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ABSTRACT

(X cemputer :nalvsis OF Tnergy Iransfers Ind Pewer

terck Gais Wik cRildren
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threugh cruzch gais W :

ldren ascsis*ed hy +*te dovelsn-

mer= of a computer package =2 aid in da*ta analys?s. L Ta-

-;ené techrique of htman mo<icn analyeis v+ilizes *Yhae maopina

oI energy *zansiers between bodf secmenfs..: Tiet* valun-aer

subjects ambularted with cru<ches as cipef:lm ia*a ani 1xial

and lateral hending momen+t cru+ct “~rces were Tecczdedl.  The

cirefilm was digitized, «conver+<ed <+c¢ absclu<e ceatdinases,

iiqifally fil-ered and vprocessed -0 derive irstanzarents,
:

»

Seqment enercy levels. tl<heougt ereray =+rancsfer pat-e-ns
have been establisted <fer adul=s walkirc wi+*  cmg=ches,
chilq stulles are absent in <he litera+nre, ~he c=uly eval-
uazed <he adequecy ©f <te %-seqmern+ c:wfch.cai‘ redel (Mells,

1879) for use wi-h children, Inergy =ransfer patterns Jere

also establisked withk ctildren for vee ac a futnre reference



in the evalug:;cn o patﬂoiodicgl gai=*. vectahical inef<i-
ciencies in individual gai* patterns were iden<ified, in-
creasinq‘understandinq- of *his soecial lcécmo*icn oroblen.
Tnefficiencies were manifeszed in pathclcaical, ,instant;ne-
cus, seqmen+tal power and enerqy curves, augmnented Sv i Lok

con+-ac* and axial cruzclt <force infcoma%icr, ™ e Q-3egmen*

nodel was ‘ound *¢ ke adegra=e for analveis >f npestmal

heal<hy children, Al«kough grutch lengt* Is a cri<ical de-

.

~erminan* in efficien*t galt, *the fc;mula fer “inding *he
. corTect leng+h vé:ies among individnals. ‘Ncrmélized' woTk
cutpu* values, c¢orrec+ed for body weich+ and dis-ance cnv-
erecd per stride, é:e muéh q:eéfer +*ap v+t ecge €o3und L

adults,

“#
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chapter I

. ‘ THE PROBLENM

Most 0f us are forturate enouak <o aveid having <5 use

crutches, However, there are scme pecple whose only mode
. ¥ '
of ambulation is with the aid of axillary cru*cles. Sone

child:én face this prospect Zor leng*hy pericds ¢f tipe dne
0 injury and/or d;sease. Trere ig li+*+le *o bPe fcund in
+he litera*u:é on the biomechanical asvects ¢f +hi3z ca+ther
unigue Zcrm of ambula<tion, Sciern%if: inves+tigazicn in=o

crutch gai+ 3did ot begin uvntil +*te six*ies wken Peaceck

(13686) unédertcck arn electremyograckic analysis, n <=he
mid-seventies, *Le basic mecharics ¢ crutch gqai+ were

analvséé {(Shoup e+ al:'197u). 32 study by Wells (719793 in+ro-
duced <he concept of énerqv transfers inte *re g=2dy o°“
crutch gaic, Efficliency, as a measure c¢f tuman verformance,
invclves some measure ¢f mechanical energy outpu+ divided hy
a measure of metabclic input(Win+ter, 197¢R). Tnesqgy tTans-
fers Geal with <ke rnumezator of +his equa*ion. FnTther
analysis of crutch gait, utilizing +«te “ectniare 5f maobning
enerqgy +transfers will give more insiqh* in*c efficiency

while walking with g¢rutclres, Wi

ct

h greater urnderstanding of
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*he mechanical relationships, imprevements in walking *ech-

nique, crutck desiqn and orthc+ic arpliarces can be

achieved,

1.2 BATIONAL

People using cruwches have a rceduccd cavacity “or pbvsij
cal movement due to +heir disabiliﬁv.: I+ igs physiologically
mere ceostly <o ambulate'uith crutcltes as appcsed”*o the con-~
venticnal bipedal mode (Ctilds, . 19€4), censequern*tly reseafch

ls rfequired <«c understand <=he enerdy pracesses 9% cruich

qai%. In *he present s+udy, a rTedue+io in enes3yy cos*
pertains <tc¢-mechanical. efiiciency rwa*ter “kar ‘'inteznal!
physiclegical efiiciency. In g+*rer words, +*hir inpves=+iga-

tiop did net involve cardiovascular, biochenmical o~ muscle
ohysiclegical efficiency. fhe rational for this s+adv, iz
©o fulfill <%e need <o qgain fur+her ‘nforma*icn cr thg hicn-
ectanical parameters, of cru=ct gai+ *o facilita*e loca*ing’
individual mcvement inefficencies. 7Tc¢ a randicarped pefson,
this cculd mean the difference be*ween heing sligh=ly =ir2i
ané u=*te-ly exhauvs+ed at <he end of his dav. "tese factnrs
emphasizéd‘ﬁhe puerpese of this studv. Ir rrider =5 énalvse
crutch gait fer mechanical efficiercy, a model ¢of =zhe body,
integra+=ed wi*h crutches, must be establisted and conci-mad.
Tn addi+ion, gait evalrvazion cen*res (cliniecs and hosopi*als)
have nc= had a standardized assesemer* procednre £or crtich
J8i+, Thus, +his s+tudy desc:ibed-é <echtrigue **a< has oo-

/
’
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tential to fill this veid. However, before suck a technique
cculd be intrecduced and implimen+ed or a broad scale, a bank
0% data would be required Zor cemparative purroses. Ry es-

tablishing movement patterns -“hrovgh *he ma%pina oF energv

wransfers *echnique, ccmpariscens of @ai+t pathologies will
: * . . .
show the unnecessary, enesgy ccnsuming meovenen*s in handi-

capred individuals. vsing cru+ches.

1.3  STATEMENT OF TH

[Ld
7]
Q
m
o
I

The study of crutck gai+ started in the earlv J967's hu=-
was quite crude in i+s me+kodology. Frco previous s=udiez,
“he bicmechanician ras a creditable —knowledqe 2% which mes -~
cles are uo:iiﬁg ‘{Peacock, 1986, and *te angles :hat,éhe
body jeints-exhibiz (Childs, 1¢€u, Skovp e+ al, 1974y.
However, researcters did rot devise a metted *o conpt+e in~
efiiciencies cf enecgy expended dJduring swing-<hrcugh cru<=sh
gaisz, In ctker words, there i1Is no* a scien+tific, a@alvsis
precedure that  will help +he pa*ien+ expend less eneray.

/

Sueh analysis ceuld be entanced wi+* physiclagical me+hads
in ke future. Once a method is establisked f¢r analysis,
theZe must be da-a available of efficiern* cru*ch walkecs <o

e able to distinguist between ef“icien~ ard ineficien~

ga’+%.

The rproklem, therefcze, is <o apnly “*e pe*tnd 5% anal-

.

fing enerqgy <+*ransfers (Quanbury, 1675, Win+ter and 2chest-
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son, 1378, Pierrynowski et al, 1980) and tte crutch model o€

Wells (1979), to swing=-through cru*clt qai«. Secendly, cner--

qy transfer patterns tha+t are: efflicient mus+ be eszablizkeid

for use, as a clinical proceedure in “ke fu+ure, as a rofer-.

€nce to ccmpare te¢ those patterns of inefficlent crusch
galz, Cnce the method of analvysis is emploved, «<he secon-
dazy pzoblem of establishing so-€aTied 'nermal' da+ta “o= fy-

ture ccrrarisen and reference is in need ¢©f a solrzisg.

'
.

1.4 BYROTEEISIS

o : /

Tre ° segment md>del, postula*ed in +k

14+

s g*udy, i3 hypoeh-

~esized <o be adequete in evalua<ing c=wtch gai- fcxz-¥ecthani-
: -
cal efficiency. <Secondary <o =his sTimary pes*ulate L5 <ha+

e -

instantaneous enerqy levels and ins*a*arnecus peave- cur-ves
'3

aTe hypcthesized *o con%ain simpilars rattens for <he 'now-
mal' efficient cru+ck gait ambula~crs. Dis*ince, common

. &
feazures are tkoped *c be Tecaqrized and iden+i€ipd, «hns es-

“ablishing a da*a base for-fuenure ccrparative reference.

-

1.5 3COPE OF THE STUDY

~h4

"his s+udy wacg an analysis 2% ererqv *cansfer pa<=erns A<
eighz children using axillasy cru-ches. Tke sultijects were
artificialy tandicapped wi-h a leg brace *c simrla“e an in-

jury such *ha* weigr*+ could be borne by cnlv\one leé. '

[\

I':s



1.6  LIMITATIONS OF THE STODY

v

The s+*udy was linmited «0 eigh* sunhjec*s dne *o5 the con-

of +ime as well as

subjegts.

ers,

Teccorders)

the availabili+y

The equipmen* (instrumen*ted c-utches,

cf sui=able

anplifie

¥
limi+ed *he locaticn c¢f +Ye ccllectinn of .

data to cthe Ricmechanics laboratory (Mmiversi+y cof dt+tawal).:

- . .
1. DEFINITIONS OF TERMINOLOGY
lf{enuatioﬁ— ~he rTeducticn In ampli+uwde ~f a agiven .signal
(villex and Yelsor, 1573y
Bended Strain Guage- strain sensi+ive élemen*ﬁ arTanted =0
.Facilitate bcndinq-;o a surface ir crﬁérqtc meagsure applied
strains. ‘
TrzoT< <he aiqeb:aic difference be*veen =Fe indica=el value
and the *rue value c¢f the measurand exprecsed in pec-cern< 5f
N *he ftll-scale output (Miller and ¥elsan, 1673).
“\\4////ﬁ“‘ Txcitaticn- =Xe exterral electrical voal*ade- and/ar cu--en*
arplied to a *ransducer for i<s preper cpera*tien,
Sai+ Cycle- *le events +tha+ occur be*ween succecsive ipsila-
zeral fcct contacts on +ke walking sreface.
fNeel-Strike ({H-S)- Tke ins-an* in <~ipe where “he heel makes
‘ccntact wi+h *Le grcund.
~ - ‘HVSteIeSiS- the maxizum difZference In the cigral nu<pus »°¢ a

tTanpsducer a= any glven measurand value within “he specified

range when the valve is

ADPp

and then wi+h decrecesing measurand, in cther wnrde,

rnached

-~ wi*k increasing

3 meas-

nre of non-linearity c¢f the =ransducer siagral cu+pn-,



[
ﬁinearity; the closeness of .a calitra*icn curve £9 3
snecified st:aiqht line (¥ille- and Nelsen, 1973, .
¥olise=- any unwanteé elecirical disturbance or spurisis siq—
nal wkich modifies transmit+ing, d;splayinc, oT recording Sf
desired da+a(Miller arnd Yelson, 1977,
Teak-tc-Peak- +he algekraic differerce be*ween maviaun Fosi-
tgve ard negazive valuesrof a varving sicnal(:ille: and Y¥el-
scn, 1973). : | T
fcale factor— the. ratic ¢f frll scale cu*but *o *te value of
+*he measuzand at furll Tanage (Miller and ¥Yelson, 1973y,
Sianal- +he outpit emana*ing from a devicef!iller and vel-
scn, 1973).,
Stance Tiﬁe- elapseék‘ime one fcot isg in centact wiwh thé
walking surface, in seconds.
‘Stride lenctr- <+he distance he*;een *wo consecu*ive ipsila-
“ecal foo% contacts ¢n “he walking su-face.

= -
3wing Time- elapsed “ime one ‘om*t s  ro+ irn  crontace wish

-

walking surface. . .

Toe=0If (T=0)}~ The ins<ant in -ime where **e “ze leaves ke

gzcund tc¢ initiaze leg swing-<hrongh.



Chapter XII-

"'{

‘ >
EEVIEW OF THE'gIE;RlTUFE

2.1 INTRODOCTION

. o - . ) - ‘.
Due to the diverse nature of the present s+udy, *he ze-
view of literatu;e was subdivided in*o rela+ed " arcas. n

1974, Shoup et al, cu*lined tke c-v+ch litera*ure dennn-

strating <he lack cf bicmeclthnical aralysis of crusch gai+.
;'. Il

Surprisingly, +he arc+icle revealed :hat ncet cf +he 1

*ure, tn*il -hen, cdealt wi<th cru+ch modifica*icne, hisen-vy

and +he art of * <ting cru=cres.

+

Tpstein (1¢37) desczibed =g bistozy ® ¢f ¢crv+ch \use anqd

found <hat tre axillary crvech tFas Temained, neTo less
in the same genercal fb:m for the pas* uUBN{ years. Lletonnts
at modificazion c¢f the basic design are An=lined in +%a %~ -
laé QZ Orx+tlo=ics(1975).

-~

2.2  PROBLEMS ASSQCIATED WITH CPUTCE USE

Ahen dealing with cru=ch gait, ~-here are scveral vacame-
“ers tha* mus= be considered *o aveigd complica*ions, zl-
“hougk crutches are u+ilized =c aia ambunla*icen ip =hase oi-

*ker «enporarcily cr permenantly disabled, imoreper fiz+ina



P

arnd. =echnique can cause <€urrher injury. T++ien{198Q) Ta-

<

-

rcrted cases cf.ax:llary artery aneurysms céﬁsed f:pm ke
rressure of <he axillarcy pad of +he cru+ch. o0& all. ccpozt+ed
cases, thé'patiepts were eyde:ly, suffered weakness 3¢ low-
er extremities anéd had used axillacy crusctes faw mobiliza-
*ien for  vyears, fbbe+ and Parlina(1€73) and R®zesks and

;Fewler (19€4) noted +ha=z the axillary ar*e-v ar? -adial necve

4

o F

tare grcne to crutcl Induced Inyury and.mus* bhe protec=e?

~hTcugh prover gait technique and crusel fie+inea,

Use of crutches 1s no= res*cic*ed *¢o *hose wi*t anlv low-

-

€T ex*Temi+ty disabilities. Urpe- extremi%y amru“ees mus+
cverccme the agreat hardicaps of lack of s*renq+th, balance
and s%abiliza+ica, bu*- have in scxe caces, bhecrme 3uccess-

Zul cousch users(Tucker, 1979). Such studies illusiTate ~he

diversizy cf rroblerms zthat mus< he ar*icipa+ed bty Inveztiqa-

t*ers ©f coutet gaix.

=

fome Incomple-e gquadriplegics (cne whe tas ingired <he
cecvical cerd buz still has muscle iInnerva+icr belnw ~he in-
jucy) wifhllimifed inf:insic tand grasp tave btecome indeven-
ien< ambula%ors =hocugh cru=ch modifica<ier {Lamnrnila, 197,
Vizrga, 1979). Cerza(1978) described cru-ck medifica~icnz “n
aid ir ambulation for pazients wistr lowew oxfromifv meny-
paAresics, This en*alled “he use of a strar and brace “-am
“re aftflicted leq +c +re lewer posi+inn of =te cor=ch s~ +<he
enerqy of the cru=ch would be +ransfered *c =tre leq peoduc-

ing movement,
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Thus cne car see problems associa*ed wi<h cru+ch use arce

neither few, n>C sinmple.

-,

2.3  BASIC KINENM HAII.§§

L brief overview of the developmén* cf inves+iga%tisn in-~
human lecomo*ion was descoibed by Tappozze e+ al(1975) .,
:hotoqraphy facili+ated +<he First me+hed ~f s+udv which de-
veloped af+er the 1860*'s. As'fhe'a:* develoved, biomechan-

ists u+tilized pho*oqgrapky <o aguire a mere ccmrleze knowl-
edece ¢ movements and forces iavelved in human locomotinm.

%uybriaqe(19551 Z2ilned many locgme+or activi+es oFf bo+h men
and women, in the la*e 1800's. His frame hv “rame analyvsis

technique laid the ccrnezs=one for mict of +he weok in con-

*empordry bismechanics. s muck o€ +odavs ceséarch ei<dr-s
4

are spent on  pa*hclegical leccome%ter  pat+erns, and a3Aany

reastsements Eust be “aken, mathema+ical _ msdelinc hecomes a
. .
necessity. !herefc:e, +he hody ras heen mcdeled as an ac-

~icula+ed sys-em ¢f lirks in dynamic eguilibrinm., Siact ani-

els eaploy a few asstumn4icns fcr simplifica*icen pizvoses.

Jzipnts are usually consideraed =0 he fricticnle=s and ninned.

~he displacemen* of blccd and sof* *issue is disvesardel as

segments are assumed tomogenious Ticid bodies. dands and
feex arve described as single segments(¥:lle- ard Yelsoan,
1273y, The model enables +he collec+inn ¢f accurate la<=a as

i3. The

1]

well as cecnservaticr of zanshoucs durinag da*a analy

leng+h £ an ara*omical link as define@ by Temrstes(1955,



is an ax;al linre ccnnecting *wo adiacen+ icin* fenzres o
a stsaigh+t lipe between %he'ioin* centre and mass centrte 2°
thé seqmen* in‘ the case of a *erminal <ceamen™. The +join<®
cen*Zes arce nn+* alwvays éésily iden*ified by surface land-
racks. Clauser et al(1969) suagaes*ed +ha+ cearen< leng=ths
(links) be devecmired £rem using +he avdllable benv 1aﬁﬁ~
mazsks. The mass pa:ticleS +hat ccoprise eack <seqmen+t aTe
c=nsidezed *+c ac+t at tbquent:e'nf aravi*y. Trece segmen+al
mas3 centr-e loca‘iéns _vere de=ermined in a classical s=uiy

by Braune and Fischer (1889). 7hey concluded +*a:t the mass

centres of extrenities were anvoxima*ely feur-nirths 2f <he

-

+2val seqmer* leng:zl Zrcm =he vprexiral jein*. "re segmentail

ot

(link) mcmen*s ~f inec=ia wi+® Tesnmec* -~ an axis -hrougt
’

+he mass cenptre werc revor+=2d by FTiscrez(1906). * yerv com-

nrehansive. anthropeme~Tic inves+tiga+ticn wae ceornduc=ed by

Jemps=er (1955), He calculated momenw*s cf

ner+ia by se+«<ina
-%e segmen=s in<+c pendulum sys<ems and Cecezdina the perisd
o oscillatisn,

S

The body, when modelled as a svs*em ¢f links, moves as a
~esult oI external -forces aon the‘svstem. Syek forces are
qround reacticng, irer+ial, gravi+a*ional, and *he ac<icn >F
in-ecnal <occes performed by muscular contTacrisns (CappazIn
e+ al, 197%5). Tnder +he influence ~f suct forces, “he
lirks undergo anqular diplacemen+s ahor+ +%e jeint axes.
The resultant angular disnlacemern+*s have a direc* —ela+ion-
ship with <le mcmernts provided by muscular forces a<= each

jcint.

——’.
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'The center of grévity e each 1link in +he hedy interacts
with applie? feorces ©0 produce *he movemen*s ctaracteris+ic
in loccme+*ien. Murfay e al (1967) descrited *re zola*ion-
3kips between the F¢sStions ©f **e centro n¥f ~agraviiy of ﬁhe
tedy and the centres of annlied fq:cp. Tar exaﬁnle, if *he
bedy is <2 be acceleratred fsrward, +*he cen*re o€ rressize o€
the droiving force rust be avplied berird <+*e ver<ical line

| _
*hrougk +he centr cf/'q:avi*v. Fer accelera*inc backwarcis,
~he driving force rus* be aoplied ir frep+ e- *te vartical
centre o gravi+y line, Howéver, ¥urray. e- a1f1°§7) £ouand

that Zox staticrnary main<enance of =te body, **e centre - F

PTessnTe fluctuated boz ir fzgn* ~* apd betind *he lina o<

aravi+y, Trus, ~he accelera=ive and ﬁeceggra*ive Torces
e L J
that maimzain the stationary posivicn mus+. ‘all within +*ho

base 0of sucpor-. It& s «kese ferces +ha% cauvse fozwari ao-

tion cn cru*ches,

Since +*he link ségmenf ‘mcdel ocutliped by rapozze e-
2al(1975) is accepted as an iccura*e Tepresenta*iecr, “he bodv
will be cecnsidered ‘as a systen 2% art*icula*ine lirks in <hisg
study(Winter, 19798, ¥iller angd Helsoﬁ:\1973). "Fi3 concen-

wzll be greazly exparded ip “te fvkcection dealirg w

(B8

=L en-

ergy transfer,

The dynamics invelved in -tre mevemen* ¢£  +«re bady links

' . . »
17e well decamented and car be found in several hifomechanics
textbooks (Miller and Yelsnn, 1973, win%er, 1979g, Plajen-

hoef, 1971 -
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2.8  CRUTCHE GAIT PARAMETERS

Zn +the nrtior subsec+ion i« was neted *he li+era%ure ig
scatce on ¢rirchk gai+ analysis frem an  bhicrectarical view-
9 : - i

ccint., Per <his ceason,  mary of *he me*haods “cr analysis

@1sSt be borrcwed frcm *he be=rer dccumen+ted area o€ walkiag

P

-
-

3a

Zn addicicen ¢ t+the previcusly ci*ed werk of 3rmaune and

Fiscker (1839), and Fischer(190€), Pernstcin(193M mrade sig-

n

[

fican¢ pregress or humaq loceme+ion analvysis, He devised
a zechnigue <ha+ deternined X, Y, and 2z Acco:ﬂina*es vl
landmacked §oints uSinq'onlv'one camera in coni"nc:;OR Wwish
1 plare mircez. This was achieved by intersectinc +he aD=i-

cal axis of both the real a miz-cred cameras. Coaseguen® -

s ]
jo ]

- -

lv he was able *o develecp fermulae usipg s3imilar <oiangles

*~ gain +the jeoirp+ coeczdinazes(¥iller £ Yelsan, 1973,

In the earcly 1950's, a cormprehensive s*udv on normal
aduls leccomo<icn (Saunders e= al, *©52) areatly con<Ttibu=ed
%2 +he base of knewledge whick was needéd €eT analysing lo-
comceer patkelogies. faunders e£ 2l 1952y ecnr<lired s3ix ba-

sic’de*e:minénts ¢f rormal gai= whict icfluence -te v§-*ica1
and horizok-al displacement 2% the cen“re of gravizy. The
determinants were: pélvic =il+, velviec rTeo-a<=ion, knen
flexion a* mid-stance, “he €20t rectanism, <le knee mecha-

nism and la+teral displacemen- 0% the pelvis, Ctnce =he seT-

mental displacements 0f thke centTe of gravi“ies we-e unde--

.q
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3%30d £or walking, the same me*hcd courld be apolied +«o

crutch gaitranalysis (Burnett and Jecknson, 1971). When- de-
4 . '

visina a ma+lezasical model for cru*ch gais, +ke main di%-

ference between *he Toﬁnsend and Seireq(1972) nedel o€ noyr--
mal walking qai+ arnd a c:ﬁtch necdel ié *he pelvic movemern<,
Felvic and thoracic mofions are 187 degrees cut =€ thase be-
tween sides wtern walkipg.' This is not true for cruch gais
15 swing-through gai= 1§ essentially bila*e:élly syme-cical

(Shouo et al, 1¢74) (Bergmann e+ al, 1978),

Sankaranku=zy et a2l (3979) ccnduvcred a s~ndy <=2 ccanare
“he metabeclic and prysiclogical enecgv cos=s he*ween 4:i¢fer-
ent types of cru*ches., 2l-hough biaker hear* ra*es were Te-
cczded Loz 3ubject§ usirg axillary cru=cres, “*te subijects
did consider the axillary varie*y To be **e easies:t “o use
in addi<ion to heirg *te -mcs=t comfertable, {*he varcinueg

“vpes of cru<ckes can he found in ke ATL:rT b
CFTHOTICS5(1975)) Due =¢c <=he subject preference “er axillary
crutches(Sankarcankutsy et al, 1979 acd *lkeir universal

pepulasity, +his study shall u+«ilize .~%e s+arndarcé, kosoi-

tal issue, axillacy crutch (ATLAS OF OFTHOTTCS, 1475y,

-The study »f cru*ch gait as a separa‘*e ern*i-v, really
begar in 1664 wi<k +he <irs+ anpalysis of suinq-thfounh
cru+ch gai+« (Ckilds, 19€4y . It was an examina“iern > paga-
rlegic ambulatior whtere +<he arms and %erad became 3n1rces »¥

peower *o mecve =he ron~functioning mass (+he lecwer liaghsg).



e

The study eamphasized the ccnceptrs of dyvraric ecuilibrium,:

ba;ance, and pewer in cru=zch gais. ‘Pcver, iﬁ +his inves-
tigaticn. was defined as a =ransfer ¢f energy from *he aras
and head to the legs tkrough a whip=1like acticon c¢i the *o2o--
s7. This *-ansfer ¢f enerqgy - -was nc+ed, however, 1%t was no*%

measured in any wvay.

Peacock (19€€) ccnduc*+ed an electremyvogqrartic s*udy du:inq_

crazch walking t¢ demcnstrate the vna%tern cf activity in the
scper limb and trunk muscles. In *erms of crutcet type, he
fcund nc consistant difference betweer <he usé cf elbow and
axillacy crutches In ITMG siqnals. Stbseauen+ly, Pea-
cock (1666) made =he observation <ha* crutch walkirg involves
+he weilgh= of the tpper bedy being %aken con +the haads, To-
épltinq in the funcztional crigins and irsaz+icns o nuscles
+*o be "reversed' in +<he upper arco.. Peaccck's(j@ﬁ&) w::k‘uas

+he <irst to nete suct a ‘uncticnal -eve-sal =€ auscle a=-

zachment when the body mass is svoperted Ly =he 1uovper

shoup et al{1974) repcrted ¢n  +he mechanics oI cTutch
gai+ by recording thLe displacements ¢f brody seamer%s in 41f-
ferent planes. They no+ed rhat for 'nerzal walking! ~he
vectical fluctua+iors ¢f +<he jein+s were zmallex* f5- <hose
jein=s +ha+t wvere fur+hest frcm +he f£lcor. Trus <te shoulder
and hip have smaller ver*ical excursicns *tan de <=he knee

and ankle, For crutch ms+ion, +his condi-icn Zs comolezely
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" Teversed. They also documented the lack of a sheck absorb-

ing system for the upbeﬁ body frcm forces tfansmi:&eﬁ 1p
*hrouqgh the crutch, which is presen* in +tre lower boly when
walking due *c knec and back ana*cmical desiqn. They sug-
gested a shock absorbing system buil« ir*c *he crrech +o ab-
sorb impact forces. Subsequently, a mere cemple*e s=ndy is

Tequired *o examine zhe ma;nitude ¢f suct enerav transfers
which-is in +ke scope of .:he p;esen* shvdy. The fallowing
secticrn describes thke nature ¢f suct *ransfers cf enecqgy and
a methecd of evaluatnq +he magnitude of tke +ransfers. s3shoun
ex al(1374) alsc suggested <ur+her inves*ica*ier of cot=ch

gail+t with o+*ter subjec* groups suck as childrer, fenale

adelts and eldezly recple.

Ground teaction <Zorces during swing-*hrecugch crutch gai-
vere examnined by Stallard ez al {1980) tc see If the na+nure
and méqnitudo of =tese forces wonld have fepercvssions ‘oT
patients witk injury or disease *o *he lower limb. They ca-
vested “he average minimum vertical grcund :eacffon 2 <he

leq was 132% boedy weigh+, 1€% higher “tran repoT*ed Zor no:—'

mal walking., The terizen=al forzce c¢n the lower lizb in =he

directicn of pregress was 35% bedy weight while 15% bedvw

weight is reported Zfor normal walking. VYer+ical g-ound ce-
actiosn %o cru*ches was oo the averace SU7 bady weigh- ¢n *he
side of the larnding leqg and 51% on +*he contralaterzal sidie.

Rcoizontal ground Ceaction on the crr+chesz a* right angles

“o the directicn of ambulaticn was N9% bedy weiaht on *he

-
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right and-08% body weigh+ on the lef*. Further s*udy to de-

- w

~eraine *he effec*t ¢f these forces on *he *=¢*al body is rce-

aquired.

The firs+ kinema<+ics and ene:&y varia*iecns analysis »f
swing- <=hrougt cru=ch gai* was ccnducted by Wells(1978), He
rc=ed that Shoup et al(1974) utilized subijects wio had Zull

C o, . ,
nse of their legs.| Therefore, . *“hey cculd push sif, ana
lengthen =heir <Stride cesul+ing in Teduced  +runk actions.
Tbe subjects in +the Shoup e+ al(71974) study werTe élso able
-¢ employ hip.and ktee flexicns agiving ground cleatance dnro-

. 1
ing the swing phase. Wwells(1979) pcinted ou* suct a mede >°

lecome<icn was not cemron for disabled cru*ck nsers. Conse-

grently Wells(1¢79) corducted an inves=iga=ien examining the

werk =equired to meve the body as an absclnute sum of posi-
+ive and nega*ive eneray chances while res*ric*irq <le me-
hili=y of *+he musculo-skeletal sys“em “¢ closer simula*e *he

condizicns of disabled cruzch users. ke pa*tre 2% eneray

exchange is discussed in <he nex* sec<icr.

“he me+<hsdolcgy cf ¥ells (1979) appeared, fer the =mos*
part, valid and ccmplexe, BEig da+a collec*icr =zechnicue
ccnsisted of cinematographic and ferce nla*form - Tecozds o€
c-utch gai+t in the sajgi+al plane. Fe used three mals adulcs
sub jects :anqiné from 21 =5 32 years ¢f age, The lémm cine
camera was pcsitioned 12 mezers or*hcgarally =2 <*e walkway,

with a frame —ate of 30 +*o 35 frames ver seconi. The crTu*ch
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tip transducer and cine film were synchreonized tv means »% a

128

clock superimposed on the film which alsc aenera+*ed a +iming

rulse con the chart :é;ordinq'of cru+ch tip forces. The boly
jeints were . landmarked and oréhodic hraces were placel on
+he knee and hip in various combina*foné. )} compt=er pzo-
q:am‘was nsed to analyse +he film displacemen; da+a, render-

"

.ing the enerqy levels c¢f *he & seqmen;'mcdel. Tata on *he
hody segment pa:amete:s.we:e obtaired <frem Drillis acd Ceon-
«ini(19€€6) and Demps*-er (1955). Nata was “fil+ezel by a
niecewise pclynomial curve fitiing *echnique. This se=up

served as a basis In tte present s*vdy, kewever, <he Ta-

~isnal for +*his study necessi+a*ted varia+*ions cu=lined in

Tister (198 7) s+udied =he eneray ccsi ¢f arbula<ing wi<h
crutckes but used Vo2 as a measure of enerav crnsumnfién.
owever he nc+«ed, as the average crtu*china speed increased,
=he rCa%te a* which s<+ep é:equencv incfeased was significan=ly

area-er +han that c¢f s+ride leng=h. e Yrypr+tesized =his

resul= “o be related *c +<he pa**erp 27 pec*en+ial and kinesic

rt

ene-qgy changez in ke gai< cycle. Fe suqgested using <he
anralysis methods of wWells(1979) and Quanbnury e+ al(1375) <o

devek¥op this rela*icnstip further.

wells (1979} used male adults who were ar<i€icially Inca-
cracitated, This type ¢f study *as no%t heen c~ndvc=ed usiag

children as subjects,
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As all previous cretch gai+* s+tudies rave vsed alul=ws as

subjects, cne must consider the variable gegmern* leagths 1€
"Jealing wi+th children, T~ Las Dbeen suggested (Rucne<t* and

Jchnsan, 1971) thaz +he characteris+ics cf ma“nre adult gai<

azpear much sy ner in chilirer “kan previcusly *hcuqh<. N
cruzchk aqait, -he smaller segmen* lengtks, conpared <~
adults, may not agree wi+h <the cecnclusiens € Pirnett and

Jshmson (1971) whick w11l  warran* addivicral ccrsideratien.
“his is imperative when defelopinq a :atégnale for the ores-
ent s-udy. ff was the conclusion of Fc{sg.at.alc1979) ~ha*
adinlt da*a cannaf Le scaled down for vse wish childzen due
«» +he adul+ segment prcpeTtiazneg no* ecgrating wisth child:én.
PAaley e* al(197¢) da*a shcwed +he averace linear 4isplace-
ments, velcciries and acceleraticns were lazger f?: éhil-
d-en. They concluded tﬁat «te lewer masses and Inet=ias of%
+he smaller limbs permi+=ed wmere rapid accelera<ions wi<h.
lewer force levels, ~recaefcre, ernevcy exctargyes dnurting

swing =hroughk crutch gai+ mavy be &ifferen% in children 2as

crpossed t¢ adul:s,
N

il

2.5 ENERGY TRANSFER AND PONER FIOW

Wells (1279 has been~- =he nnly auvthor =2 ana?&se'cru:ch
qait from an energy *ransfer viewpoin<, btz te 3id not qive
an exrlanation as *¢ its ~heory. Ln ~verview rf <he fnll
develcpnent oI ererqgy t:ans;e: and power flcw s requirzed |

fer complete understanding.
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The concent of energy transfer in its infanéy vas refer-
red to as 'external'wo:k'(Penn. 1830, ?lftman,l‘P’d, cCavagna
et al, 1963). This term ués misleading as Zarcugh (1321)
pP~inted out *here was no exchange cf energy betugen *he hody
and external envircnments save for the effects 2F air resis-
Tance. Tenn(193)) de<ermined thé\wo:k dene by *hre body Au--
ing runcine by Teccréing focot  pressnure measuremer=s and ab-
“ainirng bedy disclacemen~ data from “ilm. Tlf*man(1939) ang
Tenq(1930) used data from a sinqie wvalkirng cvcle €ar a sin-
ale subject +*c¢ s+udy energy changes and work dcne in +he
boady. TFenr (1930) used film +e recesd boldy 5isplacement§'and

measured Zcot pressuze to deternipe ~he work A~ne by =he

hedy. T1f=man (193¢9) USing great foresich+, calecula+ed ro-
“en<ial cnergy(rT) and kine<ic erergy(XT) ‘o= tha “an+,

shank, <+higk, and *-unk during +he “ull cai* cvcle. 'T1f+-
man(1939! alsc.:eco:ded the Cate of dcing wcrki{rcewers) in +he
akove seqmenis, roting tha< vesi+tive valnes indica=<2d oner-
gy expended while negative values indica*egd eneray received

by *he segmen*.

The akeragé energy -coquiremen+s a° +te boady, Avrcing walk-
ing, fer a JTCNFp oI & subjects on +Fe basie a< displacemer*s
was CeroTted by Bresler ani Bar-y (1¢51) ., TFis was achievci
by tke develcpmen+s ¢f equaticns for erergy, ncina New+tcnian
mechanics, in three planar Aimensimns, Ir 2 la-er stuiv
(Bresler e+~ al, 1957) calcula*ed “he éne:qv and power =o-

quirements of the legs in amovtees ard conclnded =4a+ mo-e



-

20

fluid +runk @me+ions may Tesul: In a decrease o0F <he +=9%al

energy need due o *he large mass 0f +his seagment®.

-

Cotes and Meade (19&6() also a**enp*red +«o measuce *he
amount of energy expendi=ure in tre body durine Halkinq;
“hey used *te verstical 1lift o0f the *runk ac a neasuﬁe{ ‘cal-
culating lif+t as clange <n heigkt of *rvnk mrleiplied bv

hady weiagh=, Hovwever, “hey did ne+ +*ake in=c¢ account =he

forward and lateral acceleraticns ¢f +te bodv's centTe of

cravi+ty.:

Cavagna et al(19€3), and Cavagna and Margaria('19€&) con-
suted *te amoun* ¢f 'ex*ernal work' rTecuired *o ircrtease <he
~raaslatioral mechanical enerqy ¢ *he bedv's centre oF
massS. . This was achieved by accelerpme‘:v of ~he
~runk (Cavagna e+t al, 15€3) and by in*eq:aficn 2% force pla-ze
da:a(tavaqna, 1979 . \In the 19€2 s-udy, Cavaana e al nozed
+he use 0f gravizy %o accelerate frooward *te cé&‘:e n% mnass
2% ==k¢ hedy. The resul*tant increased velccity cive suffi-

clept m-omen+tum o ralse *he cen*re of mass again 1aring leaqa

-
—

implan%a<icn. This shift be<ween potential and kidetic en-
erqy was called ecnezgy zecovery and was v<ed as a measuse 2F
efficiency bv noiinq energy losses. favaagna e* al's {197/
equaticn for the calculatisan 2Ff rtecnvery n? méc;gnical ener-
qy wass:

(|HV] + |WEf] - Wex+)

B ]
I

= TT==" TETTTE T T T T (N

{lwv) + |WEY)



(Cavagra e+ al, 1976, tp 64 3y

Wvs wezk to 1ift centre of mass ¢f body
Nf= weork %o increase forward speend

Wext= tctal mechanical energv invelved

Tavagna et al(1976) at:emp*ed to de*ernmire *he most effi-
cien* cadence fer walkizng. s +he egra*+inn frr recoaverv »f
mechanical energy stuggests a difference in prase hetween po-
tential. and kinetic ene:qf durine walking, Cavagna e=
_al(1976) cempared +re mechanism “0 a prendulumn. Tn *his a=-

~emnt, they developed a medel of +%e leg and shank as a

rendrvlum cver the {20t employing “%e equa*inmn:

vertical displcemen= of +<runk (svwing pericd) g % gos A/

o
~

cavagna e+ al, 197Ff, o~ £90)

S = leng*tr ¢f lea

& = ampli+cude 2f zec+aticn

his assumes that @ is sufficien+ly s@all ¢ assume *~he
cherd is ecual to <Le arcc(Cavagna e+= al, 197F). However,
+his mecdel rcapidly deteriosorates witr arn increage in speed
and the presence c¢f any qait‘patholocv. ™n addi+icn, Ca-
vagna e< al({1%7¢) made the assunmn+<icn <ha+ +*e erergy of *he
bedy's centre of mass represented “te sum ¢f all segmen<« on-
ergies. This was later found :naccnrate as i- dnes not take
in%> cenzideration be:ween—seémenf eneray exchannos(ouanhufv

et al, 197%).
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Ge:séen e* al(1969) coaputed .'external werk! and energyv
_:equi:emeu@s in a similar manner directly fzom +*e¢ displace-
ment of the body's common cent:z of mass usénc a =triaxial
accelerometer attacted *o =he trunk, close “o +he esﬁimated
centre 9% gravity cf the bedy, Hewever, ererav changes in

“ke linbs were no+ acccunted for in the calcula+iens, Tukin

€% al(1%¢7) also computed nozen*tial enercy and kire<ie angr-

gy fzem the ctange and 1€, in *he body's cer<re of mass
but fell skeor+ in +tFe te*al calcula*icns for tre same reason
as Gersten et al(19€%8), Despi*e *re shor+enrirng, tﬁe me<h -
o1 emvloved bv Lukip e= al {1267y, is wé:fk ro*ing, Thev
a*=ached strings =¢ +te approximate loca*icns cf  +he mass
centres in the segmen<s <o Tecord their disnlacereon=s whimh
were tsed *c compute ererqgy levels., Trigs was a Aireecs me+h -
cd %o recozd limd displacenea+t rTa*ror +har gairirg such in-

focmatien from film.
b

o

feckett and Chang(19¢€8) ‘6und Lip momen*s “c be =he nmos
impor=an+t factor in gaie. They Jel+ +re auadricens (accel-
era*iosn phase) aad +he Lansrings (decelera*ien rtase): were
“he mes+ siqnificant PCwer uni<s in walking. 2nv os+her gnz-
cle groups, guck as +throse whichk prodnce knee amovemen-,
were lartgely for cer*rel and did no- irflnence <+he flow »<€
power in +he bedy tc¢ aLy grea+ ex=en+. n ccﬁclusion Reck-

e<% apd Chaang (19€8) believed =ha+ ~ne could de*ermine -re

(BN

most efficient gait cadefice ¢ given *te narare*ers s5f +he

bedy. | In c*her wozds, *he most efficien* gai+ cadence would
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Fe achieved by minimizing <he energy veed, per distance cov-
ered,

=5 this peirnt in +hHe development cf enczgy *Tansfer, +he

simplification c¢f using the *ctal bedy cen*re 2F arcavisy, or

voin* -mass model, introduced errer inte energy calcula+icn.

Lukin and Palsten(19€9) *cok a sths*an*ial s*ep *nwards the

oresenz-day, <thougk<t 2on canezqy <«ransfer, by v*ilizing *he
link segmen- mnodel. They calcula*ed the mecharical enectay

level cf tre body seaments ra+her *tan jus* censidering <the

dicclacemerst ¢f +the =zo=al body centre ¢ graviey as =heir
predecessors had done. The bedy was divided Irn*o the fcl-
lowing seguen+ts:head-arms~-+runk, =hiak, shank and foo0= The

~heary invelved was conficred by Smisk (1975, Tekin anid

Talsteon (1969) deterrirned linb wclumes by wa*er displacemen=*

and used Demps=er's (1%55} eguaticns +0 avprexima*te the seT-

men+t centre of gravities. Nespi+te +heir paijor advancemen+,

metazicnal kinetic ener-gy was no*t censidered in *te calenla-

3 stedy of enezqy analysis measuzing disolacemen=, gTound
—eac+icr forces and electtcmyographic ra<+*terns in —he lower
1:mb was cecnducted by Cappczze et al(197€). ~hev concluded

that the constant level of enerqy rf +he H2T (fead, atms anAd

“runk) was <he key *to efficiency durine walking aai-,

Quarbury e+t al(197%) developed +he current +thdigh* on

rower flow and enerqgy transier usina a compu+er-TV sys-en
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“hat provided information abou“ -the absclute tra’jectonies o<

becdy segments during walkinq.‘ Thav peinvted on+ calcula*ion
cs vower flow car also‘be derived by censidering *“he ins-an-
Taneous rate of change of +*he *o*al ene-av 0f +*p ‘bady se&-
men*ts as well as by *he *radi+icnal me=trod nf *lffman(1Q39{.
Flitman's (1239 rethed of calcula*ing pewer Flaw was based
on the fcllowinq.p:incipals. As *re work perferred by mus-
c%es is.:areiv constan® with ~ige, mnscle pewer is calcula<--
ed as a function ¢f tire(Win=er § Fobertson, 1¢78y ., Thas,

“he eguaticn for muscle povwer across a Join+ Is:
Pmn = ¥ * wi ¥ (2)

where: I is the miuscle nrwer 3in wa=+=
M7 is =the ne+ rmfiscle memen* (Mm)
wJ is the jecin+% anqularz velcci*ty (rad/sec)

- : (Hin+er, 19799y

Pn can be either a positive ¢ negative value depending
cn whether <he muscle is peosi+ively c- nega*tively acceleca~-
ing the seagment. khen +he nower fs a reca+ive valne, *he
muscles are abserzbing mechanical enerqy while enercJy is qen~.
erated when =ke pcwer i3 a_positive value(Win+er, 10979ny.,
“rasmuch ag  power is th

.

mfscle Is +the inrteqral of muscular pewers wi*t cespect <o

D

Tate of dcing werk, work done by a

“ige, Elf+tman (1539) explained how power €law *0 and “-on
. ap——
segments wezZe the rcsult 0f «we *vynes ¢f forces. The “icsz-+
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~ype weré inversegmens-forces ac*ing a*t a 1oiﬁ+. To calcu~
lare vower flow due to acceleratier c¢f a linmb scamen+; all
ex=-ernal forces, -Le mass, and -he accelera<ion o€ *he
centre cf.mass ¢f tle segment mus*: be known, ~ Newton's lawvs

were <ken anplied in ecguaticns +“¢ determine tke forces in

9

k liﬁb seqmen* as fllus+tra+ted pv Quanbhnurv o+ 3l {1975 .
Power flow due *2 jeint fozces is exrressed as F§ * V§ where
F9 is the £orce acting a* “ke joins and Vi is *he absalid-e
velcecity of +he jcin%(?cbe:tson and Win%ez, 79P"), This can
he explained by <he fellowing: since nower is *+he rate ¢
deing work, or dﬁ)d:*\_ and wcrk i3 ferce times displace-
ment, the equation for Scwer is alsc T * ds/4*,  The rTa=ins
of ke infini+esimal displacemen* cver the infin*esimal =ime
can be substi+uted by velecizy. Tence, P =% % ¥ 4ghore T
and V are vec*or quantities(win+ex 197Q?1.

Tre seccnd <type of ‘orce ‘ﬁcn*:ibutinc -0 pcwes flag is
~ha= due t¢ *enden L3®mEnT S, ~"his invelves an egquation <ha-
sums the momerts crea“ed by muscnlar cen*racti~ns, gravi-a-
-~ional acceleratisn, and fcrcegs dye +¢ jo2in- accelera=ion
about *Le join=w axis of zo-aticn., Ouanbury e+ a2al(19735) com-
pared thig'mchod of determining ir*erseamen% rrwer <law -0
~he calculatioﬁ ¢f Zns*ar+aneous peower and fcund =hem =9 he
in agreement. In addi+iorn, wrile +le calenla+icn o4 in-
§Tman+tanecus power rteguires no assumn~ions due =~ =he pa<-uce

of the equations involved, rower “lew calcula-icorns regquirced

forr assumppticns, TLey were: {1y cure rc+a*i~r abon% an



ideal Lkinge, (2)corstant momen* of iner+ia abou* <he joine=,
(3)nd> dissiva<ive forces (frictional viscosify),_ {4) §oin+
forces act ~hrough the centre c¢f :otatian-'oF “he
ﬁbint(Ouanbu:y et al, 1975y ., By making *kxe o:eceedinq as -
sumpticns, OQuanbulfy et al(1975) demcnstated +ta+ bpoawer “low
was equivalent to *le instantaneocus sSecmen+ rower which was
easily calculated <rom the slope of‘*he ins*an-anecus cnergy

curve. -

The calculaticn of +he ins+tan*arecus energy ~€ any bsdiy
_ g
segment is +*he suc of FZ (m*g=*lh), KT(C.S*qmx(veedy)y , and

ST(O.5%Ix (wxx2)) restl+ing in +=he “rllowing egua=*on:

Ti = mgh + 1/2muk*2 + 1/2TwE%D {(2)

-

Ti= <he enezgy ¢ =he i+h seqmen= (i)

m; mass of seament(kq)

a= acceleTa+icn 3Jue éo gravi=y (m/ (s¥*2)) %
k= height ¢f ceptre ¢ mass of seqmen* above da*ur(m)
v= absclute velccizy of ¢ of m. (n/s)

I= mcaen*t ¢f Zner+ia abcu= +he centre o< nass (kag*xmx=2)

¥= absclute rota+ticral velzci+y o< segmen* (rads /sec)

wr !

Wiozer e+ al (197€) fur+=te-ed. anralysis uwsinag Ine-antane~ns
energy where <the impor-ance of pcwer €law =£ and f=cp -he
segment 15 emphasized rather *han tre absolu<e energy level.

Thus, he changes ir energy of a seqmen- =ca*her +han +he
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absolute enezqy level p-ovide more cemprévensive ‘nformatinn

which will now be demdnstrated. :

?

-

Hinté: and Fchertsou(tQ?Sf es+*ablizhed pat*ecns 2% genec-
a*inn, absorp+ion add +rapsfer o©f mechanical enezqy du:iéc
valking gaie, mhev listed these power patterns in tables,
which were czonpared with +he resvlts frem *his present 3tudy

€ar magjer similaci=zies and differences.

Quanbuzy e< al (1975} explained ~the addi*icpal saformaticn
+hat can be derived frem <furtler cemputations irveolving “he

ine+antanents eneray values. ' Win=wer(1979m) calculaze

14+

N -

.

.

<ernal werok pecformed during gai+ **rcugh *he cauation:

N < :
Wwb = ¥ 1Y 4T, D 3 - (3)
3-1 et . S

%“wb s =te =c+*al bcdy energy chanae of all segmen*s over all

po

sample periods. m~+ig in+*ernal weork (Wwb) calerla=zian ac-
counts “or ene-qy exchanges wi+hir each sedren~, eneiqy ex-
ckanges be+*weer adjacer* segments, all ~=-en+ial and kine=-
ic eneray ‘CCmpcneptg and borh prsitive and negatlve waTk,
Teozal enefqv ig caleculated <rom “he OQuanbury e+ 21(1979)

egua=icn., Win-er's work was replicared and verified by Zac-

rugh (198T7).

pierrynowski e+ al(198n) calcula*ted seqmer* enecgy chang-
@3 and classified wlem in+c charnge due =c amuscular activis
and change due to passive mechaniIems, ~wig paper presenved

+he full equa*ions and assump=icns invelving enercay <ransfec



28
and 'internal . work' calculaticns., "te presen*t s=uiy will'
inveclve the equations from <+he Pieccynowski e+ al (1980)
woerk, therefpré it would be in crder *o Teview the *heory

and rational invelved in +wrhe calcula*tions.

-+

Pié:rvncuski et al (198 ccembined equa-icns fer <he cal-

"culaticn of work dcne aésuminq no exchanges wi+tin or be-

*ween seqments (Wn) with Winter's({1¢79)) equa*icn for in%er-

nal werk (WHE). The value 2f (Wn) ‘s ques*icﬁable by itéel?

S as it renders excessively highk work valucsf?ie::vnowéki et
/‘\_/ :
v al, 19g0). However, Zor +he calculaticn ¢f *ke magnitule

o . 0f thec enerngy transfers wi<thir and between secaments (Twd),

)

(Wn) is necessary as:
TWwb = Wn - Wub J : (%)

“n zrder tc calculate enectagy *ransfers he=ween seanpen=s {Th)
ane mes< first calculazte work dene assuming *kere had been
epergy *=raansfers within sequmerts but net hetween segmen%s
(Wiw). Tnerqy trarsfers be-weer secrmen s occur when there is
a ::;nslational movemen+ o< the §ein-s, tence, cne sequern-
ig doirg werk co anc-her (Winzter, 1979R). Althodﬁb “he value
c? work assuming ernergy transfers wi+*tkin bu+ nct  betweern
cegments %W on  L*s owL 1s no%t c¢f agreat value, if can he

used =0 calculate <le enerqgy *ransfecs be*ween seqments:

N _‘
Tb = Ww - Wwb J (5)
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Bedy segmen+s contain companents ¢f all “hree enrergies, ‘and

the various ccmbirations that appear during mevement are due

»

to the exchanges of +these energies wi*hin *he =segmen<+, The
calcula*icn of erergy transfers wi*hin all segmer*s can he

derived from:

Tw = Twb « Tb. Jd (&)

Tc vnders+and *the origin »f  the equa-ion for calcula%ing
Wwb one must s*tart witk *he Quanbury e+ al(197%) equa%i>n

fer calculation of ins<antanecus enerqgy fcr  each segqment,

-

at each instant I« time (equaticn 2). The stm of <he abso-

lute <ctanges ¢f <+ke <o%al energy cover <*ime viei&s Wwh.

-

Mathematically this rcesults in:

£l

Ee] ol

N S
Wwb =Y | ¥ (&FI,9)) J ("M

i, is the +to=al energy change ducinc <he ¥t peciol »°
+ime for +he itk seqment and N igs +*hre nnmber 9% sanmples

while € is +tre rupber c¢f segments.

To calculate work done by +<tre becdy which acceounts £o9c en-
erqy transfers within bu“ rot between searen=~s, *he abso-
lu-e changes of *he cu-ve of total enercy c¢ eact sSegment a=«
each frame were summed cover oSne pevemen* cvcle, lrence:

s M .
Ww = 3 YL (8,91 3 (P)
Lot J:l

E
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TC calculagg the work d5ne assuming no enerav *-ansfers
between pr_w}thin segments {Norman e+~ al, 1976y, ~he abss-
lu=e changes of BT K¥, ard FT cf cack seqment were sumned
across all frames and segments:
£ N . .
Ko o= 3 2 (14PEi,q| + [AKTL, jt .+ JATTi, 1) J (%
et 3:1
"herefore the key *c unders+andirg *he work cauaticns is ig
the rlacement of tte ahsolute bars for ~“hey de*cnine “he
extent of energy <ha* s %> be summed. rierrynowski o

al(1980). alsc added a corzecticn facter in*~ +te calcula-

-
o

[N

cns as tctal bedy energy ravely ends a* *he game level »°<
energy as i+ had at *he beginrning ¢f +he stride,. This cez-
rection was calculated by zakirng <“Xe diffcrence tesween -he

begirning and endirg eneray levels asstm

14
1

1d <tre floaor wasg

flat and +he bodv maintained a c¢onscant ferwa-d velogci+y.
Thus:
S 3
CoFF =} Zi,31 - ¥ =i,5% . {10y
E_n ;'.:i
The correction value Twas sub*racted frem Ww:k  and Wn, and

thelr corrected values rendered +he correc+ Tw, Tb and Twh.

The preceeding equations compu*e values =ha* are of no

nse vnless one is able ¢ in*erprete ard assess “hem in a

diagnostic setting. Tre tc=al weork values ove- gpecific in-

.*ervals of <“ime ace a measure which ¢an mcrRi*e= imp-=sve-
ments(Winter, 19798}, When <he *o0*al mechanical enerqy vale

nes (equation #2) are plo%ted or a graph, rcsizive anAd
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nega=ive work done is illuétated. Inefficienci;s in move-
ment are indentified by uncharac*eris*ic changes in <he =o-
+al mectanical energy curve and by an increase in the value
% =o+%al internal wcrk kthe sum 2f eneragy ‘chances 2ver all
frames) (¥inte=, 197CR).

IZ an inefficient movement exists as diagnrased Iom *the
+c+al internal work calculaticno, +ten +“te *2*al enexzgyv
curve for each segmen% can be exarired <=¢ lccaze, ‘baﬁh +*he
locaticn and *empcTtal cccucance cf +re inefficiercy. Win-
*er (1978) repor=ed fcu:z maﬁo:.catses 0of inefficiens ﬁove-

men=, The first were ruscular centractisngs wherely =he ago-

¥

nis< and an=zagonist centracted <=ocether withou*+ opoiiuciae

-

rcvemernt a* a joint. In other wesds, +*te flexcers per-formed

S1t

8]

'J

o ve wortk whichk was direc=l absorbed by <te paired ex-

L4

en

t

ors. Whkile co=-contrac=ions nccured in many na+-holagies,
~hey are mos§~frequent in temivleaia ard =svas+ic cerebral
nélsy(winter, 1978). ~Le second scurce ¢f inefficient move-
. .
ment was iscmetric contzactions c¢f muééles aqaiﬂ?t gravity.

Tn ncrmal locomc*ion, £1lidid limb mevion allsaws a smoo*h in-

«erchange cf energy. Iin patkclcagical gai+s, 1limb seqmern

!

3
are held in gnea- isere+ric con*ractiongs acainps*t - gTaviey,
Win<er (1978) documenzed a palsied child ¥%alking wi<h crcu=ch-

¢s holding her leg off +he grcund for cxcessive amdun=s 2%

"
o

~ime resul+ting in prolcnged ‘thamstring activity. The +hi
source of inefficiency was <he presence cf jerky movemen<s.

Win«er (1978) used *“he example of <+he smooth, 11131 move-
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ments of the balle+ dancer who deftiv cornver*s posisive work
in*o c¢ther enerqgy Zc¢rms _durinq efficiernt mcvemen*s., Yove-
ments characterised by a succession of sSteopes apd s%arts in-
creases positive and neqative. weTk values +hne= increasing
~he metabelic cost. | The Iour+*h sonrce ¢f ire‘iciency was
caused fzom the generation oF enerqv a= oane jeiant a* *he
same  *ime as absorption cccurs a* arnc*ter §oirne. Ain-
Qe:{1978} illustrated this concep< wi+* an example “-o5am no--
mal gait., The pushoff lea generates enciqy a* “he sane *+inme
as the weigh= écceptinq leq absorbs enercy. U0Hewever, mpeas-
uvrement of such energy exchanges canﬁCf.be cimrlified *or
zcutine clinical use as 1= requires a de+tailed oowe- “low
analysis(Winter, 1978).

Onc; rrcblenms and inefficiencies in mcvemené are inden=i-
fied a sclution must be sogqh:'and implimpntcd. n *he case
¢f ambulation, attenps a* solving suéh difficul*ies genec-
ally <ake *wo direc=ions. Tre suhijec+t eiffe' ractakes in
Tevised gai+ training o©T an ortho+ic device ‘e nfesé:ibed.
Zn-cases where orthotics are alreadvy nresent, redesian is

the ustval course of action(Winter, 71978y,
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2.6 INSTFUMENTATION

The literazure containred ideas for *trancducers =5 measu-e
axial force in cru*ches and +“heir displacemer* in space.
7arrugk and fadcliffe (1979) u-ilized a sys<em of strings a=-"
tatched t¢ leccations or the bedy *o mori*cr *9+al displace-

mernts, However this methed cenfined “he swbiject *5 a +-ead-

— -

-

o mill.

The axial fozce +ransducers ~rrtlined 3ir Bax~er e+
A1 (19€9) Becgmann(1979), Cochran e+ al(1°7?y, and Xlener-
mac and Hu*ton (1973) are either vnnecessarily eXpensive,

-

Feavy and bulky or are so ccmpressivh +ha+ <*ley change *he
style ¢ svwing~+hreugk crurch galzt. fydentam(1389) ax-
rlained the advantages and disadvan*ages ~f al] “ypes of

f{orce trtansducers. The desigr alms <for *he elastic member

(X

n a transducer is *c achieve a2 lirear mevemen* ~f adequa=-e
magni=ude <hat suits *he available micredisclacement é}n-
so:s{éydenham, 1980% ., Tke elas*ic membter mue+s have l:wfme-
cranical hys*eresis, 2 long fa<igue life and'resis:ase% plts)

-

envirsnmental factcrs such as humidity ard tempera~ure, TFTorT

“he present study, a single keanm *yre +*ransducer was Ap-
signed., The ATLAS OF GOITHOTTZS(1975) detailed *he resis-
~ance, elas=icity, plas<icity, deoc*ili+y and mechanical

fatique characteristics of ma<erials need in *-ansducers and
crtthedics, Thke beams o©f “ransducers are c+rain gaugeld =~

measure the amount of deforma+ion whick iandicave *+he apolied
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ferces. The electrical resistance s*rain gaude consists of
r

a ccnductor whichk is cemented to +he test chijec+. Tkis al-

- -

_lows the strains to be transmitted €rom *le *eog* 2bjec~ ds-
:eéflv o the gange, The small charges in *te nauge leng=h
that are caused by +the épplied 1nad indvce small changes in
Tesistance of the conductor which are detected hv <he meas-
uring instrumenta+tion (vVaughan, 1§75). Trte gange facter Ade-

scribes the rela=isnship o0f charnge in gauce resistance and

change in gange leng+h, The c¢ircui+ @measuring resis*ance
changes can be 27 three con¢iqura-ions. ~he “firsz, +Ye

quarter bridge measures <«he change 3in resis*arce o° ene

strairn gauyce hy ccmparing the voeltage +c a ‘'Avmav', non-

functicnal gauge. The second configura+ien, known as =he
*alf bridqge, utilizes two strain cavaces. The advantages »€
“hlis se*up are a g-ea*ter resul+*an- cns ~f halance sitnal

Jiving greater accuracy and b:ovisiop fer +te cancela<ion »¢
“emperazure ianfluences. The “ull bridqge, which is +«he *hirqg.
cenfiquration, tuses feur strain gavaes resul*inc in addi-
*iopal sensitivi:y. This Ig achieved by ~r+heacnally co-
merted paircs of strain gauges which cocmpensa*te For <emvera-
“ure chanqé and extraneous s*rairs by ackievirg Qalance

*hoeughk an additional, adjus+able resis*or (Vaua*ran, "1679).
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2.7 EITTING OF CRUTCHES

A\

The ATLAS OF OFTHOTICS (1975) described +he fi«ting s:Of
ceedure of axillary crutches ard *he correc* hogdv pDas*uTte *9
be maintaired tﬁ:cuthut ~he gai+ cvcle. "¢ find “he prooper
length of the crutct, <+he distance frenm *te an-erio- aiil—
lacy £cld to +the heel is measured wi+h +ke vatiernt in a 39~
rine pesivien, Thus, when tle pa*tien+ s+tands, +he axil-~
lazy pad of <+he czutck should be *w~ “inger Breaicths below
the axilla, with =te crutch tips rlaced six inches late:al;.
lv fzem *re base of +he fif+h +=ce. "he beliat=-o0f the hand-
arips skculd he sufficiert *o qive'éo deqrces ¢f flexion a+
the elbow, Thus, proper Ti+=ing is desiagned +§ allzw the
bedy weiqh{ =0 be beczne on the handarips - ne* ~te axillacy
raés. The top thi:d ¢f *he cgoutch iz +o imp:éve balance
when oressed against “he rib cage hy +te upper arm{i+las »°¢
Czztkodics, 1975). The wiis*s are *eld fisnlv in exzensisn.
Tre hips are in a neutral tc sligk+ly *rypercx=cnded ﬁosi-
“icn., Maiptenance ¢ an overall erec+ ECstuze is imoera+ive

for the swinc-tkrough cal<x.
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2.8  L[AT] FILTIERING
Pue to the fact +ha- displacemen* data, frcr *uman oave-
eren-iated to nreduce veloci«<ias, anv

'ny da*a rteduction

-
r

adds noise

ment studies, is ALff
noise in +te sigral will be amplified.
3 +t0 ~te npure siagnal  (Win-zes
-~
I

system inherantly
was ou*=lined by wWin+er e= al(1974) where *te ccncep* 2% ho*+h
in +he freaquency sToectiim is
o+h

e}
t1

The mecrarics c¢f noise redve+icer In da+a c¢ollecticn

1€793y .
in

0
-

signal and noise are ccntained
Ivery sigral has harmonic content.

exnlaincd.
words, as Winter (1975B) expiaineé, ary wave©nrtm can be -he
;
sum 2f a number of sgine waves. The n:oFess +}a*_$:eéks 3own
~he uavefcrﬁ in*tc *Le varicus frequency ccmpInents is called
. T'e harmanic

a Fourier +*ransformaticn or Harmonic analvsis
analysis evalua*es the anmpli+ude cf +ke individrval freguen-
called the “unlarental fre-

cles. The lowest freguency,
quency(f), hecomes @ reference base as tigter ‘recuncies ace
b
*Z', <called harmenics., In rene-
suck as cru+ct gair, ++¢ “undamen+al
cycle ( ao-

expressed as mul=iples of
‘requncy 9f cne ccmple*e gai~
+ka+ in walkiag gai-,

«~itipous movemen<,

s the

fcurnd

5 HzZ). Winter (1979%3)
«te first seven harmonics ccntained 299,7% of -*e ciqnal oow-
’ . ;
Ttts, any signrnal conmpcrnent abecve ~he seventh harmonic
noise, T must be stressed +ha+ a fourier
sigral a*~ a +ime. Thezefore,

was censidered
can only assess one

analvysis
many signals mus* be prccessed in crder +¢ analyse a comnlex
mkus net all ++e =ignals zha+* ace

movemen” <such as walking.
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vsed €0 evalnate cre movemen*t will *ave iden*tical kra-monic
conten+t. The investicgators must crcoase a cn+toff harmenic

+kat ccntains. a high signal to neise ratio *ta+ suits all

+he siqrals.

The sources of sigral rnoise can he due +¢ cameTa vibra-
~ilomns, spIccket misaliqnment and errcos wren dé:ivinq *he
ccozdinates of btody .landématks foea Film(Win*eT, 197aRry,
~herefere, if the harmeonic components *ra+ cen*aia lix+le
sigpal but substantial noise can be elimina*ed, a cl%an,
accura*e signal car be produced. Plagenlcef (1963) uvsed a
Chebystev 1eas:' squases polvnerwial cutve fi++ing =echnigue
bee it was feurnd tc smoo+k  da*a %o~ muchk (Fezzack e~ al,

177y, Curve fi=<ing “echiiques asstme +ha+t +re da«a a

is

. vl

ces*aln order pelyncaial whereby =le ccmputer selec=s cyef—
£ients uveinag such criteria as minimup mean sauar; e::of{r <o
qive a 'best fist., Pezzack et al;(1°“7) cencluded «hat ~he
seccnd ordp:; recu:éive But-erwor+}t digital fil+er du=lined
ky Winter (19874) was the most accep*able <il+«er arf should be
nsed cn *he sigral prior =0 any differcentia+ticn. Ince
again, Win+ter (1979F) de<ailed <te *heory of digi+al fil=er-
ing, The purpose of digital fil*ering igs =n select +he sig-
nal ccr+tainina frequencies, while redjec+tina <+he Lhigh “re-
quency noise, | Thus, iz is desitable +c allew <he 1low
f:equenc? corrcnen* ¢ the signal +o pass {hroucP while a<-

+“enuvating high fregquerncy compcnents above *te releczed cu-

+off frequency. Frequency cu+cff selec-ien is de=ernined

N\
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fZom thke previously explained harmenic analysis, Ylthough

the digital filzer attenuates frequencies tiaker =<han <he

" cutcff frequency, scre high freguency siaral remains. Tn
‘addition, some oI <+he usefnl signal is a**epuated in “he
‘requency range of the cutosF, Hence, cu=ncf selecf;an

must be ccrusideced Witk cace(Win*er, 187amy,

Fader and 6Gold (1967) "covered +he ma-hema*ical ~heory ¥
digital fil+«ering whicrt is beyond **e scope <€ +%i3 paper,
hawever Winter(1979F) described *“he £ilteTing precess. The

crder cf'a fif%ter decides <he 'SRarTness' of cn+eff yisy +he
. - 1' . - | -1
sharpress increasing as =he o-der ie increased. “he faTma+

¢ +he digi+al filter ig-

' (nT) =alX(nT) +a 1 (LT="T) +a 2 (nT=27 #bIYT (PT=T) +B2X ' (2 7-2T)

~ "\

Y¥'= fil«cred ou*ou:.coc:dinates
¥= uniilvered coczdiaze da+-a

nI= the n+h zample f:ame'

(7=-7)= the (n=-1)%<h sample frame
(RT=2T)= the (n=2)*F sample “ranme

al, al, a2, b1, b2= filter ccefficients

Fil+ver coeffiecierts are consstan+ts +ha+ cerend on filse:s nr-
der, =sampling frequercy and cu4c*< freguerncy. “"re Ta-=ia a<

“he sampling fregquency <=c cu-of< frequency de*ermine =-he

coefficients,
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winter(15798) documented ‘the phase shift of <the ouvtput

L=l PO

siqral rela*ive to *he inpu+x due *c *te fil*ering process.

Tn second-owder filters, ~he shif+« ig af degreces which
causes 'phase distozticn', mc ¢cnrrtect *+he orase lag, +he
dasa can be filﬁeéed aqain; only backwazés, "};refore,‘*he
cnwoff is shacpes by a facté& 0% =wo, whicr rTesults in a-
focyurtt-order, zero prase shifs fil*er, Ha*ze (7981) agreed

«hat *ta Ru++*erwer+l filter of Winter (1974y did indead vIo-

vide a compui+ed second derivative ~ra+= agreed well wi=zh a

L4

directly measured accelera+icr rCecotd. ©e3i1] wa=ze (T19871)
c2in=ed out, the Ru+tterwor+k Fil*er required +*te user nce

jecide upon a cu%dff frequency *o0 atterua*te *he signal a<
-te mos= usetul Larmonic, Hcwever, as nréviowslv pointed
cu~,  from a haracnic aralysis of tthe signal, *te imwwes~imi-
-cr de*ermines the cu-off frequency by comvr*ina <he sitnal

power a- eack harmanic.
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Tke estimatiorn of bcdy segment paradeters were briefly
-mentioned in ar earlier section. Pemos+er (1955) nsed eigh-
male cadavers in a s=udy from whkich “hke rCesults aze wiiely

P
ted (Miller and Nelson,1973). Since *hat *ime Clause= a<

1

c

al{1%89) and liu e+ al(1971) have rrevided additienal infor--
. -

mation on adul* @males using cadavers. Prillis and Tonti-

ni(1¢6¢) used thke reacriosn ckange metkod ¢ estima*e Sequen*

welah* bu* cculd net determine segment mements of ine=+ia.
Casver e+ -al (19771 Terczted determinaticn of bédy sequens
—

Pvarametlers on livince sutjects *hrougk a zadia*ien ?@chnique.
Gamma rays were focussed +~hrougk +he bedy scamen=s whigh

~

evalua+ed densi+*y anrd mass by *ke npunmnber ef nrto<ins +ha=+

i /\
were able t¢ penetraze,. The <echnigne was fpre-he-ed bv
Za<siorsky angd Seluyancv({1381), hcweverx, seament Lncoma-

“icn on ckildren was per rercr-ed,
—_

The ¢nly report to date ‘or iner+ial characteriszcics ne
children was +he cesuls of Jensen's (1978) work. ‘Fe recs-dkd
the dimensions of +he segments by digi+izirg nro-ographic

Teccrtds of both fremt and side views cf =te subdgect as re-

7}

flected in a 45 degree mirzTor. ! matrematical nmodel was

then used +to estimate Inectial. characteris+ice. The model

'-Ja

s based on *he assump=icne *har +te body s ceompesed 2f el-

liptical zones, ~WO centlimeters wide and seqpen- denszi<ies

are kncwn(Jensen,1978), The massec and velnumes of “he el-



gt

lintiqal zones are surmed over +he segmen* lengths Jrom
which segment masses ard moments of iner*i are compnuted.
Jersen {1981) k'as fcllcwed 12 bov§ cver *hree veazs (n=32)
ietermining <heir iner+ial p:oﬁerties;. T+ was in=cres-inqg
+¢ ncte *khat iner=<ial proper+ties are a ‘func+ticn cf develoo-

men= as Jensen(1981) noted change wi+th zZcspedt +o age.

2.10  STUMMARY )

The preceeding review has examined considerasisnz  far
}

-

crutck usage and reviewed previcuis inves*iada*ions in+n
. - . _ |
cct+ech gaiz amalysis. ™he <heonty c¢€ kinema+*ics and enrergy
wransfer ir +*he bcdy during locomc+iorn es+ahlisted a base
for the rationale and methedelogy of *he o:ese:*'s:uﬂv. In
addi«icn, inferma+«icrn cn diqital fil+*ering and ‘ns+<rumen+a-
s-on Tamilliatizes <le <Ceader with the varicus <teosries and
met hods “ha+ must be ccnsidered when cnde:fakinq kinetic in-
ves+iga=icrns. It is tcped *ha~ this‘iﬁécrma*icn pravided a
‘cundaticn upor which =his s*udy es*ablished enercy +<“ransfer
na%“-erns ;n childrer walking with cru+cthes. “hns, =he fcl-
lcwing stﬁdv attenpted <o analyse ‘child crntchk gai+« fo- ef-
ficiency, while relating the “ac*crcs <tha* were ecuzlined in

++is chapner,

oy



Chapter IIXIT L

NETHODOLOGY

3.1  INTEQDUCTION

The swing-througl crrichk gait of 8 subjec*s was analysed.

The subdjects were 'normal' wi*tkh ne knowr qai+ patholeogies.

.. iy e . .
All subdjects were ckildrer, The ‘'norpal' snubdects were gLv-~

en cczfitches 0f vacicus leng<hs %o ambulate. o
The crutches pZcvided were g<+anda-d wend, axillary

crutches, fi+ved =c¢ tle patier*s in acccrdance *m +=he itlacs
nE CrthOtics(197S[. Trte swing=<hrauch  gai+ m&del 0% Co~-
Yen (1979) was fellowed and imitated, as clcsely as tossible,
by the subjec*s, Thereiore, the placemen+ ~¢ the =ip o<

»

“he crutch was 4-€ inctes in £ron* 0f *te una‘fecred font a+

-

*the beginreing of eack gai- cycle.

3.2 COLLECTION OF ORIGIKAL DATZ

‘The subjects were acked +o walk (wi*h co-n*cres nf varying
lerg<hs) along a walkway following a straigh+ line. i1 denm-
cnstration was giver +o the group ¢f svbijects (1llus<raszing
the correc* method cf critching, Taclt subjec* was allowed

ce trial +c correct any bla=anz

‘.J.

*c kave a very sher< pracs
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faults. The lenqth;lof cretches used in +ke trials. were de-
cided uron by the follewing process. FTirst, cru+*ch lenqts,
as predic+ed bv. foﬁén(1979} wvas considered +he fit+ed
le;qth, aqd then *rials of ucp lenger and shorter than +tis
lengtk wvere rerformed, ‘The leng*h ¢f 4ce was choren as <=his

vas the size of two incremen* stages in *te leng*h adyns-a-

‘ble crutch. Landmack data was ccllected frem the Zollowina

joints: ® ,and 1L Glerco~humeral, F and I "lrpar stvloid,
. I

midpcin* between qreater trochanters, T and T femdr-al ccn-

dyle, ¥ and 1T laté:al malleclus, and © aﬁd_L fif*h me+a+tars-
sai-phalanqeal joirt, These sites were chorcen,following +he
methodcloqv cf Wells(1979) and Winter (1979F). We+ all land-
rarks were in full view of <he camera dvrirg all ph;ses aE
the gait cycle, . IT such cases *he landmark locaticns were
extrapclated frem tte”body %eqmenté and mparkers **a<+ wvwere in

view, From this dcint da%a, +he centre 9£ gravi=y ¢f the

fellowing segments was determined: Head-neck-+runk, 2

H

arm=crutch, 1 arm-cratck, 7 zthigk, I +hiagh, * shank, g

shank, ® fcot, 1 foo+. This is in accordance with Muwray
et al (1967 as . landemarks directly-cn tre so0c+t tissue dver

the segment centre c¢f gravity tends *o mcve mcre *+han <issnue

cver <oints, The head was considered rig

d en +tre wrTunk as

+the pilot s*udy revealed tha% +tere.is nc=t fistinguishable

-
mcvement between the +wo during cru+ch gai+, T+ was *his
S-segnment model that was evaluated (illus*rated 3in Anpendix

1. Howevers, a iO-seqment mecdel was alsc cgnstructed hy

-
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ccnsidering the Head-¥eck, and Trurk as *wo =epara%te links.

The ear canal landpack facili+tated +his *ask.

-

Cine camera (1) {lLocam 7émm) was set 2%-20 fce* f£rom, -and
rzhogqonal to the walkway in the.sacifal plape. Cine cameca
f2)(501ex 16mm/+elepho=c lens) wés posi+icned wi+hk its focal
axis p#:allel tc *the walkway %0 recoerd *te la*teral @ovemen= s

cf +*ke ceontre of gravity of +he arm=cru+tch Segment. e

€wame Ta*e of both camerac was se* a* 20 frames per second

+hus giving about 35 frames per gait cycle. ~he cameras.-

were cocrthegeonally alligned and leveled, cn  a . 3tazionarv
reference frame. I.scaling stick was filmed *o la<er scale

+*he raw da=za. Ehe'filﬁ tsed was XKODAK +ri-x 4ng ?53, black

and wki-ze, The walkway was illuminated wi<h 4 Tanabean
-+yurpgstern liqghts. 3ddi+ional subject da+a collected were
- heigh+, weight, 1leng*th »% crutct ard crv+=cht weigla=, The

axial force *ransducer on zhe -igh* crutck was o¢f a single

bear %type, constructed ¢f aluminum for 2ts rTesistance %o

change frer humidity, +emperature and resistance zoward me-

chanical - “fatigue under lrads experienced - ip ~tis
a

.stuvdy (vaugkan, 197%). Lateral cru*ch *orques were alsn

measured and reconrded from +his transducer. The s+=ralin

. .
garges (5 m.m. in leng“h, gauge cesistance-120 ~tas, Jauce
factor~2.1%, gauge factror change . wi*h *emperatnre-0.0153%,
anéd +empera*ure compensated for alurirum) were bended <o *he

alupirum with Kcdak adltesive(EC-10). Fcur strain gaunes

vere used, =wo on each sucface c¢cf *te aluminum hean. sackh

-~

&
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A

paiz was alligned cr+<hkegonally +*o cancel ou+ _any apparen+*
strain due to temperature varia+ions. Trke lead wires ‘ron

the gauges vere directed =o 2 Ecneywell Frll PRridae (iccudata

.

218) awmplifier whichk amplified and dirvec*ed the siqnal =o
I .

-

*te Hopevywell U-v Visicorder (model 1508 ny, Triaxial force

- - -

rlate(Kistler) data were also -ececrded by “te vigigcorder of

v - -

*he f3c*-ground in*er-face during *te Surrert cthase of <he

cight foot for one cycle.

The cc-ordipates of +ke 11 joine markers, for eazh

frame, wvere derived from a Yumenics diqitizer (courtesy oFf
*the Cniversity of Waterloo, Dept. of Kinesiclegy). ZIbsolu=e

angles, Telative to the herizen*al were derived fFram <he

seqment joirts by ccmputer. The sovrce for +te briy seqgaen+

parametexs of chiléren was fzocm *re wemk AFf Jersen (1981) .,
This consisted c¢f regression equaticns for de+e-mining +ke
segment masses and radiuvs of gyra+ion informaticn from which
inertial proper+ies were resolved. In coder *c¢c compute +he
mcment of inertia of tre arm-crutch segmen*, “ke followina
me~hod was used. The masses of +he arquensen, 1981) and
crutct were established. 2 s:atié setup was vtilized <o as-
_certain the combined centre of mass cf *he *c*+al arm-crazch
. Segmen+, In order =¢ aquire the momen* ¢f iner+ia 57 +he
arm—-crutch segment, the inertias . of *he arr ahd cCTu4ch

-

about <heir proximal axis' were ccaputed individually.

. -
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Since. the azm and * ‘crutch skare *he <same axis nf Zdtation
{t*e glepo-hkumeral joir%t)in crutch qait, <+heir sepérate in=-
ertia's about *his common preximal HJoint can be summed.
once the combtined inertia about <he nfoximql Join* and the
distance of the ccmtined cen+tce of ﬁass éc +he nroximal end

are known, +*lre momen* ci iner+ia abou* ~%e cen*ve o5 gravi-

~v can be comprted using =he parallel axisg *reorem. The mo--

mea* of iner+ia (proximaly) of the crutch was de*ernined Ic-cn
+he period when +he crutch vas so¢*+ in%c mecticn as a pendu-
lunm. Tte coordinates from <he  lardmarked tcint*s wete pro-

cessed by a computer aralysis or-cgranm.

Leal

Tre computer package required *+he Inprn* landmark conTii-
nates, the proximal distance of the centce pflqravitv of =he
a:m-c:u:ch_seqment, -éhe ﬁasses cE fhg seqren*s from Tegres-—
sicn equations (JeﬁSen, 1981, +he nmoments ¢f inec*tiz of
segmerts about their cenzTtes of q:avitdeé+e:mineﬂ from Jen-
gen (1381} da+a wh¥ch can be cenver=ed using +“te parallel
axis +thecrem), *he number of frames of data, a =caling fac-
.

~or acd a baselire(datum) y-coordinate. ™he fil<er sample

1

rate and cutoff were fixed for <he study a* values of 20/sec

and the 5tr hacmonic Tespectively, s *te s+tTide fregquency
is approxima+ly 1 gai< cycle/2 seconds(1/2 hz.) ~he Tif+h
kRarmenic is equivalent *o 2.5 Ez. . *z +hre second order 3ut-

’

~ervorth filter becomes a feurth c¢rdec, =zero rhase shift
€il+er, +he cu=0Zf frequency beccmes *te original frequency

¢c® 2.5 ¥z divided by .BR02, Trerefore, ~he filter cutoif
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freguency is 3.12 Hz. - Thus, <he rTatic of +the =anmple sate
cver the cutoff frequency is greater than d whicl} sa<«isfies
+he sarpling theorer. These values vwvere chesen as <he re-

anlt of a pilet s*udy which indica+ed *ha-< rearly all of *he

st five harcmenics. far all =he

j

signal was contained in the <
co>c-dina*e displacement traces. The whele cemou*ing prncess
¢rly required one execution -un +*¢ tender *tre comnlete ou=n-
out, This wvas achieved by executing *te pregranr *hrough é
WMLTFIV compiler witlk =*he filge: 2% a WATFIV=® cubroutine of¢
he main proqram. Ancther subrcutine Ip FOPTPIY IV <o de-
~ermine the coordinateS of =-he 'seament centres oI gravis

was alsc part of the mair WATFIV-S program. ke center Hf

=]

;aravify.sub:eutine u=ilized <le equatiéns 5c: cemru+ing seg-
ment cerntres of gravisty fronm Deﬁpster(1955)(§s ci*ed in Win=
ter, 189783} but ircluded the valnes for seqmen+ masses as a
tercent. of +o+al bedy mass from Jenéen(1981). "he 3Zegmen=+al
centrce 2f mass cocrdinates, alceng wisth +he.seqmen: anales,

were then filwered by a seccnd order, zerc phase shif+ di-

gi+

m

(B

1 filter as described by Winwerz(197¢my. "te filtered

centre of gravity coozdirnates and andles were rezd in-o “he
Y

WATFIV-S main progranm, The angles "were conver+ed from de-

grees to radians while PE, K®, FT, and TT(te*al enerqy)

for each segment cver each frame was calculated. The nex=*

n

step in ,+he prograr compu<ed ins+tan*anecus poOwWer 2T each

segmen* and over each frame, Tte fcllowing values

rh

or wock

were “hen calculated: work assuming enerqv *rance-s wi<hin
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and between segmen*ts, work assuming nc enerqgy t:ansfers;
weok qssuﬁinq enerqgy tranéfé:s within seqments cnly. The
work values were required for the nex* lsop in +te computa~
“ions +¢ render: ererqy transfered wi+kin and befueen'seqr
ments, enerqgy transfered withir segmen=s enly, enerqgy
transfered he*ween segmen+<s orly. ke forma+ of the ovenpt
‘for seqment energles and powe:é wag designed 3in order *ha-
they conld bé easily blot:ed cver +he "gai+ cvcle by a cal-

ccnp ple+**ing mackine.

fhe plotted curves of instantanecus enerq%es and powers
foz +the 'norepal' subjects were cempared fc;.similarities.
“his uaé t¢o achkileve the goal of establisting sn called aver-
age curtves for 'nccmal’! subiécts. Trte characteristics »f
t%e curvmdywy were ndoted, f-om which +“he 2 secmen* model o<

crutch gait was evaluated.
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FESULTS AND DISCUSSION

8.1  INTRODUCTION

TWwenty-one trials vere perfcrmed by eighs subiects, ambu-
lasing with crutches of various leng*ts. nthoopeomesrics,
crzutch and fcot impact forces, ard displacemen* da=a recoa-d-
ed cn film were collecteﬁ; The followine cémpara*ive analy-
sis of the derzived meckanical energlies, ovowers, nechanical
wook, crutcek ferces, _foo:*floor forces, and seqmen= model

evaluation was detailed in chap*er 2. 1l*honch all subijecs

n

were shown, ard asked +o5 pezfornm swing=-+krough cru4<ch gai=w,

some *rials were of swicg-%0o gai+~ fer varicus reasons +tha=

will be explained. . .

4,2 SUBJECT DATX

Data of <he eight subjects is listed in Table 1.

“nertial parameters 5f +he body segqments are lis*ed in ~"able

.2 which were derived from regression equa<“icns developed by

fe

Jensen (1981) as suct reference da+ta ~n crildren is exzremely

b

Tare,
Ty

Mcments of 1nertia of +“he various cru+ch leng**s’ nused by

subjects in thiis stvdy are found in Table 3. “ho codes for

- 40 - -
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TABLI 1

L

SOBJECT DAT:

e e e —— A - o m m A e e e —— e —

"
i

|

|

o

|

_ S

SUBJE=ZCT . STX AGZ HTYGH™ (m) " welah= (kgf) )
: |

B o 10 1. 38 35,4 !

C m 10 1.32 25.4 |

0 m 9 1.45 ba,3 |

E m Q ' 1. 46 3.7 |

F m 11 1. 4F 25,7 1

6 £ 11 1,36 33.3 !

B bal 9 . 1.32 27 1.

I £ q 1. 30 . 20.3 {

|

means c,75 1.38 - u, 77 !
g.D. L . 886 .CER 5. 28 1
;

“he trials s+tarts with a letter which cerrestends <o *he
’ -
subject, the next two digits are tkhe +rial numrber while <he

las+t +ttrree digits were the crutch lengith used. Tach %rial
vas cemnprised cf a few gai: cycles. ~te mest *ypical cycle

”~ -
frem *he trial was chosen for analysis unless otherwise n2t-

ed.

"

ol
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TABLE 2

SEGMENT M3A5S AND INTDTT) TFrma

foot .002€ .0008 <200 .00C3 .C00 .CCC .3Ne2 900

Note: Calculazions were carried *o +hree decimal omin=*s.
Mincr discrepancies between “te sum ard *he +c+al valuves
were due +*¢ Toundof? error.

Ll

t

!

1

!

1

.- |

MASS/STGMENT (kqf) . . “

: !

SEGMEINT SUBJTC™S 1
|

B c T T P G E T 1

» o

H=F=-T 19.2 19,3 24,8 20.7 18,5 16.1 15.&4 17.7 1
B=N L4 4.4 €,2 4.9 3.6 3R n,1 3,7 |
Trunk 14.8  14%8 18,6 15.8 14,9 12,3 11.2 14.0 1
aca-cr 2.7 2 3.2 2.8 Z.R 2.0 2.2 2.6 !
~kigk 3.5 /3 3.9 3.4 6,2 2,6 206 3.6 |
shank 1.8 1 2.2 1.9 1.8 1.5 1,13 1.6
£330t .7 .s .7 .7 L€ .5 .7 I
TAL 35.3 3 37,7 2/,7 29,3 27,1 333 !

: TNT MONZN® rF TYTETTIA (Ka £¥%x2) :

. |

H=¥=T ,0Q .9 1.01 .89 1,77 Lué .5 .9 I
E=X  .024 .01¢ .028 .C18  .013 ,007 .C1§8 .9212 1
Trunk .44 L4l . 524 .45 Lus- 22 .27 242 |
arm=-cr.23 .23 " .22 W21 21 .18 .17 .17 !
+high .06 .05 .08 L06 07 .0 .08 04 |
sktark .018 ,023 .033 ,028 .026 .015 .C15 .023 !
!

|

I

!

]

!

.|
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T S - h!
| |
| TABLT 3 | !
1 . T !
| CRUTCH DAT: 1
| |
| . |
| LTNGTH CEINTFE CF MASS PreX. FOM, TNTRTITM DROX. |
i {ck.) {cm.) . " [KgEv%%2) 1
1 : !
| 21 49 .5 .25 - |
| ag 52 .32 !
| 102 52.5 . 325 |
| 104 53 . 3u 1
! 10€ 54 .87 |
| 110 55.5 .38 |
| ’ |

d

.f

4.3 NODELS

The ias+tantdanecus enerqgy and vewer records in  qgraphic
fezm were produced and examined feor all +xials uesing bo=h,
*he ¢ and 10 segmern< ncdels. The critecia upcr which the

. : /
traces vere evaluated are as fcllows: 1y The +enmporal nccu-
rances and qgeperal pattern of be+h postitive and negative
reaks, 2)The In*eracticn between “le varicus compcnens enec-
gles in enerqy traces, 3)The absoluv‘e magri+unde of +race

neaks 4)The number ¢f peaks in cne gait cycle reagardless o<

magni+tude, 5)Comparison of traces be+weer adijacent segmen«s.

The mectanics of crutch gai+t vary amnng subdec«s {(Pea-
ceck, 1966, Wells; 1979). Tte CG~segment model, aue o i-sg
property of +the head-neck-+tzunk. (H=Y-7) as cne tigid link,
is mcre simpliszic +han +<he 1C-segmen+ mcdel, Hewever, 1°

¥,
+he ~§-seqment model Is %o be mere practical +than +he

Vs
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10-segnent model, -lke suppesitior of the head moving in sym-
metry with ihe trunk mus*t be *rTue. Tke 2nly advan+aqe of
+he 10-segmen+t model will be =¢ describe-mo*ion vhese the
tead moved independan+tly as in paraplegic ambula+ion(childs,
1Q64Y) ., The subﬁects in #+nis s+*udy demerstrazed =he
‘9-segment model *c be adequete in deseribing 'nermal' crusch

gait.

In general, the enerqy arcd . pcwer *races fSor the

-

1n-segmert *runk ard qhe. 9-segmen* HF-N=-T were os  sipilaw
shape with +the 10-segment t-unk being cf smaller magai<ude.
?ar example, a *¥pical power curve for thé'1c—s;cment +=nunk
and 9-segmen* H-%-T, of +he same trial{C02122), doemons+ca=e

+*his rhenomenon (Figure 1) .
~he irs+an*aneQus vpeaks 0f pcewer are grea*er in <=he
d~-zeamen+ H-YN-T due <Cc <he additicmpal mass con*ributicn BF

+tke head and neck.

v

Tf +he ‘tread, creck and trunk mwcve as a unlt, in other

words, *hey can be acctra%ely modelled

]
n

a Tigid link, =hen

-

one would expect the pcwer curves ¢%f *he tead-reck <o be ol

+he same shape as ¢f +he +#runk in each “rial. mhis éppears
+0 be +he case as can be seen in Tigure 2, wﬁic* +ypifies
power curves of <+he ¥runk and tead=-neck seamen-s 2% =he
10;seqment model. {trial NI12110)

~he magritude of the power cucve fcr +he tread-neck sedglen-+

. L
is surprisingly large (being of much smaller mass) due <o

™~
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9-segment H=-¥X=7 vg 10-segmen* =ruank

H-N-T (8~see) £02102 x—x
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Figure 2: 10-Segmen= Ycdel, Trial n12110
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its’ hiqher orientation above *he ground *han the *-unk. 'The
fact of the hgad—neck and t&unk povwer curves sharing a con-
men shape concludes for normal cru*ch qai®* 3in ckildren *he

10-seqment rodel dces no+ provide addi*icnal 3nfsrma*ion

over the S9-seqment model. Therefeore in +%is case, +the dif~-
ference in peak mmagnitudes of +he tuo‘traces is due 5 a
diffecence in segmen* mass, Fa*ther the temrcral occuraaces
of the peaks are similar which 1lceds tc tre conclusi&n‘:haf_
+hd separate link of %ke head~reck prevides no additicnal
informa*ien %o gai* analysis, However, the 10-segnen* mod-
el, c¢r ancther variation of the 9-seqmen+ medel, may be of
greater use in the arpalysis of paikclegical crr+ch gaiz such
as =hose exh%Pited by pacaplegics apd cerebral palsy vihe-
tims, Witk this infor-ma+ion ip mind, a full, de+ailed anal-~-
ysis c¢f all links ir *he 9-secmen* nmodel will be under=aken
u+ilizing tte 'normalf ckildren invclved in “kis etndy.

’

8.4  ANALYSIS OF FOOT CONTACT FORCES

The triaxial force pla+ferm cecorded +tre harizan*al ¥
(perpendicular to direction of “ravel) and Y { in *he direc-
ticen o0f travel), and zthe vertical i édirec+icnal “orces.
Traces of the foo+t contact fo:ées.a:e disrlayed below an&‘c
the fcllowing pages. Forces of all *wials are no+ available
as subjects did not always manage placement of +he s+*-ikinea
fcot squarely cnto the pla+form. Despi<e *he lack of coﬁ—
ple*e records from all *rials, similarities in *he existing

traces suggested trends. .

N
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Subject B manifested lower peak 2Z fcrces with Ifitted

>

peak force in thke 1leng crutchk +*rial ccenrred at heel-

crutches over lomng c:utches(+ucm)‘bv approxinm v 75%. The
s*rike (H=S). The remaining por+icn of single leg suopor+t
rroduced coughly—-the.same forces as *he fit+ed crn4ch +-ial.
The magnitude of ‘the peak'2 €crce in *ke lenag crutch triai
was aoproximately 140 lbs, 0:‘175§lfhat o Sodv weight., The
Y directional forces exhkibit remarkable similarities be:ween
«rials, thus indicating consistancy in enerqy apsdption and
generation patterns in the fore-af+* plane, The long cou+ch
resulted in righer peak 2 force bt« n¢ real change in Y di-

rection fco* corctact forces in subijec* B.

f
Ssubject €, using cruiches of 102¢cn which were of cocrec+
lengtk, had a Z direction. fecrce applica*icen pattern +<ha+t
weuld almost suqgest a reluctance *C abply pressure uvnon
kteel strike in order *o support the body mass. Qualita+ive
€3ilm analysis reveéled balance problems and Slipnping o< <he

axillary pad resul*ing in the abnotmal 7 4

e
{4

rec-inr *-ace.

1Y

Subject T displayed the higkest peak Z fortces cI <the subil
ject populatiorn, approximately 200 lbs, ar 200% of bodﬁ
weight., The landiﬂ&“of zhe svppert leg anpeared very ab:uDJ
on f£ilm wi+h an actual oscillaticn or; stringing aCtio; 2¢ -
curing in the knee and -ankle for a period of cecnvery af+er

ini+ial enerqgy absop=icn, This oscilla%icn aopeated 2 be

present in 2 force traces after “te occurance of +he ‘neak



€4
feorce when using beo+h sho:t(162cm; and fitted(?Oﬁcm} cru=ch-
es, ke iaqnitude of the oscillations were pecsitive and
negative 20 1lbs, from bedy weigh+, The X direc+icnal “orce
t:aceidurinq *he shert crusc trial, demcrs*rated unsteadi-

ness in +he sideways plane depicted 3ip +he deviations

~“hroughout *+he period cof foot-ground coentac+, Tre Y dicec-

t
[0

¢n <race exhibited a large peak a+ H=& indica-ing an

w

Ezupt change in motion in the forward direc*igr. Film ccn-

th
j4-

Tmed *his observa*tior as forward mcmen*tum was instan+tane-
ously halted at tkeel strike ¢nly “c be resumed shor<ly af-
te:w%;ds' as the .éycle commenced wi+h crutch-swfnq. The
pattern of fﬁrce applicatinm in *re fit+ag crwfc% +rial was
fcr tke most part, absen* df +he high freqrency csciliati ns
assccia*ed wi*h balance p-oblens, Sligh+ly grea=er peak
forces wére rTecorded with fis+ed ctt*chkes, kowever the sub-
jec*t appeared to benefi= as an improvemen* in bhalance was

ackieved,

The o0t impact forces cf subjec* T using “it+ed crutck-

€s, indicate veéy\sfen force application in *ke 7 direc<ion,

“uring this trial, the subject demcns+ra+ed a smooth flowing

|.lo

gais, There was an absence of any pustcff feorce indicatina
that the body mass was able +o ccnserve linear momentm Aqnu--
ing tke +zial, Héwever, there were ¥ direc+:icnal forces
Present at heel strike indicating *force asplicaticn that was
no= directly parallel +o *“he direction cf +«ravel, hence de-

trimental to. efficiency. However oo evidence of balance
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problems ' were obtained during gualitative ciné analysis.
Cemparing this trace with - that of a *rial whkere short:
crutckes vere used, balance problems were evident both in
+he Z direction trace and from film observation, The *empo-
Tal auratiCn of foot-platform contac* was alse area=ly in-

creased by +re short crutches sugges+ing a much =lower qait.

mhe force *race ¢Z subiject T, using fit+ed cfutchés. re-
sembled a typical trace of nrnormal valkinag. There were two
.distince, z~direction peaks, onc c¢ccuring a* H-S and the
o*ker at tce pushoff(T-0). The Y directicn +race also indi-
cated negative and positive body acceleéaticn fom H-35 %o
pushoff, 2 small force was recorded during H-% ir <he X di-
Tectlon. Curing this +z3ial the subiject rreferrel +«o5 use a
type of gai< that resembled swing-*o <Ta*her tlran swing-

+hrougt s+yle, where the planting lec dces nc+t hreak a line

drawn between the planted crutctes dvring +he swing nhase.

Subdect G was ‘equipped with fit+ted crutckes during +=his
+rial. large Z direction posi+ive and nega+ive peaks des-
cibed the =mction as manifesting large fccce- ctanges, n
fact, +Fis subiject tock *he longest strides, was <he sher-
test in physical sta<zure, and due +o *he shors* duration of
fcrce applicaticn was the fastest mevirg. The resul+ts were
large peaks a+ H-S and *oe pushoff in bo+k <he Z and Y di-

rections. '
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Subject' I ¥as furnished with crutckes dcm <oc short duc-
iné ;his intriguing trial. mhe Y and Z directional *de
rushoff forces vere of greater maqni*ude‘*han +*e H=S peak
farce. This indicated moTe energy generated a* fqe-bff than

was absorbed at heel-strike. This subject had ne observable

problers bu+ rather exkibited a smooth, flowing qait.

Tn gereral terms, £fco= contact fdrces prrvided- insigh*
ifgto tﬁé +s+al movemen* schene, Forces in the I direction
should be at a minimum as they dn nec* cont=ribu+te o forwarcd

pregressicn, but do indicate problesms cf balance. The Y di-
~ection generally indicated those 'braking', ernerqy absorb~-
ing forces during E=S that are due *o0 a rcela*ively tigid
Xxnee §jecin+t whick s rTequired ¢z the sufpc:ﬁ of {ae hodv
weight, Fcrce in +<te neqa*ive‘Y dicecticn a* =oe pushoff is
~equired for forward lirear velocity ﬁrovidinq +he necessaTy
mementtr to carry the beody =hroughk *he dcuble cTti*ch suoopnct
phacse. ~he sane energy absorbing ard qene:atfnq| forces

should be evident in +the 2Z directicn fecr similar r-easons.

M

The ‘skarpness' co¢f the Z~force slcpe at E-F indicates. *he
severity cf +he foot plantirng meckanism. The ©presence of¢
higher Zrequency patterns in the ~hree ferce curves Were, in
mos+ instances, indicators of balance groblems.  Thus, 1i*%
was difficﬁlt to cons4ruct an ideal pat+ern of ‘erce apoli-
cation, bu+t rather, <features skould be considered tha% may
ipdicate *he afermenticned sources of ineffiéiencv in cru=ch

.

gait.
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8.5 ~ AXIAL CRUTCE FORCE ANALYSIS.

" A quarter bridge +ransducer just abecve *=he Tubber cup on
the lower shaf: of <the cruter recorded axial load-
ing {ccmpressive force dowvn *he 1long axis of the crutch).
-Force traces of all *rials were no* recrrded dne t0 paper
drive faiiufe in the :egorde:. However, six*een *races were
obtaiped ffom the testing +rials which con*ain -addi+isnal
infecrma+tion sucth as péak force loading, *ime spen* in double

crutch suvpor+ Eﬂd ferce loading pat*terns.

Tegon examination of traces from two 2clals of subjec+ B,
Do set pattern appeared, al*hough peak farces were generally
irn *he 13-16 kqf range whichk was cldse “eo 50% body weigh=+
sigpifyving thra< crntqh strike(C—S) Las nLC* severe,

The force +races of subject C had quite gen=le loading

and urloading slepes which was indicative o< a nen-ingurcous

gait style.
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Subject D, who appeared to plant tke crutctes with tre-

mendous force or tre film —ecorded peak fogbes of apprToxi~

mately 27.3kgf per crutck or 61% of body weigh4 wternr asing 4

cn short crutches (102 cm) . Thergfc:é the sum of bath crutch

forces were approximately 120% body weight. s m™his force was

absocbed in +he shculder reqion c¢f *he bedy which is not an-.

a+0m1ca11y sui ted"or such force dissipation. Teduced peak

.

£nrces were recorded when *he subject was equ'noeﬁ wisk fis-
+ed cru+ches of 10€cu. The maqgnitude of *te reduced focce
was approximately 13,6 kgf which was cer+ainly less than

half of -body weiqﬁt. -Therefore, tte subjec+ did not suppoc=®

his ull body weight on +he crutches during *he double

a

crutchk suppert phase. Film analysis suqqesteg +te subiject.,

- .

being heavy in stature .was ctnable *c support this welght cn

c-u*+ches comfortably. . To compensate, te used a swing=+o

.

gait style and relied on leq pcwer to aive *he body mass

vertical wmomen<um ¢ carry %im throughk “c <the next theel

.<’stike.' Eowever, toO compare thié-joccurancé wi+h the shoz+*

b

IJ-

nd

IR

crutch trial (102 cm), a double peak ¢an be observed

cating increased axial crutch force just prier to -heel

s+rike. suctk ‘an indication would suggest *ha* -kis subjec™
(D) was ber*per able 0 support .is bedy weigh+ with the

sﬁb; er crutches (102 cm)K‘as .opposed *o =<he fit+ed crt ches

0 (106 cm}. . . -
. . ' "
Prhere are f%xiél fo*ce T'ev::c"d*nc;s of +rials with shoc-=%,
fztted, and/}onq crutc?es éfEn ‘subject E. S Witk thiz sub-
: L }‘ B )
P B Y



gion due to *he oppos*ng actica 02 the- qrouni ‘oi/e. The

73
ject, the smalles* peak amplitudes occured durinc the sh re,

and fltted crutch trials, Thus, +he longer crutches cansed

sl_qh*ly lar-ger ‘o-ces to be exper:enced in the stoulder ce-

pattern of force lcading: did ne+ indica*e any élSSlmila:
/
characteristics between trials,

-

Subject T used  fit+ted crutches and disblavéd sipilar
force lcading characteristics durina ealch cfcle n‘ *his +zi-
al. Be+tween cycle pegk amplitudes were similar wi+h a dis-
t;pct dcuble péak identifying cruich strike and crutch opush-

0ff explici«ly fror thke intermediate period cof double cru*ch

sugppor*. Tkis trial consisted of swing-+*¢ gait 30 <ha*

ctutch vusk-0ff could not be cenceptualized c¢n similar *erns
v ’ ' . ) i :

as previcus swing-throuch +zials.. Fattrer, *hre prshoff peak

~7 '
foxce indicated a braking.or decelera+ticn ¢f +he body mass

jus+ pricr +c¢ H-S.

The fc¢rce traces nt subiect G sheowed smaller amplitudes

du§¥hﬁ the fitted c*u tck t-lalqucm) as oprosed *c¢ the shor+

F
crutf&h +ria i(91cm)¢‘“'£he relative duraticn 0f tipe sven~ in

.

dcuble crutchk support, when ccmbﬂned wi+*h +*e leng distance

-

rer stride travelled, iIndica*ed *+he high veloci<y with which

~he subijec* walkgd. _ - L -

.

The most noticable differance be*ween +“he *races »€ sub-

ject B using sher® (91 cm) and fi++ed cou+ckes (92 cm) vas-

4
+the ég*screpancy ip magnitude, The peak force was S50% small-

1]

. .
- - .
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T4

er when skort crutches were

used compacted *o +he. ,fit‘:ed

crutches. *he axillarv pagd

During *he short crutchk *rial,

2f the.crutch was not sufficiently anchored as fore-af+

slipping occurred, This may have resulted in *he lower {(503)

force applicatior of the subject as cne .,wculd be reluctan+*

+e apply fcrce <+¢ ar unstable support, Purine <he fi+t+ed

ctutch trial, muck more of +the body weigh+ was supvdcted by

+he cru*ches which allcwed the subject *o perfcrm a grea*e:x
‘e
swing=througth.

Subject I demcnstrated visually smooth gait in boath *he

ficsted crutch (9%cm) and the 1lona cruick (1C8cm) rial.

Hovever, decreased axial forces were recorded during *he

L

long ¢rutch +rial., A2t this poin*t the cause is unaccounte?

.

for but pechaps by combiniang this Irnfecmaticn wi*h “he other

. sclu*isn will be

data ccllected in +this study, . a feasable

fournd,.

Ir most cases the greater peak axial forces were recorded
in trials whkere the crutches vere of the correc= length,

however, this was no+ always +he case. T+ weculd stand <o

Teason +tha+ ideal vpeak force would be sligh+tly la:de: than’

50 % of body weight per crutckh. Tris peak force would mos=<

likely cccur just before the midpeint of the;sutport phase

L)

which wase observed in mos* traces. Twe subdjectes exhibi«ed
L. .

+he deuble peaked *races of high axial 1loads a+ czrech-

s+trike and crutch pushoff, While one subjec~ rad problems
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supperting thke body weight witkh +he upper bédv musculazure,
hotk subjects, exhibi+ting double peaks, preferred a swing-to

style of gai+, 2All otter trails were of swina-*:rough style

kv +he subjects chceice, Absence ¢of adul* da*a on axial
i L g
\ k] . L] k) 3 L] L]
crutch forces foiled the possibility of relative child-addl<
cemrEaciscen. .
.’

5.6 ANALYSIS OF MECHANICAL WORK

Werk is performed when the bedy moves as *he resul® of

muscular moments., &S reviewed in crapter II, *the work .value

vhich incluédes energy transfers both withkin and between seg-

ments is the absolvze sum of bo*h posi+tive ard negative en-

ergy vaviations 1in all segments ¢of *the bhody. Using *he

—-ea

~hecry outlined in chapter II, valves for werk assuming en-,

erqvftransfer bo=h between and wi+*tn secmen*+s (Wwb), noc en-

eTe¥ transfers(Wwn), transfers within segmernts only(Ww), and

“+rapsfers between segments only(Wb), were calcrla=ed. *he

.

magﬁitudes ¢f =hke energy transfers within and letiveen seg-
men+s, wi+thin séqments only, . and between segmen*s conly wece
aléc calculated and aré ~abulated ir Table 4., Cbrec-ving the
wotk values per stride, one nust consider the speed c¢cf ambu-
la=icr or +*he time taken per stride. vote that wocok values

-assuming transfers wittin and betweer seaments are the low-

est work measurements due tc the assumption Tesultiny in the

b

recycling cf enerqgy. Body mass _also e“fects work valnes

subs+arn+ially. ~terefore <+he elapsed +ime per s=ride was

tr
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calcula<ed in addi+ion’ +*o +tea distance =ravelled.

R Y : ‘

Wells(1979) u+ilized this proceduvure wi*h aduvl+s which would
enakle adﬁlt-child comparisons, Consequegtly, +ke work val-
ues 1in ioules/kq'of body weight and distance/meter travelled

were calcula*ed gs indica%ors of éctal gai+ efficiencv; The
. .

Tesults of +trisg 'no:malized' work value accour+tina €3r enexr-
ay «ransférs beth wézuin and be+*wecen zfeamen*s are display=d
in Table é.‘

Observing Table 4, subiect.B exhkibi*ed a relatively low Wwb
falue'whilg xransfering relatively large amcunts ol enerqgy
(et “/b) in f;i;l‘801102. "hke DoOTe ereTgy f:anéfe:ed, sYe
greater :he.eneféy in tte systenm, Fesulfinq in decreases of
required muscular momeqss fo:- enerqy generatien in fu%ture

S 5 S

qait c}cles. Thus su jept B  appears tc lte quite efficient
bas2d ¢n t;tal work values.. mable § displays *%e magni+uie
¢f mechanical energy peT st:éde ir J/kas/n whick pegmits -he
subjects to Dbe compared regardless cf bnédy weliakt o 4is-
“ance f:aveiled in cne srride. Once aéain, sﬁbiec: 3 showed

“he relatively lowest energy ovtpu+ duricg cTt+ck gai+

- -

~

Subject ¢ displayed a large discrepancy be+ween a =-cial

using 102cm crutchkes and one using. 10€ch crutches. il+hougk

the 102¢cm crutches ' are of the proper lenc*k, according <o

Cohen(1979), the woTk or=puz(Table S) was much area=er +han

when <he cru=ckes were <30 lcng a+ 106écm. Turing the 132cm
[A

+rial, subject C was not success®ul in ancherinrag the axil-

lary pad of +he crutch, However, vhen 106cmn crn<ches were
¥

.

< -
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TABLY &

WOFK VALUZS

- TRIAL R (w/b) ¥ (0) W{w) W{b} TT{(w/bh) T7(w) ET(D)

BQ1102 29,9 94,3 4o, 4 Ty, 4 €47 8.3 19.8 .
BOE 106 "47.9 105.8 67.6 BE.1 57.8 38,2 19,¢€

C02182 €3.3 97.4 7&.5 BE.S 34,1 23.*  10.8
CC7106 63.9 104.2- 76,1 ¢91.9 40,3 28.1 12.3

D03102 66.8 13€.8 83.5 120.1 €9,9 53.3 16.7
DC810€ 72,7 125.4 87.3 110.8 42,7 BT 4.5
D127110 76.4 147.3 103.3 12C.3 . 70.8 43.8 26,9

+

\___....._.._.....——-...---....--..-,———-__—-._.—_...—_...—-_...———-._.'—.....—-_—_..--.'—-d

Z04102 36,5 58.3  42.1 52.7 21.7 16.2 5.5
£09106 30.9° S55.4  39.8 %€.5 28.5 15.6 3.9
T18110 52.2  93.1  59.2 86,1 40.R  33.F  §.9
| F05102 76.2 118.€  88.9 135.9 44,8 29,6 12.7
F11110 44.9 103.3 60.9 B7.3 58.3 42.8 15,9

G1€Ce1  33.1 gC. 4 51.0 €2.4 47,3 20,7 17,9
G23099 3C.6 g4.,1 49,1 55,5 33.u 26,9 8.5
G2410& 55.2 125.7 74.0 10€.9 -70.5 51.7 18.8

21099  47.7 130.5 55.¢ 93.2 S2.8 45,5 7.3
H25104 33,0 89.1 45,3 76,7 S6,1 43.7 12.3
T19091 *27.2 59,8 32.6 S4.6 22,5 27.3 5.3
122099 50.8  39.4  €2.9 87.2 4B8.€  3€.4 12.2
I26106 32.0 6€.3  40.5 57.8 34,2 25.a 8.5

fo e e mm e e e e e e e e S ey e Tt e G S W e el — e — . —
.

used, the swing4thrpugh range increased by S58.A€6% as seen by
the distance covered, while 'normélized' eneray decrteased by
S0%. Therefore, even theough +lhe érUtcheg werte *echnically
benm t3§ long, tle erergy cu<put was smaller duvue +c¢ the-larqg

swing=-+hrouqgh, ’ .

[N
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TRBLE 5

NOXMALIZED WCIK VALUES

TRTAL ¥ECHANICAL INERGY/STRIDZ WOEK(w/b) Kafts r's

801102 1.14 J/ka/m 29.90 35,38 .723
B061C6 1.40 47,07 . 962
cozZ102 3.05 \g\ £3.36  35.45 586
CCT10€ 1. 80 . €2,01 ,9aq
D03102 . 2.57 €€.8G . B4.32 . SRE
08106 4,08 , . 72,78 . 402
D12110 3. 10 _ 7€.43 . 55€
TO4 102 2.95 36,55 37,73 ,.328
T09126 2.58 : 3¢.02 . 317
£1411¢0 2.29 £€2.28 7 JEnn
F05102 3.17 ' 76.28. 35.68 .674
F11110 2.39 2 uu,s88 .527
G1€091 1,21 ‘ 33.10 29,32 ,932
G200¢9 1.12 : 3C.62 . 936
.G2410¢ 1.73 85,21 1.090
H21099 2.02 ' 87.71  27.19 .870
H251C4 1.27 : 32,03 . 962
T19091 1,12 27,38 32,34 ., 540
T22009 2.07 5C. 80 .735
T26104 1.56 ] 32.0% - . 617
Means Z2.13

.

8 2]
P
w

.
r_._.._.._.__..__.._._._.-—.._—._..._—_.._.._.--._.__.._—_._———__—-——-_..—___._.-—-‘
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Subject D, being a reavy male, demons+ra+ed d3i¢ficul*+y in

suoper+ing his body weight ¢n crutches which resul“ad in a
k ' » .

swing-+to gai<, . Swing=through ¢ait requires suf€icient upoer

+orsc s*rengtlh. The gait pattern was very jerky wi+«h nn
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fluidity to the motion. This ccmbired vwitk a large body
mass, and spall distance covered per stride, resrvlted in the

large normalized wdtrk value,

1

Subiject T <denmcnstrated low Wwb values(Table.S), however,

was unable *o cover muchk distance per stride despi<e a fluiad

'\\ o J2it.  This resulted in relatively tigh ncrmalized Motk val-
Nuves. - -

Subject F expended quite 1laczqge amounts o©f enerqy wizh

crutckes of 102cm. These crutches were gressly undersized
which resulted ip failure t¢ properly anckor -tte axillary
rads, hence an unsteady gait Tequiring hich.eneTay outnuts.

Work outpu* was decreased somewha< with "110cm crutches.
3

~he cait of subject G was interestirg t¢ exvplain in teras

¢* energy outptt. The apparently 15w enerav _<UIputs weIe

due to +he extremely large dis*ances covereiﬁoe: stride,

’

respite *+he fact that this subiject was +ke shcrggsi in sta«-
ure, she exktibited a fas+ gais,  wi+k +ke grea*est swinag-
+hrough. However, in gualitative film apmalysis, the subjec+*

was sc keen to ambulate gquickly in a s*traicht lire, contool
was sacrificed by overstridirng which caused gai%t breakdown.

"he subject ~hen Ltad tc recover and once again resume forc-

ward mcvement.

Subjects H and I demons*ra+*ted €fluid gaits., T+ is unusual

+hat subject I had a k

12

gher -work outpr+ wher wsing fic-ed
:, -



ctutches of I%cm a no explana*ion canr be Ffournd at this

stage of analysis

-

To generally review <he normalized wecrk cu*puts of all
. C
subjects dependent upon crutck ' lerngths, there appears no

steadfas* consistancies or trends. Crutckklenqth was not

0

ritdcal in producipg ¢verall lower energy cutputs. I+ ap~-
peazed from the normalized enecqgy cutpu+* dat{, that indi{}i—
ual gai* s%yle whick includes bedy weigh* and distance cov-
ered per stride, vas. the determining facter iﬁ: éne:qv
outpu+, Heowever, as vas explained, low encTgy cutput may be
as the'expense of balanﬁe and cecatrel. Wells (1979) , founid
+hat eceraqy eXpenditufes o adulx: c:uéch ambulafé:s7c3mparea
guite closely to these ofJadults walking nermally. The val-
tes c¢f normalized enerdy e:pended in *te 'pfesent studv:iﬁ-
volving children are muck Jreater *han the -+values obtained

0f adults by Wells (1979), ° ts +te eneray experditure was

. 3 L4 * . - B : -
normalized *o subijec+ weigkt ané dis*arce +travelled, chil-

dren may be . at a relative mechanical disadvantace. Tor A

given distance, a child would thave *c¢ perform mrre strides

- -

L]

+hapn an adul* duve ¢ smaller limb lengths. From an internal,

- ' -

viewpecint, it may be mere costly for a child %~ underge two
strides to every onc¢ adult stride even thongh advlzs require

larger muscle moments to compensa<e for the rela“ively lacg-
) . . “7. . :
er masses and iner+tias involved., "trese are +*wo nrecsible ex-

plana+icns forf the larde eunergy expenditure values ohserved

-

in these children, -~ Perhaps if +he gai* was analysed. under
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“3ifFerent conditions, +trends may appear in ncrmalized work.
S -~
P .
cutputs. .

4.7 ANALYSIS OF ENERGY TRARSFERS

The major compcnent 0% this study was *he invelvement n €

instaptanecus erergqy and ins*tantaneous powver in ¢hildrens?

crutch gait. Frergies and powets vere ‘calculated and olot-

+ed witk; each trace beginning and cencluding wit heel-

strike (H=-5) .-
oprcved witk experience. Béfo;e a +rial by trial analysis is

-

ccaducted, some gereral findings stculd be no*ed in orderc

+hat they be applied duripg analysis. To recapi+ulate, en-—-
erqy transfers are furdamental *o mechanical efficiency in

galt. If ernergy can be transfered, ei+ter frem cre Serm te
another within aqﬁeqment, or between segments, rather *han

1ast from +*he systekx, *hen the werk cost will be decreased.
. .
Tn other words, the objective in ob*ainirng meckanical effi-

- -

ciency in gait would epable the bedy in me+ion *c bhe as. en-

erqy conservative as pessible. ~o beccme a ccahsecva<tive

i - .
syster, * energy must Le transfered arnd main*ained in other

enerqy ferms and/or in different loca¥icns in *+he body. -In-

stantareoys energy curves illus*trate withip segmen% <rans-
) . . : . &
) e ) _
fers of enerqy Irom cne form ¢ ano+rer, Ins+an+anesus ?qw-
er cugves exenplify -between-segment +ransfers ¢f enesgy when
. fr . .
2 7

traces »f adjacent big; seqment s are compared.

‘td

5 Was bpIre-

vicuslv.menticned,,analysis of +te individuval <rials will be

)

r

Tndividudl interpreta*icn ¢f tke cucves iIm-
rd . .



g2

of +he Y9=segmen*+ wmcdel. Peak powers of +he B=N=-T seqmen+*

+

render information that will be explaimed in +*he following
sections. Table 6 shows the maani+ude of *+he peak positive
and regative powers for the H=X=-7 seqment.

+

- )
1
TLBLE 6 !
!
PTAK PONTRS OF THE H=N=T SEGMITN™ 1
o
Trial Peak H=¥-T Po:ﬁé(w.atts)
801102 +13 -13
216106 +18 -3R
€02102 +32 -17 /
c0710€ +31 -31 L ¢
- * .—/
pDC3102 +EQ -33
DO8106E +61 -50
D12110 +49 - -79
T04102 +39 -18
T09106 +18 -10
14110 . +34 . =27
EL5102 +56 -46 -+«
11116 - W7 ~33
G16331 . +33 -1 -
620399 +39 -31 : . .
G241048 - +42 -uijy,f///‘ﬁ—j\\ﬁlf .
E21099 +20 =15/
25104 +18 -14
T19091 +14 -9
22099 +30 538 . N
T26174 _ +25 =29

—— — ——— —— —— — e m— e G —
s e ot G iy . — i — A . — — o — — ety — -

\.—-_-—-——.-———-——-._-—.————_-—l_--—-—-—-..-—-.-b—-——o__-—-l_-—__—-._

P
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.transfer of energy wi+thin a

.multaneons positive peak.

' a vertical orcientationy,

oM
R

8.7.1 Sybiect B. | Lo .

+rial.

seqment. The pe+ential enezqy

(PZ) and kinetic energy (KF) *races-have veaks +*ha*+ are in=-

verse reflections cof each otker. =:Is one curve experiences a

rcsitive peak, the other fzxlls inte a valley. Since thelfb-

“a*icral energy trace rerained essentially zere, +*here are

+*ransfercs of enerqgy

be*ween PE and KT. This demcnstrates
¢ :

+he inverse pendulum natitre of tte trunk dvring crutch q;it.
When éhe crutch tigs a:g plan<ed, the linear kinetic enexqgy
ei the .E=N=T is maximal since forwvard veloci+y is at a. si-
As +he body weﬁq?*

creasingly suppeorted by +he cru<ch,

¥R

+ caips height a+ =he

-expense of fcorward velccity as the crustches act sipilas +2 a

pcle £c- a pele varlter,
with <c+al enerqgy (TF) remairing essentially cons*an:. Oznce

_*te crm+ches ace in

-

+he A=N=T pass is over =he c:utcyes(ie,

»

tten +ke E=K=T t£falls' down €ro

. - M - .
*He crutches Hﬁgding towa-d H-S, ;T"hie resul*s in a ©PF
“ransfer -back to KI by decreasing *“hte heigh* o0f <he centre

9% mass-and increaseing * £erward velecity, tence increasina

FT. This seneric c¢f events is evident in ‘he H-¥-T energy
+races (Fiqure 3). ot .
. .
r -
. 5.
-~
- . .
\-\L Pl ; h

.Subject B was-a male wvho used 102¢cm cruv*ches in the firs+

The energy *traces for +he H-N=T geagmen* <ypify the

becomes..in~

Thus, EF is *ransddred into PT
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- 7~ . . '
Tnerqgy *naces of +he arm-cTu*ch and +highk segrents infer.
*here are no +wransfers of enerqy within these segments. = Ais

. N . . . .
PT increases, sc does KZ, resul*ing in.a prasic rvelaticnshivp

as the arms and +highs gain heigh* and veloci*v simul<ane~-

" cusly. " This suggests that *he ene:c} created by muscularv

" monments in *hese seqments is nct ccnserved within <he seg-

men%*, rowever, <«he enecqy may be ccnserved elsewheze in ad-

jacent segmen*s, Analysis of +tke irstantanecus pover curves

should reveal if ernezgy is transferad and cernserved in the

-

neigkbcuring trunk, - Figure ¢ illustra%es *ke increasina

pewer of the arms whkile the E-N~7 experiences Jdecreasiaaq

power and vice, versa 'within +re rTogiar of cmunrch-0ff 4

crutch~strike.
Winter {19798y demonstrated *he transfer of eneray £rom re-

giors ¢Z high power %0 segments .c¢cf low pecwer a*. =te same in-

s*ant in *ipe. Thus, while <he erergy crea*ed in the acms
is nct ccnserved in otter focms wi**in *te segmen-, ovartial

conservation i1s 1likely achieved and facili+a+ed by <«he

+ransfer of energy to *he H-N~-T segment. Ir a subseguen+

trial of subiject B using crnu+chkes of 10€cm, which wvere lch

<co leong, i+ is irnteresting *o ro+e +tre differences in neak

m .
o
[p]

grinq th wers ¢f ~he H-¥~-7T frem +he Two %ri-

- -

DOWers. CCEU

als, péék ﬁpiéts of Tuw(102cm) .and 38w(166cm), depict =he
diffe:encé that'unfitted, long.cru*+crtes make o <he power
cutpyt of* +he gai-+, While mos+: *rcials demcns‘rite close
s%mget;y betweer right and lef- arms, the 10€fcm =-ial doeg

-
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‘not. This establisted subjec= R's control preohlems wi<h

arns when the crutches wvwere *oc 1lcng as illvs+trated in Fig-

v

ure S.
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Subject C was equipped with €it+ted crutches o°,.122¢cn duo-

’

-

ing the first trial. Features wor*® noting were the eneragv
traces of *h¢ <highs (Figure 6y,

~here was a large change in Kf\_jus* af+er E-° w?ich‘was un -
usual, This was caused by a very intense fo0- s*rike where
ke leq ccopletely cecased moticn sbc;ZIY af+er <he H-°%
cven<t. Tre resulting Jjerky qai+ is :éflec‘ei bty <he hune

negative power ou*tput stortly afxer s,

In +he C0710¢€ =zial, leng c¢om*chles(by Ucm), werTe used.
Tf the ©peak povers are cecmppared between *he =wr +rials o€
“he H-¥-T segment, they will be nn<ed “o possess comparable
macanitudes, however, +he 176¢cm “Tial powe:r curve is smooth

wkick ipdicates large enerqy changes *ha= aTte fever in num-
ber tkan thke 102cm %rial. On €ilm, +ke 10fécm *:ial:consis:s
¢€ a large swing-+througk giving rise to +*he ohservedl ingtan-’
*anecus powers, Both legs, al*houﬁ?°diffe:ent in 4heir »ri-
en<aticn in space, transla<e and rctate in vniscn which re-
stults io nearly identicallpowe: curves{Fiqrre 7).

Yhen <wo léqs move in such a-similar manner, ia essence,
their masses are corbired into orne whicht weuld ‘nczease =he
effect of mecmentum(mass x veloci:v)t “Fis may explain -~he

large swing-<hr-ough observed in this +r

+

al.
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8.7.3 Subject D

Trials of subject T were recorded, vsine- 102cm{bcm *“oo

shor+y, 10€cm {correct lenqzhy, arl- 110co(dcm =co lonmnm

’

- f e .
crutches. Tnergy transfers betweern KT ard T in the H=N-T

.
[]

. - L [
seqment are readily obhserved in 2*te cneTaqv *maces for the

102c¢co cTu+xch +rial, chever,'na:hclcqicafﬁgﬁb:cv = Taces 1ice

cbserved In the arm~ cru*ch seqme.ts??iqn:e 8) .

peaks~Qf ins*antanesus °%

T+ was noted +*hatr i+ is normal for
de KE +*o eoccur simul+aneously in *?e arms during cria=ch

aait. In tris trial, +*e veak ¢f KT caocurs a“-er “he P7
peak inferring some abrermal nmoyement. ¥ilm analysis ccn-

izmed the cause as from +*he subjec* raising' **e cru=ches~

. : -
anterionsly and <then preoceeding e 'Zallt ferwardw on<o the

: L
crutch resul+*ing in large impacts urcn cru*ch strtike. Sub-

(S,

ject D was visibly cverueiqh: and dem~ns*Ta*ed d: ficul+y in

-
-

surperting his body weigh+t cn c:rtchés wi+t Fis woper muscu-
lazure. His gais ua§ swinq-tb as orpesed *¢ +*tre conventi:ﬁ«
al swicg-tkrough due *o his inabili“+y %¢ subroz* <he body
weigh* €or +he rTequired dura+ion of t+time for swing-thoonuah.,
The resulting *cheppy! gait of large impac*s upcer ¢critct and
heel strike is illus+t-ated in “he powvwer curves, 313 seen in
Figure 9, +he peak ip the power curve cf {he H=7-7 seqgmen<

cccurs very late in =he H-53 to H-S cycle,
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a5
~his peak is due to ;he large amoun* of eneray absorzbed by
+he upper trunk upon crutch=strike, which_ac*ually caused a
thysical 'bcunée' ir tte segment. ~he subiec*, unable <2
su;po:t‘his body weight adequ&tely wi+h tis érms, placed his
axillas on the axillary pads of +he c-a+*ches, "ris resnlkt2d

in +ke loss " of +he sheck gbsorting cavaci+y of *he 21bows,

[EL]

+ransfering ttre vpateenua<ed eneray intc +*e =rurk via +he
shoulder reqiorn. When +*he sthdec* used fis+ad cru+tches o€

198¢m, similar tralts were no<ed.

In the trial with long p:utckes(*10cm), an in-eresting
prencmencn was encourtered. ~he pewer curve for the H=M=-7

was no<- charcacterisvic of =he qrevious +we +Tiale iavelvinag
+he shor+ and fiw+ed cru+tctes., ~he peak power nceursed ear-
1ipr in +he cvcle which conforas to +%e cornven+ial standazds

ip c~utclt gai* (Figqure 10}).

»

» pcssitle explaczicn {5 »re svbiject placed *he axillas

iirec*ly cor +he axillacy sads wi<h *the cnges cTu*ches Te-

~educed +he distance *+ha- ~he subject
crutches and hence reduced +he stock Aave cf ene:qy.thaf PERS
previucsly transmitted vp the cpdrcth shaf+ in*c +he “I-unk.
I? was alsc in-eres=ing %o note ttlre eatly cu*tn€f cf nega+tive
rower in *hwe *highs, across all =rials, due *o *he‘na:u:e &
swing-to gait as opposed to «he eon+tinua+icn cf swing chat-

ac-eris=ic of swing-through gait.
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8.7.4 Sijggg E

Trials of subiject T wére recorded with shor+ (172cm), fie-
+ed §106cm), and long(110cm) crutches., ™he eneray and bpover
cucves from *he 102cm crutch <rial were very speecth and did
nct infer aﬁy outright inefficienciles. The same was noted
with <fitted crutches. However, by cecmparing the poéer
+races for the H=¥~T seqgment oveg t?e_tgree +rials, RIS

-‘ences ate evident(Figure 11).

Turing the 102cm trial the peak ©power cu*ovr+: g U0, i’

jor

g

" output is reduced bvw100% during the‘fitted cru+ch %rial *o

app:cximately_zoé. s c:ﬁtch lena+th iné:eased befbéd «ke

- oprimal fit+ed ;enqth o 110cm, *te peak péwe: altput esca-
\

lazed by 75% <o 35w. Since *he WH=-¥-T seqment'contributes

qreatly tc *he total work cutput due *c itshrela*ively larqge

rass, crtutch leng+th is critical, wi+*in centime+ers, 2 +he

develcpment cf an efficient gai+, .
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8.7J5 -~-Subject F .
The *rial of subject F equipped wi*t 172¢cm erv-ches. -
- '

enstrased ther Wwere no transfersﬁﬁg energy witkin +he H-§--
b ,l,_//
P o - .
segment.” Subject T, being *he <+allec* of all subjects,

found ke 192cm crutchkes <o be muchk tco shert.. ~he beak

-

poweI cu“pu* of +he H-K-T segmen* was gui+e high a+ S6w in

.

this trial. The pcwer cucves feo the thighs were 0¢f abnoy--
mal skape anq exhibi+ed odd poﬁer reaks. Tpen cualitative
] .
film anmalysis, i< was observed that due *o <tre arcssly sheon+
crutches, the subject was unable “~ supéo:* kis hédv wéiqht
and found i+ easier ¢c combine a sgall 'hep' 3in+o zhe gai+
tc cacry the ﬁody throvgh the swing=<hrough prase. Thisg e~
sulted in burs<s of pcwer in thé‘?hiqhs\civinc rige %5 la-ge
voveaks in “he curves. (Figure 12) -
: : o —~—
The ccmparison of +the lefs ~high prver *Taces ¥ 'subject ®
and <hke necrmal face of subject B, aid :n cla-:iﬁyinq *he
iifference'im/gowe: patterns. Thke sthject was *hen €is=ad
with 110qm crutches and the peak power c€ =te Pa¥.- das re-
duced by approximately 1003 =on 2€w. Ait&ouch ;he subijerc*
exhibited miror halarnce problems du:ina-this *rial *hey were
r2t mapifested in *Lhe poewer and enecgy curves. This may be
due <o the inherent incapabili«y of =hie zﬂéiménsianal anal-
vsis method to record inp +re third dimersicn or gide-=o~=3ide

Telative *c +the subject.
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8.7.6  Subiect G | B

. The first female sub-dject =0 be analysed was suhjec= G,
trial, using short crutcres of 91cm, prcduced energy *races
*hat were ¢of shor* duraticn, *hus indicatine *+%e gai*= cyele

from H=S *¢ H~S was carrcicd cut very quickly. Tre resvltan~

high velocities acccunted “cr.the large peaks cbserved in

o

*he power traces. rce <Yipme is +*te denemina+ar ip *he

Fl

equaticn for instartareous pewer calcvla*ion, a fast gai+

egis*er -larger enerqy changes within a specified <ime.

in a highker peak power, flowever, in <his case,
although ‘high power peaks are no+iced, *te rewer curves
“hemselves are smdo+h, indica+ing a 'smecth!' ecai+. When *he

subject was equipped with fi+«ed éru+cres ¢+ S¢cm in leng+h,
' the emengy transfers within ihe E=%=7 be*weer P~* and ¥~ a-e
very evident in <tre ener-qgy t:acés. Tbe" suhject visually
displayed this in ther gai+ by hoprning 'up en <+op o0f =he
crutches and rciding swing~+hrouqh anA finally féllinq dewn
nIf <lkenm just before lFeel-s+-ike. Ste was able =0 manage

this by keeping her arrs straigh+, making tersel€ an upside-

dcwn pendulum.

- In the +*hird *rial, crutches were ckanged “eor a 1%Ucn
{5cm *¢cc lznqQ) pair that resal+=ed in a hrigter peak power
ouzpu* 2f the H=~N-T (42w compared *c 3By ip +te fi+=ad cra+-ch

*tial). The gai+ was clower and mecre cermrelled which would—e

.%
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tave the effect of decreasing povwers, t*ence, 1If zhe ovowerT

increased, and the gait was slower, *her *he comparative

rower difference wculd be magnified by +he virtue 25f a

cranging scale facter, As'a rTesul*, any increase in peak

powers would be compara*ively larager +han numerically indi- .

ca+ed, T+ was inptriquing %o obhserve *te foo*+ contact in
«hig trial, The subject was *0ld +*o slcw *er gai+«, which
she did for this trizd +*rial and ter fro* s+t—ike becaze a
*oe strike; It appeared gﬁe was veTry concerned vith cover-
ing a larage distance with e&e:v s*ride, since ste was =old

~¢c slow her gai-. Ste wmain*tained *er a**empt+ *5 achieve

maxipur dis+-ance <frtcm every s*ride by plantaz, flexing kex

fcor and wmaking greund ceontac+s with  +tre tall ¢f her foo=.
“%ig cbhserva=-icn is a pestulate and evidence is new teadilly
chservable wi+hkin «te energy and pcwer *rTaces.

8.7.7  Subject H

The gaiv of subjeét H wag very smeoth and conﬂ:olled; ab-
sent ¢f any real abnc:mali’ies, nsing fi+*+-ed 9%cmnm c:uﬁcHes.
Whep ccoparing ke pecak pewers of “te “kighs(Figure 13) <he
righ+ thigh veak cccurs slightly before <ha* cf +%e le<x.
"his contrast is due tc the injured righk* leq ini=iazing-an
early swing=+hrougqk %o aain momen=mum whict ac*s *2 pull =he

remaining mass through =he swing.

&
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Tn a subsequen* trial using 104cm crutcltes a comaztisan oF

" the peak powers of ~he H=N-T es+-ablisted nec magni+ude Ai°-

ferencs as both were in .the neighbcurcknod cf 20w, However,
> "‘

in ~ne cycle, <he 'injured'. right lec swuna=-+thTcugh osut ol

1ine and collixfled with *he suppcz+ing left leg and it was

+his cycle £hat was chesen for analysis *c see *te elfect cn

.instantanecus energy and power. Ry chserving FTiguze 15, *he’

.

Towver curvé 0f¢ the le€t skank is compared *c an average pov-
er curve wkich highligh=s the posi+ive slepe Just priecr =2
H=-S. | )

It arppeacs that subject Q Fad +the vnique abilitv *o reach a
ccint c® maximal decelera-ion of the lower lea §13% helcre
H=§ uhe:eby:all otter subjects reacted a maximur decclera-
+ion a+ the ins=amn* ¢ H-S. Thié weuld rearire addi<iconal
ag+-agsnissti nuscle mémen:s whic* would restls in a de-
creased striking impaé-. Tyur~her s+*udy wculd be required <o
analyse'this mechanisa f¢r encCgy cnet verses anergy a“venu-

a+igon.
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“.7.8 Sgb leﬂ I ) M
Subject I was a s*rong, athle+i girl whre~ was - able <o
dendps*rate qgeed crutckina skills over all *rials. . The

=

o

st trial using short crutches of 91cm exempli©iad smovsh,

tvypical and symme*rcical ene-qy and power *races. The pawer
teaks ¢of <he irnqured leg are small, averaning clesce 5 zers.
. ' . - =

The second\ “rial, usircq fi+ted cru*tchkes o€ ©3cm, once

)

smeoth energy and orwer *races wi=h a peak

again resul+zed i

vcwer cun*put of 38w he H-N-7 seqnent. Tte crmtches were
o

exchanged for- longa crTutches o 108cm and *Re peak power in

*he H=-¥Y=7 decreased to 28w, ‘Tecknically, *te cruvtches we-e
' : - . |
“c2 long bu* subjec+t I managed an efficient S*vle, «wi+th +he

4
-head erect and looking forward, and *he bodw weict+ borne on

the arms with the elbow sSlighk+ly hen= for steck abseazp+=ion.

»
From subiject I i+ appears.tha< c:utch/ieng*h i net as cris-
~ical in *natural' crzutck walkers as(wi+* <cFildren whs have
. < T |
no* developed high s-andarzds in body ccordinaticn, streng4k

and bAlance,

vVvarious mechanically inp mfc?anisms have baen

/

gai< are :ésaiggg_i%/the energy

searcler *c¢’aralyce and inter-

kighlighk+ed, Disrup<icns i

and power curves for the

pret., I+ i1s hoped tha* +his in+troduc+ign in*c +*¢ in=-e-ore-

. 4 . . . . .
tation of enerqgy and pewer will aid in fv+ure agai+ analysis,
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+

At this staqge, ie would be beneficial +c¢ summarize all
cempcnents by a concurzent analyslis and cearch for indica-
) -
~ors of relaticnships between -he cecmparative parame%cTs.

Subject B displavyed loger axial &-v+«ck forces, lower no-
ralized enerqy/stride values, and lcwer peak rowers nuipits
vsing fitfed_crutcﬁcs as ovpossed *o Ucm lena . cousches.
Fzom qualith:ivé £ilm analysis *he svhijec* rad . less di9fi-
cul<y in controlling <tre shozter c:uﬁchés as *%*e long nnes

+erded *c brusk =hke ground ducina cru*tch swing-*hrough,

. —N
csubject C appecared <+o pecferm moTe efficlently  with
slighzly lcnger than rermally fi<ted crrtcres. ™his is de-

%QCted fron a decreased enefqv/st:ide value, and “niica+tions
c? smcoth Slow frcﬁ crutch axial fc;co, inSfartaijjig eneray
and ins+a*ancous pecwer “races when-equipped wi+h c:utcﬁes ok
1C6cm whickh we:e':ecﬁnically 4cm =cc lore. ™ e fubijec- wis .
ablé «¢c gain a lactGer swing-through wi<h <te loncér cru=ches
while balance and problems sf ancteczing *te axillazy pad c¢n

the cru<=ch were n»” longer eviden+*.

T+ 3is ques*ticrable wre-ter subjec* T shonld he prescrihed

IE

crutches if he were incapacitated. Pespi+*e his age of '@
vears, his lazge bcdy mass hinders suppor+ by *he uppers body
muscula+ure. larqge impact f£ozces ¢f beo+tt the T2t and

c-utcr cause visible stock waves f{nrn film) +%*renagt <he bddy.
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“njury to the shoulder joint or «aqereral upper limb and qir-

Jle muscula*ure appears gqui+e probable. Tnergy/ctride val-

ues were the Lighest cf all subjec*s. It wovrld be Tecom-

-mended Zor this suljec+ =¢ gain ugper body sj&ehq:h (which
N

. . v R
ray develop wisk age) before assigning crr+ckes in  any

} e

“reatment si+uation.

Subdject © woul% benefit from fitted cru*ctes by analysis
¢t segment pcwe:_éurves.- Hoewever, encray/stride ;alues and
foc+t forces indica+ed +he subiject may vorefer c¢ru+*ches
slightly 1lcnaer +ran <he conver<iorally fi++ed leng*h.
Sm2oth procression of movement and a 1lcnger swing-+hreuagh

-k e

was observed withk 110cm(tcm toc lenqg) cru+ches.

Fata cr subjec*t F uranimously supper+ed +te nse of Fieeeq
cru+ctes (using Cohg&'s(1979)fc:mula) fer +ris subject a3
lewer enecgy/stride values, and opeak pewers were —ecerlod.

Ralance was Improved with fisted cru=cles dvre +o impoaved

axillary pad anchp:inq.

Stbject G demonstrated a laiwer eneTqgv/s~ride valie, Wity
€i<+ed crutches and lcver peak pewers desni+e +he fac- she
cTutched fas<er r~han wi<h long c-u*ches. Tn aldi+icn, lower

axial cruzch forces were recorsded during +te Fi+t=ad ecri-ch

-rial,

Subject H exhibi+ed comparable seqmer+ eneraies and pow-

ers be*ween *“he fx1<=ed and long cru+tckr =rialz while loawer
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o (
. . \ .
enexqy/stride values were recorded with +he 17ng cou<«ches
. i
; . ! . .
Jue =o ghe achievement c¢£f a la:qe? swing-+throuak. However,

*his female subject proved highly\xgﬁﬁﬁ*ahlg\and vas able ¢»

™,
Jenons+trate efficiency on *he tested crutch leng*ts.
~—

Subject T also pecssessed +he abili*y +o adap+- as she ex-
kihited smoo*h gait over all crr*ch lenag*hks. DPust=off ‘orc-

es of =ke £0n*t were greater +han +hose exvesienced at-heel-

I

«cike, Smcother power cucves wi** decreased peaks vwere

cbserved wi+h +he use ¢f lecnger crutcthes,

“he zrela*ionskips betvweer +he " measured parameters avTe
linked by efficiency. Those *rials exhibi+ing lev peak pow-
ers wi+h smeoth traces generally demenstrate con*imal (usual-

lv lcwer but not always) fcox-floor and axial cru*ch forces.

Ttis was due +*¢ *te ccombiraticn ¢f actieving cptiaal hal-

ance, speed, fcoce apolica+ion, maagni*udes and pa*<es-ns, and
efficient style *hrcugh <he correc* choice of crr*ch leng*h.

The ques*ticrn of gait efficiency becomes increasinqly apoatr-

ent as adap*able subjects are able =¢c perferm well <hrgugh-

.cu=-a larger range ¢ crutch lerna*t =celec+icn. The key =92

alaptabili«y is dependar+ upcn develcpmen+al ‘ac-c-s as bal-
ance, agqili+y, s+-rerg+h and c¢oordina*ion, Fcr ¢tildren whn
lack «hese prerequisites for perfcrping efficier+ly, cIv-ch

length beccmes a cri*ical cornsidera*ion, .

19

”
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5.9  CONCFPT QF IDEAL ENBRGY AND POWER COPYES

frem the previcus analyeis, *he concep* o€ videal' or me-

chanically efficient ins*an*anecns eneray and ovewver +races
temains simply that, a concept.,’ Fewvever, wkile absolv-e

‘efficient' “races. cannot be pecstula+ted for swing-+hrourh

-

crutch ambulators, general observa*icens sujgces* +-ends and

-l
quidelines ir determining 'efficient! gaie. Pa++erns 2f con-
. *»
¢rdinaticn may be rreferrced by cme subject ard reijec-ed by
another. Ncnetteless, eneZgy and ocwer *races Adr loca“e ab-
roTmal enerqgy levels and power whiet can +*ren he evalua+ed

with regard <o a particular individval. Trergyv *-aces check

€
(¥

“kin segnen= €nercy cemponent levels and +rars€e-s. Sueh

tt
A

ansfers in *he H=-X=T indica+ed a flowing 7ai+ whren <he +=a-

*al enezqy remained at a szable level, Trercy neaks 2% K-

-

and PT should cccur simul<aneously in +te arms, In addi<ian
=2 a desired symme%cy be*weer righ* and le®+ sides. Tns=a=-

tanecus power curves describe seaqmer- accelera<icns, as po-

n

izive power accelera*es +he seqmen* vhiile nega+ive powe-
Jecelera*es i-(Zarrugh, 1981y . In addi+ion, +he maqni~sude

¢f the rower ccmbined wi+h “ke agiven seamen+ ac=ion, de-

n

ccibes erderqgy t;anfegs be~ween segaments. Peak nowers alse
*render.the magritude ¢f “he accelera+iern invelved. Davar
traces of the H=Y=T secmen= shculd be smoe*}r and have small
nagni<vde peaks. This is due to féewla:ae ma=s and consec-
"va“*ive na+uvre of the segmen+*, Power peaks ip +*re arns indi-

cate *lre acceleraticn-decelera+tion pa*+tern dvring +<he swinn

- . ~
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of the crutcheé. Once again symmetry be*ween Tigk+ and left'
sides wculd increase *o*al gai*+ efficiency. Prwers in +he
lower limbs should correlate *o scme degree wi+hin she leg
. . ‘ .
indic ting scome Yorr of unity ©f +ke liéh\as a whele, Pow-
eTs bertwveen sides in <hke lower linmbs need ro* -eflect sSymme-
tTy al+hough scme vecple are efficien+ wish bila*erally air-
cored actions. Pewers o©f +he stank and fcec* should he
ccmparable within sides wi+h maxinum Tewer occuring as
beelgﬁtrike. Feak regative nower occu=ring befere H=-S indi-
€a*e unneccessary eccentric muscle moments. Tn  Jeneral,
reak cagritudes or burs+ts ¢f power should he ker+t =2 a anini-
muﬁ. The speed of qait effegts individual seamen=: powers.

. .
Interpretatisn of erergy and power *races acnlied +«5 human

-movemen+t improves wi<h .practice and exverience. T+ 15 hoped

that this paper has aided in suck imbrovemen+.

4.10 GENERAL DISCUSSION

frew the data derived in  +his s=udy, pectanically ef<i-

LY
cien* ccutch qai% resul+s Fronm flewirng, “ull] swing-=<hcough

cru+chirg, The ccrnditions of‘;estinc were cp=imal foc +he -
crutch walkers during data collec*:ian. Tiflciencies will

ctange wizh ~he surface and level of grecund walked sn, nan-

lirear direc-icn changes, and in crowded situa+?iens,

If a chkild required gaitc evalpa<icn, <es*ina would £21llow

ke princirle of =rial and error in searck’™mf daining ~op=i-
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mal eEf‘ciency.‘ Trerefore, the svbject pus* aim Ec: DoOwWaer
cutves <that are void of unnatural, sparb peaks resul=ing in
smooth *races. The inves=tigator mﬁst also be aware of such
fgdte:s as érutchinq speed which causes share chkanges 3in

TOWer curves, Gereral conditicn ¢f the subhiject

[P

S a ¢criti-
cal measure, as cruick gait requires sveficien* uvper bHodv

zusculazure, and nreuso-contzcl developmen*.

¥odifications %o the cru«ch itself have been sugges=ed bv
Shoup(1974y whiéh comprised of a sprinq-dampened-ene:qv aﬁ—
s2cber in *ke crutch staf* to decrease *he ©paani-ude cf o7
cktanges iIn *hke E=-K-T segmen+, Howéve:, ereTcy *ransfers be-

“ween PT and XT witINn +*he #-%-7 tave heer stown +2 compli-

tef

ment eack other in efficient gai+ as P is recuized “orc

~Tapsfer *c ¥I ~hus main*aining forward progressien. If pr
is decreased, fozward velociiy may suffex. Heweven, as a

Tesul® of *+hisg investica+ion crutches are o reed of «wo im-

proevenents. The spallest incremen+ c¢f leng*+l ad<dus+men* s
arproximately 2.5cm"on 2all croutches Tegardless o whether

_— e

~he crutch id adult or child size. Pie *c¢ +he critical na-
N

S

ture of crutch length :in facili*ta+ing efficien+~ ambula+icn,

2.5cn increments is t70 gress for crtildren., Prilling koles

e

in the shaf+ between the exis+ting ones, resul+inc in adqus«-
ments of 1,25%cno, would g-ea+ly entarnce *te versa+tili-y of
+“he childs crutch. s child cru+ch . gtkafrs are <he sane

thickness as adult crutches, the weakness resnl+ing fzoa <he

new heles would not be cri+tical due +¢ tte swaller €nrces
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exerted by children., Thus, failure ~f +he crv+ck shaf+ dees

_not become a consideration. The second mcdifica*ion is re-
. o

ouvired as children appear o lack *he necessary arm adduc+or

ca.

s«rength ’to squeeze andﬁranchcr *he axillary rpad 2f <he
crufch. The fore-af: slipfinq of the crutch was c¢hserved in
nany triéls. Witkeu* proper anchering, crutct walkers wece
Teluctan® *0 apply forzce *c the unrstable surpor*. Sévlinc
rodifications <¢ =he axillary pad are :eqti:ed +n aid irn =ke

PY L ek

gncho:inq process with most chkilédren, Z+ avppears tha* *his

censideration increases in impor*ance Wi+l +ke vounger +«ke

child, _ '

+

Searchking Zer scu;cés. ¢ error in +ke da*a began wizth a2
ceview ¢f the eéuipéent. The force plaﬁc'and cru*tch farTce
+t-ansducer vere galib:afed and checked €fcr- linearity and hy-
steresis, The 'étrain,quaqes irceoperated Inte  *he axial
transducer were ccmpensated for aluminue, *re ma<ecial ¢
~*e adhering surface of *te transducer =hus rednrcinj guage
er-cr. Bcdy"seqmen: rarame%ers weTe dérived frecm the eqgiaa

<ions for inertial and mass proper=ies of crkildren by JGWT

ser (1981) rather than scaling adult da*a +¢c i+ ctiliren.

The tuse of the gleno-humeral jein- as a landeactk =c¢ de-’
termine *runk displacemen:t was pcinted or* as a source 5¢F
erroz by FRober<+son {1981). Tre shculder can neve indepen-

dantly of <the trunk thus “alsely reagis+ering *rurk movemen<.

Tn addi+tion, it must be remembered +ha*t a mafor suppasiticon
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2% the 2-dimensicral moedel is an absence ef me*ion in <he
third dimersicrn., Movement does occur in the +hir—d plane

whichk causes erro; in enerqy calcula*ticns, ~he maqniﬁude 2F
such error 3in +his s+udy is minimal as +hi=g Eimegsional
mcvémen:s vere reccrded .hy a second cine cahe:a. Coocdi -
Ta¥es frem the film were no- alvays in full view *o be Aigi-
“ized, hovever, =he estima*icn 2f these loca+icns were fonna
t0 ke accurcate by peffcrminq vericdic re*es+s, “he conrdi-
nate data was digi+ally filtered (se&cnd-ordgt Mitteswor+t
Cutting off a+ 3.12Fz) <~o increase *heir Tteliabilizy, all
Zuncticns of <he corputer were perindically hard chacked =n
cenfivm accu:até da*ta preocessing. %t scurce of ccacern is
'*Ee fact that ke eneray and power valres starct*ing and fin-

Ishing wiztkh hecl-strike, were rarely eguivalen«, Hoewever,

ir some cases, if one was -o extIapclpte cne meze franed Sron

tke existing data, the curves would becin and erd wi=h equal

values ¢F power arg enerqgy, I+t 1= nossihlé cne couliusu-
Spect variance iIn cait %o accrun- frr wneaual s*ac<ing and
finishing €nergy-power levels, Suck a variapce cc1ld zTesul-
frem a2  small Change in Style cCr sreed. However, Dain-
ty{1979) accoun+ed fo- ineven star+ing arnAd finietipng cyelic

lata curves as a furcticn of <he digi+«al fil+erine pCocess.

2t this point, 1t would be beneficial *o Lo*ec =ha+ =he
Tesults cbtained in +«hie st1dy were derived “rerm a gzoup »°
eiqght subjects, 9 =c 11 years of age. ts *he snbijects wern

selected and matched for heiqght frca a grade sctao0l class i
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studen{s, *here is no reason +o Jdoub* +ha+ fheye?:e a rea-
scnaible represen*aticn of the population. Trterefore *the
resules cculd be‘applied fo all p:epubescehf‘ crildren al®
*hough children vounde: th§§ 8 vears c¢1ld are racely pre-
scribed crutches. For this reascn, *he s£mall svrhject sample
size of children shtould cover ke age ranae “er eligible
cou*ch walke:sﬁ\

The data from this study indica*ed *he vsefullress cf *he

-

enerqgy transfer *techrique, as a dfaqncstic +ccl  in crusck

gait analysis., Disruptions in ene:dv”{rénsfers can b2 iden-
*ified as <o their segmen+al ard *“cmporal 1cca*ion‘ in =he
gals c¢cycle, Cnce tre inéfficiencies kave been locétei.
reasures can be <aken <o cocrec* *hke pa**ern of energy

transfer, which may <+ake the form of cru*ch meiifica<ion,

kcdy bracing, or impzrovrmen<s in bedy movenment meckanics.



Chapter Vv

SUMMARY, CORCLUSIQONS ANTC PECOMMENDATICONS -

S.1. SUONMARY
Feople using crutckes Yave a reduced capaci«v fcr ambialaticn

due to their disability., Therte is li*+le *o0 be found in =k

vl

literature on this unique feorm of leocemcticn. Scientific
investigation into cru*chk gait begar in *%e nine+cen six=ties
witl an elecctromyographic arnalysis (Peacrnck, -1°%6€). Rasic
crutchk mechanices were later analyvsed bv Shoup e+ al(1974y.
Nells(1979) co;dugted a s=udy Zavelving the cenceps oI encT-
ay tzansfers with "adults walkinc wi+r g¢crutctes, Win=
*e:(195981 described tte use of <+his *cchniaue *o evaluate

human mevemen*t for mechanical efficiencye.

ke pu:poi§ 0f =his e=1dy was ‘e inves~igate swing-
+hrcuqgh crutch gai+* with children assisted by *te develoo-
men+t of a ccmputer pazkage to aid in assessmen®,, The con-
pu<er package eniailed ~-he compu+ta+icn ¢ ins*arn-aneosus,
segmen*+ energies and pcwers, and work values per calz cycle.
*g guck values are dependanﬁ upen digplacemen+ data, absa-

lu=e ceoardina*es were cb=ained frem “ila and Aigi-ally fil-

+ered, c¢f +~he S-seqgmen+ body model. rferves n¢€ +the seqmen-
+al, instan+taneouts enerqies and npewers were nlowted by

- 116 -
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ccmputer and analysed for commen +raits and abnormali«ies.

rody segment inertial éata of children weTe decived f-om +he
cn equations c¢f Jensern (1980y . ren*ter ©of jyravity
-r

da+a was derived from the cequa*icns of Pempster {1955).

-

Tearess

Tnefficiencies ¢f gait were - recoanized In !ns+an<aneosnus,
seqmen+=al cnergy acd poweI cuIves, augnen<ed by focat-grnand
force and axial crutch ferce informa*icrn.  loca*ing enezay
inefficiencies was accomplished frem interpre+a=ion of ~ke
ipns+tanraneous pcwer and energy curves €ar pach body segmen~,
- . . . ‘ e
-he data derived in =his study has s=arted a bark 31 1ninC-
ma=icn on children walking wish crutches *o be available =2

future rescacchers.

%iwhin tke scepe of *he swnudy, <+he fcplewing may be con-

cluded:

1. r~he 9-segmernt madel of +<he bedy-cru*ch systen is adle-

auete for evaluaticn ¢fi subjects wi*E ne pa*helogies +thi*

igveclve abnormal movemenns of the head.

2. Tns*an-anecus energy and power curve Carn be a2 useful

liagnostic, clinical *ecol For analvsing cfvsgh qai=.

~ . .

~ha =emaining cecrnclusions were nct ap+icipa+ed by =-he s*tate-
nent cf +he problem a+ the beginrina of the paver, However,
+hey came +c¢ ligh+ during the conurIse n¥ +re s+udy ani are

listed belcow.
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3. Crrtch length is critical o tke cen*ime*e> as 4cn

differences double instantaneoué power peaks arnd oreatly in-
cIcase enerqgy expenditure, However, de*ermina+ticn of op=i=-
mal crutckh "lengtk follows nc formula and scme individuals
benefi+ <rem sliqhﬁlv lonqér c:utchéé. The:efqro the fcrmu-
la discribed by Coken(1979) is only a qrese anodroxima+ion A€
cruzchk leng<th and by no means an irdicatar o +Ya most ma-
chahicallv efficient leng+kh.

4, Pecak axial cruich forces varv from 40% +~ 109% bodv
weight ves crutch during +he double crusch surper+ phase,

-

5. TFoow contact Iccces vary area+ly bhus shape and peak
maignitedes reveal important informa*ion suck as fA-~ce appli-

caticrn pa=terns, =ime ir contac*t and balance vrechlens,

€. XNcrmalized work values €or crildren {cocsected €nr
Fody weight, and dis<arce covered ver s*ride) »¢€ msan=2.12
Jska/m, S.T.=.BR45, are much grea+er +ran *hgee “ouni in

adults{.88 <0 1.72 J/kg/m) by Wells (1S79).

5.3 RECOMMEDATIONS o ™

'
N . -

1. Crutch modifica<ions of redesiagninc *»e axillary oad
“o Zascili+a-e izprcved ancherina cavpabilities “cor fse wi<h
ckildren.

2., Cru=ch modifications of drilling addi+*icnal hsles “n

the crutch skaft between existing ones *o decrease <he mini-

~
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mur lengtk increment freom 2.5cm *o 1.25cn for use wi+<h chil=-
< . .
dren. . -

.

3.% “ore emphasgis stould he placgd on ceneral subijec+
cvalua*icon %¢ de-ernine if +hLe prerequisite s=reng=h s de-
veloped in the upper body muscula*nure *c fascili+ate proper
crutch gai+,

4, Further study into *he acea wi*t develepmen*ts in <hr-ee
dimensional anaysis as .opgésed to *we  dirensicnal-nplanar
analysis, and developmen* of immedlia+e fecdback Fés:émg fo1T

clinice =5 gain cocrdina“e da%ta feor computer processina.

5. Fur+ther study wi+h force “ransdvcing ins*rcunen+a*ion
cn hotl crusches and sheces to gain addi+iosnal “erce inferma-

-

| g

en is :ecomm?nded. Tn addi*icn, ohrvsiclcaical parame*ers
shorld be comhined wit: the bicmechanical data 97 decner

vnderstanding intn cru<+ck qais,
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Appendix 2

\ LIKK SEGHENT MODELS
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* Link Segment Models

9 Segments | 10 mmm.sm.:m.




Appendix B

9-SEGHERT ENERGY AND POWER CUFVES

~he fcllowing <races are of cne Tepresentative trial. The

+*o subjec=s and *vials are available

t

traces oI the rest C

upen reques* of +he autther.
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INSTANTANEOUS ENERGY LEVELS
SUBJECT-TRIAL/SEGMENT: BO1102 R-THIGH
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INSTANTANEQUS ENERGY LEVELS
SUBJECT-TRIAL/SEGMENT: BO1102 R-SHANK
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INSTANTANEQUS ENERGY LEVELS
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INSTANTANEOUS ENERGY LEVELS
SUBJECT-TRIAL/SEGMENT: BO1102 L-F0OOT
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INSTANTANEOUS ENERGY LEVELS |
SUBJECT-TRIAL/SEGMENT: B01102 R-FOQT -
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