSEaRe (n=160) (o)
Table 3  Relationship between factors and decision on using dental service of elderly people at Geriatric clinic, Phan hospital,
Chiangrai province. : Simple logistic regression analysis (n=160) (Continued)
msanaulaidnsuuinisiunnssu
fiands 115UUsNS laiidhsuusnns (ni';to) OR qrude 95%Cl P-value®
(n=51) n (%) (n=109) n(%)
Uadeaugunn
Uszaunisalnmsiniu 0.11
“AeviHuy 38 (74.5) 67 (61.5) 105 Ref.
lalipevinitu 13 (25.5) 42 (38.5) 55 0.55 0.26-1.14
Tsauszan@a 0.68
KT 43 (84.3) 89 (81.7) 132 Ref.
-laifl 8 (15.7) 20 (18.3) 28 1.21 0.49-2.96
AnuaEusalunsYIeRanuLg 0.02*
SAameRsRadunans 8 (15.7) 36 (33.0) a4 Ref.
Maifinnefisfia 43 (84.3) 73 (67.0) 116 2.65 1.13-6.23
Jadeduininen
anuiansudiulumadisuusmeiuanssy <0.001"
Andnladsnu 15 (29.9) 85 (78.0) 100 Ref.
-Ananduu 36 (70.6) 24 (22.0) 60 8.50 4.00-18.06
wsegslalunisidnsuuimsiiunnssu
ms5uilgmguamyesiinvesnues <0.001"
Jlaififgm 13 (25.5) 70 (64.2) 83 Ref.
Suitaym 38 (74.5) 39 (35.8) 77 5.25 2.50-11.01
nsiuirnuguLsevaslsaludasiin 0.45
-Syaution 2(3.9) 7(6.4) 9 Ref.
-szaulIUnad 9(17.6) 27 (24.8) 36 1.17 0.20-6.67
-SEAUNIN 40 (78.4) 75 (68.8) 115 1.87 0.37-9.41
mssuiusleviveansnsuusnnsiuanssy 0.001%
szaulunany/deoy 26 (51.0) 84 (77.1) 110 Ref.
-SEAUNIN 25 (49) 25(22.9) 50 3.23 1.59-6.56
Msfunnsdauinisviuanssy 0.001"
-3ZAULIN 26 (51.0) 84 (77.1) 110 Ref.
-sysutias/Uunans 25 (49) 25 (22.9) 50 3.23 1.59-6.56
anudiieatunisidifuuinmsiunnssu 0.63
~sgdusn 13 (25.5) 28 (25.7) a5 Ref.
-5EAuUUINNaN 26 (51.0) 48 (44.0) 74 117 0.52-2.63
—isﬁugd 12 (23.5) 33 (30.3) 41 0.78 0.31-1.99
WiauaRTsisonsdrsuUsnsTuans sy 0.14
—sziuULna/An 38 (74.5) 92 (84.4) 130 Ref.
-SEAUge 13 (25.5) 17 (15.6)) 30 1.85 0.82-4.18
anamavafatunMsthuUSMsuAn TSy 0.51
szaulunany/tae 8 (15.7) 13 (11.9) 21 Ref.
-SEAUNIN 43 (84.3) 96 (88.1) 139 0.73 0.28-1.89
Jaduaudnu
answannauluasauniauzagIf 0.003"
-szfiuliony 8 (15.7) 37 (33.9) 45 Ref.
-seAuUIuNa 15 (29.4) 41 (37.6) 56 1.69 1.04-4.45
-3¥AULIN 28 (54.9) 31 (28.4) 59 4.18 1.67-10.48
Svswaaniiautinu 0.004"
-szeutioy 13 (25.5) 60 (55.0) 73 Ref.
-seaudIuNaNs 23 (45.1) 32 (29.4) 55 3.32 1.48-7.41
-5EHUNIN 15 (29.4) 17 (15.6) 32 4.07 1.63-10.19
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asei 3 uanseuduiussEninatadising 4 Aunisdeduladniuuimsiuanssuvesigeeny u addnggseny Tsmeruianu
Fiiadeenes : mAeTeiiuUndaien (n=160) (o)

Table 3  Relationship between factors and decision on using dental service of elderly people at Geriatric clinic, Phan hospital,
Chiangrai province. : Simple logistic regression analysis (n=160) (Continued)

Whiuusms  lddhiuusans
(n=51) n(%) (n=109) n(%)

nswavniiuayaaing 0.01"
sszaulunany/dey 13 (25.5) 57 (52.3) 54 Ref.
-SEAUNIN 38 (74.5) 52 (47.7) 16 3.20 1.54-6.67
AsidsaunanssUNedIAY 0.21
SEauUtioy 11 (21.6) 38 (34.9) 49 Ref.
-syauUIunay 22 (43.1) 42 (38.5) 64 1.81 0.78-4.22
-SEAUNIN 18 (35.3) 29 (26.6) a7 2.14 0.88-5.23
Uadwaanunisal
szpzmslumsiumandnsuus nsiuanssy 0.70
-Wpgnaviewiniu 10ATaluns 25 (49.0) 57 (52.3) 78 Ref.
1A 10 Alawns 26 (51.0) 52 (471.7) 82 1.14 0.59-2.22
guassalun1sidnuuinsiiunnssy 0.013"
-S¥AUNIN 5(9.8) 22(20.2) 27 Ref.
-szaulIunas 28 (54.9) 34 (31.2) 62 3.62 1.22-10.80
-s¥eulay 18 (35.3) 53 (48.6) 71 1.49 1.02-4.53

AULAR: ° Chi-square test, b Fisher exact test, * statistically significant at p<0.05, Ref. = ﬂEjuayNﬁ\i

m3eit 4 wanadaduiiiaviwadensdnduladiniuuimsiuanssuvesdgeeny a addndgeeny Tsmeuianu fmindesse Tay
Angvinsonnesladafn wuuluuns Iagldisandenduuswuy Backward stepwise: Wald (n=160)

Table 4  Factors influencing decision on using dental service of elderly people at Geriatric clinic, Phan hospital hospital,
Chiang Rai province. : A Binary logistic regression analysis using Backward stepwise: Wald Method (n=160)

F9UNIN 0.039

Tan, mening, wanfiueg Ref.

-du3d 0.98 4.25 2.67 1.05-6.77
N1IENNTRY 0.018

“laifidgywmesnunisidu Ref.

Silgvmnesunisidu 1.18 5.62 3.05 1.21-7.69
anuiandndulumsidruusnsiuanssy <0.001

-Ananlaisudu Ref.

Andngniu 2.03 16.93 7.60 2.89-19.95
nsfuinisdauinsviuanssy 0.016

-3ZAULIN Ref.

“syautios/Uuna 1.22 5.76 3.38 1.25-9.11
answavniiuayAaIng 0.045

szaulunany/dee Ref.

-3ZAUUIN 0.96 4.01 2.62 1.02-6.74
gussIalunsdnTuussviunnTy 0.039

-5EAUNIN Ref.

“syautios/Uunana 1.25 4.25 3.47 1.06-11.36
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UnIvsal

nsfnwndainuidgeeny o adfinggeeny
lsanenunaniu Jwialeene dmsdedulainsuuims
viunnssu teeninfevas 40 (Fevay 31.9) Teaenndesiy
n15@ w109 Posr and Wittayapairoj (2018)® 7 wu3n
Haseny 60-74 U ludunailes Jwinveuuiy 18051013
WsuuInNsiuanssuvesgieny Anduseuay 32.08"
LazanAABaTUNANYIYBY Subbowon (2018)° fiszy
11 geeysoay 18.4 veudasognaunieg1eiinisly
usnsiuanssuluseud L waviednanisdnen
TALENUN1TANYIVDY Atichayatanasin and Nammontri
(2023 fiwuigfgeenepildudmsviunnssy a lsmetua
duaSuaunneua snnedUaneund Jmiauisug Sey
az 58.60” lnganuunnaniureswiaznsinyetaiy
NANNNDIYYBINGLT IR TIRNW AT UTUNTLANG e U
vosusazitui Snvansiaaulaldusmants 9 e i
nsgvumMvanetuneuneouasiadula fansuiiym
nsAumdeya nMsuszliunmaien msdadulalduing
wagngAnTIIndnslduIng delunsagnszuiunsasd
Uadesing 9 Aumnsinafiluusiazyana 017 yanasng q 7
wsnunum viliusasyanatimsinalofiunndneiu’

U a

msfnunismuitiadeiinsvinasomadaduls
WasuuTnsviunnTsuYe sl 4901 M Ad N g9818
Tsmeuianiy Jrialedss laud @aaunm nsens
nsdu anusAndudulunisdhsuuinsiunnssy s
$U3N1IIAUTNTTIUANTTU BNENANTIUAYAAINT WAz
guassalunssuUINsTiunN STy

fuaamun WuIgeengAfanunmasad
Tomalunsdrauladisuuinsiiuanssuannnitgeaseny
filan wiho mer31e ueniuey 2.67 Wi Georadumey
sunuumsldFinesgeongiausadudodensiiaaa
aulalunisldusmaiunnssuunnninggeoneiilan wie
¥ ueniuey 19U faeorgidaniunmansasiada
dladfurimsviunnssy mseiidausanssuuziiniFos
nsguagumYesiInuasdiemntadlunsiisuuins
Viunnssu s

A15ENNNITHIU Wm'wiqqmqﬁﬁﬂzgmma
MUy Tlemadedulaidrifuusmsviuanssusnn i
fgeeng i luddgymmnsdiunisiiu 3.05 i1 §991a

iesnanggeorgfifitygmmeiunisiu faniidgm
aunmdesnnnniuazitamiFesdiltarglunsluld
UimsvunnssuuanumeIunady fegueniviloninans
nMsnweNanILUIN1TTess lurisnandiviinsinm
ausdandndulunisdrsuusmsiunnssy
wudn Jgeengiianindududeadrsuuinnsiunnssy
Temadnduladhiuuimsiunnssennninggeegiidad
Liddudeadrsuuinmsiuanssu 7.60 Wi denndesiu
Phaonimmongkol (2018)” ﬁisu’i’lﬂﬁﬁammmzwﬁﬂﬁd
anudndusenisdrfunisihvimesiuanssuduiiss
Hafuideaiidanuduiudidauantueudosnaidifu
USNSiunNssurewgieny o1adumszdgeengsdnin
autedlaFunansznulunisdissdinannisi aulesd
Jaymavnngesdin Jsuaismuuimamsenisanidunis
Ta 9 islilasunsuiladgmiliintu venanioradu
nauitlsifitamauamdosnvdelilésunansenulunis
AR UymavaIngealn uidanunsendngs
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Abstract

Objective: This study aimed to examine the factors influencing decision on using dental service of elderly people at the Geriatric Clinic,
Phan hospital.

Materials and Methods: This cross-sectional study involved 160 elderly people aged 60 years and above, including homebound and
socially active individuals, who were screened for geriatric syndromes at the Geriatric Clinic of [hospital name withheld]. Data were
collected using a structured interview questionnaire based on the conceptual integration of Jaturongkakul’s consumer decision-making
model and the dental service utilization model by Davidson and Andersen. The data collection was conducted between October 1,
2024, and March 31, 2025. Descriptive statistics such as frequency distribution, percentage, mean, median, and standard deviation were
used. Inferential statistics included Chi-square tests or Fisher’s exact tests for association analysis. In addition, the factors influencing the
decision on using dental service of elderly people were analyzed using binary logistic regression analysis.

Results: The study found that after controlling for various factors, the factors that significantly influenced the decision on using dental
service of elderly people were statistically significant at the 0.05 level. These included marital status (OR=2.67, 95% Cl: 1.05-6.77),
financial burden (OR=3.05, 95% Cl: 1.21-7.69), perceived need for dental care (OR=7.60, 95% ClI: 2.89-19.95), perception of available
dental service (OR=3.38, 95% Cl: 1.25-9.11), influence of dental personnel (OR=2.62, 95% Cl: 1.02-6.74), and perceived barriers to dental
care (OR=3.74, 95% Cl: 1.06-11.36). These factors can explain 52.2% of the likelihood of elderly people decision on using dental care.
Conclusion: Key factors influencing decision on using dental service of elderly people at the Geriatric Clinic of [hospital name withheld] included
marital status, financial burden, perceived need for dental care, perception of available dental service, influence from dental personnel, and
perceived barriers to care. The researcher recommends that dental personnel take a proactive approach by providing information that raises
awareness of the necessity of using dental service among elderly people and by promoting dental service to ensure that elderly people are
informed, thereby increasing their decision to using dental service.

Keywords: Using Dental Service/ Elderly/ Geriatric Clinic
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HunsUuINasgIunsTaAuid oavgmiesfuisd
Ingdesirnuazudindalaifea augiununveans
umIngrdeveunniuuda feyaniniaunazgnunda
(Blindness) lngg nazlinsuseazidenvainisauny
A viavenas edlautuneuivanlnlunsnAild
AUy wagsunsaanguiiegsiite §insansasyii
NM131AAUNTN (A) kazAue1) (B) 9nnnssdlaudy
AautAlnlunAszLIUmULNY Lagiaaiugs (H)
INTTUIULUIT I8V AQIDUAAINALALINUAD 90
woadh vum 21.5 92 AuaniSeae 1920x1080 fin
w8 (HP Development Company, L.P., United States)
Tuiesg MunlananInsIFv99nuE T UALNNEAIENS
umIngrdevounnulagsy Tnaiuisausuvergnn
(Magnification) 113 8/ 9019 (Zoom) 1 8A15B4LT U
daaunounsin waldanunsausuaauaing (Brightness)
%30 AMULUTBUAN (Contrast) wazvinnTindayaiiies
nilsnddlumiredafiuns lnglifinstan U 3 uas

U 4) Antiuduiindeya uamARdewsayseezaIng

Taviaaes wazidoyatdlusunsuinsgrineada 1BM
SPSS 119391 28.0.0.0 (IBM Corporation, United States)

N5 Intraobserver reliability ve4i{in lag
AAruauvinsgunguiiegunmid@auduneuiunaln

v
P2y

A5 97uau 10 nw TR TavsaespuvininsinAuay

U
'

nan wagTnendnadalneilszesaing 2 Ui
nsAATIzdayaLAzadnIY
msinlneraaesnuiinnutindefouazifipmss
Tnerndanseavisavdiiusameludy (ntraclass Comelation
Coefficient: ICC) ¥@aM¥InTeyiNin (nterrater reliability)
fifn 1.00 wazauasi n1eluves¥a (ntra-observer
reliability) fiAn 0.99 Winfusiaesau
H338InANETAAY S8 A B Uag H 110
LUUTIADILaTATNSIAT agnaunuileng o Taudy
ponfiuaalnlunswilvaaessiln eSeudisuniy
LANANIYBIALRA BANNE T LAUTEIINENNG NN
naas tneldadinistinszsinnuulsusuuuuing,
(Repeated measure ANOVA) uagiU3suifisusiade
senIanguiidauuAnansiu (Painvise comparison)
Tne33ves Bonferroni & s vunssaueddglunis
naABUANLAZILT 0.05 Wars1ansvagey 0.80
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Figure 3  Preparing radiographic images for linear measurement using the PACS Infinitt ©
|
1
|
|
|
" 61.96mm 62.52mm
U4 (A) uansnsinnnuendaduszer A nnansedveaniosunauwin Jald 3 7°

Figure 4

(®) uaninsianrmedaduszey A inamiidvenaIeauasansu 8100 wad 35°
(© wansmsinanueTiduduszes B mnamivdveaaiosunauiudi Jals 3 7°

(D) wanansInmuEIndusTey B N mssaveundouaianiy 8100 0ad 37°
) wanansiaAreBuduszey H minamssdvenedosunauii Jald 3 7°

) wanansiaAreTLBuduszey H inamssdveuedouaianiy 8100 10ad 37°
A) Linear measurement (A length) from Planmeca Viso G7°® radiograph.

E
F

B) Linear measurement (A length) from Carestream 8100SC 3D® radiograph.
O) Linear measurement (B length) from Planmeca Viso G7® radiograph.
D) Linear measurement (B length) from Carestream 8100SC 3D® radiograph.
E) Linear measurement (H length) from Planmeca Viso G7® radiograph.

(
(
(
(
(
(
(
(

F) Linear measurement (H length) from Carestream 8100SC 3D® radiograph
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w3aslaudunsuinaanlunsflunauusi Sald 3 7°
wazuAsERTY 8100 108 37° Taviun 64 Feghe S1uu
192 o1y fAdy 15.60+18.24 dadwuns 15.56+18.22
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ﬂ"]LQTSIEJ‘UENW.J’IJJEJTJL%QLE?UIG]EJi?ﬂ%@ﬁﬁﬁﬁ’]ﬂﬂ@lwﬂ’l‘i

o o

neaes dANuuana1siued1edes 1 ¢ agrelidedfey

)

N19adA (p<0.001) lenaaeusieadfinsinszining
wUsUsIULUUET afiansanAILAnA1IweIALET
Badusgminuuuinassiunnisdfignaunuainiades
wnauAn 3ald 3 7° uwaziedewaiansy 8100 10aT 3°
wazdosazarunatnad sl olisususuusian
fiaadsdu 0.04+0.08 fiaduns (Sovaz 0.37) uay
10.15+0.42 fadwns Govaz 1.14) audidu Feradey
%dﬁﬁﬁjé’auﬁmmLLmﬂﬁf’mﬁ’uasjwﬁﬂ“ﬂﬁwﬁ’zwwaﬁa
(p<0.001) WeldadfinsiUTouifivuseninsngusieds
483 Bonferroni (AN5747 2)

] ~ a ' a v ' ' 4 o
A15199 2 MSUSHUNEUANULANATIUDIAINNYITIEUTENING 3 NRUNIIVINADY LUDIMUNAINITYS AB gy H

Table 2 Comparison of statistical analysis between 3 pairs of experimental groups in A B and H.
AMUEATUEY (mm.) nasiavesnEIdadulieuiisussninanios
ez N Mean (SD) and Min, Max Mean (SD) and 95% Confidence Interval
Model Planmeca® Carestream® p-value® Model neetl | Flennee o
Planmaca® Carestream® Carestream®
A 64 Mean (SD) = 5.44 (2.31)  5.43(2.29) 5.38 (2.35) <0.001* Mean (SD) 0.01(0.07)  0.06 (0.09) 0.05 (0.09)
Min, Max 2.00, 9.00 1.89, 9.04 1.77,9.08 95% Cl -0.01-0.03 0.03-0.08 0.02-0.08
% error 0.15 1.8
pvalue®  0.85 <0.001% <0.001*
B 64 Mean (SD)  5.56 (2.31)  5.51 (2.28) 5.43 (2.34) <0.001* Mean (SD) 0.05(0.08) 0.13(0.11) 0.08 (0.11)
Min, Max 2.00, 9.00 1.89, 9.01 1.68, 9.00 95% Cl 0.03-0.07 0.10-0.17 0.05-0.12
% error 0.87 3.38
pvalue®  <0.001* <0.001% <0.001%
H 64 Mean (SD)  35.80(19.41) 35.74(19.36) 36.42(19.74) <0.001* Mean (SD) 0.06 (0.09)  -0.63(0.35) -0.68 (0.40)
Min, Max 3.00, 68.00 3.00, 67.71 3.07, 69.21 95% Cl 0.03-0.08 -0.74-(-0.52)  -0.81-(-0.56)
% error 0.1 -1.76
|o—valueb <0.001* <0.001* <0.001*
Total 192 Mean (SD) 15.60 15.56(18.22) 15.74(18.63) <0.001* Mean (SD) 0.04 (0.08)  -0.15 (0.40) -0.18 (0.43)
Min, Max (18.24) 1.89, 67.71 1.68, 69.21 95% Cl 0.02-0.05 -0.22-(-0.08)  -0.26-(-0.11)
2.00, 68.00 % error 0.37 1.14
pvalue®  <0.001* <0.001* <0.001*
RN TE8Y A kg B Wy axial plane, 538 H kw1 sagittal view, 95% Confidence Interval (95% CI) 2zUan9AT lower bound-upper bound,

* fio unnAnsediied1Aynneaif (p<0.05), ° fip Test of within-subjects effect (p-value), ® Aia Pairwise comparison (p-value)

uaﬂmﬂﬁymﬂﬁmsmﬂmmsaj"mmjuLwﬂa'asj
90958 A WAy B deilmnuendadu 2,3, 4,5 6, 7, 8
uay 9 dadwns WUF’WI’ILQaEJﬂ’J’IiJEJ’]’]L%QLﬁumﬂ‘V]z\‘lmiJ@:
fio LL‘U’UfS’]@mﬁ’umw%’a?ﬁf&gﬂmmumﬂLﬂ%mwaumﬁﬂ
Jalg 3 7° LL‘U‘URT’]ENE]QﬁUﬂ’]W%’QagﬁﬂgﬂﬁLmumﬂLﬂ%IENLLﬂ%
@n3u 8100 LOET 3R LLaSﬂ’]W%JﬂﬁﬁlgﬂﬁLLﬂuT\]’lﬂLﬂ%IEN
wrauunn Jale 3 7° duwasansy 8100 1aad 36° fen
5.50+2.30 {adlung 5.47+2.28 dadluns tag 5.41+2.34
fiaduns auE1au WeflansanaAuLAnAIweIAIY
EmL%&Lé’umﬂmwi"aﬁh"mwmi’waawmmw?aﬁﬁgm
AunuInAIsaLLAn 3ald 3 7° uazuasansu 8100

10ad 35° uardovazanuiananndefisufuuuusians
fiandu 0.03+0.08 fadwms (Gawaz 0.51) uaz 0.09+0.10
findng (Fovay 2.59) mudndu Sernadsvesiaaesd
audanuunnsnsiuegsluedAgneads (0<0.001)
leldadAmanBsuifisussmininguseisues Bonferroni

TAUANULANGNVBIAILINUT A UTEN IS
LUUT1803AUN M IET anauALaIN 1AT BILNALLIA
3ald 3 709530z 2, 3, 4, 5 uAY 6 AAAWAT WUUSIABY
funmssdnignaunuaIniaseuAsansy 8100 Load 37°
fisree 6 uaz 8 fadwns SAuade 0.02+0.05 Hadiuns
0.01+0.06 dadtuAs 0.00+0.06 dadtuns -0.01+0.06
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{adLuns 0.0120.10 TaaLums 0.10+0.15 Jadlunsg way
0.05+0.08 TadIAT AUAIAU YIANRALAINNLNUTIEY
Yondnngueosil danuuandrsarnuuudiassetisly

o w a

HvdAYNNEDA LEIANULANAINTENINLUUTIABIAY
mw%’aﬁ%agammuma w3 aunauusi 3ald 3 7° 7
szoy 7, 8 war 9 dadluns wuudiassiunmisdign
ALNUDINLAIBILATARSY 8100 1oad 37° fisves 2, 3, 4,

5,7 kay 9daauns dA1ady 0.06+0.09 AadLuns

A5 3
Table 3
ANEATUEY (mm.)
Mean (SD) and Min, Max
28 N
Model Planmeca® | Carestream®
2mm. 16 | Mean (SD)| 2.00 (0.00)| 1.98 (0.05) | 1.84 (0.09)
Min, Max | 2.00, 2.00 | 1.89,2.05 | 1.68, 2.01
3mm. 16 Mean (SD)| 3.00 (0.00)| 2.99 (0.06) | 2.85 (0.09)
Min, Max | 3.00, 3.00 2.80, 3.08 2.66, 2.99
4mm. 16 | Mean (SD)| 4.00 (0.00)| 4.00 (0.06) | 3.90 (0.09)
Min, Max | 4.00, 4.00 | 3.92,4.11 | 3.71,4.04
5mm. 16 Mean (SD)| 5.00 (0.00)| 5.01 (0.06) | 4.92(0.09)
Min, Max | 5.00, 5.00 | 4.88,5.12 @ 4.78, 5.07
6 mm. 16 Mean (SD)| 6.00 (0.00)| 5.99 (0.10) | 5.90 (0.15)
Min, Max | 6.00, 6.00 | 5.74, 6.11 5.50, 6.05
7mm. 16 | Mean (SD)| 7.00 (0.00) 6.94(0.09) | 6.94 (0.09)
Min, Max | 7.00, 7.00 | 6.76,7.09 @ 6.78, 7.05
8mm. 16 Mean (SD)| 8.00 (0.00)| 7.93(0.07) | 7.95 (0.08)
Min, Max | 8.00, 8.00 | 7.78, 8.03 7.68, 8.06
9mm. 16 | Mean (SD)| 9.00 (0.00) 8.93(0.08) | 8.94 (0.08)
Min, Max | 9.00, 9.00 | 8.80,9.04 @ 8.79, 9.08
Total 128 | Mean (SD)| 5.50 (2.30)| 5.47 (2.28) | 5.41 (2.34)
Min, Max | 2.00,9.00 | 1.89,9.04 @ 1.68,9.08

0.06+0.09 dadtums 0.07+0.07 dadtuns 0.07+0.08
JadLuns 0.16+0.09 dadtuns 0.15+0.09 TadLunT
0.10+0.09 dadtums 0.08+0.09 dAadtuns 0.06+0.09
fiadiuns uay 0.06+0.08 fadluns aua1du Fariade
armenidaduresiaiingugosiiinuuandiein
wuuTransed il dedAyneadd o eldadfinag
Wisuiisuseninangusngitues Bonferroni (M54 3)

NSWUTBUBUAMINETATEVIN 3 NGUNTNAGEY TITeey A Uay B LiaduunmuANe™
Statistical analysis between 3 pairs of experimental groups in distance A and B grouped by length.

' P ) ' C
Nﬁﬂ'Nﬂﬂ\iﬁ'J"l&lEl']'JL%QLﬁuLﬂ%ﬂ‘UWIFJ‘USS‘V]'J'NLﬁiﬂ\?
Mean (SD) and 95% Confidence Interval

. Model- Model- Planmeca®-
palue Planmaca® | Carestream® | Carestream®
<0.001* Mean (SD) 0.02 (0.05) | 0.16 (0.09) 0.13(0.08)

95% Cl -0.01-0.06 | 0.10-0.22 0.08-0.19
% error 1.17 7.86
p-value® 0.19 <0.001* <0.001*
<0.001* Mean (SD) | 0.01 (0.06) = 0.15(0.09) 0.13 (0.07)
95% Cl -0.03-0.06 | 0.09-0.21 0.09-0.18
% error 0.45 4.92
p-value® 1.00 <0.001* <0.001*
<0.001* Mean (SD) 0.00 (0.06) | 0.10 (0.09) 0.10 (0.08)
95% Cl -0.04-0.03 | 0.04-0.16 0.05-0.16
% error -0.10 2.48
p-value® 1.00 0.002* <0.001*
<0.001* Mean (SD) | -0.01 (0.06)  0.08 (0.09) 0.09 (0.07)
95% Cl -0.05-0.04 | 0.02-0.14 0.04-0.14
% error -0.14 1.64
p-value® 1.00 0.006* <0.001*
0.007* Mean (SD) | 0.01(0.10) | 0.10(0.15) 0.09 (0.13)
95% Cl -0.06-0.08 | -0.01-0.20 0.01-0.18
% error 0.10 1.65
p-value® 1.00 0.06 0.02*
0.004* Mean (SD) 0.06 (0.09) | 0.06 (0.09) 0.00 (0.06)
95% Cl 0.01-0.12 0.00-0.12 -0.04-0.04
% error 0.91 0.92
p-value® 0.02* 0.04* 1.00
0.003* Mean (SD) | 0.07 (0.07) | 0.05(0.08) -0.03 (0.08)
95% Cl 0.03-0.12 | -0.01-0.10 -0.08 - 0.03
% error 0.89 0.57
p-value® 0.002* 0.14 0.58
0.002* Mean (SD) 0.07 (0.08) | 0.06 (0.08) -0.01 (0.08)
95% Cl 0.02-0.12 0.01-0.12 -0.06 - 0.05
% error 0.78 0.72
p-value® 0.007* 0.01* 1.00
<0.001* Mean (SD) | 0.03(0.08) | 0.09 (0.10) 0.07 (0.10)
95% ClI 0.01-0.05 0.07-0.12 0.04 - 0.09
% error 0.51 2.59
p-value® <0.001% <0.001% <0.001*

nuEg  95% Confidence Interval (95% Cl) AsuansAn lower bound-upper bound, * e wansnsaediludAyIeEdia (p<0.05),

a

fi® Test of within-subjects effect (p-value), ® #® Pairwise comparison (p-value)
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Research Article

Abstract

Objective: Dental radiography, both 2D and 3D, plays a significant role for dental examinations. Recently, 3D images (Cone-Beam
Computed Tomography; CBCT) have been widespread used in dentistry. Various machines with different productions and vendors may
affect the qualities and outcome of CBCT images. To study the qualities of CBCT images from different machines by using the accuracy
of linear measurement method is set up for this study’s objective.

Materials and Methods: This is an in-vitro experimental study comparing the accuracy of linear measurements from two CBCT scanning
machines. The 64 printing models made of polylactic acid (PLA) material were built up with actual width, length, and height as the
control group. The models were scanned by two CBCT machines with same parameters and stored in medical PACS; Infinitt®. The width
(A) and length (B) were measured from an axial plane and the height (H) was measured from a sagittal plane.

Results: Statistical analysis with the repeated ANOVA showed the mean differences between the actual model and CBCT images from
Planmeca Viso G7® and Carestream 8100SC 3D® were 0.04 £0.08 mm (p<0.001) and -0.15 +0.40 mm. (p<0.001) respectively. The linear
lengths measured on the two CBCT machines were significantly different.

Conclusion: The linear lengths measured on CBCT images of the Planmeca Viso G7® showed less difference from the model than
those of the Carestream 8100 SC 3D.

Keywords: Cone-Beam Computed Tomography (CBCT)/ Image analysis/ Measurement accuracy/ 3D printing
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Research Article

Abstract

Objective: This study aimed to assess the correlation between mandibular anatomy and the occurrence of bad splits in Sagittal split
osteotomy (SSO).

Materials and Methods: Pre-surgical CBCT images of 10 patients with bad split (bad split group) and 40 patients without bad split (normal
group) were evaluated. Anatomical parameters of the mandible related to the osteotomy line were measured. Conditional logistic regression
and receiver operating characteristic (ROC) curve analyses were performed.

Results: Results showed that a shorter height from the lingula to the fusion of buccal and lingual cortices (HLBC; p=0.009) and thicker
distance between outer surfaces of buccal and lingual cortical plates of ramus at the level of the lingula (BTRL; p=0.028) were significantly
associated with the occurrence of a bad split. ROC analysis revealed an HLBC cut-off of 7.5 mm.

Conclusion: This study suggests that patients with a shorter height from the lingula to the fusion of buccal and lingual cortices less than 7.5 mm are

at higher risk of bad splits during SSO. Surgeons should exercise caution in such cases to minimize complications.

Keywords: CBCT/ Bad split/ Mandibular anatomy/ Sagittal split ramus osteotomy

Introduction

Sagittal split osteotomy (SSO) is one of the
most commonly performed procedures in orthognathic
surgery, used to correct dentofacial deformities, skeletal
Class Il and Il discrepancies, mandibular asymmetries,
and maxillofacial imbalances™. The technique has
undergone several modifications to enhance condylar
positioning and optimize bone segment contact in
order to minimize postoperative complications4'8.

Despite these advancements, complications following

Received: Apr 14, 2025
Revised: Aug 16, 2025
Accepted: Aug 31, 2025

SSO continue to be reported”!, among the most
notable being unfavorable fractures, often referred
to as “bad splits”.

The term “bad split” refers to an unintended
or irregular fracture occurring in either the proximal
or distal segment of the mandible during SSO . The
reported prevalence ranges from 0.9% to 20%,
affecting the buccal or lingual cortical plates of the
mandible, or even the condylar neck . Arare variant

of this complication is an isolated coronoid process
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fracture while the ramus remains intact'®. This may
result in serious postoperative issues, such as
infection, sequestration of bone fragments, delayed
healing, malunion or fibrous union at the osteotomy
site, potentially leading to instability and mandibular
dysfunction'®".

Previous studies have identified several
potential contributors to bad splits during SSO,
including patient age, the presence of impacted third
molars, and surgeon experiencelz’lilé. Kriwalsky et al.
and Veras et al. reported that older patients are more
likely to experience bad splits, while Falter et al.
noted that no such fractures occurred in individuals

under 20 years old™?"?"

. The role of impacted third
molars remains debated. Posnick et al. found no
increased risk when these teeth were removed at the
time of surgery'®, whereas Reyneke et al. observed a
higher incidence of bad splits in younger patients
with impacted molars and recommended their
extraction at least 6-9 months prior to SSO". Surgeon
experience has also been implicated. While Friscia et
al. linked complications to surgeon expertise, Falter
et al. found no significant reduction in bad splits over
a 20-year period”’zo, suggesting that osteotomy
design and surgical technique may play a more
decisive role.

In addition to these factors, mandibular
anatomy also appears to influence the risk of bad
splits and should be considered in surgical planning,
particularly with respect to the thickness and
structural characteristics of the osteotomy site.
Aarabi et al. reported that patients with shorter rami
and a thinner buccolingual mandibular structure
were more susceptible to bad splits during SSO*.
Similarly, Wang et al. found that a short ramus and
limited buccolingual thickness in the alveolar region
distal to the second molar increased the risk of
unfavorable fractures™.

Previous studies have also indicated that
medial osteotomies performed predominantly within

cortical bone may contribute to bad splits”?.

Consequently, identifying the precise location of the
fusion between the buccal and lingual cortical plates
is essential for determining the safest osteotomy site
and selecting the most appropriate surgical technique.
However, few studies have systematically evaluated
the relationship between anatomical parameters and
the incidence of bad splits. Therefore, this study
aimed to investicate the association between

mandibular anatomical characteristics and the
occurrence of bad splits in SSO using cone-beam

computed tomography (CBCT) imaging.

Materials and Methods
Study Population

The authors designed a retrospective case-
control study. The study was approved by the Ethics
Committee of the Faculty of Dentistry and Faculty of
Pharmacy, Mahidol University (CoA No.MU-DT/PY-IRB
2021/074.2308). The study population comprised
Thai patients with skeletal deformities who underwent
the modified Hunsuck and Epker technique for either
SSO alone or in combination with maxillary osteotomy
at the Oral and Maxillofacial Surgery Clinic, Faculty of
Mahidol Bangkok, Thailand
between January 2017 and November 2020.

Dentistry, University,
Case selection
Inclusion criteria required patients to have

pre-surgical CBCT images. Exclusion criteria included

severe facial asymmetry, a history of trauma or
pathological conditions, and any previous treatments
that could affect the assessment of mandibular
anatomy. Patients with CBCT images of poor quality
were also excluded. Patients were categorized as

“cases” if operative records documented the

occurrence of a bad split during SSO, and as

“controls” if no such complication was noted. Each

case was individually matched to four control

patients based on age at the time of surgery, sex, and
surgeon experience. A total of 50 patients were
included in the analysis, consisting of 10 cases and

40 matched controls.
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Radiographic assessment

CBCT images were acquired using two
the KODAK 9500 3D CBCT system

(Carestream Health, Rochester, New York, USA) with

systems:

a field of view of 20.6 cm in diameter and 18 cm in
height, and a voxel size of 0.3 mm; and the Veraview
X800 (J. Morita Corp., Kyoto, Japan) with a field of
view of 15 cm in diameter and 14 cm in height, and
a voxel size of 0.32 mm. All CBCT images were
exported as Digital Imaging and Communications in
Medicine (DICOM) files for analysis using Dolphin
Imaging software (Dolphin Imaging, Canoga Park, CA).
CBCT images were evaluated by a single examiner
who was calibrated through training on a set of 10
CBCT datasets. Notably, excellent inter- and intra-
rater reliability was established for all parameter
measurements prior to the study, with intraclass
correlation coefficients (ICCs) exceeding 0.90. The
imported datasets were then oriented to align the
Frankfurt plane parallel to the horizontal plane.
Three anatomical landmarks were identified as
reference points for subsequent analysis: the most
posterosuperior point of the lingula (L point), the
most inferior point of the sigmoid notch (S point), and
the most posterior extent of the contour of the
mandibular second molar (M point) (Figure 1).

Assessment of anatomical parameters

To identify anatomical risk factors associated
with bad splits, mandibular parameters related to
the osteotomy line were systematically measured
using CBCT images (Figure 2). At the L point, five
parameters were assessed: in the coronal plane, the

height from the lingula to the fusion of the buccal

and lingual cortices (HLBC), the height from the
lingula to the sigmoid notch (HLS), the cancellous
bone thickness at the lingula level (CBTL), and the
buccolingual thickness of the ramus, defined as the
distance between the outer surfaces of the buccal
and lingual cortical plates (BTRL); and in the axial
plane, the anteroposterior width of the ramus
(APWR). The distance from the sigmoid notch to the
of the mandible (SIBM)

measured in the coronal plane at the S point. At the

inferior border was
M point, also in the coronal plane, the mandibular
height from the alveolar crest to the inferior border
(ACIB) and the buccolingual thickness of the
(BLR)

Throughout the analysis, observers were permitted

retromandibular  area were evaluated.
to adjust magnification, brightness, and contrast to
optimize image visualization.

Statistical Analysis

Descriptive statistics were used to summarize
demographic  characteristics and  anatomical
parameters for each group. Multivariable conditional
logistic regression analysis was performed to identify
significant predictors of bad split occurrence, using
a significance level of 5%. Receiver operating
characteristic (ROC) curve analysis was subsequently
conducted to determine optimal cut-off values for
anatomical parameters associated with bad splits.
Inter- and intra-rater reliability for each parameter
measurement was assessed using an ICC. All statistical
analyses were carried out using SPSS software (version

26.0; IBM Corp., Armonk, New York, USA).
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Figure 1 Anatomical reference points used for measurement: (A) The lingula (black arrow) is a small bony prominence on the medial
surface of the mandibular ramus, located anterosuperior to the mandibular foramen (white arrow). The intersection of the
reference lines marks the most posterosuperior point of the lingula (L point); (B) the sigmoid notch is a concavity on the superior
border of the mandibular ramus, situated between the coronoid process (black arrow) and the condylar process (white arrow).
The intersection of the lines identifies the most inferior point of the sigmoid notch (S point); (C) the intersection of the lines
indicates the most posterior height of contour of the mandibular second molar (M point).

Figure 2 Mandibular anatomical parameters related to the osteotomy line were assessed at three reference points (L, S, and M). At the
L point, four measurements were taken in the coronal plane: (A) the height from the lingula to the fusion of the buccal and
lingual cortices (HLBC) and the height from the lingula to the sigmoid notch (HLS); (B) the cancellous bone thickness at the level
of the lingula (CBTL); and (C) the buccolingual thickness at the same level (BTRL). One axial measurement was also recorded at
the L point: (D) the anteroposterior width of the ramus (APWR), assessed in an axial slice at the most posterosuperior point of
the lingula. At the S point, one parameter was measured in the coronal plane: (E) the distance from the sigmoid notch to the
inferior border of the mandible (SIBM). Finally, at the M point, two parameters were evaluated in the coronal plane: (F) the
vertical height of the mandible from the alveolar crest to the inferior border (ACIB) and the buccolingual thickness of the
retromandibular area (BLR), measured at the most posterior height of contour of the mandibular second molar.
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Results

A total of 50 patients (15 males and 35
females) who met the inclusion and exclusion criteria
were included in the study. The study population
comprised two groups: Group 1 (bad split group),
consisting of 10 patients who experienced a bad
split, and Group 2 (normal group), consisting of 40
bad The

and

matched patients without a split.

demosgraphic  characteristics anatomical
parameters of each group are summarized (Table 1).
Notably, the intraclass correlation coefficient for inter-
and intra-examiner reliability in the analyses of
anatomic parameters were 0.967-0.994 and 0.950-
0.996, respectively Table 2).

Multivariable conditional logistic regression
analysis identified HLBC and BTRL as the only
significant predictors of bad split occurrence during
SSO (Table 3). Each 1 mm increase in HLBC was
associated with a 64.1% reduction in the odds of a
bad split (odds ratio [OR] = 0.359;p = 0.009),
indicating that shorter HLBC values were significantly
associated with increased risk of bad split. In contrast,
greater BTRL thickness significantly increased the risk
of bad splits by a factor of 5.93 (p = 0.028).

Receiver operating characteristic (ROC) curve
analyses were subsequently performed for HLBC
and BTRL to evaluate their discriminatory capacity.
For HLBC, an optimal cut-off value of 7.5 mm
yielded a sensitivity of 70.0%, specificity of 72.5%, and
an area under the curve (AUC) of 0.77 (Figure 3). In
contrast, no optimal cut-off value could be
determined for BTRL, as its ROC curve closely
approximated the diagonal reference line, suggesting
poor discrimination between the bad split and normal

groups (Figure 4).

Table 1 Demographic data of the subjects in the bad split
group and normal group

Normal
group (n=40)

Bad split

P t
arameter group (n=10)

Age (years)

Mean + SD 325 +9.42 28.5 + 6.66
Range 21 - 47 19 - 46
Gender

Male 3 (30%) 12 (30%)
Female 7 (70%) 28 (70%)
Surgeon experience

0-5 years 4 16
More than 5 years 6 24
Pattern of bad split

Fracture of the buccal plate 6 -
Fracture of the lingual plate 1 (bilateral) -
Fracture of the condyle neck 3 -

SD, standard deviation

Table 2 Measurement of anatomic parameters of the mandible
in the bad split and normal groups (n=50 sides from
50 patients)

Anatomic Mean+SD (mm) in bad Mean+SD (mm) in
parameter split group (n=10) normal group (n=40)
HLBC 5.99 + 3.20 9.21 + 3.20

HLS 16.53 + 3.81 17.50 + 2.59
CBTL 193+ 1.22 237+ 1.10
BTRL 6.07 + 1.28 6.16 + 1.37
APWR 32.80 + 3.11 31.41 + 3.32
SIMB 50.37 + 4.31 49.45 + 6.55
ACIB 27.01 + 2.62 27.00 + 5.07
BLR 19.00 + 2.18 19.73 + 2.59

HLBC, height from lingula to fusion of buccal and lingual cortices;
HLS, height from lingula to sigmoid notch; CBTL, cancellous bone
thickness of ramus at the level of the lingula; BTRL, buccolingual
thickness of ramus at the level of the lingula; APWR, anteroposterior
width of ramus at the level of the lingula; SIMB, distance from
sigmoid notch to inferior border of mandible; ACIB, height of
mandible from alveolar crest to inferior border of mandible; BLR,
buccolingual thickness of retromandibular area

SD, standard deviation

Table 3 Significant predictors of bad split occurrence identified
by multivariable conditional logistic regression

Adjusted odds ratio for bad p
split occurrence (95% Cl)
HLBC 0.359 (0.167-0.774) 0.009*
BTRL 5.930 (1.209-29.097) 0.028*

HLBC, height from lingula to fusion of buccal and lingual cortices
BTRL, buccolingual thickness of ramus at the level of the lingula
“Significant difference at p<0.05
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Figure 3 ROC curve of HLBC (height from lingula to the fusion of
buccal and lingual cortices) for predicting bad split. The
optimal cut-off point was 7.5 mm, corresponding to a
sensitivity of 70.0% and a specificity of 72.5% and an area
under the curve (AUC) of 0.77
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Figure 4 The ROC curve of BTRL (the buccolingual thickness of the
ramus at the level of the lingula) for predicting bad split.
The curve was close to the diagonal line.

Discussion

While SSO remains a reliable and effective

surgical  technique for  correcting  dentofacial

deformities, it carries the risk of complications. Among
these, bad splits are a common intraoperative
challenge. Although often manageable, inadequate
handling of bad splits can lead to long-term
consequences, such as skeletal instability and relapse

14. Knowledge of anatomical risk factors allows

surgeons to better estimate the likelihood, facilitating
informed patient communication, preventive planning,
and appropriate intraoperative responses.

Our study found that a shorter HLBC was
associated with an increased likelihood of bad split
occurrence. Multivariable conditional logistic regression
indicated that each in HLBC
corresponded to a 64.1% decrease in the odds of a
bad split.

placing the horizontal osteotomy near the tip of the

1 mm increase

Previous studies have recommended
lingula, as this region provides adequate bone width
and a sufficient cancellous layer. Such positioning
reduces the likelihood of splits occurring solely within
the cortical bone, which is more difficult to separate
and more prone to bad splits 26. Therefore, a
decreased HLBC may increase the risk of placing the
osteotomy in an area lacking medullary bone, thereby
elevating the risk of a bad split.

Additionally, ROC curve analysis identified an
HLBC value below 7.5 mm as being associated with
an increased risk of bad splits. With an acceptable
discriminative performance (AUC=0.77), this threshold
may hold clinical relevance. Values below this cut-off
could signal a heightened risk and should be
considered during preoperative planning. In such
cases, surgeons may consider modifying the
osteotomy technique to mitigate this risk. For
example, a lingual short split, in which the medial
horizontal osteotomy is positioned inferior to the
lingula, may help prevent fractures occurring
exclusively within the cortical bone 27.

Regarding HLS and SIBM, which also represent
the vertical dimension of the mandible similar to
HLBC, our findings align with those of Telha et al,
indicating that neither parameter was a significant
predictor of bad split occurrence 28. While previous
studies have reported a higher incidence of bad splits
in populations with lower SIBM values 21, 22, those
investigations did not include measurements of HLS

or HLBC. It is hypothesized that HLBC correlates more
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directly with the horizontal osteotomy site and may
serve as a more reliable indicator of cancellous bone
presence in that region. Furthermore, given the
comparable mean values of HLS and SIBM across
both groups, their predictive value may be limited.
Previous studies have linked thinner BTRL to
a higher risk of bad splits due to reduced structural
integrity and increased susceptibility to fracture 21,
22. In contrast, our findings showed a significant
association between thicker BTRL and bad split
occurrence. This may be attributed to thicker cortical
bone 13, as suggested by the larger difference
between BTRL and CBTL values in the bad split group,
or to unmeasured factors such as the proximity of the
mandibular nerve 28, 29. However, its clinical
reliability appeared
discriminative capacity of BTRL (AUC=0.470), which

may have resulted from the small sample size and

limited due to the poor

variability in BTRL values.
Among the anatomical
parameters, BLR, ACIB, and APWR were not identified

as significant predictors of bad split occurrence in this

remaining

study. Although previous research has suggested a link
between reduced BLR values and increased risk of
bad this

vulnerability similar to that associated with decreased

splits, may reflect a biomechanical
BTRL 21, 22. However, the absence of data on key
variables, such as cancellous bone thickness and
mandibular nerve position, may have limited the
ability to fully assess the predictive value of BLR.
Further research that incorporates these factors is
recommended to better understand their potential
roles, especially for ACIB and APWR, which have been
relatively understudied.

Patient age, the presence of third molars, and
surgeon experience are commonly cited contributors
to bad split occurrence 17, 21, 22, 30. To specifically
identify anatomical risk factors, efforts were made to
minimize confounding variables. By conducting the
study within the Faculty of Dentistry, all treatments

adhered to a standardized protocol, thereby reducing

variability in surgical technique. Third molars were
removed at least six months prior to SSO, ensuring no
impacted mandibular third molars were present
during surgery. Additionally, comprehensive patient
records facilitated precise case selection. Each case
with a bad split was matched to controls based on
age at surgery, sex, and surgeon experience,
effectively minimizing most potential confounding
factors. However, the retrospective design limited
access to certain potentially influential variables, such
as mandibular morphology, bone density, and
skeletal classification 31, 32. Moreover, the relatively
low incidence of bad splits led to a small sample size
and a limited number of matched pairs. Future
research with larger cohorts is warranted to enhance
statistical power and further explore additional
predictors that remain inconclusive in the current

literature.

Conclusion

This study demonstrates that a shorter height
from the lingula to the fusion of the buccal and
(HLBC) of
significantly increases the risk of bad splits during SSO.

lingual cortices less than 7.5 mm
A comprehensive understanding of mandibular
anatomy is crucial for surgeons to optimize treatment
planning and execute the procedure with greater
precision, thereby reducing the occurrence of this

complication.
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Quality of Root Canals Filled with a Calcium
Silicate-Based Sealer using Different Placement
Methods: A Micro-CT Study

Nattakorn Kunthonthien ! Chitpol Chaimanakarn®”

Research Article

Abstract

Objective : This study aimed to compare the volumes of voids and gaps in root canals fillings obtained with the single-cone technique using
a calcium silicate-based sealer placed by different methods, as assessed by micro-computed tomography (micro-CT).

Materials and Methods : Sixty extracted mandibular premolars with oval-shaped canals were prepared using nickel-titanium rotary
instruments to an apical size of 40/.04 and randomly assigned to three groups according to the sealer placement methods: ST,
single-cone technique with a disposable tip; STU, single-cone technique with a disposable tip and ultrasonic activation; and STL,
single-cone technique with a disposable tip and a lentulo spiral (n= 20 per group). Each obturated tooth was scanned with micro-
computed tomography to evaluate the presence of voids and gaps. The percentage volume of voids and gaps was calculated at
the coronal, middle and apical levels. Data were statistically analyzed using the Kruskal-Wallis test and linear mixed model with
Bonferroni adjustment at a 5% significance level.

Results : The STL group had the highest total percentage volume of voids (3.971%), whereas the ST group had the highest total
percentage volume of gaps (1.428%). Across the entire canal, no significant between-group differences were observed for the
percentage volume of either voids or gaps (p>0.05). At the coronal level, the STL group exhibited a significantly greater percentage
volume of voids than the other groups (p<0.05), and within the STL group the coronal was significantly higher than the middle
and apical levels (p<0.05). No significant differences in percentage volume of gaps were detected between groups or among
canal levels (p>0.05).

Conclusion : Within the limitation of this study, no significant differences were found in overall void and gap formation among the three
sealer placement methods. However, the use of a lentulo spiral in oval-shaped canals was associated with the highest void volume at
the coronal level.
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Introduction

The primary objective of root canal treatment
is to prevent and manage apical periodontitis caused
by bacterial infection of the root canal system, as
alone cannot

chemomechanical debridement

completely eradicate microorganisms from the root

12 Root canal obturation aims to entomb

canal
residual microorganisms and provide a hermetic seal,
thereby preventing reinfection due to fluid leakage
into the root canal system3’4.

During obturation, an endodontic sealer is
used in conjunction with gutta-percha to fill the root
canal system. The main functions of sealers are to
seal the root canal, entomb remaining bacteria, and
fill anatomical irregularities within the root canal’.
However, the amount of sealer should be minimized
as many endodontic sealers exhibit high solubility
and shrinkage, which may compromise their sealing
ability&“.

Currently, calcium silicate-based sealers are
widely used for root canal obturation, with iRoot SP
Canada)

regarded as the main representative of this group

(Innovative BioCeramix Inc, Vancouver,

because it has been extensively studied and is
frequently employed as a reference material in
research. This sealer exhibits several advantageous
properties, including slight expansion upon setting

rather than shrinkage'?, antimicrobial activity">™, high

15-17

flow ™", and excellent and

16,18,19

biocompatibility
bioactivity . According to the manufacturer’s
instructions, calcium silicate-based sealers are placed
into the root canal using a disposable tip or hand file
and obturated with single-cone technique. In this
technique, the sealer serves as the primary filling
material, while the gutta-percha cone acts as a carrier
to facilitate sealer placement throughout the canal.
Consequently, this approach may increase the
likelihood of void and gap formation. Various sealer
placement methods have been proposed to

minimize these defects, as voids and gaps in the root

canal fillings can lead to porosity, compromise filling
quality, provide niches for microbial habitation, and
allow the bacterial toxin througsh the filled root
canal®.

However, studies evaluating the quality of
root canal fillings using calcium silicate-based sealers
with different placement techniques remain limited.
In a previous study, Kim et al.”* reported no significant
differences in filling quality when Endoseal MTA was
placed using an intracanal tip with or without
ultrasonic activation, based on both the proportion
of void-containing sections and the void volume
percentage assessed by micro-CT. Nevertheless, few
investigations have provided detailed analysis of
whether different sealer placement techniques
influence the occurrence and distribution of voids
and gaps at various levels within the root canal.

Microcomputed tomography (micro-CT) s
widely used to evaluate sealing ability and obturation
quality, as it provides a highly accurate and
nondestructive assessment”. This method allows
precise detection of voids within fillings and
quantification of void and gap volumes®. Therefore,
the aim of this study was to compare the volume of
voids and gaps in root canal fillings obtained with a
calcium silicate-based sealer using three different
placement techniques, and to evaluate differences
in void and gap formation among placement

methods and canal levels, as assessed by micro-CT.

Materials and Methods

Sample preparation

The study protocol was approved by the
Ethics Committee of the Faculty of Dentistry/Faculty
of Pharmacy, Mahidol University (reference no. MU-
DT/PY-IRB 2020/DT168), Bangkok, Thailand.

The sample size was determined using
nQuery Advance version 8.5.2 (Statistical Solutions
Ltd., Boston, MA, USA), based on the F-test family for
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one-way ANOVA. The calculation was performed with
an assumed effect size of 0.194*', a power (1-B) of
80%, and a significance level (a) of 0.05. This analysis
indicated that a minimum of 20 specimens per group
was required. Accordingly, a total of 60 specimens
(n=20 per group, 3 groups) was included in this study.

Sixty single-rooted mandibular premolars
without caries, root resorption, or fractures were
collected and stored in 0.1% thymol solution. Each
tooth was examined for variations in root canal
anatomy, and the canal width was measured in both
the buccolingual and mesiodistal directions at 5 mm
from the apex. Only teeth with straight single canals
(Vertucci’s type | [1-1] configuration) and oval-shaped
canals, defined as having a buccolingual-to-mesiodistal
ratio greater than or equal to 2:1, were included.

All teeth were decoronated and standardized
to a length of approximately 12 mm from the root
tip using a high-speed fissure diamond bur. A size 10
K-file (Dentsply Maillefer, Ballaigues, Switzerland) was
inserted into the root canal until reaching the apical
foramen, and the working length was determined by
subtracting 1mm from this length. A glide path was
established using a size 15 K-file (Dentsply Maillefer,
Ballaigues, Switzerland) at the working length. Root
canals were prepared with Race Ni-Ti rotary
instruments (FKG Dentaire SA, La Chaux-de-Fonds,
Switzerland) to an apical size 40/.04. Irrigation was
performed with 2.5% sodium hypochlorite (NaOCl)
after each file, and rotary instruments were replaced
after every 10 uses. Following canal enlargement,
of 17%
ethylenediaminetetraacetic acid (EDTA) (Endo Clean,
M Dent, Bangkok, Thailand) for 1 minute, followed by

irigation was performed with 3 ml

a final rinse with 5 ml of 2.5% sodium hypochlorite.
Apical patency was confirmed with a size 10 K-file,
and canals were dried with paper points.

Subsequently, all specimens underwent
micro-CT imaging to obtain the baseline root-canal
volume. Stratified randomization was then performed

on the basis of these measurements: teeth were

ranked by canal volume and divided into three
strata (low, medium, high). Within each stratum, a
computer-generated sequence allocated specimens
in a 1:1:1 ratio to the ST, STU, or STL groups. In total,
60 teeth were assigned (n=20 per group) according to
the designated sealer placement technique.

Sealer placement

Single-cone technique with disposable canal
tip (ST group): The sealer iRoot SP, Innovative
BioCeramix, Vancouver, Canada) was delivered into
the canal using a premixed syringe with a disposable
tip, approximately 8 mm short of the working length,
as recommended by the manufacturer. A size 40/.04
gutta-percha cone (Dentsply Maillefer, Ballaigues,
Switzerland) was coated with sealer 4 mm from the tip
and gently inserted into the canal to the working length.

Single-cone technique with disposable canal
tip and ultrasonic activation (STU group): The sealer
was delivered into the canal approximately 4 mm
short of the working length using a premixed syringe
with a disposable tip. An ultrasonic tip (Tip #1,
Satelec, Mount Laurel, NJ, USA) connected to an
ultrasonic device (P-5 Newtron XS; Satelec, Mount
Laurel, NJ, USA) was set at “8” in the yellow code.
The gutta-percha cone (size 40/.04) was coated with
sealer 4 mm from the tip. The ultrasonic tip was then
applied to a cotton plier holding the gutta-percha
cone 20 mm from its tip, and the cone was gently
inserted to the working length under continuous
ultrasonic activation for 2-3 seconds.

Single-cone technique with disposable canal
tip and lentulo spiral (STL group): The sealer was
delivered into the canal approximately 4 mm short
of the working length using a premixed syringe with a
disposable tip. A lentulo spiral (size 35) was then
inserted into the root canal 1 mm short of the
working length, gradually withdrawn while rotating at
900 rpm with 1 N-cm torque. Subsequently, a size
40/.04 gutta-percha cone was coated with sealer 4
mm from the tip and gently inserted into the canal

to the working length.
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The coronal end of the gutta-percha cone
was cut at the canal orifice using an electrical heat
carrier (System B Heat Source, SybronEndo, Orange,
CA, USA). Excess sealer was removed with a moist
cotton pellet. All specimens were stored in a
container at 37 °C and 100% humidity for 7 days to
allow complete setting of the sealer.

Micro-computed tomography evaluation

A micro-CT scanner (Skyscan 1173, Bruker
MicroCT, Kontich, Belgium) was used to scan the
specimens. The micro-CT system had an isotropic
pixel size of 8 ym. The X-ray source voltage was set
at 80 kV, with a beam current of 100 pA, and
aluminum filter thickness of 1 mm. The rotation
increment was 0.4° per step, with an exposure time
of 600 ms. To minimize ring artifacts, detector air
calibration was performed before each scan. Additional
settings included beam-hardening correction and
adjustment of contrast limits according to the
manufacturer’s instructions.

Reconstructed images were obtained using
the NRecon software (SkyScan), and void and gap
volumes were analyzed with CTANn software (v1.16.
Bruker Micro CT). In this study, a void was defined as a
pore completely enclosed within the filling material
(within the sealer or between the sealer and gutta-
percha) without communication with dentin,
whereas a gap was defined as a pore directly
communicating with the dentin-sealer interface
(Figure 1).

For the calculation of void and gap volumes,
the original grayscale images were processed with a
Gaussian low-pass filter to reduce noise. Automatic
segmentation  thresholds were applied to
differentiate dentin, eutta-percha, voids, gaps, and
sealer. Binarization was performed to generate
black/white images, and a region of interest was
selected for each slice to calculate void and gap

volumes. Each specimen was divided into three

regions: apical (0-4 mm from the root apex), middle
(4-8 mm), and coronal (8-12 mm). The percentages
of voids (%V) and gaps (%G) were calculated using
the following formulas: %V=W/ (Vv+Vg+Vf)x100 and
%G=Vg/ (VWv+Vg+Vfx100. Vf is the volume of the
filling material, Vg is the gap volume and Vv is the
void volume. Three-dimensional reconstruction of
the filling was generated using CTVol software
(SkyScan) to visualize overall obturation quality
(Figure 2).

Statistical analysis

Statistical analysis was performed using
STATA' (StataCrop LLC, Texas, USA). A p-value <
0.05 was considered statistically significant. The
Shapiro-Wilk test was used to data
distribution,  which

therefore, the Kruskal-Wallis test was applied to

assess
indicated  non-normality;,
evaluate differences in percentage volumes of
VoidSyomy and  Gapsgemy @mong the groups. The
effects of placement methods and the levels were
analyzed using a linear mixed model with Bonferroni

adjustment.

Gutta percha

N\

Figure 1 Representative micro-computed tomography
(micro-CT) cross-section of an obturated canal. The
outer canal boundary is delineated in red. The
gutta-percha core is indicated, with voids (closed
pores) and gaps (open pores at the dentin-sealer

interface) labeled.
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Figure 2 Two-dimensional axial slices (coronal to apical, left to right) and three-dimensional reconstructions of obturated roots

for each group. In the 3D renderings, gutta-percha and sealer are shown in white, gaps in red, and voids in green.

Abbreviations: ST; Single-cone technique with disposable canal tip, STU; Single-cone technique with disposable canal

tip and ultrasonic activation, STL; Single-cone technique with disposable canal tip and lentulo spiral.

Results

The median percentage volumes of root
canal voids and gaps in the total root canal are
presented in Table 1. The highest percentage of voids
was observed in the STL group (3.971%), while the
highest percentage of gaps was observed in the ST
group (1.428%). However, no significant differences
were found in the percentage volumes of voids or
gaps in the total root canal (%Void .y and %Gap ety
among the three placement methods (p>0.05).

The percentage volumes of voids at the
coronal, middle, and apical levels are shown in Table
2. The STL group demonstrated a significantly higher
percentage volume of voids at the coronal levels

(4.702%, p<0.05) compared with the other groups. In
P p P

contrast, no significant differences were observed
among the groups at the middle or apical level
(P>0.05). Within the STL group, significant differences
were observed between the coronal level and the
other levels (p<0.05), whereas no significant differences
were found among the levels in the ST and STU
groups (p>0.05).

The percentage volumes of gaps at the
coronal, middle and apical levels are presented in
Table 3. The ST group exhibited the highest
percentage volume of gaps at the middle level
(2.26%). Nonetheless, no significant differences were
observed in percentage volumes of gaps among the

groups or levels (p>0.05)

Table 1 Percentage volume of total root canal voids and gaps in the ST, STU, and STL.

Group ST Median (Q1-Q3),

Group STU Median (Q1-Q3),

Group STL Median (Q1-Q3),

Variabl —value*
ariables (Min-Max) (Min-Max) (Min-Max) A
9V0id om0 1.902 (1.121-4.549), 2128 (0.277-3.331), 3.971 (1.877-6.311), 0.086
(0.261-8.221) (0.0490-8.196) (0.050-16.673)
%GaP(ot) 1.428 (0.290-2.290), 0.394 (0.128-0.978), 0.791 (0.279-1.985), 0.181

(0.011-13.361)

(0.001-3.102)

(0.001-8.125)

Values are presented as median (Q1-Q3), with minimum and maximum in parentheses.

*Statistical evaluation was performed using a Kruskal-Wallis test.

Abbreviations: ST; Single-cone technique with disposable canal tip, STU; Single-cone technique with disposable canal tip and ultrasonic

activation, STL; Single-cone technique with disposable canal tip and lentulo spiral.
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Table 2 Percentage volume of voids at coronal, middle, and apical levels in ST, STU, and STL.

2.134 2" (1.433-4.768), 2.622°(0.327-4.257), 4.702 %8 (2.133-9.346),

@ (
orena (0.301-11.923) (0.055-11.430) (0.059-26.932)
) 1.0743* (0.147-2.538), 0.4653* (0.175-1.372), 1.006 * (0.189-3.312),
Middle
(0.001-7.425) (0.001-4.720) (0.015-6.495)
Apical 0.225** (0.042-1.207), 0.084 " (0.002-0.876), 0.566 > (0.148-1.630),

(0.001-10.659) (0.001-8.769) (0.001-3.519)

Values are presented as median (Q1-Q3), with minimum and maximum in parentheses. Different uppercase letters within the same column
indicate statistically significant differences among root levels (p < 0.05). Different lowercase letters within the same row indicate statistically
significant differences among groups (p < 0.05). Statistical evaluation was performed using a linear mixed model with Bonferroni adjustment.
Abbreviations: ST; Single-cone technique with disposable canal tip, STU; Single-cone technique with disposable canal tip and ultrasonic

activation, STL; Single-cone technique with disposable canal tip and lentulo spiral.

Table 3 Percentage volume of gaps at coronal, middle, and apical levels in ST, STU, and STL.

0.5743" (0.012-2.158), 0.355 " (0.028-0.822), 0.317 2" (0.052-1.309),

Coronal (0.001-12.514) (0.001-5.045) (0.001-10.587)

Middle 2.260** (0.003-3.522), 0.011 ** (0.002-0.403), 0.593 2" (0.002-2.519),
(0.001-19.471) (0.001-8.724) (0.001-10.544)

Apical 0.12324 (0.005-1.813), 0.003 ** (0.001-0.063), 0.340 ** (0.004-2.256),

(0.001-6.517) (0.001-7.965) (0.001-7.603)

Values are presented as median (Q1-Q3), with minimum and maximum in parentheses. Different uppercase letters within the same column
indicate statistically significant differences among root levels (p < 0.05). Different lowercase letters within the same row indicate statistically
significant differences among groups (p < 0.05). Statistical evaluation was performed using a linear mixed model with Bonferroni adjustment.
Abbreviations: ST; Single-cone technique with disposable canal tip, STU; Single-cone technique with disposable canal tip and ultrasonic

activation, STL; Single-cone technique with disposable canal tip and lentulo spiral.

Discussion

In endodontics, there is a general consensus
that the quality of each treatment step is closely
associated with the likelihood of apical healing.
Among these steps, root canal obturation plays a
particularly critical role, as it seals the canal walls and
entombs any remaining bacteria within the root canal
system. Voids (closed pores), which are internal air
pockets capable of entrapping bacteria, and gaps
(open pores), which create pathways for microbial
and toxin penetration into the root canal system'***
are considered one of the methods for evaluating
obturation quality. Some studies have reported that
poor root canal filling quality (defined as root fillings

terminating more than 2 mm short of the

radiographic apex, or being grossly overfilled,
unfilled, or containing voids with inadequate density)
may act as a prognostic determinant of endodontic
treatment failure.”> Root canal obturation using the
single-cone technique with a sealer-based approach
often results in a substantial amount of sealer,
thereby increasing the likelihood of voids and gaps.
This observation formed the basis of the present
study, which aimed to investigate whether different
sealer placement methods affect the occurrence of
these defects. Voids and gaps were analyzed
separately because they may have distinct impacts

on treatment outcomes.
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The

significant differences in the total percentage volume

results of this study showed no
of wvoids or gaps among the different sealer
placement methods. These findings are consistent
with those of Kim et al.?!, who reported no significant
differences in void formation (referring to both voids
and gaps) when using a disposable canal tip with or
without ultrasonic activation, as assessed by micro-
CT. This outcome may be explained by the favorable
physicochemical properties of calcium silicate-based
sealers, particularly their excellent flowability and
adaptation to the root canal walls, which could
minimize discrepancies in void and gap formation
when evaluated across the entire root canal system.

However, when analyzing void formation at
different root canal levels, the group that using a
lentulo spiral exhibited a significantly higher
percentage of voids at the coronal level compared
with other techniques. This may be attributed to the
rotation speed of the lentulo spiral (900 rpm)
combined with the liquid consistency of the sealer,
which could have entrapped air during placement.
However, previous studies have reported mixed
results regarding the effectiveness of the lentulo
spiral. Guinesi et al.” reported that using a lentulo
spiral to place AH Plus sealer with the single-cone
technique produced fewer voids than placement
using a file or gutta-percha. On the other hand,

Nabavizadeh et al?

reported no significant
difference in void percentage when placing AH26
sealer was placed a lentulo spiral compared with
other methods (file, gutta-percha, and ultrasonic file)
in root canals filled using lateral condensation
technique. Therefore, the increased coronal voids in
our study may not be solely attributable to the
lentulo spiral but may also relate to the oval shape
of the root canal in this region. Several studies have
highligshted the influence of canal shape on void

formation. Celikten et al.*® reported that voids were

significantly more common at the coronal level than
at the apical level due to canal morpholosgy,
regardless of sealer used. Similarly, Huang et al.”’
found that the volume of close pores was highest at
the coronal level when using either AH Plus or
EndoSequence BC sealer, as assessed by micro-CT.
Collectively,

the potential for air entrapment

associated with lentulo spiral-assisted sealer
placement, combined with the larger volume of the
oval-shaped coronal canal, may synergistically
account for the higher incidence of voids observed
at this level compared with other techniques and
canal levels.

Regarding gap formation, this study reported
total gaps percentage ranging from 0.39% to 1.428%,
consistent with previous findings. Milanovic et al.**
observed approximately 4% open porosity in root
canals filled with EndoSequence BC sealer. In this
study, no significant differences in total gap volume
were detected among placement techniques,
including in oval-shaped canal filled with iRoot SP.
Likewise, no significant differences were observed
between groups at the same canal level, or across
different levels within group. The high flowability of
calcium silicate-based sealers likely facilitated close
adaptation to the root canal walls. Although all three
placement methods resulted in comparable gap
formation, ultrasonic activation tended to produce
fewer gaps, particularly at the middle and apical
levels, possibly due to enhanced sealer distribution
and adaptation.

Based on these findings, the manufacturer-
recommended single-cone technique using a
disposable tip appears to be a simple and effective
method for sealer

placement, minimizing the

number of instruments required and reducing
operator variability, while yielding void and gap
formation comparable to other adjunctive loading

approaches. However, in oval-shaped root canals,
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where interfacial gap formation may be of particular
concern, ultrasonic activation may be a preferable
adjunct, as it has been shown to reduce the
occurrence of voids and gaps.

Although micro-CT is a non-destructive
method that enables repeated analysis of the same
sample, its ability to detect voids and gaps is limited
by the scanner’s resolution. Voids and gaps smaller
than 10-20 pm may remain undetected™, indicating
that some voids and gaps might not have been
identified. In addition, the present study used teeth
with straight and oval-shaped root canals. In other
root canal morphologies, such as teeth with
curvatures or isthmuses, the outcomes may differ

from those observed in this study.

Conclusion

Within the limitations of this study, no

significant  differences were observed in the
formation of voids and gaps among the three sealer
placement techniques in root canals filled with a
calcium silicate-based sealer. However, the use of a
lentulo spiral for placing the sealer in oval-shaped
root canals resulted in the highest percentage of void

volume at the coronal level of the root canal filling.
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Research Article

Abstract

Objective: The purpose of this study aimed to evaluate the antibacterial effect of Mitragyna speciosa Korth. (Kratom) extract on
Streptococcus mutans.

Materials and Methods: Crude extracts of kratom leaves were prepared using four extraction methods: maceration with 95% ethanol,
maceration with 50% ethanol, decoction, and squeezing. S. mutans cultured in Mueller Hinton Broth was plated on Mitis Salivarius Agar.
Paper discs containing kratom extracts from the four different extraction methods, and 0.12% chlorhexidine (as a positive control) were
placed on agar plates. The inhibition zones were measured in millimeters, with clear zones indicating bacterial growth inhibition. The
experiments were performed in triplicate. Data were recorded numerically and supplemented with images for analysis.

Results: The experiments indicated a similar clear zone area in shape and size. A clear inhibition zone was seen around the filter disc soaked
in 0.12% chlorhexidine, indicating its antibacterial activity against S. mutans, while discs soaked in other extracts allowed normal bacterial
growth. Red and white kratom extracts were unable to inhibit bacterial growth regardless of the extraction method used (maceration with
95% or 50% ethanol, decoction, or squeezing). However, reduced clear zones were observed around paper discs soaked with extracts from
white kratom (squeezing method) and red kratom (maceration with 95% ethanol), which exhibited a slight tendency to inhibit bacterial growth.

Conclusion: Despite previous reports of antibacterial properties, kratom extracts obtained by the extraction methods in this study probably had a
slight or no effect on S. mutans. Further investigation will provide more information on the effect of kratom on S. mutans.

Keywords: Mitragyna speciose/ Anti-bacterial agents/ Kratom leaves/ Mitragynine/ Streptococcus mutans
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Introduction

Kratom or thom, scientifically known as
Mitragyna speciosa Korth., is a tropical herbal plant
native to Southeast Asia, especially in Malaysia and
Thailand." It belongs to the Rubiaceae plant family
(coffee). It has been used for at least a century as
traditional medicine for pain and fatigue relief
among agricultural workers and laborers.” Thai folk

healers use its pharmacologic properties to relieve

pain, alleviate diarrhea, regulate blood sugar levels,

and treat coughing.z"“5

It has been reported to be
used as an opioid substitute for opioid withdrawal
treatment.”’

Moreover, it also provides analgesic effects,
opioid agonist activity, and CNS depressant from the
primary active compound, mitragynine. Known as 9-

methoxy-corynantheidine (Figure 1), which is a
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dominant indole alkaloid among over 25 alkaloids

constitutes
36,7

extracted from kratom leaves,
approximately two-thirds of its alkaloid content.
Kratom has distinct strains, characterized by green,
red, or white leaf veins. The red vein strain, or red
kratom, (Figure 2a) requires the shortest period for
cultivation and has the most potent effect.”®
Conversely, the green vein strain, or green kratom,
needs an extended period for growing and exhibits
lower potency than red kratom. The white vein
strain, or white kratom (Figure 2b), falls between the
two, requiring an intermediate growth duration.
Initially sorted as a Category 5 on the Table
of controlled narcotic drugs according to Thailand's
Narcotics Act B.E. 2522 (1979), it faced stringent
regulations, including a prohibition on consumption,
cultivation, trade, and distribution. However, the
Narcotics Act No.8 B.E. 2564 (2021) led to its removal
from Category 5 on the Table. Subsequently, the

Narcotics Act B. E. 2565 (2022) legalized its

cultivation, possession, and sale with the required
authorization from the Office of the Narcotics
Control Board (ONCB) if it is used as a composition
in foods, medicines, cosmetics, and herbs.

Fresh M. speciosa \eaves can be directly
chewed to extract the juice. The leftover fiber is
indigestible and must be discarded. The leaves can
also be consumed after being removed from the
stem, midrib, and veins, or chewed with betel nut
(Areca catechu)." Dried kratom leaves can be
blended and used as cigarette filler for smoking or
brewed as tea for consumption."® Sweeteners and
lime juice are added to reduce the bitterness of
kratom tea and enhance its opioid effects by
facilitating opioid extraction through acidity. Kratom
cocktail (4x100), kratom mixed with Coca-Cola and
cough syrup, is a popular alternative way for
consumption.® This recipe provides the active
ingredients, including mitragynine, codeine, caffeine,

chlorpheniramine, or phenylephrine.’

Figure 1 Chemical structure of mitragynine

()

Figure 2 (a) Red vein kratom leaf (b) White vein kratom leaf

(b)
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Kratom has diverse pharmacological
effects, including antinociceptive, psychostimulant,
antidepressant, anti-inflammatory, antioxidant, and
10 inhibits

mechanical and thermal noxious stimuli by engaging

antibacterial  properties.””'*  Mitragynine
supraspinal p- and &- opioid receptor subtypes to

. . . . 3,11
provide an antinociceptive effect.™ As an

antidepressant property, mitragynine stimulates
serotonin production and secretion and affects the
neuroendocrine HPA axis system." Mitragynine
inhibits the inflammatory pathway by affecting the
COX-2 mRNA expression and prostaglandin E,
production.” Methanolic and alkaloid extracts of
Mitragyna speciosa Korth. leaf showed a zone of
inhibition against Salmonella typhi and Bacillus
subtilis in the preliminary antibacterial screening
assay."" The extracts were analyzed by high
performance thin layer chromatography (HPTLC)
method, and mitragynine bands were visually
detected in all extracts with varying intensity.
Mitragynine was believed to be an active compound
against specific bacteria. Another study investigating
the antimicrobial activity of kratom leaf 50% acetic
acid extracts reported that mitragynine could inhibit
Staphylococcus aureus and  Escherichia coli.”
Q uercetin, the secondary metabolite of Mitragyna
speciosa, was found in the in silico study. The
interaction between the ATP1 protein and quercetin
was predicted to be an antibacterial mechanism of
kratom leaf methanolic extract on Streptococcus
pneumoniae and E. coli."® Since S. mutans belongs
to the same genus as S. pneumoniae, the expected
antibacterial mechanism should be the same.
Streptococcus mutans has been known as
a key pathogen of dental caries since it was isolated
from carious lesions by J. Clarke in 1924. It was
named under Streptococcus mutans due to the
belief that the oval-shaped cells observed were
mutant forms of Streptococci.17 The strong association
between caries experience and S. mutans has been

suggested and confirmed in a systematic review and

me‘ca—analysis.18 S. mutans, a Gram-positive,
facultatively anaerobic cocci bacteria, belonging to
the Streptococcus genus, plays a crucial role in
dental plaque formation as a primary colonizer, and
is notably implicated in the pathogenesis of dental
caries or cavities.” This bacterium thrives in the oral
cavity, particularly in biofilms on tooth surfaces,
where it evades host defence mechanisms and
utilizes nutrition, such as sucrose, as a substrate for
fermentation. Through this process, S. mutans
produces acids, mainly lactic, as metabolic by-
products and lowers the pH of the surrounding
environment, leading to the demineralization of
tooth enamel, ultimately resulting in the
development of cavities."’

S. mutans conversion to a harmful pathogen
is enabled by several virulence factors. Attachment
to tooth surfaces to initiate biofilm formation and
generating acidity are important examples of its
abilities to cause dental caries.”’ One such factor is
the binding ability of bacterial surface proteins, such
as glucosyltransferases and adhesins, to the host-
derived molecules like salivary slycoproteins and
extracellular matrix proteins. This adhesion allows S.
mutans to colonize and form biofilms.* Moreover,
S. mutans can metabolize various carbohydrates,
including sucrose, glucose, and fructose through
enzymatic pathways that generate energy and acidic
by-products. These acids damage tooth enamel and
create an environment conducive to the growth of
acidogenic and acid-tolerant microorganisms, further
exacerbating dental caries.”” Research on S. mutans
opens pathways to review its effect on dental
health, oral disease, and its role in potential
strategies for prevention and dental caries
management. Understanding the mechanisms of S.
mutans pathogenicity is crucial for developing
effective interventions to maintain oral health and

prevent tooth decay.
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Due to its prior
in  Thailand,

kratom’s antibacterial properties has been limited.

categorization as a
Controlled Narcotic research on
Kratom is usually consumed via chewing, the effect
of kratom on the oral cavity is interesting, especially
the effect on oral bacteria. 5. mutans is a major
cariogenic bacterium and is also in the same genus
as S. pneumoniae, on which kratom presented
antibacterial interaction. Therefore, this study aims
to investigate whether kratom exhibits antibacterial
effects on S. mutans.

In traditional Thai medicine, kratom is used
to relieve many symptoms, including diarrhea,
cough, and fatigue. Contemporarily, it is used as an
energy booster and an oral wound healing promoter
since its removal from Category 5 status.

As an antibacterial screening test, four
different extraction methods for Mitragyna speciosa
(kratom) had been selected, including maceration
with 95% ethanol, maceration with 50% ethanol,
decoction, and squeezing. The believed bioactive
compound in antibacterial activity represented in
the kratom leaf is mitragynine, which is a lipophilic
alkaloid. The extract from maceration using the 95%

ethanol method was expected to show the highest

antibacterial activity among all methods, as this is
suitable for extracting lipophilic alkaloids.”” While
the extract obtained by the decoction method was
predicted to have no clear zone around the disc.
Mitragynine should have been degraded during
boiling in water in a decoction process, as the
previous study reported that it is stable at the

temperature range of 4-40 °C”

Materials and Methods

Kratom Extract Preparation

Samples of red kratom 1,765 grams were
collected from the Chumphon province of Thailand,
while white-veined samples 1,729 grams were
collected from the Pattani province. All samples
were processed to obtain the crude extract at the
Department of Thai Traditional Medicine, Faculty of
Medicine, Thammasat University. The kratom leaves
were cleaned and extracted using four methods:
maceration with 95% ethanol, maceration with 50%
ethanol, decoction, and squeezing, as shown in
Figure 3. The extraction methods were applied from
basic plant extraction methods and the previous

. 21,23,24
studies.

Kratom leaves

(red and white kratom)

Dry leaves

l l

Fresh leaves

l l

50% Ethanol 95% Ethanol

Decoction

Squeezing

Figure 3 Methods for kratom extract preparation
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Maceration: The dry red and white vein
kratom leaves were macerated with a solid-solvent
ratio (1:3) in either 95% (137 ¢ and 198.81 g,
respectively) or 50% ethanol (142 ¢ and 181.53 g,
respectively), each for three days, then filtered.
These processes were repeated three times. The
extracts were pooled and concentrated using a
rotary evaporator under reduced pressure at 45 °C.
The yields of red and white vein kratom extracts
obtained using 95% ethanol were 14.7% and 12.5%,
respectively. When using 50% ethanol, the yields
were 22.4% for the red vein kratom extract and
18.6% for the white vein kratom extract.

Decoction: The fresh red and white vein
kratom leaves (724 ¢ and 324 g, respectively) were
boiled in water with a solid-solvent ratio (1:3) for 15
minutes and then filtered to obtain the extract. The
extracts were filtered, combined, and concentrated
with a freeze-dryer (LyoFreeze, New York, US). The
yields of red and white vein kratom extracts were
6.45% and 8.75% respectively.

Squeezing: Fresh red and white vein kratom
leaves (42 ¢ and 80.65 g, respectively) were mixed
with water in a solid-solvent ratio (1:3), then
blended. The extracts were filtered, combined, and
concentrated with a freeze-dryer (LyoFreeze, New
York, US). The yields of red and white vein kratom
extracts were 10.68% and 15.48%, respectively.

Paper Disc Preparation

The crude extracts obtained from all
extraction methods were prepared for paper disc
soaking. The maceration with 95% and 50% ethanol
extracts were prepared at 500 mg/mL concentration
in absolute DMSO. In contrast, the decoction and
squeezing extracts were dissolved at a
concentration of 100 mg/mL in sterile water. 10
microliters of each extract solution and 0.12%
chlorhexidine were placed at the center of 6 mm

paper discs.

Bacterial Culture Preparation

S. mutans, a common dental caries pathogen,
was chosen for testing the inhibitory srowth effect
of M. speciosa in this study. Initially, S. mutans Clake
(ATCC 25175) was plated on Mitis Salivarius Agar (M-
S agar) and then incubated, aerobically, at a
temperature of 37 °C with 5% CO, for 24 hours. A
single bacterial colony was inoculated into Mueller
Hinton Broth (MHB) and incubated aerobically at a
temperature of 37 °C for 4 hours. The culture density
was measured and adjusted to 0.5 McFarland.

Antibacterial Testing

The bacterial culture in MHB was plated on
M-S agar, and then 6 mm paper discs with 0.12%
chlorhexidine as a positive control. Paper discs with
kratom extracts from the four different extraction
methods were put on the agar plate. After
aerobically incubating at a temperature of 37 °C with
5% CO, for 48 hours, the clear zone diameter was
measured from one edge to another and recorded in
millimeters. The experiments were performed in
triplicate. The result was interpreted from a clear
zone around the paper disc.

Statistical Analysis

This research collected data on a numerical

scale and recorded images.

Results

The results from triplicated experiments
shown in Figure da-c indicate a similar clear zone
area in shape and size. A clear zone of
approximately 16.2 mm was observed around paper
discs soaked in 0.12% chlorhexidine, as shown in
Table 1. In contrast, paper discs soaked with all
kratom extracts allowed bacterial growth. This
indicates that only 0.12% chlorhexidine could inhibit
the growth of S. mutans. Red and white kratom
extracts were likely to inhibit bacterial growth as

reduced clear zones (positions 2 and 3 in Figure 4a-c)
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were observed around paper discs soaked with “l (b) (c)

extracts from white kratom (squeezing method), and
red kratom (maceration with 95% ethanol). The

growth in these areas was less robust when

compared to other areas on the culture media
without the extract-soaked paper discs.

Apart from the 0.12% chlorhexidine, which
inhibited the growth of S. mutans, and the extracts

0.12% Chiorhexidine

Red Kratom water squeezed extract
White Kratom water squeezed extract
Red Kratom 95% Ethanol

Red Kratom 50% Ethanol

White Kratom decoctive extract

Red Kratom decoctive extract

oMb WN=O
[ ]

from white kratom by squeezing and red kratom by

maceration with 95% ethanol, which showed

. . Figure 4 Zone of inhibition of kratom extract compared with
potential to inhibit S. mutans growth. The extracts

0.12% chlorhexidine on S. mutans
from both types of kratom obtained by other
extraction methods could not inhibit the growth of

S. mutans at all.

Table 1 Antibacterial activity (zone of inhibition) of kratom extract compared with 0.12% chlorhexidine on S. mutans

0.12% CHX Red veins White veins 95% 50% Red veins White veins
S. mutans 16.2 N/A N/A N/A N/A N/A N/A
EtOH: Ethanol.
Discussion the leaves or through processing methods that make

it suitable for oral ingestion, there were fewer studies
Mitragyna speciosa, commonly known as ) ) .
of kratom in Thailand due to the Narcotics
Act B.E. 2522 (1979). The oral health benefits of

using kratom, including its effects on the oral tissues,

kratom, has garnered significant interest following its
removal from Category 5 of the controlled narcotic

drugs in the Narcotics Act No. 8 2564 (2021). ) )

have not been studied extensively.
This interest is due to its wvarious active

Salim et al. reported the antibacterial

compounds, particularly the dominant alkaloid
effects of kratom methanol extract on S.
mitragynine, which provides various pharmacological ) ) T
pneumoniae and E. coli bacteria in vitro.” The
effects, including antinociceptive, psychostimulant, o .
results indicated that the extract exhibited
antidepressant,  anti-inflammatory,  antioxidant, ) ] o )
. . . ., antibacterial activity against both pathogens at
antibacterial, and anticancer  properties.

concentrations ranging from 25% to 100%. Notably,
Compounds  in kratom may also cause adverse . . ) )

the secondary metabolite of mitragynine, quercetin,
health effects, such as constipation. Consequently, ) ] ]

was found to interact with the ATP1 protein of the
other herbs, such as Ficus carica, have often been ] ) o )
5 bacteria, suggesting that this interaction may be a
integrated to mitigate these effects. ] )

key mechanism underlying the observed effects.

Although kratom has been used for at least N i ) .
Additionally, Niyomdecha et al. investigated

a century as a pain alleviator and fatigue reliever o
the effects of kratom leaf extracts on the inhibition
among agricultural workers and laborers by chewing
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of S. aureus and E. coli.”” Various solvents were used
for extraction. Acetic acid vyielded the highest
percentage, followed by ethanol. Both solvent
extracts exhibited positive antibacterial activity
against Staphylococcus aureus and Escherichia coli
at a 6 mg/ml concentration of mitragynine.
Mitragynine is considered a significant active
compound that may have various effects, including
antibacterial activity. However, the levels of
mitragynine in the different extracts were not
analyzed in this study, as the objective aimed for the
preliminary antibacterial screen assay for further
study. The results may lack a specific measurement
of the mitragynine level, leading to a limited ability
to explain how the levels of mitragynine could
influence the capacity to inhibit or eliminate S. mutans.
The four extraction methods, including
maceration with 95% ethanol, maceration with 50%
ethanol, decoction, and squeezing, for Mitragyna
speciosa  (kratom) use different techniques,
temperatures, durations, and solvent polarities.
These differences affect the extraction efficiency,
quality, and quantity of bioactive compounds, which
can impact the antibacterial properties of kratom.
Maceration with 95% ethanol is a highly effective
extraction method for lipophilic alkaloids, such
as mitragynine in kratom.”" It is suitable for
pharmaceutical or

research purposes requiring

purified extracts. Maceration with 50% ethanol
yields a broader range of both polar and non-polar
substances, particularly more  water-soluble
compounds, as the solvent is an ethanol-water
mixture. Decoction is primarily used for extracting
water-soluble compounds; however, it may not be
suitable for thermolabile alkaloids.” Squeezing is a
simple, traditional extraction method, but it yields
low extraction efficacy.

Although previous studies have indicated
that using acetic acid as a solvent showed the

highest yield of kratom extraction, ethanol and water

were chosen to be the primary solvents in this study
as these solvents are more biocompatible when
used in the oral cavity. This decision was made to
prioritize the safety and edibility of the extracts.

The antibacterial mechanism of kratom
extract on S. pneumoniae and E. coli was predicted
in an in silico study as the interaction between the
ATP1 protein and quercetin, which is the secondary
metabolite of Mitragyna speciosa. ' Since S. mutans
belongs to the same genus as S. pneumoniae, it was
anticipated that they would share a similar
antibacterial mechanism. However, differences in
extraction methods, solvents, and extract
concentrations may have influenced the results of
this study.

According to this study’s results, most
kratom extracts do not affect the S. mutans growth,
as the clear zones only appear around a paper disc
soaked with 0.12% chlorhexidine, which is currently
recommended as the best available in reducing S.
mutans and oral biofilm in vivo. Taste alteration,
mouth and tongue numbness/pain, xerostomia, and
oral tissue discoloration have been reported with
0.12% chlorhexidine usage. The extracts from white
kratom by squeezing and red kratom by maceration
with 95% ethanol may slow the growth of S. mutans.
This suggests that if the concentration of these two
extracts (white kratom by squeezing and red kratom
by 95% ethanol maceration) showed slight effects,
and suggested mechanisms or concentrations for
future investigation.

This study is highly relevant as it represents
the first investigation into the effects of kratom on
oral bacteria growth, specifically S. mutans, as there
was no prior research focusing on oral pathogens.
While kratom did not exhibit antibacterial activity
against cariogenic pathogens, it may stimulate saliva
flow rate and enhance mechanical plaque removal,

potentially benefiting dental treatments.
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As there has been no confirmed report that
kratom can increase saliva flow rate yet, it may
indirectly stimulate salivation through its effects on
the autonomic nervous system. Kratom impacts the
parasympathetic nervous system,” which regulates
In 2023, Dodds et al

concluded that chewing gum results in a higher

salivary g¢land activity.

unstimulated salivary flow rate in the elderly and
those with xerostomia.”” This is related to the
duration of chewing gum history. It may imply that
chewing kratom leaves may increase the salivary flow
rate and mechanical plaque removal as well.

The belief that chewing kratom prevents oral
diseases, such as dental caries, may be unfounded.
This study indicates that kratom consumers should
be encouraged to recognize the importance of
regular oral health maintenance. Therefore, this
research advocates for a shift in perspective in oral
hygiene care.

Further investigation into the effects of
kratom extract on oral tissues as well as other
pathogenic microorganisms in the oral cavity, will
provide a clearer understanding of kratom's effects,
which

understanding of kratom as more people in all age

aims to provide a comprehensive
groups, particularly among adolescents and working

adults, are likely to access it easily.

Conclusion

Kratom extracts obtained by the extraction
methods in this study demonstrated minimal or no
effects on the growth of S. mutans, which plays an
important role in dental caries. Although prior studies
demonstrated its antibacterial properties against
other bacteria, the kratom extracts cannot be
recommended as caries-preventive agents based on
the findings of this study. Further investigation will
provide more information on the effect of kratom on

S. mutans.
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Measurement of Distances between Anterior

Mandibular Structures in Thai Patients and

Osteotomy Recommendation: A Cone Beam
Computed Tomography Analysis

Research Article

Abstract

Objective: The primary objective is to measure distances between key anatomical landmarks in the anterior mandible of Thai adults and
analyze variations based on sex and skeletal classification using Cone-Beam Computed Tomography (CBCT. The secondary objective is to
establish normative data for this region among the Thai population.

Materials and Methods: An observational study was conducted using CBCT scans from Thai adults with all lower anterior teeth present.
Measurements focused on the distances from the inferior mandibular border to the genial tubercles and the anterior loop among others.
Results: A total of 186 CBCT scans were analyzed. No significant differences were found between left and right sides. Males showed
significantly greater measurements than females (P<0.021), except at the central incisor apex to genial tubercle (P=0.073, 0.192). No significant
differences were observed among skeletal classes (P=0.099-0.987).

Conclusion: This study identified significant gender-related anatomical differences in the anterior mandible, with consistently greater
measurements in males, while no significant differences were observed among skeletal classes. Based on these findings, recommended
osteotomy safety margins from the inferior border are 19 mm in men and 17-17.5 mm in women for the midline and lateral incisor regions,
and 15 mm in men and 13.5 mm in women for the canine region. Fixed safety margins are not recommended in the anterior loop area due
to anatomical variability; therefore, individualized CBCT assessment is strongly advised. These reference values may enhance surgical safety
in anterior mandibular procedures.

Keywords: Mental foramen/ Cone-Beam Computed Tomography/ Genioplasty/ Mandibular osteotomy
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Introduction

The anterior mandible, situated between The genial tubercles are distributed as right
the mental foramina, is also known as the  and left protuberances and as superior and inferior
interforaminal region. The chin represents the lower  tubercles located at the lower lingual aspect of the
and most anterior portion of the mandible and is  anterior mandible. They serve as attachment points

typically the most forward skeletal part of the head."  for the genioglossus muscle at the superior
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2 Department of Oral and Maxillofacial Radiology, Faculty of Dentistry, Mahidol University.
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tubercles and the geniohyoid muscle at the inferior
tubercles.” This region is often used for surgical
procedures, such as treatment of the edentulous
jaw with oral implants, as a donor site for grafting
procedures, and for genioplasty.’

The anterior mandible is a frequent area for
surgical interventions, such as implant placement,

bone harvesting, or genioplasties. Consideration of

and precise radiographic localization of vital
anatomical structures are essential. Anatomical
landmarks include the mental foramina, the

mandibular incisive canal, and lingual foramina, along
with their neurovascular contents. Potential risks of
interference may result in neurosensory disturbances
and/or hemorrhage.” The anterior mandible is also a
common site for mandibular bone fractures, mainly
located in the parasymphyseal regions.5
Complications from anterior mandibular
procedures can occur during the surgical procedure
or after treatment, which may relate to injury to the
inferior alveolar nerve, mental nerve, genioglossus
muscle, and roots of anterior mandibular teeth.
These complications can result in discomfort,
numbness, tooth root damage, and infection.®
Most previous recommendations suggest
placing the osteotomy line about 5 mm below the
mental foramen.” This guideline, however, is applied
with some variation among surgeons and institutions.
Lin et al." reported a three-dimensional vertical
distance between the inferior margin of the mental
foramen and the lowest point of the inferior
alveolar nerve canal differed between groups and
demonstrated that even when applying this 5 mm
injury
substantial, with reported incidences of 6.4%, 5.0%,
10.6%, 16.0% and 9.9% in skeletal Classes I, II, I,
cleft

respectively. To mitigate this risk, they recommmended

margin, the risk of nerve remained

lip/palate groups and overall cohorts,

safe distance zones for osteotomy at 7.06, 8.01, and

9.12 mm below the mental foramen, corresponding
to risk probabilities of 2.5%, 0.5%, and 0.0005%,
respectively.'® In contrast, Park et al. reported that,
in the American population, the mean horizontal
distances from midline and mean vertical distances
from the inferior border of the mandible to the
mental foramina was 22.11+1.92 mm and 15.15+1.77
mm, respectively." Such findings highlight that a
universal safety margin may not adequately
account for anatomical diversity, and that risk can
vary depending on skeletal type and patient
population.

Building on this, previous studies have
demonstrated that anterior mandibular anatomy
varies across populations. Park et al., using CBCT in
an American population, reported that the superior
border of the genial tubercle was located
15.63+2.75 mm and the inferior border 6.87+3.29
mm from the inferior border of the mandible."
While Voon et al. examined a Chinese-Malaysian
population and advised the mean safe zone
measured at the crestal level from the genial
tubercle site on the left side of the mandible was
21.12 mm and 21.67 mm on the right side with a
statistically significant difference without sex-
related differences.'” Kolsuz et al. investigated the
Turkish  population and found mean values
between inferior border of the mandible and
inferior margin of the tubercle to be 8.3-10.1 mm
and recommended the use of CBCT to avoid
possible complications.” Rai et al. reported midline
anatomical variations in an Indian population™,
further highlighting the need to account for ethnic
and population differences. Wang et al. also noted
variability in genial tubercle position and
dimensions in a Taiwanese sample and reported
inferior border of the mandible and inferior
margin of the tubercle distance of 6.4-8.4 mm."
Collectively, these that

findings  emphasize
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mandibular anatomy differs among races and

populations, underlining the importance of
population-specific reference data.

Several of the above studies also highlight
the value of CBCT in preoperative planning. Park et
al,, Voon et al,, and Wang et al. demonstrated its
utility in accurately assessing mandibular structures,
while Rai et al. specifically recommended CBCT to
identify  potential risks of hemorrhagic or
neurosensory complications.l1’12'14’15 Thus, CBCT is
strongly  recommended  before  performing
osteotomies in the anterior mandible to ensure
individualized assessment and minimize surgical risks.

As mentioned above, the anatomical
structures in the anterior mandibular region are
complex and vary in their location, which may lead
to surgical to our

complications. However,

knowledge, no similar studies have been
conducted among the Thai population. This study
aims to measure the distances between key
anatomical structures in the anterior mandible,
including the inferior border to root apices of lower
anterior teeth, anterior loop, genial tubercle,
anterior loop to the inner aspect of the buccal
cortex at the mandibular midline, and root apices
of the central incisor to the superior border of the
genial tubercle. Additionally, we seek to analyze
whether these distances vary based on patient

factors such as sex and skeletal classification.

Materials and Methods

This retrospective study analyzed cone-
beam computed tomography (CBCT) images to
assess specific anatomical structures in the anterior
mandible among Thai adults.

Inclusion Criteria

e Thai adults aged 18 years and older.

e Presence of all lower anterior teeth.

o Availability of CBCT images encompassing
the inferior border of the mandible and interforaminal
region, along with lateral cephalometric images.

Exclusion Criteria

e History of mandibular trauma or surgery.

e Presence of pathological lesions in the
anterior mandible.

e Congenital craniofacial anomalies.

e CBCT or lateral cephalometric images of
inadequate quality, such as those affected by
blurring or severe artifacts.

Data Collection

The sample size was determined using
software™®,

referencing the study by Wang et al.”” The research

purposive  sampling  via  G*Power
protocol received approval from the Ethical Review
Board of the Faculty of Dentistry and Faculty of
Pharmacy, Mahidol University (Protocol No. MU-
DT/PY-IRB 2022/010.2103).

CBCT data were sourced from Kodak 9500
Cone Beam 3D system (Carestream Health, Inc., USA)
and Planmeca Promax 3D mid (Planmeca Group,
Finland) at the Oral and Maxillofacial Radiology
department of the Faculty of Dentistry, Mahidol
University, covering January 2017 to June 2021. The
field of view (FOV) for the Kodak system was 18.4
cmx20.6 cm with a voxel size of 0.3 mm, and for the
Planmeca system, 17 cmx20 cm with a voxel size of
0.2 mm. Images were analyzed using CS 3D imaging
software, allowing adjustments in  contrast,
brightness, and magnification. Skeletal classification
was determined by cephalometric analysis. The FH-
SN angle was assessed first; if within the gender-
specific norm (2.73-7.99° males, 3.59-9.33° females),
classification was based on the ANB angle (Class I:
1.64-5.74° males, 2.26-5.66° females; higher=Class I,
lower=Class Ill), while cases outside the FH-SN norm

were classified using Wits appraisal (-5.61 to -0.87
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mm males, -5.72 to -0.92 mm females)."™"

Images
were assessed in multiplanar views with a slice
thickness of 0.3 mm. Patient information, including
age and sex, was recorded. All measurements were
initially performed by the main author (4""-year oral
and maxillofacial surgery resident). To assess
reliability, both intraobserver and interobserver
evaluations  were  conducted. Intraobserver
reliability was tested by re-evaluating 10% of the
subjects after a two-week interval. For interobserver
reliability, an oral and maxillofacial radiologist (with
more than ten years of experience) independently
assessed the same subset of cases. The intraclass
correlation coefficient (ICC) was used to determine
the level of agreement, and any discrepancies were

Measurement of Anterior Mandibular
Structures

Measurements were conducted using CS
3D imaging software, with images oriented such that
the Frankfort plane was horizontal and the
midsagittal plane was perpendicular. The following
distances were measured:

1. From the inferior border of the
mandible to the superior border of the genial

tubercle (IBM-SGT). (Figure 1A).

2. From the apex of the central incisor to
the superior border of the genial tubercle (CIA-SGT).
(Figure 1B).

3. From the inferior border of the
mandible to the root apices of the lateral incisor
and canine (IBM-LIA and IBM-CA). (Figure 1C, D).

4. From the inferior border of the
mandible to the anterior aspect of the anterior loop
(IBM-AL). (Figure 1E).

5. From the most mesial part of the
anterior loop to the inner aspect of the buccal
cortex at the mandibular midline (MAL-ML), with
the midline defined by an imaginary line passing
through the lingual foramen. (Figure 1F).

Data Analysis

Descriptive  statistics summarized the
distances of anterior mandibular structures. The
Kolmogorov-Smirnov test assessed data normality.
For normally distributed data, independent t-tests
compared distances between sexes, and one-way
ANOVA  compared distances among skeletal
classifications I, Il, and lll. For non-parametric data,
the Mann-Whitney U test and Kruskal-Wallis test

were utilized accordingly.
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Figure 1

Distances measured in the study. (A) Sagittal oblique CBCT shows distance from IBM-SGT as inferior border of the mandible to

superior border of genial tubercle, (B) Coronal CBCT shows CIA-SGT as distance from apex of central incisor to genial tubercle
superior border, (C) Sagittal oblique CBCT shows IBM-LIA as distance from apex of lateral incisor to inferior border of the mandible,
(D) Sagittal oblique CBCT shows IBM-CA as distance from apex of canine to inferior border of the mandible, (E) Sagittal oblique
CBCT shows IBM-AL as distance from anterior aspect of anterior loop to inferior border of the mandible, (F) Axial CBCT shows MAL-
ML as distance from the most mesial part of anterior loop to inner aspect of buccal cortex at mandibular midline.

Results

This retrospective study analyzed CBCT
scans from 191 patients who were treated from
January 2017 to June 2021 at the Oral and
Maxillofacial Radiology Department of Mahidol
University, Bangkok, Thailand. After exclusions for
congenital anomalies and missing teeth (5 patients
with cleft lip and palate, 4 with absent mandibular
lateral incisor), 186 patients remained. The sample
included 45 Skeletal Class | (24.2%), 35 Skeletal
Class Il (18.8%), and 106 Skeletal Class Il (57%)
patients, with a gender distribution of 70 males
(37.6%) and 116 females (62.4%).

Statistical Analysis Intraclass Correlation
Coefficient (ICC) for Reliability:

e Interobserver Reliability UT and SN): ICC
ranged from 0.994 to 0.999

e Intraobserver Reliability: ICC ranged from
0.999 to 1.000

These high ICC values indicate excellent
reliability in the measurements obtained from the
CBCT scans.

The mean distances of all measured
parameters are presented in Table 1 and illustrated
(Figure 2-4). When comparing right and left sides
(Table 2), no significant differences were found

across all parameters (p>0.05).
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{ Lt-LIA-IBM: 22.62+3.50
Lt-CA-IBM: 19.13+3.24

Rt-LIA-IBM: 22.82+3.43
Rt-CA-IBM: 19.57+3.21

IBM-SGT: 15.27£1.77

Figure 2 Measurement of IBM-SGT, Right-CIA-SGT and Left- Figure 3 Measurement of Right and Left LIA-IBM and
CIA-SGT Right and Left CA-IBM

(1

Rt-MAL-ML: 23.57+2.58

Rt-IMB-AL: 10.63+1.60 Lt-IMB-AL: 10.48+1.73

Figure 4 Measurement of Right and Left MAL-ML and Right and Left IMB-AL

Table 1 Mean distance of all parameters

m

Inferior Border of the Mandible to Superior Border of Genial Tubercle (IBM-SGT) 15.27 1.77 6.30-19.60
Apex of Central Incisor to Superior Border of Genial Tubercle (CIA-SGT) Rt 8.41 3.01 1.40-20.00
Lt 8.49 2.99 1.70-20.30
Inferior Border of the Mandible to Lateral Incisor (LIA-IBM) Rt 22.82 3.43 15.30-32.30
Lt 22.62 3.50 14.60-32.40
Inferior Border of the Mandible to Canine (CA-IBM) Rt 19.57 3.21 10.10-28.80
Lt 19.13 3.24 11.40-28.70
Inferior Border of the Mandible to Anterior Aspect of Anterior Loop (IBM-AL) Rt 10.63 1.60 6.80-15.00

Lt 10.48 1.73 6.70-15.20
Mesial Part of Anterior Loop to Inner Aspect of Buccal Cortex at Mandibular Midline (MAL-ML) Rt 23.57 2.58 16.40-30.20
Lt 23.40 261 16.20-30.80

Table 2 Bilateral Comparison of research parameters between the left and right sides

l

Rt 8.50 3.90

CIA-SGT 0.094
Lt 8.30 3.70
Rt 22.82 3.43

LIA-IBM 0.176
Lt 22.62 3.50
Rt 19.02 4.30

CA-IBM 0.057
Lt 19.00 4.10
Rt 10.63 1.60

IBM-AL 0.068
Lt 10.48 1.73
Rt 23.57 2.58

MAF-ML 0.147
Lt 23.40 2.61

Note: P-value from Wilcoxon Signed Ranks Test for non-parametric data and Paired T-test for parametric data.
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Gender comparisons (Table 3) demonstrated
that males consistently exhibited greater mean
distances than females. Significant differences were
observed for IBM-SGT (p<0.001), LIA-IBM (Rt and Lt,
both p<0.001), CA-IBM (Rt p=0.017, Lt p=0.021),
IBM-AL (Rt and Lt, both p<0.001), and MAL-ML (Rt

Table 3 Comparison of parameters between genders

: Mean SD P-
Parameters  Side Gender
(mm) (mm) value
Male 15.75 2.43
IBM-SGT - <0.001
Female  14.65 1.78
Male 8.85 2.98
Rt 0.073
Female = 8.10 4.15
CIA-SGT
Male 8.86 297
Lt 0.192
Female = 8.27 2.99
Male 24.32 3.13
Rt <0.001
Female  21.92 3.30
LIA-IBM
Male 24.01 3.34
Lt <0.001
Female  21.79 3.34
Male 20.29 3.24
Rt 0.017
Female = 19.13 3.12
CA-IBM
Male 19.83 3.11
Lt 0.021
Female = 18.70 3.25
Male 11.38 1.62
Rt <0.001
Female = 10.19 1.41
IBM-AL
Male 11.29 1.79
Lt <0.001
Female = 9.99 1.50
Male 24.08 2.45
Rt 0.035
Female = 23.26 2.62
MAL-ML
Male 24.03 2.42
Lt 0.010
Female = 23.02 2,66

Note: p-value from Mann-Whitney U test for non-parametric data
and Independent T-test for parametric data.

p=0.035, Lt p=0.010). However, CIA-SGT did not differ
significantly between sexes (Rt p=0.073, Lt p=0.192).
The results are also illustrated (Figure 5-7).
Comparison among skeletal classes (Table 4)
showed no statistically significant differences for any

parameter (all p>0.05).

Table 4 Comparison of parameters between skeletal class

. Skeletal Mean SD P-
Parameters  Side
class (mm) (mm)  value
1 15.10 2.15
IBM-SGT - 2 15.10 2.00 0.987
3 15.10 2.63
1 8.09 3.49
Rt 2 9.07 2.73 0.323
3 8.33 2.88
CIA-SGT
1 8.19 3.36
Lt 2 9.11 2.89 0.361
3 8.41 2.85
1 22.80 4.50
Rt 2 22.80 5.20 0.385
3 22.20 5.08
LIA-IBM
1 22.40 5.40
Lt 2 22.50 5.10 0.533
3 22.10 5.00
1 19.70 4.25
Rt 2 18.80 5.30 0.805
3 19.15 4.03
CA-IBM
1 19.40 4.70
Lt 2 17.90 4.20 0.713
3 18.70 3.93
1 11.02 1.64
Rt 2 10.77 1.38 0.099
3 10.43 1.62
IBM-AL
1 10.94 1.90
Lt 2 10.32 1.50 0.117
3 10.34 1.71
1 23.54 2.34
Rt 2 23.17 2.96 0.560
3 23.71 2.56
MAL-ML
1 23.18 2.65
Lt 2 23.09 2.14 0.496
3 23.60 2.74

Note: P-value from Kruskal-Wallis test for non-parametric data and
ANOVA for parametric data.
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Rt-CIA-SGT
Male = 8.85 +2.98
Female = 8.10 £ 4.15
P-value = 0.073

1 Lt-CIA-SGT
Male = 8.86 +2.93

Female = 8.27 £2.99
P-value = 0.192

IBM-SGT
Male = 15.75 £ 2.43
Female = 14.65 + 1.78
P-value < 0.001

Figure 5 Measurement of IBM-SGT, Right and Left CIA-SGT and gender comparison

Rt-LIA-IBM
Male = 24.32 +3.13,

Female = 21.92 £ 3.30
P-value < 0.001

Rt-CA-IBM
Male = 20.29 +3.24

Female = 19.13 +3.12
P-value = 0.017

Lt-LIA-IBM
Male = 24.01 £3.34
Female =21.79 £ 3.34
P-value < 0.001

Male = 19.83 £ 3.11
Female = 18.70 £ 3.25
P-value = 0.021

Figure 6 Measurement of Right and Left LIA-SGT, CA-IBM and gender comparison

Male = 24.08 + 2.45
Female = 23.26 + 2.62
P-value = 0.035

Rt-IMB-AL
Male = 11.38 £ 1.62
Female = 10.19 £ 1.41
P-value < 0.001

Male = 24.03 + 2.42
Female = 23.02 £ 2.66
P-value = 0.010

Lt-IMB-AL
Male = 11.29 £ 1.79

Female = 9.99 + 1.50
P-value < 0.001

Figure 7 Measurement of Right and Left MAL-ML and gender comparison

Discussion

Complications associated with genioplasty,
such as long-term neurosensory deficits, occur in
up to 20% of isolated genioplasty cases and up to
70% when combined with bilateral sagittal split
osteotomy.”® A thorough understanding of the
inferior alveolar nerve’s trajectory and danger

zones is crucial for safe osteotomy. However,

consensus on the safest osteotomy location in the
anterior mandible remains lacking.

For IBM-SGT (the inferior border of the
mandible to the superior border of the genial
tubercle), Park et al. reported that, the superior
border located
15.63+2.75 mm and the inferior border 6.87+3.29

mm from the inferior border of the mandible.™ Our

of the genial tubercle was
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study found mean distances of IBM-SGT 15.27+1.77
mm and supports osteotomy heights of 19 mm in
males and 17.5 mm in females above the inferior
mandibular border, providing a safe margin to
minimize root injury and nerve damage in the
genial region.

For CIA-SGT (Central incisor apex to genial
tubercle), Silverstein et al. measured the distance
between central incisor apices and the superior
genial tubercle, reporting a mean of 11.8 mm.”"
Mintz et al. also found a mean vertical distance of
6.45 mm from the incisor apex in dry skulls.”
In comparison, our study demonstrated shorter
distances (8.41-8.49 mm), which may reflect
anatomical variations in  Thai patients or
methodological differences. Yin et al. reported
greater distances in males than females, consistent
with our findings.”> Since there is no universally
accepted safety margin measured directly from the
genial tubercle, the findings in this study highlight
the need for population-specific guidelines in
osteotomy planning.

For IBM-LIA (Lateral incisor apex to inferior
mandibular border), Park et al. recommended a
safety margin of 15.5 mm from the lateral incisor
apex to avoid root damage."" Our findings suggest
slightly greater values, with osteotomy heights of
19 mm for males and 17 mm for females. This
provides additional support for individualized
planning based on gender and population-specific
anatomy.

For IBM-CA (Canine apex to inferior
mandibular border), Previous research has been
limited regarding the distance from the canine apex
to the mandibular inferior border. Our results
provide new reference values, recommending
osteotomy heights of 15 mm for males and 13.5
mm for females. These guidelines highlight the
importance of considering canine root proximity
in the anterior

when planning osteotomies

mandible.

For IBM-AL (Anterior loop to inferior
mandibular border), the anterior loop of the
mental nerve shows considerable variability, with
prevalence ranging from 13.3% to 100% and mean

10,24

extensions up to 7 mm. Filo et al. reported

25,26

loops in >75% of patients™, while Apostolakis

and Brown found them in 48%, with 95%
measuring <3 mm.” Wei et al. reported a mean
loop length of 3.3 mm in Southern Chinese
patients, suggesting that the commonly cited 5 mm
safety margin may be insufficient.”” For the Thai
population, Phraisukwisarn et al. reported an
anterior loop prevalence of 64.4% in Thai patients,
with mean vertical and horizontal extensions of
3.88+1.52 mm and 2.16+1.20 mm, respectively.”
There was no statistically significant difference
across groups, except for horizontal length, which
differed between genders.”® In our study, we
recommend osteotomy distances >6 mm for males
and >5 mm for females from the anterior loop’s
anterior edge to the inferior mandibular border,
reducing the risk of nerve injury.

For MAL-ML (Mesial anterior loop to
buccal cortex at midline), Lin et al. observed larger
vertical distances in Class Il and cleft lip/palate
patients, emphasizing the variability in anterior
mandibular anatomy.”® The results in this study
differed slightly, showing significant differences
depending on genders but not on skeletal classes,
possibly due to different population (Figure 8).

This study has several limitations that
should be considered. First, the reliance on CBCT
for anatomical measurements introduces potential
inaccuracies due to image resolution constraints
and possible distortion artifacts, which may affect
the precision of the data. Second, the sample size,
while adequate, may not fully capture the
variability within the broader Thai population. For
example, there was an uneven distribution among
skeletal classes, with Class Il patients outnumbering

Classes | and Il. However, this imbalance did not
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result in statistically significant differences across
skeletal classes in our analysis. Third, while efforts
were made to standardize measurement
techniques, inherent methodological differences
compared to previous studies could contribute to
variations in reported distances, underscoring the
need for standardized protocols in future research.
anatomical

Finally, our study focused on

measurements without direct correlation to

surgical outcomes. Clinical validation of the
proposed safety margins in actual procedures will
therefore be an important direction for future
studies.

Despite these limitations, a major strength
of this study is that it provides population-specific
reference data for the Thai population using CBCT,
which has not been previously reported. These
findings offer clinically relevant guidelines that may
help improve the safety of anterior mandibular
research should aim to

osteotomies. Future

Anterior loop
Male 6 mm
Female 5 mm

Canine
Male 15 mm
Female 13.5 mm

validate these recommendations with prospective
clinical data and larger, more diverse samples, as
well as to explore the integration of advanced
imaging and surgical navigation systems to further
enhance precision and patient safety.

Overall, this

comprehensive, evidence-based framework for

study  provides a

genioplasty  osteotomies, integrating gender,
skeletal classification, and anatomical variations. By
establishing precise safety margins and highlighting
population-specific differences, our findings enable
surgeons to plan procedures with greater accuracy,
reducing the risk of complications such as
neurosensory deficits. This is particularly critical in
the anterior mandible, where functional and
aesthetic outcomes are equally vital. Our research
bridges gaps in existing literature, offering practical

guidelines that enhance surgical safety and patient

outcomes.

Anterior loop to midline
Male 14 mm
Female 13 mm

Central incisor
Male 19 mm
Female 17.5 mm

Lateral incisor
Male 19 mm
Female 17 mm

Figure 8 Recommended safety margins for osteotomies in the anterior mandible
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Conclusion 7. LeeTS, Kim HY, Kim TH, Lee JH, Park S. Contouring
This study demonstrated significant gender- of the Lower Face by a Novel Method of Narrowing
related anatomical differences in the anterior and  Lengthening  Genioplasty.  Plastic  and
mandible, with males exhibiting consistently greater Reconstructive Surgery. 2014;133(3)274e-82e.
measurements, while no significant variations were 8. Wang C Gui L, Liu J. A Practical Sursical
observed among skeletal classes. Consequently, Technique to Expose the Mental Nerve in
recommended osteotomy safety margins from the Narrowing Genioplasty. Plastic and Reconstructive
inferior border are 19 mm in men and 17-17.5 mm in Surgery - Global Open. 2015;3(11):e554.
women for the midline and lateral incisor regions, and 9~ Lee El. Aesthetic alteration of the chin. Semin
15 mm in men and 13.5 mm in women for the canine Plast Surg. 2013;27(3):155-60.
region. Fixed safety margins are not advisable in the ~ 10. Lin HH, Denadai R, Sato N, Hung YT, Pai BCJ, Lo
anterior loop area due to anatomical variability, and LJ. Avoiding Inferior Alveolar Nerve Injury during
individualized  CBCT  assessment is  strongly Osseous Genioplasty: A Guide for the Safe Zone
recommended These guidelines provide practical by Three-Dimensional Virtual Imaging. Plast
reference values to enhance surgical safety in anterior Reconstr Surg. 2020;146(4):847-58.
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Figure 1

view (red arrow: right maxillary canine)
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Intraoral views of right maxillary canine and cleft site before tooth autotransplantation (A) Anterior view on occlusion (B) Occlusal
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Figure 2 Preoperative cone beam computed tomography radiographs at recipient site (A) Coronal view (B) Axial view

Huvdinganey
Figure 3
(D) Fixation with flexible splint

amlugesthnsgninnisugnaefiunues (A) ddadauden (B) naanisuendunsegniiniiu () shiluidervurrugnais ) Tailen

Intraoral views during tooth autotransplantation (A) Flap operation (B) After ridge expansion (C) Transplant with right maxillary canine

Khon Kaen University Dental Journal



Page 111 |

Uit 28 atudl 3 (n.v. - 5.0. 2568)

PNNTAAMUNANTINASINTHNIAA 2 FUAA
Huaelifionnisle 9 annisesaalutesiinnuusion
wiilenvesilulgniinisdniauunadnies fulensedv 3
(Third degree tooth mobility) laifin1snganievdures
Hondtu (Ul 4A) usmwuivaizAadiu fluugnd 13 auvy
fuilud 43 Fdldvhmsnseanaugauesiniiuas itelafls
fusannsgyiveiiudgn Lavdaifiasnunassnily
(Root canal treatment) luduUniii 3 waanUgnaneity
2 \fiou (3U7 48) wuiniluugnlentesasisfiarsanaon
Henilu wdwnduiunumddaiiufiansansaliusen
W LﬁaLﬂﬁauﬁuﬁaﬂéwaiﬁagluﬁwLLWJqﬁmmzau 1
Suliusedaitudlo 2 Weu 2 dunmmaenugnaneily

InnsRanuRanss el oruly 5 ey
wuidumisvesituugndafuiiud 11 Snsi3esvesily

(Alignment) A% u (U7 40) wandsannugnaieity
10 wiow war 1 U 8 wiiow nudnilulgnlilen avudn
seaUsviulnesouliiiiu 4 faduns msiSewvesilufity
TndiAesund uagldnuled (sui ap)

NN MTIEs0UUa1831n (Periapical radiograph)
vosiluUgnd 13 ndsmsugnaneiiuil 2 §Unsi 2 ieu
10 1o uazamsedunlusumaslgneanediu 1 9 8
oy hiwumiqzyaawsuawﬂﬂﬁu (Root resorption)
wazseslsaseuvanesiniiu saudadenamiuluny
Auiufsdnudnadulndnanswesiluug i uiy
agalsAmudanuanulusessd (Radiolucency) uSiamu
sulnanansvesilulgnd 13 munuisesusndiaglasy

nsUgnnsgnly (3Uf 5)

Ui 4

Ugneedly 10 Loy
Figure 4  Intraoral views after tooth autotransplantation (A) Follow up 2 weeks (B) Follow up 2 months (C) Follow up 5 months (D) Follow up 10 months
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Figure 5 Postoperative radiographs (A) Occlusal film immediately after tooth autotransplantation (B) Periapical film 2 weeks (C) Periapical
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Treatment of Tooth Autotransplantation in a
Cleft Lip and Cleft Palate Patient: A Case Report

Natcha Prasertcharoensuk ! Panchanok Kaiyasuan 2 Pipop Sutthiprapaporn > Saowaluck Limmonthol "

Case Report

Abstract

Tooth autotransplantation into cleft site in the cleft lip and cleft palate patient presents numerous challenges, primarily due
to insufficient alveolar bone in this area that has undergone bone grafting for a long period while bone augmentation is often difficult.
This case report details the tooth autotransplantation procedure in a cleft lip and cleft palate patient who exhibited an ectopically
erupted maxillary right canine. The patient also had limited alveolar bone width to support a transplanted tooth. Treatment involved
the extraction of the maxillary right canine and its transplantation to the congenitally missing right lateral incisor area, corresponding to
a cleft area that had undergone bone grafting four years ago. To support a transplanted tooth, alveolar ridge expansion was performed.
Root canal treatment was initiated three weeks post-transplantation. The outcome demonstrated successful healing of the transplanted
tooth and periodontium, with no signs of ankylosis. The transplanted tooth is functional and the patient is undergoing orthodontic
treatment. This article reviews relevant literature on tooth autotransplantation in cleft lip and palate patient and discusses the outcome
of this case.
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