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782 Journal of Health Science of Thailand 2025 Vol. 34 No. 5



mw*qmtasﬂﬁﬂﬁl,ﬁmii”awmmw?mLﬂ‘fﬂuﬁ'qﬂmjgﬁﬂszﬁ'uqmﬂam: MSANHILUUAAIN LUBILNUB Y

diavhmsnagautadadiuada Pearson correla
tion Wuh Tasarhunenansefinnuduiugiue
(1<0.65) il Taymi309 multicollinearity 3931051294
RIRtGaG logistic regression TaeM@sERLuUU uni-
variant Vgﬂﬂﬁl%ﬁltﬁaﬂﬁ crude odd ratio (OR crude)
waztdandasadiien p<0.2 31AEWuY multivariant
liaw Adjusted Odd ratio (adjusted OR) aald @a

g donunwansd adwdagiu Nelddaiion
unasnald aandnluthy azfiaw BMI, systolic-
BP, diastolic-BP 7178 UaIns aMelaguins
wqaﬂssumsﬁuqsw/m'suawé’u/m'saaﬂfi’wé’qmsl
UszaNEMWNSUALABIBIMNS UAZ Yubi-wakka
(finger ring test) l@naansaauaaslumsei 2

¥

= U e ' = v v . ¥ A aa v v . .
GIIINN 2 ﬂ’:ﬂ"\)ﬂ“}l&lﬁmaﬂ"lflgﬁ"ﬁwl’ﬂ‘i{luE\Jl@\ﬂ’]']i!ﬂﬂ']iﬂﬂiﬂ']‘isluﬂauﬂE\!g\‘la’]i!rﬁﬂwtnu’]au’]uﬂﬂrﬁﬂslﬁ univariant

analysis (L8% multivariant analysis

Muds Univariant Multivariant
OR crude (95%CI) p-value adjusted OR (95%CI) p-value

Tadadruynna

81e (%) Keaeeedu(60-691) 1 1
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Normal (18.5-22.9) 1 1
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Abstract: Thailand has become an aged society since 2022; and is projected to transit into a super—aged society
within the next 15 years. Older adults often present with non-specific clinical manifestations collectively
known as geriatric syndromes, which tend to lead to excessive and potentially inappropriate polypharmacy.
Depression is one of the most common geriatric syndromes and represents a significant public health
concern due to its impact on both the older adults and their caregivers. Previous studies reported varying
factors associated with depression in older adults depending on the local context. To date, no study has
been conducted in a district that has already reached super-aged society status in Thailand. Na Noi District
in Nan Province achieved this demographic milestone in 2023. The objective of this study was to assess
the prevalence of depression and factors affecting it. It was a cross-sectional, analytic study. Data were
collected from a random sample of 191 older adults aged 60 years and above attending Na Noi Hospital.
Structured interviews were used for data collection. The association between factors and depression was
analyzed using multiple logistic regression. The cut-off for depression was a Thai Geriatric Depression
Scale (TGDS-15) score of >6. It was found that the prevalence of depression (TGDS-15 >6) was
27.7%. The effective factor was malnutrition (MNA-short form) score <12 (OR adjust 12.61; CI
2.89-55.06); living alone (OR adjust 11.82; Cl 1.53-91.46); insomnia and using drugs for sleeping
(OR adjust 16.55; Cl 3.09-88.64); insomnia but not using dsrugs for sleeping (OR adjust 4.41; CI
1.39-13.96); and slim proportion (OR adjust 0.26; Cl 0.07-0.99). On the contrary, underweight
(BMI <£18.5) was found to be a protective factor in this study (OR adjust 0.26; 95%CI=0.07-0.99).
In conclusion, the findings of this research can be served as a guide for developing strategies to effectively

manage the challenges of the super-aged society that Thailand will face in the future.

Keywords: elderly,; depression; super-aged society
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Abstract: Motorcycle taxi drivers may risk from dust and air pollution due to their exposure on the road every
time, so it gets air pollution all the time and there is a risk of respiratory disease. The purpose of this
study was to compare the lung capacity of motorcycle taxi drivers and office workers using spirometer
to assess lung capacity by measuring the value vital capacity (VC), forced vital capacity (FVC), forced
expiratory volume in one second (FEV), and the percentage of total air forcefully exhaled in one second,
compared to a full breath (FEV1/FVC%). The sample consisted of 80 people to consist of motorcycle
taxi and office worker 40 people each, and analyzed data with t-test statistics. The research results were
as follows: vital capacity (VC) was significantly different at p<0.01 level, whereas forced vital capacity
(FVQC), forced expiratory volume in one second (FEV1) and the percentage of total air forcefully exhaled
in one second (FEV1/FVC9%) were not statistically different between the 2 groups. Thus, dust particles

on the road in Samutprakarn did not affect the level of lung capacity of motorcycle taxi drivers.

Keywords: pulmonary function test; spirometry; motorcycle taxi
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Abstract:

Factors Influencing Vaccination Coverage of Children 0-5 Years Old in Tapoyo Subdistrict,

Yi-ngo District, Narathiwat Province, Fiscal Year 2022

Nur-Armina Tohnahung, B.P.H.; Denpong Wongwichit, D.P.H.
Nakornsawan Campus Mahidol University, Thailand
Journal of Health Science of Thailand 2025;34(5):799-809.

Corresponding author: Denpong Wongwichit, Email: denpong.won@mahidol.ac.th

The aim of this study was to investigate the factors influencing the coverage of basic vaccination
among children aged 0-5 years in Tapo Yao Subdistrict, Yi-ngo District, Narathiwat Province, during
the fiscal year 2022. A cross-sectional analytical study design was employed, and data were collected
from 198 parents through cluster sampling. The data collection was carried out in January 2023 using
a questionnaire designed to assess knowledge of basic vaccines, with a discrimination power of 0.20.
Beliefs in supporting basic vaccination and satisfaction with services were also evaluated, with Cronbach’s
alpha coefficients of 0.70 and 0.80, respectively. Descriptive statistics, including frequency, percentage,
mean, standard deviation, and logistic regression analysis, were utilized for data analysis. The results
revealed that the majority of the sample comprised females (89.40%), aged 30-40 years (47.00%),
and married individuals (88.90%). The knowledge level regarding basic vaccines was found to be
moderate in 58.10% of participants; while 50.50% demonstrated a high level of belief in supporting
basic vaccination. It was observed that parents with a moderate level of belief in supporting vaccination
were 86.00% less likely to have children aged 0-5 years who achieved the basic vaccination coverage
criteria (AOR=0.14, 95%CI: 0.03-0.77). Furthermore, parents who had never been followed up by
public health officials regarding basic vaccination were 98.00% less likely to have children aged 0-5
years who met the basic vaccination coverage criteria (AOR=0.02, 95%CI: 0.01-0.11). Therefore, it
was recommended that public health agencies at all levels in Narathiwat Province implement policies and
measures aimed at providing accurate knowledge and correcting beliefs about basic vaccination for Mus-
lim children through various channels. Moreover, the system for monitoring basic vaccination in children

aged 0-5 years should be enhanced to ensure comprehensive coverage.

Keywords: coverage, expanded program on immunization; children 0-5 years old; Narathiwat Province

NINTINMIAGITNGY 2568 Uil 34 AUV 5

809




i’liﬁ’lﬁﬁ’lﬂ’liﬂ’lﬁ’limiﬁl Journal of Health Science of Thailand
Ui 34 aUUN 5 MuENeu - ANAN 2568 Vol. 34 No. 5, September - October 2025

dwusauauu Original article

msﬂsvmumaﬂsmumﬂ emmwwaq mﬂsuﬂaumﬁw
LﬂU?lﬂutLﬂuﬂﬂttﬂﬂ?lﬂu 1uﬂ‘iut%ﬁﬂ1 AWMU
&
MINUMUITIUNIINBSNILUUIZUY

LAY wawmqnmq a.a. (usm‘smmsmaw)*
GEE) mmauqms m.a. (3zuIeIngAalin)*
5978 UIUVLN A0, (amﬂ'smmmﬂaamtazmﬁmms)*
mmﬁ'ﬂ uzteh . (mmsmqwmam{ )**

* AQEESIINGYAIAT W INGDEETINATNT AU nhu: 17.0.0. 2566
. o o J e e - Suudla: 17 f.81. 2567
= ghunnutlavnueivanlsaii 6 WWInZaY3 o )
ey o - . ] JuMBUSU: 27 H.e. 2567
ARADELABUL (NATU YBUUWNAN Email: Pusopa_k@yahoo.com
UNARED M3ANEUNTAUIEaALNENUNINITIUNITNNLINUANNYNYBIHAN TENUNNFUNWNUAENTLUIUNS

UsziiiunansznumsguamweasUsznaumdninueezuazaauanzeslulszmamasiann  Tasmsnuniu
5sanssnagnaiiuszuy Fududayaann Google scholar, PubMed Waz Science Direct MGFUMILHBUWS
5599 .6, 2012 — 2022 WanuTunaNEiiedas Wulumanarimsdadan Mntuldnhmsada
Foyannunanuiidaidon washmsliansidayade pooled proportion rate wdWhmaduANzidaya
HaMIANHIWUT unanaHiu 9 atu gannlilumamumnssanssuadaduszuy waznanualdsu
malszfivaaumwieglussdugeniduais Tasdumsinunlu 6 dsana ldun waide duids
Hauhud 88Ud 10slaille wasButun naudaiemansay 2,621 18 TanugnuaIHANTENUMINW
WU 48.47% (95%CI = 36.40-60.60) ﬁww%’uﬁﬂuﬂsxmumiﬂsmﬁuNamqqﬂmw wWun (1)
nszumanaunsas (wuly 9 aty) dmsl#dayannnenuussienmsideiiiiedas Tastiulsady
ﬁﬁymmﬁmmiwsﬁummLLazﬁﬁmﬁ'mmqumw ANNNAIND wazMsnieuIMIas gy laal
Forvtnandnimfuemudaussanssnuihennmeahnufuwesdausnse: (2) AssLIuMsMWLe
vauwe (wuly 4 aifu) Imsivuaduiiaie 2 46 laud NGMUTIRINYARS 1Y TLAUANNTULTEN
Ty Suaneiiiendas wazwginssumsld PPE fifdhuszuuusnms laud msmuuaulanauas
WHUNIUNMTINN VYL (8) naswIuMIssiunanSTNUNNEEN (wulu 4 atv) wiseaniily 2 vy
fa matssfiuenuies wasmalssiivnnezasmanssnugamwInaiwdanan 4 Fodununnmsanmil
i dernuddgeasmaiannssuumstssfiunanssnuneguanian sausuudunsasssme
e Mafisusswegiisuladnuds u,asmmma‘Uﬂqué’wu%’ay)aﬁv'qﬁaﬁ"nqumw LAIHINA WA
GAGHY E‘?}wzﬁﬂﬂémsﬂsmﬁumanss‘n‘umqqwmwﬁmmsaﬁﬂﬂ‘lﬂé’a’%ﬂuL%qu'l—,ﬂmﬂLLasm'ﬁﬂﬁﬁa

o o a a < o o o o
AIFIALY: msﬂ‘szmumaﬂswumqumw; @'ﬂsznaum%wmuwmazﬂmu,ﬂmmz; UsznANMaINGIU)

- 810 -



MIUTERUMANTENUNNFUNINYDY g”ﬂssnavm%wmﬁwﬂmazﬁ'ﬂ wanpazlulsemanainnen

UN
Jagtiuiiiaedne g mlannaliiavezyaclas
Uszana 1.3 Wusueuaat wazaannazuiiy
v Y LY d'el 14
2.2 Wuauau Mely w.a. 2568 laslssmaniisnale
v W = = Q‘ [~ 1 = =
Yagpanmsinavavdsazivyiugaarnludn 20 1
v % N Y v v v @
avth luzasnmlandaaunSunuaunumMsinms
vezyanay Naziadunnagiu 205.4 Wuau
I Ly = TR v Y I
paaansgeaal Llulseanal 375.5 WUaIUADAIS
ansglull w.e. 2568 azquusigalulszmangla
Vv ::! Q' :g 1 1 o o d! <
U8 TIALWNIU NAND 5 11 SnSulseinadaiu
Usznanisnelaszaunan aztiinauannnm 4 tm™®
MSsFzaNYaNUSHIMNYEE WATNISANNISUEDES
ligndauninzan nalviaduanedadndau
UASHANIENUITNEIMN Tagnmsae NENAUNTinOu-
AUHLUAZAAUENALE NH DM FTNHINUDUATIHAN
msmsvezlagnsa®
UsemauUraI eI UAUNI LanMILa B waInnIg
% clVL a o a'dlal 4 ,i’ (3)
FIUTIN AUEN 218 wasslaaalagnlduaing
dusuludssmaningladasuazihunan nguau
Wwada ek AuEAIEREINEIUIN Wazlans
aruayuINTIUIavasdulaEINN TINTIMIENEN
szuuuamMses sz annsssaassdszaudaymenu
UMW UAZBUATIINNMTNNUNDEITBINUMS
A58 lUEaY ANNLFIILAZAUANTIBINAIT
UsznauadW® AQuaNINTIMN el Msaamans
PNMENN SEUVUIMTIIFITUE WaTTIAN SIS
ANNLFNLALDUNTY TUMSTINNULNAYTY 119N
wva v L~ < o 1 <
guamadiasdnngiindudssa lunguaufiu-
VHLUILANUENVYE UDNDINKANTENUNNFUMNILAG
Fuud) MU ngueumailATUNENIZNUNINN
A LAsHgna wardnla® ” auiuresinuanngs
Uszaudamnaimidaniu Qusa s waznsinos
M3shwena dmsumsangunsailasnuvoe
Ufudnuiivesmnniiiasnn bisgzannlumsujiaou
g wazlilaidudatiauldognadumams®

wannnilffimadnniuaaddiifiuanudonlas
sewihamsdomasesiligndaumanzauiunadws
drusumegumnEaIngui® msdnnideietu
MzgumMwepeUsznauaniniuzesuazAauenYez
Tuthgiudfimsdnmvanesatiuiiasuiferduanu-
\Fe9 Suae uaskansNUTIAedudaFIAN UiM3
Anmniimadsuuladlumudnnmidnm way
imsiheuaramsiny saudeguuuumsusadiv
KanIEIUIgEWiaInvae uazliganadaaniy
mlrduaulumsihanuiasnanlulzlunmsieny
amuanlsauaznaguninlunguusznauaidn
PaNaN
mafnwiliinguszasdiiadnmanugnass
HANTENUNNFUMW WaENIEUIUM UL UKD -

nIzNUMNguNINYaIgUIznauadwiivsezuay
Aauangzniezulungulssmamaeann

A5y

Wugduuumsnumunssanssnadniussuy
wazMIIANLHaANUNUINY (systematic review and
meta-analysis) @NLUINNYDI MOOSE (meta-
analysis of observational studies in epidemiology(g)
ez STROBE (strengthening the reporting of
observational studies in epidemiology)(lo)

MITUANLASUTIEITAYD

mmsduduunaNNNNgIutayadiannIaiing
Google scholar, PubMed Wag Science Direct ‘ﬁLNEl—
UWSGIUE @.6. 2011 — 2022 TINFTEWIDRT
MU MuNTaU PICO deaaliil P (waste collector,
waste worker, waste pickers), I (assessment,
evaluation), C (comparison, non-comparison), O
(illness, disease, health outcome, health impact)
fnuadidanlanld Boolean operators Liiadudu
LY l;jﬁﬂﬂuﬁ 1 (KK) wae 2 (CM) sdiums
Fadanmdiouaziamseadenanuddouasny

NINTINMIAGITNGY 2568 Uil 34 AUV 5

811



Health Impacts Assessment of Waste Pickers and Waste Collectors in Developing Countries: a Systematic Review

358 udRadannuiTerhlagiasannndaEo
waruNAndanasnuide witnntufiseaud 1
(KK) 4a¢ 3 (TK) aruunanuaiuey losusnnu
Uszifiuadnedas: LileaausnaudseaNen aein
Mvue wardlssiiuaaunwnuides lagwind
%’amé’w‘%ammﬁﬂl,ﬁuhjmqﬁ'upﬁ%’aﬂuﬁ 4 (SM)
Wueuandu
NUA AR

v
= [ A

dadanmAsefidnifenduduasnauaiwiu
uszvidaRausnuszyatias Hiendasiutavss anil
3lwda viaaudenss Tasjaiunssuaumerha
uazHanTEIUMIgEMW WumAdefiueunissmis
U a6 2011-2022 MM lnguazmsingy
danwlunsas wasineniinusidedald Taswu
@IS UNTIUsEIMAM WA NI Y AN
NBINUMIEUTENINYTENE (International Monetary
Fund) (ilaluwnen a.a. 2018

naiAnaan

mAdeRiamzundada viafianuuziuin
wiallaeas NMITIAUMN ¥IBNITNUNIY
sanssnagluszuy

AMLMNYBIUNANNUAEM TFUATIEH MIUTELTY
AUMWMSANE RsanaaudduMmIBanILUUMS
A Buaumssiiumsite wazmsiensiann
andlumsiauazmsdadannaneiaen wu laiuaas
FEmsldnvasnadmadi wasismsduiitaay
hiuaasismanaaauiniasiiomside enalaiauysal
saedioys wasmsaguuaiiliasedudymiuas
Toguszandm s lesfvuatnasinansandue
Azuuu

iw3asiianldluaniive

Usznaume LWuuANLaaNIIUIAY (screening
LUUAALRBNIUINY (eligible form) LU

form)

ﬂsz@uqmmwmu’iﬁ’a (quality assessment form)

WuUTUINMIanadaya (data extraction form) WUy
FUAEHLENEI5NUINY (research synthesis form)

MIIATITHTYE

TagRnsenmsAnnInueimun asidaLh
sansanunulavda i Tesdseiiuanuuanaeaas
NI (heterogeneity) AIBFDA Cochrane chi-square
(Q-test)® MuUAAI p-value < 0.10 lagRaITaNn
NN T FUaeTd > 75 dmsudiauls Adwan
e laiuaneeny (p>0.10) FMsUszNUMNETIN
Toelslaumauuuasi (fixed effect model) &3
fulshinanuITauanaanu (p<0.10) ¥hM3
Uszanamwasuloglalues wuugs (random effect
model)'® asnadavaafnmsGnnn lagld Egger’s
test §IMSUMSANNTZUIUMSUSLUNUKNBNTENU
magemuw THunUfua nssuiumsussiiiune-
NIENUNNFUMWUBIE NN UAULNTINM TFUNIN -
WA i 3 Fumeu Ap FUADUNMSNAUNTDI
(screening) ﬁy'umaumsﬁmumaumm (scoping) thae
ﬁy’umaumsﬂsmﬁuwaﬂ'ﬁz‘wumqumw (assessing)
Wunsavlumsiesed

HaNISANY

HAMITUAULDYINGIUYBYS PubMed, Google
Scholar k8¢ Science Direct WUU‘VIﬂ’J’]NﬁQWNﬂ
59,927 (309 faldmaaudayaiiddauuas
unanuiilinseiusiieasnss 12,268 (a4 Was
47,659 (389 MNFNTZUIUMIAANTBY UWAZWUT
§189 47,435 (309 RLIENUMSAANTBIMNLNAIIMS
finsanlasmsasasauiianuasundadeuasige
YIUNANHN WADLTET 224 (39 ﬁﬁwﬁwéﬁy’umaumi
ATINFDUUNANNAUULHN (full-text assessment) LLAE
FINSRABBNUNANN 164 (389 thasndunuise
ilaldwssyarasll Humsdnmliaglunds
Usznamamiann Sumdseifimmzundade uas

Wuniidadsenn systematic reviews/meta-analy-

812

Journal of Health Science of Thailand 2025 Vol. 34 No. 5



MIUTERUMANTENUNNFUNINYDY g”ﬂssnavm%wmﬁwﬂmazﬁ'ﬂ wanpazlulsemanainnen

sis aumdanuddadadn 60 309 wiimudng
NSEUIUMSUTERUAMMNNIUIEY UHETWUUNAIN
Vi@ 9 309 Ak arimanuauazgnian1#lums
Anwasai (MWl 1)

PNMIANM 9 Fae nszmamdaiann
mnue 6 Uszind ldud Ussmaniaids duide
Wautud daUd sl Fudun wiaduunany

348 7 (o wazUSaaniinus 2 dae vanuadums
Antnuuudazns Teafunadaianuiay 2,501
578 wianduninouifurezuazAauenaezyas
MAFTUBLLDNIY 2,327 T8 ULNNUUBNIZUY 97 T8l
WUNUNMADUY 20 I8 WUNNUAUTOAUDES 21
58 winnunnHusuderam 36 N nmsdnen
Humsfnwifnduamagnuaslsauasfaganwi

MNH 1 2UNBUNTAALIBNIIUINY AINUUIAR PRISMA®

Sumdieiiisdemamnedldnnudasgi
ﬁagaﬁﬁmumvﬁ 110U 59,927 (399
PubMed = 4,128 (394
Google Scholar = 6,917 (384
Science Direct = 48,927 L‘%EN

PNUNUIWNAAGIDDN 12,268 1589

‘L

NI 47,659 1589

NEUMSAEIBaNLE?

Y

NI 47,435 1594 ARBBNLAERNTANNINTDLS
ULaTUNANED

NUIYNANL 224 1589
(aufudin (full text)

\J

A4

NUITLAALN 60 1589

MiAde gnAmean 164 Ges tiesnnlidulumunasidah
- Iildwazyarasimly 22 Gas
- Tueglunduszmamaaionn 56 (Goq
- mATEifnzundade 62 Fa
- WhnmAdedsenn Systematic reviews/

Meta-Analysis 24 589

warhhgnszuIumsUssiiugaumMwnuIde

MATe 51 Gas Likhumsyszfiugumunsive

v

PANEAALYT 9 1599 NlrlunisAnen

- madannduéesaliFaiau 10 Fa9

- mesefnuasngudaalitanu 7 Gas

- mseBgBmafuniusndeyalidaau o Gos

- lissimsasdauammwaiasiie 18 3o

- aguuamsielisanadasiunanulusdouas
Jymmside 7 Bas

NINTINMIAGITNGY 2568 Uil 34 AUV 5

813



Health Impacts Assessment of Waste Pickers and Waste Collectors in Developing Countries: a Systematic Review

\fedunnnszIuMIIamszezaasgusznauain
\funszuazAauenaes Tosfisnu 4 (Gae fidnm
anugnHnfumsssiiuanudsuassuanaes
HUsznaumdniiuaesuasAnuenes

1. HANTENUVNFUMN MIUTRUANNUANEN
YNNENUKIMIANINUT MuwdsaNugnaIns
lasunansznunegemun danuuandeiy 39
wuaramsAnwlasdensilssnne nasu log
1#laeawuugs (random effect model) Taglainuand
Pnmsdfinilumsiensiafiny msiss mwil 2
HamsAnwwud lumsdnw Hiuau 2,501 18 los
fenugnasamsldsuanudss suanauaswa-
NIENUYNFUMN AU 48.47 (95%CI = 36.40
- 60.60, p<0.01) mw‘?; 2

2. NIEUIUMIUSLTUNANTENUNNFUM WYY
UsznaumdniiuaesuasAauenes

SWFuNaE UM ISR URANTENUIMNIGMWNg
9 2ty FmseifiumsifisanszuIumanaunsasne
e 5 atu diiiumsnsaunguna 3 duaay 4 al
Tosfinssunumsdail

1) dumanaunsas wuh deyaiihanlily
nszUIuMInAuNTaslsznaudIs MuanIunIsel

Jayvimsianmisees 7 adu® ™" dayanu
Taayana laun dayamuanuingdnssumssy
w3sstasnuanyanalurasdfidou 2 adu™'”
TBUAFTNIUNTA VUIAUIEHANTENUNNFUMN 7
AUU INNYaYadUa LAz TIETNMUTUMN 8
AUUE OIS Gqasugna 9NN Laz SIedaN
4 d' kA 4 1 aa Y < o
godoyaild loun ammwiinvesdiiurezuasao-

uBNBES WFU ANNENNIU MINAMIANE dmwilag
ade 3 auu®"® dywmenulivieumediau
2 auu’™® grussuuuinsaoisae Wy Ll
TUsunsumsnsngumwaaanguandn 4 agy >
sUuuuismsnaunsaslagléisnsnaunsasann
wAMINBNY 5 AU S T HEs
fnaunsas 1 athu® dwmsudeadevieing wu 2
Uszifiudie fovndnadmunansznumsgumniiio
Funnnszumaiuessuasdauanassyatian 9
AU L asanuFeuassuaEInms
MY 4 UG

2) FumpuMsMNUAZaULLa (Scoping) §M3
duiiumstiies 4 aty Teswuh Fayaildlums
mnuazauwalasldfayaiudutuasu ndunsas

aa A aa Y

Svsuanin 1Elumsmvuaua e 2 6 Aa Neeu

2NN 2 qunwmmﬂﬁ'{umwLﬁmé'ummuamanswumaqﬂmw (n=9)

Study ID Effect Size (95%CI)
Junaidi Djoharnis'® + 42:11 (32.18-52.03)
Namrata D Jariwala®’ - 33.51 (28.79- 38.22)
Daniel Bogale*” ' 43:72 (40.44- 47.01)
Shimaa Mohamed Zaky™® —-— 70:75 (66.29- 75.21)
Ma Janice J Gumasing"® —;—-— 51:69 (41.30- 62.07)
Chikombe Shuvai‘® —-— 17:00 (11.79- 22.21)
Nur Hidayati” —=— 79:38 (71.33- 87.43)
Zeinab A Kasemy® + 56:00 (50.13- 61.87)
Surendran Venkatarama® "-_. 42.80 (36.83- 48.77)
Overall (I-squared = 97.7%, p<0.001) <> 48.47 (36.34- 60.60)
NOTE: Weight are from random effect analysis E

] i
-87.4 (0] 87.4

814

Journal of Health Science of Thailand 2025 Vol. 34 No. 5



MIUTERUMANTENUNNFUNINYDY @”ﬂssnaum%mﬁwmuazﬁh wanpazlulsemanainnen

Jaayana laun ang waswgiinssnnisly
personal protective equipment (PPE) agtvanzan’”
PNAANNTUULTT BN LIALLBUNTIBENNMTUTENBY
St A oA A o 0 ((4,7,17,18) & &2
NTIWLNUVHLUDEAAUENALL 4 R FAMU
MM LALn MIMVUAUTEUNE LASLEUNIUNS
M VeNaNaY WazupudEdUATIY NUasany 1
atu® sUuvumsfivuezauwens 4 avuldizms
NUMUBNENT WaTBNUNNEITpgH"1"1®
3) 2undUMIUszLNUNS (Assessing) WNMIENLHU
= @ 1 a I
MsLNeN 4 AU Tagwun suuvumsUszdudunms
U N UV OYDINADWSLALNANTENU U 4 AUV
) v < a & a ‘::
FsulszeumsUseliuma NMsUSLNUANNLEN
LAz UNTIENNMTUIZNDUAWLA VAL UALAALEN
gz 4 auu@™® Taafuadumuuesiunu
Ussiiiunszuvaumasiiivnuludsziduanuiuas
a k24 o o ] ]
wpAnssumslggunsaillasnudiuyana (PPE) aen
Wianzay 1 20U wazulenguas NN UMSINNS
Yezyanay wazpuduauANeNUssaiy 1 avu™
dmsumdaeiialumsdsziliunanssnunegunin
Usenaume wuudaumy 4 auu™ ™ wuudaumu
FINNUMSFING 1 UUY” WUUFDUDINLALLUL -
aansadgumn 1 atu® dmsumsiidnsinlund
3 FUNDUNUT) NNATUNLNEITewaziNmITY

v
o a

NIINGUTHUMS

a 4
150
NILUIUMTUTERUNINTENUNNFENIN WU
> A o g . =
dayaninanlglumsnaunsasdrulvgldudaya
e ANuEEN duaIBNENiUIEY
uazAauanez Jannsaialanndads Nnedas
Usznaudeamungdnssumslianalnsalilaany
aueduyana Janalvtialamades wazduase
= [~ (% (17,18) v
nnmMsUsznavendninuzesuazAauenez’ ' o1
MITAMIVEZNUT MITANTEN ligneaaamane
aunaliianssnudaanandinedan’® uay

FUMWNIRENNME 30 §aan wazdodaann laun
15156149 NNeITed ANNNDID ANINLASEA
anuianala 2iymasla wasanuFuNUsTENIN
gugu” anmedaiimsanmwui Jayadaieau
Feuuaziasugnalluduedtienuuanaua:
anulidussanldnunguandwaananluiiui asue
mssuiulamsagardenisiau sIndessuy
gun @ dmTusduurisnisnaunsesann
MInumuenans laemsnaunsesluguuuuiisinly
numsdssiiiunanssnunegumwldlunsdiseaiu
Taghwsumsinsanulaws vislassmszunaani
= T v A4 L4 tﬂ' %
fansznumeguamwligudausnn Taaniuluindade
d‘d J 4:20/ v Y a a
ninansznudagumwindaay laglddayandend
NNUANFIUNTagual nIannnuIFeNdanyme
TndAeanu® uamsnaunsesneisiazliladayalva
Fonaliasenuamwlaymiuiaseadagiu® ms
fvuaUszioumsUssliuwun dmsmvueiiey 2
N6 A NAUTAAAYAAD waZIEUUUING NI
a ¢ v % 2 4 Aanf aa & '
Annzdiessmulagunii vialalalanidaula
1 Y a d} L4 J
naliiiaanuienlevwaslademvuagunn los
WAy den gugu wasasegia Fududid
PUNNYDIMINITIN laaTaedinn uasynyy
1 v “ o A ‘1 o & da  (25) <
dandanaonlasnuNaulunmsmiiugio® azniu
lanmsmruarauainizdannaosnulseiauy
¥ v o M v & < ) v
dovndannailanniunsunaunsas Zmndaye
nlalumsnaunsaslinsaungunniifdandinace
MIMUUNYDUNLILUTHNUKNTENUNNFUNIN
Toawahlaoalaisansoasnauamwiamniduase
Tunun®® msssytademvuaguawlvnsauagy
ATUAIU DENMINEFNNNMY NIzaNTaUTZEY
HansenUNNguMWlaagaiussansamw Zwauwe
MIUTLTUHBNTNUNNGMNILANANAY 3zt [
dgmaUssiiunansenumaguamniuanaanuee®”
MSUTUABUMTUTENUKANTENUNNFYMNWAUD
o P Py a v a
# 2 gduuu Ae JUuuun 1 mIlszdiuleslfinaiia

NINTINMIAGITNGY 2568 Uil 34 AUV 5

815



Health Impacts Assessment of Waste Pickers and Waste Collectors in Developing Countries: a Systematic Review

J [ &

nmslsziiuanuides losdidngussaedvaniive
Usetiiuszaua sy 9 wazduae Niiedunu
winnuvesuazAauanzes IJumsUssdiuanu-
= 1% P
@esaugumwiivatdudaiauauuslun 5N
UaeiuuasmuaAnANNLEeaniaduaINmMshY
waziumsUsziivuuuseanu®™® uazgluuud 2
msUsslivznauszaNNTULTa Ty maunn e
< a A 1% a v &
Wumsdssiiunmhenuiugumuwienldinens
NNsan2a2eadym o MNLELOUL Tasans ¥ie
wmeud ladaymn” dwmsunnmsannszuraums
UsstiiuNan SENUNNGEMWNG 3 UABUNUN M3
fiiunsiiesgidanasinive laguianisl
dunNeeNEnidUNITad Aty BNaIny B3
FuruillamugaunnnulumsUsziiunansznuni
gumwud damdumsdiiiumsuassuiiozauiiies
thatdien naanusauimulumsUszsiivluudazic
wazlanaliianisiZeudsiniu saudenisng
wimamsud lidamedndsdiuluainanae ®®
Halauauus
PAMIANHINUT JUABUNITNAUNTBININ
Aenzidayalinsauagunniid dendenacdanis
MYUazauaLaznIsUsEiUNaNINgeNIND
1 4 = Y a ‘gl, MY o &
lalsnansaasvioumwdamnunadelunuild asi
= < v 4 aaa g
MsiimsiiusIuTINdayalinsauagun Ny
Jaguiu dnSumsauaeuUseiiunansEnUNNGuIW
35 3,’, LAl Y1 =) g; [
4 3 2unaY MsLgNaulasuds namasy ma-
=® 9 = <
nBY warMAUssnsuTININEUsENa U TN UEE
[ LA ISRl ' a
wazAauanes ladhaniidiunnlunmsdsadivue
g iveldiianiseuisiuny ians
wandeudayaadNTBUMU daNaiaNIALTLIIY
ud ladaynaghamanzaunuusunsasiunae LU

AecanssnUsema
YDYDUAMSIINNIUAMENTINM TFUMIWUNIZ

4
o

7
navvaywudssnalunmsaniiunisiveluasail

UALYBYAUANDINTE UALTIMNTIAETIDITNGY -

AFRs WMINGIALSIINATAT NNeIVBNNNYIU

d’ 4 o 4 =4 ¥ 4

iilranuayanzikasaivayulumsduaudays
a v o ] =

msaventluagng

LaNEITANDY

1. Bhada-Tata P, Hoornweg DA. What a waste?: a global
review of solid waste management. Washington, DC,
USA.2012 [Internet]. [cited 2021Jul 23,]. Available
from: https://documents.worldbank.org/en/publication/
documents-reports/documentdetail /30234146812
6264791 /what-a-waste-a-global-review-of-solid-
waste-management

2. Djoharnis J, Shafei MN, Musa KI, Abdullah MR,
Ibrahim MI. Respiratory symptoms and lung functions
among domestic waste collectors: an experience in a
developing country like Malaysia.International Journal of
Collaborative Research on Internal Medicine & Public
Health 2012;4(10):1-10.

3. Zaky SM, El-Magrabi NM, Mohammed FM. Prevalence
of occupational health hazards and safety measures among
municipal waste workers at Assiut city. Assiut Scientific
Nursing Journal 2018;6(15):150-61.

4. Chikombe S. Occupational safety and health hazards
associated with solid waste management in Bindura,
Zimbabwe [dissertation]. 2017. 85 p.

5. Jariwala ND, Christian RA. A study of prevalence of
morbidities in door-to-door waste collecting workers of
Surat city, Gujarat. Indian Journal of Public Health
Research & Development 2013;4(4):123-9.

6. Kasemy ZA, Rohlman DS, Abdel Latif AA. Health dis-
orders among Egyptian municipal solid waste workers
and assessment of their knowledge, attitude and practice
towards the hazardous exposure. Environmental Science

and Pollution Research 2021;28:30993-1002.

816

Journal of Health Science of Thailand 2025 Vol. 34 No. 5



MIUTERUMANTENUNNFUNINYDY g”ﬂssnavm%wmﬁwﬂmazﬁh wanpazlulsemanainnen

7.

10.

11.

12.

13.

14.

Ramli NHM, Fauzan NS, Zadry HR, Fauzi MF. Health
risks among waste collectors in Pahang. Environ Health
2020;15:1-9.

Venkataraman S, Suguna A, Surekha A, Priyankha RS.
Screening for respiratory morbidities and obstructive lung
function among municipal waste handlers in Puducherry:
A community-based cross-sectional study. Journal of
Family Medicine and Primary Care 2022;11(3):1119-
25.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson
GD, Rennie D, et al. Meta-analysis of observational
studies in epidemiology: a proposal for reporting. JAMA
2000;283(15):2008-12.

Von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche
PC, Vandenbroucke JP, et al. The strengthening the
reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observa-
tional studies. International Journal of Surgery 2014;
12(12):1495-9.

Furlan AD, Pennick V, Bombardier C, van Tulder M.
2009 updated method guidelines for systematic reviews
in the Cochrane Back Review Group. Spine 2009;34(18):
1929-41.

Cameron C, Fireman B, Hutton B, Clifford T, Coyle D,
Wells G, et al. Network meta-analysis incorporating
randomized controlled trials and non-randomized
comparative cohort studies for assessing the safety and
effectiveness of medical treatments: challenges and
opportunities. Systematic Reviews 2015;4(1):1-8.
Chalmers I, Hedges LV, Cooper H. A brief history of
research synthesis. Evaluation & the Health Professions
2002;25(1):12-37.

Harbord RM, Harris RJ, Sterne JA. Updated tests for
small-study effects in meta-analyses. The Stata Journal

2009;9(2):197-210.

15.

16.

17.

18.

19.

20.

21.

MUNNUANLNITNN T WUNYA, @uzﬁ]izmu
ammiﬁwmiwuu.azﬂalﬂm'sﬂ'smﬁuwaﬂiwuﬁm
qUAIN. aninaiuazIsnsUssiiunanssnuay
E!‘llﬂ']WﬁLﬁ(ﬂ‘\ﬂﬂﬂiﬂﬂ']ﬂﬁ’]ﬁ']’imz. AIUNWHRIUAS!
INNUALATTNM TTUMNWUINNG; 2014.
Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A,
Petticrew M, et al. Preferred reporting items for system-
atic review and meta-analysis protocols (PRISMA-P)
2015: elaboration and explanation. BMJ Journal 2015;
349:1-24.

Bogale D, Kumie A, Tefera W. Assessment of occupa-
tional injuries among Addis Ababa city municipal solid
waste collectors: a cross-sectional study. BMC Public
Health 2014;14:1-8.

Gumasing MJJ, Sasot ZB, editors. An occupational risk
analysis of garbage collection tasks in the Philippines.
Proceedings of the 2019 IEEE 6" International
Conference on Industrial Engineering and Applications
(ICIEA); 2019 Apr 12-15; Tokyo, Japan. Piscataway,
NJ: Institute of Electrical and Electronics Engineers;
2019. p. 1-6.

Noinumsai S, Sangkam D, Wachirawongsakorn P.
Environmental impact assessment and quality of life of
communities around landfill site: A case study of Tha
Pho Sub-district, Muang District, Phitsanulok Province.
Journal of Community Development Research (Humanities
and Social Sciences) 2019;12(2):135-67.
Phoolcharoen W, Santipaporn S, Kulintornprasert S,
Jitpimolmard S, et al. Health impact assessment of Khon
Kaen City Municipal solid waste policy [Internet]. 2009
[cited 2020 Jul 24]. Available from: https://kb.hsri.
or.th/dspace/handle/11228/1334

Ataguba JE, Day C, Mclntyre D. Explaining the role of
the social determinants of health on health inequality in

South Africa. Global Health Action 2015;8(1):28865.

NINTINMIAGITNGY 2568 Uil 34 AUV 5

817



Health Impacts Assessment of Waste Pickers and Waste Collectors in Developing Countries: a Systematic Review

22.

23.

24.

25.

26.

Donkin A, Goldblatt P, Allen J, Nathanson V, Marmot
M. Global action on the social determinants of health.
BMIJ Glob Health 2018;3(1):1-17.

Baskin-Graves L, Mullen H, Aber A, Sinisterra J, Ayub
K, Amaya-Fuentes R, et al. Rapid health impact assess-
ment of a proposed poultry processing plant in Millsboro,
Delaware. International Journal of Environmental
Research and Public Health 2019;16(18):3429.

Fell G, Haroon S. Learning from a rapid health impact
assessment of a proposed maternity service reconfigura-
tion in the English NHS. BMC Public Health 2008;8(1):1-
8.

nqamﬂﬁgﬁuﬁqwé. Uanend nssuiumsBeuivale
z?muﬁmumqwmw. ’J'ﬁﬂ’]'ﬁﬂ'ﬂutﬂuﬁiiuﬂ’]ﬂgﬁﬂllLLa%
mmm%‘auﬁg 2564;2(2):15-33.

Waheed F, Ferguson GM, Ollson CA, MacLellan JI,

McCallum LC, Cole DC. Health impact assessment of

27.

28.

29.

transportation projects, plans and policies: a scoping
review. Environmental Impact Assessment Review 2018;
71:17-25.

Yz 1@321603, Wsnsal 13, §06 vioehla.
m'iﬂizl,ﬁuwaﬂizﬂumaqwmwwmﬁqmuﬁag‘isauamu
ﬁﬁmaugaﬁaﬂ mawaiasgleniaail Taniaglane.
mim'5m'iﬁ'<mm°qmuuasqmmw%3m 2561;6(2):376-
87.

Phen S, Pongthep S. A model of health impact assessment
for the sub district municipality: a case study of the
Songkhla Lake Basin. Procedia-Social and Behavioral
Sciences 2013;91:429-36.

ail Usewod, saWesy fue, Wiy §UNIN. HAUBINST
ﬂgl"‘l,‘lﬂiENf\]']ﬂﬂ’]iﬂ’izlﬁuNaﬂizﬂU‘VI’NE!?lﬂ’]WIﬂﬂ‘qNﬁu
luﬂ’]i{],ﬂﬂ’ﬁ‘llﬂﬁgl‘ﬁlaa ﬂ'ﬁtﬁﬁﬂmmﬂmae‘huawﬂu
UNDNZENI WHIAWIN. Thaksin University Online

Journal 2022;2022(1):EHST-023(108).

818

Journal of Health Science of Thailand 2025 Vol. 34 No. 5



MIUTERUMANTENUNNFUNINYDY @”ﬂssnaum%mﬁwmuazﬁh wanpazlulsemanainnen

Abstract:

Health Impacts Assessment of Waste Pickers and Waste Collectors

in Developing Countries: a Systematic Review

Kesarin Kornoungklang, M.P.H. (Public Health Administration)*; Sirima Mongkolsomlit, Ph.D.
(Clinical Epidemiology)*; Thongchai Kanabkaew, D. Eng. (Environmental Engineering and
Management ) *; Charnchai Manafao, M.Sc. (Public Health)**

* Faculty of Public Health, Thammasat University; ** Office of Disease Prevention and Control 6"
Chonburi, Thailand

Journal of Health Science of Thailand 2025;34(5):810-9.

Corresponding author: Kesarin Kornoungklang, Email: Pusopa_k@yahoo.com

This systematic review aimed at assessing the health impact and the processes of health impact
assessment (HIA) among waste collectors and waste pickers in developing countries. The study followed
the PRISMA guidelines and the Cochrane Handbook for Systematic Reviews of Interventions. Data
were retrieved from Google Scholar, PubMed, and ScienceDirect for studies published between 2012
and 2022. Relevant articles that met the inclusion criteria were extracted and analyzed using the Pooled
Proportion Rate, followed by data synthesis. The results showed that 9 articles were included in this
systematic review, and all were graded as above average after quality appraisal, representing six countries
— Malaysia, India, the Philippines, Egypt, Ethiopia, and Zimbabwe — with a combined sample of 2,621
participants. The pooled prevalence of health impact among waste collectors and pickers was 48.47%
(95% CI = 36.40—60.60). The HIA process was identified in three main stages: (1) screening (found
in 9 studies) — utilized information from reports and related research, focusing on waste management
issues, occupational hazards, health risks, inequalities, and access to public health services. The major
concerns included risks and adverse health impacts arising from waste collectors and waste pickers activities;
(2) scoping (found in 4 studies) — established two key dimensions of assessment indicators: (a) the
individual dimension, covering the severity of health problems, related hazards, and the use of personal
protective equipment (PPE); and (b) the system/service dimension, involving policy formulation and
waste management planning; and (3) assessment (found in 4 studies) — comprised two approaches: risk
assessment and evaluation of the magnitude of occupational health impacts. The findings highlighted the
importance of developing an appropriate HIA framework tailored to the context of developing countries,
emphasizing stakeholder participation and comprehensive data integration across health, economic, and
social dimensions. Such an approach would enhance the practical application and policy relevance of

health impact assessment for waste collectors and waste pickers.

Keywords: health impacts assessment; waste pickers and waste collectors; developing countries
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Abstract: The natural environment plays a crucial role in fostering healing, reducing stress, and expediting
recovery from illness. This study aimed to identify the key factors contributing to physically and mentally
supportive outdoor environments in community hospitals within Thailand’s central region. Conducted
between March and May 2022, the research involved a comprehensive assessment of outdoor
environment characteristics, behavioral mapping, user surveys, and interviews with hospital administrators
across three community hospitals in central Thailand. Criteria encompassed safety, accessibility, sense of
control, social support, physical activity facilitation, and the provision of natural stress relief. Findings
revealed that patients often gravitated towards outdoor spaces adjacent to buildings, particularly those
featuring shaded areas, greenery, and amenities such as cafeteria service point. However, evaluations
highlighted deficiencies in various aspects of these outdoor environments, with notable exceptions in their
capacity to offer natural stress relief. Challenges included budgetary constraints, staffing limitations, and
knowledge gaps in outdoor space management were identified. Nevertheless, users acknowledged the
benefits of outdoor spaces, aligning with the “Green and Clean” concept, a cornerstone of the Ministry of
Public Health’s policies. Consequently, the development of outdoor spaces promoting both physical and
mental well-being, through comprehensive environmental enhancements and low-maintenance landscaping
strategies, could alleviate budgetary pressures. Moreover, the creation of manuals and implementation of
training programs aimed at educating personnel in the effective management and development of these

spaces could foster understanding and sustainability in the long term, reducing maintenance burdens.

Keywords: physical and mentally supportive outdoor environment; community hospital; relaxation-focused

environment
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Abstract The World Health Organization (WHO) has developed important new methods for assessing oral health.
It is important to determine which measurement methods need to be included as data on inter-rater and
intra-rater reliability as revealed by oral examinations and duplicate oral examinations conducted during the
course of surveys. The objective of this study was to describe the use of the intra-class correlation coefficient
(ICC) models for assessing Decayed, Missing, and Filled Teeth (DMFT) in 12 year—old children in primary
school. The inter-rater reliability method, which was developed by a gold standard dentist and the researcher,
was utilized with oral examinations in the same 50 students under the WHO criteria and calibrated before oral
examinations. The students were blindly chosen by the teacher, who had assigned the children to have oral
examinations with the two raters. The intra-rater reliability method, which was developed by the researcher,
duplicated oral examinations for same 47 students after the inter-rater reliability assessment in the next week
by using the same oral health complied form. Data on the Decayed, Missing, and Filled Teeth (DMFT) was
employed to measure as the count data. In addition, the intra-class correlation coefficient was measured,
including the 95% confidence interval (95%CI), which presented magnitudes of the mixed-effect model and
the random effect model. The mixed-effect model showed inter-rater reliability in assessing Decayed, Missing,
and Filled Teeth and DMFT equal to 0.93 (95%CI: 0.89 - 0.96), 0.00 (95%CI: -0.76 - 0.43), 0.95
(95%CI: 0.91 - 0.97), and 0.95 (95%CI: 0.91 - 0.97), respectively. The random-effect model showed
intra—rater reliability in assessing decayed, missing, and filled teeth and a DMFT equal to 0.94 (95%CI: 0.88
- 0.96), 0.00 (95%CI: -0.79 - 0.44), 0.88 (95%CI: 0.79 - 0.94), and 0.96 (95%CI: 0.92 - 0.97),
respectively. The mixed-effect model and random-effect model showed excellent inter-rater and intra-rater
reliability. The results showed the variance of missing teeth to be zero. As a result, the correlation index was

able to be interpreted in terms of rater consistency rather than rater agreement.

Keywords: oral health; reliability; agreement
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Introduction

Information on the major common risk factors for
oral diseases is key to planning health promotion and
prevention. Based on standardized surveys, the World
Health Organization (WHO) has developed important
new methods or instruments for the purpose of
assessing oral health. In these methods of measurement,
it is important to include data on inter-rater and
intra-rater, which is revealed by oral examinations
and duplicate oral examinations conducted during the
course of surveys(l). Conversely, the procedures of
data collection in oral health require those individuals,
who work in the fields of dentistry or dental nursing,
including the dental hygienists, whose work is related
to oral examination. As a result, if the researcher is a
dental nurse, it must be ensured that the information
for data collection has been collected in an accurate
manner, and this step should be assessed based upon
the reliability of the raters®. Statistical methods for
assessing inter-rater and intra-rater reliability, which
is sometimes called “agreement,” vary according to
the type of scale measurements. For example, if the
researcher measures dental caries as “presented caries,”
“absented caries,” or “caries free,” this outcome leads
to a binary or dichotomous outcome (0, 1), for which
the appropriate statistical method for analyzing the data
is Kappa. However, in children, the oral cavity has
20 teeth in deciduous or primary dentition including
the occurrence of a total of 28 permanent teeth in 12
year-old children and 32 teeth in adults, whose 3"
molars have already erupted. Statisticians call these
outcomes “discrete” or “count” because they start to
count the teeth in the oral cavity from 0-20, or 0-28,
or 0-32. When applied with discrete or count to an-

alyze the reliability of the inter-rater or the intra-

rater, statistical methods can utilize the intra-class
correlation coefficient (ICC). Moreover, if the
researchers collect the data as continuous or count
outcome but when analyzing the data they cut-point
the data as the categorical outcome which this
method leads to information loss of the real data.
The intra—class correlation coefficient (ICC) was
used to measure the consistency of the measurements,
which were divided for one-way random-effects
models, two-way random-effects models, or two-way
mixed effects models for both the individual and

@) In this situation, the

average measurements
researcher, who was interested in the effects of the
observed two raters, used a two-way mixed-effects
model, in which the mixed models contained both fixed
effects and random effects that the treating raters
determined as fixed and random observations or target
population. The researcher, who utilized ICC two-way
mixed-effect model™® for the inter- rater reliability
for the purpose of analyzing the data on Decayed,
Missing, and Filled Teeth and DMFT in 12 year-old
children. If a researcher wishes to repeat the measure-
ments for each rater on each target, then the two-way
random effects model is suggested for the purpose of
analyzing the data, which targets those who have been
randomly drawn from the population. Moreover, it was
rated by the same set of two independent raters.
Researchers used ICC two-way random-effect model
for the intra-rater reliability to analyze the data on
Decayed, Missing, and Filled Teeth and DMFT in the
same target population, which was 12 year-old
children.

The objective of this study was to use the

intra-class correlation coefficient (ICC) models to
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describe the assessment of DMFT in 12 year-old

children in primary school.

Methods

The researcher used the algebraic equation from
Giraudeau and Mary ®) to calculate the appropriate
sample size when determined by 2 raters and the
expected ICC (equal to 0.8), including the fixed
parameter of error at 0.1. Then the sample size was
determined to be equal to 50 students, the inclusion
criteria were that Grade 6 students who were studying
in 1 primary school were drawn by simple random
sampling from 8 primary schools in the area that
Khumuang Hospital services, and they agreed to an oral
examination. The ethical considerations by the
researcher were that the teacher in the school, including
the caregiver, permitted and signed the consent form
for simple oral examination. The inter-rater reliability
method was developed by a dentist, who is a gold-
standard dental professional, and a researcher using
oral examination that utilized the WHO criteria.
Calibration and blind selection was conducted by the
teacher, who assigned the children for oral examination
with the two raters. To avoid recall bias, the intra-
rater reliability method, which was developed by the
researcher, called for conducting oral examinations
with the same students in the next week after the
inter-rater reliability assessment. This took place be-
cause there were some activities with the school that
caused the researcher to be unable to conduct the
examinations on the next day, moreover, the researcher
must use sterile instruments such as a mouth mirror,
periodontal probe, and prepared team such as researcher
assistant who are recorder and dentist assistant for

manage instrument. However, the researcher carried

out oral examinations with the same 47 students and
with 3 other students, who could not undergo oral
examinations because they had missed school, and
used the same oral health complied form in order to
duplicate the data. Data on the Decayed, Missing, and
Filled Teeth and DMFT was employed to be measured
as the count data, which was analyzed using Stata
version 14. In addition, the intra-class correlation
coefficient, including 95% confidence interval (CI),
presented the magnitudes of the mixed-effect model

and the random-effect model.

Results

The results showed that the dentist, who conducted
gold-standard oral examinations on the 12 year-old
children, found the mean of the Decayed, Missing,
Filled, DMFT, and the average total number of teeth
in the oral cavity had been equal to 2.8, 0.04, 0.3,
3.14, and 26.52, respectively. In contrast when
compared to the researcher, the dental nurse, who
conducted oral examinations with the same 12 year-old
children, found that the mean of Decayed, Missing,
Filled, DMFT, and the average total number of teeth
in the oral cavity had been equal to 2.62, 0.00, 0.26,
2.88, and 26.38, respectively. However, when
duplicating the oral examinations in the same 47
children, the researcher found an increased mean of
Decayed, Missing, Filled, DMFT, and the average
total number of teeth in the oral cavity that had been
equal to 3.02, 0.02, 0.17, 3.21, and 26.42,
respectively (Table 1, Table 2).

The mixed-effect model showed an inter-rater
reliability in assessing the Decayed, Missing, Filled,
and DMFT, including the total teeth in the oral
cavity, which was equal to 0.93 (95%CI: 0.89 - 0.96),
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Table 1 The characteristics of decayed and filled teeth in the 12 year-old children between the two raters

Teeth D1* D2 D3 F1* F2 F3
0 8 11 8 39 41 41
1 9 8 9 8 6
2 7 10 8 2 2 0
3 8 7 5 1 1 1
4 8 4 7
5 3 2 3
6 4 1 3
7 2 6 3
8 1 1 3
9 0
10 0
11 1
Total 50 50 47 50 50 47

* 1= Rater (gold standard), 2, and 3 = Researcher

Table 2 Descriptive statistics in assessing the DMFT of 12 year-old children

Raters Statistics n Decayed Missing Filled DMFT Teeth in oral cavity
1 Mean 50 2.8 0.04 0.3 3.14 26.52
1 SD 50 2.14 0.19 0.64 2.48 2.12
1 Min 50 0 0 0 0 15
1 Max 50 8 1 3 11 28
2 Mean 50 2.62 0 0.26 2.88 26.38
2 SD 50 2.37 0 0.63 2.66 2.34
2 Min 50 0 0 0 0 14
2 Max 50 8 0 3 11 28
3 Mean 47 3.02 0.02 0.17 3.21 26.42
3 SD 47 2.70 0.14 0.52 2.94 2.46
3 Min 47 0 0 0 0 13
3 Max 47 11 1 3 11 28

0.00 (95%CI: -0.76 - 0.43), 0.95 (95%CI: 0.91 assessing Decayed, Missing, and Filled and DMFT,
- 0.97), 0.95 (95%CI: 0.91 - 0.97), and 0.98 including the total teeth in the oral cavity, which was
(95%CI: 0.96 - 0.98), respectively. The random equal to 0.94 (95%CI: 0.88 - 0.96), 0.00 (95%CI:
effect model showed an intra-rater reliability in -0.79 - 0.44), 0.88 (95%CI: 0.79 - 0.94), 0.96
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(95%CI: 0.92 - 0.97), and 0.98 (95%CI: 0.96
- 0.98), respectively (Table 3).

Discussion
The intra-class correlation coefficient (ICC) is a
widely used reliability index in test-retest, intra-rat—
er, and inter-rater reliability analyses(G). It has also
been applied in the following ways: (1) in oral health
research to determine the usefulness of oral health
assessments performed by multiple professionals using

a short video recording acquired with a tablet device™

(2) in oral health screenings to determine the feasi-
bility and reliability of the oral health assessment tool
as used by speech pathologists®; (3) in speech-
language therapy to determine the structural validity
and reliability of the “Oral Health Assessment Tool”
when it was applied among a population of older

Chilean people(g);

(4) feasibility of images acquired
using smartphone camera for marginal and internal fit
of fixed dental prosthesis: comparison and correlation

study(lo);

and (5) cross—cultural validation of the Thai
oral health impact profile for temporomandibular
disorders™™. However, based on the 95% confident
interval of the ICC estimates, those values of less than
0.5, between 0.5 and 0.75, between 0.75 and 0.9,

and greater than 0.90 were deemed to be indicative

of poor, moderate, good, and excellent reliability,
respectively(s). In this study, the mixed effect model
showed excellent inter-rater reliability between the
researcher and the dentist in the oral examinations due
to the fact that the error mean square between the
raters had been low. Then, if each judge’s ratings were
to be analyzed separately and if the separate results
were pooled, the inter-judge variability would not
have had any effect on the final results, and the
model of fixed judge effects with its associate, ICC
two way mixed effect model, would have been con-
sidered appropﬁate(4). The random-effect model showed
excellent intra-rater reliability when duplicating oral
examinations with the same students in the next week.
Although, the error mean square had increased because
the target population or sample size had decreased due
to the student’s having to miss school, in this situation,
it did not mean that the intra-rater reliability had been
lower than the inter-rater reliability. This is especially
true due to the decrease in the mean of the Filled teeth
given that the opportunity to examine three of the
students was lost. Therefore, if all the data in the final
study were to be combined for analysis, the judge’s
effects would have contributed to the variability of the
ratings, and the random model with its associated ICC

two way random-effect model would have been deemed

Table 3 The intra-class correlation coefficient in assessing the DMFT of 12 year-old children

Variables n Mixed effects 95%CI Random effects n 95%CI

Decayed 50 0.93 0.89-0.96 0.94 47 0.88-0.96
Missing 50 0.00 -0.76-0.43 0.00 47 -0.79-0.44
Filled 50 0.95 0.91-0.97 0.88 47 0.79-0.94
DMFT 50 0.95 0.91-0.97 0.96 47 0.92-0.97
Teeth in oral cavity 50 0.98 0.96-0.98 0.98 47 0.96-0.98
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appropriate(4). The limit of the meaning of rater
reliability is when the judge variance is ignored. In
this case, the researcher’s oral examinations and results
showed that the variance of Missing teeth had been
zero. Consequently, the correlation index was able to
be interpreted in terms of rater consistency rather than
rater agreement*'?.

In clinical or epidemiological dental research,
variations in the interpretation of diagnostic criteria
can have a marked effect on the reliability of data
analyses"”. However, in order to guarantee the
reliability of the measurements, if the purpose is to
select students, who are rated above or below a pre-set
standard absolute score, the scores from the two raters
need to be absolutely similar on a mathematical
level™. In oral health surveys, although examiners
may differ in their assessments of the oral health
status of an individual, there should be close agreement
between assessments among population groups.
Consequently, it is necessary to assess the consistency
of intra-rater reliability and also the inter-rater
reliability because inconsistencies in scoring the
different levels of an oral disease, such as the physical
and psychological factors related to the examiner, can
affect the judgment of the examiners'". Then the
statistical methods, which are related to the judgment
of examiners for the purposes of analyzing the
inter-rater reliability or intra-rater reliability and for
applying continuous or count outcomes, can use the
intra-class correlation coefficient (ICC). Moreover,
if the researchers collect the data as continuous or
count outcome but when analyzing the data they
apply cut-point data as the categorical outcome which
this method leads to information loss of the real data.

The limitation of this study was that the authors

used instruments and oral examinations in accordance
with the WHO criteria. Moreover, the detection of
Decayed, Missing, and Filled Teeth and DMFT was
appropriate with oral health surveys conducted in
schools or communities, which led to the accuracy,
especially the sensitivity and specificity. However,
detection was less than oral examinations conducted
in dental clinics, as well as less than other criteria,
such as the International Caries Detection and Assess—
ment System (ICDAS) index. To avoid recall bias,
the intra-rater reliability method, which was developed
by the researcher, called for conducting oral
examinations with the same students in the next week
after the inter-rater reliability assessment. Moreover,
the researcher must use sterile instruments such as a
mouth mirror, periodontal probe, and a prepared
researcher assistant who are recorder and dentist

assistant for manage the instrument.
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Effectiveness of Triage Patient-Based Accident and Emergency Patient Screening Criteria of

Registered Nurses, Accident and Emergency Department, Mae Ramat Hospital, Tak Province

Sriprai Rueanthoen, B.N.S.*; Kukiet Konkaew, Dr.P.H.**; Primprapha Konkaew, Dr.P.H.***
*Maeramad Hospital, Tak Province, ** Faculty of Science and Technology, Department of Public Health,
Pibulsongkram Rajabhat University, *** Faculty of Nursing , Pibulsongkram Rajabhat University, Thai-
land

Journal of Health Science of Thailand 2025;34(5):840-8.

Corresponding author: Primprapha Konkaew, Email: primprapha.k@psru.ac.th

Abstract: The triage of service recipients in the emergency department is based on grading severity and
urgency to ensure quality service. This quasi-experimental study aimed to examine the effectiveness of
implementing the emergency patient triage model at Mae Ramat Hospital. The sample included eleven
registered nurses and the medical records of patients admitted to accident and emergency departments
during August 1, 2020, to August 31, 2021, before and after implementing the triage model training,
with 550 patients in each group. Descriptive statistics were used to evaluate the data, and the Wilcoxon-
Signed rank test was adopted to compare the data before and after the experiment. The results showed that
the sample group was 25-48 years old (Mean=31.8, SD=7.6), with 2 - 17 years of experience working
in the accident and emergency department (Mean=5.8 years, SD=4.5). Altogether 18.2 percent had
completed training in emergency medicine; and 9.1 percent had completed general practice training. With
statistical significance at the 0.05 level, registered nurses were able to screen patients more accurately
after the trial than they had been able to before. Accurate triage increased from 47.6 percent to 68.2
percent. The proportion of patients under-triaged (categorized as less severe than their actual condition)
decreased from 28.0 to 17.1 percent; while over-triage (categorized as more severe) also decreased
from 24.4 to 14.7 percent compared to the actual severity of the condition. It could be concluded that
the MOPD ED Triage training program could effectively improve the triage accuracy of nurses and
emergency medical staff. In conclusions, the triage of emergency patients using criteria established by
nurses affected triage efficiency. Therefore, continuous review of patient separation criteria with nurses

should be encouraged and could be applied in other community hospitals..

Keywords: triage; registered nurse; accident and emergency department
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Abstract:
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The Effect of the Health Behavior Modification Program on HbA1c Level Control

among Diabetic Patients in Chronic Noncommunicable Disease Clinic

Amonrat Navawee, B.N.S.; Aneesah Kachi, Pharm.D.; Nasrin Roying, B.Sc.
Yaha Crown Prince Hospital, Yala Province, Thailand
Journal of Health Science of Thailand 2025;34(5):849-56.

Corresponding author: Amonrat Navawee, Email: zagib2003@ gmail.com

The objective of this study was to assess the effect of the Muslim health behavior modification
program on food consumption behavior and medication use on the level (HbA1lc) in diabetes patients. It
was conducted as a quasi-experimental research using a one-group pretest—posttest design. The samples
were 65 diabetic patients attending the chronic non-communicable disease clinic. They were
followed-up for a period of 20 weeks. The study tools included health behavior change programs;
diabetes care manual; the tool for 3S, 3A, 1N (the Thai set of healthy behavioral practice covering
praying, meditation, dhamma discussion, food, exercise, emotion, and biological clock); and a
questionnaire on food consumption behavior and drug use with the consistency index of 1.00 and the
Cronbach’s alpha coefficient of 0.82. The data were analyzed with descriptive statistics including mean,
standard deviation, percentage, and paired samples t-test. The results revealed that the food compulsion
behaviors posttest was significantly higher than that of the pretest (p<0.05), the drug use behaviors
posttest was also significantly higher (p<0.05), and the mean score of HbA1C level posttest was
significantly lower (p<0.05). The findings of this study indicated that the Health Behavior Modification
Program was effective in changing patients behaviors resulting in the reduction of their blood sugar levels.
Therefore, applying the program to daily life together with modifications of appropriate health behavior

according to Muslim guidelines could motivate sustainable change toward healthy behaviors.
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A Participation Model of Road Safety in the Community of Rong Yang Health Promoting Hospital,
Lo Subdistrict, Chun District, Phayao Province

Phisit Somngam, M.P.H.*; Neeranuch Wongcharoen, Ph.D.**
* Chun District Public Health Office; **School of Nurse, University of Phayao, Thailand
Journal of Health Science of Thailand 2025;34(5):857-67.

Corresponding author: Neeranuch Wongcharoen, Email: neeranuch.wo@up.ac.th
Abstract: The purpose of this participatory action research aimed to study the participation model of road
safety in the community of Rong Yang health promoting hospital, Phayao Province. The samples were 140 participants
in promoting community road safety as a stakeholder. There were 4 stages in this research including planning, action,
observation, and reflection. The research instruments were: (1) results-based management tools, (2) dead case conference,
and (3) first aid and basic resuscitation knowledge questionnaire. Data were analyzed by using descriptive statistics,
paired t-test and content analysis. The research findings revealed that the dead case conference found that the following
are the causes and issues associated with accidents: driving a motorcycle, drinking alcohol, not wearing a helmet, speed|
driving, accident on road curve and intersection, poor road conditions, and lack of first aid. The community listed the]
priority road safety issues as follows: (1) risk points of road accident in the community, (2) drinking alcohol and speed
driving, and (3) not wearing a helmet. The implement actions to eliminate the road safety issues were as follows:
initiate road safety awareness campaign in the community, building community leaders’ capability on basic resuscitation
and first aid, and develop community rules to prevent road accidence. After implement actions had taken place, the]
results were as follows: (1) the accident rate decreased, (2) innovations were created to create road safety in the
community, (3) the helmet wearing rate was as high as 62 percent, and (4) after the training, the leaders had
significantly more knowledge (p<0.001). Therefore, it is recommended that the committee of the Lo Subdistrict Road
Safety Center disseminate data on the results of the operation, follow up and evaluate the results, and promote and

support continuous road safety operation.

Keywords: participation; road safety; community
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MmNl mAtnglsaauaulaiagelutinsuuinsigonnuinsluuaundie g (anduusuntgiheandu) ni
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2565 - 2567
WAFUAN maadglsaanuaulalings 110-115
9 2565 U 2566 U 2567
Tdwemsdtase  lasu Joua:  Liwemitany L@y Joua:  ldwemdiaste  lasu  3ewar
1 86,810 18,731 21.58 65,535 17,906  27.32 62,391 17,210  27.58
2 44,276 7,904  17.85 33,124 7,891  23.82 33,087 8,019  24.24
3 43,419 6,876  15.84 30,977 7,155 23.1 32,218 7,262  22.54
4 116,064 24,607 21.2 105,034 27,043  25.75 107,501 29,264  27.22
5 67,087 16,217  24.17 66,336 18,018  27.16 65,059 17,461  26.84
6 92,507 20,592  22.26 78,716 20,211  25.68 82,106 21,648  26.37
7 63,755 14,702  23.06 48,428 12,812  26.46 54,195 14,379  26.53
8 106,438 23,120  21.72 46,154 11,876  25.73 74,119 15,223  20.54
9 87,795 20,114  22.91 66,057 19,244  29.13 71,885 19,875  27.65
10 57,485 16,270 28.3 49,748 15,391  30.94 44,449 14,077  31.67
11 69,464 12,748  18.35 62,650 14,415  23.01 62,414 14,457  23.16
12 46,619 10,553  22.64 42,944 13,128  30.57 63,644 16,826  26.44
13 62,108 3,640 5.86 25,891 5,383  20.79 29,966 5,975  19.94
St 943,827 721,594 783,034

Mwit 1 mAtRsmaluivrawdazaguawluudasidanluaniliudszana wa.2565-2567 (Usuzeanan
dayatianauduad Service Plan nunlsalifinda 6azinii 9.3)
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v ] e a IS ‘g ‘ﬂ' =
whdraanuaulaingeguuseiangeaduiianiay
o P a
WaunnUBuau (W.A. 2565) NAMTIATILH LA
MslEann repeated measure ANOVA WU Minde
SegasmItanalinaNNaulaings 289 W.A. 2566
waz W.A. 2567 NANUUANENBENNUEEADY (p<0.05)
nnAnedeiasasmAItaRelsnanuauladioge Ty
W.A. 2565 Wa ldnuANNLAnNaENTited A
AmwdgiagasmNtanglsnanuaulaingeat w.a.
2566 (USBULNBUNUANRDYYDY W.A. 2567 NN
MIND 2

msAnmlasimsaumgihaanuaulaiingain
HH5UUINISN0919I0NUANNAULa AN gIuULs
(nationwide hospital BP) i wudayaiaaazminge
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HamsAny Jadeanudnsas Jaymaglassa
(Uadedaz9) wazwinmauwd inlennuuuseau
Jadeanudisanvhlimsadivanuldadgis
] o A
aatliae wiaussathvang (uaasluawi 2)

Y a L4

1. gusmsativayulianushanlumsdiiinny

Na o

wasiddenemilumswannssuuusmawasnsii
vamssulsnlifndasass

2. fimsUszauuarILHUMSOUBERaLilps
ufumAeiaing Wy Fuaswnme maiaany
WaZAUTBYS MINUMULHUNULEMIBUOAANY
Slsaizaslanlidade

3. I¢suanuhuiianniivanwingn yamnsi
Wendadlumnusunuazmaaieeiisdadlums
LU 1Y AMENTINAIS NCD Board Ague-
N3INMIUTENUNUNBITUFUTLAUS NS azlse-
WENBTUATNFUMNHIUD (SN.TA.)

4. ¥ clinical practice guideline (CPG-HT) ii
Foau samsiiuwndidudisuguaszuumarnhay
oz fUaTHEu U uRama@aty

5. Hunndnzemansaseuad Wumnuguanadin
T5aliAnAauas SW.a0. SIUAU case manager UWaLHx
siman JHudSuieraundniiedulsaamudu-
Tatings

6. ﬁﬂ’li(;lgﬁm Alert BP 1% HosXP Line notify

7. 3aWidadtinusMsguamwahugtheanuau-
Tatioge wiu adfilsnanuauladings (\Uuszuu One
Stop Service) AdtinLAylsAANNGUTangs (M5

ey

MINH 2 ANuuAnANTaIARdsTasazmNiItalsaanuaulafagulisuiisuubasgilaulssana (Pairwise

Y

Comparisons)
(1) year (J) year Mean difference (I-J)  Standard error p-value** 95% confidence interval
for difference**
lower bound  upper bound

2565 2566 -5.671* 0.897 0.000 -8.163 -3.179
2567 -4.,998* 0.948 0.001 -7.634 -2.363

2566 2565 5.671* 0.897 0.000 3.179 8.163
2567 0.672 0.536 0.702 -0.819 2.163

2567 2565 4.998* 0.948 0.001 2.363 7.634
2566 -0.672 0.536 0.702 -2.163 0.819

Based on estimated marginal means; * Significant difference (p<0.05); ** Adjustment for multiple comparisons: Bonferroni
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Abstract:

Evaluation of Nationwide Hospital BP Intervention
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Hypertension is a common disease, with an estimated 1.3 billion people aged 30-79 worldwide
suffering from it, two-thirds of whom live in low- and middle-income countries. According to the
6" National Health Examination Survey of the Thai population aged 15 years and older, the prevalence of
hypertension is as high as 25.2% of the population. It is a major cause of serious complications such as
ischemic heart disease and stroke, which are leading causes of premature death in Thailand. Additionally, the
survey revealed that 48.8% of hypertension patients had not been previously diagnosed. Early detection
of undiagnosed hypertension, particularly in patients with severe hypertension who are at high risk, and
ensuring they receive timely treatment can prevent dangerous complications and reduce premature mortality.
Nationwide Hospital BP project, which aims to identify patients with severe hypertension among
outpatients in hospitals across the country and ensure they receive a diagnosis and continuous care, is a
significant initiative. Its objectives are to accelerate the diagnosis of hypertension, reduce the number of
undiagnosed patients, and lower premature deaths due to complications in individuals unaware of their
condition. This research sought to evaluate the project’s implementation over a three-year period, from
2022 to 2024, by assessing changes in the average percentage of hypertension diagnoses among patients
with severe hypertension, using data from the HDC database. The differences in averages across the three
fiscal years were analyzed using repeated measures ANOVA, while factors related to the project’s success
and challenges were examined through survey data. The average percentage of hypertension diagnosed in
the second year (25.79%) and the third year (25.44% ) was significantly different, at a 95% confidence
level, compared to the first year (20.44%). However, no significant difference was found between the
second and third years. Based on these findings, it is recommended to develop additional supportive
measures informed by qualitative data. These include: enhancing supportive factors, developing
alert systems for hypertension detection, securing administrative support, broadly communicating
hypertension management guidelines, addressing barrier by tackling delayed diagnoses by organizing meetings
to review guidelines within medical organizations, systems improvement for verifying diagnoses and

scheduling follow-up appointments.

Keywords: severe hypertension; diagnosis inertia; premature death; undiagnosed hypertensive patient
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AEMEIBUULUNGIAS (dynamic stretching) WM
fandanilauuunssdumsiufuesssuulssamuas
ﬂél’mLﬁﬂ (proprioceptive neuromuscular facilitation
stretching) UBANHEINUANNFNRUFFIUINYD
29ANNNINTEANTBLINABANNEINITA MM INTIAT LU
pasnaum® willudagtivaziims@nweszains
HAMBEAUUUAIN T GBENTIDNINNNMEBENIN
wam3 wariinangudssanghmstandaiie
LUUAIAINBIAFIRADUADFNTIONIWNINNIENAIE
fu By anuudsuswasnuiie mawndaile
wazeNs) Wudu®® msfnwnavaslusunsuaan
maamauazmsiiansuiladeanumansalums-
nasdluggeagwui Tusunsumseanmaameil
mMsfamBaaniuiiiainiumssanfaimeite
[EUMINTININY 6 UM anansatiuaNNaIN5o
Tumsnsaaladnnlusunsunsaanmasmetiie
L3NNI NLNDE AL wazinSAnEIWY
hmsBanduilouuuasdsaninsafinanusinse
Tunmsnseaala® aerelsiain Chatzopoulos uag
aoir™ FnwlSsuiisunanuiinasmsianduiia
LUUAIALEEMSH NI NEHBLUUNASHS WUmMS
Sanauianuuasenahlianuainsalumsmsei
anas Srumsiandutiiauuuna’insisiinany
Mansalumsnsen azdiulenmsdnwnaresns
Bamdaanauiioussdaanuaninsalumsnsii

gafianudauduazinmsdnmlannniin
mafnwniliiagussaediladnmiuFauiiisu
UszanSuanunduuaimsiawmiisanduiisuauuy
AR (static stretching) warmstiandauilauuy
WaI05 (dynamic stretching) #BMINTLANYDLINUDE
anyanansalumanssilugiifiomendaniiaosis

A5MsAnY

msAnniiumsHiTeBmeaneuuy completely
randomized block design Iﬂﬂﬂﬁﬁﬂﬁﬁﬁﬂﬂ%ﬂﬁ
1A/IUN55UTRINNAMULNTTHNTASEETINNSTINE
VIR IRINNIELNYSH (8.926/2562)

Usgrnsuazndumiagig

fiifiamsndailaviosiie avg 18-25 U
34 au Tagiinasidasniiesil Srnznduiilatasis
TagInaermMInsEANIaNYMNBEEn 59 (non-
weight bearing passive ankle dorsiflexion with knee
extension) l@tagnd 12 a9 ® mansonaaulm
Jaunlaatedastlaglsiianmstiansanenaing
Useniu wasiitnasicanan ae WaiiussSardavas
WRIVIDY DM BVBITENAYY FanuHaUn@nsaaIns
29952UUUSEENTILA BT a9R UNSIULALTEI9F 2
filsafidaradaanuanuainsalunsnsd Wy
msdadevawmauly asenluaues dulssam-
naayansanay Wudu Jenmsthedadauassenadn
maly 2 dminaumsnagau

w3asdianlglunsfne

miTeaseilligunsaiiayumsiadoulmanas
2908 (standard goniometer) Imﬁwﬁmgau‘ﬁﬁﬁ
Tdsunsuiaamuaadesdiinideia Kus1uiiinns
Gouny 3 Ldu AU 90 B9 135 896N (postero-
medial) W8z 135 896N (posterolateral) MINEIAU
AauIAsTEzNe WIWNTUNE) (Casio JU HS-3
stopwatch) WYIUBANAAINE (exercise step) WUaZ
WwendsSuseau
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FBmsiununndaya

MSANUINMNOKD 3 ML AD BIFMMINTZAN
v v ] v 3’ o . .
daumnvazlailaastihnin (dorsiflexion range of
motion: DFROM) a4enmstadaulyivesdainuae
a911%1in (lunge range of motion: LROM) Waz@N
S50 lUMTNTIN

7 vV v ] v gj L4

MM snszandamaaslailaadtiivin
(DFROM) ¥nNMTI0a4AINISATEANTBLIN LUyuau
alegls standard goniometer I stationary arm
pnulununszgnilyas (fibula) & movable arm
Nuwuliiunszgn metatarsal i 5 NNUUEII
o v v v Y 1 a v g v d‘
Mmsnszandawnuasgiinsinaiasaulvinnige

lc: 019‘[ Ild a v 9/(9) YA v o

whnazyh lalesliiinstiavasdawn® gidevnms
IUAIBNAINISLAFDU lWIBNTBLYIN T 3 A9
LY =1 1 d' v o c}
Tunnenleuazihanwnae

MNANAIM5LAFIU IVNYBIT BN YTV
(LROM) gAdgldlnsdniiiadaun szuu ios il
TUsunsuiaanuaatdealunsinasd LROM lag
TusunsunlFisienanuiingada (intraclass correla-
tion coefficient: ICC) tMINU 0.96 LAZANULNLIANTI
2DANSINBIAINSLAFBU LYY ICC Wiy 0.8379
M4Insanwyi 1314 tibial tuberosity ¥ia3aananezay
UUUaYaUE NN INSANY laaginssnuidetiuuy
wWunmvualogliiininnaad (second toe) Lazdum

v v 1 a v ] v = QJ Y v Y
N PINNITEINBGUMEUATIAEINY KL
1 a WV v % v v ] v v v
s TN lmeeuvtheaenenuvth lvsnn
ﬁqﬂwhﬁ%ﬁﬂé%ﬂ’?mgmmﬂiz@ﬂ tibia ABLLUIO

. . Yy A v o v v A
(vertical axis) 2eNNINTIDHNUNAT NINTINATDUY
O NTIANTNAABA HIINTINNUITEFTNFIUT N

v &I ] d' 1 =] 4 v

nanutiladssnniigaud Lo surauazdunin
TsiaasanniunaaannaMimsnagau Q"’Eﬁ'ﬂﬁuﬁﬂ
' Yy v MMy o & & o S
AaaFtamMle e 3 A9 wazihumase

ANNFINIT0 lusnsacmazlsesiiulogly star
excursion balance test (SEBT) Tuidnaaiunin

(anterior direction) NANNAIUBSUBULTIAIU U

(posteromedial direction) Wazh AN N UBILDUBDN
MUUBN (posterolateral direction) nNauUMIUszLAU
ANNEINTOIUNMITNTNIFINNTIAANNETIN
(true leg length) tufinanueniile nasantiu
gismmAdeasiuludumisiidimue whine
daemsnagauIN Ui UL aEhMsnagauduwh
vaalashinefigasmsnasaulisnassaniiu on
whanshaulilanawhinlumudumumaedunth
(anterior direction) L?;auﬂmmﬁ'ﬂﬂimﬂaﬁqﬂim
whbiduianuuazuasdmawndiiunn .0 Jaszes
maiivnld Tifinsumadewnszuismanagay
50 dl Mms3ad s adidaiame wdsntuRn
1w ﬁﬂmsmaawgﬂuﬁﬂmq posterolateral LLae
posteromedial 1M RaEYDILARZRAMIINMLIAL
ALULUUANNEINTO LUMTNTIAT (SEBT score) MN
g09 SEBT score= [(anterior distance + posteromedi-
al distance + posterolateral distance) X 100/3(leg
length)]
gihimamATefiiunaridaiiazgnsiiu
SauvuaaumaLazaaUstiiunmeiiaedi uaz
avnulumlsdaduganiznsinanudde U 34 au
nnauazldsumstianduilansaasuuy da msia
wBsanauLiiauuUAIAN (static stretching: SS) waz
mstianguiiauuuiingsas (dynamic stretching:
DS) lagldmsguadiielumaidandriaumstia
wmisandiniiie mstendiniisuuundra 1%
dnnmAseiuiianidesaduiuw nfidasms
fanduiiiagmedundslasiinniiaes (second
toe) UaEUIMYDIEIINTINITEALINBYUUITUAT
fmualy gihimemAdedudahdumihliug
Tughanih (lunge position) auﬁﬁﬂﬂﬁwmﬁaﬂawm
ndunsadalasdurhlisnassanity dadel3iny
50 3¥l e 5 Ase Taewn 10 Jwnitswiseu
swszaznanlumsiandaiienanue 150 i
drumsiamdaandutiauuuna’ins (dynamic

886

Journal of Health Science of Thailand 2025 Vol. 34 No. 5



AN UNYRINITEAHT YNNI UBIAINITNILANTBLIILALANINEINTITA LUNITNTIAI LUENHD

LU

u

stretching) TN FINAFBEUVLUTINBDNMAINE
gaUanatnuasduimaguanuiueanmaime e
JUINANUNNNBLANANNNUA THKENTINNUITY

] 4 § ) Y o 1 ] vV v v
sauninan lilayhmsnesaudes 9 vdauduing
d' Vv = v dq" £ Ve = =Y 1 v
NeaaMstanaNLiiaad 1 AUIFNFNUTHNUBIY
vasuuunule ludoimsiursetae nnavne 15
asamelussazna 50 N9 Lagnn 10 INNszrIN
(26 YNNIVNA 3 1736 TINTEA LUMSHANAINLLD
MNUNA 150 I HLNTINNUIAEILRTNANTEWIN

a = v X v % & 4} 9 v
watiamstianaintiiaatatas 24 1la e Lyl
NAYBINISHANIINLUAADUNTNIFINAADNISEA
pawlaTmagau’>® gunsiniennauazun U
WNauNuAe azlasunissnualamatianig
MEMWINUANDANDINTENUSIUUDY BINaBANS
RNeguhHundaennauazlinnusaumaiams
gananLiauasNEasBsAMIIN BRI TINNU-
Weaudy 1 guEnnmiTeneuazlasumsusadiv
aanmMsnseandamuaelilaasimin (DFROM)
29AM5LAADU LIV BN a YN (LROM)
ULAZANNEINITO LUNITNTIAININ DULALWAINISE

v X

nanLiia

MYIATHTaYE

MsAnwAsiihEuatays DFROM LROM uaz
SEBT score NNNDULALWAINISHANAINLLDAIE
\ d' 1 d‘
AIRaY (mean) WazALUENIUUNINTIZI (standard
deviation) #RyaNAUUTEEINTAMFATIATIENINN
affMeadANNIINN Ml 9 gnihimadeay
MINTENHIVBNYDYAGIE Shapiro- Wilk test wae 1
Wilcoxon signed-rank test LWBANHINANUNYBINS
<~ v 1-'9&, ] = = = = 1
ganaNtiadasuasSauiaulssansuaserinams

WaNISANE

TumsAnwifaaSailfigihhnidesuan a4 au
Wuwaze 13 Ay uaziwandy 21 Ay loadaya-
NugreasddnhumAdeusaslumand 1

HAINAMSANIASTIHNUT MsEanautiawuy
AINe WazmsEianaaiiauuunasasinu 150 Hund
sansainasmnmanszandanmae lianihmiin
(DFROM) Uazaaizadtinwiin (LROM) Wufingens
'ﬁﬂnﬁmLﬁaasmﬁﬁ'ﬂﬁwﬁmumqaaa (p<0.01) Snmma
azuuuaNNaInsalumsnsedamdaimsiianauiia
ﬁqaammmﬁu%uaﬂwﬁﬁ'ﬂﬁwﬁ’muwwqaaa (p<0.01)
sauanalumsei 2

naenuasuLasiuivasmsianaaiionwuth
msiandmiiiawuunains (dynamic stretching)
ansedeiinasmmsnszandaaaslilaag
ihniin (DFROM) ldunniinisiiandiuiiie
WUUAIAN (static stretching) BE NN AYNNEDH
(p=0.03) TuzafinarmuFsuwlamiufingsms
fanau-Lilavasasmmsiadaulinusiahunas
1w (LROM) wazaszuuuanyainsoluns
N5461 (SEBT score) 04mMsiananutiianisaatuy
Taiuandeiy sauaalumsei s

a 4

50
= <~ = v z ] gs g
MSANHINAYBINSHALNELANAINLUDUDIATII
WU NMSHAUEANAINLUBUBINILUUAIAI

(static stretching) UaZULUUNWSINS (dynamic stretching)

o
N Y v

M3 1 BayaNUFINUBIHIII NN

9 Y

o o v X% - . o o aNaNUTIY H121573398 (n=34)
ALV NAINLUBDYNFNLNAUA Iﬂﬂﬂjﬁuﬂﬁgﬂﬂuﬂ— ¢ ¢
SAYNNEDG 0=0.05 g (V) 20.74+1.33
1hutin (Alansu) 61.56+10.91
duge (s 1.67+0.08
Mmaziimame (Alansu/msuuns)  21.97+3.36
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d’ vV = v 2’4 I3 v v v v ’g L d’
a51d 2 wanuiizasnsinnaIniianaasmmsnszandauizaclilaasimin (DFROM) asamstadaulnizas
AauaMeairin (LROM) wazazuuuaNyaINIsalun15nsend (SEBT score)

MSHANINLUBDLUUAIA MSHANINLBUUUNDING

fauiinnantiia  vasdanaNLiianui AAUEANIINID  aSEHANIINLBNUN
DFROM (84¢1) 9.62+1.21 12.09+1.54* 9.38+1.21 13.38+1.65*
LROM (24f) 34.18+6.51 39.82+7.76* 33.41+6.34 38.50+7.12*
SEBT score (A2LUY) 79.61+7.82 83.97+7.65* 79.98+7.73 84.60+7.07*

nnawme * enuuandnegniiteshauneaiaiawSauiisuiunaumstianauiie ssauliashannnada (p<0.01)

M5 3 waaNudsuuwlamuiivainisianaintiiazasasansnszantainyaslilaaaiivin (ADFROM)
29AMstAdaK e uaeadinin (ALROM) wazazuuuanyaIdnsa lummsaand (ASEBT score)

MSHANIINLDLUUAIA

MSEANINUDUUUNDING

ADFROM (89¢1) 2.47+1.44
ALROM (89¢N) 5.65+2.50
ASEBT score (AZUUL) 4.36+2.26

4.00+1.58*
5.09+3.5
4.62+2.98

nnewme: Kaanudguwlaaiui (A) = nasmstianauiieiuii-naumstianauiie

* JanuuananednitadaymeddadaiSaufisunumstianauiliowuuesan (p<0.05)

NIN5OLANDIANNSNTEANT BTN DFROM uaz
LROM laadniitadhayneadanuiivainse
willsn Fedanndasiunamadnmnaunthiissyh
MsBamdsanduLlanIgIuUUENNISaTIB LY
paenmMsnszantauh l@iuiivaimsianduiin 1419
milenalumsizmsiawmdaanauiiarliie
Wasuulawad elastic properties %94 iiaiaiiemiu
(connective tissue) 1uﬂ51mﬁaﬁqﬁﬂﬁ muscular
compliance vindy Teslifinswdsuulaswas
AaiaNUAYaeLtdUEY (tendon stiffness) wazyhlv
passive stiffness 284 musculotendinous unit 8O N
Wlnedaaudadelainntu 1 Faunaaiivaud
fumsthiauamasuIerasunendeiwu ms
nduresasmmseaaulmudimsianduiioan
(NAMNMIIANVBN tendon stiffness* 2 draduny
ﬁﬁ'ﬂLLé’q*ﬁmmﬂustwzmmLmﬂﬁiwwaqgﬂu:uums

Samiaasndszaznaildlumsiawdsauuua
dranuanaenulundazmsang 2InnsnuNIY
ssanssnananaaslldh matiamisnaidaliias
(continuous static stretching) Wunanu 10-20
Wi aztiinasrmsaaaulmlesnsan endon stiff-
ness Maamsiinepanyaudusy Tuaaeiimsie
\WBBALUV static stretching Milszaznm lumsiasa
60-300 3171 aztfinesmmstaaaulmlaaiams
anaWae muscle stiffness wazlidmsiUasuulasas
FuduC® FensAnmoasgidaluaseiiling
Sawmisanduiisuuuaidany 30 i Sy
5 5DV TINSLHLNAEAMEHANINNG 150 U7 uaY
52IMNNILUINTBU 20 UM
msEanaNiiueIUY dynamic stretching W1
TumsIsaAsaiine heel drop exercise 15 A3g Melu
50 N7 WU 3 AU WU EnsaLNEIe
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4 v v ] o vV o % aa Y
mMsnszandaunlasdiitadaumeada uihly
AU umsAN®INaNUNze9 dynamic stretching 284
naNLiauaEad laNNn WEHaMIANEILEAINE LU
a = v (12’21) A' sg o
AANLAEINY NMSLNNAUDIDIAINITNTZAN
#a19N%a9 dynamic stretching 81395U18AIENIS

o va v X y =
wWaguwlavresnmuanifnamutiiauasiduld Ui
fiawden loawun dynamic stretching §13N50LNNBIN
MINTZANYBLIN SINNUNUANINENIVBLDUI DIV NE
LWN2Y (lengthen tendon)®" (azAIAANM TNV
tendon stiffness®? UBNMNUIINUI MSHALKE R
¢n8 heel drop exercise MInAaiaauree muscle
stiffness?? FIHANITANIUUANAINIINHAVAINIS
HALEHALUU static stretching NWUI muscle stiffness
anaanaImsaawdan > niilpadunszany

1 <~ = <~ =l L4
uananggluuumstiamtisn mstiamtealasly
heel drop exercise %114 eccentric exercise WHANT0
o Y a < ‘34’ d' z:! = 1 .
mivnemsuearuluiiads 7azinana calcium

. k4 ‘3‘1 1 1 .
homeostasis tunaINLila dukana cross-bridge
formation MINAGIWAINAINLILALA wazmMsluaieu
BAANNNTUIUDDNMNBINENTNIVLAG extracellular
muscle edema 21V ALAGANE pseudohypertrophy
%Mﬂﬁwuiw muscle stiffness LWNTUYIBI heel drop

. (22) < r{l 191 X N aq:{ 1
exercise Mdula wananinstNNuaeg
REUNTUYBIIEMSLA U lviaINMstaviaanaa
A5UNEMIENISINNTUYDITEAUANINNUMUADAS
#ounEien (stretch tolerance) *>2® naiigalailidasune
MSLNNTUDDINAINITLA DU LYIVIaINSHALUE

v A A e
NANLUBNLULTR

NSANEININULND LS ULNEUNAYBINISER
AMNLUBLUU static stretching AU dynamic stretching
WU dynamic stretching §13130LNNDIAT DFROM
1¢@n static stretching aeiitedAyMIFDa NIl
ANMIINaIMsAdaulvnaas liasihniin
Wuwuy passive ankle dorsiflexion W iians
fineNa9na N aUBILAZLAUS DN B IEYING

10896 M5 dynamic stretching BNV A tendon
stiffness ana9 89 lAiamMsdauudasmsinu
284 golgi tendon organs NN INAMVINAINLLBUDA
[ Vv v 24’ 1 < v <~ v
mlvnauiladesuazidudesvnataenilaun
2{ (21’22) U v a v ‘g‘, ] 4:} .24 [
U FIINAUVRUNNHYDINAINLUDUBINGIUNAY
dynamic stretching'” 39812y 1% DFROM %84
dynamic stretching LWNIINA static stretching
NIMINUMITIUNssuMsanmnauluainun
static stretching 22 1AHAAATNITONINNINNEAIY
N ) WAMIANEINAUD static stretching HBANN
ansalumansedidaiiaglaiinnidn Tuaasiing
AN¥INaYDY dynamic stretching azlVinafiae
ANIIOMWNMNME > UEMIANHATIUNUD a3
MSEANAINLUBNILUY static stretching e dynamic
stretching §3NSOLANNANNFIINTO UM TN LA
Tiuaneenudiuladain@ SEBT score Mitiinaiuagg
o v ) L ‘#‘ = Il e U =) v z g.ll
Nlgdhayla/Saumaununaumsianaruiiany
FOIUUU TNHAMIANINDURTNANINWUD static
stretching §13NSOLANNANNENITOLUNMTNTIAINGT
=) v z (6’25) o = 1
MILANSINLUD UBZUNMIANHIWUI AN
HUN50 LUNMTNTNAINANNAT static stretching”?®
WazENNUNTaNaIuNMUNN3EN (reaction time)
naINSsLARaU NI (movement time) Waa static
stretching'” 31 dynamic stretching HUWUT §1aN50
WnaNuEInselunmsnsea laageiivadauns
QQ(7’27) = n: 1 [ &’ < o
a0 NANSAN N NUANEANA UL DT ULNIE
ANNUANENZBIFULLUMSEamEEan LB
1 v 2{’ o tﬁ'd = <~ =) vV
AENNANLLD NNIMTANNMTHAWMBEALUUAIAN
v cgi’ v [ 4 24’ ] d!
aanaiiagununaniiauaslunynaasa
wuh msudsuwdasiiieaulundudiodurua:
AuLa UL nENAUCY LazaIAUNNNNHEYDY
static stretching ADFNITOMANNMENHANVTUNUS
NUSZEZINTALWNEIAAIAINNANHMZUDY does-
response effect™*** Taamstiaudanainaaiiiog
< v a = 3 4
Wuszaznawiw (unni 60 Iud) azla
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FNTIOMNNNMEAND wazMsaatriaansnelu
SeaznaAaUINeEY (15 3u#) @ansaLiiuay
fusalumsnsei® uenaniierafeananu-
LmnﬁhwmmﬂﬁﬂLLa::qﬂﬂifﬁﬁiﬁﬂﬂiﬂiztﬁuﬂawu
350 UM INTAIVBUGBLNM AN LaamMIFnE
284 Chatzopoulos wazAtz” ez Behm tazaz®®
TEmsusziliuanuaansalumsnseailagls swing
stability platform Waz wobble board MUY lag
Ussifiuszaznanfianinsonseiedld andiuldhms
nsachuugunsalilisuasasdalimansadanni
$19me WUz Costo UAYARIE® e Martinez-Jiménez
wazanz 15103049 Biodex lumsuszidfiumsnsed
wazl¥ pressure sensor lumsusziumswasuntas
YBNNWTINYBIN 5INH9 Huang uazanzC” A% force
plate Tun15Us2Liiu center of pressure YBILM Wil
Tumsfnmassiilildhdamavasdidriinise
iissnnmsanmnsunihnui msdanduiialy
A euasralina ldaeny viawmealidinade
MSADUTUBWDINSHANT N BTTILEI )
msAnmasatinui msiamidsanauiiians
LLUU static stretching b8 dynamic stretching §14190
WnaNNEInsalunsnsad hazdlumwsizns
famianigaLuuaINsaLinasnmMsnszansat
tiasnnasmnsnszandainianuddydans
N34 warmsieu faumstamsaaulmee
Faundandawadansnmstaaaulin manseh uay
anNEnsalumsnseiCe® Gaiiiimsanmmnut
mypdusasatisiinasimanszantawn JIniu
AnuanINsalumMsnsITiiaEuEI 4 wazddl
msAnmNUI naamsiandatiie quadriceps,
hamstrings (&2 hip adductors @1 absolute angle error
¥ iimanas®® miianamzmsiamiaads
N6ID joint position sense Taasu proprioceptive
feedback Yl¥imssushumisasiadafiuuazdig
GaANNATOLUNMTNTIAT

¥ o @ = a v g.j’ :gl’ = [~ =

FBANNAVBIMSANHINIATIU Ao WumMsAnen
°luQLﬁwiamm'ﬁﬂﬁ'ﬂﬁﬂmwﬁmmé’ﬂﬁﬁmmﬁqﬁa
wamﬁwmﬁaﬂaﬂuﬁqu 18-25 1 (M UU MSANTN
A9 UTUMSAN NN UNYBINSHALUEIANAINLLD
ARANNAINITO LUMTNTOULUUMNTINDIALMNTEN
Uszidloalildasauendammssuimamsaaariuy
STUUMSNBILIY (visual system) LAZSEUUMTNTION
meluyzuly (vestibular system) deNazLden

a‘g‘d

o o & v . .

NSYALULYAMNLUUPIAN (static stretching) Lhae
WUUWaINT (dynamic stretching) NXIIOLNNBIAN
MINTZANTBMLAZLIANNANNAINNTD UM SNTIMLe

a

aeadUszANSMWINUANEINNY NI SIAN DA
ASNILANT DL EINAFN DANINFINITO LUAITNTIA
Iﬂﬂmamumsdma‘%un’lsﬁnmwmmi%'uidmwm
£%4 1 Qldtg = ‘% lg o [~
2a9Tada leY NamsAnwAsItaNsath Uy
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QJ Y G 4 tﬁld 4#' ' v
nuthavsaggeegninnuidennanIsongs

LaNEITANDY

1. Vandervoort AA, Chesworth BM, Cunningham DA,
Rechnitzer PA, Paterson DH, Koval JJ. An outcome
measure to quantify passive stiffness of the ankle. Can J
Public Health Rev Can Sante Publique 1992;83(Suppl
2):S19-23.

2. Page P. Current concepts in muscle stretching for exercise
and rehabilitation. Int J Sports Phys Ther 2012;7(1):109-
19.

3. Cipriani DJ, Terry ME, Haines MA, Tabibnia AP,
Lyssanova O. Effect of stretch frequency and sex on the
rate of gain and rate of loss in muscle flexibility during
a hamstring-stretching program: a randomized
single-blind longitudinal study. J Strength Cond Res
2012;26(8):2119-29.

890

Journal of Health Science of Thailand 2025 Vol. 34 No. 5



AN UNYRINITEAHT YNNI UBIAINITNILANTBLIILALANINEINTITA LUNITNTIAI LUENHD

LU

u

4.

10.

11

Merino-Marban R, Romano D, Mayorga-Vega D.
Influence of sex on the acute effect of stretching on
V sit-and-reach scores in university students. Cent Eur
J Sport Sci Med 2014;6(2):13-9.

Lee JW, Yoon SW, Kim JH, Kim YP, Kim YN. The
effect of ankle range of motion on balance performance
of elderly people. J Phys Ther Sci 2012;24(10):991-
4.

Behm D, Blazevich A, Kay A, McHugh M. Acute effects
of muscle stretching on physical performance, range of
motion, and injury incidence in healthy active individuals:
a systematic review. Appl Physiol Nutr Metab 2016;
41(1):1-11.

Vittala G, Sundari LPR, Basuki N, Kuswardhani RAT,
Purnawati S, Muliarta IM. The addition of active stretch-
ing to balance strategy exercise is the most effective as
a home-based exercise program in improving the balance
of the elderly. J Midlife Health 2021;12(4):294-8.
Costa PB, Graves BS, Whitehurst M, Jacobs PL. The
acute effects of different durations of static stretching on
dynamic balance performance. J Strength Cond Res 2009;
23(1):141-17.

Chatzopoulos D, Galazoulas C, Patikas D, Kotzamanidis
C. Acute effects of static and dynamic stretching on
balance, agility, reaction time and movement time.
J Sports Sci Med 2014;13(2):403-9.

YouJY, Lee HM, Luo HJ, Leu CC, Cheng PG, Wu SK.
Gastrocnemius tightness on joint angle and work of lower
extremity during gait. Clin Biomech Bristol Avon 2009;

24(9):744-50.

. Macklin K, Healy A, Chockalingam N. The effect of calf

muscle stretching exercises on ankle joint dorsiflexion
and dynamic foot pressures, force and related temporal

parameters. Foot Edinb Scotl 2012;22(1):10-17.

12.

13.

14.

15.

16.

17.

18.

19.

Williams CM, Caserta AJ, Haines TP. The TiltMeter app
is a novel and accurate measurement tool for the weight
bearing lunge test. J Sci Med Sport 2013;16(5):392-
5.

Hoch MC, Andreatta RD, Mullineaux DR, English RA,
Medina McKeon JM, Mattacola CG, et al. Two-week
joint mobilization intervention improves self-reported
function, range of motion, and dynamic balance in those
with chronic ankle instability. J Orthop Res Off Publ
Orthop Res Soc 2012;30(11):1798-804.

Mizuno T, Umemura Y. Dynamic stretching does not
change the stiffness of the muscle-tendon unit. Int J Sports
Med 2016;37(13):1044-50.

Iwata M, Yamamoto A, Matsuo S, Hatano G, Miyazaki
M, Fukaya T, et al. Dynamic stretching has sustained
effects on range of motion and passive stiffness of the
hamstring muscles. J Sports Sci Med 2019;18(1):13-
20.

Konrad A, Stafilidis S, Tilp M. Effects of acute static,
ballistic, and PNF stretching exercise on the muscle and
tendon tissue properties. Scand J Med Sci Sports 2017;
27(10):1070-80.

Nakamura M, Sato S, Kiyono R, Yahata K, Yoshida R,
Fukaya T, et al. Comparison of the acute effects of
hold-relax and static stretching among older adults.
Biology 2021;10(2):126.

Morse CI, Degens H, Seynnes OR, Maganaris CN, Jones
DA. The acute effect of stretching on the passive stiffness
of the human gastrocnemius muscle tendon unit. J Physiol
2008;586(1):97-106.

Kay AD, Husbands-Beasley J, Blazevich AJ. Effects of
contract-relax, static stretching, and isometric contractions
on muscle-tendon mechanics. Med Sci Sports Exerc

2015;47(10):2181-90.

NINTINMIAGITNGY 2568 Uil 34 AUV 5

891



The Acute Effects of Gastrocnemius Stretching on Ankle Dorsiflexion and Balance in Individuals with Muscle Tightness

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wilson G, Elliott B, Wood G. Stretch shorten cycle
performance enhancement through flexibility training.
Med Sci Sports Exerc 1992;24:116-23.

Kubo K, Kanehisa H, Kawakami Y, Fukunaga T. Influ-
ence of static stretching on viscoelastic properties of
human tendon structures in vivo. J Appl Physiol 2001,
90(2):520-17.

Kato E, Kanehisa H, Fukunaga T, Kawakami Y. Changes
in ankle joint stiffness due to stretching: the role of ten-
don elongation of the gastrocnemius muscle. Eur J Sport
Sci 2010;10(2):111-9.

Samukawa M, Hattori M, Sugama N, Takeda N. The
effects of dynamic stretching on plantar flexor muscle-
tendon tissue properties. Man Ther 2011;16:618-22.
Pamboris GM, Noorkoiv M, Baltzopoulos V, Gokalp H,
Marzilger R, Mohagheghi AA. Effects of an acute bout
of dynamic stretching on biomechanical properties of the
gastrocnemius muscle determined by shear wave elas—
tography. PloS One 2018;13(5):e0196724.
Magnusson SP, Aagaard P, Nielson JJ. Passive energy
return after repeated stretches of the hamstring
muscle-tendon unit. Med Sci Sports Exerc 2000;32(6):
1160-4.

Behm DG, Chaouachi A. A review of the acute effects
of static and dynamic stretching on performance. Eur J
Appl Physiol 2011;111(11):2633-51.
Martinez-Jiménez EM, Losa-Iglesias ME, Becer-
ro-de-Bengoa-Vallejo R, Diaz-Veldzquez JI, Lépez-
Lépez D, Calvo-Lobo C, et al. Immediate effects of
intermittent bilateral ankle plantar flexors static stretching
on balance and plantar pressures. J Manipulative
Physiol Ther 2020;43(1):24-31.

Behm DG, Bambury A, Cahill F, Power K. Effect of

acute static stretching on force, balance, reaction time,

29.

30.

31.

32.

33.

34.

35.

36.

and movement time. Med Sci Sports Exerc 2004;36(8):
1397-402.

Huang S, Zhang HJ, Wang X, Lee WC, Lam WK. Acute
effects of soleus stretching on ankle flexibility, dynamic
balance and speed performances in soccer players.
Biology 2022;11(3).

Bouvier T, Opplert J, Cometti C, Babault N. Acute effects
of static stretching on muscle-tendon mechanics of
quadriceps and plantar flexor muscles. Eur J Appl
Physiol 2017;117(7):1309-15.

Young W, Elias G, Power J. Effects of static stretching
volume and intensity on plantar flexor explosive force
production and range of motion. J Sports Med Phys
Fitness 2006;46:403-11.

Bok SK, Lee TH, Lee SS. The effects of changes of
ankle strength and range of motion according to aging on
balance. Ann Rehabil Med 2013;37(1):10-6.

Sung ES, Kim JH. Relationship between ankle range of
motion and biodex balance system in females and males.
J Exerc Rehabil 2018;14(1):133-17.

Park D, Lee JH, Kang TW, Cynn HS. Effects of a 4-week
self-ankle mobilization with movement intervention on
ankle passive range of motion, balance, gait, and activities
of daily living in patients with chronic stroke: a randomized
controlled study. J Stroke Cerebrovasc Dis Off J Natl
Stroke Assoc 2018;27(12):3451-9.

Kim SL, Lee BH. The Effects of posterior talar glide and
dorsiflexion of the ankle plus mobilization with movement
on balance and gait function in patient with chronic stroke:
a randomized controlled trial. J Neurosci Rural Pract
2018;9(1):61-7.

Ghaffarinejad F, Taghizadeh S, Mohammadi F. Effect of
static stretching of muscles surrounding the knee on knee
joint position sense. Br J Sports Med 2007;41(10):684—

7.

892

Journal of Health Science of Thailand 2025 Vol. 34 No. 5



v

NANUNYBINITEALHTIANAINHBUBIAINITNILANTBLIILALANINEINITA LUNITNTIA LN A N3 Harafa

u

Abstract:

The Acute Effects of Gastrocnemius Stretching on Ankle Dorsiflexion and Balance in Individuals

with Gastrocnemius Muscle Tightness

Areeyaporn Chongsatientam, Ph.D.
Faculty of Physical Therapy, Huachiew Chalermprakiet University, Thailand
Journal of Health Science of Thailand 2025;34(5):884-93.

Corresponding author: Areeyaporn Chongsatientam, Email: areeyaporn.cho@hcu.ac.th

Gastrocnemius tightness leads to a reduction in ankle dorsiflexion range of motion, which can cause
muscle imbalance and may impact postural stability. The objective of this research was to study the
immediate effects of calf muscle stretching on ankle range of motion and balance. Thirty-four individuals
with gastrocnemius muscle tightness were randomly assigned to both static stretching (SS) and dynamic
stretching (DS) with at least 24 hours interval. The participants were assessed for passive ankle
dorsiflexion range of motion (DFROM), maximum lunge range of motion (LROM) and star excursion
test (SEBT) before and immediately after each stretching. The result showed that both SS and DS
significantly increased DFROM, LROM, and SEBT score immediately after gastrocnemius stretching.
The DS resulted in a significantly greater increase in DFROM compared to SS (p<0.05). However,
there was no significant difference in the effectiveness of both stretching techniques in improving balance
ability (SEBT score). This study concluded that both types of stretching can enhance ankle dorsiflexion

and balance ability immediately after stretching in individuals with gastrocnemius muscle tightness.

Keywords: stretching; ankle dorsiflexion; balance; gastrocnemius tightness
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Experiences and Perspective on Health Literacy in Stroke:

a Focus Group Study in Stroke Patients and Healthcare Professionals
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Abstract: Health literacy refers to an individual’s ability to access, comprehend, inquire, appraise, and apply
health-related information for appropriate health management and the maintenance of good health. In
stroke patients, health literacy is a crucial factor influencing treatment and rehabilitation outcomes. This
research aimed to investigate the perspectives and experiences of patients with stroke and healthcare
professionals regarding health literacy through focus group discussions. A total of 30 participants,
comprising 15 stroke patients and 15 healthcare professionals, were involved. Participants were selected
using purposive sampling. Each focus group discussion included five participants, resulting in a total
of six focus group sessions. The results of the focus group discussions were categorized into five areas
corresponding to the main components of health literacy: access, understand, inquiry, appraise, and
apply. The study found that the most significant barrier to health literacy among stroke patients, and
the component most in need of improvement, was inquiry, particularly the ability to engage in health-
related discussions. These findings can be utilized to enhance healthcare services for stroke patients and
to develop programs aimed at promoting health literacy among both patients and healthcare professionals.

Additionally, the results serve as a valuable reference for those interested in further exploring this topic.

Keywords: health literacy; stroke; focus group discussion
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amsthahmeuianssunludiagunnasanalunye @ewug Charlote’s Angel fanaesrh-
ATAIYLAMIUBD 95% AINNITNTIATBUBNAUSENBUNNNGABLAN WUl esanalunmanlarsdine
lunguusamansd Mliu unuiiy mesiiuead wazmsduaalnalalyd dusmnamslsznaunediluadn
72.70+0.03 pg GAE/mg extracts waziiiodansians Tetrahydrocannabinol (THC) wa% Cannabidiol (CBD)
Togaiia high-performance liquid chromatography (HPLC) Wuﬂﬂiﬁ’lﬁlﬁy CBD AU 208.2+0.47 png/ml
Way THC Ay 5.9120.05 pe/ml lughumsdnmanuduiveasssanaluiymdamasinziass
w@Alulgduaanyud (HaCaT) wadunalasmazesny (RAW 264.7) 67838 MTT (3-(4,5-dimethyl-
thiazole-2-y1)-2,5-diphenyl tetrazolium bromide) assay (MTT assay) WU @NNDNIY 1.56-100 pg/ml
HSesazmalitinsonvadad agjﬁ 106.17-13.12 UAY 96.15-10.58 MUMAU Feanudaduaaud 50
ug/ml Ul azfienuduivssasanalufamdawmadinnzido warlumsnagaugnisumssniauds
Fadudemswasluasnaanlad lumad RAW 264.7 ﬁgnﬂszﬁué’m lipopolysaccharide (LPS) WU @218~
Gadu 1.56-25 pg/ml dimstudamsuasluadneanlyd Sauas 84.61-97.85 wazlumswannwansasl
AsnusstmaImstharhmewinnssuinludiagunnasana lunamn m'al,ﬂﬁ'ﬂuuﬂawmqmwgﬁfluamamiq
lidfinanannuasarzasduazu 13jwun1'§m‘%ty°uamauw‘%i‘fu,a:t%aﬁ diathlunagauiazmnauazmsia
ﬂssfg zeta potential amaila dynamic light scattering (DLS) WU Qmiﬁﬁﬁ@(ﬂ den hydrodynamic diam-
eters LNNU 234.52+4.65 nm @) polydispersity index (PDI) WNNU 0.44+0.02 @ zeta potential Wy

-29.60+0.59 mV FUULFMNANNLFDLTUDITTHIUSDYNG

maag: §15ane luny; Asnusstmanmstheen; wanssuunluduazu
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Jagtudseinsmasiimsuldsundacidng
“deanggeery” Jehlidssauiudaymlsadann-
wou lsailludgeargiiannmsdanammwaaenssgn
1 = = v :1! d’
sauusnHatne Fudsuulaslimunssunumsues
1 [ = g; v o % .31’ c: d' v 1 =N Y a
#1938 AnnsaiveaNnetavuazdasN e
v VoA ¥ o~ k4 @
Tsadawniden loun a1g twa a1 whvtin gasluu
] .31’ (1) -:! 'I v ] d‘ b‘L
ANy aaiianszgn® wlsadawdanly
Y y “ 4 o p
waeeguy astumstheuvuisess asthewnniiu
P & A4 A o A - PN
Watedau b rIaturhAanssNuIUL g WIauLd
wazlIevsuaunay anwaemstheuuuda q U
Tugahm 91l ovmstieasdeaiurasly saunai
vy o o utL ¥ oA & VL (2) 2]
2IMsttle NiFenealudailatedaulv® 4ems
% % T dl 35 < [ [
Snwlseagaund@anidlumssnnuuulssaulseaad
tilagangalinwuisnissnumlanarnisoduss
d‘ vV ] d’ a &( v ]
nszIUMsIEeNYBdaLItiaduld wazyananng
Tunissawr Ao AsasaInsUla M lvnis
wwaaulnzastauulululemulnd dasnunsams
uilznisiagleesde wazihligihedjuanaing
Uszamulamuund 35mssnmlsadarinidanniie
Tutaquud laun masnwnlailden msshunlesds
M5 LFeN UINNTINYDINM TSN SABLENLEDN Lay
M3snlaenseea® NNTINNG LUNSHIND K58
mslenadesesd giheruninmuasussimeims
adaenguulnsindu i (Cannabis sativa
< clq 4 1 ::‘ =
L.) Wundeulumsldussimarmsans g iiesand
a o v 4 v
Asuauduasd wad-lui-wa3lalasuau-
NTuaa wazwAuNilaaaa MeanaINs1IAGD
Tsadadntauganaasd LazannsnaLNIYaINaIN
xglj (3) I o @ e} 1
Wa® Mnanuduinuszanudngaastyming
NIeu wunTagiudlimsnandnduviasa
s aImMslianNNasINan A MENAile
ugelulszmalngdaiivdon fivedsaulaniazihans-
anangmnndiuedlu Afdszlemilumsussim
1auasilassnanmMUMIINHMEMansMIUNNE -

wulng Fennnenunwuhasasansamnlsznaull
AT IUNTNYD Tetrahydrocannabinol (THC) way
Cannabidiol (CBD) éhansazhganaimstiadale 39
leAnwasdlsenaumangnuail Usinamadluadn
anseumMssnEudEIEFusImsvasluaineanlyd
msnadauanuiuivrasansanannlunymde
[ABINZLEEY UATMIIATZNES THC uaz CBD
Toawmaila high-performance liquid chromatography
(HPLC) lushsanalufaen tiahwansdnean
NAUIHINNUNATNUTILNIDINI5UINLEIA e
wianssunludiadu dmdunduigeary dang
Humsdasiuaunwiiovasssnnsiimasinng
wasuwlasingseuggeogluainae

A5NEN

MIWUBZWMNU (The Research and Develop-
ment: R&D) Tungym lasuanuaytaszinnuitm
Wawdy $ine legddnmsadivnuive Jseu
FunDUR

1. MSOIBNFITENA LUN Y

i lusmndevienuszae sudusudn g 9n
ﬁuauﬁqmwgﬁ 50 aamwadad (C) ihlluaneny
500 g MuFdIBEMUDS 500 ml Taaudil3 24
Sl miufuala (vh s 3) Alanuiu thanla
lunsesdranszarunsasdnase thluszinad-
aTAEaNAILLATIINAULUVANANNGY (rotary
evaporator) figauQ#i 40°C thansanaitld Uyl
fhoLeseesziiauiauuuEenui (freeze-dryer) 310
udnhwinansiiadalduesfuiigamgii 4°c

2. MINAFaUBNAUTENBUN NN NEAN (phyto-
chemicals)

2.1 BOTNFBUAINGNULDIMADEE (alkaloids) ™
loga3anasane lunwen ANNENTY 1,000 pg/ml
U305 1 ml sziveliusie thansanadilaazansde
5% N3ATaNI3A 5 ml nIpsIETarMeIwLaTy
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3 shuldluvananaaas vaaaneasei 1 Hin Wagner’s
reagent waaﬂwﬂam‘ﬁ' 2 AN Mayer’s reagent
WaBANAARNT 3 Lo Dragendroff’s reagent M3uUana
AN Wagner’s reagent @18 {HAAZNBUANMAYDS
d5Usenauualalal Mayer’s reagent A8 LHAALNDU
§21In50dA5N waz Dragendroff’s reagent ek
Hanznauddunis suawdadihaa sliwauan
waeNNEITENANININGNULDAM B

2.2 8asvdauasngne iy (Saponins)™®
@875 Liebermann-Burchard’s method: t@38N&NS
SN0 LUNYZN ANNINTU 1,000 pg/ml U506 5 ml
sumgliuie wdmeagnethen acetic anhydride 3
VEn WarvannIagaiisnaady 1 vee KauInayli
sh@u-dn

msasgaumstionas: Wuhiau Usnaes s
ml asluansana wamnivgmasanaansdua
Uszanes 10 3wt danadnvazasiaadiiony
10ANNGYBINBs WaINIUMEn $8a 5 29IN3A-
lalasaasdn 1 vea dunaves duwlaeguantd
fiansngunTuiiu Wessiidnuasadesai

Msuldana wauINNUMITIREaUMINaNDY
u@ﬂﬁﬁﬁn@u—nﬁm #2878 Liebermann-Burchard’s
UHANEISHNA LT steroidal saponins LAz LBNAUIN
numsnagaumatianas wasliduas duny vie
H129um9 92875 Liebermann-Burchard’s method
LEANEITINANENS triterpnoidal saponins

2.3 3505199 UMNINGNUNUTHY (tannins) © Tag
WW3BNETINA LUNE) ANNLNTY 1,000 pg/ml
1U331035 5 ml

dudl 1 thasanalufam enudingy 1,000
ne/ml U5an05 1 ml seve liui@nansasans 10%
lnfeupaalsd 2-3 wee nssansazaIa@IdIU
arnaune ssazaeilautadu s vase Usznau
e

#anaN 1 1eNUEN gelatin 1% 5 WO

waaﬂﬁ 2 l,alliil’lil’l gelatin salt 5 ¥igI®

Waaad 3 MaaaAIUAN

navnazlaaznouluwanad 1 uaz 2

dudi 2 thasana auENTy 1,000 ug/ml
US105 4 ml wuadlu

waaad 1 MaanAIUAN

waaﬂﬁ 2 tauii”lil’l ferric chloride 1% 5 g0 Wa
vn 2 ldFhGy vie Fidlen

waaﬂﬁ 3 Lai\l‘lil’ltﬂ bromine water 5 ¥igI® NAUIN
wlanznaudiungy

WaaaM 4 (BN lime water 5 WA WAUIN A
laaznaudimmaau 9

mMsuUana

1) Wnaaufuthen gelatin uas gelatin salt Tals
U 19 ferric chloride waauNENTaNa laifiansnga
WU

2) TWaauIniutinen gelatin uay gelatin salt 15
Sidlenfuthen ferric chloride THa@uINAUEN bro-
mine water LLazﬂlﬁ’waauﬁuﬁwm lime water LA
aNIINANNINGNUNUTHUBIIA condensed tannins

3) ThaauIndutinen gelatin uay gelatin salt 15
W AuBew3eihGudsuihen ferric chioride 1%a
VINAUINEN lime water waz1¥uaauiuthen bromine
water WIANNATINANINFUUNUTUBIA hydro-
lysabie tannins

2.4 A5adaumsnguwalIuess (flavonoids)
@ #A5 Shinoda’s method lagLa3aNaTING LUNEYM
ANNINTY 1,000 pg/ml USHNAS 3 ml Neanse-
lalaseaaSnudnty 1 ml UaILHN magnesium ribbon
weiuLEn qUszanm 5-8 weiu lafugaufiten asld
NAUINT TN - Lo

2.5 ADMINTIAFDUNBSWUBYH (Terpenoids) ¥
T#msnadgaumaledn (Salkowski test) t@SanaNs
analuns ANNENTY 1,000 pg/ml dNAAIE
PasEandmnesnsaas 3-5 ml 911U 2-3 A3 U
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WWneaalswasy 2 ml weAe ) NN NISA-
N (conc.H SO ) WINAAFINMaLAITENN
S08ARYDNATATN LTI NUNBS N UDYG

2.6 3Fasnadauasnguesiuannaslalyd
(Cardiac Glucosides) ® lagia3anansane luna
ANUNIY 1,000 pg/ml U599 5 ml Lvasazae
10% lead acetate USaN05 10 ml SLBa@IgANNIDU
Uszanar 15 W19 nNsee@IdIsazals aNananie
lamaalsitnul3nes 10 ml wé’wmﬁ?mﬁumsgm
easulsdondame siauds thansanalaaasls-
Hmuluasiasau

NAFUFIUALHETEAMENINAFBU Liebermann
Togihasana laaaslsimy USines 5 ml sewels
WS UBIMEAAIEINEN acetic anhydride 3 1180 UAZ
WeANSATATENTNTY 1 vae wavnarliahEu-
e

nasauduueanInulidngs @28 Kedde
reagent 8158003 5 mi lalutenszidins wdnily
SEAVMHAUUWNUY water bath LGN Kedde’s reagent
(3,5 dinitrobenzoic acid 2 g aza8lUENMUDR)
9-3 e danamswasunlawasdihasu wauin
azlianmuduag

NoFUTIUINMafpaNTAEMINedaY Keller-
Kiliani ¥8N5anaxN 1 ml LA glacial acetic acid 1
ml A8 ) ¥eA conc. H SO, (ns0%ail3n) Tilvaas
ANVBDN LHN FeCl_2-3 g0 Funamsuasuua
azﬂswﬂgaqLLmuf?iﬁywmamﬁawiaszwdwmsaﬁ’ﬂ
AUNSATNIIN

3. Manadaumusnaasusznaunadanusdn®

3.1 wanahsazaneansanaluiym Nazarsde
h (e 1000 pg/ml) U3N@5 20 ul AU 1 M
Folin-Ciocalteu reagent 33193 100 ul taz 710
mM ladauasuaiue Usines 8o ul aglu 96-well
plate

3.2 Unliilgamgiiesluiiiafiunm eo

q

wazihlUSammsganduuasdl 765 nm siaTog
audfnsenuululasiwan

3.3 muraumisuauwadNusdnainnsn
NOIFUYBINIANAAN (ugGAE/mg Extracts)

4. MSANHaYBIENTINA lUN UM A BLTAILINIE-
@ dnmanuduivressnsasannluiumes
maa'l,wm,émLﬂswa‘[uvl‘ﬁﬁwmwwﬁ (HaCaT) a8
LLNﬂIﬂSWW?\]‘UaQ‘WH (RAW 264.7) 91835 MTT
(3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl
tetrazolium bromide) assay: MTT assay) WaznIg
NATBUGNSEIUNITENLFUGIBIRTUS I THE
Tunsneanlys Tumadinzi@ns RAW 264.7

4.1 Anwenulluivrasansanennlunynae
[ASINNEEE HaCaT 2835 MTT assay®

1) INELEEN9ad HaCaT lusmsiaeaiadaiio
Dulbecco’s Modified Eagle Medium (DMEM) #du
Usznauaay 10% (v/v) fetal bovine serum (FBS),
100 U/ml penicillin, 100 pg/ml streptomycin LLos
25 pg/ml amphotericin B awnﬁuﬁwlﬂémlu CO2
incubator A1fiUFaN0 CO, 88 5% gl 37°C Uaz
M3 sub-cultured 1N ) 3-4 U

2) thuadandaslunumzdeused 96 vau
(96 well plates) ‘ﬁ'ﬁmmmgmmaéﬁﬂ DMEM 74
nan 24 1l TegliiiUSinaugasynsu 1x10° wad
@8 1 well N1 incubate e 24 Fala Tu Co,
incubator 15304 CO, 8 5% gaungil 37°C

3) wdanasy 24 il WasuensiEsawas
Fiiadinenn wazlasudiuemsideradnansane
avaeagluanudadu 62.5, 125, 250, 500 Uay
1,000 pg/mi luswsiasamadaiin DMEM g
Usznauue 10% (v/v) FBS, 100 U/ml penicillin,
100 pg/ml streptomycin s 25 pg/ml amphotericin
B v deslu 59 CO, incubator fifinomgd
37°C Wuna 24 $la

4) @ﬂmmm%mmaéaaﬂmﬂmmwwztémmaé’

NINTINMIAGITNGY 2568 Uil 34 AUV 5
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96 vigN (96 well plates) Lﬂﬁlﬂm‘ﬂummﬂ%mmaﬁ
fiflars MTT (3-(4,5-diamethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide) 881
agluanadiadu 0.5 mg/m Mntnhluidedy Co,
incubator fifiUanat CO, 8y 5% gaumnfi 37°C 1y
@ 30 W

5) wWasudeamsiaerageannnUIE
\deauad 96 vau (96 well plates) NG 1009
Dimethyl sulfoxide (DMSO) U3t 150 pl/well
\iN@azangHAN formazan salt waxaTazanglidiL
Hudledmuddahssssaaliiadmaganiy
waiANNEIAFY 570 nm laglFiasaseuUfasen
vululasiwan dwavnissazmsiidinsaauaswad
(% Cell vibility) 1INgN3

SaeazmsidInsonaudas (%Cell vibility) =
(A /A )x100

samqle control

WD A

control

A AINMINANIULTNYDINGUAIUAN

(nguitlildsuasania)

A AB AINITAANAUULENYBINGNAIDEN

4.2 Anenuiuivrasansanannlunymee
[AFINZIAET RAW 264.7 G838 MTT assay ™

1) WNZIBAENLEE RAW 264.7 100U 1 x 10°
cells/well Tu 96-well plate TagamsiilFasaas
U5£nauaI8 Roswell Park Memorial Institute medium
(RPMI) 1640 90% 3380U FBS 10% Antibiotic 1%
(steptomycin, penicillin, amphotericin B) ﬂaﬂ,uﬁ CO2
incubator 714 o, 5 wafidud gumgil 37°C 1ilu
i 24 2l

2) wé’qmﬂﬁy'u@ﬂmsazmmfhaaﬂ LANET lipo-
polysaccharide (LPS) liildanuidndugarne 100
ng/ml 50 pl Tu 96-well plate

3) inansanalutumaianududu 62.5-1,000
ug/ml 100 pl dunguauanlasummzans DMSO
(0.5% v/v) (penicillin (ungumuauzauIn) lu
96-well plate u'aflu(ﬁ CO2 incubator 17;53‘ CO2 5%

gl 37°C \Wuna 24 #Tae (Wi supernatant
I8 AERMSEUEIN a3 nitric oxide)*

4) WENUEHN MTT 0.5 mg/ml 10 ul lu
96-well plate 1M plate 1119 wanhlvunlug Co,
incubator 71 CO, 5% gaumnil 37°C 1M 30 il

N @A supernatant aaNYNYAN TlHEaTUAN
wazazanedmeluimaases DMSO U3aas 100 pl
ﬁ'ﬂmmigﬂﬂﬁuuaqﬁmmmmé‘u 570 nm lagly
penicillin tUUNGNAIVAMNFIUIN WATAIUIUW
209IMINTINTDA2BULAA (%Cell viability) INGHT

SaearmINTIns0nuaNTad (%Cell viability) =
) x 100

AB AIMINANIULTIYDINGNAIVAN

samgle control

o A
. control
1 = ] Yo %
(nanilailasuansana)
A9 AINSANNIULENZBINGNAIDEN
sample v . q
v v v o o %4
laganudniuzasasanaiazih lwanasu
ke v . oy !
Ga9diA %Cell viability 310N 70%
g % =3 Ql g;

4.3 MSNAFBUGNINUMTDNFUNILIDEUEINMS
waalunsnaanlyd luwasunnzdss RAW 264.77
o a < % 2

11 supernatant figniiuliludia 3) Mnwadine
LAENALAN RAW 264.7 NANNENIY 62.5-1,000
g %
pg/ml ANAFUYNEAMUMIONEU (Anti-inflam-
matory activity) 8398UEINITHAY Nitric oxide lag

u a a 4 t:} a g 1-9:4’
YaUsnawesluasnaanlad Nuneduluarmsiass
1988 11 supernatant 4NEN U39S 100 pl 89 96-
well plate o3 Griess reagent 100 ul naN Iz
waztnfigaumgiivianny 10 i nnuuhldiam
MIPANTULETIANNENIATU 540 nm AIUINIDLAE
AsgugInIsHanluasSnaanladuasasanalay
Wlsueunumsuan luasnaanlad luasnaune
AU LPS (iienaenahien nngns

SpaeMSEUENNISEIN nitric oxide = [(NO
-NO )/NO x100]

LPS

'sample

e NO

contro

control

D AN SQANIULENIBINGNAIUAN
(nanilailasuansana)
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NO

LPS
@

MIVAN (NYUNTURWILLPS LileNDeLien)

AB AINIYANIULANYBINGN

No_ .~ #a@mIganduuauaanguaing

TasanudnsurasansananszthlUuwannasa
Gosfienmafudsnamas nitric oxide A7iga

5. MFIATERES THC waz CBD laamaila
high performance liquid chromatography (HPLC)®
MFIALWES THC waz CBD lagnaiin HPLC
anmzlumsiensdmuSmnaasérny Ussnauanie
column: Kinetex® 2.6 um C18 100 A, column 30 x
4.6 mm; column oven = 40°C @3ag9azaNe 1 UGN
ATANBNMUBA NAMNINIY 1.00 mg/ml mobile
phase: acetonitrile: 20 mM ammonium formate
(25:75) flow rate L¥NAU 0.8 ml/min injection
volume YN 5 ul Wavelength YNAY 220 nm

6. NISWAUIATNUIINMBINITUIALEIAE
WINNTINN IUBNATUNNFITING LUNEUT

MINANKREAN T AINUTIIMaIMsUaaee
winnssuinludnadunnarsana lunamlugluuy
HANAaTTASY Rildnuwaeiudnaman Usznaudae
mmmumnauﬁl,ﬂumgmﬂﬁﬂ USNUsIN 100 ml
Usenauale (1) Cannabis sativa L. extract, (2)
Oleic acid, (3) Tween 80, (4) vitamin E, (5) mild
preservative Eco™™ (Ethyllexylglycerin) taz (6)
purified water

TagmsieIsundanuinsnussimaImMstiaen
MeuInnssNuluduatuy laglsdiS spontaneous
emulsification ﬁﬁ‘ﬁ

gmﬁ 1

1. HapedUsznaunangey 1, 2, 3 Uaz 5 agly
dnned 21 200 ml wanlagld magnetic stirrer 7
ANAL3 500 rpm WU 30 W17 (A0 oil phase)

2. FasdUsznaunanaey 6 ludinnas e
200 ml (391U aqueous phase)

3. L1 oil phase 8911 burette

4. vyu burette lUNFaNiaIaemIngld iivasay
oil phase 841U aqueous phase 88n4%1 9 (8991157 0.5
g/min) UY magnetic stirrer MEBATITI 750 rpm
< =
Wuna 20 W
5. Yunanaadn 5 w9 Mnuuthasvnludiazu
nllaluussysousd
P~
dm31 2
Y
1. T09AUSENBUNINALDY 1, 2, 3, 4 UL 5 B4
Tutinines 2119 200 ml wanlaald magnetic stirrer
| < & PV~ .
NANNL3Y 500 rpm tUuna 30 wn Aty oil
phase)
< s ~ e
2. FeeAUsznaunaneay 6 luiinnes awa
200 ml (303U aqueous phase)
3. L1 oil phase avlu aqueous phase UY magnetic
stirrer MEBNTITI 750 rpm WU 1 FILug
o = a v @ | 1 g I'd
4. hesanludiaty Nlaldluussyioe
7. MINAFBUAMNINAIUN T BUBIHENA I
(performance test) MINATBUAMMNHINNUTATH
ussimaimsthanmeuinnssuun ludiazuain
dsanalunu leanmsnedauluiesufudnis
(laboratory test) 41
7.1 Manadaumulseanaune Feuseiliuanu
VR Y o ) k4 >
Fanlumslédasnussmaimsthahdeuianssu
luddagunnasana lunz Ansanlaasinges
MSTUTIVEZNEHINUY ANNAUDENUL ANHULNI
MEAMN MUAT LAZANNANAIYBIAIN UAIVUNNHE
7.2 MINAFBUAMENUANNMEMN laggan
o = d‘ = < ) vV )
ANHULNEUBNYDIATN LilBLA3aaLET L wahly
Wisuigunuinagauanueaild 6 cycle lag
ANsannansueiilansy § nau Mmsluavansy
MSLAA creaming WALMISLAA cracking® waIuun
Na
7.3 Ussiiiuaaantamaed Taeanagauainu
Wunsa-a1e lagld lagldiaSae pH meter uatiuiin
‘ﬂ! 1 ‘N‘ o [ YV a L lﬂ! o
Na 39@1 pH Mimanzaudmsulanuiinilazeiian
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anuunsa-anagludrneesimvisuinaioni
waEIMEziA pH BE5EWIN 5.4-5.977

7.4 MINTNIATIHINNaTIINE Funaldan
p3uiigadviaduly Afnnaluaduvdels

7.5 MINATBUANNAIGIIBIBTTUY Gail

1) MSNAFIUANINAIANIZBIDNAZUAIBID
centrifugal test I0EMINAFBUANNAIRAIGIBNTIY
Wiee 7 3500 pm (Huna 30 Wil dreLatas
centrifugation MAUUFINASABALETAIY GI8EEmM
S liiamsuandy uaashataruiianua

2) MSNAFBUANINAINIVDIDNATUANIEID
Cooling-Heating cycle thasatuilaithiamsusnsa
g LﬁaﬁﬂmmmmmsLﬂé‘ﬂuuﬂammqmwgﬁﬁﬁNa
HRANUAIMYBNBNETU laaiiumaNuaIdNaty
Witgamind 4°C iy 1 48 $Tus Mnduh Uiy
lﬁﬁqmwgﬁ 20°C lunandivhiu vhmsnaassdau
AU 6 50U anaanuasithasudesam dliie
msuenty wdeshasiasuiianuei

3) MINAFDUANINANGIAIEID freezing -thawing
cycle thasaduiilifamsuenty smagau @
asshdaiadnmnuazasgamaiilugmesiiiuade
ANUAIAIBBNETY laavhnsuaudealndeuag
afasulifigamgd -21°C e 48 $lus mntiy
iliuliigamaii 25°C Tunmivhiu vhms
NAFBIFAUATY 3 50U UAINMITINASN BTG
dudheansm s lifiemsuentuusasi siasudl
ANUAII Y

7.6 MINVNAUIEMTIAUIE] Zeta Potential 289
wludiatuD thadatuirhumsnagauanaae
ﬁ’jquﬁ'lile[ﬂﬂﬁg Freezing-Thawing cycle Eﬁ(ﬂi’sﬁlﬁ
guiinlumaluladuviend aemaila Dynamic light
scattering (DLS) 108 Zeta Potential Sludniiuanis
anuasizaen3uld wudsdy Usseiidansau
udazaymaluinludfatuasivszgauiiieliia
usadnAuagNsauq Ewinayma tiowanides

M3iaUsIN 90l coalescence NANAD FITUNH
ANUAIAINATHUA zeta potential UDHAT -20 mV
§en nnnhiliialamatio coalescence

NMYIAITHTBYE

1. USinaansusenaunediluedn azuaasnaiily
Miade LLasdmLﬁ'mmummgm

5. MINATOUANBEUMTBNTUGIEITEUHIANS
waaluasnaanlad wasmanegauanuluiivye
ssanannlutundawad asudewmadudinis
wazdhutfssuuanasgu dmsumsildeuiiisy
AMNLANGNTBIAIRTET NN duNaaasildFu
ssarafianudniude g funduatugu Taald
gaamsieneianuudsusiumadan (one way
ANOVA)

3. MA@V THC uae CBD azuanauaily
U

HANIANE

1. MINadauasaUsenaunNngnuLaiiueas
analuna leglidjasemaed

MsAnBIAUIENDUN NN NELANYBIFITEN®
Tumiianagladimazaigianiues 95%
wusswgnwmad lunguuaamased HlUliv unuiiy
masiuoed wazmsauanlnalalad ualdwuans
ngunalupsd Gamnswd 1

2. mManadaumdsuuwedluedn are3s
Folin-Ciocalteu Tuansanaludaen iafadsd-
aragEmMuea faNNENEL 1000 pe/ml fUSinm
assznauNedWUBANIINNY 72.70+0.03 ng GAE/mg
extracts

3. MIANINAYDIFNTHNG LUN UM ADLLDELNIZ -
@es Anmenuduiveasasatannluiymee
[ LIZIABY HaCaT Uaz RAW 264.7 $2838 MTT
assay UAZNISNAEDUANBEUMIENLEUGIEIET U
masnasluasnaanled luadmziaes RAW 264.7
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'd
ﬂ’l“iMT‘l“\)ﬂaU'ﬂ\‘lﬂﬂiwﬂ EI‘IJ‘YI’NWi]ﬂ‘I:lLﬂN HazENom Numsandulumsnanesuussimainsthan

= s = o o v 1aaa =
MIINN 1 ﬂ"ﬁ‘"ﬂai’]‘U8\1ﬂﬂsgﬂB‘U‘Vn\‘lwqﬂHLﬂN"IJi’]\‘]ﬁ"lsaﬂGleluﬂiyﬁ'liﬂﬂ‘l?fﬂgﬂiﬂ']'ﬂ']ﬂtﬂu

ﬂi;):llﬂ']i ﬂ'li“t’lﬂﬂa‘lj/‘lf'l‘c’l'l NONIINAFDU BNLY
LaaMaBYd 13’181 Wagner’s reagent +++
1{181 Mayer’s reagent 4+
1{181 Dragendroff’s reagent +++
Uiy Liebermann-Burchard’s method ++ steroidal saponins
MINaWas ++
unuiiy 1% gelatin ++ condensed tannins
gelatin salt ++
19 ferric chloride ++
bromine water ++
lime water -
masiuasd Salkowski test +Ht
nanhusad Shinoda’s method -
msauaalnalelaed Liebermann test +4+
Kedde reagent +++
Keller-Kiliani test +++
WNELHe:  Positive (+++) WNINYIaNaznaY uaasNAeULATENNN

Positive (++)

Positive (+)

Dk D D> Db
D DD

a

Negative (-)

3.1 wamsanmenuuivasansanaainlu
AR DLTABLWILIAEN HaCaT 928795 MTT assay

1 d' k4 k4 Y =)
WU NONNINTY 1.56-100 pg/ml J38azn15H
In500u8aa (% Cell vibility) Dg 106.17-13.12
= v PRPIN P v v
NWUNID8aEMINTINTDAVDILDS NANNLTNDY
3’/ 1 &( =~ [ a [
faud 50 pe/ml Fuly azianuuivresasana
Pnlun Golraatnzidey HaCaT aliisunu
naumuanililasumanaaausmeasanalunym
NINAMNLAINITNULOMIUDD 95% HANNUANGI
peNTNEHIAYNINEDH (p<0.05) UFANAINTND 2
widvadlunariniasgiunmsizinsenvaisad
LYNAY 70-80%

3.2 maanmeNuluiwrasasanannlunam
AALAAILNILLAEN RAW 264.7 @875 MTT assay

d
dunthunanvsaiaznay uaaehiialfisenthuna
d %uuawsamunau uaaaNiaUfHisenlas

Tait

gmmwsavlummmnaunummmaau

WU ANNINTY 1.56-100 pg/ml Uipeaznsll
0900209988 (% Cell viability) agjﬁ' 96.15 —
10.58 Fawuh3asazmsizinseavaesad 1AN-
Wadusaud 50 pe/ml uld szfienudufivyes
ssanannluian dewadinziass RAW 264.7
dlafisudunguamuauiilildFummaaaudsms
analusumiianadadrhazaaemusa 95% i
ANUUANANDENNUITIAYNINGDG (p<0.05) UFAY
Fanait 3 udhaglunarinasumsidinsen
YDULDE LINNY 70-80%

3.3 HAMINATOUANEINIUM IS NLEUAEIET U
mavasluninaanled lumadmziaes RAW 264.7
assalsinalunineanladiiiiodulusmsiaes
wadfiaieiunnead RAW 264.7 lugtuas
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MINN 2 NI135BATINVBITAANIZLAYY (% cell vibility) HaCaT Nnadaumeasana lunaziannmaniiazals

taNIUas 95%

ANNANTUY DI TTING SouazmIsaatinuaamas (% cell vibility) mean+SD
S 1 ASai 2 S 3 ASaT 4

Untreated 96.50 109.78 99.95 93.78 100.00+6.99
1.56 pg/ml 120.03 106.04 88.60 110.00 106.17+£13.10
3.13 pg/ml 124.04 89.72 99.44 102.53 103.93+14.47

6.25 pg/ml 124.30 107.92 107.82 113.27 113.33+7.74
12.50 pg/ml 117.38 92.48 90.76 101.96 100.65+12.20

25.00 pg/ml 110.09 90.60 99.81 98.61 99.78+8.00
50.00 pg/ml 44.76 30.76 29.91 32.83 34.57+6.91*
100.00 pg/ml 12.26 14.07 11.95 14.18 13.12+£1.17*

*p<0.05

M1 3 N155BATINUBILAALNIZLAE (%cell viability) RAW 264.7 inadaumaasana lunauzmiannaianinm

asangLanNIuds 95%

ANNINIUVDIANTENG Se8arn55007I0v0Taa (% cell vibility) mean£SD
AN 1 AN 2 A% 3 AN 4
Untreated 88.99 96.95  106.52 107.54 100.00+8.76
1.56 pg/ml 82.81 90.21  105.22 106.35 96.15+11.54
3.13 pg/ml 82.07 88.68  100.53 107.87 94.79+11.59
6.25 pg/ml 81.12 82.07 93.58 105.66 90.61+11.52
12.50 pg/ml 74.50 79.80 82.23 103.21 84.93+12.60
25.00 pg/ml 72.60 79.41 84.11 89.19 81.33+7.06
50.00 pg/ml 12.81 10.52 10.90 23.56 14.4546.15*
100.00 pg/ml 10.45 10.33 10.45 11.07 10.58+0.34*

*p<0.05

Tulasy wuh srsanannlunm anudintu 1.56-
25 pg/ml fimadugsmavasluainaanlyd agi
Sotor 84.61-97.85 Wiaifsuiungumuanilalésu
msnagauseEsaalut Rt amefrharae
L@MUBA 95% NANUUANGNBENITETANNEDA
(p<0.05) wazdisosazmsiidinsaavausas (% Cell
vibility) agifi 93.62-97.22 Felaiuaneeaeaiite-
dAneadaa (p<0.05) ilasudunguauaui

lalasumsnadauaiaasanalun s algaavh
ALANLLDINUDA 95% UAGNGINMTNT 4

4. MIUANEHES THC waz CBD laainaile
HPLC wasahsanannlusamiiasadiasrhazans
@UBD 95% WUSNTEIAY CBD LYVNNU 208.23 +
0.47 pg/ml waz THC AU 5.91 + 0.05 pg/ml
WAANFIMWA 1
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= g Y o G = )
msmmaaumﬂ(ﬂixn DUNNNYNIHLANLLISHNDOIUNIIAN wulumswannassussimainstawin

v
ad ¥ o

= A( [ @ (2 = o a s [ a ' 7 X
mMeh 4 gudaunsandumIadudInsuadlunsnaanlad uazanuilluivdairas lUnastnzIae RAW 264.7
Inagaumadsana lunurmNanamaminazalganIuas 95%

g o & o L. .
fNENITYUENNITIIN nitric oxide (ug/ml)

ANNINTUYDIENTIN meantSD % cell viability
ﬂ%ﬂ‘ﬁ 1 ﬂ%ﬁﬁ 2 ﬂ%ﬂﬁ 3 ﬂ%ﬂ‘ﬁ 4 (mean+SD)
Untreated 17.64 19.08 22.41 - 19.71+£2.45
Lipopolysaccharide 91.95 100.34 104.64 103.07 100.00+5.65 100.00+10.34
1.56 pg/ml 87.18 95.32 98.33 110.56 97.85+9.70* 93.62+10.10
3.13 pg/ml 96.54 95.46 98.44 103.68 98.53+3.64* 93.60+7.40
6.25 pg/ml 91.88 95.46 98.48 100.95 96.69+3.92* 95.23+6.56
12.50 pg/ml 93.67 93.35 95.71 97.83 95.14+2.08* 98.28+6.77
25.00 pg/ml 85.71 82.70 82.09 87.93 84.61+2.72* 97.22+6.46
*p<0.05

i 1 TasanInunsyzaed)s THC uaz CBD 2a9d15dnaan lunyznfanamanniazals 95% anuas

900 | CBD
800,
700/
600|—:
500) -]

400/ ]

3001

Peak height/mAU

200! ]

THC

B O

4 6

5. HAWAUINAAAMTRAINUIIIMBINISUIALN
MeuInnssNnluduaguINaNsane Lunwn

5.1 MIENALunm aNSaNanlaaInmMsanaaie
MyhazaeemMuss 95% asianwasiluzaunan
A A k4 I I =) I Q'
iddendy wilen denunile Tndwanzaeslu
AU UBTWUNIDURZUDINAHEN (% yield) LINU
9.30

5.2 Naﬂ’]ﬁ‘ﬂ(ﬂGEI‘UQiﬁﬂﬁdﬁaﬂ’lﬁﬂ’lﬂﬂﬁwua&ﬂﬁ

Time/min.

YNHANNUNAINUITLMINSUINLZNMIEUINNTTN
W UBNTUNNETING LUNEUT DNNMTNAFAUMU
Ussamduelsd MsnagauamaNIaNMaNMEMNLaL
O Y 2 gas wWuh gash 2 Enunawinsnagey
anga lumsnagaududszannduea illaasuiim
Z Y a ] Vv VR L4 <~ ) v = ‘g‘/
nbivinaenienuidnuiamiaulilamasu dle
= T = dy = = o 1 =
a3 lianuwuasvue Fraailansudidensau q §
ANnuld MInadauauENUAINNMEMNLEENIN
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il fanvailaedudisuazdaadann dueilaaia
fidensauq fenuhld fndwamzvasludam ms
Tvavansulualad ludimsiia Creaming laifins
1A Cracking nagauamulunsa-aslagld i
pH meter WU WAAAMNAINUITILIMDINSUIALN
MEIANTININLUBNaZUMNESINA LuNeum T pH
Wiy 5.6 WuMiiminzan MIeTaeTEmMS
a8 Lilanadauanuasly 6 cycle wuh laidl
m'm%zywaw%um%s‘fuam%am MINAFDUANINAIG
29DNATUMEID Centrifugal test WU LHIAAMS
wenguihuasinduadedany uaaei dasud
ANNANAT NMINATDUANNANAIYBNDNATUAIYID
Cooling-Heating cycle wui1 msluavasasulvale
& 115in51Aa Creaming wae Cracking Msnadau
ANNANAIAILIS Freezing-Thawing cycle WU M9
lnavasnsulualad ludlinsiAe Creaming wag
Cracking #atiy msmﬁlauuﬂammqmwgﬁluaﬂns
13934 laifinaRBANUAIRI2DIBNATY LBTMTINUING
wasM3InU5Eq Zeta Potential u91N lUBNaTY AN
NAFBUINYINALEEMTINUTEY Zeta Potential WU
FAUMNU 234.52+4.65 nm @ polydispersity index
(PDD) A8 AINISNSENYAIVDINDALNDS HAWINNU
0.44+0.02 WAazA) zeta potential HAWVINU
~29.60+0.59 mV Gauugasil 2 fanuiafasues
ssuuassie sudumsufiianuadai

Jsal

MINAFBUNAUSENDUN NN NELATABIENTFNG
Tufmianagisdihazaiseniusa 95% az
Usziivannmswasud msianes smnansiie
fLNDU “zlmm'iaﬁ'ﬂLﬁav‘hﬂﬁﬁ%mﬁ’ufwmmaau NN
AMSANINUIIEITINA LUN B IUTFANHAUINY BY
avdlsznaunugnual wuasdanylungu
woamaaad A lUiu unuilu mesiusad way
msauaalnalalad udldwussngualusad lu

msfnmnasiiseandasiunamsdntuasaiion uas
yamle"? dnsnuhlussadaneudgzsny
FINGAHAN NBSNUBLS WNUTIY LT LBAPABEG
%mwsmjuuaamaaaﬁ wWugnEMLAFEing i
nsathinlFduansnnseiuamsthald uazans
naumaiiiuesd HeluGasmskaurmenazussim
anuesee nguasm Uiy Wumsarugdunid
aNINUBYYDATE
managaumUsinawedluadn 62875 Folin-
Ciocalteu WU shsanalusumniatadadhazans
@MUY ﬁmmtﬁu%’u(éuﬁuagﬂuﬁw 1000 pg/ml
fiUsuuasusznaunaduadn lunisnadau
UinaesUsenaunadiuadnaail nuhdenadas
fuwamsdne nnenuhasataludym fas
Sralungunadiluadn® wasmsiiansadad
USnauasdsznaunadnuadn wUamaNNaINIT0
Tumsilussdmuayyadaszuiamsaiusand-
Wi iaumefioyyadaszannauiuemuaango
paena lnmauayyadaszmeluwed luanasyua-
saszanarhliiamsdauudaslaseadediiue
Wasugmwaaslsiunaslofuuinadaiueed
dgmaliialsanaaamareyin laun Tsans Tsa-
wnden (Hudu® lumsdneaseidulula
ssanalutunianagisdhazagemuas 95%
aaldnamuwdiglumsussimanmsthae
msAnmHarasansatalus N amadzIEeN
nansnadauaNnuiuivaagaduasasanaly
Sunfianadedrharansemusa 95% dowad
lWN2LEEN HaCaT §Re3a MTT assay TE9anudasy
1.56-100 pg/ml wadsimawmiienhee LPS 1T
B 24 $lue Tesuaauiud3esazuaenisi
Finsan uazlFauifisudunduemuauidauiaiiy
naumuawilildsumamadaudsmsanaludamn
flafacnadrhazans 959% @MUBINNMIAN
wuh masentinuesadilonadaudemssians
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= g Y o G = )
m‘smmaaua\m’ﬂisn DUNNNYNIHLANLLISHNDOIUNIIAN wulumswannassussimainstawin

saafioanniigaaglunas Sasas 70-80 Aaudzg
aNNENIY 1.56-25 pg/ml lumsdnwdaunthil
lénani tasianesgriumsseadiamas inu
Saaar 70-80"" wamsnadauanuluiivhaas-
LWEIEET RAW 264.7 §1838 MTT assay 12907
Wit 1.56-100 pg/ml wadimswiienthers LPS
Hunm 24 il Tesusaudumdosazaaenmsi
Finsan uazilFauidisudunduemuaudaudaiiu
naumuauilildsumanadaudsmsanaludon
fafageshazme@muaa 959% MNMIANE Wuh
M3380TAURILAT N ENATDURIBETITANMTIDN
FAownigaadlunmdd Jasas 70-80 aaud
aNNENIY 1.56-25 pg/ml lumsdnwdaunthil
lanand tnasinasgriumsseadiagadinnu
Sarar 70-80"" mIanaiauSinaldua3nann e
edulumsiasanadiaidunnsas RAW
264.7 luglzatlulasyi wuh ssanennlunyn
fiafadsfrhazarsenues 95% anuduiy
1.56-25 pg/ml dimstudamsvaslua3naanlae agil
Saeny 84.61- 97.85 ilaifisudungumuauiilald
Sumsnagaugrassanalufuniiatagiadi-
ATAIBLOMUBA 95% LiaRNIINMNEIUNTLH
asanalulsinanios (anududud ) azwuly
AsataNANNENTY 1.56 ng/ml uaziignimssuda
msailuasneanlads aeay 97.85+9.70 uasil
M3seaiinvaugadad lunaminasgu’” iy
Saaz 93.62 Besnansothansatoanudasuaanan
Wuduwanlunswanasvussimaimsuia
MeuInnIsuuludNatuaInaIsana luns la
Toefilifionuduiivrawasuandululdhasato-
wenuUsznaudeansEdanfteEENgNEM
Famwidaagnuddulumsdudsnmsadeluasn-
panlag®
mnziashapasssasalufumniiane
MEMIYNBZNULBMUDS 95% Laginailn HPLC Wu

ssdhdy CBD waz THC lussanaludwniiane
MLAIIZELDIUDS 95% ﬁﬁqwémqmﬁﬁwm
mMIAnEAseidanadasiunanmsdanyvesding
S5 ilst wazeai® finsnuhmdenziUsna
dsdha tU cannabidiol LLa¢ tetrahydro cannabinoid Tog
waiialasinlannilzeararanssousg wud a3
aﬁ'mﬁ’mm&huhﬁﬂ%mm cannabidiol LLa% tetrahydro
cannabinoid YNAU 2.45 pg e 9.83 mg HOEI-
NANEIU 100 g UBZHINAFBINUKNANIANEILDY
uanfing SuseEadnne? fnsnuhduiumiid
Usznauzasastadannn 450 #iie laaannna 60
wﬁmﬂumsnzﬁmmumﬁuaﬂﬁ (cannabinoids) #
aedsznaundnie THC wazanssiindulungs
@8N 17 Cannabinol (CBN), cannabidiol (CBD),
cannabichtomme (CBC), cannabigerol (CBG) ‘?!Nﬂ’li
lunguuauintusedaiulvaloswwz THC s13nso
IHa02mMFaUUUSUNSY LUUEDSe (acute Wa
chronic pain) CBD #us0m8an1n15UI0de
(theumatoid arthritis) 48zg4WUI THC waz CBD
§13150871980 81N INALNSWBIN AN DAz e
vsstmamsthasanan Tumsdnmedeiidulule
1 asanalufundfistadiedihazarsiemuaa
95% anaddnamwialumsussimaimstiae
5. MINANUIENATDUANSNUAINMEMN (AT
Pa9AINUIINMBINSUIAIAI8UIANTINUI LY
aradunnansana lunyy legqaanianemenn
wazmNLed 2aandnnasiasNusstmaImstia
deuiansannTudiadunnasadaludam gasi
2 fanuwausaiioasuiiouszidondann uamial3
vanauwemuidnuamiiaulaildmed ilandy
Tifanuwunsvue Freailonsudidinsau ) AN
1l msluavesnsulualad lidinsiie Creaming
Wwaz Cracking fie pH whity 5.6 lueh pH fitmanz
audhunsulEnuimila wszimanulunsa-ma
agluzrwasinviieusnainihuesiomeaziian pH

NINTINMIAGITNGY 2568 Uil 34 AUV 5

917



Phytochemical Screening and Anti-inflammatory Activity (Nitric Oxide) in Development of Knee Pain Relief Cream

g3z 5.4-5.9"° Lifins3nansgduniduas
B85 WATNAMINAFDUMSAIFIGIEIT centrifugal
test 35 cooling-heating cycle Uazls freezing-thawing
cycle WU fenuasanniia Linansuansy
Failu mawdsuudawasgamaiiluanmsdeialad
HaGAMNAITBIR AT Y Fedanadaeiumdng -
TWih@i " myeamnesymameluigmesssges
i 2 Waflamansz@eusauuunalo waziing
LﬂéauﬁLLUUUS’I’Jﬁ (Brownian movement) XN
masnssRuaidenlFlumsiadu 173 s uaz
fnammdndszansmsunstaaaud antuhld
@im’;m*ﬂuﬂ'mumwaqagmﬂ%ﬂﬁmLaéﬂwawum
agmﬂL?JucshLa?;atﬁumu@uﬁﬂawagmﬂim%q
USNes AMVNNU 234.52+4.65 nm SINIUAUIA
aumaflaninsofurhugauinmisldasisniosnd
600 nm®? aglsimuvasymeveIndaimd
AsnUsstMaIMstanasuIanssuinludlanu
nnasanaludam gasi 2 fieesnd 600 nm
FahAsshansagurhuimitld shudmmsnsznsmng
WY 0.4420.02 Fadludzasdniimanszneizes
aymaiitiasni 0.5 asiauianuaiiauanos
snaaymalugasi 2 wazadndluihad dan
WAL -29.60£0.59 mV Fmdndluvhddiaay
Fasgant +20 mv©® Taganuasamwaasgnsi 2
Aeduan ussuanszninaymeamely ugaslii

BNANNANENINYDIFO3 616

naanIsnUssNA

2DYDUNWIEAANUUTEAN MU INNATNT ey
WINNTIN (3IU.) Lﬁbau"’vﬂyu\nuyajm (funda-
mental fund) UsehINUUsENI8 W.7. 2566 Tnenae
imalulagimemsunnguasasr gy Maanaiun
oz Inendaysw dailaanudlumsiisy
A3aH ST 95, Ny, AN aglameniun ilsien
UsSNENaIuINING UazUSHMUWAUNWEUTING T9WT0

y3swg filvanuayensiluagmilalumsdny

AN

:Qq
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Phytochemical Screening and Anti-inflammatory Activity (Nitric Oxide) in Development of Knee Pain Relief Cream

Abstract: This study investigated the phytochemical components, anti-inflammatory activity, and development

Keywords: cannabis sativa L. extract; knee pain relief cream; nanoemulsion
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of a knee pain relief cream using nanoemulsion technology from cannabis leaf extract of the Charlotte’s
Angel strain, extracted with ethanol. The phytochemical analysis revealed that the cannabis leaf extract
contains active ingredients such as alkaloids, saponins, tannins, terpenoids, and cardiac glycosides. The
extract had a polyphenolic compound content of 72.70+0.03 pg GAE/mg extract. The tetrahydro-
cannabinol (THC) and cannabidiol (CBD) analysis using high performance liquid chromatography
(HPLC) presented that the CBD content was 208.2 +0.47 ug/ml, and THC was 5.91+0.05 ug/
ml. The toxicity exploration of the cannabis leaf extract on human keratinocyte (HaCaT) and mouse
macrophage (RAW 264.7) cells using the MTT assay showed that at concentrations of 1.56-100 pg/ml,
the percentage of cell viability was 106.17-13.12 for HaCaT and 96.15-10.58 for RAW 264.7.
Extract concentrations above 50 pg/ml exhibited cytoxicity to the cells. For the anti-inflammatory activity,
inhibition of nitric oxide release from LPS -stimulated RAW 264.7 cells at concentrationsof 1.56 - 25 pg/ml
showed inhibition rates of 84.61 — 97.85%. The development of the knee pain relief cream using
nanoemulsion technology from cannabis leaf extract resulted in a semi-solid cream product containing
suspended small particles. Temperature changes under accelerated conditions (6 cycles) did not affect
the emulsion’s stability. Microbiological analysis displayed no growth of microorganisms and fungi. Size
and zeta potential measurements using dynamic light scattering (DLS) indicated that the best formula had
a hydrodynamic diameter of 234.52+4.65 nm, a polydispersity index (PDI) of 0.44+0.02, and a zeta
potential of -29.60+0.59 mV, representing good suspension stability. The results of this study provide
a guideline for developing a knee pain relief cream using nanoemulsion technology from cannabis leaf
extract. This product has the potential for further clinical development in the treatment of osteoarthritis in

the elderly, which could significantly improve their physical quality of life in the future.
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The Effectiveness of Tooth Brushing Dolls for Oral Self-Cleaning among Students in Grades 4 - 6

Abstract:

at the School for the Blind

Suwapak Phothisen, B.P.H.*; Patama Chaowanamayta, D.D.S.; Bang-on Supagat, M.Sc.*

* Bureau of Dental Health, Department of Health; ** Bureau of Public Health, Department of Health,
Ministry of Public Health, Nonthaburi, Thailand

Journal of Health Science of Thailand 2025;34(5):921-33.

Corresponding author: Suwapak Phothisen, Email: Suwapakpothisen985@ gmail.com

This research is a quasi-experimental study aimed at investigating the effects of using toothbrushing
teaching doll with sound on oral hygiene practices among students in grades 4 - 6 at a school for the blind
in Chonburi province. The School for the Blind selected 12 students in grades 4 - 6 through purposive
sampling to be included in the sample group. The intervention tool used was a dental health education
program with Toothbrushing teaching doll with sound. Data were collected using a knowledge test and
microbial plaque recording forms. Data analysis was conducted using paired samples t-test statistics. The
study found that students in grades 4-6 at the school for the blind demonstrated increased knowledge of
oral health care after participating in the dental health education program with Toothbrushing teaching
doll with sound, with statistically significant results (p<0.05). Additionally, it was found that after using
the toothbrushing teaching doll with sound, the average microbial plaque scores of the students decreased
significantly (p<0.05). The study results indicate that using of toothbrushing teaching doll with sound to
teach oral hygiene increases knowledge and understanding of oral health care, leading to improved oral

cleanliness.

Keywords: toothbrushing teaching doll with sound; oral self-cleaning for student; School for the Blind
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Effect of Herbal Steam Inhalation for Asthma Patient with Allergic Rhinitis
in Chronic Obstructive Pulmonary Disease and Asthma Clinic,
Sangkhom Hospital, Sangkhom District, Nongkhai Province
Rossamon Pengsing, M. Sc. (Aesthetic Sciences and Health)
Thai Traditional and Alternative Medicine Department, Sangkhom Hospital, Sangkhom District,
Nong Khai Province, Thailand
Journal of Health Science of Thailand 2025;34(5):934-41.
Corresponding author: Rossamon Pengsing, Email: rossamom.p@gmail.com
Abstract: Allergic rhinitis is a common disease among asthmatics and interferes with the quality of life of

Keywords: herbal steam inhalation; allergic rhinitis; asthma patient; severity; frequency

patients, both health and social. This study was conducted to investigate the effectiveness of herbal steam
inhalation in asthmatic patients with allergic rhinitis. The research was a quasi-experimental study with a
single group study, pretest before and after. The sample group were 30 patients of the chronic obstructive
pulmonary disease and asthma clinic, Sangkhom Hospital, Nong Khai Province who had symptoms and
got standard treatment. Subjects received the intervention three times a week for four weeks and were then
assessed for treatment effectiveness. The results of the study found the symptoms of runny nose, sneezing,
and stuffy nose decreased in the first week while nasal itchy decreased after receiving the herbal steam
inhalation in the second week. The frequency of allergic rhinitis symptoms decreased after the third week
of administration. In addition, the use of modern medicine to relieve allergic rhinitis symptoms had also
decreased significantly. The samples were satisfied with the use of herbal steam inhalation by the aspect
that received the most satisfaction was advice on herbal steam inhalation from Thai traditional medicine
practitioners. It could be concluded that herbal steam inhalation was effectiveness in rapidly reducing

the severity of allergic rhinitis symptoms, reducing the frequency of symptoms and the use of modern

medicine to suppress symptoms of the disease.
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Abstract: This qualitative research aimed to study factors promoting the performance of village health
volunteers (VHVs) in Sukhothai Province. The participants were 17 VHVs, 10 public health officials
(PHOs) under the Ministry of Public Health and PHOs under the Ministry of Interior, 12 local leaders
and area leaders, and 11 family members of VHVs. They were selected using the maximum variation
sampling technique. In-depth interviews with observations were employed for the data collection, af-
ter which the data were analyzed by content analysis, and the reliability of the data was verified by
triangulation. The results revealed that factors promoting the performance of VHVs were four main factors:
(1) individual-level factors consist of eleven minor factors as follows: age, time, readiness, smartphone,
other positions in the community, inspiration, voluntary, intention, role perception, workload, and
responsibility; (2) family-level factors consist of one minor factor as follows: family; (3) community-
level factors consist of five minor factors as follows: area context, budget, materials and equipment,
teamwork, PHOs; and (4) Social-level factors consist of five minor factors as follows: association
network, participation, social support, motivation, and recognition. These research results indicate that
related agencies should use factors promoting the performance of VHVs to promote and support VHVs

to perform better.

Keywords: promotion; performance; village health volunteers
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Abstract The management of colonic injuries has evolved substantially from conservative care to surgical inter-
vention, with progressive improvements in techniques and outcomes. Nevertheless, injury severity remains a
significant challenge, particularly when concurrent trauma to other organs increases complication and mortality
rates. The selection of surgical strategy, whether primary repair or diversion procedure, is contingent upon
injury severity and patient-specific factors. This study aimed to characterize the epidemiological profile and
clinical outcomes of traumatic colonic injuries in Thailand and to compare postoperative outcomes between
damage control surgery (DCS) and non-DCS management approaches. This retrospective study analyzed 77
patients diagnosed with colonic injuries (ICD10"™: $365, S3650, S3651) admitted to Pranangklao Hospital
and Maharat Nakhon Ratchasima Hospital between October 1, 2020, and September 30, 2023. The majority
of patients were male (77.9%), of working age, and younger compared to populations with firearm-related
injuries. Motor vehicle accidents were the predominant cause (74.0%), resulting in blunt trauma (80.5%)
more frequently than penetrating trauma (19.5%). The most commonly injured site was the transverse colon
(33.8%). The distribution of colonic injury grades was as follows: grade 1 (59.7%), grade 2 (5.2%), grade
3 (10.4%), grade 4 (10.4%), and grade 5 (14.3%). The overall mortality rate was 20.8% (16/77; 95%
CI: 12.4-31.5). Colonic-related complications occurred in 7.8% of patients (6/77; 95% CI: 3.6—15.8).
Primary repair was the predominant surgical approach (92.2%, 71/77; 95% CI: 83.4-96.6), while diversion
procedures were performed in 7.8% (6/77; 95% Cl: 3.4-16.6). Among patients with grade 5 injuries,
81.8% (9/11) underwent primary repair. This study supports primary repair as the first-line treatment for

colonic injuries, even in cases of severe destructive trauma (grade 5).

Keywords: colonic injury; surgical outcome; primary repair of colon
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Surgical Management of Colonic Trauma: a Thai Perspective and Outcomes

Introduction

The colon is a frequently injured organ within the
abdominal cavity."® A significant majority (over
909%) of injuries in previous studies were classified
as penetrating. Colonic injuries have demonstrated a
low associated mortality rate, historically ranging from
2% to 129%." Nevertheless, the presence of
concomitant abdominal injuries is associated with an
increased incidence of complications and monality.(w*m
The outcome of treatment is significantly influenced
by the time to surgery and the selection of an appro-
priate surgical approach for colonic injuries."®’

The history of managing colonic injuries serves as
a testament to the advancement of medical care,
particularly surgical interventions. During periods of
conflict, when penetrating trauma caused extensive
damage to internal organs, the primary approach to
treating colonic injuries was conservative management,
leading to a mortality rate ranging from 65% to 90%.
® Surgical interventions were introduced for treatment
during World War I and II, however, the limited
advancement of surgical techniques resulted in a high
mortality rate of 30-709%."*"* The implementation
of rapid resuscitation and evacuation protocols,
combined with timely surgical decision-making and
improved post-operative care, during the Korean and
Vietnam Wars contributed to a significant reduction
in mortality rates from colonic injuries, decreasing to
10-15%."* In the present day, mortality rates for
colonic injuries in civilians have significantly
decreased. Almost all penetrating colonic injuries have
a mortality rate of less than 59%.1%71%) 1n g study
conducted by Woodhall JP et al."®, primary repair
surgery (primary suturing of the colonic wound or

resection with primary anastomosis) was shown to

significantly reduce mortality rates from 23% to 9%.
Consequently, this surgical approach gained widespread
adoption as the preferred treatment.>>'® However,
the criteria for primary repair remain somewhat unclear.
A study by Stone and Fabian® found that patients
with a systolic blood pressure below 80 mmHg, more
than 20% blood loss (greater than 1 liter), injuries to
more than two abdominal systems, severe or gross
fecal contamination, a delay in surgery of more than
6 hours, extensive colonic injuries requiring resection,
and loss of abdominal wall were at higher risk of
infection and complications following primary repair
compared to diversion procedures (colostomy or
ileostomy ). However, when considering patients with
less severe injuries, primary repair yielded better
outcomes with lower rates of infection and complica-
tions. A study by Thomson and Moore*® found no
significant difference in outcomes between primary
repair of left-sided and right-sided colonic injuries.
However, the criteria for primary repair remain some-
what unclear. It is important to note that the majority
of existing literature is based on penetrating trauma
(gunshot/stab wounds) from Western countries. In
contrast, the etiology and patient profile in Thailand,
and much of Asia, are profoundly different, dominated
by blunt trauma from road traffic accidents. This
difference raises questions about the applicability of
international guidelines in this specific context.

Furthermore, there is a notable lack of data from Thai
trauma centers. This study aims to address this gap by
utilizing data from two major trauma centers in
Thailand: Maharat Nakhon Ratchasima Hospital, a
Level I Trauma Center serving the Northeastern region,
and Pranangklao Hospital, a Level II Trauma Center

in the metropolitan area. These institutions are
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representative of the trauma care systems in both
regional and urban settings of Thailand. Their diverse
patient demographics and injury patterns provide a
comprehensive overview of colonic injury management
in the country, enhancing the generalizability of our
findings.

Primary Objective: To describe the overall clinical
outcomes (including both primary repair and diversion
procedures) and epidemiological characteristics of
traumatic colonic injuries in Thailand. Secondary
Objective: To compare outcomes between damage

control surgery (DCS) and non-DCS approaches.

Methods

Setting: this study was conducted at two tertiary
care hospitals with designated trauma center
capabilities:

Maharat Nakhon Ratchasima Hospital, Nakhon
Ratchasima Province: This institution is a Level 1
Trauma Center, the highest designation for trauma care
in Thailand. It serves as the major referral center for
severe trauma cases from a large catchment area in the
Northeastern region. Its capability includes 24-hour
immediate coverage by general surgeons and multiple
surgical subspecialties, along with in-house anesthesia
and critical care services.

Pranangklao Hospital, Nonthaburi Province: This
institution is a Level II Trauma Center located in the
metropolitan area. It provides definitive care for a high
volume of trauma patients, primarily from road traffic
accidents in the surrounding urban and suburban areas.
The inclusion of this center allows for the analysis of
colonic injuries in a different demographic and
mechanistic context compared to the regional center.

The selection of these two centers provides a

representative sample of colonic injuries in Thailand,
encompassing both high-volume urban trauma and
severe referrals from a vast regional area. This
combination enhances the robustness and national
relevance of our epidemiological and clinical findings.

Study design: A retrospective study of hospitalized
patients who sustained colonic injuries.

Study population: This retrospective study included
77 patients with colonic injuries (ICD-10": S365,
S$3650, S3651) from Pranangklao Hospital (n=18)
and Maharat Nakhon Ratchasima Hospital (n=59)
between October 1, 2020, and September 30, 202 3.

Inclusion criteria

1. Age 15 years or older

2. Underwent exploratory laparotomy

Exclusion criteria

1. Iatrogenic injuries

2. Rectal injuries

Data Collection: general patient information was
recorded, including type of injuries, gender, age, and
comorbidities. Additionally, the following data points
were collected: time from injuries to surgery (hours),
preoperative and intraoperative blood pressure, colonic
injury scale (CIS) score (1990 revision)"”, fecal
contamination, intraperitoneal blood volume, intra-
operative blood transfusion, blood transfusion within
24 hours post injury (units), location of colonic
injuries, number of associated injuries (organ injuries
score >3), loss of abdominal wall, duodenum/ureter
injuries, damage control surgery, operative time
(hours), outcome, complications, and mortality.

Sample size: this study was designed as a retro-
spective analysis. Therefore, the total number of
patients (n=77) represents all consecutive cases of

colonic injuries who met the inclusion criteria during
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the study period (October 2020 — September 2023).
No a priori sample size calculation was performed, as
all eligible cases were included to minimize selection
bias and to ensure that the results reflect the real-world
epidemiology and treatment outcomes in our setting.
Although the sample size was determined by case
availability, it was adequate for descriptive analysis,
yielding reasonably precise confidence intervals. We
acknowledge that some subgroup analyses were
limited by small numbers; however, the overall data-
set provided meaningful insights into patterns of
injury, management, complications, and outcomes.

Statistical analysis: Baseline characteristics were
summarized using descriptive statistics. Comparisons
between the DCS and non-DCS groups were performed
using t-tests or Chi-square/Fisher’s exact tests as
appropriate. To assess the association between surgical
method and mortality, generalized linear models with
a log link and Poisson distribution with robust variance
were applied, adjusting for preoperative shock and
controlling for intraoperative shock. Results are
presented as prevalence ratios (PR) with 95%
confidence intervals (CI), and a two-sided p<0.05
was considered statistically significant.

Control for Confounding: To address potential
confounding factors influencing mortality, a binary
logistic regression model was planned to assess the
independent association of surgical approach (primary
repair vs. diversion) and damage control surgery with
mortality, while controlling for key variables such as
colonic injury grade (CIS >3), presence of pre-
operative shock, and number of associated organ
injuries. However, due to the low number of events
(deaths) in the diversion group (n=3), the model was

unstable and could not be reliably performed.

Therefore, results are presented as unadjusted com-
parisons with appropriate non-parametric tests where
necessary.

Ethical considerations

Ethical approval for this research project has
been granted by the Institutional Review Boards of
Pranangklao Hospital and Maharat Nakhon Ratchasima
Hospital.

Results

Patient Demographics, Injury Patterns, and
Initial Management

During the three-year study period, 77 patients
with traumatic colonic injuries were included in the
analysis. The demographic and injury characteristics
of the cohort are summarized in Table 1. The study
population was predominantly male (77.9%) with a
mean age of 40.0 £ 16.20 years. The leading
mechanism of injury was blunt trauma (80.5% ), with
road traffic accidents being the most common cause
(74.0%). The transverse colon was the most frequently
injured segment (33.8% ), and the majority of injuries
were low-grade (Grade 1: 59.7%). However, 14.3%
of patients sustained destructive Grade 5 injuries.
Primary repair was the overwhelming surgical approach
of choice, performed in 92.2% (71/77) of all
patients. Notably, among the 11 patients with Grade
5 injuries, primary repair was successfully performed
in 81.8% (9/11), with only one case of anastomotic
leakage (success rate 90%). A comparison of patient
profiles based on the mechanism of injury is shown in
Table 2. Patients sustaining gunshot or shotgun
injuries were significantly younger than those in the
blunt trauma group (31.1 vs. 41.1 years, p<0.001).

Furthermore, intra-abdominal injuries involving more
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Table 1 Baseline characteristics and injury profiles of patients undergoing damage control surgery (DCS) vs. non-DCS (N=77)

Factors Total, n=77 (%) DCS, n=12 (%) Non-DCS, n=65 (%) p-value
number % number % number %
Mean age, years (£SD) 40.0+16.20 35.8+14.24 40.8+16.52 0.323
Male 60 77.9 9 175.0 51 78.5 0.721
Underlying disease: - Diabetes mellitus 4 5.2 NA NA NA
- Hypertension 3 3.9
- Post stroke 1 1.3
- Seizure 1 1.3
- Depression 1 1.3
- Psychosis 1 1.3
- HIV 1 1.3
Cause of injuries: 0.428
- Blunt injuries 62 80.5 10 83.3 52  80.0
- Non-gunshot or shotgun injuries 8 10.4 2 16.7 6 9.2
- Gunshot or shotgun injuries 7 9.1 0 0.0 7 10.8
Side of colonic injuries: Right 47 61.0 7 58.3 40 61.5 0.760
Left 26 33.8 4 333 22 33.9
Both 4 5.2 1 8.3 3 4.6
Colonic injuries grade 1 46 59.7 8 66.7 38 58.5 0.152
2 4 5.2 2 16.7 2 3.1
3 8 10.4 0 0.0 8 12.3
4 8 10.4 0 0.0 8 12.3
5 11 14.3 2 16.7 9 13.9
Colonic injury scale >3 27 35.1 2 16.7 25 38.5 0.197
Degree of fecal contamination: 1.000
- mild to moderate 75 97.4 12 100.0 63 96.9
- severe oOr gross 2 2.6 0 0.0 2 3.1
Colonic management: 1.000
-Primary repair 71 92.2 9 75.0 62 95.4
-Diversion procedure 6 7.8 3 25.0 3 4.6
Delayed time to surgery >6 hours 20 26.0 0 0.0 20 30.8 NA
Preoperative shock 19 24.7 9 175.0 10 15.4 <0.001*
Intraoperative shock 14 18.2 10 83.3 4 6.2 <0.001*
Intraperitoneal blood volume >1 L 23 29.9 7 58.3 16 24.6 0.035*
Loss of abdominal wall 0 0.0 0 0.0 0 0.0 NA
Duodenal or ureteral injuries grade >3 4 5.2 1 8.3 3 4.6 0.49
Operative time >4 hours 4 5.2 0 0.0 4 6.2 NA
Intraoperative blood transfusion >4 units 0 0.0 0 0.0 0 0.0 NA
Outcome: dead 16 20.8 10 83.3 6 9.2 <0.001*

Data are presented as mean (standard deviation) for age, and as number (%) for all other categorical variables

Abbreviations: SD: standard deviation; HIV: human immunodeficiency virus
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Table 2 Comparison of patient characteristics by mechanism of injury (blunt vs. penetrating colonic injuries) (N=77)

Characteristics Caused of injuries p
Blunt (n=62) Non-Gunshot or  Gunshot or shotgun pl p2
non shotgun (n=8) (n=7)

No. % No. % No. %
Age (year) (mean+SD) 41.1£16.59 38.8+11.15 31.1+16.97 0.12 <0.01*%
Delayed time to surgery >6 hours 16 25.8 2 25.0 2 28.6 0.70 0.77
Preoperative shock 14 22.6 3 37.5 2 28.5 0.63 0.91
Intraoperative shock 10 16.1 3 37.5 1 14.3 0.32 0.68
Severe or gross fecal contamination 2 3.2 0 0.0 0 0.0 NA NA
Intraperitoneal blood >1 L 16 25.8 3 37.5 4 57.1 0.78 0.21
Left side colonic injuries 24 38.7 1 12.5 5 71.4 0.29 0.21
CIS >3 20 32.3 2 25.0 5 71.4 0.46 0.10
Intraabdominal organ injuries > 2 systems 11 17.7 0 0.0 4 57.1 <0.01 0.03*
Loss of abdominal wall 0 0.0 0 0.0 0 0.0 NA NA
Duodenal or ureteral injuries grade >3 3 4.8 0 0.0 1 14.3 NA 0.19
Damage control surgery 10 16.1 2 25 0 0.0 0.90 <0.01*
Operative time >4 hours 1 1.6 0 0 1 14.3 NA 0.19
Blood transfusion >4 unit in first 24 hours 15 24.2 3 37.5 3 42.9 0.70 0.54

pl compare blunt injuries group with non-gunshot or non-shotgun injuries group

p2 compare blunt injuries group with gunshot or shotgun injuries group

* p<0.05

than two organ systems were significantly more
common in the gunshot injuries group (57.1%)
compared to the blunt injuries group (17.7%, p=
0.03). Damage control surgery (DCS) was utilized
exclusively in the blunt and non-gunshot penetrating
injury groups, with a significantly higher application
in the blunt group compared to the gunshot group
(16.1% vs. 0.0%, p<0.001). Table 1 also delineates
the characteristics of the 12 patients (15.6%) who
underwent DCS compared to the 65 managed with a
non-DCS approach. The DCS group presented with
significantly higher physiological severity, as
evidenced by a greater incidence of preoperative shock

(75.0% vs. 15.4%, p<0.001), intraoperative shock

(83.3% vs. 6.2%, p<0.001), and intraperitoneal
blood loss exceeding 1 liter (58.3% vs. 24.6%, p=
0.035).

Mortality and Complications by Surgical Man-
agement and Injury Mechanism

Postoperative outcomes stratified by the type of
colonic surgery are presented in Table 3. The rate of
colonic-related complications was lower in the
primary repair group (5.6%) compared to the
diversion procedure group (33.3%), though this dif-
ference did not reach statistical significance (p=0.07).
Similarly, the overall mortality was 18.3% in the
primary repair group versus 50% in the diversion group

(p=0.10). It is important to note that there were no
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Table 3 Comparison of postoperative outcomes between primary repair and diversion procedure groups (N=77)

Group p
Primary repair (n=71)  Diversion procedure (n=6)
No. % No. %
Colonic-related complications 4 5.6 2 33.3 0.07
Dead 13 18.3 3 50.0 0.10
Colonic-related mortality 0 0.0 0 0.0 NA

colonic-related mortalities in either group. The causes
of death were predominantly related to profound shock
or severe associated injuries (e.g., head trauma),
rather than complications of the colonic repair itself.
When outcomes were analyzed by injury mechanism
(Table 4), no statistically significant differences in
colonic-related complications or overall mortality were
found between the groups. The overall mortality rates
were 21.1% for blunt trauma, 25% for non-gunshot
penetrating trauma, and 14.3% for gunshot injuries.
There were no colonic-related mortalities in any group.

The Critical Impact of Damage Control Surgery
(DCS)

The unadjusted overall mortality was significantly

higher in the DCS group (83.3%) than in the non-

DCS group (9.2%), with an odds ratio of 49.17
(95%CI: 8.67—-278.73; p<0.001), as detailed in
Table 5. A further breakdown of mortality by the type
of colonic surgery, also presented in Table 5, reveals
consistently high mortality rates in the DCS subgroup,
with 88.9% (8/9) for primary repair and 66.7%
(2/3) for diversion procedures. In contrast, mortality
in the non-DCS group was substantially lower, at
8.1% (5/62) for primary repair and 33.3% (1/3)
for diversion. However, after adjusting for the
confounding effects of preoperative shock,
intraoperative shock, and intraperitoneal blood
volume — key indicators of injury severity that inform
the decision to perform DCS — the association between

DCS and mortality was no longer statistically

Table 4 Complication and mortality rates by mechanism of injury (N=77)

Characteristics Caused of injuries p
Blunt (n=62)  Non-gunshot or  Gunshot or shotgun pl p2
non shotgun (n=8) (n=7)

No. % No. % No. %
Colonic-related complications 6 9.7 1 12.5 0 0.0 0.59 NA
Dead 13 21.1 2 25.0 1 14.3 0.68 0.94
Colonic-related mortality 0 0.0 0 0.0 0 0.0 NA NA
pl compare blunt injuries group with non gunshot or non-shotgun injuries group
p2 compare blunt injuries group with gunshot or shotgun injuries group
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Table 5 Mortality outcomes in damage control surgery vs. non-DCS groups (N=77)

Damage control surgery (n=12) Non-damage control surgery (n=65) p

Odds ratio 95%CI

8/9 (88.9%)
2/3 (66.7%)
10/12 (83.3%)

Primary repair (n=71)
Diversion procedure (n=6)

Overall mortality (n=77)

<0.001*
0.500
<0.001*

5/62 (8.1%)
1/3 (33.3%)
6/65 (9.2%)

91.20 9.41-888.66
4.00 0.13-119.24
49.17 8.67-278.73

*p<0.05

significant (prevalence ratio = 4.76; 95%CI: 0.87—
26.10; p=0.072). This indicates that the elevated
mortality observed in the DCS group was attributable
to the patients’ more critical initial presentation and
greater severity of associated injuries, rather than to

the damage control technique itself.

Discussion

This study found that colonic injuries primarily
occurred in the working—-age population, with a mean
age of 40+16.20 years. The mean age of patients with
gunshot or shotgun injuries was significantly lower
compared to those with blunt injuries (p<0.05). Males
were more frequently affected than females (77.9%
vs. 22.1%), consistent with the findings of Brady and

(718) patients with multiple comorbidities

Oosthuizen.
have been shown to have poorer outcomes, as demon-
strated in a study by Chamieh et al."? Blunt trauma
accounted for 80.5% of injuries, with road traffic
accidents being the most common cause at 74.0%.
These results differ from previous studies"''®, which
have shown a higher proportion of penetrating injuries.
The most common site of colonic injuries was the
transverse colon (33.8%). Collectively, 66.2% of
injuries involved the right side of the colon, consistent
with previous studies."® Previous study has shown that

hypotension, massive transfusion, the severity of in-

tra-abdominal contamination, associated organ

injuries, shock, left-sided colon injuries, and multiple
comorbidities can significantly increase morbidity and
mortality rates.®® In this study, preoperative shock
was observed in 22.6% of blunt injuries cases, 37.5%
of non-gunshot or non-shotgun injuries cases, and
28.5% of gunshot or shotgun injuries cases. Intraop-
erative shock occurred in 16.1% of blunt injuries
cases, 37.5% of non-gunshot or non-shotgun injuries
cases, and 14.3% of gunshot or shotgun injuries cas-
es. Intraperitoneal blood loss greater than 1 liter was
found in 25.8% of blunt injuries cases, 37.5% of
non-gunshot or non-shotgun injuries cases, and
57.19% of gunshot or shotgun injuries cases. Blood
transfusion exceeding 4 units within the first 24 hours
was observed in 24.2% of blunt injuries cases, 37.5%
of non-gunshot or non-shotgun injuries cases, and
42.9% of gunshot or shotgun injuries cases. Gross or
severe fecal contamination was noted in 3.2% of blunt
injuries cases. Intra-abdominal organ injuries involv-
ing more than 2 systems were found in 17.7% of blunt
injuries cases, significantly more than in the non-gun-
shot or non-shotgun injuries group (0%, p<0.05),
but significantly less than in the gunshot or shotgun
injuries group (57.1%, p<0.05). Damage control
surgery was performed in 16.1% of blunt injuries
cases, 25% of non-gunshot or non-shotgun injuries
cases, and none of the gunshot or shotgun injuries

cases, with a significant difference between the blunt
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injuries and gunshot or shotgun injuries groups
(p<0.05). Our study found that 4.8% of blunt trauma
patients and 14.3% of gunshot or shotgun injuries
patients sustained duodenal or ureteral injuries graded
greater than 3. These findings align with previous
research that has advocated for diversion procedures
in the management of these injuries.(“'e’lz_u’l7’19’20_34)
This study found a significantly higher overall mor-
tality rate of 83.3% among patients undergoing dam-
age control surgery (DCS) compared to the 45.8%
reported in previous studies.®” Damage Control Sur-
gery (DCS) is a life-saving procedure intended for
the most critically injured patients. The analysis com-
paring outcomes between the DCS and non-DCS
groups supports this rationale. After adjusting for
preoperative shock, intraoperative shock, and intra-
peritoneal blood volume, no statistically significant
difference in mortality was observed (prevalence ratio
= 4.76; 95%CI: 0.87-26.10; p=0.072). This in-
dicates that the higher mortality rate in the DCS group
is not attributable to the procedure itself but rather a
consequence of the patients’ more severe underlying
injuries.

Our study found a significant difference in colonic-
related complication rates between the primary repair
(5.6%) and diversion procedure (33.3%) groups.
While these results support the findings of previous
studjes > 1 #1173 favoring primary repair, further
investigation is warranted to confirm these findings
and explore potential factors influencing outcomes.
Our findings suggest that primary repair is associated
with favorable outcomes in our population. The lower
colonic-related complication rate (5.6% vs 33.3%)
is consistent with the global literature, > 2151752

The fact that over 80% of grade 5 injuries were

successfully (90%) managed with primary repair
challenges traditional dogma and supports a more
aggressive approach toward primary reconstruction,
even in severe injuries, within experienced trauma
centers"*®.

Limitation

e Retrospective design.

e Small sample size in key subgroups (especially
diversion, n=6). Acknowledge that the P for
key comparisons (0.07, 0.10) did not reach
significance likely due to this type II error.

e Inability to perform a robust multivariate
analysis due to the low event rate.

¢ Potential for selection bias (surgeons chose the
operation based on unmeasured patient factors).

e Short-term outcomes only.

Conclusion

Primary repair is the predominant and successful

strategy for colonic trauma in two major Thai trauma
centers, with acceptable outcomes even in high-grade
injuries. The higher mortality rate in the DCS group
was not due to the surgical technique itself, but
rather because the patients in this group had much
more severe wounds to begin with, thus confirming
that DCS is a necessary and effective surgery for this
critically ill patient.
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Abstract MYCN amplification is a critical prognostic marker in neuroblastoma requiring molecular diagnostics
often unavailable in resource-limited settings. This retrospective study evaluated ALK immunohistochemistry
as a potential surrogate marker for MYCN amplification in 49 primary neuroblastomas from patients aged <18
years. ALK immunohistochemistry (clone D5F3) was scored as high (>50% tumor cells) or low (<50%) by
two independent pathologists blinded to MYCN status determined by FISH using standard criteria (ratio >4.0
or >10 copies/nucleus). MYCN amplification was present in 35% (17/49) of cases, while ALK-high
expression occurred in 73% (36/49). ALK-high expression significantly associated with MYCN amplification
(p=0.02; OR=9.6, 95%CI = 1.13-81.9), with 94% (16/17) of MYCN-amplified tumors showing
ALK-high expression versus 63% (20/32) of non-amplified tumors. Diagnostic performance showed high
sensitivity (949%) and negative predictive value (92%), but limited specificity (389 ) and positive predictive
value (44%). While ALK immunohistochemistry cannot replace molecular MYCN testing, its high sensitivity
and NPV support its use as a preliminary screening tool in diagnostic algorithms, particularly in resource-
limited settings, helping prioritize cases for molecular testing while identifying candidates for ALK-targeted

therapy.

Keywords. ALK immunohistochemistry; Diagnostic accuracy; Fluorescence in situ hybridization, MYCN amplification;

Neuroblastoma; Pediatric oncology; Prognostic biomarkers; Risk stratification

Introduction lesions to highly aggressive metastatic disease.
Neuroblastoma is the most common extracranial ~Amplification of the MYCN oncogene—present in
solid tumor of childhood and displays striking biological roughly 20-25% of cases—remains one of the most

heterogeneity, ranging from spontaneously regressing powerful adverse prognostic markers, identifying a
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high-risk subset with poor event-free survival and
treatment resistance".

Anaplastic lymphoma kinase (ALK), located on
chromosome 2p23 in close proximity to MYCN at
2p24.1, becomes oncogenically activated in neuro-
blastoma through hotspot mutations, copy-number
gain, or focal amplification(z’s). Constitutive ALK
signaling cooperates with MYCN overexpression to
drive tumor proliferation and accelerate tumorigenesis,
as demonstrated in experimental models harboring the
ALK(F1174L) mutation'”. Targeted ALK inhibitors
such as crizotinib have shown antitumor activity in
early-phase pediatric trials and are now entering
risk-adapted treatment protocols(s).

Several clinicopathological series further indicate
that strong ALK protein expression by immunohisto-
chemistry (IHC) or ALK gene amplification occurs
predominantly in MYCN-amplified tumors, although
published data remain limited by small cohorts and

heterogeneous scoring cut-offs®

. The potential
utility of ALK immunohistochemistry as a surrogate
marker for MYCN status carries significant clinical
implications, particularly in resource-limited settings
where molecular diagnostics may be unavailable or
delayed. This study therefore aimed to systematically
evaluate the diagnostic accuracy of ALK immuno-
histochemistry for predicting MYCN amplification
status in a well-characterized cohort of pediatric
neuroblastomas. Given the potential clinical utility of
this biomarker, we employed dual independent
pathologist evaluation to ensure accuracy of ALK
expression interpretation through consensus review,
and demonstrate that the scoring system (>50%
cutoff) is straightforward and reproducible, supporting

its feasibility for routine diagnostic implementation.

Materials and Methods

Study Design and Case Selection

This retrospective cross-sectional diagnostic
accuracy study was conducted at the Institute of
Pathology, Department of Medical Services, Ministry
of Public Health, Thailand, in accordance with the
institutional ethical guidelines. The pathology database
was systematically searched to identify all primary
neuroblastoma specimens accessioned between 2012
and 2021.

Inclusion criteria: (i) histologically confirmed
neuroblastoma according to the International Neuro-
blastoma Pathology Classification'”; (ii) patient age
<18 at diagnosis; and (iii) availability of adequate
formalin-fixed, paraffin-embedded (FFPE) tissue
with viable tumor content.

Exclusion criteria: (i) post-chemotherapy resec-
tion specimens; (ii) recurrent or metastatic lesions
without paired primary tumor; and (iii) insufficient
tissue for both immunohistochemical and molecular
analyses.

Following application of these criteria, 49 cases
were eligible for analysis (32 MYCN non-amplified,
17 amplified).

ALK Immunohistochemistry

Four-micrometer sections were cut from
representative FFPE blocks and processed on a
Ventana BenchMark ULTRA automated immunostainer
(Ventana Medical Systems, Tucson, AZ, USA).
Heat-induced epitope retrieval was performed using
proprietary Cell Conditioning-1 (CC1) solution at
95°C for 64 minutes. Sections were incubated with
rabbit monoclonal anti-ALK antibody (clone D5F3,
Ventana, ready-to-use formulation) for 16 minutes

at 36°C, followed by visualization using the OptiView
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DAB IHC Detection Kit according to manufacturer
specifications. Each immunohistochemical run included
appropriate positive (ALK-rearranged anaplastic
large-cell lymphoma) and negative (reactive lymphoid
tissue) controls.

Two board-certified pathologists (A.L. and K.W.)
independently evaluated all immunostained slides while
blinded to MYCN status and clinical outcomes. The
third author (P.C.) participated in consensus review
for discordant cases only. ALK-high expression was
defined as moderate to strong cytoplasmic and/or
membranous staining in >50% of viable tumor cells,
based on established scoring criteria in neuroblastoma

literature®™®

. Specifically, staining intensity was
scored as: negative (0), weak (1+), moderate (2+),
or strong (3+). Only tumors with moderate (2+) or
strong (3+) intensity in >50% of cells were classified
as ALK -high. Weak staining regardless of percentage,
or moderate-strong staining in <50% of cells, were
classified as ALK-low. Cases with discordant
interpretation underwent consensus review by all three
pathologists at a multi-headed microscope to establish
final classification.

MYCN Fluorescence In Situ Hybridization (FISH)

Serial 4-micrometer sections were subjected to
dual-color FISH analysis using the Vysis LSI MYCN
(SpectrumOrange ) /CEP2 (SpectrumGreen) probe set
(Abbott Molecular, Des Plaines, IL, USA). Following
deparaffinization and pretreatment, slides underwent
protease digestion, probe hybridization at 37°C for 16
hours, and stringent post-hybridization washes.
Nuclear counterstaining was performed with

4’,6-diamidino-2-phenylindole (DAPI).

Signal enumeration was conducted using a fluo-
rescence microscope equipped with appropriate filter
sets. A minimum of 100 non-overlapping, intact
tumor nuclei were evaluated at 100x oil immersion
magnification. MYCN amplification was defined
according to International Neuroblastoma Risk Group
criteria as either: (i) MYCN:CEP2 signal ratio >4.0;
or (ii) absolute MYCN copy number >10 signals per
nucleus. Borderline cases (ratio 2.0-3.9) underwent
extended counting of 200 nuclei with independent
verification by a second observer.

Statistical Analysis

Statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 20.0 (IBM
Corp., Armonk, NY, USA). The primary analysis
examined the association between ALK immuno-
histochemical status (ALK-high/ALK-low) and
MYCN amplification status (non-amplified/amplified)
using Fisher’s exact test (two-tailed) with significance
threshold set at oo = 0.05.

Diagnostic performance indices were calculated
including sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and
overall accuracy. The strength of association was
quantified using odds ratio (OR) with 95% confidence
intervals (CI) computed via the Woolf logit-interval
method.

Post-hoc power analysis using G*Power software
(version 3.1.9.7) indicated that the current sample
size (17 amplified, 32 non-amplified) achieved
approximately 70% statistical power to detect the
observed effect size at o0 = 0.05, suggesting adequate

but not optimal power for the primary analysis.
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Results

Cohort Characteristics

The study cohort comprised 49 primary neuro-
blastoma specimens meeting all eligibility criteria.
MYCN amplification was detected in 17 cases (35%),
while 32 cases (65%) demonstrated non-amplified
status by FISH analysis. ALK immunohistochemistry
revealed high expression (=50% ) in 36 tumors (73%)
and low expression (<50%) in 13 tumors (27%).
Inter-observer concordance for ALK scoring was
excellent, with initial agreement in 47/49 cases
(96%); the two discordant cases achieved consensus
upon joint review.

The distinction between ALK -high and ALK -low
expression patterns was readily apparent. ALK-high
tumors characteristically displayed strong, diffuse

cytoplasmic and membranous staining involving >90%

of tumor cells, producing a distinct pattern clearly
visible at 400x magnification (Figure 1A). The
staining intensity was consistently strong (3+) with
minimal intratumoral heterogeneity. Conversely, ALK~
low tumors exhibited either complete absence of
staining or weak, focal positivity in <109% of tumor
cells, with the majority of the tumor showing no
immunoreactivity (Figure 1B). The stark contrast
between these patterns facilitated straightforward
interpretation and likely contributed to the high
inter-observer agreement. Background stromal
elements and endothelial cells showed no staining,
providing appropriate internal negative controls.

Association Between ALK Immunohistochemistry
and MYCN Amplification

Cross—tabulation analysis revealed a statistically

significant association between ALK-high expression

Figure 1 Representative ALK immunohistochemical expression patterns in pediatric neuroblastoma.
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Remark: (A) ALK-high expression showing strong cytoplasmic and membranous staining in >90% of tumor cells

(original magnification x400).

(B) ALK-low expression demonstrating weak to absent staining in <10% of tumor cells (original magnification

x400).

Immunohistochemistry performed with ALK clone D5F3.
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and MYCN amplification (p = 0.02, Fisher’s exact
test), as detailed in Table 1. ALK-high tumors
demonstrated 9.6-fold higher odds of harboring
MYCN amplification compared to ALK-low tumors
(OR = 9.6; 95%CI = 1.13-81.9).

Table 1 Contingency table of ALK immunohistochemistry
versus MYCN Status

MYCN amplified MYCN non-amplified Total

ALK-high 16 20 36
ALK-low 1 12 13
Total 17 32 49

Diagnostic Performance of ALK Immunohisto-
chemistry

ALK-high expression demonstrated high sensi-
tivity of 94% (16/17; 95%CI = 71.3-99.9%) and
negative predictive value of 92% (12/13; 95%CI =
64.0-99.8%) for detecting MYCN amplification.
Conversely, specificity was modest at 38% (12/32;
959%CI = 21.8-55.6%), with a positive predictive
value of 44% (16/36; 95%CI = 27.9-61.9%).
Overall diagnostic accuracy was 57% (28/49; 95%CI
= 42.2-71.1%). The positive likelihood ratio was
1.51 (95%CI = 1.09-2.09) and negative likelihood
ratio was 0.16 (95%CI = 0.02-1.08).

Discussion

This study provides robust evidence for a strong
association between ALK -high expression and MYCN
gene amplification in pediatric neuroblastoma, with
important implications for diagnostic algorithms in
both resource-rich and resource-limited settings. The
9.6-fold increased odds of MYCN amplification in
ALK-high tumors, coupled with 94% sensitivity and

929% negative predictive value, suggest ALK
expression level as a potential screening tool that may
help prioritize cases for MYCN testing.

Our findings align with recent series demonstrating
consistent ALK-high expression by immuno-
histochemistry in MYCN-amplified tumors, with
sensitivity rates approaching 100%. Phan et al.
reported that all MYCN-amplified cases within their
Vietnamese cohort of 90 neuroblastoma cases were
positive for ALK immunohistochemistry, with 78%
of these amplified tumors showing high-level ALK
expression(e). Kim and Kim found that ALK
amplification was significantly correlated with MYCN
amplification, and all three ALK-amplified neuro-
blastomas consistently showed ALK immunohisto-
chemistry positivity when tested with all three antibody
clones (ALK1, D5F3, and 5A4)"®. Large genomic
surveys demonstrate that ALK amplifications almost
invariably arise in MYCN-amplified tumors and are
absent from low-risk, non-amplified disease,
reinforcing the biological link between the two
oncogenes(lo). The biological basis for this association
is well-established: both genes reside in close
chromosomal proximity (2p23-24), and experimental
evidence demonstrates synergistic oncogenic
cooperation between activated ALK and MYCN
overexpression in neuroblastoma pathogenesism’m.

The limited specificity we observed is also con-
sistent with prior reports of frequent ALK expression
in MYCN non-amplified neuroblastomas®?. Multiple
mechanisms may account for ALK-high expression
in the absence of MYCN amplification, including: (i)
ALK copy-number gains below the threshold for
amplification; (ii) activating point mutations,

particularly at hotspot residues F1174, F1245, and
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R1275; (iii) transcriptional upregulation through
alternative pathways; and (iv) post-translational
stabilization of ALK protein. Lee et al. showed that
ALK expression increased with advancing stage even
in the absence of amplification, underlining the
multifactorial regulation of ALK protein levels®.

The clinical implications of our findings warrant
careful consideration. It is crucial to emphasize that
ALK immunohistochemistry cannot replace definitive
MYCN testing by FISH or molecular methods, which
remain the gold standard for risk stratification in
neuroblastoma. Rather, ALK IHC should be viewed
as a supplementary screening tool that may help
optimize resource allocation in specific contexts. Our
data demonstrate that while ALK -high expression has
limited specificity (44% PPV), requiring molecular
confirmation in all cases, ALK-low expression shows
more promising negative predictive value (92%). In
resource-limited settings where molecular diagnostics
may be unavailable or subject to prolonged turnaround
times, this performance profile suggests a potential
triage strategy: ALK-low cases might be considered
for less urgent MYCN testing given their lower
probability of amplification, though the 8% false-
negative rate mandates eventual molecular confirmation
before definitive risk stratification. Conversely, ALK~
high cases, with their 44% probability of MYCN
amplification, should be prioritized for expedited
molecular testing. This approach could help allocate
limited molecular testing resources more efficiently
while ensuring that all treatment decisions ultimately
rest on confirmatory molecular results.

Beyond its potential role as a MYCN surrogate,
ALK immunohistochemistry retains independent

clinical value for identifying candidates for ALK-

targeted therapy. Based on promising results in
early-phase trials, ALK inhibitors are under active
investigation for treating ALK -altered neuroblastoma,
highlighting the growing importance of molecular
profiling in identifying patients who may benefit,
particularly those with refractory disease'®. The high
prevalence of ALK-high expression in our cohort
(739%) underscores the potential therapeutic relevance
of this biomarker.

Several limitations merit acknowledgment. The
retrospective, single-institution design limits
generalizability, while the sample size of 49 cases
provides adequate but suboptimal statistical power, as
reflected in the wide confidence intervals. Absence of
ALK mutation analysis precludes determination of the
specific mechanisms underlying ALK -high expression
in individual cases. Furthermore, lack of clinical
outcome data prevents assessment of the prognostic
significance of combined ALK/MYCN status under
contemporary treatment regimens.

Future investigations should prioritize: (i)
prospective multicenter validation in larger, ethnically
diverse cohorts; (ii) comprehensive molecular profiling
integrating ALK sequencing, copy-number analysis,
and expression profiling to elucidate mechanisms of
ALK-high expression; (iii) correlation of integrated
biomarker status with event-free and overall survival
under modern risk-adapted protocols; and (iv) health
economic modeling to evaluate the cost-effectiveness
of ALK -guided diagnostic algorithms across different
healthcare settings.

In conclusion, ALK expression level demonstrates
a strong association with MYCN amplification in
pediatric neuroblastoma. The high sensitivity (94%)

and negative predictive value (92%) suggest potential
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utility as a preliminary screening tool, while the
modest specificity (38%) clearly defines its
limitations. Given the critical importance of accurate
MYCN status for patient management, ALK IHC must
serve only as a supplementary tool that complements,
rather than replaces, molecular MYCN testing. Our
findings support a risk-stratified diagnostic algorithm
where ALK immunohistochemistry helps prioritize
cases for molecular testing—particularly valuable in
resource-constrained environments with limited access
to FISH or molecular diagnostics. Beyond its screening
role for MYCN status, ALK assessment provides the
added benefit of identifying candidates for ALK-
targeted therapy, thereby serving a dual purpose in
optimizing both diagnostic workflow and therapeutic
selection. Ultimately, while ALK IHC offers a
practical tool for initial evaluation in this biologically
heterogeneous malignancy, definitive risk stratification
and treatment decisions must rely on molecular

confirmation of MYCN status.
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