3

%
y f fo o
' . \ - \ N
. * Na'aonal Library of Canada’ DR 'Brblkﬂhégue nationale au Canada v Vol s
- Collectrons Development Branch fDlrectlon du deveIOppen/\ent des collectrons N
_Canadien Theseson - ,_._,'- ;Servroe des théses canadrennes — o o | L
N‘lt:fofrche Servrce Lo sur microfrche e : e : - B
‘ « Ottawa, Canada T R ' _— T o 3
. 'K1A ON4- el e ~ i
NOTICE « R AVIS

The quallty of thrs mrcroflche s heavrly dependent
 upon’ the quallty of the: orlgmal thesrs submrtted for. .
‘microfilming: Every. effort has
. the hlghest quahty of- reproductlon possrbie

. i pages are’ mlssmg, contact the umversny wﬁlch»'lif
_"granted the degree L :

Some pages may “have mdrstmct prmt especrally :
if the ongmal pages were._typed wrth a poor typewnter e
:;,rrbbon om the_unlversrt sen g_‘us a pdor photocopy, )

iy

Prevuously copyrrghted materrals' (journal amc|es -
~.-‘,publlshed tests etc.) are not fllmed S

A : e
. Lt e
’ Y . T P FOE

-t

erned by the-' Canadlan Copynght Act R. SC. 11970v

L CGO ‘Please réad” “the. authorrzatlon forms whlch
: accompany thls thesns R

‘.“

IR .
- B

THIS DISSERTATION

. La qualrté_: de' cette mucrofrche depend grandement de‘

een. made to_ensure

S “qualrte A ;‘;

H’Ar% BEEN MICROFILMED i

é_} de la thése soumrse au mrcrofllmage Nous' '

‘ S'll manque des pages \/eulllez commumquer,
’-aveciumversuté qui a‘cohferé le grade :

l:a quaht _«d-rmpresstorr de«eertames pages peut -
jlarsser & désirer, _surtout si, les “pages. ongmales ont été"
»“dactylographlees a: I'aide’ d"un- riban’usé ou-si-l'univer- -
sité nous. a fart parvemr une photocopte de mauvalse_’.-.';

r»’ -

Les documents qur font deja Iobjet dun drort
dauteur {articles' de.- revue examens pubhes etc) ne_

- esont pas mrcrofrlmes

La reproductron méme partrelle de ce mlcrofllmﬂ,’
est soumise 312’ L.oi. canadrenne sur le; drort d'auteur, -
§RC 1970, &.C30. Veuillez prendte’ connaissance des:.
formules d autorlsatlon qur accompagnent cette thése '

"MICROFILMEE TELLE. ou"E
.‘.‘NOUS 5 Ades RECUE




: Natlonal lerary f‘:.",-’_'Blbllotheque natlonale :

of Canade PRSI - [V aeada LT : .
Canadlan Theses Division - Dwnsuon des. theses canaqnennes SR N S e S
PERMISSION TO MIOHOFII.M — AUTORlsATIONDE MICROFILMER
: K Pleese pnnt oF type—'-Ecnre en lettres moulées ou dactylograther SR l' '_' e o '» T \ : . )
kg . i ) e e s X v
- Full Name of Author—Nom complet de I'auteur RS N e
Dm\ua 'PA’HZ*CK szwas ’; R T
' :Date of Birth — Béte de nerssance ' o \ . Country of Bmh — Lleu de nelssance :
kaumzv 13, l95’L ST U 3 ,a, | -

K Umversuty — Umversrté

-Permanent Addressg-— Résidence ﬁxe R ‘ - N

139 Nortn Hsmlme R Sl erE
s»r 'Rau( M‘V\Mfe’ra CL D e

Os.a:’ eg08 T
ITutIe of Thesus-—-Tltre de la thése ,, T“E‘ B e — . i
ANM\’S (s Of ,\ COMPeT»nue wm?a,cumrc S‘reoze

Ulwvezsur\/ 0F At/f%\c‘!m

i

’ 'Degree for whnch thesis was presented ~— Grade’ pour |equel ceTte these fut présentee

s,

NS Wy

MAsTEY ofF science oo

“¥ear this degree conferred — Année d obtentuon de ce grade o Neme of Supemsor - Nom du dlrecteur de. these

i (98’5 N ‘De %wzr D. STEPOWARD

&
. : L P “ L . ._\‘.”... . '

Permlsslon is- hereby granted to. the NATIONAL LlBBARY OF. _‘- -L autorlsatuon est, par |a. présents, accordée ala BIBLIOTHE
..CANADA to mvcroﬁlm this thesis and to lend or selt coples of *~ QUE NATIONALE DU CANADA de microfilmer: cett/e these etde y
- the film. . P , ‘ . AR préter ou: de vendre des exemplaires du fiim. ,

. 'The author reserves other pubhcatlon rrghts, and neither ‘the . L'a uteur se réserve les autres. droits de pubhcatr n; ni la these
‘thesis nor extensive extracts from it may be printed or other- <7 i de longs extraits de celle—ca ne doivent #dtra imprimés ou.
.-wise reproduced wuhout the author s wntten permlssion , g autrement reproduus sans I eutoneatlon écrite e I auteur
RPN S ~ SRR S e . ' :

Date " N bM 8 Signeture.. —




| fj;v;qj:7? A THESIS

Ns,

ZO.‘ o

| OF MASTER DF SCIENCE

Demmem oF PHYSICAL EDUCATION, ¢

EDMONTDN ALBERTA L
SPRING 1983 ?rfi,“f3 '

‘\..,



0 NAuE.os AUTHOR = DANIEL PATRICK BYRNES | o
'V;;,rITLE oF T#ESIS : ANALYSIS OF THE" COMPETITIVE WHEELCHAIR

| .gibEGREE Foé WHICH THESTS, WAS ﬁREssNTgD MASTER or
”?f-_&YEAR TH1§ DEGREE GRANTED SPRING, 1983 |

| T L L

'r\. R

**ﬁ-w}jégfx_STROKE

'Ail\ S J Permwss1on 1s hereby granted t fi:f;;fji‘RSITY o

The author reierves other p v

ne1ther the thes1s r extens1ve extracts fr' I1t may

V - ‘x

' be pr1nted or otherw1se reproduced w1thout the author s

SIGNED) _ L AT
, PERMANENT ADDRESS .

wr1tten perm1ssxon

'* P 3L /*br‘rk H@W\W

-------------------------------

J. . . e-w e s %8 e7E' B & 5,858 s = 2le s s s B e.wm e s 0 o8 e




f'fdegree of MASTER OF SCIENCE

THE UNrﬂERSITY OF'ALBERTA
FACULTY OF GRADUATE $TUDIES AND RESEARCH

S e et et e
e ;»»‘,‘»:; =)

oﬂ;' oy

The unders1gned cert1fy tﬁﬁ% they have read. and

;N~recommend fo the Faculty of Gﬂaduate Stud1es and Research
':Af0r acceptance a thes1s ent1i1ed ANALYSIS OF THE
'CompéfiTIve wHEELCHAIR STROKE subm1tted by DANIEL PATRICK

BYRNES 1n part1a1 fulfxlment of the requlrements for H39




. DEDICATION

" Marjorie Elaine Byrnes -+

[ —_— o e = JUR e e,
[R— e L -

. ca s
Rl B D

e T




f -
- ~
. . i o

E ,j“ The maJor purpose of th1s study was to exam1ne the ;
HT_ wheelcha1r strok1ng patterns of e11te physmcally d1sab1ed
athletes 1n a compet1t1Ve rac1ng event As a result of th1s
1nvest1gat1on a bas1c descr1pt1on O;.thTS means of |
locomot1on was presented Tempora] spat1a] and
electromyograph1ca] informatlon was gathered by

'.

synchron1z1ng the 16 mm mOV1e f1]m w1th a. two channe]

\

3h4, electromyograph system | \‘

Ten exper1enced -male thletes with permanent ]ower.f
extrem1ty dwsab111t1es were\ut1l1zed as suhjects Each~ |
1 .subJect prOpelled h1s own compet1tive wheelcha1r at a speed
Judged to be equxya]ent to that used 1n a 1500 meter race,
'} wh11e s1tuated«0n a wheelcha1r ergometen Durvng the
h performance of the act1vity, the subJect’s Tateral (r1ght)
aspect was f1lmed s1mu1taneous1y w1th the electromyogram as

prOJected on the osc111oscope screen, Thws resulted in a

s1ngle permanent record of the movement and the EMG

"act1v1ty for later analys1s The record conta1ned three :¢~a¥cf

rtr1als_for each of the‘electrode placements;resu1t1ng in _' 
Tthirty trials per muscle. e |

\ In1t1a11y, the fﬂm recorc> was v1sua11y analy;ed for o
phaswc d1v1s1on of the stroK1ng cyc]e The total cycle alongw'

L with two pr1mary phases were\Tdent\f1ed the drive- phase and
. the recovery phase Also, spec1f1c events to estab11sh '

boundar1es for the above phases were 1dent1f1ed name]y

o

*



N

hand contact and hand release

. -

The f1lm was also nom1nally analyzbd for the occurance ;1"‘W

. N
T of J§7nt excurs1ons put forward dn’ a‘ K1nes1olog1cal model

'?5fpr1or to the study Excursxons at the shoulder, elbow and

.l;fswr1st were\assessed temporar1ly and'sgatlally The

'r‘fexcurs1ons no&ed as necessary for waelcha1r propu151on weref
.found to occur These excuribons were shoulder elevat1on and -
?depress1on shoulder flex1on and extens1on elbow flex10n
_:and extens1on ,wr1st ﬁlex1on/ulnar de1atlon and
extens1on/rad1al dev1at1on Excurs1on§ were generally found ,
to be short;r in durat1on (sec) dur1ng the dr1ve phase as
' compared to\excurs1ons dur1ng the recovery phase .‘ 'i ‘
The,f1lm record was’ examlned for electr1cal act1v1ty of.
‘ten muscles 1dent1f1ed as necessary for wheelchalr | -
'-propuls1on Electr1cal act1v1ty‘was class1f1ed ‘as act1ve or'li
non-active ahd for cons1stency of occurance based on
cr1ter1a establ1shed by the . 1nvestlgator EMG act1v1ty wad ‘
then 1ntegrated w1th the other parameters and analyzed
Electromyograph1cal 1nformat10n 1nd1cated/that the
greatest amount of electrlcal act1v1ty occurred dUrlng the
-:dr1ve phase The recovery period 1nvolved less act1ve and
‘more 1ncons1stent electr1cal activity. The electromyograms
:1nd1cated that the most active and most cons1stent muscles
durwng the dr1ve phase were the pectoral1s maJor, tr1ceps
brach11 and the flexor/extensor muscles of the wrwst The[

mos t act1ve and cons1stent muscle of the - recovery phase was

- the poster1or deltoid.

Vi L
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The understand}ng of movement pati/{ns involvédfi

. part1cu1ar sK111 ‘and how these movements can be made
v'f'eff1c1ent is of 1mportance to both the athlete and the ; |
'"foCOach For this reason, a large’ var1ety of sport1ng sk1lls “e
d;have been analyzed by both trad1twona1 and exper1menta]
'K1nes1olog1ca\ procedures K1nes1ologwca] exper1menta}, -ﬂ—y
| .analyses have offered the use. of electromyography (EMét:teee:
doseph 1960; BasmaJ1an, 1967 Broer: and Houtz,_1987' $0rf R
extens;Ve summar1es) It 1s general]y accepted that EMG
:analyses perm1t a more obJect1ve method of ver1fy1ng the o
vc0nclus1ons reached by traditional methods of analyses {i.e.
’"ffd1rect observatlon and/or palpat1on) Desp1te this w1de :
';1nterest in understand1ng human movement and the greater
use of'EMG 1n movement analybes, the” sK1lls of physuca11y
dlsabled 1nd1vbduals have st1mu]ated minimal attention ;{,.

(Guttman and Mebrad, 1973 Maes et al. 1975 Steadwapd
1978) . ;vej .
s . :

B

h.

B 5% W1th the recent 1mprovements made by wheelcha1r ﬁf

letes 1n both level of sK111'andeerformance efffc1ent

[

'”“-whee1cha1n propuls1on has become even more dec1s1ve 1n

. L

max1mwzjng performance Indeed as more athletvc .

"""""

bpportun1t1es unfo]d and 1arger gimbers of compet1tors

0 .

;part1c1pate. those athletes: and coaches whozdo noffd_¥h§

o

'w.an understand1ng of wheelcha1r propuls1on may neverorearlze

I. INTRODUCTION © . = oo el



J S
'"hm,the1r full athlet1c or coach1ng potent1a1
owever wheelcha1r athletes and coaches have had very
ﬁllttle nnfo mat1on on’ wh1ch to base trawnlng programs Those
. exerc1se programs that have been put forward (R1chardson and .
Shaver, 1982; Curt1s, 198TT Iack'spec1f1c1ty-of purpose and,\
- as a result %rov1de very 11tt1e in the way of mean1ngfu1
tra1n1ng programs This may be due 1n part te the 1nab111ty

'requ1rements of the part1cu1ar movement As a result

deta11ed and accurate 1nformat1on is needed from wh1ch
‘\

»

mean1ngfu1 tra1n1ng programs can be des1gned
Med1ca]1y, a greater understand1ng of the mechan1cs and
, .phys1ology of prope]11ng a whee]cha1r can a1d in prevent1on,
bh‘recogn1t1on diagnosis and proper treatment of athletic
1n3ur1es assoc1ated w1th th1s act1v1ty It haslbecome
_rhevident that medtcal problems have 1ncreased as a result of
c]ong term wheelcha1r use'(Curt1s, 1982) Athlet1c events
,such as road racing and track have been assoc1ated most
"'fgfrequently w1th whee]chair athlet1c 1n3ur1es (Curt1s, 1882).
’ ”%fCurt1s further notes that over seventy percent of the B
wheelbha1r ath]etes may have acqu1red some 1nJury requ1r1ng '
med1ca] attent1on since their 1n1tal part1c1pat1on Thus,
vthose 1nd1v1duats 1nvolved 1n the sports med1c1ne f)eld must L
'1ncrease the1r’awareness and know ledge of wheelcha1r
ath]etes and wheelcha1r sports act1v1t1es

"The small volume of 1nformat1on descr1b1ng the

'techn1que of wheelcha1r propulsIon has largely concerned the L

R .
I



 effects of wheelchatr desigh Hildebrandt et al. (1980) -

'exam1ned active propu1s1on of varwous wheelchatr models

Similarily, Shuman (197§) and Rudw1ck (1979) d1scussed the

: efftc1ency of wheeleha1r propuls1on based on constderat1ons

t"f1n wheelchatr componént selection and frame design. On a "

K1nes1olog1ca1 level, Spooner (1981) reported on the push1ng
technique of wheelchatr racers by out]1n1ng hgvd arm and
trunk pos1t10ns required for strok1ng

As far as this author~can ascerta1n,'on1y one’

"desoriptive study has been conducted on'the techniques

involved *in pushtng a wheelchair7'Steadward (1978)

1nvest1gated the class1f1cat1on system for wheelcha1r

' compet1tors by kinesiologically and electromyograph1cally

analyz1ng subJects perform1ng the whee]cha1r sprwnt As a

n\resu]t of the Steadward (1978). tn1t1a1-1ns1ght iRto

efficient wheelchair propulsion waslprovided.

It'is‘evjdeht from this discussion that there is a lack

of Objective tﬁ?ormation concerning the'ktnesiolgiéa]

ana1y51s of the compet1t1ve wheelchair stroke Indeed “there

}eX1sts 80 11tt‘e publ1shed 1nformatfon that 1n1t1a1

oy

1nvest1gat1ons must prov1de fundamental descr1pt1ve

Know]edge of th1s part1cular sports sk111 before su{itcient

information is ava1lable to’ 1n1t1ate experimenta} research
| It was the purpose ‘of th1s study to 1nvest1gate the

stroking pattern used by e11te phys1ca11y d1sabled athletes

' in prope111ng a wheelchatr Ain compet1t1ve rac1ng events A -

‘ bas1c descr1pt1on of th1s means of. locomotton is’ prov1ded



-

‘with emphas1s on the f0110w1ng ‘: -‘“:~ T

1. The d1v1s1on of the. strok1ng cycle 1nto component phasest'
A'wh1ch were of funct1ona1 s1gn1f1cance - o

2. The 1dent1f1cat1on of the Jo1nt excursions and their
s1gn1f1cance in the compet1t1ve wheelcha1r stroKe

3. The temporal relat1onsh1p of the component phases and/
 their s1gn1f1cance.1n the compet1t1ve wheelcha1r stroke.
4. The e]ectromyograph1ca] descr1pt1on of the muscular.'
‘patterns character1stlc of the compet1t1ve wheelcha1r stroke"
and the 1nterrelat1onsh1p of th1s pattern w1th the phas1c,

-

temporal and Jo1nt excurs1on sequences

A. Delimitations o I -

1. Propelling a cghpetitive wheelchair was.reStricted‘to the‘

 strokihg techniques used by thé-ﬁ‘_spbjé‘ct it competitve 1500

meter speeds. ' s ' ' |

2. Description was restricted to-the performance of ten
phys1ca11y d1sab1ed male subJects, prope111ng personal1zed

compet1t1ve wheelcha1rs on a wheelcha1r ergometer

3. Electromyograph1c descr1pt1on was* restr1cted to
exam1nat1on of ten muecle grbups of the r1ght upper
extremity and trunk; the muscles being exammned two at a

time and the EMG displayed.on a two channel oscilloscope.



B. Limitations” ',-..'."~ }-‘ 'fw‘ ) _
" The assumpt1on that the/;ﬁbjects chosen (1 .e. el1te
o xe‘
1nternatlonal athletes) would performvand dupltcate the most

p]
)

‘efficient stroke was assumed . - $§%, R

-

2. The art1f1c1al1ty of the research sett1ng un er which the -

" required movement was performed may have resulted in a

stroking pattern d1fferent.from that wh1ch m1ght occur’ in a

.
normal env1ornment

3. The accuracy of determtntﬁg the muscular pattern of

ract1v1ty was dependent upon the exam1ner s ab1l1ty to locate:v
Y

jpart1cular muscles and record and assess,accurately the

I -

‘.

electromyograms from these muscles ;'. v
4. The. accuracy of determ1n1ng the temporal sequence of the .
activity was dependent upon the ab1l1ty of the examwner to -

distinguish accurately,the_var1ous,stages of‘hand~r1m

contact .

C. Definition of Terms |
Wheelchair athlete: refers‘}o any 1nd1v1ddal with a ~

permanent phy51cal disability wh1ch proh1b1ts that person

from part1c1pat1ng 1n -able- bod1ed sport ‘and who chooses to':

utilize a. wheelcha1r for par11c1pat1on 1n sport1ng
. - Gy B ﬁ"

~ -act1v1t1es. '

- 1]

-Competiti&e wheelchair: refe‘%‘to thatfpiece of.equipment'

'used by wheelichair athletes as a means of locomotion in



by wheelchair athletes to propel his/her wheelchair in

‘ racing events. S ‘e S
v . . Ve

athWetic events. It ususally consists of mod1f1cations to
A

the standard whee]cha1r in accordance w1th the rules of the

clnternat1onal Stoke Mandev111e Games Federat1on (I S. M G F.)

s
a
£

#'

Compet it ive wheelchair stroke: refers to the technique used

N

—

3

Wheelihg: refers to progression in a wheelchair._ oy

Pushrim: refers to that part of the wheelcha1r upon wh1ch B Tﬁg

" the 1nd1v1dua1 applies: the force necessary for propuls1on

It 1s usually a circular metal tube attached to the wheels

~

il

Wheelchair ergometer: refers to an instrument used for tests

er studies of physical work capacttyyspecific to wheelchair

‘propulsion. It cbnsists cf a level set of rol]erszand a

mechan1ca1 brake, and is des1gned to accomodate an'-

1nd1v1dua1 s,personal wheelcha1r

{_

Paraplegia: refers to permane>t paratystS'of-the lower legs

and trunk, resulting in impaired function and sensation.

Post pollo refers to an acAte vius infection of the sp1na1
cord often fo]lowed by res1 ual para1y51$ of musctes

(flmction only).
o



, Camber refers to the angle of the wheels in relat1on to the “:17

- surface off the vert1ca] p]ane This mod1f1cat1on max1m1zesh'
y

control and hand41ng of the wheelcha1r' In compet1t1ve ' .

wheelcha1rs the camber is negat1ve or, the d1stance between;

"the wheels 1s wider at the bottom than at the top



11, REVIEW OF LITERATURE

Tvarl s T

A. Introduct1on‘ ﬁ YG; o \\;' | o
| “ In order to better Understand and study wheelcha1r
-propulSIOn Knowledge of electromyography and K1nes1olog1cal_
pr1nc1ples are requ1red Thus, the follow1ng review will ;'

- 1nclude the phys1olog1cal pr1nc1ples of electromyography,
EMG measurement systems and a K1nes1olog1cal cons1derat1on'

ﬁ :of wheelcha1r propuls1on As well, a br1ef summary

fd1scuss1on of descrlpt1ve<$%search and its Just1f1cat1on in __'

this sgudy 1sﬂ1ncluded.

B. Descﬁﬂpt1ve Research |
Descrlpt1ve research 1s concerned w1th determ1n1ng the
nature and degree of ex1st1ng cond1t1ons (Lehmann and
kMehrens, 1979) Although the descr1pt1ve approach may not’
'L_perm1t cause and effect statements. descr1pt1ve research
idoes prov1de 1nvest1gators w1th valuable 1nformat1on

Y
concern1ng the nature of phenomena and it also offers the

1nformat1dh necessary to formulate hypotheses which can b
:tested via exper1ments Indeed, employ1ng approaches suc
case stud1es, surveys, cross-sectional and long1tud1nal
studies may be essent1al before more str1ngent research

methods can be ut1l1zed {Weber andeamb, 1970) .

The body of Knowledge concern1ng wheelcha1r sports as a .

(3

'“.twmhggeﬂ remains quite’ small and inadequate.’ ﬁnowlegge ;_'




. concern1ng the understand1ng of the un1que sports skalls of
2

the wheelcha1r athlete is, lack1ng As a result 1n1t1al
research must be bas1c in nature $O as‘io prov1de ;n

‘ overv1ew of the :;ea Thus, a descr1pt1ve study of the
parameters characteristic of the- compet1t1ve wheelcha1r
whstrgke is the most log1cal approach,for understandlng these

phenomena .

o c. Electromyography "

Electromyography 1s'based on the phys1olog1cal

principles of contract1ng f“;cle These’ pr1nc1ples have been~-

well rev1ewed by many authors (Sharkey. 1975 Astrand and |
Rodahl, 1977; deVr1es, 1977; Guyton, 1977*-Fox 1979 Vander_
.} et al. 1980) Iherefore, no attempt w1ll be Emde Yo 8
dupl1cate the large body of knowleége in th1s area However;‘
a brief summary Qn those bas1c pr1nc1ples and l1m1tnng

phys1olog1cal factors 1s,of value

Basis of EMG o '. o o ;, | c

‘vThe basic,fUnctlonalmstructurehbfﬁmuscular contraction
is the motor unit. The motor unit consists .of a -sihgle a
motorneuron and those sKeletal muscle f1bers 1nnervated by
it (Lwdell and Sher1ngton, 1925)7 The number of muscle
iflbers per motor un1t-d1ffehs‘in:varlous muscles' As few as’

five f1bers per motor un1t ex1st in the rectus ocqu1 muscle

(Torre, 1953l. In cgntrast l1mb muscles such as the
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' fgaétrdcﬁemips. m;y poésess as-many as 190&.fiber$ bér hétoh‘
unif (Feinstein’et al., 1954). o | T
The electrical act1v1ty of muscular contraction is:
Abased on electrophys1olog1cal evidence that the sarcolemma
; acts as sem1permeable membrane (Vander et al., 1980). A
\;5T6c01ar'arfangement of soaium‘ﬁons on the outside and.
potassium ions on the inside .of fhe.membfahe resﬁdts in an
/ejectrical differenti§1 Knowh as the membrane potentiaTﬂ'An
electrical impulse transmitted via.the myoneuralfjunctﬁan fo
the muscle fiber causes the pehmeébi{jty'bf tﬁé membrane td
change. Asla result, sodiUm and péta;sium iqns are exchanged
and a.wavé of excitation passes afong the muscle fibér. The
vélecfrical activity accompanying‘thé exchangé of ions is
'Known as the act1on potential (AP). It is this bioe]ectrica]
act1v1ty which is mon1toreé and recorded in
Seleotromyography. | |
| It is-generélly accepted that action potentials are

absent in FeWaxed muscle (Piperd 1907;.Adrian and Bronk,
f929; Smith, 1934; C{émmenson,:1951);'Duping muscu]a}
lcontbactjon, each action pofentiéi refTecfs‘the firing of a
:sihé1e motor unit (Adrian ahd’qunK, 1929?. As the
. éontraction strengthens, the frequency of the discharge of
the 1nd1v1dual motor un1t ‘increases and’new motor units are
'neoru1ted..As a result, these act1on potentials are
distindu{shable from.earl1er potent1a1s in. frequency and

ampl1tude During moderate and strong contractions

: 1nd1v1dua1 acton potentials become 1nd1st1ngu1shab1e and the .



. eiectromyogram‘appears'as an interferencezpattern.

EMG L1mit1ng Factors

' A number of phy51olog1ca1 factors may contr1bute to the
mod1f1cat1on of the electromyogram Cons1derat1on of these
1nfluences and :he1r relevance is necessary to properly
evaluate the EMG record. | '

Factors such as muscular fat1que and temperature
‘(Gydrkov.and‘Kosaroy; 1973, 1974) f1ber size (Hakansson
1962), biologioaT aging (Sacco et al 1962) as weld as many
neuromuscu]ar disorders have a]l been shown to effect motor
un1t potent1a]s However, these 1nfluences appear to be more
relevant in h1gh1y comp]ex phasic activities 1nvolv1ng'
quantifed EMG studres._General investigations involving
“ healthy subjeCts_performing less compi%Cabed-activities
appear not to be:directly affected by these factors. Of more
1mportance 1n most EMG studwes is the cons1derat1on of
technical faotors such as: appropr1ate electrode selection
.t and the ut1]1zat1on of proper ampl1fy1ng, f11fer1ng and

recording systems (0! Connel] and Gardner, 1963)

[y

it

D. EMG Measurement Systems
'électrodes / 4 |

The/electrodes-used in eTecfromyography_arehhasica1Jyﬂ
of two,main'typés: surface (or skjn)‘e]ectrodes ano;jnserted};
(wire or:need1e) electrodes:(Basmajian; 1962L.gfhéu n

J
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Y |
advantages and disadyantages of'either type}haye‘been well
rev1ewed (0’ Connell and Gardne{ 1963; Grossman and. We1ner,‘
1966; ‘Basmajian, 1967; ‘Hall, 1970; Lahoda et al. 1974) It
is generally accepted that electrode select1on is based
pr1marlly on the spec1f1c nature of the 1nformat1on needed
(i.e. detailed vs. general*Knowledge).

Since:many kinesiological studies are.chiefly concerned
with the duratlon and amount of act1v1ty in muscle as a’
'whole, surface electrodes have been frequently used
{0’ Conne 11 and Gardner 1963) . They are conv1ent read1ly
~obtainable, easily applied and provnde minimal discomfort to
the;subject. Though surface electrodes provide only general
Alnformation this informatjon is quite useful and -
satlsfactory where s1multaneous, gross- type movements are -
"being studied (Brazier-et al., 1846; Hall, 1970) For ~
example, quiteisuccessful studies of the lower llmb dur1ng
bipedal locomotion have been'conductedtutiljzlng information
secured through surface”electrodes7lBasmajian, 1967) .

bespite”thehproven usefulness of‘surface‘electrodes. anr -

understanding of. their .limitations is needed to better -

eValuate the 1nformation they provlde-on the:electromyogram
It is generally accepted ‘that their appl1cat1on be l1m1ted
to superf1c1al muscles (0’ Connell an Gardner. 1963;
"Basmajian 1967; Hall, 1970) These authors fUrther,state
that surface electrodes ane not capable of maK1ng _
d1st1nct1ons based on depth and the poss1b1l1ty also ex1sts

that electr1cal act1v1ty may be picked up from more than oné
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muscle. -in addition, large muscles or groups of muscles;aréhffﬁﬁ‘

appropr1ate obJects of study F1nally, electr1cal s1gnals
may be d1m1n1shed and/or d1storted due to tlssue impedence

“or skin movement under the electrode As a. result care in

the proper selection of EMG apparatuses and the - locat ion of S

electrodess1s a necessary‘precautJon. \
fhe actual technique of surface electrode application N
. has. been well rev1ewed by o Connell and Gardner (1963)
-tProper disc d1ameter 1nter electrode distancge, sk1n
'preparat1on and the proper anchor1ng of_electrodes, as well
'as electrode placement ver1f1cat1on may 1nd1v1dually:or in
'combinatlon alter thelelectrical actiQity detected.
o~ Sl
sEMG Ampl1fy1ng Systems
The selection of EMG 1nstrumentat10n requires that 1t
contain a number of features to adequately record motor un1t}
| potent1als It is generally acknowledged that the apparatus
‘possess h1gh gain ampllf1cat1on,_frequenoy response
':'preference and ftltering~capabiljties_(Norris, 1963;
¢D’Connell and Gardner 1963;=Basmajian;'1957; Hall, 1970
tahode et al. ..1974) A varletyiof commercial‘ | -
Jelectromyographs are ava1lable that meet these requ1rements
',However, these 1nstruments are generally des1gned for

‘cl1n1cal stud1es and may be 1napproprlate for K1nes1ologlcal

research The maJor problem in K1nes1olog1cal stud1es is the

tak1ng of mult1ple measurements from a mov1ng subJect Th1s'f{7'

cond1tion presents add1t1onal requ1rements not typlcally

N,



avaitable.with‘CIintcal EMG instruments.

EMG Telemetry Systems ] |

A cr1t1cal e]ement of an EMG 1nstrument used for
‘_Akine31ologtcal 1nvesttgat1ons is 1ts telemetr1c capab1l1t1es:?
(Sprigings. et al. 1977) Measur1ngqphys1olog1cal phenomena'
'durtng a phy51cal act1v1ty requxres that lnterference of
norma] moVement patterns be kept to a m1n1mum As a result,
4the 1nformatton sought must be measured transm1tted
rece1ved and recorded at a distance. Vartous telemetr1c '
procedures have been ut111zed to meet this demano |

4 Kramer (1979), in his analys1s of backwards walktng,v

.rev1ewed various EMG telemetry systems, He assessed .the
,fadvantgges and d1sadvantages of three of the most common
techniques: radiotelemetry systems; portable recording?
systems'and' trailing wirejsystems Thus, only a brief.
-summary. .of these systems will be referenced beabu —

Rad1otelemetry involves the use of rad1ant, electr1ca1
energy to transmlt 1nformatton over a d1stance A
transm1ttor (attached to the subject) and a separate
'recelver are§used to mon1tor EMG act1v1ty Apparently.
'dwfftculty of equ1pment arrangement and antenna pos1t1on1ng,v
comprom1ses in swgnal ftdeltty, frequency of. basel1ne drtft
*and phy51cal 1mpedence problems posed by transm1tfor s1ze '
ralse questions regarding the: eff1b1ency of. tW/s method
(Spr1g1ngs. et al '_1977, Kramer,'1979)t '
u&é.

o

- S . _/‘.':‘ ’
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Portable recordingdSystems~inVOlve sma11 ﬁ1ghtwexght

tape recorders that mon1tor EMG act1v1ty by taping. FM:

.s1gnals for 1ater translat1on and“d1sp1ay The. pr1mary

0

concern w1th this system appears to be 1ts compatab1]1ty

,.w1th synchron1zed c1nematography (Kramer, 197§7’ The maJor ”

sychron1z1ng techn1que w1th th1s system is. the ut111zat1on .

" of a 11ght source on the subject or in the background to

d”mark both the recordtng tape-and f1lc\:;:h regard to thé

. beg1nn1ng and end1ng of the act1v1ty

).

phys1ca] 1nf1uence of the equ1pment .and dependancy upon ‘

’usefulness of "this system e .;, . S

*

Sy qUest1ons of e

The tra111ng wire method, which_employs yarious 1engths:

’ . PO Y

"of cable connecting the subject to'the appératus,]has been

ﬁ_the mos t frequently used. The:major limitatibn'has been the'

moving subJect As a result, the range of movement ts

FO

7relat1ve]y short lengths of -electrode cable«ava11ab1e to the B

;f,camera v1suafﬁzat1on of the 11ght source appear to 11m1t the E

: s1gn1f1cantly restr1cted To sotve this problem 5pr1g1ngs .

et al. (1977) dGSIQned a system that ut1ltz\d 11ghtwe1ght

lvcont1nuous. 1ndependent and d1screte outputs ‘that: resu]ted

f,1n high f1de11ty transm1ss1ons The system has been

flexible cable (up to 30 meters in lehgth) anq offered

. .v,p.’

'.successfully used by severa] 1nvest1gators in var1ous e

‘ana]yses of~human act1v1t1es (Spr1g1ngs, 1975 Steadward,

:‘4978, Kramer. 1979) Append1x A offers more techn1ca1

‘a“c-

1nfqmmat40n on this’ system»f,-ﬂi""

-, : . - ~ .
*-_0'1‘-10 Co . 5. ... W -

. N
e [,




,_11tt1e value (0 Conne]] 1968).. Without correlation it is

16

'EMG Synchronization Systems - - - - IR

Unless EMG recordings are objectively cohrelatéd with

the course of the movement being per formed, they are of

Wvirtually 1mposs1b1e to determ1ne at wh1ch po1nt dur1ng the

movement each muscle begins or ends 1ts act1v1ty ‘Thus, to

~ maximize EMG information, a cinematograph1c:record is

£
.

result, var1ous t1me 1ags ex1sted between the actual™ ™~

~eliminate these‘d1fferences, several - 1nvest1gator5'”“'

| 1968; Steadward, 1978; Kramer, 1979).

typically ‘synchronized with the electromyogram in

K1nes1olog1ca] studies. ? <

’ ~ Ty

-~

Var1ous cine- EMG synchron1zat1on techn1ques have been

-ut111zed\ These range from s1ngle flash photographs (doseph
'1968) to the more commdh method of employlng h1gh speed

cameras. The latter techn1que ‘utilizes: 16 mm cameras and

'Some;form of electron1c dev1ce to mark the EMG record w1th

regard to. the -onset and conclus1on of the movement (Hermann,

1952 Suther]and 196&ﬂw0‘Conne]1;v1968 Leggett and.

Waterland, '1973; Marhold, 1973; Vorro and Hobart, f i973). tn

the above stddies; the -marking Of'the_EMG'reoord was

performed by either the investigator-or the”suijQt As a

2B e W )

A

e A e ......&

?.occuﬁance of" electr1eal act1u1ty,and‘th€ odrrespond1ng

RV,

-‘f1}med movement In add1t1on ‘sUch methods often resu]ted 1n

'71arge quant1t1es of-seperate data- records ~In. an effort to

super1mposed the EMG>recond~direct1y onto the ftlm by means

of miprors, pbtsms of split 1ensesﬁt5uther1and; 1966; F]int,

=
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The method ut1l1z1ng a sp11t f1e1d 1ens f1lter appears
to be the most effi¢ient and econom1ca1 system to date By
attach1ng ‘the spec1a1 lens to the ex1st1ng 1ens,
s1multaneous focus1ng on ‘the the EMG d1splay and the subJect
is'posslble.,Th1s provtdes.a s1ngle, synchron1zed record of'

. EMG activity.and theﬁhequirédﬁmbvement.

! T
. 4 X
s

E. wheelchair Pnopu].ston

As;indtcated eartier there has been a dearth of
tnfdhmation reganding phope111ng a whee1cha1r ' One approach
to this problem is the 1dent1f1cat1on and understand1ng of
similar forms of human locomot1on The many mob11e parts,«f" .
the s1mu1taneous actions of many Jownts, the'constantly |
chang1ng magn1tude and d1rect1on of forces in each segment
and ‘the var1ous mechan1ca1 faetors 1nvo]ved “in prope111ng a
wheelcha1r, give it.a complex1ty that is s1m11ar to human
. b1pedai 1ocomotlen Thus, a rev1em;of the var1ous parametens ) *j

2% - 4

used to conceptua11ze b1peda1 locomot1on and the1r retevance

. e @ > e PR

to wheelchair pr0pu1S1on i$ benefﬁc1a1 o ~-"“-”‘~ft~ - e
- In d1scuss1ng locomog1on, def1n1t1ve terms arise to
prov1de a. better. understand1ng of the act1v1ty For examp]e,’>' :
in human 1ocomot1on descr1pt1ve terms are used to descr1bev

various sty]es (i.e. ataxic ga1t) and to defrne var1ous

components (i.e. sw1ng phase) Desériptjve tecms regardﬁng

N

wheelchair propuls1on, tgbugh m1n1maJ Have recently been ~. L. -

put,forward;'__.l-‘v
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Steadward. (1378, 1979) examinated.the wheelohair soriht
and divided wheelchair propusion into two separate phases:
the push or dfive phase; and the recovery phase Steadﬁérd
def1ned the driving phase as that perlod dur1ng which the
hands are 1n contact with- the t\res or push-rims of the
wheelcha1r The recovery phase cons1sted of that per1od
during wh1ch the hands are not in contact w1th the wheels or-
push-rims. .

_ Spooner (1981), in describing the technioél
characteristice of wheelchair racing, also oivided the
stroking'cycle into twohbasic components. Spooner termed the

. phase of force abplication as‘the "push phase” and the
péribd absent of these forces as theftdead phaee" or'
recuberatibn phase. ’

Descriptions relattng‘to the temporal and spatial
oharacteristics of.thejaboye phases”have hotibeen reported~

o date. Simidarily; %é'ta“ i¥ed division of ‘the phasic
’bcomponents has yet to be 1nvest1gated Furthermore."

v»termxnology descrrb1ng varrous ttroktng styles (j.e. stroke'

e h

VS « adenqe and length) has yet to be reported in the

'tﬂHZT1terature

Kinesiological Requiremehts
As with, most locomotioh propelling one's self in a

whee]chaar appears to be a ref]ex action. The reflexes

contro] not onry the movement of the upper extrem1T*es but

P oy %

}also the stab1]1zat1on of the trunk and head. Thus, smooth,

F P

T
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coord1nated”thEment reqU1Jes properly funct1on1ng reflexes,
normal flé;;b111ty .of the Jo1nts and opt1mum stability of.
the bOdy as a who]e dur1ng the var1ous phases of the
act1y1ty (Wells ad! Luttgens,. 1976) .

'r\Empal whee Ichair propuls1on is accompished by the
simul taneous, repet1t1ve action of the two upper
extremities. It is an example of translatory mot1on of the
‘ body as a who]e brought about by means of the angu]ar mot1on
of some of‘ﬁts parts which act on a vehicle, name]y “the
wheelchajyr. The upper extremities undergo two phases. the
driving'S;ase and the recovery phase. - |
Mechanical Cohsiderations
| Propelling a wheelchair can best-be classified as
movement that requires giving impetus to an,external object.
Various mechanical principles regarding this‘categorization
and their application to wheeling have been identified by
the investigator and others (Steadward, 1979; Spooner, 1981).
;and'are‘listed be low: o

1. As 1n all mot1on the initial mechanical prob]em ig to

-onercome 1nert1a of the body and the whee]cha1r as a whole.

Since wheelchair propulsion is produced by the repet1t1ve

wﬂangular mot1on of the upper extrem1t1es, any 1nterrupt1on in

the continued motion of the upper extremities must be-
minimized so that overcoming inertia is not necess1tated
with every stroke.

2. The forces produced by the upper exremities are

LLoe



- .arm movements by assisting in stab11121ng—the trunk and

o ot S

.. downwardly diagonal and theneforeyoonsist of_two‘oomponentsr“‘.'

horizontel andby%rtical. Both oomponents”serve to’prodUée“’
forward MOtion during the driving phase. | v
3. The speed of moving in a Wheelchair is directly reiated
to the magnitude and the veloCity of the pushing force,,_ts
frequency and to the direction of its action This force is
provided primarily by the muscles of the shoulder ‘elbow and
- wrist joints.
4. The economy and efficiency of wheeling is related to the
timing of the upoer extremities. In competitive whee}ing{
the most efficient movement appears to be that which permits
circqlar-tyoe motion of the upper extremities.
5: Since-motion is imparted to the trunk by the forward
throst of the arms, the trunk has a'tendancy to move
backward. A brief restraining action of,the}trunk.muscies
élong wi th proper wheelchair designiserves to check the
momentum of tne trunk. |

Generally speaking then, the major considerations of
the mechanics of wheelchair propulsion are the minimization
of resistance and'the maximization'of advantageous force

application.

Anatomical Considerations
The action taking place in the JOints of the upper
extremities consists essentially of fleXion and extensionf'#“'

(Steadward, 1978) The shou]der girdle cooperates W1th the

>

e e e DA

PN



‘the various act1ons of the humerus _feff'l“-*” .'t"'29?1-7~ht,0;4
D The anatom1ca1 requ1rements for compet1t1ve whee11ng
are d1sp1ayed in Table I The muscles ltsted 1n the table .
are. cons1debed to be the pr1mary movers of the COrrespondtng
fact1on and are aisp cons1dered to be ava1]able fos surface
e]ectromyography In addttwon the 1dent1f1ed musc1es are: .
considered to be normally funct10n1ng in 1nd1v1duals w1th ?#éﬁ

o

paraplegla, po]1o or. lower extrem1ty amputat1ons .Fﬁt., tﬁ"'

In conc]Usvon 11ttTe research efFﬂ

As a result 1n1t1a1 research should prov1de a. bas1c

Know]edge of the parameters that character1ze th1s movement‘¢»53
From the 11terature review 1t Vs ev1dent that descr1ptive':
analys1s ut111z1ng current eiectromyograph1cal techn1ques ﬁsff?V

~,
the most log1ca] approach for. 1n1t1al stud1es on whee]cha1r

1ocomot1on.' : o R ' : - o



Anatom1ca1 ‘Requirements for the_' 
Compet1t1ve Wheelchaar StroKe o

" ‘

TABLE 1

dUINT

. ACTION

DRIVE PHASE
‘9‘“‘Shouﬁder'

‘Shoulder

"'iEjbow“
Wrist

" RECOVERY -PHASE

-

2 'fAbduct1Qn"“ﬁ§idﬁ~ SR
oo FlexdQar oL e
',”Depressuon B

””Extenswon, i'.. -

F]ex1on- =
ultnar. deV1at1on

. Abduction
‘Extension

Elevation

~ Flexion

Extension-

radial deviation

. MUSCLES

 Mpeltoid
“LoALDeltoid
1Tvapez1us -

'Trmceps ' L

Weist

Flexor§Qﬁ?f?*~-

M.Deltoid
p-.Deltoid

_TrapeZius

Biceps

Wrist
Extsrs




" 111. :METHODOLOGY

'-qu SubJects

J “The subJects were: 10 male wheelcha1r ath]etes |
}nart1c1pat1ng 1n the 1982 Pan Amer1can Wheelcha1r Games in. ,
>eHa11fax1 Nova Scot1a, August 21'~ 29 AT] subJects possessed

fa permanen£ gnhyswca] d1sab1]1ty 1nvolv1ng the lower 11mbs ot
f.and/or trunk at a po1nt below the thorac1c one (T1) level -
.::iIhe»thJetes ranged 1n age from 21 to 35 years (mean_: 27 3._,“‘
1$D4; 5.2) and the1r exper1ence in 1nternat10na1 track | |
'ﬁcompet1t1ons ‘rahged’ from 1 to 5 yea}s (mean 2 2 SD
;,1 5) [see Table IT). AN subJects were con51dered to be in;

exce]]ent phys1ca1 cond1t10n and had no h1story of upper

extnam1ty 1nJury.

B. Apparatus ' : o ' S 7'{;;av¢s:” -
The 1nstrumentat1on used in th1s study cons1sted of two
systems: the EMG recording system and the c1nematograph1c

system.

EMG Recording System.
| In order fo,examine’the,electricalaactiVity of'tne
- mdsCJesérqupsfdnderfstgdy; a specially designed EMG

C . DB
B T I AN
. " " - [P 3
: :
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" TABLE 11 .
o SubjecT Information -

- SUBJECT *AGE DISABILITY 'CLASSIFICATION INTER. EXPER.
1 o 24 QParaO_ . .2, : 1
2 - .27 % Parg T T T 2. T R

.3 28, - Para: - 2 1

4 35 - Para 3 . J
4 32 Para 3-- R

-5 29 - Para.. 3 T2
B 94 - :Para 4 3
7 . 26 - - Para.- 4 - 3

8 « ‘24 - - Polio -4 5
9 29 Polio 5 1
0 21 -5 1

»
© i

. Amputee v

'''''''''

apparatus was: used Th1s system—maximized h1gh Igve]

artifact-free s1gnals while minimizing phys1caI 1mpedence of

the movement of the subJect

The system~cons1sted of'a rémbte pre-amplifier unit

that was'mountéd'on the back of the wheelchair seat of each

subject.

~'._cm and we1ghed 275 g. Thus, the coﬁpacthess of the‘uﬁit

The pre-amplifier measured 13.0 cm by 6.5 cm by'A.Q'

577:;fprov1ded-m1n1ma] 1nterference to. the subJect dur1ng the ﬁ‘

’}fTact1v1ty Housed w1th1n the un1t were four 1ndependent Tow

T“'no1se pre- amp]1f1ers possess1ng the capac1ty of dr1v1ng four

Jndependent»s1gnals over. 11ghtweyght cable_of up to 30
metérs in length without impairing éignal‘quaTity.'Also
contained.in'the pre-amplifier unit were four common-mode
.balancing circujts which pgfmitted adjustments fqb varying

skin contact resistance,

,tissueIand electrode~impédance.
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A'mon1tor1ng electrodes-(model # 1445C) were used Thesé*'”‘

\\TTtering of the ele

A main .anplifiez provided further amplification and

trical signals The acttvehfilter

-

systemy COntatﬁ1ng 60 Hz notch f1lters, was ava1lable_ e

each channel to m1n1m1ze 60 cycle 1nterference In order to

take best advantage of the. dynam1c range ava1lable on& L;wwﬂ

uuuuuu

controls for each channel perm1tted adJustments for signal .
amplitude. o E’

A1 EMG Signals weré transmitted-via .cable to~a - =

'S&ncbrosoope S$S-4211, two beam oscilloscope'ahd‘Were

d1splayed s1multaneously on 1ts screen. Although the entire

-

EMG apparatus had ‘the capac1ty to mon1tor electrical

activity from four,d1fferent_sources,-only two.channels (3

‘and 4) were utilized simultaneously during tpe'study. This

was due to the fact that the OSCiTlosbopeaused during the. -
testing only pOSSessed‘2~chanhéT“Capability.
I order’ fo féké'mi"né the electrical activity-of any

part1cular muscle group, Hewlett Packard dlsposable

"electrodes were pre gelled w1th Redux creme electrolyte

" They' conta1ned a s1lver s1lver chlorwde dtse ~-one cent1meter

Jn‘drameter, along with a white foam adhe51ve pad 5. 5

. rcentimeters in diameter. A total of ten pa1rs of electrodes

dlong with one ground'electrode were used on each subject.
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" TechnicaT Preparat1ons

Cinematographic Recoﬁuing System

A Photo Son1cs 1% mm 1PL h1gh speed mov1e camera was

T e

,fused to photograph the subJects and the electromyog;ams The o

-camera was f1tted w1th a 72 mmn’ Angen1eux 12 120 mm Zoom h

glens, f 2 8 22 .. The Tens was #1tted w1th a Tlffen #1

di- opt1c sp11t f1e1d Tens filter. Th1s Tens perm1tted

v;.s1mu]taneous sharp focus on the. osc1T]oscope screen and on

: :’.”the«subJect fﬁ S pgwm.z:~~;*d;nr:;"u-v'uhﬂf» .

The camera was also f1tted wwth a Strobotac T1m1ng
Pulse Generator This p1ece of equ1pment produfed 1ight
traces along the perforated film edges for later calculatlon

of camera speed.

G a4 e w0 e e

J

Procedures for thTS ‘study 1ncTuded techn1ca1

preparattpns and_thextestlng ‘preparations.

B

AT oF the follow1ng preparatlons dea]t w1th the camerawxg_:

- e

‘;*and EMG equ1pment and were comp]eted pr1or to the arrlvaT of;'

the - subJects 9 o g

In1t1aTTy, the wheelcha1r ergbmeter was p]aced in
position so as to be perpend1cuTar to ‘the filming plane In

_order to-better stab111ze the ergometer, two wooden boards

_were. pTaced under the Tegs of the ergopeter The four Tegs

.- were. adJustable and as a result the ent1re un1t was made'f“hiq



level with respect to the ‘ground as 1nd1cated by a standard
Abubb]e 1eve]. Finally, the brak1ng mechan1sm on the flywheel
E was removed to eliminate any poss1b1l1tx of resistance on
the flyWheel. | |

Before the camera was placed into position, a 400 foot
reel of Eastman EKtachrome 7239 Video News Film, ASA 160,
was'ioaded into_the canera. Prior to loading, all film was
.Kept refridgerated so as to maintain its quality.

Following the'loadingvdf'the fitm, the 72 mm Angenieux
zoom lens was fitted with the Tiffen split-field lens$ and
attached to the camera body. The split-field lens was placed
in a vertical positidn” The camera was then placed on a |

Quick-Set Tripod designed for high speed filming and

P
[ J».«. -

“'generator were secured to the legs of the tr1pod The whole

unit was then placed 1nto pos1tlon and he1ght position afhd’

;'1ocat10n were measured recorded and marked as 1nd1cated in

1Iab1e III A bubble Tevel was used to check the horlzontal

A pos1t1qp of the equ1pment . - L .

Jhe osc1lloscope was also placed on the p]atform of a d

wsecond trlpod and~secured Jhis arrangement allowed for

vertical'and~horizonta1 adJustments in pos1t1on1ng of the

_vscppe. The unit was then placed into position so that
optimatlc1arity of the screen was achieved. The height, -

8

position and location were also ‘measured, recorded and

1

marked (see Table IIl).



. TABLE. III _
. Aparratus Sett1ngs

.4,'

. Camera he1ght SRR } 1 08 meters (top of camera) .

. Oscilloscope height .18 meters (top of scope) .

. Camera distace to subject 13 18 meters: (lens to wheel)

. Camera distance to scope "1.16 meters (lens to screen):
Frame rate " o t00 frames per second - '
Shutter speed . .. .1/1200 second
Shutter. angle S 30 degrees
F/stop - 2.2 -

Lighting = = -+ Natural (sun)

. Background o Grey wall ’

Reference point. = = = - Meter stick (50 cm mamk1ngs)

. Timing Tight" - ! 100 Hz '

e : L -
N~ OWEONOUTBWN = o

.,Ca11brated camera speed Unavailable

Light meter readings were then’taken from the
whee]chairr subject and‘osciﬁioscope screen with an. ASChi

"~ Pentax Spotmeter V. Lens adJustments were then made,

+

recorded and secured into place wqth adheswve tape (see

TTable III) _ _
E All f11m1ng was comp]eted outdoors and, - as a result, no
artifical 11ght1ng was required. To opt1m1ze the clar1ty of
" the film record, the testing site was 1ocated so that the
sunvwasvpredominant]y behind_the.camera. While this provided
satisfactory lighting conditions on the subject, it created‘
»2 reflecttve gtare on the 05cilloscope screen. To aT1evfate
the problem a black plast1c hood was. dev1sed .and pos1t1oned_
around the screen to absorb excess 11ght

The EMG system was set up 1n the foTlowing manner The

' oscilloscope was connected to an AC power supply and then to"'

the central f11ter-un1tn The central f11ter .unit was then

e



. hconneCted‘to a separatetpower9SOurce The remote
“‘~xpre ampl1f1er un1t w1th a 15 meter ‘cable was connected to
‘the central f1lter system A 9-volt trans1stor rad1o battery
was then attached to the remote pre ampl1f1er The voltage
of the battery was monwtored by a voltage meter and never
allowed to fall below 8 volts : | ‘
| The e]ectrode harness was then connected to the remote
: pre ampl1f1er ut1l1z1ng channels 3 and 4. It was found that f
the - electrode leads of these channels provxded the cleanest *
"record of electrlcal act1v1ty The two channels on the |
osc1lloscope were then connected via cable to channels 3 and i
'_“4 on the central f1lter unit. Following thls. the |
oscilloscope was adJusted for pos1t1on sweep, focus -and
‘71ntens1ty The electrode harness was - then disconnectgd

dur1ng subJect preparatlon

Test ing Prep*at ions
ﬂ4~——~\\ A Each subJect arr1ved at a predeterm1ned time agd

————————

'brought h1s compet1t1ve wheelcha1r ‘for use dur1ng the:
test1ng' Upon arrival the entire procedures of the study

were expla1ned to each subject. After acknowledg1ng an :

,." =5

S‘!’

'understand1ng of the protocol, each athlete was requeq;éd o -
"»_read ‘and s1gn ‘a consent and release<§onm (see" Appendlx C).

In add1t1on, each subJecf“ wg a{ed to complete a personal
® . . . . = .
data form (see Appendlx D). ..f». ' '_ -

]

The follow1ng procedures were used to place tﬁe’surfacefi

_.electrodes on each subJect ?he supJect removed’agﬂ clothvngff{f-

.f' _154 o

. . .ok . S
: R . . s
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'fromfhls upper bOdy Any body hair at the‘point.of placement

- was shaved with a stra1ght edge razor The area was ljghtly

i

?abnalded wgth gmery cloth to remove any horny, dehydrated

1skin Then each s1te¢waglcleansed wi-th alcohol and w1ped dry
L s whih“gguze -

R . v

Pos1t1on1ng of the eledtrodes was conducted according
to the procedures outlined by Delgag1 and‘Perottow(198O).K
Motor po1nts of the muscles under examination were
1dent1f1ed through Burd1ck’s Motor Point Charts (1955).
Surface electrodes were_placed over ten muscle sites located
oh the upper right eXtremity and trunk region, two muscles
at a time (see'lable¢IV)l The'proximal-plaoement»Was over -
‘tHe motor'point and the'distal placement was 3.5 cm away and
along:the longltudinal5directton of the muscle fibers. The

electrodes were secured to the sKin by means of foam backed

adhesive discs. Due to the strong adhesive quality of the .

‘discs, further adhesive materialIWashnot required to

maintain electrode contact.
Following’the application of the.electrodes, the
pre-amplifier.unit was. secured to'the'back of the seat of

the subject?s wheelchair with adhesive tape. The*sUbject was,

lthen'directed to’the wheelchair ergometenvand,was assisted

with regard to proper placement on the ergometer "Special

care was taken to have the subJect pos1t1oned so that

q

' _extraneous cha1r movement ‘was elrmxnated and to ensure that

the ergOmeter 1tself did not 1nterfer W1th the subJect s

-strok}ng.techn1que;,Follow1ng proper pos1t1on1ng,-the

—



- -

:comfortable on the ergometer - _ : ' -

TABLE 1V -

Electrode Placement -
~ Series #1 '~ Upper Trapezius; Middle Deltoid
Series #2- o Anterior Deltoid; Posterior Deltoid
Series #3 - . Pectoralis Major; Latissimus Dorsi
Series #4° 4 - Biceps Brachii; Triceps Brachii
. Series #5 . Wrist Extensors; Wrist Flexors.
. Ground LD o ‘Clav1cle ' :

e . . - . . .
N * " ks P a L SRR I

subJect was perm1tted to pract1ce strok1ng until he felt

4

Once the subject felt comfortable and felt warmed up,

Iy

the electrode leads for channels 3 and 4 along with the

~‘Jﬂhground lead were connected” to the electrodes for the f1rst
I T 4

series. The.order of placement of the electrode wires is
listed in Table IV. This sequence was ma1nta1ned throughout
the testing. The entire electrode harness was the connected

to the remote pre-amplifier unit fixed to the back of the

_wheelchair.

Prior‘to per forming the aCtivity,_specifﬂc test

measures as outlined by Delgagi and Perotto (1980) were used

to” verlfy proper electrode placement. At this point, any .

necessary adJustments to ga1ns, f1lter settings and

" electrode placemenis ‘were made to opt1m1ze high qual1ty EMG

traces.

Follow1ng the test manEuvers, the'SUbject was asked to

»propel h1s wheelcha1r at. the pace ut1l1zed in a 1500 meter

tracK race. When the subJect was at h1s 1500 meter pace,

| 1_nd1cated by a verbal "OK", simultaneous fﬂrmr,wg- and
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eteettohyegtaphic tracings were recorded for,approxihateﬁy
five seconds. The athlete was‘theh'requested te step’ahd the
etecttode leads were moved to the next sequence of muscles
and the entire procedures repeated.

© Kftér -the ?fn%f‘sequende'thefsubjeet,was disconnected. -..
_'The electrode harness was first removed from the remote
pre- amp11f1er unit to free the subJect of any e]ectr1cal
system Next the 1ead wires were disconnected from the
fe1ectrode discs. Finally, the surfaee electrodes were
removed from the sﬁbject’s skin, efcess gel was hemoved and
the s&gn checked foh-unusua} signshef irritation. The.
sebject'ﬁas theh:removed from the ergometer and the remote

pre-amplifier taken off the wheelchair.

Ds.Treatment of. Data |
Thirty one thousand,-ene hundred and fifty frames of 16

mm filim il]ustrattng-subject;stroking batterh from a lateral
view were available for analysis. The film also contained
. the EMG record ': | h‘ | | -
| A 16 mm Dynamic Frame Mot1on P1cture Analyzer modet
;!DF-168 was used to- analyze the film. A general overview of
"all the-film was completed to assess its qua11ty The'
'analys1s.then proceeded in the order the subjects were
tested. T |

" For eachtsubject the‘timjng light marKs.were used to

‘determine actual camera speed. Then"poihtsﬁof3occubance of
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the push’r1m were determined. These phasic events were
fdentified by corresponding the frame in'which the movement
began and the frame in which- it ended The tota1 number of
Framesqgequlred;fevweach phases, was ‘then. ca]eudaied -ands
converted to units of t1meeand;the pencentage of the total
cycle. This prdceesfwas mepeated for three cemplete cycles
of the movement during each of the’ five e1ectrode p1acement e
sequences (see-Append1x E). - . |
Electromycgraphic activi}y.mas also determined for each
sub ject. The EMG record1ngs were 1n1t1a11y class1f1ed as |
x~e1ther active or non-active: based on cr1ter1a establ]shed.by
nthe“1nvest1gator In add1t1on the durat1on of EMG activity
for each muscle was measured by identifying the frames 1n

wh1ch act1v1ty began and ended Thnge complete cycles for

each muscle group were measured.



“IV. RESULTS

- A.. Introductton - o 4
The descriptive analys1s of the compet1t1ve wheelcha1r
§troke reported he#e, 1nvo]ved the dtnl1zat1oo of elite. L
‘wheelchair athletes per forming a wheelpha1r ;ac1ng event
Eiectromyographic and K1nes1ologlca1 data were taken-from
T the 18 mm film record and -are: summanged in, Tables V and VI -
and in F1gures 1 through 3. All data was co]lected soTeJy by' -
the 1nvest1gator sO as to avo1d 1nter-1nd1v1dua1 dtfferences -
in measurement . a':iéﬂaffjglaé”’ff;“‘* e - .t
A]though the camera was : equ1pped w1th a t1m1ng 11ght l'}':
~for 1ater calculat1on of actual frame speed it was '}7;“d
d1scovered after complet1on of f11m1pg that the dev1ce was
not operating. Thus, the frame speed durwng data’ analys1sl
 was assumed to be the same as 1nd1cated by the ‘camera (i.e.
100 fps) A]thpugh a ppec1se Knowledge of the f11m speed 1slw‘
ades1reab1e, it is accepted that var1ous photograph1c |
parameters may be unobta1nab1e or not.known to.any degree of
accuracy and as a resdlt, estimates are sufficieht in'manyf

practical applications (Hyzer, 1977}.

B. Terminology |
The film record was initial]yfanalyzed for the division
of thetcompetitive wheelchair stoking'cycle.into'specific

events which could act as~pdints of'referenée for various

34
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f””shééesfahé7subéphaéeé It was found that the;‘efeﬂencef;ﬂéé‘gg;;k
potnts used by Steadward (1978) 1n hms analys1s of theu{;;tfﬁtffl
. whee1cha1r dash were of va1ue in th1s study Thus theﬁiiu:
E strok1ng cycle was d1v1ded as follows (see Table V anddh¥f7' ";g
Figure 1) e e ' S "

.Drive Phase It is that per1od dur1ng whioh dhe hand was 1n R

. .

o a oa

’hcontact w11h the- push P of Thé whee%chatr «lt‘began Lhe ,',,;-b
.v“t i
moment the hand contacted the push rim. and conc]uded the

Nmoment the hand broke contact w1th the rims L 39“;d};:““
Recoveny Phase ‘it was? that perﬂod dur1ng wh1ch the hand Was

4not in contact w1th the push rim and was mov1ng to the next }taﬂ

R R,

vpo1nt of contact This™ phase began the moment the hand broke -

'contact with the Push rlm ‘and ended the moment the' hand R

. " N “_‘.~ ;9 K% B ) _"”v.-.
recontacted thé push rim. _,: a* e J;3¢_“u‘>1~. ghj?fﬁexf’ -
The p01nts of reference for the beg1nn1ng and the S

end1ng of the component phases of -the” stroklng cycle were

defined as follows f”> -;&w‘{"',,:t:’_:fft"t“!,_ |

Hand-Contact (HC) - the moment at wh1ch the hand made ‘g;¥é*”'“f*
8 S e ) ’ .

contact with the push rim. o :jr'

Soest o
she

Hand-Release (HR) - the moment at whuch the hand broke

contact with the push-rim. o L o e R
Further analysis of the film--h»ecohd indicated-f-that: -

‘division of the stroking oycle into sub phases was not ;fﬂ;f

possibTe. Ident1f1cat1on of speg‘f1c events relat1ng toﬂ 'té

,; var1ous hand pos1tlons (5: palm contact or- fu11 gr1p),§df
could not be adequately d1scerned Thus f1ncorporatvon of

more detailed data, such ds sub-phases. appears to requ1re',if“



~more-detailed filming technigues.

‘.,f c.

fhﬂa}jc SeqUence of do1nt Excurs1ons

.

Each K1nes1olog1cal requ1rement (i.e. flex1on

.‘g_extens1on) was determined by a s1ngle method. The frame 1n
;"cwh1ch a part1cular body .segment moved at a Jo1nt and the .

'1715d1rect10n the Jo1nt moved . def1ned the beglnn1ng of that

N -

.pﬁpjo1nt movement The end of the joint movement was def1ned as

that framebln wh1ch the part1cular Jo1nt ceased to move or

bl L

’fffchanged d1rect10n of movement Table VI and F1gure'2

']¥1llustrate the k1neswolog1cal aspects of the stroK1ng cycle

1]

.- ',.;.‘-‘

.D SedUence of EMG Act1v1ty

The ftlm record was 1n1t1ally reviewed frame by frame

T:nfor overall qual1ty of the EMG record. It was found- ‘that
!:Uffdurlng some of the EMG tr1als. EMG act1v1ty was absent from
HE*.;the osc1lloscope screen for part of the stroklng cycle and

.;thus,,was unobservable on the f1lm record Th1s occurred

lrandomly for. appromeately e1ght frames of the total stroke

=cycle (mean frames per stroke cycle = 55. 03). Since eight. to

ten cycles of the stroke were: f1lmed per electrode placement

‘~"seQUenceﬂ three complete cycles were. avawlable in whlch EMG

“-act1v1ty could be mon1tored

’ The electromyograph1cal record1ngs were evaluated under

- two d1fferent sets of cr1teria Action potent1als were
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arb1trar11y Class1f1ed irito one of twd categor1es act1ve orf“”"

~ % e 4

Q .non- act1ve Any dev1at1on from the base]xne that was less

than. 25% of the observed max1mum 1ntens1ty dur1ng the stroke

cycle.was.cons1deredrnon~act1ye. In add1t1on, the action

potentials were further classified accordtng to their

consistency. For muscular actiVity to be Considered

consistent

be Judged active (see f1gure 3)

.

Fol]ow1ng the class1f1cat1on of the electrwca]

@ -

act1v1ty, the durat1on of ‘the act1v1ty was recorded This

was determ1ned by 1dent1fy1ng the frame in wh1ch the

* -

- act1v1ty was present and the frame 1n wh1ch the act1v1ty

#e -
ceased to be present. Both the class1f1cat1on and-the
duration of the-EMGAbecordings'were identified: for threet
complete cycles of the stroke during eaoh,of the five

sequences (see Appendix E).

50% or more of the tr1a]s for each muscle had toh
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o  TABLE V. '
"t - ., -~ Duration of Phases Durlng Compet1t1ve
Lo Wheelchair Stroke Cycle
( means of 30 strok1ng cycles )

: o Durat1on (sec) " Percent of Cycle (%)

Phases’ Mean ' S.D. Mean - = - S.D.
. Drive Phase 0.31 0.07 | . 34.00 06.00
Recovery Phase 0.61_ 0.10 - 66.00 08.00

Stroking Cycle 0.92 S 0.12 100.00 --

¢

" UPPER

_ Drive Phase Recovecy Phase
EXTREMITY ,
PERCENT OF o
CYCLE (%) 0 10 20 30 40 50 -60 70 80 S0 100
CUMULATIVE - . .
TIME (sec) .00 .09 .18 .28 .37 .46 .55 .64 .74 .83 .92
Figure 1. ‘Illustration of events and phases of the

compet1t1ve wheelchair stroke cycle (means

of 30 stroklng cycles)

T
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' TABLE VI - |
Joint. Excursions During the Compédtitive
-Wheelchair Stroke Cycle
| means of 30 stroke cycles )

‘ ~ Duration (sec) Percent of Cycle (%)
~Joint - " Mean - S.D. .. . Mean : S.Dg
- Excursion - ‘ ‘ ' '

Shoulder - L | - \ a
Elevation 0.49 0.09 53.23 07.30
Depresston. 0.41 0.08 46.77 06.84
Flexion  0.34 0.08  33.20  06.26"
Extension 0.55' 0.10 60.77 .07.80

" Elbow - . :
- Flexion = . 0.46° 0.09 52.33 07.23
Extension  0.43 0.08 .. 47 .63 06.90
Wrist B :
Flexion- 0.22 0.06 , - 25.33 05.33
ulnar: o :
deviation S . , : :
Extension- 0.67 0.11 - - 74 .66 - 08.64
radial o ‘ :
‘ deviation . _
~Stroking 0.92 0.12 100.00 N

Cycle . © A




JOINT EXCURSIONS o : " o

" Shoulder | ' : 3
elevation : _
depression | HEG—

flexion I

extension-

|

K

E Tbow ‘ , R
flexion : - o
extension I

Wrist .
flexion
extension .
PHASES . | brive Recovery
PERCENT OF S . . - .
" CYCLE (%) : 0 10 20 30° 40 50 60. 70 80 90 100
CUMULATIVE , ,
TIME (sec) .00 .09 .18 .28 .37 .46 .55 .64 .74 .83 .92

Figure 2. Graphic illustration of joint excursions
during the competitve wheelchair stroke
(means of 30 stroking cycles).
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MUSCLES ©

‘U.'Trapézi
M. Deltoid
A. Deltoid

P, Deltdid

Pec. Major

Ldf. Dorsi

B. Brachii
7. Brachii
Wrist Ext.

Wrist Flex.

" PHASES -

PERCENT OF
CYCLE (%)

Figpré 3.

EliConsistent Activity @ilnconsistent Activity

{

~

us .

iDrive v' L Recovefy o [

0 100 20 30 40 50 60 70 80 90 100

Graphic illustration of electromyographical
sequence of active electrical activity

during the competitive wheelchair stroke,
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A. Introduction "‘v;w'kﬂ SR
The method of synchron1zlng high speed filming w1th »

V. DISSCUSSION

_electromyograms proved to be a sat1sfactory means of
reeord1ng EMG ‘and subject activity. By filming the lateral
side of the subject .and simultaneously fi&ming electrical
activity as prpjected on the oscfl1oscope screen, alsingle
permanent reCordvof all des{bed activity was achieVed; |
The use of the wheelchair ergometer to provide
resistance for wheelchajru1chhOtjon'established thatift'was
a suitable testing instrument. The ergometer provided the- 3
means necessaryffor obiaihing,a cpmpetitiVe racing speedl
(i.e. a 1500 meter pace) w{th minima} spatjal‘displacements.'
In addition, the resistance prpvided by the Hp]Tehs on the
ergometer was considered to be similar to that proyided by a
track sufface. This was based on the fact that the subjects:
stated they noticed veﬁy little difference in the velocity
of their whéels nor any differehéeﬂinstheiﬁ“stroking
patterns while whee11ng on the ergometer Finally, the
ergometer perm1tted the ubaect to be photographed in a

%p which opt1m1zed the prec1s1on

2 yerror, resolutlon etc.).

‘The points of reference%for the van&ous phases of the
competitive wheelcha1r stroke were ]dent1f1ed visually. Th1s
method proved' to be satisfactory for Qecrlpt1ve1y analyz1ng _
the activity.¢The only area of difficu1ty"p¢curred during

8
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the detection of'the hand- release“event- Stnce the subJects

~.tended to fo1low the path oF “the rim durlng the 1n1t1a1'

Vphase of recovery, d1scern1ng tHe exact moment of breaking

contact, was def1ned as the f1rst not1ceab1e extens1on of the
#, L

'f1ngers from the rim.

LY

B. Term1nology

Term1nology des1gned to outllne the methods of’

vprope111n§>a whee]cha1r is relat1vely recent and has been

11mited to compet1t1ve s1tuat1ons The descr1pt1on hy -

Spooner (1981) of the two phas1c components “of the stroke,

“the push" phase and the‘“dead“ phase were based on the

presence or absence of force app11cat1on thle the_

- app11cat1on of: force 1s a maJor cons1derat1on in wheelcha1r

propuls1on ‘it was cons1dered 1nadequate for the funct1ona1

descr1pt1on of the act1v1ty in this study. The term push“'

may be 1nappropr1ate s1nce dur1ng the push phase: some

'pu111ng of the push rim. may occur in the 1n1t1a1 stages of

hand- contact As well_ the term "dead” for the per1od dur1ng

5gijh1ch the hand 1s not in contact wwth the rim may we]l

P”}descrlbe the lacK of “force app11cat1on. bUt 'such a ‘term 3150

' connotates that no other musdular act1on takes Dlace dur1ng 3

'.ﬁthe dead phase And s1nce the analys1s of forre. and torque

k'were not betng d1rectly measured nor emphas1zed in th1s G

-study,.1t ‘was not feas1ble to base nomenc]ature on those

‘ l
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Steadward (1978) proposed wheelcha1r term1nology that

is more funct1onally meaningfult Steadward 1dent1f1ed the

‘two components of the strok1ng cycle as the "drtve phase

and the "recovery" phase. These.terms more adequately
describe the actions of the_upper extremjty yet allow for
individual tdiosyncraciesﬁjnzthe stroklng{patterns_(t.e.‘

such as pushing and pullind“durtngvthe drive phase)

-_'Furthermore, the nomenclature is useful for descr1b1ng the _

actton of the d1fferent strok1ng techn1ques ut1l1zed in
other_compettttve events’ such as - basketball (Shaver, 1981) .
Thusl the nomenclature put forward by Steadward ‘was .

retained in thts study As 1nd1cated prev1ously, the potnts

of reference presented by Steadward hand- contact (HC) and, . |

hand—release (HR), could be,read1ly approx1matedvby the
naked eye,and‘were applied to the:stroklng cycles in this -

study.

The temporal parameters were reported in Chapter IV.

Generally, one complete cycle of the compet1t1ve wheelcha1r

stroke took . less than one second (mean = 92 sec) Thel

;phas1c components, the .drive phase and the recovery phase,

‘»represented approx1mately one th1rd (mean = 0. 31 secl“andv

two th1rds (mean 0. 61 sec) of tHe - strok1ng cycle,

. respecttvely Although only the r1ght upper extrem1ty was'
_ exam1ned 1t ‘was assumed that s1nce wheelcha1r propuls1on

1nvolved the s1multaneous movement of both upperA
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extrem1t1es t%e durat1on ‘and percent of cycle values were
s1m1lar 1n "the Teft upper extrem1ty | |
: 001nt excurs1ons ‘were also 1dent1f1ed and temporar1ly
; class1fied Overall shoulder elevat1on (meaq ?-0.49 sec)
and extension (mean = 0‘55'secﬁ e lbow fleaionilmean = (.46
sec) and wrist extens1on/rad1al dev1at1on (meani= 0.67 séél
»took longer than the correspond1ng movement in the opps1te
'd1rectqon. As with the cycl1c ‘and phas1c aspects of the
stroke, it was assumed that the temporal componentsvof-the'"
‘Jo1nt excursions were 51m1lar for . both upper extrem1t1es
The temporal parameters noted in th1s study were _
s1m1lar to those" reported by Steadward (1978)_as 1nd1cated
in Tables VI and VII. The 51m1lar1t1es were most not1ceable
. in the relat1onsh1p between correspondtng parameters lj.e.
-drive vs. recovery phases ‘and flex1on Vs, extensvon |
excursions) within each study. For example,‘tn“terms;of;
.duration lsec)‘dthe recovery phase was longer in the -
Steadward study as well as in th1s 1nvest1gat1on \
S1m1lar1ly Jo1nt excurs1ons such as shoulder exten51on were
relat1vely longer than shoulder flex1on in both stud1g§a
However, absolute values of the var1ous temporal
parameters differed not1ceably For example a maJor
d1fference in. the durat1on of the drive phase of. the
stroK1ng cycle was. ev1dent 0 18 seconds reported by
Steadward as compared to 0 31 seconds in this study These
'd1fferences may be attr1buted to the type of event performed
by the subqects The strok1ng techn1que would generally
'Ji"“7 - _ S



46

i
3

_ "TABLE VII
Durat1on of Phases and Joint Excur51ons
During the Wheelchair.Dash
(means of 4 stroking cycles)
' ,(SteadWard 1978)

- e . '
_Parameter , Mean _ Mean ,
o Duration (sec) : Percent of Cycle (%)
T — ' '
.80

.18 - | 22.57
.62 - | . 77.44

~Stroke Cycle ;
Dr.ive ‘Phase
Recovery Phase

Shouldér Flexion .83 A 41.50

Shoulder Extension iz ) o 51.50 .
hElbOW F]ex1on .34 , , 4225
"5 Elbow Extension .13 © §5.75%
- Wrist Flexion 18 - _ 2200

oo C0OoOo
IS
—

i Wrist Extension .09 _ o 10.75

differ in'a wheelchair dash event'(i e. 200 meters or less)

where maximum speed is more 1mportant as compared to a
'wheelcha1r,d1stance_event (i.e. 1500 meters or longer) where -
veconomy ofiefFOrt may be a more\preferable obJect1ve"'v 4
| Another_bontrihuting factor may have been wheelchair
design In the'Steadward study'subjects used standard |
i-theelchaws whereas in. th1s study subjects used htghly
::7mod1f1ed versions of the standard wheeloha1r As a result
.factors such as body pos1t1on and push r1m s1ze would change
‘the temporal aspects of the stroking. cycle stnce the
stroK1ng requ1rements would d1ffer o '
The d1scuss1on of the tempora] parameters of " prope111ng
’:a-uheelcha1r relat1ve'to comparat1ve'1nformat1on is t1m1ted
jdue to the 1acK of research in this area Further discuSsion"'

"of these parameters w111 be provtded in terms of mechan1cal

I8
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and anatdmical e6hsiderations. Mghyefactors infiuehce-the
..speed of whee]chairveropu]sfon. of particujar interést in
“this sfddy_wes the.duration'and frequency of force
application. - “

Locomotion consisté‘primari]y anrepetifive
applications of force to_constaht]y change the inertia of
the body. To move effeétiVe]y, these repetitive actioes must :
‘be'cerrfed'out'wifh ease, pewer and efgicfency' This resu1ts
in max1m1z1ng force app11cat1on wh1]e m1n1m1z1ng res1stance
~One method of max1m1z1ng force is by exert1ng the force
through as great a d1stance as p0551b1e, provided
undesireable forces are not 1ntroduced (Wells -and Luttgen
1976). Thus, in locomot1ve act1v1t1es such as walk1ng and
rdhning, Ihe propulsive phases'generally take up a greater
percentege—ﬂﬁ the total cycle (Sprigings, 1974; Kremer,
1979). ‘However, in this study as well as in the Steadward
(1978)'inVestigation the propulsive phases of wheelchair
locomotwon were not1ceably shorter in durat1on than the .
correspond1ng recovery phases. This may have been the result
of several factors. .

The initial suggestion was to lengthen the distance.
over Whiehvthe force is applﬁed to the'push-rimsv'However
s1nce the subJects utilized” 1n this study were cons1dered to
be elite and to have devoted cons1derable time pract1c1ng
the whee]cha1r stroKe, it s likely they have max1m1zed
their period of forceLapbljeatioﬁ as fpj]y as possibie;

Fur thermore, the-design of the push-rim (i.e. 11 to 14 inch
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diameter) may anatomicalty 1imtt:theirjabi]ity_to extend the
-duration of‘the drtve phase. This-mayfbe due to‘the,lack'of
 range of motion at the wrist and‘the,inability\to adequately‘
grip the rim through the lower arc of ‘the push rim. As a

result, m1n1m1z1ng the recovery per1od may be a more

feasible approach. By shorten1ng the distance in whnch the
- “:g#and moved through the period of recovery withoutlimpeding
the. momentum of the limb or the whee]chair, an tnCrease‘in
the frequency of force app11cat1on would be poss1b1e Thus,
the duration of the total stroking cyc]e would be decreased

The order of occurance of spec1f1c events was | |
consistent throughout each of the. subJect s stroK1ng trials.
However , spec1fic‘moments of occurance duration and percent
of cycle var1ed sl1ght1y from- tr1al to tr1a1\w1th1n the
subJect s performance This indicates that the sequence of
events identjfied were consistent and are thought to have
been representative of the subject’s normal competitive
strok1ng pattern . | |
It is also of va]ue to note that the sequent1a1 order

of specific events was s1m11ar between subJects However,
the specific temporal values of the events were s]1ghtly
more variable between the subJects than within the subJects
Nevertheless, the 1nd1cat1on is that there are certa1n
pr1nc1p1es of wheelcha1r propuls1on mechanics that are’
common to elite; parapleg1c compet1tors desp1te the level of
vthe1r d1sab1l1ty The slight and not so-slight d1fferences

between athletes may be relat1vely.un1mportant ‘
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 _idiosyncracies. R

- D. Joint Excursions .

The descr1pt1on‘of the Jo1nt excurs1ons observed 1n
th1s study involved nom1nal class1f1cat1on only Max1mum and
m1n1mum ranges of mot1on were not analyZed w1th anv. ' '\\¥
electrogon1ometer The Jo1nt excur510ns of the upper r1ght et
extremi'ty identified 1n this study were s1m1lar to. the
‘K1nes1olog1cal requ1rements put forward by thws 1nvest1gator
~ and as presented by Steadward (1978) An outl1ne of these
movements 1s 1ncluded below F1gure 5 and Table VI
1llustrate and descr1be the Jo1nt mot1ons ‘ _

Shoulder - ”- S < B o v‘f', ; Lo

Elevat1on Shoulder elevat1on began during the. early £
'part of the recovery phase and cont1nued gradually 7' ‘ | }
'throughout the rest of the phase and br1efly 1nto the early N

per1od of the dr1ve phase At hand contact the shoulder was -

approachang maxlmal elevat1on for wheelchalr prODUls1on

| Maximal elevat1on occUrred as the hand passed over the top o
of the push rim dur1ng the drxve phase

Depre551on After the hand passed OVer the top of the -
push rim, rap1d depre551on of the shoulder took place dur1ng
the rema1nder of the dr1ve phase Depress1on continued 1nto
the early part of the recovery phase as the hand followed
the path of the push rim However, the 1n1t1al veloc1ty of.

tthe-motton”gradually decreased followxng-hand release. ‘
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F1exion:'Flexton of the shoulder occurred from an
extended position andislightly'before:the momen t ofﬁ*
hand-contact. Following hand-contact, the shoulder underwent
rapid flexion throughout the drive phase. Flexion terminated
at a point just beyond the moment of hand rejease, placing |
the upper extremity in position with the‘midline of the
body . . o ‘i” |

Extension: Shouider extension began immediately W
following- the end of shoulder flexion. The shoulder _
gradual]y extended throughout the recovery phase and ended
Just pr1or to hand-contact. At th1s po1nt of extension, the
upper arm was hor1zonta1 or sl1ghtly above horizontal.

E1bow

N ?lexion .Flexwon of the elbow was 1n1t1atedggﬁring'the
mﬁdd1erf the recovery phase as the shoulder was extend1ng.
This flexion occurred gradua]]y throughout the rema1nder of
the ‘recovery per1od and continued into the ear]y part of the
dr1ve phase. Max1ma1 flexion occurred at hand contatt

Extension: E Tbow extens1on ‘occurred rap1d1y throughout
the dr1ve phase Extens1on began as the hand moved downward
fon the push rim and the elbow continued to be extended until
.\approx1mate1y the m1ddle of the recovery phase.

Wrtst"
Flex1on and Ulnar- Dev1atwon Flexion ahd -
: unlnar dev1at1on of the wr1st occurred s1mu1taneously and

rapwdly during ‘the maJoraty of ‘the drjve phase. This motion

was initiatedffrom‘an-eXtended_and radially'devtated

&0

.
[Ee T
Bt



5t °
_position 'Maximal deviation and'partial‘flexion were reached
.SW. . . i RN X
.at theupoment of and*re]ease
LA ¢ - .
Extension. and Rad1al Deviation: The initiation of wrist

a

extenston and radtal-devpatwon occurred during.the beginning

of the recovery peraod

the. rema1nder of. the resoﬂbryu?ﬁmse and cont1nued 1nto

initial stages of the drive pRage. 1t }erm1nated as ﬁhe~?an;”

&

passed over the h1ghest po1nt of the push-rim. S

t - ‘,_'-. ‘- -
';_ .
0~

Generally,:Jo1nt excursions occurring dun1ng'the drive
ohase-were of a'snorter»duratﬁon. In contrast{éﬁoﬁnt actions
obserVed'during the recoVery phase were longer‘in duration.
Visual anal;sis of haximum'and.minimum joint excursionsx
tndicéted'tbet the greatest range of.motionsroccurred in
shoulder and-elbow flexion/extension. 'vf"’ o o ;”
‘E. Electromyography ) ,

ElectricaT'Activity -

E]ectr1cal act1v1ty was detected by surface electrodes
placed over the belly of spec1f1c muscles, on/or -near. the
,;motor-po1nt. The EMG was not 1ntegreted,.thus,vthe‘act1v1ty
recorded Was”ﬁ?raw interference pattern. It was‘e1so
recogn1zed that the electromyogram represented a summat1on
: of electrical activity dnder the area of the_surface4
.e]ectrodes. ;;" — - . | | | , 7

EJectromegnettc and physical interferences were
considered to have been minimal during the filmjng and‘EMG

,1 recording. The testing location._an outdoor site;'Was
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considered to be relatively free of sources of electrostatic
intérference. A]thOGQh_tHe subjects were not familiar with
the apparatus;‘the blacement.of the remote unit on the
wheelcha1r m1n1m1zed any detectlon of edb1pment Only the
e]ectrode& and the wire: 1eads were in direct contact w1th
the subjects and the subjects. indicated no discomfort nor
hindrance by these components with respect to their normal
stroking patterns. t o I A F.

Although Steadward (1978) electromyégraphically

analyzed paraplegiéS‘pePforminé the wheelchair dash, his

1nvest1gat1on was pr1mar11y concerned with the electrical

.'act1v1ty of various trunK musculature. Thus, comparlson with

_the present study was not possible.

.One of the ma jor d1fferences amon EMG investigations

R

has been the criteria ut111zed to def1ne electr1ca]ly active

muscle. Genera]ly, when 1ntegratxon is not used,

1 electromyograms have been class1f1ed arb1trar1]y by v1sua]'

-aevaluatton-(Waterland and Shambes, 1969) .. Graded scaleS-

based on numer1ca] or percent maximums are frequently used.

While such methods requ1re the factor of Judgement and are
thus controvers1al arb1trary class1f1cat1on can provide a
satisfactory method of measurement (Hall 1970) In this
study the use of 1ntegrated electromyograms to detect
absolute values of electrical ac§1v1ty_was.not emp]oyed.
Thus, criteria defining the amount of.activity in the‘ﬁuscle
‘relativé’to an arbitrary minimum and the consistency of

electrially active muscles were considered more desireable.
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Defining EMG act1v1ty in terms of being active and
non- act1ve has been’ ut111zed by. Battye and Joseph (1966)
Brandell (1973) and Kramer (1979). Of these investigators
'8h1y’éatx§é anolQoeeph and Kramer specified a critical

~value. Respectively, these values were 15% and 25% of the
g.’mexima1 electrical 1nterference of the muscle under study.
It ie evﬁ?ent that no established criteria for def1n1ng
act{ve and non-active electrical act1v1ty exists. As a
result, after careful examination of the EMG record in th1s
etudy, the criterie for electrically active musc\e was
es%ablishéd*atvazieuel that was at ieast 25% of the’highegi
inter ference va]ue for a part1cular muscle.

In the classification and description of human
movement, it is acknowedged that precise analys1s is not .
poss1b1e (Higgens, 1977). Though various descrdptors and
systems, such as EMG, enhance our analytic abilities, it
‘must be understood that investigations such as this, are
limited to providing a preliminary,‘basic'framework‘for
understanding human movement. Thus, the following analysis
of electromyographical;eetivity theoretica]]y integrated*the
actions and functions of upper extremify.muscles during”

wheelchair propulsion.

EMG Analysis of the Stroking Cycle
Theé primary interest in thie investigation was the
‘ mu§§ulgr activity of the upper extremities during the

ﬁ)sffoking_patterne involved in propelling a wheelchair. Thiﬂéw
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will be cons1dered in terms of the phases and e j01nt

Fd ’ ’ : ¢

N
excursions already identified. #ﬁgure 4 summar1zes these
parameters. |
Drive Phase |
Hand-Contact' The functional demand of this particular
event was the 1n1t1at1on of hand r1m céntact without
1mped1ng the momentum of forward tcavel At the moment of
hand* contact, the wrist was extend1ng, the elbow f]exing and_

the snoulder was both flexing and elevating.'Electrical

activity at hand-contact was observed in the anterior

_de]toid, pectoralie‘major, biceps brachii and Both the wrist

extensors #nd f]exors.

The anterior deltoid, though observed to be

_inconsistent at the moment of contact, and the pectoralis

ma jor were active'to codberatively flex the shoulder. The .
biceps brachii acted primarily to compiete flexion at the
elbow. Thetwrist extensors’wgre active to prepare the hand
for contact by extending the wrist along with moving it in a
radial'dtrection. Wrist flexor actiuity was observed due to
the summation of electrical_activity from-thegmuscles
reSponsib]e for flexing the fingers as the hand made
contact. Along with, these actions and uses, the wrist
muscles also acted£3ynergistical1y to stabilﬁze the wrist
for initial contact w1th the push rim. :

Dr1ve The hand had contacted and. gr1pped the push rim
during the hand-contact period. The r1ght upper extreme1ty

through the ent1re drive phase so. as to apply the
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- force necessary to maintain the moméntum-gf the wheelchair.

This}was accompiished-by inifiating‘and maintaining répid;,'”'
depression and.fléxﬁdﬁ of thé shoulder. InitiaT]y; as the )
hand was in a posferior bosi£jon to the midTine of the body,..
.élbow flexion assisted in provihing force.to fhe'push-rfm.
Then, after the hand passed the body mid]ine, exten;}oh of.

the elbow assumed the responsjbi1ﬁty for applying force. For

similar reasons the wrist rapidly extended and then flexed

.

A1l the muscles under examinafion were active at some
point during the%dfiving phase.. fhe anterior deltoid, |
pectora11§ ma jor, biceps brabhij, and the wrist flexors and . )
eXtehsorg were chiefly réépbnsiblé for transfering forcé'téﬁ
the push-rim {n the first parf‘qfughe pHase, Thése musc]es‘
;;nved,to mer the uppeﬁ eXtﬁéﬁﬁty past the midline of the
body and as this occurred, the remaining muscles became
g;tive (j.éi the upperzgraﬁézius, middle and posterior
deltoid and the latissimbs dorsi). T

The most impor tant m@%@ﬂés for continuation of force
apglication were the triceﬁélﬁnachij and the wrist flexors. .
fThe triceps brach@f;ﬁig actjzé:fhroughout théj]attér.two

thirds of the drl??jdﬁése as the upper extremity'extendéd

rapidly. The wris} f?exorsfacted-to,@gjntain hand-contact
and assigt in préyiding a final transfér aof force during thel
last half of the period. " .
*The Ia;jssfmus dorsi, ihéuéhﬁ?néonsistenff?was;active

in the latter stage$ to éssigt“ﬁﬁ’dépressing the shoulder



girdle..fhe continued activity'of'the pectorakis major_ae“
the hand paseed the body midline was'the result of the
musc.le preventing the shoulder g1rd1e from be1ng dr1ven
upward as the'upper extrem1ty app11ed force to the push r1m
F1na11y. the ‘upper trapez1us and the m1dd1e and
poster1or deltoid were act1ve as synergists in the 1ast“ha1f
‘of the’phas_e to stab111'ze '_thefshoulder as the :transfer ,of :
force reached its maximum. In addition,.the4midd1e deltoid
“acted to abduct the uoper extremity as the hand reachedvthe
,}oder arc of the push- r1m This was due to the fact that the
path of the hand was observed to travel away from the body
as a result of the camber of ‘the wheel.
Recoveny Phase
Hand Release: The functional demand of this event was aﬂ,
the break1ng of hand-rim contact so as not to effect the
velocity of. the whee]pha1r; At the point of release the
shoulder was depreseed and just ogmpleting f]exion ;The
elbow was extended and the wrist was beg1nn1ng to extend
A number of muscles active 1n ‘the Jatter: stages of the
drive phase continued to be responSjble for ‘the same~act1ons
as the hand broke contact with the push-rim. These included
the upper trapez%u;; mgdd]e_and posterior deltoid, and thé.
.wrist_flexors. | o | | |
'Recovery: Following the hand’ s break-away from the":vd
push-rim, the right upper extremity moved'throughdthe
- reCovery phase more slowly than hand movement during the

'rfdrive phase. This was accomplished by elevating and






_T_ ypush rim, the less elevat1on was requ1red of the shouldeP to o

| Feady the hand fon contact on the. r1m The rmddle de]tcnd

“'_

\ts_..,

fmjact1ve dur1ng the f1rst th1rd of the phase ma1nta1ned the

o upper extrem1ty 1n an abducted p051t1on so as to proh1b1t

E and ftngers prepared for recontact on the pus"fTN

ﬁfhand and arm contact w1th the push rim. and/or wheel
hF1na11y, the wrwst extensors were act1ve 1n two bursts as'

:f_the wq1st extended for the f1rst t1me and @@ter as the hand
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VI. CONCLUSIONS AND RECOMMENDATIONS
A. Conclusions . 4 1‘7'(. . |
From. thevobservations-made in this inveStigation:and
within the dellm1taf1ons and ltm1tat1ons of the gather1ng of
data, the follow1ng conclusions appear Just1f1ed | | ,
. 1. The terms utll1zed for descr1b1ng compet1t1ve wheelcha1r

propuls\gp prov1de a functional descr1pt1on‘of specjf1c

events thé?7bsgg:g;: this method of locomotion' = . '
2. In terms of secOnds duration, the drive phase (O.Bl sec)

was"notﬁoeably shorter than the recovery'phase(Oo.Sl,sec).
3. The duration (sec) of corresponding'joint excurslons was
s1m1lar in shoulder elevat1on and depress1on, and elbow
;:flexlon and extens1on.vHowever. in shoulder flexwon and
extension,\and in wrist fleXion and extension tHe duration ‘
lsecl was noticeably different'for the complimentary'

' excursion. Both shoulder and wr1st flexion were shorter than

their counterparts

4, The Jo1nt excurs1ons 1dent1f1ed as necessary in ‘the

_'klnes1ologlcal model for wheelchawr propuls1on were observedf
1n‘thls study : '-_'.?.” ',"' - : -357’/'

5. The greatest ranges of mot10ns were observed to occur at

- the shoulder dur1ng shoulder extens1on and at the elbow,

also dur1ng extens1on

~6 The" greatest amount of electr1cal act1v1ty in the musclesh f;<

7under 1nvesttgat1on occurred dur1ng the dr1ve phase In '

-Aadd1t1on, thls act1v1ty was class1f1ed as the most

.’
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consistent;

B, Recommendations |

| l. That further 1nvest1gatlons of wheelchair prepuls1on
be undertaken, ut1l121ng larger numbers, females and
athletes at d1fferent sK1ll levels

2. That fur ther 1nvest1gat1ons on 1solated muscles be

“-ﬂundertaken to prov1de further 1nformat10n on the muscles

"spec1f1c requ3rements for wheelcha1r propuls1on

3. That further 1nvest1gat1ons be carr1ed out ut1l1z1ng more
-,sophs1t1cated camera technrques The’ addition of one or two . nﬂﬁ;
.‘more cameras may allow for more 1nformat1on on sub- phases

and other specific events "}-ff .

4. That further 1nvest1gatlons be carrled out ut1llzlng ot

electrdn1c analys1s to prov1de add1t1onal 1nformat10n on
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APPENDIX A: 4 -CHANNEL EMG SYSTEM

FOUR INDEPENDENT LOW- NOISE PREAMPLIFIERS Each preampl1f1er
contains 4 matched, selected low-noise field-effect
xrans1stors in a balanced differential A.C. -coupled circuit
featuring h1gh common-mode rejection. Low noise deposited

’-.carbon resistors and mylar capacitors are used.

ELECTRODES
. Each-pair-of EMG electrodes is supplied with a. spec1al
common-mode balancing circuit which permits the operator to
compensate for differences in skin-contact resistance,
tissue impedance, electrode impedance, and minimizes the
usual effects of electrolytic action or contact potentials
developed at .the electrode skin interface. As’ a result,
" surface skin electrodes can be used under most cond1t1ons,
minimizing discomfort. assosiated with subcut{peous needles.

SINGLE CABLE TO-GENTRAL. LOCATION
This cable is driven by a special ultra- low 1mpedance
circuit, featurimg 4 pairs of matched, balanced,

d1fferent1al Tow-noise emitter followers and a 50 ohm driver

. transformer for each of the four channels. As a result, long
‘cables can be used without degrading the. s1gnal qual1/y _and
crosstalk and interaction between the channels is :
undetectable. Additional lengths of cable up to. 100 feet can
be added without impairing the signals at the receiving end.
Also, the low output impedance and relat1vely high level of
the.signal before it enters the cable is compatibie with the
future addition of a 4fchannel F.M. transmitter and telemtry
system to eliminate the'requlrement for even one cable.

NO BLOCKING OR OFFSET .PROBLEMS . ' ‘

Many popular EMG. preampl1f1ers, such as the Grass P 15, are
prone to an annoying total blockage of the signal following
a hlgh level input signal, such as occurs when the subject
or experimenter. touches one. electrode Those circuits®
exhibit a fairly long period. of' time during which no
information can beé- recorded ‘and the experimenter hust wait
until the circuit stabitizes itself before he can proceed
with the data collection. The F.E.T-—differential
~ preamplifier circuitry developed here has .a sufficiently

wide dynamic range and. rapldly enough equilibrating time
"constants that this effect is not seen, 4s a.result, ‘the
experimenter. may record continously, without 1nterrup§1ons
due to blocking. _

. ﬁ

STANDARD 9- VOLT BATTERIES USED
These batteries are suff1c1ently standard1zed eas1ly
obtained, and inexpensive, that it is considered preferable
to simply install a new battery before a major data
collection period, and be sure of battery condition. _
Batteries should be replaced when it falls below 8 volts,
but the very low: draln of the remote c1rcu1t should permit

, 56‘}



67°

long battery life. The use of a D.C. power supply at both
remote transponder and central location permits total
freedom from power lines, desirable for safety
considerations, and also to eliminate hum problems entirely,
as in a free-field situation away from power lines
comp]etely

SIMPLIFIED OPERATION

Attention is directed to the phys1olog1ca1 phenomena be1ng
recorded instead of to the equipment being used. It is
extremely difficult to make hum-free recordings of muscle
groups in large animals in an enviornment saturated with
60-cycle hum. Nevertheless,_the entire circuitry, time
constants, and human-engineering design of this system is
directed at the simplification and dependability of -
relatively untrained personnel recording muscle groups from
large animals in an unrestrained situation. Thus, the ‘
minimum number of controls are provided, and all controls
required to optimize the recording. of muscle acivity and -
exclude interference are already 1nc1uded and where
practical, are pre-set.

The operat1on is directed at t1m1ng of various muscle:
groups, rather than a measure of signal amplitude in
absolute terms. Therefore, amplitude and gain calibration
are made continuously variable, so that differences from
subject to subject may be Smoothly expanded to f111 a full
trace on the recording charts being used.

. I'f calibration is required, -it is a simple matter ‘for the
user to adjust the continuously-variable gain controls
against a Known external signal source, to set the gain of
the equipment at any desired preset level. When this has
been done, the knobs should not be touched altenatlvely. a
marker may be set on the knob to permit return to a given.
gain setting. This system has the additional advantage that
gain does not need to be 1, 10, 100 or 1000, but may be
whatever value_takes advantagefbest of the dynamic range
available on the recording device, and may be set to be
different on each channel as required.

BUILT IN AUDIO AMPLIFICATION C‘?NNEL

This simplifies the operation by eliminating the requirement
to connect an additional audio amplifier for monitor of EMG
vesus hum. Simplifies the positioning and choice of EMG
electrode placement Permits use, of any: ‘standatd headphones
out in the field,  away from-:poewer lines without additional
auxillary equipment The same switch that controls the meter
also controls the headphones. Thus, the operator has
co-ordinated audio-visual information on the placement and
proper s1gnal output of any set of etectrodes. A rapid and
easy comparison of the activity of any muscle group compared
to any other muscle group may be done simply by turning the
knob to select which channel is to'be monitored: 1, 2, 3, or
4. The sounds which appear jn the headphones correspond to
the signal shown oM - the meter .
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. LOW- IMPEDANCE WIDE OUTPUT SWING, VARIABLE LEVEL OUTPUTS, 4
- INDEPRENDENT.

The outputs are 100 ohms , capable of a full 20-volt peak to
peak swing, if requ1red and will drive low sensitive tape
recorders or chart recorders to full excursion with ease.

- Hundreds of feet of shielded cable may. be hung on these
outputs. without degrading signal quality if the situation
demands. Each output -is totally amd complietely independent
of the others, and is unaffected by the position of. the.
meter and headphone monitor . switch. All inputs and outputs
operate continuously, and there is no time-sharing . or
time-division mu1t1p1ex1ng, hence there is no ultrasonic
component. in the.output to cause problems with beats or
oscillations in the tape recorder equipment. A1l ‘four
outputs may be used at once .or any comb1nat1on thereof

(Reference: Steadward, 1978)
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APPENDIX C: SUBJECT' S CONSENT FORM

Thank you for becoming a subject in this study. Please
note that :your participation is entirely voluritary and that
you .are free to withdraw yourself as a subject at any time
dur1ng the course of this project. :

- " The purpose of this study is to 1nvest1gate the
competitive wheelchair stroke as utilized by elite '
wheelchair athletes. The specific skill to be: analyzed is
the push?ng\technlque used in various track-events. On the
basis of this analysis, a K1nes1o1og1ca1 descrlptwon of the
skill will be reported.

You will be requested to subm1t to the f0110w1ng
proaedures _

1) C1nematograph1ca1 analys1s N

2) ElectromKograph1ca1 analysis .. .
_ The cinematographical analysis will consist of each
. subject be1ng filmed while perform1ng the*strok1ng pattern.
This performance will take p]ace 1n a 1aboratory type
env1ornment

_ For the electromyograph1ca1 analys1s. you w1}l be,

requested. to permit ¢ monitoring . of e]ectr1ca1‘act1v1ty of
seleced muscles by meanhs of- surface electrodes. You wi.ll.be
instructed in the ‘complete operat1on and .procedures. of ‘the
e]ectromyograph1c31 technique. In addition, you will be
informed about the safety aof the equ1pment and the

precautions that will be taken to ensure safety Please note*

howéever, that there.are possible risks in using
electromyographical equipiment in that it is electrical, and
the surface electrodes placed on the body surface eould
result in skin” ifritations.

The investigator will be present g all data collection ;

sess1ons and will answer any inquiries subjects may have.
concerning the procedures. At the conclusion of the study,
: the results will be made avaitable for your review.
Part1c1pat1on in this study is contingent upon the
signed consent of ‘each subject..Therefore. please read the
statement below and sign where appropriate. :

I have read and understand the phocedunes of this study
described above and I am aware of the potential risks

- involved. L understand that-I may. withdraw myself from ..

- participation at any timé dunrng the course of this
invest igation. I agree to part:crpate ‘a6 a subject in all -
phases of the study described above. In addition, I agree to
~allow any ‘data taken of ‘'me in this study to be used in
professional pnesentat/ons and publ;cat)ons phovyded my
identity remains anonymous

Sighed/Dated
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