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Common abnormal hemoglobins found in Thailand and laboratory
diagnostics

Supan Fucharoen*, Goonnapa Fucharoen .

Abstract

Since the introduction of the national prevention and control program of thalassemia and hemoglobinopathies
throughout Thailand, number of request for hemoglobin analysis have been dramatically increased. Numbers of
dedicated hemoglobin analyzers including low pressure liquid chromatography (LPLC), high pressure liquid
chromatography (HPLC) and capillary electrophoresis (CE) have been used by many diagnostic laboratories.
This has led to the observations of many abnormal hemoglobins in Thailand, most of them could not be
accurately diagnosed at routine setting. Further study at the molecular level has provided useful information
related to the molecular basis and the development of molecular diagnostics for many of these hemoglobin
variants. In this article, common hemoglobin variants encountered at the Centre for Research and Development
of Medical Diagnostic Laboratories, Khon Kaen University, one of the referral centers for thalassemia and
hemoglobinopathies, were summarized. They were grouped according to the frequencies observed, types of globin
gene defects and analytical characteristics observed at routine which are useful for the initial prediction of

abnormal hemoglobins and selection of appropriate molecular diagnostics for final diagnosis.

Keywords: Abnormal hemoglobins, Laboratory diagnosis, Molecular diagnostics

Centre for Research and Development of Medical Diagnostic Laborarories, Faculty of Associated Medical Sciences,
Khon Kaen University, Khon Kaen, Thailand

* Corresponding author: (e-mail: supan@kku.ac.th)
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a5 1 lulnadudadndunsianinenuasanuluaulneg (ﬂ(ﬂLLIIENLLamWNW]N‘U@HaiﬂﬂLBﬂ 1IN

vnLay 12)
Hemoglobnin Mutation Base Change Phenotype
Hb Anantharaj (Hb J] Wuming) ollLys - Gln AAG-CAG Normal
Hb Siam (Hb Ottawa) al5 Gly - Arg GGT - CGT Normal
Hb Hekinan 027 Glu - Asp GAG - GAT Normal
Hb Queens (Hb Ogi) 034 Leu - Arg CIG - CGG Normal
Hb Thailand 56 Lys - Thr AAG - ACG Normal
Hb J Buda 061 Lys - Asn AAG - AAC Normal
Hb Q Thailand a74 Asp - His GAC - CAC o-thalassemia
Hb Suan Dok o109 Leu - Arg CIG-CGG o-thalassemia
Hb Quong Sze al25 Leu - Pro CIG - CCG o-thalassemia
Hb Pak Num Po a.131/132 insertion +T o~-thalassemia
Hb Constant Spring aC.t. elongation TAA -CAA o-thalassemia
Hb Pakse’ aC.t. elongation TAA - TAT a-thalassemia
HbC B6 Glu - Lys GAG - AAG Target cells
Hb S B6 Glu - Val GAG - GTG Sickle cell anemia
Hb G-Makassar B6 Glu - Ala GAG - GCG Normal
Hb Siriraj B7 Glu - Lys GAG - AAG Normal
Hb Malay B19 Asn - Ser AAC - AGC B-thalassemia
Hb G Coushatta p22 Glu - Ala GAA -GCA Normal
Hb E B26 Glu - Lys GAG - AAG B-thalassemia
Hb J Bangkok B56 Gly - Asp GGC -GAC Normal
Hb Korle-Bu B73 Asp - Asn GAT - AAT Normal
Hb Pyrgos B83 Gly - Asp GGC - GAC Normal
Hb New York B113 Val - Glu GTG - GAG Normal
Hb D Punjab B121 Glu - Gln GAA - CAA Normal
Hb Khon Kaen p123-125 (-8 bp) - ACCCCACC p-thalassemia
Hb Dhonburi B126 Val - Gly GTIG - GGG B-thalassemia
Hb Cook 132 Lys - Thr AAA - ACA Unstable
Hb Hope p136 Gly - Asp GGT - GAT Normal
Hb Kodaira II 146 His - Gln CAC - CAG Inc. O, affinity / polycytemia
Hb Tak PC.t. elongation + AC Inc. O, affinity / polycytemia
Hb Lepore Washington - Boston 887-P116 fusion Deletion SB-thalassemia
Hb Lepore-Hollandia 822-B50 fusion Deletion Op-thalassemia
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1. Hb Constant Spring kag Hb Pakse’

udiAn Hb Constannt Spring 1HuniinAud
Tuaulneg esnniluslulnatuiadadnnuldves
nazilu 119 1AYVDY o-thalassemia 1AAIINANN
a Ad o 1 . . = .
AAUAANA MUY termination codon YO8 02 - globin
(TAA - CAA) Wuralwims “uanzdt 19 o - globin
Noialnfnazdsensualonsaoziludy 172 @
= ] =) 2R =y 1 =} U a n'}
il dusuazwuldiiesluden desniMIAUNURIATY
a murdeifeiudnsiianila Ao o2 - globin (TAA -
TAT) ud i l¥iaams “aani wlnaduneniialnd

1 =S o/ 1 A d' 1 9 d‘ v

ULReIAULAISENT¥DI Hb Pakse’ 14199910 AUNY
asausnluauan  uadewuINUldtoendluaulne
nazAny1ene uagli wsausneanan Hb Constant
Spring ldlasmsasiaiden dau adlugiin 1 dedls

a o s I 1 6’5 (13, 14) =S [ o
MINTINIATILHADULD IVNIY NNMIANENANH ALY
a g a g Av o du a a A a a
AdueInaNeIN un “wwusAududlulnaduialnd
gj =Y d” o o v 1
e osxiiaiiluaulng a1 wazfuym Mlvwud1 Hb

HPLC

28%+
Hb Constant Spring

Hh Paksé

Constant Spring Hvansurasnuiialulszsninguil
'J7u Hb Paks’ wuiuundesmifiaifeddunavug
Jatianugniesnduiieeuiy Hb Constant Spring *”
a a a Qg; a .é’ 1
wivigdlulnadufindndng esstialllin asernslag
UAMIANDIINAY o - thalassemia 1 9231 I¥iiAAlsA Hb

H, EABart’ s way EFBart’ s N119111353uu39U0%

o I
19 3931y non

S a\ a v v =1 -
Hamaladiainerlaadroadany
deletional o - thalassemia 2 BHaviLAZIANN 1AY
mInsnuLauYeadlulnaduialndng eertiatiiiom
Hb typing Jailugdisansnunnaie udilieswmnmngm
Hb typing Tuamszariulaeds HPLC, LPLC 3@
Capillary eletrophoresis 14 nansausn Hb Constant
Spring uaz Hb Pakse’ oon1ndula 1loasiany
Jaunzhlvineauilu Hb Constant Spring liuAeu
weananuldtaunil Hb Pakse’ 9e19l5Amung o4
a ] A <V v d' A a v
a1 Ny luidenn ldiosannilsnaniow

v g 2 U
IﬂﬂlﬂWWSﬂHﬂula@ﬂLﬂﬁ

CE

Rack: SEBIA Pos.; 3 d

Ak 2z @3 mn%nmnnu

Hb Constant Spring
Hb Pakse

.-n----nmu;;‘-’--il“n'u'nu-

g‘lﬁ; 1 dnuaizued Hb Constant Spring 1ag Hb Paksé Lﬁmwﬂﬁw'ﬁ% HPLC wag Capillary electrophoresis (CE)

2. mju B - chain variant ‘ﬁﬂﬁw Hb S (Hb
D-Punjab, Hb Tak & Hb Korle-Bu)
sluTnafiufiaun@lunguilldun Hb S, Hb Tak
uaz Hb D-Punjab uilu P-chain variant 1w
Rannanufnlndfiuanseiy de Hb S [6Glu-Vall,
Hb D-Punjab [$121Glu-Gln], Hb Tak [B147Term-

108

thr] wamihansnlilunguiderdu llesmnnidnua
NaNIATIANNFLATAMIAGIBANNIN NI 1NBTA

v 4 do
MNATIINIYIATEY LPLC 9199n1sn0oninfidunia
S-window ¥3® A2 window Alg "wulu HPLC AR
retention time 1nANUINA (Uszanal 4.16-4.18 i)
Jauenliesan (3Un 2) Tawdl abnormal peak 1ieq
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1 peak esnniiu B-chain variant M4 %A
wsnadlulnabuialnfiedszniedesas 35 - 45
nagiranmInsanalanainerdue oglunaailng
MNGoIM IR UENTIA 01NN INTIVNDIAUMLTT
sickling test 61 fresh specimen #3l¥asam Hb S
1% =2 a s & '
malanaauinnienzdaiouedsll 919a579Mm
Hb S uay Hb D-Punjab mutations ¢eimaiia PCR-

RFLP lagl$ioulssd Mst I " uag EcoR 1" muaau
ualuriealfiianmsvesideuldmatia multiplex allele
specific PCR Tunmsasanuundlulnaduiinlnf
M wstiateennafiluasziiu 19 duhldhenh
ninmsanumuhluaulneialwiiu Hb Tak uag Hb
D-Punjab ldiiesndt Hb S Fainamanulugihe

1 d' o/ o
sNelsmannsumansamludsemalne

ae%T

2%

1@%r

Tak/D/8

A2

JUl 2 dnwaizves Hb S, Hb D-Punjab nag Hb Tak iileusndisds HPLC *

U Hb Korle-Bu [B73Asp-Asn] 1ilu B-chain

. = A & A T ' 1 =Y
variant dnsHaniainuldliveswhaguusn Ineanu
nuasausnluuavuensm uainenuasanluaulneg
Nndamdauas 133Auas wWisans laenunnfunme
Hb E, o-thalassemia 2 1la2 o-thalassemia 1 glulnady
sialuenla sisa U Hb A wazHbE Wolfimaiia

LPLC 39 HPLC adeiungs Hb S, Hb D-Punjab uag
Hb Tak uawun Lﬁlﬁﬂ%} maila Capillary electrophoresis

1saugn Hb Korle-Bu, Hb E uag Hb A2 29NN
Auldedetaiau (:nJ‘iTi 3) eaghalsAmudadesmsns
(20.21)

A518UIUAIETT allele specific PCR 15uAU
sulnaduiinndriinilussesndasuamom ldeedy

o KotleBa Hb-GOLD || 76.2°C. Cool x DrewsPCL 3
nZAar [18:81 23-85-81
18x4
- L 4
L
1 34 1
F T T hd T T 2 5
100 200 300 400 =
0 P A B _,}\
gL T e g g&f,ﬂs PRINT EEEEEEEEEEEEE

v

310 3 Anwauzves Hb Korle-Bu sluqﬁﬂuwm“ Hb B iy Hb Korle-Bu iilonsndis3s HPLC, LPLC

wag Capillary electrophoresis (CE)
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3. ﬂ’cju a - chain variant ‘ﬁﬂﬁw Hb S (Hb Siam,
Hb Queens & Hb Q-Thailand)
fredevesdlulnaiufadndlunguilmily
o-chain variant 15zneuai8 Hb Siam [015(A13)
Gly-Arg] waz Hb Queens [a34(B15)Leu-Arg] éaﬁ
ﬁam%uaq’uu a.1-globin gene ﬁy’a@: enu3ana Hb variant

Talugeszanasosas 15 - 20 whiu Hanvazved peak

gnueneaninlumumiafefiuiu Hb S, Hb D-Punjab,
Hb Tak uag Hb Korle-Bu udiivSnanioani (3 4)
4! 1 dyl I . . 2 a a th
$9U981TU o-chain variant §lulnadufinlnfine o9

a .é" T A ' d' ld'
stiatanldlivosmiioungui 2 udilonsrany

Y o & [ aa o oA 2 o 14
udrvniludeditivdsueneonnnngui 2 Bdesld

a e v A . . e

MINTININATNZVALDULIDNIYID multiplex allele specific
PCR 1gufny *

A2/ Var [11:35 28-82-86 Uell 44 [ sofia
F 7z of % of
Hh\‘; Hb Siam /| 5, ., RIGs) HbA  Hb
Hb !
Queent, \ knowm 56 7.8
» 2 48 Window 195 2.6
3 ¢ Window 281 18.6
4 Unknown 389 0.5
e Hb Uariant: S Window
/\/J HbF less than 8.5 %
v\
1 2 74
| L T T T L) T
100 200 300 400 s Area= 1267 Baseline= 17878
A B T D
SELECT PRINT RESCALE RETURN
SAMPLES

UM 4 dhumiaves Hb Siam uaz Hb Queens lugmiluwmeiilionsndeds LPLC Fagnusnesnmnauriia

¥9d Hb S (S window) uagdewiiuin Hb A_¥liimSinar Hb A figasedlaild

%50 Hb Q-Thailand [74(EF3)Asp-His]
o I . a d! d' V]
31U o — thalassemia wHavilanwuldesluaulne
1AnnANAnARYeIdN ol-globin Aduna
codon 74 Asp-His #ianuiailndtleziFoudony
o - thalassemia 2 ¥ia 4.2 kb deletion Uulasinlsu
ufernu we Jiuwive Hb Q-Thailand ynaAu
0T g a-thalassemia 2 %ia 4.2 kb deletion $1e
IHOWUIINAY o-thalassemia 1 39N 1¥Aalsa Hb H ¢
ufi3en%aN Hb QH-disease wsulalulslanves Hb
Q-Thailand wulivssuaghimlyaa Hb H diseaese
= a a a a dy d'c 1 =y %
glulnaduiialnfstiniignueneonsniiduwiafediu
Hb Siam uag Hb Queens Nnadadnadu il

aa o 1 v 1 A a d
wsaingnenlalagde BuudzlEIznsnduLe
M FIUDNNILHDINTIINUTIATUN codon 74
187 8999IRTIINY o-thalassemia 2 ¥1H9 4.2 kb deletion
f1e zdeaaldgndes ludenljianisves
{19euld35 multiplex allele specific PCR 9379
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N A S
MaNNEAUNANY 999 RUNTONNY (5UN 5) Lo
Hb Q-Thailand WuanuiinUnfives 18 a-globin #
wuldvesluaulnediianugnves Hb E 3@ 3asin
wugilumvizves Hb Q-Thailand 53y Hb E ld
o ¥ =) a A av v a 3

mldanamudlnlnadudadndldvanssila Uszneude
Hb A (OLAZBAQ), Hb E (OLAQISEQ), Hb Q-Thailand
(@ p*) waz Hb QE (a® ) 119051902675
HPLC w50 LPLC uaginwu Hb A, (ocAQBQ) wag Hb
QA, (a0 1inIfANIienTI1MI83D Capillary
electrophoresis 39 519a11 U wlumsifianelade
9 4 y
dan aglu gUn 6 uennazasanuluaulneudy
gafis189uAs9ny Hb Q-Thailand luz1iduuay
312 9al)51Fe 1e3ude uabinululszsnsnguou
JpoInhezidumiiannaueiBe  11AnsANEN
a-globin gene haplotype ¥998U Hb Q-Thailand

El Vl 1A 1 o A = [ 6’5: (23, 24)
HAUINY NUNHUAINIUALIAYINUTN U
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G20 E

Codon 74
GAC - CAC

1,529 bp (ar2)

_:-_::—:= 4]5bp(aQ-ﬂnM )

g‘l]‘ﬁ 5 N137533¥1 Hb Q-Thailand mutation lag o - thalassemia 2 (4.2 kb deletion) 1R multiplex allele

specific PCR fegnnef 2 uay 5-9 Wuiedaninauiademsnse usen 3 1umvzves o-thalassemia 2

(4.2 kb) Wisaeghaden lildiduvmvzyes Hb Q - Thailand 1189 1 uag 4 1Wuawlnd®

HPLC HPLC

s P

HbQ

- e

’ @ 1 " 2 3 4 s _; ] 1 2 3 4 ] &
HPILC CE

a0 Pock: SEBA Pow: 6 BN

HbQ HbQE @ oA maBaDaam3z B

31t 6 sumiaues Hb Q-Thailand uag Hb QB lugihmmzuos Hb Q-Thailand sy Hb E ilonsndaeis
HPLC uag Capillary electrophoresis (CE)®**?

4. ngu B-chain variant uq (Hb C, Hb Pyrgos, Hb  ifsnadlulnaiufiondfi “uasnzi Slusgauiiigunh
Hope uag Hb J Bangkok) Hb A usewmldiinanu “u ulumsifianemaies

%’Tﬂﬂaﬁuﬁﬂﬂﬂﬁ’lumjuﬁ fnuldosluaulne  UATRMSIA Uszneudae Hb C [B6 Glu-Lys], Hb Pyrgos
ﬂduﬁiﬁﬁaiﬁgﬁﬂawmﬁmqﬂﬁﬁﬂﬁ;uusaLwiazhﬂml,az [B83(EF7) Gly-Aspl, Hb J Bangkok [B56 (D7)
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Gly-Asp] uag Hb Hope [3136 (H14) Gly-Asp] "5
Hb C i ushifngehanamuamslunguauize 1
wesiu hifinsnumsananuluaulng downmnme
Hb typing vauzi 'ausl*niyﬂ%"i% alkaline electrophoresis
Falai nnsanen Hb C vonnn Hb E 1§ Ssganoan
i Hb E fuvuaudfiviina anhdiifiunme Hb E
iledhadanuuaslinaausensniiansesdas DCIP
nazdslfinaiiansnsiadidulesioifiansnen
gouiinslfimaiia HPLC, LPLC %30 Capillary
electrophoresis 1un1591 Hb typing 1 wnsanen
Hb C eonin Hb E ldegndanu Jalimsasiany
Hb C mﬂ%uuazwudwﬁmmﬁ;ﬂ LAne uasluaulng
Tagmmzlumald lumfidlisniudensafiou

d’ IS} o/ 3 4 ! d'd a a i 4‘
IDINDYUIUB L’Julmslui'] AR RS IR ER ARG

fmde 1wy luneniulalulslan vie wuswiy
Hb S 59 Hb Korle-Bu ifludu sz ¥iAa microcytic
anemia WaziA@ Hb crystal formation ¥89 Hb C
Gl < A 1 o 1 ﬂ ana Vlsl (26)
wiladeauaunnIunaznailymneaaiinlg
“3u Hb Pyrgos, Hb Hope way Hb J Bangkok

(GuUn 7) 1Yy nonpathological B-chain variant NIVNA
Ndnwaiznsuendiy HPLC uag LPLC adeiu uay
wsneonan Hb A uaz Hb E Fawu 3agnasianuld
419 lu "uves Hb J Bangkok Hanwaig peak
d'l 2 a A asn a 4 d‘
nandlulnadufinlnfidn ewstindau Wesnn
winagudnbae 2 peak Fouiuiu Hb A uag
v 3 v o o/ an o A v v ] <]
IHiudoya wiumNdeiesiuld ogwlsfamu
MR eNIUNBUAPINTANTATINILATIHA LD UL

Arumadia allele specific PCR *™*”

Hb Hope/Hb E Hb J Bangkok trait Hb Pyreos/Hb E
i. l.' I! L Hb Pyrgos mE
"
1 2 3 4 5 2 4 5 12 14 5
" 160 200 300 adod |-100 200 3bo | 40 RO T T

gﬂ*ﬁ 7 dumiswes Hb Hope, Hb J Bangkok uaz Hb Pyrgos tiousndeds LPLC

5. A9 a-chain variant 5"1!6] (Hb Hekinan & Hb
Beijing)

lunguiliiunendeshs 2 siia fe Hb Hekinan
[a27(B8) Glu-Asp] uaz Hb Beijing [016(A14)
Lys-Asn]
Flulnadufindndniesd Siiesiaduluaulng

A IS A A 1 o
193911010 93BUANAITIINVIINAY

Hb Hekinan 1y nonpathological o-variant 1NUUOY
lunguangijuuaziu mswusiuiy Hb E uag
o - thalassemia 1 %30 a-thalassemia 2 Tuaulng

(30, 31)

Jah 1ol a-globin chain variant

ionusmAuginiuwve Hb E Sawy abnormal peak

112

29)

2 duwiald @ abnormal Hb A (o™ B*) uaz
abnormal Hb E (o™ p*°) ¥augneanan Hb A uag
Hb E la¥amuileoidsunauinne ud1iledarn
Hb Hekinan 1Aa91nfaduuusu al-globin Usuna
d‘o.l s YR v 1A a a a a d‘

N uangdladeesnindlulnaduialnfsindu
d' a a Q'J = . = aa o

NINANNNIABUVUYU a2-globin WD1IYNIUINY
nanalaganylatsglunuilszariu udmanuuiuag
a-thalassemia 98199UABUAZN o-globin chain
Un@tiesas azHralvineneennnduldieyy (Un 8)
MINTINTINENUUUDUADINTANINTIDIATIZHALDULD

femaila PCR-RFLP 9838 o1-globin *”
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Hekinan / E / o - thal 1 Hekinan / E

ST 3%

J e

\ ‘ 28%
[ | .
HK
lext \Az 1%
F
8 + — 2] —
) 1 3 a 5 é a 1 2 3 4 5 ®

U 8 shuviiaved Hb Hekinan (HK) wusanAu Hb E wag o - thalassemia 1 1ousnedie3s HPLC msil

o - thalassemia 1 $3evly Hb Hekinan gausnann Hb A uag Hb A ladamuanu®

“W%u Hb Beijing wuaseusaludszmadu  Suhushenuldlives udfianu &y uazilowmniiy
waswuldhivestn Afnenuamanuludszmdlne  o-chain variant 15uiEedfu Hb Hekinan fivusaniu
Wumsanauluaulnenamamile TaswusimAu  Hb E 39wy abnormal peak 2 iia Ao Hb Beijing
Hb E uaz a-thalassemia 1 fhefiazBanaz  (o” p*) uaz Hb E-Beijing (o p°) (gﬂﬁ 9)

S o . . . d’ 14 o X (32)
UanwazYed thalassemia intermedia NADITUNIIIARN

Beijing /E/ a - thal 1 Beijing / E
Hb Beijing %
3% \ . ” 3% ;30?’@;’

\

2@ Hb EBeijing 2%
X
8% A2 18%
F
8 e 4
Bt 2 3 4 5 5 2 1 2 3 4 5 &

U0 9 duisved Hb Beijing uaz Hb EBeijing 1Housndie35 HPLC mM3il a - thalassemia 1 3auaavw
Hb EBeijing gauanan Hb A lagawmnayu®
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6. ngyn Hb Lepore variants

Hb Lepore HudlulnaduiiaUndandaiiu
OB - thalassemia FHanil 1AM ]lUUe
Aroueluus nasziedu § - globin uagdu f - globin
ynadsena 7.4 Alaw  Wukaliifamsiseudedu
voudune suAaludu Op-globin  Bundalndil
34 $19 19 abnormal globin ean3NE hybrid Of3-globin
chain 15 "1 N-terminal 154 8-globin uag
C-terminal 151 B-globin FuilesIudIAY 18 o-globin
chain ™ ¥1Aa1lu abnormal Hb iSua%e71 Hb Lepore
o I A o o an A
9911 abnormal Hb MNAMN 1A NAdHAILBINN
& v A A a4 A v A v oA
Wusa Fillestiandls Wewusudy Hb E viena &
= d' 1 Y a . . .
IHYBDUS AolWIAN©1A15Y89 thalassemia intermedia
4 4‘ 2R A o o
16 msneauiioasianuisianu Mgy Hb Lepore
= 1
Ainsnuaynuldlumaengulsemnslasmmeluuay
nidglsduazeniim uddnvluanieiBosie Tl

nleenlaiiu 3 ¥lamudnvazvesmsiindu hybrid

Of-globin fa Hb Lepore-Hollandia (022Ala/$50Thr),
Hb Lepore-Baltimore (850Ser/B86Ala vi50 68Leu/B84Thr
W30 059Lys/B86Ala) uaz Hb Lepore-Washington-
Boston (887GIn/pIVSII-8 #30 887GIn/B116His)
wsululdszmalneiinesaumsananuiiies 2 sia fe
Hb Lepore-Hollandia uag Hb Lepore-Washington-

Boston % 73 asriialinan1snsin Hb typing
WHoUAY  ANTININYUENADINTIVALDULDINNY

fihimmzes Hb Lepore i Hb F lugudesas 4 - 5
uaziinwy Hb Lepore Uszinaiosas 10 Lﬁmwﬂ Hb
@1835 HPLC 9wy Hb Lepore 9Auenaanl
lushwmia@eriy Hb A/ Hb E ilidtindvianmald
uanuI nsaueneennlfedsaulaeds Capillary
electrophoresis %ﬂgmwﬂaaﬂuﬂu "84 denatured Hb
E (311 10) ifleamanuais wasniududieisaibue
aoll :1nms@EnIwu Hb Lepore wuldtoswe uais
Tuaulngnazinnusmiumnd Fiflesinou

HPLC LPLC CE
et AZ2/Var | 188889 |
Hbs A2, E,
Hh F Lepore
Hh Lepore
/ i
1% Hb Lepore
(denatured Hb E)
"V
7
" " — 1 2I 3‘ 4 l5 6 ] |
2 1 2 3 4 8 ‘l 100 200 300 400 ¢ I EEEEEEE EEE.

UM 10 dn¥auzved Hb Lepore #agausnooniindunieved Hb E isusndis3ds HPLC uag LPLC

uAgNUENednNNNBENEAIIUUY Capillary electrophoresis (CE)®”

FaidTulnatufindaddanarowiiaiiladldhan
aamly flesnnwldlihies Tas yhziiuhslulng
dufadadfinuluaulned fusnumnnuaziFednegd
mMsaTINUIATuGes Iiewniims wnsemsiia
naziBinadTulnatuluassiiunniu malasams
muguuazilostulsamd Fiflefisuiumseginlszme

aausl lvgjvesdlulnadufindafivarilazlaimla

114

inalsarseamsneaaiinlag  ugnsiianusInAu
slulnadufianfnazsa FilleMiiuilgm dgyluan
Tne Setniludeddimaitedouenlila iiedsslom
lumsquaSnwinazamilinuinugihmaiugnssnun
dihauazasoua’d  mainadedlulnadumaiiing

a LE=) a o o Ay o o
asanianzidlulnadulunulszniu ddenidia

waz "Wl nnsaldmteenuiveulddndssende
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a e & ] A v v 4
MINTIVANZHADUIBTIIUTUAIYL N NN5E UMID
nunMslEmaiiamsasavatsaganiusiglunsg
wanaldannuaziarease abnormal Hb NasIanNL
a 1 d' = d' v A I
IANINANNUANTDIVDALATDINON IFAT19vT e 1 uKa
NAEAIAIINTY  aatlieaTanyluaulsaniu
=3 = 1 2 1 gj
AITNVNUIRBANIAATIINY  abnormal Hb 191310
(suspected abnormal Hb) ‘himiszusnﬁmm abnormal
Hb asl/laglishumsnsndudumemsiiangiaisule
BAZAIT NAIDENAINANNIONAIDENIIADAYDY 11BN
TuasevaiildveSumsasadudunvesjiansou
d'd v \ d‘ = 2 a KR
nianunsandell Wewnmsdnulilddeyaisedn
mSudlulnatudadndmariiluaulneazsiels
msaiunudumsmuguuazilosiulsand Filouaz
= a a a ] v ] =} a a é’
Flulnaturslndveslnemlaedrailss  nsammwunnau

nnAnssNlsemd
a o d' o/ v A A = a

HANUIIBINYINUTIE Fiilonazdlulnaiiu
a a ' ' Ay Y A d'
Aalnfune unnnguitevedideunsiusinlily
ANl 1a5ums 1 Yy quguedITemmzni
NIINENABYOUNAULAIUNGNIY WNNUMIYANANE
(CHE-RG-51) lngldmitinamnuduinidelundumaroay
Usznoude 599 #1138 A3, AuMIIal L ulse e,
399A1 AT19159 A3, algen uBDY, W. . A T,

a

w8 Junswdisd, wedgyal lseygises,
U, vesun @33 naz ved wA AszNa uag
Yovouqainmatiamsuvmd dnvareviunnlsameina
1 0!1 d' L7 Y 1 - FA Y o =
e Tlszmanld whedden dihelulimmsdnm
N @, WnInendevouuny
4 =)
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Screening for a - and B - thalassemia diseases by Hb H inclusion
and Hb F cell stainings at Somdejprayannasangworn Hospital,
Chiang Rai province

Chaleaw Yonij', Goonnapa Fucharoen’*, Supan Fucharoen®, Tawatchai Jaikamwang®,
Kanokwan Sanchaisuriya®, Nattaya Saeung®

Abstract

o - And f - thalassemia diseases are common in Thailand. Diagnosis of the diseases are usually made
by clinical and Hb analyses. Hb H () is usually detected in the Hb H disease and Hb F (ay ) is observed
in P-thalassemia. As Hb analysis is generally served at big health centers, samples from small hospitals have to
be sent for analysis which usually requires at least 1 week. To provide useful data for rapid initial diagnosis at
small hospital, study was done at Somdejprayannasangworn hospital, Chiang Rai province to determine the
accuracy of diseases screening using Hb H inclusion and Hb F cell staining tests. Blood samples of 30 subjects
who were suspected for thalassemias by the doctor and those of 32 anemic samples were initially examined for
Hb H inclusion and Hb F cells at this hospital. Remaining blood samples were sent to the Centre for Research
and Development of Medical Diagnostic Laboratories, Faculty of Associated Medical Sciences, Khon Kaen
University, for Hb and DNA analyses. It was found that all 22 patients with Hb H disease and two
[-thalassemia 1 carriers were positive for Hb H inclusion test. The sensitivity and specificity of the test for
diagnosis of Hb H disease were 100 % and 95.0 %, respectively. Among 10 subjects with 3-thalassemia / Hb
E disease, 9 were positive for Hb F cell staining. False positives were observed in 9 subjects. The sensitivity and
specificity of the test for diagnosis of P-thalassemia disease were 90.0 % and 82.7 %, respectively. These
results demonstrate that Hb H inclusion and Hb F cell staining could provide useful data for initial diagnoses of

a - and f3 - thalassemia diseases at a small hospital.

Keywords : Alpha-thalassemia disease, Beta-thalassemia disease, Hb H inclusion, Hb F cell staining
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Subjects No (%) Total (%)
Group 1 Group 2
Thalassemia Disease 21 (70.0) 12 (37.5) 33 (53.2)
Hb H disease 11 (36.7) 11 (34.4) 22 (35.5)
Ot-thalassemia 1 / Ol -thalassemia 2 4 9 13
Ol-thalassemia 1 / Hb Constant Spring 7 2 9
B-thalassemia diaease 9 (30.0) 13.1) 10 (16.1)
[3-thalassemia / Hb E 8 - 8
[3-thalassemia / Hb E with Ot-thalassemia 1 - 1 1
[-thalassemia / Hb E with oL -thalassemia 2 1 - 1
Constant Spring EA Bart’s disease 1(3.3) - 1(1.6)
Thalassemia carrier 8 (26.7) 19 (59.4) 27 (43.6)
heterozygous Ol-thalassemia 1 4 4 8
heterozygous O -thalassemia 2 - 1 1
heterozygous Hb Constant Spring - 1 1
heterozygous B-thalassemia 2 9 11
heterozygous ﬁ -thalassemia / Hb CS 1 - 1
homozygous Hb E - 1 1
heterozygous Hb E with Ot-thalassemia 1 - 2 2
heterozygous Hb E with Ol-thalassemia 2 1 - 1
heterozygous Hb E with heterozygous Hb CS - 1 1
Non thalassemia 13.3) 1(@3.1) 23.2)
Total 30 (100) 32 (100) 62 (100)
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B-thalassemia / Hb E M2 et Wnauannani
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16 19819 Hamsasndudunuiiulsa B - thalassemia
/ Hb E 6 ¢198¢23, P-thalassemia / Hb E with
o-thalassemia 2 91U 1 @198, heterozygous
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3 @198, heterozygous o-thalassemia 1 911U
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M319N 2 wam3sdon Hb H inclusion uag Hb F cell Tufl98191a009uIu 62 $19819

Subjects No. Hb H inclusion Hb F cell
Thalassemia Disease (N = 33)
Hb H disease 22
Ot-thalassemia 1 / Ot-thalassemia 2 13 positive > 20 % negative
Ot-thalassemia 1 / Hb Constant Spring 6 positive > 20 % negative
2 positive > 20 % positive > 10 %
1 positive <1 % positive > 10 %
B - thalassemia diaease 10
B-thalassemia /HbE 2 not seen positive > 20 %
6 not seen positive > 10 %
[B-thalassemia / Hb E with Cl-thalassemia 1 1 not seen negative
[B-thal / Hb E with ¢t -thalassemia 2 1 not seen positive > 10 %
Constant Spring EA Bart’s disease 1 not seen negative
(heterozygous Hb E with Ot-thalassemia 1 / Hb CS)
Thalassemia carriers (N =27)
heterozygous Ol-thalassemia 1 2 positive <1 % negative
4 not seen negative
1 not seen positive > 10 %
1 not seen positive > 10 %
heterozygous Ot -thalassemia 2 1 not seen negative
heterozygous Hb Constant Spring 1 not seen negative
heterozygous [B-thalassemia 4 not seen positive > 10 %
7 not seen negative
double heterozygous B -thalassemia / Hb CS 1 not seen negative
homozygous Hb E 1 not seen negative
heterozygous Hb E with O(-thalassemia 1 2 not seen negative
heterozygous Hb E with Ol-thalassemia 2 1 not seen negative
heterozygous Hb E with Hb CS 1 not seen negative
Non thalassemia 2 not seen negative
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MmN 4 annhuazanudnzyeamsden Hb H inclusion #9m13insianansedlsa Hb H

Hb H inclusion Hb and DNA analyses Total
Hb H disease Non Hb H disease
Positive 22 2 24
Not seen 0 38 38
Total 22 40 62
Sensitivity = 22 /22 x 100 = 100 %
Specificity = 38/40x 100 = 95.0 %

mswhn 5 anuhuazanuiumnzyesmsdon Hb F cell doningiadnniadlsa B - thalassemia

Hb F-cell Hb and DNA analyses Total
B - thalassemia Non B - thalassemia
Positive 9 9 18
Negative 1 43 44
Total 10 52 62
Sensitivity = 9/10x 100 = 90.0 %
Specificity = 43 /52 x 100 = 827 %
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Development of internal quality control and proficiency testing program
for thalassemia screening at Lamplaimat Hospital, Burirum province

Jutharat Phonpakdee'” Kanokwan Sanchaisuriya®*, Jukrapan Wandee®, Auntita Treepop’, Goonnapa
Fucharoen®, Supan Fucharoen®

Abstract

Thalassemia screening using a combined osmotic fragility (OF) test and dichlorophenolindophenol (DCIP)
precipitation test has been implemented in Lamplaimat Hospital since 2005. However, quality control (QC)
system has not yet been established. In order to develop an internal QC and proficiency testing program for
thalassemia screening, one of laboratory staffs was assigned to prepare QC samples by selecting left-over blood
samples from routine practice. The selection criterion for positive QC was MCV < 75 fl and Hb > 10 g/dl. For
negative QC, sample with MCV > 85 fl and Hb > 12 g/dl was selected. These QC samples were firstly tested
using the OF and DCIP tests by the assigned staff and then blindly tested by the other two laboratory staffs who
took responsibility on the OF/DCIP screening in routine practice. The screening results were recorded as
unknown samples. From January to June 2009, a total of 100 QC samples (66 positive QC and 34 negative QC)
were collected. All of them were sent to the Centre for Research and Development of Medical Diagnostic
Laboratories, Faculty of Associated Medical Sciences, Khon Kaen University, to investigate for thalassemia and
hemoglobinopathies using standard methods. Agreement of the OF/DCIP screening between the 2 staffs was
evaluated using Kappa statistics. Acceptable proficiency testing was assessed according to the criteria of no
false negative OF result in a-thalassemia 1 or (3-thalassemia carrier and no false negative DCIP result in Hb E
carrier with Hb E > 25% and with false positive rate of less than 20 % in normal QC samples (sample without
o-thalassemia 1, B-thalassemia and Hb E). Based on Kappa analysis, a perfect agreement was obtained for both
OF test (K = 0.93) and DCIP test (K = 0.96). Proficiency testing on thalassemia screening of the two staffs
revealed acceptable result. The data indicates the same standard in performing thalassemia screening of the
Lamplaimat’s laboratory staffs. The internal QC and proficiency testing program established in this study should

prove useful for effective prevention and control of thalassemia in the region.

Keywords: Thalassemia screening, OF/DCIP, Quality control, Proficiency testing
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Blood stock in 2010 for Srinagarind hospital
and Queensirikit Heart Center of the Northeast

Amornrat Romphruk'**, Chintana Paupairoj' .

Abstract

It is the responsibility of all blood transfusion laboratories to ensure that donated blood is used efficiently
and effectively and to minimize waste while maintaining sufficient stock to deal with unexpected life-threatening
emergencies. This study was conducted to determine the adequate stock level needed to operate the Blood
Transfusion Center of the Faculty of Medicine, Khon Kaen University. We accessed the total number of
transfusion units and cross-matching of blood components from our data base for 2009. The average daily
weekly and monthly use was calculated. A stock of blood components (viz., red cells and plasma) is kept for 7
and 3 days, respectively. Stocks of platelets are kept for 3 days and cryoprecipitate for 4 weeks. The stock
levels included blood for emergencies (10 %) and to cover the expected growth in use over the year before
(based on historical growth rates/usage). The results of our study showed an increased utilization in 2009 of red
cells 3.1 % (28,202 units); plasma 14.1 % (18,268 units), platelet concentrates 20.3 % (22,754 units) and
cryoprecipitates 28.0 % (11,178 units). The ideal blood inventory of red cell products in 2010 should be 766
units; 158, 266, 288 and 54 units of blood group A, B, O and AB, respectively. The respective blood inventory
for plasma, platelets and cryoprecipitates should be 548, 238, 1297 units. We also found that the red cell
products would cover 3 days in the event of a shortage in the blood supply. The ideal blood inventory for our
Blood Transfusion Center will be based upon this evidence. However, the inventory needs to be frequently
checked for quality assurance and up-to-date stock counts. When the inventory level gets low, planning for
restocking the blood supply should be done immediately as per policy. A statistical report on inventory levels

throughout the year should be done each year for planning and evaluation purposes.

Keywords: Blood stock, Blood inventory level
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Performance of thalassemia screening program for identification
of at-risk couples at Prayuen Hospital, Khon Kaen province

Churat Pengpinij"?, Nirandorn Maneekanondh?®, Pranom Khunprama’®, Kanokwan Sanchaisuriya® * .

Abstract

Complying with national policy of the Ministry of Public Health, Prayuen Hospital has implemented
thalassemia screening program since 2006. Based on the operational guidelines, pregnant women attending
antenatal care service are screened for thalassemia using OF/DCIP approach. In case of positive results, the
husbands are requested to be screened for thalassaemia as well. Accordingly, blood samples of the positive-
screened couples are referred to the Regional Medical Sciences Center, Khon Kaen, to investigate further
whether they have true risk. In order to evaluate the performance of thalassemia screening program conducted
at Prayuen Hospital during 2006-2008, a retrospective data on the number of the first-visit pregnant women,
number of positive screened couples as well as number of the at-risk couples were collected. The positive rate
of thalassemia screening, the percentage of screened husbands and the positive rate of at-risk couples were
calculated. It was found that the rate of positive screened women in 2006, 2007 and 2008 was 53.5 %, 49.3
% and 53.9 %, respectively. Of the positive-screened women, 56.6 %, 76.1 % and 70.8% of the husbands had
been screened for thalassemia. During these 3 fiscal years, a total of 260 couples were gathered. Among them,
8 (3.1 %) were at risk of having babies with severe thalassemia diseases, i.e. 6 at risk of 3-thalassemia / Hb E
and 2 at risk of homozygous a-thalassemia 1. The expense of laboratory identification of at risk couples was
62,500 baht/year (0.9 % of treatment expense for 1 patient). The results demonstrated that Prayeun Hospital
had good performance and complied with the goal of the Ministry of Public Health in that at-risk couples were
identified. Consequently, the births of new cases with severe thalassemia diseases could be prevented. However,
risk assessment based on Hb analysis revealed that approximate 25% of the positive screened couples were at
risk of having babies with non-severe disease, i.e. homozygous Hb E. Therefore, a simple strategy for screening

out of these couples is needed to reduce unnecessary expenses of laboratory confirmation.

Keywords: Thalassemia screening, Couple-at-risk, Severe thalassemia disease

"Bachelor of Sciences in Medical Technology program, Faculty of Associated Medical Sciences, Khon Kaen University,
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Intratester reliability of three clinical methods of measuring active
cervical range of motion in normal subjects: A preliminary study

Thavatchai Suvarnnato', Rungthip Puntumethakul®*, Yodchai Boonprakop?, Suphaporn Phadungkit® .

Abstract

Active range of motion of the cervical spine is one of the most common tools used to evaluate the quality
of neck pain patients. Many measurement methods, for in instance an universal goniometers (UG), an inclinometers
and a Cervical Range of Motion (CROM), have been employed to asses a magnitude of cervical range of
motion, however there is a lack of the evidence to support the comparison of the reliability between the three
measurement methods. The purpose of this study was to determine the intratester reliability of the three
measurement methods in normal subjects. Ten subjects, aged 23.5 = 1.9 years, were recruited in this study.
Each subject was measured three times in each direction for each measurement method. Cervical flexion,
extension and rotation were measured. Intraclass correlation coefficients (ICCs) were used to quantify within-
tester reliability. The results demonstrated that the CROM measurement method provided the highest reliability
(ICC values range from 0.91 to 0.95) whereas the lowest reliability (ICC values range from 0.63 to 0.90) was
obtained by the universal goniometer. Among these three measurement methods, the CROM provided the

highest intratester reliability.

Keywords: Active cervical range of motion, Intratester reliability
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The effect of a health education program on behavioral modified to
correct ergonomics of working: a case study in office workers of library
and learning resource center, Khon Kaen University

Chalermwut Srionla '*, Jachayaorn Nippanon® .

Abstract

Work-related musculoskeletal disorder is one of common problems among office workers. Quasi-experimental
research was used to determine the effect of a health education program based on Self-efficacy Theory and Social
Support Concepts for behavioral modification to correct ergonomics of working in Forty-three office workers at the
Library and Learning Resource Center of KhonKaen University. The workers were selected by purposive sampling
to participate in the study. Quantitative data was collected using: 1) an Office Ergonomic Analysis Form; 2) a
questionnaire and 3) a satisfaction assessment questionnaire. Qualitative data was also collected using the office
ergonomic assessment form and focus group. Intervention consisted of individual ergonomic procedure and three
sessions of health education activity were organized by group over six weeks. The three sessions included: (1)
knowledge training; (2) ergonomic working skills training using demonstration and followed by practices; and (3)
a review of the first and the second sessions. The dependent t-test statistic was used to assess the quantitative data
of before and after the intervention. Triangular analysis was used to evaluate the qualitative data. The majority of
the participants were female aged 42.2 + 8.7 years. Most of the participants have completed a bachelors degree.
The average work-hour was 8.0 = 1.3 hours per day, of which 4.7 = 1.7 hours were spent on a computer work
station and 3.4 = 1.5 hours work on a desk. The study found that after the intervention, the participants had a
significant improvement (P < 0.05) in: 1) assessment of office ergonomics 2) knowledge of work-related disorder
and correct ergonomics 3) self-acknowledged abilities 4) expectation the result of its performance and 5) actual
performance. The focus group indicated that the participants received all 4 types of social support. Other important
ergonomic problems were found which included: 1) Poor sitting posture 2) Poor working space at the book service
counter 3) Too much sunlight in the workplace 4) Too heavy a workload and 5) Insufficient workers. We suggest
that a health education program based on self-efficacy theory and social support concepts could serve as a model

for behavioral modification to correct ergonomics of working for office workers.

Keywords: Ergonomics, Office ergonomics, Health education
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Assessment of risk of falling in community-dwelling elderly by using the
Thai Fall Risk Assessment Tool and the Berg Balance Scale

Nomijit Nualnetr'*, Juntimaporn Sriruang®, Rattana Boonmat®, Arada Chaiyamoon’, Sirima Boonyarat® .

Abstract

Falls are a cause of health problem and lead to disability or death in the elderly. Prevention of falls,
especially in the high risk group, is thus important with the determination of overall risk factors. The Thai Fall
Risk Assessment Tool (Thai FRAT) is a test for evaluating the risk of falls by considering both intrinsic and
extrinsic risk factors. Meanwhile the Berg Balance Scale (BBS) emphasizes only the intrinsic factors. This study
aimed to examine the agreement of the Thai FRAT and the BBS on identifying the risk of falls in 47
community-dwelling elderly (18 men and 29 women, mean age 76.3 = 4.2 years) of Samliam Community,
Khon Kaen Province. The agreement of the Thai FRAT and the BBS was analyzed by Kappa statistic. The result
showed that the agreement of the Thai FRAT and the BBS on identifying the elderly at risk for falling was fair
(K =0.33, P = 0.009). This finding may indicate that physical therapists should apply the Thai FRAT and the

BBS for assessing risk of falls of the elderly in community to obtain both intrinsic and extrinsic risk factors.

Keywords: Risk of falls, Elderly, Thai Fall Risk Assessment Tool, Berg Balance Scale
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uuudseiiv Berg Balance Scale

AINTIN

1. Sitting to standing

2. Standing unsupported

3. Sitting unsupported

4. Standing to sitting

5. Transfers

6. Standing with eyes closed

7. Standing with feet together

8. Reaching forward with outstretched arm
9. Retrieving object from floor
10. Turning to look behind

11. Turning 360 degrees

12. Placing alternate foot on stool
13. Standing with one foot in front

14. Standing on one foot
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Physical abilities, quality of life, incidences of complications and falls in
patients with chronic spinal cord injury after discharge

Jiraporn Wannapakhe'*, Sugalya Amatachaya’, Wantana Siritaratiwat’, Preeda Arrayawichanon®, Pattra Wattanapan® .

Abstract

Patients with spinal cord injury (SCI) are likely to loss ability to control functions of body systems that lead
the patients unable to control their movements. After discharge, unsuitable environmental conditions may
significantly affect their ability and increase risks of complications and falls of the patients. This study evaluated
the changes of physical abilities and quality of life (QOL), and incidences of complications and falls of 10
patients with chronic complete SCI at 6 months after discharge. Physical abilities and QOL of the patients were
measured by using the Spinal cord independence measure (SCIM) and the WHOQOL-BREF-THAI consecutively.
Incidence of complications and falls were monthly assessed by using a questionnaire. An average age and post-
injury time of the patients were 42.9 = 14.0 years and 5.6 + 4.8 years respectively. After 6 months, physical
abilities and QOL of the patients were reduced (median physical ability scores reduced from 55 to 54 scores,
and median QOL decreased from 93 to 87 scores). All of them reported the incidences of medical complications
from 1-2 types where 4 of them required rehospitalization for 3-30 days. Five patients experienced 1-5
occasions of falls. The findings of this study indicated that subjects with chronic SCI showed minimal changes
of their physical ability, and faced with a high risk of complications and falls that might affect their ability and
QOL. Further study regarding causes and strategies of prevention and health promotion is important for minimizing

the consequences of SCI.

Keywords: Spinal cord injury, Physical abilities, Quality of life, Complications, Falls
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Intrarater reliability of leg length measurement, palpation, and special
test of sacroiliac joint in normal subjects

Taweewat Wiangkham™, Weerapong Chidnok, Pattamaporn Janejai, Mananya Choprateep, Rarita Krueyos .

Abstract

The purpose of this study was to investigate intrarater reliability of measurement of leg length distance,
static palpation at bony landmarks and performing special tests for sacroiliac joint in normal subjects. Thirty
male subjects (mean age 20.4 + 1.4 yrs) were participated by wearing headdress helmet and uniform for
blinding the examiners. The subjects were randomized for assessment by a manager and they were examined
each station that consisted of spinomalleolar distance, palpations of anterior superior iliac spine (ASIS), posterior
superior iliac spine (PSIS), iliac crest, greater trochanter, ischial tuberosity, and special tests which were Weber-
Barstow test, long-sitting test, and hip rotation test. The subjects were examined 3 times in each test where the
special tests was examined the last sequence. The Data were analyzed by Intraclass Correlation Coefficient and
Kappa Coefficient. The result demonatrated that the intrarater reliability in measuring left and right spinomalleolar
distance and the distance from navel to ASIS on left and right side were 0.98, 0.99, 0.98, and 0.98, respectively.
In addition, the intrarater reliability of static palpation in ASIS, PSIS, iliac crest, greater trochanter, and ischial
tuberosity were 1.00, 0.94, 0.96, 0.98, and 0.90, respectively. Furthermore, intrarater reliability of special tests
that in Weber-Barstow test, long-sitting test, and hip rotation test were 0.92, 0.97, and 0.95 respectively. In
conclusion, the intrarater reliability of leg length distance, static palpation at bony landmarks, and special tests

of sacroiliac joint in male subjects were high in this study.

Keywords: Sacroiliac joint, Leg length

Department of Physical Therapy, Faculty of Allied Health Sciences Naresuan University, Phitsanulok
* Corresponding author (e-mail: Taweewatw@nu.ac.th)

J Med Tech Phy Ther e Vol.22 No.2 ¢ May-August 2010 197



YN

fhyiuemsthanas wasnuldesluanlng Tae
mliiaamadvlia nsuu NAANIIMAINTINLIN
pgluInsziniuuasda wwansznudeamnmEIade

dd'd [ Ay v 3 ] 1 o
AsaINADIMsU191a9159597919 IHadem MUl
JTUTHN UAZDNNIINUADIZVVIATHTAVVIIA |G 1U
211AN  91ANTANKIIIYNUIUNITINUINTDATZ VY

[ I d! d' o Y Aa [ ] 1
ity nrgurikimhlfniaaeimsthanas el
nywd  dAnaTnIemInANenuhilymissingn
199911 Tagiivangmsansnu 9AsZIUUImMILY

i Imguesermahands udwiesay 13-48 7

8) a d = d v 1 =
MAANSINNTINAM st adliidiun Msianu
UANANYDNTEAUIBINTIUVSDTDADTINA WAL N

IausaAssanazmlvifamsiadoulmniala@®? =

N
' d”u o 519/ a l] o 1 1 (12) =

e Ivitiaeimathanas wan" sanuuan
! A a a <) A o ¥ a

ANY0IANNENIN 6 Hadmasiilu nvaiimldife
A15ATEAN (anterior or posterior innominate) VB
ﬂiz@ﬂL%aﬂﬁusluszumwﬁw-wé’d (sagittal plane) wag
AaAMzaszgn urasaa " nallnanfamtanynued
nsggniBaInulussnumihmashlhaamadenuas
YOIANNENVINAZIAANINHY (rotation) VoI 1A
INMeNydIAansUTudAL (compensation) awald

n3zn UndeAauazianyy  uanNuanden 3

Nadm@siu Blake uaz Ferguson aanlitazi

dnswademynasunlasvoaimalunywd lineg
I gol o/ o!u A A 1 v

Wumsasthwinluvastidviesu  wwalihmalums
maviasaeg wasuld Taglumsasiedszifivuay
Samanuialafvesdenssivumiviiudesendons

o d' 1 o Y = 1 d‘ ) o/ o
AN UNUYTIUASFHDINAITHUN L%@ﬂ@juﬂﬂﬂzﬂWSﬂaﬂN

!
2 (15-17)

1 & o A o 1o ( ) A o
mfwLﬂumsmmmxmgﬂmagﬂw NIDYUSNH

7,15,18

thewmasulm ™ lumsadinszgnidansunaznis

ATUNEMAMUMNYEAlAT 519699 UTIUNTZYNIE

1922 grsam

AU 1samsiavesanuiinlafla’
vazfiheogiainling eutes™ lasmsad ASIS,
PSIS, iliac crest, greater trochanter, ischial tuberosity
ailimwhnszgniBenaiudampllussimmih-
na (sagittal plane) fizonh posterior ¥3® anterior

innominate 9ANY 1WN5ANTWIRIUAA up slip 130 down

198

. ) 1 =) =3 J d'd
slip vi3eldl wasiivnmsdnwiszyhnsnianuuan
ANYIANNENNN llvhAuLLUY functional leg length
discrepancy dzimMIianyuvenszgiBIns iz

L2 ymsinssey

sagittal 4az3zu1 horizontal'
sgndn gheanilunszgn ASIS MW 1nsavenldn
a R A A VA g a
1Aq inflare %30 outflare vi3e |1l Futhimabavplusziny
horizontal HUIBY UBANNUANNUANANYBIANNY
[~} o vy <] a a av v =&
Nzmiidenssisumiivifaanuiadadladie &
WUTINITIAANNYNIVIMVY spinomalleolar distance
I o/ A v ] °_(25) = O &
wWunsiaanuennganesuiua™ aanuiu
N d“l vo A el aa_(29) o elsu
wmatanlasuanuiionluneadatin® wagaslsnig
a @ A o v A 1 a ad a
N9 sueEAN T MaginuenNaNuEalafniAg
49! I a Aa a A =) ]
Judulszianlanazifnanuialn@saiold ms
na 9y Weber-Barstow Uag MIina U long-sitting
Fumma e l¥imsuhanuuandieYesaNne
wnilulszian functional 3o structural leg length
discrepancy® wagn1sma ou hip rotation W1
mlmsuhdenssiwumiivihatiuimanauniadad
=) ‘1'(28)4! ' d”o} q’a'lsll Sl aa i
W™ Hmma sumaibinazlsueglunmaadiin ua
A RE = = oA A A
galdfimsAamideanuiizetiovesming oudiLay
1 dy [ gj o/ g a o/ dyd d’ 1
manl aatiuinglse IAveImMNTBNABINDINANNIN
d‘ A v v ] 3 o
wodeludidna ey 10 mana ou waumsaaily
nIZANUAIZRN 1 HATRYIN 5 1u MITaszez 2 mIda
wazmma aufitdy 3 mma sulue 1 NAsIWARNY
91g38MIN 18-25 1)

ad =
ADNIANEN

MIIyAFINF5UMITVIBINANLATINATANTON
a’%aﬁisumﬁ%’aiuuwé%amwﬁmmé’auwmi Tag
[ Ao 1< a A 4 .
anyaleM VYT UIDVIBNIATZY (Analytical study
design)

NGNAIDYN

Al Ao I o A o

f3dTeiuer 1 daswang vauwd uu 30
au Tasiongsznin 18-25 1 uaglinmsdusenitnsm
Tasamivelagasnylunuvesun aaanudugeN
11INIATINTINY MUV 2N 1 HATHDA
Tifiseiaanuiuthessuunszgauazndiiorudos
191500155 BIN 15aN I DIaKI A ANNA28ITAITNG

M3 1TNARAMIUANSUAZMBATNLNLA o TN 22 aUN 2 o WOBANAN-"91AN 2553



mumwhiiarseneaslstan ezt uleves
1 I 12 A A d'
amenan Bifilseidlss uglidimguusingzgn
139031 (pelvis) vaenszgnumin uazilagiudeslsid
g1msthauinalag veeseme
MsiusUINTeya
AazITueseinglss sATuneunsdnm do
anadluszrammsaneInsonnalyien 1 dasasnu
gugaNINTINMMSAARIIMNLDUWBINEUYDNITITIN
A v v
M3ANY waznsenuuy aumN Bszneudisdoya
Ml deyaneddiu vmm natue 1 dasldsuge
Wuganldlunsasrvsemeniounsl ‘muanimlalla
lunh  agevziiqar wididudnuaiefazannis
amataaaulumsannueIN
Aian1smms wdenen 1 dasierdlisums
1 é A v o 1
na avluudazusadidne svdsziluudazgu lae
91 1 daslasumInsaguusn dunugun esllan
naz AUAUOT 1 UATAUDUS MATU 3 ATY HAIINTIY
L4 = % U ‘!' o o
91 1 NaslallSumsanaemelugiui w duiy
91 1 dATAUdUYg 590 3 afe lasliszeznainuey
91 1 AAFITHINATIWDIMTIne g tpeszanal 10 WA
Tagiineazidunaail
4 o 4
g 1 MITAANNENVIMVY true leg length
139071 spinomalleolar distance Taglvion 1 sasuou
R399 VUIfBaLaziNg audaimaen 1 dasliueud
asagaNNHauaas MUY 1 Haselszing
90 o9AuAI8n lwavuiloNUIAEe A INTU]N
21 1 1A yIwnad wdeameanlvinsalazHauaae
fma ould 1930 Jannganuvanuazyun aves ASIS
T veuanvesmdguiuluveanudazirandiiuin
™ Famsiadimheduiiadmas dagui 1
4 o 4
N 2 MIANYNNTZYANDYANN NINAT Usznou
Tne ASIS, PSIS, iliac crest, greater trochanter, g
ischial tuberosity Iagf3euINeyIzAUIAE19BIVRING
29919YDITNMYUAIMNNTIATUNN  BAZIATLHZHN
nn zaollda ASIS veaudazdna® msaanuinai
whoiluliadns fna evldauguastuuazuou
Yo901 1 HAsliasanazgndes lasmmelumauiu f
na ol “usedanlsngis eliinveds 1

J Med Tech Phy Ther ¢ Vol.22 No.2 ¢ May-August 2010

Naseglumumiinasiung et G g 2
p I
U 3 MIna euiilAY HlduAmIma ey Weber-

Barstow, long-sitting e hip rotation

!

31U 1 M3TAANNEINUVY true leg length 1ae3D

spinomalleolar distance

Ui 2 msad ASIS uagz PSIS vauzen 1 dasegila

MINa U Weber-Barstow: 01 1 3AIUIUNINY
Sreanurouame Ml 1 Saseelszana 90
parudion slwnduimieiuifes nd3edeng o

zlwnas widvaveenlinsenaziounay %1ﬂﬁué

g ovlFiliadweudumdudnluvesen 1 a3
waz “unaanu undesnivesia eade? wienia
ihmsantiuiings i 3

M3NA U long-sitting: 1 1 NATUBUNNBUTE

witeliuufies fna eudslier 1 Fasmeglurils

vinBeann ndanntugna eulFiliadweudi
mdudnilureser 1 as nag “unaanu uniesn

@27

g’l £ ¥ gj o o/ R o/ lﬂ'
YNYIVN BNYNW WIDNINMNIIAVUNN AN ;J"]J‘VI 4

199



' llu !! | | ; |
il _
.”-W.,__q i .“.; *

== .
o —— -

UM 4 u aamna oy long-sitting

Mm@ oy Hip rotation: 81 1 HATUBUNNEAIY
ANNKOUAIY AN suiAIeIvIng T i
s namguauluyednng esd Ga jn 5 wda
NNIIVTRIIYEID 1 HATNNeIBaNszia 30 aam
wdnhmsviauuesn (hip external rotation) W a%29
M3tpdeulm wawIntmNNNaUIN Miudy 1d
a o A A A A 9 o
gngIzauiasomIneNAMIdsumlawieli v

5 1 di ci o ¥ 1 /. = v A
NnUIUAIBINeIn Heglussauifeiuan

29 q19n1AM 1N

A59 NNTUIMFIDNATY 29AVUNA
vueen (external rotation) u@ITHNMIMAM MUY UN
(internal rotation) 9nad8 FaMludnvaziReINY lay

MsNg 8 hip rotation 1umma ey e 1ilewn

mina autazmliiiamstaileidedeuusnasou
v < c§ a A ci v 1 Y
Jonsziuumily eninamsiasunlasidedeladie

31U 3 mMma 8y Weber-Barstor

200 17 1INARAMIUANSURZMBNIWLNLA o TN 22 aUN 2 « WOEAAN-"IWIAY 2553



3UN 5 M3ATeNMINEABUMINA BUGIY hip rotation

a L#:4
nMIINAITHYAYA

FoyannmsAnEITenseIzy adugvesmany
oo lasld 4@ Intraclass Correlation Coefficient
(icc, ) lnmsdanerianniiedevesmsinszeziin
3511 ASIS iveuaswesmeusnilu (spinomalleolar
distance) wazmsinszezviiain sheldin ASIS lu
usiazdne lu uves Kappa Coefficient Hulsluns
Jangitauinsetevesiigma sulumsaduazms

a = o &

na ouiiay Balszananalasllsunsn "33l

=
HAaNIIANEN
L% d' 2L a o/ gj gdé’;
91 1 NATINABIENIITINANTIVYASIRNIHINA 30
au 1agl AIANNUIBDIMN M1 1 1AL TN 2

4' 1 1 d' 2 % v A . . % 1 1 =) d’
ATNN 1 A1ANNULTDADVDINTIAANNYNIVINIYID Spinomalleolar distance LaINTSHLHINTEHIN Zﬂﬂ‘lﬂ‘ﬂ

ASIS luusiazing

Fanisnasa AMANUILEaRa (ICC)  Standard Error (SE)

] 4

mMadnszazinasyndng ASIS luesuiuluanean | 0.99
mMadnszazinasendng ASIS luesuiwluandie | 0.98
nsdnszazvanazhaly ASIS 49z 0.98

Asdmseaziinaanazaall ASIS 419dns 0.98

.02
.02
.02
.02

* sAURANATY P < 0.01

MINN 2 AIANNUIBDDOVDINMIAMTAIZET 1 HATOYTN uazmMIng duNiaY

Fansnasay aanundada (K) Standard Error (SE)
N17ART ASIS 1.00 0

nsAan PSIS 0.94 .04

N"$AAN iliac crest 0.96 .04

ANTAAN greater trochanter 0.98 .02

NN3AAN ischial tuberosity 0.90 .04

N1INAAAL Weber-Barstow 0.92 .04

N1TNARKAL long-sitting 0.97 .02

NIINAFAL hip rotation 0.95 .04

* sAUEANATY P < 0.01

J Med Tech Phy Ther ¢ Vol.22 No.2 ¢ May-August 2010

201



" d =
A1TULLAY Eﬂﬂﬁﬂ'\iﬂﬂﬂ'\
=1 5 .é" 1 1 d' =) Y

msdnluasaimuhanningedeludifna ey
=) 1 d‘ =) d' =) L4 (30)1
Hamnhirenen wney wysaluuy® luyamme v
N3l Gary Fryer laldmuuzindhigma evenaiians
a11a%" Tagiamizn1sna ou hip rotation W
na eudedlFusnlumsvyuuveser 1 Tasu AN
mIadeulv Fadmluer 1 TAsUIUNIALAIDD
TIAAMIAVDIUIUIUDMN IV IARANNAIIALAD DY
¥4y usanszh ) mswasagiszinana

A v O = & v A

aaataaeu sanulumsaneiasadeleravzdesdinng
Nfine 1 daslumme euudazsoy WelWENA ou
= v Y [ I o = o o d!
Hnamining liazilumsin 1emvisenasmas 4

= 1 d' A JdA I Q' o o T I o
msianuduzedenaedu™y dgyldiezidunsm
Wevseluneadiin  Iaglwendigna ey 13130
Usgiiulausudazidse “ nsmwinatesiedla lu
"IUYBINITNTIVYILIHRULASSABIAN AN NHVDITD
ATTIUIMTIUADIDIHMIAMN UL LaZAD AN

1
A

A o/ o [ I o A oy 1
iwodeluinwzmaaalihazilumsadwasidiheed

& 2(15-17)

AuUN 7,15,18)

o dun 4 ( .
vsevauznfiheaaonln uelunis

=1 gj é’ YA o Y o a o d' v
anuluaiaimeaasfideldamiumadvasngie
T A O = o A o A < =
agfiunii Fnsamvazifihemasulmnaisi
= 1 =) ci’j = v Y Q’j ]
amsdnwdell  danansdneludaidna el
a1 Fluneadinlasimly Wesnlu au
A 1 gj n:'} A Y 1A vua
WearIelsanenadetug  lasmhegigugie
NuAUaIRlIzlivtazMsnEIMIManwniavaly
MY AINUTIAITHMIANYIANNITE DD TEN I

o oudoll

MIIAANNYINYT Woerman and Binder-MacLeod
NeUlINMsTnanueNN wuY true leg length Mo
as . . 6’5 I Qdd‘ ] o U
75 Spinomalleolar distance HWIUITNUNUEIIANN
o/ A (25) 2 Y v @ Aa 51 28 (29 1
M3auuudug® damduiuntsuluneadin® ue
msiadeslianuazidearsuinannmneimheiy
Hadmas lagen 1 dasdedl ‘gandoudna eann
Cafimnanamldiiaenuamaadouvesmsialadg
nazluvagnewalumsinadsliganeuamegnsefiy
gy 1emmeliiinanuamadewiosn awhimld

milnunllaimsiaszeziesening zaelin ASIS

202

MIUMINe euMiAENe 3 msna eullonls
na oulumeadiin Inemma ou Weber-Barstow Lag
AMIna ou long-sitting wsauIndanauay
nnsanuualananugnuildhauiu Juoy
functional 139 structural leg length discrepancy®” 1y
) o N = =
Joalsszielumsng eufasvuneumMsIouifioy
szavlddamauanluressmy esduaznanfoy
= v ] % d'c =Y = &'
Wenasld remeganaiugammanisuiiiey e
aamsaaaladaulunsna ou  umsna ou hip
rotation Hul¥ganuialnfvesdensziumminly

" B3teassziaRedeayuuli agans

ufazda®
A T < ¥ . .
wdeulm lihezilumanmguenda (internal rotation)
WIDMIHYUVI00N (external rotation) HRgUeWINMIHA
ldnamana eunamaiadouldne
= & Xa v A v
nmsfAnurluaseiiinisldvuandatlamiiainas
d’ ! d‘ = [ o d‘ o/ 1
1Aseusameirileuiuveden 1 das eilesdula
idna eutinaveten 1 dasld dnanisdnwilld
M3 ‘wwag duen 1 dasima evluudazgiulag
o = o g.ll dy d’ o/ o/ d‘ o Y A
mnsAnmmelu 1 30 neiliveilesduilaienmlvina
maasunasvesen 1 dasiuiudug 1Bu 01 1 das
ovzliiduaveanionndnluiudesn seninams
g A a ¥ o ' A A =
NaRUNNIEgIBINTIY Jo glwn doith vieduq B
wmrnanindnassamamdould ssdiuszeznm
Tumsiamu neasfidelid wnsamaungins
Y9991 1 AATIADENMIAN AauanzITededailaden
o 4 o/ a d' ¥ )
Mml¥er 1 dasiamsasunlamalas Savsens
Mmauvesdose Sacroiliac wazsend uan law
Mms wuag duer 1 dasidma euluudasgiuli

¥
=1

L5 umeln 1 Tu Taefidgiamslumsdneluais

P
=

& o ) = &
Wuaumvguuazquao 1 fas slunsdnuaiadl
“ P P S T o A
Wumsmanuh¥edesmenazihludneanuialné
4 I~ 1 =3 gj dy 1A
vouvonsziuuwmiudell Iaamsanenluasainyn
anmwedeludiime eulundazguegluszdy
=) =)
ananssulsend
YOUDUA 3991 ATNITUUM  19sNTNTINT MA
FMIMNINIA ABLE WIBAT AT HHINAYULTAIT

M3 1TNARAMIUANSUAZMBATNLNLA o TN 22 aUN 2 o WOBANAN-"91AN 2553



d' Y o o o =S gj LAl ~a /)
AlvimySaeuazmunzihlumsane ERENINIARRERELY)

oA A v 1 aw =t
namunt @ aznaniHNMIeluAT

191 1591994

1.

Walker JM. The Sacroiliac joint: a critical review.
Phys Ther 1992; 72: 903-16.

Daum WIJ. The Sacroiliac joint: an underappreciated
pain generator. Am J Orthop 1995; 6: 475-8.
Schwarzer AC, Aprill CN, Bogduk N. The
Sacroiliac joint in chronic low back pain. Spine
1995; 20: 31-7.

Laslett M, Young SB, Aprill CN, McDonald B.
Diagnosing sacroiliac joint: a validity study of a
McKenzie evaluation and sacroiliac provocation
tests. Aust J Physiother 2003; 49: 89-97.
Laslett M, Aprill CN, McDonald B, Young SB.
Diagnosis of sacroiliac joint pain: validity of
individual provocation tests and composites of
tests. Man Ther 2005; 10: 207-18.

Van der Wurff P, Buijs EJ, Groen GJ. A multitest
regimen of pain provocation tests as an aid to
reduce unnecessary minimally invasive sacroiliac
joint procedures. Arch Phys Med Rehab 2006;
87: 10-4.

Meijne W, van Neerbos K, Aufdemkampe G, van
der Wuff P. Intraexaminer and interexaminer
reliability of the Gillets test. ] Manip Physiol Ther
1999; 22: 4-9.

Touissant R, Gawlik CS, Rehder U, Ruther W.
Sacroiliac joint diagnostics in the Hamburg
Construction workers study. J Manip Physiol Ther
1999; 22: 139-43.

Ten Brinke A, van der Aa HE, van der Palen J,
Oosterveld F. Is leg length discrepancy associated
with the side of radiating pain in patients with

lumbar herniated disc. Spine 1999; 24: 684-6.

J Med Tech Phy Ther e Vol.22 No.2 e May-August 2010

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Cummings G, Scholz JP, Barnes K. The effect of
imposed leg length difference on pelvic bone
symmetry. Spine 1993; 18: 368-73.

Beaudoin iiL, Zabjek KF, Leroux MA, Coillard
C, Rivard CH. Acute systematic and variable
postural adaptation induced by and orthopaedic
shoe lift I control subjects. Eur Spine J 1999; 8:
40-b.

Mannello DO. Leg length inequality. J
Manipulative Physiol Ther 1992; 15: 576-90.
Specht DL, De Boer KF. Anatomical leg length
inequality, scoliosis and lordotic curve in
unselected clinic patients. J] Manipulative Physiol
Ther 1991; 14: 368-75.

Blake RL, Ferguson B. Limb length discrepancies.
J Am Pediatr Med Assoc 1992; 82: 33-8.
Potter NA, Rothstein JM. Intertester reliability for
selected clinical tests of the sacroiliac joint. Phys
Ther 1985; 65: 1671-5.

Lindsay DM, Meeuwisse WH, Monney ME,
Summersides J. Interrater reliability of manual
therapy assessment techniques. Phys Ther Can
1995; 43: 173-81.

O’Haire C, Gibbons P. Inter-examiner and intra-
examiner agreement for assessing sacroiliac
anatomical landmarks using palpation and
observation: pilot study. Man Ther 2000; 5: 13-
20.

Vincent-Smith B, Gibbons P. Inter-examiner and
intra-examiner reliability of the standing flexion
test. Man Ther 1999; 4: 87-93.

Digiovanna EL, Schiowitz S. An osteopathic
approach to diagnosis & treatment. 2nd ed.
Lippincott, William & Wilkins, 1997.
Goodridge JP, Kuchera ML. Muscle energy
treatment techniques for specific areas. In Ward
RC editor. Foundations for osteopathic medicine.

Baltimore. William & Wilkins, 1997: 697-761.

203



21.

22.

23.

24.

25.

26.

204

Greenman PE. Principles of manual medicine. 2"
ed. Baltimore. William & Wilkins, 1996.
Mitchell FL, Mitchell PKG. The muscle energy
manual, vol.1. Michigan. MET Press, 1995.
Peace S, Fryer G. Methods used by members of
the Australian osteopathic profession to assess the
sacroiliac joint. J Osteopath Med 2004; 7: 26-
33.

Chaitow L. Muscle energy techniques. 2" ed.
London: Churchill Livingstone, 2003.

Woerman AL. Binder-MacLeod SA. Leg length
discrepancy assessment: accuracy and precision
in five clinical methods of evaluation. J Orthop
Sports Phys Ther 1984; 5: 230-9.

slufisd Twound, quj faemu, §d u §ide
FALUN. Orthopaedics for medical students. M3
thands. fiuiadan 1: hsnusmsian. agamm,
2548.

27.

28.

29.

30.

31.

Magee DJ. Orthopedic physical assessment 4" ed.
Alberta: W.B. Saunders, 2002.

Aeg Weanes, 133 ¥dmmed. MInsIINme
maoedlslan *. fuiadeil 2, amzuwnem af
NTIMNAYIBeIni, 2540.. 2536.

Ashford RL, Shippen J. Leg length measurement:
clinical versus mathematical modeling. The Foot
2003; 13: 174-8.

Kuchera WA, Kuchera ML. Osteopathic principles
in practice. Missouri: Kirksville College of
Osteopathic Medicine Press, 1992.

Fryer G. Factors affecting the intra- examiner and
inter-examiner reliability of palpation for supine
medial malleoli asymmetry. Int J Osteopathic Med
2006; 9: 58-65.

M3 1TNARAMIUANSUAZMBATNLNLA o TN 22 aUN 2 o WOBANAN-"91AN 2553



