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Abstract

Chlorhexidine (CHX) gel is a highly effective antibacterial agent. Nowadays, there are currently

no domestically produced or imported products selling in Thailand. Therefore, we came up with our idea
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of developing a 2% CHX gel at the Faculty of Dentistry, Srinakharinwirot University for use as intracanal
medicament. This preliminary study aimed to compare the efficacy against Enterococcus faecalis of the
newly developed CHX gel, the commercial product named ConsepsisV and a 2% CHX solution. An agar
diffusion test was performed in triplicate for each tested and repeated 3 times. The diameters of inhibition
zones were measured at 1, 7, 14 and 21 days. The two-way repeated measure ANOVA was used to
compare the mean diameters of inhibition zones of three medications at each time period.The one-way
repeated measure ANOVA was used to compared mean diameters of the inhibition zones of each
medication at the different periods of time. Results showed that there was no significant difference between
inhibition zones of newly developed CHX gel and ConsepsisV at every time point. Two types of CHX gel
presented fewer antibacterial property than CHX solution. At day 14 and 21, the newly developed CHX gel
and ConsepsisV showed no significant difference in the diameter of inhibition zones. In contrast, inhibition
zones of CHX solution at the day 21 were significantly smaller than those of day 14. It was concluded that
our newly developed 2% CHX gel is an effective and stable antibacterial agent against E faecalis

comparable to ConsepsisV.

Keywords: Enterococcus faecalis, Chlorhexidine gel, Inhibition Zone
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A e = @ A2 o & o o Aa T S T o
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~ wa A A a & o A v ' . Ad A a a
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A ' o AA Ao A A A ' ¥ 4
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Abstract

The objective of this study is was to compare the cleaning efficiency of two silicone mouth swab
heads to removing food debris in vitro. The methods were as follows: a silicone pad covered with purple
and extremely stick food was prepared as food debris deposits on a tissue surface simulation. Each silicone
head group was assembled with a tooth brushing machine V.P.2000 which delivered 2.45 N force with a
frequency of 75 round/min. Each group was assigned to generate surface brushing for 25 times. After
brushing, photos were taken, and the area of food debris removal was measured by using the ImageJ
software. The data were calculated the ratio for food debris removal of two silicone mouth swab heads
and then analyzed by Shapiro-Wilk's W test and an independent sample t-test. The results were as follows:
the means of ratio for food debris removal of silicone mouth swab heads MC 3 and SWU
prototype were 0.81+0.07 and 0.83+0.12 mm? respectively. No significant differences of the area of food

debris removal were revealed between MC 3 and SWU groups (p-value = 0.696).
Keywords: Oral Cleanser, Adult, Geriatric Dentistry
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NaIURIEMILE L snARiLINIWT A NRanAeTTouTesudUTuNey 10.0 Ga8faT inaeluuu

WHUEAlanNasoNtT a21un319 50.0 TafLNAT AINEID 135.0 FARLNAT AITNAWIVBIBIRITLAR?

= —

Yszunoh 3.0 UaaLNaT

AN 3 msm%wﬁ'uﬁ'sLLNw’ﬁﬁIﬂuLﬁaa‘imaaamwmm:ﬁmmsazauagj

2. ms‘maauﬂizﬁﬂﬁmwqﬂmtﬁé"smﬂ%amﬂﬁﬂu V.P. 2000

wradalanrinanuazaragastindaasaniuiaiesusaWuwy.P.2000 (Tooth brushing machine
V.P.2000, Warren Tech, NY, USA) ﬁﬁ@j’uﬁmﬁfﬂiw 250 N3 (2.45 Haaw) [9] tvag Fodurmavenss
AmnzanlumsudssTuilidszinsnmlunisisaasuenwns srurivesdalauuassudanunwan

%ﬁiﬂuﬁiﬁLLﬂuLﬁaqluﬁauﬂﬁﬂ

o
o o

NN 4 mia@]mm%ﬁ‘[ﬂmm:@uﬁmﬁfn WNAULAIaILYUTIWY V.P.2000

nagaulauaIa1La3a9utsIN® V.P.2000 Aa AINNL52 75 TaU/MIN LAURITR LANTUNRNWAIY Db
w3 lU R NALUTIN 25 30U LU aNARAULGAAZAIILRIILAINAIINWILHUTR LA lddron1waiaes
GIUNABITNIDNINAINDR HAAA N Olympus 3% OMD EM 10 MARK Il (Olympus OM-D E-M10 MarkIl
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Digital Mirrorless, Olympus Corporation, Tokyo, Japan) ﬁ'\‘imﬂ’n&mﬂ'ﬂdg{u W&d YAy F5.0 Arann’h

Taiaas (Speed shutter) WAL 1/60 A1A b (1ISO) LYiAL 1600

ANi 5 MwanedineaunudalaunadrnmImasay (A fe u‘%nmﬁﬂﬁummsgﬂﬁﬁ'ﬂaaﬂvlﬂ

laswdalaurinanuazanasadtn, B fe amwaiwaaammmmsﬁﬂ'ﬂamuagj)

3. V‘hmﬁmﬂ:ﬁmm@ﬁuﬁﬁnmﬁmummsgﬂﬁﬁ@aaﬂvlﬂ@ﬁsﬂ,ﬂnmm ImageJ (ImageJ, NIH,
USA) (winaiduasnsldasiuas)

M3AzRTa

1. sidFonsyoun laud duade (Mean) AN3i5831% (Median) @hmmﬁmmummgm (Standard
deviation)

2. DAV aRIIL

Lﬁaamnﬁ"sﬁ'ﬁﬁiﬂuﬁwmmazmwadmﬂ‘naamjmﬁaaﬂ'wmuquLLa:nﬁiw‘“’sasmwmaaﬁgﬂti’m
AN BIEUAZAINETIVIR ARl AULANAITH N SsuIfiB Ul sr AN n WS laurnanuazena
FoatnigesTiia 5\1nﬁm_lLﬁsummu@m@mmaaﬁwmﬁwmm’ﬁfuﬁﬁ%nmﬁm’mmmagnﬁﬁ@aanvlﬂ
I(ﬂﬂ%”ﬂ%ﬁiﬂ%ﬁﬁﬂawua:m@ﬁadmﬂwg{laamﬁmwia:ﬂ%Lﬁﬂuﬁumuwmv{uﬁgﬂﬁﬁ'@aaﬂvlﬂvlﬁz;mq@
Taowadalaurianuazonatosthnoiain

RN iagamimaauLwia:ﬂ%ﬁﬁwmlm”[umﬁmm:ﬁmaaﬁ&%aagmu mldannsduim
S9il

PWIANUNLIL mﬁﬂi’maﬂ%’ﬁgﬂﬁﬂﬁ?@ aan lUlaswadalauianuazanatastin

A A4 a A o @ o o Aaa A a o
mmﬂwuﬂmnmwgnma@aaﬂvl,ﬂ"lﬂgoqﬂiﬂﬂwaﬁnaiﬂu%u@L@ﬂaﬂu

MnuuisirteayafldnnnisdwisudazasinnfiansminisuanuasvestoyauuuldsUnd
(Normal distribution) laalg&A@T 1A 3-3a7 (Shapiro-Wilk's W test) LazNI1TMIANNUANASAUNIIFD A
283auL5drszuazudsanulaslsaiidnInazeuf (Independent sample t test) A A (p-value)< 0.05

= ' o [

fadnyfANIIEna

NaN13298
mmmﬁuﬁﬂ%wmﬁmmmmigﬂﬁﬁ'ﬂaaﬂvlﬂmﬂ%ﬁiﬂuﬁﬂmwazmﬂﬁmmﬂ NAANMH MC 3
fieiadn (Mean) iy 893.0 aTefiaAlun dudBauuaasziu (S.0.) Wil 71.5 amefiafiuns
mmﬂﬁuﬁﬂ%nmﬁmmmmsgnﬁwﬁ'maniﬂimm%ﬁiﬂuﬁﬂmma:m@ﬁaumﬂﬁmmu faady

(Mean) 1N 1,223.0 a1319888L003 ANDodiuuanasgIu (S.D.) Winnu 174.0 aN390a8LN03
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a a A ) A A a A o o Aaa °
mmhammzmwamsmm_la@mwnm@wu'nmnmﬂmmignmwaanMImmsﬁahummw
azam‘*ﬁaamﬂﬁaaawﬁmammﬂﬁ'uﬁﬁmmmmignﬁﬁﬂaaﬂvlﬂvlﬁqaqﬂiﬂﬂﬁ”ﬁ%ﬁiﬂuﬁwmwazmﬂ
Fa3tnTRaLasING

NANITAHITh

VL UFAFIRUIUNG B vics B swu

¥
A A

WWNLILIHDIRT
anfdaaanhl

UG W aa o
e $ TRARITALAUTI

0 ANNFTANATAS

AT 6 LNUNINNSBILFAIAINTEIULEAIA28 INSNALAD LA IR AR UALTIMETWS
anihdaeean lasiddlewhanuszanatenhnnisesriiadesiaiunngnidasenlddgga
TauriBalanrinanyaranataI nTRaLfsIN

A1319N 1 HANITANWI N IURARIUVWIANUNADIIY mﬁmmigﬂﬁwﬁ'@aaﬂvlﬂim URITAlANrNANNETR

T NARLUY 284 UeN @iamm@ﬁuﬁﬁmmmmsgﬂﬁ'\ﬁ'@aan"l,ﬂvl,@i”g\ﬁq@Imﬁ’s%ﬁIﬂuﬁﬂmwa:m@

Tasthnaiadaan
IRENAFDU mumﬁ'vuﬁu%nmﬁmmsg‘mﬁ’lﬁ‘maanvlﬂ NANMIFUWIUL AP UFAEIU
Tagwadalanrhenuszenagosthn
FULUY 2049 u.darMIaRKNNNTa
oanlldgegalaniadilaurhany
gzonagosl naialdoani
A1l 940.31:1,475.02 0.63
A2 1,107.34: 1,475.02 0.75
A3 824.18: 1,475.02 0.56
A4 1,227.75: 1,475.02 0.83
A5 1,160.13: 1,475.02 0.79
A6 1,310.44: 1,475.02 0.89
A7 1,389.52: 1,475.02 0.94
A8 1,154.52: 1,475.02 0.78
A9 1,434.47: 1,475.02 0.97
A10 1,457.88: 1,475.02 0.99
A11 1,377.52: 1,475.02 0.93
A12 1,343.59: 1,475.02 0.91
A13 1,230.32: 1,475.02 0.83
A14 1,234.34: 1,475.02 0.84
A15 1,321.02: 1,475.02 0.89
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Thanasau wumﬁfuﬁﬁnmﬁmmsgﬂﬁﬁﬂaanvlﬂ NAMIFWIRL D UFAR I
lasdalaurianuszanatadtin
ALY 209 um.viammmﬁuﬁﬁgnﬁﬁ'ﬂ
osanlldgegalaniadilauhany
gzanatastnaialfuany

A16 961.51: 1,475.02 0.65

A17 1,063.15: 1,475.02 0.72

A18 1,136.99: 1,475.02 0.77

A19 1,453.96: 1,475.02 0.98

A20 1,289.37: 1,475.02 0.87

A21 1,264.46: 1,475.02 0.86
Mean & S.D. 0.83+0.12

M15719% 2 Namsﬁwmmﬁmé’mmumm@ﬁuﬁu%nmﬁmmigﬂﬁwﬁ'@aaﬂ"lﬂimUﬁ”ﬁﬁiﬂuﬁwmwazmﬂ
H8911n MC 3 davnaiunnanuamisgnindaasn il ldggalasiadalewhanuszanatasninia

= [
LAEIN

IRENATOL mmﬂﬁ'vuﬁu?nmﬁmmsg‘mﬁﬁ‘@aanvlﬂ NANMIA W AN URARIU
lasdalaurianuszaiatadtin
AULLL VDI uﬂu.@iﬂmmmﬁuﬁﬁgﬂﬁﬁm
sanldldgegalaswadalauieiny

aranataslnTRaasIn

B1 868.76:1,092.60 0.79
B2 893.11:1,092.60 0.82
B3 898.32:1,092.60 0.82
B4 823.16:1,092.60 0.75
B5 1,010.34:1,092.60 0.92
B6 856.61:1,092.60 0.78
B7 959.73:1,092.60 0.88
B8 875.95:1,092.60 0.80
B9 812.20:1,092.60 0.74
B10 750.06:1,092.60 0.69
B11 787.14:1,092.60 0.72
B12 879.22:1,092.60 0.80
B13 1,011.87:1,092.60 0.93
B14 912.27:1,092.60 0.83
B15 946.32:1,092.60 0.87
B16 894.30:1,092.60 0.82
B17 849.07:1,092.60 0.77
B18 922.67:1,092.60 0.84
B19 1,026.71:1,092.60 0.94

16 | SWUCON2023



MIsz g ITINIRAUTE e 3987 uaziminddn deazdnd 2566
TWi 26 Anwou 2566

Thanasau mumﬁfuﬁﬁnmﬁmmsgnﬁﬁﬂaanvlﬂ NAN IR B ABURAEIW
laswdalaurinanuszanatastin
ALY 209 um.viammmﬁuﬁﬁgnﬁﬁ'ﬂ
sanlldgogalaniadilaurhanny
gzanatastnaialfuany

B20 875.75:1,092.60 0.80
B21 904.75:1,092.60 0.83
Mean & S.D. 0.81+0.07

3mezﬁmmﬁmmwaaﬁa;&aﬂ'ﬂ5’@151dauﬂa:ﬁw%mwmsﬁﬁ'@mmmmwaa%ﬁiﬂuﬁwmm
szanagesthnrisaessiia shiaas 21 asslagldaiamRlsadarn Shapiro-Wilk's W test Wudn ¢l (p-value)
wihniy 0.302 3aaqulddn dayauanuasldaung

ATTAANVUANG ARSIV IAILUTBRTY (ﬁ'ﬁﬁiﬂuﬁ’]mma:m@ﬁmﬂmﬁmaﬂﬁ@)
uazanlsany (Naﬂ’mﬁzmé}'@fs'nwum@ﬁuﬁﬁnmﬁmmmﬂﬁﬁ'ﬂaaﬂvl,iﬂ,@Uﬁ'ﬁﬁiﬂu%ﬂg\mawﬁ@
@iammﬂﬁuﬁﬁﬁﬁ'@aaﬂvLﬂvl@Tgaq@Iﬂw”as?jﬁiﬂuﬁﬂmmaxmwﬁaaﬂm"ﬁﬁmﬁmﬁu) laglaaiidnmmeseay
1 (Independent sample t test) WU @A LYINNU 0.696 ﬁm;ﬂvl@i”d'l linuanuuansdsatnsdivodeny
maaﬁﬁmaaﬁuﬁu’%nmﬁmmigﬂﬁ'ﬁi”ﬂaanvl,ﬂi:ijﬂd:w”a%ﬁiﬂu MC3 A nsjuﬁ’ss’ﬁﬁiﬂuﬁmmu
URININRBATHATUNTI LTl

aqﬂuazaﬁﬂswwa

mu%’ﬂﬁﬁmmq\mmmﬁaﬁﬂmm%‘ﬂuLﬁwﬂnﬁw%mwiuﬂﬁﬁwmma:m@maaﬁae’ﬁﬁiﬂu

o [} a . 6 o @ Aaa v v a wa aa
NaNEzaNaTaIlIn NRANH MC 3 ﬂu%asnaiﬂu@mmui@U‘n@aaulu%mﬂgumm‘i 'Yl@ﬁﬁ]‘l_l‘ﬁa]:ﬂ%

[
A aa

mjm”’;azhwﬁm: 21 959 a’gﬂwavlﬁ@”a@iavlﬂu FalawrnanuazonatasthnnszesrhadUssansam
lunshiaauavsliuandnani
muﬁ%ﬁ'ﬂfﬁ‘j{lLﬁmﬁaﬁﬂmLiﬁsmLﬁﬂuﬂizﬁ‘ﬂ%mwmaa%ﬁiﬂuﬁﬂﬂawuazm@ﬁaamﬂaawﬁ@lumi
ﬁ'}?ﬁ'ﬂmwummﬁaLﬂuqﬂmtﬁﬁlﬁm%miﬁﬂmwua:mmﬁaaﬂ’mmaq@'}’gamqﬁﬁma:ﬁaﬁd lasyinns
NAROUAIHLA3ILUTIN V.P. 2000 NM3enB1U89 Marino wazams [10] lud a.¢. 2016 lévinnsd@nsn
nﬁsmﬁﬂuﬂizﬁ“n%m‘wqﬂnini‘ﬁ'lfﬁ']m'lua:m@ﬁauﬂmiuﬁﬂaUﬁﬁma:mm:mﬂ@Uﬁ'm'liﬁnm
ﬂizﬁwﬁmwmaaﬁ”’mﬁ’m’nm:amﬁaamnﬁ'mt,ﬂiaﬁﬂulu;&”ﬂ'sﬁﬁlz«iﬁaﬁ'mmﬂ% WUIUTEENTN WD DY
qﬂmniﬁ'lmmazam’ﬁaamnﬁaaaa’ﬁﬁ@vl,ajl,wm@haﬁ‘u wazgaaadoInunsanu lunssfinyii
Useansnmaasdalaurnanuazanatasiinnssassialiuand1sin laodalawinanuszanagasin
NAAA D MC 3 LAzAULUL ﬁmmﬁﬂLLa:mLﬁmmummgmmaawamnﬁnué’@d’mmm@ﬁuﬁu?nm
ﬁ'mmigﬂﬁ%ﬁ'@aaﬂvl,iJ@iamm@ﬁwuﬁﬁﬁﬁ'@aaﬂvlﬂvlﬁgaqmiﬂw”';%aiﬂuﬁwmwa:mmﬁmﬁmﬁ'u Winny
0.81+0.07 uaz 0.83+0.12 muday udasdanwm=vasidalawisnumssasmvesandalawiazainu
8M2IMIER lauuanersnuasnd lsneulunséinsaes Sripriya wazame [11] 1l a.a. 2007 laToan
Namsﬁﬂmﬂi:ﬁﬂﬁmwmaagﬂLmumsﬁmﬁ"mawmmsaﬁﬂmmu@m qiunﬂia@ﬂiﬂuqﬁuﬁﬂwudﬁ
fuszansnwlunmsvinanuazana s liuandami dwsulndasnnuenivesiinysein unwnaniae
qmmwﬁaamﬂﬁﬂmmaammu%msﬁmﬂéaam 112] lud a.¢. 2023 31891937 ANNIVEIRINL TN
ANURINZFN LYW ATBITaIUNN T Nad 01T ANT AWM TN U0 IuL S9EWHA TWaussRuandnanuiin
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I@mmmmwaaﬁ";LLﬁJsaﬁmmmumumq“uaa;ﬂfl“ﬁmu ANNENVBIILLTIFWILLAN 878 0-2 T 1y
15.0 §afiuay 818 12 4wl 1vinny 25.0 Gasuas lun1s@nwfiauianue109%2 58 A
1A NEze1aTaIU NG RLLLYEY UM WAL 24.0 TaBLUAT FID1INTIVUIAANLIIVBIRITE LA
Fanuszonatestin MC 3 Seflanuenawiniy 18.0 Sasiuas

ﬁmimaauﬂszaﬂﬁmwmaaqﬂmrﬁ'ﬁwmwua:am‘ﬁaamﬂﬂfuﬁ%mrmmU;J'ﬂu,utu sl
’i%ms‘n@aauiuﬁaaﬂg’jﬁﬁmmazmaaumﬂ"ﬁmuhmjuﬂuﬁlsl"ﬁmm‘%a V% N13AN®I28Y Bizhang
wazame [13] 9 a.a. 2017 ldvinnsnagounsanvesuuul saRuwluan1zs1asnsusauwLilawu
va9ue (Dentine) lurasulfians Tasin3osilafldnagounisise fo 1a3asullsoWi DentTest H910389
LLﬂNﬂumﬁﬂﬁgﬂﬁwmﬁumﬁw%%’uiﬁwwaaumsﬁwmwazm@ﬁﬂ@ﬂmiﬁwmu"nauﬂ%amﬂﬁ Wik
§ 2 upy Ao wisaumeanasnulniuazulsiiumeaile LaznsdnB1a9 Schatzle uazame [14] 1 a.q.
2008 lavimsdanmnyszaninnlunisvieainuszeanaesulseimuusiimsauiaodafiltdad awe
(Bracket) lagiaasiiofldnasaumsisy Ae wissudsavusaludd duiefiamimiudsadniuniess
Wusaluddudr mivhouseseiasudssiudsnsuemsadonivosiudsiwuyldussnay Tagniea
w9l ssudaiuaiasfefiltdadanu senndosnvlunisdnuiseiiiunsdnsioniisy
Uszansanlumsvienuszenavasdalaurinanuszaratesdnrasessie d9lfe3esiionldnagoy
M35y Ao 1e309u39Ws V.P. 2000 I@Uﬁmiﬂizﬂqﬂﬁm%adLLﬂiaﬂumWﬁm%’umsw@aauﬁ’a%ﬁiﬂuﬁw
ANNFza1aTeILn MsTuseatnIasulssNuisnwmemaedeuwivesndsuuulluaznay Tagwin
@T@mam”ﬁﬁiﬂué'uw”aﬁuﬁuﬁa%ﬁiﬂuﬁslﬁmmﬁaqlu‘*ﬁaamﬂ agnalsfiaudosinavesinIosnlsanm
AW Ao anwmEMIARouATaIRILLTINI 0 ITA lawa R W IR 89U Tz LA BNt 59l0mi as
é‘ﬂwmzmﬂﬁmm%ﬂun@anmﬂq‘ﬁ'ﬁm:}:ﬁaﬂa%u%”a%ﬁiﬂuﬁﬁﬂaﬂma:m@ﬁaamnﬁé‘ﬂﬂm:mﬁiauﬁ
WAHUWINTOUNW

d A A 4 v @

qﬂnini‘ﬁ']mma:m@ﬁaaﬂmﬁm%’uEij”gmmqﬁﬁm'stzwuwawﬁsulﬂﬁﬁ’ﬂuﬁaqﬁu L AT B

(2
= ad

fMunasinrauazanatesln ﬁﬁaﬁmaoqﬂmrﬁmmﬁ fa AT TlFuNY wadatFaATIBIn
qﬂ'ﬁmsnimaaaa@i’nsmuqu@i’mmﬂmﬂtTLLa:Lwﬁ'mGVT Uszinaaange [5] wuin Inuwesinviaaiw
franaTaIlIn u%nmdmﬂaaﬁnmgﬂLiwvlﬂ’lwﬁaoﬂﬁﬂmmﬂ%\imlu;ﬁamq I 13 318 wazlud a.a.
2016 JN13RNEREWIANIINNNIVINAINFzaTasUNTRa NG tdun Falaurinanuszaiataslin
NAAN DM MC 3 1‘*1‘1”@%1%%’uﬁ’1§'@1mmmmsﬁﬁ@ag;u%nml,ﬁalﬁaéiauluﬁaamﬂ ﬁaﬁ'lmgjmiw”wmqﬂmni
° A ' ° va A A A o . a = | o
anuaza1antslutesdrinuazaivisarinulad Juscinsaiw ldudne wm’lmwumvl,m'];@
a . o o Aa o v A & o
Lammsmmmfzmmmmaqmmmﬂaa@msmmmiwamqﬂmmmmwnsﬂ@ [15-16]
luﬂi:mﬂamwmmﬁmﬁnwﬂﬁﬁiwﬁwmma:mmaamﬂiumig}LLaﬁ'lmma:mMaoﬂ’m

%

;dqamqﬁ'uas'w,l,wi%mﬂ Taglawnzdalawianuszonatestn naasmet MC 3 Selusiwiuasdalon
Faduusiimildinanuazonatostin Sanwmensisesdivosandslonduwiuinsilassounssn
ﬁmiﬁﬂmluqﬂmtﬁv‘hmmazm(ﬂ“ﬁmmﬂﬂs:waflﬂﬁl,ﬁmﬁ'ul,ﬁmﬁ'uﬂs:ﬁw%mwlumsﬁﬁmma:m@
infiae MIAnEFULIUN TN Aa ML TIERRLULLUUIIY woudnusn WUDARK WU
Uszansanlunisvinanuazatanulinand19iu uaszazianlensud iuiiuunduinade
Uszininwlunisiidaanuydunid %aquﬁwqwﬁ‘nmLLa:mma@]‘?anmUqLLmﬂs:mmﬁ'ﬂu [17]

1 a.a. 2014 lalaua LL%’JY]’]GE‘%’]%%’Uﬂ'liE]E]ﬂLLlIlIQﬂﬂiﬂiﬁ']ﬂ?’mﬁzaﬁ@‘ﬁadﬂﬁﬂ‘ﬂadl’ggd 21 UqI@ﬂLﬁWWz
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o { A a & ° ' o & A 4 4
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MsAnEtinseanuuugalanrinanuszanateId naunuulREIuriIve95aland 2 anuo
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FIWANNDTI AN UTEANT NN IUAIAIAATIUBIWITATLHZAMUAUINLANFINRLUATIVBIWITUTII
a o =2 a A ° = o ' ' A X 4d a A
WAEINK WazANNNANIIANBUUTI U DU asA1TEI U DAL UI AT EIRARRLIWIANUA LTI N AT
mmsgﬂﬁﬁ'@aaﬂvl,ﬂwuiw FalanrinaNyazaIaTaIt naduLuuiIIanIUa v NIt luaasain
1.3 ¥N2898R laurinauRze19TaILIN MC 3 8819 bsAMNNNIANE U8 Oliviera wazane [18] 1ud a.a.
A ) = ~ a a a A Aaf da o o o o a A6
2011 mmnumwmmLﬂmummJﬂsza‘nﬁmwma:jmJiaaﬁu‘ﬂuwu‘nmauwalumsmmmwm;aumwu
A A ' o ° 2 a A ' = 'y a Aa o o A A o
AINUALANGAIINH LaarinnsAn IS ouisUsznIInl I FR RN ALINTRILUTI 3 192 Aa Araudse
MUBANIER FIRA MY 88 UA M RUEFRINUEIULAY BauUTIaUERIzd daumulanuunna b auEga
WUAUAY B T9a U aABI9e T nmwl s uvund M RNHFRIN U UUALADY NULUTIRNRANLALD
Aa o o a ad) oo . A A a @
mmthwnummmuﬂﬂ@mlwﬂuagm‘lﬂwmwﬂi:ammwmmu
v o @ = & A o 2 & A9 o A
23 1NAVBINITANBIRAD anwm:maauvlmmaaqﬂmmmm:ﬂhwﬂaaummmmaauvlm
Talunurszuiuiden LL@ilumm:ﬁLﬁaifuwua}%aﬁ'u;‘Tgamq gﬂ”@LLaﬁ]:ﬁaﬁuqﬂmzﬁmﬁvlﬂluﬁmﬂ'mLLfoi”';aaﬂ
4 o 04 a v v lé 4 aa d‘y =3
LLiaﬁmﬁammmmmm‘imnmm:vgmmu FaduniTafonlninaiaié msﬁﬂmugﬂuuumsmu
ﬁagmﬁaﬁwmﬁwmﬁmmzﬁ Wumsansnwudind ldsunsudiamzinin Imaged insdansnvasit
Tsuauazame [19] Jud a.a. 2018 e300 MIUToUABLUMTIANUNBHAFIBATANTINALFUT DL LKE
vuusnlandrldiaIasiauuiauna Visitrek™ wazldsunsy Imaged Tavwaunala laiuand19annung
A a =2 AR o a & a & A
ANTUWINTI I Iansnidei ldsunsumsienziaiw Imaged anlglunsiiamnzinwiiarswe
AunuInafenuamsgnidaeantd adlsianunwdsdanuiududasgniivednds 9 anane
LﬁaiﬁLﬁumauqu%nmﬁﬂs'mmmignﬁﬁ@aaﬂvl,ﬂﬁ%’mau D99zEINITRIAINERIMIANUNBBNNN
A & A ' Ao o A & A a A o @
Sﬁwm@wuﬂmwmwmmm”l@]mniﬂmﬂmmﬁmmcﬂmaauvl,ﬂmﬂwuﬂml,mmmmmmignmw
aanluluminasavasilann
a o a o ° ' o o o Aa A A &
mi'mU’Luamﬂmﬂmmqﬂmnimmwa:mmaaﬂmmmuaqamqmm’;zwowmu sUuuy
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Abstract

This study was conducted to evaluate the surface hardness properties of PMMA denture base

acrylic resin containing nano-sized surface pre-reacted glass-ionomer (S-PRG) filler compare to 20 wt%
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micron-sized S-PRG filler, which is practically used in clinic. Total thirty-six discs were prepared by ready
mixed polymer powder of polymethylmethacrylate (PMMA) containing 0 (0%), 5 (n5%), 10 (n10%),
20 (n20%), 30 (n30%) wt% nano-sized and 20 (m20%) wt% micron-sized surface S-PRG filler. After water
storage at 37+1°C, The surface hardness (n = 6) of all discs were measured using vickers micro hardness
tester. There was statistic non-significantly change to surface hardness of the denture base compared to
all groups. Adding nano-sized S-PRG filler did not generate any significant change on surface hardness

compared to denture base acrylic resin containing micron-sized S-PRG filler.

Keywords: Denture Base Acrylic Resin, Nano-Sized S-PRG Fillers, Micron-Sized S-PRG Fillers,

Mechanical Properties, Surface Hardness

Introduction

The prevalence of tooth loss due to dental caries and periodontal disease from wearing removable
partial denture are increasing in eldery, (Drake, 1993; Pietrokovski, Azuelos, Tau, & Mostavoy, 1995)
[1-2] along with denture stomatitis disease. (Kamijo et al., 2009; Gendreau & Loewy, 2011) [3-4]
The common etiology of these diseases associated with inadequate cleaning around abutment teeth
anchoring to removable partial denture and microbial plaque accumulation on the intaglio surface of resin
acrylic dentures base. (I. A. Al-Bakri et al., 2014) [5]

The developed Polymethyl methacrylate (PMMA) denture base acrylic resin materials containing
surface pre-reacted glass-ionomer (S-PRG) filler, is a material of choice that has the potential property of
both being able to release fluoride and recharge after contacting with fluoride solution. (Kamijo et al., 2009)
[3] Mukai et al's report demonstrated that the denture base acrylic resin containing S-PRG filler can inhibit
dentin demineralization, which may help reduce root caires on abutment tooth. (Mukai et al., 2009) [6]
Wearing fluoridated denture plays a key role for caries prevention by acceleration of remineralization and
inhibition of demineralization, anti-plaque effect, acid neutralizing capacity, inhibition of sugar metabolism
induced by Streptococcus mutans (S. mutans) and inhibition of enzymatic activity of periodontal pathogenic
bacteria. (I. Al-Bakri et al., 2014; Nakatsuka, 2018; Tsutsumia C, 2016) [7,8,9] In addition, the filler can
release six types of ions (Na*, Sr?*, Si0%, AI**, BO*, and F’). The ability of these multiple ions to kill
Candida albicans (C. albicans) and/or inhibit its growth may be beneficial to reduce the risk of denture
stomatitis. (Tsutsumia C, 2016; Kaloriti et al., 2012) [9-10].

Incorporate of 20 wt% micron-sized S-PRG filler in PMMA denture base is in compliance with ISO
20795-1 requirements with regard to flexural strength of denture base material and this concentration also
effective in releasing and recharging fluoride ion from PMMA denture base acrylic resin. (Kamijo et al.,
2009; Mukai et al., 2009) [3,6] Moreover, there is a clinical study of the effect of patient wearing PMMA
denture-base acrylic resin containing 20 wt% micron-sized S-PRG filler for 1.5 year and investigate
the fluoride concentration in saliva for effective caries control property. The results demonstrated that
although PMMA denture-base resin containing 20 wt% micron-sized S-PRG filler has initial fluoride release,

the releasing range was short and the long-term of sustained releasing still required a regular fluoride
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recharge regimen. (Kiatsirirote, Sitthisettapong, Phantumvanit, & Chan, 2019) [11] Accordingly, the present
study would use the denture base containing 20 wt% micron-sized S-PRG filler as a positive control group.

There are many physical properties that can be used to assess the strength of denture base
materials, and it is beneficial to evaluate the surface hardness of new denture base material, as this
property influence the clinical performance and long-term success of it. If the dentures are manufractured
with harder acrylic resins, they are prone to be more resistant to all forms of damage. As a result, it is less
likely that abrasion or scratching from wearing or cleaning denture will occur easily. The higher surface
hardness indicates the proper material selection. Moreover, acrylic resin with low surface hardness tend
to be damaged by brushing, which finally results in increased surface roughness. The suitable method to
determine the surface hardness is the Vickers hardness (micro-hardness) test, which demonstrate the
capacity of the material to resist the penetration of specific load. (GAD, 2018) [12]

Although PMMA denture base acrylic resin containing S-PRG filler has multi-ion release capability
that can solve many issues from wearing removable partial denture, (Kamijo et al., 2009; Tsutsumia C,
2016) [3,9] adding the micron-sized S-PRG filler, which has mean particle size as 3 ym, (Nakatsuka, 2018)
[8] to resin acrylic can also compromise its mechanical properties. (Kamijo et al., 2009; Okada, Shiga,
Sakurai, Hasebe, & Noda, 2014; Naoyuki Kaga, 2023) [3, 13-14] Lately, the new technology of nano-sized
S-PRG filler from conventional synthesis methods (modified grinding process) has been launched. This
technology offers fine grained and higher surface area filler compared to micron-sized S-PRG filler. Nano-
sized S-PRG filler has been reported to have superior ability to maintain the highest multiple ion-release
levels among submicron- and micron-sized S-PRG filler throughout the 24 hours mixing duration and might
further enhance the bioactive effects derived from fluoride release when it is applied in denture base resin.
Moreover, nano-size filler's mechanical properties and surface characteristics is expected to build up along
with bioactive effect fluoride releasing ability. (Nakatsuka, 2018; Jitaluk, Ratanakupt, & Kiatsirirote, 2022;
Watcharapong, 2021) [8,15,16] Unforetuatly, the effect on surface hardness by adding nano-sized S-PRG
filler into PMMA denture base acrylic resin have not been evaluated.

Therefore, this research aimed to investigate the surface hardness of PMMA denture base resin

containing nano-sized S-PRG filler compared to micron-sized S-PRG filler after water storage.

Objectives

To investigate the surface hardness of PMMA denture base resin containing 0, 5, 10, 20, 30 wt%

nano-sized S-PRG filler compared to 20 wt% micron-sized S-PRG filler after water storage.

Methods

Sample preparation

The 5 (n5%), 10 (n10%), 20 (n20%), 30 (n30%) wt% of nano-sized and 20 (M20%) wt% micron-
sized S-PRG filler with average particle size of 0.4 ym and 3.0 ym respectively (kindly supplied by Shofu
Inc., Kyoto, Japan) were added to PMMA powder (URBAN RESIN®, clear pink, Lot 081904; Shofu Inc.,

Kyoto, Japan) from manufacturer by weight and dispersed with mixing machine for 15 minutes. Thirty-six
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denture base acrylic resin specimens containing well dispersed S-PRG filler were fabricated from brass
mold into disc shape (15 x 3 mm diameter, n = 6). Mixing ready-mixed PMMA powder with liquid methyl
methacrylate monomer (Lot 062168; Shofu Inc., Kyoto, Japan) at a ratio of 10 g /5 ml at room temperature
in accordance with the manufacturer’s instructions. Once the mixture reached a dough stage, it was stored
in container for 20 mins and poured into a mold space and covered with thin plastic wrap. The brass mold
with the lid will be pressed under pressure 6.1 MPa. The wrap was removed, and the excess resin acrylic
was trimmed. Then, the brass mold with lid was trial packed again and kept under the same pressure for
30 mins. The mold was immersed in a heat-retention bath filled with hot water of 70 C, and the temperature
will be increased to 100 C at the rate of 1 C/min. The temperature was maintained for 60 mins, followed
by cooling to room temperature. Each specimen was taken out from the mold. Excess resins were removed
with a tungsten carbide burr (HM251FX-040-HP, Meisinger, Centennial, CO, USA) then using a 600 FEPA
abrasive paper under running water. Next, fine pumice dust (Steribim super, Bego, Bremen, Germany)
was mixed to an equal volume of water for polishing the specimens with a soft bristle brush. The accuracy
of the dimensions (width and depth) were verified with a micrometer at three different locations in each
dimension. Then, the specimens were stored in distilled water at 37°C for 72 hours. After water storage,
six specimens for each group were tested for Vickers hardness (HV) at room temperature using a micro-
hardness tester (FM-800, Future-tech, Japan) with applied loading of 300 gf for 15 s. (GAD, 2018) [12] A
previous study estimated the sample size from G*power (X = 0.05, and power = 0.80). (Naoyuki Kaga,
2023) [14] One indentation were randomly made on each specimen. The two diagonals length of the
indentation were measured and calculated the value of the hardness by using the following formula;
HV = 1.854 F/d
® Fisload (Kg)
® d is arithmetic mean of the two diagonals, d1 and d2 (mm)

The hardness values from six indentations of each group were calculated to be an average to
obtain means hardness value.

Statistical analysis

Data were analysed with SPSS statistics software version 24.0 for Windows. First, the normality
test was used to determine if the data set has a normal distribution. Then, the differences between group
on the average of surface hardness value were analyzed by one-way ANOVA followed by the Tukey’s

Honestly Significant Difference (HSD) post-hoc test (P S0.0S) to determine differences among the means.
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Results

After polishing, the disc specimens showed different appearances among the groups (Figure 1).
Denture base resin containing 20 wt% micron-sized S-PRG filler (f) showed the most similar appearance
to control group (a), while denture base resin containing nano-sized S-PRG filler (b, c, d, e) showed high
amounts of white spots following the increasing amount of nano-sized S-PRG fillers in material. These
white spots were the result of the white agglomerations of nano-sized S-PRG filler from ready mixed PMMA

powder

Figure 1 Disc PMMA denture base acrylic resin.

(@) 0%, (b) n5%, (c) n10%, (d) N20%, () N30%, (f) M20%.

The loose white agglomerations of nano-sized S-PRG filler (Figure 2, a) collected from PMMA
powder containing 30 wt% nano-sized S-PRG filler (Figure 2, b) were investigated for mean particle size
by using Zetasizer nano ZS (Malvern instruments limited, uk). The agglomerations of nano-sized filler
were diffused in de-ionised water and disintegrated by ultrasonic bath for 5 minutes. The 0.39 ym mean
particle size value can be detected, (Jitaluk et al., 2022) [15] which corresponds to the mean particle size
value of nano-sized S-PRG filler repoted from Nakatsuka’s and Mayumi’s reports, 0.4 um and 0.48 um

respectively. (Nakatsuka, 2018; Mayumi et al., 2021) [8, 6]

Figure 2 (a) Loose white agglomerations collected from PMMA powder containing 30 wt% nano-sized

S-PRG filler, (b) PMMA powder filled with 30 wt% nano-sized S-PRG filler.
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The mean vickers hardness for each group are pesented in Table 1. From the result of the
Shapiro-Wilk test, the p-value is 0.253, meaning the null hypothesis is not rejected. This mean vickers
hardness value can be assumed as a normal distribution data set. The mean surface hardness of denture
base acrylic resin containing 0, 5, 10 wt% of nano-sized S-PRG filler is slightly lower than the surface
hardness of 20, 30 wt% nano-sized and 20 wt% micron-sized. Mean surface hardness of the denture base

acrylic resin of all groups recorded statistically non-significant (P>0.05).

Table 1. Vicker hardness of PMMA denture base acrylic resin.

Group HV S.D. P value
0% 19.25 0.60
n5% 19.16 0.57 09
n10% 19.63 0.97
n20% 20.40 0.80
n30% 20.61 1.11
m20% 20.17 1.04

*The mean difference is significant at the P <0.05.

Conclusions and Discussion

Poly (methyl methacrylate) or PMMA has been the material of choice for fabrication of removable
denture base since 1930s due to its properties such as low water sorption, dimensional stability and
uncomplicated fabrication process. Nevertheless, the most common problem of using acrylic removable
partial denture was plaque accumulation and low durability of the denture base. (Chitchumnong, Brooks,
& Stafford, 1989; Stafford, Bates, Huggett, & Handley, 1980) [18, 19]

In this study, the surface morphology of denture base acrylic resin containing nano-sized S-PRG
filler specimens showed higher amounts of white spots compared to negative control (0%) and positive
control group (m20%) when observed with eyes (Figures 1). The white spots derived from the loose
agglomeration of many nano-sized S-PRG fillers, which should be separated to be an extremely small and
invisible particle, mixed well with other components of acrylic powder. These agglomerations needed more
consideration to separate by gently pressing the powder through the plastic bag until it turned into a
homogeneous powder before mixing with monomer, otherwise these agglomerations could act as voids in
the acrylic resin specimen after polymerization. This extra procedure in the mixing process is considered
as technique sensitivity. Observed with eyes (Figure 1), it can be assumed that the higher concentration
of S-PRG filler in PMMA powder, the higher of void volume in resin acrylic specimen. This agglomeration
of nano-sized S-PRG filler might reduce the mechanical properties of denture base acrylic resin due to the
increase of porosity in the specimen. This is consistent with findings from previous study which suggested
that adding fillers to heat-polymerizing PMMA resin for reinforcement may increase the fracture risk instead

of preventing it. (Gad, 2017) [12].
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From Naoyuki’'s report, the interaction between S-PRG filler and resin matrix was observed by
SEM. SEM observation of resin acrylic specimens showed that S-PRG fillers were diffused uniformly into
the resin matrix and simply embedded in the matrix, but not chemically bonded to the matrix. The increasing
of S-PRG filler might be a factor that would not strengthen the resin matrix. High amount of nano-sized S-
PRG filler had a tendency to agglomerate, owing to the attraction between nanoparticles. It reduced the
interfacial area between the nanoparticles and resin matrix. Consequently, the flexural strength of PMMA
denture base resin containing nano-sized S-PRG filler was lower than PMMA denture base resin containing
micron-sized S-PRG filler with equal amount of S-PRG filler by weight. (Jitaluk, 2022) [15].

Another study on nanomaterials for biomedical applications indicates that the aggregation of nano-
sized particles in any solvents is the most common problem of nanomaterials, owing to their higher free
surface energy. As a result, it is necessary to consider not only the fabrication of the ultra-small particle
size, but also the stability of the prepared nanomaterials against aggregation before employing
nanomaterials for biomedical applications.(P. N. Navya, 2016) [20] For this new nanoparticle technology,
using silane treatment for bonding the PMMA powder and S-PRG filler or mixing S-PRG filler into liquid
monomer instead of acrylic powder, might generate the better interfacial bonding and homogeneity of the
denture base. (Kamijo, 2009) [3] (Naoyuki Kaga, 2023) [14].

The surface hardness measurement is an indication for understanding resistance to plastic
deformation and provides insight into the cutting, finishing, and polishing fulfillments. (Naoyuki Kaga, 2023)
[14] Surface hardness investigated in this study showed no statistically significant difference between
groups, which is consistent with Naoyuki’'s report. They reported that there is no significant differences
between the Vickers hardness values of auto-polymerizing acrylic resin containing 10, 20, 30, 40 wt% of
size 1 and 3 ym S-PRG filler and control group (0 wt%) (Naoyuki Kaga, 2023) [14].

On the other hand, the result was inconsistent with Okada’s study. They reported that an
increasing of 5, 10, 20, and 30 wt% micron-sized S-PRG filler content in acrylic resin correlates with
gradually decreasing in surface hardness (HV) and statistically significant decrease at 30 wt% micron-sized
S-PRG filler. They also recommended that the denture base resin containing only 5 — 10 wt% micron-sized
S-PRG filler showed better mechanical properties compared to higher concentration. (Okada et al., 2014)
[13].

It was also inconsistent with Watcharapong’s study, which investigated the surface hardness
(Shore hardness) of tissue conditioner containing 0, 2.5, 5, 10, 20 ,30 wt% nano-sized and 10, 20 wt%
micron-sized S-PRG filler, that the more amount of both nano-sized and micron-sized S-PRG filler, the
less surface hardness of tissue conditioner at day 7. (Watcharapong, 2021) [16].

Fortunately, in this present study, adding nano-sized S-PRG- filler was not deteriorate the surface
hardness of PMMA denture base as adding micron-sized S-PRG filler.

Finally, our ultimate goal in this study of the denture base acrylic resin containing nano-sized S-
PRG filler is to provide our patients with the most effective denture base material. Therefore, it's a good
initiation that denture base resin containing nano-sized S-PRG filler, which was claimed as the highest ion-

releasing rate S-PRG filler, (Jitaluk et al., 2022) [15] has no statistically significant difference in surface
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hardness compared to those positive control group, denture base acrylic resin containing 20 wt% micron-
sized S-PRG filler. The results in this study lead to the conclusion that addition of less than or equal to 30
wt% nano-sized S-PRG filler would not significantly change the surface hardness of heat cure denture

base acrylic resin.
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Abstract
The purposes of this study are as follows: (1) to study the learning achievement of Mathayomsuksa
Il students on parallel lines after being taught with Open Approach. The participants were 41
Mathayomsuksa Il students at Suksanareewittaya School in Bangkok, Thailand, in the second semester of
2021 academic year. The instruments used in this study were as follows: (1) 10 lesson plans that allowed
students to learn the topic with parallel lines. The students were said to have learning achievement if they

scored 60% or more on test. The collected data were analyzed using basic statistics and a binomial test.
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The findings of this research were the learning achievement of the students who passed the criteria of

60% with a statistical significance at the level of .05

Keywords: Open Approach, Parallel lines, Learning Achievement
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Abstract

Most plastic food packaging is disposable and not biodegradable. This creates a large amount of
waste that pollutes the land and marine environment. Developing biodegradable materials is another way
to reduce the use of materials from non-biodegradable petroleum sources. Polybutylene succinate (PBS)
and thermoplastic starch (TPS) are biodegradable and non-toxic polymers. They can be used as packaging.
However, they have low compatibility. The compatibility between the two phases was improved by grafting
PBS with 10 wt.% of glycidyl methacrylate (GMA) (PBS-g-GMA) and using 0.5 wt.% of benzoyl peroxide
(BPO) as the initiator. From the FTIR spectrum, the peak position of C=C at 1,637 cm™ disappeared, which
means GMA grafted with PBS and the degree of grafting was 8% . Then (PBS-g-GMA)/TPS at ratios of
70/30 and 50/50 were blended by a twin-screw extruder. The blended polymers were analyzed the thermal
and mechanical properties. The polymer blends with increased TPS content were found to result in a
reduction in crystalline content and tensile strength but increased the fracture elongation. Especially,
the (PBS-g-GMA)/TPS at the ratio of 70/30 showed the highest elongation at break. The melt flow index
was in the 0.03-0.06 g/10 min range. As mentioned above, the polymer blend of PBS/TPS in the ratio of

70/30 can be formed into packaging by the compression molding process.

Keywords: Biodegradable Polymer, Grafting, Polybutylene Succinate, Thermoplastic Starch

VNI

miﬁ;ﬁmaﬁwmaﬁﬂﬁwﬁmmLmﬁaﬂimﬁwnmﬂL‘flu’i’a@mé‘ﬂﬁgnwﬁ’umnﬁqﬂuﬂaqﬂu
Taglawizwanadnyszianlsasadoang (uisi qmﬁ"ﬁ 1% Taw LA ma@gm{w) WANRANAINET?
TigunsadasaaoldnisTinn sInaLFEAaFILIARDUNINIIUNLAZNNELE nidymFaniadau
MAaduri i lunisiiwesiweinawnsadesaatsldn19gra 1w mv‘mflumsag‘ﬁmsﬁmﬂifu
Polybutylene succinate (PBS) tiunitslunanadinfigasaaslénisdrnin sunsadesaanslénauuun
Waznzia PBS WAAIINIARAUTITNING 111 dou Sudenas danubangud Wunwediomnasidainu
lajmousi (Hydrophobcity) sanIninlddszgndlinuldnainnais itu Aduagudu gedesaasld
Lgaﬁmaugmm WAz UTTINTUYIaIMT Ud PBS A31A1UW4 [1] Lﬁiaaﬂﬁunumwﬁ@ﬁaﬁwﬁﬁ PBS
Tusuiuwedinafarduiiausiuisadessarslaniondn wodweindouldlunsnande
Thermoplastic starch (TPS) LﬂuwafﬁLuﬁﬁﬁiwmgﬂ RU1TAA AN TITNTN G ﬁmmmauﬁwga 2]
wawaRWa 2 Tha danuTautinfidneiue nandfe TPS ﬁmwmui{wgo we PBS laimausin Fevinly
waflNasnan PBS/TPS danuthnulavas [3]

1N9WIT8VaI Reolid, M.J. et al. (2022) [4] AnwauLawafluasNaNILR3INg PBS/TPS
ﬁé’mwdau@hm Wuin 1fadiunme TPS tRnduann 40-60 wt% wasiwasnay PBS/TPS faanudniu
lastoas danaldgutifanuudinss minuanufoudianss luumefiswssuuos Chauhan, S. et al.
(2021) [5] ¥NMINIING PLA 628 Maleic anhydride (gPLA) fiawin lUnauny TPS Wud1 waRluasHay
gPLA/TPS Sautiddnunmuussds uazanuiafiosaananuiouinds uazlunuisoas YinQ.et al. (2015)
[6] WU31 WaRLNBSHEY g-MA-PBS/TPS n3 W& PBS @28 Maleic anhydride rawinlunauniu TPS
flanuudousy uaznsfiedandevainduausuim g-MA-PBS Mindu tiasannisniwdazgis
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IiAnanudiuldundu ssnswdiunadieamaiinatuda 1u Maleic anhydride (MA) Dioctyl
maleate (DOM) Glycidyl methacrylate (GMA) Was Hexamethylene diisocyanate (HDI) W wen [7-8]
339 GMA Lﬂumiﬁnmﬁwﬁ@ﬁﬂmmmﬁfﬁ'ﬂﬁﬁuﬁwmlﬂummmﬂﬁﬁ'ﬂwaﬁmamaﬂﬁiaﬁ%'uﬂgaauﬂ'ﬁ
Tassafamaadliadu esan oma \uanIngu epoxy Aflaveshadwisuniu mansarhuU§asen
AuanTlanasngy 1w nguuadlu laasanda uaznguaiivadia Lﬁmﬁﬂﬁﬁﬁ%madLLmuﬁJ:Qmﬂ@aan
Aauwuszlalasian mlinmsdenwnesnimelswasiwe Wanuudoussunniu [9]
nWispiauninAna T Wudn wellwesuay PBS/TPS Sanuaansalunaignnin
e @Taoﬁmnﬁumwmmmiumn%ﬁ'uﬁ’;f;lmimﬁwgirﬁaumsmju epoxy taLuguAa UL U
mInuanufon uazanusarsalunisiadidenta aitulumnuisoiidanlddinisnné PBS
#18 GMA (PBS-g-GMA) nlawth lunsuiiu TPS tialdwefiuainan (PBS-g-GMA)TPS saunsnwdariile

&
UINVH

>

anilszasArasnIvy

1. WaLEsuANNNNWlaIzAI19 PBS nu TPS lasn1sniwg PBS @28 GMA
2. WNBANHFNTANIINM SN NYBINDRINDINANTZNINS (PBS-g-GMA) NU TPS

DA NRBNIIIVY

1. #1sefn g wnsnaass

NaSNaNARANTANTY (Thermoplastic starch; TPS) Commercial grade UTHN SMS Corporation
Co., LTD. dszine'lny wafdfidudadiua (Poly(butylene succinate); PBS) Commercial grade US1#h
GCMs Co.,LTD. dseinalng wulsdaiasean’lss (Benzoyl peroxide; BPO) Inadaiaiunasiaa (Glycidyl
methacrylate; GMA) lidu LR grade, uS®n TCI- Tokyo Chemical Industry Uszinalne lay BPO

i uda5i3ud A3en (Initiator) GMA finnifiduansiaunanu (Compatibilizer) waz @28819 Film

(2
a (% v

commercial (ﬂﬁwqmmmnsmm) fa waﬁmﬁﬁumﬁwmuﬁugo (High density polyethylene; HDPE)
Food grad llumailSeuifipusuiaidonaiaildwamsutifaasnafinasnan (PBS-g-GMA)TPS
fmivuAneidessasld lasaSoudiateauanasgiu ASTM D8s2-10

2. M3assanianafiuas PBS uaznadluasuaanIzning TPS nuU PBS-g-GMA

2.1 N13n5 M@ PBS A2a GMA (PBS-g-GMA)

auLila PBS Lﬁavl,aimm%uﬁqmﬁgﬁ 80°C daugauausan (Drying Oven % Sov420A
USHN KWF (THAILAND) CO.,LTD.) tiwiaan 4 Talus annsiuiin PBS ldwauiiu GMA 10 wt% waz BPO
0.5 wt% @‘T'JULﬂ'%"mé"@%'@wmaaﬂaﬂgﬂ mmm’;zmﬁfugﬂ@"\amiwﬁ 1 haaamufadfAsolalelada

. &
1%‘53%’310 ﬂiz‘].l’)%ﬂ’]i“ﬂ%gﬂ

40 | SWUCON2023



ML ATINITEAUTNA “WF 398" LAz IWiNIdY 1l5231) 2566

TWi 26 Anwou 2566

@13199 1 M3l Twin-Screw Extruder 2Y0IWaRLU3 PBS-g-GMA uaz (PBS-g-GMA)/TPS

o

A
il

ANRIUA 9
Temperature (°C)
<
ANNLID
A . DBarre Barrel Barrel Barrel Barrel Barrel .
WaalNa Die JDUEAN
11 2 3 4 5 6 o
(round/min)
PBS-g-GMA 75 100 150 150 160 165 170 78
T30/gP70 70 100 150 160 165 165 170 101
T50/gP50 75 115 165 175 175 180 185 100

2.2 NM3ASBANDANTHEN (PBS-g-GMA)/TPS

ou'lanauguia TPS was PBS-g-GMA odauaniaw ﬁ'qmﬁqﬁ 80°C 1iutaan 4 alws
ﬁ'm'liwauLLﬁaLL@iazgmmumﬁaﬁ 2 LL@:&@%@@T’;mﬂ'%iaaa”ﬂ’%ﬂwmaanang@j HENeNENZlua 3197 1
mnifuﬁﬂﬂifugﬂLflw,muﬂﬁuma (0.2-0.4 UaRLUAT) frulasessasafsy 3% SE-D30L30 / CF-
W350( U3 CHAREON TUT CO., LTD. Uszine lng) ﬂ'sulﬁuLmuﬁa'mwaﬁma%ﬁ"té’tdiﬂuimgmmm%u

(Desiccator) Lﬁaamﬂﬂa‘uﬁvl,ﬁazg@mm%mwmﬂmda‘i”w TPS ﬁvsyj' -OH

A13199 2 BATFIBHNINIZRINS TPS NU PBA-g-GMA

Code TPS (Wt%) (PBS-g-GMA) (Wt%)
PBS-g-GMA - 100
T30/gP70 30 70
T50/gP50 50 50
TPS 100 -

3. MAaNznladenaanas

3.1 nIWdIumIaaaraaIn1stianI NG PBS A2a GMA (PBS-g-GMA)

AN PBS-g-GMA 1381 1 n3u azaneluaavinazane Dichloromethane LLaﬁw&“ﬂ%‘ﬁ'qmﬁQﬁ
30°C 91n1iwéw 0.1 M methanolic hydrochoric (0.1M) U3u1m 10 faddas adlua1sazarsy PBS-g-GMA
LAIHIRITRZA1Y PBS-g-GMA 1dninsany methanolic potassium hydroxide (KOH-methanolic) Tagld
Phenolphthalein LJududiaiaas uazdrwimnidsunmsasazaainsiianiine (Degree of grafting, GD)
G9FUMIT 1 [10]

142.15%x (Vp—V)XC

D= X 100 )
, mx1000
lawil
g fo USuasvasanIazany KOH-methanolic A1l lninasny blank solution (ml)
fo USuasvasanIazany KOH-methanolic Nl4 lninsanuans inunsue (mi)
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ANMNLTNTUVBIFI8za18 KOH-methanolic (mol/l)

o) ) ¥
© ©

TNNHNURIAI8819 (g)

3.2 N1991LAIIERLATIASIINI9LAR A8 LNATA Fourier Transform Infrared Spectroscopy
(FT-IR)

iA§udagsndaduudinasudnaua 1x1 twudwas wazinlU5iaszidadenias
ATR-FTIR 3% Nicolet iS5 (US¥% Thermo Fisher Scientific Co.,LTD. Uszine'lng) I@ﬂﬂa‘w‘"ﬁaﬂ'wgﬂﬂﬁu
AALLEISIRBUN TR (IR) g9na9uszunmh 400-4000 cm’™

3.3 NM1ANLHANLANIIANT D

3.3.1 Differential scanning calorimetry (DSC)

enadelandSunm 4-6 mg miqldﬁwagmﬁw wasdaniiniiainlUsineiaasia3es DSC
1 DSC25 (U3h TA Instruments a#3gaLuin) Imlﬁmmﬁ”mmnqmmnﬂﬁ -50°C f19 200°C @288031
nslAauTan 10°C /min lassasazwadlSuNtuuan (Degree of crystallinity; X.) 8131306104 lda1n

guMIN 2 [11]

AHy,
X, (%) = — x 100% )
| AH®,,
lawii

AH,, Ao waswilFlumssaonan (Jig)

AH, fo wasowiltlumaifenan  (Jg)
A o A 2 da X . &

AH®,, Ao wasnuilglunssmonaniiiaduataauysal (Jg)

a’ A [

o A, w89 PBS U3gn didnuiniy 110 Jig [12]

3.3.2 .nana Thermogravimetric Analyzer (TGA)

0w | & b4 @ | a ) o > ' A Ao A & a

darad1aflay dnnnlaiifiv 10 mg laludasladratrssfiaunadiny ianzrainuiaios
nIANUTaILLATaS TGA J1 TGAS50 (LT TA Instruments &igaLlauinn) la sl’ﬁqm%n“ﬁ 25-700°C
LALEATINNTIAANNTEU LYINAL 20°C /min

3.3.3 InA1ATIBHN1IaaN lUa (Melt Flow Index tester; MFI)

° a & 1 a (Y . a & v A A a & a o

Mmsianzddiassrfinisinazasdiedisnefiwes daoiaesslafiinet ju MFR 1 (UTEn
CHAREON TUT CO., LTD. Uszina'ing) namnni 190°C LLa:I“ﬁéunﬁﬂwﬁfﬂmuwm 2,160 N3¥ NALANDA
waslnaganuniun1snians (Die) InaM T nazasnafwasiduiiar 10 wfl uaziiharedranediuaes

lurasinniin iathan e L s ezl lna asaunsn 3 [12]

mXxs
MFI = 3)
Tagf
m fa iwinaasiainsnanuef wassnaniaens
s fo nawadarinmsinali 10 Wi las s Sevinnu 600 [12]
t fa nanfishatnsnanualnasanainiaens
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3.4 NMNATLRANUALBING (Mechanical properties)

Ww3suRaualae9rwaniig 15 Jaduas 812 150 JadLuas (382 grip separation 100 JafLNAT)
WAL 0.25 TRALUAT $192% 15 T ANUNTIAIII% ASTM D882-10 [13] Mniwiheetefdunadiued
lUNAROUANMURIRNIRUIIET FIULATBINAROUAINAIUNIWLTIA 3% Instron Model 5965 11 load cell

2119 10 Alafiaak (KN) uae 803115301369 (Cross Head Speed) Winnu 12.5 Jadiuasdamf

NAaN13298
Ha1NN13n3 NG PBS @28 GMA (PBS-g-GMA)
INMIINIING PBS @38 GMA 10 wt% lagls BPO 0.5 wt% Wy 1Aan1IsnIne 8 1asidud

(o} (ﬁ O
(@J\ il @ QR W, gl
X 8PO N~ Z
BPO radical
= O
o
K = A 0 0
Ao~ + . Heat
PBS I
ia o
BPO radical
+ 0
0 0 Heat (\/J\O o
> : NN
l/\.)ko/\/\/o YLO% ‘[) \g
. o ey
Qa - carbon GMA

A 1 nalnmstial§A3ensnave PBS s GMA (PBS-g-GMA)
nan: (ﬂ”@LLﬂa\‘Jmmn) Wei, X.Y. et al. (2021). Sustainable composites from biodegradable poly(butylene

succinate) modified with thermoplastic starch and poly (butylene adipate-co-terephthalate): preparation

and performance. New Journal of Chemistry, 1-37.
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HANIIILAIIERLATIAI192a9 PBS-g-GMA LaznaalNasNad TPS/gPBS Aelnaha ATR-
FTIR

TS0GPS0
TagPTo ! " [

PHS-G-GMA

PES

Transmittance (%)

GMA

o mw{ww

3000 2600 2000 1500 1000 500
Wavenumber (cm™)
AW 2 ATR-FTIR spectra 789 GMA, PBS, PBS-g-GMA uaz (PBS-g-GMA)TPS fisasdinend 9

a I3 aa
HAN1IILATITAANLTANIIANNIAN (Thermal property)

A13199 3 FNUANNANNTEN Va9 TPS, PBS, PBS-g-GMA uazwafiuaiuay (PBS-g-GMA)TPS

figamaiudag

Al g T T AH, T AW, X Tast  Taona

WaALNDT
(°C) (°C) Vg (°C) Wig) (%) (°C) (°c)

TPS - - - 1757 350 - 2017 3463
PBS - 72.8 58.6 115.6 63.5 58 366.9 407.9
PBS-g-GMA - 84.0 47.5 114.1 50.9 46 369.5 410.5
T30/gP70 - 84.2 40.3 111.1 442 40 327.9 408.1
T50/gP50 - 88.5 25.9 111.5 28.5 26 329.2 404.8

Wuene  a fa amu:msmﬁsuqmﬁgﬁmaawaﬁma%mmﬁmuﬁa (glass transition temperature; T,)
b Ao gawnpdnaiiandnvaswadiuet (crystaliization temperature; T,)

c fa qm%gﬁmimaummmaﬁa@; (melting temperature; T,,)
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[a]

Exol  ysoigps0
5_ 130970 /'\
® PBS - GMA /\
"~
PBS
/\
Endo y
L ' \
¥ L] L]
0 ] 100 150
[b]
Exo
160VgPso
TGP To
PHS g GMA /

— ———

ras | & \j ;

+— Heat flow —s
!
|
|
|
|

Endo

0 50 100 160
n'l‘wﬁ 3 DSC Thermograms YpINaRLNDS PBS, PBS-g-GMA, T30/gP70 .8z T50/gP50 I@ﬂﬁ [a] fa

Cooling L&z [b] fa Second heating

120+

100 4 iy seessrenssnnnnna,,
£ 80 4 —
§ \ .\'-:: ........ PBS | GMA
2 60 - v\ =paiid
)
s \, — e T30IGPT0

a0 -
=

20 4 :

~
2 - e
0 T T T T 'l ..-”““-.-‘““— ' !

0 100 200 300 400 500 600 700 800
Temperature (°C)
ANA 4 TGA Thermograms TaInadLuas TPS, PBS, PBS-g-GMA uasWaaluainan (PBS-g-GMAYTPS

NAANFINGA 9
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HANIINAFIUNIIINAIAITIBIN1IWAN (1A Melt Flow Index tester (MFI)

M15191 4 A1 MFI 284 TPS, PBS, PBS-g-GMA LazwadluasHay (PBS-g-GMA)TPS AsamaInang 9

waaluas MFI (g/10 min)
TPS 33.16+1.99
PBS 7.3021.32
PBS-g-GMA 0.3940.017
T30/gP70 0.03+0.021
T50/gP50 0.06+0.015

NAaNIINAFOUANLALIZINEA (Mechanical Properties)

A15199 5 AENUALTINauaIRaN TPS, PBS, PBS-g-GMA LazwaaluasHan (PBS-g-GMA)/TPS

NAMFEING 9
waaLes Tensile Strength Elongation at break

(MPa) (%)

TPS ND ND

PBS 24.41+1.31° 12.91+1.76°

PBS-g-GMA 27.60£1.15° 18.38+2.06°

T30/gP70 12.99+0.88¢ 78.76154.44°

T50/gP50 12.05+0.79° 37.57+8.09°

Film commercial 44.25+1.5° 305.68+61.79%

o
7

2 a @ sL Aa . | A o w <
V\N']UL‘VWJ a-d »ruNYnN mmawawaga %LL%'J@]G‘Y]%J@]'J']MLL@Iﬂ@]']GaEJ']GSJ%EIE‘T’]ﬂfy (p = 0.05)

Film commercial fa e8t19NaN HDPE 28909%AIN L Tn19n1361 ke ND #1899 not detected

9 q

agﬂuaza?\ﬂ‘nwa

luuasuiinsnmnld PBS dan GMA 10 wit Tanld BPO 0.5 wt% iiludrsisuljisen Wy
il Degree of grafting 8% n1W# 1 ugasKa FTIR suUnasuuas GMA, PBS, PBS-g-GMA, T30/gP70
waz T50/gP50 Wu31 GMA Usingwn C=C AN 1,637 cm'1LLa:LLamﬁﬂé’ﬂﬁm:mawyj epoxy
289 GMA 71524 907-841 cm™ Lila GMA iansnTue A PBS Wudn drunssinil 1,637 em™ wg'ld
uaziilongu PBS-g-GMA iU TPS Wuin Wi epoxy 189 GMA azilladsusziiawuszny TPS A arTaets
Iuguaanavad FTIR spectrum WU Wil epoxy 7 907-841 cm™ flauiTuasRNAaas TIxaaadaIny
NWITBVBI X.Y. Wei et al. (2021) [14]

a13197 3 UEAIRNTANIINNTEUDEY TPS, PBS-g-GMA uazwafiuainan (PBS-g-GMA)TPS
fdaTaIndng g wudn ganndniaiianan (T,) 289 PBS didiiy 72.8°C \ath PBS lunTve

Y ' a a = a g A o '
a8y GMA (PBS-g-GMA) WU’qu%Q&IﬂWSm(ﬂNaﬂLWNQG"H% LRZLUBNRY PBS-g-GMA ny TPS WUl
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A5unme TPS Windu qm%gﬁmﬂﬁmﬁmﬁ'ugqﬁuﬁawﬁuﬁ"u uaaslAAninefiwasuan (PBS-g-
GMA)/TPS mmsnmﬂwﬁnvlﬁﬁqmmn“ﬁga%u Lf‘iaﬁﬂvl,'ﬂ'ﬂi:qmﬂuni:mummﬁm iliiia/seu
m:mummﬁ@a@mLwan:mmmmnwﬁﬂﬁﬁqm%gﬁgd #IWAlA productivity gafu §7% PBS-g-GMA
Wae (PBS-g-GMA)TPS S6n T, 129 111-114°C aaadiilowfinuny PBS (115.6°C) uasfiUSunmuanaans
(X)) LTuf% 1a991nmInTndees GMA FnliAanisuanuuuivasis GMA filusdnaveluseldnsn
PBS ¥il# PBS Lﬁ@mmﬂwﬁﬂﬁaﬂaa [15] FOAANDINUINBITLV DY Suwanniroj & Suppakarn (2022) [16]
uaziiioin PBS-g-PBS wanriv TPS lagd5unm TPS fwndudsdinalwSunmndnaaas iiasain TPS
wldga919 nMIanninvassnels PBS-g-GMA [17-18] @enisaaadzadnan (X,) vliwediwesuay
(PBS-g-GMA)TPS fanuudausiaassudaansniaalaundn

WA 4 L§AINE TGA thermogram wudwmiﬁjﬁyLﬁsﬁmﬁnmaawaamas’wau (PBS-g-GMA)/TPS
gaN1santseantdu 3 199 naAe ﬁaaLLimﬂumigzyLﬁsﬁmﬁh“ﬂaai{ﬁl,l,a:ﬂﬁlfﬁasaaﬁﬁnqmmﬁ
Uszu1ms 90-200°C 2971 2 ﬁqm%gﬁﬂi:mm 200-290°C uil4 (Starch) SUEAIUG UaTTINN 3
Wwnsgaeaivad PBS s’fmﬁwﬁqmwgﬁﬂizmm 320-400°C Lila99 M IgansaIainadiuesHan
(PBS-g-GMA)/TPS @dnanaltisaantde 3 179 aRTINAINNEREINIIANNTauIN AL B SN AN
RNINNNYURNINIFABAI8I PBS-g-GMA stmfluﬁ'mqmvmﬂﬁq@ﬁmﬁmaﬁma‘i’wammmU@T'J
WU AUSunm TPS tRuT gnnAn1IaaI8@I289 PBS-g-GMA fenaaad uaaslwidiuiiyTum
289 TPS fnadonuaissmninuianuaswadinasngy (PBS-g-GMA)TPS tilasain TPS v
uwanadlowed Wersunanwasdlomefiiudn sonaliussbamiiornislusals (Intermolecular
chain) veawaRilueiNauanas donalinasiwe nauamoaamannufanldinedu [19]

a13197 4 namInageusNUaMIlnavasweRinasNay (PBS-g-GMA)TPS Wuin TPS uas PBS
fid1 MFI 33.1641.99 uas 7.3041.32 g/10 min @ wd1eU 31HAnin PBS fianuniaginit TPS
adinpEAw wazidans e PBS ¢28 GMA (PBS-g-GMA) Wuiniidn MFI aaay winf 0.39+1.7 g/10
min WEAIINMINTINGAI8 GMA il PBS fanuniiainiu uazifavinnsuan TPS fiu PBS-g-GMA
WU NNaaNEI U1 MFI 8a89 6-10 Lvin \{l8991n PBS-g-GMA iianwuszlalasian fu TPS §evinlw
Tassaefisnsazuuulasisnsmang anuniaiviu [20] S931920961 MFI A ldannisnageuasssil
nsnaaylnavesnafiuasnay (PBS-g-GMA)/TPS mm:auﬁ'umiﬁw"l,ﬂﬂi:qn@“l,ﬁumué'mfugﬂ
(Compression molding) [21]

@13197 5 ugevdnaNtaLSinavesNsy TPS, PBS, PBS-g-GMA LAsWaRLNaSHAN
(PBS-g-GMA)/TPS fsassIneng 9 wuii TPS ligunsadaausaidina e fasandeudzann
% PBS ﬁgnnmﬂ@?ﬁm GMA (PBS-g-GMA) 1d31ny) tensile strength fanAnduuinnin PBS
Alallensne Souaasliifiuinnisnsmden GMA il PBS fanuduniuussdennnis udidenss
TPS WU 61 tensile strength aaa9 LeF1 elongation Rududiona (PBS-g-GMA)/TPS 2a31&% 70/30
39 TPS v dunanadlasizas mﬂisﬂumqamﬂ'ﬂlﬁmnifu fanalhwadinasiauaansaluns
ﬁ@mjw,ﬁmfu [22] uazannmMInesas LiaSoufisuauiaiBonauas PBS-g-GMAYTPS figasain 70/30
AUWBALNBINIINTAT WU TAA1ANUAIWNIBILTIAY (Tensile strength) kBN 3.4 11 wazdidinnns
Hae m 30210 (Elongation at break) %oanin 3.9 wiwaai’aqmamiﬁﬁ LL@iﬂ%ﬁﬂﬁﬂi:ﬂqﬂ@ﬂ‘*ﬁmu

Y ' 9 o o« a A Y & 4 Y a '
Lﬂ%ﬂii"ﬂﬂmsﬁ LD 3% RS DY ﬁi“ﬁﬂi\‘]l;ﬁﬂ')‘ﬂ\‘] sﬁdeN@']ax‘lﬂ'ﬁﬂ’J']NLL"ﬂ\‘]LL?GN']ﬂLﬁaI%ﬁP]NWSQLﬂ(ﬂﬂflﬁﬂ Al
a Y v & A& @ v Ao o ea . [y = a
E‘TQWUI%QGLL'J@QQNVL@LT)?% ‘ﬁ\iWU')']'Jﬁ@l"ﬂqﬂﬁquaaUﬂﬂqLﬂuuiﬁ'ﬂﬂmq’lNﬂqﬂﬁfluﬂqﬁﬂquuiﬂ@\‘]L‘ﬁﬂﬂ 20.46
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MPa [23] w6 (PBS-g-GMA)/TPS Asasdn 70/30 i JA1anudunudausidsiaiy 12.99 MPa
ﬁaaaﬁaaﬂ%’uﬂ@alﬁﬁmwLL%LLNLﬁ'uﬁuﬁﬂ weldilomaneznins oo diodle

nEasAYTBANE1IINTITH a311691 Thermoplastic starch (TPS) Vl&immm‘fugﬂ"lm’%mma
Wasandenudnzuazuansinig Tudpaud@lasmInauiy PBS LRZLARNANURINNTO UM
whinlduosnadiwesnan PBS/TPS daoni3th PBS 1UnsWdiu GMA (PBS-g-GMA) riaw 1wy
wiMLdu Interfacial compatibilizer wu31 PBS #ins1Wdians GMA (PBS-g-GMA) LiamsnmwdiAndu 8%
wazfududions ATR-FTIR G9wudn druniafin c=C 1u PBS-g-GMA wig'luZlwifinin ihamsnaue
55W319 PBS iU GMA %8391n1iusin PBS-g-GMA auniy TPS fisaman (PBS-g-GMAYTPS 1ilu 70/30
W8z 50/50 WU NINEN TPS derimindiiiu plasticizer ¥nlAvSunananlunadinasnananas sInalw
fa@;ﬁa';mLLﬁaLmﬂu@iaLmﬁmma LL@iﬁmwﬁ@mjuLﬁ'ufu F98aIEIn (PBS-g-GMA)/TPS 7 7030
Lﬂ%é’@liﬁmuﬁﬁmmLﬂuvl,ﬂvlm"’l,uﬂww‘“@umLﬂumiqﬁ'mﬁﬁaiaﬂamﬁvlﬁ wRnzauiun i lddszondls
lumué‘ﬂfugﬂ
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Abstract

This study focuses on employing Natural language processing techniques to estimate accidents
based on social media data. The objective is to create a spatial database of accident cases by extracting
relevant information from user-generated content, such as pictures and comments shared on social
media, and analyzing including mentioned location or area of accident in the morning, afternoon,
and evening. The accident data through text mining techniques using text extracted was implemented to
find frequency of accident word, and classified accident types and its relations. The research
methodology consists of three main steps. Firstly, querying accident data using the Twitter API.
Secondly, text mining of accident events and association rule mining technique of accident data, Thirdly,
geocoding was used to estimate the relative location about accidents occurrence the spatial density of
the accident. The findings reveal the relationship between the content of social media messages and the
spatial density of accidents. By comparing accident-prone areas and considering temporal factors such
as morning, afternoon, and evening, which are linked to social media usage patterns, this research
identifies factors contributing to accidents. These insights can be utilized for transportation planning and
development, specifically to enhance safety measures and reduce the likelihood of accidents.
Furthermore, the results obtained from natural language processing and the correlation rules derived
from text analysis provide valuable information about the nature of accident reports. In addition, social
media data related to accidents enables the prediction of incidents by examining the spatial distribution
of accident locations. By leveraging natural language processing techniques and utilizing social media
data, this research contributes to the effective estimation and prediction of accidents, facilitating proactive

measures to improve road safety and transportation planning.

Keywords: Natural language processing, Geocoding, Accident estimation
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FACTOR INFLUENCING IMPLANTS SUCCESS IN TERMS OF KERATINIZED
GINGIVAL WIDTH
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Abstract
The success of dental implant treatment is indicated by marginal bone loss (MBL), signs,
and symptoms at the implant site. Therefore, the key to successful implants is maintaining the bone level.
Several studies investigated a variety of factors that may contribute to MBL. However, there is conflicting
evidence on the influence of the width of keratinized gingiva. To clarify the association involving MBL

and implant success, this study aimed to investigate the effects of keratinized gingiva. One hundred
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seventy-three implants that had been placed at Srinakharinwirot University were included in the study's
population. The level of bone-to-implant contact from radiographs was measured. In addition, data on
the width of the keratinized gingiva, and clinical signs and symptoms were gathered during the oral
examination and chart review. Repeated Measures of ANOVA and Chi-square statistic were used for
analyzing the association between variables. The outcome demonstrates that, in the group with adequate
keratinized gingival width, the average MBL on the mesial side was significantly lower than that of the
group with inadequate keratinized gingival width (p = 0.023). However, there was no correlation between

keratinized gingival width on the Health Scale ICOI success level.

Keywords: Keratinized gingiva, Dental implant, Marginal bone loss, Implant success
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WWarinnsAnsanusunusuasfasalundvasdsunmainuninanianiasén (Keratinized
gingiva) UsiannWuiisudalIuimednszgniauInWwinsuAIenaI NI nWwion
N3z0z1Ia1 6 Laouuaz 1 T anNaLlsetdnszaugunIwIINWLNABY (Health scale) NMunaIaNYIINNIEN
Navuiisswazdnisldulduds 19 lasvinnsdnsrannaiwdessdseudanssnn (Periapical

radiograph) Winszi@rie uazmInTagihoneadiin
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AN

Uszrnsn iz luwewdse

ﬂéjwﬂs:mmﬁﬁnm fo ﬂq':uQﬂaﬂﬁvlﬁ%'unwsﬂamﬂﬁmﬁwhﬂﬁfnﬁﬂmsm”uﬂ%mufgﬂw a3
ARSI ITANEASTEIUNN ADEYRALNNDMEAT AR1INNSUATHASUNTILT@ AILG W.A. 2558-
2564

WA NITAANANGDE1918 (Inclusion criteria)

i'mﬂw,ﬁwﬁmﬁiammﬁﬁ‘m:ﬁaaﬁqmauﬁ@”@ﬁ

1. 3 nWmfigaiviinisiidadnasiiinifiguin e inauwnoaiaas n13nenay
auaIunalia audretgdes 11 lasszdesddoyaluuiudszd@gie laun iwa a1y Tsadszden
LLN:iﬂHaLﬁU’Jﬁ’U‘NﬂLﬁﬂ&I Igun U3Enmamsen enusnmesnnifisy uazdumiafivhmsdenniiia

2. swnﬁmﬁwlugﬂ'sﬂﬁmﬁ@mumﬁﬂmmﬂﬂé’dﬁﬂﬂﬁdﬁﬂﬁmﬁwamd@iaLﬁad

3. swnﬁmﬁwluﬁﬂmﬁﬁmﬂﬂﬂﬁaﬂmf'l 20 ﬂu?ymﬂu’i’uﬁﬁﬁmmﬁﬁ'ﬂ

4. ol mwenesedseutansn (Periapical x-ray) lunusasnwwdudsiudunniw s
adasudn m SuirnmsTisnlindey uszmensinsdenniuionldud 6 Wouuaz 1 1

5. 5'1nﬂmﬁmmﬁﬁwmsﬂ%’uﬂ;aﬁuﬁa (Surface modification) THa SLA

6. NWwLNeuTha Bone level

7. nWuLisald abutment connection ik Platform switching

inmainIsAANgNG8E1998N (Exclusion criteria)

1. Qﬂasﬁﬁimﬂs:a‘im”ﬁmuquhi“tﬁ wiaflsnUszden WiasUU T U NEINaRanszUINMT
20T LaduNnITH (Osseointegration) LAZNNIWIHVDINTEANNERAINTHINNRWLADY L% I‘mmt:gn
Wik 16308 Bisphosphonate I‘a‘ﬂl,mmmﬁmuquvlaﬂﬁ e

2. ;‘Tﬂam‘ﬁmﬂvl,eﬁ'umsmm’%’aﬁ%’nmu’%nm’lu%ﬁ’] WAZINTTINT

3. ;jﬂuUﬁﬁﬂi:ﬁLﬂ%Iﬁﬂﬂ%ﬂ”%@Té’ﬂLau (Periodontitis)

4. ;\Tﬂmﬁﬁﬂtgmmﬁmw

5. ;‘Tﬂmﬁguqﬂ‘é

6. Qﬂaﬁﬁvl,sjmammumﬁ’nmwé’oﬂaﬁﬂﬂmﬁw

7. Q’ﬂasﬁvl;iﬁmwrhﬁ%’dﬁiauﬂmmwn"i‘uﬁﬁwmﬂai’mﬁmﬁw LRZAERAINMIRNITINN LA
6 L@ waz 1 1

8. ;‘J]”ﬂqmﬁmﬂeﬁ"%’umsﬂgmftmﬁadauu‘%nmﬁnﬂmﬁﬂu

NIAABARIVLNAN

Q’(ﬁﬂLﬁ%mu%’m:mﬁmﬂmﬁmmammﬁq@mﬁé’y Tagrnwinilunsamadaaumssne
nsadin SunuAuTaysnnululszIffne ulanaussiatssradzaunIzgnIauINWLLALY
luawanessdseudanan

anaanlunmsainnsisy
1. ﬁfmﬂ”ﬂuU“?'iﬁh%LﬂﬂWTﬂ”@L°1T1Lﬁﬂ%'umsm'mﬁ@mumﬁ'msmmwa"’amﬂﬁﬂmiﬂﬁwmﬁw
I@mjﬂ'smz‘l@i’%’umia%mﬁLLazLLamanmiﬁwa%mmmauﬁamﬁmﬁumﬁﬁb windiheanaadniunu
o
3

338 mﬂﬁnjﬂazJLf?iu%'ummLLazﬁuﬁamﬁaﬁwLﬁumﬁﬁ'ﬂ
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2. fnmafinmdayauazilszi@nmadimniuiiisuasgihoudazse lasinafudaysanuda
Uz aoil
2.1 ﬁagmﬁmﬁ‘m’mﬁmﬁw laun dumisdiunrnnisfasnniwdsy USEnnons Rt
1% 3'ﬁ'msﬂ§'uﬂ§w'§?uﬁwaaﬁﬂﬂmﬁw (Implant surface modification) T#19 WAZANLIIVBITINN
Wegndlslunissnmn
2.2 ﬁagmﬁimﬁugﬂm laun e g Tsatlsednan enfisuisenn
3. Tn19278 9T2981NTUALEINNIUEAN (sign and symptoms) maﬂﬁﬁﬂmaa;jﬂ’mﬁt,ﬁwfumwé'q
NnYNsHITNANsY lasaTadrsdsanuinasinisyssilinanudnsaved Misch wazame a.¢4. 2007

(Misch et al., 2008) [6] Lot
o anadunlethavaltnunnwuiis
o andunsethauSnanniwioulesldlddnsldenu
o lunAreuzaITINWAoN

o mIvrunSednuasluusSian Wiy

4. FaUsumanunizeamianiasn (Keratinize gingiva) lnusimivinnmsdasnWufipa
il Taeldin3asiiaiasasdinysving (Periodontal probe) Tia UNC-15 284u58h Hu-Friedy (Chicago,
USA) 'S'mw:‘*naaﬁuﬁmnéﬂmnmnu?nmmy@ia"uaa Mucogingival junction auil4 Free gingival margin
TuuSmseunnWmdsunsludiunssdnuuiuuaziuanlagsauvassnWuiioy Haneddunsionits
dunsislavasniuiisufidszozanuntietesnin 2 dadiwas azfﬁ'ﬂaglumjwﬁﬁﬂ’%mmmmn%a
wlonianawliisane uaddszuzanuniisaiud 2 ﬁaﬁmm"’fn‘lﬂ%ﬂ”@agﬂuﬂﬁjuﬁﬁmmm”mmﬁaﬂ
LAINABLINEINE ﬁ'fiamii'@ﬂ%mmﬂmuﬂi”nm’f‘ianLﬂﬁﬁm:ﬁﬂmﬁﬂiﬂﬂﬁ?ﬁ'mﬂﬂmmﬁm uazdinis
@mﬁ]aaummmﬁmaan’m"’@mnn’nq‘uﬁaaﬂwomnﬁwmmmﬁmﬁwﬁzmm 20 67 ugINNTTAE
USunmanunavesndenesduiiduniadoits 2 033 LTuszozIa1109MTIansIn 1 uazasIn 2
¥namw 2 dlanyt amiwinaaf levinmsussuisuns 499z ldd1dsinmanunisveanionienan

ATINWIINAI1T0a2 80 1a83TN1IIAANNLSUIIHANNNTIVAIRTANLATIABLRAIAINTNG 1

AN 1 ueasnTIalsinaanuniwesnianian@u (keratinized gingiva) lagiaszazadann

MNIYGDYDI mucogingival junction Ui free gingival margin
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5. idayatadneny 9 ﬁWmnnwsﬁnmuﬁwﬁs:i’ﬁ@ﬂasLLa:msmwQ’ﬂ:}m’mﬂﬁﬁﬂmﬁ’lms
ﬂ'uﬁﬂﬁaQaaﬂumiﬁaﬁuﬁnﬁaga LLa:ﬁﬁmﬁmsw:ﬁﬁaga@iaM

NIRRT UILLABHANIATNANYSIR

£ LY o a o s . . . o o [ a6

msﬂsnmmﬁ’m‘l%gmmsmmumm (Intra-examiner calibration) 13U TIaseazluian
mwm"]y%’aﬁlumsﬂiuﬁumsa:mU@T'maam:gﬂsammﬂmﬁ:Jm)zﬁ'lmsfﬂiﬂﬂ;ﬁﬁi'mﬁmﬂmﬁm
LLa:ﬁmiaauLﬁsml,l,a:ﬂ%’m'awgﬂﬁamﬂﬂluéf’am%aaﬁafﬂ (Intra-calibration) lag¥inn1I@TI38ELANY
mﬁmaaﬂ'\ﬁ@mnmiqwﬁaazhdmm‘hmmﬁnﬂw,ﬁﬂuﬁ’mm 20 72 ﬁ'lmﬁwﬁ'ﬁm”uni:@ﬂﬁ@‘hLmvl,a
WIEINK 2 A9 Lfm:zl:nmmaqmn”mmmm”um:@ﬂmaaﬂi‘lﬁ 1 WAZATIN 2 H19NW 2 FUMK 3NTH
° A v o = a o A 2N ' = 6 a A 6
Wwan lavinnTdSouinouns m"l,@miw:mamnmaum:@ﬂmuwa@wgimﬂﬂﬁumwnﬂﬂngluﬂau
ANENYTIFATINWUINNINTBERZ 80

NMTIATLAUNIZQNIINNNANYTIR

ﬁwmi’i'm:ﬂ:iz@”ﬂﬂi:gﬂlumwmﬂ%’dﬁiauﬂmmmmaogﬂ"ﬂ’;ﬂﬁmﬁ@mwmﬁ'ﬂmﬁszu:nm
Uz 6 1iaw waz 1 1 laodunanadi

1. FMIAN BN AIWEIETIRTUUANEIIN wAzIaTEEzE1Y 9 luawa1us9Radaa lasld
TUsunINe wNINENETIRGTAR DICOMweb™ #iINnN3Iada NI wlnanand (Mesial aspect) kazawlng
Na19 (Distal aspect) VI3 NWULA LA I@]U'E’@i:ﬁ:luumﬁamnmauﬁmuumaas:ﬁumzQnu’%nmmﬂ
NRUARRITINHWLABN (First bone to implant contact) 4vaULWaaNasNVRITINWILTBA (Implant platform)

' o A . o o A, a o A oy a
TunweaesIRToUUA I o 3 B9 b MwnvinnsasnWuifey sl,mumdﬂwmmmumi
FNEINAERFINEITINN WAL NTZEZIU TN 6 LAY LLa:S'u'ﬁ;jﬂaﬂmaﬂmmnwﬁﬂms:ﬂ:um
Uszunm 11 lagn1iwsid85auta1usnA g nmsini133989:daIimaian1Iay A WNIIFLanTLYE

& o A& ' & & o o a .

ANNIENUAIANNUARY Lazn1I1 U BARULanDLTgzdasawIwnuINABLNIay (Parallel technique)

A a A ' e A . . aa o 6 (3 A
LIWARANIIUALLUAUYBINTNDNYIIR (Distortion) I@U'Jﬁﬂ']‘i'](ﬂ5$ﬂ$"ﬂ'1ﬂﬂfﬂ&lLLﬁ(ﬂx‘l@Nﬂ’]W‘ﬂ 2

@ (2) ()

NN 2 LLammﬁm:wzmamnszﬁungﬂﬁaLLwamwa%waaﬁﬂﬁmﬁﬂuLumwﬂm%’aﬁﬁ%ﬁa‘[ﬂﬂ%

o A

Tdsunsug uaIwansTi8a3aa DICOMweb™ (n) th THHIAAEN (V) T2BZIAN 6 LHan (A) Szuzaan 1 3

2. fnsiisufiadetgveInInanesIgsaulanesn Lﬁamﬂugné’fawanw:ﬁi’ﬂﬁmn
mMwaessFsauldangn LLa:ﬁwmmmi:ﬂ:’luumﬁlwaoi:ﬂ“um:@ﬂﬁLLﬁa%au%nmﬁmslﬂﬁnma URZATW
Tnanas fsvavunaanasuuasTInWwiey I@ﬂﬂ”ﬁdﬁqmnmmmwaaﬁﬂﬂmﬁﬂuﬁﬂﬁﬂg‘[umwmfJ
SsFvoutmennuazanueaiemniuiinuils lasldmadsusyaalassadlunsmmasens

a @ =] & = VPN
LRSI UzluLLu’J@N"U aﬂiz@uﬂiﬂ:ﬂﬂﬂd"ﬂau LLWG@W\IE’J?N?WﬂﬁuLﬂ HUNLNII
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o
[

3. fmriaszuzinaszniveuunaaWa e Asu i uunsadszauraun T NN I %
Tndnans uazdulnanans Tastadn 3 a3 udaldifisuinasenslusazass udumdiads

N3U3218152AY Health Scale

ﬁwﬁagaﬁ"tﬁmnmsmmLm:ﬁ@mmmmigﬂ'sslmaﬂﬁﬁnLLa:miazmwaamz@mamﬂmﬁw

MU IuTl Health Scale muLnmsiued Misch wazamse I 2007 (Misch et al., 2008) [6] $9013197 1

M135799 1 meLLamLﬂWVTﬁW%@QMﬂ’lwmaa‘s’mﬁmﬁw Health scale

Health Scale ANBWLNIIAFWN
Success o Lifanuiduthansvmsunduazymelsin
(optimum o LifnslanasanvasnnWuiiy

health) ®  WUMINEALVBINTEANIBUTINWMLADAERENTY 2 mm
o lLinutsziamsfaigentunmsinuesusnaseunniuiey
Satisfactory o lfanuiuthavmltnu
survival o liinmslonaaen
®  WUMIAZANLUDIVAUNITZNTAUTINWUALNITENING 2-4 mm
o Linulsziamsiageutumsinuesuinaseunniuiion
Compromised e onflonanuiinidmunlinule
survival o lifimslunanen
® wumIazaLngnINNNi 4 mm WA ENINASINIITEIRINNEIITINT
e
e anulsiansaadeuiuMIinRasUSnMTEUTINNLADULATANTA
aqu el
Failure o fdnlatanitsasdaluil
(clinical or o floxmadvthevasldnu
absolute failure) o {mslonasauvesnniulisy
0 wumsazmzma\msfzgﬂiauWw,ﬁwmnﬂ'jm‘%}wﬁwaqmmm’mn
Wwfsnlunweneseg
O wumsdaBasunumsinuessaunWwiisuansdotitas

O mnﬁmﬁﬁwq@aanuaﬂﬁaomn

aad

ADAN1Y LIV

Aad a a ' a ' Aa
sdanlglunalSouifisuanuuandszaimsszaosainizgnisuniwfioyzni ndund
anunamdanian@wiisanauazlaiiisana fa Repeated measures ANOVA uaznagaumugainaiia
Bonferroni kazldnInasavlaauals (Chi-square test) NA&BLANMUFNWBTVBIANNATISRIBNIATIAY

§1uwNAN Health Scale 1COI lasinuaszaunafmaynaian 0.05
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a o
WNanN13lv
=] [ o o X ~ A o
aawi 1 Jayauazansmend lvasdihauazsiniwiiisanvinnis@ne
1.1 Payaansaena ldzasgiefiinmsdnen
msﬁﬂmﬁvlﬁﬁﬂmlmjﬂw FIUWIU 72 A% INNABLABUNIRNGA 173 @2 I@ﬂ@ﬂmﬁnﬁi”m
lunsfnmfidenneglugis 25-83 0 angiafowvinny 58.85 +12.91 T utiauiwanis §1uau 33 au
Aadusanas 45.83 inands d1waw 39 au Aatluiasaz 54.17 dlsadszdnan 27 au Aadlusauss 37.5
wazdiasliadszdnen 45 au Aaduiasas 62,5 lsadszdrdrvesdiae laud anudulafiags
dongnuunnle ladulwdeags wiminu Invesdd nuausesnszgnvividudszain giuwerna
wazlsarlagunan
¥ o Y A o =
1.2 Joyauazansmenildzasdszrinsfi@ne Suwnaasiniwiisa
HamIAnsWUd fhomamsdniumsdinniuisy d1uan 78 @1 iwamnda 95 @ Iy
Wisngndalugihelddlsadezdnd 100 a1 Aaidusasas 57.8 dunibsndenniwiiiouagluuTuiu
Wi 23 a2 Aardusasas 13.3 U mANwrad 150 a1 Aarusawaz 86.7 lasdinlngeziinnuning

yadnianiaduiiedine 111 a2 Aaruiosaz 64.16 uaz Score of health scale &2ulnaj Success

v o
v A o s

uIn 163 91 Aatduiasns 94.2 mmjagaLLa:aﬂHmzﬁ'svlﬂmaaﬂs:“mnsﬁﬁﬂm FUUNANTIWIBTINNG

= v o A
LV]UNLL@@]GN@%@@G@"I?W@V] 2

= v o U A o o A ° o A
MN1319N 2 LLE‘I@N“].IE]HEWI’JVLIJ"IIE]GEIJ'JUﬂL“HWiUﬂWiﬁGiWﬂﬁuLYIUN UBNANTIWIRTINW LN

Total (n=173)

ﬁaga‘ﬁ'ﬁ"l,ﬂ ] 5

U Jouaz

LNE T8 78 451
TN 95 54.9

Tsaglszdnen aid 100 57.8
Y 73 422

FunisdRurmItasniuiion WA 23 13.3
WINRI 150 86.7

USmmanaunsvesnianfifiandu WNEWa (2 mm) 111 64.16
laiiisane (<2 mm) 62 35.84

Score of health scale Success 163 94.2
Satisfactory 0 0

Compromised 10 5.8

Failure 0 0
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Aawd 2 n’mﬂ‘%am‘ﬁﬂnLﬂﬁlﬂuuﬂaamsa:mwaam:gnu‘%nmmmﬁmu

2.4 malSauifisunisazaiaalvasnszanli 3 2296987

luuSaaulnanans i'mLﬁﬂumjuﬁﬁmmnj’nm'ﬁammwﬁmﬁmwa fduaduniiazany
PBINIEQN fumlitvanndwdes 9 lugaeszoznmdszanos 6 1dan 89 1 9 1y 0.1495 uaz 0.3155
faawasauieuilaiounuiuivinsdenifisa f'ﬁal,mn@mﬁ'uamaﬁﬁfﬂﬁm@mmﬁﬁ (p < 0.001)
dauluna;uﬁﬁmmn%waamf‘iaﬂl,m'lﬁuvl,&il,ﬁmwa ﬂ"lLaﬁﬂnﬂiazaﬂmJaans:gﬂﬁﬁl,l,mmumnﬁm’%iam 9
Tughsszaznmdszana 6 ou 9 1§ Wil 0.2264 waz 0.4195 fadluas Fauandnsiuatnaftodety
meshadafisunuiudvnnisdenniudow (p < 0.001) roiguin

funIazaosaInIzanuInmdulnana swmﬂwlumjuﬁﬁmmn%am'fi'ammwamﬁmwa
fumildudnadonisazaouindwion 9 lugreszozaayszanm 6 1iow 9 18 iy 0.1987
waz 0.3592 Safasanuiauiiiafisuiuiufivhnsfmnifiss Sawandratuatadvipddynisada
(p < 0.001) mm’ml,ﬁyulumju‘ﬁ'ﬁmmﬂ%waamﬁaﬂmaﬁﬁuvlmﬂmwa mmﬁlumsa:mwaam:gﬂ
fumwiluanndwdes 9 lugreszoznantszunm 6 tdew 9 1 0 111ny 0.2057 uas 0.3923 Jafiuas
S’fjumn@mﬁuamdﬁﬁﬂéwﬁtgmaaﬁal,ﬁaLﬁﬂun”m”uﬁﬂaﬁnﬂmﬁw (p < 0.001) GILILTUN

2.2 mmﬁﬂ‘uLﬁsmmiazm21ﬁmaanszg}nizwhanéuﬁzﬁmwn‘?ﬁam@amm’n&mﬁama
LLaznfcg:wan*?'mLﬁ%ﬂtﬂi'lauhil,ﬁmwa

Lfiaﬂmsmwm@hLaﬁﬂLLazdauLﬁmLuummg’]waas:ﬁunsfz@ﬂu%nmﬁwuinﬁnma
@iau,‘wamwasrmmﬁw,ﬁmmadna;wﬁﬁm'lun'ﬁ”'ml,%f‘iammwﬁmﬁmwa ﬁmm&lﬂ"uaaizﬁum:gn
729 6 L@ Waz 1 U LYinNU 0.1495 + 0.2242 Uz 0.3155 + 0.2852 Aadluasaus1ay dmlunémﬁﬁmw
ATamIanian@uliiNeane ﬁmmﬁwaoi:ﬁungnfﬁw 6 Leaw uwaz 1 1 1NNy 0.2264 + 0.4621
WAz 0.4195 + 0.5321 fiafiwasauday lasannisnaseuanauandinisazaisasnszgnaulndnaig
S:ﬂdwﬂ@;uﬁ'ﬁmmn%ameamﬁmwaua:vlajl,ﬁmwasl,mwia:manm wu:im&maamjuﬁduaﬁﬂ
mMIazasvInzanuInadulndnas wandranuadslisdayneaia (p = 0.023) lunnsam

AILRAI AN 3

A19199 3 ANTIURAINITARSANLVD m:@ﬂu?n ﬂﬂﬂ ANaNg LLﬂvaﬂaﬂﬂ’N“ll 243711N Lﬁﬂulumjuﬁﬁm?aﬂ L3N

a = oA
@]uLWUdWGLLaZVLNLWEJGWG

MIRzaaINIZAN (UaaLUAT) Between-group
a1 Day
6 months 1 year
. N9 0
N ) A ]
LAdan Mean Mean
a8 Mean Mean Mean Mean ) value
AN p-value p-value  Diff
(S.D.) Diff (S.D.) Diff
(8.D.)
e 0.1495 P< 03155 P<
LWEINWD 0 0.1495 0.3155 ref. 0.023*
AR (0.2242) 0.001*  (0.2852) 0.001*
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i 0.2264 P < 0.4195 P <
) 0 0.2264 0.4195 -0.081
LWNEIWE (0.4621) 0.001*  (0.5321) 0.001*
. 0.1987 P < 0.3592 P <
LW BN 0 0.1987 0.3592 ref.
(0.326) 0.001*  (0.335) 0.001*
1na
0.466
nay ,
1 0.2057 P < 0.3923 P <
. 0 0.2057 0.3923 -0.026
LNEIND (0.3383) 0.001*  (0.4728) 0.001*

LfiaﬁmsmwmmLaﬁyLLa:ﬁ%mLﬁmmummgnwnamm”unsz@nu%nméf'\u"l,ﬂaﬂmwaaﬂaju
Afanunamlanenduisane ﬁml,aﬁ'yﬂuaas:@”ungﬂ“ﬁw 6 1@aw waz 1 T 1NNy 0.1987 + 0.3260
LRe 0.3592 + 0.335 ARALNGAT ANAAL dau’[umju‘ﬁ'ﬁmwnfmmf‘iamm'\ﬁuvlmﬁmwa fdade
PBITTAUNTEQNT 6 1Aaw uaz 1 T vy 0.2057 + 0.3383 uaz 0.3923 + 0.4728 AaflNAT MUFIAU
mnmsmaa‘ummLmﬂ@hwaamm:mﬂﬂuaam:gﬂﬁmvlﬂaﬂawai:ﬁiwaﬂguﬁﬁﬂqwuﬂfwamﬁﬁmﬁmwa
waz laiNsIna ludaz T 9380 wmmgmadmjuﬁmLaﬁiumsa:mwmm:gﬂu’%nmﬁmvlﬂanmaLmﬂ@m
nuats lifideddynead@lunngaanm (p = 0.466) aaugaaluanand 3

AaA 3 KANTIATIERANNENRBTVIANANI 19D aNTARLATIAK AU Health Scale

ﬁﬂﬁmﬁwmulmgslumjuﬁﬁm?aﬂmﬂﬁmﬁmwaﬁﬂmuumad Health Scale agluszau
Success 41134 105 61 Aatduianns 64.42 uaziinzunuuuas Health Scale agluszadu Compromised
survival 37%% 6 62 Aaldusasas 60 6?‘5\1mnm’wmjwm'ﬁ'aﬂﬁﬁl,m']auvlajl,ﬁmwa Saflazunuay Health
Scale agfl,mm”u Success 3% 58 duniby Aaldusaoas 35.58 uaziazuuuuad Health Scale agﬂu
5261 Compromised survival $1wan 4 duniks Aadusasas 40 asuaasluanaf 3

uanﬁnnftl,ﬁaﬁ'lmsl,ﬂ%suLﬁﬂumsiung:uwuiw ﬂqju‘ﬁ'ﬁmwn'é”nmfa‘ammﬁﬁmﬁmwaﬁ‘hmu
Yanua 111 @2 924 Health Scale agﬂm:@?’u Success §1wu 105 @1 Aailuiasas 94.59 Ua9ngw uazot
l1432@U Compromised survival 1474 6 62 Aaldusesay 5.4 VoINGN lumm:ﬁmjuﬁﬁmmn%a
goandantaanliifosnasiuiurinue 62 @2 224 Health Scale atjluszal Success $1UI% 58 ¢
Aaiduanar 93.54 v9ngy unzayluszdl Compromised survival 31434 4 61 Aalduiauaz 6.45
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p-value < 0.05
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Abstract

Nowadays, there is a relatively high number of elderly with underlying diseases, which is diabetes.
Most common diagnosed as Type 2 diabetes with Diabetic Peripheral Neuropathy (DPN) leading to sensory
and motor impairments that affect walking ability. Regular exercise can prevent or improve the walking
ability of DPN patients. Physical Therapists commonly visit patients’ homes to exercise DPN patients,
however, there is the tele-exercise (TE) that is applied to reduce time and infection prevention. Therefore,
this study aimed to investigate the effects of tele-exercise (TE) on walking speed in elderly with diabetic
peripheral neuropathy. The study was conducted in 24 elderly subjects aged 60 years and over with DPN.
The subjects were tested on walking ability using the 10-Meter Walk Test (10MWT) before and after
exercising. They received the TE program through video calls with a total of 7 exercises, for 40
minutes/time, 3 times/week for 6 weeks, a total of 18 times. The result showed that subjects had a
statistically significant increase in the 1T0OMWT (p<0.002). Therefore, the study can be concluded that TE
is promising. The finding will guide tele-exercise that can save time and reduce labor and medical expenses

as well.

Keywords: Aging, Diabetes mellitus, Tele-Exercise, Walking speed, Home-based exercise
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Abstract

At present, stroke patients are trained by visual cues stimulation and proprioception. It relies on
the knowledge of result (KR) to restore the balance and walking of the patients. Therefore, to answer
the research questions about the effects of such training, this study aimed to investigate the effects of
visual cues training on balance and gait in patients with stroke. Twelve stroke patients were assessed for
balance using Timed Up and Go Test (TUGT) and walking by 10 Meter Walk Test (10MWT) before training.
The subjects were trained to provide visual feedback for 40 minutes. Then, the subjects were reassessed
by TUGT and 10MWT after training. The results reviewed that after training the subjects showed less times
for TUGT than before the training, with a reduction of 1.62 seconds but not a statistically significant
difference (p = 0.185). However, subjects had a statistically significant increase in both their preferred and
fastest gait speed when compared to before training (p<0.05). Therefore, this study can conclude that
visual cues ftraining can improve walking ability in stroke patients. However, there was not found a
difference in balance. This might be caused by the duration or the number of training so, it did not clearly

improve the balance performance.

Keywords: Cerebrovascular Disease, Visual Feedback, Gait Speed, Balance
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Lmumﬂ"ﬁﬂﬁwmﬁaﬁﬁaamﬂﬁmn@mﬁm s liAansiedewlnanlaidasns (Abnormal movement)
finsasiminums fuuaziduszninens 2 919liiniu fanusansalunismssdianss wazidu
9URIIAGDNINAUIANUENUIDE UM LAY [2-4] ot miﬁuyjmwmmmﬁmmsmwﬁLLa:miLﬁu
ﬁ\iLﬂumi*ﬁuyj%é’ﬂﬁmamumm@Taam‘smao;ﬂ"ﬂaal WazEINNIIRAWIANAEENTITIuER 9 laddan
aghslsiionu fihelsanaenifensuasiaansnidnle dnddymlumssssinninivhrsestheldrinu
ﬁgﬂuuumn@uﬁﬁ@ﬂﬂﬁ wazaNIS U Tauaasd

miﬁuw‘lmwmmmmmg‘{ﬂaﬂiiﬂ%aa@Lﬁa@auaoluﬂagu”u LN B NIITIUINNT
wndoulna (Motor learning) %amn’%‘mufmaaawaw:Lﬁ@ﬁnﬂmiﬁnLﬁwﬁagamml,mio’ﬁagwmfJLm'a nIaw
HIUNI3303 dIz02ana WazuEAIaany [5] XD msﬂi:@;l”umiﬁmfmamuaﬁmﬂu"?%ﬁumula
LLa:VL@TNasiamsw‘"wmmmmmmmmgﬂamkﬂmamﬁaﬂauaaﬁﬂﬁ%ﬂﬁq MINTEGUMILTUUZVBIRUDI
ausainlanainnaisis (ou miﬁwsgﬂe] %%amsﬁnsgwe] LLa:msm:@jumn?aL%ﬁmwan LT LFE
wazmw Wudu nsfnfiinuan wudﬁmﬂﬁ“ﬁagaﬁmmmmLﬁu (visual cue) TIHNITAUANNEINTD
’LumnﬁumaaﬁﬂaUiiﬂmaﬂLﬁaﬂaumvlﬁl,ﬂumma oth9lsfian 1e3asfiomaniin undlyadngs uazdl
pwalng ndaudnelden LLa:Lfiaﬁmsmmﬂwé’ﬂmimaﬁﬂupjﬂamIswaamﬁamwaa MAeanns
Mnudauduiuiiuzninnmsisenuian WM TYasTeIndwLita uanmnﬁﬂaﬁmsmuqums

NTI07 1AUNAENITNDILA LLa:ms%'ufmamTa@ia@Twﬁu ﬁ]zLﬁuvl,@T’h;gﬂ’;zlisﬂ%aa@Lﬁa@auaa GRREY
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1 L 1 o v o 1 1 a EN] U A ﬂq: a
unw3a9luIzuUaINE? ml%msmuqumimamaﬂm adwamamimuhgﬂm% TININTLAH UAZNIT
o o A A & @ A v a
NI FINIILANDUNVDIIAAULNAIININ (Center of mass) 1mg1u§m 38 Base of support D74N3
nazqueunmInaain wduninszquldiian snsagudnarsuialdatlu Base of support I [1]

A o Aa IR ' a Y o & o

dansinaanlusunsunfusagalaldungin dunenwniintu lavaduiauisasiausy (Force sensor)
N9193:HAVSIMUTBINN TIUATIILLITINASUAUVBINTRINRUN La Wariheosueanusinanivadm
ausysnwoindnngunsasusnluu wIaneuRaiaas Force sensor az1307NIuLa 8IS QI MNTLAL
navlUdinannaiasu °1hﬂﬂ%'umimod'aLLa:ﬂ’mﬁumaquﬂmhﬂmamﬁaﬂauaﬂﬁ ﬂa@u”uvlﬁﬁmsw”wm
IﬂmmumiﬁﬂiﬂaJmﬂwaﬂmim:@;umummaamwuu soiduniansrudunuundnisnsedu
HI% NTNB9LAN (Visual cue) Lazn1Tiuiaasdade anduanwmzdayaawnavannmoweniidudaya
A o o & A o & = A 2 o = X
WBINUNAAWS (Knowledge of result #3a KR) @41t n13dnwi F9dasnsdnsinazasnisidingias
Iiﬂﬁaa@Lﬁa@mwaﬂmﬂﬂsfzﬁumumswaaLﬁu@iammmmsnﬁmmsmwﬁLLa:miLﬁu 1u;§ﬂwiiﬂma@

=)
LRDARNBI

%) 6 a o
'J(ﬂt!‘ljixﬁ\‘iﬂ‘ﬂa\‘iﬂ"ﬁ']%ﬂ
Lﬁaﬁﬂﬂﬁﬂa“ﬂadﬂﬁiﬂﬂ@_‘]’s UISﬂ%ﬂﬂ@Lﬁa@I@] mns:@j‘"mhumswadLﬁu@iammmmsnéﬁumsma

A7 LAZNILAY

Aad o a a o
ADANLBWHNIINIVY
1. 1d@1dNAT
=3 n‘( o =S a o | U A ou’/ A
nsanwrinsAnE o zIaNaT 31U 12 An LﬂugmﬂI‘iﬂmamaaﬂauaammﬂﬂaa@Laaﬂ
o . . & 4 o e
gUaIlL@n (Cerebral hemorrhage) NIONAOALROATNBIAL (Cerebral infarction) Ny3sgeNIAUNAY
A/ > ﬂqj 1 = J v dl Q/A = a v 1 v
wazi3asy 21gasud 18 1 Puld snursanlanmn #asnI3ia9 RNNINDRLALAW LS a8N9TRY 14 LUAT
lavldwialdlguninidiodn munnueaiulddnd lusznzadisias 3 was ismala wisldaald
1 = 6 [ A U d' ean s A' I s 1 & [ v
winan uwazliinmsinidaean fa fihonuwnditedulinaug ulsanan u ands lsawala udu
E 4 L v g é o a o .
Lm:;dﬂ'ssﬁﬁmmﬁammaaﬂmmﬁa (Muscle tone) F9vinnsaTiadszifinlasls Modified Ashworth Scale
(MAS) ¥1nn11 3 Azl (Considerable increase in muscle tone, passive movement difficult) [6]
L U a U 1 A U s R a
Iﬂﬂmmaumﬂqnﬂumommummammnumsﬁﬂm #3193UNITIUTRINNAMENITUNTITUTITY
mﬁaﬁ'ﬂuugmj‘ AIANEAWINLA URIINLRUAITUATUNTI 136 ﬁauﬁwmﬂﬁuﬂ’aga
4 4 [ [ (3
2. ivasiiafilgdndiholagnszauiinnsnain
tﬂ‘ =} tdl ldq’ ) €1d‘ U ] Qs ‘l/:’ s ﬁl ] v é
\wIaddanbtinil Lﬂuqﬂﬂ‘sm‘ﬂi“ﬂuﬂ’]iﬁﬂﬁdﬂ’lUN’]%ﬂ’]iiUEu’muﬂ‘ﬂLLN%SBGLVI’] TIRNTOFDR
W lUlusasrinvesanaaiasle laodduniiauad Sensor 71982 3 GRS FINITDIAUNRUNVBINITAS
dmainszninsnigestnele wasiinmssssuammsiuiminile ainiisanauiiiaad niauiuse
AfimIasldaunindnivsasiunmslinuuasaIssnugunisasiminuasnssing dusodsdyyio
1 ] v L Qs IA ] a ~ L= { C= té 1
EWhaurusaaTlLTINanuTaLNInILaNNAaag U aINTaNle eI M FAS FaznoTuwianad L
21730NIRAAVININTL ARV BIa1RIRNAT LasdlUsunsnlun1siinde nisnnsdnsmint Y e Bu
l& L v v v = :/ C 1 v { a
snﬂmmwuu%maalumms:@uhmmamiaamﬁunlum%mamm (MWA 1) LAZNITRNNTLAURS
TRUNNVINIRDITI MAANNNITARIOAUNTEW LADNITUIENIRHNA PUAN B IALVBINITIAY WRZNNTEN BN

TABNIZTRINIVINIRDITN
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M

MacBook Ar

spmpapuaniinn g |t S
Ny = ——
AN 1 KiLRAINAV A YINNNTEN

3. MINAFIUANMHNFINITANIHNIINTIAL LAE NITLAK

ﬂ’ﬁﬁﬂmi{ﬁwmswﬂaaum’mmm‘mﬁmmimwﬁ'ﬂml“ﬁ Timed Up and Go Test (TUGT)
uaznasaUMIanlasMINasay 10 Meter Walk Test (10MWT) NagaLaANUFINNTAADY LATARINTAN

3.1 "MINa&ay Timed Up and Go Test (TUGT)

nmInesey TUG LﬂumsmaauﬁﬁmmmﬁaﬁaLLazmmmagﬂumsmaaummmmmlums
N9 Badumsnageufisansarinlaig uazsiass leglwenmaiasiuwianiwinAnas i
mnﬁ?uqnﬁuﬁu LL&ZL@%iﬁL%’JﬁQ@]Lﬂﬂﬁa’]maﬁﬂﬁl‘zﬁﬂvlﬁ W@ ldeunin 3 1was mnifumgu@l”'sl,l,ﬁ’uﬁu
nauRndeLiiesdn 3 WwaAT waznaLRILINILAY ;d”ﬁﬁ'ﬂﬁ'unmﬁmmam”ﬂiﬁﬁvlﬁ winoduind laisusy
Lfiammaw”ﬂiqn"fu LLa:n@mq@]L’amLﬁ@ﬂﬁﬁﬂﬁ&”ﬂiﬂguuﬂﬁaﬁLﬁﬁg wasna IR NN Ienanadns
FNINAREUNIRUA 3 A%1 MFLaagaNuFINTafld [7]

3.2 minaday 10 Meter Walk Test (10MWT)

managey 10MWT Wumnageuanusilumadin Asunsaszrandsanuamansalumsiiu
uwazgmmwzaInaauld mmesevazldomaianauiduizozma 14 was cﬁiﬂﬁ‘una’lﬁmmaﬁ’ﬂﬂ%
Tunaduluszaznig 10 WwATasINaN9 LNaaaNaTad Acceleration Wwas Deceleration ldananadnsLiuedae
anuLtTUnd (Preferred gait speed) 3 a2y LL&zﬂ’J’]uL%lmﬂ‘ﬁqw (fastest gait speed) 3 78U ﬁ']ﬁ’]‘ﬁleGTm
dwrniduanuiilesldgasnmsdwimde anud = weemana wibodu wasdaiund NI
anmanafgvesudazausnvnle [8]

4. Fweannsinananaaing

4.1 mmau‘”ﬂsﬁu‘[@mﬁ%‘%avl&iﬁqﬁﬂmi"ﬁ'sﬂLﬁ%I@ﬂaa@meadLﬁﬁﬁﬁmuma{%ﬁﬁmﬁfﬂamfﬁag;j
vl luseswhaasanaaaias aaniiu mmmﬁ'ﬂsgé’zywﬂmmsaaﬁ'mﬁfnﬁﬂﬁng‘umamwmam‘ﬁm%
Weoamaiandudyuimnsduds snaaiasdesdinainninaifisndis lunisaseiudaa
mni’@qﬂﬂﬂgﬁﬁmmwaou;ﬁuLﬁm oEFNAIRDI TN prmanamnanlanasasioun1iineis
ianasaunnuhlavesaaains $11Im 3-5 A3 mmfuﬁaﬁﬂmsﬁ'lLﬁ'ﬁuqﬂmrﬁlﬂunm 5 w17l

4.2 Lﬁammaﬁmﬁu%uﬁuqﬂﬂirﬁuﬁa araauasaz lasunsilniduiian 40 wafl (Warm up 5
wIN ﬁﬂﬂ”i_u,ﬂ'%iaum:q)”mhunﬁuaol,ﬁu 30 w111 Waz Cool down 5 w171) Warm up L&z Cool down i1y
fandaunitosuunuazanluring wiauas

43 msﬂﬂéﬁmﬂ%aans:@jumuﬂ'ﬁuauﬁu Usznauemy 2 AanTsN Aa MIRNGUYBAZIITRNLAK
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miﬁﬂs‘i'lwi”'lmma%m:ﬁaaﬁuﬁmg’ﬁhﬁ arusyyImAUIngTuuweiuide uaan 15 ud
INTH FIFTATND 5 W udnsAnEudedn 15 w1 Samruaanuivesnsduduanuiii
Unanldlunsidn (Preferred gait speed) laa1n3a 10MWT ansasinstanludronein 3 was uasiin
WYHAINAUNINLANEN 3 LUAT I@mﬁﬂmmﬁ‘ryzywmﬁﬂﬁnm'iruumauﬁuLﬁmﬁagﬁ'\aaanvlﬂ 31009
Taanlumsdnidn 15 wift luszninemsidn snmemmwiiaduay uazaegsaunuisaimaniiesd
v835128628n133@ Borg Scale laliiAuszautunans (@zuuwn 12 9 14) [9] wazrINa1EFUATIAIY
Wit d a”ﬁﬁ'ﬂﬁmim’ﬂﬁmmau”mw”mumzJmﬁaﬂ uf3snsuanAndnass DI ENAIMNNABADIFIY
Wudadisap lasdinnmanwidaduimuiiienssinsaasaiailunsin

4.4 HEINLESIEUNIIANLEY 918 aNATHD9 Cool down 1lwaan 5 wift sensianarutite
FIMUH WAZTNIRTNS LTWLEEINUNNT Warm up

5. NIIATIZHRANITIVY

myenuitlsadauuunssamlunism B9 UTBYRDN mananiosdn 19aia Shapiro-Wilk Test
ﬁﬁnimﬂmiﬂi:mm"”maﬁagaﬁvlﬁﬁnﬂmimwmmmiumsmqumima@Ta W8ZNTLAW DINDIN
Toyafinanszanuaiuuudnd 39l4a@ Paired ttest lumalianzianuuandrazainmmssdinazns

@nnautaznainsin lagimuaszaunadann p<0.05

NanN15398

1. ToYAEIRYAAAVDIDTEIFNAT

ormmiasgiolianaaaiiaaanas 1w 12 au Sugoutansrnnsanmnit lasanaasing
danlngiduiwama agj'lmw:ﬁdLaﬂuwﬁuﬁaiw:é@% aauaaaluaef 1 o1maaT 8 Au fana
91n13A%A0ALREAFNAILAN LATDIRFNAT 7 AnaIn1TauLTanauY lnulywidwnuedin
waemsladuluonmaiasnivue uazansaansruasunsarinnmsindae Lﬂéadﬂizﬁumuﬂ"]wauﬁu

i Iﬂﬂvlmﬁﬂqu‘”ﬁmqmm:ﬁwmiﬂﬂ

13199 1 ToyaNugIUVINEENAT

RIIE IUWIRERUAT 12 A m@‘%wqﬂ L fNgIR@
g (U)* 60.9 + 10.1 42 :72
LINFT

T8 A% (FDHRT) 10 (83.3) -

Wi AU (30Ua2) 2 (16.7) -
szoznanainnidulianaaniieaauad (1Haw) 93+59 3:24
siwin (Alansu)y* 67.1+ 8.9 52 : 82
FINGI (LTUALNA)* 168.8 + 8.9 153 : 182

ANULAQ *ﬂ'n,auaﬂ’agmﬂum mean = S.D.
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@ A s Y v d'
2. HANWNHAIINIASUNISHNAI8LATEY GBVC
2.1 AMNFINITAATBNITNTIAN AUN1INATDU Timed Up and Go Test
AURAIINNBIFIFNAT LAITUNITHNGIBLATEI GBVC WUI1 anaauasldiaanbunisvi
TUGT wasadninnanlasunisiln laudd1aaas 1.62 Ju1fl ag1sbsAay binuanywand1sag9d
WA IHA (p = 0.185) AILEAIIHATTIIN 2
2.2 ANMNFAINITAAIUNITLAY AIUNIINAFDY 10 Meter Walk Test
AMURAINNBIRIFNATLAIUNIIANAILLATEI GBVC WU 91RIRNATHAINLSI IUATLA®
R a o A a o .
LNNDUNINTITLABAIBANNLIIUNG (Preferred gait speed) Waz NILAUAIYANNLINFIFA (Fastest gait
A A o va A, a X | A o @ aa . A
speed) Walfgununawldsunmsin laaddunaudne adelnodamuneada (Preferred gait speed fidn p =

0.026 uaz Fastest gait speed {61 p = 0.008) asugaaluaef 2

A1919% 2 eNInasay TUGT wag nInagay 10MWT

ALs Aaunsin BAINIIAN Mean different 95% ClI

p-value
(mean £ S.D.) (mean = S.D.) (pretest —
posttest)
TUGT (3w) 35.25+19.75 33.63+18.25 1.62 -0.90, 4.14 0.185
10MWT: Preferred gait 0.15+0.05 0.16+0.06 -0.005 -0.009, -0.001 0.026
speed (m/s)
10MWT: Fastest gait 0.1940.13 0.20+0.14 -0.01 -0.018, -0.003  0.008

speed (m/s)

a@uazaﬁﬂswna

mﬁﬁﬂmﬁﬁaqmsﬁﬂmwamaaﬂﬁﬁﬂﬁﬂ'zﬂIﬁﬂ‘vﬁaa@Lﬁa@auaumumsuauﬁu@iammmmin
GIBNIINTINT WASNITLAY sl,u;jﬂm(['iwaamﬁaﬂaum BIMTIaNaRaIINNSANTIUA HansANIN
WU mwé’ammgﬂwvlﬁ%'un'nﬂﬂ A 880U RINNTAEIUNITLES Yansiandauanusing
WAZAITIFIF Lﬁufuamaﬁﬁfﬂﬁm@mmﬁﬁ (p<0.05) ud liwuaNuuandaesinefANIIRAa
P2IANNFNNTNUMINIIAT aeelsfiany msdnwil uaasliiduumnlduvesszozalumsvih TUGT
Panad Imﬁﬁ’naﬁm’s’mﬁ’magﬁ 1.62 5ufi (@397 2)

MINITAUABUFBDIGILNTNDILAY %aﬁmﬂﬁ@?ﬂqUmauauaqﬁuﬁuammﬁauﬁmﬁumwm
Nz mmml"ﬁuﬂwlmmimﬁau"l,mmad;&’ﬂam"l,@i” HreliAaminamnmmsssuazantasoiaeslunsay
[10-11] 9NANIANHIVEI Wan WazAme WUTT NMIADUAKEITEIBNENRNATABNINLEL auaSImuNTaLAY
Uszinnmlunmsdsudyimanserinlaiduedneg [12] msﬁﬂgﬂ”ﬂaﬂI‘iﬂ‘maa@Lﬁa@auaai@mmﬂﬁﬁmizﬁu
INANYUANHIBNNTN LA (Visual feedback) Rownldinansunsnansiiuisnts Gensinlasnsld
Visual feedback tJun1slgns aqLﬁumL‘ﬂut?hu%ﬁﬂumzmumsﬁmjmsmﬁauvl,m wazldmany
@1auauaaﬁﬁmnﬂdwmimzﬁu@hmﬁm wiahildnisnszduias [13] nsfinlasldnisuesiiu
Wudanszdu aunsariilddwnuniseaniisdinie %aa:ﬁ’sﬂﬁ’@ﬂaULLﬁ”LmﬁﬁmwamuWﬁumaﬁ

AMNFINNBILA® I1NNITANBINHIBUINLIY nsHneaandiadnte lasld Visual cue ara1snLi Y
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AMVRINITDAUNTNTION LLa:ﬂWiLﬁuiuQﬂaSISﬂ%aa@Lﬁaﬂauaavl,@T [14]

ﬂ']iﬂ’mqun']imm”’sLﬁ@mﬂﬂﬁﬁ%mé’@Tuﬁ'ﬁmaas’wmﬂummauaum WO IR EINIIINTINN
ag"’L@T [15] INMSANHNHIWUN BRAILALARIINITHN Dual tasks @1A8zUUNNIYINNM lOUFINTINNENDI
' A o ' a A ' |
FIUNAT TIAILAUNNTNINNIBYBITHNE LazlENTWadan1IAILANYIINIG [16] Ju ULazams ud a.a.
2018 latanaunzin mﬁﬁn@]’ﬂaUTﬁiﬂmamﬁa@aua{lﬁaUﬂﬁW Visual cue TIUAUMIANMTILS (Cognitive
function) AIMTNTILLANAMUFINITAGIUNITIU TINTINGUIANNFINITOFIUNNTAIUANNIINTIEN
Elu;jﬂmiswaamﬁamuaavlﬁ [17] nRanmsAne s udinezlinuanuuandsadadvedaynesia
PBIAMUFINITAAIUNIINTIA RaINHNLET a9 l3Aa Y SRnuwI lENVaIN1IaaIaIN LT IwnT

¢§ = 1 v AI A o Qq// v J d' v

NAROURI F9lun13ANENda bl 919 NYITHLIAT IWAITHN ®IBF N UINATIVEINITHN IRNINT LNa 14
WABANNLANGIINTALIN BANINIINARAY TUGT tunisnagaulasliarsiadasnsuminanawnnig
LRI ﬁrmﬁfuqﬂua:lﬁuvlﬂ“ﬁwwﬁﬁ 3 LUAT NALAD LAZNAUNNMINLEN [7, 18] lasamisidfouudad
@1§a (Minimum detectable change) 27a9mInagey TUGT lugihulianaaaifanauasfa 3.53 3uf [7]
n} = .;’ = d' = 1 a a K s G d' d' ar >
FINMIAnER nTiUasunUadiNesnd 1.62 Ju9 3989 TR TIU R uY 8INTALAUVBINITNTION
lumjummaﬁ'mgﬂazmé'amﬂvlﬁ%'umiﬁﬂ

mmmminlumﬂﬁummgﬂaﬂISﬂ'ma@Lﬁaﬂauaaﬁfu NN FAANRDILAHNWWTN WD
INREANUNITARAIVDIAINRINITAAIBNITNTIAL LLazmsﬁuluQﬂ’ayiswaamﬁamuao [19]

d‘v 1 U = dl dldl&/ 1 = o ) ﬂl aa A v >
INMTANBH wmnaﬂwumnﬂawuﬂaalumammuamuuuﬂmmymaaﬂ@ FIRDANRDINUNITANEN
A A ' [ X A oo o a
AHUNN289 Zhang uazame MWL Monasangtholsanasaiieasuadldiunsiinlasldinalulad
a v v Qo 1 3 U a { AI F§/ 1
AWLENBUITI Lmzﬁmﬂmayjaﬂauﬂaumumiuaamu fanusanndumaauniNugaineg9l
wndayneaddimudoiny (14] szdulddn msuenumuninsasgialianaeaifonsuadnzdad
mﬁ'smaw”wm‘ﬁ'@@Tmn'lil,ﬁw,m:ﬂ'ﬁma@ﬁmuﬁﬁ'uvlﬂ [14]
1 =3 = dq' @ A v o 04 " v =y a v di o v
agndlsAeny AN fadidednnaagineme ANBUTVBINITANAILLATEI GBVC laurinuals
o a o o o o A & = = A '
aaaNaTLaulUT9nin 3 Lwas I@mmqmuazytywm'ﬂﬂmﬂgmuumaLmum@mgmaaanvl,ﬂ 310a9
@) dl | U o Qs o Q qllild v =3 1 ua; Y ld 1
Wuszoznesnensanidudednne dwsugdnddymeunsuaaiu 1o aoaaw aging Famsdnsealy
[-%] va dl IJ L= v 4 4 U

luaurna oranaw lvdawiaraninnlugdu nsansnauniliieiesiio swisntafaudreaiuns

ﬁl U U 1 v o Q/ dq/ U
maauvl,mmadaﬂmvlﬂ TILAATDINNA LA

naanssnlsznd@

mamaumzqmwﬁwmé’m‘%uﬂ‘%uﬂﬁ‘[m ﬁm%’unu“;{fﬁL‘Smmvlﬁwﬁwmé'm 152311 2564
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