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Validity of the Sit-to-Stand test for the requirement of walking devices in
patients with spinal cord injury

Puttipong Poncumhak'®, Pattra Wattanapun®®, Jeamijit Sangsuwan®’, Sugalya Amatachaya*® * .

Abstract

The Sit-to-Stand (STS) test is a standard measure to evaluate lower extremity muscle strength and
balance control in several groups of patients. However, there was no report on the use of STS test in patients
with spinal cord injury (SCI). Thus this study aimed to investigate the validity of STS test compared to a standard
criterion to identify the requirement of walking devices in 50 patients with SCI. The results demonstrated that
subjects who walked without a walking device required significantly less time to complete STS test than those
who walked with a walking device (P < 0.001). The findings of STS also significantly correlated with levels
of walking ability of the subjects (r = -0.509, P < 0.001). Results of this study warrant validity of the STS

to identify the requirement of walking devices in patients with SCI.

Keywords: Spinal cord injury, Sit-to-stand test, Lower extremity muscle strength, Rehabilitation,

Walking devices

" Master Degree Student, School of Physical Therapy, Faculty of Associated Medical Sciences,

® Department of Physical Medicine and Rehabilitation, Faculty of Medicine,

® Faculty of Public Health, * School of Physical Therapy, Faculty of Associated Medical Sciences,

® Improvement of Physical Performance and Quality of Life (IPQ) Research Group, Khon Kaen University
* Corresponding author: (e-mail: samata@kku.ac.th)

340 M3ssmaiansunnduazmeniniine e U1 24 alluf 3 « Auguu-FuAL 2555



uni
M313z13U Functional Independent Measurement
Locomotor (FIML) subscales Wuinamintenlslums
nlnenszauanuansalumsiduyesfiheaidu
voludunas (spinal cord injury: SCI) laginauains
Usziiuszau 6 - 7 WunawinlSudassdumaidulums
wulaealaels (FIM, 6) wazlildgunsalgiey (FIM, 7)
seuznNegNies 50 was"™ Iag Jackson nazamz®
Nenuhwamsisziiin FIM $iodgiounnudinse
Tudaadonisavesfihouazsziuanudeinsmsse
113991n1yAAADY (burden of care)
= A < [ [ 1 L4
insanuhgihomaidulvdundasoybianysel
dlngfazannsandusnniduldonasy widihadiulng
dnannsaidulameluthu Wisseemadug navdeals
9Un3aldIu1ANINBINMIBBULIVBINA N IHBYILAL
AanNunnsedlumMInssdi? samsléglnialsredu
Ty enmliRananssnudedihoviarsedne 15
mddedldnasnuvazidugiyy wulddas imsiseu
FanwauzmsifuAnnfinersdinansznudensiamn
ANNUTINTIaZANNENYBIN AN IHBTA199® Tu
avdainmlfinamshanduilovesuvnnazrasdiu
(6) g 19/ CR a v A v o U
vu® wennnll malgUnsnigiefudaianuduiusiv
A . . @
M3ldonasgaNNEINTaN MY (functional decline)
Aan MInslsziiuniamedumMITzyssAuANN
annsalumaiu fansnsaldldhendluadiinuazgusy
g danuaaglumsHivduaiuanuansaves
Al A d' d‘ a 14 Gl a
iheuazaanaduitlesnioniiannmsliglnsaitiedu
1 4
Wunannue 1a
Csuka uag McCarty® Idhiauemsisziiulag
M3TUAIUMIQATUEN (sit to stand test: STS test)
TngnamsszifiufianuduiusAuanundauseandu
e anNaInIaluMsiuanuidn Mnssdn uay

1-11) A Vlyd ¥ o
NAIUN G]Nlill‘ll’]ﬂ'li‘]/lﬂﬁﬂﬂ

anuiTlumaiaaeuln’
STS Tl§lunsdsziinanuannsalagmmzany
ufaussveanduilonnazanuannsadummse
Tudihendudng 1wy fhefifianuunnsssdnms
39> Flhedumnanidn ™'Y uagdgeorg
Thgiuaazidadalinunsaumsld STS ludihoina

[~} o v v O =2 é’c& v =2 A
Fl]‘]Jvl,“l]ﬁu‘ViaQ MUY MIANEIUIADINITANEIANNING

vaamanaaey STS lusanaiasnaidulvdundanSeu

=) Y d a 14 c!
MUY INNMFUTLHUINATY (FIML scores) U9y aN
Ierzitulszlomilumssudumsls STS lumsnsiada
nspauazAnmuanuannavesdihemadulydunas
MNNAFHALSENBUHINE

Aag =
APMIFANE
1. gUuyynsdAnsuazerarasiag
MIVeuMIANBILUVAMAFAYING (cross-
sectional study) lumaadasinaidvlvdunauuyly
ﬁull“iiﬂ (incomplete spinal cord injury) ﬁﬁmqé’fuwi
18 aull 9mu 50 au Nansagnaneuldiodlaslals
= 1 a F4 ] E4 Y A
{9978 nazansaiulaiesedaisy 50 wnslaglise
Tiildqunsalgradu (FIM, scores = 6-7) fihonaidy
lodunaaniianuialnfivesszuunielaseaiianiee
ndiransznudeaNNaINIaluUMIgNINBULAZNIIAY
Id5umsdasananmsnTINmIANEI 13U IMINARY
YoalvdundeufuaNNAnafRvesaNes Iiaunse
Whlavsedfiidmumuuzihlummageusigg 1d uazi
A Aa 3 & '
21M351IAYBNVUKTONNAALIUUANNIVIIAIUG 5
é’ I kY L d' ] I'd o =y Yo
) dudu sraraiasncuinaEsimsaaaenlasums
uwseeniilu 2 nqumusziuaNNaINIaluMIIAUMN
d 4 1 L% d' a 4 1
\nausives FIM, Taun svaanasnannsadulaiedasna
Yoy 50 waslagliqunsaisroidu (FIM, 6) uazenan
L d‘ a F4 ] : 4 14 %4
anasnasaduldleseatioy 50 waslaglideals
ginsalgoan (FIM, 7) msanillarumssusenn
ANZNIINMINTITEIUNYBE v IMendeveuuny e
adamnneldsuilameiingismaideuazdesannuly
lugugenaoutnHINMTIVY
2. MIATIIAANTANBALYTAUANNAINITA
aatamaniinumMeiiunm 2 3 lag
Tuduusn svenadaslasumsdunualdoyaiiugiu a3
Usziiuanuinlnfvesssuvlseamdansuasssuy
YszamnIuanuianIiessyszauLazANNILTNTeIN3
Mauvedlvduvas uazanuiadnfious Nevdina
foMIINIINMIIY NAUluIuN 2 ;raaNAINEu
agiNsAaLaanlasuMslsziiuanNansalagls
m3tszidiy STS uudunanlumsgnIudu 5 a3a (five
times sit to stand test: FTSST) #a1lumsisziiiuniEu

J Med Tech Phy Ther e Vol.24 No.3 e September-December 2012 341



nnldoaaianiuumd liininusuluminasguves
MINAFOU NANABINIDIENANATUINAINTI HALINEY
nhegndiotoiin)szina 10 isuAiasudy deaglnn
fovagludnuazerszina 90 8am® Nanvuriesa
v o o d‘ 6’5 v o 2 v c!'

i (G 1 a) namuldeaaiasgnauliizings
nazlaeans 5 assdeioain laglumsgniugu e1a

U 1 BmanadeugnIudy . MisuduvesmMmadey

duasfealvideit dedaslnn warm@deansaneau
= o o'J d' ¥V a a' o/ 6’5 1 0 Q:I
WNAVANIN (gﬂw 1 %) @ﬂmumsmunmmummaq
“3N” uagnganalenaaiasnauTaluaianm

U A U =Y d' o a 4
HARBAWUAM (51N 1 @) MMIYseIY 3 FoUUAIM
Minay

.

Y. YQUZEU Y0197 FoaLINANAMAIRDTYANTINOUN AV A

A. MgAMeYaIMINAdo

MSUATISHRAM AN

maRnmniBiiensideyalasldlsunsu SPSS
version 17.0 1%'a§ﬁwa3mu1Lﬁﬂ@%ﬂﬁﬂé’ﬂymzﬁu@u
vosananAsuazHamsanyn 16a8@ independent
samples t-test 1Vo1Souifioudnpasiugunasnams
nadey FTSST ssvinnguermaiasiiulaelfuas
Til#gunsalthedu IFdnssansanduinsmuaies
UNU (Spearman rank correlation coefficient: ) Lﬁ"ﬂ
MAaNNENIUFIZHINNaMInadoU FTSST uagsgéiy
anuanInsalumIiiu (FIM, ) Tnoiwmunszivlivddy
madaan P < 0.05

HaMsANE

msad 1 LEME B AIZIUgINYBI NG AT
ufazngu (FIM, 6 uag 7) wuheaasiasa v
e Ingeranaiinsngy FIM 6 fianuguusveams

adufiutemu American Spinal Injury Association
(ASIA) Impairment Scale (AIS) 32U C uag D @
onendiasngu FIM, 7 faruaflaNNTHIYeININA
Bussdiu AIS D Meazidendnsaziugueu vesend
afasnanalilumang

gﬂﬁ 2 ugaananInadaey FTSST vev01dn
affasusiazngu Insoranainsngu FIM_ 6 1¥nanlums
nadey FTSST inanhenanailasngu FIM 7 aghaiiiiy

o o aa

dAYMeEna (17.26 + 5.99 Iinfidwsueaadasiu
ndu FIM_ 6 uag 11.46 % 4.34 Znfidmiuenanadiag
lungu FIM, 7; P < 0.001) laswamsnadey FTSST
S fussiuamuansalumsduiidvualag
FIM_ (gﬂﬁ 3) egnitlvdAgMNaaa (r = -0.509, P <

0.001)

349 MNIEANARANIUANGUaTMENNINTG o TN 24 aTTUN 3 o NugBU-TUIIAN 2555



MINN 1 ANBUSNUTIUYIENENAT

Sutls FIML 6 FIML 7
(25 au) (25 au)
0y (1) § 50.5 + 12.5 51.3 + 9.6
WA 318 /1N (An) 17/8 19/6
mm&;mimm?mz Non-traumatic/Traumatic (A4)" 14 /11 14/ 11
SLELNANEININAITY (Lﬁﬂu)§ 64.0 £ 97.2 50.8 £ 72.5
izé’]’mmu;uuﬁwmmimﬂrfm: AIS C/D (au)” 7/18 0/25
seaumstnadvlvdunas: Tetraparesis/Paraparesis (Al)" 6/19 11/ 14

§ wamsmamsanmdsannde + daudeuuumnagu (Mean £ SD)

AIS: American Spinal Injury Association (ASIA) impairment scale

FIML scores: Functional Independence Measures (FIM) locomotor scores

FIM scores = 6 ngfunanaiinseninsaiduldies ssosmegitios 50 waslasligasalsie

FIM scores = 7 viangfuoanadinsanansaiduldios szeznmeediation 50 wnslaoliligunsaisie

P<0.001

25
=
Z 2
<
% 15 i
2 17.26
@
=
g 5 11.46
=
-

0

FIM, 6 FIM, 7 NQUD NN

31 2 wamsszidiu FTSST lusnanasiasusiazngy

J Med Tech Phy Ther e Vol.24 No.3 e September-December 2012

343



30.00™]

25.00™]

20.007]

15.00™]

10.00™

MINAaoal FTSST (second)

O O CWO@ @O0 OWO OO0 O

5.00™

0.00™

p =-0.509 (P <0.001)

@)

OO0 O O 00 ©

Locomotor Functional Independent Measure

311 3 anuduniugved STS AusziuanuansalumIfiu

=\ d =<
sanazalransAne
= Aaw ¢ A = A
MIAnIUNTRQUszaadiaAnEIANNNEIYDY
Hamsnadey FTSST Tumsszyszauanuansaly
MsiauYeIIaa@iaTNlssiunnmsly FIM  nams
Anwmunoanaiasngs FIM, 6 I$nalummageu
FTSST :nAeanasiaIngy FIM 7 GRANYRLAHY
Maaad (P < 0.001) wagwannaasy FTSST Aanu
FuiusAUTEAUANNEINTA UM IIAUNMYIUA I FIM_
NN AYNEDA (r = -0.509, P < 0.001)
dg! A I a d'd o o 1
M3gnIuduiufanssunianudidgdondu
annsalumstremdeauesludiolszi W vz
YU dasngg veessumeiimsiadoulmededuiug
i uazdosioraeg Yaadedainaunanyy (torque)
Ainzan®) gaudannenunnammagey FTSST
HAaNuFuRUTAUANNLTINTIWRIN AN PV dINGY
. N S
(proximal muscles of the legs) #aiunauiianiaNu

10,22

daglumstunazmsau®® ueannil szeznanls

Tumsnagey STS dalianuduiusiuanuannsaly
msSuanuidn mmsei wazanuislumsiadeuln

Tagfnfianuansafazldnanlumsnageuiios ™"

ﬁswmu’jwqﬂﬂiiﬁ%wLﬁuﬁﬂ"lgtﬁmm%
ANNDANTeeveImEIndaiion HaZMIAIVANAT
N9 Fromil ielieranaiasiidulagldaunsal
Fredummsnageu FTSST laglilsiotie enandiias
FlFnmlummadey FTSST sanhormadiasngudl
wulagliléginsalsroifuegniitisdida (P < 0.001)
Tnsnammadey FTSST HAanuduiusuuvunnfuiy
sgduamuaansalumsiduludihenaidulodumaed
Myiualag FIM, PUNNNIAAYNWEDA (r = -0.509, P
<0.001) nanie manadasiiianuansadn (FIM,
7) aglsnanlumsnaden FTSST deounin lunmansatny
enariasinanuansatosnh (FIM, 6) lsnalu
minageunani eglsAmu anuduiusaanaiu
anuduiusssduthunan SemiAatuiiesnnavg
nnelszms ldun msdauianguszduanuansaly
MslAuvesaanasingls FIM, subscales Whuinou
mautanguiideudrammuilformaiasioglundu
gnfuianuvainvae 15U o1aa@iaslungy FIM_
6 WHOUAUDINTTAV LM UYUNYRINENTaMNLAN
gy Fadenaliforanaiasiianuuansesmemenunn

344 M3ssmaiansunnduazmeniniine e U1 24 alluf 3 « Auguu-FuAL 2555



gafuld Wirz uagamz® neaunfihe tetraparesis
ﬁﬁmmmmmﬂuszé’uLﬁmﬁ’ué'ﬂ'm paraparesis %3
mmu%auiwmﬂé’mLﬁammﬂﬂdw;ﬁﬂw paraparesis
wenIntl MenaiasiimenSanmwiny Brown’s sequard
syndrome ©19ilanuuansesveasemeduladmi
nnnhandunie ldvaznaden enandiaseinas
shminfindnlagmiiannnh (asymmetrical weight
bearing) Fedanasiomsmaden FTSST 140" wennnii
avemelusedeenndinadenanisannild gy
thiiadhnazanugaueseIaaiias Janssen nazams®
nenuhiihefighguazihmindunnazgniutuld
snanifiRetanhmindesnh faiu masdnmlu
puAnsImsANINANITisswesmasziiiu FTSST Tag
Finaehnaspuiiianuazideanntu 15y walking
index for spinal cord injury II (WISCI II) YieanuIn
lumsiduszeegmae 10 1mas (10-meter walk test:
10MWT) 1fudu

Taeialy manadeu STS asnsaviildmansgl
WUY 15U ﬂTiﬁ‘lJi(hU?luﬂ%\‘i‘U’eNﬂ1iQﬂ%u§u1ulﬂﬁiﬂQﬁ
1B 10 130 30 Junil Ferammadenuiidsiouay
NUMUYIAENLELD (muscle endurance)®® wagmsIv
nalumsgniubuiifisuasiaed i 1, 3 ve 5 a3
Fanammadeudsiondennuudausawesndaniie®
wennni mnageudannsaildlnslfuasliléie

19 Famsannilidenlsmanagouuuumdunanly

%28
Mgl 5 a33 laelildiiesrs esnniinenuinms
nagaunuv ool HanuduiusAUANNIIIN
oIndmiieg lnaipmzadlomdsan (r = 0.708)
(10) o \1 Y uc; 61 sﬁl a o 1 é’

dnsamlade nagionldluanuidose uennnil
HansNAdaUdINaNNFuRNusAUANNaIITalus
N335 BIANNUIINTWOINNN BV NAZANNANTD

o l

Tumsnssdniluiladoardgiilddihedecdsgdnsal
FIYLAU

fhagiin msszifivanuuinssvesndinile
NMIAATNNAMIAe1% manual muscle test 1oz
ANNUTINTVeIN AN IHB udazTansnfuluave

4 o as v X A
wou FanamsUsziivztIslinuadiniieniany
AaUnApgataaY 061915AMN MIUTLRUANNUTILT

vaanduienianundesiumaianliasuynia

J Med Tech Phy Ther e Vol.24 No.3 e September-December 2012

219903 1E1nanNY wennll HamsUsziRunlasien
ligeaadesnuszauanuasnsavediioliednnis
astsziiudamlunilanseususelilasunanszny
NNANNUNNIBIUMIAIVANMINTIN MIFVANNEN
AAMTMEINTD LaZMIMNUNINAUYDINAN DAY
nguveaihoudazan uennnil wanmalsziiunldd
Aouthadludnide (subjective examination) Ad1IA®
d” 1y o t4 o I v o a..(27) o t‘lw
uivszaumsainazaNNuBILIweIl sz v

~ ~ a o ~ A %
nisuisuranmassinldenmainmswasuu)asy
Usgiiuviseszesnal HamsUseiiy naznamsUsginu
v A E4 -d' EZAl A o % v ds’ :j \
Fasianuhiiegiiiediheimdiwesndmiilonaudinge
3 Aty

= c’!’ 1 A % CS' 4
HaMSANEI NI TUTUANNIN8IVDINTIEMT
Usziin FTSST lumsszyszauanuansalumsifu
Tngmnaaavainsamlaie lsnadu nazianullu
MydgNouNamINaasy’! faril MMBNLHMSUMINTID
Aansos/Aamuanuamnsavesfihonadulydunas
aenalsAmu 35mIUsziiu FTSST Ndeamslviaziiou
AANNLTTIvRINA NI INMInadeuaylilE
= 1 d! o 4 dgj Vo Al
Nty Feelvimsnaaeuiiannialsldnudihema
< o o A cgs{ A v 1 6’5 é’
Rulvdumdmansagnuuldeanniu uennnil wa
= = B )

MIANEILEINNANNINGININAaeU FTSST wimuu
msanu luemannglimnunanmmaasy FTSST 7
1 dwnasilumsszymsnasuulassziuanudanna
Tumsidu (cutoff scores) azgrelldvoyadidglums
Aamuanuannsavesdihelagldmalszidiunldqsu

anansINlsznA

M358 ldTuquatuayuannduisouas
ﬁ&ummmmmmmqmﬂuazqmmw%’im (IPQ) atue
MATANIUNNG AMINBIFeVOULAY NUATIUTYY
MIMINGMNUS SIUANUAUZATINAITIVYUVIBIA
nagnuatuayummITedmsutindnuiadiadnm
wminendoveundu Tnsnneduveamsanuniildsuns
aovsulihauelunulszgdsins The XIX World
Congress on Parkinson’s Disease and Related Disorders
o 1fieq Shanghai as13asgUszmmidy ssniatul
11-14 $unan w.a. 2554

345



19Nd1591994

1.

10.

346

Behrman AL, Harkema SJ. Locomotor training
after human spinal cord injury: a series of case
studies. Phys Ther 2000; 80: 688-700.

Dobkin B, Apple D, Barbeau H, Basso M, Be-
hrman A, Deforge D, et al. Weight-supported
treadmill vs over-ground training for walking
after acute incomplete SCI. Neurology 2006; 66:
484-93.

Jackson AB, Carnel CT, Ditunno JF, Read MS,
Boninger ML, Schmeler MR, et al. Outcome
measures for gait and ambulation in the spinal
cord injury population. J Spinal Cord Med 2008;
31: 487-99.

Subbarao JV. Walking after spinal cord injury.
Goal or wish? West J Med 1999; 154: 612-4.
Bateni H, Maki BE. Assistive devices for balance
and mobility: benefits, demands, and adverse
consequences. Arch Phys Med Rehabil 2005; 86:
134-45.

Koh ES, Williams AJ, Povlsen B. Upper-limb
pain in long-term poliomyelitis. QJM 2002; 95:
389-95.

Mahoney JE, Sager MA, Jalaluddin M. Use of
an ambulation assistive device predicts functional
decline associated with hospitalization. J Gerontol
A Biol Sci Med Sci 1999; 54: 83-8.

Csuka M, McCarty DJ. Simple method for meas-
urement of lower extremity muscle strength. Am
J Med 1985; 78: 77-81.

Whitney SL, Wrisley DM, Marchetti GF, Gee
MA, Redfern MS, Furman JM. Clinical meas-
urement of sit-to-stand performance in people
with balance disorders: validity of data for the
Five-Times-Sit-to-Stand Test. Phys Ther 2005;
85: 1034-45.

Eriksrud O, Bohannon RW. Relationship of knee
extension force to independence in sit-to-stand

performance in patients receiving acute rehabilita-

11.

12.

13.

14.

15.

16.

17.

18.

19.

tion. Phys Ther 2003; 83: 544-51.

Mong Y, Teo TW, Ng SS. 5-repetition sit-to-stand
test in subjects with chronic stroke: reliability
and validity. Arch Phys Med Rehabil 2010; 91:
407-13.

Lord SR, Murray SM, Chapman K, Munro B,
Tiedemann A. Sit-to-stand performance depends
on sensation, speed, balance, and psychological
status in addition to strength in older people. J
Gerontol A Biol Sci Med Sci 2002; 57: Mb39-
43.

Cheng PT, Liaw MY, Wong MK, Tang FT, Lee
MY, Lin PS. The sit-to-stand movement in stroke
patients and its correlation with falling. Arch Phys
Med Rehabil 1998; 79: 1043-6.

Bohannon RW. Alternatives for measuring knee
extension strength of the elderly at home. Clin
Rehabil 1998; 12: 434-40.

Newcomer KL, Krug HE, Mahowald ML. Validity
and reliability of the timed-stands test for patients
with rheumatoid arthritis and other chronic dis-
eases. J Rheumatol 1993; 20: 21-7.

Brunt D, Greenberg B, Wankadia S, Trimble MA,
Shechtman O. The effect of foot placement on sit
to stand in healthy young subjects and patients
with hemiplegia. Arch Phys Med Rehabil 2002;
83: 918-24.

Hughes MA, Schenkman ML. Chair rise strategy
in the functionally impaired elderly. J Rehabil Res
Dev 1996; 33: 409-12.

Schenkman M, Hughes MA, Samsa G, Studenski
S. The relative importance of strength and bal-
ance in chair rise by functionally impaired older
individuals. J Am Geriatr Soc 1996; 44: 1441-6.
Alexander NB, Schultz AB, Warwick DN. Rising
from a chair: effects of age and functional ability
on performance biomechanics. J Gerontol 1991;
46: M91-8.

’Jﬁ'iﬁﬂ’iLY]ﬂﬁﬂﬂﬂiLLWY]iTLLaxﬂ’WElﬂ’\Wﬂ’\‘]j@ o U1 24 aTfUT 3 o NULBU-FUINAN 2555



20.

21.

22.

23.

J Med Tech Phy Ther e Vol.24 No.3 e September-December 2012

Khemlani MM, Carr JH, Crosbie WJ. Muscle
synergies and joint linkages in sit-to-stand under
two initial foot positions. Clin Biomech (Bristol,
Avon) 1999; 14: 236-46.

Bahrami F, Riener R, Jabedar-Maralani P, Schmidt
G. Biomechanical analysis of sit-to-stand transfer
in healthy and paraplegic subjects. Clin Biomech
(Bristol, Avon) 2000; 15: 123-33.

Kim CM, Eng JJ, Whittaker MW. Level walking
and ambulatory capacity in persons with incom-
plete spinal cord injury: relationship with muscle
strength. Spinal Cord 2004; 42: 156-62.

Melis EH, Torres-Moreno R, Barbeau H, Lemaire
ED. Analysis of assisted-gait characteristics in

persons with incomplete spinal cord injury. Spinal

24.

25.

26.

27.

Cord 1999; 37: 430-9.

Wirz M, van Hedel HJ, Rupp R, Curt A, Dietz V.
Muscle force and gait performance: relationships
after spinal cord injury. Arch Phys Med Rehabil
2006; 87: 1218-22.

Janssen WG, Bussmann HB, Stam HJ. Determi-
nants of the sit-to-stand movement: a review. Phys
Ther 2002; 82: 866-79.

Jones CJ, Rikli RE, Beam WC. A 30-s chair-
stand test as a measure of lower body strength
in community-residing older adults. Res Q Exerc
Sport 1999; 70: 113-9.

van der Ploeg RJ, Oosterhuis HJ, Reuvekamp J.
Measuring muscle strength. J Neurol 1984; 231:
200-3.

347



