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Thesis Title Implementation and Development of Bio-impedance for Gait Analysis

Author Mr. Komkit Seepan
Major Program Electrical Engineering
Academic Year 2009

ABSTRACT

This thesis suggests the implementation and development of gait analysis using
methods and techniques of lower limb bio-impedance feedback. Our measuring used 4-electrode
method configuration and the measurement system consists of 3 parts, the constant current
source, instrumentation amplifier and magnitude phase detecting module. LABVIEW program
used for recorded and displayed results. The purposes are to find a suitable frequency and position
for bio-impedance measurement from the human lower limb, and to study a relationship between
impedance changes and gait cycle.

The accuracy of results is acceptable and follows a standard of impedance
analyzer. It can be concluded that bio-impedance system is working to our design condition. From
the experiments, we found that the frequency response has direct correlation with tissue
permittivity. According to Cole-Cole plot between real part and imaginary part of impedance, the
result shown the suitable frequency to detect a human lower limb bio-impedance in a range from
40 to 60 kHz. As for appropriate electrode installed on each position of lower limb where the
most of relevant., which shows the features of the consistent with the frequency of the signal and
allow of bio-impedance tissue conditions for measurement in the lower limb approximately 50
kHz in our design. From our experiments, we found that the correlation coefficient of  bio-
impedance changes of each gesture on gait cycle. Result has associated with significant
statistically to assess the gait cycle that occurs in normal people bio-impedance changing directly.
In summary, the propose method of bio-impedance measuring for gait analysis is suitable for gait

analysis of a regular movement and non- regular movement.

Keywords: Bio-impedance measurement, Gait analysis
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1.2.6 Evaluation System of Physical Exercise Ability using Bio-electrical impedance
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v 1 a A 4 @
LAz IAADNNLANE 1AgATa [5, 6, 8, 9, 16, 17] A 1115149 2-2

a

wAa 1 ag tﬂy A = s A dy A 4
ﬂﬂ!ﬁll‘U@]ﬂ']ulﬂ’f)mﬂ“l/liﬂﬂlu!,u’f)!ﬂ’ﬂﬂﬁlﬂsb'jﬂ']wSU'[’]\UJH‘HfJ IHBIINIUDLYD N Y YY

Y ]
A

[ [ 4 @ 1 ad a @
Usznevdlrsanuduiiusveuiewedinndualadianninvesveunainisueniy
= Y A A S v A A 7 o
vourainelusasyuhmihiailowiumanudumu R1 uaz R2 wazitoboryadin
Y A oA < ] 2 A A = 3y y o
wihiaewdumdunulszy ¢ Twillewenadinm 9 latdianenuuiiaevieesauya
A a9 dy A S a T a A 4
RC aunnisznouil 2-7 uaz 2-8 Ny Naeiodon1eEinImmsinanauine
dy A =\ qﬂjl | a A 4 a 9 [ 3 o 1T a A -4
youtpgenisFinmiiniudufiveusuundadou auinamisaiuuenaduiinaud
a I 1 a 1 a { o o
agowiudiueie azdiuduanmla 2eesauyams lwihainsiuauenaz 1a5ums
goNTVOIINIT AT 2 UV Ao HDUTIABIVBI Fricke [13,18] UAzHUUTIA0IV0I
& & A 4 aa o v 9 v
Derbye  [13] Fuiluaeasauyanosdsznovvesdamuaunudidiunu uazdunuilszy

a 9 1 o aa 4
ﬂﬂﬁllﬁ?ﬁ]g Lgilﬁlﬂ’ﬂ UUUADILUY 3 DALNUA
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A3 14 2-2 HAAIIIUATINBURTINTINMTANM I KU ITAd U LAUS A I1UD YUIAAT

o1 &

Aa A A A T Aa A 4 l 4
DUNUAUHEADNUN LLa$ﬂ1®3JWLLﬂ‘L!“]51ﬂﬂ@]iﬂUiNﬂWﬂJu’Hﬂ

LT uzuns ANULNUIATIAIA, AANNLAUGsa  ABNRLAWD
NOUGLYY ANMNANYINISTR iagiwdl Tnanse (Q)
(\Hamet) (Q.cm)
Faes et al,1999 [16] Human tissue (except 150-675 -
fat and bon ¢), 100-
10M.
Lukaski et al,2003 [26] Whole-body - 200-800
impedance.
Shiffman et al, 1999 [17] Whole-body impedance - 500
of typically fall.
Kim et al,2004 [5] Lower limb, 50k. - -
Kim et al,2002 [6] Arm, 50k. - 30-60
Yamamoto et al, 1998 [9]  Arm and Neck, 50k. - 40 and 20-50

M
R2

AMsenoy 2-7 uUVUT1ae9V0 Fricke (MW1: H. Frick. 1953. "Relation of the permittivity of

biological cell suspensions to fractional cell”, Nature, Vol.172, 731-732)
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R
O++_®

AMNZneY 2-8 LLVTIA0IVDY Derbye (M11: S.Grimnes and @.G.Martinsen. 2000.

Bioimpedance and Bioelectricity Basics. SanDiego cademicPress.)

o a a d
2.1.4 yuuasmana luleduiuanas
A ao dy A tﬂy A Y o dy A vy dy
WipannuItetiaulamsnlasuulasiunnindaveuilaondiutiio 910
~ A s A A A A o L A Y A
Mnlsznoun 2-9 uaaimaasunilasuedseaolinIganIorad 10Tl DIDNAILD
T w 4 1 3 @ % 4 4 I~
wundnd Iidrszraedr Iidrarusomldanuduiusueslorvy uazidlulaiy
[ @ P A v d Ao Y a = 1T a A rfd'
ANUTUNUTN 2-1 tiieg1ndnd llihndaldinannmslasuulasvesaduiitaudiio
o Y A . A A A o L A Y L a
nszuagnivualini vnanuduius luaunsi 2-3 dufiuaugyeuiioondwiioma
Y Y L P L A 4 v o
vinanuduniu Ilihaesndnile (pom)anuenvesndwile (L) naziiuinihdaveq

F4 v
ndile (A, )awaaalunmilsznoui 2-10

t— > L - —>|
/ — —
[\

S — \ A :ﬁ
Flexion Extension

° A A Y} 2 S ' Py A A
Mwlseney 2-9 LLU1_]fﬂ?ﬁ@ﬂluﬂlﬂﬂﬂa'mmﬂ‘ll’f)\‘]iEJNﬂGluiNfﬂleJHHEJﬂ‘]Jﬂ'ISL‘]JﬁfJHLL‘]JﬁQ!iJ@
UMIEARINTB1AMY (M: K. S. Kim ,D.Y.Yoon,Y.K. Yang, J. H. Seo, Kyeong Seop Kim
and C. G. Song. 2002. Evaluation of a Bio-impedance Method for Measuring Human Arm

Movement, Yonsei Medical Journal, 637-643.)
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-
N
k= -1
iy \
i l
i !
v,/ N /
T — A
E—— L -
—_— \

Y 1 Y
mMwilsgneu 2-10 nuuaeuiiedend o veesond lusumenypddmsunsaiaia
"luiaﬁuﬁmwf(ﬁm: K.S.Kim,D. Y. Yoon, Y. K. Yang, J. H. Seo , Kyeong Seop Kim and
C. G. Song. 2002. Evaluation of a Bio-impedance Method for Measuring Human Arm

Movement, Yonsei Medical Journal, 637-643.)

A A 4 9o P = A o o ] L 2
WenuNriaatazaNuenveIndlasuulasduiuauguasnduion

[l v o o H A 4 Y 9
aznlasuuas lidreasaunis 2.7 Tasaunsaiavaznienaasanmeomnaou 1v2'1a laegld

!ﬂ?f]\iﬁﬂuaz58‘1J°1J§5]§’Ji]’5ﬂﬁ\‘]!,!ﬁﬂﬂﬁWMﬂWWﬂﬁgﬂ’fJ‘]J 2-11

L
A,

L

v=1(z]z,)=1| p,
Z.z)=1|p y

(P22 2.7)

Vo anuandndtiviediu (v)
| . aszuassiimiiodlu (mA)

' ' qﬂ// [ v o 1 v I ] <3|
s2oz1i195e 99 Ilihdmsoiaanuasdndiinidedu (cm)

ee

e

A 9 oo y XA )
uﬂﬁu’]@]ﬂm@ﬂﬂﬁ”lll!uﬂllﬂu’lﬂlﬂu (Cm )

>
ke =D,

' FY
= Y o =

A o kY dy = 1 I 2
A[ D NUNTUIAAUBDIUUBDYDNUNATULUD Uiy (Cm )

Y
P+ AnwdumunInlihvesndunile fmisailu (Q.cm)

4 1
oo+ anudumun lfhweadlede Hmisailu (Q.om)
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. . 5 )
2.1.5 taseananlflumaiinnsiata luleduiinanas

[

mananlFlumsialuleduiiuaud Taoialisenoudreduadaduana

9

9

o @ 1 S A o & A vy & & o 4 Ao Ao
ﬁ?ﬁiﬂﬂWﬂﬂi%LLﬁlIWﬁWﬂ\i‘ﬂ LW’E'Jﬂ1Elﬂ'igLlﬁl’lﬂﬁlﬁluﬂlﬂﬂﬂl@\iﬂﬁ1hlu® Fauiuarunimuinga
=

v J @ :JI o o [ 4
dnd Ivlihdrersasveredynra 1ntusiimIasnivvuie wazyudavesdayas o
A
A o

Y 1 a o 7o o o a s a A 7 & 4 Y
LL‘]J@QTH’L‘]JH?H@MWL!ﬂu‘ﬂ)’fffﬂ’iiﬂuﬂﬂJ’Jlﬂ51$WﬁWhl‘]JI’é)fJﬂJWLLﬂumiutuﬂlﬂﬂﬂﬁWNLu@ﬂ%Lﬁﬂ\‘l

lunmalsznoun 2-11

|

Current Muscle Magnitude
Amplifier ] & Phase = Bioimpedance
Source
detector

[ A A A 9 a [ a A 4
Alsznou 2-11 LLWL!PNLLEWNLﬂiﬂih@ﬂi‘]ﬂﬁlumﬂuﬂﬂﬁ’Jﬂ]’l‘UIfJ’E)iJWLLﬂuG])’ (7]

a (Y] a J
2.1.6 3sm3Inluledndinands
a v A 4 (% [ a @
Tagdndaudinsiaduiinauder19msia 3 wuundne fie 35msialuTe-

dutiuausuuy 2 V2 Wi wow 3 Y21 wazuuv 4 9219 [7, 291 s walszaeun 2-12

N
N~

Zel

D
Zx C D Vo

Ze2

N~

an [ a o 3 1
aalszneu 2-12 35msialuTesuisivauduuy 2 12 1w un: S.Grimnes and

@.G.Martinsen. 2000. Bioimpedance and Bioelectricity Basics. SanDiego cademicPress.)
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Y Y 1 Y
2.1.6.1 33m3 1592 Ty 2 97 (two electrode method) An szvu N 1942 Ty

Y
o

Y Y Y Y [l
2 41 Tagazilsznoudledd lihdmsudausadu 1 92 uazi IWfhdmsuaenszue 1 497 &4

9 v
Tdnanms Iauuudu@ed (unipolar) Asnwilsznond 2-12 Arenmstienszud Il 1, Wi
Y

Y
A @ o

A =\ = g 9 1 di} A o [ 1 1
oo Taoll Z, sulluanudumusguihaieweduida T vagdinsiasinnuaig
o . 2 o q ¥ v a P Yo !
dnd llihsznaeda i v, fldansoasiedaduiivaudgsuldaaasluaunisn

2.8-2.10

Y
Z=0=2,+7,+2, 2.8)

0

4

1 A
Falndudain lavhelnaeuifmilounu duiu

Z,=2,=2, (2.9)
[ 09.: Aa A P Y =1 [ @ Jou 1 dy
atuduiuaugnia laszianuduiusasae 1
V
Z=|—°=2Ze +Z, (2.10)

Zel

D
= ze2 /O CD
?

Vo

Ze3d

e

A, (% a o o’/’ {
aalsznou 2-13 A5msialuTesudsivauduuy 3 421w Ann: S.Grimnes and

@.G.Martinsen. 2000. Bioimpedance and Bioelectricity Basics. SanDiego cademicPress.)
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2.1.6.2 F3m 31442 0l# w1 3 37 (three electrode method) Ao szunalas 1w i
w3 91 Usznoudret llihdmsuTausadu 142 uagia lfdmsuiienszua 2 42
Tagldndnmsienssuaunaeain (bipolar) uazsﬁya"lv\lﬂwé’(mﬁ’u%uﬁ’aumunm Faldmdnns
Sauuut e (unipolar) Samwilsznouii 2-13 Tasmstionszua'lnih l, Muieise Tag
nz, Fudluanudumuszniadiodesuia i uag Z,, iluanudumuszrig

4 ) Y v 4 4
iedoruan Trihvimihidluda Irfhérese mifamanuasdndInlfhsznieda i v,

o [ 1 o Y v a A 4 Y
Tagiimsiasenan Z,, uag Z,, Mldaunsoasiviaduiivaugsonla

A N
\_______,/
Zel ‘\
ze2 —0 °
X Vo CD
Zed ——o
Zed

N~

am @ a A 4 oa.;l A .
ﬂTW“]Ji%ﬂE]"U 2-14 aﬁmim'lﬂammu,mucmmu 4 61]3]‘11/41711 (MU S.Grimnes and

@.G.Martinsen. 2000. Bioimpedance and Bioelectricity Basics. SanDiego cademicPress.)

A 4 A
2.1.6.3 35m3 1492 1w 4 4 (four electrode method) Av szuV I Taeldwa W
4 A A A Y
uuv 4 97 Uszneudied Iihdmsuianssdu 2 92 uazdn ldhdmsunenszud 2 47 Tag
Y F4
TFnanmstenszuanuuaesia (bipolar) tazdn Iihdmsviudyaravanmsiaunudaes
Y [ Y [ 1
4 (bipolar) Aanniiznouf 2-14 dremssonszua i 1, iuniiede Tl Z,, Fuilu
9 1 tﬂy A o 09/’ £ 3 9 [ tﬂy A o
anudumusgr ooyt Wi uay 2, yuduanudiumuszniaiiodony
Y [ F4 Y
i Irlihyiihduda lWihress madamanuadnd iihszniedn i v, Tasims

o 1 o v A J
Jasenin Z,, uaz Z Mldawnsoasiniaduiinaugs1d
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2.1.7 93 1wlih (electrode) [7]

v

Y
i lfuiuSangasainfinnudiday lulumsdnudyana g

= o IS

Fanm mihiudasdyanamedinmldidudyana i Tasnsuanulasuseeuves

99

[

Fyanama lihiumal §iseuai Faunsatundszgndldsoanumedians sy
Fawldiamsnsieia waztuiindaana i saudamssienszualiih Tasialuudy
ei'?’shlwﬂwzgﬂi‘imuﬂmmmé’ﬂymxmm‘iﬁﬂqﬁ4 Ussiamn dafi

2.1.7.1 %’J"Mﬁﬂﬁﬁ%'nmﬂiawzﬁaqa (noble metal) Tansfianaiiuiaafiios (nero
avlnTeINIaAll gutusadmanldounlasanmisudnitesluvas1$au Tanzfana
Tou g i 18us nosdn (2old-Au), N0IA1V1 (platinum-Pt) (11

2172 2 hiihiathenlans Tansi 1 Fatraihuds ihdinezdyTans ianmns
i Inlihd iy Ju vieenmazainnnaisdsyneuveslavy 017 Sunae |54 (siver chloride)
dmisun lawa (calomel-Hg,Cl,) «T?qLﬂwi%llvmwﬁﬁﬂucl%’ﬁlumimamﬂf}ﬁ?mmﬁ%\l% "
Tigniiun1dluanuniedanim iesvinnadni i 18naiduTansdsen (He) Faasidl
SupseAaNed tazszuulizamdiunan suiludumaueslsniivines

2173 2 llihiiad1eanSaadeninlessu (on-selective clectrode) Jargilfatrs
dmlngezifudedondim o1i msnaeusmudafuassznouTans msldasaini
wiemslfiieidomaiinmlumsazanedidnIns ladunduia it udu oulshi
i ihédmsiannuiunsa-aa

2.1.7.4 I 1w (active electrode) 2 Wi Iszinniaziumsmanuin iy
dhliihfusesdidnasen ieanmsudaniu (artifact) tazsrdadyanasuniu Taedau
°lwt1jﬁ1mmﬁvf?a"lﬂﬂmuuﬁ’uﬂ"aiﬂﬂ”lﬂéfaqi%’awﬁwﬁﬂﬂﬁnﬂuﬁaﬂma FainiGen
Gf‘;l}’J]lWﬂHLU‘ULLﬁ/Q (dry electrode)

i hiihideninluamiaseiidiuda Inih Tansfiadrsandn Iiihlsziam

Gu-Guaaelsdd 2 uny fie 42 TRy (surface electrode) ez Wi udmsy
FyanamedinmdudenlFuuuudiy Safinnummnzaumnaniuuuidy uaasd

nnilseneun 2-15
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' B
255
ot dati
gly

g
g
E

4
i

o A .
Mwsznou 2-15 ma”lvdﬁmgmmwu surface electrode

a J
2.2 MIUAHUYDINY Y

[

v 9 dy Y o an A
“lummeu”lﬂmmuewqy;]mﬂm Y9INUMSTLAY 919 1Y ﬂmmuaiuimm
=

4
ﬁ'N‘lI’ENiJUHEJ uag ’N%iﬂ"lﬁlﬂu‘ll’f)\i‘huyﬂ BAT10S Lﬂﬂﬂﬂ%‘]“] muuammmmﬂmﬂumﬁ
ﬂlﬂi"lgﬁﬂTimu‘lJ@QiJHHﬂﬁ\‘]ﬁu gﬂ!,mumsmaau"lmmamuymmaﬂmimaeummuwa%ﬁ
] 9

U Mataude MlauFudouauiton lvvesiladonatsn 019 15 01g et dauga miin

3 a @ 9 a &£ g o o v Y a 4
mwms*ﬂumimu WNIICVDINITNTIUAU qﬁyﬂumuﬂiﬁmaﬂumim’mmmimummmgyﬂ
A o o @ dy A Sld'd A A 9 [ a a 'd a
LW@‘]Ji%IEJ“ImGl‘LlﬂTTU"IUﬂ '1/‘]1!1{‘\! ‘Vii’f]iﬂ“hﬂEjﬂuﬂﬂgﬁiﬂlﬂﬂ')m@ﬁﬂﬂﬂWimu NIFAUATICUNITLAY

=

Y ad 1 421 aoa @ Y v 9 Yy 9
AYITA N UANTUUNTUAWYUINUU I1NETFU ﬂ"li:]ﬂlqllliﬂfl@ﬁﬂ ﬂ"lii%'@')@ﬁ:]"ﬂg ﬂ"li(lslfﬂaf’)ﬂ

am v o Y Ay v o a A L4 491 A 2
38 1o mytadyana ihvesndunile nazmsiadyanaduiivaugns Ivihveuiiobe
I ax = 1) A 4 1 = a = 9 ]
Wudsmsninlumsasrvdundon lviveswyud Tasaznadimsan aldnisasiadu
a = J o o Y A g [ [ A | (%
luTesufinaugsudyarandrmidudyginvosnseau tlondsnardudyniu
4

a 7 ' tY @ IS a
TuTeduiiuaud Tasutismstiuinnavesdyianiu 8 nTdl AINI9ITNITIAUYDINY LY

[4, 20, 21]
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AT 2-3 UAAIFWMIAY MNWMIAY tagyudoaoveds Tnn Kuuagdoni

WnuNsiaueas  yudadarasdclnn wtuazsta

ﬁQQﬂq‘iLauﬂlﬂ\?NHHé ¢ o
HY e LN
Heel Strike (HS) Flex 23 ,Fully extend ,Neutral
FootFlat (FF) Flex 23 Flex 20 ,Plantarflex 15
Stance Phase Mid Stance(Mst) Flex 10, Flex 10 ,Dorsiflex 3
HeelOff (HO) Hyperextend 10, Flex 2,Dorsiflex 15
ToeOff (TO) Flex 10 ,Flex 40 ,Plantarflex 20
Acceleration(Ac) Flex 5 ,Flex 65 ,Neutral
Swing Phase Mid Swing (Msw) Flex 25, Flex 65 ,Neutral

Deceleration (Dec) Flex 25 ,Fully extend, Neutral

y A <1 ¢
2.2.1 NANIUBIYINAANVDINY B

A SR J o v o
11!1/]1\‘1ﬂ"|ﬂﬂ1wu'g]}:]5fﬂ\‘]ﬂa"lﬂallﬂﬂllléyEJ“?QUJu@ﬂﬂﬂigﬂﬂUﬁTﬂﬂJiuﬂ"liﬂﬂﬂﬂ

o w

d 4 a a { <
Truywpdinaou Ina wiean1dludlalsedriu mwlsgneun 2-16 uaaliiusieazidon

¥ ;A

AT LR PO A TIVE TUAR L G ARRTLRPOATRNL]

lliacus

Psoas major-—— o Gluteus medius

| Inguinal ligamart

W\ liopscas

——Tensor fasciae latas
Pectineus ———

Adductor longus —
T vastus lateralis

Adductor magnus =

T Rectus femoris

Sartorius
"~ llotibial ract

Vastus medialis

Tendon of rectus famoris

Patella

Patellar ligameant

Gluteus madius

Glutsus maximus

———— Tensor fascias latas

Gracilis — = lliotibial tract

Adductor magnus =

T —Vastus lateralis
[ ~——_ Long head of
biceps femoris

Semitendinosus

Short head of
bicaps femoris

Semimembranosus

Tibial nerve

Sartorius Popliteal nerve

Popliteal artery Common fibular nerve

Gastrocnemius b .

Y P v
Asznou 2-16 ﬂﬁwuxﬁamwm@auuya (M1: Human Anatomy Lab. Muscular System.

(Online) Available from: http://www.colorado. eduintphysiphy3415lab05-4e.pdf. [January, 2009]
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Patella

Patellar ligament

Peroneus longus

Tibialis anterior

Extensor digitorum longus

Peroneus brevis

Extensor halluds longus

Inferior extensor retinaculum

Tuberosity of tibia

Medial head of gastrocnemius

Superior extensor retinaculum

Vastus lateralis

liotibial tract

Head of fibula Common peroneal nerve

Lateral head of
gastrocnemius

Peroneus longus

Soleus
Tibialis anterior

Extensor digitorum

Peroneus brevis

Tendon calcaneus

Laterial mallgolus

Semitendinosus
Semimembranosus
Gracills

Sartorius

Medial head of
gastrocnemius

Plantaris tendon

Flexor digitorum
longus

Tibilis posterior
tendon

Tibial nerve

Flexor retinaculum

Calcaneus

Superior peroneal retinaculum

Biceps femoris
(long and short heads)

Popliteal artery
Plantaris

Common fibular nerve

Laterial head of
gastrochemius

Soleus

Peroneus longus

Tendon calcaneus

c.

9 [
ANUszneu 2-16 ﬂé'wmﬁamwmmgyﬁ [9] (NW1: Human Anatomy Lab. Muscular System.

(Online) Available from: http://www.colorado. eduintphysiphy3415lab05-4e.pdf.)
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9

= Y 3 = I Y K 2 !

Nl szneun 2-16 Llﬁﬂﬂiﬂlﬁuﬂﬂﬂﬂﬂﬂigﬂﬂﬂellﬂﬂﬂaﬁlﬂlu@ﬂﬁﬁllﬂ@ﬂ"lﬂ

o A A Y dy J I 9 9 =

FALIU IﬂﬂﬂﬂWWﬂﬁgﬂ@‘Ucﬂ 2-16a. HAANATWIUDTIWNAANTIUUUATUH U nnszneaun

Y & ok ' Y o A Y & %

2-16b. LFAAINATVIUDTINAANAIUUUAIUYIAY mnilszneaun 2-16¢c. LAANNATNIUDTYNNA
' [ ' 9 9 A Y dy J 1 ' Y 9y

AWNAIUAWAIUTIUN ﬂ’]Wﬂigﬂ'ﬂﬂcﬂ 2-16d. HAANNATUIUDTINAANWTIUANATIUVN LAY

A Y dy J 1 J Y [ Y dy A o =)

ﬂ’]Wﬂﬁgﬂ@'ﬂLﬂ 2-16e. LHEAINATNNIUDTYNAANTIUAWNATUH AN ﬂmmum/lgﬂmmuaﬂxu

4 H
VRGN IIUNTANNAAYAIUMTIAY

2.2.2 2993M5IAUVBINYHE

I 9 1
f‘lﬁmulﬂﬂ‘iﬂﬂ’Nfﬂiﬂﬁlﬂﬁﬂullﬁﬂsllﬂﬂélﬂﬁﬂ 2 6ISJIN gﬂl!ﬂﬂ?ﬁ%iﬂlﬂﬁﬂﬁ!ﬂu

k4
v A A

(gait cycle) 00nTlU 2 %24 (phase) A0 [4, 19, 20, 21] stance phase Aip FIAMITUDAUNLA

1182 swing phase o F9MN1ave0g U INA

4TAMCE PHASE e swing pnns..r-;—;-f

2 L4 T
FER CEHT oF CTCLE

U]

Heel T - Hee L
Contack O£t Contact

~

a a s A o d a
amlseznou 2-17 'N%ﬁﬂWiLﬂuﬂﬂW’ll@\ﬂJHHﬂ (ﬁiﬂ: a5 gNAU U DYTYT. 2553. NI1YINIA

q Q

¢ A A ¢ o A a ' @ ¢ a v '
ﬁ1ﬁﬁﬁﬁ$ﬂﬂﬂ1ﬁlﬂa@uqﬁj. WHUNAITIN 2. !ﬂfﬁlﬂﬁuz AUSUNNYIAITNT 3J1413‘V1&J1aﬂ!,‘1581ﬂ1/iu)

a a s Ay a 9 9/
NNMNsene 2-17 Ni]ﬁﬂm,ﬂuﬂﬂmam*tgyﬂmaﬂna@ﬂmumﬂmwm

] 9 o da' A o :’ v @ 1 o w A Y 9
Tugausn vz dunume s viing 2 (stance phase) mumm%maau"lﬂmwm Tag

Y]

9y 9 T o Yy Y Yy A o o A v Y 9y & <
L“Im“]ﬂf]ﬂm‘ﬂuﬁ’)uﬂu@31ﬁﬂ131ﬂ‘1ﬂ¢]ﬁu1 maamama’au"lﬂwwmmww«maaﬂﬂ%zmum

[

dy A o g‘ ] 9 <3 I Y % Y A A 9 9 Y o 9 <

NWUIWBDITUUINUD WI"I‘U'J"Iﬂfﬂgﬂa’]ﬂlﬂu@?ﬂua'l@]')ﬁlﬂmai’)uﬂ‘lﬂ‘lﬂ\iﬁu'l LUAINAUNUBDINITADY
dy . d‘ [ oy Y 1 o o d' 1 = dy A =

91NDWU (swing phase) LWﬂﬂgqﬂﬂﬂﬂi‘Uu'lﬁUﬂ@ﬂ‘lﬂ phase A7UA1AY NNATIDIU A NITANY

Y v £ 2 g A . o A <
"’UN%‘I“UNWIN FIVSLUUINVIVINVEY stance phase LT swing phase Gﬂllﬂull‘ﬂ mammuﬂu

1

I [ YY) o a I a
swing phase M418@0uTIU stance phase advuiuly e limsdudulUmusssuna sedn

= Y 2 Y < R v [ 1 P Qs}l Y dy
ﬁﬂHTiﬂﬁglﬂﬂﬂllajﬂSL‘VTH’J”IGU'JQ@"NG'] le,Lmﬂaﬂ"lmﬂmmmu AU
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2.2.1.1 Stance phase Usznouaiy
. A 091' A 9 9 [y dy kY tﬂy A o dytﬂ
1. Heel strike A9 JUADUNFUMINTENUNTUNY nautio N ULzl Ao
vy zﬂy . o Y Aq Y 1 =
- PANLID quadriceps vt ¥ den
y &R ) A A qvy 9 o &
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Phases Hip (degree) | Knee Ankle Muscles
(degree) (degree)

Heel strike | Flex 23 Fully extend | Neutral hamstrings, foot and toe
dorsiflexors, Gluteus maximus,
quadriceps,

Foot Flat Flex 23 Flex 20 Plantarflex 15 | Same

Mid stance | Flex 10 Flex 10 Dorsiflex 3 iliopsoas, quadriceps, gluteus
minimus, tensor fascia lata,
plantar flexors

Heel off Hyperextend | Flex 2 Dorsiflex 15 iliopsoas, hamstrings, plantar

10 flexors

Toe off Flex 10 Flex 40 Plantarflex 20 | iliopsoas, quadriceps, plantar
flexors

Acceleration | Flex 5 Flex 65 Neutral iliopsoas, foot and toe
dorsiflexors, quadriceps

Mid swing Flex 25 Flex 65 Neutral iliopsoas

Deceleration | Flex 25 Fully extend | Neutral Gluteus maximus, hamstrings,

foot and toe dorsiflexors
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Correlation Coefficient

% Gait Cycle Movement Form
10 Men (Volunteer) 10 Women (Volunteer) 20 Men&Women (Volunteer)

10 HS 1 1 1

20 FF 1 1 1

40 MST 0.998 1 0.999
50 HO 0.997 1 0.999
60 TOF 0.997 0.999 0.999
70 ACC 0.999 0.999 0.999
90 MSW 0.993 0.997 0.996
100 DEC 0.999 1 0.999

**Correlation is significant at the 0.01 level
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Paired Sample of Movement Form

Correlation Coefficient

10 Men(Volunteer) 10 Women(Volunteer) 20 Men&Women(Volunteer)
HS&FF 1 | 1
FF&MST 0.999 1 0.999
MST&HO 0.999 1 1
HO&TOF 0.999 1 0.999
TOF&ACC 0.999 1 0.999
ACC&MSW 0.993 0.998 0.996
MSW&DEC 0.996 0.998 0.997
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AN INVESTIGATION OF GAIT ANALYSIS USING BIOIMPEDANCE
TECHNIQUE

Komkit Seepan, Boonchareon Wongkittisuksa, Pornchai Phukpattranont, and Sawit Tanthanuch
Department of Electrical Engineering, Faculty of Engineering, Prince of Songkla University, Hat Yai, Thailand

ABSTRACT

Gait Analysis widely involves for posture-related
disorder diagnosis of locomotion human, both to design
treatment plans, and for follow-up monitoring. This
paper aims to investigate low limbs motion analysis
obtained from electrical impedance. The proposed system
consists of a variable frequency current generator and a
biopotential amplifier. The current generator is 500 uA
constant current sources whose frequencies varied from
100 Hz to 1 MHz. The tetra-polar electrode configuration
at a thigh (gluteus muscle) and an ankle (fibularis
tendon) of lower limbs are used to measure by a
biopotential amplifier, and then both magnitude and
phase-shift of the signal are interpreted to electrical
impedance. In result, phases of gait cycles can be figured
with frequency range 40-60 kHz. More ever, the proposed
system will be advantage to enhance utilization in gait
analysis applications.

1. INTRODUCTION

In Thailand have many people are autistic disorder,
cerebral palsy, paralysis, and other disorder diagnosis of
lower limb movement more than 400,000 person on
2009[1].Then many researcher had studied the gait
analysis for help disorder person. Many method were
used on gait analysis such as camera, video camera,
goniometer, electromyography (EMG), bio impedance
technique and etc [2, 3, 4].

A. Gait cycle

A gait cycle is including of stance phases and swing
phases, with further subdivisions of each phase. The
stance phase were subdivided into heel strike is heel
contact with floor , foot flat is foot contact with floor,
mid-stance is body forward both weight of mass on center
of body and heel off is heel up from the floor both
forward the body . The swing phase is subdivided into
acceleration is limb forward by acceleration, mid-swing
is foot above the floor, and deceleration is the limb go to
the stance phase before. Each sub phase is accompanied
by a change in position, floor reaction force, and internal
muscular forces. Gait analysis is studies 7 style of gait
cycle [5].
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B. Bio impedance

The complex impedance of bio-tissue is many different
when frequency of driven current varies. The variation of
bio-tissue very different does the characteristic of bio-
tissue was called bio-impedance.

Bio impedance technique has been applied in many
applications such as tissue characterization, physiological
measurement, disease detection, biosensing, etc. Bio
impedance technique is interesting in this study because
advantage more than other method.

The advantages consist of low cost, fast response
and easy to use [2, 3, 4]. Such as the bio-impedance
compare with electromyography (EMQG) that difficult to
determine kinetic parameters because EMG signal are not
proportional to the associated movement [2, 3, 4].

The bio-impedance are consists of real part of
impedance and imaginary part of impedance [8]. Basic
architecture of bio-impedance measurement was based
on tetra-polar electrodes. The system has four electrode
placements consisting of two electrodes for inject
constant sinusoidal current to lower limb and two voltage
electrodes for signal detection from lower limb to
instrumentation amplifier. The theory of bio-impedance
can be calculated by

Z=02), (1)

Where

I is sinusoidal constant current by Voltage Control
Current Source (VCCS) (uA),

Z is complex impedance of lower limb consist the
resistive impedance and reactive impedance (£2)

and V, is output Voltage from Instrument Amplifier (V).

Biological impedance has the frequency range of f3-
relaxation (kHz up to few MHz) [9, 10]. B — relaxation,
predominantly due the capacitive of cell membrane. The
impedivity of a tissue depends on biophysical parameters
[10]. The complex impedance of tissue plotted on Cole-
Cole model represent a corresponding to the resistance
(real part of complex impedance) and reactance
(imaginary part of complex impedance) shown as Figure
2.Cole-Cole model used for illustrating the behavior of
tissue impedance as function of frequency [10].
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In this application, we use a bio-impedance method
for monitoring electrical impedance inside the human
lower limb. The human limb has a structure consisting of
bone, muscle, fat, blood and skin. A constant current of
50 kHz frequency (relaxation frequency) flow almost the
muscle tissues and blood better than other frequency [6,
7].

The characterization of tissue impedance is
shown in the figure 1.

Constant Current Source

Path of Current
T
f
I\

- //1 i |

e |
Z=RejX, |
Voltage Detection

Figurel. Electrical properties of biological tissue.

Maximum
reactance
1 l Increasing
Im[Z] frequency
| Z |
Reld]

Figure2. Complex impedance plot Cole-Cole model.
2. MATERIALS AND METHODS

The experiments were used with a volunteer. Proposes of
measurement system for detect bio-impedance from legs
movement.

A. Measurement system

We setup the measurement system for monitoring
electrical impedance from lower limb (human leg) . The
Bio-impedance technique for impedance detection from
lower limp is shown in figure 3.

The measurement system including the constant
current electrode injected to lower limb so that 500 uA
and bio-potential electrodes. Disposable Ag-AgCl
(RedDot, 3M) electrodes were used and tetra-polar
electrode configuration for this study shown as Figure 3.
This system proposes can be monitoring the large
resistive of electrical impedance from lower limb when

varies frequency 100 Hz to 1 MHz on 4 pattern of stance
phase, including heel strike, foot flat mid stance, heel off
and 3 pattern of swing phase, including acceleration, mid
swing, Decceleration for gait analysis.

VCCs
Vz

Figure 3 . Bio-impedance measurement setup
Electrode configuration

Two current electrodes and two bio-potential
electrodes were attached to the leg. As shown in figure 3.
“(1)’and “(2)” are current electrodes .They was placed on
gluteus muscle and fibularis tendon, respectively [11].
“(3)’and “(4)” are bio-potential electrodes .They was
placed on vastus lateralis (quadriceps) muscle and
peroneus longus muscle, respectively [11]. This electrode
configuration because initial study of measuring for
determine position due to electrode configuration. There
could predict the large value of bio-impedance and scan
the frequency due to measuring the bio-impedance from
lower limbs when testing on 7 style movement of gait
cycle.

3. RESULTS

The results of the measured bio-impedance and Cole -
Cole model for gait cycle detection when frequencies
are changed on measuring. At low frequency have more
value of impedance and reduce the value at high
frequency Bio-impedance value are not linearity.
Compare the value of resistance on over frequency 100
Hz to 1 MHz, resistance value where 7 style of gait cycle
at 40-60 kHz has more different value. On the stance
phase resistance value more than the swing phase value.
As figure 4 shown the stance phase and swing phase
resistance value are consist of resistance on heel strike
(Rhs (Q)), resistance on foot flat (Rff (£2)) resistance on
mid stance (Rmst (Q)),resistance on heel off (Rho (Q)),
resistance on acceleration (Rac (Q)),resistance on mid
swing (Rmsw (€Q)) and resistance on deceleration (Rdec
(Q)), respectively.
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As figure 5 shown the stance phase and swing phase
reactance value are consist of reactance on heel strike
(jXhs (Q)), reactance on foot flat (jXff (Q)) reactance on
mid stance (jXmst (Q)),reactance on heel off (jXho(Q))
,reactance on acceleration (jXac (Q)),reactance on mid
swing (jXmsw (Q)) and reactance on deceleration (jXdec
(Q)), respectively

The Cole-Cole model characteristic parameters
change in mid-stance and mid-swing of gait cycle
(Figure 6). The value of R and jX varied over frequency.
Compare all frequency, 40 kHz-60 kHz has most
impedance value change. This impedance value can be
used for gait cycle analysis.

& Rhs{0)  RF{C) A Rmst{L1) = Rho(() * Rac{y) ® Rmswi{c) + Rdec(cy)
160
- - &
L] -
140 - E'd -+
+ &
i § ;ﬂ
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100 Q
E =80 i
60
a0 40-60 kHz
20 !
-
o ]
1 10 100 1000 10000 100000 1000000
Frequency(Hz)
Figure 4. The real of impedance value from 7 pattern style
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Figure 5. The imaginary of impedance value from 7 pattern style
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Figure6. Compare of impedance pattern form in Mid-
stance and Mid-swing using Cole-Cole model for
monitoring frequency response of lower limb

We selected 50 kHz of human limb has a structure
consisting of bone, muscle, fat, blood and skin [6,7 ] for
monitoring resistance on gait cycle. Then resistance value
on 7 pattern form consist heel strike (HF) , foot flat (FF),
mid-stance (M-st), heel off (HO) , acceleration (AC),
mid-swing (M-sw), and deceleration (Dec) are shown in
figure 7.

90
85

80

RIQ)

HS FF M-5t HO Ac M-8w DeAc

7 style of Gait cycle

Figure7. The resistance value on 7 pattern style of gait
cycle at 50 kHz frequency

4. DISCUSSIONS AND CONCLUTIONS

The results of our researching show the frequency for
detect the bio-impedance on bio-impedance measurement
technique. Resistance value from the result could
measuring fast response and easy detected. The signal
from bio-impedance measurement was strange and easy
to classify each style on gait cycle. In this paper, the
Cole-Cole model could selecting the frequency 40-60
kHz for detect large resistance value for predict 7 form of
gait cycle for gait analysis. More ever, the result of this
study is the fist step on topic. Future, results was applied
to gait analysis.
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q1. magawugmmm"lam LF412

&Nﬂtiunﬂi Semiconducltor

LF412 Low Offset, Low Drift

Dual JFET Input Operational Amplifier

General Description

Thess davicss ans low cost, high spasd, JFET input opsra-
tiona | ampifars with vary low input offsst voltags and guar-
anteed input offsst voltage dift. They reguire low supply
casrent yet maintain a large gain bandwidth produwct and fast
slew rate. In addition, wall matched high voltags JFET input
devices prowde very low input biss and offsst cuments.
LF412 dual is pin compaiible with tha LM1558, allowing da-
signers to immediately upgradse the oversll performance of
exiging designs.

Thesa amplifars may be used in applcations such as high
spaed integraiors, fast D/A convertsrs, sampls and hold
circuits and many other drcuits requiring low input offset

voltage and drift, low input biss cument, high input imped-
anca, high dlew rate and wids bandwidth,

February 1 285
Features
® InErmally timmed offsat woltage 1 mY (max)
B Input offsst voltage dnft 10 /G (max)
B Low input bias cument 50 pA
® Low input noise curent 001 pASLHZ
B Wida gain handwidth 3 MHz (min)
m High slew rats 10/ ps (min)
B Low supply currant 1.8 mAJ Amplfier
B High input impedancs 10120y
® Low total harmaonic distortion Ay =10, =0.02%

R = 10k, ¥o=20 Vpp, BW=20 Hz-20 kHz

m Low 1/ noiss comer L0 Hz
B Fast setting fme o 0.01% 2 us

Typical Connection

LF412¥Y 2

Simplified Schematic

142 Dual

Vit O

INTEANALLY
TRIMAED

INTEHNALLY
TRIBMAL D

Vi O
® Aamllaindo posr JWESSS100 11905

EHIET N¥ ma af Meknal [+

Ordering Information

Connection Diagrams

X indicates slectncal grads
Y indicates temperature rangs

“M" for miltary Metal Can Package
&' for commercial "
I indicates packsgs typs
UHE o YT DETFUT & DUTPUT &
IMYERTING WVERTING
INZUT & WMTE
MON IRVE HTING WMONIAVERTIMG
INFUT & | B

Mole. Pin £ connacied 19 casa
FaF ik
Order Number LF4 12AMH, LF412MH,
LF412CH or LF412MH/ EB3*
See NS Package Number HOEA

Duakin-Line Package

(LT

1
QUTFIT A v

INVERTINE INPUT A -E' :I— DUTAUT B

L) 5
RO IMYERTING 5
IWFUT & IMVERTING INMIT B

& 5 MOWINVERTIND
WFUT B

v

T iEw
TLHEEEE -1

Order Mumber LF4 124CH, LF412CN or LF412MJ/883*
See M5 Package Num ber JOBA or NOBE
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Absolute Maximum Ratings

93

If Military/Aerospace specified devices are required, plesse contact the Mational Semiconductor Sales Office/
Distributors for availabilty and specificaticns.
(Hote 9)
LF412A LF412 H Package N Package
Supply Voltags +aay +18Y Power Disspaton (Note 10) (Mote 3) ET0mW
Differential Input Voltags =38V =apy Tymax 1500 115%C
Inpast voltans FL!.I'IQAB &I_ﬂ' lT_l,FIC‘-EJ] 152°C/W 115°C'W
(Mot 1) =4y =18y Oparating Temp. Range (Mote 4) (Mote 4)
Owtput Short Circuit Storags Temp. G50 Ta 1507 =85 C = Ta<1500C
Dluration (Note 2) Confinuous Contineous ~ Rangs
Lead Temp.
(Soldering, 10 sec.) 26000 260°C
ESD Toderance (Mot 1 1) 1700 100
DC Electrical Characteristics [MNots 5)
LF4 124 LF412
Symbol Parameter Conditions Units
Min Typ Max | Min Typ | Max
Vos input Offsat Voltage | Rg =10 ki1, Ty =25%C 05 1.0 1.0 30 [ mv
AVinef AT ﬁ-::tgs TC ofinput | Rg=10 kil [Mota &) 7 10 7 20 | wvic
s input Offset Curent | Vg = =15V Tj=25'C 25 100 25 100 [ paA
(Notes 5 and 7) Tj=70°C P 2 | nA
Ti_ 125°C 25 25 nA
la Input Biss Current Wg= 15V Tj=25C 50 200 50 200 [+
(Motea & and 7) Tj=70°C 4 4 n
Tj=125C 50 50 na
Ry Input Reastanca Tj=25C ik 12 i
Aol Large Signal Voltaga | Vg = £15¥, Vg = 10V, . . . e
Gain R =2k, Ta—250C 50 200 = o YAmY
Ower Temperaturs 25 200 15 200 Wimy
Yo COwtput Vollmge Swing | Vg= £15¥, R =10k 12 | £135 12| £135 W
Wi input Comman-Mods =16 [ 4185 =11 | 4145 L)
Voitage Fiange 165 15 W
CMRR gzgﬁoann-:::: Rs= 10k &0 100 0 100 a8
FSRA Supply Voltags (Mota &)
Rejaction Astio B0 100 o 100 dB
Iz Sapply Currant Wio = OV, A = oo 38 L& 38 a5 mA
AC Electrical Characteristics [Mota 5)
Symbod Parameter Conditions LF412A LFa12 Units
Min Typ Max | Min Typ Max
Amplfisr to Amplifisr Ta=25C, f=1 Hz-20 kHz . .
Coupling (Input Referad) 120 120 de
SR Slaw Rats Vg = 15V, Ty =25%C 10 15 ] 15 Wins
GBW Gain-Bandwidth Product | Vg = 15V, Ty =25%C 3 4 ar 4 MHz
=™ Equivalant Input Molss Ta=25C, Rg= 10041, ] . s
Y f=1kHz 25 25 i/ aHz
In g;amﬂrﬂlrpﬁ Moisa Ta=25C, f=1kHz .0 604 bz




Typical Performance Characteristics
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3. anvazdunzuedled LF412

Physical Dimensions inches (milimstsrs) (Continusd)

a.180
0330 |

I ] I+M
'S

5= £5° TYR —\1.1-_ E;i’:g—ﬁ
|

907 £ 48 TYP
0055 AT —=] e
BOTH ERDSE 5 |
- J 0018 £ 0003 TYF

| 0,400 MAX |
RS.010 TVP | |
[+] [71 [*] [5]

2R G310 WAX

0.za GLASS

RE.035 TYP l L
T O [
- e

le— p.005 oLess
uie /_ SERLANT

Fi

=N ]
0.0

T [} o.13e
) 0,125  WIK
: 0.20@ |

lii:

—

D100 kD10 TFF

Duakin-Line Package (J)
Order Number LF412MJ/B83
NS Package Mumber JOBA
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AN UgIUVBe NI PCI6250 DAQ

High-Speed M Series Multifunction Data Acquisition - 16-Bit, up to 1.25 MS/s, up to 80 Analog Inputs

=2
.

= 16, 32, or 30 analog Inputs 3t 18 bits, 1.23 MS/E (1 MS/E scanning, NI 6255 sp2cified at » Two 22-Dit, 30 MHZ counterimers

750 kS5 scanning) ~ Analog and digital Inggzrng
« Up to 4 analeg cuipuis 3t 15 bes, 28 M5 {2 s ful-scai saftiing) + X1, %2, or ¥4 quadrature encogar inpuls
= 7 programmabe Input ranges (100 my 1o 210 W) per channel » Z-year callbration Inlenval

= Up to 43 TTLICMCE digltal 1'C Inee {up to 22 hardware-imed at 10 MHz)

Overview

MI M Series high-speed mullifunction data aequistion (TAQ) devices are optimized for superier accuracy 3t fast samplng rates. These devices have NIMCal calbration tachnology
for improved measurement accuracy and sbe DMA shannals for high-speed data throwghput. They have an onboard NI-PGIA 2 ampifier designed for fast setiling imee at high
scanning rates, ensuring 16-b accuracy even when measuring al channels at maximum speeds. Al nigh-spesd devices have a minimum of 16 analog Inputs, 24 mgial 11D Ines,
SEven programmatie input ranges, analog and digital tiggering, two counterdimers, and an extended two-year calbration Intereal.

MI recommends high-3Curacy M Serles devioas (NI £23x) for 5X more measurement sensiiviy of INdusinal M Serizs devices (NI 523x) for 6 VDG 50ialicn and SUpanor noks
rejecton.

Zee the NI US5-625x data shest for Information speciic io USE M Sanes gevices.

Requirements and Compatibility

08 Information Diriver Information Software Compatibility
= Windows 2000707 = MI-DAQmM Ease v AMEI GG+
= Windows Visia k6438 = MI-CACmM » LapVIEW
= Linuog: « LabVIEW SlgnalExprass
“MacQS K Wigual Stuglo NET
« LabWindawsCyl
Family Bus  Analog Inputs Al Resolution  Analog AQ Max Update AO Range (V) Digitali0  Correlated
|bits) Outputs  Resolution  Rate [M5/s) [clocked) DIO

WI&230 PCLFXI 18 15 0 - - - kL) &, upto 10 MHz
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35, IUHMSUMSIFoNABNI PCI6250 DAQ

~ )
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Al 2 65| 21| &l 10 o
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1. Ualannay "l‘lﬂaauwuﬂum 10 DITMEBT VDI 1A 1ANAIB 8 10 AN

General Data Bioimpedance (9))
High | Weigh Age
Heel Strike | Foot Flat | Mid Stance | Heel Off | Toe Off | Acceleration | Mid Swing | Deceleration
(cm) | (kg) | (year)
Volunteerl 174 63 24 132.256 132.338 134 136.343 | 137.202 134.33 133.109 134.22
Volunteer2 165 48 29 130.111 130.431 132.333 133 | 134,511 131.113 122.317 130.442
Volunteer3 168 70 25 74.2214 74.22 75.354 75.332 74.336 72.943 66.5433 74.875
Volunteer4 184 100 24 146.952 146.521 147.156 150.433 148.22 148.321 144.322 148.225
Volunteer5 176 55 27 128.354 128.226 129.224 129 | 128.865 128.433 120.122 128.235
Volunteer6 179 65 35 128.113 128.232 127.93 127.384 | 129.001 128.232 119.438 126.337
Volunteer7 172 60 22 110.554 111.229 115.399 115.663 | 115.433 114.335 102.453 110.988
Volunteer8 170 80 22 171.98 172.112 174.881 174322 | 174.331 174.412 163.5554 171.115
Volunteer9 169 80 25 127.556 127.651 128.321 128.355 | 128.985 127.324 119.23 125.673
Volunteer10 174 71 24 112.684 112.644 112.334 112.558 113.65 114.443 107.212 113.554

001
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2. Ualannay "l‘lJifZ)ﬂN‘W!!ﬂ‘l!“II 10 PITMN VBN IANIAHAINEYN 10 AY

General Data Bioimpedance (Q)
High | Weigh Age
Heel Strike | Foot Flat | Mid Stance | Heel Off | Toe Off | Acceleration | Mid Swing | Deceleration
(cm) | (kg) | (year)
Volunteerl 158 52 23 155.33 155.229 156 | 156.113 | 156.223 156.432 148.332 155.556
Volunteer2 167 50 26 87.22 87.556 87.324 88 | 87.555 88.432 78.012 87.554
Volunteer3 155 40 24 111.236 111.123 110.032 | 110.115 | 112.435 113.899 100.077 109.445
Volunteer4 174 56 23 171.254 171.324 171.007 | 171.355| 173.224 173.312 160.221 170.111
Volunteers 165 42 23 187.006 187.111 186.879 187 | 187.112 189.333 180.005 187.324
Volunteer6 165 65 21 190.009 190.101 190.001 | 190.235 | 193.234 193.324 180.232 190.122
Volunteer7 175 62 21 101.556 102.335 102.498 | 103.102 | 104.555 104.888 97.883 103.248
Volunteer8 161 51 24 117.998 117.778 117.009 | 118.444 | 118.568 118.643 108.555 118.211
Volunteer9 169 48 24 166.666 166.765 166.083 | 166.888 | 168.958 167 159.223 167.677
Volunteer10 160 58 24 151.359 152.223 152.55 | 153.445 | 154.567 155.765 148.098 150.32
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3. Nt\m53!ﬂi13‘P‘iGllE)SqJ.i;l!‘W6ﬂ1ﬂ1ﬁuﬂi$ﬁﬂﬁﬁﬁﬂuwuﬁ§$ﬁﬂan‘ljif’)mlwuﬂu“lm!ﬂi;]tm!!ﬂi‘lQﬂ‘lJmi?JﬂT‘i‘JE)flﬂﬁllﬂﬂﬁllﬂﬂﬂﬁZiWﬂ HIVIUASUD

1 aelasunsa SPSS

1w Aa a" ] Y] 4 1 a A s d' Y] A A 9 1 o [ 9 Y
MTN 9-1 f’ﬂﬁll1.]53E‘ﬁ/]‘ﬁﬁ‘ﬁE‘fllWLl‘ﬁi%‘ﬂi]N‘l‘UT’f)’E)ﬂJWLlﬂu“]ﬁ/lLﬂﬂfmlHJENﬂﬂﬂﬁﬂﬂﬂiﬂ\i@mﬂﬂmﬂﬁﬂﬁgi‘l’m NIVULASUDIN

Ah Af Ae Kh Kf Ke Hh Hf He

Ah Pearson Correlation 1| -1.000(**) 1.000(**) 1.000(**) | -1.000(**) 1.000(**) 1.000(**) 1.000(**) 1.000(**)

Sig. (2-tailed)

N 2 2 2 2 2 2 2 2 2
Af Pearson Correlation -1.000(**) 1| -1.000(**) | -1.000(**) 1.000(**) | -1.000(**) | -1.000(**) -1.000(**) -1.000(**)

Sig. (2-tailed)

N 2 2 2 2 2 2 2 2 2
Ae Pearson Correlation 1.000(**) | -1.000(**) 1 1.000(**) | -1.000(**) 1.000(**) 1.000(**) 1.000(**) 1.000(**)

Sig. (2-tailed)

N 2 2 2 2 2 2 2 2 2
Kh Pearson Correlation 1.000(**) | -1.000(**) 1.000(**) 1| -1.000(**) 1.000(**) 1.000(**) 1.000(**) 1.000(**)

Sig. (2-tailed)

N 2 2 2 2 2 2 2 2 2
Kf Pearson Correlation -1.000(**) 1.000(**) | -1.000(**) | -1.000(**) 1| -1.000(**) | -1.000(**) -1.000(**) -1.000(**)

Sig. (2-tailed)

N 2 2 2 2 2 2 2 2 2
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a Jd Y A ' o a Qd v w d \ a A dd‘ d‘ (Y] A =) Yy 1 tY] v Y
3. Nt\m57!!ﬂi13‘P‘iGllE)SqJ.a!‘W6ﬁ1ﬂ1ﬁuﬂi$ﬁﬂﬁﬁﬂﬂuwuﬁ§$ﬁﬂan‘ljiﬂmlwuﬂu“lﬂ]!ﬂatm!!TJEIQﬂ‘]Jmi?JﬂT‘i‘jé)\‘lﬂﬁllﬂﬂﬁll@ﬂ@ﬁZiWﬂ HIVIUASUD

1w aeldsunsu SPSS (Av)

1w a v o 7 J a A s A @ A A 9 1 o [} Y 4 1
AT N -1 ﬂ1ﬁ11ﬂi$ﬁﬂ‘ﬁi’f‘l’iﬁilwuﬁiw’iﬂ\‘lhlﬂT@ﬂMWLLﬂuGﬁWLﬂﬁElullﬂa\‘lﬂUﬂWiﬂﬂﬁi@ﬁ@ﬂl@ﬁﬂlﬂ@]ﬂﬁ%IWﬂ HAUVAZVDIN (91D)

Ah Af Ae Kh Kf Ke Hh Hf He

Ke Pearson Correlation 1.000(**) | -1.000(**) | 1.000(**) 1.000(**) | -1.000(**) 1| 1.000(**) 1.000(**) 1.000(**)

Sig. (2-tailed)

N 2 2 2 2 2 2 2 2 2
Hh Pearson Correlation 1.000(**) | -1.000(**) | 1.000(**) 1.000(**) | -1.000(**) | 1.000(**) 1 1.000(**) 1.000(**)

Sig. (2-tailed)

N 2 2 2 2 2 2 2 2 2
Hf Pearson Correlation 1.000(**) | -1.000(**) | 1.000(**) 1.000(**) | -1.000(**) | 1.000(**) | 1.000(**) 1 1.000(**)

Sig. (2-tailed)

N 2 2 2 2 2 2 2 2 2
He Pearson Correlation 1.000(**) | -1.000(**) | 1.000(**) 1.000(**) | -1.000(**) | 1.000(**) | 1.000(**) 1.000(**) 1

Sig. (2-tailed)

N 2 2 2 2 2 2 2 2 2

** Correlation is significant at the 0.01 level (2-tailed).
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a d A (Y] a Qd v w7 a %
4. Naﬂ]i?!ﬂ5131’3%@%m‘l"lf’)ﬁ1?]'1ﬁﬁ»l‘lli%ﬁ'ﬂfﬁﬁ“l’iiﬂ»l‘w‘Mﬁﬂ1ﬂﬂ1i‘ﬂﬂﬁ'i’)‘]Jﬂ]i!ﬂ‘iﬂufﬂﬁ]ﬁuﬂﬁ‘lﬂﬂa{]ﬂiﬂillﬂﬁu SPSS

1w a v o J ' a o o 1 a a %
AT N V-2 ﬂTE‘ﬁJ‘]Jizﬁ‘i/l‘ﬁﬁﬁﬁll‘WLl‘ﬁiS“Vi’JNthIi’)®3Jﬁllﬂucﬁﬂﬂﬂiﬂiﬁﬂﬁlﬂiﬂuﬁlﬂﬁ]ﬁﬂ"lilﬂlﬁl’f)ﬂﬂ"lﬁTﬁiJﬂi%"lﬂ 10 AU

HS FF MST HO TOF ACC MSW DEC
HS Pearson Correlation 1| 1.000(**) .998(**) .997(**) .997(**) .999(*%*) .993(*%*) .999(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
FF Pearson Correlation 1.000(**) L) .999C%*%) | .998(**) | .998(**) | .999(**) | .992(**)| .999(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
MST  Pearson Correlation 998(**) | .999(**) L) .999C%*%) | .999(**) | .999(**) | .989(**) | .997(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
HO Pearson Correlation 997(**) .998(**) .999(*x*) 1 .999(*x*) .999(*x*) 994 (%) .998(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
TOF Pearson Correlation .997(**) .998(**) .999(*x*) .999(**) 1 .999(**) 1993 (%) .998(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
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4. wamAAszHdeyaammanlszansanduiusoinmanageumsiulusimainsyiaaalilsunsy SPSS (A1)

T W A v o J v a J o 1 a a % 1
M1T N -2 ﬂ"lﬁlll]'i%ﬁ‘ﬂ‘ﬁﬁWﬁEJW‘L!TJSSW’JNllﬂiﬂﬂﬂﬁllﬂucﬁﬂ‘ﬂ‘ﬂ”I‘VINﬂ"limuglu?\i’ﬂﬁﬂﬁmuﬂlﬂﬂﬂiﬁ"lﬁllﬂi%iﬂ 10 AU (91D)

HS FF MST HO TOF ACC MSW DEC

ACC  Pearson Correlation .999(**) .999(**) .999(*x*) .999(**) .999(**) 1 1993 (%) .999(*x*)

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000

N 10 10 10 10 10 10 10 10
MSW  Pearson Correlation .993(**) .992(**) .989(**) .994(**) 1993 (%) 1993 (%) 1 .996(**)

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000

N 10 10 10 10 10 10 10 10
DEC Pearson Correlation .999(**) .999(*x*) 997(**) .998(**) .998(**) .999(*%*) .996(*%*) 1

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000

N 10 10 10 10 10 10 10 10

** Correlation is significant at the 0.01 level (2-tailed)
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1 a 4 o 1 1
A15719 9-3 1138U1A8 Paired Samples  Statistics V941 11 ToduNLAUFIRASAVNINIGA19) 8

e lunsesmsauveauysd ueimainsne

Mean N Std. Deviation Std. Error Mean
Pair 1 HS 126.2781 10 25.20528 7.97061
FF 126.3604 10 25.15801 7.95566
Pair 2 FF 126.3604 10 25.15801 7.95566
MST 127.6932 10 25.37722 8.02498
Pair 3 MST 127.6932 10 25.37722 8.02498
HO 128.2390 10 25.62352 8.10287
Pair 4 HO 128.2390 10 25.62352 8.10287
TOF 128.4534 10 25.66195 8.11502
Pair 5 TOF 128.4534 10 25.66195 8.11502
ACC 127.3886 10 25.85329 8.17553
Pair 6 ACC 127.3886 10 25.85329 8.17553
MSW | 119.8302 10 25.81027 8.16192
Pair 7 MSW | 119.8302 10 25.81027 8.16192
DEC 126.3664 10 24.97669 7.89832
1519 9-4 1S ouifouduiseans avduus Paired Samples Tuoraaiinsme
N Correlation Sig.
Pair 1 HS & FF 10 1.000 .000
Pair 2 FF & MST 10 999 .000
Pair 3 MST & HO 10 999 .000
Pair 4 HO & TOF 10 999 .000
Pair 5 TOF & ACC 10 999 .000
Pair 6 ACC & MSW 10 993 .000
Pair 7 MSW & DEC 10 .996 .000




A v o a Y a 7 o
AT -5 ‘1/]ﬂﬁfJ'UﬂQWNHWL%GSQNQQ%GHQ%Wﬂﬂ’NNﬁiJWH‘ﬁ"llfJ\ivl‘iJIfJ@iJﬁLlﬂuclfﬂ‘U’NﬂiﬂWiLﬂu"Ulellg‘H81u91ﬁ1ﬁ11ﬂ§'61ﬂﬂ

Paired Differences t df Sig. (2-tailed)
Std. Error | 95% Confidence Interval of

Mean | Std. Deviation Mean the Difference Mean Std. Deviation Std. Error Mean

Lower Upper Lower Upper Lower Upper Lower Upper
Pair1 HS-FF -.08226 28702 .09076 -.28758 12306 -.906 .388
Pair2 FF - MST -1.33280 1.37412 43454 | -2.31579 -.34981 -3.067 .013
Pair3 MST-HO -.54580 1.26827 40106 | -1.45307 36147 -1.361 207
Pair4 HO - TOF -.21440 1.18912 .37603 -1.06504 .63624 -.570 .583
Pair5 TOF - ACC 1.06480 1.32436 41880 11741 2.01219 2.543 .032
Pair6 ACC-MSW | 7.55843 3.12277 98751 5.32454 9.79232 7.654 .000
Pair7 MSW -DEC | -6.53623 2.35281 74402 | -8.21933 -4.85313 -8.785 .000
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a d A LY a qd v o d a Y a
5. Naﬂ]i’J!ﬂ3131’1%@%@1!‘W@‘Vi1f"hﬁNﬂi%ﬁ‘nﬁﬁ‘l’iﬁN‘W‘Hﬁ‘iﬂﬂﬂ]i“ﬂﬂﬁﬂ'ﬂﬂ]ﬁ!ﬂ‘iﬂu@1ﬁ1ﬁﬂﬂﬁﬁﬁyﬁﬁjﬂﬂiﬂ‘il!ﬂﬁw SPSS

1 o a v o d ' a o o 1 a a % a
M1 9-6 mauﬂimwﬁm/iﬁu‘wuﬁizmw'luTaamﬁgmuclmummqmimuimammimummmmaumwmq 10 AU

HS FF MST HO TOF ACC MSW DEC
HS Pearson Correlation 1| 1.000(**) | 1.000(**) | 1.000(*%*) .999(*) 999(**) | .997(**) 1.000(*)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
FF Pearson Correlation 1.000(**) 1| 1.0000%*) | 1.000(**)| 1.000(**) | 1.000(**) | .998(**) 1.000(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
MST Pearson Correlation 1.000(**) | 1.000(**) 1| 1.000**) | 1.000(**) | 1.000(**) | .998(**) 1.000(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
HO Pearson Correlation 1.000(**) | 1.000(**) | 1.000(**) 1| 1.000(**) 999(**) | .998(**) 1.000(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
TOF Pearson Correlation 2999(**) | 1.000(**) | 1.000(**) | 1.000(**) 1| 1.000(*¥*) | .998(**) .999(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 10 10 10 10 10 10 10 10
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95. wamsInzHIsyaeIMaNlszANEanaNiusIIMInaaeumsaulueIMainsHgeellsunsu SPSS (79)

1 o a v o d ' a o o 1 a a % a 1
M1 9-6 mauﬂimwﬁm/iﬁu‘wuﬁizmw'luTaamﬁgmuclmummqmimuimammimummmmaumwmq 10 AU (§1D)

HS FF MST HO TOF ACC MSW DEC

ACC Pearson Correlation 2999(**) | 1.000(*%*) 1.000(**) | .999(**) | 1.000(*%*) 1 .998(**) .999(**)

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000

N 10 10 10 10 10 10 10 10
MSW Pearson Correlation .997(%**) .998(**) .998(*%*) .998(**) .998(**) .998(**) 1 .998(**)

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000

N 10 10 10 10 10 10 10 10
DEC Pearson Correlation 1.000(**) | 1.000(**) 1.000(**) | 1.000(**) .999(**) .999(**) .998(**) 1

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000

N 10 10 10 10 10 10 10 10

** Correlation is significant at the 0.01 level (2-tailed).
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1 a o o 1 1
A1319 9-7 1S ouIAeY Paired Samples Statistics Y941 11 ToduALAUBRASAUNINIA1Y 8

1 a f( % a
‘VITVINGLL!'Ni]iﬂ1§!ﬂlﬁl@\11l1§]&l811!61?”@'%?]5“%@,\1

Mean N Std. Deviation Std. Error Mean
Pair1 HS 143.9634 10 36.78838 11.63351
FF 144.1545 10 36.71597 11.61061
Pair2 FF 144.1545 10 36.71597 11.61061
MST 143.9383 10 36.82651 11.64556
Pair3 MST 143.9383 10 36.82651 11.64556
HO 144.4697 10 36.67047 11.59622
Pair4 HO 144.4697 10 36.67047 11.59622
TOF 145.6431 10 37.08657 11.72780
Pair5 TOF 145.6431 10 37.08657 11.72780
ACC 146.1028 10 36.95565 11.68640
Pair6 ACC 146.1028 10 36.95565 11.68640
MSW | 136.0638 10 36.78236 11.63160
Pair7 MSW | 136.0638 10 36.78236 11.63160
DEC 143.9568 10 36.70612 11.60749

o a v o % a
M1319 3-8 1WTsuINeUdulscANTandu U Paired Samples Tuo 1@ ANATHA

N Correlation Sig.
Pair 1 HS & FF 10 1.000 .000
Pair 2 FF & MST 10 1.000 .000
Pair 3 MST & HO 10 1.000 .000
Pair 4 HO & TOF 10 1.000 .000
Pair 5 TOF & ACC 10 1.000 .000
Pair 6 ACC & MSW 10 998 .000
Pair 7 MSW & DEC 10 998 .000




] 4 v o a J o a J o a
M1 -9 ‘1/]@ﬁf]'lJﬂQWNHWL%Gﬁﬂm@Q%GHﬁ%Wﬂﬂ'NNﬁuwuﬁmﬂﬂqﬂiﬂﬂuﬁLLﬂu“lfﬂ‘U'J\i%5ﬂ15lﬂu"119\1111§‘151ﬂiu@WﬁWﬁMﬂiﬁiﬂuﬁ

Paired Differences t df Sig. (2-tailed)
Std. Error 95% Confidence Interval of

Mean Std. Deviation Mean the Difference Mean Std. Deviation Std. Error Mean

Lower Upper Lower Upper Lower Upper Lower Upper
Pair1 HS-FF -.19106 36616 11579 -.45300 .07088 -1.650 9 133
Pair2 FF - MST 21620 .55029 17402 -.17746 .60986 1.242 9 245
Pair3 MST-HO -.53140 43670 13810 -.84380 -.21900 -3.848 9 .004
Pair4 HO - TOF -1.17340 1.15441 36506 | -1.99921 -.34759 -3.214 9 011
Pair5 TOF - ACC -.45970 1.11440 35240 | -1.25690 33750 -1.304 9 224
Pair6 ACC-MSW 10.03900 2.52339 79797 8.23387 11.84413 12.581 9 .000
Pair7 MSW - DEC -7.89300 2.48600 78614 |  -9.67138 -6.11462 -10.040 9 .000
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a d A LY a Qd v o d a Y
6. Naﬂ]i?!ﬂ3131’1519;@11@1!‘W@?‘i1?]'1ﬁNﬂﬁ%ﬁﬂﬁﬂ?’iﬂu‘w‘I-!ﬁ‘inﬂﬂ]iﬂﬂﬁ@'ﬂﬂ]ﬁ!ﬂiﬂu@]ﬁ]ﬁﬂlﬂﬁ‘lﬂﬂﬁ?ﬂiﬂﬁl!ﬂﬁN SPSS

1 o a v J 1 a I @ 1 a a % a
M1I N 9-10 ﬂ1ﬁiJ“lJ53ﬁ‘VI‘ﬁ’ﬁW’(?fSJWu‘ﬁi$W’JNT]JI®’E]3JWLL@U%T]U‘WTWNﬂﬁmu(lu’{]\‘miﬂﬁLWL!3[]@\16111’1@'%?]5%18&!@314@\153“ 20 AU

HS FF MST HO TOF ACC MSW DEC
HS Pearson Correlation 1| LO0OCK™) | .999(**) | .999(**) | .999(**) | .999(**) | .996(**)| .999(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 20 20 20 20 20 20 20 20
FF Pearson Correlation | 1.000(**) 1 .999(*x*) .999(*x*) .999(*x*) .999(**) .996(**) .999(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 20 20 20 20 20 20 20 20
MST  Pearson Correlation .999(**) .999(*x*) 1| 1.0000%*) .999(*x*) .999(**) .996(**) .999(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 20 20 20 20 20 20 20 20
HO Pearson Correlation .999(**) 2999(**) | 1.000(**) 1 .999(**) .999(**) .997(**) .999(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 20 20 20 20 20 20 20 20
TOF  Pearson Correlation .999(*%*) .999(**) .999(**) .999(**) 1 .999(**) .996(**) .999(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
N 20 20 20 20 20 20 20 20
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26. NAaMIIANZHVoNaNe AN szaNSanduusnMINaasum Ul uetmains¥ 1A siunsa SPSS (A9)

U

4
a %

1 o a v J 1 a I @ 1 a a % a 1
M1I N 9-10 ﬂ1ﬁiJ“lJ53ﬁ‘VI‘ﬁ’ﬁW’(?fSJWu‘ﬁi$W’JNT]JI®’E]3JWLL@U%T]U‘WTWNﬂﬁmu(lu’{]\‘miﬂﬁLWL!3[]@\16111’1@'%?]5%18&!@314@\153“ 20 AU (§19)

HS FF MST HO TOF ACC MSW DEC

ACC  Pearson Correlation 999(**) | .999(**) | .999(**) | .999(**) |  .999(**) 1 .996(**%) | .999(**)

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000

N 20 20 20 20 20 20 20 20
MSW  Pearson Correlation .996(**) .996(**) .996(**) .997(**) .996(**) .996(**) 1 997(**)

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000

N 20 20 20 20 20 20 20 20
DEC  Pearson Correlation .999(**) .999(**) .999(**) .999(**) .999(**) .999(**) .997(**) 1

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000

N 20 20 20 20 20 20 20 20

** Correlation is significant at the 0.01 level (2-tailed).
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1 a 4 { o 1 1
A1519 9-11 1W3euNe Paired Samples Statistics YVoIA1 11 ToduALAUFRASAVNINIA1 8

J a o % a
1/]11/]1\111!'3\1%'iﬂ']ﬁLﬂusllﬂﬂﬂlg‘ﬂﬂiuﬂWﬁTﬁ'ﬂJﬂﬁ“mﬂLm%ﬁﬂJu\i

Std.
Mean Std. Error Mean
Deviation
Pair1 HS 135.1208 20 32.00499 7.15653
FF 135.2575 20 31.96383 7.14733
Pair2 FF 135.2575 20 31.96383 7.14733
MST 135.8158 20 31.88901 7.13060
Pair3 MST 135.8158 20 31.88901 7.13060
HO 136.3544 20 31.89520 7.13198
Pair4 HO 136.3544 20 31.89520 7.13198
TOF 137.0483 20 32.26777 7.21529
Pair5 TOF 137.0483 20 32.26777 7.21529
ACC 136.7457 20 32.49139 7.26530
Pair6 ACC 136.7457 20 32.49139 7.26530
MSW | 127.9470 20 32.02767 7.16160
Pair7 MSW | 127.9470 20 32.02767 7.16160
DEC 135.1616 20 31.86128 7.12440

[ a v o % a
M1319 9-12 1WTsuneudulscanTandunus Paired Samples Tuo 1@ ANATHILASHA

N Correlation Sig.
Pair1 HS & FF 20 1.000 .000
Pair2 FF & MST 20 999 .000
Pair3 MST & HO 20 1.000 .000
Pair4 HO & TOF 20 999 .000
Pair5 TOF & ACC 20 .999 .000
Pair6 ACC & MSW 20 996 .000
Pair7 MSW & DEC 20 997 .000




] 4 9 1Y 1y 4 a o o a ¢ o a
M1IN 2-13 ‘1/]ﬂ’ﬁ'f]°Uﬂ'ﬂllLﬂL%@ﬁﬂSUEN"Uﬂqu,ﬁi]1ﬂﬂ’)13J’(3f3J‘Wuﬁﬂlﬂivlﬂiﬂﬂuﬁllﬂucﬁﬂﬂﬂlii]iﬂ'limuﬂl@ﬂlligklEJluE]Tﬁﬂﬁ'iJﬂi“]ﬂﬁJngWiy\‘]

Paired Differences

df

Sig. (2-tailed)

Std. Std. Error 95% Confidence Interval of the

Mean Deviation Mean Difference Mean Std. Deviation | Std. Error Mean

Lower Upper Lower Upper Lower Upper Lower Upper
Pair1 HS-FF -.13666 32503 .07268 -.28878 .01546 -1.880 19 .075
Pair2 FF - MST -.55830 1.29201 .28890 -1.16298 .04638 -1.932 19 .068
Pair3 MST - HO -.53860 92321 20644 -.97068 -.10652 -2.609 19 .017
Pair4 HO -TOF -.69390 1.24220 27777 -1.27527 -.11253 -2.498 19 .022
Pair5 TOF - ACC 30255 1.42502 31864 -.36438 96948 .949 19 354
Pair6 ACC-MSW 8.79872 3.04215 .68025 7.37495 10.22248 12.935 19 .000
Pair7  MSW - DEC -7.21462 2.45644 54928 -8.36426 -6.06497 -13.135 19 .000
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Q7. mayammaﬂ"luiaauwuﬂum 10 MM ‘llf)ﬂﬂ]ﬁ1ﬁ3~lﬂ‘i‘ﬂ!ﬂ1!wﬂﬂﬂﬂ 14

General Data

Bio-impedance (Q)

High | Weigh Age
Heel Strike | Foot Flat | Mid Stance | Heel Off | Toe Off | Acceleration | Mid Swing | Deceleration
(cm) | (kg) | (year)
Volunteerl
(Abnormal) 170 60 24 152.6 151.8 150.73 154.7 156.40 150.27 147.02 153.48

811



! d o Z Y] Y
28. fSsuiguauaagluledunuaus 10 M99 VoI 1NN

z(Q)

180
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Gait cycle
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= ABNORMAL
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m NORMAL

HS-FF FF-MST MST-HO HO-TO TO-ACC ACC-MSWMSW-DEC DEC-HS

AZ(Q)
o = N w H (0] (o)) ~ o] (o]

811



119

L) = d' Y \ a U
210. !‘IJiEIiJ!TIEl‘]Jﬂﬁvlﬂﬂ1il‘iJﬁf_l1!!HJZ’IQ3;1'Nﬂlﬂﬂﬂl@ﬂ@iﬂ%ﬂﬂiﬂ1§!ﬂﬂﬂ‘ﬂﬂ1‘§

wasuilasdluleduniuaualueraaiins

Gait cycle Hip (0) Knee (0) Ankle (0) Bio-impedance trends
Heel strike Flex 23 Fully extend | Neutral Increase

Foot flat Flex 23 Flex 20 Planarflex 15 Decrease

Mid stance Flex 10 Flex 10 Dorsiflex 3 Increase

Heel off Hyperextend 10 | Flex 2 Dorsiflex 15 Decrease

Toe off Flex 10 Flex 40 Planarflex 20 Increase

Acceleration Flex 5 Flex 65 Neutral Decrease

Mid swing Flex 25 Flex 65 Neutral Decrease

Deceleration Flex 25 Fully extend | Neutral Increase
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