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UNANED

Faguseasd: tiladimamaussndldlunaiuiionduriiaie (Botulinum toxin type A: BTXA) lumsinwnmnenduifousaimnmosiaifiu (Masseter
muscle hypertrophy: MMH) Taaitiunalnniseangws wiafiannsan wadndvnsedin uavnadafeiorinty

JagaunsaluaziSns: dnsnumurssanssulaedududeyaangudeya Thailo, PubMed, Scopus waz Web of Science Tngldirddty wu “Tuydiy
fondu” “ndunideusamamesinAn “nalnniseengs” “wadrufes” uay “wadnsnisinw” dadenamsnuiddenanuilunsasivins
awlneviedsngy wardnnuuszannsdifin vienanuiiviadeyadidyeenannsiiasey

wa: msld BTXA annsoanmwanduiieusaamimesifetnaiiussavsnm faeufusumiliatu ussusimenmedsadesennssingld ulianssnm
anduiisstansmusrdniudosing, ud BTXA foiluuumnsiivaendts lidowihdn waeddnmanzunsndoush

unagy: BTXA umadeniifivszansnmuazvasnselunisinnnngndudeousamnmesinfu niadlanalnmseengnsveseuasnsmun
wadian1sdadimnzay Wuddvddlunsiiuwanissnviuaranauidsmemainuies

° o % & a Aav & a a v 9 a = Aau & o
mlusia: amzndananieusawnimesiafv/ luydiuiiendusiae/ Tsadenenssing/ muewlundy/ weadanisaaluydiuiiendu
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unun

néduidouuawnmes (Masseter muscle: MM)
Dunildundraiondnvesmsunien waziiunumandny
Tunsindeulmeeswinssinsanauazntndinsunien
agslsfiany aeldanunisaluisedns nsmuvunnad
AnUnAvesndanilodandm Fegnileindu “n&aniloun
Lﬁaﬂmﬁu” (Masticatory muscle hypertrophy %58 MMH)"
ameznduileuniedniuiioinsaigdlurasiy 20-30 U

Toewulglunnne ansnsofstuldirafismiortaosiie
1§ Tnensinaesianuiesninfivssanadesas 60°° wax
fadinmeiflnemlusrhisunse uifaunsodmwanseny
g eflifodn s evenuaisuwaswing nnsld e
Jgymiaunisldaiueiausinglusuresnisiaiiuves
1155005 8111509050 %3991015UNA T Wil

anunfiniiasaes MMH azdsliiluiivsiuuidn uind

L wrundagnssutesumuazuldndalaifea aaszviununvemans unne1aengunwsuys
2 ununAaenssuvesInuazuiingalaiidea lsane1U1aAaen sauaIana iy nFunEnIuAT

? FnInauPaIUA AalzviuRuNYEmIanT un1INeIaenTuNsUYT
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v

wanetlidefiAeitestunmsianneil Jsuis nnzuey
AU Bruxism) N1gANURAUNATITBRDYINTTINS
(Temporomandibular disorders %38 TMD) 81n15U720
Fo%s rrueieameensual waymsvinauiinundlutesin
(Oral parafunctions) FssaesnsAertiadernmiuly®
nsAnwmilananslidiuinnsideivannis o seiiio
aansauinANRwes MM wagthlug MMH faanedns
160 Tumanduiu nan1533eATIR AU MMH TailéiAn
annstaduiiiieatostunisyieu usidunauiain
1159818 8¥ALYE (Compensatory enlargement)
1 8991nn159IRduUsENe VYR INd LT s U s iTa
Yonannsfind uresiandiouds nisiasunlas
mmﬁm%ﬂuﬁaLﬁaﬂﬁzgﬂ%’wqtﬁm WU NTUUIRIVBS
%guuaﬂmanagml,asLsﬁammmﬂiﬂméw fiseuyuiivgiy
(Temporal fossa) LLaSﬂizﬂﬂIﬁﬂIﬁumLﬁjm (Zygomatic
arch) wi”a:uﬁ’m’na@awaq‘ﬁuﬁhﬂizqﬂ (Medulla)
aenndadiu nionsiinszgneoniiuiuinamunszgn
91135005879 §sarunsansniuliainnisawnusae
wiosoness? usposdnuarueatiu MMH vl
winvasulneiinainnisvenslugiures MM sauld
fendrudemunesida (Temporalis muscle: TPM)
N5 U8 UYeIUSUINSVEING1uLT DA U Tavi e
pnsslnsanddnvazifumidsuwas fuyy Sesdanade
aulyanuinsuazaauldnaundusudiud uves
Tundn wansenuduaunuisnadienusaald
fU2e Sndueinisduiiodrfunisinuviiiedsugy
Tuntih® MMH Ssanunsaiinansenudenisviianu gUae
9195189101715 N luUS I MM Lavaay
AnUnAivaadedevinsslng (TMD) uenanil fuaewenad
mﬂ’]iﬁm'%aiﬁﬂlﬂamsJ'ﬁw*ijimL?ﬁym Wlosanany
fev0endrui o uT unazn1sWasunUamidana
fnans nzianunsanUsEanEAMMISUALALY wasvinli
TMD wgae'®™® luunansadmsvinauveandud efiunn
Ailueavilymidinisuaierunnses vinliadeulmn
y1nssinsanslaenn wazfisaufuanizusudailu® wioidle
Lianunsaszydedeiieateds o1agnszyfuamniill
n31uLUdn (Idiopathic origin 38 -MMH) in155eynie
v19ee9 wu pududiuneensusl sndutleduidese
AsLAR -MMH'™

msIladeniy MMH viladudrafen @a1wise
MlAlAgaIAEN15ATITNARTALAZNITATIANIT9E
Ine1? N133nwInTIE MMH uansinsfuluiuagfuaanu
JUKSIVBINITUAAIUADINITVBIHUIY N1TINWIRUY
UszAuUsenos 1wu nslailenauiiu (Occlusal splints
or night guards) MeamUn 1wy nswnnduiieuas
wmedanskeuraneiiaussmAERwendie uay
nsusuasungdnssy finguszasdifioussimiennis
Tagn1sannisviauesnaud ofi unntiuluuas
AIULATEA LU NSRBI LA ULAEN1SIA BN
wmAUIUS T wuannanisSawid u o 7 lalduuy
UszAuUszAns (Non-conservative) L N1SNIANBAYUIA
néndeviansegnunssing®® wagnisdaansluyaiiy
#endu (Botulinum toxin: BTX) ¥ilinduii enansdn
lannzfinazann1ny MMHL dusunsradatiy usnisy
W duasmsshwlundsse 90 Busuanisilawma
upnYeaUn wazauladn1snaunalnE a1y
su'aalJ'mLﬁaamiamamimm%uLﬁuﬂismﬂwﬁwjﬁ 7
wazndndessesuraidunendesuin deuinsiamngu
wddvewilinisiadaduiifenanas waznsld BTX
Sudufideuunntunauny a1s BTX vila A Botulinum
neurotoxin serotype A: BTXA) 5@Lﬂuﬁ§5ﬂﬁﬁﬂﬁ§Uﬂﬁi
£nw1 MMH n158a BTX awnsnany3unns MM ¢ 8nva

HreuTugUlumi®®?

ailagvisues BTXA azagiiieadnnsn
~ o & v Yo - 2w A I o a ]

Jadndudedldsueguanddioduinanisiignaides
(Minimally invasive procedure) haz il A21ULE UMD
ANZUNINEIURT N13aRaNT BTXA datdunissnwiwuulyl

20,23,24 ﬁ’\j ﬂ-’u

rdafilunnsgiudmiu MvH Tudlagiu
MsNUMLASSANSsuT sstlidhmneiiedrsiaunuimues
BTXA Tun1s$hwin1ag MMH Tagesuienalnniseengnd
FIWTINTYAITNITUTNTE Waneadln Lasnadiufies
A9 9

L%

TangUnIalLazIsnIs

unANidegnAnideningn1sEUANITIUNT Y
ag1aasoumaulugIudoyasie o 1y Thailo, PubMed,
Scopus Wag Web of Science nagnsmsduAuUsznoume
Fddey (Keywords) wu “luydiu fiondu” (Botulinum
toxin) “nénileunaeninestaiu’ (Masseter muscle
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hypertrophy) “ﬂﬁiﬂﬂ’]iaaﬂqwé” (Mechanism of action)
“NaTaLAEY” (Side effects) way “NadWSNITTNYL”
(Treatment outcomes) IngldnsounuiAn PCC Usznaunag
P (Population): ﬁﬂaaﬁﬁmw MMH, C (Concept): N5
$nwidae BTXA, C (Context): u3unveadiindiiiendes
funalnnseengnd wadwsnissnw uasnatnafenns
n1sAALE e un1sAnwadl ARunluasansi launis
nunmIulag Msen il (Peerreviewed journals) 18u
mwanquvielnedundn uazieatestumsussgndld
n1apddin nalnniseengns wienatrafsses BTX lu
MMH tnausinsAneenTdfeseauiUle (Case reports)
warn1sAnufifideyaliifisane uneuiaunay iy
msfnnsedludestunou leud nsAansesaniedouay
unAng e (Title and Abstract Screening) LagA1TNUNIU
demegandunmnunaenuatiudiy (Fulltext Review)

Na

1798 MMH dauanndslinsuamaiuudn ™ &

Snwazianizasinsuiunaliuds (Soft swelling) Tna
Uinamuungslng Fsenafismiuenisin dwanszvy
FOAINMUKALNITNIUTBIINTTINT X Tdnuwue
ddnfedinsiuvosiinaandmiile dewalisusisves
Tuntiuvasuudadlu? 91nnnsdnen MMH singnesune
Tndunnzdifasutunslafuresndmidoundes
U 9 1wy TPM vizeudinszatandnaiile Medial pterysoid

728 ugil MMH M19g09919nulnuaenin winin

muscles
navdofulguisuanunutdosnitnszdinssnw
auansvesluninl?® dmsu MMH aestnsdnazannson
fue1n15uan Faenadu q we 9 waze19gnidnlafiai

Wuenisuaunanseustatenilsin >

NIATIAN
Aalindnazadaeteulinds (Mass of soft tissue) 1nd
fuyuwnssing 6'71"&asyu@u%’m%mﬁaﬁmﬁuuﬂu“ 51891y
madamssinsinsusieluuinsd Tnemnnzegnbs
dondund edaniendrailotamnsuanzd (Focal
dystonia) SauAuAMUATlY MMH? unenisAneinanni
asAUsznauvatlondmiiioly MMH Tuunnsnceeann
MM AlAuannldviiaiy (Work hypertrophy) * wazena
virlsid13n Hypertrophy gaidlalulumadiinle vz
fawdnilvg enuiinned fdnvuedendudesly
Turaeiing13a3sivenes MMH §eldldsuns@nuaun

U wetduf oeusuinnisii ud uvesranud s v
nd1uLd oUALA 87119171 5LR 1T UVDIUTIUALA 87
auduiusisaesdssfindulussninansieuuuy
wsiledu (Parafunction) wu msiafluntusasin n1s
guiduilumeunasiu msimdu msiuaufuity waznns

2034 ool warAny™ Flmiuindany

\ReamnnrSes 9
wansnslunseUALeweInAL s UAREILaEN AL 8
aedu 9 deAASen Lﬁaﬂmﬂﬂﬁmﬁaﬁ%aamduﬁﬁ
Furilna1n Embryonic origins Auansnaiy ndnuile
UAABIMIaN Mesenchyme U84 First pharyngeal arch
Tuvauziinduileanedu 9 1nan Mesoderm was Somite
f3und1 Myotome waz Korfage uazams®® laiiudiis
Fodfresmuvanuansvesialondunieiidansle
Tundruniievinssing deeuiundanieuvuviuay
§15 néridountAeaiidnduvedlondanie Hybrid
fibers 4011 Feuansiia Myosin narevilngos niodl
londuiilewilndl 1 (Type | fibers) S1usuwanndn’®
londuilelovsasnunniisdesiuaundunanadin
(Plasticity) uazn1sldndenudiduszans amunduly
sywiamsvasa® dledisuiunddonsuuuazadng
Tonduiloriinit 2 (Type Il fiers) fisdusinumugnandlug
Mg 1 ﬁ%‘LﬁLﬁudwmsﬁagjmaﬂsﬂﬁmﬁamﬁmﬁ 178
‘ﬁuﬁwﬁﬂﬁm (Cross-sectional area) ‘Ummﬁﬂluﬂéﬁmﬁa
uatAenlud3inann enadesenisuaniasuasenms
wazeendiau Auanmwandeunsusnadléunniu 3.
snifiuanudunuranudvedendiuie® ninle
nduievind 1 ufamnsavhausedosldonuiy ud
wninrufseseaazaudunaunuiull fenelug
Anudemeselassasisngludensvinssinsla ™
¥lindaeves BTX BTX Wumsiureasyuuussam
(Neurotoxin) 7 & nlaswuadiiseluldeandauvia
Clostridium botulinum Usgnausagwnunanait 1y
dansiiyaeszuulszamuazrlusiu i Serotypes U84
BTX o¢ 7 wila (ABCDEF uaz G) lnsunazyiadvia
govatlusn 1wy BTXA fudngesiiunnsrsiusnnaisein
msldans BTX ffisdulunisunmdinliiinsiamnans
Wussng o vee BTX Flslndimunilaswadromanid
AanemdsiuLaztduansieresyuuUsrain sniuia
go8 C2 Fainoglunsznaansiiviuuiviaied Binary
AB-type toxins) “* Tuussn Serotypes W3 7 %iln BTXA
\JuvdindignAnwieganisvnaiiganaziinsiunldng
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madinunian Tnslanzlunvemaninnuay upiseine
Usganningn namandiiug saluidumatunnssy
AnuanAsserinslingenues BTX agfilusiuans™*
foumnsneserieia 2 aiagn (nsadl 1)

BTXA usidenuandmsunisinluldlunis
pddn esaniifeyasmuniuasndouazyseavsnmd
Igsunsfususgnasniuu luvai BTX-B gnidenldly
nsdififesie BTXAY® iilodn BTXA axgniudngueadsne
N3¥UIUNNS Endocytosed Wazfngdau C-terminal portion
199 SNAP-25 N3¢t 921Ut n1219n15911 9109813
Fadou SNARE complex vilinisudsansdeuszamuuy
wonlolelnda uaznisuandaes Acetylcholine 3wgn

) 50-52

guda® fanaln 15199 2 d1usuluningeans

A13197 1 Feunndnssenindluydiuviendusiiaeuazd
Table 1

Component BTX-A

Heavy Chain JUAUFISUT presynaptic terminal 4ae
internalization

Light Chain 10 protease #i #n SNAP-25
(lu SNARE complex)

Fudamssan vesicle fu membrane
— lsiUdes Acetylcholine
spasticity, dystonia, chronic migraine

Reversible flaccid paralysis 1450w

EI e i -4 deulneiade)

A1319 2 nalnmsvihnusazniseengnsvestuyditiuienduyiiae

BTXA @u15ald3nen MMH nnguouiaiiu TMD wag
Azndril s dans wwi iy eslinuazuinssing
(Oromandibular dystonia)” W23 a2n152ALG1 MM
war TPM A1Unt198978anANA SR ILATIUINTD
ndunile ussimernisan waziinasen1sviinues
1n33lns wan1s¥nwwesmsdadinduietusyfudau

Ypananulende USunae i wardSnisan

ASANY
774 Electromyographic studies Us¥84015aA89U89015
$M9UVBITTULUSEaAMLAL AU L avdn15an tnelina

3% ¢ana1nil vEuleuseam (Axonal

aglauu 3-4 oy
bundles) Aanadhuserinan s ug g Lasun1saanes

Ypanauileng1emaiilas TruiiuNaansNsSnw’’

Comparison between Botulinum toxin type A vs Type B

BTX-B
Fufiugasuil presynaptic terminal %3e
internalization
Ju proteaseﬁ §in VAMP/ synaptobrevin
(lu SNARE complex)
FudamsTan vesicle fu membrane
— lsides Acetylcholine
Reversible flaccid paralysis 145w
cervical dystonia, sialorrhea (ﬁlﬂa’lﬂ‘lﬁa)
Funindnilen WUsvana 2-3 iitou)

Table 2 Mechanisms and clinical applications of Botulinum toxin type A

S
%IV

a
IYATLAYA

ﬂﬁiﬂmi@@ﬂqmmé’ﬂﬂum
BTXA
YD exocytosis

BTXA fmLmaaﬂ5~mmmwnumun's~mumi Endocytosis- LC 483 BTXA audalusiiu SNAP-25 Fududau
wilswes SNARE complex mwa‘lwﬂummwaq Acetylcholine #i neuromuscular junction ka¥N13YIN9Y

vilAiAnn12g Reversible flaccid paralysis (Bautsanuunduauls) 195nw1n1ag Spasticity, Dystonia,
uas lansu

aummswawm neuropeptides Laza1318N15BNLEU- aAN"3MAaU83 CGRP (Calcitonin Gene-Related
Peptide) Fudmdestuenmsuiauaznisdniay

CGRP uazlutnsu CGRP anasiiszuudszamaiuvasuazaudnans dwalunisussmlunsu- yafinnisuaes CGRP Lau
\JaviuaNed wa Trigeminal caudal nucleus

UNUIUBIFITUDY 9 7
nendasiuanuidun

P2Y receptors Uy satellite glial cells (liFuUBvEnaaN 17-beta-estradiol)- P2X3 receptors luiduszam
afferent ¥28@AN151a 9 CGRP- TRPV1 (Transient Receptor Potential Vanilloid 1) unuinlun1ssus
Anudutn warerafudmnenissnulusuan

JGENGERN Usznoaume 2 dau:
- Heavy chain (HC): 100 kDa, maiumswnumsuu,aumlmawaa
- Light chain (LC): 50 kDa, Vnthiisin SNAP-25- idesdaudeniudae Disulfide bond
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nmsldluiasnunne MMH Suanvanesenu
Renfunenmues BTXA Tugiugmadennsinuniilaides
Al MMH Kundu wasaaz’’ ta3iassinaras BTXA
Tu MM Tngseydn BTXA SuszavBnmedwatiausluns
UsTmeM i 3 wag 6 Weundainisinw Taedinad

59,60 &

9139 uag U™ dndngrundaauimn q n1s

WINTUYBIUTUI BTXA AVIHTULTIURINTIE MMH zanas

58-60 = = DRI a
miﬂﬂ‘tﬂ‘ﬁuQLLﬁﬂﬂm‘Viumﬂﬁaﬂ

Tudvesonsdn
wisaduderly MM qiniouazdnanisaddnitsludu
Anusanvesiineuasadnsidaliranioy MMHS® B4lu
iy fUaeildsumsin 3 afs asdiusyAnEnimganin
LagsEEzARINANS3 LU Welsuiugildsuns
3n 2 Afe® dmsumadianisiavaneiBgninanld daauns
auduasiumaiianisdaaisgn esmndoindeling
nsvaeveslunduiedtu vnfivaldsumianisia
fidnfigaiiinduldly vieldifenedaden uenanil
nsnvvanstuduandiifiufisussansnwuesisan
IWUY Biphasic injection method Fafeadeatunisan

2% anug anudilaf gadunieIanaves

WA 19LA 89
ndnile wazweilamsdafivvarindutadedfyly
mslenadnsnenainfifsUsrasuazmsannat1afioe®
oglsfinnu iWeiFsuieuiBnsfmnuuanegaiums
Anqaien inuiislamidonintu wenaniluemesa
nsszdutinerald sadestunisannisuandaesaisie
Uszamidlussiudauaneuazaiunan® femnt BTXA
Seoniinaseiutnlnemsdnensdaiunisa sy anny
Wutmanusnadesevinssinsludassuuyseam® way
onadumsizanuaninsalunissudinisanldesansie
Usvamussiiafiieadostunmsssiutm®

nnsAnwrluld 2024 Guduin BTXA @115
$nw1 MMH wazn1ae Hypertonicity Ladae &9
UITNIANA T s pvINTTInTa 19l WadAgy
uaﬂﬁ]’mﬁmiﬁﬂmmﬁﬂ Randomized controlled trial
(RCT) vaneduduanaasuidoanisld BTXA lunisinw
TMD Tngianizeg1ad sl duiussunzuouiailu®>s
sypziaIN1sengMsiewulunIsusIINIeINIsUIn
84 6 Weunddn o1auownanaruansavestUsiiod
(Protease) lun1sudnidesnalnnisgesaasvesaduas
asoglulelananadu® dnsdeaunisiuinansussn

81N15U3ng A8y WInd 191nANLd U sveIna uLile

nduAn® Aesuiefiduldlife fiisinnzusuinilucy
asgniindangAnssunisvinaudi Anund (Parafunctional
habits) lWunsimAuiiu uduily Jeonarilinnsiieu
Unfvesnduifounieidu q ndufiuan® wenania
nuwes MM danuduiusivennisvinusialdumin s
14 BTXA anunseanmnunuvenaiioldlnenastesas
31 vidsnsAnaana 3 ey dainlasrdudonuiqe
(Ultrasound) uavnsanaswessunmsnamiiiodmesniy

07 uRannsAnwInile

seluusimhiivesndmnidenduauan
wandlsiifunsin BTXA ifissnsadenquilouasliinasio
AUMLNYeINd 1T 80175 1T psanarumun e s
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Figure 1 The lower border of the mandible is identified as the lower boundary of the injection area, while the upper boundary is

defined by a line drawn from the corner of the mouth to the tragus of the ear (black dashed line). Patients are asked to

clench their teeth tightly to allow for palpation and marking of the anterior and posterior borders of the masseter muscle

(red dashed lines). A rectangular area may be drawn on the face to guide injection placement, with the safe injection zone

located within this rectangle, maintaining a 1-centimeter distance from the borders (white dashed line).

Azunsngaunazn1swity lusuanulasnsie

BTXA l@sumsigatinditanansadagwn q 4-6 would
& o Y a a Y a a
naneaswmeilesiudunawaeWaglineliAndgma

66102103108 4 0 A1 ¥ 913 TR BN A UNAT 1A B

Hvdnty
yanfuluiinsszyaadniivasnfonaziiuuszdniam
YRINAaNs nuN15UTHLINAILMUIAAN19AATN LYY NS
Agdudanduie doindiauvasafeifisane 4
srenunatnfsanulstesiaunulifiiee® nadrafes
ﬁgﬂﬁmmﬁﬂmmﬂmi Excessive infiltration ¥i3aiaen
ﬁl@]5ﬂ‘ﬁllﬂgﬂﬁaﬂﬁﬂﬁﬂﬂlﬂ@%'Iuﬁf”leﬁﬂﬁIG’fENﬂ’]i g
sroaunilsszsyingUasanniedesas 50 e1auszaufy
winnsallafiedsvasdnuulisunse wagmeldioanieluy

NaY19LALIlUNITTNYYT MMH g BTXA
)61,68,74,99,108,1107114

1-2 viiou'”
(A3 4 AzunIndeuiinuvosiign
19471330 lfunein1sUaadndesuinuian ne
ndanilogounssdia deermilugiedidanisldau

Wu AnaensiAganas Jguiatuaaiuausiuluis

Azdulianunns Mso1Unden seet NsngeuUna e
YDILAUWALHINUY 81N15UIAATHE NITHARIDDNNY
lund QR ussIUYIF AUAaUnAlunITYA NT9909
P A Ay o 1% Y .

nauilenliadiane wiunay warn1sUaUYeY Parotid

a 1 a‘l’ Yo I3 a U1 = v
gland AawandnulivesduiiawlugUlsgeeny visesn
Hiandeune 199100198 MM Atrophy 8819520157
amwsaﬂﬁlﬂa'mavﬁm&iauﬂa”amaaLﬁa@aa'auu%nm

20,65 A5

vournsslnsatsarluniiigionguindy
Joariu mamqmENwlawuammmﬂ%ﬂimmmﬁ@fﬂaa
wagnIniutenisia sudenisdaasmdindande
Depressor muscles \iafiTun1smgou'® uagaunsnan
Tiieefianlslnonsliinadansdaiutiudiuaznisusu
YsunaelidnduniedniakaganudenisuedUle

HOUT 3909101 9991NNATeY BTXA @11750

e agse
gounauls nauileseunserey q Nudullonasuly’™
Aglumillaunnnsting FeonainaInnIseauwsae

lilenalavasnauiadnufed wWu nauiils Risorius %30

Khon Kaen University Dental Journal



Page 9 |

o A

Ut 29 atuil 1 (A8, 2569)

nannile Zygomaticus Tseanute 2 919910 1,021 519
wansormsbalauas® faudihgauszasdusansing
Aonsannisyinauesnauie wifnunadiafosie
amzndaiiouaniiinuni (Paradoxical muscle swelling)
Feusnguiufouyuaned amwilinieatestunis
nszaneiveseliadwaue wieddfiauae wu 1du
a'audwﬁa&jﬁﬂmﬂu!\/\!\/\ nslnsimieiaerdwdes

GRRHBEN warA15anTnsranudleg1eseilnseTaduds

MBI ansgnuinule

araglunislesiunadnsfinann
g1ndu 9 liun anagndudiun (Dysphagia) way Jaym
Tuniawa Fafnannisunsnszarslaglaldsslaluds
ndiiedrades sauds avdummduusyamlun

4A317 (Transient facial nerve palsy) '’

o Y o v & o . .
M99 4 WAINLABNUDINITINWINAINLUD Masseter A8 Botulinum toxin
Table 4 Adverse effects of masseter muscle treatment with botulinum toxin

guAn1sal natafe
nuldves
(50888~30-50)
oranulsl
(Sovay~2-15)
wulden
(5988%~0.2-2.3)

Wasuwlas wieRusnauiudusesyy

wulsgnan
($p8az~<1-2)

1AS9ES19UBINTZHNVINTTHN
wulgenanniige NISUAEN
(Sowav<1)

Hong wazang'” #Unnn19ana9903A AN
nsgan Cortical bone 18153 BTXA 11133884 Tsai
wazany' Tumynaaes Flmitudnnisde BTXA Wildly
ndaiil susLAgaviliaumuIves Cortical bone u
UININTTINTANUNAS Tnglanzdiunsegn Angular
process dufunaunannistlevesnduiiiouaznsanag
Y9ILTINATAMIUNT dIUN15ANWIY8a Kahn uaganss '™
senuiamznduidedefiinan BTXA dwalianu
M UUUYeY Mandibular condyle wagnszaniiniluanas
Moussa kaganie'* laTeaunatnufewanisin BTXA
doidaidenszgnuinsslnsardludninaassdsdingld
BTXA TutSinasigann defuedinademmumuiiuves
nszgnitanasegsdmau Tuvasiviinaeidninnly
uywd azfinansznuosunnyselinuias usegelsing
nsldludsunagaaluszesnaivuiasideay
sednseda™ dawuiseinisuiudasnulden uwindinig
senulilugvie Wuuisemeszuu Wy 91n1sadny
Tdn¥alug (Flu-like symptoms) wieennisldaunesialy

Uandinilesiigadn nduilegouusestingm
Tumiilalgssnns e1nsvingr Uandsee n1sien
Rvilanse Lleldagaurainsiuvidaunasy
aswasuwlaslusesduldanuins ndruilouau

ldasiane pnuRaunAlunMsvdulnuuzye
MIvIvBsReNIate NMswisuulaues

nsdlasiu-Snwn
Weuitin Usurneen n1sinnusidesiuiugiae

winflan1safiusiugh nMsUszavanzan nslieuitan
visomsuurunelstng mslimudidestusudithe
Tunaemas nszaneqndn fasanmsaandunieiivh
wihiinssdandu depressor muscles nslinnuidasiu
Audihe

dnntluveuwsvesnduiouniiies lmsthmedhendu
mimiledes Usunnasmusnandaiie sl
mmitﬁmé’uﬁué’ﬂw

NyANTINEY hazasUsnudidenugrugiiauiu n1sli
anustlossuiugiasinnisuitinlasnnunn

(Generalized malaise) uldinnun'™ Uiiseuwaniin
Lisunswazmelies WululdiiugnssuvesUisens
dwmadenularomanisaivand

MnueuRAUef (Neutralizing antibodies) 813
Anldlaefiteduidssnnsdnluliunugs davos wio
TdiwanAnusinusiunsedugiige uifluuienisnwaswy
woufvedldfeionay 44.5-53 5 ufvasmaniugang
pevALBIANIIAATN Y YaruTIeaL TesIullsl

Juaufvanusndulinauauserayl vinldanudunus

v
=1

symInsneuRvenfunsnevaunsoendslaidaiau Wail
wletoaftunisiingiisiuniu uusiililignsidlusiusii
vandosansasugll fnuisrervinaszninansdnedis
Uaendy waglivunmendiiigaiddiuad Jagiudsdany
Sudussanlunsiauinisasiaweufivefinieisila
LaEFINEINNAY WU Msnsaadalaseadng (Structural
assays) @ epasiunldlunis@nefnniussezedie
wlanalngdduiuvesnisiiaueudveduazdivyillg
wuamemsdestusazinviniziese BTX Liodned

Khon Kaen University Dental Journal



Page 10 |

o o

Uit 29 atufl 1 (W.Awre. 2569)

UszAnSamannau 2 aavhenslimnuiungiefiduds
Alsimsuostin maudsieRefunadrafeadangn
9aAnTY Wy Nl elRenseuusuintos wielunth
Tylanannstangn sxdelimnuuedsumdendmiunis
Huga mMswuviliinreundinssnwiaiunsativan
NaTLAgUANTRY LU 81NSisUASYEnsaUnATwEle
FENTHALNATUTENIAS 830998 N15IUAUNTER
961950UABY KUININITINWUANIZUARS waznIsusiu
ﬁﬂmmmmi’maqwalsj‘Laﬂmmsaammwmﬁ'awaa

o o

amzunsndounnulaunlaegislidudfyy

UnIsad

fesmnae MMH fidnvazianisfidaaude
fnmsvaunaliudddnduinammenssins mafisduves
Usanandauiledamalisusrsvasluminddsundas
U §eenaiisaniueinisuan demansenuseiianes
AR NS NUTEINTThn S eralueinist
AUt d15UNI 5N uT uawnng > 1nn15@nw
MMH singneSuieinidunnizftinsmdunisiafvaes
n&uidounAendy q Wy TPM MMH sieaednanuld
Unenii uaninduieidudgmaiuanuautosnia
szdinsdnuanmesly uwhiaumnfiuiisiens MMH
sediliiduiinsuwidn® wifidvaredadefiiedetu
MsAnaned desaufls amzueuiniiy TMD 91n5Un
3% auieTeanisensual waymsvhaeuiauniludes
Uhn Fetumuwndasiarsanmanugmanisiugae
Tumenduiurans3deaTiviviudn MVH LildiAnann
nstaAuiifeadestunisiiau wiidunauiainnis
Ye18vUInLi evaLeLl 019 nN1SVIRdUUTENO VYRS
ndmfevisuia? feuiannudngiudsdsednly
Yaguanmeasdeliuidaudniniununngnsiany
azflenaieatos Wunsusudaily fUhefinsiunis
Snwamniioafstesiulsznouunsldflenay
Wy uonaINN1SA ud wveawaand il euda n1s
LﬂSUuLLUaamﬁ]LﬁmﬁﬁuiulﬁaL?J'aﬂﬁxan%mﬁm dnsu
MMH aaadranazuindeudueinisindsenadu o
g 9 warenagnidilaiaindueinisuaniiunainden
thane vensinwnditesrusznovveslendnuile
Tu MMH Fuunns19eg19unaIn MM Alaiuanld

¥191u sefigUaednlng ssnuiinnedidnuas
Apalfumegly'**

TuwdwafiawazUsunaumiigvas BTXA lunis
$hw1 MMH vuaendildlunisan BTXA azuanansiuly
ATUAINTULTIVOINITHALAIINA BINTVOI Ve
Taevhluunnendldazegszning 24 fs 60 gindmsy
Onabotulinumtoxin A %38 Incobotulinumtoxin A lLay

57,104 a5

60 919 300 gfind1msU Abobotulinumtoxin A
3n BTXA TutFmaiisingt 20 giasflaiieamefiagli
nadnsAfiduddny Tuvariivduaiges 600 gie
orabitiiuaudssdomanisallifisszasdegned

2050108 dusuriununngdsonalaiduiuiunis

Jed1Agy
USMseIneuend o ntiy dumtsn1sdn BTXA 4
audfalunstuanadnsrean1ssnw laevialuns
Snazviluusion MM was TPM sauniin 1t odaean
AUFIFuazIuaveInamLle nsivunusaian
111509 LALAYANT AN UAYDUR19VBIUINTTINTAN
Jureuarswesudnadian wazveuuufaiduiiainain

2210810 i aeavgnueliini uuuu

yuUnlugafay
i elWanunsanduazyiied osunoveuR Ut uay
sfundsves MM 1¢ msviaiesmneenaviilagldfuee
Ayaniduainisguuniin andulvidiasdailuu
Wonaveuniuazndsvesnduie gaiedele
Funis 1 luflunsinvouidnan (GUil 1) msdavane
vaelifnnsnsyarvesasiudigndad el
wii1MsBagaiedvinliisandn Wulndesnit uazenadl

23,59,104 a 155@

wwldufi azinn1izunsndeutoanin
BTXA guiilouaziinafisludnuanuidnvoineuasua
#o MMH uilugugiuaunnd msiinnsandedunsed
onafintuaINMsanUsInatiumus iy wiennsane
Tunseutradud u 1y A1ULE 899990154 887
wad1aABsrezen fafududdaaueiininiudunis
$nwlaedTeusng (Conservative treatment) §aaa5le
Wudidenusnae
nsfinwrdagiulidediianandeduiosun
nummdanssaudwsaziinnsldiesesdlofitiedanses
msAnweeninegradiuszuuy PCC udnsAnunilale
UNLAUDNANFIUAIUNITAUAUITIUNTIUNITINGIANEAS
oaduszuutenun uenaniiaunainuanslunis

Khon Kaen University Dental Journal



Page 11 |

Uit 29 atufl 1 (W.Awre. 2569)

POALUUNSANY VUIARIDENS Lagseideudnivsluunay
113 nef sausaulifidutasesaie lusurnnnis
Usziflusewn3 osnsrafiviuadodunouiivnesarudia
wsomsldarsaumaiigudyiussivgersasiiuvnum
WNT Y ﬁ’umLL‘W‘V]sj‘?'i&miﬁﬂw’lwm’nuil,ﬁuLﬁﬂﬁt,ﬁwﬁu
Tanifleuszlevigeansior3umssnwm

unagy

lngazunssnunTe MMH Aag BTXA viusunme
Fududesiamudiladiuuinme wede wazaud
ez s18un1nuets ssuuIneUfUR usiaau
wUsusilumginmanazannudenisvesieudaysng
Wudwalinisnausunisineiamzyanaiuszdnsam
warUasadelunissnyl MMH w3emaonau TMD #ifisau
Ae fandidmataAssdulnglagunssuasmalies us
anzunsndoudinuldaaniuiliunngdosdugds
ANEALY

AnANssuUsENIeA

VYDUBUAN 3A.AT.SYUNY ASFREENYA! AQNNTE
wiundaermanstesinuazidndalawhioa uwiveds
nyamsuy3 Aaduayudiunisfnwiuaglentalunis
Feuumanui

A58555UN15798

nuideilalifeitasiunimeasdluuywe

P30dRINAADY

nauseleviiudou
HiTsuveiusesiliifinaussloviviudeuln q 7

o

219ddNsNaneNaNUITel

WARINU

1aid

References

1. Smyth AG. Botulinum toxin treatment of bilateral
masseteric hypertrophy. Br J Oral Maxillofac
Surg. 1994;32(1):29-33.

2. Gurney CE. Chronic bilateral benign hypertrophy
of the masseter muscles. Am J Surg. 1947,
73(1):137-9.

3. Baek SM, Kim SS, Bindiger A. The prominent
mandibular angle: preoperative management,
operative technique, and results in 42 patients.
Plast Reconstr Surg. 1989;83(2):272-80.

4. Xie Q, Yang C. Masticatory muscle hypertrophy:
Etiology and management strategies. Oral Dis.
2018;24(1):13-20.

5. Rispoli DZ, Camargo PM, Pires JL Jr, Fonseca VR,
Mandelli
muscle hypertrophy. Braz J Otorhinolaryngol.
2008;74(5):790-3.

6. Fedorowicz Z, van Zuuren EJ, Schoones J.

KK, Pereira MAC. Benign masseter

Botulinum toxin for masseter hypertrophy.
Cochrane Database Syst Rev. 2013;(9):CD007510.

7. Lo LJ, Chen YR. The volume of muscles of
mastication in patients receiving mandibular
contouring surgery: a comparative study. J Plast
Reconstr Aesthet Surg. 2007;60(2):125-9.

8. Fyfe EC, Kabala J, Guest PG. Magnetic resonance
imaging in the diagnosis of asymmetrical bilateral
masseteric hypertrophy. Dentomaxillofac Radiol.
1999;28(1):52-4.

9. Boltshauser E. Hypertrophy of temporalis
muscles due to chewing gum "abuse". J Child
Neurol. 1996;11(3):210.

10. Olchowy C, Grzech-LeSniak K, Hadzik J, Olchowy
A, kasecki

masticatory muscle stiffness after gum chewing

M. Monitoring of changes in

using shear wave elastography. J Clin Med.
2021;10(11):2480.

11. Jin Park Y, Woo Jo Y, Bang SI, Kim HJ, Lim SY,
Mun GH, et al. Radiofrequency volumetric
reduction for masseteric hypertrophy. Aesthetic
Plast Surg. 2007;31(1):42-52.

Khon Kaen University Dental Journal



Page 12 | U4 29 atiufi 1 (.A-ia1e. 2569)
12. Kebede B, Megersa S. Idiopathic masseter 21. Srivastava S, Kharbanda S, Pal US, Shah V.
muscle hypertrophy. Ethiop J Health Sci. Applications of botulinum toxin in dentistry: A
2011;21(3):209-12. comprehensive review. Natl J Maxillofac Surg.
13. Ferrillo M, Gallo V, Lippi L, Bruni A, Montrella R, 2015:6(2):152-9.
Curci C, et al. The 50 most-cited articles on 22. Lippi L, Ferrillo M, Losco L, Folli A, Marcasciano
temporomandibular disorders: A bibliometric M. Curci C, et al Aesthetic rehabilitation
analysis. J Back Musculoskelet Rehabil. . , )
medicine:  enhancing  wellbeing  beyond
2023;36(2):279-97. . -
] o functional  recovery.  Medicina  (Kaunas).
14. Ferrillo M, Migliario M, Marotta N, Fortunato F,
- . ) 2024;60(4):603.
Bindi M, Pezzotti F, et al. Temporomandibular
. L . 23. Huang DW, Lai CY, Chen JE, Yi CC, Chen YH, Wang
disorders and neck pain in primary headache
patients: A retrospective machine learning study. CH, et al. Three-Dimensional Photography for
Acta Odontol Scand. 2023:81(2):151-7. Evaluating the Effectiveness of Botulinum Toxin
15. Ferrillo M, Marotta N, Giudice A, Calafiore D, Curci Injection for Masseter Hypertrophy. Aesthetic
C, Fortunato L, et al. Effects of occlusal splints Plast Surg. 2024;48(20):4065-76.
on spinal posture in  patients with  24. Khawaja ST. A systematic review: the use of
temporomandibular  disorders: a systematic botulinum toxin A for the treatment of masseter
review. Healthcare (Basel). 2022;10(4):739. hypertrophy and masticatory myofascial pain
16. Singh S, Shivamurthy DM, Agrawal G, Varghese D. associated with bruxism [master’s thesis]. Boston
Surgical management of masseteric hypertrophy (MA): Boston University; 2024.
and mandibular retrognathism. Natl J Maxillofac 25. Chiodo MV, Lisiecki JL, Rohrich RJ.
Surg. 2011;2(1):96-9. Neuromodulator finesse for masseter
17. Guarda-Nardini L, Piccotti F, Mogno G, Favero L, hypertrophy and bruxism. Plast Reconstr Surg.
Manfredini  D. Age-related differences in 2024;153(4):726e-%e.
temporomandibular disorder diagnoses. Cranio. ~ 26. Almukhtar RM, Fabi SG. The masseter muscle
2012;30(2):103-9. and its role in facial contouring, aging, and
18. Deregibus A, Ferrillo M, Piancino MG, Domini MC, quality of life: a literature review. Plast Reconstr
de Sire A, Castroflorio T. Are occlusal splints Surg. 2019;143(1):39e-48e.
effective in reducing myofascial pain in patients ~ 27. Li Z, Chi'Y, Chen C, Jin L, Huang J, Long X, et al.
with  musclerelated  temporomandibular A comprehensive  ultrasound  evaluation
disorders? A randomized-controlled trial. Turk J approach of lower facial structure before
Phys Med Rehabil. 2021;67(1):32-40. masseter muscle botulinum toxin injection.
19. Bocchialini G, Castellani A, Negrini S, Rossi A. New Aesthet Surg J. 2023;43(4):NP283-92.
Management in Bilateral Masseter Muscle 28. Graziano P, Dell'Aversana Orabona G, Astarita F,
. . Ponzo LM, Nunziata R, Salzano G, et al. Bilateral
Hypertrophy. Craniomaxillofac Trauma Reconstr.
hypertrophy of masseteric and temporalis
2017;10(4):325-8. ) ) .
muscles, our fifteen patients and review of
20. Moore AP, Wood GD. The medical management

of masseteric hypertrophy with botulinum toxin

type A. Br J Oral Maxillofac Surg. 1994;32(1):26-8.

literature. Eur Rev Med Pharmacol Sci.

2016;20(1):7-11.

Khon Kaen University Dental Journal



Page 13 |

Uit 29 atufl 1 (W.Awre. 2569)

29.

30.

31.

32.

33.

34.

35.

36.

37.

Nakata M. Masticatory function and its effects on
general health. Int Dent J. 1998;48(6):540-8.
Kumar A, Almotairy N, Merzo JJ, Wendin K,
Rothenberg E, Grigoriadis A, et al. Chewing and
its influence on swallowing, gastrointestinal and
nutrition-related factors: a systematic review. Crit
Rev Food Sci Nutr. 2023;63(33):11987-2017.
Gatczynska-Rusin M, Pobudek-Radzikowska M,
Maciejewska-Szaniec Z, Przystanska A, Czajka-
Jakubowska A. Evaluating the reliability of
myotonometry for assessing masseter muscle
hypertrophy in healthy subjects. J Oral Facial
Pain Headache. 2025;39(2):175-82.

Nikolis A, Enright KM, Rudolph C, Cotofana S.
Temporal volume increase after reduction of
masseteric hypertrophy utilizing incobotulinumtoxin
type A. J Cosmet Dermatol. 2020;19(6):1294-300.
Satoh K, Yamaguchi T, Komatsu K, Inoue N,
Minowa K, Kanayama T, et al. Analyses of
muscular activity, energy metabolism, and
muscle fiber type composition in a patient with
bilateral
2001;19(4):294-301.

Okeson JP. Management of temporomandibular

masseteric  hypertrophy.  Cranio.

disorders and occlusion. 8" ed. St. Louis, MO:
Elsevier; 2020.
Stal P, Eriksson PO, Schiaffino S, Butler-Browne

GS, Thornell LE. Differences in myosin
composition  between  human  oro-facial,
masticatory and limb muscles: enzyme-,

immunohisto- and biochemical studies. J Muscle
Res Cell Motil. 1994;15(5):517-34.

Korfage JA, Koolstra JH, Langenbach GE, van
Eijden TM. Fiber-type composition of the human
jaw muscles-«(part 1) origin and functional
significance of fiber-type diversity. J Dent Res.
2005;84(9):774-83.

Kato Y, Hoshino T, Ogawa Y, Sugahara K, Katakura
A. Aging-related metabolome analysis of the
senescence-accelerated

masseter muscle in

mouse-prone 8. Int J Mol Sci. 2024;25(17):9684.

38.

39.

40.

41.

42.

43.

44,

45.

Eriksson PO, Thornell LE. Histochemical and
morphological muscle-fibre characteristics of the
human masseter, the medial pterygoid and the
temporal muscles. Arch Oral Biol. 1983;
28(9):781-95.

Niszezak CM, Sonza A, Garrett A, Santos GM.
Muscle oxygenation and pain in different types
of temporomandibular disorders. Clin Oral Investig.
2024;28(7):410.

Zhu Y, Zhu J, Yin D, Liu Y.

stomatognathic model for highly realistic finite

Improved

element analysis of temporomandibular joint
biomechanics. J Mech Behav Biomed Mater.
2024;160:106780.

Baricich A, Picelli A, Santamato A, Carda S, de Sire
A, Smania N, et al. Safety profile of high-dose
botulinum toxin type A in post-stroke spasticity
treatment. Clin Drug Investig. 2018;38(11):991-
1000.

Neumeyer T, Schiffler B, Maier E, Lang AE,
Aktories K, Benz R. Clostridium botulinum C2
toxin. Identification of the binding site for
chloroquine and related compounds and
influence of the binding site on properties of the
C2Il channel. J Biol Chem. 2008;283(7):3904-14.
Raciti L, Raciti G, Ammendolia A, de Sire A,
Onesta MP, Calabro RS. Improving spasticity by
using botulin toxin: an overview focusing on
combined approaches. Brain Sci. 2024;14(7):631.
Tam E, Choo JPS, Rao P, Webb WR, Carruthers
JDA, Rahman E. A systematic review on the
safety  of

biostimulators with botulinum toxin, dermal

effectiveness  and combining
fillers, and energy-based devices. Aesthetic Plast
Surg. 2025;49(10):2809-33.

Dressler D, Benecke R. Pharmacology of
therapeutic botulinum toxin preparations. Disabil

Rehabil. 2007;29(23):1761-8.

Khon Kaen University Dental Journal



Page 14 |

Uit 29 atufl 1 (W.Awre. 2569)

46.

a7.

48.

49.

50.

51.

52.

53.

Hambleton P. Clostridium botulinum toxins: a

general review of involvement in disease,
structure, mode of action and preparation for
clinical use. J Neurol. 1992;239(1):16-20.

Baricich A, Picelli A, Carda S, Smania N, Cisari C,
Santamato A, et al. Electrical stimulation of
antagonist muscles after botulinum toxin type A
for post-stroke spastic equinus foot. A
randomized single-blind pilot study. Ann Phys
Rehabil Med. 2019;62(4):214-9.

Lippi L, de Sire A, Folli A, D'Abrosca F, Grana E,
Baricich A, et al. Multidimensional effectiveness
of botulinum toxin in neuropathic pain: a
systematic review of randomized clinical trials.
Toxins (Basel). 2022;14(5):308.

Burstein R, Blumenfeld AM, Silberstein SD,
Manack Adams A, Brin MF. Mechanism of action
of onabotulinumtoxin A in chronic migraine: a
narrative review. Headache. 2020;60(7):1259-72.
Zhang X, Strassman AM, Novack V, Brin MF,
Burstein R. Extracranial injections of botulinum
neurotoxin type A inhibit intracranial meningeal
nociceptors' responses to stimulation of TRPV1
and TRPA1l channels: Are we getting closer to
solving this puzzle? Cephalalgia. 2016;36(9):875-86.
Yoshida K

oromandibular dystonia and other movement

Botulinum toxin therapy for
disorders in the stomatognathic system. Toxins
(Basel). 2022;14(4):282.

Pihut M. The effectiveness of prosthetic and
pharmacological masseter muscle relaxation as
alternative treatment for temporomandibular joint
dysfunction. Krakow (Poland): Monograph; 2012.
Ghavimi  MA, Yazdani J, Afzalimehr A,
Ghoreyshizadeh A, Dehnad SV. Effect of injection
of botulinum toxin on decreasing the symptoms
and signs of masticatory muscles in patients with

temporomandibular dysfunction. J Dent Res
Dent Clin Dent Prospects. 2019;13(2):128-34.

54.

55.

56.

57.

58.

59.

60.

61.

Rossetto O, Pirazzini M, Montecucco C. Botulinum
neurotoxins: genetic, structural and mechanistic
insights. Nat Rev Microbiol. 2014;12(8):535-49.
Kassir M, Babaei M, Hasanzadeh S, Rezaei Tavirani
M, Razzaghi Z, Robati RM. Botulinium toxin
applications in the lower face and neck: a
comprehensive review. J Cosmet Dermatol.
2024;23(4):1205-16.

Ho TW, Edvinsson L, Goadsby PJ. CGRP and its
receptors provide new insights into migraine
pathophysiology. Nat Rev  Neurol. 2010;
6(10):573-82.

Kundu N, Kothari R, Shah N, Sandhu S, Tripathy
DM, Galadari H, et al. Efficacy of botulinum toxin
in masseter muscle hypertrophy for lower face
contouring. J Cosmet Dermatol. 2022;21(5):1849-56.
Kim NH, Chung JH, Park RH, Park JB. The use of
botulinum toxin type A in aesthetic mandibular
contouring. Plast Reconstr Surg. 2005;115(3):919-30.
Chang CS, Lin S, Wallace CG, Hsiao YC, Lin CM,
Kang GC, et al. Masseter muscle volume changes
evaluated by  3-dimensional  computed
tomography after repeated botulinum toxin A
patients  with

Plast

injections in square facial

morphology.  Ann 2019;82(1
Suppl):529-32.
Chang CS, Bergeron L, Yu CC, Chen PK, Chen YR.

Mandible changes evaluated by computed

Surg.

tomography following Botulinum Toxin A
injections in square-faced patients. Aesthet Plast
Surg. 2011;35(4):452-5.

Popescu MN, Beiu C, lliescu CA, Racovitd A,
Berteanu M, Iliescu MG, et al. Ultrasound-guided
botulinum toxin-A injections into the masseter
muscle for both medical and aesthetic purposes.
Toxins (Basel). 2024;16(10):413.

Khon Kaen University Dental Journal



Page 15 |

Uit 29 atufl 1 (W.Awre. 2569)

62.

63.

64.

65.

66.

67.

68.

de Souza Nobre BB, Rezende L, Barbosa Camara-
Souza M, Sanchez-Ayala A, Blass R, Carbone AC,
et al. Exploring botulinum toxin’s impact on
masseter hypertrophy: a randomized, triple-
blinded clinical trial. Sci Rep. 2024;14(1):14522.
Chen'Y, Tsai CH, Bae TH, Huang CY, Chen C, Kang
YN, et al. Effectiveness of botulinum toxin
injection on bruxism: a systematic review and
meta-analysis of randomized controlled trials.
Aesthetic Plast Surg. 2023;47(2):775-90.

Huang SL, Guo Y, Liu J, Ye D, Wang ZY, Gao HY,
Dong YL. A Novel Injection Technique to Prevent
Exacerbation of Sunken Cheek After Botulinum
Type
Hypertrophy: A Prospective Clinical Study. J
Cosmet Dermatol. 2025;24(4):e70120.

Chirico F, Bove P, Fragola R, Cosenza A, De Falco

Toxin A Treatment for Masseter

N, Giudice GL, et al. Biphasic injection for

masseter muscle reduction with botulinum
toxin. Appl Sci. 2021;11(14):6478.

Nikolis A, Enright KM, Masouri S, Bernstein S,
Antoniou C. Prospective  evaluation of
incobotulinumtoxinA in the management of the
masseter using two  different  injection
techniques. Clin Cosmet
2018;11:347-56.

Seok J, Koh YG, Hong JK, Yun SH, Kim DH, Son
HS, et al
prabotulinumtoxinA in  subjects with benign
double-blind,

randomized, placebo-controlled, multicenter,

Investig Dermatol.

Efficacy and  safety of

masseteric  hypertrophy:  a
phase 3 trial and open-label extension study.
Dermatol Surg. 2024;50(6):527-33.

De la Torre Canales G, Poluha RL, Bonjardim LR,
Ernberg M, Conti PCR. Botulinum toxin-A effects
on pain, somatosensory and psychosocial
features of patients with refractory masticatory

myofascial pain: a randomized double-blind

clinical trial. Sci Rep. 2024;14(1):4201.

69.

70.

T1.

72.

73.

74.

75.

76.

7.

Gil-Martinez A, Paris-Alemany A, Lopez-de-
Uralde-Villanueva |, La Touche R. Management
of pain in patients with temporomandibular
disorder (TMD): challenges and solutions. J Pain
Res. 2018;11:571-87.

Xie Y, Zhou J, Li H, Cheng C, Herrler T, Li Q.
Classification of masseter hypertrophy for
tailored botulinum toxin type A treatment. Plast
Reconstr Surg. 2014;134(2):209e-18e.

Kaya DI, Ataoglu H. Botulinum toxin treatment of
temporomandibular joint pain in patients with
bruxism: A prospective and randomized clinical
study. Niger J Clin Pract. 2021;24(3):412-7.
Hosgor H, Altindis S. Efficacy of botulinum toxin
in the management of temporomandibular
myofascial pain and sleep bruxism. J Korean
Assoc Oral Maxillofac Surg. 2020;46(5):335-40.
Koo HJ, Hu H, Kim W, Kim JS, Kim HJ, Yi KH. Do
repetitive  botulinum neurotoxin injections
induce muscle fibrosis? Sonographic observation
of the masseter muscle. J Cosmet Dermatol.
2024;23(2):434-40.

Sundaram H, Huang PH, Hsu NJ, Huh CH, Wu WT,
Wu 'Y, et al. Aesthetic Applications of Botulinum
International,

Plast

Toxin A in  Asians: An

Multidisciplinary, Pan-Asian Consensus.
Reconstr Surg Glob Open. 2016;4(12):e872.
Tartaro G, Rauso R, Santagata M, Santillo V, Itro
A. Lower facial contouring with botulinum toxin
type A. J Craniofac Surg. 2008;19(6):1613-7.
Baldwin MC, Liu ZJ, Rafferty KL, Keith A, Tamasas
B, Kaiyala K, et al. Botulinum toxin in the
effects  of

2022;

muscle:
Anat

masseter Lingering

denervation. Rec  (Hoboken).
305(5):1215-30.

Mkhitaryan L, Alcolea JM. Prospective clinical
study and ultrasound assessment in patients
with bruxism treated with botulinum toxin.

Aesthetic Med. 2020;6:25-34.

Khon Kaen University Dental Journal



Page 16 |

Uit 29 atufl 1 (W.Awre. 2569)

78.

79.

80.

81.

82.

83.

84.

85.

Lee HJ, Kang IW, Seo KK, Choi YJ, Kim ST, Hu KS,
et al. The anatomical basis of paradoxical
masseteric bulging after botulinum neurotoxin
type A injection. Toxins (Basel). 2016;9(1):14.

Ho WWS, Chan L, Corduff N, Lau WT, Martin MU,
Tay CM, Addressing  the

challenges of immunoresistance to botulinum

et al real-world
neurotoxin A in aesthetic practice: insights and
recommendations from a panel discussion in
Hong Kong. Toxins (Basel). 2023;15(7):456.

Shi J, Li C, Zhou J, Guo X, Li G, You M. An
Ultrasonographic Analysis of the Deep Inferior
Tendon in the Masseter Muscle: Implications for
Botulinum  Toxin Toxins  (Basel).
2024;16(9):391.

Shim YJ, Lee HJ, Park KJ, Kim HT, Hong IH, Kim

ST. Botulinum Toxin Therapy for Managing Sleep

Injections.

Bruxism: A Randomized and Placebo-Controlled
Trial. Toxins (Basel). 2020;12(3):168.

Zhang LD, Liu Q, Zou DR, Yu LF. Occlusal force
characteristics of masseteric muscles after
intramuscular injection of botulinum toxin A
(BTX - A) for treatment of temporomandibular
disorder.  Br J  Oral
2016;54(7):736-40.
Diracoglu D, Sahbaz T, Alptekin K, Dogan N.
Effects of

neurotoxin-A injection in patients with bruxism

Maxillofac ~ Surg.

ultrasound-assisted  botulinum
and masseter hypertrophy. Turk J Phys Med
Rehabil. 2021;67(3):351-6.

Park Y, Ku SK, Lee DH, Kim ST. Combined effects
of botulinum toxin injection and oral appliance
lower facial

therapy on contouring:  a

randomized controlled trial. J Clin  Med.
2022;11(14):4092.

Lee SJ, McCall WD Jr, Kim YK, Chung SC, Chung
JW. Effect of botulinum toxin injection on
nocturnal bruxism: a randomized controlled

trial. Am J Phys Med Rehabil. 2010;89(1):16-23.

86.

87.

88.

89.

90.

91.

92.

93.

Jung BK; Park H, Cheon YW, Yun IS, Choi JW, Kim
HJ, et al. Clinical investigation of botulinum toxin
(prabotulinumtoxin A) for bruxism related to
masseter muscle hypertrophy: A prospective
study. J Craniomaxillofac Surg. 2023;51(5):332-7.
Alwayli HM, Abdulrahman BI, Rastogi S. Does
the
management of chronic pain associated with
bruxism? Cranio. 2024;42(2):215-22.

Guo Y, Diao X, Dong D, Xia W, Liu T, Zhou VY, et

al. Effects of two botulinum toxin type a

botulinum toxin have any role in

evaluated by shear wave elastography and
electromyographic measurements of masseter
reduction. J Craniofac Surg. 2022;33(5):1450-3.

Sendra LA, Antunes LA, Barboza EP. Use of
the

management of primary bruxism in adults: An

botulinum  neurotoxin  Type A in
updated systematic review. J Prosthet Dent.
2024;132(1):93-9.

Hong JY, Jeong GJ, Kwon TR, Kim JH, Li K, Kim BJ.
Efficacy and safety of a novel botulinum toxin A
for masseter reduction: a randomized, double-
blind, placebo-controlled, optimal dose-finding
study. Dermatol Surg. 2021;47(1):e5-9.

Asutay F, Atalay Y, Asutay H, Acar AH. The
Evaluation of the clinical effects of botulinum
toxin on nocturnal bruxism. Pain Res Manag.
2017;2017:6264146.

Sidebottom AJ, Patel AA, Amin J. Botulinum
injection for the management of myofascial pain
in the masticatory muscles. a prospective
outcome study. Br J Oral Maxillofac Surg.
2013;51(3):199-205.

Guarda-Nardini L, Manfredini D, Salamone M,
Salmaso L, Tonello S, Ferronato G. Efficacy of
botulinum toxin in treating myofascial pain in
bruxers: a controlled placebo pilot study. Cranio.
2008;26(2):126-35.

Khon Kaen University Dental Journal



Page 17 |

Uit 29 atufl 1 (W.Awre. 2569)

94.

95.

96.

97.

98.

99.

Li K, Tan K, Yacovelli A, Bi WG. Effect of botulinum
toxin type A on muscular temporomandibular
disorder: A systematic review and meta-analysis of
randomized controlled trials. J Oral Rehabil.
2024;51(5):886-97.

Delcanho R, Val M, Guarda Nardini L, Manfredini D.
Botulinum toxin for treating temporomandibular
disorders: what is the evidence? J Oral Facial Pain
Headache. 2022;36(1):6-20.

Machado D, Martimbianco ALC, Bussadori SK,
Pacheco RL, Riera R, Santos EM. Botulinum toxin
type A for painful temporomandibular disorders:
systematic review and meta-analysis. J Pain.
2020;21(3-4):281-93.

Ramos-Herrada RM, Arriola-Guillén LE, Atoche-
Socola KJ, Bellini-Pereira SA, Castillo AA. Effects
of botulinum toxin in patients with myofascial
pain related to temporomandibular joint
disorders: A systematic review. Dent Med Probl.
2022;59(2):271-80.

Thambar S, Kulkarni S, Armstrong S, Nikolarakos
D. Botulinum toxin in the management of
temporomandibular disorders: a systematic review.
Br J Oral Maxillofac Surg. 2020;58(5):508-19.
Signorini M, Piero Fundaro S, Bertossi D, Cavallini
M, Cirillo P, Natuzzi G, et al. OnabotulinumtoxinA
from lines to facial reshaping: A new Italian
Cosmet  Dermatol.

consensus  report.  J

2022;21(2):550-63.

100.Zhang S, Zhao H, Liu C, Gao X, Hao L. 3D

Assessment of mandibular margin morphological

change after BTX-A injection for masseter

Hypertrophy: a retrospective study. Aesthetic
Plast Surg. 2025;49(9):2328-37.

101.Rauso R, Lo Giudice G, Tartaro G, Zerbinati N,

Nicoletti GF, Fragola R. Botulinum toxin type A
injections for masticatory muscles hypertrophy:
a systematic review. J Craniomaxillofac Surg.

2022;50(1):7-18.

102.

103.

104.

105.

106.

107.

108.

109.

Liew S, Rivers JK, Chen SG,
Humphrey S, Pan G, et al. Reduction of masseter

with

Carruthers J,

muscle prominence after treatment
onabotulinumtoxinA:  Primary results from a
randomized phase 2 study. J Am Acad Dermatol.
2025;92(3):464-72.

Seok J, Koh YG, Hong JK, Yun SH, Kim DH, Son
HS, et al
PrabotulinumtoxinA in  Subjects With Benign
Double-Blind,

Randomized, Placebo-Controlled, Multicenter,

Efficacy and  Safety of

Masseteric  Hypertrophy: A
Phase 3 Trial and Open-Label Extension Study.
Dermatol Surg. 2024;50(6):527-33.

Ozdemir Cetinkaya P, Karaosmanoglu N, Ozkesici
Kurt B, Aksu Cerman A, Altunay IK. Functional
and esthetic effects of botulinum toxin injection
into the masseter muscles: evaluation of 80
patients from a dermatological perspective. Int J
Dermatol. 2025;64(1):149-54.

Ferrari A, Manca M, Tugnoli V, Alberto L.
Pharmacological clinical

differences  and

implications  of various botulinum  toxin
preparations: a critical appraisal. Funct Neurol.
2018;33(1):7-18.

Lee HH, Kim ST, Lee KJ, Baik HS. Effect of a
second injection of botulinum toxin on lower
facial evaluated

contouring,  as using  3-

dimensional laser
2015;41(4):439-44.

Frevert J, Dressler D. Complexing proteins in

scanning. Dermatol Surg.

botulinum toxin type A drugs: a help or a
hindrance? Biologics. 2010;4:325-32.

Dressler D. Botulinum toxin drugs: brief history

and outlook. J Neural Transm (Vienna).
2016;123(3):277-9.
Yiannakopoulou E. Serious and long-term

adverse events associated with the therapeutic

cosmetic use of botulinum toxin.

Pharmacology. 2015;95(1-2):65-9.

and

Khon Kaen University Dental Journal



Page 18 | Uil 29 atufl 1 (u.a-ae. 2569)
110. Cernuda-Morollon E, Ramon C, Martinez- 118. Kahn A, Kun-Darbois JD, Bertin H, Corre P,
Camblor P, Serrano-Pertierra E, Larrosa D, Chappard D. Mandibular bone effects of
Pascual J.  OnabotulinumtoxinA  decreases botulinum toxin injections in  masticatory

111.

112.

113.

114.

115.

116.

117.

interictal CGRP plasma levels in patients with
chronic migraine. Pain. 2015;156(5):820-4.
Rahman E, Rao P, Ahmed M, Webb WR,
Carruthers JDA. Computational Immunogenetic
Analysis of Botulinum Toxin A Immunogenicity
and HLA Gene Haplotypes: New Insights. Toxins
(Basel). 2025;17(4):182.

Borodic G. Botulinum toxin, immunologic
considerations with long-term repeated use, with
emphasis on cosmetic applications. Facial Plast
Surg Clin North Am. 2007;15(1):11-6, v.

Erdil D, Bagis N, Eren H, Camgoz M, Orhan K. The
evaluation of the relationship between changes
in masseter muscle thickness and tooth
clenching habits of bruxism patients treated with
botulinum toxin  A. J Med Ultrasound.
2022;31(1):22-8.

Moussa MS, Bachour D, Komarova SV. Adverse
effect of botulinum toxin-A injections on
mandibular bone: A systematic review and meta-
analysis. J Oral Rehabil. 2024;51(2):404-15.

Hong SW, Kang JH. Decreased mandibular
cortical bone quality after botulinum toxin
injections in masticatory muscles in female
adults. Sci Rep. 2020;10(1):3623.

Wan J, Kim JS, Park Y, Park SY, Koppert E, Kim HJ,
et al. Novel single-entry point injection
technique for masseter hypertrophy treatment
using botulinum neurotoxin based on patient-
reported comfort. J Cosmet Dermatol.
2024;23(11):3539-43.

Tsai CY, Shyr YM, Chiu WC, Lee CM. Bone
changes in the mandible following botulinum
Eur J  Orthod.

neurotoxin injections.

2011;33(2):132-8.

119.

120.

121.

muscles in adult. Oral Surg Oral Med Oral Pathol
Oral Radiol. 2020;129(2):100-8.

LiY, Zheng Q, Lin J, Su X, Zhuang J, Wei Q, et al.
Mild allergic reactions after botulinum toxin
injection: a case series and literature review.
Plast Reconstr Surg Glob Open. 2024;12(5):e5845.
Lange O, Bigalke H, Dengler R, Wegner F, deGroot
M, Wohlfarth K. Neutralizing antibodies and
secondary therapy failure after treatment with
botulinum toxin type A: much ado about
nothing? Clin Neuropharmacol. 2009;32(4):213-8.
Bellows S, Jankovic J. Immunogenicity
Associated with Botulinum Toxin Treatment.

Toxins (Basel). 2019;11(9):491.

£ 4 o g a
HUTENWUEUTTUND

9550Wa &9INa
ununAaenssudesnuazudngalaidea
AL TIURUNNEMARNT UNIINEIFINTUNNEUYT
ATUNWY 10170

lnseny : 02 431 5383

WEgBlanvseing : atapol88@gmail.com

Khon Kaen University Dental Journal



Page 19 | Vol. 29 No. 1 (Jan-Apr 2026)

KDJ |

Khon Kaen University
Dental Journdl

Clinical Application of Botulinum Toxin Type
A in the Management of Masseter Muscle
Hypertrophy: A Narrative Review

Atapol Yongvikul 4" Thongnard Kumchai *

Review Article

Abstract

Objective: To explore the clinical application of botulinum toxin type A (BTXA) in the treatment of masseter muscle hypertrophy (MMH),
with emphasis on its mechanism of action, administration techniques, therapeutic outcomes, and potential adverse effects.

Materials and Methods: A narrative review was conducted by searching databases including ThaiJo, PubMed, Scopus, and Web of Science
using keywords such as “botulinum toxin” “masseter muscle hypertrophy” “mechanism of action” “side effects” and “treatment
outcomes” Studies published in English or Thai were included, while case reports and studies lacking sufficient data were excluded.
Results: BTXA has been shown to effectively reduce masseter muscle volume, enhance facial aesthetics, and alleviate symptoms
associated with temporomandibular disorders (TMD). Despite its temporary effects requiring repeated injections, BTXA remains a
minimally invasive, well-tolerated treatment with a low complication rate.

Conclusion: BTXA is a safe and effective non-surgical option for managing MMH. Optimizing injection protocols and understanding the
pharmacodynamics of BTXA are essential for achieving favorable therapeutic outcomes and minimizing adverse effects.

Keywords: Masseter muscle hypertrophy/ Botulinum toxin type A/ Temporomandibular disorders/ Facial esthetics/ Injection techniques
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Figure 1

First case with tooth 26 intentional replantation (A) Intraoral view at lyear follow-up (B) Probing depth 2-3 mm. around

tooth 26 (C) Pre-treatment periapical radiograph (D) Immediate post-treatment periapical radiograph (E) 3 Months
post-treatment periapical radiograph (F) 1 Year post-treatment periapical radiograph
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Figure 2 Cone beam CT of the first case (A) Coronal view before treatment (B) Coronal view 3 months post-treatment (C) Sagittal

view before treatment (D) Sagittal view 3 months post-treatment
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Figure 3 Second case with tooth 37 intentional replantation (A) Before treatment (B) During extraction (C, D) Root resection (E)

Root end preparation (F) Tooth 37 after intentional replantation (G) Periapical radiograph before treatment (H) Immediate

post-treatment periapical radiograph (1) Periapical radiograph 4 months post-treatment (J) Periapical radiograph 9 months

post-treatment
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Intentional Replantation for Treating Maxillary
Sinusitis and Periodontally Compromised Tooth:
A Report of 2 Cases

Chonthida Chaiya ! Panupong Jiradechochai ? Saowaluck Limmonthol >

Case Report

Abstract

Objective: The purpose of this article is to demonstrate the successful outcome of intentional replantation treatment in two patients.
Intentional replantation is a treatment of choice for treating periapical lesions in teeth that have previously undergone unsuccessful
conventional endodontic therapy, especially when endodontic microsurgery is contraindicated.

Case Presentation: The first case revealed a successful intentional replantation for treating left maxillary sinusitis caused by the infection
of the left maxillary first molar. A 1-year follow-up showed complete resolution of the left maxillary sinus and complete periapical bone
formation at the palatal root. The second case described intentional replantation of a periodontally compromised tooth, and the 9-month
follow-up clinically showed a decrease in probing depth along with new peri-radicular bone formation.

Conclusion: Intentional replantation can be used as an alternative treatment for maxillary sinusitis due to odontogenic origin and can
be performed in teeth with concomitant periodontitis presenting a periodontal pocket depth of no more than 6 mm at a single site,

with favorable treatment outcomes.

Keywords: Intentional replantation/ Maxillary sinusitis/ Periodontitis
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Clinical Manifestations and Dental Management
in a Pediatric Patient with Chromosome 22q11.2
Deletion Syndrome: A Case Report

Jinda Lertsirivorakul *" Duanghathai lamviteevanitch 2 Khunton Wichajarn ® Ajiravudh Subarnbhesaj?

Case Report

Abstract

Objective: This report aims to describe the orofacial and dental manifestations, along with the comprehensive dental
management, in a child diagnosed with 22q11.2 DS.

Case Presentation: A 4-year-old girl presented with multiple congenital anomalies, including complex cyanotic congenital heart
disease, dysmorphic craniofacial features, bilateral complete cleft lip and palate, and anovestibular fistula. The patient also
exhibited hypotonia, feeding and swallowing difficulties, hearing loss, hypernasal speech, and global developmental delay. The
patient had previously undergone several major surgical interventions as part of her multidisciplinary management.

Clinical and radiographic examinations revealed multiple extensively carious teeth consistent with severe early childhood caries,
along with malformation and agenesis of several developing permanent teeth. Owing to the patient’s limited ability to cooperate,
significant medical comorbidities, and extensive dental treatment needs, comprehensive oral rehabilitation under general
anesthesia was provided. The procedure was completed successfully; however, the patient experienced a prolonged
postoperative recovery. Following treatment, she was scheduled for regular dental and medical follow-up visits to ensure ongoing
preventive care, monitoring, and long-term management.

Conclusion: Patients with 22g11.2 DS commonly have multiple underlying medical conditions and are at increased risk for orofacial
anomalies and oral diseases. Dental care should begin early and be maintained throughout the patient's life. Successful management
requires a collaborative, multidisciplinary approach involving specialized medical and dental professionals, supported by informed
and engaged caregivers, to achieve optimal oral health and improve overall quality of life for these patients.

Keywords: Chromosome 22g11.2 deletion syndrome/ DiGeorge syndrome/ Velocardiofacial syndrome/ Cleft palate/ Tetralogy of Fallot
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Introduction

Chromosome 22g11.2 deletion syndrome
(22911.2 DS) is one of the most common human
microdeletion syndromes, with an estimated
prevalence of 1in 2,000 to 1 in 6,000 live births.! The
majority of cases (90-95%) arise from a de novo

germline mutation.” The true prevalence of the
syndrome may be underestimated due to its variable
expressivity, diagnostic challenges, and the absence
of routine newborn sc:reenimg.3 Both males and

females are equally affected.”
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22q11.2 DS is caused by a microdeletion of
approximately 3 million base pairs on the q11.2 region of
chromosome 22 and follows an autosomal dominant
inheritance pattern.” Currently, it is understood that
22911.2 DS (MIM #611867) encompasses several
conditions that were previously classified as distinct
disorders, (MIM
#188400), velocardiofacial syndrome (MIM #192430),

including DiGeorge syndrome
conotruncal anomaly face syndrome (MIM #217095),
some cases of autosomal dominant Opitz G/BBB
syndrome (MIM #145410), and Cayler cardiofacial
syndrome (MIM #125520).>°

The diagnosis of 22q11.2 DS can be made
using fluorescence in situ hybridization (FISH), a
molecular cytogenetic technique that uses
fluorescently labeled DNA probes to detect and
visualize specific DNA sequences on chromosomes.’
However, newer and more sensitive diagnostic

techniques, such as chromosomal microarray
analysis (CMA) and multiplex ligation-dependent
probe amplification (MLPA), are increasingly being
used to detect deletions of various sizes and may
replace FISH in the future.”"®

CMA, a genetic testing technique that scans
the entire genome to identify missing or extra
segments of genetic material, can detect small
genetic  alterations,  including  submicroscopic
abnormalities that are too subtle to be detected by
conventional karyotyping or FISH.” MLPA, a variation
of the multiplex polymerase chain reaction (PCR),
allows the simultaneous amplification of multiple
DNA targets using only a single primer pair."

Individuals with 22g11.2 DS exhibit a wide
spectrum of clinical features, ranging from mild to
severe. The most common manifestations include
congenital heart defects—especially conotruncal
malformations such as ventricular septal defect,
tetralogy of Fallot, interrupted aortic arch, and
truncus arteriosus—palatal abnormalities, distinctive

craniofacial features, immune deficiencies due to

thymic  hypoplasia, hypoparathyroidism  with

resultant hypocalcemia, renal and gastrointestinal

abnormalities, and central nervous = system
57-8

involvement. These neurological features may
lead to learning difficulties, intellectual disability,
behavioral issues, and a high incidence of psychiatric
disorders later in life>"® Additionally, affected
children have a higher likelihood of developing
attention deficit hyperactivity disorder (ADHD) and
other neurodevelopmental disorders, including
intellectual disability and autism spectrum disorder,
which impair communication and social functioning.®
Other systemic manifestations may include
respiratory problems, renal anomalies, hypocalcemia-
induced seizures, thrombocytopenia, and gastrointestinal
complications. Velopharyngeal insufficiency often
results in recurrent otitis media, which can lead to
conductive hearing loss. Skeletal anomalies, such as
mild short stature, slender digits, and occasionally
vertebral abnormalities, may also be observed.*?

The orofacial region is frequently affected in

individuals ~ with  22q11.2 DS. Mild facial
dysmorphisms include a small mouth, malar flatness,
ptosis, hypertelorism, epicanthal folds, narrow

palpebral fissures, a prominent nasal root, a bulbous
nasal tip with hypoplastic alae nasi, and slightly
malformed ears. Common palatal anomalies include
velopharyngeal insufficiency, submucous cleft palate,
bifid uvula, and overt cleft palate. Several dental
anomalies are frequently reported, such as enamel
defects (both hypoplasia and hypomineralization),
abnormal tooth morphology, tooth agenesis, and

delayed eru|otiorw.8’”16

High prevalence of dental caries
and gingival disease are also notable oral findings.”
Although 22g11.2 DS has been widely reported
in medical literature, detailed descriptions of oral and
dental manifestations remain  relatively limited.
Additionally, the multisystem involvement characteristic
of this syndrome may complicate dental treatment

planning and delivery. To date, few references have
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addressed the dental management of patients with
22q11.2 DS. This report aims to describe the orofacial
features and comprehensive dental management of a
pediatric patient with 22g11.2 DS, with a focus on

treatment under general anesthesia (GA).

Case Presentation

A d-year-old girl from northeastern Thailand
presented to the Pediatric Dentistry Clinic, Faculty of
Dentistry, Khon Kaen University, with a chief
complaint of multiple carious teeth. Her family
history was unremarkable, with no known hereditary
disorders or consanguinity. Both her parents and her
twin brother were healthy.

Medical and dental history

The patient and her dizygotic twin brother
were conceived via intracytoplasmic sperm injection
(ICSI) when their parents were 35 and 38 years old,
respectively. At 20 weeks of gestation, prenatal
ultrasonography revealed a bilateral complete cleft
lip and palate in the patient. Both twins were
delivered prematurely by cesarean section at 35
weeks of gestation. At birth, the patient weighed
1,070 grams and measured 36 cm in length, placing
her below the 3rd percentile for Thai children.

The patient required neonatal resuscitation
and treatment for meconium aspiration syndrome.
The patient exhibited multiple congenital anomalies,
including dysmorphic craniofacial features, bilateral
complete cleft lip and palate, complex cyanotic
congenital heart disease—comprising tetralogy of
Fallot, pulmonary atresia, patent ductus arteriosus,
and patent foramen ovale—as well as an
anovestibular fistula. Due to the presence of tetralogy
of Fallot and neonatal hypocalcemia, a consultation
with a clinical geneticist was conducted shortly after
birth. Cytogenetic analysis showed a normal female
karyotype (46,XX). However, FISH targeting the 22q11.2
region revealed a microdeletion, thereby confirming

the diagnosis of chromosome 22gl1.2 deletion

syndrome. Additional complications developed over
time, including hypotonia, feeding and swallowing
difficulties, hearing loss, hypernasal speech, and global
developmental delay.

The patient underwent multiple surgical
interventions during early childhood. At 4 months of
age, a right Modified Blalock-Taussig Shunt (MBTS)
was placed using a polytetrafluoroethylene (PTFE)
graft. At 7 months, the patient underwent a cutback
procedure to correct an anovestibular fistula,
followed by cheiloplasty and anal transposition at 8
months of age. Her first palatoplasty was performed
at 18 months. At 2 years of age, bilateral
myringotomy was conducted, and at 2 years and 10
months, a left MBTS was placed. At 3 years and 8
months, the patient underwent a second
palatoplasty utilizing a facial artery musculomucosal
(FAMM) flap; however, complete closure of the cleft
palate could not be achieved due to insufficient
tissue availability.

The patient experienced frequent episodes
of constipation and recurrent infections, including
respiratory tract infections (e.g, pneumonia),
gastrointestinal infections (e.g., diarrhea), and otitis
media. Her regular medications included Lanoxin and
aspirin, with laxatives administered as needed.
Intermittent episodes of apnea were also reported,
which were alleviated by positioning the patient in
the knee-chest posture. A complete corrective
cardiac surgery is planned, pending stabilization of
her overall physical condition.

Regarding her dental history, the patient's
first dental visit occurred at 8 months of age, prior to
cheiloplasty. At the second visit, although dental
caries was detected, only topical fluoride treatment
was provided. Bottle feeding continued until 3 years
and 8 months of age, after her second palatoplasty.
Currently, the patient frequently consumes drinking

yogurt throughout the day as a substitute for milk.
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Physical examination

The patient had a very small stature. Her
weight (9.2 kg) and height (85.5 cm) were both below
the 3rd percentile for her age. Her heart rate (105
beats per minute) and respiratory rate (22 breaths per
minute) were within  normal limits, and no
adventitious breath sounds were noted. However,
her blood pressure was low (80/50 mmHg) and
oxygen saturation was 85-90%.

The patient exhibited global developmental
delay, affecting cognitive skills, motor function,
speech and language abilities, and social-emotional
development. Her speech development was
significantly delayed, with the ability to produce only
a few isolated words and no complete sentences.
The patient showed significant fearfulness, remained

closely attached to her mother, and resisted contact

Figure 1

with others. Her mother was also hesitant to enforce
any activities or interventions, preferring not to
pressure the patient.

The patient was noted to have microcephaly
and  characteristic  craniofacial ~ dysmorphism,
including asymmetric crying facies, arched eyebrows,
hypoplastic brow ridges, short palpebral fissures,
telecanthus, a fleshy nose with a mildly deviated
bulbous

microstomia, and thin lips with scars from repaired

nasal tip and hypoplastic alae nasi,

bilateral cleft lip. Additional features included malar
flatness and slightly posteriorly angulated low-set
ears (Figure 1). Cyanosis was observed as bluish skin
discoloration along with digital clubbing of both
fingers (Figure 2A) and toes, in the absence of
peripheral edema (Figure 2B). The abdomen was soft

and non-tender, with no evidence of hepatomegaly.

Specific craniofacial dysmorphic features included asymmetric crying facies, arched eyebrows, hypoplastic brow ridges,

short palpebral fissures, telecanthus, a fleshy nose with a mildly deviated bulbous nasal tip and hypoplastic alae nasi,
microstomia, and thin lips with surgical scars from repaired cleft lip (B), as well as malar flatness and slightly posteriorly

angulated low-set ears (A, O).

Figure 2 Clubbing of the fingers (A) and toes (B), accompanied by bluish skin discoloration.
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Intraoral and radiographic findings

Intraoral examination revealed a repaired
primary palate, with a remaining secondary cleft
palate measuring approximately 10 mm in width and
20 mm in length. The patient exhibited poor oral
hysiene, with generalized heavy plaque accumulation
and moderate gingivitis. Congenital absence of the
maxillary primary incisors and severe early childhood
caries were noted. Due to the patient’s uncooperative
behavior, occlusion could not be assessed.
lesions

Multiple extensive carious had

destroyed the entire crowns of teeth 64, 71, 72, 73,

74, 81, 82, 83, and 84, leaving only retained roots.
Pulpal involvement was identified in teeth 53, 55, 65,
and 75, while caries extending to the dentin was
observed in teeth 63 and 85 (Figure 3). A panoramic
radiograph, obtained with difficulty, revealed a cleft
palate along with congenital absence of the maxillary
permanent incisors and all second premolars (Figure
4). Periapical radiographs taken under general
anesthesia (GA) confirmed these findings and
additionally demonstrated malformation of tooth 11

and agenesis of teeth 14, 24, and all second

premolars (Figure 5).

Figure 3 Intraoral appearance showing generalized plaque accumulation and a large palatal fistula (A), along with multiple

severely carious maxillary (A) and mandibular teeth (B).

Figure 4 Panoramic radiograph demonstrating multiple dental caries, congenital agenesis of several permanent teeth, and a

visible cleft palate defect.
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Figure 5 Periapical radiographs revealing a cleft palate, a malformed permanent maxillary incisor (A), multiple severely

decayed teeth (A-E), and the congenital absence of several anterior and posterior permanent teeth (A-E).

Anesthetic and dental management

After multidisciplinary discussion among a
pediatric dentist, pediatrician, anesthesiologist, and
the patient’s parents, full oral rehabilitation under GA
was planned due to concerns over multiple antibiotic
prophylaxis, the patient’s uncooperativeness, and the
risk of hypoxic spells.

One day prior to the operation, the patient
was admitted to the pediatric ward of Srinagarind
Hospital for preoperative evaluation. The full blood
count and coagulation profiles were within normal
limits. For endocarditis prophylaxis, the patient
received 10 ml of oral amoxicillin (250 mg/5 ml) 30
minutes prior to surgery, as prescribed by the ward
pediatrician.

General anesthesia was induced via
sevoflurane inhalation, followed by endotracheal
intubation. A moist throat pack was placed, and the
patient was prepared and draped using standard
Dental included

sterile  technique. procedures

intraoral  photography,  full-mouth  periapical
radiographs, dental prophylaxis, and placement of
stainless steel crowns on teeth 63 and 85. The

maximum allowable dose of 2% mepivacaine with

epinephrine 1:100,000 for this patient was calculated
to be 40.48 mg (equivalent to 2.02 ml). However, only
1.8 ml was administered during the extraction of 13
severely decayed teeth, which were subsequently
preserved for histological examination. Bleeding from
the extraction sites—most of which were shallow—
was adequately controlled with gauze pressure prior
to throat pack removal. The patient was then extubated
under the supervision of the anesthesiologist.

Postoperatively, the patient was closely
monitored in the post-anesthesia care unit. Due to
low oxygen saturation, full recovery of respiratory
function and consciousness required approximately
4-5 hours. After recovery, the patient was transferred
back to the ward. As prescribed by the pediatrician,
postoperative medications included intravenous
tranexamic acid (100 mg), Augmentin (300 mg)
administered every 8 hours for 24 hours, and
paracetamol syrup (120 mg) every 6 hours as needed.
By that evening, the patient exhibited stable vital
signs without fever, pain, or active bleeding, with only
mild residual drowsiness.

Prior to discharge on the following day, the

patient’s mother was provided with comprehensive
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home care instructions due to the child’s extremely
high risk of dental caries. These included mechanical
plaque control, use of topical fluoride, and dietary
counseling. The mother received hands-on training in
brushing the patient’s teeth using the scrub method
with a pea-sized amount of fluoridated toothpaste
(1,400-1,500 ppm) at least twice daily. Dietary
counseling was provided to help avoid cariogenic
foods, along with suidance to limit between-meal
consumption of sugar-containing snacks or beverages
to no more than 2-3 times per day. The importance
of regular dental follow-up visits was also
emphasized.

At the 3-month follow-up, the patient
exhibited

persistent

significant fear and anxiety. Due to

uncooperative  behavior,  protective
stabilization by the mother was necessary to facilitate
the clinical examination. All restorations remained
intact; however, plaque accumulation was observed
at the cervical margins of the stainless steel crowns,
along with food debris in the oronasal fistula. The
mother reported difficulty in brushing the patient’s
teeth due to behavior resistance and expressed
concern about episodes of crying, which occasionally
led to cyanosis. Despite these challenges, oral
hygiene instructions and dietary advice were
reinforced. The patient was scheduled for regular
dental follow-up visits every 3 months.

According to dental histological analysis,
ground sections of the extracted teeth could not be
prepared as insufficient enamel remained due to the
extensive crown destruction. However, decalcified
sections of the left maxillary second primary molar,
stained with hematoxylin and eosin, revealed normal
findings (Figure 6).

In addition to dental issues, the patient
continued to experience a combination of feeding
difficulties, recurrent infections, and structural
anomalies of the heart and palate, along with ongoing

speech, learning, and developmental delays. These

multifactorial challenges necessitated coordinated
care from multiple medical and dental specialties.
The mother acknowledged the complexity of the
condition and reported that the patient had been
placed on a timely, structured schedule of follow-up
appointments with various specialists to ensure
regular monitoring, evaluation, and management of

the associated conditions.

—

Figure 6 Hematoxylin and eosin-stained section of a primary
maxillary second molar demonstrating a normal
pulp—dentine complex.

Discussion

This patient exhibited hallmark features of
22q11.2 DS, including complex cyanotic congenital
heart disease, craniofacial dysmorphism, bilateral
complete cleft lip and palate, and anovestibular
fistula. A history of multiple medical interventions and

several acquired complications including prematurity,

neonatal resuscitation, hypotonia, feeding and
swallowing difficulties, hearing loss, hypernasal
speech, sglobal developmental delay, recurrent

infections, and severe early childhood caries were

also noted.
Compared to the general population,
individuals  with  22g11.2 DS face increased

perioperative risks, including bleeding, atelectasis,
seizures, and difficult intubation during general

anesthesia.” Postoperative tachycardia following
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multiple dental extractions in a 22q11.2 DS case has
been reported.'” Children with complex congenital
heart disease undergoing non-cardiac surgery are at
elevated risk of perioperative morbidity and mortality.
% In this case, prolonged recovery after GA was likely
due to low oxygen saturation. Appropriate-sized
intubation equipment and meticulous perioperative
and postoperative monitoring of ionized calcium,
oxygen saturation, and heart rate are essential for
such patients.”

Comprehensive dental management was
successfully accomplished through collaboration
among the family and multidisciplinary healthcare
team. According to Bassett et al,, dental evaluations
in patients with 22g11.2 DS should begin between the
ages of 1 and 5 years.’ Despite early dental visits, this
patient exhibited poor oral hygiene and severely
decayed primary dentition. Several factors may have
contributed to this outcome: enamel hypoplasia or
hypomineralization—common in 22q11.2 DS—can
elevate caries risk. Additionally, patients with this
syndrome have been found to have reduced salivary
flow and altered salivary composition, along with
elevated levels of cariogenic bacteria."’

Feeding difficulties and limited caregiver
ability to maintain oral hygiene due to the patient’s
complex medical conditions may have further
exacerbated the situation. A high frequency of
cariogenic food and medication intake, combined
with inadequate oral hygiene, resulted in extensive
children  with

congenital heart disease often exhibit higher caries

caries and gingivitis. Moreover,

prevalence and more untreated caries than their
20-21

healthy peers. Dental professionals must educate
caregivers about the oral health implications and
motivate them to maintain proper oral hygiene and
regular dental care.

Although no histological abnormalities were
observed in the primary teeth, this does not preclude

future issues in the permanent dentition. Enamel

hypomineralization is reported to occur more
frequently in permanent than in primary teeth, and
its occurrence is not always correlated with systemic
health issues.'” Future treatment planning should
consider enamel defects, dental malformations and
agenesis, cleft-related issues, caries, gingival disease,
and malocclusion—necessitating multidisciplinary care.

Dental behavior management challenges and
inadequate parental home care significantly limited
the success of oral health management in this patient.
The patient's inability to cooperate—resulting from
global developmental delay in conjunction with
complex cyanotic congenital heart disease and severe
childhood

under general anesthesia, which did not lead to

early caries—necessitated  treatment

improved  behavioral ~ outcomes.  Continued
inadequacies in parental home care may further
increase the risk of recurrent dental caries and
periodontal  disease, potentially = necessitating
repeated interventions under general anesthesia and

negatively affecting the patient's systemic health.

Conclusion

Dental professionals must recognize that
patients with 22g11.2 DS frequently present with
complex systemic disorders, structural orofacial
anomalies, and a high susceptibility to oral diseases.
Preventive and therapeutic dental care should begin
in early childhood and continue throughout life.
Collaborative  care involving  specialists  and
supportive parental involvement is essential for
achieving optimal oral health and overall well-being

in affected individuals.

Acknowledgment

The authors are sincerely grateful to Mr.
Chaiwut Kansin at the Faculty of Dentistry, Khon Kaen
assistance in

University for his photographic

preparation.

Khon Kaen University Dental Journal



Page 37 | Vol. 29 No. 1 Jan-Apr 2026)
Ethics 6. O'Connor C. Fluorescence in situ hybridization
S , (FISH). Nat Educ. 2008;1(1):171.

Before initiating treatment, the patient’s ] .

_ 7. Bassett AS, McDonald-McGinn DM, Devriendt K,
parents were thoroughly informed about the treatment o )
) ) Digilio MC, Goldenberg P, Habel A, et al. Practical
plan, procedures, potential risks, and expected o . ) )
] ) guidelines for managing patients with 22q11.2
benefits. They expressed their understanding and ) .
. ) deletion syndrome. J Pediatr. 2011;159(2):332-9.
consented to proceed. The mother provided written ] )
) 8. Klinberg G, Oskarsdottir S, Johannesson EL, Norén
informed consent for both the treatment and the use ] _ ) _
] JG. Oral manifestations in 22qll deletion
of the patient’s records and photographs. ]
syndrome. Int J Paediatr Dent. 2002;12(1):14-23.
. 9. Batzir NA, Shohat M, M l. Ch l
Conflict of Interest atzlr BA,ohonat A, Vaya romesoma
microarray analysis (CMA) a clinical diagnostic
The authors have no conflicts of interest to tool in the prenatal and postnatal settings.
report. Pediatr Endocrinol Rev. 2015;13(1):448-54.
; 10. Schouten JP, McElgunn CJ, Waaijer R,
Funding ) . ,
\ Zwijnenburg D, Diepvens F, Pals G. Relative
one quantification of 40 nucleic acid sequences by
multiplex lisation-dependent robe
References _p. , : o P P
amplification. Nucleic Acids Res. 2002;30(12):e57.
1. McDonald-McGinn ~ DM.  22q11.2  deletion 11 Helivvaara A, Rantanen |, Arte S. Dental
syndrome: a tiny piece leading to a big picture. development and tooth agenesis in children with
Am J Med Genet A. 2018;176(10):2055-7. velocardiofacial syndrome. Int J Paediatr Dent.
2. McDonald-McGinn DM, Sullivan KE, Marino B, 2011;21(6):446-50.
Philip N, Swillen A, Vorstman JA, et al. 22911.2 1 Nordgarden H, Lima K, Skogedal N, Folling |,
deletion syndrome. Nat Rev Dis Primers. Storhaug K, Abrahamsen TG, et al. Dental
2015;1:15071. developmental disturbances in 50 individuals
3. Swillen A, Vogels A, Deveriendt K Fryns JP. with the 22q11.2 deletion syndrome; relation to
Chromosome 22q11 deletion syndrome: update medical conditions? Acta Odontol Scand.
and review of the clinical features, cognitive- 2012;70(3):194-201.
behavioral spectrum, and psychiatric complications. 13 | ewyllie A, Roosenboom J, Indencleef K, Claes P,
Semin Med Genet. 2000,97(2):128-35. Swillen A, Devriendt K, et al. A comprehensive
4. McDonald-McGinn DM, Kirchner RE, Goldmuntz E, craniofacial study of 22g11.2 deletion syndrome.
Sullivan K, Eicher P, Gerdes M, et al. The J Dent Res. 2017:96(12):1386-91.
Philadelphia story: the 22q11.2 deletion: report 14, Kiingberg G, Dietz W, Oskarsdéttir S, Odelius H,
on 250 patients. Genet Couns. 1999;10(1):11-24. Gelander L, Norén JG. Morphological appearance
5. McDonald-McGinn DM, Hain HS, Emanuel BS, and chemical composition of enamel in primary
Zackai EH. 22g11.2 Deletion Syndrome. 1999 Sep teeth from patients with 22gl1 deletion
23 [Updated 2025 May 8]. In: Adam MP, Feldman syndrome. Eur J Oral Sci. 2005;113(4):303-11.
J, Mirzaa GM, et al, editors. GeneReviews® 15 Fukui N, Amano A, Akiyama S, Daikoku H,

[Internet]. Seattle (WA): University of Washington,
Seattle; 1993-2025. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK1523/

Wakisaka S, Morisaki I. Oral findings in DiGeorge
syndrome: clinical features and histologic study
of primary teeth. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2000;89(2):208-15.

Khon Kaen University Dental Journal



Page 38 |

Vol. 29 No. 1 (Jan-Apr 2026)

16.

17.

18.

19.

20.

21.

Wong DH, Rajan S, Hallett KB, Manton DJ. Medical
and dental characteristics of children with
chromosome 22q11.2 deletion syndrome at the
Royal Children's Hospital, Melbourne. Int J
Paediatr Dent. 2021;31(6):682-90.

Passariello M,  Perkins R.  Unexpected
postoperative tachycardia in a patient with 22g11
deletion syndrome after multiple dental
extractions. Paediatr Anaesth. 2005;15(12):1145-6.
White MC, Peyton JM. Anaesthetic management
of children with congenital heart disease for non-
cardiac surgery. Contin Educ Anaesth Crit Care
Pain. 2012;12(1):17-22.

Klingberg G, Lingstrédm P, Oskarsdottir S, Friman V,
Bohman E, Carlén A. Caries-related saliva
properties in individuals with 22ql1 deletion
syndrome. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2007;103(4):497-504.

da Fonseca MA, Evans M, Teske D, Thikkurissy S,
Amini H. The impact of oral health on the quality
of life of young patients with congenital cardiac
disease. Cardiol Young. 2009;19(3):252-6.
Stecksén-Blicks C, Rydberg A, Nyman L, Asplund S,
Svanberg C. Dental caries experience in children
with congenital heart disease: a case-control
study. Int J Paediatr Dent. 2004;14(2):94-100.

Corresponding author:

Jinda Lertsirivorakul

Faculty of Dentistry, Bangkokthonburi University,
Bangkok 10170

Tel. : +66 2 800 6800 #2013

E-mail : jinda.ler@bkkthon.ac.th

Khon Kaen University Dental Journal



Page 39 | Uit 29 atiufi 1 (LA, - 1.e. 2569)

KDJ |

Khon Kaen University
Dental Journal

ANWULNIIAATUNLLAZNITIANTISNIINUANS S
TugUaeanidunguain1sn1sv1anigvaauaudieen?
aAslulYy 22 NATLNUY 11.2: 'sflammr;ﬁﬂ'w

51897U5 U8

UNANLa

Faguseasd: Menuiliyauszasdiilovssednuazvesoshnlumiuarily aaenaunsinnismeatuanssundouyanieldnig
augaauludinauniadilasunsitededu 22q11.2 DS

sreaugtae: Wney 4 Tumuwwnsienrufisundudiidananssin nuidseiilafinng wisidaeladefidudou anuiaund
vesnzlvandsuzuazlumin anztinuraneulnissiaauyseiisansdne wazilsmnsulsutosnaen fUaeddlinnendileseu
use Jygmmisliemsuaznisndu gadon1slédu wadsstuayniiund wazifaunnistaesauddh duasngldfuniseindelvg
wangpss Sududumisonisquakuuavanuninin mim’mmaﬂaﬁnuazmw%ﬁwuﬁuwai’”nmumm?ﬂLﬂuisﬂﬂwgﬂgmfa‘ﬁu?ul,l,sa
naonsuANLAnUnAvessUTslukaznMgiumevesiiuwifimdiaimaed Wesmngthedmiuaunsolunisudiedin fsasam
NINTLME TRy uagdeinisnisinumsiuanssuegianiiewang Seldunisinuiuanssundenyanieliniseuenaay G
sidiunsdifagas wihnmsiuimdendeeslinau fheldunmaiamnedefamuiuiunnssuasnisunmdeashiaue
wielinsquatioaty nmsihAnau wagmsinnislussezenetwiolilos

unagu: fUhe 22q11.2 DS Snaefitgvnanisunnginnineused wazsirndesgadennuinundvestesuinuazlunt sauddlsa
Yol nene 9 mi@l,l,amaﬁummiumsL%"ué?aLL@ﬁsLeniu,asﬁﬁtﬁu&i@lﬂmaam%mmﬁﬂaEJ nsdansivsraumud3adesnism iy
Sfussiunmduasiuaunmsianizyndlasnsatuayuinngdauad ddeyauaraiusi elildaunmiesnfivansauiigauas
ensuamnmEialassaavesdieweni

Arlusita: NqueIN1sNIsUIAMBTeMIUTINENIvelasTulel 22 Nsunie 11.2/ nguen1snaesa/ naueinisilanshlowhua/
WA ulnd/ wesladsenwialas

JUsenusUTINND
Tum LaAATINA
AL TIUAUNNEMIANT N1 ING 1N TUNNTUYT
AN 10170
Insenyi : 02 800 6800 #2013
WNUYBIENNTING : jinda.ler@bkkthon.ac.th

! AU TUAUNNEMAaNT 113N 1IN TUNNEUYT

2 Wuundfuanssa Isawenuiatuan 39winseeeq

? mhgviugmans NIATVINNITIYVAIANT AMLUNEMANT U1 I8V UUNY
* a9 TUIAIAN VDIV ALIETURUNTIYMIART UNTING 18V UUN

" gUsius e



Page 40 | Vol. 29 No. 1 Jan-Apr 2026)

KDJ |

Khon Kaen University
Dental Journdl

Comparison of Final Shade Outcomes of
High-Translucent Monolithic Zirconia Crowns on
Anodized and Non-Anodized Titanium
Abutment Backgrounds

Nattapong Sirintawat * Parinya Amornsettachai ? Sirichai Kiattavorncharoen * Nutchanok Khumanun **

Research Article

Abstract

Objectives: To evaluate the effects of two different abutment backerounds: non-anodized and gold-colored anodized titanium
abutments, and the application of opaque coloring liquids on the color outcomes of high-translucent monolithic zirconia crowns.
Materials and Methods: Forty crown-abutment samples were fabricated using CAD-CAM technology and divided into four groups
(n=10 per group): non-anodized titanium (T1) and gold-colored anodized titanium (G) abutments, each combined with zirconia
crowns either with opaque liners (OP) or without opaque liners (NO). Color measurements were performed using a
spectrophotometer (SpectroShade™ Micro II) to determine the ClELab values of the specimens. The CIEDE2000 formula was
applied to calculate color differences (AEy) between each specimen and the zirconia crown on a PMMA abutment (control). The
AE, values were further compared against the 50:50% acceptability thresholds for dentists (AEyy<2.41) and patients (AE;<2.83).
The AEy, data were analyzed using one-way ANOVA followed by Tukey’s post hoc test, with statistical significance set at p<0.05.
Results: Crowns with opaque liners (G+OP and TI+OP) showed significantly lower AEy, values, achieving patients’ acceptable
thresholds (AEy;<2.83), compared to crowns without liners (G+NO and TI+NO) (p<0.05). No significant differences were found
between the G+OP and TI+OP groups or between the G+NO and TI+NO groups.

Conclusions: The study concludes that applying opaque coloring liquids effectively masked the grayish color of titanium
abutments and improved esthetic outcomes, while gold anodization alone provided limited color improvement. Clinicians are
encouraged to incorporate opaque liners for optimal color outcomes in implant-supported zirconia restorations. Further research
is recommended to explore long-term performance and alternative techniques.
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Introduction

Dental  implants  have  established
themselves as a reliable treatment modality for
restoring partial and complete edentulism, providing
and esthetic

considerable functional, phonetic,

benefits for patients. Nevertheless, achieving a
harmonious aesthetic outcome in the anterior region
presents notable challenges, particularly when the
color of the final restoration must seamlessly
integrate with the surrounding dentition." To address
these challenges, several factors warrant attention,
including  implant

positioning, angulation, the

configuration of components, and the materials
utilized in fabricating fixed dental prostheses (FDP).”

Titanium (Ti) abutments, while considered
the gold standard in implant restorations, pose
esthetic limitations when placed in the anterior
maxilla, especially when paired with highly translucent
ceramic restorations, such as lithium disilicate. In cases
involving thin gingival biotypes or a prominent smile
line, the metallic hue of titanium may appear through
the gingiva, thereby compromising the esthetic
integrity of the restoration and peri-implant soft
tissues.” To mitigate this issue, various innovative
approaches have been developed.

One such approach is the application of a
gold-colored coating, commonly titanium nitride, to
the zrconia coping, effectively masking the
underlying gray hue of the titanium abutment.
Studies suggest that this method enhances the
esthetic outcome by reducing the perceptible color
discrepancy in  comparison to traditional Ti
abutments with zirconia copings.‘1 Nonetheless, some
concerns exist regarding the allergenic potential
associated with this coating material.”

The emergence of dense sintered zirconia
(Zir) marks  another

abutments significant

advancement, particularly for anterior applications.

Recent research indicates that zirconia abutments
offer esthetic advantages over titanium, reflected in
and favorable

improved pink esthetic scores

spectrophotometric outcomes.” Despite  these
benefits, zirconia abutments are associated with
potential drawbacks, including abrasiveness toward
the titanium implant’s internal hexagon and
susceptibility to fractures at the abutment neck.® To
address these issues, hybrid abutments—comprising
zirconia cemented onto titanium bases (Ti-base)—
have been introduced. Although promising, long-
term evidence on the retention of Ti-base and
zirconia abutments remains limited.”®

A further development in implant dentistry
is the anodic oxidation of titanium, an
electrochemical technique introduced in the 1950s
that creates ceramic TiO, layers, commonly referred
to as anodization.” This modification not only
conceals the gray color of titanium but also enables
the creation of oxide films of varying thickness,
producing different hues through light interference

within the titanium dioxide layer."®'" Originally
employed for component identification, anodized

titanium in gold and pink shades has shown particular

esthetic benefits, with studies demonstrating
enhanced peri-implant  soft  tissue  esthetics
compared to non-anodized abutments.'*"* Despite

the potential of anodized abutments, literature
evaluating their impact on the color of zirconia
restorations remains sparse and often inconsistent
due to variations in ceramic materials, abutment
substrates, luting agents, and color measurement
methodologies. In light of these gaps, the current
study aims to assess the influence of anodized
titanium abutments and the application of zirconia
coloring liquid on the inner surfaces of high-

translucency monolithic zirconia restorations.
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Materials and Methods

This pilot study was conducted as an in vitro
experimental design comprising four experimental
groups, with a total of 40 specimens (n = 10 per
group). Due to the lack of comparable studies in the
literature, an a priori sample size calculation was not
feasible. However, based on the results from the
pilot data, the effect size was calculated as Cohen’s
f = 10.92. A post hoc sample size analysis was then
performed using G*Power (version 3.1.9.7), with an
alpha level of 0.05 and a power of 0.80. The

calculated minimum sample size required was 8

specimens, confirming that the sample size used in
this study (n = 10 per group) was adequate.

Sample preparation: A maxillary central
incisor implant replica (Implant analog @4.5, Dentium
SuperlLine® & Implantium®) was placed in position
#11 on a dentoform model (Ultistratumu® Flexible
Resin, Zirkonzahn). A scanning body (Scanning jig
@4.5, Dentium SuperLine® & Implantium®) was
inserted and scanned using a dental lab 3D scanner
(S600 Arti Scanner, Zirkonzahn). The abutment and
crown designs were created simultaneously in CAD
software (Zirkonzahn Modellier) to maintain uniform

crown thickness (Figures 1, 2).

Figure 1 The design abutment on dental system software (Zirkonzahn Modellier)

Figure 2 The design crown on dental system software (Zirkonzahn Modellier)
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Custom implant abutments were fabricated
using a CAD/CAM milling machine (Zirkonzahn M4)
with a titanium blank disc (TITAN 5, Zirkonzahn),
while the control abutment was produced from
shade methacrylate  (PMMA,
Ultistratumu® Flexible Resin). High-translucency
zirconia blocks (Prettau® 3 Dispersive®, ZirkonZahn

A3 polymethyl

System 95 mm) in shade A3 were used to create two
crown groups: non-opaque liner crowns (NO) and
opaque liner crowns (OP), both 1.5 mm thick at the
facial surface’s mid-third, with a 0.01 mm cement
space set in the CAD software. All crowns were
fabricated as per manufacturer instructions. The
opaque-liner group’s inner surface was coated with
one uniform brush layer of Luxen CL dental liquid
(white) before sintering (Figure 3). Forty implant
abutments were customized into two backerounds:
20 non-anodized titanium abutments (Ti) and 20
gold-anodized titanium abutments (G), fabricated per
manufacturer guidelines (Figure 4).

Calibration and color measurement: A
trained examiner performed color measurements
with a spectrophotometer (SpectroShade™ Micro I
MHT, Verona, ltaly), calibrated before each use
according to manufacturer instructions and operated
in Vita Classic mode. A non-opaque liner zirconia

crown on a shade A3 PMMA control abutment served

as the reference restoration (control group).
Experimental setups included two types of
abutments  (gold-anodized and  non-anodized

titanium) and two zirconia crown types (opaque and
non-opaque lining). The crowns were fixed to the
abutments with clear try-in paste (PANAVIA VS5,
Kuraray) to simulate resin cement appearance, then
immediately measured with a spectrophotometer.
The intersection of the horizontal and vertical lines
at the middle third of the adjacent teeth and the
midpoint of the cervical gingiva was marked as the
color measuring point for precise and repeatable

measurements (Figure 5).

Following calibration, the spectrophotometer
was positioned centrally at a 90° angle on each
sample’s reference point. Using the device’s tooth
positioning guidance, the sample was centered in the
frame, with a cross confirming optimal positioning for
measurement. The image of the tooth was captured
when the line of a cross turned green, ensuring
consistent angle and positioning across samples. All
40 samples and the control group were measured

against a matte black background in controlled

environmental conditions.

Figure 3 Monolithic zirconia crown; (A) with opaque liner
and (B) without opaque liner

Figure 4 Customized abutment (A) control (B) titanium and
(O) gold anodized

Figure 5 The dentoform model with color measuring point.
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The color comparison process using the
SpectroShade™

software is illustrated (Figure 6). The software’s

device and its Compare Tool
synchronization function was utilized to overlay the

sample and control crown images, ensuring
alignment of the measurement areas for accurate
visual and numerical comparison. A square-shaped
measurement cursor with a standardized size of 30
units was applied. The Synchronous Measurement
feature allowed simultaneous cursor positioning on
both images—when placed on a color measuring
point in the control image, the software
automatically mirrored the cursor in the same
position on the sample image.

Color values were recorded in the ClELab
color space, providing coordinates for lightness (L¥),

(@*),

chromaticity (b*). The baseline color coordinates of

red-green  chromaticity and yellow-blue
the control group (Lg, ag, bg) were compared to
those of the experimental groups to calculate the
color differences: AL = L, Ly, Aa = a;—a,, and Ab =
b,—bo,. The overall color difference (AE*,)) was
automatically computed by the software using the

CIELab formula: AE*, = [AL **+(Aa **+(Ab *"

MHT SpectroShade

Additionally, the color difference
CIEDE2000 (AE,,) formula was calculated using the
following equation: AEg= {[AL /(k S)I+IAC (kST
HAH /(e SIPHRIAC /K SOIKIAH kSl In- this

formula, AL", AC’, and AH represent the differences

using the

in lightness, chroma, and hue, respectively. The
parametric factors k;, k¢, and ky were set to 1 in this
study to adjust for experimental conditions. The
weighting functions S|, S¢, and Sy, serve to correct for
variation in the location of the color difference pairs
within the L*, a*, and b* coordinates. Additionally, Ry
is a rotation function that accounts for the interaction
between chroma and hue differences, particularly in
the blue region.14

Mean L* a* b* and AE,, values for each
group were statistically compared to the control
group. AEy, values were further judged against
recently reported 50:50 % acceptability thresholds
for dentists (2.41) and patients (2.83).” The materials
and equipment wused in this experiment are
summarized (Table 1), and the specimen grouping
and color measurement protocol is illustrated in the

flowchart (Figure 7).

e®

=

Left: Right: Diff:
L 74.2 74.3 0.1

a: 1.4 -02 -15
b: 1931 168" = =25 2

dE: 3.0 )
i . 2 pmpare |
1.1.-30 OLCh ©Lab O Text %30—“

© N &)

Figure 6 The compare tool integrated with the SpectroShade device
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Table 1 The summary of materials and equipment used in this study

Monolithic zirconia

PMMA milled abutment

Titanium blank disc Titan 5 Zirkonzahn

Dentium SuperLine® & Implantium®
Dentium SuperLine® & Implantium®
PANAVIA V5 Try-in Paste, Kuraray

Implant analog ©4.5
Se jig for customized abutment @4.5

Clear try-in paste
Spectrophotometer SpectroShade™ Micro Il, MHT; Verona, Italy
Dental lab 3D lab scanner S600 Arti Scanner, Zirkonzahn

CAD/CAM milling machine Zirkonzahn M4 and M5 CAD/CAM Milling
Machine

Tl (1 0) spectrophotometer >
Zirconia NO —
(20) :
G (10) spectrophotometer
—

Zirconia OP

(20)

Coloring liquid zirconia in white color Luxen CL dental liquid, DENTALMAX
Co.,Ltd
dentoform model Ultistratumu® Flexible resin, Zirkonzahn

Ultistratumu® Flexible resin, Zirkonzahn

spectrophotometer >
spectrophotometer >

T Brand Composition

Prettau® 3 Dispersive®, Zirkonzahn

ZrO, main component

Y,03; max. 12%

ALO; max 1%

SiO, max.0.02%

Fe,0; max. 0.01%

Water based porcelain powder
with inorganic pigment
polymethyl methacrylate

in grey shade

polymethyl methacrylate

in shade A3

90% titanium, 6% aluminum, 4%
vanadium (Ti-6Al-4V)

s A
L*a*b*
(test group TI+NC)
\_ J
s A
L*a*b*
(test group G+NO) As Zirconia NO on
\_ J
L »
PMMA abutment
- A —>
Learb {control)
(test group TI+OP)
\_ J
s A
L*a*b*
(test eroup G+OP)
\_ J

Figure 7 Flowchart of Specimen Grouping and Color Measurement Protocol

Statistical Analysis: All statistical analyses
were performed using IBM SPSS Statistics version
26.0. Descriptive statistics—including mean, standard
deviation, minimum, and maximum values—were
calculated for the CIELab parameters (L*, a*, b*) and
AE, across the study groups. The normality of data

distribution was assessed using the Shapiro-Wilk test.

Since the CIELab values did not meet the assumptions
of normality or homogeneity of variance, non-
parametric tests were applied. The Kruskal-Wallis test
was used to compare L* a* and b* values among
groups, followed by pairwise comparisons using the
correction  when

Dunn-Bonferroni significant

differences were identified. In contrast, AE,, values
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were normally distributed, as confirmed by the
Kolmogorov-Smirnov test (p>0.05). Therefore, a one-
way ANOVA was used to assess differences in AE,
among the groups, followed by Tukey’s post hoc test
for pairwise comparisons. A significance level of p<.05

was used for all statistical tests.

Results

Color Measurement (L*, a*, and b* Values):
In this study, the control group is PMMA abutment
with non-opaque liner zrconia crown and the 4-
study groups are 1. Gold anodized abutment with
Opaque liner zirconia crown (G+OP) 2. Titanium
abutment with Opaque liner zirconia crown (TI+OP)
3. Gold anodized abutment with non-opaque liner
zirconia crown (G+NO) and 4. Titanium abutment
with non-opaque liner zirconia crown (TI+NO).

L* Values: The statistical analysis of the
lightness (L) values, representing the lightness,
darkness, and luminosity, is presented (Figure 8 and
Table 2). The analysis revealed varying degrees of L*
values across the four study groups. A significant

difference (p<.05) was observed in the L* values when

Table 2 The summary of statistical values for each group

comparing the TI+NO group with both the TI+OP and
G+OP groups. Similarly, significant differences were
found between the G+NO group and the TI+OP and
G+OP groups (Table 3). Notably, the L* values of all
study groups with opaque liner zirconia crowns were
closer to the L* value of the control group, indicating
a closer match in lightness between the crowns with
opaque liners and the control restoration.

a* Values: The statistical analysis of the red-
green color component (a* value) is presented
(Figure 9 and Table 2). The control group exhibited a
positive a* value, indicating the presence of red
components, whereas all study eroups displayed
negative a* values, reflecting a shift toward green
components. The a* value was significantly higher
(p<.05) in the G+OP group compared to the TI+NO
and G+NO groups, indicating less greenness in the
crowns with gold anodized titanium abutments and
opaque liners. No significant differences were found
between the other study groups, suggesting a
consistent presence of green components across

these groups. (Table 3)

o CIE values Color difference
Group(n) Statistical values
L* a* b* AE*ab AEOO
Mean 74.20 1.40 19.30

Mean 75.34 -0.25 16.74 3.39 2.55
Minimum 74.50 -0.40 16.00 3.10 2.37

G+OP (10) ;
Maximum 77.00 0 18.70 3.80 2.88
Std. Deviation 0.67 0.14 0.72 0.19 0.15
Mean 74.73 -0.45 18.10 2.94 2.58
Minimum 70.50 -0.70 16.80 1.90 2.06

TI+OP (10) .
Maximum 76.20 -0.20 20.20 4.00 3.31
Std. Deviation 1.73 0.17 1.16 0.67 0.41
Mean 70.12 -0.66 15.28 6.11 4.55
Minimum 68.80 -1.50 14.30 5.00 3.58

G+NO (10) .
Maximum 70.90 0 16.80 7.50 5.39
Std. Deviation 0.60 0.48 0.77 0.73 0.48
Mean 69.73 -0.57 14.15 7.10 5.05
Minimum 68.70 -1.10 13.80 6.00 4.39

TI+NO (10) .
Maximum 70.80 -0.20 14.70 7.70 5.83
Std. Deviation 0.76 0.23 0.31 0.61 0.46
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Table 3 Pairwise Comparisons of L, a, b, and AEy Values Among Study Groups (p<0.05)

Compared groups

TI+NO - G+NO
TI+NO - G+OP

1.000
0.000
0.001
0.002
0.008
1.000

p-value
L* a* b* AEy,
1.000 0.432 0.036
0.008 0.001 0.000
1.000 0.000 0.000
0.029 0.372 0.000
1.000 0.002 0.000
0.179 0.450 0.999

The Kruskal-Wallis test was used to compare L*, a*, and b* values among groups, followed by pairwise comparisons using the Dunn—

Bonferroni correction. Adjusted p-values for L*, a*, and b* are reported to account for multiple comparisons. AEy, values were analyzed

using one-way ANOVA followed by Tukey’s Honestly Significant Difference (HSD) test. Statistical significance was set at 0t=.05.

b* values: The statistical analysis of the
yellow-blue color component (b* values) is presented
(Figure 10 and Table 2). All study groups, including the
control group, exhibited positive b* values, indicating
the presence of yellow components. The b* value was
significantly lower (p<0.05) in the TIH+NO group
compared to the G+OP and TI+OP groups, suggesting
a reduced yellow intensity in the crowns with titanium
abutments and no opaque liner. Additionally, the b*
value of the G+NO group was significantly lower than
that of the TI+OP group, underscoring the effect of the
opaque liner in enhancing the yellow coloration when
compared to crowns without the liner. There were no
in  b*
between the following groups: TI+NO and G+NO,
G+NO and G+OP, and G+OP and TI+OP. (Table 3)
These findings suggest that while the opaque liner and

statistically  significant  differences values

abutment type influence the yellow intensity, not all
group comparisons displayed significant changes,
indicating the specific conditions under which the liner
and abutment materials affect the yellow-blue

coloration.

The color differentiation (AEy): The
distribution of AE values across the four groups is
illustrated (Figure 11). Both G+OP and TI+OP groups
exhibited the lowest median color differences,
approximately 2.5, with relatively narrow interquartile
ranges. Table 2 presents the mean and standard
deviation of the CIE L*, a*, and b* values, along with
the color difference (AE,,), medians, and p-values for
the four groups. The AEy, data were analyzed using
descriptive statistics, while inferential analysis was
performed using one-way ANOVA followed by
Tukey’s post hoc test, with statistical significance set
at p<0.05 (95% confidence interval). The mean AEy,
values for the TI+NO, G+NO, TI+OP, and G+OP groups
were 5.05, 4.55, 2.58, and 2.55, respectively, with the
lowest AEy, value observed in the G+OP group. One-
way ANOVA showed significant differences among
groups (p<0.001). When judged against the current
50:50% acceptability limits (2.41 dentists, 2.83 patients),
only the opaque-lined groups fell within patient
tolerance. Tukey’s HSD indicated that both G+NO and
THNO had significantly higher AEy, values than TI+OP
and G+OP (p<0.001), while no significant difference was
detected between TI+OP and G+OP (p=0.999) or

between G+NO and TI+NO (p=.036) (Table 3).
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Abutment-Crown Group Combination
Figure 8  Box plot showing the distribution of L* values among the four groups (G+OP, TI+OP, G+NO, and TI+NO).
5
3
- i =
control G+OP TI+OP G+NO TI+NO
Abutment-Crown Group Combination
Figure 9  Box plot showing the distribution of a* values among the four groups (G+OP, TI+OP, G+NO, and TI+NO).

b* value

control

G+OP T+OP G+NO

Abutment-Crown Group Combination

TI+NO

Figure 10 Box plot showing the distribution of b* values among the four groups (G+OP, TI+OP, G+NO, and TI+NO)
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Figure 11 Box plot showing the distribution of AEy, values among the four groups (G+OP, TI+OP, G+NO, and TI+NO).

Discussion

This study evaluated the color difference of
high-translucent monolithic zirconia crowns on two
types of titanium abutment backgrounds—non-
anodized and gold-anodized—and assessed the
impact of using a coloring liquid on the inner crown
surface. Our findings underscore the significant
influence of both the abutment color and the
application of an opaque liner on the esthetic
outcome of zirconia restorations. Crowns with an
opaque liner demonstrated superior color matching
to natural dentition compared to those without,
while gold anodization alone did not provide
sufficient esthetic enhancement.

Titanium, with its favorable biocompatibility
and mechanical strength, remains the standard
abutment material; however, its gray color can
adversely impact esthetics in anterior applications,
particularly in thin gingival biotypes and high smile

16,17

lines.”™"" Strategies to mitigate titanium’s grayish hue

include applying opaque coloring liquids and
anodizing titanium abutments in gold tones. Our
study demonstrates that while both methods have
benefits, the use of an opaque liner yielded the most
effective color enhancement for high-translucent

zirconia crowns.

The zirconia used in this study, characterized
by its multilayer structure and M3Y-5Y hybrid
composition, shows varied translucency that
depends on factors like yttria content and grain
size.'® These properties interact with abutment and
cement color to influence the final esthetic
outcome. To replicate clinical conditions, our study
employed anatomically contoured crowns rather
than flat discs, providing a more accurate assessment
of the material’s performance under real-world
conditions. Studies by Sun et al. and Malkondu et al.
emphasize the importance of crown thickness, noting
that at 1 mm, zirconia offers both esthetic
translucency and strength comparable to metal-
ceramic crowns.” However, thinner crowns increase
translucency but make the final shade more sensitive
to underlying colors.? Thus, a crown thickness of 1.5
mm, as used in this study, balances translucency and
masking ability, ensuring a stable color outcome
when paired with opaque liners.”*

Our results show that gold anodization of
titanium abutments alone does not sufficiently

enhance color matching compared to non-anodized

abutments.  This aligns with previous studies
suggesting that g¢old anodization has limited
effectiveness in  highly translucent systems.”””

Analysis of L* (lightness), a* (red-green), and b*

(yellow-blue) values revealed that crowns with
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opaque liners (TI+OP and G+OP) closely matched the
control group’s lightness, effectively masking the
dark titanium background. This finding supports other
research showing that opaque liners significantly
improve lightness, reducing the gray effect of
titanium and enhancing natural appearance.”>**

Regarding a* values, the control group
exhibited positive (red) values, while all study groups
showed a shift toward negative (green) values. The
opaque liner in the G+OP group notably reduced this
greenish hue, suggesting that both the liner and
anodization contribute to a color closer to the red
tones seen in natural teeth. For b* values, crowns
with opaque liners (TI+OP and G+OP) showed
enhanced yellow tones compared to non-lined
crowns, closely approximating the control group. This
highligshts the importance of opaque liners in
replicating natural tooth coloration.

In dentistry, the AE equation is often used
to quantify color differences in visual perception. It
has been recommended that overall color
differences (AE values) provide a more meaningful
assessment of visual perception than evaluating L*,
a*, and b* components individualty.25 Nowadays
CIEDE2000 (AE,,) has become the benchmark color-
difference metric in dentistry because its weighting
functions for lightness, chroma, and hue—together
with a blue-green rotation term and tunable k-
factors—provide a perceptual fit superior to the 1976
CIELAB equation.26 Recent psychophysical work has
also refined the 50:50% acceptability threshold (AT)
on this perceptually uniform scale. A multicenter
trial on monochromatic ceramics established an
overall AT of 1.8%, chroma-stratified research on
contemporary resin composites reported AT values
between 1.80 and 2.84 depending on color
saturation®, and the latest dentist-versus-patient
study using VITA 3D-Master shade tabs found ATs of

2.41 (dentists) and 2.83 (patients).” Although these

limits vary with material class, chroma, specimen
geometry, and observer mix, they all lie within a AEy,
corridor of 1.8-3.0, providing a practical consensus
window for clinical acceptability.”**"*®

Applying these updated limits to the present
data shows that the mean AEy, values for TI+NO
(5.05) and G+NO (4.55) far exceed even the most
tolerant patient AT, indicating an unmistakable color
mismatch. By contrast, the opaque-lined groups
TI+OP (2.58) and G+OP (2.55) fall within patient
acceptance and only slightly above the stricter
dentist criterion, demonstrating that an opaque liner
remains essential for the reliable esthetic integration
of high-translucency zirconia crowns over metallic
abutments.”

Our findings align with Kengtanyakich S et al.
and Sethakamnerd P et al.,, who demonstrated that
zirconia crowns on titanium bases exceed clinically
without

color differences

23,24

acceptable masking

techniques. These studies confirm that liners
effectively mask the gray tone of titanium abutments,
enhancing the visual match with natural teeth.

Our results also support findings by Basegio
MM et al., who reported that zirconia crowns lacking
liners often fail to meet clinical esthetic thresholds
when paired with titanium abutments.”” Similarly,
research by Bass BB indicates that even variations in
zirconia thickness alone are insufficient to fully mask
titanium’s color, highlighting the importance of
This

combination helps optimize esthetics, particularly for

combining thickness with opaque liners.”

high-translucency zrconia crowns, which are
otherwise strongly influenced by abutment color.
Although some studies suggest that gold
anodization can improve esthetic outcomes, our
results indicate that its effect is not as pronounced
as that of opaque liners. For instance, Bass BB et al.
observed that anodization provided a moderate

improvement but fell short of the color-matching
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efficacy achieved by liners.”” The discrepancy may be
due to differences in the anodization process, gold
shade, or zirconia system properties. The unique
formulation of zirconia type in this study may interact
differently with anodized abutments, resulting in
reduced benefits from anodization alone.

These findings suggest that optimal esthetic
outcomes for high-translucent zirconia crowns on
titanium abutments are best achieved with the
application of opaque liners rather than relying on
gold anodization alone. Clinicians should consider
both zirconia material properties and abutment
selection to enhance esthetic integration. Further
studies could explore the effects of different zirconia
compositions, crown thicknesses, and cement
choices to refine these recommendations for clinical
practice. While this study provides valuable insights,
there are limitations, such as the controlled in vitro
environment, which may not fully replicate in vivo
Additionally,
composition, film thickness, and clinical handling can

affect

conditions. variations in  cement

results. Future research should aim to
investigate these variables in more detail to provide

more comprehensive guidelines for clinical practice.

Conclusions

Within the limitations of this study, high-

translucent  zirconia  crowns  demonstrated
significantly different shade outcomes depending
on both the abutment background and the use of
an opaque liner. Crowns placed directly on
titanium abutments exhibited color differences
that exceeded clinically acceptable thresholds for
both clinicians and patients. In contrast, the
application of an opaque liner effectively reduced
the color mismatch to within tolerable clinical
limits. These findings support the use of opaque
liners to enhance the esthetic integration of high-
zirconia  restorations both

translucent over

titanium and gold-anodized abutments.
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Figure 1 The direction of chisel placement on the tooth to create a simulated crack. (A) The chisel was positioned at the
midpoint of the root in the Bucco-lingual direction. (B) The chisel width was comparable to the wall of the root canal

in the Mesio-Distal direction.
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Figure 2 Simulated crack on the external surface of the root stained with methylene blue.
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Figure 3 Grouping of teeth used in the experiment.
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Figure 4 Simulated periodontal ligament. (A) The root was coated with pink dental wax. (B) The root was embedded in an acrylic

resin block. (C) The root was removed to clean off the wax. (D) Light-body silicone material was injected. (E) The root

was repositioned into its original location.
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Effect of Restoration Method on Fracture
Resistance of Endodontically Treated Teeth
with Radicular Cracks

Suwanan Sinsongsook ! Kunlanun Dumrongvute *”

Research Article

Abstract

Objective: To compare the fracture resistance of radicular cracks obturated with gutta-percha and restored by using dual-cured resin
composite or a fiber-reinforced composite post placed 2 mm apical to the cracks.

Materials and Methods: 30 Bovine teeth were decoronated to obtain a standardized root length of 12 mm. Longitudinal cracks were
simulated using a hammer and chisel, and only roots presenting a single crack line measuring 4-5 mm on the external surface were
selected. Root canals were prepared and obturated with gutta-percha. The specimens were divided into three groups. Group 1, obturated
with gutta- percha without additional restoration; Group 2, restored with dual-cured resin composite placed 2 mm apical to the cracks
and Group 3, restored with a fiber-reinforced composite post placed 2 mm apical to the cracks. Fracture resistance testing was performed
using a Universal Testing Machine. A compressive force was applied centrally over the canal opening until fracture occurred. The
maximum force (newton) and fracture patterns were recorded.

Results: The highest mean compressive force was observed in the fiber-reinforced composite post group (717.753+72.44 N), followed
by the dual-cured resin composite group (680.308+51.69 N). The gutta-percha group demonstrated the lowest value (207.165+37.28 N).
One-way ANOVA and Tukey’ s HSD test revealed statistically significant differences between the gutta- percha group and the other two
groups (p<0.05). However, no significant difference was found between the dual- cured resin composite group and the fiber- reinforced
composite post group (p>0.05).

Conclusion: Restoration of radicular cracks by using dual-cured resin composite and fiber-reinforced composite post significantly improved
fracture resistance compared with gutta-percha. However, no significant differences were found between these two restoration methods.

Keywords: Radicular cracks/ Intra-orifice barrier/ Dual-cured resin composite/ Fiber-reinforced composite post/ Fracture resistance
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Table 1  Demographic data and caries condition (n=250)
Variables
Gender
Male
Female
Age

Mean 46.58 years (SD 10.53), Min : Max 19:59
Marital status
Single
Married
Widowed/divorced/separated
Educational level
Primary level
Secondary level
Diploma
Bachelor degree and above
Occupation
State enterprise officer/government official
Own business
Farmers
Employee
Medical condition
No
Yes
Caries
No
Yes
DMFT 9.2 teeth/person (DT=5.61 MT=1.69 FT=1.90)

NSVNADUANANITUS (Pearson correlation) Layn1svingay
WﬂqaﬂﬂaaLLUU‘ﬁumau (Stepwise multiple linear regression)
Wiadwmenladeviueaneilugenguieimu

AI3]

nqueiegdlngidumends Sovaz 68.8
Atedsvesengwindy 4658 T (Frudouuuinnsgu
10.53) éulugiianiunwausasovaz 66.0 IUNITANE
seaulisoufnuineuuaiesovas 43.6 91¥WNYAINS
Yoway 632 nuegnaliiilsauszdd lfuaiosdy
LOANDIDA LLaslajqqu%'ﬁmﬂu%’aaaz 63.6, 59.6 LAY
92.8 MuE1R Y nauiIeg1dulrgluy Sesay 80 &
Anadeiluy 561 dreau Aadeiluneu 1.69 Frienu
Anadeilugn 1.90 dreaulazaadeiiuwiy nou ga
9.2 Fsiomu (A51971 1)

Frequency Percentage
78 31.2
172 68.8
46 18.4
165 66.0
39 15.6
87 34.8
109 43.6
15 6.0
39 15.6
27 10.8
32 12.8
158 63.2
33 13.2
159 63.6
91 36.4
50 20
200 80

Note: DMFT= Decayed Missing and Filled Teeth, DT=Decayed teeth, MT=Missing teeth, FT= Filled teeth
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wazngAnssuguamiunisdituy lngldnismaaeulaa
wAS (Chi-square test) Lazn1snaaoufuives (Fisher’s
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Table 2 Associated factors with dental caries using Chi-square and Fisher’s exact test

Dental caries

Variables Yes

P-value

No | OR

95% Cl of OR

Frequency (%)

Frequency (%)

Gender
Males 68 (87.2) 10 (12.8) 2.06 0.97-4.37 0.056°
Females 132 (76.7) 40 (23.3)

Marital status
Married 141 (85.5) 24 (14.5) 2.59 1.37-4.87 0.003?
Single/widowed/divorced 59 (69.4) 26 (30.6)

Educational level
Lower bachelor degree 179 (84.8) 32(15.2) 4.79 2.30-9.98 <0.001°
Bachelor degree and above 21 (53.8) 18 (46.2)

Occupation
Farmers 141 (89.2) 17 (10.8) 4.64 2.39-8.97 <0.001°
Non-farmers 59 (64.1) 33 (35.9)

Medical diseases
No 124 (78) 35 (22) 0.69 0.36-1.36 0.293°
Yes 76 (83.5) 15 (16.5)

Alcohol consumption
No 117 (78.5) 32 (21.5) 0.79 0.42-1.51 0.478°
Yes 83 (82.2) 18 (17.8)

Smoking
No 185 (79.7) 47 (20.3) 0.79 0.22-2.83 0.710°
Yes 15 (83.3) 3(16.7)

Note: a=Chi-square test, b=Fisher’s exact test
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M990 3 Yadendanuduiusiuinnuilugdiolenseiieadfanduiusveuiiesdu

Table 3  Relationships between associated factors and numbers of tooth decayed using Pearson correlation coefficients
. Number of decayed teeth
Variables
r p-value
Age 0.27 <0.001
Oral health literacy -0.27 <0.001
Internal locus of control -0.24 <0.001
Oral health behaviors -0.27 <0.001
Mt 4 nsvRdeunvaRnasLUUTuRBu e TR doviuneanasiiuy
Table 4  Predictive factors of dental caries using multiple linear regression
Factors b S.E. B t p-value ‘
Constant 13.13 2.95 4.46 <0.001
Age 0.08 0.03 0.17 2.76 0.006
Oral health literacy -0.09 0.03 -0.18 -2.72 0.007
Oral health behavior -0.15 0.05 -0.19 -2.75 0.006

R =0.41, R*= 0.17, R? adjusted = 0.16, F = 16.68, p<0.001

Note: b = unstandardized beta coefficients, B=standardized beta coefficients
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Research Article

Abstract

Objective: To explore caries experiences and evaluate the predictive factors of dental caries in the working age group.

Materials and Methods: This cross-sectional analytical study was carried out in a working age group of 250 people aged between 18-59
years in Phon Thong District, Roi Et Province. Data were collected between July and October 2023. The questionnaires and oral health
records were used for data collection. The content validity represented by I0C was between 0.67-1. The reliability of the questionnaire
ranged from 0.82-0.92. Data were analyzed using descriptive statistics, Chi-square test, Fisher’s exact test, Pearson correlation coefficient
and multiple linear regression with stepwise method.

Results: The study showed that 68.8% were female. The average age was 46.58 years (SD=10.53). Data from oral health examination
revealed that most participants had dental caries (80%). The caries experience score (given as DMFT score) was 9.2 teeth/person.
When analyzing the predictive factors of dental caries, the finding indicated that age (B=0.17, p=0.006), oral health literacy (B=-0.18,
p=0.007) and oral health behaviors (B=-0.19, p=0.006) statistically predicted 17% of the number of dental caries in the working- age
group (R?=0.17, p<0.001).

Conclusion: Factors predicting dental caries in working-age population included age, oral health literacy and oral health behaviors. These

results can be used as basic information to prevent dental caries by enhancing oral health literacy and promoting oral health behaviors.

Keywords: Caries experiences/ Internal locus of control/ Oral health literacy/ Oral health care/ Working-age group
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Research Article

Abstract

Objective: This study aimed to evaluate the chemical composition, degree of conversion (DC), and flexural properties of a commercially
available 3D printing denture base resin, and to compare them with a conventional heat-cured denture base resin.

Materials and Methods: A 3D-printed denture base resin (NextDent Denture 3D+, NDD) and a conventional heat-polymerized resin
(ProBase® Hot, PBH) were investigated. The chemical compositions of the unpolymerized NDD resin were characterized using Fourier-
transform infrared spectroscopy (FTIR), proton nuclear magnetic resonance (*H-NMR), and high-performance liquid chromatography/mass
spectrometry (HPLC/MS). The DC of both materials was measured via FTIR analysis. Flexural strength, modulus, and yield stress were
determined using a three-point bending test per ISO 20795-1:2013 guidelines.

Results: HPLC/MS analysis revealed that NDD primarily consists of Bis-EMA monomers with 3-7 ethylene oxide units. The PBH resin
demonstrated a significantly higher DC (97.59+1.14%) than NDD (69.81+4.90%) (p<0.001). Flexural strength and modulus of PBH
(99.40+6.56 MPa; 2812.20+54.44 MPa) were also significantly higher than NDD (88.58+8.50 MPa; 2625.40+368.42 MPa) (p<0.001). Despite
the differences, both materials met ISO flexural property standards.

Conclusion: The 3D printing resin primarily contains Bis-EMA with varied chain extender lengths and exhibits lower DC and flexural
properties compared to the heat-cured resin. Optimization of printing and post-curing parameters is necessary to improve polymerization
and mechanical performance of 3D-printed denture bases.

Keywords: 3D printing/ Denture base resin/ Bis-EMA/ Degree of conversion/ Flexural strength
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Introduction

For decades, complete denture bases have
been conventionally fabricated using the compression
molding technique with heat curing. Although this
method is widely accepted, it involves multiple
laboratory steps and is prone to processing errors that

can result in prosthetic distortion."” To address these

limitations, computer-aided design and computer-
aided manufacturing (CAD/CAM) technology has
emerged as an alternative, offering improved accuracy
and efficiency.”” CAD/CAM systems enable fabrication
through either subtractive (milling) or additive (3D printing)
While  subtractive

manufacturing ’techniques.‘“8
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methods waste excess material and are often
costly,”” additive manufacturing builds structures
layer by layer from digital data, reducing both material
consumption and production costs.”*°

Among various 3D printing methods, many
employ photocurable liquid resins that require optimal
viscosity, minimal polymerization shrinkage, and low
water sorption to achieve clinically acceptable
results.'"? A frequently used monomer in these
resins is bisphenol A ethoxylated dimethacrylate (Bis-
EMA),"*'* which varies in molecular weight based on
11-13

the length of its ethylene oxide chain extenders.

Bis-EMA based resins have also been
introduced commercially for fabricating 3D printed
denture bases.” However, limited data are available
regarding their chemical structure, degree of
conversion (DC), and mechanical performance. Since
these properties are critical to the clinical success of
further

denture base materials, investigation is

necessary.m'18

Therefore, the objective of this study was to
characterize the chemical composition of a
commercially available 3D printing denture base resin
and to evaluate its degree of conversion and flexural
properties, in comparison to those of a conventional
heat-cured polymethyl methacrylate (PMMA) resin.
The null hypothesis tested was that there would be
no significant difference in the degree of conversion
and flexural properties between the 3D-printed and

heat-polymerized denture base resins.

Materials and Methods

Denture Base Materials

A biocompatible Class lla 3D printing denture
base resin, NextDent Denture 3D+ (NDD; Vertex-
Dental B.V., Soesterberg, Netherlands), was used as
the 3D-printed material. A heat-polymerized denture
base resin, ProBase® Hot (PBH; Ivoclar Vivadent AG,

Schaan, Liechtenstein), served as the conventional

counterpart. This in vitro study did not require
Institutional Review Board (IRB) or animal ethics
approval, as it did not involve human participants or
animal subjects.

For NDD polymerized specimens, the
specimens were digitally designed using computer-
aided design (CAD) software (SOLIDWORKS 2018,
Dassault Systemes SolidWorks Corp., Waltham, MA,
USA) and exported in standard triangulation language
(STL) format. Specimens were printed using a digital
light processing (DLP) 3D printer (Perfactory DP4 XL,
EnvisionTec, Dearborn, MI, USA) (Figure 1A, 1B).
Printing parameters included 0° orientation and 100
pum layer thickness. Specimens were fabricated at a 0°
(horizontal) build orientation to ensure standardized
geometry and reduce orientation-induced variability
during mechanical testing.”*” After printing, supports
were removed, and specimens were cleaned with
isopropyl alcohol. Following air drying, they were
post-cured in a UV light-curing chamber (Form Cure,
Formlabs Inc., Somerville, MA, USA) at 405 nm for 30
minutes at 60°C. After post-curing, all NDD specimens
were polished to remove support-related surface
irregularities resulting from the 3D-printing process.
Specimens were subsequently remeasured, and final
dimensions were verified to ensure uniformity and
dimensional equivalence with the PBH group prior to
flexural strength testing. All samples were stored at
room temperature prior to testing.

For PBH specimens, fabrication followed the
manufacturer’s instructions. The powder and liquid
components were mixed at a ratio of 2.25 g/1 mL until
reaching the dough stage, then packed into stainless
steel molds of specified dimensions. The flask was
compressed at 2 bar and heat-polymerized at 100°C
for 45 minutes. After cooling to room temperature for
30 minutes, specimens were deflasked and stored at

room temperature prior to testing.
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Figure 1 Fabrication of NextDent Denture 3D+ (NDD) specimens; (A) Digital designing specimen dimension using CAD software,

(B) Printed specimens, (C) Measured FTIR spectra of polymerized NDD specimens.

Chemical characterizations of the
unpolymerized NDD resin

Fourier transform infrared (FTIR) spectroscopy
was performed using a Frontier FT-IR spectrometer
(PerkinElmer, Waltham, MA, USA). Approximately 5 mg
of unpolymerized NDD resin was placed on an
Attenuated Total Reflectance (ATR) diamond crystal
KRS-5 plate (thallium bromide/thallium iodide) and
spectra were collected in absorbance mode across
400-4000 cm™ at 4 cm™ resolution over 16 scans.
Spectral data were analyzed using Spectrum™ 10.4
software (PerkinElmer, Waltham, MA, USA).

For proton nuclear magnetic resonance (1H-
NMR) spectroscopy, the resin was dissolved in
deuterated chloroform (CD; Cl; Sigma Aldrich) at a
concentration of 10 mg/mL. The sample was
analyzed with a 400 MHz NMR spectrometer (Bruker,
Karlsruhe, Germany). The chemical shifts that
appeared in the "H-NMR spectrum were assigned to
structures

plausible chemical corresponding  to

existing reference data.”*”

In addition, the monomer composition of the
unpolymerized NDD resin was analyzed using high-
performance liquid chromatography (HPLC) coupled
with mass spectrometry (MS). The resin was first
diluted in acetonitrile to a concentration of 10 mg/mL
and centrifuged at 3000 rpm for 10 minutes to
remove insoluble fillers. The supernatant was then
diluted 20-fold with acetonitrile and filtered through

a Teflon membrane filter (pore size: 0.4 um).

The filtered solution was injected into the
HPLC system (HPLC 600-717 Autoinjector, Waters,
Milford, MA, USA) equipped with a C18 reverse-phase
column (5 um, 250 mm length) and a UV/DAD
detector. An isocratic elution was performed using a
mobile phase of acetonitrile/water (7:3) at a flow rate
of 1 mL/min at room temperature. Seven major
elution fractions were collected in amber glass vials.

Subsequently, these fractions were then
subjected to
spectrometry (LC-MS/MS; Esquire3000 Plus, Bruker
Daltonics, Billerica, MA, USA). Electrospray ionization

liquid chromatography—-mass

(ESI) was employed in the positive ion mode with a
capillary voltage of 3 kV. The nitrogen gas pressure for
nebulization was set at 60 psi, the drying gas flow at
10 L/min, and the drying gas temperature at 350°C.
The mass detection range was set between 50 and
1000 m/z.

Compounds were identified by comparing
the obtained mass spectra to those in the NBS
spectral library, along with interpretation of
fragmentation patterns. Methyl methacrylate (MMA)
and bisphenol A-glycidyl methacrylate (Bis-GMA) were
included as reference standards for comparative HPLC
analysis.

Measurement of Degree of Conversion

The degree of conversion (DC) of both
denture base resin materials was analyzed using
Fourier-transform infrared (FTIR) spectroscopy by

comparing the spectra of unpolymerized and
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polymerized specimens (n=10). The sample size was
selected based on commonly used specimen
numbers in previous denture base polymer studies to
ensure reproducibility and comparability of the
results. For the NDD resin, the unpolymerized
material was stirred on a roller mixer for 2 hours.
Approximately 5 mg of resin was placed on the
attenuated total reflectance (ATR) crystal surface of an
FTIR spectrometer (Frontier FT-IR Spectrometer, Perkin
Elmer, Waltham, MA, USA). Spectra were collected
using 16 scans at a resolution of 4 cm™ across the
spectral range of 400-4000 cm™. Polymerized NDD
specimens were digitally fabricated to dimensions of
25 mm x 25 mm x 0.5 mm, as previously described.
After standardized cleaning and post-curing, ATR-FTIR
spectra were collected from one flat surface of
vertically printed specimens under identical acquisition
parameters. Both external surfaces underwent identical
processing conditions; therefore, a consistently
selected surface orientation was analyzed for all
samples (Figure 1C). All spectra were processed using
Spectrum™ 10.4 software (Spectrum™10.4 software,
PerkinElmer, Waltham, MA, USA), and absorbance
peaks were quantified with Origin 2022 software
(OriginLab  Corp,, MA, USA). The

carbonyl (C=0) stretch at 1720 cm™ was used as an

Northampton,

internal standard.” The DC was calculated based on
the decrease in intensity of the aliphatic carbon-
carbon double bond (C=C) stretch at ~1640 cm™

relative to the carbonyl peak, as shown in Equation 1:

Degree of conversion (DC) =

_(A1640/A1720)Polymerized

X 100

(A1640/A1720)Unpolymerized

...(Equation 1)

The DC of the PBH (conventional) resin was
evaluated in the same manner. To obtain a stable

unpolymerized reference, the pre-polymerized PBH

powder was heated at 70 °C for 30 h to reduce
benzoyl peroxide (BPO) initiator activity via time-
dependent thermal decomposition while minimizing
the risk of PMMA degradation. After thermal
treatment, the powder was mixed with the monomer
liquid and immediately analyzed by ATR-FTIR at room
temperature to prevent unintended free-radical
polymerization prior to measurement.”

For consistency, polymerized PBH specimens
were fabricated as previously described, and the
cured material was ground using a sterile tungsten
carbide bur to obtain powdered samples. These were
analyzed via ATR-FTIR under the same conditions. DC
values were calculated using Equation 1. Ten
independent measurements were performed for each
material.

Measurement of flexural strength and
flexural modulus
plate-shaped NDD

digitally designed and fabricated as previously described,

Ten specimens  were
with final dimensions of 64 mm x 10 mm x 3.3 mm.
The sample size of ten specimens per group was
selected based on commonly used
numbers and 1SO 20795-1:2013-based flexural testing

methodology. PBH specimens were produced by

specimen

compression molding using the same dimensions.
After deflasking, all PBH specimens were polished using
metallographic grinding paper up to P1000 grit to
achieve the target dimensions.

Al bar-shaped specimens were stored in
distilled water at 37+1°C for 50 hours in a temperature-
Schwabach,

Germany) prior to mechanical testing. A three-point

controlled incubator (Memmert Co.,
bending test was performed in accordance with ISO
20795-1:2013.° Mechanical testing was conducted
using a universal testing machine (Instron 5566, Instron
Ltd., Buckinghamshire, UK) equipped with upper and
(4 mm in diameter), a

lower support anvils

deflectometer, and a clip-on extensometer.
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The test setup used a load cell of 1 kN
(Instron CAT No. EX2525-806), a support span length
of 50 mm, and a crosshead speed of 5 mm/min. All
tests were performed at room temperature under
ambient pressure. Flexural strength and flexural
modulus were calculated using the following
equations:

Flexural strength (MPa) = 3Fl/ (2bh?)

...(Equation 2)

Flexural modulus (MPa) = F, I’/ 4bh’d
...(Equation 3)

where F (N) is the maximum load exerted on
the specimen, (is the span length (50 mm), 6 (mm) is
the specimen width, A (mm) is the specimen
thickness, F; is the load at the proportional limit, and
d is a deflection corresponding to load F;. The 0.2%
offset yield stress of each specimen was also
measured.

Statistical analysis

The normality of the data distribution was
assessed using the Shapiro-Wilk test. All data were
expressed as means and standard deviations (SD).
Levene’s test was applied to evaluate the
homogeneity of variances between groups. Differences
in the degree of conversion and flexural properties
between the NDD and PBH materials were analyzed
using an independent t-test. Statistical analyses were
conducted using SPSS software (version 23.0; IBM
Corp., Armonk, NY, USA), and a significance level of

a=0.05 was adopted for all comparisons.

Results

Chemical Composition of the
Unpolymerized NDD Resin

The FTIR spectrum of the unpolymerized NDD
resin showed a sharp absorbance peak at 1720 cm™,
which was attributed to carbonyl (C=0) stretching. Peaks
observed at 1609 cm™ and 1637 cm™ were assigned to

the C=C stretching vibrations of aromatic and aliphatic

alkenes, respectively. Additionally, a broad peak near
3400 cm™* was associated with N-H or O-H stretching,
suggesting the presence of amine or hydroxyl-
containing compounds within the resin formulation
(Figure 2)

The full 'H NMR

unpolymerized NDD resin showed a solvent peak

spectrum of the

corresponding to CDCl; at 7.25 ppm. Based on the
observed chemical shifts, three major components were
tentatively identified: bisphenol A-glycidyl methacrylate
(Bis-GMA),
(Bis-EMA), and urethane dimethacrylate (UDMA). The

corresponding proton chemical shifts and structural

bisphenol A ethoxylated dimethacrylate

assiecnments of these components are summarized
(Figure 3).

y
N-H stretch, —
O-H stretch C-H stretch
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Figure 2 FTIR spectrum of the unpolymerized NextDent
Denture 3D+ (NDD) resin. Tentative functional groups
corresponding to the assigned peaks are indicated.

{BisGMA 1% J 1233“ 1 sl \]\ 1/1\1%12 )1 1
i 7 Hy

fmc iy !

| BISEMA -

12

1o cH,T
|
‘upma % 7)L "\/ $: NJ\&‘A Json Lo
|6
74, °

16 1113

e s

15 10 05 00

Figure 3 Proton-NMR spectrum of unpolymerized NextDent
Denture 3D+ (NDD) resin in CDCls.
assignment of the NMR signal corresponding to
chemical structures of Bis-GMA, Bis-EMA, and UDMA
was given in the inset image. Reference signal for
CDCl; was detected at 7.25 ppm.
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The  HPLC the
unpolymerized NDD resin was compared with those
of MMA and Bis-GMA reference solutions (Figure 4).

The retention times for MMA and Bis- GMA standards

chromatogram  of

were 4.2 minutes and 7.8 minutes, respectively. The
NDD resin exhibited seven distinct peaks corresponding
to its with
retention times recorded at 18.5, 20.0, 21.9, 23.6, 24.5,
26.6, and 30.1 minutes.

Seven fractions collected from HPLC were

monomeric  components,

principal

subsequently analyzed using mass spectrometry. The
proposed compounds corresponding to each fraction
were identified based on their fragmentation patterns
(Table 1). Fractions II, IV, V, VI, and VIl were identified
as bisphenol A ethoxylated dimethacrylate (Bis-EMA)
with varying molecular weights ranging from 496 to
672 g¢/mol. These monomers differed in the length of
their ethylene oxide chain extenders (-O-CH2CH2-),
corresponding to different degrees of ethoxylation
(n+ m). It was determined that the Bis- EMA
components present in the NDD resin contained
between 3 and 7 ethylene oxide units. Fraction Ill was
identified as bisphenol A dimethacrylate, while no
reliable compound could be conclusively assigned to
Fraction .

Degree of Conversion of Denture Base Resins

As previously described, the degree of
conversion (DC) for both PBH and NDD resins was
determined by analyzing the peak absorbance ratio
between the aliphatic carbon-carbon double bond at
1640 cm " and the carbonyl group at 1720 cm’l. The
vinyl (C=C) absorbance peak showed a marked
reduction in polymerized specimens (Figure 5). The
carbonyl peak was used as an internal reference
because this functional group remains unchanged
during polymerization.

The PBH resin exhibited a significantly higher
degree of conversion than the NDD resin (p<0.001).
The mean DC values were 97.59+1.14% for PBH and
69.81+4.90% for NDD (Figure 6)
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Figure 4 HPLC Chromatograms of unpolymerized NextDent
Denture 3D+ (NDD) resin and reference monomers.
Peaks are labeled with respective retention times in
minutes for the reference MMA and  Bis-=GMA
monomers. The seven major components of NDD were
marked consecutively as | to VII.
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Figure 5 FTIR spectra of (A) PBH and (B) NDD, highlighting the
differences between the unpolymerized (black line)
and polymerized (grey line) samples. Key absorption
bands altering upon polymerization were observed
in the C=C aliphatic peak area at 1637 cm™.
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Figure 6 Degree of conversion (DC) of NextDent Denture 3D+

(NDD) and ProBase® Hot (PBH) as determined by ATR-
FTIR analysis using the C=C/C=0 peak ratio method.
Data are presented as mean + standard deviation
(n=10). A statistically significant difference in DC was
observed between the two materials (p<0.001).
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Flexural properties of denture base resins
The flexural properties of both resins are
summarized (Table 2). The NDD resin demonstrated a
flexural modulus of approximately 2600 MPa, flexural
strength of 89 MPa, and yield stress of 57 MPa. In

contrast, the PBH resin showed higher values: a
flexural modulus of 2800 MPa, flexural strength of 99
MPa, and yield stress of 64 MPa. All flexural properties
of the PBH resin were significantly greater than those
of the NDD resin (p<0.001).

Table 1 Retention times, mass-to-charge ratios, predicted molecular structures and molecular weights of different fractions from
HPLC/MS. Degrees of ethoxylation of Bis-EMA were assigned as ‘n + m’.

Fraction RT m/z Predicted compound MW
I 18.47 301.0 Unidentified Unidentified
Il 20.03 519.1 Bis-EMA (n + m = 3) 496
1l 21.85 387.0 Bisphenol A dimethacrylate 364
\% 23.61 563.1 Bis-EMA (n + m = 4) 540
\Y 24.52 607.1 Bis-EMA (n + m = 5) 584
Vi 26.58 651.1 Bis-EMA (n + m = 6) 628
VI 30.08 695.2 Bis-EMA (n + m = 7) 672

HPLC, high-performance liquid chromatography; MS, mass spectrometer; Bis-EMA, bisphenol A ethoxylated dimethacrylate; RT,
retention time in minute; m/z, mass-to-charge ratio; MW, molecular weight in g/mol.

Table 2 Flexural modulus, flexural strength, and yield stress at 0.2% offset of NDD and PBH denture base resins.

NDD 2625.40 (368.42)° 88.58 (8.50)° 57.47 (6.78)°

PBH 2812.20 (54.44)° 99.40 (6.56) 63.73 (3.06)
NDD, NextDent Denture 3D+; PBH, ProBase®Hot; SD, standard deviation; MPa, megapascal. Values are expressed as Mean (SD) in
MPa unit. Different superscript letters (a, b) within the same column indicate statistically significant differences between groups

according to independent t-tests (p<0.001)

Discussion

The primary objective of this study was to
analyze the main chemical constituents of the 3D-
printed denture base resin material. Based on the FTIR
spectroscopy results in  Figure 2, the major
compounds in the NDD resin were identified as
bisphenol A derivatives, as indicated by characteristic
absorbance peaks corresponding to C=C, C=0, C-0,
and aromatic carbon groups.”’ Furthermore, the H
NMR spectrum revealed signals consistent with two
bisphenol A-based monomers, namely Bis-GMA and
Bis-EMA in Figure 3% Additional NMR signals were also
observed, suggesting the presence of urethane

dimethacrylate (UDMA).

HPLC analysis indicated that Bis-GMA was not

a major component of the NDD resin, as
demonstrated by only a minor peak appearing at a
retention time of 7.83 minutes in Figure 4. In contrast,
mass spectrometry (MS) analysis identified five out of
seven main fractions in the NDD resin as Bis-EMA
monomers. These Bis-EMA derivatives varied in their
degrees of ethoxylation, containing three to seven
ethylene oxide units (Table 1).*

Among various monomers, Bis-GMA is widely
utilized in photo-curable dental composites.y1
However, Bis-GMA exhibits notably high viscosity

compared to other dimethacrylate monomers,
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primarily due to strong hydrogen bonding interactions
from its hydroxyl groups.34 This high viscosity can
impede the 3D printing process—particularly in digital
light processing (DLP) techniques, which rely on
precise, layer-by-layer polymerization.35 Therefore,
Bis-GMA is typically not included as a major
component in 3D printing resin formulations, where
lower-viscosity monomers such as Bis-EMA are
favored.

Moreover, Bis-EMA is more commonly used in
3D printing applications.””* Unlike Bis-GMA, Bis-EMA
exhibits lower viscosity due to the absence of
hydroxyl functional groups.”’35 Additionally, the
presence of ethylene oxide units (-O-CH,CH,-) in its
molecular structure enhances ﬂovvabitity.11 However,
variations in the length of these chain extenders can
influence the physical and mechanical properties of
the material."""

In the present study, Bis-EMA monomers with 3
to 7 ethylene oxide units were identified as the
principal monomeric species in the NDD resin.”
However, the HPLC/MS analysis enabled qualitative
identification of Bis-EMA homologues with varying
degrees of ethoxylation; quantitative determination of
the relative abundance of individual homologues was
not performed in the present study, as this would
require dedicated quantitative chromatographic
methods. This limitation is acknowledged, and future
studies employing quantitative LC-MS techniques are
warranted to determine the compositional ratios of
individual Bis-EMA homolosues.

Taken together, these compositional findings
provide a structural basis for interpreting the
polymerization behavior and mechanical performance
observed in this study. Previous research has shown
that Bis-EMA resins with shorter chain extenders (n +
m =~ 3-4) yield more rigid products with lower water
sorption. In contrast, an excessive number of ethylene
oxide units results in a relatively softer or rubber-like
with

. . . 11,13
material increased water sorption. A

formulation that combines Bis-EMA monomers with
varying chain extender lengths may optimize the
balance between mechanical strength and processing
characteristics.”

FTIR spectroscopy was employed not only
for structural analysis of chemical compounds but
also for the quantitative measurement of the degree
of conversion. The degree of conversion (DC) is a
critical parameter that directly influences the clinical
performance of dental materials. In general, a higher
DC results in a polymer with greater molecular weight,
thereby  enhancing  mechanical  properties.”
Conversely, the presence of unreacted monomers
can compromise both the physical integrity and
biocompatibility of the material. 3138

In terms of DC, the PBH resin exhibited a DC
greater than 95%, while the NDD resin achieved a DC
of only approximately 70%. According to previous
research, the chemical structure and composition of
photo-curable resins significantly affect polymerization

11,13,34-36

behavior. Bis-EMA resins with shorter ethylene

oxide chains tend to achieve lower DC compared to

11,1 . .
3 The inclusion

those with longer chain extenders.
of co-monomers such as UDMA may also influence
the polymerization process and influence DC values.”

Moreover, the DC can also be influenced by
several printing parameters, such as specimens layer
thickness'®, distance between the lisht source and the
cured material39, exposure durationﬂo, and the

0,41
" Furthermore,

characteristics of the light-curing unit.”
the post-curing process has a considerable impact on
the completeness of polymerization of 3D—printing
polymers.3 >z

Although alternative post-curing systems,
such as nitrogen-atmosphere curing or high-intensity
flash-curing units, have been reported to further
enhance polymer conversion, the post-curing
protocol applied in the present study was performed
in accordance with the manufacturer’s Instructions for

Use (IFU) for NextDent Denture 3D+. Specifically, post-
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curing was conducted at the recommended
temperature and duration, thereby reflecting a
clinically relevant processing condition. Therefore,
the reported DC values represent performance under
standardized  clinical  processing rather  than
experimentally optimized curing conditions. Future
investigations may explore optimized post-curing
strategies to further improve polymer conversion and
mechanical performance.

Flexural properties of the 3D-printed denture
base resin (NDD) were compared with those of the
conventional heat-cured denture base resin (PBH).
Although dimethacrylate-based resins are generally
expected to vyield stronger materials, the NDD
specimens demonstrated lower flexural properties
than the conventional PMMA-based PBH resin. This
result aligns with previous findings reporting that the
flexural strength of 3D printing resins is lower than
that of heat-cured acrylic resins.”

The high standard deviation observed in the
flexural modulus of the NDD group likely reflects
microstructural
DLP  additive

manufacturing process. In contrast to the uniform

structural anisotropy and

heterogeneity inherent to the
polymer mass achieved through conventional heat-
polymerization (PBH), 3D-printed resins are fabricated
in discrete 100 pm layers, where subtle variations in
lisht intensity, curing depth, and interlayer bonding
can influence mechanical stiffness. This interpretation
which
demonstrated that NDD achieved a significantly lower
DC (69.81%) than PBH (97.59%). The resulting polymer

network in NDD therefore contains a higher fraction of

is further supported by FTIR analysis,

residual Bis-EMA monomer and a less densely cross-
linked

mechanical behavior.

structure, contributing to less uniform

Although the present study included ten
specimens per group, which was consistent with the
specimen number commonly used in ISO 20795-
1:2013-based  flexural

testing protocols, future

investigations with larger sample sizes may help
further mitigate the influence of manufacturing-
related variability on flexural properties.

Two primary material-related factors may
further explain the lower flexural properties observed
in the NDD group: (1) the molecular structure of Bis-
EMA monomers, and (2) the overall degree of
conversion. Bis-EMA contains flexible ethylene oxide
linkages, which contribute to a softer and more
pliable polymer network. Consequently, the flexural
modulus and yield stress of the NDD resin were lower
than those of the PBH resin.""*!

In addition to structural flexibility, the
significantly lower degree of conversion (DC) in the
NDD resin indicates incomplete polymerization,
resulting in reduced molecular weight and increased
residual monomer content—both of which can

negatively impact mechanical strength. *°"*°

Despite
fulfilled the

minimum flexural strength (65 MPa) and flexural

these differences, both materials
modulus (2000 MPa) requirements specified in 1SO
20795-1:2013.%

Beyond intrinsic material composition, it is
important to recognize that the mechanical
properties of 3D-printed resins are strongly influenced
by printing parameters and  post-processing
conditions. Printing orientation is a primary factor
governing the layer-by-layer architecture and
mechanical behavior of additively manufactured
resins.”” Although a 0° (horizontal) orientation was
in  this structural

selected study to enhance

homogeneity and dimensional accuracy, other
orientations (e.g., 30° or 45°) have been reported to
improve flexural strength by altering layer alignment
relative to the loading direction.”

Post-curing is also critical for achieving
adequate polymerization, as printed resins often
remain partially cured following fabrication. Previous
studies have shown that flexural properties are

significantly affected by post-curing parameters such
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as polymerization time and temperature.46 The lower
degree of conversion observed in the NDD group
(69.81%) compared with PBH (97.59%) suggests that
the selected parameters may not have fully

optimized the polymer network. Incomplete
polymerization results in residual monomers that act
as plasticizers, thereby reducing mechanical
stiffness.”’ In addition, printing direction and layer
thickness have been shown to significantly influence
the mechanical behavior of DLP-printed resins."
Accordingly, the findings of this study should be
interpreted with caution, and future investigations
should explore the combined effects of build
orientation and post-curing conditions to further
optimize the mechanical performance of 3D-printed
denture base materials.

Nevertheless, continued refinement of 3D
printing parameters and post-curing protocols s
essential to improve conversion rates and elevate the
mechanical

overall performance of 3D-printed

denture base materials.

Conclusion

Within the limitations of this study, it can be
concluded that the 3D printing denture base resin
(NDD) primarily consists of Bis-EMA monomers with
chain extender lengths ranging from 3 to 7 ethylene
oxide units. The degree of conversion of the
conventional heat-cured denture base resin was
significantly higher than that of the 3D-printed resin.
As a result, the flexural properties of the heat-
polymerized material were superior to those of the
3D-printed counterpart. Nevertheless, both materials
demonstrated acceptable flexural
ISO 20795-1:2013

strength  and
modulus in accordance with

standards.
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Figure 1 QR code of the questionnaire
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Table 2 Opinions on marketing mix factors influencing service utilization at the student dental clinic
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Table 3  Opinions on marketing mix factors influencing service utilization at the student dental clinic, classified by personal factors

Physical
Process

(mean+SD)

Promotion
(mean+SD)

Place
(mean+SD)

Product
(mean%SD)

People
(mean+SD)

Price
(mean+SD)

evidence
(mean+SD)

Uadweuynna

LA
8 4.43+0.79 4.15£0.93 | 3.95+1.06 3.50+1.15 4.54+0.81 4.20+0.92 4.56+0.82
N, 4.50+0.75 4.22+087 | 4.00+1.04 3.48+1.10 4.49+0.83 4.25+0.88 4.52+0.81
218
20-29 ¢ 4.33+0.98 4.15+1.05 | 3.90+1.16° | 3.46+1.09 | 430+1.07® | 4.03+1.07* 4.22+1.04°
30 -39 4.58+0.53 4.27+0.80 | 4.13+0.85 | 3.85+1.00° | 4.64+0.52° 4.37+0.72° 4.61+0.59
40-49 ¢ 4.57+0.70 4.29+0.84 | 4.35£0.81%° | 3.62+1.25 4.50+0.6 4.41x0.75° 4.59+0.72
mqs‘]"’mi 50 Yuly 4.54+0.57 4.18+0.76 | 4.86+1.05° | 329+1.11* | 4.63+0.60° 4.44+0.77° 4.71+0.56°
TN
G/ wiine 4.49+0.76 4.34+0.81 | 4.18+0.95 3.76+1.08 4.52+0.80 4.34+0.85° 4.63+0.72°
SlamiRa/ gnadnsves
iy
g3naEIui/ Ave 4.62+0.51° | 4.16+0.82 3.9+0.99 3.51+1.04 | 4.72+0.51° 4.45+0.68° 4.75+0.56°
dndeu/ dndne 4.24+1.06™ | 4.05+1.11 3.96+1.15 337+1.11 | 4.22+1.13% 3.92+1.11%4 | 4.25+1.12°
NINUUTEINLDNYL/ 4.58+0.51° | 4.23+0.83 | 3.97+1.05 3.58+1.09 4.65+0.59" 4.33+0.75° 4.62+0.58°
andNwenIY
Wotw/ wivu 4.58+0.50° 4.32+0.65 3.92+1.01 3.29+1.22 4.63+0.52° 4.32+0.76" 4.62+0.55"
SEAUNNSANY
fniseyyes 4.52+0.73 4.17+0.88 | 4.20+0.87° | 3.54+1.14 4.54+0.80 4.29+0.89 4.61+0.76
USeyeyeis 4.46+0.76 4.23+0.88 | 3.85+1.15 3.49+1.10 4.50+0.81 4.20+0.89 4.50+0.82
aanIUSyayms 4.29+0.98 4.09+1.00 | 3.78+1.04° | 3.20+1.08 4.47+0.97 4.15+1.01 4.40+0.96
s8ldt
founin viiewiniu 4.43+0.82 4.18+0.9 4.00+1.04 3.44+1.09 4.42+0.88 4.05+0.92° 4.45+0.88°
10,000 U
10,001 - 20,000 UM 4.41+0.88 4.17£0.93 | 3.95+1.05 | 3.37+1.17° 4.45+0.93 4.23+0.97 4.47+0.95
20,001 - 30,000 U 4.62+0.45 4.3+0.77 4.13+0.94 | 3.83+1.00° 4.66+0.56 4.48+0.73° 4.73+0.46°
30,001 — 40,000 UM 4.48+0.80 4.18+1.00 | 3.99+1.25 3.60+1.09 4.50+0.90 4.26+0.97 4.58+0.82
110137 40,000 UM 4.54+0.63 4.16+0.88 | 3.80+1.04 3.31+1.14 4.67+0.58 4.31+0.76 4.60+0.59
ABmsrszAUSANs
dseiey/duan (Onlile)  4.55+0.62 4.27+0.80 3.92+41.11 | 3.66+1.06 4.63+0.69 4.39+0.76* 4.64+0.66°
vt/ Wnaems  4.51+0.70 4.38+0.78° | 4.13+0.95 3.49+1.13 4.50+0.78 4.30+0.85 4.66+0.70
avsUnimes 4.29+1.05 399+1.12 | 4.05+1.07 3.32+1.16 4.30+1.08 3.97+1.15° 4.26+1.13°
Anduseriudenu 4.49+0.68 432+079 | 3.98+0.88 3.51+1.12 4.52+0.70 4.32+0.66 4.63+0.59
B9 442+084 | 388+0.94* | 3.86+1.07 | 3.10+1.13" 4.44+0.86 3.86+0.97° 4.34+0.91

1Y

o Ao o : . : : o sa o Y oao o o aa & & o P P
[2e] m:ﬁ‘wwmauﬂuLLammmmLmeNixmﬂmqu’luﬂaamummﬂuuumuamﬂtymaanm (P<0.05) MUNsNaapUNevag (Post hoc) Aae3aHkiu-INUe
i

a

n

y funsUsuRuuuoueslstl gminnlfifessylivdduestiaduduyanaiiiinasotiadvdudssaumenisnanaiifidvinasonsliuimsna
Mupnssudn@nw

The same letters show differences were statistically significant (P < 0.05) between the groups in the same column.

The post hoc Mann-Whitney U tests with Bonferroni correction were used to identify the significance of personal factors on marketing mix

factors influencing service utilization at the student dental clinic.
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Research Article

Abstract

Objective: This study aimed to investigate the marketing mix factors influencing the utilization of dental services at the student dental
clinic of Thammasat University, and to compare these factors according to patients’ personal characteristics, including gender, age,
occupation, educational level, income, and payment method.

Materials and Methods: A descriptive cross-sectional study was conducted using an online questionnaire administered to 394 patients
who received services at the student dental clinic between February and April 2025. Data were analyzed using descriptive statistics,
including frequency, percentage, mean, and standard deviation. Inferential statistics were performed using the Mann-Whitney U test and
Kruskal-Wallis test to examine differences among groups.

Results: The three most influential marketing mix factors affecting the utilization of dental services were physical evidence, people, and
products, respectively. The least influential factor was promotion. Significant differences in perceptions of marketing mix factors were
found among patients with different ages, occupations, educational levels, incomes, and payment methods.

Conclusion: Marketing mix factors significantly influence the utilization of dental services at the student dental clinic. Patients’
perceptions of these factors are associated with their personal characteristics. These findings provide important input for improving

service quality and developing effective marketing strategies to better meet patients’ needs at student dental clinics.

Keywords: Faculty of Dentistry/ Marketing Mix factors/ Personal Factors/ Student Dental Clinic
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