L|E= S moid| X2 Global Synkinesis $=0|

Eas20) /%= B3 R

.
MR

The Journal Korean Society of Physical Therapy

The Effects of Global Synkinesis Level on Gait Ability in Post-Stroke Hemiplegic Patients
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Purpose: We determined the effect of global synkinesis(GS) on gait ability, muscle contraction, and central neuron
action potentials in post-stroke hemiplegic subjects.

Methods: Thirty hemiplegia patients were evaluated for walking ability, muscle contraction, central neuron action
potential, and comparing differences between the H-GS(high-global synkinesis) group and L-GS(low-global
synkinesis) group. To obtain the GS level, surface electromyography(EMG) data were digitized and processed to
root mean square(RMS). Walking ability was tested with a modified motor assessment scale(MMAS), a 10 m
walking test, timed up and go(TUG) test, and a Fugl-Meyer assessment(FMA). Muscle contraction ability was
measured as maximal isometric contraction(MIC) peak, MIC slope, and MIC ramp up using mechanomyo-
graphy(MMG). Central neuron action potential was measured as the H/Mmax ratio or V/Mmax ratio using EMG.
The data were analyzed with t-tests to determine the statistical significance.

Results: MMAS(p<0.01), 10 m walking velocity(p<0.01), TUG(p<0.01), FMA-HKA(Hip, Knee, Ankle)(p<0.05),
FMA-coordination(p<0.05), MIC peak (p<0.05), MIC slope(p<0.01), and MIC ramp up(p<0.05) were significantly
different between H-GS and L-GS, as was the V/Mmax ratio(p<0.05), but H/Mmax was not.

Conclusion: Lower GS levels indicated better walking ability and motor function. Therefore, intervention programs
should consider GS levels in gait training of chronic hemiplegia.
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oIt EAR, 2006). H2EY] FAHL &4 ¥9l9] 19} 2
7| el 9l Sol wet gt 28, Az A, <ol 59
SOl o7t e, 53] HEw HAEESe] withS AlA|o)
R QIRE EsEe At doju= o] SAolt
(O'Sullivan¥} Schmitz, 1994).

lc]ZZ Ao YAEA(clinical feature) & = AlA|
FE9 507 HithSolA 54942 Z2%o] Uepdtt
]E}(Dawes, 2000; Hwang 5, 2001). o] 22]¢J& =
AZ/\] T2 WIS s Sl WAsh, 53
TS AW ol A Al B A
}S T ‘global synkinesis(GS)’(Boissy 5, 2000;
1997), 1998),
‘motor overflow’ (Lazarus®} Whitall, 1999), ‘contralateral
irradiation’(Hopf &, 1974) S o] tidfsiA| &8&o] A}
S5 Qi o]et Zo] FUst A Aty fal A
7HA &ol7k AREE ol TRt EAQl FEEel iRt
gt 71101 RISl HgE A Ul &5 Jiddt
EgEo] EREehE oIAZ7] HizeltHGahery, 1987).
AR Sy GS«] WA S tigh A7h ol o]Fojx|aL
UtHHwangd} Abraham, 2001). Lazarus®} Whitall(1999)-2
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Boissy ‘mirror movement (Nelles 5,

Gs wrle] Welelod Aot AiAe) e
WA 24 9) =4 A 4=2 (ipsilateral corticospinal tract) 2}
AA L SAF= gieult Alolof  k]EFux}d A(transcallosal
connectivity) & A2 ggkoz HAlEC= A o]tH(Schnitzler
% 1996; Meyer 5, 1995). =2 corpus callosum)?] 2|EE
B3l AltE Abolofla] 214491 mirror movement7t UERS
2GS AFARl Aotk Dennis, 1976). GSO| W&
Yoli7] flsto] ¥ ARE AR Axt g iRk} HF
WARE Ff WS W) ‘”Xﬂ*é FFe daAA A&
heboll A SEde] TS UERd Zlolet sk)l E}(Meyef
% 1995; Schnitzler 5, 1996). Hj&He] H= £A) Jof
et Seel i 417 A4g9] Map] ok el 95

H] A (motor disinhibition) @} B Alo|Q] A ZZASHE HERIA
71tk st Manganotti 5, 2002).
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(Weiller %, 1993). Mirror movement”} H]$SANSE T HFSL9]
st SES Whgtite Aol HAduke] 1E|a HES] &
ok dAtollA A= STk ¥EF $ mirror movement®} -
35 Afolo] IAE oldlishs A EAY FE7IAS o4
et B5S 1L, HEF S R o (5A A
& o Atk sF3tHDobkin, 1996). X @/d¢ItollA
+ HPH|SA 9] ERo] nhe|&9] )5l FFe Tt
2 &9 g or HwH|S AA| 915 olgste] v
= YAt sk THARl AR o] At Qlok
‘5]—ﬁllHHortobagy1 = 1999' Shima &, 2002).

HEE F &% s XﬂﬁoP— 84 F e B
<25 el tXHO]EP- ﬂe T e s A
o= 2| olPSuE BAS A AT AT 1), B
At AE 224 Y(couple movement)5°] YEPATHThelen 5,
2003). o]gt 74* FHUES T 5 (synergies) 0|2} B,
Sl TENASEE HEE B0 BRS Pahste

EOLIO]L}(Yelm 5 1999), Ha} o] E3g IAlE
ok ok S LBt FEEY BE 2018
I offi 1 oIfi Heiehs sl AT Yers ol
b ol BEs], BgeRs Feol Bekn v 7] e
o|thZajac®} Gordon, 1989). WabA W& & HupH] b4}
oF tito] 5 7F g8l thet Atell 2 FAlE A
ol§sh= M= weto] AAE QT Vasavada 5, 1998).
2| AtollAe AR} HupH|gERRe] Blupr]Sol A T
715 Adshe s¢t WSl 524 (dynamometry) 9F 74
T o83t GS 2 SR AutollA AARlolAl= Hi
A 5T 28 A9l ofudt f9E Yl vt
ol HupH] SRxfof| A o) GS 2 e HEHmpm] o] A
ol wet fofRt AolE U SItHBoissy &, 1997).
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GS 4ol WE 2R ) Ho|B FHFON W
B4 519 Gs po] Mol Fud] nlAE Gl
dfste] atopuiit g,

Hospital of Los Angeles®] Ao FAE Hsto] ALE
Stk % 50%e) GS 48 WAlel 2098 Al
GS ol w2 £9] 1073 vhe 291 1099] 2 7 o
AAISEETE thdAe] 544 vt dti(Table 1). tiidAt=
A Al ARAA] wE 4 Sl A 9 AAEE AIEY
HEFAZE Qe AR &4F917F 9dst g9l A= Alefst
ol el s 7loll wek Agskich

General characteristics of subjects

" H-GS(n=10) L-GS(n=10)
Charateristics
N(%)
Male 7(70%) 5(50%)
Gender
Female 3(30%) 5(50%)
Affected Righe 4(40%) 6(60%)
side Left 6(60%) 4(40%)
Infarction 2(20%) 5(50%)
Causes
Hemorrhage 8(80%) 5(50%)
Onset time(month)a 12.1 + 8.14 12.4 + 13.10
Age(year)a 51.5 + 13.31 57.8 + 8.10
Height(cm)a 164.90 + 6.90 161.80 + 9.44
Weight(kg)a 68 + 8.96 64.8 = 13.70

a; Values are mean+SD.
H-GS : high-global synkinesis
L-GS : low-global synkinesis

2 EXJHpH

1) GS & 5
GS 22 43| 9 FHITHE(Bagnoli-4 EMG sys-
tem, Delsys Inc., USA)E AMEsGitE A4S H2lsl7] Ao
TRAS 2asel] S8 g9 ATk dasR RS
£ 7fZo] 2 o A=E Faeilth 78S i
(adductor W&YI(vastus medialis), BEL
(gastrocnemius), 4 H(plantaris) 9] THEof A1, HA]

g o

magnus),

A2 50l Wellg 34 &2 7R §-9loll F2ksieit. 7]
FxA=02 ZHHF(Desys Inc,, DE-2.1 single differential
electrode, USA)S ARSIt HEHIAE ATE FESY
Y3l EEFZE(sampling rate)S 1,000 Hz, BE= 20~450
L2 i3tk 4= Asel AR B4 EMG work
3.0(Delsys Inc., USA) Z273& o]8al¥ict. tAR= oz}
off Hekgt ek oA Hlmkr|Sof| 2744] BA(EHE 23
S AR E 45° AeoA Hdiesor A8y i
285 WA flste] ARb WS avbdes AR oy
5% B9 o 7, 3% B HES obe A 1 set® G}
AL ZF setbeh 1027 FA1S FIoI3lom, & 3 sees AR
tt. GS 52 ZHE AFX(root mean square) GFOE A
skick 2o A A3 SNE(standardized net excitation)g}
o] GS#to|tiHwang 5, 2005)(Figure 1).

o Standardized
Filtering e
Iradiated RMS Net Excitation
EMG ' » (SNEi)i=1-8
(3 seconds) 1410~400 Hz|
Net Excitation
Level
] Filtering
Baseline RMS Standardized
EMG [ Net Excitation
(3 seconds) 110~400 H, (SNE)

A flowchart of developing standardized net
excitation.

2) Hd 534 $£=%(maximal isometric contraction) &4

QAR ool HkgE ok ApAlof A, HimkH] S BAje] L3k
23 9 AL 450 Aol o R AXEES it
uo)E Shel STEER W RS A FE9E )
WL uhE A2 24%ES ek mlsg 24
%2 372 mechanomyography(MMG)(TSD121C, BIOPAC
Co., USA)E o]gslo] 2451} 52 B2 o &, 3% &
o s AL 1 set@ 7 sernfr} 1027 FA1 F3)
gom, & 3 sets A3t

3) 3347499 F5AY 24
FRAAY BEH9NE HLAAY BEHSE Hal, 4254
A9 FHE} g AeAUY BEASIE VIS of

Lot 2459t HE7]= CADWELL 1T wedge(Cadwell
Laboratories Inc., USA)S AMESHGTE Hute] 242 98] W
A 70% PRS2 HEE 7j2o] Hal F7|7F Qs Xt
7 A% NS J2ad0n BEATe Lon 2s
HEE
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(Medicotest A/S, Neuro line Disposable neurology electro-
des 700 10-k, Denmark)S ARSI A= dEF =

& AN FEs o 25 AIXl $ S8 do] HYE
ol &H5] o|AEE=S slal Z3HEo| Fol| FolA s
WA Huks gQl(Figure 2.)8HaL WA s AAfs] 28shH
A Hmax®t MmaxE Tkl 7 7] S5 9lo] tigh 2|
AZHEZ H/Mmalx‘ﬂ]E AZ3ILE A7AES EAEAA

o) 4% 4okt FEIN oFHTS Agetel RS Aot
A}FZ(submaximal stimulation) $F0 & dlo] 2% 7+Ao 7 2}
oA Vol 4 1D 45 oA oftent o

A HIHE BRIk 1A AT4EE A48 o] Hool 4
o] HaslEn M| AZo] Hefslrt i AHA i
2 ool uulE thele] SBAS FIATUA @_
AzzmeA & 5, S 2wt 9007 1 AN 54

mlo D) _ll-t:l

A 25% UL ot} e Hat e A28 57]
130l VIl 7]&313ich(Figure 3).

4) B A4

HeY pa5els 54 ’5?7] fleto] HEF o] 5715 Bt
A Gr=7} HZ%E Modified motor assess-
ment scalef(MMAS)E 0]8&35}9tHLoewen®} Anderson, 1990).
MMAS= 57152 W 87H4] 3 271w} yhE
170 =& @A BT 97HA] gmom SHAdEo] glom, o
5 g% % o aL el U B FHUS olgar
3 YR B W 1414 6He] WA el glet
123] 2005). B3 &5 =435}7] 9ot AE=Z 10m H3Y
AH10m walking test) & ©]83l¥ck EPZE 14 m F A
Ak 2] 7} 2 me= 7R S 91RE ARE AAsielon,
210 m&] Ao gt HaPAEE ZAIAR S7gste] e
£ ToltHSuzuki 5, 1990). WA A4 HFS HARSH
7] 93l Podsiadlo?} Richardson(1991)0] A3l o]z}ojA] &l
o]A] A7|(timed up and go; TUG) FARE AAISHL i
A= AR, SEUAARL T 46 cm 20]9] OfRfofA Yo
U3 mE i W 5 o] AR R EofebA] ked7bA] 4
QES AR st 13] AgTge AT 5 39 v
ZX‘]O]-O% HatgrS 751tk Fugl-Meyer assessment(FMA)+=
25 T W49 LB S4ap) 8 adse An
B GIEHFugl Meyer 5, 1975). HE thil 74 ojelo
2 F45o] glort of ARolE a4 B Zach. o
A GBS 29 ARR £5715 P2 S gRo
gElel glov] B 268l 2 $52) FARE 33 Axj3ol
Y B BB A

EJEDQ

il _E

4. REEAM
e AEES SPSS 12.0 %74]2%1%4% o] gsto] EA5k9

o e 2 1 S
Y3l SYEE Kolmogorov-Smlrnov
i} Qv 9w, & 7 HaE
AAY ZEASel gk vue 2l %
(independent t-test) 2.2 BA3I¢ct. AT fo48S #H
37 Yl foleE @ = 0.052 Sl
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MMAS

H-GS L-GS

Group

Comparison of MMAS between H-GS and
L-GS.
Values are mean=SD.
There were significant difference between H-GS and
L-GS(p<0.01).
H-GS : high-global synkinesis
L-GS : low-global synkinesis
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H-GS L-GS
Group

Comparison of 10 m walking velocity between
H-GS and L-GS.
Values are mean=SD.
There were significant difference between H-GS and
L-GS(p<0.01).
H-GS : high-global synkinesis
L-GS : low-global synkinesis
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H-GS L-GS
Group
Comparison of TUG between H-GS and
L-GS.

Values are mean=SD.

There were significant difference between H-GS and
L-GS(p<0.01).

H-GS : high-global synkinesis

L-GS : low-global synkinesis
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H-GS L-GS
Group
Comparison of FMA-HKA between H-GS and
L-GS.

Values are mean=SD.

There were significant difference between H-GS and
L-GS(p<0.05).

H-GS : high-global synkinesis

L-GS : low-global synkinesis

FMA-HKA : Fugl-Meyer assessment-hip, knee, ankle
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H —

FMA-coor(score)

H-GS L-GS

Group

Comparison of FMA-coordination between
H-GS and L-GS.
Values are mean=SD.
There were significant difference between H-GS and
L-GS(p<0.05).
H-GS high-global synkinesis, L-GS
synkinesis
FMA : Fugl-Meyer assessment

low-global

228 H|uE 98 ESYTE
Seof Qo A ol
UER S0 (p<0.05) (Figure 9), Y AlollA] X

o2t JlHE felgt AolE eyt

(p<0.01)(Figure 10). 3k Hj=71A] dge= ASAEE

o+ 7 et Ajolg ‘%E}LH %tHp<0.05) (Figure 11).
%
T |
10
9 4
R
£ 7
5 6 A
g 5 E
O | 1
z 4 -
2 4
1A
0 m
H-GS L-GS
Group

Comparison of MIC peak between H-GS and L-GS.
Values are mean=SD.
There were significant difference between H-GS and
L-GS(p<0.05).
H-GS : high-global synkinesis
L-GS : low-global synkinesis
MIC : maximal isometric contraction

% %
25 9
20 A
£
en 15 4
=
D
g
= 10 -
Q
= [
5 I
0 |
H-GS LGS
Group
Comparison of MIC slope between H-GS and
L-GS.

Values are mean=SD.

There were significant difference between H-GS and
L-GS(p<0.01).

H-GS : high-global synkinesis

L-GS : low-global synkinesis

MIC : maximal isometric contraction

45 - * |

4 4
'g 3.5 4 T
£ ] |
=
= 25
£
g 2
2 1.5 A
=

05 -

0 4

H-GS L-GS
Group
Comparison of MIC ramp up between H-GS

and L-GS.

Values are mean=SD.

There were significant difference between H-GS and
L-GS(p<0.05).

H-GS : high-global synkinesis

L-GS : low-global synkinesis

MIC : maximal isometric contraction

Fas1E st 9
AN Aup PH/MmaxH] o A= 2
3t 2ol = Eo]x A A TH(p>0.05) (Figure 12), V/MmaxH]o]
o1& e AtH(p<0.05)(Figure 13).
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H-GS L-GS

Group

Comparison of H/Mmax ratio between
H-GS and L-GS.
Values are mean=SD.
There were no significant difference between H-GS and
L-GS.
H-GS : high-global synkinesis

L-GS : low-global synkinesis
%
0.6 -~ |
0.5 4
3 04
=t
g 03 4
: T
> 02 4 J
0.1 A1
0 -
H-GS L-GS
Group
Comparison of V/Mmax ratio between H-GS
and L-GS.

Values are mean=SD.

There were significant difference between H-GS and
L-GS(p<0.05).

H-GS : high-global synkinesis

L-GS : low-global synkinesis
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HES SollA] Hae S-AQl dES fls Fast
axolm, Agpola Ky =
Perry(1993)= Hube| bAoA /4 H o] st ¥y
59 27| &40 B Aofjo] Aol F shtEkal 3
Hel F L52d 7159 242 A9E Z52d o] As

Zole}. o]t &4k s 7]ofske BIAA
é, = 3t AHZ GSE & 4 thDavies, 2000) GS
WEZ 3219] 40~90% AToA Uehti, HEE T o
3t A9 HE“OH et D‘EPZIEP(NeHes S 1998). A%,
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Hwang 5(2005)& GS9| E4o| J&fa ?i oA A€

GS 50| 5255 AA7s0] g 22 Zo=2 Yeige
(Hwang 5, 2005), E3s2oAE GS ¢ 0] GO 2 WY
t £& Aoz Yepgdth Crennalt Invemo(l994)“
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Fews0] sHAY 28 FYS A bt
7L°ﬂ Jw.ﬂ *1*17111 SRIO RN HaY 53
A s}t— Qglog & 5= itk AAAE FAlo FE4
Aol AL st G RA ¢lXsle] oA F3E e
QlAE L SF T (Kelso 5, 1979), HAoAl: oFalA] 9]
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(Hortobagyi 5, 1999; Shima &, 2002). 5221 AsfjolA
PAERS) 1AL dpelal it w7l ek o] ol
AoR oJAAIL QJOom(Kristeva =, 1991), L9 ZHEE
0|83 ATATNE He Szolde] Aol Ha
SHIEHZhou, 2000). ©] ATOIMLE HehrEE, oby Aol
a5 o|2x 7187, HagSd el ARt ol & 1F
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$94% 2haEE Ak AS o 5 9ok o A A
5 AP T e e el AR OS
0 1go] e 1gHL FHOR o M ARl
Aol 553 nok G71 Welshe Aol HERS G o
2 Sopt Ao welt

MR SOAEE A dahhge] Jere Fn, ol
AL W e Y T &4 S0 Fa% 94T



J Kor Soc Phys Ther 2008;20(3):9-18

& Uth(Fellows 5, 1993). MASE eyt SEd o] 72|
B7tolRt Al=e wiebs, ZFAe] et @ yHEvE Friek
e W AAeF AR, LAl BPgAE Sl gt
IAE YeRRA] &= Z(Barnes, 2001), ©] Ato|x= A3
ARl 714l Wl H/MmaxE A== o]85te
=l
Funase 5(1996)-> HYMALO] Zof 21&3} Muto] 2o
ZH7} Y Al SEAE Y SE AEE BIeke WHolH,
HEAR V] 7125 Zh=skgie). =3t H“V\}h A T
AR THEE YRR HEF
£ 18 3 290] 2 A54E A9 T ST
O] shtEH AMGE7|%E ghth(Larsen 5, 2006). YUuhe-E4l
Qo) Y HEE WSl AHE ALIITA Sz 7
o Hujel Hoy A1Z7} BYIHEAI Mute] Heh %
)2 A 2 . e 2 1%
Mzto] FHo| AZo| 271 Az o] 2712 Uelltt. Leonard
S99 P 4t SO 0% U 454
Top] B TR HUAE 24T AT} 44 4e1e) 2
S HulAe) o] gaslglony A9 ool 4%
Zo| oHeR wsEYTkL Husd. o
H/Mmax®]7} & 7F §-2J3t xjo)& 1,}E}LH7\] H2alaAw, GS
0] B ol W 2urh & A0 et
ol G 345 434 11 ou FeRe M
G otk A% A9 TR WS Vife] XEsE
g5t 7hsstaL V/MmaX«l ]—‘3 ARESto] A8 ol
P AeBlEz ViIMmaxH|e Quke-A7d 9o Swul=et
okS Uehle X EZ & £ Utk Pensini®} Martin, 2004).
EET2000)= A7|AF=ol| o3t R o4 55 5T
VIMmaxH|7} B Skl 843, 2004 p52 pEeo] &
s A AR Y e Hal 24 dEE F
akelck o] o:]:[LOﬂH‘L_“ V/IMmaxH|7} 3+ 7+ 5913 Zjol&
Elfo] GS 0] &2 o] W FHT F7E= Ao
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