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Editorial
A

New Year’s greeting to you all. | wish this occasion will be your starting point to set your work goals
and to take responsibility for your duties following the guidance of the late King Rama IX. We have been so
~ lucky to have the great King who devoted himself to solving obstacles and improving and developing the country.
o hﬂﬂ‘ed us to live within our means and to think that it is important to put the country first.

This Journal of Associated Medical Sciences (J Assoc Med Sci) is the first issue under this new
- name. The journal doesn’t have a Thai name and uses this name for the first time since its inception 50 years

: o
7 ago:

The editorial board has a commitment to improve the quality of the journal and bring it to an international
level. Therefore, any article written in English will have special consideration to be published. In addition, we
are willing to review the article not only for content but also for language to make it more complete, so send in

\ your article for our consideration.

And last, | wish you the success for the year, with good health and a strong mind and not giving in to

obstacles. Be happy and cheerful for the year to come and forever.

Assoc. Prof. Dr. Preeyanat Vongchan
Editor
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Review article: Tuberculosis diagnosis: From knowledge to innovation in public health

TYIA FNTIAT DITULITY*

Chayada Sitthidet Tharinjaroen*

Lmﬁm?aﬁﬁwmﬂﬁﬁn madrunafiamaunng amsinaianisuwng ymingnasdealna daniadealn

Division of Clinical Microbiology, Department of Medical Technology, Faculty of Associated Medical Sciences, Chiang Mai University, Chiang Mai Province, Thailand
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Received September 2016

Accepted as revised December 2016

Tuberculosis (TB) is a serious global infectious disease caused by inhalation of droplets containing bacterial
cells classified as Mycobacterium tuberculosis complex (MTBC). Among MTBC, M. tuberculosis has been known as
the main causal agent of TB. MTBC infection usually exhibits pulmonary tuberculosis, but extrapulmonary
tuberculosis can also be detected among TB cases. Acid fast stain, culture method and biochemical tests are standard
protocols. However, MTBC is a slow growing organism and sometime generates controversial results of the
biochemical tests. These result in inaccurate and delayed diagnosis and treatment that lead to inefficient control of
TB. Thus, rapid and accurate TB diagnosis method and drug susceptibility test are essential. Previously, alternative
techniques were newly developed, for example, fluorescence stain with increased sensitivity for directly detection
MTBC in sputum specimen. The automated liquid culture system with reduced culture time among TB-positive samples.
In addition, in order to increase sensitivity and specificity while reducing time of diagnosis, several molecular
techniques were developed such as GeneXpert MTB/RIF, Line probe and Urinary LAM. Recently, a novel diagnostic
kit so called “IMS-PCR-CTPP” was developed based on the improvement of Mycobacterium binding in direct specimen
using monoclonal antibody coated immunomagnatic beads prior to bacterial identification using PCR-CTPP
targetting the novel target gene, lepB. Unlike previously reported techniques, it offers simultaneous determination of
MTBC and Mycobacterium bovis infection. Obviously, there are various methods currently available for diagnosis of
TB, however, they possess distinct advantages and limitations. Therefore, applying the combination of standard and
new techniques will significantly improve accuracy and reduce time of TB diagnosis, which is crucial for effective
treatment and control of TB.

Journal of Associated Medical Sciences 2017; 50(1): 1-21. Doi: 10.14456/jams.2017.1

Keywords: Mycobacterium tuberculosis complex, tuberculosis, tuberculosis diagnostic
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mnﬁqﬂ fadarunisninislaonazessdesfifise
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mMyIfaanimlinizzana1u (active tuberculosis)
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Tulsa (drug susceptibility testing)
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TB) \duan
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FMauTeimlin Usznaudiy 35mAaiaauiiesdn Ao
MITDURNUNTAMNFIFIATIVNALATI N ULNIZLALILTD
a AV o o o 4 A a & o A
ﬁrmaoami'sw"lmm;dwmam'mms@mnja'smliﬂ lasd
mMyInaay mﬁ’ﬂqmauﬁﬁmaqa%ﬁwmmadL%aLL@ia:@Tﬁ
v aa a a oA o & &
MLATNIMITIAN Lwaizqmmwuﬁqmaamanakﬂ wazla
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1. nMILassadlanuazn1sgaadNunIA (microscopic
examination and acid fast staining)
Tasnilufsunagoulasasinuaigiasdransdn
wwanenian Watiwlumyitaudaimlsnlod TuaauwIn
A A & A A & o
fa muesoualasialtlumainiolie (smear) lasmsles
. A & A ol & v o o A
W9duda (loop) w3e WiUNannBaushaniniiNe
IRRUNEMZGaf IWORIRINTIVRUNRS WEINWNRLUS
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fladnszena Unenanuludimianuazansdngg nniu
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IFldndnanngeindemmemaninialunvoziosa
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1% Ziehl-Neelsen stain (Z-N stain)® 3% 18 M. tuberculosis
lwaunzgndaudanans Ziehl Carbolic Fuchsin lanandi
@ A a @ & add a ' )
anusawnan @il lweoas 35se9 15037 Kinyoun

. aad) va A A % A v o a

stain A3HITRTRALALINY WELANNANNTUTUV0IF TN 3%
wazlulganuon Fuiuaulaeany NIFeIITISNAY

o A o A . A A &
INMIToNTEA28R Carbol fuchsin Lmaﬂaguuavlamz
faFuadlutuaanih MNIUEIFeanNeRl 3% acid alcohol
(n1alalasaaadn 3 Aaffaslu absolute ethanol 97
Jadaag) L%aluﬂaju Mycobacterium NHLTARNAUINI

A A I 2 A wn ° Al
wUANISHUAINUINT 1 wuqmauumﬂum@ml%ﬂugﬂ
praanlUnainiadunse uandvanuuafiiolungaila
NUN3A fUAd189 carbol fuchsin AWIADANIINGINTD AT

< a a Aaad a g '
NNUULANE methylene blue fFUNTUaY WHalungu
Mycobacterium &84 carbol fuchsin ag}'uﬁﬁﬂ&iﬁ@ﬁ

. A A oA @ a
methylene blue ﬁ?uLLUﬂ‘ﬂLiﬂiuﬂ@u'ﬂ‘lu'ﬂuﬂiﬂfﬂziul,aqﬁ

methylene blue 10 U luimas vilwargadiadingu a9
fwfinaan ﬁdavlaﬂﬂlﬁll,ﬁdLLﬁ’Jﬁadﬂﬂ’mlﬁﬂﬁm’gaﬂiiﬂﬁ
f8sue1e 1,000 L¥in ﬁfmi’wmul,snaﬁﬁﬁgﬂiwuﬂuum
Aafuay wazulanaauuIaIgInTeIasanIsauelan
Wae International Union Against Tuberculosis and Lung

Disease (IUATLD)® a9%

AFB count Report

No AFB in at least 100 fields 0 / negative

1-9 AFB in 100 fields number count

10-99 AFB in 100 fields +

1-10 AFB per field (at least 50 fields) | ++

>10 AFB per field (at least 20 fields) | +++

Table 1 Summary of advantages and limitations of methods developed for tuberculosis detection.

Methods

Limitations

Advantages

AFB stain

Simple, rapid, cheap, aviable for all

laboratory

Low sensitivity, unable to differentiate

between MTBC, NTM, live and dead cell

Culture

Standard method, allowing phenotypic

DST determination

Time consuming, BSL3 requirement

Biochemical test

Standard method, cheap

Time consuming, controvesy results,

BSL3 requirement

Fluorochrome stain

Increased sensitivity compared to AFB

stain

Fluorescence microscope and technician

skill requirement, expensive

Automated liquid culture system

Decreased labor and time for positive
culture report, increased specificity and

sensitivity, allowing DST determination

Expensive, restricted culture media and
instrument, problem with biological and

radioactive waste management

GeneXpert MTB/RIF assay

High sensitivity and specificity, RIF
susceptibility, safe, rapid,
WHO

approved by

Requirement of specifically imported
instrument and reagents, expensive and

unaffordable in some countries

Line probe assay

High specificity and sensitivity, allowing
species identification and/ or genotypic

DST determination

Complexicity, requirement of technician
skill for interpretation, specifically imported

instrument and reagents, expensive

LAMP test Rapid, high specificity and sensitivity Requirement of special designed specific
primer and thermostabilizer
MODS Decreased labor and time for positive | Requirement of medium supplements
culture report, high sensitivity and specificity, | and technician skill
allowing DST determination
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Table 1 Summary of advantages and limitations of methods developed for tuberculosis detection. (continued)

Methods Advantages Limitations
IGRA’s Potential identification of latent TB Expensive, inefficient to diiferentiate
between active and latent TB, unsuitable
for treatment monitoring
Urinary LAM Feasible sample collection in both children | Low sensitivity

and adult, rapid, no need BSL3

Flow cytometry Accuracy, rapid

Requirement of technician skill, BSL3
and specifically imported instrument and

reagent, expensive

Mycobacteriophage Assay

Rapid, allowing DST determination

Requirement of technician skill, BSL3,

and cell culture

IMS-CTPP High sensititvity and specificity, allowing | Requirement of Thermocycler and post
simultaneous detection and identification | PCR assay
of MTBC and M. bovis infection

MALDI-TOF Rapid and high accuracy Requirement of update database and

specifically imported instrument and

reagent, expensive

v A v = =1 édd‘d =

PpAVBINTHBNANUNTA Ao LDWITNAANNTIALT
18 s1andsEnea LLa:Vl,;i@Taamﬁ'mqﬂﬂﬁﬁmﬁ@ﬁmw
=1 o =3 2 = A = <; v =1
flanuduwzgens 98% uavalie fa fFanwldn daed
- & ca A n an
1Su10uL%a 5,000-10,000 dbulSunslaune 1 Iafaas
- . ; aadi X daaa X
29azl¥nauan’ A% hauIInReN T NITIf0anaNLTe
lﬂl 1ada U dq/ C= 1 =1 dq’ dl dl v
dd33ald wenandt dawuindideduy Neunsalius
UINGIUNNTHONINUNTA LT Lﬁaiunéju NTM, Nocardia
WAz Rhodococcus equi \udw luunansdl igu filoidn
;jggomﬂq vﬁagﬂ”ﬂaﬂm\ﬁ’]ﬂﬁ"l;dmmsnm”maumaaﬂm"lﬁ

o 1 o aa 5 Aq’ (2 v ad.:‘l’ v <K

vl lignnsarinnmsiieaudesdudsasild 39879
Iginasdeaiduaiat1igiansiauny lay decontaminate

v = 1 = a s ] dl
uazdaufTuiasinualaganidwaune

¥ & a o 6 ‘s
2. MIAWIIRBIBOUAZNTTUTRAUAZENEN WS VILTD

(culture and identification)

MITNLLRLILT M. tuberculosis ﬁi’@qﬂs:aﬁtﬁa

[
A

A o oA X o y a a A o
Uuuumumaamisﬂaglumaa@mﬁmid uazinalwldise
Twlsadnsunasauniany hdasnltlunissnw 1ie
I o ! v @ a 6 o o o a
mmaummﬂaﬂmvlmm LSUNF LA ERITUTDNRNUNI
AINAIT IR Lawzﬁmﬁaﬁmi’]gjmyumau decontamination
Wasannlumagasunsinwumslwianvassollszinnn

(normal flora) Tuszuuymadumslatuagnuizafiduming
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& . o a
1WwlTe192310% N3 decontamination 39LJWN1TAA
mstwdewvaadalssiiunduannuaiacnaguns SUuaan
A9%
(% . A
1. 82RNULRUNZAILRIT N-acetyl-L-cysteine 3
srunIninaslalldendns g NUwuNULEURE
FITIWRAANURRAUAZL AR ITUVDILTURAS LAY
Decontamination 628 4% lmdsylaasenlod
(NaOH) eaanivduidanvasidadszsntun
UuanNuLENAE
2. Mkidunans (neutralization) dewaanainines
(phosphate buffer) nInNUanide (sterile
water) liNalasugnzvasaurcanes i dunans
3. 1/ui1 3,000 g aOANNA 4 BFNLTATIE Witk 15 Wi
v =) 1 dld a
lasdasinouzlanasanaaasnderdasiin
waruliTannasnaguinuiunaea wondiui
iuaznan (sediment) aanainaiwnidniin
=3 ' lﬂl v
(supernatant) waztAvauiiduaznawld
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\lia M. tuberculosis 1u13nta5e laluains
LRUILTONAIUTHA NILUUNNINTIY LT% 81W1T
Lowenstein-Jensen (LJ medium), Ogawa wI0 W
§130WNIRLAE 11U Middlebrook LNaTI8MTIasRLdLLe

& ' . A X 4 a o A
maamasl,umgw Mycobacteria ‘ﬁdLﬂuL‘ﬁamﬁlify"ﬁ’] 819N
1 Wz R 9T LI AN ILUUDIWITUTS  URZEIRITIRG
udiiadimlsamansaialuemamailddniudians
msﬂmﬁaugmd’m’mwwzL%asl,ua'm'ml,ﬁa LBLANZLAEILTD
7 35-37 29ALTALTOR T8 M. tuberculosis IZEINITA
sanawinlaladtlameludszanm 4-8 slond anwolalai
pa3tialungy MTBC uand1sainuuaflisovialy da
snwaizlalafififinngrs: adweannznd) §u17830 win

& . ~ o ed o A A
Dwdalungu NTM azfiuasowuindasnmgmnnin
mangRuEnIUNMISLAUlalutg 25-37 avriraidos
A Aa A o AA A Av .
FeazwulalafifaSoy Judwnn dfwRes &du (Figure 1)
£ a ada dw dy = = o =
Tadva3iTn1siwnzifioada fa Tarnudnizgedia
99% uazdiayninniinsdouanunIa s1NTR LR
WAUIN fa wumsesadulavaadalaninluiidiae
FUSuou@af 10-100 enludSuasauny 1 I88aa3° 35
g . P o &
wa1wsaltlunnisnianladesnlslunisTnense
Tlsa  wdITMwIzRaTatIdTadnaasa N R
5naasltussn Mpznmadantnemwny hasnnwaims
wigdivleth  uazltwasdfudmaniszuuenulsaans

Figure 1. Colony morphology of Mycobacterium spp. cultured on
Lowenstein-Jensen medium. M. tuberculosis colonies are
white, rough and cauliflower-like colonies (upper), which is
different from the rough orange colonies of Mycobacterium

phlei (lower).
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3. NIITYBRAUAZABNKAVDILE D (identification)

3
% a

X 3 . B .
RAIIMNNNIZLR LI TRAURINITDFINALAR LA LA
g A’ v 1 U g U a
paaifadudrsanddud idasdusuisnszysdia
9094 M. tuberculosis MAAINNNITRILNATELLLIRN BT
lunsasadule nsanaded wazanwmzlaladinig
MU NaIA8 18 M. tuberculosis W3YTINI 7 T
aglutai 4-8 dlandd anwuzlalaiifidaages: adwaan
° a a o o A A o A
nzwd1 fu1e3uad1ennatng tegalalafiandauinu
ﬂmﬁ'ﬂ%qmm Wunan wanaenn ﬁ@ﬁumgﬂi’mum
v = v d' 3’ 1 o A
ldadndes luvnizfigalungs NTM uwmswusinig
wigdnlaniely 7 74 vemsWugliiialuniaaiy
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a a aA =) £z =1 A v |Addy U s
Sou 1 uaininn JRraeIdN BIaRFN LaITRdaIaNdl
ANuEANTD ANt uaztizsumanivesfuanu
AII ﬁaﬁaaﬁmﬂmm%amﬁw%mﬂW”%fmaaL%amn
o A A A Ada & '
snsmznsfuad Fuadndoulslunsusnisalungs
Mycobacteria 'L
1. Niacin (Nicotinic acid)®
Niacin tJug1sUsznauniiaainnisiia
wunvadduluimadvasigannaalunga
Mycobacteria fiiipunssfiazasdalungs
Mycobacteria Lyinunfidanusaunsaluvnsld
e lersiiwaliaew niacin 1%iilw nicotinamide
adenine dinucleotide (NAD) \Ta M. tuberculosis
1A UFNLGRINAANIREFNVES niacin aE]
TN lsiauase Wanagaunuans aniline
. A A A
IL§¢ cyanogen bromide WLNARLARDY (NALIN)
X oo ¥ da. . 5
PUNUREINITNAROY WUIN 98% VaILTo
M. tuberculosis lﬁNaU'Jﬂ waztdanagauny
walungu NTM nndaaz lduaay oniiu

Mycobacterium simiae

2. Nitrate reduction’
\5alungu Mycobacteria fiaulaifiTain
nitroreductase NLUa8u nitrate L% nitrite 29
SANINWUAT nitrite agfluamnainadald
ﬂ@ﬁﬂuI@&lLﬁ&lﬁ’]i sulfanilamide Wag
n-naphthylethylendiamine azlias13ivznay
diazonium ﬁmuwﬂum lauaINuLT N0 IR
A a X ) « 1a . A '
MAVBLUINWATINUUITND nitrite nwuay
X X & o
Elummsl,amma \Da M. tuberculosis 4914
0130 bwnsasn nitrate i nitrite e
annniugiedu) Tungu Mycobacteria 9fiuaild
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BannshLenIRAReLTa M. tuberculosis &%

M. bovis inldnauandang luymen

M. afficanum WHRaU “oNNTA Eul:‘iﬁﬂ’ﬁﬂizthﬂﬁ

Idmannmsiiioasamanyhassidodod
Il umsinwn 35idenenwhuszanusimne
lumsasramsaadiasn Rifampicin (RIF) ¥innu
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lunsaTanin1sdadasn Isoniazid (INH)™

9ldsumIunziinanasdnisawna lanlwles

v a wn 111
Tuasdfudnmsunaspuamalng

3. NINAgau Catalase™

L%alumju Mycobacteria Lo lasf catalase

B .
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(H,0,) 1w 41 (H,0) uazfiwaandiawn (O,)
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16 wiadn 2 55 Ae

3.1 Semiquantitative catalase test Wwns

@379% 0% larsl catalase ﬁqm%gﬁ
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. = 4 A

Mycobacteria froulayd catalase 7
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2aNTANLALANEAINT LaslanIZTanIN

M. tuberculosis, M. marinum, M. avium,

M. xenopi Uaz M. gastri vnl#lAafs

2aNFLALATaUNI1 45 VY. LANEIIIN

M. kansansii, M. simiae LLazﬂéjsJ

Scotochromogens NIHRaa ngw

nonphotochromogenic 7 liifialsa Tl

ﬂﬁj&l rapid growers mycobacteria A

UINTmANTaanTLAUNINNTN 45 Wal.
mInaFaUtls 30% H,0, Waziaanug
Y381 TeNFLaniLAndwanAinin
0 nsta e Te luminedadiuas

3.2 Heat labile catalase test nann13de
Mycobacteria U962 1 Tw M. tuberculosis,
M. bovis, M. gastri W8z M. haemophilum
ﬁlzqtyﬁﬂqmauﬂ‘ﬁmamauvlmﬁ catalase
Lﬁagﬂmwm’auﬁqmﬂgﬁ 68 BIFNLTaLDLE
Wwan 20 win LL@m@hdfﬁJL%ﬂiuﬂﬁjN
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catalase test LL@iéTaaﬁmiﬂsJL%avl’Tﬁaqm%Qﬁ
68 BIFNLTALTHR LTWIA 20 W7 fiaw
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o A da X
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4. Para-nitrobenzoic acid (PNB)"
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PNB IummzﬁL%aﬂéju NTM snansaiaseyle
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5. Tween 80 hydrolysis"
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sy oleic acid 91 Tween 80 uaziUauus
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ownsasataiAsiuauas melu 510 S
wasantuselilu Tween 80 'ﬁ'qmﬂgﬁ
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6. Arylsulfatase’
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4 o mma o ]
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XX . .
a1 Tianade lasdnliiduar 3 u
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a

grower L% M. marinum M. szulgai) 1
ounN{ 35-37 aveniTaLfow Tugned b
CO, winansLmngfsunusashiliiauanly
MINnagay L%ﬂl%ﬂﬁ};&l MTBC 2z laifiianlaosd
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7. Urease"’
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Lauvl,‘ﬁﬂ urease ﬂlaﬂ urea Lﬂ% ammonia LR
carbon dioxide nagaulagLNaILTany urea
broth luam 7 i Ngnunndl 35-37 aseniTaibes
lugnznlid co, luamsnd phenol red
1% pH indicator luan1IzReIwIsLALILTe
fannziduntaazyinli&ues phenol red
WaswIuAIADY WANEIINIUENITANIN

o wa AaAa ti/
=¥l Fva9 phenol red fidvunuad mIinioe
fINNIONAALOU Y] urease 3:EBY urea b

¥ g a o v l;’
21 ALITaLin ammonia YA pH gediu
&84 phenol red tWapuduaueas waasinlw
NAUIN

8. Pyrazinamidase™
umsasaiaenlss pyrazinamidase figos
pyrazinamide w pyrazinoic acid W
ammonia mMinagauvinlastugaliluams
LJ slant Afanzdunsadunm 4 3 7
QAN 37 BIALTATUR NAINNATL 4 T
@) 1% ferric ammonium sulphate LAzl
Hidlwam 30 wift Mntiue e wnlvkaun
WAULDUFTUNUTIBEIULUVDIDINNT
BE9T8  MINFIRLUVIDIMNTLALITDE IR
Taldvnomsainsanif 2-8 ssrmaidos
dodniduwas 4 Taluy uazasramaULOUE
FIULUVBIOTNTANATT mnzmaag'uam'hwa
minasaulduay L%ﬂluﬂ@:&l MTBC &aulwng
Twaiduuan onidi M. bovis TINUTILI
mMsdodasn pyrazinamide I@lﬂﬁii&l’ﬂ’]aa?j
T5p) ehm%asl,uﬂﬁjm NTM Alwnsduay laun
M. kansasii, M. simiae, M. szulgai, M. gastri
waeniaduwwon leun M. marinum, M. avium,
M. intracellulare, M. xenopi, M. malmoense,
M. flavescens a3tuassnansaldnamInasay
pyrazinamidase ﬁ‘i’]LLuﬂL%a Mycobacterium

y19adTd o

9. Iron uptake™
& . A6 = =
118 Mycobacteria U’maﬁ"ﬁammmgmumaﬂ
(iron) 31N ferric ammonium citrate uazilfen

naeLdu iron oxide 'l¢ MInawey iron uptake
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F8ARIDELTD M. fortuitum s UL ToNaIqe
vl’ilfl_lu LJ slant NANRNET ferric ammonium
citrate LJ%L281 3 FUAHA Ngmnyil
28-30 BIANTATUR WALINILLAUTFUUNAT
¥ % a4 at .
Woasatdasuduiinanaty
v A ad a a =1
TafvesiTmmasaunsfuad A swiInzy
A &V e ) A A Aa Al
riavasde latvzausddd ussfioduitnasgunloln
U990 uddinwudgmanuemaiaiauseinaniimasoy
& d' ¢§' s 1 s 6 U
Fadunaunnnisnigaiulialundazaonuiiinisls
2NAITUAINUANG9NY waz Tz wInlumToanna
Wasandasondulalafivesdaiduainason wanantik
813 ATUNIAN I T UEI T UATIU LR TTIATLNS A1

wavdfuanmslulsswenunamiluaslidfsuyinmsmeseu

U
3. nMInagauaN lIfagIvaEa mlIa
#RIINNITUINNITEouwas T uidanlu
v o . ¥ ¥ P
LRURY mﬂauwvl,ngﬂmvlﬂmuamL°Jja FINNINARAU
' & o ) A vad A A '
Ay ldesnvaataimlsa lasnaldfanldisnsunin
“Proportion method” Buandiuige Mycobacterium I
'ﬁrmé’uﬁﬂﬁﬂmm%aslﬁﬁmwﬂuwhﬂ”u McFarland No.1
Pz a g @ & g
FINUSu 1 TeLYinAy 107 CFU/mL a1nHuta8919498
IRTUSNYINNY 10* was 10° CFU/mML ¥invBafniiiaaaid
USuras 100 lulasdas laasluarnis LI medium
NNFNaIHh Streptomycin 2.0 pg/mL, INH 0.2 pg/mL,
INH 1.0 pg/mL, RIF 1.0 pg/mL, Ethambutol 5.0 pg/mL*
W8TEI%II LJ medium Nhinans d1lluuiwiziden
gmannil 37 avmuTalFoa win 4-8 FUAW B1uuaz
TuAnua lagNarsaainiiwinlalafvadibaszning
Aa A ) = &
1IN Taz b u1 winwuItdtwinlelatvasvaly
mmsﬁﬁmwauag J3wunnninnIawinnusasay 1
A A o A A oA . & .
Luamuunummsﬂwmwauag fla31Ta Mycobacteria
< X Aa A & A ' A
HUADFILITRANNAROY LAZNAVDILTAN AL LN
sunTagugemadulaveadalduinnii 99% (w3aide
Wulaldstasnin 1%) 38hdenslaludszinamaanam
Lﬁaamﬂdwmmzﬁﬁmgﬂ weiRTasNaAe dasltIzaziian
winluniseanna® wasdednswesdjuanisndszuy
anNdaaans Lﬁaamﬂﬁaaé’uw”aﬁ'uﬁaﬂ%mngamﬂ
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B5n13n39dnananuulna

mﬂqmauu‘"ﬁmwwxﬂuau%a M. tuberculosis N#a3
aduaa lunseiguazifananiasgiuaiailansn
Tduaann ¥nlwnisasiadnaasimlsnant) aInasa
mﬁ'ﬂmua:msmuqﬂsﬂ ANNINANNFBINITITATID
' Aa < ~ ' A
lnal g Adeanuazain a3 sansaut ldgmidisg 7
Lﬁ@ﬁﬂﬂ?ﬁﬁum‘ﬁayj VT WEN M. tuberculosis 31N NTM
¢ swnsnamaifadslug@ate HIV uazdioanld
F1NIINATIINITADLINTONA R IUATIILADILAZFINITD
asvlunstinidunis@aiTauuy extrapulmonary
tuberculosis ANNIITLANUIIITUU LURINITORYNTZTAIN
% A a né = o N
Tulsaluszazgnananiaimlsaluszozuds Geflanudeny
U 1 0/ I} v 1 %
dunrdasiuuazaivquldlinguinlsaluszozuns

Walw lidwinslsaluss ﬂ:qﬂmuvlﬂm'”

-~ > K A e ada aa a a t&l
'ﬂﬁ]fg“uufﬂd&Jﬂ?iW@N%W’Jﬁﬂ’]‘i@]’i’)fﬂ’)ufﬂOo?.l’)ﬂﬂiﬂﬂlu

v
A

o =) s 1l 01 0’ "
WIwIRINLRIRanMIsLana1Inw bl adsalUd
1. Fluorochrome stain®
WUATATIINANTBILULTINLTINEN acid-fast
bacteria (AFB) lu&iisi9373 laptanaide
Mycobacteria luaavizlasassened Auramine-O
%38 Rhodamine B &3z1411auny mycolic
. o & YA A A o =
acid 289050V AR AR D IRV DULAILD
v o Cadda '
QM UlmnamwQaaLsmmum 5idanulinin
MITaNaIwITNNIIU Z-N stain wdAY
FNUN1ZHALATATIIAIUNRDITITNA 39
o mddﬁl Adtﬂl U ] o ‘a'
mlmmtﬂmwmmgnmmLmumtwumn
¥ e
ulazdl turnaround time &WNINITUNIZIN
at9lsneny geddadinandasendaning
Furypesduidauiiiesainludunie
LAMNIDNIGARABILAITD WONINNWUADI
2y A A A 7] v 6
158 uaziasodlonas ok naeIWaeaLRLTI
A L4
TINITIATLWA LLazmqmﬂﬂnmu%aa@
Mercury vapor &% (Uszanas 200 T2lai) 39
Wanznudesl Juanisianizniinia et
ssanadudnwunnuazasininiugu
ATANWLNENAROLANNYNGDI agndlsnany
FIRIATIINIARAUINAILITHAITT D NS
@28 carbol fuchsin staining methods STh)
=1 = lﬂq/d v v
HUIUNALIN uaﬂmﬂuumiﬂs:qﬂﬁlmﬂam
Light-Emitting Diodes (LEDs) 151019047
ﬂﬁaaw;gaaLiaLmu@TmLmuVl@T a1y
l%9u289 LEDs fi1nni1 50,000 331309 39
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AN NAUNIT Il aN w19 Ing

(peripheral area)®**

2. Automated liquid culture system

XX o 4 X X
Wunawzlig i daai81aIadnizlag e
szuUealuwi® a1dumInTIumaaiydule
yaaanolunaena1nnsiasde s8I0
=S ' dql' ¥ = a
dnmenuhdesveadeld lasuSuuifiay
A & aAa a o
mMssavadbalunaaandoisununase
A A A v °
fildflen (growth control) G9ldTUmIuuzIin
[ b v aa
snasanisauaplanliiduifuiasgiu
fMRTUATIININIARL B first line drug™™ ¥
wae second line drug® SEUULATBILNIZIAE
& o ) A ) o B A
D0 0a IUIGRRANNTNRANGIINY 11 L1ATDI
BACTEC 460 system uwaez BACTEC MGIT
960 system LOudw%
2.1.1a389 BACTEC 460 system
as &
Wuisnsiwnzisaluainisinand
A e an .
WULAIERLAIA (semirautomated culture
system) lasandizmanms Radiometric
_ . X
detection pnwamauluil 1969 lae
Deland 18y Wagner” RI89613299%
a & A A
andalunaaaiwizianinianis
\ReDaTiawia? (Middle brook 7H9
A o o @
broth base) TINENTNNNUANTNIIF
“c luzdvedinia palmitate unz
PANTA antibiotic mixture (P:
polymyxin B, A: amphotericin B, N:
nalidixic acid, T: trimethoprim, A:
A e an
azlocillin) TusUHENTIL TN
a4 v & A A aa
nlsgugsmaaiudulavasuuaiise
A A A ¥ A
siadung NUuidenlufidinia
wnluFIsIaT9dBa mycobacteria
\aazldinda palmitate Twnsiasay
\dulauaziia  decarboxylation Au
“c dase “CO, aanun® aaLaIas
FIUINIAUAZULEAILD WA growth
. . o
index (GI) A1 Gl MLANTH LaAIH
. - & r
aasnsiiulaveageluainisn
S X oo X X
WYY TafvaINIsINNLABILTa
2IMILRAIGBLATEY BACTEC 460
% fa danudwiz (99.9%) wazil
A (85.8%) g9siaiia mycobacteria
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®§1UNINNARAY primary isolation
LLazmaaumsﬁyam (drug susceptibility
test) 9 nFedaas2a'ld (clinical
specimen) l#NanagausIaLsInin
Walsuiunsiwizigase  solid
media (a3nsneanHam el 10 §4
18 5 Tumiinaanmstwiziaes
@18 solid media LW LJ medium 3
Iihan 3 fis 5 §Uans)” uwananit
FUNITINZLAEITIDIRTLRAD
gadudszloosdluniisiiasew
Mycobacteria amw”uijﬁ"fuvl@i’ﬁ
Tuamsan léd Mycobacterium
genavense® TadaufaiInAILN
LaztdUuauas18IINNITHERNT
ANNUANTNTIF imwg\imsmuqu
AN AL AT O AN

T e

2210589 BACTEC MGIT 960 system

WuszuusaludGAnanIngen
BACTEC 460 system lagldwanns
non-radiometric technique 9590379
Vlg\‘lﬁl’m pulmonary Wae extra-pulmo-
nary tuberculosis (8nLiuLAaA) 32
QﬂLW’lngﬂﬂu‘lﬁﬂa(ﬂ Mycobacteria
Growth Indicator Tube (MGIT) GAﬁdﬁ
21%17 Middlebrook 7H9 broth base
WRUNL OADC enrichment (O: oleic acid
ﬁ?ﬁﬁlﬂi:@iﬂ metabolic, A: albumin
fWIVI free fatty acid, D: dextrose
L UUNEIWRI, C: catalase fIATL
YAy peroxides ﬁLﬁ@"ﬁyﬂumWﬁ)
ez PANTA antibiotic mixture Li\a
Fudsn1sUnidonaasitedn 9
I@yﬁmiWQQaLsaLﬁnu@Tﬁvl’J@ia
2anTLak (O, oxygen-quenched
fluorochrome) agiunaaa \flo1ga
ldaandiauiienisiasaidvla
mng}aamammﬂumangﬂfﬂﬁuﬂ
sensors (UV transilluminator lamp)
I(ﬂﬂwa'vxlg]aanmﬁnmi(ﬁvl@ﬁl,ﬂm”uma
ﬁ'uﬂ%mm"uaaaaﬂﬁ’ﬁwuﬁgﬂi"ﬁlﬁa
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miasivle Namim’irgmaw’ﬁ?a
Mmangni’@nm 60 Wil 1ia
ANNSLTRILEID NN AN IR UG
LEAIAINITLRNIININYBILT DT
Fwantlszanms 10° fig 10° CFU/mL
moluraaa Lﬂéaaazdaé'tgrgmeﬁau
Wunauindseuisafaaiunale
amwimﬁao@%u@iizmmﬂuaznﬂ
2l vldeannanesevldass
N117:Uy BACTEC 460 system
gansnldnainasimeln 3-105
a@]ﬂ”tyﬂ’]LLﬁdd’]uLWi’]Zl”ﬁ/i‘zUU
AaNILAaiAILgY uazdidaiiu
ﬁwmzuazmmvl’sgq (AMNTUNE
WNAY 99.6% WAz YAy
81.5%" WaNIINAEITNITANATOL
msdeenldiTwdniu

3. Polymerase chain reaction (PCR) & Gene probe

AnanNIIANII WU INUTINITNVBILT BN
fIRD (nucleic acid amplification (NAA) assays)
lagaanuuy primer A#ANINIZA
§1IWHINITN (DNA W38 RNA) Ba9i%87
ARINITATIINT LT% 16S rDNA Usznauaig
3 IUABUNAN AD DWUIN (denaturation) LD
m”u@laum%qmﬁqﬁgaﬂszmm 9597 BIFNLTRLTEE
Wauwsngy DNA aanainnwbitdulduias
& 4 ) & . -
WUABUN 2 (annealing) Lﬂu"uu@lauﬂiﬁqnmnuu
A
Uszanns 55-65 aseinaldus Tainanzayln
M4 primer lUimeAdunisdimn:  waz
& 4 ) & 49 o -
YWNRIN (extension) Lﬂw’uu@]auﬂhqmﬁgu
Uszanms 70-72 aNeLTaLSUE LWNDRBRNEVDY
DNA dan luduaauiiinildiowlsd DNA
polymerase duszaslulizen Tunsvi
PCR azinyinsaudnaes 3 Tuaawih 1434
A o ed a X ° A
YpINAANUNNLNAY UL T U 1M 2" 1la n
fedmwinsauvasljisen mIaTamey PCR
A a & waa . aa
product NLNAVH 1535 gel electrophoresis 1T
PCR #uiuisndny 3aau57 Trlaauaiysunm
& o | Ad A o o A A
Vaves watduifNdasenduialadle
A o~ @ o A w
Thermocycler F9dT10MUNWI Ja9Lniltin19n
WAWUNARANITATIIR LTI IELIA lasandy

@ & A a as a \ o
PRANNIIW LLANINYRSLBHAVDIIDNINLANANNNY
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HNAIDENILTU
3.1 GeneXpert MTB/RIF assay ***

1ula30900 IuNALTHanN13 Real-time
PCR Wt@ALUn3¥in PCR Wi
mam PCR product FERTTWRBaLIaTUA
o Ada A
LRZRINITDATIVR LA PN UANT NI TLAY
Usmnmasnugnisalas idasifioim
.  aad
lunsvi gel electrophoresis 5hllu
N1IATIIRIRIINUTNTINDBILT D
M. tuberculosis luaratndlalasass lag
U ¥ A {
19 rpoB 1 dndwtnany Faduduiny
ﬁ‘i’]LWﬁﬂumjmawﬁa MTBC W3auNIed
MINAINMIAeden RIF ludagnle
lateanuuy primer WNagTRMINANEWLE
vufu poB ludunie 81-bp (81-bp
rifampin resistance-determining region)
WUTN 95% 289130087 RIF FUWUD
ﬁ'ummﬁ@miﬂmyw”ug‘ﬁ@‘hl,mumﬁﬂ&m“
ANMIANWINUIN IFIFINTIIN A HE
magauanunsaduwuan (smear positive)
wazlansz@alduuIn NMIasay
gananulvinny 98.2% wazluisss
A o % a
@3N bNanIsaNANwnIaLduay
(smear negative) WAlANANIIANZLTE
Wuuin nInagaudainnyhminny
72.5% {AeaNuIImIzyinny 99.2%F
v A £ ng =) =
TaAU0INIIATINILITH fa danulh
IDEL PRtERITQESE ity Juasn
A v 4 o a wea A
flanudasandsdaufuanuiiesan
1 =1 v a wenm =
Wuszuude ndnda {UJianuies
ﬁwﬁqddmaﬁnaumﬁvﬁmﬂgﬂaﬂmwau
NuseN I lwnTHauLENRE INHWII
ilunsaassluaauiNenasaudalay
o A o A aad) o &
AAULATEIDNIUIA IDHIANATIALS?
NINIIINIDUUATNANITABGARYN RIF
@ERsansualanisle 2 $ala)
Aad A & o @ .
Wudsnasaniseninolanyausy we
L e aa &
a9 lsney FFRENITNATIVNINIAD
dopn RIF laNgsrfiai@oqyinng 8n
& o adAd o o A o N
NI I TNGaI0dULAT0I0 0 L UN @

a o v v o a v
“/]ﬁ]’]L‘]j%@]ﬂﬂ@TUﬂ’]i‘]J’]Ex‘liﬂH’] LLG$1°IT

té v o v
WIYILRNIEDI ﬁﬁmqmamaqmm

°e
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MNGENYT2INe

3.2 Line probe assays

Lﬂuﬁnﬂﬁﬁﬁﬁli"ﬁmmmmiw”uqﬂssu
maw’ﬁya M. tuberculosis WREATITNRN
msdasn lapldwannsues PCR was
hybridization 33n13W&n 9 Ao TuAaw
LLiﬂLﬁNﬂ‘%MtLL&ﬁW”%gﬂﬁMaaL%a
M. tuberculosis faunaiia PCR lauld
primer fifaaa Ny biotin (biotinylated
primer) 9N ¥ PCR product ey
NAFAUNLLILTIA3I6E probes §1LWNz
1umsmmmmﬁw”uqmwﬂ%aﬁuﬁ
AAUANNTABIN VBT BTILLINATA hy-
bridization mﬂﬁmsw‘”uqmsmam,%aslu
fusiaTe afinmasuethsswnzas PCR
product Lz probe (hybridization) UL
%ﬁdﬁ]’mﬁum’;ﬁmauﬁ’m?% colorimetric
development FInALDUARLARdwIAS
udanaaudILBeinwaIuIEn alad19
mmaauﬁl"ﬁ%ﬁﬂmsﬁ 1éun INNO-Li-
PA®Kit (Innogenetics, LuaLﬁuu) R
GenoType® assay (Hain Lifescience,
\wo71i%) 7AA372 INNO-LIPA® MYCO-
BACTERIA v2 kit 8181303%3a8uen
18 Mycobacteria Tuszey alldd leasit
M. tuberculosis complex, M. kansasii,
M. xenopi, M. gordonae, M. genavense,
M. simiae, M. marinum and M. ulcerans,
M. celatum, M. avium-M. intracellulare
complex (MAIS), M. avium, M. intracellulare,
M. rofulaceum, M. haemophilum, M. chelonae
complex, M. fortuitum complex LR
M. smegmatis a3 awiulugin 165-23S
ribosomal rRNA spacer region Pa91Ha%
uanmnf‘lﬂhﬁqwmau INNO-LiPA RIf.
TB fig13130@329538958 MTBC uaz
n3dawn RIF Tagas19 W dwesh
MINAURUTUEU rpoB luwsaunu
S3munzdmiuniTaTeifiasuide
AHumsN A B9 BN usy  wadslal
wnzth IWlEinFsdsnsalasass §msy
TAAIIV GenoType® assay 10130
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SeNeiuunoa MTBC LLazL%aiuﬂﬁju NTM
(G TANAFAL GenoType® MTBDRplus
FINU1INATIINT MTBC mugjvl,ﬂﬁ'u
n13Aadasn RIF waz INH ¢ lauasaa
WMINMBWUTUUEY oB MInMuWus
uuilu katG (fenaliiTadadasnluszay
high-level isoniazid resistance) LLa¢
o 6 a . ' qz:g/ :3’
mMInauWTLUEY inhA FINa i TaRaEN
luszal low-level isoniazid resistance)
e o ove & A
gaasiakarn1snldlanuizainiu
NISLWIZLAEILTa NI WIINDIN
Fadsamalasnss S3msRlesumsuusiin
6 L™ [ ad
nasamsswplanliiduifinasgu
fsLaTIIMIAeeNvel first line drug®®
A a 4 v v
Fadudtnliuanas (vnanmeluy 34
77lad) wazaddanuly wazanusiwng
A o a & A
gaanee @WSunondelwmaunznaTiany
& 1-10 bacill/mL) 1529 % JmIswauw
A A A6
gaaTaielTisilummasanainala
daelunga second line drug 17w olu
ﬂig':u fluoroquinolones, aminoglycoside
uaz cyclic peptide 1udu agelsianu
FFRAT@ W UNTANAROUFINITD
o U o > 1 tﬂl v
danlTlanuaagenlvuwauinluniy
VNNZLTBLYIN Y WAZHIRBIANAEAIN

) v a wn
e jianulumudans

3.3 Loop mediated isothermal amplification

(LAMP)
WumadiiandUszansninuazldiaa
Weaniunaiia PCR andumaiinsiwan
vassnInugnIINlanls primer i 6
W AT IWIETL 16S DNA lu 6
dnumhivaadainidse i outer primers
(F3 ez B3), forward inner primer (FIP(F1c
Wae F2)), backward inner primer (BIP(B1
LWae B2c)), Uae loop primers (loop F Lae
loop B)*® saunutauless] Bst DNA
polymerase ﬁﬁmﬁwﬁummﬂ@;mm DNA
uazt@ia dNTPs vlﬁﬁqmgﬁmﬁ'iwﬁd
60-65 BIFLTALTUE NITLINMILAL
Sl 2 Tunaunan Budude inftal La:

cycling step JuAURIAANTUENVD
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818 DNA L‘ﬁalﬁ outer WLRE inner primer
2219N20 DNA 1hwunsagnesiimwie an
ﬁu@muaﬁamwummu DNA 151384
A . A v o a
Uanedain hanging T9ldadnuiaiin
dans loop nNImasdinaziinlasiaineg
v o t§/
ANNYAULLATW (dumbbell-shaped DNA
structures) lassainsauuaflazgnly
WUAULULLNDLANTIWIN AU
ugnldiduirurnuinludunaeu
elongation L8 recycling RV Rt art
@wamﬂvlﬁﬁ'mmmm $#3003797068
mSWQaaLmLSﬁu@T \ 3% SYBR Green
' An A A o
IduasIdMIiAe Lﬂumﬁl,wumswwgﬂm
po9dauuultaunnfide (isothermal)
= A A o [ A
Faduinaianlidesanduiasos
Thermocycler %anaNk H9ATI1IATTT
% { a g U
wuqmwﬁmmu (PCR product) 'l
ad o ‘;A‘Stqu’d o
waedt lwasnieny huazanudiwng
gaﬁo 97% WAT 99% ANEGU LN
A & o
aanaisy molu 1 2alu9) uas
RINIINNAROVAINNRIFIATIAUATI
W RN It liRanImeseu
FOAARBINUAITNAFAUINNNITLNE
g & 39 ' = aaX o o @
WRe9a® agndlsneny FERaIdasand
A A A @ A o A
Lmaaua'ﬂmmimﬂmqmﬁgﬂwm‘n

ANANNINARDL

4. Microscopic observation broth drug suscepti-
bility (MODS)*

anABNITEILNANITLTLAulavadde
M. tuberculosis N&NAa MIAA Micro-colony
WAZN13839 cord and tangle formation f
Fumzvaasia M. tuberculosis (Figure 2) 1
microtitre plates NdawIRWzIREILTzNOUG
Middlebrook 7H9 broth, OADC enrichment
o 4,
Wae PANTA antibiotic mixture TIDIYLWY
anuhuasvildidesusadulalaisina
GL & 41 ad A o a A
B TUDSY ATNT A IRIFIATIANHIW
N13 decontaminate LLﬁ’JmLW%LﬁquMQN
nagay (24-well plate) Midsznausungui
~ & & . a aAa
flowsiduaieadaasiuaznaunlainy
WWoaFenaniagain ldun RIF uaz INH
Jaen ﬁnldqa zip-lock LLazﬂuﬁquQﬁ
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37 ILTRLTR %Wﬂﬁu@ﬂﬂﬂlﬁﬂﬁmﬁ;aﬂiiﬂﬁ
WINAL FILNANIIRI cord WaT tangle
. A a X aad
formation NAGAUWEINITHAEY FDHEINIID
@333 M. tuberculosis ﬁ]’mﬁdddm’smauwﬂu
nanads 9 1 Idanuhegn 92%* 354
lasunisuuetinannasdnisewinelanluls

v A wen I10 =
Twissdfuemamnasguawalng® Jana'l
98% WATAIINIILNIL 99% LNITATITAN
nM3AB8eN RIF 289438 M. tuberculosis Wazil
A3 91% Llaa319nIN13AB8 INH U6
Aw A A % o kg & A A
FToLFufe dadlTa1w 1 TRuI T TRAMAIN
o A a &
ADIUMILANENTONWITURZ AN TIN TN
aasnasavluiasdjuanisndseuudiing
920U 3 (Biosafety level 3: BSL3) Lazidias

o oA wea Aa ° o
mﬂygﬂQummﬂumwmmmlumsmm@
aneoee cord formation 39¥iN1¥35H Liday
Rounadrsltunsnaronnin Wuwnvinaulain
1ud 2015 lafimawauas Mobs Tugduuu
86 luld (Auto-MODS Assay)® lasnsld
2.0-mL screw-cap tubes unumsls 24 well-plate

A A v o L 1 v
LNORAANNLTLI N TRV Do WR U 89Nt

¥y s
nsdutdawdadulunisnagoy wanani
HINUMIINAROUATNINENET PNB a9 lu/ln
MMITALITaINa lTue N M. tuberculosis
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5.Interferon-gamma release Assays (IGRA’s)>
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M. tuberculosis bun early secretory antigenic
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Figure 2. Acid fast stain of cord formation of Mycobacterium tuber-

culosis under microscope (x100).

target-6 (ESAT-6), culture filtrate protein 10
(CFP-10), tuberculosis 7.7 antigen** azdl
mwsens IFNy Tnaslwstr e SmaneUsuas
falda ‘i\ﬁhﬁﬁd%ﬂﬂﬂiﬂﬁﬂamwﬁmﬂﬁ%‘u
L%afmkﬂmﬁaw%agj'sl,mzﬂzum ﬂ%ﬁgﬁuﬁ“q@
ﬁu%gﬂﬁ‘imuwsﬁﬂmau IGRA’s LT%
QuantiFERON®TB Gold Test (Cellestis/
Qiagen, paaLATLAY) WAz T-SPOT®.TB Test
(Oxford Immunotec, 89ng®) 35 QuantiFER-
ON®TB Gold 21ABWaNN1T enzyme-linked
immunosorbent assay naNlfa wheaasy
dmmm:ﬁumwéﬁ IFN-y @28 ESAT-6,
CFP-10 uaz TB7.7 antigen Untfiudinla
@31910U300 M IFN-y 62835 ELISA T89%
@ IFN-y lwnsiaewes international units (IU)
per milliiter (IU/mL) §343% T-SPOT®.TB a"¢it
WaNN3 enzyme-linked immunosorbentlspot
(ELISPOT) assay ﬁﬂLﬁamaapjﬂ@mumﬂaLwﬂ
peripheral blood mononuclear cells (PBMCs)
LLa:LWW:Lgﬂduu Tissue culture plate ‘ﬁl
@aqag anti- IFN-y ﬁnnﬁguﬂiz@fu PBMCs
@28 ESAT-6 Liaz CFP-10 antigen Lazf3127@
IFN-y laosiu spot-forming cells ffindw
srunaidusinanveadaifonviaf
%5& IFN-y (IFN-y-producing T cells) @214

Vol. 50 No. 1 January 2017 13



14

FUW1zwe93T IGRA's @iami’imiwzﬁﬁjﬁﬁ@
o mlsaszuzudsdanunnnin 95% ey
18435 T-SPOT®.TB fAurinny 90% uas
28435 QuantiFERON®TB Gold Heiyinny
80% Lwimﬂmmauﬁ‘aamdtﬁamﬂugﬂm
Foudta HIV uaidin wuh anulrasmenasey
089" Ta@28935 IGRA's fla ®1u1D6A
daywiwavandasnainnislasuiadu
BCG %%amsﬁm%alumju NTM 16 s
saa5amelu 2448 Talus udlisnansald

' @

LLammmLmﬂ@mszﬁha;ﬂ“ﬁﬁmsﬁm‘%mmu
anany nisaglusznzudsld laanizlu
A & g o @ |
Uszinanwunsszinaveddogs dainwurihe
JeozudFIwIneIn anng lianaisalslunig
faaunan13Insn e A5muitndasondy
4’ A 6 YU Aa e
\nvaslanazgunaalianzauws Jufifnu
davdadnutiuiy dnldiduniinesay
A aa o wda A A ' A
meumgawumwmamqamzmm‘[iﬂ o
aludszinandgdannivasindsadings
11UNAN9 LU LNaATIIAANTBIAULIT L B 9%

6. Urinary lipoarabinomannan (LAM)*
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7. Flow cytometry assay
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Figure 3. Principle of immunomagnetic combined with PCR with confronting two pair primers (IMS-PCR-CTPP). Anti-Mycobacteria antibody
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identification of M. tuberculosis complex and M. bovis using PCR-CTPP.

coated magnetic beads were used to increase binding of Mycobacterium spp. presenting in clinical sample prior to detection and
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Red blood cell (RBC) transfusion is a medical therapy in patients with severe thalassemia and he-
moglobinopathy. However, it also affects the hemoglobin (Hb) analysis. We report here the presentation of HbA
peak on capillary electrophoresis (CE) electrophoregrams of ’-thalassemia/HbE and homozygous HbE patients
who received RBC transfusions. The misinterpretations of B*-thalassemia/HbE and heterozygous HbE, respectively,
were occurred. Therefore, to avoid misdiagnosis, hemoglobin analysis should be determined prior to or after 3 months
of blood transfusion. When hemoglobin typing is needed within the 3 month period mentioned, history of transfusion is
required to accompany the diagnosis. Moreover, molecular analysis for identification of thalassemia genotype should
be performed.
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Case Report

Case 1

A 23-year-old Thai female was found fatigue and
dizziness by the physician at a private hospital in
Chiang Mai, Thailand. On physical examination, she had
hepatosplenomegaly and anemia. Her RBC counts,
hemoglobin (Hb), hematocrit (Hct), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH) and red blood
cell distribution width (RDW), measured by automated blood
cell counter (Sysmex KX-21, Sysmex Corporation, Kobe,
Japan) at the hospital, were 3.9x10" cells/L, 77 g/L,
25%, 62 fL, 19.4 pg, 29.1%, respectively. Two units of
RBCs were given at the day of initial admission. Four
days after transfusion, her blood sample was collected
and sent for thalassemia investigation at the Associated Medical
Sciences (AMS) Clinical Service Center, Chiang Mai University,
Chiang Mai, Thailand. In the thalassemia laboratory,
hemoglobin typing, which included HbA, (for B-thalassemia
detection) and hemoglobinopathies, was analyzed by the
capillary electrophoresis (CE, Capillarys™ 2 Flex Piercing,
Sebia, Norcross, Georgia, USA). At the same time, molecular

analysis for 0-thalassemia-1 is carried out. Genomic DNA
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was extracted from whole blood sample using the
NucleoSpin® kit (Macherey-Nagel, KG., Duren, Germany)
according to manufacturer’s instructions. Real-time PCR
with SYBR Green1 and high resolution melting (HRM)
analysis for detection of the o-thalassemia-1 South-East
Asian (SEA) and Thai type deletion was performed.>® The
results showed that her HbA, HbF, HbE and HbA, were
38.4, 18.0, 39.5 and 4.1%, respectively (Figure 1). DNA
analysis was negative for O-thalassemia-1 SEA and
Thai type deletions. She was, therefore, diagnosed as
Bt-thalassemia/HbE. Since she received the red blood
cell transfusions, the PB°-thalassemia/HbE was doubted.
Thus, the B’-thalassemia codons 71/72(+A) and 41/42(-TCTT)
mutations, IVSI-nt1 (G>T) and codon 17(A>T) mutations
which are commonly found in Thai population were
analyzed by multiplex amplification refractory mutation
system (MARMS)-PCR as previously described protocol.”
The 439 bp amplified fragment of B°-thalassemia codons
41/42 mutation was observed (Figure 2). Therefore, she
was finally diagnosed as [‘-thalassemia/HbE disease.
The peak of HbA on CE electrophoregram was due to

RBC transfusions.

:
. HBE]

\ 20 40 80 80 100 @ 120

Figure 1. CE electrophoregram of patient 1.
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Case 2

EDTA blood sample of 39-year-old Thai male was
sent from the private hospital in Lamphun, Thailand, to
the AMS Clinical Service Center, Chiang Mai University,
Chiang Mai, Thailand for thalassemia diagnosis. His RBC
counts, Hb, Hct, MCV, MCH and RDW, measured by
automated blood cell counter (Sysmex KX-21, Sysmex
Corporation, Kobe, Japan) at the hospital, were 4.2x10"
cells/L, 105 g/L, 32%, 77 fL, 25.0 pg and 15.9%, respectively.
In the laboratory, hemoglobin analysis was performed
by CE and found that HbA, HbE and HbA, levels were
49.2, 47.1 and 3.7%, respectively (Figure 3). DNA analysis
for o-thalassemia-1 SEA and Thai type deletion, which
is routinely performed at the same time the hemoglobin
analysis was carried out, showed negative result. His
HbE/A, (50.8%) was higher than HbA (49.2%) and it was
not in the ranges which normally found in HbE trait
(25-30%).° His blood transfusion history was verified and
found that 5 days prior to drawing a blood for thalassemia

diagnosis, he was admitted to the emergency room

603 bp

281 bp

because of car accident that caused a severe blood loss.
He received 2 units of RBCs. Therefore, he was finally
diagnosed as homozygous HbE. The presentation of
a peak of HbA on CE electrophoregram was resulted
from RBC transfusions. The amplification refractory
mutation system (ARMS)-PCR for characterization of HbE
genotype was also performed according to the previously
described protocol.” PCR product from HbE mutant
allele with a size of 267 bp but not from wild type allele
was observed (data not shown). Moreover, the MARMS-PCR
for detection of f’-thalassemia codons 71/72(+A) and
41/42(-TCTT) mutations, IVSI-nt1 (G>T) and codon 17(A>T)
mutations and the real-time PCR with SYBR Green1
and HRM analysis for detection of B°-thalassemia 3.4 kb
deletion were also performed, according to protocols

" The amplified fragments from

described previously.
these B°-thalassemia mutations were not found (data not

shown). Thus, these results insisted that the patient had

homozygous HbE.

Figure 2. Multiplex amplification refractory mutation system (MARMS)-PCR for identifying of f’-thalassemia mutations. The amplified fragments

were separated by 2.0% agarose gel electrophoresis and visualized under UV-light after ethidium bromide staining. M represents (X174

size marker DNAs. The 314 bp internal control fragment, 535, 439, 281 and 239 bp amplified fragments from f’-thalassemia codons 71/72

and 41/42 mutations, IVSI-nt1 and codon 17 mutations, respectively are indicated. Lanes 1-4 show analysis results of control DNA of

[’-thalassemia codons 71/72 and 41/42 mutations, IVSI-nt1 and codon 17 mutations, respectively. Lane 5 shows analysis result of patient 1.
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Figure 3. CE electrophoregram of patient 2.

RBC transfusion is the key therapy in patients with
severe thalassemia and hemoglobinopathy. However, it can
also affect the hemoglobin analysis. This report demonstrates
an effect of HbA from non-thalassemia blood donors on
the hemoglobin analysis of patients with ’-thalassemia/HbE
disease and homozygous HbE. In [°-thalassemia/HbE
disease and homozygous HbE, B*-globin chains are not
synthesized and the disease is characterized by the HbE
and HbF production with undetectable HbA. HbE level
varies from 30% to 70% of total hemoglobins in
[’-thalassemia/HbE disease and >80% in homozygous HbE
with the remaining HbF. Whereas, in p*-thalassemia/HbE,
the variable amounts of HbA could be detected besides HbE
and HbF.? Due to the presentation of HbA, B*-thalassemia/HbE
and HbE trait might be considered in patient 1 and 2,
respectively. The previous study reported the CE has a
high efficiency to prevent misinterpretation of hemoglobin
analysis in patients who received HbE trait blood transfusion."

However, in patients receiving normal RBC transfusions,

Journal of Associated Medical Sciences

this method cannot differentiate f*-thalassemia/HbE
from PB°-thalassemia/HbE disease or HbE trait from
homozygous HbE. To avoid misdiagnosis and unnecessary
genetic counseling, hemoglobin analysis should be
performed prior to or 3 months after blood transfusion.
However, when hemoglobin typing is needed within 3 months
of mentioned period, correct interpretation of hemoglobin
analysis results requires the information on the patient’s
age and history of transfusion. Thus, this information
should be stated in the requisition form. Moreover,
molecular analyses for characterization of thalassemia

genotype should be also performed in these cases.
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Introduction: Kaffir lime (Citrus hystrix DC.) is a medicinal plant found in Southeast Asia, both fruit and leaf have

been used in Thai traditional medicine and food recipes.

Objectives: Previous report demonstrated that partially purified fraction F9 of kaffir lime has anti-leukemic activity. This
study aimed to investigate the anti-proliferative effects of low doses of F9 in Molt4 (human acute lymphoblastic
leukemia) cell line. Effects on cell cycle progression as well as cell cycle regulatory proteins at the related phases

after treatment were also studied.

Materials and methods: Cytotoxic effect of F9 was studied by MTT assay, and its effect on cell cycle progression
in Molt4 cells was further examined by flow cytometry. The effect on regulatory proteins was determined by Western

blot analysis.

Results: The F9 showed cytotoxic activity with an IC,, value of 24.5 ug/mL and low dose at the concentration of
IC,, (2.5 pg/mL) of F9 induced cell death (sub-G1) as analyzed by flow cytometry. The F9 also increased p53 level
while decreased cyclin A, cyclin B, and cdc2 (regulatory proteins in S and G2/M phases) protein expressions in a

time- and dose-dependent manner.

Conclusion: The F9 from kaffir lime leaf at low doses induced cell death. Moreover, it also inhibited cell cycle

regulatory proteins. This new knowledge will be further investigated to determine active compounds in the future.
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Introduction

Leukemia is the 11" most common cancer worldwide,
with around 352,000 new cases in 2012 (2% of the
total)."* It is a hematologic cancer that originates in bone
marrow and results in high numbers of abnormal white
blood cells. Leukemic cells can build up and crowd out
normal blood cells. Low number of normal blood cells can
make it harder for body to get oxygen to the tissues, control
bleeding, and fight infections. Additionally, leukemia cells
can spread to other organs such as lymph nodes, spleen,
brain, etc.

Cell cycle or cell-division cycle is the series of
events takes place in cells, leading to its duplication
(replication) and division. Cell-division cycle is a vital process

by which a single-cell fertilized egg develops into a mature
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organism. This cycle is also the process by which hair,
skin, blood cells, and some internal organs are renewed.
In eukaryotic cells, cell cycle can be divided into four major
phases: G1 is the first gap phase in which the cell
prepares for DNA replication; S phase is the period of
DNA synthesis during which a second copy of the entire
genome is generated; G2 is a second gap phase in which
cell prepares for division; and M phase or mitosis is the
period during which two copies of DNA segregate and
cell divides into two genetically identical daughter cells.®
Kaffir lime is in the Citrus genus. The scientific
name is Citrus hystrix DC and is in the Rutaceae family.*
Leaves are dark green on top but light green on the
underside, appearing as though two leaves are connected

to be another leaf. Skin of the leaves is smooth, varicose,
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and thick (Figure 1) with fragrant oily glands seen around
the leaf. Kaffir lime is commonly used in the Southeast
Asian cuisine, especially in Thailand, and it has great
potential in research and commercialization.” Main chemical
constituents in kaffir lime peel are B-pinene (30.6%),
limonene (29.2 %), and sabinene (22.6%). Main compound in
kaffir lime leaves is citronellal (65.4%).° Kaffir lime’s peel
and leaf are sources of phenolic compounds’ and
antioxidative substances.® Present study was focused on
the biological effects of active partially purified fraction No. 9
(F9) from hexane extract of kaffir lime leaf on cell cycle
arrest in Molt4 cells. The hexane extract was partially
purified by reverse phase vacuum column chromatography,
yielding a total of 13 fractions (F1-13). Their cytotoxic
activity and inhibitory effect on WT1 protein expression
were first examined by Tamakaew.’ Results showed that
F9 demonstrated the strongest cytotoxicity and WT1 protein
expression inhibition compared to other partially purified
fractions in K562 cells. In addition, Cytotoxic effects of all
fractional extracts from kaffir lime leaf (ethanol, n-hexane,
ethyl acetate, and n-butanol fraction) on leukemic cells
have been reported in previous studies.” In order to in-
vestigate the most effective fraction of kaffir lime leaf on
cell cycle progression, the F9 was studied in Molt4 cells as

a leukemic cell line model.

Figure 1. Kaffir lime (Citrus hystrix DC) botanical appearance. Kaffir
lime is a small hard wood with thorns on branches, dark
green leaf on top but light green underside, smooth skin,

varicose, thick. It looks like two leaves joined to be one leaf.
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Materials and methods

Cell culture and condition

Molt4 cells, a lymphoblastic leukemia (American
Type Culture Collection, Rockville, USA), were cultured in
RPMI-1640 (GIBCO-BRL) culture medium pH 7.2-7.4 with
100 units/mL penicillin concentration, 100 pug/mL streptomycin,
1 mM L-glutamine, and 10% fetal bovine serum (FBS) in
5% CO, incubator, 37 °C, and 80% relative humidity.

Partially purified kaffir lime leaf fractional extracts
preparation

Previous study of Chueahongthong et al. found that
hexane fraction of kaffir lime leaf extracts had the strongest
cytotoxic effect against K562, Molt4, U937, and HL60
cells.* In the present study, the hexane crude extract (8.0 g)
was further purified by reverse phase vacuum column
chromatography (VCC). A mobile phase was non-polar
and a stationary phase was polar silica gel were utilized
for the purification. Gradient elusions with different compositions
of mobile phases (n-hexene, dichloromethane, and methanol)
as a gradient of increasing polarity were used. A total of
13 partially pure fractions were collected and evaporated.
In this study, Molt4 cells were selected as a model cell line
because they are sensitive to low doses of purified fraction

of kaffir lime leaf extract.

MTT assay

Molt4 cells (1.0x10* cells/well) were seeded into a
96-well plate, and incubated for overnight at 37 °C and 5%
of CO,. Then, cells were treated with various concentrations of
F9 (3.125, 6.25, 12.5, 25, 50, and 100 pg/mL) for another
48 hr. DMSO in complete medium was used as a vehicle
control (VC). After completion, 15 pL of 0.2 mg/mL MTT dye
solution was added into each well and incubated for 4 hr.
The formazan crystals was dissolved in 200 yL of DMSO,
and absorbance values of the solutions were measured at
578 nm on a microplate reader (Metertech, Taipei, Taiwan),
using the wavelength of 630 nm as a reference. Percentage
of cell viability was calculated by following equation.

% cells viability = (OD average of tested well x100)

/OD average of vehicle control

Results from three experiments were drawn to

the average relation graphs between concentrations and
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percent cell viability. The inhibitory concentration at 20%
growth (IC,,) value was also calculated and used for cells
cycle arrest study and effects on cell cycle regulatory

proteins in Molt4 cells.

Flow cytometry analysis

F9 was analyzed for its effect on cell cycle progression
by flow cytometry. After F9 treatments at 3 concentrations
at IC,, values for 12, 24, 36, and 48 h at 37 °C with 5% of
CO,, cells were collected and centrifuged at 1,500xg for
5 min. Cells were washed 3 times with 10 mL ice-cold PBS.
During the last centrifugation, cell pellet was re-suspended
in 300 pL of PBS and fixed with 700 pL ice-cold absolute
ethanol for 30 min. The cells were then centrifuged
at 1,500xg for 5 min, and supernatant was discarded.
Finally, PI solution (300-500 uL) was added and cell cycle
distribution was analyzed by flow cytometry (Cytomics
FC 500, Beckman Coulter). Data was analyzed based on

FlowJo V10 program.

Protein extraction and Western blotting

After treatment, leukemic cells were harvested and
viability was determined using 0.4% trypan blue dye solution.
Thereafter, total protein from treated cells was extracted
using RIPA buffer (25 mM Tris-HCI, pH 7.6, 150 mM NaCl,
1% NP-40, 1% sodium deoxycholate, and 0.1% SDS). Protein
concentration was measured by Folin-Lowry method."
Protein was separated in 12% SDS-PAGE and transferred
to PVDF membranes. Membranes were blocked with 5%
skimmed milk and probed by anti-polyclonal anti-p53 1gG
(Santa Cruz Biotechnology, CA, USA), mouse polyclonal
anti-cyclin A IgG (BD Transduction Laboratories™, USA),
mouse polyclonal anti-cyclin B 1gG (BD Transduction
Laboratories™, USA), mouse polyclonal anti-cdc2 (Abcam®,
MA, USA), mouse monoclonal anti-cyclin E IgG (EMD Millipore
Corporation, MA, USA), and rabbit polyclonal anti-human
GAPDH 1gG (Santa Cruz, CA, USA) at dilution 1:1,000,
1:400, 1:500, 1:1,000, 1:1,000, and 1:1,000, respectively,
The reaction was followed by HRP-conjugated goat
anti-rabbit 1gG (Invitrogen™, CA, USA) at 1:10,000 dilution
and HRP-conjugated anti-mouse IgG (Promega, WI, USA)
at 1:10,000 dilution. Signal was visualized by enhanced
chemiluminescence detection kit (Thermo Scientific, Miami, USA)
and quantified by a scan densitometer (BIO-RAD, USA).
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Statistical analysis

The data was expressed as meantstandard
deviation (SD) from triplicate samples of three independent
experiments. Different values between the means of each
experiment were analyzed by One-way ANOVA analysis.
The differences were considered significant when the

probability value obtained was less than 0.05 (p<0.05).

Cytotoxicity of F9 from kaffir lime leaf in Molt4 cells
After leukemic cells were treated with different
concentrations of F9 (3.1 to 100 pg/mL) for 48 hr, cytotoxic
effects on Molt4 cells was investigated by MTT assay.
Cytotoxicity of F9 was determined by an inhibitory
concentration at 50% of growth (IC,,). The results showed
that F9 had cytotoxic effects on Molt4 cells with the IC,,
value of 24.4+3.0 pg/mL (Figure 2). Non-cytotoxic concentration

(IC,,) value was used for cell cycle studies.

Cell viability (%)
5 2 2 8

N
o
1

0 T T T T T 1

] 3.1 62 125 25 50 100
Concentration of F9 (ug/mL)

Figure 2. Cytotoxic effect of F9 on Molt4 cells. Molt4 cells were seeded
at a density of 1.0x10° cells/mL and treated with various
concentrations of F9 for 48 hr. Each point represents the
mean value+SD of three independent experiments

performed in triplicate.
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Effect of different time point of F9 treatment on cell
cycle progression in Molt4 cells

In this experiment, Molt4 cells were cultured in medium
containing F9 at the concentration of 2.5 pug/mL (IC,, value)
and DMSO (vehicle control) for 12, 24, 36, and 48 hr and
analyzed by flow cytometry after staining with PI. Flow

cytometric data are shown in Figure 3. The cells of vehicle
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control progressed with normal distribution. After F9 treatments,
there were no significant differences of cell cycle arrest
between treatments and vehicle control. In addition, the
result showed a significant increase in accumulation of
cells in sub-G1 population, indicating appearance of
dead cells at 12, 24, 36, and 48 hr as shown in Figure 3A,

3B, 3C, and 3D, respectively.
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Figure 3. Effect of incubation time period of F9 on cell cycle progression in Molt4 cells. Cells were treated with F9 at the concentration of 2.5 ug/mL

for (A) 12 hr, (B) 24 hr, (C) 36 hr, and (D) 48 hr. Percentage of cells in each cell cycle phases (sub-G1, GO/G1, S, and G2/M) was analyzed

by FlowJo V10 program. Data are the mean valuesSD of three independent experiments. Asterisks (*) denotes significantly different

from vehicle control (p<0.05).
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Effect of concentrations of F9 treatment on cell cycle
progression in Molt4 cells
Molt4 cells were treated with various non-cytotoxic

doses of F9 at concentrations of 1, 2.5, and 5 pg/mL for

cell population in sub-G1 peak for 13.1, 20.5, and 44.2%
in response to that concentration of 1, 2.5, and 5 pg/mL,
respectively. The result indicated appearance of dead

cells in a dose dependent manner as compared to those

24 hr. After F9 treatments, the results showed no cell cycle of vehicle control (5.0%) at 24 hr. The flow cytometric data

arrest but rather demonstrated a significant increase of are shown in Figure 4A and 4B.
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Figure 4. Effect of various concentrations of F9 on cell cycle progression in Molt4 cells. (A) Molt4 cells were treated with F9 at the concentrations of
1, 2.5, and 5 ug/mL for 24 hr. (B) Percentage of cells in sub-G1, GO/G1, S, and G2/M phases at 24 hr of treatment was analyzed. Data are

the mean values+SD of three independent. Asterisk (*) denotes a significant difference from vehicle control group (p<0.05).
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Effect of incubation time of F9 treatment on expression
level of cell cycle regulatory proteins in Molt4 cells

In this experiment, Molt4 cells were treated with 2.5
pg/mL (IC,, value) of F9 and 0.08% DMSO for 12, 24, 36,
and 48 hr. Protein level was determined by Western blotting,
yielding p53 protein levels of 114.3+12.0, 129.7+11.6,
137.719.3, and 153.0£12.5% in response to 12, 24, 36,
and 48 hr, respectively. Cyclin A protein levels were

122.6+7.8, 108.0+2.5, 75.6+9.4, and 80.3+3.2%, respectively.

A B

Vehicle control F9

Cyclin B protein levels were 74.2+12.1, 59.6+2.8, 34.7+10.2,
and 24.8412.1%, respectively. Cyclin E protein levels
were 93.8+5.1, 95.2+8.4, 90.415.2, and 81.1+4.2%,
respectively. The cdc2 protein levels were 103.6£13.1,
94.848.6, 56.346.1, and 52.3+10.1%, respectively. All
data are shown in Figure 5A and 5B. Taken together, it
was shown that F9 induced p53 levels and decreased
cyclin A, cyclin B, and cdc2 protein expressions in Molt4

cells.
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Figure 5. Effect of incubation time periods of F9 on Molt4 cells. Levels of p53, cyclin A, cyclin B, cyclin E, and cdc2 after 2.5 ug/mL of F9 treatments

for 12, 24, 36, and 48 hr were assessed by (A) Western blotting; GAPDH was used as a loading control. (B) Protein levels were analyzed

with a scan densitometer and normalized using GAPDH protein. Data are mean values+SD of three independent experiments. Asterisk

(*) denotes a significant difference from vehicle control group (p<0.05).

Effect of F9 concentration on expression level of cell
cycle regulatory proteins in Molt4 cells

Effect of concentration of F9 on the expression level
of cell cycle regulatory proteins was further investigated to
confirm the results. Various non-cytotoxic doses of F9 at
1.0, 2.5, and 5.0 yg/mL were examined for their effect on
cell cycle regulatory protein expression. Protein levels were
determined by Western blotting. After 48 hr of treatment,
p53 protein levels were increased by 6.3+4.4, 25.6+3.8,

Journal of Associated Medical Sciences

and 34.7+7.5% in the response to 1.0, 2.5, and 5.0 ug/mL,
respectively. Cyclin A protein levels were decreased by
4.016.9, 18.7+5.6, and 28.3+6.1%. Cyclin B protein levels
were decreased by 8.415.3, 22.7+1.2, and 30.614.8%. In
addition, cyclin E protein levels were 2.7+3.1, 13.4+4 .4,
and 16.0+2.6% and the cdc2 protein levels were 13.7+4.2,
24.745.7 and 23.31£2.6% in the response to 1.0, 2.5, and
5.0 pg/mL, respectively. All data are shown in Figure 6A
and 6B.
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Figure 6. Effect of concentration of F9 on cell cycle protein control in Molt4 cells. Levels of p53, cyclin A, cyclin A, cyclin E, and cdc2 after F9

treatments (1, 2.5, and 5 ug/mL) for 48 hr were assessed by (A) Western blotting; GAPDH was used as a loading control. (B) Protein

levels were analyzed by a scan densitometer and normalized using GAPDH protein. Data are the mean values+SD of three independent

experiments. Asterisk (*) denotes a significant difference from vehicle control group (p<0.05).

The essential oil from kaffir lime peels and leaves
is the main source of chemical components such as
B-pinene, limonene, sabinene, and citronellal.>"" Previous
studies showed that kaffir lime leaf and fruit extracts had
antioxidant,’® free radical scavenging,'? antimicrobial,"
and anti-inflammatory activities.'? Kaffir lime essential oil
has previously been shown to have an anti-proliferative
activity on human mouth epidermal carcinoma (KB) and
murine leukemia (P388) cell lines." Furthermore, purified
fractional extracts from hexane of kaffir lime leaf showed
cytotoxic effects against HL60, K562, Molt4, and U937
cell lines.’ Kaffir lime leaf extract also showed its ability to
induce cell cycle arrest at G2/M phase and inhibit cell
cycle checkpoint proteins such as cyclin B1, cdc2, cdc25c,
and p21WAF1/CIP1." To study the cytotoxic effects of F9
on Molt4 cells, cells were treated and assessed by MTT
assay. The IC,, value (non-cytotoxic dose) was used for
studying cell cycle arrest and proteins that control cell cycle

progression. Chueahongthong et al. previously reported
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that ethyl acetate and hexane fractions of kaffir lime leaf
extracts demonstrated the strongest cytotoxic effect on
K562, Molt4, U937, and HL60 cells.* Tamakaew previously
showed that F9 had inhibitory effect on WT1 protein
expression by 37.8%.° The most effective F9 with IC,,
value was further studied for its effects on cell cycle
progression and cell cycle regulatory proteins by Flow
cytometry and Western blotting, respectively. Cell cycle
control is an important process in cell proliferation and
growth. The regulatory proteins that control cell cycle
are divided into 2 groups which are cyclin and
cyclin-dependent kinase (Cdks).16 Some natural compounds
have been reported for their effect on cancer cell inhibition,
apoptosis, and/or cell cycle arrest.® F9 showed only a
sub-G1 peak and did not show cell cycle arrest. Results
showed the new finding that low doses of F9 could induce
cell death in Molt4 cells in a short time period.

To determine effects of F9 on regulatory proteins
of cell cycle in Molt4 cells, non-cytotoxic doses at IC,,

values were used. The result showed that F9 decreased
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cyclin A, cyclin B, cyclin E, and cdc2 protein expression at
48 hr of treatment. Moreover, F9 up-regulated p53 levels in
Molt4 cells at 48 hr. Tumor suppressor p53 is a regulatory
protein in cell cycle and increases after DNA damage.
This result indicated that low doses of F9 could induce
Molt4 cell cycle arrest in short time period. The activity of
F9 is in dose-dependent manner. Cell cycle control plays
an important role in the regulatory mechanisms that ensure
proper execution of cell cycle events. This study revealed
that F9 decreased the expression of G2/M phase regu-
latory proteins, cyclin B and cdc2. The other regulatory
proteins involved in G2/M phase are p53 and cyclin A
proteins. The G2/M checkpoint blocks entry into mitosis
when DNA is damaged.™ Increasing of p53 protein level was
detected after F9 treatment.

Protein p53 plays an important role in preventing
cancer development, by arresting or killing potential tumor
cells. Mutations within p53 gene, leading to the loss of
p53 activity, are found in about half of all human cancers.
Moreover, p53 can regulate G1 arrest and also contributes
to G2/M phase arrest in the cell cycle via induction
of p21 protein. The p21 protein is an inhibitor of
cyclin/cyclin-dependent kinase complexes and interacts
with other regulators of signal transduction."” In G2/M
arrest, p53 acts by inhibiting cdc2 or by inhibiting binding
of cdc2 with cyclin B." Previous study showed that natural
compounds had inhibitory effects on cancer cell proliferation
by blocking of cell proliferation at the G2/M checkpoint of
cell cycle progression. Park et al. investigated curcumin from
turmeric, a strong anti-cancer agent, and it was shown to
inhibit cell proliferation by decreasing cdc2 kinase activity
with a concomitant increase in p53 and p21 and arresting
cells at the G2/M phase."

Conclusion

F9 from kaffir lime leaf extract showed a potent
cytotoxic effect on Molt4 cells in a dose-dependent manner.
The non-cytotoxic dose (IC,,value) of F9 decreased total
cell number in a dose- and time-dependent manner and
induced p53 expression. This phenomenon indicates that
cell cycle progression was inhibited at the G2/M phase.

Moreover, F9 also inhibited cyclin A, cyclin B, and cdc2

Journal of Associated Medical Sciences

protein expression (regulatory proteins in S and G2/M
phases). This study has provided the new knowledge
concerning the anti-cancer effect of low doses of kaffir
lime leaf extracts could induce cell death in a short time

period.
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Introduction: Low academic achievement resulting from low ability in information processing is not the only major
problem found in children with learning disabilities (LD). Many studies indicated that social competencies of these

children are also important.

Objectives: To investigate the relationship between information processing strategies and social competence in

Thai children with LD.

Instruments: Perceive, recall, plan, and perform system of task analysis (PRPP system): Thai version, and Social

competence scale (SCS): Thai version were used in this study.

Methods: Thirty children with LD aged between 6-12 years (n=30) and their teachers (n=21) were recruited by a
purposive sampling method. All teachers completed a full assessment of SCS. PRPP System was administered to
children while they performed the academic tasks. Pearson product-moment correlation was used to test the

relationship between two assessment tools.

Results: Relationship between information processing strategies and social competence occurred in all quadrants

of PRPP System with high correlation occurring in the academic behavior skills subtest of SCS.

Conclusion: Information processing strategies have a high correlation with social competence in academic behavior

skills subtest in Thai children with LD.

Journal of Associated Medical Sciences 2017; 50(1): 38-53. Doi: 10.14456/jams.2017.4

Keywords: Children with learning disabilities, information processing strategies, social competence, perceive recall

plan and perform system: Thai version, social competence scale: Thai version

Introduction

Currently, learning disabilities (LD) is seen as one
of the most significant factors that limit ability to learn
in school. These problems are based on ineffective
information processing used in learning that takes place in the
four stages of input, integration, storage, and output.’ It
can lead to difficulties in academic activities.” Low academic
achievement is not the only major problem found in children
with learning disabilities. Many researches indicated that
social competences of these children can be affected as
well.*® Punyo stated in her study that children who were
identified with LD generally had difficulties in social-emotional
development.® The problem was a consequence of
continuously unaccomplished learning activities. As a result,
they tended to lack self-esteem, had high anxiety, and
displayed a variety of adverse emotional reactions. Because of

these tendencies, they could easily lose their temper and
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become depressed. Thus, many psychologists noticed
that these disabled children had a greater possibility to be
affected by lacking of development in social skills than
by their unaccomplished academic learning skills. The
studies of Haager and Vaughn* and Wight and Chapparo’
found that those who were closed to children with LD such
as their parents, teachers, and peers believed that these
disabled children had relatively lower social competences
than their age-level peers. Furthermore, a study done by
Kavale and Fomess® and Wong® also claimed that children with
LD tended to participate less in social activities compared
to other children of the same age. Chapparo® stated in
her study that these disabled children tended to be
frequently rejected and ignored by peers. As a result, they
have less opportunity to participate in activities with their
friends. In summary, children with LD are frequently found

to display low levels of social competency and low academic
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achievement. Therefore, information processing strategies
and social competences are seen as significant problems
in children with LD. Many researchers have conducted
studies on the relationship between information processing
abilities and social competence in psychiatric patients. It
was found that cognitive ability could significantly predict
social competence.'”"® Similar studies have been
conducted on children with attention deficit hyperactivity
disorder (ADHD) and typical children.*"® Nevertheless,
there has been very few studies conducted on a direct
relationship between information processing strategies
and social competence on children with LD.

Perceive, recall, plan, and perform (PRPP) system of
task analysis was used for assessing information processing
strategies application in this study. This assessment is
one of occupation-focused assessments that measures
both task performance skills and cognitive information
processing strategies over time in a specific context.”
Many researchers have conducted studies on the PRPP
system of task analysis that has been used to assess
cognitive deficits in typical children,’®? children with LD, *"**
and children with autism.”® Lowe focused on cognitive
strategies that may be critical to successful participation in
school.®® The occupational performance of students with
learning difficulties enrolled in mainstream primary
(elementary) schools in Australia was determined by
PRPP @SCHOOL-1 (TQ & PQ). Additionally, Wight and
Chapparo focused on studying the relationship between
information processing and social competence abilities
during task performance at school.”’ Convenient samples of
22 male children with LD, aged between 5 and 11 years
were selected. The instruments used in this study
included Teacher Skill-streaming Checklist’” and
PRPP system of task analysis teacher questionnaire.?
The findings reported a significant relationship between
information processing abilities of children with LD
and their proficiency in all areas of social performance.
Although Wight and Chapparo’s study found a relationship
between information processing abilities and social
performance,” there were differences in inclusion criteria of
the samples. They considered the social difficulties of

these children as indicated by their respective classroom
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teachers, whereas the present study considered only
the learning disabilities condition. Moreover, Wight and
Chapparo’s study used teacher skillstreaming checklist
for assessing social performance, whereas we used social
competence scale (SCS): Thai version, which contains
different assessment criteria. Therefore, the researcher
was interested in investigating the relationship between
information processing strategies application and social
competence in Thai children with LD by using PRPP system

of task analysis: Thai version, and SCS: Thai version.

Materials and methods

Research methodology

A correlational study was used to examine relationship
between information processing strategies application and
social competence in Thai children with LD by using the
PRPP system of task analysis: Thai version and SCS:

Thai version.

Participants
Children

Total of 30 children diagnosed with LD were
participated in this study. The inclusion criteria were as
follows:

1) Children could communicate without visual,
hearing, and speaking impairments. Students
having demonstrated these impairments in the
past could be determined using a clinical profile,
but these impairments must have been adequately
repaired before participation.

2) Their parents had to agree to sign an informed
consent to participate in study. Participants who
could not complete assessment were excluded.

Participants included 25 males and 5 females aged

ranging from 9 to 12 years old (mean age 10.8). Six
inclusion schools located in the Chiang Mai Province,
Thailand, that had children diagnosed learning disabilities
in grades four through six were used in this study. All
participants had reading disabilities and had never been
exposed to any interventions, or had received interventions

of less than one session per week.

Vol. 50 No. 1 January 2017



Teachers

Total of 21 teachers participated in this study. All
teachers had the most contact with students and were
lead teachers in each classroom of students in the sample
group. Teachers were 19 females and 2 males. The age

range of teachers were 28 to 57 years old (mean age = 46).

Instruments
Research instruments used in this study were the
PRPP system of task analysis: Thai version and SCS:

Thai version.

PRPP system of task analysis: Thai version

PRPP system of task analysis was developed by
Chapparo and Ranka in 1997 to meet the requirements
of occupational therapists. PRPP system of task analysis
is a custom-made, flexible, and ecological assessment
of occupational performance that corresponds to the
structure of occupational performance model (Australia),
and tenets of cognitive ethology and macro-cognition.
Furthermore, it is one of the occupation-focused assessments
that measures both task performance skills and cognitive
information processing strategy over time in a specific
context."” Program consisted of two analytical stages.
Stage One Analysis employs a standard behavioral task
analysis to indicate person’s mastery for specific and
relevant occupations. Stage Two Analysis adopts a cognitive
task analysis describing cognitive processes underlying
task performance and cognitive strategies in complex
situations. This stage of PRPP system of task analysis is
conceptually divided into four quadrants: perceive (sensory
perception), recall (memory), plan (response planning
and evaluation), and perform (performance monitoring).
Each quadrant is broken down into three sub-quadrants
and several underlying information processing strategies
termed ‘descriptor’ (Figure 1). Descriptor behaviors are rated
by an observer on a 3-2-1 scale. Children will receive a score
of 3 if the task is completed safely without assistance and
prompts within a reasonable time. Children will receive a
score of 2 if the task is completed safely, but there are
some concems and deficits in behavior indicated. For example,
prompts may be needed and time of completion is

questionable. Children will receive a score of 1 if the task
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is uncompleted and a deficit in behavior is indicated.
Also, patient may engage in unsafe behaviors while
completing the tasks, take too much time, or require too
many prompts.”

In this study, Stage Two Analysis was applied because
results from this study were used to explore the relationship
between information processing strategies application and
social competence in Thai children with LD.

Many researchers have conducted studies using
PRPP system of task analysis to assess cognitive deficits
in a variety of samples such as adults with traumatic brain
injuries,”®®" persons with schizophrenia,® men with HIV-1
dementia,® typical children,'®® children with LD,*"* and
children with autism.”® In Thailand, PRPP system of task
analysis was translated into Thai and has been studied
for reliability and validity by Munkhetvit as part of doctoral
thesis.*® Later, PRPP system of task analysis: Thai version
was used in Thailand for clients with strokes,* people with
schizophrenia,” and elderly with dementia.*

Present study used Thai version of PRPP system
of task analysis as a research instrument for assessing

information processing application in Thai children with LD.

SCS: Thai Version

SCS was developed by the Conduct Problem
Prevention Research Group (CPPRG) in 1995 and was
further applied by the Fast Track’s project, Pennsylvania
University, USA. This assessment is used to evaluate
the development of social competence in elementary-age

children. SCS covers several components including:

1) Pro-social and communication skills
2) Emotion regulation skills an

3) Academic behavior skills.

The assessment consists of two versions. The first
one for teacher contains 25 questions that fall into three
components: 1) pro-social and communication skills, 2)
emotion regulation skills, and 3) academic behavior skills.
The second test for parent consists of 12 questions that
fall into two components: 1) pro-social and communication
skills, and 2) emotion regulation skills. Five-point Likert
scale is applied to scoring tests such that 0 = not at all,

1 = a little, 2 = moderately well, 3 = well, and 4 = very
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Figure 1. The PRPP system of task analysis: conceptual model of information processing behaviors.*

well. SCS has been studied for psychometric properties
such as internal consistency, factor analysis, construct
validity, concurrent validity, reliability, and discriminant
analysis. The studies found that psychometric properties
of SCS were high.**® The original version of SCS was
translated into Thai and was examined for its reliability
in Thai children with LD before being used in present
study by this researcher. SCS: Thai version showed high
test-retest reliability (r=0.84-0.98). Although SCS has two
versions, this research focused only on the perspective of

teachers so only teacher version was used.

42 Journal of Associated Medical Sciences

Procedure

The proposal was sent to the Ethics Committee
of the Faculty of Associated Medical Sciences, Chiang
Mai University for approval. All participants (children and
teachers) agreed to sign an informed consent to participate
in the study. Next, children in sample group (n=30) were
rated by their current classroom teacher using teacher
version of SCS in all three subtests, including pro-social/
communication skills, emotional regulation, and academic
behavior subtests. Ratings were completed by teacher
who had the most contact with student. Afterward, PRPP
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system of task analysis: Thai version was administered
to all children in the same sample group (n=30).
Students were observed while performing the academic
tasks. Performances of children were videotaped during
assessment. Videotaped performances were later assessed.
Scores from Stage Two Analysis of PRPP system: Thai
version (3-2-1) was entered for each of thirty-four descriptors

for each task the children performed.

Data Analysis
Pearson product-moment correlations was used to
examine the relationship between information processing

strategies as measured by PRPP system of task analysis:

Thai version and social competence as measured by
SCS: Thai version.

Demographic characteristics of children in the sample
group are shown in Table 1. Thirty children with LD who
met the inclusion criteria were selected to participate in
the study. Their average age were 10.8 years old. Most
of them were males (83.33%) and were in the 5" grade
(36.67%). Demographic characteristics of teachers in
the sample group are shown in Table 2. The majority of
teachers were female (n=19) with mean age was 46 years

(SD = 7.94).

Table 1 Demographic characteristics of the children in the sample group (n=30).

General data n=30 Percentage (%)

Gender

Male 25 83.33

Female 5 16.67
Age 9.0 -9.11 1 3.33
(Years) 10.0 — 10.11 12 40.00

11.0 — 11.11 11 36.67

12.0 — 12.11 6 20.00
Grade 4 10 33.33

5 11 36.67

6 9 30.00

Table 2 Demographic characteristics of teachers (n=21) in the sample group.

General data

Teachers (n=21)

Gender
Male
Female

Age

(Years) Mean
SD

46
7.43

Journal of Associated Medical Sciences
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Table 3 contains means, standard deviations, and
mean percentage scores of PRPP system: Thai version
for academic task. The results showed that plan quadrant

posed the most problems for children with LD in this sample

(mean 53.33%). Perceive quadrant was the next most
problematic in the sample (mean 68.88%), followed by
recall quadrant (mean 75.56%), and perform quadrant

(mean 80.96%) being the least problematic.

Table 3 PRPP Stage Two Quadrant percentage scores of Academic task.

PRPP Quadrant Min. Max. Mean Mean% Std.
Score Score Score Score Dev.
Perceive 10.00 25.00 16.53 68.88 13.00
Recall 17.00 24.00 20.40 75.56 2.04
Plan 9.00 23.00 14.40 53.33 5.00
Perform 18.00 23.00 29.43 80.96 1.74

Table 4 contains means, standard deviations, and
mean percentage scores of social competence scale

(Teacher version): Thai version. The results showed that

academic behavior subtest contained the lowest scores
(mean 48.82 %). Pro-social and communication skills subtest

showed the highest scores (mean 58.13 %).

Table 4 Mean score of social competence scale (teacher version): Thai version.

SCS Subtest Full Min. Max. Mean Mean% Std. Dev.
Score Score Score Score Score
Pro-social/communication 32 6.00 30.00 18.60 58.13 6.25
Emotional regulation 40 6.00 36.00 20.57 51.43 9.23
Academic behavior 28 4.00 24.00 13.67 48.82 6.91

From Table 5, it can be seen that there was a correlation
between each subtests of teacher version of SCS: Thai
version and particular quadrants of PRPP System: Thai
version. High correlation occurred between academic
behavior skill subtest of SCS and perceive (r=0.87), recall
(r=0.67), plan (r=0.82), and perform (r=0.71) quadrants.

Pro-social/communication skill subtest of SCS showed no

44 Journal of Associated Medical Sciences

correlation with recall quadrant (r=0.03) and low correlation
with perceive (r=0.15), plan (r=0.22) and perform (r=0.20)
quadrants. Emotional regulation subtest of SCS showed
no correlation with perceive (r=0.05) and recall (r =0.02)
quadrants and low correlation with plan (r=0.21) and perform
(r=0.27) quadrants.
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Table 5 Pearson’s moment product correlation subtests of SCS: Thai version and each quadrant of PRPP system: Thai

version on academic task.

PRPP Quadrant SCS Subtest r value Level of correlation
Perceive
Pro-social/communication 0.15 low
Emotional regulation 0.05 no correlation
Academic behavior 0.87 high
Recall
Pro-social/communication 0.03 no correlation
Emotional regulation 0.02 no correlation
Academic behavior 0.67 high
Plan
Pro-social/communication 0.22 low
Emotional regulation 0.21 low
Academic behavior 0.82 high
Perform
Pro-social/communication 0.20 low
Emotional regulation 0.27 low
Academic behavior 0.71 high

*Correlation is significant at the 0.05 level (2-tailed)

The relationship between social competence
(measured by SCS: Thai version) and information
processing strategies application (measured by PRPP
system: Thai version) occurred only in academic behavior
skill subtest of SCS Thai version, with all quadrants of
PRPP system: Thai version showing high correlation
(r=0.67-0.87). On the other hand, areas of pro-social skills
and emotional skills showed no correlation to low correlation
with information processing strategies in the sample
group (r=0.02-0.27). This study focused on information
processing strategies application during academic tasks.
Children with LD struggling with academic performance
applied poor information processing strategies. While
these students performed academic tasks, they could not
work in response to commands, could not complete their
work, and took a long time to complete it. These problems are

consistent with the questionnaire of Academic behavior
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skill subtest of SCS: Thai version which focuses on
student’s attention, initiation, performance, persistence,
and efforts in learning. Therefore, these students need
to use high level information processing strategies for success
in classroom. Academic behavior skill shows high correlation
with perceive quadrant because strategies for gathering
sensory information from environment or perceive stage
of PRPP system are the first stage in receiving
information and correlate with learning problems.
Attention is important for perception because of its effect
on receiving information from teacher and environment in
classroom. If children pay more attention to important
information, they can learn to process information more
efficiently. This result confirmed previous report suggesting
a relationship between attention and academic

““2 Some studies have shown that attention

achievement.
is an important predictor for academic achievement in

children and adults.*' Moreover, Jimmerson and colleague
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found that attention problems contribute negatively to
academic achievement and may impair academic
competence.”” Aside from attention, monitoring is one
component in perceiving process related to academic
performance®® because it governs student’s ability to
evaluate their work and behavior in real time.* Scores
of academic behavior skill were highly related to recall
quadrant because strategies required for storage, extension,
and retrieval of information or recall stage of PRPP system is
a component of working memory skills. A short-term
storage of information for current thinking appears to
affect everyday classroom performance, especially the
ability to focus on tasks and accomplishment. Impairment
of working memory skills is a common feature found in a
wide range of disorders and specific learning difficulties.
Major signs of working memory impairment include poor
academic progress, difficulties regarding complex instructions,
and an inability to store large amount of information in
the mind.*® Some researchers suggested a link between
working memory capacity and children’s ability to acquire
knowledge and new skills.*® Children with low working
memory capacity often commit ‘place-keeping’ errors;
repeating or skipping words, letters, numbers, or whole
steps of an assigned task. They may frequently abandon
tasks altogether because of losing track of what they are
doing.”” For written expression skills, children with low
working memory capacity might demonstrate problems
in writing sentences. For instance, after finishing spelling the
first few words, they forget what they intended to write.
Similarly, they often experience problems in reading
comprehension because they usually lose track of overall
gist of the text. Many studies found that working memory
capacity has a significant impact on learning in children
with reading disabilities.” The findings corresponded with
previous report that the scores on working memory tasks
related to reading achievement® and school achievement®™
differ from typically developing children. Likewise, academic
behavior skill shows high correlation with plan quadrant
because the strategies for manipulating, applying, and
evaluating information or plan stage of PRPP system are
another important component of information processing

strategies. Planning ability requires the child to prepare
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multiple steps of action in advance, to evaluate those
actions, and to change course, if necessary.’ It is used
during academic tasks in order to succeed in class work
or to decrease negative behavior towards others.?®
A previous study found that planning ability predicts for
academic performance in elementary school children.*
Academic behavior skill show high correlation with perform
quadrant because the strategies to monitor, regulate, and
refine performance or perform stage of PRPP system allows
children to control actions. After children interpret and
internalize the information from teacher or environment,
they respond accordingly. Inappropriate responses may
be observed when children don’t understand an instruction
or comment. If the child has really tuned out, they might
not react at all even when a response is required or
expected from them. For these reasons, it is not surprising
that the information processing strategies application
affects academic behavior.

However, social competences in areas of pro-social
skills and emotional skills showed no to low correlation
with information processing strategies in the sample
group. This finding is compatible with Miles and Stipek’s
research which found a weak correlation between social
and academic skills in a sample of low-income children
attending the third and fifth grades.” Additionally, Caprara and
colleagues used a longitudinal design and structural equation
modeling to test the relative impact of early pro-social and
aggressive behaviors on children’s academic achievement
and social ties to their peers 5 years later.”® The results
showed that early aggression had no significant effect on
later academic achievement. In addition, Clore studied the
correlation between cognitive ability (measured by 1Q test
including Wechsler Intelligence; WISC-III or Slosson
Intelligence Test®; SIT-R) and social competence (measured
by social skill rating system; SSRS) in adolescents with
learning disabilities.”” Results indicated that cognitive
ability and social skills were not related in these participants.

From these findings, it could be stated that there are
many factors affecting social competence besides
cognitive processes. In fact, Lavoie reported that there
are both internal and external factors that affect social

competence.” Self-awareness is considered to be an
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important internal factor that influences the relationship

with others.®*®

External factors that affect social competence
included friendships, family, peers, and teachers.*®
Self-awareness is a part of positive self-identification;
a factor affecting social competence. Children who
have good self-awareness also have good emotional
intelligence because self-awareness helps children to
control their emotional ability, and also supports their
relationship to others. It is the first step to become a
self-advocate, and bring about positive outcomes necessary
for later success in life. Preparation of individualized
education program (IEP), a specific learning plan for
each child and services, indicated that child should play
a role in increasing self-esteem to children with
disabilities. Besides creating IEP focus on their academic
achievements, the program also aims to encourage children
to learn positive behavior, emotional, and social skill for
children. Students’ strength is referenced in IEP goals
by searching for each student talent, interests, passion,
or expertise to promote students’ self-esteem.’’ Recent
study found that IEP can help identify areas of weakness,
allows children to develop their own talents, and
reduces risk of social and emotional problems in

the future.®*®

This finding is consistent with Merlone &
Morain’s research who observed IEP with fifth grade
students.® After these students had received IEP, they
felt positive about their learning strengths, and were
empowered to take on new challenges as they advanced
to middle school. Moreover, a lot of researches has
shown that IEP can help children with LD to develop
self-awareness of their learning styles, to identify their
strengths, and can help the student develop and achieve

6567

personal goals.” which allows them to overcome negative

® and make positive choices.”® Teachers,

self-attribution,®
friends, parents and school staffs play roles in preparation
of IEP system to encourage children to participate in
school activities and promote self-awareness for children.
Teachers are crucial roles in providing information about
students’ strengths and weaknesses, special talents, or
interests that are not always directly associated with
academic achievements. Teacher supports accommodation

and modification which helps children develop self-awareness,
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and adjusts teaching to suit the educational needs of
child.”** Another researcher found that children with LD
have better self-awareness because they can compensate
with strengths in other areas than academic skills,” and
that academic ability is not as important to children with

" These

LD compared to typically developing children.
reports are also consistent with the study of Reis and
colleagues which stated that children with LD in elementary and
secondary school can learn their strengths to help them
achieve success.”” For example, some children have
severe reading problems, but have excellent development
of auditory memories that enables them to remember
contents of books and passages, while some children with
LD have a good ability in non-academic areas. On the
other hand, if children have no support from their school
to express their strengths and talents, they may not know
about these talents because their high ability was
obscured by learning disability. All of these are consistent
with Chissom & Mcclean’s report which stated that
talents are unlimited and recognizing them can help children
gain self-esteem.” Also, abilities that bring success for
children with LD can also make them work harder in their
own area of interests. It is also the best way to apply
compensation strategies which reduces their disability.”
From the above-mentioned support, there is a possible
explanation why scores of pro-social or communication
skills and emotional regulation subtests of SCS showed
no to low correlation with information processing strategies.
This may be due to the fact that all samples in this study
came from a school that equally supported children who
have disabilities to participate in all kinds of school activities.
Even though sample group in this study composed of
different age and grade level, apart from IEP, everyone
also has been under individualized instructional plan (lIP)
that have been specifically designed and adapted to each
particular student based on his or her talent.” IIP is used
in planning and deciding the learning goals and alternative
programs including activities that encourage a student to
express his/her own talent and activities that can lead to the
future career, such as making dessert, handcraft, and flower
arrangement. As a result, each child is able to realize

how to live his/her own life and gaining positive thinking
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for the future. Additionally, there was no separation of
samples from mainstream students in performing classroom
activities. Children in the sample group performed all
activities with their friends. They had opportunity to be
both leaders and followers in activities. The system of
teaching that is conducive to child’s ability, as mentioned
above, this corresponds to model of function, which is to
focus on perspective of function, quality of life or
participation in the mainstream environment, to the ability
to perform specific, necessary activities. Concept of model
stems from perspective of school professionals which
state that effective school performance depend on
a student’s ability to perform a variety of functional tasks
that enable child to participate in various learning activities
of school day. These functional tasks are referred to
nonacademic tasks.”® Therefore, even the emotional,
social, and environment development of children in each
grade level were different, school teaching system
encouraged children to participate in school activities, to
express in order to gain their aware strength, pride, and
increased self-awareness. As a result, emotional and social
developments of children are improved equally at all levels,
ages, and classes.

Although previous research of PRPP system
reported a significant relationship between information
processing abilities of children with LD and their
proficiency in all areas of social performance,” there
was differences recognized in social competence subtest
and inclusion criteria of samples in this study. Wight and
Chapparo’s study used teacher skill-streaming
checklist which includes 5 subtests: classroom survival
skills, friendship-making skills, skills for dealing with feelings,
skill alternatives to aggression, and skills for dealing with
stress.”® This study used social competence scale which
includes 3 subtests for teacher version (pro-social/
communication, emotional regulation, and academic
behavior). In addition, inclusion criteria of the samples in
Wight and Chapparo’s study considered social difficulties
of children as indicated by their respective classroom
teachers, whereas this study considered only learning
disabilities condition.

Limitation of this study was that most of samples

48 Journal of Associated Medical Sciences

came from a school that supports children with disabilities.
They were supported in expressing their special abilities
in many ways. This makes children able to do school
activities according to their abilities, makes them feel proud
of themselves, aware of their strengths, and enhances
self-esteem. Implication for future research requires
children who are not supported by their respective schools, as
this may show more social competence problems occurring
in this sample group. Moreover, given the relationship
found between information processing strategies application
and academic behavior in the present study, there is a
real possibility that the interventions aimed at improving
children’s ability of information processing strategies appli-

cation, could eventually improve academic achievement.

Conclusion

The findings of this study showed the relationship
between information processing strategies application
(measured by PRPP system: Thai version) and social
competence (measured by SCS: Thai version) occurring
in all quadrants of PRPP system with academic behavior
subtest of SCS, with high correlation. However, areas of
pro-social skills and emotional skills showed no to
low correlation with information processing strategies in

the same sample group.

lAcknowledgement

This work was partly supported by the graduate
grant from the Faculty of Associated Medical Sciences,

Chiang Mai University.

Vol. 50 No. 1 January 2017



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

National Center for Learning Disabilities (NCLD). Learning disability fast facts [Internet]. 2010 [updated 2012
March 10; cited 2013 Dec 15]. Available from:http://www.understandingspecialeducation.com/learning-disor-

ders.html

Swanson HL, Hoskyn M, Lee C. Interventions for Students with Learning Disabilities: A Meta-Analysis of Treatment

Outcomes. New York London: the Guilford press; 1999.

Carman SN, Chapparo CJ. Children who experience difficulties with learning: Mother and child perceptions of

social competence. Aust Occup Ther J 2012; 59: 339-46.

Haager D, Vaughn S. Parent, teacher, peer and self-reports of the social competence of students with learning
disabilities. J Learn Disabil 1995; 28: 205-15.

Kavale KA, Forness SR. Social Skill Deficits and Learning Disabilities: A Meta-Analysis. J Learn Disabil 1996;
29: 226-37.

Punyo W. Helping Children with LD Psychologically (Helping and Screening LD). Technical papers presented
at: The seminar session at Mercure Chiang Mai Hotels, Chiang Mai Province: held by Faculty of Associated
Medical Sciences, Chiang Mai University, Department of Occupational Therapy, 2010 July 19-23;Chiang Mai,
Thailand.

Wight M, Chapparo C. Social competence and learning difficulties: Teacher perceptions. Aust Occup Ther J
2008; 55: 256-65.

Wong B. Learning about learning disabilities. 3" ed. Boston: Elsevier Academic Press, 2004.

Chapparo C. Occupational Therapy for Children with Learning Difficulties. Technical papers presented at:The
seminar session at Mercure Chaing Mai Hotels, Chiang Mai Province:held by Faculty of Associated Medical
Sciences Chiang Mai University Department of Occupational Therapy, 2010 July 19-23; Chiang Mai, Thailand.
Penn DL, Muser KT, Speulding W, Hope DA, Reed D. Information Processing and Social Competence in
Chronic Schizophrenia. Schizophr Bull 1995; 21: 269-81.

Addington J, McCleary L, Munroe-Bulum H. Relationship between cognitive and social dysfunction in schizophrenia.
Schizophr Res 1998; 34(1-2): 59-66.

Green MF. What are the functional consequences of neurocognitive deficits in schizophrenia. Am J Psychiatry
1996; 153: 321-30.

Dickerson F, John JB, Ringel N, Parente F. Neurocognitive deficits and social functioning in outpatient with
schizophrenia. Schizophr Res 1996; 21: 75-83.

Welsh M, Parke RD, Widaman K, O’Neil R. Linkages between Children’s Social and Academic Competence:
A Longitudinal Analysis. J Sch Psychol 2001; 39: 463-81.

Charm T, Carroll F, Strurge C. Theory of mind, executive function and social competence in boys with ADHD.
Emot Behav Diffic 2001; 6(1): 31-49.

Joseph P. Children’s coping with peer-related stressors: Social competence and its relationship to affective,

cognitive, and situational factors. State University of New York at Binghamton; 1994.

Chapparo C, Ranka J. The occupational performance model (Australia): A description of constructs and structure.
In: Chapparo C, Ranka J, editors. Occupational Performance Model (Australia): Monograph 1. University of

Sydney, NSW, Australia: Lidcombe; 1997: 1-22.

Journal of Associated Medical Sciences Vol. 50 No. 1 January 2017 49



50

18.

19.

20.

21.

22.

28,

24.

25.

26.

27.

28.

29.

30.

31.

32.

Boland K. Assessing information processing in the context of pretend play [dissertation]. Discipline of Occupational

Therapy: Faculty of Health Sciences University of Sydney, NSW, Australia: Lidcombe; 2004.

Fordham M. Perceive, Recall, Plan, Perform (PRPP) Rating Scales (Parent and Teacher): Reliability and Validity
[dissertation]. Discipline of Occupational Therapy: Faculty of Health Sciences, University of Sydney, NSW,
Australia: Lidcombe; 2001.

Stewart K, Chapparo C. School readiness: Agreement between the Perceive, Recall, Plan and Perform (PRPP)
System of Task Analysis and teacher assessment [dissertation]. Discipline of Occupational Therapy: Faculty of

Health Sciences, the University of Sydney, NSW, Australia: Lidcombe; 2010.

Chapparo C, Lowe S, Heard R. Published Abstract: Occupational Therapy Australia, 25th National Conference
and Exhibition. Aust Occup Ther J 2013; 60(Suppl1): 42-3.

Challita J, Chapparo C, Hinitt J, Lowe S. The effectiveness of the Perceive, Recall, Plan, Perform (PRPP)
System of Intervention on the social skills of children with learning difficulties. Published Abstract: Occupational
Therapy Australia, 25th National Conference and Exhibition. Aust Occup Ther J 2013; 60(Suppl1): 43.

Lowe S. Cognitive strategies and school participation for students with learning difficulties [dissertation]. Discipline
of Occupational Therapy: Faculty of Health Sciences, the University of Sydney, NSW, Australia: Lidcombe;
2010.

Pulis J, Chapparo C. Assessment of children with information processing deficits: the PRPP system of task
analysis. 2nd Pediatric Conference-What Works with Kids hosted by OT Australia-QLD, Brisbane, Queensland,
Australia: OT Australia; 2002.

Lohri J. Information and sensory processing abilities of young children with autism spectrum disorder
[dissertation]. Discipline of Occupational Therapy: Faculty of Healthy Sciences, the University of Sydney, NSW,
Australia: Lidcombe; 2005.

Wight M, Chapparo C. Social competence and learning difficulties: Teacher perceptions. Aust Occup Ther J
2008; 55(4): 256 - 65.
Goldstein AP, McGinnis E. Skillstreaming the elementary school child: New strategies and perspectives for

teaching pro-social skills. rev. ed. Champaign, IL: Research Press; 1997.

Chapparo C, Ranka J. The PRPP System of Task Analysis: User’s training manual. Available from the Discipline
of Occupational Therapy: Faculty of Health Sciences, University of Sydney, NSW, Australia: Lidcombe; 2005.

Fry K, O'Brien L. Using the Perceive, Recall, Plan and Perform system to assess cognitive deficits in adults

with traumatic brain injury: A case study. Aust Occup Ther J 2002; 49: 182-87.

Munkhetvit P. Cognitive assessment in patients with acquired brain injury in Thailand [dissertation]. Discipline

of Occupational Therapy: Faculty of Health Sciences, the University of Sydney, NSW, Australia: Lidcombe; 2005.

Nott MT, Chapparo C. Measuring information processing in a client with extreme agitation following traumatic
brain injury using the Perceive, Recall Plan and Perform System of Task Analysis. Aust Occup Ther J 2008;
55: 188-98.

Aubin G, Stip E, Gelinas |, Rainville C, Chapparo C. Assessment of information-processing skills during daily
task performance in persons with schizophrenia: Usefulness of the Perceive, Recall, Plan, and Perform (PRPP)
System of Task Analysis. Paper presented at: The 15" World Conference of the Federation of Occupational
Therapists. Santiago, Chile: 2010.

Journal of Associated Medical Sciences Vol. 50 No. 1 January 2017



33.

34.

35.

36.

S

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Ranka J. Cognitive Strategy Application during Everyday Task Performance in Men with HIV-1 Dementia
[dissertation]. Discipline of Occupational Therapy: Faculty of Health Sciences, University of Sydney, Australia; 2010.

Munkhetvit P. Types of cognitive deficits during the performance of ADL and IADL in persons with CVA.
J Occup Ther Assoc Tha 2008; 11: 19-30. (in Thai)

Bunyachatakul S, Munkhetvit P, Srikamjak T, Sarakam A. Cognitive Deficits during the Performance of Activities
of Daily Living in Schizophrenic Patients. Bull Suan Prung 2010; 26(2): 15-24. (in Thai)

Rattakorn R, Munkhetvit P. Types of cognitive deficits during the performance of IADL in the elderly with

dementia. Manuscript submitted for publication 2012.

Conduct Problem Prevention Research Group (CPPRG). Psychometric properties of the social competence
scale—teacher and parent ratings (Fast Track Project technical report). University Park, PA: Pennsylvania
State University; 1995.

Corrigan A. Social competence scale—parent version, grade 1/year 2 (Fast Track Project technical report)
[Internet]. Durham: Fast Track Data Center; 2002 [cited 2013 June 5]. Available from: http://www.fasttrackproj-
ect.org/techrept/s/scp/scp3tech.pdf

Corrigan A. Social competence scale—parent version, grade 2/year 3 (Fast Track Project technical report)
[Internet]. Durham: Fast Track Data Center; 2003 [cited 2011 June 5]. Available from: http://www.fasttrackproj-
ect.org/techrept/s/scp/scp3tech.pdf

Gouley KK, Brotman LM, Huang KY. Construct Validation of the Social Competence Scale in Preschool-age
Children. Soc Dev 2008; 17(2): 380-98.

Fernandez-Castillo A, Gutiérrez-Rojas ME. Selective attention, anxiety, depressive symptomatology and
academic performance in adolescents. Rev Electron Investig Psicoeduc Psigopedag 2009; 7(1): 49-76.
Jimmerson SR, Dubrow EH, Adam E, Gunnar M, Bozoky IK. Associations among academic achievement,
attention, and adrenocortical reactivity in Caribbean village children. Can J Sch Psychol 2006; 21: 120-38.
Zimmerman BJ, Paulsen AS. Self-monitoring during collegiate studying: An invaluable tool for academic
self-regulation. New Dir Teach Learn 1995; 63: 13-27.

Eckerd M, Rudin S. Executive Function Deficits in children. Attitude strategies and support for ADHD&LD
[Internet]. 2015 [cited 2015 April 21]. Available from: http://www.additudemay.com/addhd/article/8392.html
Holmes J. ‘Working memory and learning difficulties’ Dyslexia Review [Internet]. Cambridge: Cognition and
Brain Sciences Unit; 2012 [cited 2015 March 18]. Available from: http://www.mrc-cbu.cam.ac.uk/wp-content/
uploads/2013/09/ Working-memory-and-learning-diffculties.pdf

Cowan N, Alloway TP. The development of working memory. In: Cowan N, editor. Development of memory in
childhood. 2nd ed. Hove, UK: Psychology Press; 2008: 303-42.

Dewar G. Working memory in children: How to improve attention problems and learning difficulties in kids
[Internet]. 2012 [cited 2015 Jan 5]. Available from: http:// www. Parentingscience.com/ working-memory.html
Gathercole SE, Alloway TP, Willis CS, Adams AM. Working memory in children with reading disabilities.
J Exp Child Psychol 2006; 93: 265-81.

Swanson HL, Beebe-Frankenberger M. The relationship between working memory and mathematical problem

solving in children at risk and not at risk for math disabilities. J Educ Psychol 2004; 96: 471-91.

Journal of Associated Medical Sciences Vol. 50 No. 1 January 2017 51



52

50.

ol.

52.

&3,
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Alloway TP, Alloway RG. Investigating the predictive roles of working memory and 1Q in academic attainment.
J Exp Child Psychol 2010; 106(1): 20-9.
Baker K, Segalowitz SJ, Ferlisi MC. The effect of differing scoring methods for the Tower of London task on

developmental patterns of performance. Clin Neuropsychol 2001; 15(3): 309-13.

Pintrich PR. The role of metacognitive knowledge in learning, teaching and assessing. Theory Pract. 2002;
41: 219-25.

Zimmerman BJ. Becoming a self-regulated learner: An overview. Theory Pract 2002; 41: 64-70.

Cohen GN, Bronson MB, Casey MB. Planning as a factor in school achievement. J Appl Dev Psychol 1995;
16: 405-28.

Miles SB, Stipek D. Contemporaneous and Longitudinal Associations Between Social Behavior and Literacy
Achievement in a Sample of Low-Income Elementary School Children. Child Dev 2006; 77 (1): 103-17.
Caprara G, Barbaranelli C, Pastorelli C, Bandura A, Zimbardo PG. Prosocial Foundations of Children’s Academic

Achievement. American Psychological Society 2000; 11(4): 302-6.

Clore CW. Social skill use of adolescents with learmning disabilities: An application of Bandura’s theory of reciprocal

interaction [dissertation]. University of north Texas; 2006.

Lavoie R. Social Competence and the Child with Learning Disability [Internet]. WETA; 2015 [cited 2015 March
5]. Available from: http://www.ldonline.org/article/6169? theme=print

Kostelnik MJ, Gregory KM, Soderman AK, Whiren AP. Guiding Children’s Social Development and Learning.
7th ed. Belmont, CA: Wadsworth; 2012.

Malow M. Social Competence and Children: Strategies for Successful Learning [Internet]. 2011 [cited 2015
March 22]. Available from: http://www.ldworldwide.org/ index.php?option=com_ content&view=article&id=887

BC School Superintendents Association (BCSSA). Individual Education Planning for Students with Special
Needs [Internet]. British Columbia; 2009 [cited 2016 Dec 16]. Available from: http://www.bced.gov.bc.ca/spe-
cialed/docs/iepssn.pdf

Singer JD, Butler JA. The Education of All Handicapped Children Act: Schools as agents of social reform.
Harv Educ Rev 1987; 57: 125-52.

Olenchak FR. Talent Development: Accommodating the social and Emotional Needs of Secondary Gifted/
Learning Disabled Students. J Adv Acad 1994; 5(3): 40-52.

Merlone L, Moran D. Transition Works: Self-awareness and Self-advocacy Skills for Student in the Elementary
Learning Center [Internet]. Teaching Exceptional Children Plus; 2008 [cited 2015 Feb 6]. Available from: http:/
escholarship.bc.edu/education/tecplus/vol4/iss4/art1

Palmer SB, Wehmeyer ML. Promoting self-determination in early elementary school: teaching self-regulated

problem-solving and goal setting skills. Remedial Spec Educ 2003; 24: 115-26.

Lackaye TD, Margalit M. Comparisons of achievement, effort, and self-perceptions among students with learning

disabilities and their peers from different achievement groups. J Learn Disabil 2006; 39: 432-46

Schreiner MB. Effective self-advocacy: what students and special educators need to know. Interv Sch Clin
2007; 42: 300-4.

Journal of Associated Medical Sciences Vol. 50 No. 1 January 2017



68.

69.

70.

71.

72.

73,

74.

73,

76.

Hoffman A. Teaching decision making to students with learning disabilities by promoting self-determination
[Internet]. ERIC Digest; 2003 [cited 2015 Feb 21]. Available from: http://www. Eric. Gov/ERICDocs/data/eric-
docs2sql/ content_storage_01 /000000196/80/1b/81/18.pdf

Reader M. Setting Students up for Success Through Self-Awareness and Self-Advocacy [Internet]. Canada:
Foothills Academy; 2011 [cited 2014 June 1]. Available from: http://www.foothillsacademy.org/wp-content/up-
loads/2012/ 08/Setting-Students-Up-For-Success.pdf

Hagborg WJ. Self-Concept and Middle School Students with Learning Disabilities: A Comparison of Scholastic
Competence Subgroups. Learn Disabil Q 1996; 19: 117-26.

Grolnick WS, Ryan RM. Self-perceptions, motivation, and adjustment in learning disabled children: A multiple

group comparison study. J Learn Disabil 1990; 23: 177-84.

Reis SM, McGuire JM, Neu TW. Compensation strategies used by high ability students with learning disabilities.
Gift Child Q 2000; 44: 123-34.

Chissom BS, McLean JE. Research and evaluation related to the talents unlimited model: Review and
recommendations. In: Schlichter CL, Palmer WR, editors. Thinking Smart: A primer of the talents unlimited

model. Mansfield Center, CT: Creative Learning Press; 1993.

Baum SM, Owen SV, Dixon J. To be gifted and learning disabled: From identification to practical intervention
strategies. Mansfield Center, CT: Creative Learning Press; 1991.

Heathers G. A Working Definition of Individualized Instruction [Internet]. The Association for Supervision and
Curriculum Development; 1977 [cited 2016 Dec 16]. Available from: http://www.ascd.org/ASCD/pdf/journals/
ed_lead/el_197702_heathers.pdf

Coster W, Deeney T, Haltiwanger J, Haley S. School Function Assessment (SFA) [Internet]. Pearson Education;

2008 [cited 2016 Dec 16]. Available from: http://images.pearsonclinical.com/images/assets/SFA/SFAOverview.pdf

Journal of Associated Medical Sciences Vol. 50 No. 1 January 2017 53



NN IUNTNA TR IR IYTIUIATI T I IINAUIZUUFITARINASIF I N

Development of monitor unit calculation program for integration

with radiation therapy information system

drsanang ey’ Lanans 51 33ama’ FuWns 195047 lasend?
Damrongsak Tippanya' Ekasit Tharavichitkul' Sumbhat Wanwilairat’
gfias lyedes’ audnd 1rsmdlasl”

Thanit Chaiwiang® Somsak Wanwilairat'

"WTIRTN AN TIIN MATTTIEINEN Asuwnemans uninenasiTeelna

"Division of Radiation Therapy, Radiology Department, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand
“5undmauaznandlandsuuriszinalng

2Thai Petroleum exploration and Production Company, Thailand

U5EN meTanrinauNuaes 9110

*Datasoft Computer Company Limited, Thailand

* WSUAATEYLNAIIY (Email: somsaksw@gmail.com)

* Corresponding author (Email: somsaksw@gmail.com)

Received September 2016

Accepted as revised December 2016

Introduction: Monitor unit (MU) calculation is the main process of 2D technique teletherapy planning. Using of

monitor unit calculation program will increase the performance and reduce errors of 2D technique teletherapy.

Objectives: To develop a monitor unit (MU) calculation program for integration with an in-house radiation therapy

information system (RTIS). The developed program was used for 6 MV photon MU calculation in 2D technique teletherapy.

Materials and methods: MU calculation program was based on the Clarkson’s integration method and divided
into two parts. The first part was for scatter sector radius determination from 2D simulation images. This part was
programmed based on JAVA language. The second part was MU calculation using Clarkson’s irregular field method.
The latter part was programmed based on Microsoft Visual Foxpro language. Calculated MU was verified by dose
measurement following the test cases (1a, 1b, 1c, 2a, 2b and 7) of IAEA TECDOC 1540. After dose difference between

the calculation and the measurement was within acceptance criteria, the program was integrated to the RTIS.

Results: The scatter sector radius determination program workflow included selecting of the angle between each
radius, calibrating of image distance, defining of isocenter, field size edge defining and equivalent square field. The
program generated radius distance and exported to a text file. The MU calculation part workflow included input
of prescription dose and tumor depth. Following TECDOC 1540, dose different ranging between calculation and
measurement was -1.98% to 1.40% for Test case 1a, 1b, 1c, 2a and 2b, and -3.02% to 0.08% for Test case 7. The
program was integrated to dosimetry menu in RTIS which could help calculate MU for each field size of each patient

and record to patient database.

Conclusion: MU calculation computer program was developed, verified and integrated to RTIS. The program was
used for 6MV photon monitor unit calculation in 2D technique irradiation.

Journal of Associated Medical Sciences 2017; 50(1): 54-63. Doi: 10.14456/jams.2017.5

Keywords: Clarkson’s integration method, IAEA TECDOC 1540, monitor unit, programing.
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Figure 1. Radiation Therapy Information System (RTIS), Division of Radiation Therapy, Faculty of Medicine, Chiang Mai University.
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Figure 2. Sector segmentation in Clarkson’s integration method.
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Figure 3. First part of developed program for radius and equivalent square area determination in Clarkson’s integration method.
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Scp | 0.089207 ™| 0.670655

Figure 4. Second part of developed program for MU calculation.

HaNIINIBAaULUTHNINATBIMABILBUIATIR 1. NdUNBNITIFIQTN Test case: 1a, 1b UL 1c
namaIpuioudsunmsaninua lin 200 cGy L wNgUNUNTIFIQIAVIIA 5x5, 10x10 WAz 25x25
AUYSUIHIIRNIA LA LI R UL N UIATIFN AU A3 TN, MUY HA1ANNLANAIVBIUSNNUIIR

ﬁnnIﬂiLLniwaomjwﬁuﬁiiﬁmuLLman'jﬂ‘ﬁ IAEA TECDOC 321119 -1.98% 119 1.40% @uaslu Table 2
1540 Ha9i4

Table 2 Results of accuracy verification of MU calculation program for Test case 1a, 1b and 1c.

Test case Depth (cm.) MU Measured Dose (cGy) | Relative error (%)

3 220 201.12 -0.56

5 235 200.38 -0.19

1a 10 284 199.08 0.46
15 349 197.24 1.40

20 432 197.99 1.01

3 204 200.59 -0.30

5 215 201.20 -0.60

1b 10 252 200.20 -0.10
15 305 198.82 0.60

20 376 198.48 0.77

3 194 203.98 -1.95

5 202 204.04 -1.98

1c 10 227 203.65 -1.79
15 260 203.31 -1.63

20 298 203.48 -1.71

Root Mean Square 1.20

Standard deviation 1.15
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2. mjwﬁ'uﬁ IRRNANANEN Test case: 2a way 2b
A Ao A
VUNENANUNTIR

9

@

FRRDUABET YU 5x25 WA

25x5 @3.0%. NI AeanuLanea1suaIlIuI
F983e1IN9 -1.53% £19 1.02% (Table 3)

Table 3 Results of accuracy verification of MU calculation program for Test case 2a and 2b.

Test case Depth (cm.) MU Measured Dose (cGy) | Relative error (%)

3 209 203.10 -1.53

5 223 202.39 -1.18

2a 10 268 201.42 -0.70

15 327 200.39 -0.20

20 399 200.84 -0.42

3 210 198.95 0.53

5 224 197.98 1.02

2b 10 269 201.15 -0.57

15 328 200.31 -0.16

20 400 201.13 -0.56

Root Mean Square 0.80

Standard deviation 0.75

3 nqwﬁuﬁ”&ﬁﬁﬁdmgnﬁﬂﬁa Test case: 7 \uiufi 12x12 Q9. 04 AA1A1INLANA19aIUTNIIMTIF

VU 16x16 waziUIbntnaaNun

o
=
20
=
DD
=
=
.2t
ol

321314 -3.02% £19 0.08% (Table 4)

Table 4 Results of accuracy verification of MU calculation program for Test case 7.

Test case Depth (cm.) MU Measured Dose (cGy) Relative normalized error (%)

3 196 206.23 -3.02

5 209 204.92 -2.40

7 10 251 203.06 -1.51

15 305 199.88 0.06

20 370 199.85 0.08

Root Mean Square 1.85

Standard deviation 1.41
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Figure 5. MU calculation program on E-Chart menu, RTIS.
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Anti-proliferative activity on drug-sensitive and drug-resistant erythroleukemic cells of Samor Pipek

(Terminalia bellirica (Gaertn.) Roxb.) fruit extracts
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Introduction: Cancer is a major cause of death in Thailand. Drug resistance in cancer is a significant obstacle to
the success of chemotherapy in cancer. There are several researches indicate the potential of herb in the inhibition

of cancer cell proliferation for applying in cancer treatment.

Objectives: To study anti-proliferative activity of Samor Pipek (Terminalia bellirica (Gaertn.) Roxb.) fruit extracts

against drug-sensitive and drug-resistant erythroleukemic cells.

Materials and methods: Samor Pipek fruits were extracted with acetonitrile, ethanol, and water. Anti-proliferative

activity on drug-sensitive and drug-resistant erythroleukemic cells were determined by flow cytometer.

Results: Concentration of acetonitrile, ethanol and water extracts for inhibiting drug-sensitive erythroleukemic cell
proliferation by 50% (ICsq) were 24.70+8.05 pg/mL, 24.02+2.51 pg/mL and 13.09£3.40 pg/mL, respectively. ICg, of
acetonitrile, ethanol and water extracts to inhibit drug- resistant erythroleukemic cell proliferation were 13.95+2.50
pg/mL, 20.45+10.10 pg/mL and 27.39+7.16 pg/mL, respectively. The resistance values of acetonitrile, ethanol and water

extracts were 0.56, 0.85 and 2.09, respectively.

Conclusion: Acetonitrile, ethanol and water extracts could inhibit drug-sensitive and drug-resistant erythroleukemic
cell proliferation in yg/mL range.

Journal of Associated Medical Sciences 2017; 50(1): 64-70. Doi: 10.14456/jams.2017.6

Keywords: Samor Pipek, erythroleukimic cell, K562, drug resistance.
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Figure 1. The percentage of cell growth inhibition of acetonitrile extract, ethanol extract and water extract on K562 cells.
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Figure 2. The percentage of cell growth inhibition of acetonitrile extract, ethanol extract and water extract on K662/adr cells.
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Table 1 Show IC5y and RF of acetonitrile extract, ethanol extract and water extract on K562 and K562/adr (mean+SD

from triplicate experiments)

Samor Pipek fruit IC5¢ (Hg/mL) RF
K562 K562/adr
Acetonitrile extract 24.70+8.05 13.95+2.50 0.56
Ethanol extract 24.02+2.51 20.45+£10.10 0.85
Water extract 13.09+3.40 27.39+7.16 2.09
naanysnilszne

ﬂm:;ﬁaﬁ'wa”uauqmnm’?"m%’dﬁmﬂﬁﬂ
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Intra- and inter-rater reliability of the Stroke Rehabilitation Assessment

of Movement (STREAM)
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Objectives: To examine intra-rater and inter-rater reliability of the STREAM Thai version in evaluating motor recovery

of patients with stroke.

Materials and methods: Thirty patients with stroke (mean age 62.5£13.5 yrs.) participated in the study. Time post
stroke was between 15 days to 5 years. Seventeen participants had left hemiparesis and 13 participants had right
hemiparesis. Raters were physical therapists experienced in stroke rehabilitation and received STREAM training.
For intra-rater reliability test, the same physical therapist re-assessed each patient through videotape 7 days after
the first assessment. For inter-rater reliability test, STREAM Thai version was administered to each patient by two
physical therapists in a random order and the same setting within 24 hours interval. Intra-rater and inter-rater reliability
was calculated using intraclass correlation coefficients (ICC) model 3, 1 and 2, 1, respectively. The significance

level was set at p<0.05.

Results: Intra-rater reliability of the STREAM Thai version and all subcomponents was demonstrated by ICC of
0.99. ICC for inter-rater reliability was 0.96. Sub-analysis for each component revealed the ICCs of 0.98, 0.94 and
0.83 for estimating the inter-rater reliability of upper limb movement, lower limb movement, and basic mobility,
respectively. Bland Altman plots revealed that mean difference between assessments was -1.4 points (95% confidence
interval between -7.2 and 4.3 points), between raters was -5.5 points (95% confidence interval between -23.8 and

12.8 points).

Conclusion: Assessment of motor recovery in patients with stroke using STREAM Thai version by trained PT who
had stroke rehabilitation experience was highly reliable for both intra-rater and inter-rater.

Journal of Associated Medical Sciences 2017; 50(1): 71-86. Doi: 10.14456/jams.2017.7

Keywords: Stroke, STREAM, intra-rater reliability, inter-rater reliability, motor recovery
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o A - K o . ' A
ammmmmLmamaaglmzﬂuga @1 ICC wnninIe
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11UNa19 Lazen ICC %asnin 0.5 Daindanuiganaat

U
Tuszaudn™ maaumﬂﬁmLumm"ﬁagaﬁmrmw Bland
Altman plot® Awamziidayadaolisunsy SPSS aitu 17

fuaszauRyRIAYNIIsiatasndt 0.05

NANISANE

mmaﬁ'ﬂi;\i}“ﬂﬁﬂIﬁﬂ%aamﬁa@awaaﬁlﬁ’ﬁ'mmsﬁﬂm
51w 30 e aﬁqLaﬁﬂ 62.5¢13.5 1 ldsuninaae
TUFWREATNILAN (hemorrhagic stroke) 31431 10 718
\§ulAaaAUTnIBgaAY (ischemic stroke) I1uan 16 1y
wazldldzyaunguaswenanmwdiwau 4 1o (Table 1)

Table 1 Participants characteristics (N=30).

Variables Mean*SD Range
Age (years) 62.5+13.5 41-86
Gender; Male: Female (n) 18:12 -
Paretic side; Left: Right (n) 17:13 -
Time post stroke (months) 8.9+2.9 0.5-60
Hemorrhagic: Ischemic stroke* (n) 10:16 -

*Four participants were unspecified

a 6 1 di =) v a
wamsamiwwmwmLmanamﬂlugﬂs:mu
a s 1 a a
AWLABINK WUINNAT ICC Vasazhwun1sUsiiusi
299uUUU2LA% STREAM innu 0.99 laslundazadd
Usznautay (MILAABWIAIVEITUIAUDH THIIRTN WaY
manRaulwtiug) de ICC whil 099 shunamyAemt
oA A ' o A oA
ANULTanatnilziin Wyl ICC vainzl
nMsUssiinsivvadnuudsziin STREAM vinnu 0.96
Tundazo9Usznautd o WLINNISLARIW LAIVDITHIA
LAULATVINAT ICC YINAY 0.98 WAz 0.94 AINEIAU
gaumatafanlnafiugiuiie ICC Wi 0.83 (Table 2)

Table 2 Intra-rater and inter-rater reliability of STREAM as
demonstrated by intraclass correlation coefficients

(ICC) and 95% confidence interval (Cl) .

Intra-Rater Inter-Rater

STREAM

ICC (3,1) (95% Cl) | ICC (2,1) (95% Cl)

UE movement 0.99 (0.98-0.99) 0.98 (0.96-0.99)

LE movement 0.99 (0.97-0.99) 0.94 (0.71-0.98)

Mobility 0.99 (0.98-0.99) 0.83 (0.64-0.91)

Total Score 0.99 (0.98-0.99) 0.96 (0.88-0.98)

UE: upper extremity; LE: lower extremity
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Bland-Altman Plot of Repeated Scoring by a Rater
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Figure 1. Bland Altman Plot of score differences between the 1° and 2 assessment vs the mean of the 1% and 2" assessment with 95% limit of

agreement (dotted line)

Bland-Altman Plot of Scores by Two Raters
ED T T T T T T T T T T

a0+
0+
20+

10F

10 -

20k

Score Differences between 2 Raters

ank

1 1 1
40 oa 5] 70 a0 a0
Average scores of 2 raters

a0l 1 1
20 30

|
100
Figure 2. Bland Altman Plot of score differences between rater 1 and rater 2 vs the mean of rater 1 and 2 with 95% limit of agreement (dotted line)
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UNLGBIaan wIeanaltiAusTnNdrmannlunmsnasay
- BNDU
I A A v o A o a & o a A
- tulandyiay @uladnluunun niatulasds lassudulanrsdanugeauanaude dezanm
18 LTUGALNGT)

quws §92301 uazaniz anudauneludigszidu uszsendszidulunislduyyysaidu Stroke Rehabilitation Assessment of

Movement (STREAM) ng@vsyumfi‘i‘a"bmnouﬂnmmﬁuﬁﬂ@”ﬂm:gwmﬁﬂmmwniwvﬁnym"bn‘?’yﬂmiﬂszaﬁﬂ W.f1. 2558
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LN MAAZULY (STREAM Scoring)
1. M3tadanlni2a9s89a (voluntary movement of the limbs) (.../2)

6 U
AT TINIT IR AZUR
0 ldmunsarmaefenlmnnaseuldudinostradnias (srumsvdy nmsiafawan 9iia 9)
1 1a — R1NIDVIINITLAREU 1A LA LN I U981 LLa:msmﬁauvlmﬁfuﬁmnﬁmmuvlﬂﬁnngﬂLu_m

= a
ﬂ’]iLﬂﬂa%vL%'Jﬂﬂ@laﬂ']\‘]&I'm

o A Ve a \ x> A \ : v A A
1b — mmmmn’mﬂaauvlmuuvl,mwmmdmu LL@]ﬂﬂ‘lﬂ'mzﬂ’]‘iLﬂRE]‘H:VL‘H’JVLNLL@ﬂ@l’]\‘i"ﬂ’m“IJ']\‘l‘Y]vLNNE]’]ﬂ'h"

DU

1c - mansnmuadenlminulddnia wdmaafewlmisudnmdsuuuldnnduuunmueienlng

Yndagrinin
° A & vo & A o v A v o A A '
2 usrmstadeanlninnladise lasdanwaclnaifssnutnen lidonisdonuss
X Tlavimanasay (szuiwana: 1ramatadanlng aamatha nie wanadn)

2. m‘smﬁauiu’sﬁug’m (basic mobility) (.../3)

6 %
AZUW® LN T IR AZ LI
0 laisunsarifanssuinesevlaudinsaanites (i laiestasunn)
1 1a — suntarinfanstuldleslasfassiiusunsain (desandualnudroinie wialhalusiuag

(stabilization) 33371 lad1159) neftenalswselaildiaTestie uazanvuzvasfanssunuwdosiunly
Annjduuulndatneann

1b — sru1savinfanssulaleslasdassiNesunsain (FadonduaudiuLrie wialhaNuNuas
(stabilization) 393z¥inlad15a) NeftenalenIelaldiaTestis udanwaspasnanTINUlasTINLE
d3dunuing

o
[

1c — FININTNAINTIUBUELTA AU LasBRTENIRaN MwS o Ll ThATa 9T WARNEILYININTINIL
Woswwldangduuudn@agraann

2 sansavnAanssuiui et uawaslasdas: 5ﬂ1ﬂm:“ﬂadﬁ‘ﬂﬂﬁu‘lfuiﬂUS’J&ILL&”JﬁEﬂLLU‘Uﬂﬂa TGREGEN
aNABLA38ITY

3 sansavihfanssutudSasnoauedlasias: 5ﬂ1:+m:°ﬂﬂdﬁﬁmﬁllifu1ﬂEJ‘S’JSJLLET’JﬁE‘ULL‘LI‘LIiJﬂﬁ lag'laidaq
ABLATaITIY

X lldnasay (zumans: Tramaedonlna gnsihe wia nanadu)

szﬁ'umaamsmﬁaulm

vinlalle v launsain i ldauysol
4 r -
amnmnstafenlng WeauuanniUndagnennn 0 1a 1c
in@ 0 1b 2(3)

FUNT FIVTAY bazAme ﬂ:rmt,ﬁa&fumﬂuﬂ?gfﬂimﬁu Lm:i:w3’7‘75”1/5:L&7u2um§Z?ﬁLUUL/5:L17u Stroke Rehabilitation Assessment of
Movement (STREAM) ng@vsyumfi‘i‘a"bmnouﬂnmmﬁuﬁﬂ@”ﬂm:gwmﬁﬂmmwniwvﬁnym"bn‘?’yﬂmiﬂszaﬁﬂ W.71. 2558
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TNuazduauuuilsziainv STREAM uaznsnagauluiitianis g

dsznaumeanmsdeeidn 30 vdaudadunsUszifivmaiafonlnivassensdua (upper extremity movement)

U1 10 Tan15UTe i un15LAR W IRIVRITHIIADY $1UI% 10 T8 (lower extremity movement) 371%2% 10 78

A 4 3 ° v A& A o A o ' ,
wazmstszfiumanfowlwifugin (basic mobiity) $1wan 10 98 GevniFuduildlunsdsdiulsznaume iueunas vk

YU wazrinLen

msussinlunnwanning (supine)

o Y
wizua

A5n1snagau

1. n19§zUn Iuvhuaumw

(protracts scapula in supine)

o @ A o & o P P 4 = ”
AR HJUFSUNYUNTIULY ZﬂﬂaLﬂﬂauﬂluTﬂmW@’m

WanpLme: PT Tralianusinad (stabilize) luvindalnasa 90 asen (shoulder 90 °
flexed) WazTaAaNIRELANTI)

2. miuatanan lurinwauning

(extends elbow in supine)

iuduAa Toraniaangasd (elbow fully flexed)
o o A o £ = ;A ° o9 o & X =
& ‘mipavaraniuassuinigauiiiasrild ilaTadulumnwain”

winong: PT tanldanuduad (stabilize) luvirdalnadia 90° mingihodusau
4o naluiia extension uaz/M3a abduction TIwde Thanidssunllainmaefewlm
Undunn (Ihazuuu 1a w3 1¢)

3. 901N wazazlwnlurinuanray

(flexes hip and knee in supine)

N F g0 o o X a4 e, X
M “vairn vaaslwndn 19 unUNw wia “Tma9%

4. WANAZLLAIAA (rolls onto side)

&I “Wanazuaaa lauay

WNBLAG): uIananazwas lnsmulad la winlddatruasumenanazuagly
fadunsldinessae (Ihazuun 2)

o X
5. BaWRINYTHLYN ﬂﬂﬁZI‘Wﬂ"llu
At uaaaWuLAe (raises
hips off bed in crook lying or

bridging)

o “l o J o d' 1 d' o
fds “wnazlwn(iw) duligeigaviiaunsarild®

winewg: {thoeglurisai saszlnn LLaﬂﬁ;‘i’”ﬂamwmmmﬂaﬂwn%ﬂﬁﬁu
Lﬁmlﬁ'lﬁmnﬁqﬂ

PT sansntaslianusiuas (stabilize) lagsufiin wiwngtlodussiulvdon
wisasen feimuetewlnidssuwanundinn (hazuun 1a wie 1c) windas
e (IF1e309128 Waann PT) Lﬁaﬁ'@wﬂﬂﬁagﬂuumﬂmd (midiine) faddunsld
w3aste (Ihasuun 2)

6. LWRsuaNYNwak BnaLduie
(moves from lying supine to

sitting)

o o & o o & o &
AR “@ﬂ?f%&l?%x??’]dl,7’)77)\7518\7?!’)\711%7’7%"

X @ add o @ ' a =
'Vill']illﬂﬁ@ql: m&nmqnmummamﬂ@ﬁ%ﬂ@mﬁ‘nﬂaa@mﬂ %Wﬂl"ﬁnﬁ‘l']ll']ﬂﬂ?"l 20 IUN
A 2 =1 a [ A ' a %
ﬂE]'l”lﬂ”lil,ﬂﬂE]%VLTWJLUENLU%Q']T]ﬂﬂ@IN']ﬂ (IﬁﬂszLuu 1a 139 1c) LL@lqﬁ'lﬂNﬂ'ﬁsL“ﬁLL“U%

2 A& a A a A v A ) %
AINNULALY NIDVBULALI ﬂaL']_]%ﬂW{L"D‘Lﬂia\‘i“ﬁ']ﬂ (FLWQZLL%% 2)

FUNT FIVTAY bazAme ﬂavmﬁaw”umzﬂum"’agfi/mﬁu Lm::smdwg”ﬂmﬁu'lumi'Z?f”ALUUL/i:Lﬁu Stroke Rehabilitation Assessment of

Movement (STREAM) ng@vsyumfi‘i‘a"bmnouﬂnmmﬁuﬁﬂ@”ﬂmuwmﬁﬂmmwnﬁwvﬁnym"bn‘?’yﬂmiﬂszaﬁﬂ W.f1. 2558
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M3Us2LRB lN19b9 (Sitting) 1N1219IIUNUN ABIWURKRADK WIDRWIANFIWTUNINAFBLDD 7-14

o Y
ey

A8mInagau

e X o X
7. Uﬂvlmaaaﬂmwu WIDLNREUNUW
(shrugs shoulders or scapular

elevation)

o @ . & o & o o A A o ,
RRER ;:m‘Z‘Vimmmmwumuuu‘lwgmgmmm:m‘l@

& & o 1%

‘Vil]’]ill,‘ﬁ@‘!: "Lmimaaaﬁ’msmmuwsawn

8. UNUBLATAIUL WY DIATHE

(raises hand to touch top of head)

« 4 e = "
ANNOYUNIUGEN AT ULUYDIAT IS

9. 1n9ialwanas (places hand

on sacrum)

W “wonda Iwanad ludmuassduli inafigawrinivh e

& A A |
10. ﬂmmumumuaﬂmﬂm@mn
(raises arm overhead to fullest

elevation)

< ) a v A Ao 2
?uwui/uﬂquﬂuWLW@”u 2%@07’7@'@!”77’7”71@

11. wneda uaz ahile (supinates

and pronates forearm)

o o o o £ o
AR “Yaaan 90° WYBUUUEIAInIgdaduuasn I laay’

IEQHIVIE mﬂ;jﬂmﬁﬂ@i’ﬁﬂmmﬁm fanaansandewlm ldinssunssin (Iwazuuu
1a 138 1b)

12. e (Guanvhuuiie) (doses
hand from fully opened posi-

tion)

'
o

AFd SunYuulaeunanuy “rda iuduriisu T@ﬂ?%”ﬂ??ﬂoagw”wuuan”

Y U = v g =3 v L3 I3 Y Y o =1 v
winewg: {ihedasiminszandadetuiniosisazldazuumdy withemield
' ' o A X 9 oA A v A '
wirnnlidnszandaietuiiudre ldhadisrunsandawlnrlainosunadin

(hazunu 1a 38 1b)

13. wuflaaan (Swanyi fdle)
(opens hand from fully closed

position)

'
>

ANFd L’%;Jmn‘vhﬁ']ﬁamﬂﬁfu“uuﬂaaanzﬁ”q@"

14. imeiia s Tnuazn
(opposes thumb to index finger

or tip to tip)

v

19 “vivnay leenantareina s luueenudane s

15. sataszlwn Tuvinits (flexes
hip in sitting)

< , X 9o A . A o 2
ﬂﬂt‘]l’l‘lful%gﬁ’lqm7’)’)7’7&’1&175{77’7’1lZﬂ

16. wiloatan lurits (extends

knee in sitting)

o ) 4 o o o '
“YATUMIINTI LY wu”lwagumﬁmnwam”

17. 9898111 Tuvints (flexes

knee in sitting)

“Lﬁaumyﬁ'Zilmmvvum"?ﬂﬂnaﬁzg@whﬁﬁﬂ la®

RANBLAG: isudulinarntsdenuseluduninianites (Wsweh

aguw ANV VRILIaNTN9)

@ o & V@
18. NILANVDLNIYY 1%‘71’1%(1

(dorsiflexes ankle in sitting)

o '2; “ v ¥ Aa J v j Cg/ o ‘dy v d’ ' d’ o y
AR 'D’I\m'ul‘i’)’lWWW‘HLLQ?Elﬂi]ﬂ’)ilé?’l’)?luW%W%ZﬁY@&I’mW@@LW7Wﬁ7&l770777,Z@

winewg: Mavhtedeuusslddmiianies (lﬁé'fuLﬁﬂa;J;LLuaLﬁﬂ'm”uﬁaLﬁwaa

= v
U18NUI)

FUNT FIVTAY bazAme ﬂavmﬁaw”umzﬂum"’agfi/mﬁu Lm::smdwg”ﬂmﬁu'lumi'Z?f”ALUUL/i:Lﬁu Stroke Rehabilitation Assessment of

Movement (STREAM) ng@vsyumfi‘i‘a"bmnouﬂnmmﬁuﬁﬂ@”ﬂmuwmﬁﬂmmwnﬁwvﬁnym"bn‘?’yﬂmiﬂszaﬁﬂ W.f1. 2558
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M 3U52L B L1N19h9 (Sitting) 1N1219IIUNUN ADIWURKADK WIDUWIANFIRTUNIINAFBUDD 7-14 (continued)

o Y
ey

A8mInagau

19. nsvanTawnad lures (plantar

flexes ankle in sitting)

o &, o a & % v o X & % ' oA o 2
AR ?7\7.‘”@72’“’)7@7@7”% Ltﬂﬁﬂm’ml,W??l%i)?ﬂi'vuﬂlﬁﬂﬂiﬂm’lg@t1’777’7@")&/’17277’7’1'Z@

v ' v v J
20. Wiltemamn uaenEanTawnUn
luvinss (extends knee and

dorsiflexes ankle in sitting)

o u: 1 v (g v J[
AR "Lﬁﬁﬂ@L‘]]’)Z%@ﬁ\? UaenIeanyalnivu’

U = ' v ' ] v v J e 1 ﬁl
wnowg: wngthomdsahldud ldanusanszandavhauldiishmansnnfanl
IdiNsannsain (hazuun 1a n3a 1b)

X A Vo .
21. ANVULH IINNTN (rises to

standing from sitting)

o & S o o< o o, o
AR “@nmuﬁu[@z/wmmwmmﬂunﬂummaaamﬂmmnu"

winewg: wingtheldlemedu WaedldeTeshe (Wazuuu 2) wingihodnie
liisuaa (asymmetry) 13 drdai8usazlnnaasdn go-6n i (Trendelenburg
position), axlwnisnikiagTanas (hip retraction) wiafimwenIawwiuataitidg

dauussnniinldfaimaeienlnudosuwandndann (azunu 1a w3 1c)

msdsziainluniis (Standing)

L v
wiua

25nsnagau

22. Huagriun AUNTTNIBUDI 20

(maintain standing for 20 counts)

o o A o ' o =
AR “ﬂ%agnﬂﬂ IUNINVEHUNY 20”

FIRTUNIINAROUTD 23-25 FINITNIU LNITRINNUAILWOTIE I UNTNTIAN

23. madaazlnnthidenusiaan
lasdanmiaa (abducts affected

hip with knee extended)

& “nvreanuInaudlaglrivunduanss Lt,a:m[wnaaw”’magiim"iuﬁmn"‘u”

24. JarnTNIsausd laoTaszlnn
THHEE (flexes affected knee with

hip extended)

o . & o o oo % =y o o ° f v A
fse “vadu lUarunas Mauredauluniny lagsnmdunssaslwnlvindya

"

25. NIZANTDLNIT1IBD LTI
WisuwliaaN (dorsiflexes affected

ankle with knee extended)

o @ s wa X o N o A, o Y 5
AR 'Jvmmmmwuumzmilmmmwuwuwulﬂmmanm‘mwmmmm7@

winewg: MNahivdeuusslddeniianias imdeuiiaug (Wdurhaguu

Wweanuiainvesantne)

msuszinlunnde (Standing)

L v
wiua

25nsnagau

26. MIYNT98 UL IILWLEAL
(places affected foot onto first

step)

o &, o & o 5 A o a a4 e @
AR E/nl;”'n]u?l]?q\?ﬂ%ﬂuY@'ﬂuu?n (7’7587_/%@7\7 ﬂ?’l&lg\i 18 LWH@“NW?} 7’)95]‘2/7\7”%7

AUNBLAG: VL;J'W@:Lmumsﬂﬂmné’umwawauuﬁumn;ﬂ”ﬂamﬁ'mnu”uvlmﬁmﬂﬂ%

Ww3a9te (Wazuun 2)

FUNT FIVTAY bazAme ﬂavmﬁaw”umzﬂum"’agfi/mﬁu Lm::smdwg”ﬂmﬁu'lumi'Z?f”ALUUL/i:Lﬁu Stroke Rehabilitation Assessment of
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nsusziinlunndn (Standing) (continued)

o Y
ey

A8mInagau

27. i ldnunad 3 M (takes

3 steps backwards)

&9 “ragIwadszu [Urenad 3 n”nZ@mm1/1”71/”7074ﬁa‘l%”agi@”mm?m”vé‘n
919N

28. mwhlénhuthg 3 i masn
gaulL3d (takes 3 steps sideways

to affected side)

&9 “Frurigranatszuo lUn19eauaay 3 179 lawniivivisdanusinau’

29. @uiduizozmds 10 was

(walks 10 meters indoors)

&9 “aulUMmauvanszeen1910 1was

winewg: wndthelanoadniol (orthotic) fadldiadesdan (Wazuuu 2) winld
LANINNIT 20 F7 HadmsieRen laudsausandndann (Wazuun 1c)

30. l@uadtinla 3 24 laganar
FALN (walks down 3 stairs al-

ternating feet)

o
o A

&I “LAuaILH L 3 9% wingrwrsavin la i riunesiuas vt laudszy 8
WIINUBY U AN

wineng: wingthedusndula fedldiadestis (dazuuu 2) winldananindn

gauw e demaefenlnndosuuandndunn (Iwazuun 1a w3e 1c)

1 dl
LARINNT:

Daley K, Mayo N, Danys |, Cabot R, Wood-Dauphinee S: The Stroke Rehabilitation Assessment of Movement (STREAM):
Refining and validating the content. Physiother Can 1997, 49:269-278.

Daley K, Mayo N, Wood-Dauphinee S: Reliability of scores on the Stroke Rehabilitation Assessment of Movement
(STREAM) measure. Phys Ther 1999, 79:8-19.
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Patient’s name
Diagnosis ..........

Physiotherapist

Stroke Rehabilitation Assessment of Movement (STREAM)

Supine

1. Protract scapula

2. Extend elbow

3. Flex hip and knee

4. Roll onto side

5. Bridging

6. Supine to sitting

Sitting

7. Scapular elevation (shrug shoulders)

8. Hand to top of head

9. Hand on sacrum

10.

Raise arm overhead to full elevation

11.

Supination/pronation

12.

Close hand (make a fist)

13.

Open hand

14.

Thumb to index (tip to tip)

15.

Flex hip

16.

Extend knee

17.

Flex knee

18.

Ankle dorsiflex

19.

Ankle plantarflex

20.

Extend knee and dorsiflex ankle

21.

Rise to standing from sitting

22.

Maintain standing for 20 seconds

Stand (hold on stable support for balance for

item 23-25)

23.

Abduct affected hip/ knee extended
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24. Flex affected knee/ hip extended 2
25. Dorsiflex affected ankle/ knee extended 2
26. Place affected foot onto step (18 cm) 3
Walk

27. Take 3 steps backwards 3
28. Take 3 steps sideways to affected side 3
29. Walk 10 m. indoors 3
30. Walk down 3 stairs alternating feet 3

84

Upper extremity

Item Score

1

2
7
8
9

10
11

12

13

14

Subscale total score

/20

STREAM total score

/ 100 +

Journal of Associated Medical Sciences

Lower extremity

Item

Score

Basic mobility

3

Iltem

Score

15

4

16

5

17

6

18

21

19

22

20

26

23

27

24

28

25

29

30

/20

/ 100

/ 30

(max 100)

/ 100
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Background: Frailty is a geriatric syndrome resulting in functional decline and loss of independence. Regular
exercise is beneficial to prevent or delay frailty process, However, research findings are inconsistent regarding

exercise intensity, particularly on whether low-intensity exercise can improve the physical fitness of older adults.

Objectives: To determine the effects of low-intensity exercise training on aerobic capacity, functional mobility, and

health-related quality of life (HRQL) in pre-frail elderly women.

Materials and methods: Twenty-four pre-frail elderly women (mean aged 77.2+7.1 years) were randomly allocated
to either an exercise period (30 minutes/day of supervised low-intensity arm swing exercise (ASE), 5 days/week)
or a control period (maintaining daily routine activities) for 12 weeks, followed by a 12-week washout period, then
crossed over to another period for 12 weeks. Peak oxygen consumption (VO, peak), timed up-and-go test (TUGT),
4-meter walk test (4-MWT), and handgrip strength were assessed to all participants before and after each study

period. HRQL was also evaluated using the Short-Form 36 questionnaire.

Results: Results showed significant improvement in VO, peak (p<0.01), TUGT (p<0.01), and 4-MWT (p<0.01) after
12-week of low-intensity ASE training. Moreover, physical component summary (p<0.01) and mental component

summary (p<0.01) were improved in the ASE period compared to those control period.

Conclusion: It was suggest that low-intensity ASE is effective in improvingaerobic capacity, functional mobility, and

HRQL for pre-frail elderly women. It may be a desired intensity level in promoting optimal health levels among the

elderly with lower risk of injuries and long-term sustainability.

Journal of Associated Medical Sciences 2017; 50(1): 87-99. Doi: 10.14456/jams.2017.8
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Introduction

Thailand is experiencing one of the most rapid rates
of population aging in the developing world, with a higher
prevalence in women.' Frailty is considered to be highly
prevalent with increasing age resulting in a cumulative
decline of physiological reserve capacity and physical
functioning.? Frail individuals have a higher risk of
dependency, increased health service requirements, and
frailty has a negative influence on health-related quality
of life (HRQL).>® Declining in aerobic capacity with
increasing age has been associated with functional decline
and mobility, and also low physical activity. Low physical
activity has been shown to be an independent predictor of
mortality and disability regarding all outcomes of frailty.’

There is consensus in the literature regarding the role of
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exercise and physical activity in preventing or delaying
frailty.>® American College of Sports Medicine (ACSM)
recommendations for elderly population suggests at least
150 minutes/week of moderate exercise or 60 minutes/
week of vigorous-intensity exercise.” ACSM guideline
mainly focuses on healthy older adults; however, a substantial
part of the elderly population suffers from multi-morbidity
and disability, especially mobility problems and consequently,
they may be unable to accomplish the recommended
physical activity levels."

Low-intensity exercise is useful to induce health
benefits for frail, elderly adults and better exercise
adherence as a relatively moderate- and high-intensity

11-12

exercise. Alternative lower-intensity exercise may be

more appropriate for older adults. Arm swing exercise

Vol. 50 No. 1 January 2017



(ASE) is a low-intensity exercise with approximately 23%
of maximal oxygen consumption.” It is easy and convenient
to perform without any special equipment or special clothing.
ASE is also appropriate for different levels of mobility as it
can be performed in either standing or sitting position.”"
Moreover, it is recommended by Thai Health Promotion
Fundamental (Thai Health) as a physical activity promotion.
Thai Health suggested to perform a 30 minutes of ASE
per day (approximately 1000-2000 times/session).” As
demonstrated in our previous report, ASE has a beneficial
effect on the improvement of cognitive performance, oxidative
stress, and aerobic capacity in older women with mild
cognitive impairment (MCI)." In addition, previous studies
demonstrated that ASE reduced oxidative stress,"
inflammatory markers, and low-density lipoprotein
cholesterol levels™ while improved glycemic control™ and
pulmonary function™ in patients with type 2 diabetes.
Although there are evidences concerning the benefits of
ASE in maintaining and improving physicalhealth'"* and
cognition,”® no recommendation concerning structure of
exercise programs for pre-frail elders has been made to
date. Moreover, effects of low-intensity ASE training on
physical fitness and HRQL in pre-frail elderly women have
not been studied. Therefore, the objective of this study
was to investigate the effect of 12-week low-intensity ASE
training on aerobic capacity, functional mobility and HRQL

in pre-frail elderly women.

Materials and methods

Subjects

Twenty-four elderly women aged 65 to 87 years in
Nakhon Pathom Province, Thailand were recruited. Subjects
were screened for frailty and pre-frailty according to
Fried’s criteria,” with individuals considered to be pre-frail
if they fulfilled 1 or 2 of the following 5 criteria:

1) Weight loss, defined as unintentional weight
loss of 4.5 kg or more, weight loss of 5% or
more in the last year, or body mass index
(BMI) under 19 kg/m?

2) Weakness, defined as poor muscle strength of
under 17 kg

3) Self-reported exhaustion

Journal of Associated Medical Sciences

4) Slowness, defined as slow walking speed of
under 0.75 m/sec
5) Low physical activity, defined as self-reported

outdoor walking of under 30 minutes/day

Exclusion criteria included significant cardiovascular
and cerebrovascular disease, uncontrolled hypertension
and diabetes, musculoskeletal impairment such as shoulder
tendinitis and adhesive capsulitis, or presence of other
medical condition with significant psychiatric or neurologic
consequences. Use of statins, anti-hypertensives or diabetes
medications was permitted. Diagram outlining the subject
flow from initial contact through to study completion is
provided in Figure 1. The study was approved by the Ethical
Review Committee for Research in Human Subjects, Ministry
of Public Health, Thailand (Ref. no 24/2556). Written and
verbal informed consents were obtained from all subjects;
verbal consent was witnessed and formally recorded.
Sample size of this study was calculated using WINPEPI
program according to previous report of Dechamps et al
in that 24-week Tai Chi training could improve the timed
up-and-go test (TUGT) in frail institutionalized elderly."”
Decision was made to require 80% power with a significance
level of 0.05. Accordingly, the proposed size was 24

subjects per group.
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45 elderly women assessed for eligibility

\4

A 4

21 excluded
- 15 not meeting inclusion criteria
- 3 declined to participate

- 3 contraindicated medical condition

24 randomized

\ 4

12 allocated to exercise period

\4

12 allocated to washout period follow-up

}

12 allocated to control period

A4

12 allocated to washout period

i

12 allocated to exercise period

12 allocated to control period

A 4

24 included in analysis

Figure 1. Subject flow diagram from initial contact through study completion.

Procedures
Study procedure

A randomized control trial with a crossover design
was conducted with pre-frail elderly women. Twenty-four
elderly women aged 65 to 87 years were recruited and
randomly allocated to either an exercise or a control period for
12 weeks. After a 12-week washout period, they crossed
over to the other period for a further 12 week. In addition,
they were required to have a regular dietary pattern
throughout study period. Demographic data were collected by
researchers where medical data were obtained from
medical records. Aerobic capacity was assessed using
peak oxygen consumption (VO, peak) test. Functional
mobility and balance were assessed using TUGT and
4-meter walk test (4-MWT). Handgrip strength test was

used to measure muscle strength. HRQL was evaluated
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using Short-Form 36 questionnaire (SF-36). All measurements
were performed at the beginning and at the completion of

each period.

Exercise intervention

Subjects were asked to perform supervised low-intensity
ASE (approximately 23% of VO, peak™) for 30 minutes/
day, 5 days/week. A warm-up and a cool-down in each period
involved 5 minutes of stretching exercise. The speed of
swinging was 20 times/minute for the first three week,
progressing to 25 times/minute during week 4 to week 5,
and 30 times/minute beyond that. The exercise duration
was 10-15 minutes for the first three week, increasing
by 5 minutes every week until the duration reached
30 minutes. In the starting position of ASE, each subject

stood or sat on a stool and relaxed mind and body. The
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feet were firmly placed on the ground, at shoulder width
apart. Subjects were asked to keep their trunks straight
with their arms hanging naturally. Then, both arms were
swung forward about 30° with a smooth and even force
and then backward to about 60°. Before and after ASE,
Borg rating of perceived exertion (RPE) scale was
applied. An exercise trainer monitored adherence and
adverse events. If subjects could not attend 90% of total

exercise sessions, they were withdrawn from study.

Preliminary evaluation

Preliminary screening evaluations included a medical
history, electrocardiogram (EEG), and cognitive function
(data not shown). Blood pressure (BP) was measured with
an oscillometric semiautomatic device (Visomat OZ, D2,
International, Hestia, Germany). Body composition and
mass was measured using a bioimpedance analysis device
(InBody 720, Biospace, Korea). Height was measured using
a spring-coil measuring tape, which was placed on a flat
surface with backboard supported by a wall. Body mass
index (BMI) was calculated as body mass divided by the

squared value of height (kg/m?).

Aerobic capacity measurement

Aerobic capacity was measured using an incremental
arm exercise test at resting before and after each period.
Subjects performed incremental arm exercise test on an
arm crank ergometer (Ergoselect 400; ergoline GmbH,
Bitz, Germany) while sitting in a chair. After a 2-minute
rest measurement, test was started at 10 watts and work
rate was increased every minute by 3 watts. Subjects
were encouraged to sustain the test at 60-70 revolutions
per minute until volitional exhaustion. Subjects then completed
an unloaded recovery period of 3 minutes. Expired gas
samples were collected on a breath-by-breath basis using
an Oxycon Mobile portable metabolic system (Erich
Jaeger, Viasys Healthcare, Germany). Oxygen consumption
(VO,), carbon dioxide production (VCO,), and HR were
recorded throughout the test. System was calibrated
before each test using a 3-liter syringe and a known
concentrations of gas (15.2% O,, 5.02% CO, and 79.62% N).
Continuous EEG and oxygen saturation monitoring were

used throughout the exercise testing. In this study, we
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considered the highest attained oxygen consumption value.
Heart rate recovery (HRR) was calculated as difference
between peak exercise HR and post-exercise HR at
the first minute (HRR1min) and the second minute
(HRR2min).

Functional mobility assessment

Functional mobility and balance were assessed using
4-MWT and TUGT at resting before and after each period.
For 4-MWT, subjects were instructed to walk for a straight
4-meter distance at a normal pace of ambulation. Where
necessary, subjects were permitted to use walking aids.
Outcome measure was the mean duration of 2 trials and
converted to walking speed (m/sec)." For TUGT, subjects
were instructed to stand up from a chair with armrests
without using of their hands, walk for 3 meters, turn and
return to sit down again without use of hands. Time
required to finish the test was recorded. TUGT is a valid
measure that correlates well with balance and can predict
safe mobility-related activity during daily life in the

elderly."

Handgrip strength measurement

Handgrip strength is a valid measure to estimate
the physical functional status and can be used as
prediction of general health status in elderly.?*?’
Handgrip strength was measured using a digital handgrip
dynamometer (Takei TKK 5401, Tokyo, Japan) at resting
before and after each period. Subjects were asked to
squeeze handgrip dynamometer with maximal effort.
Both hands were measured three consecutive times. An

average of three measurements was used as handgrip

strength value.

Health-related quality of life evaluation

HRQL was evaluated using SF-36 (Thai version).
Subjects were asked to complete the questionnaire at
resting before and after each period. Previous study
suggested validity and reliability of SF-36 in the assessment
of health perception in a frail-elderly population.”” SF-36
contains 36 items that measures eight domains, consisting
of physical functioning, role limitation due to physical problems,
bodily pain, general health, vitality, social functioning, role

limitation due to emotional problems, and mental health.
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Each domain was scored from O (lowest level of functioning)
to 100 (highest level). Internal consistency of SF-36 (Thai
version) was good, with Cronbach’s alpha of 0.72-0.86 for

all domains of the questionnaire.”

Statistical analysis

Data analyses were performed using SPSS statistical
software. Measurement outcomes were expressed as
mean+SD. Normal distribution of all data was investigated
using Shapiro-Wilk test. Statistical comparisons of dependent
variables were analyzed using a two-way ANOVA with
repeated measures (subject factors of exercise and time).
Bonferroni method was used to adjust the multiple
comparisons. A P value of <0.05 was considered to be

significantly different.

All subjects were pre-frail elderly women with mean
age of 77.2+7.1 years. Subjects presented mild-to-moderate
cognitive impairment with a mean MMSE score of 18.5+4.0.
They had high percent body fat (BF) (BF; 40.2+6.8%) and
were classified as overweight (BMI; 24.5+1.0 kg/m?) with
abdominal obesity (W/H ratio; 1.02+0.03). Rates of
hypertension, diabetes, dyslipidemia, and osteoarthritis
were 54.2%, 41.2%, 33.3%, and 8.3%, respectively. Most
of the subjects had graduated from primary school or lower
(95.8%) (Table 1). In training period, subjects attended
95.6% of their supervised exercise sessions. Subjects met
their prescribed duration and intensity levels at 95.6% and
89.2%, respectively. Less than 10% of subjects reported
regular exercise outside the study. No accidents or medical

complications related directly to the training were observed.

Table 1 Clinical and demographic characteristics of subjects in this study.

Variables MeantSD
Age (yrs) 77.2+7.1
Body mass (kg) 53.6+13.1
Height (cm) 159.0+5.4
BMI (kg/m?) 24.5+1.0
Body fat (%) 40.246.8
Fat mass (kg) 23.0¢7.5
SMM (kg) 16.9+1.9
WI/H ratio 1.02+0.03
MMSE score 18.5+4.0
Level of education

Unable to read and write 8.3%
Incomplete primary school 16.7%
Complete primary school 70.8%
High school or university 4.2%
Marital status

Single 33.3%
Married 54.2%
Widowed 12.5%
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Table 1 Clinical and demographic characteristics of subjects in this study. (continues)

Underlying diseases
Hypertension
Diabetes
Dyslipidemia

Heart disease
Pulmonary disease

Osteoarthritis

54.2%

41.2%

33.3%
0.0%
0.0%
8.3%

Data are expressed as meanSD or percent, n=24. BMI; body mass index, SMM; skeletal muscle mass, W/H; waist to

hip circumference, MMSE; mini-mental state examination

After ASE period, VO, peak (P<0.01), HRR1min
(p<0.05), and HRR2min (p<0.05) were increased significantly
with respect to baseline. In addition, resting HR (p<0.01),
systolic blood pressure (SBP) (p<0.01), and mean arterial
pressure (MAP) (p<0.01) were significantly decreased
with respect to baseline. After the control period, there
was no significant changes in these variables (Table 2).

VOZ peak (0<0.01) in ASE period was significantly increased

when compared with control period. Resting HR (p<0.01),
SBP (p<0.01), and MAP (p<0.01) were significantly
decreased in ASE period when compared with control
period. However, diastolic blood pressure, HRmax,
HRR1min and HRR2min, and RPE were not significantly
different between periods (Table 2). The data presented

in Table 2 have been published in our previous report.™

Table 2 Aerobic capacity of subjects in control and ASE periods.

Control ASE

Baseline Post-Test Baseline Post-Test
HR rest (beats/min) 81.4+10.8 82.3+9.7 81.5£13.1 77.4£9.07 1
SBP rest (mmHg) 147.0+18.7 146.5+19.1 148.5+22.3 132.546.2" 1
DBP rest (mmHg) 78.9+7.5 77.1+12.0 76.2+12.9 74.6+7.6
MAP rest (mmHg) 101.6£10.5 100.3+13.4 100.3+14.6 93.9+6.4 T
VO, poax(mL/kg/min) 11.1+1.4 10.9+1.7 11.1+1.5 12.2¢1.971
HR peak (beats/min) 137.34¢7.5 137.048.0 136.349.0 138.846.9
HRR1min (beats) 13.023.2 13.842.2 13.321.5 14.5¢1.9°
HRR2min (beats) 27.7£3.1 27.6+3.1 27.0£2.7 28.6+3.3
RPE 18.2+1.5 18.0£1.8 17.9£1.9 17.9+1.8

Data are expressed as mean+SD, n=24. ASE; arm swing exercise, HR; heart rate, SBP; systolic blood pressure, DBP;

diastolic blood pressure; MAP; mean arterial pressure, VO, peaks P€ak oxygen consumption, HRR1min; heart rate recovery

at the first minute, HRR2min; heart rate recovery at the second minute, RPE; rating of perceived exertion. Significant

difference from baseline within period; *p<0.05, ** p<0.01; Significant difference between periods; * p<0.01.
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TUGT and 4-MWT improved significantly (p<0.01)
with respect to the baseline but they were unchanged in
control period (Table 3). TUGT and 4-MWT were significantly

improved (p<0.01) in ASE period when compared with
control period. However, handgrip strength was not

significantly different between periods (Table 3).

Table 3 Functional mobility and handgrip strength of subjects in control and ASE periods.

Control ASE
Baseline Post-Test Baseline Post-Test
TUGT (sec) 16.9+3.1 17.03.1 17.2+¢3.5 14543571
4-MWT (m/sec) 0.770.16 0.7740.16 0.77+0.17 0.8410.15" f
Handgrip strength (kg) 18.61£2.0 19.8+2.5 18.812.8 20.1£2.3

Data are expressed as mean+SD, n=24. ASE; arm swing exercise, TUGT; timed up and go test; 4-MWT; 4-meter

walk test. Significant difference from baseline within period; *p<0.05, ** p<0.01; Significant difference between periods;

T p<0.01.

Physical and mental component summary improved
significantly (p<0.01) with respect to baseline but it was
unchanged in control period (Table 4). Significant
improvements with respect to baseline were observed in
all domain-specific measures of SF-36; physical functioning
(p<0.01), role limitation due to physical problems (p<0.01),
social functioning (p<0.01), and metal health (p<0.01)

(Table 4). Physical and mental component summary were
significantly improved (p<0.01) in ASE period when
compared with control period. Significant improvements in
domain-specific measures of SF-36 were observed only in
physical functioning (p<0.01), role limitation due to physical
problems (p<0.01), social functioning (p<0.01) and metal
health (p<0.01) (Table 4).

Table 4 Health-related quality of life of subjects in control and ASE periods.

Control ASE
Baseline Post-Test Baseline Post-Test
Physical health 47.0+3.5 47.0+3.4 471434 51.1£3.2" 1
Physical functioning 47.7+6.0 47.8+5.9 47.946.5 55.2+6.4" 1
Role-physical 45.3+7.3 45.147.4 447456 50.5¢5.7" 1
Bodily pain 48.814.5 48.614.4 48.8+4.8 50.0+4.7°
General health 45.613.9 46.0%4.5 46.4£3.6 47.8+3.2
Mental health 47.7£3.7 47.8+3.9 48.0+4.0 51.8+3.7" 1
Social functioning 47.4455 47.545.3 47.7+6.2 54.5+4.8" 1
Vitality 44 4456 448457 447456 45.2+4.9
Role-emotional 49.2+4.5 49.3+4.4 49.3+4.5 50.7+4.9"
Mental health 49.046.6 48.916.3 49.6+6.4 54.2+¢7.0° 1

Data are expressed as meantSD, n=24. ASE; arm swing exercise. Significant difference from baseline within period;

*p<0.05, ** p<0.01; Significant difference between periods; T p<0.01.
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Results of this study suggested that 12-week
of low-intensity ASE training improves aerobic capacity,
functional mobility, and HRQL in pre-frail elderly women.
These results provide additional information and support
for the current public health recommendation for physical
activity in elderly population. Currently, ACSM recommendations
for elderly suggest at least 150 minutes/week of moderate
exercise or 60 minutes/week of high-intensity exercise.’
However, due to physiological deterioration and time
constraints, many older adults may be unable to accomplish
the recommended physical activity levels.” Our results
suggested that a mean of 118 minutes of low-intensity ASE
per week seems to be a feasible exercise program that
can be performed by virtually all older adults. Moreover,
this result showed a satisfactory level of exercise intervention
attendance rate for low-intensity ASE training (>90%). It
may be preferable when considering factors such as fall
risk, safety, compliance, and effectiveness.

This is the first study demonstrated improved aerobic
capacity after 12-week of low-intensity ASE training in
pre-frail elderly women and indicates that this population
sustains the ability to adapt to endurance training with
significant increases in VO, peak. Frailty-associated
declining in VO, peak might involve a decline in muscle mass

24-27

and in cardiac output. A low VO, peak has also been

associated with diminished ability to accomplish activities

associated with daily living in older adults.***

Low-intensity
exercise, such as ASE program employed in this study,
has potential to enhance VO, peak in pre-frail elderly
women without unfavorable effects. This is a probable
outcome, given the mechanism of physiological changes
as a result of exercising regularly. Regular exercise induces
stress on the cardiovascular and muscular systems in

order for physical adaptation to occur.*"""?

In addition,
ASE can be performed in either standing or sitting position,
making it accessible to all elders regardless of their balance
abilities. Thus, it is also appropriate for elderly with a high
risk of falling and limited mobility.

Our results showed significant improvement in
TUGT and 4-MWT after 12-week of low-intensity ASE
training in pre-frail elderly women. Similar benefits were

also evidenced in Brown et al.'* whose results revealed
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significant improvements in physical performance among
older adults with mild frailty following low-intensity exercise.
Previous studies also found that low-intensity exercise
was more effective for the vulnerable elderly.”®"""*%
Low-intensity ASE training has a beneficial effect on
reducing the perceived degree of effort and dyspnea of a
given activity and improving mobility. Adaptive response
of aerobic capacity could be expected to translate into
improved functional mobility. Previous studies reported that
aerobic capacity was associated with functional mobility
in older adults with and without chronic diseases.'""****
In addition, subjects in this study were classified as
mild-to-moderate cognitive impairment with a mean MMSE
score of 18.5+4.0. As reported in our previous study, the
ASE improves cognitive domains related to motor learning
and sensorimotor control'®, which may enhance functional
mobility. Functional mobility seems to be associated with
executive function in elderly subjects with MCI.** Based
on our results, we suggest that low-intensity ASE training
for pre-frail elderly women not only promotes better
cardiorespiratory fitness, but also improves functional
mobility in this elderly population.

In addition, results of this study showed the beneficial
effect of low-intensity ASE training on HRQL in pre-frail
elderly women. Subjective evaluation of HRQL using SF-36
provided good validity and reliability in assessment of
health perception in older adults.”* Low-intensity ASE
training can be a protective factor for good physical and
mental health among pre-frail elderly women. Subjects
can increase their vigor and decrease fatigue and as a
result improve physical functioning and role limitation due
to physical problems after 12-week of low-intensity ASE
training. In addition, low-intensity ASE training has the
potential to enhance VO, peak IN pre-frail elderly women. The
VO, peak r€lates to abilities to perform functional activities
and limitations in elders.*** The improved cardiorespiratory
fitness can lead to better performance in activities of daily
living.*® In training period, subjects had greater social
contact than in control period. It is possible that the increased
level of socialization enhanced their mental health. This
is supported by the significant changes in specific-domain
measures of SF-36 for social functioning and mental

health.
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Moreover, increases in sense of enjoyment and a
perceived improvement in well-being were also reported
by subjects after low-intensity ASE training. This study
is consistent with previous study that has reported
low-intensity exercise was an important factor underlying
the high adherence rate in frail elderly people.’® The
exercise intensity in this study was low, which explained
the high attendance rate in the training period. This is
likely to have a positive effect on exercise continuation
and adherence that contributes to improving the HRQL.

Although the low-intensity ASE training has a beneficial
effect on improving physical fitness and HRQL in pre-frail
elderly women, samples used in this study may not
represent the elderly population. More research is needed
to investigate the effects of ASE on the general population
of community-living elderly people since cardiorespiratory
fitness and functional ability may vary in different groups

of elderly population.
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Conclusion

The findings of this study suggest a beneficial effect
of low-intensity ASE training on improving physical fitness
in pre-frail elderly women. This training program improves
physical fitness, which is related to HRQL in pre-frail
elderly individuals. Moreover, our results showed a
satisfactory level of exercise intervention attendance rate
for low-intensity ASE training. It may be preferable when
considering factors such as fall risk, safety, compliance,

and effectiveness.
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The immediate effects of foot self-massage in combination with exercise using tennis balls

on balance performance in community-dwelling older adults
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Objectives: To determine immediate effects of foot self-massage in combination with exercise using tennis balls on

balance performance in community-dwelling older adults

Materials and methods: This study was a quasi-experimental before/after study without a control group. Thirty
healthy elderly adults both male and female (average age: 69.23+7.00 years, BMI: 23.05+3.82 kg/m®) were
participated. Participants performed foot self-massage combined with tennis ball exercise for 10 positions under
researcher’s supervision. Timed up and go test (TUG) and functional reach test (FRT) were used to assess functional
balance before and after foot massage and exercise. Participants also provided satisfaction survey on the equipment
and foot massage with exercise program after post-test. Data was analyzed by Wilcoxon signed-rank test and
dependent t-test to compare differences between pre- and post-test of TUG and FRT respectively. An alpha level

of p<0.05 was used to test statistical significance.

Results: The results presented that TUG significantly decreased at the end of the study (pre-test: 11.06+2.72 s,
post-test: 9.92+2.65 s, p=0.000). FRT also showed a significant increase between pre- and the post-test
(pre-test:26.58+6.66 cm, post-test:32.28+6.4 cm,p=0.000). Survey score was 4.53+0.63 out of 5 which classified

as very satisfied.

Conclusion: Findings from this study demonstrated that foot self-massage combined with tennis ball exercise may
improve functional balance and also build comfort for foot in elderly.

Journal of Associated Medical Sciences 2017; 50(1): 100-113. Doi: 10.14456/jams.2017.9

Keywords: Elderly, balance, foot self-massage, exercise, tennis balls

100 Journal of Associated Medical Sciences Vol. 50 No. 1 January 2017



UNANLD

'S'mqﬂsmac-f: Lﬁ'aﬁﬂmNaﬁuﬁmaamm’mLﬁ'ﬁ"mﬁuaanﬁﬂﬁ'\mmﬁ'sﬂgnmuﬁa@iammmmmmwaaﬁﬂu@gomqﬁ
mﬁ'ﬂaglw’gwu

TEQUAzIEMT: Humyisuuuuimasasdssidunanonuaznas wazlifinguadugu avmadaadudgiatnguning
LNATIILRZATY $71%7% 30 31 (mqm?iﬂ 69.23:7.00 1 ewfluranioiade 23.05+3.82 nn/u?) naasslasly
nmsianariuiueaniaInMossgnnuiizd wan 10 via ﬂ'msl,@i”n'ﬁﬂ'mqmaoﬂmzqﬁﬁ‘ﬂ U3zl wn1IN 969
ﬁwﬂ’liﬂ@maum’a’mquai’mmﬂﬁ"mﬂ’mﬁu (timed up and go test; TUG) LLa:’Tﬁ'Lga&lﬁa (function reach test; FRT)
ADWLAZREINIINARBILEIIAUTIUA ormaiasiuuulsziuanuiwaladegdniniuazifniswiairiouny
aanﬁﬁa"’dmmi”’aﬂgmmuﬁamsmﬁ'aLﬁ%ﬁﬁyun'ﬁﬂinﬁu%ﬁaﬂ'ﬁmaaa 3Lﬂ§1:ﬁﬁﬂ§ﬂi@ ol TRHA Wilcoxon signed-rank
test WAz dependent t-test 1aLSUiBUARABIINMINAREL TUG uaz FRT ausay mwuassaukodeyna
§AGN p<0.05

HaN3AN®N: dlafganmInagay TUG aaadagalingfmannosiia (aw 11.06+2.72 Jufinas 9.92+2.65 Iuil
a 1 { AI J ] e o Qs aAa 3
8A8Y 1.14x1.12 JU#l p=0.000) UaFALRABIINNIINARDU FRT 1NNIUEIIUEEATYNNIEAG (Maw 26.58+6.66 TW.
Qs ' { 1 1 Q/ I3 A )
Wad 32.2846.4 T, p=0.000) FnzuumaiuanuNanalafidyiiny 4.53£0.63 Azuun MNNAULWKGY 5 Taaglu

'
=

6 R
Lﬂm‘ﬂ‘Wﬂ’W@I‘ﬂ&l’lﬂﬂq@]

asqﬂwamsﬁnm: NamiﬁnmLLa@alv‘i’Lﬁu’jﬁmimﬂLVT’]@T’Jsmumdimﬁ’uaaﬂﬁ'\ﬁhmﬂﬁaUgﬂmuﬁamaﬁdmﬁw
NAUUINIITNTIN? LLa:a%’Nmmfﬁnam slﬁl,ﬁwaapggd a1 q"L@T

o

Journal of Associated Medical Sciences 2560; 50(1): 100-113. Doi: 10.14456/jams.2017.9

AEIAR: KFI0NE MINTIN MIMAFNEILAWEI MIBBNTAINE ALNUILE

LN

A28na Ll i NI9NITUWN T LT AIIINBINEILIS
dl a £ v L 3 1 v 6 =1 g 1
71mitymmmsluﬂa?guumwa’l.ﬂméwﬂumqﬂmmmﬂmu
e 1 U n' é‘ IS n: o o A
a@muﬂi:mm%\amqmumuwﬂaﬂz fasagdsrnmIni
A A A X a A ' A A o
nenuandlaangiiuia ANUIFBNTEIEULAN Y MiNeTas
I @ A °
numwummm’l,umimuqumimmf Fadunsrineau
ﬁ"';uﬁ'umam:uuﬂ’:‘mm%’ummjﬁﬂ JruudsEanaInig
suulassuaznauie’ me:uuﬂi:mﬂm”mpﬁﬁzmTa\‘l
ﬁ'umﬁ'ufua:mmmﬁsl# ﬁﬂﬁpjgamqﬁmwunwim
1un15muqum13ma@°’a LRENGOMIRNANLRZENIFINANTENL
@iaqmmwﬁ%a NMINWWIANNFINITOGIUAITNIIA
ludmsangdsmdanlunimzaennuieunassaimnsiem

a 4 1 £ A o o

wartlaanuanuidssdanisunangdudyridranuas

Journal of Associated Medical Sciences

wﬂ@”ﬂaslugga a1y’ mwnﬁmﬁmﬂummq%é’n
“ua\‘imsl,ﬁmm’;:nwwamww%amuﬁa%‘?mlu@qamsf’ ®
= A ' a ﬂJ ' ' vL 2510-11
MIANENEIBITWLINIIRNH UGN § 1T INT
miﬂnmimdﬁ'ﬂﬂslﬁLﬂ%aaﬁﬂauan@T'sm:umauﬁama?z
{1 unswlwdu® nsilnun foam platform™ n13iinauga

1517

mManssvuasnImMealunmeng g™ faNaTIENAIMMINTIN
Iu;ﬁamqvlﬁ wannfimsvvaainga ww Mswasuny
mspguTadefiviuastarin® wazmiwadh® wui
°ﬁ'sﬂw?uu']mimm”ﬂu;ggoa']qvl,ﬁﬁuﬁ Tagiunswiaii
I@]ﬂl’ﬁqﬂmmﬂl@ﬁumwﬁﬁmﬁ'umnﬁu funumsdnm
wmfnmsmﬁﬂuﬂ:mmw%ﬁammmmz@?un’mvlmﬁsu
Iaﬁmu’%nmﬁwLﬁuﬂanuLL“ﬁuLLiaLLazﬂawuﬁm%Qumaa

NANNLHEUEIY NAIUINNTNTINY UITIANULN DL MRS

Vol. 50 No. 1 January 2017 101



FIURTIANNHEUARIDD LATTREIUNTAINZNITITNS
troaaanImiri lugisiuiniusied 2 16

A < A a ° A % &

Walsa9 & umimgﬂmuuamlmﬂuqﬂmm
mimmLﬁamsmwmmsﬂ’mu’%nmﬁﬁﬁ;ﬂﬂmﬁuLLazLﬂu
AMUHANGUVBINATNLID ldsuauiuuunInany
ludn9szine Grieve wazame? AnENTaINLIINITWIA

o A A v o o A =
ﬂmﬂﬂuwavalummummaﬂ@ﬂi‘*ﬁ@ﬂmuumﬂunm
2 W 1w 1 a3slurniamd mmsmﬁummﬁ@mﬁ'u
U AR RIFIWE IR N AN AUV URAI LANUT e
U3z UIINNIINARDUTIIaAILaztR D auyw LU a1 1nein
(sit and reach test) ;ﬁﬁ?’ﬂa%mﬂ’jwmil,ﬂﬁwuﬂam,ﬁamn
A = A an ' A
nwuaradunsnnsidsuulasgusntaenunguiiio
(viscoelastic) wazfilonsailn (thixotropic) maol,ﬁaﬁw (fascia)
t:l &/ a v ¥

mnwmumaaqmugunws1unawmﬁaimﬁamﬂmﬁw
Iaﬁ@mnmnﬁmﬁmaatﬁmﬁau?nmv'htﬁwﬁ'ugﬂmuﬁa
wazn T asuudasnue1Ivas muscle spindle 138
stretch perception

INMNHANITANBINHIUNNLALINUNITWIAH LA

119 L RENNTWIAINAILNZAINTNIE AWLINTIY

U =\
aeile
VAN SERNTAIWNISYNN B TERIUR NN BT TERIN9T2 VY
Uszrnuaznauiie ﬁﬂﬁm’]mwmmlumﬁ'ummfﬁn
- v o & o ok
VSN LANTY ANTABURUBILIITULATANTNIIAIADY
FIUAUNANTANBINITUIAAA1 DU NNIRaNE L Neq e
mmaﬂ@ﬂl"ﬁgﬂmuﬁaﬁwuhmmmLﬁumwﬁwq’u
USIARAIFINANILAEN RN D AUVIAIWARI bAN WA
va @ K =1 a 4' o a L%
ﬂmz;dwmwLLmﬂ@ﬂ%mgﬂmuuamﬂszqﬂ@ﬂm
unwnzaNzwIluniswadyusznisuwiasuiaine
w”wmmimm”’ﬂu;ggqu LABIANANTI LA UTDINNG
119U NITVRINITRBIUNZAINENIY laua Aaunde
a ci 1 o ¥R 1 cil [
°naqmﬂzmﬂmamwamlﬁganhamumhmwmz
Wy miu,@m%n“uaqﬂzmmﬁlﬁﬂﬁﬂmﬁﬂmﬁﬂm@1LLwa
v wardsznisdayAedudiniguansainzaanail
mmﬁmuﬁﬂﬁ@mﬁﬂu%ﬂﬁmmzmmﬁu @qumauﬂ'ﬁ
Aa A A A = A '
navasgninuitafadannuudsusiuacdandn nunw
X A o o A o o A o 9 va
wumﬁmwaguLLazmﬂwmﬂmuumaaiuvhwn"l,w
5\1Lﬂuvlﬂvlﬁdwmsﬁngﬂmuﬁamﬂizqﬂ@ﬂﬁmuﬂzm
Yewinlunsmad N awamI N1 INIIsnazian
& € 1 v = & nl' 1
mmzauLLazLﬂuﬂsﬂwu@mpﬁamqaﬂmmm AEIBNN
ﬂ'qvlajwmwmmmiﬁﬂmwamaamsmmﬁ’]ﬁ'sﬂgﬂmuﬁa
@aAMNRINIIDLUNITNTIAT WANIINHNIIWIALAIGLL
NZAINTNINIGBNITINTIAN TN BITNBINUNNTEUWIALAN

% a ' a - a_ d o
UBNSRTNSWINILWEIDUIILA LT E’JQUQGNLL‘HQQWWQ‘:%’]

102 Journal of Associated Medical Sciences

nsaaniaInuNaR@UIANNENGALUN1INTIVINT8
99Me (balance training)'>"’ I@mﬁimﬁumnﬁummmmm
lumineuauasaszuudszanlanawizadabanisig
pa97adauazn1IANNIIuTaInaANauyIIINg
e Walggiany ldsunanaanumusnlums
. . ¥
NIIA0E19NUITENTAINIINT
= &< Aao & A = “ A
nmsfnsluassadiagdszasdiednsinariud
maamimaLﬁﬁ"mﬁ'uaaﬂﬁwé'oﬂ’mﬁaﬂgﬂmuﬁa@iamm
Qs v & o v &
sanIanmIndludgeany Ssonai lulfduuwamalu
NINAUWIAMVENITDIUAITNIIA LNIRAANLRLIAD
v v 1 a v v A
mannanluggeanguardnaiuliggeogianauasluy

ﬂ'ﬁ@ bR E!"]Jﬂ']W@i E]VIJ_]

Qs aa
RAdALLA £25NsANEN

1. stupums@npInaznaualatINdn®
mIenENumMITR IR MR8 (quasi-experimental
research) laglifinguaiugu dezifiunadouuaznas
(pre-test and post-test design) mmaﬁmtﬂu@qamqﬁl
ﬁqmmwﬁvﬁmﬂmmm:m’y‘aﬁ’]mu 30 318 FIUIW
ﬂa;m”’.;aﬂ'wﬁwmmmnmsﬁﬂmmaa Vaillant uazame'®
meldsunsy G*Power 3.1.9 81989aaulITz8E1a0
NNMINARBUFNAATWMNHFILMILAU (timed up and go
test) lapfuIMauIndNING (effect size)lalvinny 0.35
WasiMRATZAUAINLE e (alpha level) Wiy 0.05 14
g1%1ININAROL (power) LYIINLU 0.80 WUING8INTT
1ERIAININNA 30 318
inainsaadn laun
1) ;‘Tgamqﬁmﬁ'ﬂaghqmu ﬁmﬂq@fqmi 60 Dawl
2) sanInianldiesadidaszlanlaldgdnyal
wn3astaniinla g
3) Faanitrlanazanisnd juRanudndsle
aelgnead
4) LifidszaunisainTwiaiinlanisiwisy
nzan leslawzadhadaiemmssdandum
ad9iay 6 WannawdTINNMIANEN
5) Hid1IzuzN19IINMIITNAROUFNANINNILEIEY
SEmsidaunile (functional reach test) ¥1NNN
wIoLwiny 15 o
6) lfiamannInaseuaugaiIMBdIBNIILaR
(time up and go test) ¥aan31 20 W1

Vol. 50 No. 1 January 2017



fUnNUKNIANeeN taun

1) ms%’ujmmjﬁnﬁl,ﬁw MITUFAUAIURE
mitedenlnivessenadsinssunwiainge
NaUn@

2) JunaidonsalsnfadanafiiniiuTiimsene
fIuaIlasaNIT USRI

3) ﬁisﬂﬂszﬁiw@”’;ﬁ‘hi"lﬁﬂ'mqw%aLﬂuqﬂmiﬂ@ia
MIANTN 1T WA NH 13AV8I8IEIZMNINTION
lugfulu TsawiAugu linguasiFonsia
salmwad uazlsanmeszuulasensuasndnanita
LT iaé"maugmﬂamir D uan

ﬂ’]iﬁﬂiﬂ’]ﬁﬁ"luﬂﬁigﬂiﬂdﬁﬂﬂﬂmzﬂiiuﬂﬁiﬂ%8553N
a 6 a Q- Qs dl
msmﬂum&wﬂ URIINYIVYNSLET IUN 1 LUBIYY 2558
WUNTUIEI 5802010005

2. FwaWMTANENITE
dplmduWuE Iy U Imain TN TILIM

dunaliiad IWIANLEN mmaﬁﬂiﬁﬁqmauﬁammﬂwﬁ

msﬁﬂm‘lﬁ%’uﬁwaﬁmyLﬁmﬂ“ui'@lqﬂizmﬁ TUAEUNSANEN

Plstiar of Pans

aqmuﬁusamﬁﬁ'wmsﬁﬂmLLazu”uﬁmTagaﬂd'svlﬂ
armadaInnanlasunsdszifinanuaiunsnlunis
nymlagltmmesey TUG uay FRT eNuENaL vsrion
(pre-test) WAZWAY (post-test) NITUIALVINIAILAWLDY

va o

s'mﬁ'uaaﬂﬁ"]é'ammi”’mgﬂmuﬁamﬂqﬂmrﬁﬁmw

U

. > v X .
FINNUDBNUULRERINIVY (Figure 1)

2.1 35T a I8 %lavLasaaniIaINIEGIE
AU
mmmﬁ'ﬂsnnﬁU"lﬁ%'umsaau?ﬁmsmmﬁw
fuanadTINAYanfIaINIEaIDaNINLiE
I 10 vi1 WnTEwierin 20 Awd s
A 30 Wil ssasasHnmaedewlwndazyh
ausuIndjudldgndasasudiuuacyinle
@iaLﬁawﬁﬁLL@iVi']LLiﬂﬁ]uﬁm’]ﬁg@ﬁmImﬁuuu
gun3al (Figure 1) Mot ;j’iﬁ?’svl,@TLLﬁTaLLﬁawmaﬁﬂs
S9MINAILANE WS IANEN TIUENAREIBNEN
sl Juddnauasnmaldnisquazasgiae

(under supervision of researcher)

Figure 1 Equipment for foot self-massage combined with exercise.
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Figure 2 Foot massage: sit on a chair (Position 1).

Figure 3 Marching: slow speed (Position 3).
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Figure 4 Stand on tiptoe (Position 4).

Figure 5 Foot massage: stand on a smooth surface (Position 10)

2.2 'a‘wazt5'&/@1m§u3mn”ma:aanﬁm“bn’m@”mgn

wuiayving 1-10

19 1

vitawaadh (foot massage — sit on
a chair): ARNATIUWNA RTWIN RS
fa39 wihwesass 1nsdanisasdng
B9 R IR09919219 T UL R
woniaanNNENes Tasrzlnnuas

Journal of Associated Medical Sciences

Tawnsavinyy 90 asen lvinanwe
UnNNUAELAILIN (LLmﬁsLﬂﬁﬁgﬂ)
L’%"uﬁ;ﬂﬂ%umwﬁaq@ panuNA lagisuan
IN&EIWANN (forefoot) LYiIN@IwNaNd
(midfoot) WazLVin@Iw®nad (hindfoot)
Famazar 2 a3 udwialufiani

NALINN hindfoot, midfoot LLas forefoot

Vol. 50 No. 1 January 2017 105



o A IS & a
auaay tatdu 1 Jau NBULURE
Lfl%l"ﬁWTﬂﬁﬁﬁﬂu’muuﬁﬂmuﬁmm'smﬂ
Qﬂ%wﬁmﬁaqﬂﬁ’lLﬁuLﬁmﬁ'mﬁwmﬁw
$197982 2 30U (Figure 2)
rignanialdin (sit to stand)®":
IENFNATIIVWANBNANENNS Uz
Jans 2 T BusIRD DAL ULATI
wianaanussliuad lddrunininean
t§/ A Qs =) U 2 a = £
PuHuaInT9 ouaIadly 5 FuN wad
fiag 9 damnaUasgYkia Y 10 seu
AU g1 A TN T INYU-TIRILTN
(marching-slow speed)®: a1aala3ElH
uugninuila Jans 2 T9Uaasdnsden
nIPBaNLANTBE ﬁuﬂ’uﬁmgﬁuﬁaﬁb
WNT-T18 TasWNI I BRAUNTINN

o & A wva o v a
mmwazmmnawamﬂleaﬂa
sryanm an-sherudu 1 a3 vh 10 33
fiaidu 1 vau lawvig 2 sau (Figure 3)
vindwadsdasyin (stand on tiptoe)™:
mmaﬁmﬁuuugﬂmuﬁa Jang 2 919
WMDY NMeTIBaNENTeY WwHilaa
M1 2 Twsaunulgenga lapdnald
5 Suf LLa”’mé'ugj‘vhﬁuw‘ﬁmnuuﬁnmuﬁa
Wug Il e -1 aIuLd % 1 a59 ¥in
10 @39 Davdu 1 vau lapyindi 2 sou
(Figure 4)

A a . 15
NYnVILaY (single leg stand) ™:
mmaﬁmﬁuuugﬂmuﬁa Jang 2 919
Uaaudnsanardans 2 9199uNe7 Hu
NIIAIAIBVIVINNLITI9L A8 f19bY
5 AU mnﬁfuﬂé'ugjvhﬁuwﬁimuu
aninuile usuldswiutunssdnendis
WNE9Tn9LaEn a9l 5 Juf v 2 Jau
1 v Z
YiINN12U1-849 (step up and down)'®:
o A A P %
IRIRNATERUBLRE oAz BN 2 119
1 U o L U v ‘§/ L U
URaETNINA AMMYNIURIFALNIN-TE)
Fwan 10 vau (durhagluuwnden
ﬁ'uQﬂmuﬁmLmﬁlﬂﬁﬁq@) PNBUIAN
&/ Qs U o v
YURIFAVVIVN-T18 1% 10 Jou (1A
ﬂmum’wagjluuuuﬁmﬁ'vgﬂmuﬁmma
A A o o
flnafiga) v 2 sau

vhilutla (squat)”: erenasipsEUUANINUILE

Journal of Associated Medical Sciences

ua2eas g Hal1nNg 2 TrenanTaNnkld
Tenasanyszanm 120 asen laoonuau
N3 2 Tabuaasebllenuniinliuuin
o X o o A ' . e o
nunnluanwumzaiidide dawinaeld
a U 1 1 &/ Q/ 1 1
5 3wifl udadan 9 mdoandunaugin

o

Huass Jand 2 2n9Uaastned1en vindn
5 58U
A HRT 1N A TN TIRYU-9IRIZLTD
(marching-high speed)': nilauvinf 3
ﬁammaﬁmﬁuﬂwLﬁwagjﬁuﬁaﬁmﬁw
PM-518 LOUUNTINVUFAUNTONAL U6l
IWAnanuTnnTmisnaneisold
LR R TN T
rrdunradiiiuwaninuiia (oot
massage - stand on a rough surface):
awawaﬁﬂiﬁumauugﬂmuﬁau’%nm
6 A cq: £2 1 U
mdﬂmaqﬂmm Yand 2 1Uassany
191 UIAUSIIM forefoot VBILYINVIN
uu@nmuﬁml,mﬁvlﬂaﬁqﬂmaﬁmﬁﬁw
L’%Nﬁ@ﬂ%m’nﬁaq@ W 2 a39 NN
°uﬁ'umu’muugﬂmuﬁagﬂﬁ'@mmd
Fraia 1IN 2 A9 ﬁwﬁuﬁﬁ]um%ﬂ
Wuliansunl (5 an) uazvindawnauly
;jaﬂmuﬁagmmnﬁag}"%mmﬁaqmaz
A ) a
wWapuwtdun1wiausiie forefoot 2ad
VA8 midfoot Wa9L¥INI1 midfoot Wa 4
Wingne hindfoot WadMNUIIMAE  hindfoot
YAIYNTIEBITANTLALINY AUE1AL
] A 1 v ‘31 a a
i uwial LA U nNBAILI8Y (foot
massage - stand on a smooth surface):
A A s A . a v
Wdawrind 1 udasuannyinSudule
vnuadurhiuassuwielon: (Figure 5)

3. dudlshdnsn

RIFNAT IAIUNTUTLIUANFINITANINTIAN
2 3% léun mInesey TUG waz FRT enuday lasiin
FLUEWNTZNTN 2 MINaFaUldwiIan 2 wif

3.1.1 ﬂ’l77’7@]s’\TEMJﬂ?’l&lﬁ&l@ﬂi’ldﬂ’lﬂ@hﬂﬂ’lﬂ@7%

(Timed up and go test; TUG)**

'Y < o Xda o a A o
DIRTIRUAIWILNIBNVUNUBNWILRSN Wb
fﬁ\ﬁ]’]ﬂﬁuﬂjzuqm 46 Td. L%;J'ﬂ@aafl_l

MILMIDONAFS “LAW INUUERNAT

Vol. 50 No. 1 January 2017



qﬂ"fummﬁwg Tasweon'lalside
°ﬁ’sUwqauﬁuﬁumﬂﬂﬁﬁu%ﬁuﬂu
sxem9 3 was Wahinseanasld
LB WIRNRUNITINLTDGILENENASS
;jﬁﬁmsﬂ@aauaanﬁwé’lﬂﬁmmaﬁm
Lﬁuﬁ’sﬂmwm?’;mnﬁsﬁmﬁmmmﬁﬂﬁ
uadaaansuazaaslfwanlsznuauang
Tusmefiongradnsiauinodoann
duaI1aInnIsunanlaslisuniu
SImrnsIARTasEEIaT SUNATIT
@lg\iLL@iLé&lQﬂﬁ]’mLﬁWS/ (aanﬁwé’l\a “LAK”)
INNTTRIoNEIENATNaUNRITLNG
FLduEnass snudmsnsnanduwmnd
uazdmf a3 lanaaasdnyjia
1 033 Taglisunm nsiunaseuass
1 059 Tuiinanilsiawianin1ln
mi’imﬁzﬁﬁagammﬁﬁ

2
=l =

3.1.2 mi'n@ﬁaummm/@m'wn'm@”w?ﬁaawﬂ

(Function reach test; FRT)*

;jﬁwmﬁﬂ@aauﬁ@mm”@uuwﬁfaﬁiz@”u
gamnﬁvu 1.5 LUAT RIDANIZRUND
AMugITBINANATIReTIE laoRaon
lmpdaaglunundoanuszaning
290NENRNAT MNRIFNATHN 99
ﬁﬁmuw’édlﬂuﬁ;wféuﬁu (0) VBIENBIA
LRSHBATBUINRI DA WO RALTIRINIES
Tastduszozinaaniesivadasnn
mssudaERUNs nswlienaatas
HNLTUANBYINTHIINIS TR E o
PUIBATVUWINBINY AonLREoanss
augIszaulnaniadalidalnase
Uszanme 90 asrmuazisunInasaueiy
fds wenenudendeludumniinltle
vlﬂamr]ﬁq@whﬁ%mmsnﬁﬂﬁhﬂ
iaw Tuwmenasauiansanliiouvas
mmaﬁma;lj'slmt.mmmuﬁ'umﬂ’i'miﬂﬂ
UFNHENUNTY HYmInasauaassels
mMysuRenafaduniouasrageuing
ﬂ"mnaguéim”m%amﬁﬁnLﬁwaaﬂmﬂ
duniansmuansald Saszozniei
omaiansenldldlnannamaianaa
5wt 51&50’&1@]1J%L’2mﬂﬂ’1&|1§’maﬂd

Journal of Associated Medical Sciences

[

auan s dulTuiiuas gisiuwan
3 A% WNILRINIATI 30 T Uuin
\ Aa

X 4 -
JeENIINTLBa NN lalaunaN T ANG
ﬁq@Lﬁﬂﬁﬂﬂi"ﬂ%ﬂﬁﬁmezﬁ*ﬂ’aua

2

NFDG

3.3 ﬂi:l,ﬁumwﬁdwaZa@'aqilnmﬂm:?fmmm
Lwy'mazaanﬁmfimﬂ@”wgmwuﬁﬁ

MURAILRIIFWNTUITLLAUAMVRINITD
Iuﬂwsmaﬁmﬁaﬁuqﬂmsﬂmad (post-
test) DIFIANATTINUUUUTTUAUNS
wala@iaqﬂnmiuaz?ﬁmimmﬁmaz
aanﬁwé’amﬂﬁaﬂgﬂmuﬁmﬂuﬁwﬁu
gavhalasfidini 7 9a ldun
1) mmfﬁﬂamﬂﬁui’smﬁhlﬁwmz
Gt
2) mwanwalyasgunint
3) ANNUTILIINWIY / Usaaanauas
6 2
puUnnlumeldau
4) Yszlopinlasuanmslagdna
AONITWAIWINITNTIA L hz 4
LAZLA
5) AMNBUALFZAINLUANTLITINY
R Qs v ::'
6) mwgaﬂ‘lmu WHNA / MINTEAUA
dvnamenslsann
=1
7) anuninalalassiu

v o

v A A 6 v Qq: '
N3t Tinmsinislnazuunasud 1-5 lag
ATUU® 1 WUED9 TauanuNawela
wonflgn Azuun 2 nueli sTAUANY
wiwalaay azuww 3 wawdd ITeu
ANNNINDRLIUNEN Pzuu 4 ANBD
srauaNURNInalanIn uazaAzuun 5
X o = A
wupfle szauanuiinalaniniga
) et [ a e
fnsunasinisulananzuuwniasea 1
A0 ATWUWLIARY 4.50-5.00 wu18Dd &
mwﬁdwalﬁ]ayjﬁlmzﬁumﬂﬁq@ AT
@AY 3.50-4.49 ®u18ne danuNawala
agluszduann azuuwads 2.50-3.49
=3 =1 = 1 a
YPRULE umwwawa%aglmmu
UIUNANY AUUWRAY 1.50-2.49 WINBDS
A < K o o A
fiemaiawalaagluszabran azuuwady
1.00-1.49 w¥18D9 ﬁmwﬁawa%agiu

IR
LALUBLNFA

Vol. 50 No. 1 January 2017 107



v @

=3 -1
TunsfnsaTon

@ ad

HaawidmswiainediuauLad
wnueaniasmodsgnnuisuacdlsziinvany
santnlumimuarldlsyaaadoins gusnduldsy
mMIfinduLasnagauaut e favesnsliziiunaany
o lumInssanlaslinnesey TUGKa: FRT lu
IFIFNATIIUIN 15 18 wuiﬁﬁmmﬂ’n%aﬁaagh
INUMANIN NaNIfAa intraclass Correlation Coefficients
(ICC 3,1) ¥inNL 0.880 LLaz 0.857 AUSIAL

IExAATINTIMWUN (descriptive  statistics) a1
é’nwm:ﬁ'ﬂﬂmaammaﬁ’mua:mmﬁawah@iaq‘ﬂn‘mi
LAz ITNIWIALINGIAKLEILAZENTNAINILEIBYN
muﬁamaauﬂ'ﬁmzmﬂ"uaaﬁagaﬁ’maﬁa Shapiro-Wilk
test Wudrdadgrasailtlunsidnannnasey
TUG ﬁmim:myﬁagavlaiﬂﬂﬁ FINATOLAMULANGS
TERINADBUAZARIBIALNAIABLAILAZDANTIRIN Y
degnnuiasiuaiid Wilcoxon signed-rank Test uaz
wuindtadgesszeznislunisiteniannnisnesey
FRT #in13nszanudeyadnd TINARBLAINNUANGNS

Table 1 Demographic characteristic of participants (Mean+SD).

Data MeanSD
Gender, women: men 7:23
Age (year) 69.23+7.00
Weight (kg) 54.44+11.67
Height (cm) 152.72+8.49
Body mass index (kg/m?) 23.05+3.82

108 Journal of Associated Medical Sciences

TERINADBUASAAIBIAL AL ABLEILAZDBNTINRINE
augninuiiadiuai@ dependent student's t-test ez
ﬁaga@hﬂﬂmmu SPSS version 17.0 ANABATZAUTE
fetyynIafian p<0.05

NANISANE

v o
o AA a

nsdnmassidarsaiadiuau 30 1o Taya
ﬁugmmaummaﬁmuamh Table 1 WaAenzdanuuandng
W INNARULAZARIN IMIATNAILAKLEIIINNLaaNMNAINE
@‘ngﬂmuﬁmhmu 10 v wuaallunsiduen
nInasey TUG ansdatfituddgidafivunuton
mMINaaayd (pre-test 11.06+2.72 sec., post-test 9.92+2.65 sec.
p<0.05) uazwuinszeznslunisigeuiiaannisnasay
FRT winduedrefidodmaniiofivuiuniennimanas
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Table 2 Balance performance variables between pre- and post-test of participants (N=30).

MeantSD
Variables p-value
Pre-test Post-test Difference
TUG (sec) 11.06£2.72 9.92+2.65 -1.14+£1.12 0.001*
FRT (cm) 26.58+6.66 32.28+6.40 5.70+4.17 0.001**

Note: *Pre- and post-test significantly different at p<0.05 by Wilcoxon signed-rank test

**Pre- and post-test significantly different at p<0.05 by dependent student’s t-test

Table 3 Mean and standard deviation (Mean+SD) of satisfaction level to the equipment and foot self-massage with tennis ball

exercise after intervention (N=30).

Score
Topic Satisfaction level
MeantSD
1. Image of the equipment 4.60+0.50 Very satisfied
2. Simplicity and ease of use 4.47+0.68 Satisfied
3. Durability/ Safety of the equipment 4.57+0.68 Very satisfied
4. Feeling of the pressure/stimulation in the foot 4.43+0.73 Satisfied
5. Feeling of relaxation in the foot 4.63+0.56* Very satisfied
6. Benefits from the exercise program on balance development during standing 4.50+0.63 Very satisfied
and walking

Total mean score 4.53+0.63 Very satisfied

7. Overall satisfaction 4.63+0.67 Very satisfied

Note: *The highest mean score of satisfaction level.
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Effect of Pilates exercise on spinal stabilization in sedentary subjects with subacute

non-specific low back pain
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Background: Modern lifestyle in both young and older people is increasingly sedentary with less demand for physical
activity and inadequate active exercise. Fewer bodily movements and static posture, mainly sitting, results in

a prolonged back muscle contraction which is a cause of back pain.

Objectives: To investigate the effects of Pilates exercise on spinal stabilization in sedentary subjects with subacute

non-specific low back pain.

Materials and methods: Forty-two volunteers aged 18-23 years with sedentary lifestyle and subacute non-specific
low back pain, were recruited. Subjects were divided into experimental (N=21) and control (N=21) groups. Subjects
in experimental group performed Pilates exercise program which consisted of five movements, approximately
45 minutes/day, 4 days/week, for 4 consecutive weeks. Subjects in control group continued their normal daily activity
without performing the exercise program. Outcome variables of the study were lumbopelvic stability measured by

lumbopelvic stability test (LPST) and pain level measured by visual analogue scale (VAS).

Results: At the end of the study, experimental group showed an increase in lumbopelvic stability (pre-test: max=3
and min=1, post-test: max=4 and min=2, p<0.001) and a decrease in level of low back pain (pre-test 5.07+1.80,

post-test 1.53+1.30, p<0.001) compared to control group, with statistical significance.

Conclusion: Results showed that Pilates exercise was effective in increasing spinal stability and decreasing pain
level in sedentary subjects with subacute non-specific low back pain.

Journal of Associated Medical Sciences 2017; 50(1): 114-122. Doi: 10.14456/jams.2017.10

Keywords: Pilates exercise, spinal stability, sedentary lifestyle, non-specific low back pain
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Table 1 Subject’'s demographic data.

Basic data Exercise group Control group

p-value
(N=42) (N=21) (N=21)
Male (%) 3 (14.29) 4 (19.05)

0.679
Female (%) 18 (85.71) 17 (80.95)
Age (years) 19.67+0.97 21.57+0.98 0.001*
Weight (kilograms) 59.67+11.37 55.811+8.27 0.216
High (centimeters) 160.71+7.10 162.1046.00 0.500
Adolescent sedentary activities 8361.71+£2034.03 9222.24+1279.75 0.110
questionnaire (ASAQ)
Oswestry disability index 12.57£2.77 12.14+£1.98 0.568
The lumbopelvic stability levels 1.38+0.67 1.48+0.81 0.849
Visual analogue scale 5.07+1.80 6.56+1.18 0.003*

Data is expressed as MeantSD; * Difference was statistically significant at p<0.05

1. STAUANNARAIAIBLABNAISEIGT (Lumbopelvic
stability level: LPST)
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2. dmawn‘fnﬂmﬁwmﬂm (Visual analogue scale:
VAS)
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Table 2 Comparison of lumbopelvic stability levels between experimental and control group.

Exercise group

Lumbopelvic stability level

Control group Comparison

(N=21) (N=21) between group

Pre-test

Median 1.00 1.00
Interquartile range (IR) (Q1,Q3) 1.00,2.00 1.00,2.00

<0.001*

Post-test

Median 2.00 1.00
Interquartile range (IR) (Q1,Q3) 2.00,3.00 1.00,2.00
p-value <0.001* 0.083

pre- and post- test by using Wilcoxon’s signed ranks test and compare between groups by

Mann-Whitney U test. * Difference was statistically significant at p<0.05

Table 3 Comparison of pain intensity between experimental and control group.

Exercise group

Visual analogue scale

Control group Comparison between

(N=21) (N=21) group
Pre-test (MeantSD) 5.07+1.80 6.56+1.18
Mean difference -3.05
Post-test (Mean+SD) 1.53+1.30 7.04+1.15
95%Cl 2.92-4.16 -0.75 - (-0.22) 4.75-6.28
t-test 11.906 -3.879 14.563
p-value <0.001* 0.001* <0.001*

pre- and post- test by using dependent t-test and compare between groups by independent t-test.*

Difference was statistically significant at p<0.05
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Background: Metabolic syndrome is a health problem that lead to various abnormal functions of body system,
including physical fithess and balance. Exercise is one of the easiest way to improve physical fithess and reduce

risk of various diseases.

Objective: To compare the effect of exercise by bicycle’s inner tube on physical fitness and balance in women with

metabolic syndrome.

Materials and methods: Fifty-one females, aged 30-50 years old, were divided into control (n=25) and exercise
(n=26) group. All subjects were measured by six minute walk test (6MWT), grip strength, back strength, shoulder
flexibility test, sit and reach, percentage of body fat, and time up and go (TUG) test before and after exercise by

bicycle’s inner tube for 60 minute/day, 3 days/week and within 8 consecutive weeks.

Results: It was found that scores of 6MWT distance, grip strength, back strength, shoulder flexibility, sit and reach,

and TUG were significantly different between before and after exercise (p<0.05) within exercise group.

Conclusion: Results from the study showed that exercise by bicycle’s inner tube can improve physical fithess and
balance in women with metabolic syndrome.

Journal of Associated Medical Sciences 2017; 50(1): 123-131. Doi: 10.14456/jams.2017.11

Keywords: Metabolic syndrome, exercise by bicycle’s inner tube, physical fitness, balance
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1. Neck muscle stretch 2. Back of upper arm

muscle stretch

3. Scapular muscle stretch 4. Forearm muscle stretch

5. Back muscle stretch 7. Hip muscle stretch

6. Trunk muscle stretch 8. Inner leg muscle stretch

9. Front leg muscle stretch 10. Calf muscle stretch

Figure 1 Exercise program with bicycle’s inner tube on improvement of physical fitness and balance in women with metabolic syndrome.
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1. Pull apart backward

2. Push elbow in extension

3. Pull up with right/left hand

4. Extend-flex wrist

5. Bend elbow

6. Step foot down forward

7. Step foot down backward

8. Extend both legs

9. Pull down lower leg

10. Extend knee

11. Pull apart legs

12. Push toes down

exercise

1. Diaphragmatic breathing

2. Costal breathing exercise

-

3. Breathing exercise with

trunk bending/extending

4. Breathing exercise with

abduct/adduct shoulders

trunk side bending

5. Breathing exercise with

6. Breathing exercise with
alternate arms flexing trunk

bending/extending

7. Breathing exercise with
shoulders

abduction/adduction

bicycle’s inner tube

Figure 1 Exercise program with bicycle’s inner tube on improvement of physical fitness and balance in women with metabolic syndrome.

(continued)
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NENNANAILAZNENAIVANNU I mqmﬁm 41.00£5.97

Table 1 The subject’'s demographic data.

ey 41.96+6.88 1 AAuRuIaNILIaRY 31.09:5.06 Uz
30.62+4.02 Alansuiuay® eanuanlafaadoirinny
135.31£17.49/89.54+11.03 L8 131.56+16.06/88.16+11.12
fiafwailsan drsandausouiaddasauaslnniady
0.90£0.03 uaz 0.87+0.05 ssamnItduzasilaaie
WYINTiy 78.88+9.69 Uz 83.00£9.78 @397 uazd total
cholesterol L%ﬁlﬂ 202.77+33.45 L1z 215.24+41.74 mg/dL
MUSIAL (Table 1)

Variables Resistance exercise group Control group (n=25)
(n=26) (MeantSD) (MeantSD)
Age (year) 41.004£5.97 41.96+6.88
Body mass index (kg/m?) 31.09+125.06 30.62+4.02
Waste to hip ratio 0.90+0.03 0.87+0.05

Systolic/Diastolic blood pressure (mmHg)

135.31+£17.49/89.54+11.03

131.56+16.06/88.16+£11.12

Heart rate (beat/min)

78.88+9.69 83.00+£9.78

Total cholesterol (mg/dl)

202.77+£33.45 215.24+41.74

A a P ' A ' A

WaltdSpusudnaiuuarandoiuuuiasgiu
PIAILU TN OULRZHAINITNARDIDONTIRINLAILENI b4
T0anToNDuIAN 8 §FUANK wu’j'lmmaﬁmn@:wmam
a A X o o X A a a
FMITANIUV0IA YT @95 Jeuznenawlaly 6 wif
(6MWT), grip strength, back strength, sit and reach,

shoulder flexibility test uazfinmsaaasvosianfildluns
NAROUMINTITA (TUG) ua total cholesterol Fawuind
ANMuLAnaadadnsfaLNaia (p<0.05) ua ldwy
anuuanesathafiibsmedtiatiaues %body fat finasd
(Table 2)

Table 2 Variables before and after 8 weeks exercise by bicycle’s inner tube in women with metabolic syndrome (n=26).

Pre exercise

95% Confidence

After exercise

Variables p-value difference
MeantSD MeantSD Lower Upper
6MWT (meter) 386.81+43.10 423.46+46.06 0.00* -50.34 -22.96
Grip strength (kg) 28.20+3.46 29.52+3.59 0.00* -2.14 -.49
Back strength (kg) 74.44+17.89 90.80+25.77 0.00* -26.80 -5.92
Shoulder flexibility (cm) -9.00+8.07 -3.48+3.63 0.00* -7.91 -3.12
Sit and reach (cm) 10.2648.40 12.4647.26 0.00* -3.25 -1.12
TUG (sec) 7.6210.94 6.56+1.37 0.00* .60 1.51
%Body fat 45.0210.15 44.94+0.25 0.07 -.01 A7
Total cholesterol (mg/dl) 202.77+33.45 177.50+£25.18 0.00* 11.72 38.81

*significant differences between before and after training; p<0.05
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16.36+25.84, -9.21+18.86 filan3u shoulder flexibility
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ﬁa@aalumjwmammuﬁw%ﬂumjumuqu et TUG
-1.06+1.11, 0.04+0.88 I %body fat -0.08+0.22,
0.01+0.13 total cholesterol (mg/dL) -25.26+ 33.52,
1.68+24.52 ‘%\‘JW‘U’J"] 6MWT, shoulder flexibility, TUG L8z
total cholesterol #auuand1I8IIRBEIATYNIIEDE
(p<0.05) u@linunuLAna1dat1sdnadIaynIaia
BN sit and reach, back strength, grip strength ez %body fat
ﬂﬁ'dmimaadizwmﬂfcju (Table 3)

Table 3 Variable improvement between control group (n=26) and exercise by bicycle’s inner tube group (n=25) in women

with metabolic syndrome (independent t-test).

Exercise Control 95% Confidence
Variables (n=26) (n=25) p-value difference

MeantSD Mean+SD Lower Upper
BMWT (meter) 36.65+33.89 2.28+40.75 0.00* 13.31 55.43
Grip strength (kg) 1.31+2.03 -1.60+3.82 0.74 -1.99 1.43
Back strength (kg) 16.36+25.84 -9.21+18.86 0.26 -5.62 19.92
Shoulder flexibility (cm) 5.51+5.93 -22.14+15.04 0.00* -23.01 -10.23
Sit and reach (cm) 2.19+2.63 -2.58+4.18 0.69 -2.34 1.57
TUG (sec) -1.06+1.11 0.04+0.88 0.00* -1.66 -0.52
%Body fat -0.08+0.22 0.01+0.13 0.79 -0.20 0.01
Total cholesterol (mg/dl) -25.26+ 33.52 1.68+24.52 0.00* -43.53 -10.36

*significant differences between exercise and control group; p<0.05
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Comparison of respiratory muscle strength between cigarettes smokers,
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Background: Smoking is a crucial problem for public health affecting smokers and also, their second-hand smokers.

Objectives: To compare the respiratory muscle strength among smoker group, second-hand smoker group, and

non-smoker group.

Materials and methods: One hundred and twenty males and females, aged between 20-40 years old, were recruited
and divided into three groups. Vital signs and respiratory muscle strength were measured in all subjects. Respiratory
muscle strength was measured by respiratory pressure meter for three times with one minute resting period. The

highest value was selected for data analysis.

Results: Result of the study demonstrated that maximal inspiratory and expiratory pressure were not significantly
different among three groups (p<0.05). However, there was trend that mean values of the maximal inspiratory and

expiratory pressure in non-smoker group was higher than those of other two groups.

Conclusion: Smoking might cause a decrease in mean value of the maximal inspiratory and expiratory pressure.
Therefore, further study should focus in wider scope of other factors including sample size, age, sex, etc.

Journal of Associated Medical Sciences 2017; 50(1): 132-137. Doi: 10.14456/jams.2017.12

Keywords: Respiratory muscle strength, smoker, second-hand smoker, non-smoker
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Table 1 The demographic data of subjects (N=120).
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Smoker group Second hand Non-smoker | p-value

(N=40) smoker group group

(N=40) (N=40)
Age (year) 30.55+3.87 32.22+4 12 32.45+4.79 0.60
Body temperature(Celsius) 36.73+0.41 36.45+0.56 36.72+0.39 0.63
Resting heart rate (beat per minute) 91.55+12.29 84.5+11.41 87.30£13.70 0.96
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Diastolic blood pressure(mmHg) 83.2+10.20 84.57+9.40 79.65+£10.96 0.22

Data are presented as mean+SD

madsanuudusasnfuiienislah (maximal
static inspiratory pressure; MIP) L8z ALa88ANULTILIIT
nuiiewelesan (maximal static expiratory pressure; MEP)
' ' Aa oA a a ) ' A
TunguliguynifidganindawSoufisuiunduguyws
' Aa o =& ' '
wazngugUYWINased (Table 2) umasliiduii ndulaigy
Aa v A a = 9 & o
ywifiuwaliunazfianuudussvasndailanislai
uazaananNNNduFULRILAzNENgULKINaRed atdlafiony
Weegigavad MIP uaz MEP anlaneiiliouiioy

mwLmﬂ@haizmwﬂa;ﬂﬂﬂmﬂﬁaﬁamﬁmm:ﬁ
ANMULUTUTIUULLNGLAET (one-way ANOVA) WUINEN
MIP Waz MEP YINAUFULMI Nauguywilases uasnga
liguyni ldfannuuandsnuedsfiisddyneaia
A o A o a & aaf A

13200 p<0.05 Lot AANEANRINRDA IkiTa3 8l NATE
wasiweMdy WILEAUN 3 nauwuhilanauaneanis

] a o Qs aAa
adIAnURANIIRDE p<0.00

Table2 Comparison of respiratory muscle strength between groups (N=120).

Smoker group Second hand Non-smoker | p-value
(N=40) smoker group group
(N=40) (N=40)
Maximal static inspiratory pressure (cmH20) 106.6+36.28 108.13£19.77 112.95+£32.20 0.80
Maximal static expiratory pressure (cmH20) 127.95+£30.72 119.984+34.34 133.20+£39.51 0.51

Data are presented as mean+SD
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Assessment of working posture and work-related musculoskeletal disorders
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Background: Working posture is one important factor of the ergonomics. If workers perform an awkward working
posture such as long-term excessive bending from neutral position of a part of the body or repeating their working

motion in high frequency in each working session, they may have work-related musculoskeletal disorders.

Objectives: To assess working posture and work-related musculoskeletal disorders in Dok Kaew broom making

workers, Dong Suwan Sub-district, Dok Khamtai District, Phayao Province.

Materials and methods: Eleven volunteers were recorded their working motion in steps of making and embroidering a
broomstick by two video digital cameras. Working postures were evaluated by rapid upper limb assessment (RULA)
represented as the level of final score 1-4 while work-related musculoskeletal disorders were reported by the Standard

Nordic Questionnaires.

Results: It was found that working postures of all volunteers were awkward postures represented by the final scores
level 2-4. In the analysis of working posture, volunteers with the final score level 4 must change their working
postures immediately because they raised their shoulders 20°-45°, flexed elbows 60°-100°, flexed trunk and neck
more than 20°. In addition, results of work-related musculoskeletal disorders in both seven days and one year ago
showed that most volunteers had disorders at wrist/hand (35.72%), elbows (28.57%), shoulder (21.43%), neck
(7.14%), and low back (7.14%).

Conclusion: The working postures of Dok Kaew broom weaving workers were found within awkward postures.
These might be a cause of work-related musculoskeletal disorders especially found in upper limbs, neck, and low
back. Thus, to completely evaluate the ergonomic factors and work-related musculoskeletal disorders, other factors
of ergonomics and physical assessments should be assessed and followed-up.

Journal of Associated Medical Sciences 2017; 50(1): 138-147. Doi: 10.14456/jams.2017.13

Keywords: Ergonomics, working posture, work-related musculoskeletal disorders, broom weaving workers
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Figure 1 A special chair ‘MaYu’ for weaving Dok Kaew broom.
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Table 1 Characteristics of working station and environment of Dok Kaew broom weaving workers.

Characteristics Frequency Percent
Type of occupation

Main work 0 0.00

Extra work 11 100.00
Experience

1-5 years 3 27.27

5-10 years 8 72.73
Working posture

Sitting 11 100.00

Standing 0 0.00
Level of working station

Below the elbow 11 100.00

Above the elbow 0 0.00
Working duration

Hours/day (hours) 5.73 2.53

Days/week (days) 4.63 2.34

Rest time between a working session in the morning and afternoon period (min) 52.73 28.67
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Table 2 Frequency of Dok Kaew broom weaving workers’ final
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score assessed from RULA.

Dominant hand Non-dominant hand
Final score Frequenc Frequenc
Percent Percent
y y
Level 1 Acceptable posture 0 0 0 0.00
Level 2 Further investigation, change may be needed 4 36.36 5 45.45
Level 3 Further investigation, change soon 4 36.36 3 27.27
Level 4 Investigate and implement change 3 27.27 3 27.27

Table 3 Dok Kaew broom weaving workers’ working posture with the second, third, and fourth final score levels.

Final score
Position of the body

Level 2 Level 3 Level 4
Upper arm position: shoulder flexion 20°-45° 20°-45° 45°-90°
Lower arm position: elbow flexion 0°-60° 60°-100° 100°+
Locate wrist position: wrist flexion/extension 15° 15° 15°+
Wrist twist >90° >90° >90°
Locate neck position: neck flexion 10°-20° 10°-20° 20°+
Locate trunk position: trunk flexion 0°-20° 0°-20° 20°-60°

fj’aQamwﬁmﬂn?mmnszq]n!,La:na’\"ml,ﬁamnn'ﬁﬁ'lo'm

Tug29 7 30 uaz 1 Dfruan UGERREREEY gF
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1Wulaa (pain) UStilalauazila (Spuaz 35.71) Tadan
(Fauaz 28.57) lna (Fauay 21.43) aa (3882 7.14) WAy
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1 Dfswan (Table 4)
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Table 4 Experience of work-related musculoskeletal disorders among Dok Kaew broom weaving workers.

7 days 1 year
Data
Frequency Percent Frequency Percent

Work-related musculoskeletal disorders

Yes 9 81.82 9 81.82

No 2 18.18 2 18.18
Position

Neck 1 7.14 1 7.14

Shoulder 3 21.43 3 21.43

Upper back 0 0.00 0 0.00

Elbow 4 28.57 4 28.57

Lower back 1 7.14 1 7.14

Wrist/hand 5 35.71 5 35.71

Fingers 0 0.00 0 0.00

Hip/thigh 0 0.00 0 0.00

Knee 0 0.00 0 0.00

Ankle/foot 0 0.00 0 0.00
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