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Evaluation of the muscle tonus that used Modified Tardieu Scale (MTS) for triceps surae of cerebral palsy :
The relationship between MTS and development/aging,Gross Motor Function Classification System (GMFCS)

Yuichirou YOKOI"?, Naoki KOZUKA®, Megumi TOKI®, Toshikatsu MATSUYAMA®, Sumio ISHIAI®
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Purpose:The purpose of this study was to clarify the relationship between age and gross motor func-
tion and muscle tone, using the Modified Tardieu Scale (MTS) for spasticity of triceps surae of peo-
ple with cerebral palsy(CP).

Subjects and Methods:MTS were evaluated for 56 people with bilateral paralysis of cerebral palsy (24
people under 18, and 32 over 18 years old, mean age 27.3 £+ 15.6 years old). MTS was measured at
90 ° flexion of knee and hip joint in supine position. R1 was a measured angle when catches in the
moving direction as soon as possible ankle dorsiflexion. R2 was a measured angle when moving
slowly as possible to the maximum angle of ankle dorsiflexion. And then R2-R1 was calculated.
Furthermore, gross motor function was assessed by GMFCS.

Results:R2-R1 and R2, were significantly lower in the over 18 group than under 18 group. Correlation
between age and MTS, R2, R2-R1 was a significant negative correlation. Partial correlation analysis
revealed age as control variables, the correlation between GMFCS and MTS, R1, R2 observed a sig-
nificant positive correlation.

Conclusions:Muscle tone of CP is stronger than non-reflective elements brought with aging. But re-
flective elements did not change. CP who had better motor function was stronger reflective elements
and non-reflective elements.

Key words[ cerebral palsy, Modified Tardieu Scale(MTS), triceps surae, spasticity, contracture

Sapporo J.Health Sci.1:71-77(2012)

00000 O0000000060-856 0000000100170 0 O0000000000000000000000000000



00000 oOooOoooOo®»<A0 000000000

[T C & I

o 3 T Y e 7
L0 00O0»As0000 (DO4000) @dWZico Ui
Oo000000WKHES<0000%Z0 LALODOLY
2000000000 THAH0 LOO SN TNHD Zo0
Oo0voochl 000 A0000==—u>00n0
O 0000000 chrO00iOooOoOO &vis
OO0 6hs0 £o00000O00EFI D000
TDOOROoOooxRO00 & n-7-0000000»30d
WooOoeoOA»O0O Lz00&2500

Fod0ooodoo<ThksO00F0 0000 OOO D
oo<coUrts0 0000000 LZ0000c0950
DoO00#0 &35 b00 2 000 000000
OFns00000K&EA00ESNTWAD ODKKOO
T 000#00794A0000000000KEDH00 "
L0000 00000 00000000000 00OOo
000000 k2000000L500&EHTW
%20

hboOd0O00D0D0O0O0O0 OOoOO0OO0IIZxo
Modified Ashworth Scale (0 OMASE 9 %) 2300000
TOOENTWADMASIZOO 2000 TlEH D HD DI
Oo00O00 0000000 A00 TRV O-C0 O
OohshhTtwnwaOODodO THhA0000D0DO0O0D
Vry—%—7p0 0500000000 ®»#00LTHE
530 00000¢LCOxAZ&IZF00NHAEOD
SN TWAPD ZizO L CTardieu s 230 O L 7= Tardieu
Scalell Modified Tardieu Scale® (O OMTS& %) 230 MTS
BFOoOoooooio LTl oo#0xCcO00wooLn
O00#00000¢000000KKOJCOO0TESD:
HO0000CO00 00 SNTWAHD MTS? L 0Tx5%
720wW000 (@0OV3Ed %) cOnUOx0W OO
12 000 (catch)D 230 UAO00O ZR1E L TWAL
Zh00dooowess000000 2FE0 Yy v 7 A
OO sOOTHYOOOZOOTHEINTWAD £72
ITX 37 Fw-< Ve L0000 (OOVIET D) <O
OO0 L7000 %R2ELTWAD 200000
O0 290042003 5&SNTWNAH0 SHIZRZERL
o0 (R2-R1) #00 L0 0230 &FF0 00 %200
000000000000k A000000 @0
0200 &0 020 200 oonicks000
0000200 &Nsd&00LTWAD

MTSIZOOO0O0O09500=00M0720nH000 O
0000002000000 003N TWVS"0
L22LO00iCEWIMTSZ00 L2000 00ooono
00000000 -»200%0 0000000 -7
oo chvl OOsnd0O0THAOD OWCOO SO0
FToOOOO0AMTSICCOO LZO0OX0 000000 &

OO0 Z0NO00FIFEALOSELRWD LarLOD
O002MTsoOO03 5000000000000
TO045Z2&300000000ARO000%007%
OcCOO0ThsdrZ&iFOOICO<72WI Len->cOO i
sO00FCToiI00OIUO0OOE000onoox0
O0&o0020 bMc2iiil 0010 L0000 »0
0000000000 Tx5000 %850
zZT000TII o0»s0000000O000
OO0d LOMTsZ0 W< 00000 s000oooic
OCO00%0 570 SHIIMTSE000000000 O
00000 ¢smO0#000KKO0OLO0ODO0OO®OOO
00000000200 L7z0

U u

1. 000

000 ooo0ooooooooooooooicooo
goLcwas000000O0&00&NTCWWAOTO OO
0000000 (o0oO0oOoO0oOooO) &LEDOOOO
13560 (0 0 560)0 O027.3+ 15.60 (5.6061.10) T
Ho7-0 000018000 0O2400 180000320 Th-o
720 00000000 A7 A" (Gross Motor Function
Classification System0 O 0O GMFCSE 3 %) k5000
Oo00xo v»rggdsgo v~ v0o7oi vyoyrgg
1400 v-,r002500 L-rd070 Th-o720
O00oOvwoA0OO0IDI OOOOoOOOOMNnEhT
BhlUOODoUUUOOOoUOx0952¢00000%
A7A000THHO0O0000WOODDoO»nO 6nbd
il 0oooodoaxe<ioasooLcnsdzénn
Oo0,000o00M»00T&500 v rcOO0OOO
NTEALHZ I 0000MB6,0000000®O0
OO0 AYYXA00000200 SR TWenZesl
700000 EODOo0O0OO0OD O000000@oOM»a0
OcOoooooOoOo#9°000A00 ChHsrZ &0 OO
ZooO00Ooz»olo0oooox0>TwWsrZ 0 00
700000HH0 & L0

00000 0F00000000000@O00 H
SO00LZ0 0000 000FE~120000000 00
O00#07L70%#00 L0 2000 000000
Os00000%0000FFO000KOLTOOEDO
OcOowWl oowkod4s00000000%0770c00
200 L7=0

2. 0000000

000 iX00oOEMTSO 000000 IXGMECSIZT
00 %0 »70 0010 MTSEGMEMZO » 720 0 ToO
0&L/z0

1) MTSOO OO0



0000000000020 9 %Modified Tardieu Scalelc X 500000 ¢00000000000DO®»OO

MTS & Tardieu® (2 X VW OO0 SH700 00000
(Range of Motiond OOROM&EF %) 000 #0 xCOO
S0 MTSIZO 0000 (Velocity of Stretchd 00OV
ET5) 02526 TCO 200007 r—X2000
725500120000 ¥ 5 Quality of Muscle Reaction & 0
ROM2»500009 5007257450 00!EMTSOROM
#0O034A00%200 L7=0

MTSOROMO O X0 OV3liZCODOOOOO»600
OO0~022L0 0000000%200 LeOWO-000%
ODO0oOORID OVIIZCOOODODOOO2260000~
O2L7z0o0000@00R20 200 L7720 ROMO O
FOoOOoOoOOokoLcowl oo,a00 teasdood oo
#00O L7720 Zo00iF20 covwl 100o0oog =0
Wl $910300000#00 L0 0000000
L0000+ s00000»A00000&LO V3L
ViooOo<cOo300O0 Lo 3000 200 Lz0 £720
000 000020035790 0000 %=00
OL7201i00 L0 2BMTSOO000ED OO0OOO &

01

000 &00000000%0¢20080WZENnB00
O00#=00WKT52»0 000<co00oooon
90°00 & L7z (O 1)0

00000000420 x2500%0#4<3500¢&
LCoO»Zz00cCOWI O0OFOOO0 OO0EY 7y
AL7O00WO0095&5CL70 20000110 00
Oioo#0 x5 &o54#200 (QOOODOOODOO %
O00) owooo &L

ROMZOOOOOOOOO0 OO UAEYT—2 320
Ooiowl d0~oo0o0020000 05000 %200
OLLTOO0LAZDODOOO0%OL<T A0 0000
000 O0s0000icy—Ar%200 L7T00 LD £720
Oo0wiziooooooog (MINATOOO) #00 LD
1°00 000 %057 (0 2)0

o000 /ey bOD ELTODOOOOOKO
LcOoooo#0wWaMTSoOODODOOO 200 L7z0 7¢
BOOO@OOIZIX0 000000 Intraclass Correlation
Coefficients (D OICCE T %) #00 L7-0 000D 230

MTSDOO O

000K <CO000&00049°00&¥#00 1 0000000400350
OO0WERI (OOKO00)) O0ER2 (W-< VOO LmEE) THH0D 20000000 %00F 50

02 00O0OO0OO0OO0OO0OO (MINATOOIO)



00000 oOooOoooOo®»<A0 000000000

o L0 pooocodlLcszAlOOOOn
O IZR1TICC=0.98 (950 0 0 0O 0 0.9700.99)0 R2TTICC=
0.99 (9500 0000.9600.99) THHI DWOOOOO
0200 &hTnahI

2) GMFCSIZDI\T

00000000 GMECS#00 L0 000 %500 @
LyLiz00 L0 500 O Lb-~ubi0dic k> <00 o
0000204225000 0FEARL-WED L0000
004LIO<D L_A0000%0-C0<0 Lr0d0
00-0000%00L<CO<0 LAr0000%05
TO0000000@00000%00LTbOwd L3100
00000 <O0O0&h? Ths0 GMECSIFD 00 FT
120 $THOO000 Th-o7=230 00180 FTHOO D A
00 &h#0 #2C0018000 000120018
OfEco000L_ro00004%00&0LCO00LDO
000 L~_A#000F <00 L0 28000000
OmoO0 & L0

3) 0000

D000 25RI0 R2Z00 L7200 R2ERIOO TH D
R2-R1%#00 L7-0 &0 000000 %0 180000
LBOO0O0DKOFCOOTSE &0 OO0 GMFCS
toddiz»S\WCOO L0 k180 cO 70010 O
0000000 dxz0AsZ 50 200000
007500 Thsr7=00 7200000 T80 OO 3O
OLO0DHNTNDLTZHTHDHO

BOOOO 180000 OMTSOO O X0 Levene®d O
TOOO2A00 CTEZARIER2ZtO0O0 00D 200 T
Mo 72R2-R1EWelchoO O 200 L<C20 200 L7=0

00 &MTSOOOE0 F—4% 000 »0 0 2 Shapio-
WilkOO#0 WD 0020000 LTWAos=72H0
Spearman® 0 00000 200 L720 MTS & GMFCS®OO
D00 #0000¢& Lc00000%20WI 0OD0OOO0O
200 L7220 k00000005000 & L0 OO0
O O (ZVESPSS ver1920 0 L1720

U N

1) 0000 OMTS (O 1)
R1OO O 1-2.2+ 14.4°0 R20 O 1216.9+ 18.8°0 R2-R1
PO 01%19.1+ 11.9° T - 720

2) 180000 &180000MMTSOOD (O 1)
180000 ®R1oO O1%-0.5+ 16.4°0 R2HO O 128.5+
18.8°0 R2-R1»0 O 128.9+ 10.7°ThH-~7-0 180000 D
R1OO O 1F-3.5+ 12.79 R200 O 138.3+ 16.77 R2-R1D0
O1%11.8+ 6.0°Cdh~7=0 180000 &180 000 OMTS
00 L7000 RldpOd0.28 <O 0O 20 230 H 50>
720 R2{Zp0 0.000 R2-R1ixp00.00TH VD 00 70 20
oz (p00.01)0 723000 o0 (X0 R27T-20.2°0 R2-

RIT-17.1°TdH - 720

3) DO &MTSOOD (O30 04)

000000 LCWARWE®HD Spearman®0 0000
O0#00 L7000 EREp=0.40CcOO0ARO00 O DL
v 720 00 ER2iEp 0-0.58 (pd0.00) <OO OO0
A0 ®» 50 £7200 ER2-RliEp 0-0.80 (pO 0.00)
TOO70020 5070

75 .
o
507 .
o, S L0
o o
o0
25+ o,° @ %o °
o o
R2(°) L @ 0 o o8
o o o
o © ° o
07 ® o0 o ]
o
o
-251 Y
T T T T T
0 200 400 600 800

(R B (7 R)

03 000000 (00) ER20OO0DO

01 0000001800000 180000MOOMTSOO0

MTS (°)
R1 R2 R2-R1
0ooo (nO56) -2.2+ 14.4 16.9+ 18.8 19.1% 11.9
180000 (nO24) ~0.5+ 16.4 28.5+ 18.8" 28.9+ 10.7°"
180000 (nO32) -3.5% 12.7 8.3+ 16.7° 11.8+ 6.0°°

RIODOOOOOO0DR2O0000000 R2-RIODOZAOZWEEODOODOOOOONO WD

00 00®0000 &Y (p<0.01)



0000000000020 9 %Modified Tardieu Scalelc X 500000 ¢00000000000DO®»OO

60.07
[+]
50.07
o
o ©
40.07 ©
o
OO °
o
R2-R1(°) 30.07 o o
o o
o o 0
=)
20.07 o o g
o °° oo o °
) )
10.01 ® ° o Dzoo o °
8 o
8 o o
.0
I I I 1 T
0 200 400 600 800
FEH(AE) (7R

04 00D0O0OOO (OO) &ER2-RIOOOO

4) GMFCSEMTSOO O

000 oGMFCSL-yuvi3d v-~r00300 v»~yr00d
00 v~yr0Q0u400 v-yrgpg2s00 veyrgpQ70 ¢
o720

GMFCS &£ R10 R20 R2-R1®0O O 1Z0 GMFCS & R11Z0O
00D00p =0.28 (p=0.04) <O O A0 0 230 % & iL7=0
GMFCS&R21Z0 0000 p =0.36 (p=0.01)CO O 720 O
A0 & B0 GMFCS & R2-R11p=0.16 (p>0.05) TO O
720010 O bR h- 720

0 U

0000000000 oooooooooiico L
0000020000 0000000902 TMTSZO
WTOO0O0#00 L0 E6IMTSE0DD0DO0D0O00O0
to00d0#=00000 L7D

1. 00000 180000 &E18O0D0OMMTSO OO &

MTSOOO [TDULVT

D000 oMTSZ180000 180000 OO0
5 &0 RITIEODO 20 230 ®» 5430 R21%20.29 R2-R1
171000720 A0 670 Zo00E180000
ToOoooooooRA0<AsZ&x200 LTWAD F
7200 &MTSOO O TiE0 00 &R2TiEp 0 -0.580 R2-R1
TiEp 0-0.80&0 OO N0 B0 OO TRUZODO
ZROONRODOLN»-0 Zo00 X000 00IZ&
A00000000000000 O00O00O®OOT
HHZ ENR00 izl

Zo0->eoi0oo,»sl 0000000000000
OO0EDOOEEBc0000ooOR0o<RsZE105
N7 -7-0 0000000000003 50
Ashworth scaleZ0 0200 L7200k A00112k% &0

000200000000 Tl 000000 £721
O0Cchsrt00LTWAD £2005000 0000
O0#00 & L0030 OD0WCA51EX0000000
NOLnwZexO00LTHVIOOKES000%AEDD
0000000 R”H5ZL200LT0A0 0002
27250 0000000000@®00E0 0020020
044000010 LT00000bv0 00T
Db L0250

00TO00000 000EsNTIE00 Lies-7z0
Houk 5™ 00k s L0 00 x=2ic0$4s000 000
O o000 2000200 L0 00 o000 Tho
THRR0 400020010 F5E00LTC150 o
¥v0000010 00000000000 THDZE
ZOLTWAD L2 LODDCRITFA0000010 0-
20000 000004000 &0x200 ¢80
o0 000 &A00LTWAEEO0FLHW RN
SFE0W000001I0VITOOOweon $¥2bb00 0
000#004%52&TC0 0a002A00L0OYFFR
Ood0d00wa00==—r>400 &80 00000
O#00012A 220208300 LD 020075 % Tol
Oo0000roO0000#00TOLTWS™ EH 0250
roTooooooooORAO®dbLARNEND Z &30 0
0000000000000 00000002A0H5
nNpnz E»n0 xbhnbl

2. GMFCS&EMTSMO O

GMFCS &R1E o0 i%p =0.280 R2& o0 i%p =0.36 & 72
Vo OO20VwWO0D0020® 5170 000 GMFCS&
R2-RIOO OO A0 H o -7-0 Zo00 0 O
0000000 A00%45FE00000&000000
A0 20D ¥A002800745 00000 0000
O0NnN00952Z2¢%200 LTWAD Grahamb O O™
TIE0 0D000IRO000WKODPY Tv 7 ANRTERNI &
0 00000000k E->COOOO00000
00700127203 \n»We00 LTwal 720010
0000 CTHA000F00ELCOX0 0000 TR0
000#0L0000%%7259000&0x0 0000
ThrHe7A0I0000THLY LO0XTWAHD 200
OAO0RTCWA00001I000000%0 LTWaAD O
Oo00%#0Fx5¢0 000 CiX00RX000000
Oo004201 0 000%4000&LCO00&ETNAD
70000000 >v0000230< 250008
Ozbha0 £20VW400COO0O0A0ARWOOOOO0
OO 000D 00A0<K1 0000 CH»5000
A00LCOroO0A00LTkwIOODOD0O0ORA0L
A0 0000024000 ->%v00000 OO0
O TWbE0 x b5l

L22LO0000v0IIiEl 00mO0 04500 0
Lha0 0ziE006000™iIcksE0 0000000



00000 oOooOoooOo®»<A0 000000000

00 & L-00000000 TR0 000ETT F—F
Okvs0000MA0LWZEZ200 L0 00®OONRD
O00odO0ThsdE00LTWAHD £7-Botte 500 0
0oo=0000%001CLAZ00® 0 0000
A00DO0A00000O00IESARA%5E00LTW
A0 -¥0000000100D0O0ICE-TOE5E0
NTREBYWIOO0oOO &F0%8->TWAD LarLl 00 o
oooooRoO»s00Fco00nd chsriwl O
Jo=00000r00dl 000000 oooodag
000 &3042000 60 256150

SHIc00000E0 0020026001k 5ICoh0
TOOLTWwWaI OO L&L>ic00000E00000
oO0000#%#00<COLTEYD 0000000 T
200060 LTWAEHWVWZA0 SEVD0OO0MNS
I 000000000000+ 5000
HAOO0TH5Z N0 2650

00 TR2-R1 & GMFCSOO IZiZ0 0200 280 Hbh
o0 L2 LOS™F0 0000000000 ico
T500TIE000000002000 %% &R2-RI30
0450 200 kw0080 42500 LTHYD
0000 0O R0®LNEI 20000 0000
OwWwicksboddx 600000 TEOO A >GMFECS
L-L 0002800 TH520 00o00000%1800
On0 EHOCMECSL~rd L0 R0 £ TWAD O
0000000 m00 Tchidd GMFCSL~v0 &
O0#0A770000002A00 ThHdEO0xbN50 Lo
LOO®»O0O $GMFCSL-v0 23300 L~v0 n70
THOVD OO THDEIFWVZARWD 000 GMFCSLL
Zito000#0L72002800 026050 &HI
0000 TiIIDODO0#000009°00&LTE
WD 2000 CTHH000A00 L7=00ThH-o720 2D
Owsl ODO0oOoO~O00LTWs000 b0 25N 50

O0ooOo&OO

D000 T 00000 LTMTSZ00 L<TOO
000000000 0%20001c00 L720 LaaL7
Ao0000000R000AHDH72H0 00060
O0Fcollni0l0n0Ul«#0%x500000H,00
Thdl 2O k> CO0DPO0O&®LVWOOIKCTED
LORbND0

0 oogao

1) Barnes M. P.,Johnson G. R.(ed): Upper Motor Neurone

Syndrome and Spasticity. Clinical Management and
Neurophysiology (2nd edition). Cambrige Univ Press.
2008. pl-2, p214-217

2) Lance J. W. Symposium synopsis. In: Feldman R. G.,

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

Young R. R., Koella W. P., editor. Spasticity: disorder
of motor control. Year Book Medical Chicago. 1980,
p485-494

g bOoooooboog.
pld-15

Dietz V, Trippel M, Berger W: Reflex activity and

oo, ooog, 2008,

muscle tone during elbow movements in patients with
spastic paresis. Ann Neurol, 3000 767-779, 1991
Tardieu G, Sheutoub S, Delarue R :
technic for measurement of spasticity . Rev Neural 91:
143-144, 1954

o000, 00b0O, D000 0O0Modified Tardieu
ScaleO0O0O0O00ODOmOO O0O0OOOOODOOO
kA0 00000000. 00000, 33(2):
53-61, 2006

Haugh A. B.,Pandyan A. D., Johnson G. R., et al.: A
systematic review of the Tardieu Scale for the meas—
urement of spasticity. Disabil Rehabil, 28(15):899-907,
2006

Fosang A. L., Galea M. P., McCoy A. T., et al. :
Measures of muscle and joint performance in the lower
limb of children with cerebral palsy. Dev Med Child
Neurol, 45(10): 664-670, 2003

Alhusaini A. A., Dean C. M., Crosbie J., et al.

Evaluation of spasticity in children with cerebral palsy

Research on a

using Ashworth and Tardieu Scales compared with labo—
ratory measures. J Child Neurol, 25(10): 1242-7, 2010
00,0000, 0000 obboboooooooo
00000007 MoOOOIZ2VTO Modified
Tardieu ScalelZFFAR2-R1oO0000. DOO0OO0O
34 (Supplement) : 386, 2007

Palisano R., Rosenbaum P., Walter S.,et al.: Deve-
lopment and reliability of a system to classify gross
motor function in children with cerebral palsy. Dev Med
Child Neurol, 39(4): 214-23, 1997

Palisano R., Rosenbaum P., Bartlett D.,et al. : Content
validity of the expanded and revised Gross Motor
Function Classification System. Dev Med Child Neurol,
50(10): 744-750, 2008
ooooospsscOos000Fy—#00. 00, OO
oo, 2007, p4b-65

o000, 0o0O0o0O, bOobOobOoooooooono
00000 &00mOOO. U .00 420 564-572,
2005

oo0oo, 0000, O0OD0OO0 OOOOOOOKRE
Js0000000>wcOooowkks00. 00
00 530275-291, 1979

Houk J.C. : Participation of reflex mechanisms and re—

action—time processes in the compensatory adjustments



0000000000020 9 %Modified Tardieu Scalelc X 500000 ¢00000000000DO®»OO

to mechanical disturbances In:Cerebral Motor Control
in Man : Long Loop Mechanisms. Progress in Clinical
Neurophysiology, vol. 4 ed HL by JE Desmedt, Karger,
Basel, 1978, p193-215

17 0000, DObOoOooO0ooOoOOooOobOoboobooo
O0FXUOOOO. No To Shinkei 60 (12) : 1409-
1414, 2008

18) Graham H.K., Selber P. : Musculoskeletal aspects of
cerebral palsy. J Bone Joint Surg Br, 85(2): 157-199,
2003

199 00 O0O00OO0O0DOeooobOoobobo. ob, ogo,
1998, pl1-22

20000 0O,0000,000000000000®0
Oo000oo0icood00000. 00000
2000 347-354, 1993

21) Botte M. J., Nickel V. L., Akeson W. H.O Spasticity
and contracture. Physiologic aspects of formation. Clin
Orhop Relat Res 2330 7-18, 1988



