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*ËSTRACT

Little is Ë*n¡u¡n absut the kíneinatics and trunl.: rnnE.cle

activity cr{ stair irr rårnp l*a.lkingn type= a{ leceintrtiæn that

åre reqlríred ín rnany jobs. There is s hi.gh inridence e* hac$r

i.n-iur-y in heavy industryn theref t:re it is impartant ti:

ltnderstand the dernandç that are pLe,ced Ðn the =pinal
mech,*nis.nr try the trlrcnmstsr requirernents *f a work situstian.

ïn t-his =tr-rdy slæctrornyngrapfry was used tc¡ analyze the

activity æf .erectr:r =pinae snd rectus sbdsininia rnu=cles in 1S

nrrrns.l malec subjectg dr-rring $i'¡æ di{f erent fsrins tlf

1æctrmntit:n: Levætr t¡tal kinq = 5t*.ir trl inibing, Stair tescent o

Ramp tl imbíng and Ëamp üescent" Fairt =r,sítcheg wÊre used ta

identity the tempc:ral events in the gait cycle, and

=ir¡ir-rltar¡enus higl-r speed cinef ilin r.:as used tcr reccird the

di=placeinent n{ rppËr bcdy =egments during each typæ æ{

lnr*rnq:titin" å clistnr*-de,çigned cornputer Frcrgrå{n r.¡as used ts

sf.nre and ¡analyae the data" Sur*tisn c:f the gait cycleo

*adence, hmdy segrnent displscement, in the =açittal plane snd

i:rynælei:tric s,ctivity rq¡ere cærnpared bet¡*een the 1æcornoticn

typee" tiíEni.{icant di{{erenËËE wErR $ound" trycle dl¿ratirn

ÞråE lcrnger in tlre tl*n climbing lni:anstien types then in the

rJe*scerrding -typøs *¡ítl-¡ the nppusite heing trlre t:f radence.

*nteri ær È ncl i r"r.a.ti t:n a.nd e:qcur-si. t:n t:f trunk and pel vi c

aegrnents, ri¡Ër'Ë greater- in rli*ibinç t,han i.n descending, åË hrÃE

hi3;i excurçimn. Tl-le rny*electric activi.ty o{ erectnr epine,e



tJã.Ë å18$ greatÊr i.n the tt+r: clirnbing lacsnrnti.t:n type= than in

the dæ'scending type=; the myr:electríc sctivity cr$ rect.us

e.bd*minis r*¡;a= lnr,¡ in aL l inetanres" Tripha=ic artivity was

*hser-ved in bc¡th grt:ltps r:f rnlrscles and rnay be relate'd tn body

=egnient displacer*ent in al 1 three plane=. It þså,s trEr¡trluded

tllat t-hË lnad crn ths: b-srk is increased dr-rríng stsír and rårnp

clirnhinË, therefsre these actir¡ities shc:uld be restrirted clr-

niodí f í erJ 4c¡r' the bacÞ;-í ni¡-ired r¡t:rl.:er,



vt..

TÊBLE TTF trTINTENTS

EI-IAFTER

IT

T

Fage

..1

. -B

..ç

."9

.lü
t?

.14

.15

.15

. tB

4{¡.¿.1

aÃ.

4E. t-i-,

"ãå
?Q

"31
?E¡ 'Jçl

.3å

.37

.38

.41

"4L

â.Ã

Il{TRttItUËTIEhl. r r Ê ¡. '.. r. ¡ -. r ¡. r. r ¡ r ¡ r ¡ ' ¡.

RËVrËUl {tF THË LIT€ÉÈTURË.. t...,, r rÞ... F r. rß..

Ël4gBYt¡L{tEY.. r ¡ È ¡ ¡ t.4. s. r ¡ r t,. ¡. r r.. È r. r. ! r.

FT¡FIFIåTTT3N åHÐ DIFFËRËþITTATTÍIN EF ãTI¡"ITTEs.

þEVELtIFHEf{T trF AXIâL gl{ELEït¡lrli É. ¡, i !. ¡. r ¡

üEUËLTTFf4EhIT gF HUËüLE$ &F THE TRUþIH..,. - I

FEVELtIFHENT Êfi$ ËLügUËË fIF BttIlY lrrALL'. '..
I{EFFIåL AhIATü$Y..,. r ¡ r r ¡., r ¡r ¡ ¡ ¡¡. ¡ ¡ r. ¡ r. È. ¡

VËRTEËRAL ËtlLUFll{¡ r. r ¡. ¡ ¡ ¡ ' ¡ - ¡ r. r, ¡ D. tÊ r '

vËfrTËFËnE"..... F r,. !,, ¡, r ¡.. r ¡ r.. ¡. ¡

JTITI{TË TTF THE VEfrTEPRÊL trBLUHñI..... ¡ -. ¡ ¡ I

TilNEFT¡ATTT}N TIF THE VEFÎEËfrËL TT3LUHhI". ¡ ¡ ¡ r

ËL$FT} SUFFLY {TF THE VENTEËËAL f,T]LUI'INf i I, È

frltuËslË$lTg uF THË VËRTEBaåL tüLUS,l$|.4 É. E q '.
IIE€F I'll"JËrLËS {]F THE ËåËl{" s ¡ ¡ r ¡. ì ¡ r i ¡ o ¡ ã.,

åS$üHINÊL ftlUãfrLË5..¡'..,.,.r. .eo'-..

THüRAEtrLU}4ËAË FågClA....'. È' r È. r ¡ û. r ¡ B r. s

FTüHËfrHANTTç trF ãÈËTTTAL TRUhIH $ßTTBhI¡ I,,,,

ANTHRüFtr¡qETF|Y. 4 $ ¡ r ã, ¡ r ¡ r ¡ ¡ 6 r ¡ ¡ r r ¡, ¡ É ! ¡ ¡, ð

RÊhlËE f¡F HËlîItIN"., Ê È,,., ¡ i D ! r q ¡ B ¡. ¡ ¡ É ¡ r, ç

FfiRcEË *trTrHE trhl rHE TRUhll{,s * ! q ¡ È r !, r d r. ã

ttTf'lFffiEËSl$hl" " r r ¡ i ¡ . ¡ ¡ ¡. r r r. r r ¡r r ú ó

TËNSItIhl" ,É¡.rq¡¡.ór



ÏilIUESTÏEåTTüf\iË ÜF TftIJIiIF;. FUTI¡TTIÚ¡{
={.t

ÜEIJË¡*ÜFI-IEÍIIT TF å THEERY NF TF:UfqI'; FUNtrTIÚT{". .J*f

üETEËÍ,II¡.'I*NT5 EF GêTT ¿-E

TEFIFTRAL EUËhIT5. ..åå

DIPIEF¡5TÚzuS. " .. ".. "7t

vlx.

d¡ tLml t

trÎ5FLåTEI"IËÍ\IT üF UFFER BüFY ËEËf'IENT5

Line¡.r Eisplace¡nent

Llerti cal Fi recti {f,n " .

¡ -!-.--ì Ei ----!: --t-r4Lur dl ¡Jlr ELLIU¡l

f+nterc:-Fi:sterisr úirecti t:n- -

Êngul ar Di =pl areinent

tc:r-crnsl A:,:i.s./5agittat Flane"

Sagi ttaL É1:: i s.if,eronaL Fl ane.

Vertí csI å¡i i s./Tranrver-ËÉ Fl ane.

TRU¡\¡fi I-IUSÜLE ATTTUTTY DURT¡{Ë LËUËL LTCÚI"IüTTÜN" "

FHASItr ËåÜTTVTTY üF I'IU5trLES. "

AI-IüUhIT NF ËLEËTËITAL ÈCTTVTTT

FËÜFEËEN FUNTTÏÜÍI¡ üF TRUNI'; T{UsELËs

CThITRÜL ÜF LÚTT¡-IüTIÚhI

5TÊÏR TLTÍ4ËIII\IË åÞIÐ DEËÜEfi'¡T

7p.

t'+

7A

IE

È!l.

ñ?

ctJ

ñ?

{}ff

a-:

ftsI¡'iF ÜLÏf"ÎËÏNË ÊÍ{T} NEËflE¡{T



TETH¡qIüUË5 FÜF: T4üTTüf'J

ItIRËtrT Í"IEÉËUREHEf\¡T

Ë+¡{ALTSIË " tr rfrf

TEf,l-{hlï#U85, " ". - lrrp

ELETT ÊEËüI\¡ Ï ÛÍ'ÌËT Ë't'

ÏT'¡SIftEtrT ¡"¡EFISUEEI"ÌËNT TËCI.{HTüUES f l-i.il

FI-{¡---iTüËRåFHY I l.ir:l

I'lultíple Ëxprrslrre Ëti11 Fh*tagraphy" ....1-fj4

tinernetogra.phy. ". " " " 1ü7

UII]Eú FiEtúRnIÍ{Ë-"" ."""113

TF]-ÚELEITËTTd T tr TETHhITüUEË

TEl'IFüF:*L

r14

DEUTTES Tü REËERI' EVENTS IIl

ELËÜTRTICYÜËRAFHY " ..I.-.'i}

THE FIüTIIF UI{TT ATTTTÍ{ FTTEI\ITT*L

ïïr

THE t'¡i/üËLErTËït 5rËru*L.

5TËhI*L ATGIUIËITTüN.

r1 
--t.--J--E ¡ {Jt- t-f t-.!t-lE:¡.

åmpli$ácati$n.,

rr.---- -rl-{ftrÊ=.51n8. "

ñ-----li 
- -r1ELL'T LJIttr:¡

q T fi¡Lt&l FtJ&l I låT T liirl

f{ÉTERIALS *t'.tF !.tETt{üDs

IhITÑü*UTTTü¡{.

. ËUBJEËT5. "

ÉFFË+RATUS" . "

ELETT'RÜI'tYÜËRåFHY

f,HüITH üF ËLEËT'RÐÐE5"

L?{-t

¡.i--.}

¿Àu

I JL'

131

i -{rl

.!-._1*J

L4Ë

145

r4Ð

t 4Et



FÜ5TTTüN EF ËLETTRüNE5

ERECTüR SFTNAE" ""15{¡

TU

EHFERÏÍ{ËT1!TË1L FF:üTÚTüL .... . lèf,

ÚÊTTFT rüLLEtrTlOfi¡ AhIf,I EJTTRAtrTITF¡-. """"I71
Ë¡"IE AT4Ð FüTTSfu¡ITtrH DåTå

ËtrNT ËEË¡"¡EFI'T FTSFLåf,EÍ-IEÍqT EIATê" . -. " " 175

ËT*TÏSTItrË1L A¡qALr.sT5 - TÐ{'

ËEËULT5

FURATIÜÍ{ üF RIËHT ËAIT trYTLE" . " lEJ}

tAlrEI{tE" ---tE4

TEÍ"IFTFåL EVEFITS. ..---1Ëå

NTËFLATEI'.¡EIUÏ ÏhI THE sf1ËTTTflL FLANE

FüüTShlITtr-{Es ..." 1å?

LEUEL tc,Al_tr:IhlË. ..---t?3

REITUs ÊED{]¡"IINI5 I J-i.

ELETT'RtrI-IYEËRAPHTtr EüUIF}{EI{T. " 1=7

tlhiË¡'tåTüËRåFHIü Ë8U1trÍ48¡{T" .-.""1å1

STAIR TLIHËTþIE

ËTflIE IlEStEhtT ":r]{t

ftftri"ÌF tLIf"tBïÍqü . Ërl4

RÈ¡'IF ÐEETENT. " ={'7
CEI{FFåRI5E}4 üF trTSFLATËT,¡ËruTS T¡{ ALL TYFES üF

LütrTMNTTüþJ À¡¿

CÐF4trARïËúN llF I'lËiHfHUi"l å¡\¡t} l"lïhlIl'lu¡4 Ët*f gËËf'lË¡$T

[r ï ËFLd]CEf'¡ÉFlTË ??r-r



t¡

Tü¡4FËFISÜH i]F ËüDY 5EüF4EIqT EHTURSTüI{ '1'f Æ

Éf"ITUftIT ÜF TÜTåL ¡'.IYÜELETTFITT åTTI{JTTY -,¡??

FHAËTË åTTI\JTTY üF TËUf{þ; I"¡UËCLE5

FEFIf.: 3 EFIË AETTVTTY

FEfl¡q : EHË AETTI¡TTY .T51

FËAf{: 3 Ef"I[i ËåCTIVTTY .Ë5ç

¡'¡åHIF,lUt-l FEfì¡-{: Ë¡qü FfüTIUITY'" " " " "Ëd}3

FIËTUS5Iü¡{

llYtLE FURËTTIûÍ{"" .....3êó

Ëf+ÐËfqËE .¿Ë¡ct

TEÍ"¡PÜRåL ËUE¡\¡T5 {õT

ËTAÏFI CLINËIruü ,¿¡ E

qTÂ T ff r¡FqrFhlT '17'7

RAÌ,IP trLÏHËThIË . T77

RËìF,IF frEsËËhtT. . 
"7El

EÜFTFflRr-sÚh¡ üF BüBY ËEËÍ{ENT FTSFL$ITEI,IEhITË" " " . "78}
TTTAL f"IYEELETTHTT *TTTUTTY

PHAËIT ÊlËTIVTTY üF HUËELEs

FNSËTËLE ËÚLE ÜF THË TRU¡TIH f-IUstrLË5 TUÊThIG

?Ë4

.at3 ¿

AFFLICATTúh¡". _."Ë+5



AFFEI'{ËTr Ï -TTÉ

.ji+ I

FRË_ËUF¡ f,I-{ËTfi LTST

EEFËRÏ[-¡EÍ{T ftÚL¡ÏÏNE

AFFEf{*rn Ir .....347



TAFLË

Tabl, e L.

rdUtH ¿

1-Lf 
-¡ ¡t¡-rI tt' J

-F=Ë-. I o ¿1

I r{l-ltH õ-

Teble 7

Table S

Table b-

Table 1ú.

>:i í -

LÏsT üF TABLES

Fage

Experiff¡Entål values fsr rançe rt trunk mt=tiæn

in aagíttal plane mÉåsr-rred in degrees" .-.4{t

Begcriptive dats nf =ubject= . ". " 144

Sunrmary c:S dets {er rnean duratisn ef Ëight Ëait

üycle in å11 types o{ lercsmotifrn.. .1Ë5

Sumrnary a{ dats fsr meån c*dence in sli types

of læcc¡nstiirn.. .-"""197

Slrnrnary æ* dsta fsr Left Ini.tía1 *t:ntact

during sll type= o{ lncsmsti{rn.. ...tFti

Sirrnrnary r:t data f*:r LeSt End e:S Weight Eearíng

during sll types af lscsinstirn.. . " " 1ç1

Surnrn*ry n* data fcir mean amcrlrnt cf tsts3. rnnscle

activity during LeveL Wall:ing. " . " ".?3ç
Sumrnary oS data {or meån arnnlrnt sf t.ata't ;nusc3.e

activity during Ëtair tLiräbinq"- "."=3rl
Surnnn*ry af data {clr rneån sinsunt tr{ ti:tel rnlqscle

activity during Ëtair Ëescent "=ll
Sr-inrrnary c={ dets far fi¡ean srnount sf tt:taL mlrscle

activity during Rarnp Ëlimbing". """.:f=
Srtrnmary o+ de,ta St:r rfiÉån ameunt sf totsl ¡nuçc3.s

acti '¡i tþ' duri" ng R.ainp De'=cent . ":33

ïable I I "



ïabl e

I dl-rL g

Tabl e

I rd.Ll t u

Tabi e

Tsbl e

TabIe

I.3

{?t*-1-

i4"

IJ.

L7-

18"

Surnrnary c{ data tær füFån e,msunt af tt:te.l *ru=cle,

*ctivity in erecttrr spinae during sl1 type=

oS lncamati{rn.. """".?57
Ëurn;nary i:f data f clr rneån a.rnt:lrnt sS tntaL r¡ltscle

activity in rectu= abdominis dui-ing a,tr l types

r:S lcrcninstirn.. -"."."38

Suminary of data *nr åftÊan point t:{ Feak 1 E¡"lG

activi.ty dr-rring Level þIalking.. ".. "Ë4*

Ëuinn*ary r* data {ær meån paint s{ Feak I E¡-lG

activit.y dnrinç Stair tlimbinq". ""-?44
Suarrnary s{ data fnr rnÊån point n{ Feak I E¡'{Ë

activity during Rarnp trlinibing.. " ". "?4å

Surnn'iary e{ daÈs for meån p*int o{ Feak L El{Ë

acti ví ty duri ng Fiamp ûescent . .147

Ëumrna,ry of data fær rneån peint s{ Fesk I ËHË;

srtivity i:S right erectsr spín*e during a.lI

types o{ l c:ci:rncti ün. . t&f't

Table tç"

Table ãu

Slrrnrnary æ*

acti vi ty

type,s cf

Sunnmary t:{

acti vi ty

Sir-rmrnary trf

act i ví ty

data fær mesn point sf Pesk 3. El{Ë

o{ Ie{t erector spi.n*.e during ett

Lsct:¡nætígn". ."."E5tl

data {t:r rftean point t:f Feak : El"lE;

during LeveL ldaÏ.king"" ""."I5.
data {t:r rneåri paint uf Feak Ë Ët"lË

duríng Stair Eli¡nbing"" .""?55

TabL e 3Ì. "



T=Fr'l e -?Ì3

Tabls' ?5

ïabl-e =4.

Surninary n{

åcti vi t-v-

typea t:{

Ëumrnary a{

åtrti vi ty

type= tr{

Sunrrne.ry e:{ data +ær rlnÊan point a{ Feaþ; 3 ËHE

tctivity oS right erector =pin*e dr-rring sl1

Èypes cr{ Lncainstiæn

dat* ft:r rneån point E+ Feak ? El-fE

tr{ Le{t rectug ahdomini= duri.nE all

lt:cr:rnatinn.- "...?5€l
data ft:r nÌEan pnint nS Feak 3 Ef4Ë

of I eS t rectuç abdcrrni ni = duri ng al I

lt:cnrnt:tit¡n.. ..""?å:



FÍËUËE

Figure I "

Figure Ë.

Fignre 3.

Figlrre 4.

Fiçure 5"

Fígure å"

Fígure 7.

Fiçure Ë.

Fíglire F.

Få gure

Fi gure

Fi gure

Figure

Fi. gure

Fi gure

L fl.

11.

{ '--,

itt

4E
IJ.

Ltr5T üF FIËI.JËEË

Fage

Ëænsent Fnrri¡. . ". 143

Stsirs s,nd rãrnp used in study. " I47

FLacement nS electrede= df,rJe¡- erectt¡r spinae...lEE

Flacernent of electrodss rfver- rectu= sbdominÍs" tE?

FLsrenrent t:{ surface targets to delimit body

segrnent= - t&E

Ëequence of use of apparaÈu=-.. "."."17{.,t
Flau¡ diagram o{ data *cquisítit:n.. " " i7Ë

Ðef initisn s{ body =egnnents . - " " 17?

tc:rnpari=æn r:{ tempnral er"erüt= in earh type æ{

læcninætiæFr" " ".18!ç

Body =egmænt pc:si ti r:n= dr-rrí ng te,r*i l¡lalþ;i ng. . . lçs

Endy =egrnent pu=itii:ns during Ëtair Ct i.nibing. " I??

Eedy segrnent pcieitícns dr-rring Stair tescent- ".:t3
Et:dy =eginænt po=itiæns during Rarnp trlirnhing.. -?riå

Fndy =egrnent pasi t í nns dr-rri ng R*rnp F}eçcent. . " - ËC¡F

tnmparisnn u{ trunk incL insti.sn in the

eaçíttal plane" """.?lj
tornpa.ri=æn o{ pelvic i.nclinatian in the

sagittal plane" "...21å
tuinpa.r-i.son sf hip angtr"e in the sagåttatr"

Fi gure l dr -

Figlrre 17.

p1 ane" t-t't



Figure 1Ë.

Figure ¡.ç"

Figure Ët}"

Figure I1-

Hv.t "

ternpari=an nS ina¡:irnltm a,n¡l rni.nirnu¡n bodv

segnrænt posi ti ens. " Ë=I

tempe.ri=cn sf b*dy =egrnent ei:cursit:n= between

lc¡cs¡nsti an types. " " Z?å

tæmpar-i=æn æf rneån tntat ¡nucctre activity

hets¿een l*:rernrrtion type= .""."?Tå

f,nrnpari=æn t:f pha=ic rnuscls activity

betsqeen lt:ccnrc¡tícrn type=" " " "."4 1



ËHAFTEË T

TÍ{TRüÐUTTTTIq



Lrts back pain rnay h'e de{inæd as pain tr¡- discsm{srt

occurring in the area cr{ the lumbc¡sacral spine and ran be

cla.ssi.fied as acuteo =ubacute, chrani.c Er- recurring

(Narhemst:n Êr Anders=nn, 198!3; Snntrl':r 1FË¡31 " Attheugh the

ens.ct ca.urse c¡{ lr¡w back pain is unknas{n in the majsrrity aS

patientsu it is generally sonceded that r¡echanical stress i=

a {acttrr in the etiology æf the conditicn and it is edell

acceptæd th*t rnechanical =tressu particularly that cau=ed by

Snr¡*ard bendingo cån aggr*vate eHieting Lc¡w hack pain

{Ëerkssn et aL", 1.?775 Nachernarno 1?7Ep hlachemgsn 8¡

ånderssnn, LFE3¡ Anderssnn & ürter¡grÉnr LBB4¡ l{.arras et al. n

LFE45 Ëendix et al", lçEl5l" Acccrding ttr Ïichauer t1ç71)| a

nrinsr bsck injury rnay reeult, in nrajor disability because it

inter$ærss r,¡ith the individusL's sbitr it,y ts react promptly

and e{'fectively to phyeical v*c¡rh stress.

It ís kntruur'¡ that lau* bscÈ; paín is sssociatpd tsith jt:hs

thet involve {ræquent bending, t,wisting and liSting {Frymnyer

æt al, u L9ËlüE åndersøon o l?Ë11) . Etubbs { lçElI} statæd that

Iæw hsck pain t'md back i.njury ari=ing frunr materiaLs handling

jt:bs, ++hicl'r ínvslve Sreqnænt, bændingo Lifting and carryingt

årÉ ËÉnËtant. factors ir¡ índustry"

Ëigæe et al . {1çE}å} sturdisd 3Lr*üù ernployeee o* thæ

Br:eing t*enpany im tht= United Statæs and *ound that, rnaterials

handlíng jc¡bs arcsur¡tæd {mr 5&f, nS all back injuries r^¡ith the

¡nt:st trûÊTrÉncin type ø{ i.njury bei.ng "Ëtr-ain" (fi4"/.}. Bpengler et
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åI" tlçgål? reporting ûn the game =ample, calculated that

betc{eæn 197? and l9Elt-t bactrr injury cas3t the Bt]eing tompany

#1"Ël màTlicn, and represented 41.7" nf the tæÈal incurred csrst

e{ alL types t:S injr-try" In Flanitsba, bacl': iniury csnstitr-rted

{f,ver- LËl'¡{ s{ aIl carnpen=ated injury clainis in 1FB3; s"¡hen the

ðværågs nt-sffiber ü$ lost work days per accident ig celcr-rtratedn

back iniury accnunted fur & ï.t:çs in wages nf eFprcixinrately S=

mí L l i on {l¡ltrrkers Enmpeneat í cin Enard oS l*lsní toba, 1çE}5} "

Langrana et al" {1FË4} eetimat.ed that in the United Stateç

back iniury resulted in åri eveFagæ Lægs n{ ?Ê¡"á ruarkdaya per

yËå,r FËr fÕü sub-iects. amd, ån 1F75u in the United t{ingdorn,

Fænr¡ and lclmrrd stated that back injury accguntæd Sær a greater

Lsss t¡* ¿r¡srk days than gtrikes"

Ftt:r¡¡ever, in apife rS nLUnËFt:Lrs investígatíons intæ the

pt:ssibLe rele.tiunship beta-¡een s¿srku rnechanicaL Ltrading æf the

bac['; and barE: p*in, ít is nst l';nc¡wn which lgad {actt:rs sre

the. ¡nnst trihe1y Ècr give rise tæ ba.ck painu and Lit.tle is

kntruçn ab'mut thæ Ln¿rd üm ths back prrdr-tced by various r.,¡ork

si.tusticlnË ËÍ* mccups.tíæn* (&ndersst:n & ürtengrËn! 1984;

hlnrdin et, æ1 j 1.çEl4l " &scsrdi.nç ttr Berhssn st al " tLç77ï r

bànmerhanícal a.r¡slyses erf t.he trosds t:n the vertebral cutrurnn

creatsd by diS{ærent activitiÊs års nesded"

Ir¡ additicrn to ç*e:rh! Ír¡åny æveryday sctåvitíes invrLve

{requænt S1ær:inn of the værtebral cæLur¡n {St:derbergo L9Elå} u a
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FÛËitit]n thst is i:rl-rÈ]t{F! to aggravate and me.y be an æticlogical

S*ctnr i.n lns¡ back pain (Ëendi.x et al. o 1çEl51 . Level

walkinçn cl.imbing and descendi.ng stair-ã årÊ Ëtrnmrfn activities

sf daÍ 1y I i vi ng tAndrí acchi et al " , tqElttt and , ssi th ths

additi.crn s{ climbing and descending rernpË¡ måY he crrmpnnents

uf jshs ín csnstructínn, shippínq, rnining, fareetry and

Sarrring" It is knnwn Srorn =t.udies by ThctrstensËtrn et 41.

iLçE¡Ë, 1çF4! 1çË151 and Thurston and Harris (Lçg$l that

Slesinn c¡f the vertebral cslumn ElctruÍ-s. during level walking"

Earpirical svidencæ suEgests that f le:siÐn c:S the vertebral

ct:3 usnn al sr¡ trtrËur-s dur i ng stai r and rårnp c 3. i mb à ng "

Therefnreo the lnct:rnc¡tcrr cærnpr:nent tr$ a particulsr job måyr

by iteel$n genæratæ e mectra.ni"cal Ltrad Ë!ft the heck"

Nn direct mÉãr¡E exist by a*hi.rh ter füææËure lc:ads uFEn the

hurnan lumbsr spine i¡e v¡v*, ht¡wever thæ índirect rneåEt-rrËrrrrents

n$ intradi.scal ËræËËure, intra-¿tbdnminal pre=sure a.nd the

niyoelæctric sign*l Srr¡nr paraspinaï rnuscles havæ been sho¡¿¡n tt:

he directly re'lsted ttr L*adi.ng c:f thæ lumbar spinæ i.n =itting
and st*nding posturea {l*larras et al,, lçË14}"

Btudiæs r¡S human lt:ct¡rn*tit¡n ha.ve ce¡nrentrated ûn nrertinn

nS thæ T.uwer límb .*nd Eir*caveteky t1ç95! stated that the

cc¡ntributi.t¡n mS t.l-ræ apinaL cr¡echanåsm tc¡ welkimg has been

ælrnmst tutalLy igneired" Hæu.revero Earlçsn and Thsrstenssõrï

(tçgf.l and The¡rctenËËË¡n et aL" {1583} sbsærved that the



trunhn bec.auËe sS its 3at*ge m&s=, plays an irnportant rcrle in

equi L i hri. ltrn crntrol , thenæf ore g¡ncrc¡th i nteracti sn hetu¡een

trunl.: e.nd Iisnbç iç essentíal far e{{irient Loce:rnntit:n. Trunl,;

nrlrscles hsve the putenti.al. ts crr¡trt:l nrntiun t:# the vertebral

cølumn, but littLe is kns¡wn absut the =pecå{ic rulæs u{ the,

erectc¡r spinae and rectus abdæminis muscles durinç {unctionsl

activitiesu i.ncluding lercsrnnti.on {Ëæderberg & Earr u l3B3;

Fasrnajian & Fæl-r-icae LçË15! "

Althnugh Ëüfne ínvestigatíæns nS trunk rnuçcLe activíty

duri.ng Level walking have been csrríed c:ut,, crnly rne study

r*rs= {surid that repnrted activity i:{ trunk mrtsc}es duríng

st,air ctr imbing tJnseph & [datçsn, 1+å7] " ünly trne study wa=

Scr-rnd that reparted t:n the sctivity o{ trunk sruscles in rårnF

cLimhi.ng tl¡Jaters & l"lcrris, Lç7G1 " Liker.riser msrtinn u{ the

trun$r duríng LeveL *¡slþ;ing has bsen studied (Theirgter¡EËün et

aL., 1FËåË, 1çÉ4n Í.ËEl5g Thurstt:n & l-larris, 19Ë3ç Eiejjani et

al., l.çEl41 , but nû reFÉrtç u¡ærs #sund a{ quantíf ication n{

trunl¿ nrætinn during stai.r and ranip cLíaibing" Theref uret

thære ís q need tu gether bssír in$arn¡atic¡n abrut trunk

mcltàc¡n¡ and trLcnk nnusctre activity during luco¡¡rc¡tiern.

Thæ præsent str-rdy +sas ccnductæd to quantify trunk

sne¡Èinn in the e.açitteÏ. pl.ane and ttr clari{y thæ rsle sf

erect,ær spínae a¡rd rectr¡s abdcrrnínis rnusrlæs drtrinç the types

cr$ Læcæntotic¡n cc¡¡r¡mænly fnund in the,wurkplace * lævetr
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þråL ÈÍinË, sta'it- rl ienbing and descent, and rarnF cl imbing a,¡rd

de,çcent -

tíne{itr¡n was used ts record the, pasitinn n{ the trunkt

and æLectrsrnyugraphy tEl"¡Ë¡ v*as used t,o snslyae the activity

n{ the erector spinae s,nd rectus æbdømini.s rnuçclæs during the

f ivæ di{*erent typee n$ læcornst,ion" The ternptrns.l ævents in

thæ gait cycls cr¡Er-Ë de{ine,d by Sc¡rtst"¡itches t'¡hose eignal=

Èñ¡eræ çtÉred and distrlayæd siniuLtaneously with the EI"lEi

eígna1s, The cíne{í 1r¡i *r*s eynchroní=ed wíth the EFIËi tracíng

by mæans o{ a çignatr light in the {ield s* vieu¡ c¡{ the

L^.Cllltf f ct -

Frr¡rn the .accumutratæd dsta? trtrrnFãrísøns betu*een the

diS$erent type=

duratinn uf the

acti.vi.ty during

activity during

pæ3vic sægrnents

eagittal planæ"

ñ_-..---- -¡l:¡ÈJt- È*Ll,bka LrT the lÍmi.tations c¡S the sfr-rdy, t.he

invæst,iExtiË3m s"¡ås con$ined to a*gitta,L plane mÊtiún t:'F ths

hudy" Ëlmly ançerlar díøplaeæn¡ent data 4ær trunky trËlvis and

hip erË rËpÐr-tsd i.n t,his thesi.ç"

Ths dst.,a nn trurnk mtrticn *nd rnuscle astivit,y uccltrring

ån nc¡rsnatr sub-iæets during díSferænt types el{ loct:rnt¡ti¡n Ëån

Eerve åä å h.*sæ1inæ #c¡r investígatiuns c¡S ír¡dívi.duaLç wíth

c:f lscæmntiËn Ë'{ere n¡ade. These inctruded

gait cyclæ, ca,dense* amount e{ total ¡r¡uscle

thæ gait cycleu pminta crf pæak muscle

the gai.t cycl.e, excurgic¡n oS the trutn[* ar¡d

a.nd excursimn rS the hip a.ngle in the



Læs* hack injury sugtained in thæ t*erkplaceç úr rnay be uçed in

stlrdies ¿¡S tr nromtrtsrr requirernents in specif ic jubs. tata

{rarn this study may aLsc¡ he used in r*orkplace msdification ta

er¡sble back ínjured s,rorl,;ers to return tt: their jc:hso a =tated
gsal t:-f, the ldnrkers Compenssti.on Baard uS l{anituba tHorkers

Ëmrnpensatii¡n Baard mt l'1ar¡i.tæba, LFEIË} " Final ly, dst.a Srom

thi.e øtudy riight atr eu be u=ed in workplace moditica.ticn to

prevent low back injury"
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Fy the end r:S thæ çæcnnd HeeÞ; o{ intrauterinæ

development the inner celL masç of the human embryr has

diSf erentiated i.ntn s. bila¡ninar gerrr¡i disc cunsi=ting n{ ån

epiblastíc l*yær snd a E-ryprblastic Layer" The epihLast u¡iLl

gi-ve rise tæ the enrbrynnic ectc¡derm and rnestrderrn¡ the

ernbrymnic endndern¡ i= forined a¡hen epíblastíc cells ¡nígrate

ventrally and displace the cells nS the,hypoblast. At the

beginníng af the third e¡eek thæ priinitive streak åppæãrs trn

the caudæ.l tiur$ace oS the embryanic disc and epiblastic cells

begin tcr migrate tuward it" Thesæ cælls invagínate the

prinriti.væ streak snd fiìúver lsferaLLy to {*rm the rnesublast {rtr

ir¡egndermal gËrffi Layer" Ini.tiaLtry t,he m¡ese:blastic cetrLs {arm

a thi.n sh*æt.f,n each side sS thæ midlineo however as the

nctæchc¡rd and næursl tube dævelapu the cells adjacent tu

theee gtructurex. proliS*rate tn {*rrn .a lcngitudinal cslumn sf

parar+ía3. rnest:dærrn" Fy day ttl this p*raxial rnesoderrn hegins tcr

dàvãde intæ pairæd Ë.ægrrÌemtål hlr¡cl*g trr sc¡rnites" Thæ first

pair t:{ ssrnit,es develupe adjscent tn the cranial area t:'F the

ncrtæchc¡rd .and subsequent pairø develup i.r¡ a craniocaudal

EËqr.rËinËË untíl, by the end n{ the Si+th rueek, there are 4? tn

44 pairç c¡f ss¡snitæs tþlamåLta¡n & l"l*æemano 1973; hliLlia¡nç E¿

blara.ricko LFE!ü¡ trælin, 1çE1g Ftnc:ræn 1FËl?ç SadLæru Í.FË151 "
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Each st:nrite ctrnsist= o{ tightly p.ached epithæLit¡d cells

r,qhich begin tæ di.S{erentiate hy the end nf the fourth a¡eek.

Thtrse cælls fcrmi"ng the v*ntral snd niedial ¿.{al"ls oS the

gemite lcrse their epithæLial chsracteristáus and become

pnlynrærphsus" !'ìnæssn ñcrw a5 the scleri¡tt:met the celLs then

shi$t theír positísng t*¡ith respect tu adjacent structureg

such that they s.urrsund the nntnchord snd develeping neural

tlrbe, and e¡¡tend íntæ the body e¿alL" The scLerc¡tcrme t+iltr give

rise to thæ cc:nnective ti=sue, cartilæ.ge and hene sf the

sxial skeleton" The cells uS the dt:rsal snd lateral walls n{

the scrni.tæ constitute ths dermomyutænre" Ëel.1s Sram its

nredial aspect prali{æratæ tu {ærrn a rlosely packed r¡'¡åEro the

myt:tnn're, l*hich v¿i.11 ultisrately f *rrn the striated rnusculature

mS the tru,nk " Thæ rernai. ni ng cæl tr e, csngtí tuti ng the

derntattrrne, =pre*d uut bæne.ath the overlyi.ng æctodærm and give

ríse ti¡ the dermi.s and subcr-rtaneË¡Ltg f ascis {Harniltc¡n &

l'îc¡ssnrs,n, 1?7Ë; trelån, 1çEl1¡ l4trnrøo 1SËlã5 Ëadlero 1ç851"

TËT¡ELüFÍ4E¡$T ÜF THË AHTèL S¡{ËLËTNh¡

Thæ

l-lÉt*evæn,

nc¡tæchcrd is the

because it, is a

primi.tive a:+is u#

flexibLe cellr¡Ian

the æmbryr"

rndo it is

rætained snly åEimadeqt-iate as å s.Lippûrting

a central s:ric sbæut r¡uhích

#r¡rn¡ t!-rs vsrtæbral cc¡lunrn

strustutre ænd is

the sclærtrttrmes will ærganiae tn

t5en=enígu L?4Ëç l"lsore? l.çBãl.
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Þuring the foutrÈh s.{eeþ: sclerotomatr celLt; surraund a.nd

enclsse the nmtsch¿:rd" Each çcS.ergtc¡n¡e ås divided into a

mËræ dense csudal purtiun and å l.egs dense cranisl portitln,

bcrth å¡-Ëås he,íng hri.e,{1y separsted by e sclerntc:rnic f isgure.

The cell.s in the csudsl pnrt.åen prcrli{erate and spread intn

the intersegorent,al t,íçsue untitr eventualLy the caurdal purtinn

r¡{ æns st:¡nit.æ {lraes ssith the cranial portion of the adjacent

samíts te: Sc:r-¡¡¡ thæ precærtilaginrf,us vertebrsL bady. The

¡nest¡dersn sdjacænt tt: the sclærnt,sr¡ric Si.ssure cnndenses tt:

{nrnr the perichordal dísc s¡hich r+i3.1 givæ ríse tc¡ the

intærværÈebral di.sc tHamíLtnn & l{us=ntan, LF7?; La,ngebartel o

1F77; trel in o 1çElf. ¡ Floore, LFEIS¡ ËadLer n 1çE!5) ,

The ne:ttrchnrd deEenerates snd ul.tirnately diEappeåFç $rerm

the area c:# thæ værtebral bcidiæeu but ín the area sS the

imterværtebral di.sc åt pereísts, enlarçe= and undergee=

r¡¡LrËúíd dægeneratinn tn Sorm the nurleurs plrlFt:çLrs. The

messdernnaL cætr-lË ËLrr-rüLrnding the nurleus pu1Frsus

diS$erentiæ,te ta f nrm t.he f ibræcart,itaginoltË anuLuç Sibrssuc

ttreLirio LçË19 Sadleru 1?85!"

The sclermtc¡rnsl csl,3.Ë Ë.Lrrrcllrndinç ths neural. tr-rbe fnrm

thæ neural arch ø* the primitive vertebra¡ thtrse in the bcdy

**æ11 {srrn tf¡e cc¡stal FrcrËessës" In the cervicsL regi¡n these

FrÊltrÊËEFs {nrret Èhæ antærie¡r tubærrl.e uS thæ transvet-ËË

p¡*üf,eçssã, ir¡ tl-ræ th*rscíe reçian they extænd ventra}try in



the bmdy *¡sl L tr:

Sarrn p*rt tr$ thæ

{srsr¡ the Sateral

r ?Èf,Jt -

{ærnr the ribso in the

tran=ver=e prgËÉsËes,

rnass.eis (Ërelino tFEl;

r .d..

rægion they

the s,acrum they

19ËlE5 Ëadl er ,

I urnbar-

-_J i _c{l!u tl¡

Flnore o

Ëurring thæ sixth¡ weeh, twn centres n$ chandrif ication

åppeår in Èhe primitivæ vertebral bndy ta fc¡r¡n the

csrtilaginc¡uã cer¡trum. Eentres aLsc¡ åFpæår in the neural

arch and extend ventrall.y tu unite r¡¿ith the centrLrfl¡? dcrsally

tc¡ tltse behind the the neural tubæ forming thæ lanrinae and

=pi.nmus Frotre=sÉã? snd lateratr ly between the myt:tcrnes tt: f ærrn

the tran=trËr-Ee FrÍfcsËËæË {F{ami. lttrn & lolossrnan, 1ç7?} "

ü='si{ica,ti.sn üËËuË-Ë in appruxicnatË,Ly the ËåfiìE sequenceE

b,eginning dlrring the ernhrynnic period and ending at

åFFrü:{irnat*ly thæ tr"rænty-fi+th yeã.r (HamiLtçn & l{oesrna,no

197?¡ Langebertel u 19776 Hcrt:ræî lçgãl "

&EIJELüF.I"IËIqT $F þTUËTLES ÚF Tþ{E TRUI{H

ftt thæ begínni.mE nS the Sor-rrth p¡eek the ce}Ls of the

mymt.cii*e åË-Ë Í$ËnËrluclsa.t,æ myerbtrasts. Ëy the +i+th eeeeÈ* the

myæblasts have elrngatedn divi.dæd snd fused r,síth æach other

tn Snræ inyntubæs, r'rí th centr*3. I y 3 æcatæd r¡ucl ei .

I'lynf ilsnrents bægi.n t,tr appeai* ín the cytnplasrn and, åË

i. ncreasi ng riunnbær-Ë årË l si d dr¡wn n the nucl æ:i and *ni tschsndri a

are displaced tr¡ ths pæriphery r:S t.hæ myrtlrbe e+hich i= nas¡

knororn &Ë å {'r¡uscl æ r*}. I {[re]. á. n o åçElL ] "
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AlL trun[: musculature is derived f rsnr the myotr]rnss, arith

the e:rception eS certaín head and neck rrruscLee thst develcrp

{rs¡r¡ branchial arch nresenchyme. Fecause t:{ the fusion o{

sdjacænt sclærrrtarneË? the centre t:f æach rnyrtrme lies

uppu=ite an ånter*værtebral di,ec. Thia pnxitie¡n ¿qi1l, allns¡

tl¡e nruscles deríved {rnin the niyrtome tm mÐve adjacer¡t

vert,ehral bcdiee {Langeb.artel , l.?77¡ tdit liarns & ldar*+irko

f.9E*¡ 5ad1er, tç85¡ "

úr-rring the Si{th r¡¡eek r:f develeprnent there i= rapi.d

grawth c¡* thæ myeltsnre such Èhat it cæ¡nes tc¡ lie .adjacent to

the neural tube dorgaltr.y and extend= ínte the sr¡niatoplÉLrre

ventr.*lï.y. åxcns {rn¡n tF¡e vent.ra.L rosts n{ the develnping

spinal. r¡ærve,s reach thæir reapertivæ nryøtæn¡es st this time.

Bet¿*een the tå{tl-¡ arid si,xth ¡,+eeh å L*ngitudinal congtrictinn

develcipø in the nryutürne, díviding i.t intn * srnal L dorgal

pnrtimn * the æpirnereu and * large ventral portiæn - the

hyponere" These pt:rtíons r"uílL later be permanently separated

by thæ developi.nE tna.nsvsrsæ pÍ-ËËeËË, The spinal nërvÊ alst:

divides into a dmrçal prirn*ry rårnr.rË which innervstes the

*pirrtere, arrd æ ventra,l prirr¡åry råmus c{hich innenve,tes the

hypninære tHemíIt*n Ëc f.lassman, 1?7ã¡ ËadLæro l3Ë5¡"

The epiEneríc pt:rtian sf the myntüms u{itrl {nrrm the

e:ttenst:r mlrsc}es mf ths værtehnsl cmlurnr'¡" It splíts íntu e

n¡edi.a3. divàsi*r¡ o {rom which rxÍ I I devæLæp spi.nal i=.u

s.erni spi nal i s, mu} ti { i dr-rç snd rntatmres o snd a l ateral



6srlsTTTquJl'r êq+ ãpJFÞTE+ ËpuË+Hñ rltsÏsr-rj, sËæJp EM+ êËñq+ uJ{3Jj

'un1Þa-r :tqndæ-rdnã BLI+ LtT uêq+ åmÅ;qua aq4 j.{r un¡ñæ-r 3T:FJffit4l

;addn ær¡4 ilr aurFæq ITFr"ì Atrnq re1nssnut ðt-¡+ ¿n sa$pæ æt-¡1 tct

unIsnj "pJÊ13 ÏeslTTquJn ãu4 JFæ +ljõufl-l:lË++P ffiqA FunmJF slJTe$ð*{

ðrnð¡dntreuns +o FÐJF padeqs-punuËTp ßpeo-lq e .Á¡uo +Pt-l+

4ulnd ËÈ{+ n+ pê:luerrlpe sæt¡ 6urLrê4rrt-t+ JpInrËnu ETtl+ pn¡-ræd

:gunÁ;quð a+FI Ëtl+ ..{fl " IIFrt ,tpoq E¡'T+1tu1-ld ær¡1 ¡æ ñu¡tlã:,1=Tt-l+

ñu¡:uenpts uF Ëulsne= ¿Ëa-¡æu¡ndÁq aq+ urttr-rj. s?sælqnÅw r{q

pEpeÂur rt¡4uanbasqns s¡ qf,Tqr{ aJnæ1dn1euce +E -¡æ¡{eT uT!"¡e. F J.tl

5+5I5uBf slr.ll 'c}r{-lqura eqtr j"Ð IIsM '{Faq ïFr+uärr Bq+ qËrïq€+së

E+ fËTFr :¡uor{-rquÊ +FI* Ðq+ sF Ëut¡p1o¡ IÊrë+ËT uT s+lnsÊJ

Éë+Turðs all+ J-æ q4*an;ñ plde-r æq4 ïErõffi q+rnæji Ët{+ 6ur-rng

-t-r#M .ÀfiFg 3Hr Jß 3Hfi5nt3 ßHS rt{ãt"t.in13fì3{t

' {Egåf 
á 

-ra ¡peg
td¿åT 6ueussæ¡n¡ * uÊ+TTTJJEH¡ uogEa; TauruopqË ãLl+ ur ãTssnut

srururÐpqe sn+:ral aU+ uJctt tr+ EãJðurndr{q aq4 j¡c dl+ T€-¡+t"Jæ¡l

Ðq+ +Ë sruJn+ Ll¡nxTE3 Ë,I:Enm TEurFì1+¡Ëua1 ry "uËrurflFqe Ëq+ uT

EaIrsr-¡u! ETuTultrtrqe snEJÉÀËuEJ+ pue ænbTTqtr IFt-rJã+u¡ tenhTIqË

IEUJã+Ha Ëq+ FUE HEJnLI+ srl+ uT ËËlf5nu IE+5f3fJa+uT êLl4 urJf]jr

a4 s;ar{eT ËãJrl+ n+uT =1t1de uap1;nd TBJã1EI ætlJ "ærn+FTnrsrm!

ìlurlJ+ IEJ+uãrÂ pue TEJæ+BT ðLl+ ruJr¡t o+ EJnã¡dntreuns aq+ û+ur

r{11e-rluaÂ sFlJË+Hæ æunlnrtu ËLl+ J-n urlrl;nd :g;ærundr{t{ æt-ll

' {ËE}åT 
ß 

-ra lpeg åg¿¿l å ueussr¡4 ry ufl+ I Tutpl-l}

Erlp+ËErnIIT pt¡E sr¡utsø¡buoI dÐ¡ãrrap TTIM LlrTqr'{ u¡ur+ u8T5T'1Ttr

3t



" {EE}åT åæ1uær*e13

Êççgl * "Ie +a ïrEt{T:{3I} ur$n1ü: ñt{+ i-n r.¡4Bua1 TP+Ð+ Ët-l+ +{3

Ll+ST* ñuÉ Jrj- +unËrrrp Ë:ËTp lHJqðAJæÂJã+uT ër.l¡ "r¡lFuaI TE,+tr+

äq+ tr+ nJ3 E'flT xÁ::c¡= Fue ur¡xJ:sË 8L{+ pue r¡¡: fiT um1;-ræd Jsqu,n1

ñq+ *u¡= EE un¡tr-rnd JTrËJmq+ Fq+ *¡u:r g'gT Ëð+nqrJ+unf, ung4;md

IEsTÅJ*: ãr.l+ ul=Iqm +rl 
n 
{u¡:! sJa+åur¡+r¡æ: T¿ 6r ñTFu ar¡+

rJÏ uun1Ëf, IFJqelJaÂ ãqA J-rJ r"¡4Fuæ¡ afie-.rane tsqI '"{1æri¡4=adsa-r

Èxr{¡rnr p[JB I¡ITIJSEE ãr{+ rxrJü* r¡+ FË+Tur¡ ÉÅer{ ãEJqð+JëÅ

1eæñr{::or FUE IEJsFF ær¡+ åg¿ ahw égæ1e'urxn;dde rtq opue

asn+ uüJnTrr= ðq+ ur sæuüq IFpnË= aql "æËJqæê-{eé. ¡eæñÁ==n=

ërrI+ FUË TpJ:Es ËÂT* ¿;equn1 ãÅT$ å=r:e;oq+ æ'\TaE¡r4 *Te:rT,+JÊ:

uaåa5 Ð+uT Fa+ET+uËJð+$trF ãJe FLcE ufsT+ETJeil IBuur&æ-¡ ñ4BLl5

Ê¡EJqð+ræ,r Ërll' {Ël¿åT *+sel} sfsTp ïErqê+rËf1rËr+r.r1 pæand-.1ñ+uT

FuF apJqE+JÐÀ ËË jro pae¡:drun= aJn+3IlJ+ã Enn+uarueË¡1

pue Áuoq ðIqlHET* +ãÁ ñun.r1s E ET ?I 'tËEåT 6æ3uarua13

ft¿gt 6r5puedæ¡¡¡ Hunr+ aq+ $n -1e11¡d 1tsr+uë= ãLlQ sT pue

.{paq æqq *Ë slxs TFJ+tJæf, ðr-l+ sruJn$ uun1n¡ TFrqa+JaA ãL{l

¡{Hn-143 lÐHËI3tH3r1

ffi

'rEaåT

ala ¡duo: rt ¡ lerran s 1

ër{+ gT r¡aara rtg "FqIÊ

C¿åT úueur==n¡,¡ t u{J+TTutEHi

a"aT+IUI*ËF æq+ j"{f, uc}Tsn*

e;a1peg ¿

T TFm ,tpoq

EãuT ï ãr-l+

"ËT

ñuraq uËIsng +Ð EulI Ër.N4



J. t¡.

Fecsuse m{ its rigidity, the vertebral cnlu¡irn givee

static suppc:rt tn the hesd snd trunk, attachrnent tm the ribs

and limbe, and prertectian tn the neuraxig tlast, L?7El;

*aí13.i.etî f ççtll. Sínce it is slEc! å {Læxíble structure, it

pærmàts. l.æcnrnætion and purposeful rnovernent {Hapand-ii, 1?74¡

traillietr lç8I¡.

tai 3. L i et ( tçE¡l l c¿:nsi dæred the ç.ertæhral ct:l urnr¡ tc¡ be an

*.ggregate cr$ superåmposed *eqrnents, earh being a

selS-ccntsíned {unsti.onal unit" The *unctitrnal unit itse,LS

ceinrpråËFË *.F¡ antærior ælement cnnçå=ting of tv*æ uertebral

bedies with their ínterven$.ng int,ærvertæhraL disc, and ä

pæetæriær elær*ent cænsåe.t.irlg o{ the næuratr arch ånd t+ss

xynaviaL srticulatiürì8. Ths {unctíuns nf ths anteriar

ætræsnent t're tcr suppmrt.n bæar øreight *nd absorb {t:rces, while

thnse e:f tl-re pnatærínr slæ*rent *rs ts glride and limit

nrs¡ve¡nænt bætwæen the tr*n ad-iacent. vertebraæ tt'{hite and

l-{i. rscFi r t?73 6 åndærssüÍr , 1943¡ Ecigduk , tçEl3} .

úurinç fetsl SiSs th* vertæbral cclumn is curved into

unæ cr:ntínut:us arrterít:s- cc¡nËåvity r,{hi.ch ís designated the

pri.eiary çurvaturæ { Lnckhart et a3.. n t9å5; l¡¡i}.3.ia¡ns &

[,,lar-u¡icl"; ¡ 1çE{t} " &* {et*L develerpment proceæds, the

Lu¡r'¡btrsaersL angSË æFpeårs" A*ter hårthr &Ë thæ chíld rsises

snd ba3åRËÊË íts hesd, thæ cervícsl part nS the værtebral

cæIu¡r¡n becurnes Ëclnc.&vË pnsterà*rLy- H*Bandji {1.ç74} st*'ted

that dr.rring evt:lutínnary dævætræprnerit the transiti¿:n frorn
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EuiãdrliFedål tæ bipedal =tance Led f i.ret tr çtraightening and

then tt: ínversít:n a* the lumhar curvatttre and thet siinil.*r

ch*nges år-æ rËcåpåtutatæd durinç æntogeny. There{*ren at

hirth the, Lumbsr cnlumn íg conven prsteri.mrlyo but by 13

mænths the rc¡nvæxity disappe*rs and {r:¡¡n thr-ee yea.rs o{ agË

ãnward postericr cuncavity is evident {Asnrussen ta HtråLtseln,

¿ ¡ú¿¡ È

Ëy e*rly childhr:sd the vertæbral cmlurinn has two prirnary

curvatur-esu in the tharacic and sacral regiÍlrrËr snd tu¡n

sscrndary curvaturÉËo in ths cerviral and lu¡nbar reginns

thlillismg tr t*tar**åcku trFElû¡ ËLemente, Lç851 " The cervical

ËL{r-vË i.s ccrnsídered ter extend fnonr the firçt cervical ts the

sæcond thærscic værtebra, the thq¡rsciË cu¡'-ve Srom the second

tr: the ts*ælfth thcrrscic værtebrs, the Lumbar ËLrr\Jë {rsm the

tu*e3.Sth thmracic vent,æbra tt: thæ lurnbusacral angle, and the

sacrsl Ëurvs Srorn t,!-¡æ Llrmbe:çacral .*nçle trr the apex æ{ the

Ët!ËËylr tHi 11i"*ms & l,{,art*ick u 1çË*} "

The æpinæ3. curvsturee that ræçult {rcnr nar¡¡¡al

dævæS.aprnerit ¡are terrned "phyuiælngiÊåL" snd are produced

partly hy the uuedge-shape nf ths vertebral hrdies, but

chie{tr y by the i.ntærvertæbral di*rç tLa.et, tr 37fi} * Elecau=e

they derressæ ths langitudinæL st.i{#ness r:$ ths vertæbral

cmlumno thæææ nær¡na1 cur-vËË. inrressæ its shseþ; ebs*rrbing

capæcity {&danrs .* Hr-qtt.$ne 1?#Ë},
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VERTEËRAE

Earh o{ the Ë4 prÉsåËräl vertebrae has sertai n trüfirnÍl¡l

elements r*hich våry smsnæu¡he't in spæci{ic rægi.rf,ftF å,cçrrrdinE to

furnctinn, & typical uÉrtebrå has a cylíndrical bndy rEhích

cænsiçts *f a dænse bnny cartex eurr*unding å Ëp{¡nËy n¡edr-rl 1a"

Thæ rcrt,æx cr{ thæ superie¡r and inferiar aspæcts is thíckened

æt the pæriphery fs {rrm a dist.inct rirn +*hich is derived'trern

the epåphysæal plate and r.rhich Suseç to the vertebral body by

*.ge ã5 tHiltia¡ns & t{ararícko 1ç*ü} " åttached tm the poste¡-isr

aspæct o{ the hody iç the vertæbral archo cunrpræed s$ a pair

t:S cylir'¡dri.cal pedicles latersl3.g' and a. pair a{ Slsttened

lanrinse ¿*hich {lrse in n¡ídline tr ccrniplets thæ arch

prlsteråmrly- Sevæn hmny prffiËeËsæs take crrigin 'Frcrr¡ the

værtsbral arch. Thæ singlæ epinous prr:cËEÉ arises {rsm the

junctien t:S th* twæ Lamånss and is dírected bsckwsrds. The

tr¡c: tranËvËrËË prcf,ËËËsËls uråginat.æ at the -isJnctitrn sf

pedicleç ar¡d Sarninae snd sre directæd 1*teraLLyn s{hiï.e the

*sur ærticr-¿I.ar prnrsseËs srise #re¡nn the same regirn ¡¡uith twn

directæd euperiænLy a,nd t+ut: in{eriorly. ïm addåtiernu each

vertæhraL srch has assrciated ssith it cpstal eLernents cahict¡

bæcc¡r¡e tndeperrdent units, the rihsu ernly in thæ thçracir

rægion" In the t:thsr divisinns trf thæ værtsbral cc¡lu¡¡in the

c*st*T. elers¡re¡"rts ræn'¡ain undevstr *ped and {use ¿n¡it.h the

uært,æbrae {kli } } í srns & klaru*i ck u 1ÇËtt} .
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A typi.cal. cervical vertebra has s srnall body which

displåys prÐrfiinent lrpturned ri¡n=' traterstrIy snd an sverhançing

tip in midLine in{eriærly. ït* spinËuË Frc}ËErs.s iE bi{id and

the frsnãværss FrrcÉssss årë distånguíshed hy {oramåna

transversar-ia'* The ehurt artícuï.sr FrÐËEËses {rr¡n a hnny

cc:lumn rut sbl.íquely inter segntents slrch that the {acets trn

the su.peri.*r FræËæsËFs Ssre upward and backrqsrd ç+hi. Ie those

¿¡f the ín{æriËr Fr[¡ËæËËEs {ace dus*n¡uard and Sorward {Last,

1?7Ël; t{i.l l iacrs & Harr+i.rk n LFEII}; Elen¡ente? 19€15} .

The bady o{ * typical tht:raríc vertæbra is chara,cterized

by biSatærsÎ. uppËr and lcasüer derni{scets {t:r arti.culatit:n s.lith

the heads c¡{ rihs" tnçtal fscætg sre s,Lst: *c¡und at the tips

æ# the trsnËver=e prúceËses" The xpinÐLrs pr$ËËËËEË årËl ltrngo

slant bæcks*ard ar'¡d dr¡wn, and cverlap. The articular sur$ace=

c¡S the'superinr arti.cul.ar Fr-ÉEesËEE Li.e rn åE¡ åE-c s{ a circle

$qF¡Ëse centre 1iæs åppro:{in¡atæLy åt the centre e:{ the

vær-t*hral bndy, and these Sace p*steri.ærly, eLightly

l.ætæralIy and upward" Thuçe e:{ the in$ærínr srtícr¡}sr

FrË¡ËËËËËs Sace {s¡r¡ssrdo eligFrt¡.y mredialtr y and dms{fts{å.rd {Last,

L97Elç {lli I I í a,ms ffr l*larwí e t"; , 19Elfi9 tl e¡nente, 1çËl5l "

Atts.cl'¡ed tts thæ thmracic vertebr.as åFË thæ elrpanded

cssts3 ælæ¡'nents ¡¡{ thæ vertæbr*!. æ.rcho the 13 pæirg n{

cæstaæu each cc:st* cænsisting m* a rib bt:riæ and cmEtaL

csrti i. agæ {Ëdi I I í ams IL lrlarní ck , LçËü! , The hesd n# esch ri b

i.s u.hapæd f.ikæ æ' bli-rnt arraüshesd esrd articulates vi.a synnviaL
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jsints n¡ith itç numericalLy cerrespnnding vertebraL hcdy and

that æS the verÊ,ehra imrnedistely abtrve" The apex oS the head

is hæund to thæ disc bet¡qeen the te{tr vertehr¿e by a

transverøely-placed íntra-artícular l.ígament- The tubercle

n{ the rih articulates with thæ trænËvËrËe prtrcess o{ its

r¡¡¡r¡erirslLy ËËrrËËpnnding vertebra snd is strsngLy attached

ts it by ce*stæ*tnançverse 3.igamænt=. Fy cnæans nf the

superíor rnstotrsnËvËrsË S.igamento the tubercle sS the ríb ís

be¡und ttr tfue transværËæ prüËËss æS the vertæbra ner:t absve.

Ênteritrr*ly thæ st:staæ srti.culate diræctly and i.ndirectly with

the s.terr¡ur{ì. These *,rticulatiæns are aI 1 syncvial except {sr

thet sS the {írst rib c^¡hich is a =ynchi:ndri:=is. There{nren

in the thc¡racàc r*gicrn a serni-riEi.d cage'n{ bnne is {c:rmed by

thæ çertæbral c*trurnn pæsterit:rlyo the ribç LaterslLy and the

sternum anËeri.*rL'¡ {È{r¡tr Iinçhæadu L?7&g Lart? 1ç78}}.

In the luinbsr regimn a t,ypical vertebra hss æ' stnut,

Ensssàvæ hedy rqhårh ås slightly higher antericrrly than

pnstæråcrrly and thus iø u*edgæ-ehaped" Thæ xpinous FrcitrFEE is

shært,u thi.rk and quadrançular, whi.l.e the t.ra,nsvers€ prrf,trErseË

årë læng end thin. The f scets nS the articular Fr-ÐËeËse=' år-E

æríe¡ited çertåcallyg thocs oS the eupericr pruËËËEËrs Sare

mædÉ*3.1y and backøcerd whitræ tht:çe t:f t,h* intærinr prEËeEËFE

S¿rce La{:er.sl1y ærid 4*ru"dard {tdí1f.íarns & He,rwick, tFEt};

tSernær¡tsr 1Fæ5¡ "



=i

The s,acrunr, cnmpmsed of -Ëive {used vertæbraeo is the

fsltndstinn platf nrrn upæn u*hich is balanced the slrperinclrmbent

apin*!. ct:lurmn and thus it bears the e*eight uf the head, trunk

*.rid uppee- e:rtremítíes {t*ast, 1?7Elg taiLlietr 1çElL}" It is

triangul*'i- ín t:utl ine, ËclnËå.væ anteríorly, tronvex pnsteriorly

wi.th å 1*rge auricu¡Lar sur{ace æn either çide {or

articulati*n r{åth the hip bænes" Superiærlyu the base uS the

såËrurn pre'eent= alI the {eatlrres æS a typical vsrtebra in å

sf. i.ghtly madi{iæd f mr¡r¡" Tllæ upper surSace articuls.tes uuith

thæ ti+th lltn¡bar vertebra and slnpss dsu.lriward and -fsru¡ard.

&ny tendæncy fon the lumhar vertebre to slide fe¡rûrs.rd an thæ

EåËrLåfl¡ is prevented in part by the largeu upward Froje,cting
superi.nr a.rti.ru1er Frc¡ËËEËÉs ¡rf tFre ç.a.crurn" These are

dírecfed iriediatr ly and backp¡ard tt: articutr.ate s-¡ith the

in$ærinr FræËeËËËç æ# the #i+th lurnbar vertebra. tHe:tlin=headu

197å6 k¡iIIiams & t*tarr+íck, 1?8116 Cle¡r¡ent,æ, Iç95! "

JÜTruTs üF Tg4E çEFITEFR&L ËELIJÞ,T¡{

Thæ snterícr eLæinentç g# adjacent værtæbrsË år-e jrined

b1' the {ihrtlcarti.Saginû¡-rs intervertæbral di.sc, there{c¡ræ the

r*ssr*rltsnt ai*tículaticrn is classisied åË å symphysís. The

i.ntærvertæbral. disc l-iss t¿r¡t: cnrnpmnænt partæ. - thæ peripheral

anu!.uç {íbrmsís s.nd the centraL nlrclæus pulpË¡Ër¡s" The anul¡-rs

fåhrt:sus ce*rtsists s{ cmncentnic lamellaæ t:{ dense {ibre:us

tisslce and Sihr*rsrt,ilagæ, each lan¡e3.La being nrientæd
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übliquÊly t* the cne.adjacent to it" The lsmellae are fi,rnrly

sttached tæ the, vertebral bodies tEhsdi.al1y, IFTEI; Stockr,,uetr I o

197Fç tle¡nente! lçË15] " The nucleus pulpuËus ig a strnngly

hydrophiIic crl1æídal çtËl thst ís con$inæd and held under

prÉsËurË by the anutSu= Si.brnsus. f t ce¡nsists c¡S

åFprEHimatsly BB?{ s{ater and íç essentially ínccrnpresgsble

althnugh its Sluid nature alltrruss it ta chançe sh.ape easi.ly

{Laetn Í.Ç78; Lindh, lFB{t¡ taillíe,ts 1çF1¡ ËLemente, LçE}51 "

The anterierr elæEnents c:4 vertebree åre ales jained by

Lig*ment*, The anterit:r lungítudinsl IiEament e:rtends frtrm

occiput t* çacrum Ën the antæriar aspect e{ the vertebrsl

body and ís thíc$ler and narrüþJer in ths tharacic region than

in Èhe rervi.catr útr Iu¡nbar reçi.úns. It is #irmly attached tn

thæ antsric¡r surface æf the, interværtehral discs snd the

miargi.ns sr{ the vært*bral bædàæs, but is. lertrs*Ly attached ta

ths ¡nidd3.e c¡t the bædíes" The prcteric¡r lcrngitudinal

tr i.gament æLsm æxtends ths lenEth q+ thæ vsrtebra} culumn and

ís Sccs.ted ün the pc:st*riær *epæct cr$ the vertebral bndiæ=,

insi.dæ thæ vertebral cansl" The rnargins mf this li.ganrent

s,FFËår serr-.s,tsd åË its Sibres extænd Later*!try tn bind

s3^osety tn thæ àr¡tervertebnaL disc snd ædj*cænt ædgæe æ# the

vsrtæhrsl. hædåeç whi.le *,he {ihr-æs wpannång thæ míddle t:{ the

vert,ehræI hudy Særra å nårrüs¡ band that is r¡mt stÈarhed t*r

bnne (Nif.lianis Er ht*ra*ríck, L9Ë*6 [],æ¡'nent,e, l?æ5] " These

3.igeräenÈs a].sæ ræån$*rce tÈre snulus. f ibrnsus æ# the



inte,rvertebral disc and ht¡ld the disc under tensian

il{aearianu LÇ75; Ht:llinshæadu 1?7å¡ Ëti:ckurell n l.ç7ç} "

The pæstee-imn çLe¡nents. s# the vertebral culunrn are

uníted by ayncrvial jrinte bæt¿*een the supæríær ,and inf erinr

srticular Frütr€ÈssËlË* These e,pæphy*e*.tr jrints hsve sl1 the

features nS a typiratr eynæviatr articr-rLatí¿rr¡" Ligarnent= jt:in

thç vertebrsl errhæs¡ ËËåne¡us and transvsrËË prclrsËs€Ë" The,

Laminae E:{ ædjsrent vertebrs,E ,åre unitç,d by the strnng,

eÏ.sEt.ic Lig*n,enturn SLævum, The epi.nsluË pË-ÉlËesËËË åræ joined

by the thin, weak i.nterspinüL{s trågainent and by the ¡¡¡c¡re

rup*rf i.cial. .amd =tr*ng supr.aspinÊuË 3. igament- Ad jacent

trans*¡ersË prülceËsËË æ,ræ jtrined by the int,ertrsnËværËÉ

S.i.gtmemts *¡Ë'ri.ch {srrn ræunded cærds in the thærscic regian,

ht-tt aræ thin snd ¡nesnhrånclt-¡'Ë in the cærvira.L and lurnbar

reçåe:ns {H*pand ji. , 3.F749 Re¡rna,ne*, LF7åç L.ast, lÇ?'El¡ Ui l.l ia¡r¡s

.9r ldarn+ick, 1ËEt; tLemer¡te! LçE]5].

Ttie artic¡¡latåt:n n* the Si.{th trurnbar

bæse i:{ the çacrum ir væry sinritrar te: that

værtæbra with the'

hæÈween the lurmbsr vært,ebra.e" l{*rxevsru tha

sS the jclints

lumb*sacrsL

intær-værtebrs3. dåsc i.s væry thi.rl".: and ís ¡næræ a*æd6e-shaped

th¡an the Ï"u-mban discs ir¡ ærdsr t.æ e,ccæenmt:date tl-ræ 3ü- angle

bætEsææri thæ twm bcrnes. Stability i.s. enhsncæd btrr the widely

*pared tiasral xltperácrr srticutr ar pr$ËËËs€s snd hy the strumg

iLic:tr"unìhår lig;*ni*nta {Rt:manæs, 1S7å¡ Lindho lFEl*¡ trJi.lLierns f<

klarwick o LFËüç fflsn'¡ænte, 1çË15¡ .
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êt the bitrsteral synuvi.atr sacroàliac jmints the sacrum

is tirnily wedçæd bætu¡een the ilíac bones and i.s held in

pn=itinn by the strong sacruilia.cr ËåË:-{f,Êpin*us and

sacrstubelrËus ligaments, Theçe structrtræe prevent the sarr¡-tnr

€r-orn beinç disptaced dæsdns*¡ard and rmtated a.ntericrrly ås ã

ræsult ef thæ sr-lperinrpnsed neight s* thæ vertebra,L cslurnn.

The sacræi.1iæc jæint tr.ançrnits the r*eight uS the he,sdn trunk

snd Lrppsr 1ímb tcr the leç¡er extrsrnitiæs and prevents the

direct transrnàssit:n sr{ grmutnd reactirtr¡ {orces tn the

vertæbral ct:l.ltrnn th.apandJi r LF74¡ Rrrnaneso 197å; Last r L?7El "

TruNERUåTTNT4 üF TI-IE UËftTEERAL ËT]LI.JF.{hI

diccord!.ng trl Êlugduk {19Ë13}, the anterirr- and pasterier

e!,enrents e¡S thæ vært*bral. ctrlur¡n h*ve separatæ innervation"

Ths xntsrísr eler*ent is suppliæd hy the nieningeæl brsnches of

æpi.nal nËrvËË, aT.sn knr**r¡ *s thæ si.nuvqrtebral nerveË. These

brsncFres srísæ {rnm the sntsrícrr narnlts nS the spinal nervÉ

immedistsly a{ter it ËmrËrgËs {rc¡rn the åntærvertebral {elramen,

thæn re-ent.ær the vertebral canal via the ånt,ærvertebral

{srs.men- Tfræy *scænd snd desrend u¡ithin tl¡æ værtebrs.l canal

tm sr-rpply æ#{erent and wynrpsthetic {íbres tn the snterít:r

aepect of thæ dural sar, blumd veasæls, po*t*ritrr

lcingátudins3 li.garnent snd snuli +ibrtrsí te¡itLianrs & htarwicl';u

f.9Ë*p tLæc¡¡ærrtær i.3Ë5! . Thæ pmeteríur ælesnent iø suppl ied by

.a{{ærent h¡ranches er* drrsal rs¡ni m$ *pinal nervÉ6. Thesæ
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påËË. thr*ugh the intertrar¡ËvÊr-EË ËpêtrËi= tcr æupply adjarent

aprrphyseal jnints snd 1i.Eæinenta tLsva tl-lmllinshead, 1?å5¡

Ëmgduko 1SË3¡ Hc¡rka3å st al" s lFEl5! "

ELTETi SUfAPLY üF THE UERTEFRAL TüI*UI-IhI

The ble*üd supply tr the bænæs and joånts er{ the

vert*bral cr¡Lumn is derivæ,d reqisnally #rnnr spinal branches

cr{ Ëhe vertebral artery, thæ ascending cervi.cal hranch s{ the

ín#erícr thyrnid arteryo dorsæl branches sS the pt:sterit:r

interc*sfsl arteriæs, dtrrsal br.snche= o{ Lumhar a.rteries, and

the superíær brsnch æf the Lateral ss,cral artæry. In

gænera1 o these spinaï. brsnches enter the vsrtehral canal. via

the intervertebral Sorarnims. and then divide intm tu¡o

hn*,nches" Ths f irst brarrch supplieç tl"ræ spinætr card and

ni*nimgssi the seccrnd hrs,nch divídss ínte: ascending *,nd

descendi.ng hranche's s+hich ¿nastnmcrse ¿si.th rÈ¡rreËpündàng

brartches. abc¡ve ærid bæ3.trt¡ tæ Sc¡rrc¡ t¡¡.¡s lat,sral snd crne rentral

sr*terial chainË ûn the pmsteri*r surf*.ce r¡{ the vertæbrsl

hl:díss (S¡i 11. iarns & ldarwicF; u lBB{t6 CLænrentæ, 1995} .

{trænc¡us draiftågs i.c via the intri.catæ plenueæa that run

a3.æng tÊræ LenEth oS thæ værtæbral cslun¡n" In gæneralu the

vËFlËruË netsçork cæn be divided intn intærnal s.nd extærnal

pLæxr*se= ¿,{hi.cfi anast,urns:se SræeLy and r-rltirnately drain íntcr

thæ intervertehra.L væíns. Ths exter¡ral vert,æbral vænsus

plæxue ce¡nsís,tË, n# sn snterieir and a pæstærímr plexuÉ lercated



€ln thæ periphery t:f the vertebral cntrucrin a,nterinrly and

pust*ri cirl y, v.rhi l æ the

int,ærna1 vËn$us. ptrexus

:å.

anteriur and posteritlr parts o{ the

Li.e withi.n the vertebrat canaL.

Fraí någÉ #ri:rn

bsgi vertæbral

the interi.sr n{ vert*bral badíes is via the

vains which curnrnunic.*te

interne,l *nd externel pLe;*uaes. ALI

inte¡ the int*rvertebrsl vei.ne açhich

treetry t*ith ht=th

n{ these vessels drain

ã.Ëcü.$på.ny thæ spinal

nervæs through the íntærvert*bral {oramina snd, in tnrm,

drsin inttr vertebralu ín$ærå*r thyroido pnsteriær

íntsrctrstal , lurnbsr snd i.ntærnal iliac veins tHillianrs '9¡

hl*.rwick, lÇElt}¡ [læmænts, l.çÐ5] ,

f,NEUEHEþIT5 üF UËËTEËRåL TÜLUÍ"IÍ\I

Tsdü adjscent vertebrae snd t.heir adjc¡ining sn{t tissue

ccinstitt-rt,æ a mntiun segment (t*hitæ E{ Hi.rsch, Lç71}. Eac}r

nrc¡tísn segnrent hss threæ dægnæeç clS Sreædærno thæ rnsvenrents

pneæihle heinç #Le;ri.t:n and extæn=isn about s, EErFnål axis in

a s*gåttal ptranen abductinn snd addurtion sbüLtt a sagíttal

a¡ei"s. in å rËiræftål plåffisã and axiatr rcstati.nn abnut a vertical

axås ín a trsnsvërsæ planæ" In additínr¡n tranal.atiæn rån

BËrur ån atr"I thræs pï".anes ræsulting in anterr*persteriorn

!.ateral. snd vertical trançIstiæn tFarSar¡ o LS73¡ Fan jabi 
u

Furræ mutisn in any c:S thæ t,hreæ pl anee rarel y, ¿ S e\'ër ,

artíruLar- sur#acee r$ËÌËcur€ bæus,¿rçæ the mrientstiæn mS the



ähe apcrphysea1 juínts does nst ct¡incide exactly r-rith the

descråptive planes n{ n'rrrtisn. Særtæbral mntisn is there{ore

t,hæ result c¡S caupling in u¡hich gnoti*n absut ane axis iç

asçociate,d ¡qith translætion t:r ratatit:¡r about anc¡ther axis

{F.arSano LF73; [,{eis, 1975¡ t{hite & Fanjahi, 1ç?El} "

l*lovernentç in al.l three planes åre FciËËihl.e in the

cervical regi*nn hc:n¡ever rn:¡st n{ t,he movement úËËu¡-s in the

LrFFÊr portí*n mf the *pine bet¿+een the akr-r3.l, the atlas and

the a¡+iç vertehræe" In the Lær*er pnrti.on er$ the rervical

spíner the c¡ri.entatien o* the' articr¡Lar f ecets allnr*s fre,e

flexiun snd extensit=n and eubstantial Latæral Stexionu but

aml y =1 i ght ax i al r-mtati nn. In sddi tí æn ttr #acet

rri.entatit:no lateral {læxie:n is enhanced by the Lateral

trEnrre:{ity c:S the in$æríer s¡-rr#*ce sf the vertebral bodies and

the ctrrreap*nding cænca.vity a{ the superier sur{ace. Free

extensi.mn ía pæaæíblæ bæcauss the cervical apånt:us FrncÉsseg

aræ çhe¡rt,. In additi*n, ths reïæ.ti.ve thåcknsss r*f t.he

cervi,csl í¡-rtervertæhral discs rcntributes tæ freedcrm n{

rnc¡vænrent i¡'¡ this reqiæn (Hmll"insheædo tÇ7åg Fù*rmanesn L?7å;

g',Iit1íarns S [{arr*ícko 1ÇËlr}¡ taå11íet,r tFEng ttræniænte, tç85}"

Rariçe ui{ nrmtiæn ís Læaet, in the thnracic rægi.nn. The

æriæmtat,íc¡n n{ the anticul*r sscets al3ei¡¡rs ratatiori *,nd

Se.ters! SSeximn, bltt restråcts Sle¡ri.t:n and entensíc¡n. In

æddí'Li.mr¡r f}æ:tirn is limited by thæ Li.çariræntunr sI*vlrmo and

e¡rteRsiæR is limited by thæ r:værlæpping spånmus pr-mtrËãsËs.
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All flrüve¡nËnt is severæly reetricted hy the ribs and sternuin,

and atrgtr by the thin ínterverte,bral discs {l¡teíso 1F755

Rt:manæço 1F7&¡ Last o 1F7EÏ¡ lÅli 3. t iams Er klara+ick o 1çgOs

[lernente, 1çEl5] " åt t.hnugh intersegrnentsl ¡novement in the

thæracic spi.ne iæ trinii.ted, thæ cumulati.ve rnntinn {ur the

ent.ire regirn is substantiaL (hlhite & Fa,njabi o 1?7El1 "

In the lurnber regirn, thæ æri*ntatitrn s# the articular

facetg 43.Lurn¡s free #le'xiæno er:tensíon snd Ls,terel Slexisnq

rætatis¡n is nestrict*d" The intervertebral discs i.n this

rægimn åræ largæ and ceintribut* tc¡ the range rS motíon in

saçi.ttsl and cc¡r*¡nc.l ptranæs. The shmrt spinoua prÉtrËËËErs

pre=ent r¡E impedi.nrent tu er¡t,ensisn {Ëc¡nranæs, l?7&g Lastn

LF?El¡ þ¡i.1!.iarnç & hlarr+i.rko l$Ëtli Etrsmente? 1?85! "

All n¡ntíc¡nÉ åFe pnssibLe at the lucnbc:sacrs.l jcrinto

hc¡*çæver Sls¡ràr¡n and ext,*nsian &ræ rnoçt fres a,nd rc¡tation is

lss.et free bscauss eif the c¡riæntatisn t¡S thæ articular

Sscæts" Thæ intærvertebraL dåsc bet,*Eææn the {i{th Lurnbar and

f írst sacr.sl vertebraæ is the t.hickest in the vertæbra3

rulu¡nn o cnntri.huting tc¡ the rangæ nf ¡nntinn" &xial rætatian

is aLst: limit.ed hy the etrong ilialunrbar ligament {Elasinajiano

tÇE{l; Hi.3}Ísnns & Harwíck, lFËü}.

LittIs nrovernent is poeaible at the çacrc¡iLiac jcints

h*cauçe o{ the shape and uniæntatian tl{ the .articular

sur{açes" The díspæsit.ii:n tr$ the intrinsíc and s:+trínsic

ligamænts r-estri-cts mæti.nn to slight rmtætion sbc¡ut s. ct:rmnal
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åxiE tFacmajian, LBEltl; klilliams Ê+ ldartøickn 19Ð*g Elernenteo

1çEl5) "

T}ËEF F¡UECLËS ÜF THE ËATIt';

The deep back rnuscLæs æxtend *rerm EåËrt.rrn to occiput *nd

sre varíably arranged in ts.ro cËlufi¡ns {f,n either gide t:{ the

vertebrsl spír'¡crLrs prÐcËsËËË" The deep back nilrscles ar-e

{urther- subdivided inÈc¡ superf iriaL and deæp grÐups

iËasniajiano lFËÕ!.

Erectær spínaeu the supær$åcí*1 grüupe has an æxtensi.ve

*riçin Srnrir thæ spi.nc¡uË pr€rËËËsËs tr{ the louusr twc} thora.cic

*nd sLL the trurnbar vertebraeo the mædi.an snd lateral sacral

creçts, and the ptrstæritrr- aspect rf the, ilíæc cræst. In the

le¡s'¡er lurnbar eræå, ít {cnn¡s ünF musËLæ rnass¡ in the upper

lr¡mhsr .Ë.g*Ëië, it divldæg ints three bundlæs u¡hich s.scsnd ts

insert intu ve,rtebraeo rihs and s[.;r-r11. Ëpinali*o thæ mæst

¡nedia3 bund}eo exterids bætv¿een the upper llrrnhar and uppËr

t,huracic vertebral =píneË" Lnngíssisnnso extændíng Srom the

lumher .*rËã, t.æ the pustæri.or aepect e{ thæ skul1, ct:nstitutes

the interrnedistæ bundlæ, In tho t,hrracir rægitrn it at,taches

Èæ the tipa æ{ the tranevetÍ-Ëe p¡.-.}cËËEËs cr{ t,he¡rssic

vert,ebr*se. The latersl burmdLæo ilincæstalísn alsæ extænds

*rs¡En thæ lurnbar negåæn tm thæ postæri*r aspect e:{ the skull"

In t.he thnracíc reginn it attaches tc: the anqlæs aS the Inn¡er

síx üfl €Ëvên ribso and e:rtends ån rælays frnrn th* arigSes cr{
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Èhese r-ibs tæ tht:se elf the upper six ribs {Hollir¡shead, 1F7å;

l¡liltising & &darwicl,;, LFEË9 tler¡ente, LFE¡5¡.

Trsnsværææepinali.s. ct:nstitutes the deep gFriuF and is

nrade up nf t,hree ¡nuscle bundles ¡+hich +ítl the gutter between

epinous a.nd trensverrel F¡-t:ËFËFes" The bundles run sbliquely

upward and mædíalIy {rsin trançverse ts *pínæus prüËeEEErç and

extend the Length trf the colurnn Srt:rn Ëå,Ër-Lrir¡ tc: r¡cciput" The

¡nast =r-rperf åci+L butndle, seini.spinalieu is not fsund helow the

thsrs,ci.c reginn; i.t arises frsm the transvarËe FrüEeEË€s a{

the sixth tn t.he tt^¡elSth thsræcic vertebrg,e sr¡d is inserted

intc¡ thæ epi.nüuË FrûcËssËr= e{ the upper 'Scur theracic amd

lawer tç¡t: cervical. vert.ebrae" Thæ inter¡nediate hundleo

multi{idus, ir thæ l*rgæst and has an sxtençive origin {ro¡n

the dursal aspect u# thæ sacrurno thæ apcrneurc¡sis o{ the

overlying erecterr spinaæo the pæ*terirr auperirr ilisc epine,

and the lurnbsr snd thoracic transvsrsæ prcræ6sæ6" ït

attsches by wa.y of {ascicles tu the spi.nuuø FrriÊEEEes o{

vertebrae tr"sc¡ tn thræe levels abr:ve" The deepe,st bltndleo

rr=t.*.t.uræs, is nnly represented e{Éltr in the thurscic region.

Its Sascíclss run Srain the tranøvæ¡*ËË prtrËesses ta the

=pinmus præceËs u{ the vert,eþna næxt abuve tl'{ætLinshead,

l.?7&g Laçt, 1Ç7Elg Ëssn¡ajian, 3.FEr-lç kliLfísrns & lllaro*ick, LPBüq

tle¡¡¡ænte? 1.çËI5! "

In the lumbsr and tl'imracic rægíæns hmth gnoups æS deæp
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bark inusclËË fr.r-Ë innerva.ted by dnrsal rami of spinal nærves.

Bluc¡d supply i.s srnm the pcrsteri.mr intærcngtal , suhcostar and

lurnbsr veçsæIs tEasmajian, LFËö¡ Hillia¡r¡ç &c [darwick, lBËü].

The speci-f ic astisris and {l¡nctitrns s$ the dæap back

muscles a,re nût yËt entirely c}ea.r" F{rttrever, it is generally

hæld that bc¡th groups cr{ rnuscles contrsl. trun!..: f Lexisn $rsrn

the ærthagrade pusitiæn. Erectsr spinae ia ronsidered to be

the chie{ extænssr of the =pine, is s síde flexc¡r snd aLsg

pue.sibLy as=ists in rt:tatian. Transver=æepinalis is
cc¡nsidered tæ bs s rstatc¡r s,nd extenËËlr o{ thp vertebral

sc¡3.urnn tNi 1I is,rng .tr &larwi.ck, 1?Eü¡ tlementer LçBEl .

eËüüf{rNåL FtuStLEs

F{]ur largeu Slat rnuscles cc¡nst,itute the abdominsl t.ral L

e-ectus sbdomi.nisn mbliquuË ælrternus abdt¡¡ninis, trbt i.quuË

ir¡ternlqs abdc:nríniso and trangversus abdsininig.

Re,ctus abda¡¡iíni.s is a rong strap rnuçcre extænding franr

the cræst n* the pr-rbis tæ the {rant md thæ xi.phmid pracess

and adjace,nt, cart,íLages n$ ribs *ive to seven" It is
øeparat,æd {ræm its sellæw by the sib¡.æus lj"nea slba and is
enclaçed im a shæ*th ssrrned hy the åprnÉutrñsi.s r¡* the t¡ther
three abdt:mí na3 ¡nussl es (kli I t i ame & t{arr*ri ck u 3.9Ëû¡ [l æmente o

{ ftñÊa
¿ 7ûLt, ¡
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Thæ externsl and internal obliquËr rnuscles e,xtend

diagunally acrclss the .abdærneno the criddle f íbres c:{ c¡nÈ

muscl.e running at right anglæs to those n{ the ather"

Extærnal e¡blíque aríginat,es frænr the external surfac* rS

the Lt:wer eight råhs. and radiates done*ã.rds and nrediatly tc

attach tn the anteri.or half sf the íLiac cre=tn the pæsterior

bærder beimg frææ. The sniddle snd uFFÉr {ibres end in ån

epün@urüsis thst iç attachæd tcr thæ pubic tubercle and the

length u{ the i.ine.a alha. The *pnneurasis n.F enternal

ablíque ctlntributes tæ the anterisr laarina o{ the sheath sS

rectus abdominis" Fet¡+een the anterior superåur i.liac spine

teËI$l and the pubic tuberctr æ the lower Sree bt:rder nf the

ap{¡neurc}sis {sr¡ns thæ inguinal lågarnent (Fscnrsjian, LFtt¡

lÅriï.1íæins & [darr*íck, lFEl{tp tlæmentæ? Í.?È15} "

ïntarn¿3 nhliqure ariçes' Sron'l the theracolurnbar- {ascia,

the snteri¿rr tp¡æ-t,hirds i¡* the ílisc crest and the lateral

tu*a-thirds oS the imguinal ligarnent" It.s f ibres {*n upr*rard

and rnedially, the pt:sterior {ibrss are atr.inc:st værtical and

uni.te the i}iae cræçt and the ri.b cage r"dhitre the uppærenoe.t

Sibrss {srm a shsrtn Sreæ sup€rûn'¡sdial bnrdsn" The {íbres

eri=inE fretffi¡ thæ ånEuinæl LigarnenÈ arch dnwnsùard snd nrediatty

trl attach tm the medisS. part oS t.hæ pæctæn plrb*s r*híte thæ

middtr e Sibræe ænd ån ån åpñneurcleis. Abtrve the lævel oS the

AËïS tf"ie apæneerræsiç oS interns} crbliquæ øplíts at the
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latærsl btrrder t¡S the rectus abdurninis tn contribute ttr both

antærit¡r and posterit:r Lamina,e of thæ rertus sheath. Eelor"¡

Èhe lever t:s the ÉËI5 t,he apnneuræsis FåsEeË a,nterior to

nectus abdoniånis, csntributinE ænLy to t.hæ anterisr lamína nf

its sheath tWilli.ams & l$arwíck, tgBü; Elænrente? 1çËF].

The trangverËLrs abdsmini.g iç s thi.n nrusctre that takes

t:ri.gi.n Src¡m the tharacolumbar Sa.sciao the anterinr t¿+e-thirds

æf the ilíac cnest and the trateratr crne-hal* c¡{ the inguina1

Ligamænt" It= {ibres run heri¡mntal.Ly and end i.n än

åpÊrnËurË¡sis s\rhich euperiarSy btenda r¡ith the. t ine'a alba and

intsrånrLy inserts inta the pecten pubi.s r*ith thæ in{erit:r

{ibræs sf íntærnal uhlique. The apaneuroçíç at transverçus
abde¡*rinis cæntri.butec. te the pmsteric¡r lanrina t¡f the rectu=

sheath aberve the Level os the åEIE' and tcr the anterisr
Lsmi.n* t:{ the çhesth bælcrs{ the level n{ the &SI5 tl.ast, lgZE}¡

t"Jí 3 I í ams 8c [dar-wi ck , LFAI]¡ tL emente r t +gl5l .

The abdærninal rnusr}Ë5 åFË innærvated hy the ventral rsrni

c¡s thæ I t¡s*ær sí x the¡rsci c øpi nar nËrvËs* rntç,rnatr æbl i que

e,nd trernsv*rsus ahdc¡mini.s also recei.ve ánngrva.tiun {ru¡n the
í1ic:*inguinal. snd ít icihypagaætri.c brsnches ns the f ir=t

rumibsr spi.nal fiËFvg, Thæ ble¡od supp}y to thæ lsterar

*bdt:rni.nsl E*aLl is Srmm the rnusculnphrænie, lumbar,

itr ic¡Lumbarn deæp circun¡*!e* iLiac and inferiær epigast,ríc
vesçels- Thæ r-rpper part cr{ rectus æbdnnriniç ia sr-rpplied by
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the =upærior epigastric ve=selso the lower by the in"terisr

epigastric {Flæmanes, l?7å; Last o lF7El; þti l L iains & ldarr'uíck,

1ËÉ#; Ë1æmerlte, 1çE¡5¡ "

Electromyugra,phic studies aS t,he, abdanri.nal musculature

have heen su¡nrnariuæd in the majsr anatumy textbc¡r¡ks- The

ahduminsl muscurlature supparts the visËerå dr-tring sitting and

standing" ttrntrsctian t:{ the abda¡¡rinal nrusrles rs,i=es the

intra-abdr¡minal pressure, trcnvËrting the trunl'; into a rigíd

pi1trar and thuç pi-*tecting thæ lumbar spine during weight

Ii4tíng" Thie raising a* t.he intra-abdorninsl presËure is

atrsr¡ required durinE Strrced expi.ratit:n .and expulsisn tr{

abdcrn¡i nal rt:ntsnts (${apand j í n 1Ç74¡ ldí I 3 í arns tt I'rlarwi ck n

199{t}" In nrpven¡ente cr{ the trunko head raiging and trunk

Sle.xion frc:rn thæ supine prsition are hrought abolrt by

csntractisn n{ rectus ebdsminis assisted by the sht iqueËã *11

rnusclÉË ãrË act.ive dltríng Lateral #texic¡n frs¡n this pcrsition"

üuring extensiern of the trunk {rorn the ærthngrade pt:sition

aI tr ¡nuscL æs contract, tæ prevent L erçs of equi L i. bri um. Trunk

rstatiæn i.* breught abæ¡-tt hy contractit:n o{ the contr.alateral

external, nbi.iqlre and the ípsilsteral ínt.ernal obLíquæ

{l"ltr3 L i.nshread o 1P7&¡ Rosnaneçn 197&¡ Lest ¡ 1l7E; Fas.majian n

t9Ëü5 ldilXiærns & t{arwick, lFBt3¡ El.ementee 1çE}5}"
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THÜRfttrüLUF,IEêFI FËEtr1A

ûn the pæsterit:r aspect o{ the trunko a çheet oS

cËnnesti.ve tiEËuæ extends fræni Ëå.Ërurn ts cervicaL region. It
enclÉËe= thæ deep r¡usclæg o{ the back and provideg attachrnent

f mr t,sqt: abdoniinal ¡nuscLæs snd a eupær{icial. back muçc}e.

The thrracalun¡bsr {asria ís thin in the thsracic region
and às attached me'dially tt¡ the værtæhrs,t spinæus Fr{f,cËsËErË.

and eupraepine¡us¡ SiEamentso laterelLy to the angles t:f the

ribs and {ascia covering the intercustal n¡usclsg {Hilliarns p.¿

t+lara*i ck , 19Elü; tl ernsnte, 1çElEl .

In the lur¡bar regiæn the thoracsluenhsr {asci"s ís thick
s,nd sttaches inseri.¿rrly ta the ¡nedisn and Lateral sacral

crest,sr ¿liclu¡nhar liganrentç and iliac crests* rt i= split
intCI three layer=" T'he p*stsriær layer påsçEig euperf icial ts
erectær spi.naæ, enclersing it, and at,tschæç mediaLly tr¡ the

lurnbar spi.nc:us FrncgiËËes and suprasp!.nt:t.rË ligarnænt. The

rniddle leyer Lies bçt*¡een eræctmr spínae and quadratus

l¡-rnrbgrunr and ás attached rnædiat ly tæ the tips os lumhar

transverçæ FrûËËËseg. The a.nterisr !ayer l.!es bet*¡een

qetadratr-ts lu¡ttberurn snd FËnås rnajur and is attached inedíally
Èe¡ ths anterímr eursace ¡rf Iumbar tranævergel pr-EitrËlsËsË.

(Rqrnranss, LÞ7å¡ Fæsrnaj i an , tgBü¡ hri l r í ams fx [,{arwi ck , lsEü5

tS.ecre,ntæ! 1995l "

The posterior ar¡d middtre layers dusæ at the l¿rt,ær*L

rnarEin cr"s erectær spånae and t,hen {usæ rsith thæ anterior
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tr*yer ê.t the lateral rnargin æ{ quadratus lu¡nbsrurn ta Snrm the

apcrneurcrtíc orágin cr{ trar¡sværsug abd*¡nriniç snd internal

c:bliquÉ. The ptrsteri.trr layer n{ the thsracnlumbar {ascia.

hlæ'nds eilith the apnneurnsís sS lati.gsísnlts dorsí and prouides

thi.s muecle t'¡ith atta.chr¡rent tc¡ the lu¡nbar and gacrsl spinaus

pr-ErËË¡€sæË tt4ri 1t iarns 8r ü{arwick, tFEl{tç Elenrente, 1çË}5} "

EIü¡{EËF{Aft¡IE5 r3F SåË_ITTSL TFTJNF; HETItthr

Althaugh the,re is ns univergally arcepted de-tinition nf

the t.ænmn thære is general agræernent that "binmechanics is

the study cr+ the structure and tunctíon e={ bialagical systems

hy means æf the methc¡ds c¡S mechani.cs" tHa.t.zeo Lç7¿tr p" tEl?l "

Êccnrding to LsUesu tl.ç771 u fiechanics cmmpríses the aresg u{

statícs and dynarnic=, u¡ith statics heing the study r+ bt:dies

at ræst úr- in eqr-ríIíbriumu and dynamícc being the str-rdy E+

bndieç in rncrt,irn" Ðyn*mics in turn can be subdivided into

kínemttics and kinetice. Frankel e.nd þlordin tt?ElC¡l de{ine

kinæmatitrs åË "the branch r¡S ¡mecFr.anicg thst deals k¡ith the

mnticrn mt a hrdy ¡sithsr-rt re$erence tt: {srcæ t:r ffiåãs" {p.ã?4} o

and ki.nstàËs å€ "the hranrh o{ rnechaniss that desls Euith the

mntiæn s{ a hedy lrndær the sctíc:n n* çiven St:rËËË" tp,3?lt} "

Thæræf ure, a c*mpSete biunrechaniral degcri.pti.on n{ trunlr

rnritinn in any pLane íncludæs hsth kinæmæti,cs and kinetirs. å

cclnnpræFrensivæ revíeF{ ü{ tr¡-rnk bíürnech.ånirs is c¡r-rtsidæ the

sct:pe t:$ this thesi.=, hi:¿*¡ever d*r¡ rlvÈr-víew t:{ trunl,.: l";ineinaticg
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,end kinetics. a.nd a brieS di.scussitrn t:S the theori.eç that have

been developed ta explain experi¡næntal fíndings is necessåry

in nrder to undærgtand the pæssible functinn c¡{ the trunk and

it= cuinponentg dr-rrinç lncsrnotion.

*ccordíng tu Yettrsnr and Jackman t13Ët]1 , the vertebral

cclumn can be ssnsidered, in an ængineeri.nq ËænËEr ÃË bcth e

mechanissn and .s structu¡-*. As a rnechanisrnn it is a device

fcrr tra,ns¡nítti.ng rnsvernænt and, ãs å structurreo ít is a device

sur tr.ams#erring {erce" There{t¡re bsth nf theçe {unctions

nrust he taken i.nte cc¡nsíde,r-atirn alhen digcr-rssing vertebral

hi crrnechani cs"

Færç¡ard inclinatían æ{ the trunk ás a cgmpunent ss måny

daiSy artivities andu during {cru*ard inclination, the upper

part s* the body n¡ust bs bt:th sr_rpported and bai.anced.

Suppært requíres trs,nsrni.ssit¡n û+ ínternal and external

fcreæsn whítræ bsls,ncínç reqlrireç the generatian r{ aÍ-¡

adæquate sr:tænsar S*rcæ tn keep the trunk {rnm falLing

St:rwsrd {Sad*rherg, lçEå}.

fil..lTF-!ftnFm¡qËTËv

The trun!.; ci:nsístç nf pelvícu abdsrnínat and thnracic

aegn*ent,s {hlimte,r ! f ç7+} " rn practice hoelevær, el t s*çments

æS t'he upper bndy åb-e Ëüffiúr¡mnty us*d in bimmærhsnical analyËe5

and *rs ternr¡æd l-iead u Arms and rrunk tH. &" T" 1 {&di nter î L?7?} .

Exper$.¡nsntç csndutctæd by Asmuseen amd $'ilar.rsËm (1?åË¡ shn¡,{ed



that the li"ne sf gra.r'ity u{ the H.A-T. pa=sedr Efi åvetragei?

snterinr ta the tht:racic curve s.nd t:ne centiineter s.nteri.ur to

the rentre u{ the scurth 1un¡har værÈebral bedy" There{ore,

gravíty ++ii.1 tend ts increase the anterior cnrvature u{ the

tharaci.c cur"¡æ a.nd decrease the pester-íc¡r curvature tr{ the

lsmb-qr ËLsrvg, Êccordíng ta Leueau {1F77} n the centre o{ måsg

crf thæ totatr bndy iç lucated e,nteriur tu the second sacral

bodyn t+hile that n{ the trunk líæe åpprc¡Hirnately anterior ts

the el.euenth thr¡racic vertebral hady" Ts caLculate the

pt:sitísn o$ the centre aS rnass t:{ Èhe H.A.T. snd o{ the

trunko Ninter ttç7çl gã,vË the {igure= oS åf.å?. and Sü7"

re=pectiveS.yo nS the ]"ength erf the segment {rsr* Ë:¡ tt: the

greater trcchantær, ¡neasured Sron¡ the greater trærhant,er.

The nraçs t:f the H.A.T" and t¡f the trurnk can be calculat.ed åË

å7.E!?å and 4ç"7?" respectivelyu a4 tctal hady Í$ags {hrinter,

Lç7ç¡ " Reíd {1çË14}, using cgrnputed tæmogr*phyo ca}rurated

thst the ¡neæn centre o{ n¡ass crf the trunk u¡a,s rmcated at

4?"35?t" t:{ the trtsl segrnænt tength of ths trr-rnk nreasured {rurn

the gre*ter træchanter t* tl-re eupra.sternar ne¡tch, urrhile the

rnËån =egrnental masg ¿:f the trunk r¡r*s 5ã" 5F?t æf the tcrtal" bndy

¡l!Ët.blÊ 6

ËAf{GË üF r4üTrúfd

& variæty

na.nge oS ¡nmt,i*n

mS r¡ethuds has been ¡-lsed tæ rneaglrre *agitta}

Twmrney ,and T*ylærin the værtæbratr rælusnr¡-
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{1çEl3} r ËHperimenting ù{ith p{¡ËtmtrrtÉrn rnåterial , f aund that
the range trf lumbr¡sacral StexiÍ¡n ?{ati appr{rxi¡nately SOe.

Fearcy et al. (1ç841 used raæntgerragraphy ttr rneasure sagittal
plane snevement çS the lumhar ãpinË irf vlvp snd {rund the

ttrtal. rangæ af l"umbosacral mmtitrn tc be 7$€" In addition,
they "taund that ftrn¡usrd då=pl.sce¡nent sr trånçlatiun sccurred

only in the upFer lumbar levêlE, Ncn*inr¡aEive mçrsËurement in

YtqS, iE dif#icult becauçe tr.f the nultieegmæntEd nature oS the

vÈrtebral cplu¡nn, hcuæver Luebl (19ô?1 and recently Hayer et

41. {fç84} used an ínclinr¡rnet,er r¡¡hile Andersmn and Sù{eetman

(lç75t used a hydr*gnniumeter¡ ttr ¡neasure sagittat Fange-

Fassd rn report,e in the literature, the Arnerican Êcademy of

ürthopaedic Surgse$¡r tlçåfi} ,, Far{an {1"ç75}, and White and

Fanjabi (tç?Sl have cerrnpil.ed cempersite val¡¡eø fsr sagittal
plane mst,íe¡n"

Ê ccmparison a$ pub1iEhEd values {ar eagittat, trunk

mt¡tinn is presented in Table 1" It can be seen thst the

cnmpiled values {e¡r lurnhæesrrsl rångË are in slcrøe agreement

u¡ith the nscænt åg-¡li:*g measLrrsments u{ Fearey et aL" (tçEt4}.

It car¡ al"str be Eesn *rnm the dat,a nf åndsrEr¡n and Eweetman

(1.ç78¡ and tr.f Fearcy et, al. {tç94}, that, gsnerally there is a

greater range n$ flexic¡n Èhan s{ extensinn in the T,,, - S,

vertebral segsnent,-

Functinnallyo the range CI{ aagitt,st plane mtrtíc¡n is not

only the reeult of rnmtie¡rr at indåvidusl. thsracslumbar



TAbIC 1. EXPERIMENTAL VA],UES FOR RANGE OF TRUNK MOTION TN SAGITTAI PLANE MEASURED IN DEGREES
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intervertebral jæintçu but alst¡ includes muve¡nent uf the'

pelvis e,bt:ut the hip jt:ints {Þa,r",'iç et atr., l"?åS; Far$an,

1F75i" Ðuri.nE amterinr trunk nntrti{rm t:r ftrexit:no rurnhs,r

íntervertebrsr juint mr:tít:r¡ ,accnunts fsr årlo ef the msrvement

t'*ith a {urther Ë5* taFring place at the hip jcrints fi*layer et

a3., LFE4¡ Fatæardhan æt. al. n 1?85' - tluring p*steri.or trunh
rncti sn grr extensí rn srgrn the, sr-rr ly s l exed pt:si tí ern u i ni ti al l y

the pelvis rots,tes pæsterit:rLy åt thæ hip jointso 'Ft:llc:s,*ed by

extensísn crs ttræ lurnbsr epine tFloyd E¿ silvær, tçFl¡ Farfan,

1F?s; ür-tengren Êr Ande¡*ssclnr 1g?7¡ ${ippers & Farker, trç84}.

trüRCË$ ATTT51IË üfT¡ T'HE TRUÍ\IIT

The trunk iç suhjected ts forcæs that ræsl-tlt frorn body

weigl-rt, muscle activity, the pa=sive ælestic cûr¡ipÈlnents e*

musc3es ar¡d ligaments, and externslly applied Loads tl-indh,

LçBül " Ëe¡derberg tL?gå! idæntified {ive typeø a{ Srrces:

Eisrûpr-eË5iæn, tæn=ienn shæar, bendíng and tc¡rsisn. The {irst

sæur fnrcæs Írctrur during sagitt.aL r*ot.ign os the trunh.

ÜE¡"IFFIEËËTü¡{

This ürËL{r= *¡i¡en eqr-tal and oppusåt,e }q:ads are applíæd

tmwa,rd the sur{ace æs s sÈructursr resulting in sh*rtening

and sdider¡íng ns thæ gtrr-lctur* tFranþ;el Êr lrNardinu LFBir¡

ftmdgers F* üavanagh, 1çã4¡. Bt:th in -Vj.trq and in vivc¡
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e:{FËrirftËntË have been ct:nducted to determine the compres=i¡¡n

færces at the interværtebral joínt"

Hi.rsch tlç55! subjected the seccnd and 4ourth luaibar

intervertebrsl díscs c¡S pnstrnnrtern mrateríaL tn campregsicrn

and fcund that this cauçæd the diec tu bulge

ci rcunr{ærenÈí al tr. y" He appL i ed hnth suddæn snd *;ustaí ned

Ir¡sdç tn the diçcs and ssr¡cluded that in suddæn trn*dinE the

digc *rtg ãË å sht:ck absærber" Fart,elinþ; tt957t, also ltsing

poatmnrten* ¡r¡sterial , {sund t'hat å rneån Ë€}rnprsËsíve {nrce t:{

the equi.vale,nt erf 3?*C¡ neç¡tt:ns tNl reç,ulted in failure {Vsn

lrlc:strand's Scienti{ic Enryclæpedia* p. åê5} r¡S the

ir'¡tervertebral dåçc" Adams et al" {1?Bö}, in *n e'f{e:rt tn

sirnulate physåcrlmçical cænditior¡=, applied sS{-centre

cmrnpræasiv* lt:ads to a 1u¡nbar, íntærçertebrsl jsínt and

urheerved that thsse ltlads reçuLted i.n tensínn in the

pesterior ligæments a*l-ri.cho in turn, ç!Ë,vËr rise ts a hiqh

ËrlÉrtpræËËi.ve *r¡ree u¡ithín the åntærvertebrsL disc" MechemËün

s.nd [*lmrriç {Ì.ç&4} used å FrÉssure trançducer ts: eneaslrre

i.ndirærtLy ËmdrrpræsEimn 1c¡sdç mn l¡-rs¡ibar intærvertebral diçcs

ir¡ vivs" They obsærved thet thæ leiwer lunnbar díscs have tcr

suppmrt tcital, lc¡ads sS Ë!Ë$s] tt: LtË(t &l in rætraued upr-ight

etandi ng " lrlachsmsrrn { 1FË1 } I aËer reprrted revi çæd va} uæs nS

Stlt] ttN fnr standi.ng s.t Ê&Ëæe å*ü lrl Strr Ëúo û+ trulnk Slexímn

smd 1*{.?* M Scrr 4{io ca{ trunk {3.æ:qisn" Fchr-rlteo Andærsræn,

ürtengrenu F{aderspæck Ê¿ Mache¡'nsmn (LçËã} ¡næasurimg th* Lg
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in vivo, derived vslues crt 44Õ N fnr

145ü N Snr Stio tr-lrnk +lexisn,

inrvestig;*ted the rtrlæ r-F the pci=terier

bæth central. snd c:f#-cæntrs curnptressinn

U*ing p*sfniorter* *r*tærial o they

aL. t 1ç?El¡

í n cer¡trætr ct:rnpressi *:n {¿*hi ch rarel y crtrËL(rã

under phy*imlngie aL cænditi.onç.1 end in snterit:r ÊÐÍT¡preËËion o

the nrsjnrít'¡ tr$ the Lnad ssas bcrne by the verte,brsl bndies

and intervæni.ng dåscg" È{t:¿*everu paeteriar compression

ræs¡-rlted in part sf the Lsad being dispersed through the

srtisL¿Is,r FrüË€ËË.Ë¡s. They rsncLuded that i.n hyperextensínn

o{ ths lumbsr =píneu the poste,riar elærnents s$ the

intærvertæbra.tr jni.nt increasæ the le¡ad-bearing cap*city o-t

the Lurnbar =pine" The'y .alstr {nund thet. coinpres=iue load= i:S

15&$ tct 5H*t] N neçu3ted in $*ilure æf the speci¡nen= snd that

this f eílur€ ÉËËrtrred in tE-re vertebrstr bodyu nr:t, the anutrus

f ihrns*s"

Lærene æt sL" tfçË13¡ çtu¿díed thæ rc¡læ u{ thæ Luinba,r

æ.rticuLe.r Sæ.cetç in værtæhral cmrnpressicn. They #uund that

Ín radsvsr rnste,rístr thæ. averæge peak {aret FrësËLrres üdËre

highær in pæs.tærior Lææ.ding er$ the vertebral hædy tha.n in

cent.ral 1æading- &1st:, whiLæ pæak Sscet FreËsur€ls rr¡Ët*Ë highu

the Læsds hmrns by thæ {scæts r¡¡æne næt Large and the,{s,cet

1æsd decræ.ased s-¡ith incrææsirig cæntral 3.eadç" They nnted

thst Seitrure ur$ *.fr¡e værtæb¡nal bædy clccurnæd s¡i.th centrsl

lc,*ds c:{ l7&& tt: 1Ë&4 þ1"
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Resæarchers ha.ve a.Lsn used equatit:ns in s matherns,tics,l

frrce on the intervertebralmcdæL tt: predict

j*å nt " Ëa.rtæl i nk

the {i+tfi lumbar

thæ rrrnpressi nn

tlF57! r*'lculated that the

íntervertebræI di.sc ¿+nuLd be

cElmFl"eË5lün frr¡

gFC¡ü hl when å

derived vs.Lues

sl" ttçËft,

çL kg lt:a.d ÈdåE 1i{ted. Flærràs et al" t1çå1}

the sarne }.sad- Eiracsvet.xl':y et-f, 
ñ4ñe (f t--l...T ?.é.s.J ll| TLlr

rslcr-ELsted that ræmhined h*dy r*eiçht s,nd FË{3å8. muscLe

sctivity s{üuld prædlrcË ä EtrftFressinn fsrce aS 7El4 N at the

lu¡nbt:se.crsL i.r¡tervertebral -it:imt duri.nrg rælaxed upright

standing uuith ns ær:ternsl lt:sd.

TEI{5TÚh¡

This rrËLrrs ¿*,{hen æqual and oppusite trmads *re applied

åe{æ.y Src=m the sur$ace sS a s.truct,uree resultinç in e

Længthæninç snd narrer¿+íng cf the çtrutcturæ {Frsnksl & Ítlærdin,

L3Ël{t¡ Rmdgers Ër tar¡vsnå€hr LçË4}, Suríng Lumbar f lær:it:n the

cæntre t¡$ rgtati.æm lies n¡íthin the interværtæbral di.sc {Êdams

æt al", lÊËlt]l , tlrere$nre it. can be expected thet t.æng.it:n

Snrcæs s,'ri13 be appliæd ter the post,æriær struct,ltres t:S the

interwsrtæbra} "!æint." FæsauËË rtlæ&Ëuræ¡nent u{ tær¡sånn in '¿igq

n¡nuld hsve ter be !.nva.sive a¡rd ¿*nutrd be vËry di++irult tn

cerry c:utu the me,jesrity o$ çtudíæs u:f te¡lçinn {nree æt the

intenr¡ertebrsl" jerint havæ hsen per$*rrned trn pæstrnmrtern

mstær*is3." F'l,athæmæti.csl ¡nod*3.s havæ bææn dævsLnped tei predict

tær'¡s.ie¡n vsÌ.ues in víve: baçed Ën in vítrs crhserv*tisns.



Im =tudi"æs ::{ the interuertebre.l dísco Hirsch t1ç55}

t:bserved that sr-rdden læading csr*rsed the disc a,t f ir=t ti=

cur*præee and thenu {r*.cti.æns nf s sect:nd lateru tc¡ r-æbr¡urnd.

Thís rebc¡ur¡d resulted ín tensierri Sirrceg beíng eppf.ied tn the

disc" l{arhe¡irsr:n a,nd f4c*rris ti.çå4}, rnea=uring i.ntradiçcaL

presËLrræ in vívn, c*lculatæd thst, in nrrmal discso tensile

{nrces trf "aixty tn æighty !:iLmgramË Fær square renti¡ftÊter,,

tp" L$Ët ! e¡iísted in the poetærimr part t:S the anulug

f,ibrrsus" Galantæ t L+&?! e:rpærim*nt,æd ssith sæctit:ns uf

snulus {ibras¡-ts ct-¡,t Src¡nr pa*,tmurtenr Lumbsr diçcs snd Sound

that duríng tensåLe lnading the anulus extended #re*ly alc:ng

the vsrtíesl s¡¿is" þle t:bsæ'rvsd thst the tençile strength t:f

ths t.issuæ c¡S ths a¡ruluç #íbrr:sus ¿ças sinril.sr tt¡ that n#

ts=ndün" FlarkmÏS t Lç7Ë! studíæd thæ Is*d-dæ{armatinr: hehavitrr

c¡f åritsrværtsbr*æ.i. diçcs f rnsn thnrg'cic and Lu¡nbar cs,ds,vær

spine= and SüLsnd that ths discs æ¡shibited less stif{ness ¿+hen

tsnsåmn wa,e æpplied tn tl-lecn than ¿shem cornpressicrn uls,s

eppl i æd.

Tt¡æ behevinr u{ the pi:eterínr trigamentr:us systern hss

s3sæ beæn ctudied- Tkaceuk { 1ç&Ë} lr¡adæd thæ antærir:r snd

p*etæri ær l uriçi tr-rdi naL tr i gænrænts t:{ i ss3. stæd L umhar spi nea

untitr $ai.3.*re. F{æ c¡bserved thst t,hæ æverage fs.ilure lo*ds

{c¡r thsse låçaniæntË åÀräs thæ equivalænt m$ Ë1 lri Scr ths

s.nf,*råær ,sr¡d l"S ltl fær thæ pæsteriær. He, æl*c¡ mbsærved that

bi:th lcingiturdir¡al SiEamentg k¡erË præstreaaed by the prËEËLrr-e
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õ+ the int,ervertebral disc, Fro¡n his c¡bservation= in vivc¡,

Fsrfan (1ç75) cancluded that the entire pesterisr Iigamentous

system ¡uas nËt, euhjert ttr tensitrn *nrcee until. approximately

&rlo mf tr.umbar Slsxisn had sscurred, êdarnã et al" (l9Eltl

measured the ræsi.stanse prnvid*d by thæ prateriær ligamentous

system ín *u11 and hel,f lunba¡' ,flexi¡rn" Tfiey csncluded that
in Sul"l Stexípn the capsular ligamentË åËc$unted 'ttrr 39"/. cr{

the resistance, thæ intervertebrsl disr fnr ?9irn the

eupraspintrus and interspinÍlus ligaments {sr tqllr and the

liçamenÈ.um {lavum feir 13?å" ln hsl{ SLexiËn, the

åntervertebral diçc accnunted .$r¡¡- Sß?å n{ the reeistance, the

Ligamentum f lavum ,fc¡r 88f., the capsular Lignrentu for ?57., and

the supraapinrus and interapånfruã Ligaments ferr Ë7.. Fanjsbi

et sl. {lçË¡Ë} studied autnpsy xpecimens sf the'Ls * + ånd L.+

* s int,ervertebral joints. They {aund that in #l.exicrn the

highest lig*mentouE tenaicrns t:rcurred in the *upraepinous and

interepinsuË ligaments, but elsn {sund di$Serences bethreen

predicted and nbserved strsin values {nr the supraspinc¡uË

liganrent, pnssibly due ts de$orrnatisn c¡,F the neursl arch.

Ëhauel æt å1, ttçES¡ ,Fuund that the inter-transverse and

posteriur lnngitudinsl ligamentE and ths ligamentum *låvurn

$fere meet resistant ttr tçnsiçn during phïrsiol"rgica!. ranges e{

Lumbar rnnt,íü,n in pmxtmnrtenr rnaterial"

F4athernatical rnc¡dels *trr tensile {trreæs applied to the

værtebral column ${Er-e deveLaped by Giraccvetsky et atr " (1?77¡
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1?91! " Eased ün i¡ vivct crbservstiænu they pcr=tulated that

the pnsterisr lig*.mentnu= syst*ot ig slack frmm =Er-E tt¡ 4Ú- t:S

trunÞ; Slæ,ltic:n, but is taut {rcrn 4t}o tc: {ull {lexis:n" They

cal curl ated that !. i g*ment t ençi Bn dur i r¡g trunk 'F I er: i rrn cnul d

ræarh the æqr-rivalent t:{ E¡ttüÕ N. Furtherrnmre? becau=e

1i.çamentous tiËËuË i.s peeeive, æ.ny tensic:n thet à= apptried tt:

å 1ígamænt depends e,ntireïy LtFûr¡ externsl lt:ads irnpt:sed upon

it. Thæy *,lser cernsidæred the nele nf the thc¡rac*luntbar

{ascía," H;rpærírnents had shnt*¡n thst s{hen Lcrngåt.udinal ten=inn

tr,ras e.pplied tn the thsrsct:lu¡s¡har {asci.s, it çtrætched

lc:ngítudinally by 3Cr';¡" cr$ its ræeting length but ¿orss slsc:

nsrræç"sed 'eiy Se}?{ cS its v*idth" They sruneluded that a tænsisn

{¿:rrs appliæd tn thæ lsteral margins cr$ thæ thr¡racclluinhar

Saçei.a tæ pnævent, åt frt:¡r¡ nanrmuuing wmuld re=ult. in å.IT

incrsase in thæ lcrngitudinal te,nçit:n in the structurs.

Êl trfrñ*¡ ¡Ln¡ a

This rËcLÀrË a¡hen å St:ad i.s applíed t,t: the sur$ace of s

structuræ resulting àn angula,n dsS*rmatimn oS tFre strurture

{FranksS & Flc:ndi.nu 3.?Bü} " &ntæro*pnst,eriur t,rançlatíon

úËËurg betwesn ædjacent vertebrae a*, aLl Ieve}ç nS thæ ccrlu¡nn

tFanj.sbi ? Lç771 , subje,ctíng the intærvertebrs!. dÍscu

apæphyqaæa3 jc¡ints amd thæ l"iEaments tc¡ shear {nrcss, The

nragnit,¡-rde æS thæ çhear #e¡rceç wå 3l incressæ durång Sler:ir¡n tr{
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thæ trunl.: as gravåty **il1 fend tt: incrÉase the srnsunt n{

translatic:n cccurring at æach jnint {Ëcrderhergu 1+Eå} "

Ëistrantæ tlq&71 {nund that ç*ctånns t:{ s.nulus Sibræsus

cut Srnnr postrnartern llrmhar díçrs

shæar {crrces" Fased Én in vivi:

pruvided híqh

nbservstí ons,

resistanre ts

FsrSan tL?751

calcula.tæd t,hæ-t. cc¡ntractít¡r¡ ErS the, æxtenËür rnugcula.ture c¡{

thc¡ hacÍr gevæ rice te¡ shear Sorceç, st the intervertehraL

jæinte. l--te prmpuxæd tFræt the shæ.ar fr:rce ctrul.d be resisted

hy the apcphy=eel jnintç b*t, becæuse oS the li.mited strength

n# the neurel arrhu ehear Scrces in tl-ræ æppnsi.te diræctinn

E¡art}d be requråred tcr protert bc¡th arti.cuLar Saræts snd

intærvertebr¿rl disc= Sr*en damage. Thæ roLe o{ thæ pt:steriær

liganrænt.s snd the apc:physæal jc¡ints i.n ræçisting shear Snrces

rÆå.Ë lnvestigæ.ted hy Lån et a.I " tLç781 s.nd they c*ncludæd that

theee poste,ric:r str¡-rctures prevent the vertsbrae #rt:m

sLippi"ng {*rr+ard rrn u¡ne an*ther" Thiç $d&s rürFerbnrated hy

Truærnæy æ.nd Tæytrcrr t3çEl5! whn çaæcàiuned the pediclæs sf

p*etmnrt,*cn lurnb*r api.nes and mbs*rvæd that this ræsulted in

antæri srr t.r.ar¡s3. at i c¡r¡ cr$ thæ verËæbnæl bndy.

Era,ct:vet*ky æt al" ti.çffil} nmtæd th*'t the Sibres r{ the

mid].i.ne posteríerr Iígaments teupraapl.n*us sr¡d inte,rspinolrsl

*ræ angled e.nd prrupæaed that h*car¡se s* thic an6ula.tinnu

thesæ trígarnæntç cc:n-rld pruduce s çhes,r færce ín the oppesite

dinectimn tc: thæt pr*mdured by anterinr lqrsdç eppLied t,o the

værtæbral cnl LnfirÍr "
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BENT}Tf{Ë

This occuÌ'Ë¡ when a load is spplied ter a structure in

such êr þray that. the çtructure bænds abr¡ut an axiË* The

Etrusture uitr1 tt¡sræScre bE guhjected tr¡ a cgmbinatiün oS

cclnprëEgícrn and tensitrn *tlrses trn r:ppc¡site sur{åceã tFrankel

& Flnrdino 19Ë*ç Radqers & f;avanagho l?S41.

Iluring ragittat planæ ¡nntisn s* the lumbar spine the

axis a{ mnt,ion is rsnsidçred ta Lie ¡uithin the intervertehral
dåse , thære'Fsre the Ente¡"isr aspert, af the intervsrtçbral
jsånf ruill be subjected maínly te¡ trclrnpresgisn færces while

tfie pn*teråt*n aspect u*ill be subieeted t,e tensien {erces

t*dams et, al " ¡ lçEl$l "

The magnitude sS t,hs bænding .fnrce ûr rne¡lnent ís
dependent næt, enly *n the applied {ærse but alen an the

perpendicular distanse betøeen t,hø paint, çf åppli,catinn nf

thç ,fcree and the a*is st rnntånn {frødgera & Ëavanaghn 1?ä4)"

Li.ndP¡ (tçBül calrulstæd tl"lat in relsxed *t,andångo the

pærpendiçular digtance betrqeen the çentre tr{ t,he L* - ø

inte,rvertæbral di.sc and the Line ¡r'f gravity is twe

centåmetreøn Êssuming a brdy uæight r¡S &6{t hl {67 kgl and

uaing ùdLnter'ç t1ç7ç! value t*f "å7tl sf Tt¡*,sl Fndy kleight for
*,hæ FJ"Ê,T"o th* Spr¡*ard bending mnmsnt in relexed standing is
Ç nes¡tsn met¡.es {Nm}" Ht¡ssevêr, *+hen tfie trunk is inclined
Surwsrd, the line o{ gravity ås di.xplaced antærirrly and this
t¡¡iLl increase the perpændicular dístancæ sr Lever arrn between
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the tr i.ne sS gravi.ty and the ,ar:ås ct rnmti.*:n" At eFFrüHimately

i*- nf trunl'; Streniæn the lins n{ gravity Liæs raughly E3 cm

frær¡r t[le a:+is. s* rnr:tic¡n givång rise tæ a bending nrcrnent t:f

I LË þini"

ÏNçE€TTGåTTühI5 üF TRÉ"I¡iI${ FUf"ICTTÜh¡

f*Íany ir¡væetigat.iæns hs,ve bsæn carri.æd crut tæ determine

thæ {unrticin ci$ erecte¡r spinaæ amd ræct¡-rs e'bdominâs dlrring

eaEittal" plane mt:ticrn"

ES.ectrsr¡¡yngraphy r*as used by Fluyd *nd Silver t1ç51] te

e:*a.mine thæ sctivi"ty aS erect,c¡r spi.nae during trunþ; {leuien.
ÎL-.. f 
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-t:-L!l!¡HlF Tl.Jl*cl¡L¡ {-EB€áL Llrljr.tl:lltL }aLr4'¡¡Ll'rllU f uþl-t¡LHIJ ¿ll:ir¡l:lllL

niyeræLæctric ;activityo and f'hat i"ncreaeång angLeç o{ {r:rssa.rd

{lexic:m gåv€ risæ tc: inrreaai.ng levsls æS mynelæctríc

srtåvity. Hsp¡evers åB the tr¡-rnk *"pprn;*ched fuLl {mr¡*ard

#Læ¡*imm, actívíty i.n ærectmr spin*e ce*sed and did nmt begin

*çain ur"¡tål a$tær trumÞ; çsxtensåün {rmm m¡a:*imtu$r f c}r-ü$*'rd

f L s:s i an ç¡ss n¡el L lrnd*ra**tr"" In {urthær el+pæri rnents u Fl nyd and

ËiLver t1çS5l {æund that thæ perstti.ernr at t-¡hich ersctmr spin.ae

hessmæ siSent during trur¡k {le¡rinn súåË spprnxímately the sårfte

ax thæ pnsi.tiæn st s+hicFr snusrlæ actåvity rææppæ*red dnring

trunk æxtænsicrn f rmrn thæ 4r-sl ly S3e.:+ed pæsítímrt. The+"E *tr çm

nclÈ.æd thæt trr¿nk #træxàmr¡ NeË ã. r*mbåmstàt:n c:*"FLæHian m# the

'¡ertæbræl rælusr¡n ænd {trær:iæn st ttr* håp -tc¡int. Thæy
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ceinÈ3uded that tl-¡e erectnr =pinæ,e cnntr*.cted tn cæntral trlrnÞ;

cictinn but that thæ a.:æåçht l:f thæ trunk in {r_rll {Lær:iæn hrãs

hc¡rne by thæ rig*.rnænts rs ttræ vertebra!. cc¡lurnn" p;ippers and

Farksr t1çÊ¡41 used phatuçraphy *nd EFIG tr: dæte,rmíne the
p*sitit:ns æ{ ætrertri.eal s-ilænce å.nd e:nsæt during trunk
slexirin snd return tr upríght standång. They fnr¡nd that the
t:nset and ceççatiun s$ æ1ecÈrícar silæncs sccurred .st

;*FprüHimate}y the Ëssns pnsiti.crn; g*?" crs vsrtebrsl +ler:ic:n snd

åü?" æf hip {Lexiæn.

ñæctus abd*rnrinis E*as invectågated hy Flæyd and silver
{1?5ü} r.ehn {r¡und that. trunk e¡rtençi*n {rmnl t!-re r-rpriçht

pr:sítisn elicit.ed myuæ3ærtríc sctivity s*¡hereas trun!,: SLexit:n

src]nx thæ ç,.as¡¡e p*æåtåen ræçulted in eLectråcal s.å !.ænce.

5i ini 3. *r ræsul ts t'¡ere crbtsi ned by Fartri dgæ and t4al tærs t L?=çl

snd trl int ar-rd EËudge!.1 t Íç&5¡ , The tæ,ttær invest,in**o*=
cuncluded that rectt.ts sbdnrninís was sctívs to pmsitiæn the
truruk *.nd balancæ the æxt,ænssr murnent prædured by trunk
ær:tensi. rR,

The sinrutrtsnerius nry*ælæctric sctivity nf erectsr spinaæ

.snd rectus shdnr*ínis hss aLscr bæen investi.gated. AscrÈussen

snd $':.1.sussn t1ç&?l *t:und that. erectnr spimaæ was a,ctive ænd

ræctuç abdo¡ninis *+e.s inacti.vs j.n quiæt *tandíngu roncluding
t,hat the sræct positi.mn e:$ ths vertebrstr cc¡trunin h¡&g

nn.aånt,ein*d by eræctor spi.ma,æ scting e6 an antaç*nj.st ti: tFie

ftrIrcs üS çr*vity" They aLsc¡ mhsær'¡æd that. thæse rnuscLelg h,ær€3
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Thæ intrs-shds¡ninaÏ. FræËsurË {IAF} generated during

s,ct,usl snd s:i rnr-rl sted heavy t i +t i ng acti -¡i ti es hss al so heæn

studied' Þavis and Tr*up t1ç&4¡ f c¡und thst the IAF incræa.çæd

during tr íSting sohilæ Eirer"¡ {l?Eet} mbserved that the IAF

increasæd c{Fren f Le:ttrr .snd æxtenserr r¡tËfüËntË &¡Ër€ eeich applied

tæ the trunË,;. É{urnar and Ðsvi= (t?85} repmrt.ed a clc:se

relatimnship betr*een incrææ.sed EHËi ænd I&F in pr-ægræssivæ

l**dínE mS the vertebral ce¡llrmn" l"lsiríaux æt aL " {tç84}

¡r¡ea.sured låF durång 1i{tånç in a {i...<ed upriçht pæsitian and

*æund & Línear rslatinnshíp bets{een rAF and the n¡mrnent æf

St3rce a.t L+ - e. E-læmbrir*ç æt al - t tçfl$¡ ¡næasured IAP *nd EplG

er$ trunFt rlluçcles ts detsrrninæ u¡hich r*usctræç csntributed rnost

tn the rísæ' in sbdnnrinal F¡-sEELrræ" They cc¡nclr-lded that the

di*phragñ¡ ÞsåË the mtrst årnpnrtant Enuse].s ar¡d attributed Ë$r$e

iinpært*ncæ trr transverçus sbdænriní*, aLthnr-tgh ackncr¿*¡lædging

that Iåttle ås hr'¡e¡¿*n aberut this. mruçclæ.

Simulte.nemuç *¡¡e*'suræ¡r¡*nt s$ mynælærtric acti.víty,

i mtrs-di çca1 præsst:.rË { rnF} artd r&tr duri nE 3 å {t i ng hss al se:

bææn dune" ftndsrsscin et, *I" iLç7&¡ ¡neasured thess parameters

during lidåånç m,# & Lü* Ë'ü læad p*åth æ,nd p¡íthæut pærs*rmi.ng å

Ueïsslvå fi¡årrËLtrd*r ænd Sæumd that dísc pr-ËËËLrre di.d nt:t ch*ngel

s.ígnisåcæntly **hen thæ ual.s,arvs n¡&,n*urJËd* u*ae pærssr¡ne*d, The

Ëårlls fæch¡niqr-c.ËE h¡ffrË r-rssd hy ürtençr#m et al. {IçË}l} ¿,uhn

ræpærÈed & åiriæe.r r-æ3.stå*n*hip hets.deen Lerads Ët4Ëo r&F and



IBF. Flü*qevær, Schul tr u ftnder=strn, ürtengr:en,

sl " {1FÉ=} repnrtæd 1n¡c} ccrrrelatinns betEreen

during lif t$.ng .and c*nrluded that thæ 1ævetr

gcrt:d indírstær æf trunF; 1s*ds"

Êí¿.

Hadersper[¿ et

IIIF and I*F

t:{ IAF ssas nr¡t ã

*ËVËLüFF4ËI{T ßF & THEÜRY üF T'RIJI{I.{ FU$ITTÏÜhI

Thæ rnann*r in which fnrres sre bsLgnced and trsnsmittæd

by thæ trunk i* ni*t yst clæ*r, thære{üre å nun¡ber æS theorie=

o{ t,run!'.: functiæn hsvæ hser¡ prnpmsæcl. åny thei:ry nf trunk

*unctiær¡ cnus't ineurpurate, recc¡nciLe and er:ptrain the dsta

Srnrn the vsri.t:us in vi,b.rq and in vi.vs el+perirnents that have

beæn si:nducfed æn t,he b*næau jtri.nts and r¡iusctres a# the'

vertebre'tr c¿:ILrr¡¡n"

A si.mple thecrry mS trur¡k f ltnctiæn in thæ sagittaL pla.ne

i.s basæd Lrpe=n Èhæ cuneept uf m*rnentg tïåchauer, 1ç71! " The

centre c¡f the lær¡'¡est Lumbar disc ís cmnsídæred te: be s

fulcrt-¡,¡n Sr^mm ¿*hich extend a Lt:nç antær*åær *,nd s sht:rt

pnstæri*r lever årñÌ, Ths snterimr årffr 3.ies bet¡¡æen the disc

cer¡træ srrd the sr¡tsrinr hurdy *salL cshitre the p*steriur .&t-rri

er¿tend= frærn ths,disc cernt,ræ t.n the pæsterinr Limi.t cS the

ærectnr xpine.e musrls" Anteríur f læ"':e¡r r**me¡rts årÉ gerxersted

hy the *ræíght t:S tËre npper bædy *md srs b*lanced by pmsterinr

æ:af ens*r ri¡*cnentç gænerated hy thæ e¡*tens*r ir¡usctr es trS the

hsc$';- FscsË*rsæ f*hæ lænçth nS ths antæric¡n lever &rr¡¡ ís
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,s.Fprt=!riaratsLy ft:ur ti¡ne:; longer thsn the length c{ the

postærinr lever ãrrne the e:<tængËr frrcg' rnust be abe:ert {nur

tiEnæs tl-le nragnitutdæ mS the {lexc¡r Strrce under cnnditíans gf

equáLibriun¡.

l'{t:¿u¡eçer, Eartetr ink {1ç57} o usinç this theoryu c*,lculs.ted

that the mt:ment producæd by hoLding a 4E kg weåçht çsnu!.d

gæmer*ate å trüÍnFrËssien {nrcæ at the surlËrt-rm sr-r$sicíent tu

ËåLrsÉ fai.trure æf the di.s.c &r æ{ the vertebræ.l hady, and

ræcogniæed thst Ëærne rnechænism mnst e¡ris-u tm decræaçe the

trsad Ën the disc' He prupcsed that this me,chanisrn ct:n=isted

æf pressur*i.e*,tíæn rr$ tE¡e abdrmin*L cavity by cerntractínn 6{

the tranËverËuË abdcminiç muscLe during a VaIs*lve mãnelrvËr.

ån increasæ ín prË€s¡.rre ç¡ould cenvert the ahdærninal cavíty

å r¡t.ci e { l ui d bel I that +*m¡¡ld reså st def ærmati un and r*uul d

tnansi¡rit sc:n'¡e cr$ thg' lt:sd os the upper berdy tCI the pelvis.

&rt incrsase in FræEEurË wtruld a,ls¿¡ give råçæ t* a di=tending

særcs hets¡een the thnræcic snd pelvic diaphragrns whirh wnuld

prerduce *n anteri.e¡r ext,æmst¡r rnø¡*ent .and a*rË¡uld tFiærssare

dscrææ.ç'e t,he nst Sle¡¿e¡r mmm¡ent ænd thæ errnpressive lsad Ðn

thæ disc. t4t¡rrås æt al. tåç&1.! sq:und that ræsults nf their
experírnænts þ{ËrË c*ngruent ¡*ítf"¡ Fart*ti.n!":'s prmpnsaL ;1nd used

åt tn cælcuLste thæ .actuaL Læs,ds çrn tÉre *pine.

Ëesrn {Lç&t} hed .ar¡æther explanat,it:n fmr the inrresse ín

ÏAF ç.eæn during Fiæe,vy 3"i#tång- l-{e çtated that cc¡ntrsctisn n{



thæ abdt:mins.l mr-rËËlæs c"¡fiuld tend tc: fLe¡.: the trunk snd this
q¡¡nuld ræquire =ynergic rnntrç,ctic:n sf er-ecte¡r spinae tn

ctrunteract t.he uns*¡sntæd n¡uti.æn" Tl-¡e c*ntra,cti*n &+ erectt:r

spinæe s+nuld increase thæ rnaEnítude nf the pnsfierinr Extensrrr

merwtemt sshicFr, in àur-nu n*nul.d åncrease the cænrpræsç.åve lerad $n

the, dísc. $4s cihsærved that latiçsi.¡ri¡-rs dnrsi rnuçcle ¿.råE

actåvæ during ttæevy Li.fÈ.inç æ.nd prtrp*EÊd that the inrreaçe in

IFIF *css required tæ prevent chest cc:rnpræ,ssinn dr-te tc: the

=tr*ng cc¡ntractítrn s¡S Setissínnus dc¡rsi " Ëearn (1ç&11 ,alst:

rnrnrner¡tsd or¡ the f í ndí ng s# eL ert,rå cal sí I sne e í n ærectær

apinaæ during {uI 1 trunk Slæ¡rit:n" l-læ çtat.ed that in this

pcrutíc:n a {LsH$r nic:mænt ¿*c:uld he ctrunterbsLsnced antry by the

tænçiæn àn the interapír¡$$Ë triganients and that any additinnal

lmsd inåght rræate a rnnnrent uS su*#icíent magnitude tc: rlrptnre

thæ L i. gamæntø "

Far$a¡-¡ t1F753 propersed s rrtechanisnr that æ,ccæur¡tsd Snr

the srt i vi. ty *S tF¡e æbdr*r*å nsl muËcL ee * the æl ect,rà cal. si 1æne e

in ær-eatar spinææ a$ter &¡]o nS trun$,: S3.exinn, the S*ct thst

tr*aels.*ræ hmr-næ *r¡ti.rætry by 1ågam*mt.su and t.hæ mhssrvæd

*rt:tåæm mS the peluis" E-!e hed ubserved that duríng tnunl.:

Sle¡li.sr¡ *r*rm upright the æxtænËür s¡iuær3ss ¡¡¡c¡rl*sd s.Læne tt:

træwer t,hæ trlrnk tm æppræxim*teLy å*o¡ åt r¡¡hich pnånt tençian

dæve3æped ån the prævil:uçly eL*ck pæsteråar tr"igarrtents. Alscu

dlrrinç t,runk æxtænçic¡n frn¿¡r Sr-qlL fl.æxícrnu



ths Lunr¡bar apinæ rsrnained {lexed ltnti.tr the, &o- poínto thus
niaintaini.ng tænsít:n Ë¡n both poster*iur 3.igaments a.nd rnusc!e=.

Farssn prrpn=ed that thers'*,äË å límit tc thæ ssnr:urnt. cis

s:rtensÊ}r rirE:sïeFlt that thæ bs.r[': s*uçcl.ea cnuld gener-s.tæ; past

t.hat I i nri t n 1 i ganrent tens.i frri þråE reqr-ti red tr suppurt hea.ry

leads uuhåLæ the tui-ning nr*nrænts s+nuld bæ suppried hy the

rargæ glutæi snd hsnrcäring nrusrLes. He rnnrlr-rded thst
{Lexåt:ri ¿*aç thæ æpti.inurn p*sti.eim ns thæ lumhsr spine dr-rring

littíng srid thæt this pn=tiún i'rås præduced by cnntractitrn of

thæ ahdnminæ.3 muscLesu f 3.e:tcrs c¡* the trr.rrik u during å

v*Sse}xr¿r ffi&nëuver. l-{e srsc: ststsd that back n¡use le

cuntra.cti.crn e.nd sær¿+æ.rd trunk incLinat,ic¡n çænera.te a. rarge

æE-reær surre at the åntærvertebral juir¡t s,nd pr*:prsed that

cc¡ntræ.ctiron r$ tl-¡e intprnal sbliqrræ rnuscle ¡çcruld result in å

çh*ar {urre c¡s Èhe clppæsi.te directicn" Thus cnntractit:n u{

the ahdclce¡i.ns!. rnuscles n¡ruld servÉ tc: ¡nsintsÍn the lumbs.r

spir"le ån thæ *ptirnlrrn pnsitic:n snd alsn tt: decrease t,he shear-

{r*rræ at tl-iæ år¡tervert*bret -isint.
Ër'acavætsþ-:y et *1" {Lç?7} agreæd c{ith Farfan thatu

¿.¡ithæut thæ pmsteràc¡r lig*,mænta, the b*ck rnuscræs r^¡æuld be

nnsble te: sl-rstaír¡ a hæav1r lnad" They r¡mtæd thst the

eupn*:ipinüu.s tr iç*r¡tænt and the thqlre.cffi¡"urnbs.r Saçsia b*th lie

.peieterir:r tæ thæ deæp hack mucclæs ar-¡d præpnsæd thst these

twm str¡*ctu¡.¡*ps s*€r-Ê thp r**st, æ{sertivæ elernents tæ batãnËË

sle¡rær ærsmemts æt the ånterv*rtebrs!. :¿:int.s bersuse they h*,,¡F
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å S"anger pæstærinr Ïævet'- e.r.ir thå.n any n{ tl-re bacl.: i¡ruscles.

They .*lsc¡ prcipose,d th*t cnntractinn nf thp underlying erectcrr

spinae u*æ¡-l.Ld create hydraulår præEËLrrF that s*Eruld pu=h the

thcrracæluinbsr f'ascia pr:steriarly, incresce tensi.æn in the

midi.ine ligaments snd Slattæn the Lumbar øpàne. tlidline

Iig*inent tensisn ¿'¡c¡r-rtrd *'Lsm be generated by *n íncrease in

I&Fã ce,Ltçed by rnntr*actåersi t:$ sbdnnrinaL mu=cleso which ¡sur-rld

tend tn pltsh the È.htrræcclun¡bar Sascía pæeteriar-I.y.

Fui. L då nç nn thi * nindí { i æd tl'reery u Ëa.r{an t 1ç78!} proposed

that stretching nS thæ supraapi.nüLrs 3ígament ¿+æuId ca¡-rse it

tc: sÈrsi.ghten t:ut beta¡eæn the third lunrbar a.nd secmnd ss.cral

spåmours pilrËeçËËs. Because the Låg*m*nt is ættsched tur the

epincu= FrffcËË-s.Ër m# L+ ãnd Ls ånd these lie withín the

lumbar 1ærdc:a!su straighteni.ng æ{ the supraspínüus l iga*rent

s+suLd ËåLrsÉ the {murth and $iStf¡ J.unrbar vsr*ebrae tæ be

puLåed b*akc.,re.rda" This ¿*mul.d cres.tæ a ha,cÈ':þcard shee,r Sctrce

s{hich n¡ælrLd tænd t,m **,ncæ3. the anterit:r shpar praduced by the

o.ræåEht cr$ tt-r* upper b*dy and åny sxtærr¡sl læad. Theref*ra

the ç:t:stæri*r tr iEaments 6err'æ n{¡t on3.y tt: bslånce f trexør

rnt:nirentsu but *trs.æ tr neutrsli.rs anteri.nr shse.r"

Ëracævete!.:y æt *.1 . t f çBl Ì Surther mndi t i ed the, themry.

Thæy *.rguæd thet Sigarnæntsu heca.usæ thæy ere påsËiveu must be

urndsr actíve ct:rttrml m{ nrusclæ at æ,l}. tímes ín mrder tæ

rn*diSy thæir t.snsi*n. They prapæeec:l that the tr mnçi.tudinat

tænsir¡n ån t.he thnrst:mtr umbsr Sasria ci:lr3d hæ rnædiSíed by
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Ët=ntrå.ctit:n Ëi+ thæ abd*ri¡insl nrusrlee, epæci{icalty int.ernal

ublique and træ'n=versuc abdc:n¡inis" These rnusclÉs år-E

att.*ched tt: thæ Ittera3. margi.ns c:S thr* thoracslu¡nba.r $.ascis.

snd their contractiæn during trun$r stæxímn would cåLrEË ån

*,nter*-lateral f $rce tt: he appSied tr the #ascia,n preventing

it {rærn narrq:uing sr¡d there{sre, imcrea=ing lcrngitr-rdinal

tænsi.nn in thæ s.trurturæ, Tfie c*rræct angLe m{ purt fnr the

ahdt:niinsl rnuscS.es í*, dependent upt:fi the sh*pe c:f the

ahdnmi.na} csvi.ty rehich is meintsinæd hy the rAF çener-e,ted by

the cæntractíæn c¡s thæ æ¡*terr¡al c:blíquæ muscle. Therefnre,

t.he shdæmánatr ilïuËËLeæ, æ.cå.íng indiræctly through the

thæracnrurmbsr {aæcia, qen*ræte an e.*rtensc¡r ¡¡¡mment tn

ceruntærbslance thæ ne,t SLext:r sncrrnenÈ.

Ëcrgdt-cE"; ænd Fl*,cIntrsh i1çEl4l prcpnsed S¡-rrther ref ínementç

Èt¡ thæ theury bsçæd utÌ their mbsærv.atåonç mS t,he str*ustgre æf

the ëhære,cmlurnnbar {ascís,. They næt*d thst the pnstærínr

Layer t:s thæ #a*ci.* ås æpli.t intæ tmcr tas¡rinãe' supersicial

and deep" The sibræs m{ t,hæ supe,rfirial" tramån& åF-È di=pesed

in a c*,ude:-rnedåal directi.æn whi.3e, the¡ss æs the d*æp La¡irina

riln in s cauds*l,aters3. dåræetian, çf.víng the per*tsrj.ur layer
å. ï.etti.cs*u*crrF.: å.Fp*erË.mcæ, The eupersiciar *nd deep ranrin¡,e

#c-içæ s*ith t,hs rniddt* layær cS thæ thmra,cülltmbar $ssc:[a at the
læt*ra1. ht:rder r:s erectt:r epinæ,e ttr særrn a raphæ and beth the

i nterrrsl *bl í qr-te æ,hdmrni srs! snd t.he {:rsnsver-sus sbdmrná ni. s have

p.artå,*L attschm*:mt tm this raphæ"
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ïhe sltper$icial lsrnina prævi.de,g the l.atissirnus dtrnsi

¡nu.scI** n¡i.th sttarh¡mænt tæ the, lurnbsr spinrlrs F¡-gcEEçss,

Eecausæ mS thæ *ri.entatisn c¡f the f ibres sS thæ l*.ininau

cc¡ntracti æn t:$ L eti gsi n'rurs dnrsí s,¡í t t resul t i n uparard snd

l"atærsl {t:rcæs beånq exerted e¡n the l"unrhar spincrus prctcÊËrËË.

In additían, the super$icisl lamins art,ç åË å retånaculunr {¡3r

the læe+ær ha.ck enus.cles. Thæ dææp l.amims a.l.ç.s acts a.E ã

ret.inaculum f ær the trc¡*¡sr back r*u=cles, *nd ín additíçn

anchmrç the spiF¡ElLåË prÐtrÊEsÉs nf La amd Ls ta the ålis.

Br:gdu.l-: snd FÊscIntüsh {1.çEl4} aErææd r+àth earlier
propnsal.s thet cc:nt,ractiæn c¡4 hack musc}eç resul.ts in

exps.ns5.*n *S the mus.cle ms.ss sqhårh ås rs=.isted by the
pnsteríc:r læyer c¡S the thmr*,cnLur¡b*r Sascía., cæusíng ãn

incresçe i¡-r l^c¡mgitudi.riaS. tg.nsicrn" þlc¡e{ever- u they p*=tulated

thst tN¡æ, c¡-iæntat.ie:n sf {ihres in s:_rper{icía} and de*p

L+minse s.Ï.su rsr¡tribr¡tss t.c¡ the genæratiun s:{ 1ængitudin*.1

tençisn" The,ge síhreç ssrnr s seríes ¿rs rværlappíng trianglæs

t*¡ith epi.ces æ.t thæ r*phæ snd b*.sæs epænninç t¡qt: verte,hraL

l ei¡etr s i n mi dtr i ne. Lsteral tænsi sn appl i. ed st the raphe ¿*í l I

be apr'*ead üv*r thrs sræ.a ti{ a tri*ng!.e ænd e{il} gænerate

re*cåprmcal upward snd dm**nn¡ard Smrcss at thæ basrl crrnærs of

t.he tri.ariElæ" Thess ft:rc*s *.+ilt ter'¡d t* prevent =æparatiæn
sS thæ T¡-¿mbar =pinæus pr-Ílr*ËËes. Ë*ca,uçæ u{ the attach¡r¡ent

nf i.ntærna3 *!¡T.iqu* *nd transverçus abdæmi.nås t,æ thæ rapheu



ËüfttråËtiün e¡+ thæse rnu=cles

and thærefnræ s+il1 çenera,tæ

ft rån bæ ssen thaà the

Ís Sa.r r¡¡Érs cnrnplæ:+ than t,he

baLsnre cr-$ rrt**rænts a.bnut the

åt. -

wiLl genærate lateratr tençion

ån *xtensor rnt:ment-

current themry

initiel concept

i nterverte,brsL

Er{ trun[¿ f unct i c¡n

c:f a =imple
disc. It takes

i.r¡tr¡ scct:unt th* experírnente{l Síndings abnut bas[: snd

sbdt=r¡ri.nal c'ruscLæ act,ivity.u intra*di.sca'l FrÉEEuræs

int,ra-ahdnnrinel preesure æ.nd lig*rnent strengtÞr, hnurever

{urther ref ånes*entE r+¡ilL dnubtless he n¡ade ås rüúr-É data are

generæ,tæd"

6&TT

Lc¡ce:n¡t:tic:n is dæsínæd ss the act c¡f rnrvement, srr:rn nne

geæEraphàusl l.sc,stiæn tæ antrther* { Inman *t .æ3.. u tçEt } , The

nmrrnal edult cc¡r¡imr"¡nry enqãgËã in bípedal. lt:crnnctir:n in the

{ srs¿r c¡{ e*al h í ng úr runm i. ng * Þtal. l': i. ng i. tseL s i s thæ prnreç.e hy

E+hi.ch t.hæ enect. hody ¡nnvËs ssrp¡ard by cæntínuslLy {*ltinç

€r¿:m one ].imh tm a¡-¡r¡ther ænd h.as hsen dæscr*åbæ,d Ãs & series

e:f prevented catæst,ræpl-ræs {ffisncl-rt: tus AmiS*rEr ISTE}¡

Sæderberç o f.çE&! .

Matr.king ûr gait is a ræpet.itive Fr-clceËs i.nvclvinq

Ëyctri.csl dË.eptrænen'¡ent æs th* bmdy segm*nts *.nd decpanding 8.

rc:*mrdínstæd re=pmnse cr{ trlrnl".: .and tririrb muscl.es tr:
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di.splæc*¡r¡ent n{ ths cæntre nS gravity af the bcdy frcrm the

L i ne c:f pri:gr-esai nn.

The centre er$ gravity erS the bmdy is lerc*tæd r.{íthin the

pel vi s { Inman et s,l , , lçE}t } . $ur*i. ng u*al king the bndy rilæveË

ín sll thrsæ planes, there$ære thæ'centre nS gravity will be

dispSsced verticaS.ly* htir-irt:ntal1y and in the pLane t:S

pr*grËsËíryn. The body is seen tæ oscíltret.e up and dc¿.¡n and

tc¡ unrlulætæ fre*cn s.ide tn s.i.de æ.s i.t rnüveË through ËFã.tre"

These dieplscenrsnts require the expenditurre nf energy and

t,here#ureu bec*usæ ËnËrgy cænËÉr\'åtisn is a' carnptlnent t:f

gait, the p*attern ci$ jc¡int rnatiæn and musrle activity Ëeen

during wal!";inE ís deçigned te: minimi¡æ thæ maçnitude s{ the

díap3æcenrænt æ{ the centnæ s:{ Er*vity {Saurnders et aL. o 19535

lolscüslnaiLL & Ësçmajian, i.ry771 "

5a¡:nders et al " { 1+53} i dentí S i. ed si x f scte¡rç thet

cær¡tribuÈæ tæ dscrsaxing th* pxcursimn e:f the centre t:S

grxví ty:

L, Fslvic rafstion ^ t.he pælr,ås rætates sbaut ð

verticsl sxíg pa*síng through thæ hip jnint. The ranEe nf

rotatic¡n i= apprnximate1? 4o tn æs,ch u{ right snd lest cides

*'nd the r¡*t e$Sert e:# thís mtrve¡ner¡t i= ta decræasæ ttre

magnítlrdæ e:f thæ værticaÏ dísplaue¡nent t:S the ræntrs p{

çra'rá tg"



ËtJ -

=" Felvic ti1t - the pelvis tiltç dnnnward

å,FprE:{im+.teLy 5o to the síde f]{ thæ ungupprrted Linrb as the

b*dy Íi¡ì:rve= {f,ver the et-rpportinç lirnb" The net e{{æct is a.lscl

ttr decresse thæ rragnitltdæ t:{ the vertårat displacement caf ther

cerltræ e:f gr-+vity-

3, Hn*e f læ¡¿iæn - the kr¡æe jnint {læxes

åFprn¡{iräate,ly 15o ss the hody is carried snts and uver the

supp*rting liinb" This a.Lsæ decræåEËs the rnagnitucde, û# the
.¡ertirsl díxplæ.cænrent n{ the cær¡tre mS gravity.

4. E{ 5. * trææt s.nd knæe meche.nigfng * me:tinn sS the

$snt g.h¿:ltt t!-¿e æn!';!e result,s án sn al¡riost hæri=nntal fors+ard

di.ep3ærem¡ænt æ{ the hnee æS the suppnrtinç limh. This i.n

turn smc¡i:ths the path nf the hip snd pelvis and decreases the

vesrtåc,ãl diæpla.cernent nS the cæntræ e¡{ gravity"

&" Latsr*,L di=pS.acernent nS thæ pel.vie - by

shiStinç the pæ3vis hsriaænte.tr lyu the centræ e¡{ gravity i.s

disp}sced latæra!.1y mver tl're æuppnrting L írnb during rrral kíng.

$1 trateræ.I shå#t n{ ænly fæur tu $i.væ cni ås requíred bera.u=e

fhe fsrnr-rr ar¡d tíhía aræ anglæd in scrsh å røåy thg.t the fernur

is posititl¡'¡æd iri r-etrative adducti.trn" This anglrtratisn slLnl*s

the feæt te¡ hs rnaint*,ined c!"t¡se tc¡ the line r{ prt:gressicrn ef

the cæntre rls gr*vi.ty and reduces the distanee that. the
centre c:s grawity must bæ shísted ín *r-der tu pmsåticln ít

Ë-Ë/Br the auppg]rti ng I i rf¡b.



å&

ïhæ næ*d St=r ænergy tr&n=ervåtàmn .s.Lsn dæter¡nines the

speed at u*hich malking ÕcËLrr-s. Fsbhe,rt (1çåül def íned the

*ptisnufir ssslhinç =peed as that at r+hieh ths æ¡rergy elrpended

per mieter- íç míni¡nal" It has bssn {r¡und th'at thsre í= a

curviSineer i.ncræase i.n Energy eupemditure as speæd increa=eç

{ïninarr et aL " u lçEf.} " Tl-re mptinial *peed Snr level metr Þ.:ing

us.riea h*tc"¡eæn imdividueLsu but hss bææn cslcr-rLated tn range

Src¡*r åpprol:åmatæly 55 to Elt meter= per mínute {m/¡äin} fer-

bæth ffiËn snd *rlslrller"l tta.atee Èr l.leadæî 1ç&1; $ean, 13å5; Flilner

æt al ., 3.ç?i.g Fåtch et *1 ", L?74Ì"

ls T F.!Ë¡+'lf\T T r¡Ë3 f-1F Í=-fq T -¡'¡a¿¡{L! ¡n ¡ ¿Èú u¡ uñ¿ ¡

TËf-lFüËftl- ËVËÍ\tT5

lolurr*,y et al" i1ç&4! dæ{íned the a"¿alkinç nr Eait cycle åË

the inter"¡.aï. hets$æerx çucceçsive graund cerntacts c¡f the sasne

frrc:t" They dividæd the gaít cycle intn t,¿+rer ¡ns_irr ph*sæs:

Stanre snd *cuinç" Stænce ie thst pærind in s{hich the Strut í=

ín ci:r¡tsrt c+ith thæ grm*nd, and Sering íç thxt periad in ¿+hich

thæ Sc¡mt is n#f thæ grcrt.tnd and i= mnvinç {sruså.rd. Buring

t+*l.kång t.he sr-rppi:rtíng Sc¡st rernaínç in cr:ntact wíth the

gr*und ur¡til thæ xd'r.aneing Strnt makæs græulnd rr¡nta.ct and the

pæríi:d ír¡ u¡hirh bmtFi {eeet are in contsct ruith thæ gr*r-tnd i.s



t,Èål3æd the Ðt:uble Support

sn¿e tHü pei-íads af sing}e

3. i. nrb , and Èw* peri i:ds. û*

Each er$ the Stence

&7-

pha=æ" Furing the gait cycle theræ

Linib suppnrt, ene {or each lnr"rer

dc¡uhtr æ lirnb supparrt.

and Ëwi.ng phases can be considered tc:

events {Rançhæ lns ArníËEËs IFZÉ},be cornp*=æd

Ins events

mS dåf#erent

sccurri,ng dr-rring Êt.ance årFã

I ïni.tiaL [mntact - ThåË ¡.Ëp¡-esents the Ennn¡ent that the

Sc:c:t ¡irskes ce:ntsct s-ríth thæ çrcund" Ir¡ nrrmal

e.ræa sS cnnta.ct ís È.hæ h*et-åndi.viduals, thæ {irst

Ë" !-r:sding Ëespnn*ë - The Snt¡t iç Iæ¡ruened tu nrake f uI1

hegin= tocænts,rt s,¡ith the gr*und

sdr¡ance i:nto the *ncrt-

3" Flid ËtanËe - t{íth the

b*dy ås perxi.tic¡ned Ëlvær

4" Terrnínal Stance - The

a,nd the bædy +aeight

Scic¡t {lat t:n the groundo the

t hæ suppnrt i lrg I i r*b .

body hss ¡itoved ah*sd of the
suppærting Li.mh amd næu¡ SæLLs ttrn¡ards the sc¡ntralsteral
I i -Lr l. tt¡Lt .,

5" Pre Swing - Thæ tinrh ís prepared Sc:r sl..ring by the

ehåSting t:{ thæ bcdy aue,ight t¡nts å.Fre cnntr.ala.teræI lirib.
The svsrrts. durínq 5arång .å¡*ss

1" lnítial Ëari.ng - The tråmb ís Lifted {rum the gror-rnd

anil bægims te¡ advsncæ"

ã" l.¡id $a+ing - The limb ís nrnvæd {c¡rs{å,rd r¿¡i.th the tibia
perpændi.enlar tcl the a¡rsund"



åEt-

3. Term¡ina1 Swinç * The limb' a.dv.ar¡ses ttr itç furt.hest

anterit:r excurçinn.

It tãn be esen that ip*il"*teral ¡-lád Stsnræ and ce:ntralatæral

Initi*tr o Flid and TerrninaS S*eing rf,trcur during the Sirst single

suppmrt perindç whí1æ ipsi.latersl Inítíal , I'lid and Termínal

Sl+ång and cr¡*trslsteral Hid 5t.anËË rËËLu- during the sæctrnd

eingle support pæriæd, Ipsilsterel. Initíel Eantact and

[-*adi.ng Respernae Éccur duri.ng the f året doubLe suppnrt

p*ri.ud, pshiLæ Íp=íLstera} Tsrmín*I Stance and Fre Swing {rccr.u-

duri.nç the çæcnnd dnuble suppørt peri.æd"

Acr*rdíng ta Ininan et *l" (LçElf l, Eitsnræ phase begins

rsith Fleel. tmntact a.nd ends e{i.th Tcie üS{; Swinç phase begins

E+ith Tæe üf { and ende with Heel Ee¡ntsct. F{er*¿æver, the Si.rçt

and last e,reas t:S conts,ct, a.ræ' ne¡t nËÊæËså,rily thæ hæel t:r the

tt:e, thæ,re$t:re thes rnüre íncluçive terms m{ Initi*1 Csntact

and HErd mf tte,ight Ëe,ari.nç *ne pre{e,ra.hl.e {Ëluænburyn Ì.çE}5} "

ï{ the gai.t cycle c¡* æne Lirnb iç t,akæn ter he lrlrl?l"¡ the

Stence, Swing ærid Bt:uble Suppnrt pha*ee c*S be¡th lirnbs can be

expreaeæd å,Ë pærrænt*gæs æf thiç tnta3. g*it cycle" It hss

hææn Smu¡td thqtr *fi åvËråç¡pu Stance ccrnstitute* å*?{' and Svuing

canst,itut,es 4*?å mS ttre tmtal gaít cycLe ín f reerøpeed rllaLt;ing

f I'lurray et al, o 1çå4? 1,ç&&n L?åFg Bubo æt aI. o 1F7&;

t*ppæeu r u 3ÇË136 Thurston Sr 8-{arri æ, l,ÇË}3ç l{í rtl ey et al . u

1ç85!. ün åvÊråËæo the ta¡m Þo¡-tble Sutppert phæ,=es constitute



l+?å eac|i t:+- the tætaL gait cycle {l*lurray æÈ *1. * LËå4, l9å&t

Thurste:n Êr Harr-ís, LFÉsç fs-irttræy et ã1 u i.+Ël5l . l*lnrra.y et *l "

tf.ç&41 Sæu.nd nur si"gni{icant dåfSærænce bet,c*een the duratit:n

ns Ëtancæ .*nd Sr'*i.ng phae*s ms right and left Lnwer- línibs

uithi.n s.nd bæt**esn trísÎ"s sær thæ çasne subjæct" Theref t:ræo

iS the riEht gait cSrcls is crinçidsred reFrËEËnte¡itíve o{ å

tæfatr g;*i.t cyctræ, thæn lni.Èiei" tnnt..ast nS the left. Ssnt

mccrtrs st Ã,Fpr{f,}{åmate}.y 5{r"/. and End ¿:S $eiçht Fe*.ring E}EcLrrs

st epprü.\å*r*tetry 1*?* n{ thæ tc:ta}. ga.åt cycle {Thurçtmn Ër

Harris, tçff31 "

Bæsídæe. r*nside*ríng the phasec nS gait ss pËrcent,*çes oS

*. tætæ.I g*åt eyctr*, tF¡s ti.me intærva3 e:E- duratiun nS each

phæ*g' cern bæ r*s.a,slrrecf {Murrray et *1 . , 1çåå}. lnveçtiçxtcrs

!-¡sire fc=ur¡d t.hst the ¿Jurstiæn s:$ the ç.aåt cyctræ iri $ree-speed

revsl a"r*lking rengæd srn*r l."tiË tt: L"l.& sæcrnds {Flurray et

sl" u 1?å48 3.S&&* LÇ&Fg &{atærs *c lt*rr!so tF?r}g [appc:=zei, tÇ#S;

Thcrrstensãif,rr et æI " n 1çË4¡ . f t hss b*en Sound thet the

duratie:n æ$ the Ëts¡rce pha.se decre.ased as *¡a.l.kinç =peæd

increasæd {l*lurray æt al . , åçå4* tÇåå¡ þiirtLey æt a}.. , IFBS;

Fqlilsç*n æt åI" * 1.çË5¡" F{t¡wever, thæ duratign æf the S*ring

phase tended t,er rsn'¡.*'ín cær¡st*'nt regarrJless c:f che,nges ín

u+atrki.nE epeæd a.nd thæræ*mre arce¡unted #nr a græa.ter

percentaEe mS thæ tt:tal gaít cyclæ ëå.Ë HaLking apeed incresçe.rJ

{F'iurray et *1", åç&å} " Thæ rærirpanati"ve i¡r¡¡r¡uni.ty *S the Swi.ng



pheËÊ dur*stit:n tæ ch*.r-:ge= ir-l *¡sl[':ing speed is. attrihuted t*

the fact that Ëwång is, eçsentíely å FÉãsivæ prc:res* in which

the sdr.ancing 1i¡¡ib acts Likæ * p**nduLurmr {!'ìårtlæy et aI.,

Thæ nlrinher cS steps (çuccessí ve çraund cænt*cts t:f

alternste {set} t*-ken s¡¡ithir'¡ å $nÊ minute interval Ëån s}st¡

bæ ccrunt,ed ti: give tl-¡æ cadæncæ æ$ a particular gait ttríllis,

1ç5Ë¡ " ln the i.nv*stigatåt:ns n{ Griævæ *nd Ëss,r tLçåå} the,

csdence e¡{ .ædr-tT.ts dur!.nç lsvsÏ. walt;ing wss {ournd to rånge

fræm åL tc¡ L&ff =teps Fsr ciinute, r*hile Thurçt*n and F{s.rris

tÍ.çË3¡ Sæund a r*ænge n{ ËB to 1?å ste,ps pæf- srinurte" üther

i.nvæçtàçatt:r*. F¡ave r*pmrted më.rrærr¡er ranges æ{ I*4 tæ Lt3

xtæpx p*r nrin*tæ f c¡n sdr-rl ts iFri t 1i*, f.F5tsg Ffui-ray et al . ,
l-?&?¡ [¡{aterc. et *!" u f.F?,36 Ê¡Jintero 3BË!3ç Íiirtl.ey et al.,

lFEl5l , *sdænre has hæsr¡ ç!-¡mçqn ts hs recíprcrc*Ily ræLated tæ

tËtæ dlrrsti.e:si n€ tÈræ g*i.t eycle s.nd di.ræ*tly re*i.*ted ta stride

ï.ength æ.nd r+e*tr Élinr¡ speed {E"lurray, 1Få79 f'lnrray æt a3.. u LFå?¡

þJi.ntæru lSË33ç È'iirtLey et Ã!. ¡ l.ç&S1 "

êrcmrding tm ü{íntær æt sl" {tç7å}, t.he n*,turraL radencæ,

mS å.n individt-tsl i.s cSmse tm tß-rst ræquriræd {nr rnåmi¡nusn Ëmergy

eupencfd.turæ *rnd therer$nrË repräËæntç tt¡* nrr¡st esticíænt ri"¡€ånË

e:S ï.c¡cæ¡*nticrnr" $ææn {1+e5} für-lnd thet csdænce ¡n¡as in{Ì.uer¡ced

[ry fm*t*'læar end grmund çur$srs, but nut nërËËË,ÃriLy by leg

L*rig{:h. i-{**+c*v*r* u the n*ç.r-r.ltç. *S ÍSurrray et aL " { åçåå}



åndj.c*+te,d thst 1pç

slrb:íects rgu!d ncrt.

?t

Længth rnåy in{1uÊnce csdencæ as talI"

n*rmsl L'¡ attai n åE

Thurstæn and F{s.rris

rapid s caderiræ åË

t1çæ3¡ fuund thetEFrært =ubject=.
csdence decræas.sd tuith advancirig åge"

ÞI¡.ÊËFtSïnfqg

The Linear di.st.ance bets"ræen surræssí\¡s grúLrnd cmntacts

æ{ tÍræ s**ie {æ*t and s}terr¡ate, f*æt f,ãri he nie*.sur*d tc: give

stride Sength and step længthE rÊËpËctívely tFlur-r*y et aI-,

3çå4¡ " lÂlhilæ thæ åver-åEË stride 1æägth æ{ eri*n during Levæ,l

wetrki.nE ¿"¡*s {nund tl: be L5å.5 crn {Ë"lurray æt al. u Lçå4},

x.tråde length ßrs-s a.ls¿: fueen expræ*eed ë,s .aFFrü:";ir¡iately EFiå æ{

thæ te:tat bedy hæight et * freely rhm*en speed c{ wal!*íng

{i$urræyo å?å7ç E4urr*.}r et al. o 1S&ç}. Fæca¡-¡se g'tride tæriqth

is rælsted tm heiËht, ít sæLlE¡¡ss thst it t"Jilt bg, qræate=t in

tsãï. subjeats æ.nd læast àn shnrt ssihjscts" Ftne+*væru s. recænt

=tr-rdy by l'ìártl.æy æt aL" {1çË}5} sht:wæd that tl'rere s*ås nü

*.ígmi.sicant. c*rrælaticrn bets*eæn stri.de, tr æmgth *,nd heiçht"

Ën inrrsase ín the speæd $s øalkíng c.;ån he *chieved nr:t

*nly hy incræaeinE caderice, but a3.so by imcr*asinE step

J.*ngth {Í"lurray et aå. o lÇ&&g 5re¡ådt¡ tç?Lç Nitesür¡ et at . ,

1ç*5¡. F{urray ttçå?} Sæund thet çtri.de I,ænçtÍr rJecreased wi.th

advanring åËËç ræsurtång i.n a. dscræaçe ir¡ vaa}$.;inç ep*ed.

Fs"årtxæ1 æt *L. tL+Ë5¡ smc-.rnd a nrc¡dæra,te emnre!"sti.mn bstrqsen



stråder lençth aftd êgÉ" It has s.Lsæ been Suund that rftÊn r1/sË-

*ge å5 åncrsaçed the tqidth r$ theár stri.de by lsteraL

rcitæ-tir¡n cir æut*Ènei.nç uS the le:wer limb, pcrssibly to

increaçe the bæse t:f er-rppmrt {loft-rrray et al , u 1çå4} "

FTËtrLAËË¡{ËF¡T üF UFFËË BÜT}Y SEËI-IEþ¡TS

Iiisplscement, is the change in positíæn c:$ a bady and cs.n

bæ ei ther 1 å near $r *ngutr ar " In f. i near di spl" acæ*rent every

pmínt nithi.n a bædy segrnent is dísplaced a1nng paratrlel lines

whi.:.e i.n engular dåi.splacernænt the body segment rc:tate= ahnut

år¡ axís snd theræfe:re travæls ín &ñ år-c. Linæar displacement

i E ni¡æss-ured i. r'r rni I L í ir¡et ers crr cænÈ i. meter= , angul ar

dísplace¡n*nt iç er¡sasured ín degreex. mr radis,ns tÍr.eL1ey, tÇ?l¡

LeVæ*,t"ro 197?p Ëæwitske & f-f¿1ner" 1SËlt}¡ RædEæra Er t*vanaghu

[-t¡e+r Fi çpl eçenrent

ili=plscenrænt Ëåñ clrct-rr ín værtical u lstsr*I snd amterr:-

ptlstænà *r di ræcti" crnË.

Uertíc*.1 Ëiræcticln

Uxi.nç pl-rmtæEraphric tæchniq$Eso Saundæns et atr, tlç8. !

mhe.e.rved that thæ centre æ{ gravity *ca* displaced LÈp *rid *lt:¿*n

durírrE the gait. cyclæ" Ër-rbsæqr,rænt investiEatcr*. quantisíed

thæ disp3.*cæreent *{ tt¡æ headu t.nt-tml-; *.r¡d pæIvåç and $nr¡nd that



4EqA punf] j- i&3åT ) ' TF +ê .r{.Êr-r¡-th! ' {trffiåf * . Te 4æ umssil#?ËrnL¡l

*f6¿t åsç;-re¡-¡ rg úJr-r+srtìr-¡1 áTgg¡ *'Te +æ ffis$ru1 Ëf¿*T * "Tç +i3

Ëræ?EFI Éççgt *þ?&T n "Tç 4æ .4e-l;ng,¡1 rr{iTãçs*d TFJ+*Iã3 êr{f,ur F uî

FFæq är.i+ Ëug=æ1d É4;nddlrg æTqnEfr ñug-.rnp unl*ææ_,lFm_,ld *û €rrrT

Ëq+ spreÊ'rÐ+ qreq træ+*TL¡ã qLtn_,!B Br{+ õTTrltçt å:u€+E ñur_.ll-lp EWTT

ñu¡4-.lnddns ëLl+ rær1n Å11e_.1æ4eI pæ++çL¡s i{prq _,ra*Jdir æq¿ "æg=,{=

qreñ au¡4 *Ë3 i:,8¿ trrrË ?.ÊE +e 4_,rnddng æ¡Fugg ñulr;np Fð*.rrT-T=={j

æFT5 tlsFð n+ u{f rsJxl:}Hæ tr¡¡'rr,.rT}iBur Ð{-l+ F[Ja ËJE+ën!T+[Jæf, æÅl*

.4'1a;æurrxm-¡dde ãFÞx Ëìuæurñæs Ápmq -,1æddn æq4 fß ?{rðnË:¡ETdsTtr

TF J;ã-ì r*-*+ËT TE+il+ uËËu, tsq+ +Fr{+ Fu¡-ln+ s-;r:4eñr?sðÂu¡

uB ï+:l*J Tü TFrF+F-l

" {ÈÊåT 
n 'Te A€ uËEEq.ræ+ã*lnr{I ttæ*t

6sr;-*ep g ilrr+Ërrlr,ll f lg¿l 
o - lp +ã uFunJI ålg¿l Ãoarrdde¡ Ét¿*l

u'Te +ê sra+em áe¿¿l *=r*r-ro¿4 ?* FrÐ?pffi È¿ç*¡ *ç?&T *bç&T n "Te

tre Ár-,1-.ln¡*¡¡ añe q+Tid pæsEæJãËp uETEJ¡-rfliê TFsT+Jêrx TF+Ð+ ãt-{? ji[3

äpn+rldrue ar¡1 JãÂæMrlrl ¿æñe *rn lqhræq j-m +uæpuædæpulr *-leïTuJT5

ËtJêfbr urT+FTrr3ËF IFsr+Jðd1 J.{3 srJJF++ed æe_¡4 +FLl+ Fur-xr_1j- rt€TF

Áaqt " FreÈtil3pq .4,1anh T Tqn rãr4+ü ët{+ FLIE Freeqrü*" "41ænh T Tq{3

FauÊ:lzsnd sen quTT aurr ilËqrbl æ1:,Å: ¿¡*ñ æq4 SËt:¿ËË truF ?åË +B

4-toddng aTqnfifr ñu1-,lnp Fã-.IJì'I3:!Ð +r:är¡.rëseTdETF prei€uÈrüF r$rlulTHÞgJ

ð!-NL "r¡r¡¡TT ñu¡4;nddnË æ1ßnrrs aqp JËår3 FËJ+uE3 ËFrrr :tHnl+

äq+ uãr"¡ñit ætr=.,{= 41r& aql *{3 ï.{iË} FrrE }åÈJË ?Ð Ë:uw.e5 pTt.l ñu1-,rmp

FðJltìf,lñ +rlãurË:FTdstp p;emdn ürniff rlre$ ãLltr -sJæ?æ{üT+rJætf lt-tr3+

.Å¡a:geuri:n-¡dde sem Ë+rJëuJñas T TË $-r3 u{3TsJ¡-l:3HË TË;:T?-*ðt'\ ueëru Ër-¡+



the ttrtsl anrmunt c:S L+teraJ. displ.acernsnt u+*e çr-ea,ter {*r

Strç,nd a hàçh degree n{

sqithin çub_iærts {çn the pattern

*l clsr rnËn.

""-.-: -Li t iÀ--

c¡S L steral

l- n¡o¡ær¡æe Fræ

tæppær=c: t1?ELl

beth Êretr.¡s*n snrd

dí*-pLs.cærns=nt Ë+ thæ hesd snd sh*r¡l.der girdleo

æhçerved å. ílrúF-s reçutrer pattern æS pelvic rnat.ien

puithin snbjects.

&nteræ*Eræstær i c¡r üi rærti trn

ålthmr-rgh the budy ås ð s{hs3.e iç cerried {srs.¡ard threr-rgh

Ëps.ËË duri.ng clne Eait. cycle, the r-rpper bmdy seçments are ncrt

dispLsced f q:ra*¡srd at s unifs¡r¡r¡ rate, but rather escåtlste

scrr¿*e.rd arid backs*ard durinE the gait cycle. Hat*rs et, al*

t lçT3l re}rnlated the rnagnit¡-rde ns this msci" L lati,nn tæ be

åpFrüHi.m*.tetry "5 c¡ir a.t thæ,hæadu å"8 cm at thæ Trc, level æ.nd

3.å rm st the 5a lævel. tappærrci tlçEl! c¿:nf ir.-nred t.hat the

peLvic eeErnent had å Largær dixpl.acer¡lent than did the

t,hi:resíc sr¡d hesd segmentso and #æund thiç tæ he true a,t all

xpæ*de m$ prnç¡**Ë*ic¡n" rt h*.ç. been str¡*nd tËrat tl-¡s h¿:dv'

seE*rents reærh thæ,ír ma:rinu¿rn Smrp¡ard pmstinn j.n the

eiçriLÏ"ætie:Er æar3.y in stance phase at, åpprciÞ;i.rnatæLy lsiå g.nd

&5?t m$ thæ g*ít cyctr æ ¿.,rhiLe tF¡æ map;irnr-rrn backr*and pa*ítíon is
rserl-¡æd Sate ån ËÈer¡cs ph*.sæ at s,pFrüHimatæLy 4E?r. *nd s5îå cif

the gæit. cyrle {lnr¡isrr æt el . * tçgf.¡ ThmretËfigË{f,n et *1 " ,

ÇeL*råty *md st:csler*ti.mn dr_rrinç antero*pt:sterå¿:r



f -J-

disp].acer*ent h*.1,e .aLst¡ heer¡ csLr¡-r}atæd. rnr¡s.n st at. {lçgl}
ræpnrt.ed thst the trunk excc*eded its sverage veli:cíty flver

the p*riæd t¡s thæ gæi.t cy*Le durång the Þc:u¡.bte Supp*rt pha=e=

r¡Frils åt. mmved st læse'than it,ç s,v*re.qe velærity dr-rríng the
ren'¡aindsr æs th* gait cycle'. l{urrray et sL . t r.çår$? Lç&&}

se¡:r¡d thst the acceler*tåcn E:f the upper bædy sægrnente w*=

håghest ir¡ Sæu.ble Ër.rpp*rt phaxe just a{ter Inåtj.al" tmntact at
p¡hirl¡ tinie the trurik æ¡ss descending te s Lc:sç¡sre rncr€ æ,nteriær

pnsi ti. ün. Li keu+i s* n scræl eræ.ti un 14ê.Ë T. üu*eçt earl y j. n Ste.nce

puhen the trunk u*ae mnvinË tm ítç. higheet and nie¡*t Lateral
pr=*itåsn. TFiesee {åndi.r¡Ës k{FrÉ *uppmrted by tn}ater-s *t al.
{1?7. } p¡hci rE:ncludæd that. *crælærat,j.*n æs thæ nppær hgdy

*eErnente ¿*e,s relsted ts tl-¡æ putxlr n{s thst *ccutrs et the end

nS r*eíght h*aririgu thæ decs}era,ti¿:n c:S the Sa+ilrç 1imb snd the
dt:+"*ns*srd rnætit:n uf thæ !-'t,A.T" They rærated ræl.ati'¡e

dec*Leratínn c:f the npper bædy segnrents ti: åhe bs,c$ru¡ard

thruet thst ûËtLtrÉ in late Stanceu thæ $c¡rwa.rd acc*Lerg¡ti6n

æS tFræ Swing Lí¡r¡b snd the *pa+ard intrtie:n tr$ the, H.A.T.

tappærem æt. s.L" {1ry7Ë} sæund thet the t*¡* pt:inte m{ pea.k

scceJ.ærat.inn cis the pælr'íç ücËnrrsd j¡-rst be{nrs rnit j"el

tnntact ¿*hitræ tlræ trøm pmånt,s a:4 pËå$:: d*celer.stj"*ri srcurræd

-íuet s$ter Hnd *:S {"Ieiçht Fæae*img"
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ti,Êåft È.cltal ex cu-rsà c:n m{ 3* dr-trí ng I evel a.**1 Þ; i ng " lo!*¡: i rnlrrn

a.ntericir inrlinst,inn nf the pelviç *crurred "iust he{i:re

Initial. Cnntsct æç the trunk incl"ined {nrs*ard ters+srd the next

aræa m# Eræumd csntact. F'le¡:írnur¡n p*e.terinr incl inatisn r"Jå,Ë

Snltnd t.c= scc¡-tr early ir¡ F¡id Stsnce as the trunk rnæved íntt: an

erect pæË.i.tis:n üvËr- the suppærting f. i.mb"

.3o s*ch t:S ar¡tærimrfr¡r-rnd år¡ åvpråqæ

inrtri.nafinn {an å tçte.tr æ{ &-. Thurçtt:n

smæ,asr¡red pelvi.c r¡i*ti-t:n relative tti the grmund ænd St:ltnd that

ma:qirnutrn anterác¡r ínclinetánn sccurred at ¡tc]î{ snd Ë}3"/" tr$ thæ

çait cyclæ tipailstersl Ër*i.ngu cæntra.later.al Stenre), auhile

pmstæriær irrelinatå*n r:ccurræd s,t tåï. and å"y" {ípsilateral

,Ët*.nræ, cclnti*,*l¿ateraS 5u*ånEi - They ct:ncludetl that the

åne'rtía c:f the screlerstimn and d*celeratit:n c:f ths *-r^¡i.nçinç

r ir¡lb æ:rertæd a riÊ*jmr in{lLr*ncÊ ûn s*çittat pelvåc ¡næticrn-

&t thæ hi.pr *q relative spatíal ræSærenrË rfi€&slÌrænrænt

ayatænr h*.ç. mæst cçrn¡Er¡ænl.y bææn u.sæd, thæ ançl* mes.sured heing

tf¡at b¡ætudeæn tÊ"i* pælvåc sæçrnænt *nd thæ thigh *egrnent.

i'txrray et. ¿*tr. {r.ç&4} * u*i.nE * phwtuçraphic t*chnieuæ¡ {*ur¡d

¡¡æ3.ues t:$ 3** SLæ:+iæn snd LL1* st g*nsie:r¡ at thæ hip dr-rrinç

levesL v*al[:årrq" They æhssrv*d thet enar:imuni hi.p $Lexi.mr¡

r:crurrred et TnátàeL tnnt*ct snd that the híp extænded as ths

t,rutnk mn'¡Ëd {rvËr the s.upp*rtinE Limb" Thr*y nt:tesl that the

tær¡ninsticin sf ipsílatsrat h,ip er:tens.ion at åppr$Hi¡nately HÕi{

uf thæ g.*it cycT.æ cerinrådæd vsíth re:ntra3.atæral Tnitie.T

[._tTf

l-arnæreu:c t 1+71]

and pnster-iær petr víc

snd Flsrrís tLFã31



tænts.ct. .T*hrls.tr:n s*d S¡ni dt t 1çå+¡ r-rsed ån æL ectr-ægani sr¡etær

tn rnesslrre hip angle dur-ing w*l!..:ing and rerrrdæd å rnesn sf
3ï* +1er:i.crn snd 15o æ:rtensit:n" They sbserved that extençimn

[:*gan jE-rst priæn tæ lnitial tc]ntact, *r¡d then gradually

ínrreased until thæ end æ$ stanræç #le,xion heçan .:ir-rçt besnre

Ëmd t:s ådeíght. Þear*inE *nd c*ntir¡ued ur¡tíl just prinr tu
Ïr¡i.tiel tæntact" Ir¡r¡is,n st al {LçE}1} stated that finåx-inir-rm hip
fte¡ti*r't t:ccltrrsd at Ë57i crf ti'ræ çe.it cycle s*hitæ htilçsnn et
aL " { 1çEi5} ptracæd thæ ænsæt æs sle;+ít:n dr-iring Ësurble Ëuppcnt

at 5Ëil t* 55?å n{ the gæit cycle" Etnth s*ridt {LFT!.} and

filil=se¡n et al " {å9Ë5} f æund that incressed e.lalkinç "relrcity
3ed tn sn i.ncrease in the r¡et arnp].ituldæ æ{ hip r*stii¡n.

SaqíttaL &xís¡üclrr¡nal Fl*r¡e

Fiæpt*.cernente abæLu.t a **.gittal s.xis in a rmrt:na.l. plane

årË cË3rnfi'äf3nly ræserred to ss abductimn snd adductå¿:n rË-

lstsnsI. $lexie=n,

Thnr-stsn æt sL. {19Ë¡t} r-rsed ån sbsnlute sp*táetr

t-æS*rericæ xystæn'i tn rnsasuræ ;angurl*.r te-unh displæcement in the
c¡:rænal plæne. Thæy ca3sulated s då*plarernænt mS

åpFreni.r¡¡atæl"y 7* sro¡n ¡"nidLínæ tqr sach trs thæ right *nd re{t
si. ¿{æså. Thæ ¡nsx i ¡nr-cr¡} di spt *,cem*nt æccurred duri. mE Ët*ncæ

FF¡s=er åpsí IsteraL Ly *t effprË]Frínrætæly 15'C scld rmntrsLaterally
*t #.ppë-t=Hiriratæ1y ?üi{ æf t[-re çaåt c'EclËF dRË ths trupk $le:ied

Latær'æl1y tæ thæ side ms ther euppnrtånç trímrb" Ëi¿¡ri.l*n



Ë{-t

rsËL¡.lte v*¡ære c¡btainsd hy Thmr*tenssun et æ3.. tlçE:! and

Th:-tr*stt=n snd He,rri g C f ç83] " Thsrstænssnn et sl . { trç84.} St:und

that the trur¡k ti lted tæ the ipsi 3stæraÏ. si.dæ aà rni.ti*l

contsct and resched i.ts rnar:irnlrin latær*l $rel.{íc:n ear3.y in
Sæub! æ Ëupperrt.

Tr¡ni*n æt sL. t3.çË11 ræpnrted thæt the pelví* wæs Isvel
.aÈ lni.tial Ëuntact, dræpped ttr the çide æf the Li.mh

appr-m*rhi.ng End ms hleight Fe'*ring during ú*:r-rhlæ suppnrtu and

thsnu sherrtT"y a{tær Ënd *f t4æi.ght Eeæ.ri.ngo rcrtatsd bark tc
Ï. evel persi t í nn s+hí rh ç¡.ras msi ntei ned urnt í I the next. Tni ti ;tl
te¡r¡t.act" Thurste:n et, al" tLçËt3.1 and rhurst,t:n and !*larris

t tçË3! o usi ng Ãn abs*l arte spat í a!. rs{erence syster*, f rr-rnd

thet å rT¡Ëå.n ni*,¡rinturä pelvir ariçulsr* di.=placer*ent t:s E!Þ

i:ccltrred duri. ng Srrai ng u ccntraL atsratr L y at epprüH í mratetr y lElr,

smd åps.å1.*tsrslly rt åFprFHinrstely å7ii o{ thæ gaåt cycle.

Thæ anrçu].ar dispS*cær*ænt sf thæ hip duri.ng r.eveL walking

EÉ'$ëË rilËåsuræd s+ít.h ån eLectrnqonicmeter hy J*:hnstcin snd Ëmídt

{1ç*ç}" TFiæy {üLsmd a t*¡tat æxcursit:n nf 1ã* ü+ r¡shich ?o waç

.abdE-rcti.nn.ar'¡d 5o co¡æ,s ædductåmn. l*la:cínrurn *hducticrn ¿:çrE-rrrerj

duri.nç Sr*áng *nd mrsximum sdductiæcr erccurrecl at. I'lid Stancc¡"

Ïnrrsn æt æ1" { lçfif } reported simá lsr vslues p¡ith rnsxi¡nurn

abductiæm eiccurri.mg at 7c:T" *nd ¿naximu¡n *,dducticrn æt '-:r]?. c¡f

the E*it cyc3"e.



Vertira,l åxis.nTranËværge Flane

[tíæpl*ræ¡nent *ht:ut s verticar axis in a transvgrËÊ ptranæ

ie rænnr**¡nÏy referred tc: *.s a':+i"al r*tati.æn.

F,lurray æÈ.

fireå.ËLrr-F trunk

grnund. They

sr-tb j*cts but n

eppr{r:{ i nrat.el. y

{nu¡rd * l-riçh dægree

{rrr åvËrågÈ ã snä,H í rnur¡¡

7* *nd c:crrrr*red *.t

a3" ttç&4! i.F&ål u=ed nverhesd photngr*phy tn

rcrtat i on rel at i ve t.c: re{ersncs rsrs.rkings t:n the

nS vsri.g.tiæm betweren

rc¡tståæn trf the t.hfire.x HåE

ïní tí al tcrntsct s+i th tþre

th*ra¡r rot.atinq tm tl-re s.ide æf the advancing sc:æt," Ëimilar
results were mbtainsd hy Ch*prnsn and þïur$!..:*s.*s {L?åç} whi: ng'ed

a, fftechê.nics1 exàærna.3. reseræncæ systert- GreçerËÊn ;rnd Luræ.s

tlFå73 t-tsed t'r*nsducers atte.ched tn 5tæånrnånn pins inçsrtsd
intn çertebræ.}- spi.r'¡t:us glrüËsçEËs te: üriÈå,ELrF-Ë the relative
rnts,ti¡:ri hæts+sen vsrtæhr*.e smd €srrt-{úT¡ durínç !.evæl e*alkinq.

TFlæy snund Èhat rea:ri.¡r¡u¡n rmtstiern e:s å,ppy*il:{imstæ}y åo end ãle

a¡ccurræd sÈ the T1 and Ls levæ3.s, ræepæctåvæty ç.¡íth næ

diepLe.ræEnænt *bssrvæd åt the T:, level. Thæy cænc].uded th*t
T:¡ wåË &fi s,nsa cr{ trsnsiti*m bet,ççssn vær-t,ehral rn'tstímn ån

t$re dir"æcti"æn æ* tFræ slrt:ertrdær girdlæ ËuFgri*rry ånd im the

dír*rtimn e:s the pe3.vir gårdle ån$srimrly. L¡-rrnsdæn snd

Fìerrr*iç (1çåæl uç,çed a s.å¡¡iitr *,r* te*l-¡nåquæ t,m e¡iæssuræ ths
re}st.ir¡s rstatimn st. tf-tæ T.¡-trnbr:sacra.L -je:int snd {c:und *t, {î¡eåri

dispLecement æ{ 1" 5* s.dl'iich i.ncræa.sed *+ç war. Ê';inç sp*æd

i.ncrs.ssæd" T!-iurstær¡ *t s.L " { åçtt } aIs$ {Tiëgå.sured ræt,atà*n æ{

ths tr¡-snk r"slati.væ t,m thæ petvis and scrt.rnd å !'ÉråHrmurn



displå.[eÈftFmt ir¡ thæ ].urirb,ar spÍme n$ Elo s*hic!-r c:ccurred at

rr¡i.ti*1 cc¡ntact, rË=urtínç in rætatiæä t:s the u.pper- trunk

ts¡r+ards the sídæ nS the advsncíng Li*nh"

ftrotstíær¡ mS thæ pe,lvis s+ith respect tn s.n *xterns.l

rsserencË ¿{åË riræ*sursd hy 84r-rrræy et a}.. {lçåq? lç&å} uçhc:

serund a gr*e;+.t dæa3. ms varåati.e:n bets+*en *uhjects" They

caÏrq-rlstæd å rrÌåHi¡num excnrsiæn *s ãpFrcrxinratetr y f {¡o whi.ch

ücc$rræd s.t Tniti.aL tmnt,acto resu}ting is'¡ r*tetiøn s{ the
p*Lvis årq¡åy Srrn ths side e¡$ the sdr¡amring lí¿rib" th.*pin*n and

Ftu"rü[':s.{.så. t 1ryå+ i enæs*Lered æ si nii ]. s.r s,*'rour'¡t t:{ re:t;tt i un *nd

sLsæ nc¡t.ed thaå t.he pclirit oS reversa3. cr$ rntatimr¡ scc¡rrrË.d at
Ënd nf l.{æigF,t Feari^nç. Thesæ tindislgs Ê$Fre er-rppr:rtæd by thæ

elstæ os 5¡-tth*rl*md snd E-iaËy tlç?=} , Thurstmn æt aL. tl.?Bi)

and T$"¡ui-st,c¡n amd F.tarrås t1ryE!3¡ -

ïlri:rscíc a.nd pelçic r*æts.tic¡n srs *t¡o c:i-rt ms ph*.sæo i..e.
s.t rriáti.el tmntsct the the¡rax ås m¡e,qimsÏ.Ï.y rætat*d tc: the
ípsá 3.*,t*ratr sidæ E*hi Le thæ pelvia ís *naxå.mel !.y rntated tu the

cænts-aLsters3 çåds, l*lurray et sl . {iç&4} præpm:*æd t[-¡g,t thj.s
reripræca3 mmtåu¡ri hæ,s e. dxmpinE eSS*ct s*hích ¡:¿:s¡trj.hr-rtes ts
s.rnüæthr'¡æss m# sorwsrd t.ranstratiæn æ$ the b*dy ando æ.crerdinç

te3 Thltrstr:r¡ snd l-{arris {lçË31 5 this reciprmc*3 nis{:.i.sn betusesn

thærex snd pelv!.s r¡l*àntsi"ñs. thæ s¡riæntati.nr"¡ eis the !-rg'ad tn

t8re di.recti*n *S thle pl.sns ¿:S prægræesínn.

8-.fiip ¡næti.cln r*3sti.væ "h.* tl"ræ pælvis r¡¡as r*easured by

J*:hrrstun *,nd Ënm:i. dt i $.ç&?] uei niç sm æl æctræqnni. crnætær. They



Sauncl æ tr¡È,e.3 re.nçe *f niæti*r"i c¡{ 13- c}+ whi.ch 3o v¡as exter-nsl

ræta.t i. t:r¡ snd 4o p¡as i. niærns,l rst.ati mn, !*!æn i murn er:ternal

rcrt at, i c¡n c¡crurred dur i nç *wi nç r,ulï i. L F dr¡&H i. nrunn i. nt ern.aÏ

rnt,atimn sccl-rrred st f4id Star¡re.

TRI.JI\IH NIJËTLË *ETTVTTY FTJËTzuF LËVËL LfrTüI"IüTT*Tq

þJ*,ters .s.nd Flt:rri.s tlFT:] ststæd thatu cnmpered tt: the,

3tlr+er limh? Ì.i.ttle sttænt.àc¡n had heæ¡r paid ti: ¡trusrlss s{ the

trun$r drirínE smbulsticrr¡. Hhilæ research un trunÍ.; rnuçclæ

e.ctivity duri"ng Is¡cm¡r¡æti.æn hs.s bssrt puhtr ishæd in the

íntærveníng yeårã, the hr*rl 1".: trs Eait resæarch cont.inLrËË tt: be

SËcused cln the lt:v*er lårilb"

The b*:dy ræepunds t.c¡ æxtærmætr $t:r-cæs hy cuntr*ctinn nf

rrru.srLes amd eSectrnmymçr*pl'iy {ËF4Ë} Ëå,r? he uçæd åË ã.Fr indirect

ir¡dí cstsr c:{ rnl-qscl e act.i vi ty {Asmussæn {¿ Êi,.1åLrssn ¡ tgå?a

Ërå æve E 197&1 " Ti. *Fiaues- { tç71 } çt*tæd thst the sur-$ace El4E

sågn*tr {rmrn thæ srært¿rr s.pÍnaæ muscle is s ræ1 å*bl,e indicatmr

*# the rnr:rnænt e:rerted æn tË"ie T.um¡h¿.r apine" Althmugh Ël-4Ë has

bæEan u.sæ¿{ tm atudy trucnk rne-rscLes actir'åty dusrinç såttånç,

*tamdi.nç and l.àsÈing, c*inparatíveLy see* str-sdiss h,avæ, b*æn

carri æd mnt ef lrni ng l+æ3 kí ng "

F'haçi ¿: &s:{- i t¡i tv ¿rS $"lusrtræs

Tfuæ nel"æ,tímnship n{

myæelærtríc *rrÈåvi.ty tm

e:nsst. u pea$". snd çess.st i t:ri u{

thæ Eait cycle Ëåft he rneæ.çureEd"



tfjl

Battye and Jæsæph tL+&å! nn*nitnred the e,Lectrica,L acÈ.ivåty çf
the ríght erertær- spinae dr-tríng lsvel u*alÈlinç snd {sund tc+rl

distinct periæd= mS arti.vity cuin¡:idsnt æith the Þi:ubts

Suppmrt phesæs nn thæ riEht gait. cycL*. Ër:ar¡¡ínætinn ns their

dsta c.hmws thet r*usctre artiui.tg in the f irst Boubtre suppcrrt

phasæ bægan at Få'¡t uf the prevåcrus gait cycte snd csntinued

until F?i m{ the gai.t cycreç acti.vi.ty in the çermr¡d Ësr-rble

5r-eppurt phase e:rtændsd #ra¡"c¡ 437" tr 57?i æs the çait cyrle.

L-etts eÈ str. t1.+?ü¡ recffrdæd sctir"ity sr*sm rigNrt *nd Lest

pararpin*l c¡¡usc1eg; and {caLrnd biphe*íc snd 6æmË triphasic

activity *¡åtF¡i.n tFre çaåt cycle. Thæ9" Ssund that the phases

cis *rtívity cerincídæd c"dit.h tl-re fiæutblæ suppmrt pæríeids *nd

thaÈ the dt.cr*.tic¡m crs thæ *cti.vity cs e*,ch *'nu*.clæ çrûLrF q¡{åE

symc*ætrícsl " t*rlst:n and rhærstençsær¿ {1çç11} rec*rdæd

scti.víty €r-t:¡m Iunihar back rnusrlæe bi Lstera,l tr y end aLst: f mund

ta-rü rfteáffi pær-íc¡dç e¡* sctivíty per gait cycle st Tnítísr

tæntsct " Tn ;addi ti ern u tFrey ¡irmni. tmrsd muscl æ, acti. vi ty å"rhen

the trur¡$* ouatæ pæsåtinned st di{{ærent inclánat.ic¡nç, snd #*und

thst tl-ræ pæri*d uS s.ctivíty æf the lusnhsr *luec.!.æs becs¡r¡e Íîr$r-Ë

synchre:rist-cs hthen t.hæ tr¡-rnh: ¿*ae in f lexiun. Thc:rctæi-¡EËür¡ æt

al " t r.çgË1 Ensasuræd s3 sctr-i caL acti vi. ty ms ri ght and L ef t
3. angi sçå #iLss Ã,nd n¡r-q1 t í S í dus and sl ser #murid æ bi phasi r p*ttern

that ç+ss si.milar e*ft esch çi"dæ" & ht-srst. æ* niSrmeÏ.æctri.c

sctivíty o*æ,Ë ËËsft fuí latær*l3.y .i¡-sst bef clræ Tnåti.a3 tuntsci *{
bmth å çtsi Ï. *t ær*,[ *.r¡d cor¡Èna3 etærs]. $ eet p¡i th t he å ps.å l atæral



clJ

hur=t rænsistenttry preredång thæ serrtrsl*ters.r burst by 5?{ tm

1{¡}l nf the gait cycle. Tfrey ncrted thet the two perícrds c:#

e1ectric.aS ectivi.ty *crurr*d dr-tring $r at the end es ån

*+ngurl*,r displs,cernsnt diræxta:d bacËlu*ard= án the s.agittal
pl*ne. ?h*=e strs* ce;inrided r¡¡ith acti"¡atiar¡ ms hip snd leq
e¡r*,snsi:r rs¡r-r.çcl es. rn addi t í nn u they i:hsærved b*. l ateral
ay*r*ietriraL sctivi.ty eqhe¡r saçi.tteL plane n¡uvænlents

prednminatsd and a=ynrmetric*l sctívity r.+hæn cc¡rnnal plane

snc:vernents prederninæted" ün the hasis e¡S a bin¡nechaniral

sn{:deL u tappnr=m t1çË5! predicted tl-¡*t trun!..: æxtensc:r rnuscles

¿ucluld e¡rert peaÞ; Surce -iug't. bæ{*re c¡r just a.$ten InitåaL
tænt'art.

Rectlrs sbdonrinís ¿o¡as invæstigat*d in f.r] eubjects by

5l-¡e${ield {1ç&=} ¿"rh$ SËund r'¡ü activity i.n tF¡e n¡uçctre during
lævæi" waL$,:inç st æ. cadence a{ å* stæFË pËr rninLste* ueíng;l
biæmerhsni.c*3 ¡ncrde!., t*pp*=ræ tlFËsi prædicted th¡at the
rierF¡aní csl ;ncti vi ty mf trr-in$'.: s L sxcirç {a}:dæmå naL mlrsrl æs}

e**m¡-r3d he sm*l1 ur ætr*ænt.

The artívåty *$ ersctc¡r spinaæ *nd ræctus abdmmánis uuæs

rneasurræd si.sTrutrt.æ.nænusly hy l*laters snd Ht:rrås { rç?3} " They

c:bçærç,ed peaks æs e!.æctricatr actíwi.ty in í!.íæccrçtaLis snd

l.ængi.ss.rrnus e,*- c¿¡nt,rsl*ter,æ.l lnitisL [mntsct and, Lss.s

sræquæntryu st i.psí1*tsra1 rnítiat trettsct, Tl-ræy scr*nd

rectus æbdæs¡iiriix tn bæ artåve iri $ive a:ut c:{ ten subject*;rnd



tl-ti.= astávíty *cc¡-rrred srr*ul.t*ner:usly with that ri* the back

mr¿srl sç-

4mfius'¡t m$ Ëtr Ectric*LÊctivit'¡

Thæ e¡¡lc¡unt ms myæelærtri.c acti.vity gener*tæd during the
cnurs'e n{ ame g*it cyc}æ Ëår! slss bæ rneasured. Gr-rth e,t al ,

{LF7ç} rernnded ähe æ'lectric'+1 actåvity æ{ erecàær spinae in
ËL1 ni:rn¡æI. suLr ject= dr-rri ng r æ*¡æL r**l ki ng. They {uund acti vi. ty
in the I*mhsr *nd thuracic parts as the rnuscl-e t.t: bs

åFËjrEHá¡¡iæteÏ.y å'/" *nd 5T. ræspectivæLyo c¡* s renærence

cæntr"acti"i:n- Thæy a.lsæ *rb=erved signif icanttry Eræater
activity un the rÍght. side ri:inpared ta the Le$t"

Thc¡rstænËËün et al" {1,çBË} {a:¡¡¡'rd a di${ærence i.n maçnitude of
the twm bursts n{ sctivity ns erectær- sp!.nae dr_tring Le.¡el

**aLl';ing. ün the åpcålaters3 sidæ they sæund the secmnd

buret, e.*ir5.rh mcc¡-trred st csntralstsr*l Inåtiel ilnntactu tc be

l.arEær than theE #ir=t hurst c*¡hich æccur-rsd e.t ipsil.atæra1"

Îr¡i. t Í el. Ëmntect " gi nií tr *rI" 1" u crn thæ cclntrsl stsrel si. de they
Sc¡und thæ Sirst hurstu which *ccurræd at ipsiLsterg¡1 lnitía1
f;r:r¡tsrtu tff b* trargen t!-i*n the secær¡d burrst sshrich srr¡*rrnæd at
csrnÈns.l"æ.l-ærs.Ì. Initiat Ër¡nåsrt " *s wat kå.n6 epæed incressæd

thæy crbserved th*t theE tntel arnæunt æ4 e3.sc*,rir*.!. .sctivíty
æLsm å¡'icree.ç*d. [¿!at*rs amd !{or..rås- ttç?ä} çtudiæd thæ d*æp

bac5'.: cn¡-tsrlæs and rærtç-ts abcimmåniç sirnurtrt.ar¡esustry and {uund

thet æræct, sstandi mg pL å ci. ted ert i vi ty i n the bach rrrur*c] es n
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ïn the cær-*ns.l plane* Fattye and Jn*ep!-r t1?e&1 præp*=ed

tfiat crntræctíæn e:# thæ t¡sc$'; muscleç cnuld prevent trttn$..: side
sl*ni.mr-¡" l4aters amd f4r:rris tlç?r¡ nt¡ted t,hat the trunh is
d5.spl"acæd lstsratÏ.y dr-trinE r*a].kång in t:rder ts hs3.ånËÊ irver

fhe suppcirtånE 3imb, *,nd they prap*sed that the trark snltsc1es

cc¡ntr*qcted tn stæbilire tl-re trr-tn$r ir¡ the csronar plane.

ThË]rstensË.c}n et sL" t1çË?! ubse,rved thst hæ.rk muscleË É*rErË

sctivæ dr-rríng trunß-; srdæ $lpxinn and cnnclr-rded that the
¡t¡uE,cJ.es e.ct*d tn restrict metít:n in the cærmns.l p3a,ne. Frnnr

a bíminerhanics,3 ninde!., tappmuecr tiçEl5l rs,rculatæd thet å

mu¡nænt r+muld he e:rerted shnut the =egitt*L ar:ix by

centrasti.trr¡ c¡s the tr¡-cnk side, {le:ri:r m¡usslæe and thst the

me.gni.tu.d* e:f thiç cns:ment s*truld be half c:{ thet exerterl hy

trun$l e:qtençs:r nrursrles *b'*lrt å rürclnål s¡sås.

3n the tranËvÊr-Ë€ plane, Eattye and Jer*eph {lçå&}
prnpi:eed that hil.etær*l ccr¡tr*ctåan nS h*e $* nruçcles ¿*¡æuId

prevænt ur¡w*,nted trunk rætst.it:n" fr¡r tFræ erther ha.nd* l*Ia.ters

snd ["Turrig tLç?f ] prtrp*sed tl'¡at activíty mS thæ hec!* cngçclæç

at ïnitàel Ec:r'¡tæ,ct, exerta:d ,a f ærce thst cr:r¡tributed tc: the

nmrmal tht:rae ie *nd prætr.vie rt:t.st.i.on Ësëñ dr-rrímç Levei.

r*etr Frinç. Ëre.cnvetaky t tç85] prt}persed tÊrat a.symnretricat

sctii¡ity cr{ p*ra:*ial en¡-rscLss durínç xpinal" flsxímn in thæ

*ag:i.tte} ptanæ p¡í I Ï ræçult in t.hæ gænwrstit:n c¡s dân a¡riatr

tr:r'qr-re*u Ë:*cæ.uee sf cæupLing" !-læ pn*t.ulstæd thet Lstsr*a1

Sl.exiæn mt the trunk ås. su${icier'¡t tn induc* ræuntær nnt*,tíc:n



tl :Í

ån the tr*nËvsrËË plame n{ the hip sr¡d sh*nldæ,n snd =uEgested
that the peSvis is driven by the spinæu n*t by the li:wer
L i mh. Hæ ir3. sæ præpæeed that the i pei 3. aÈeral erertmr spi nae,

FËËråË, 1*tísçiä¡¡-rs dcrrsi snd tr*peeilts s.ræ ræspæmeiblæ snr
L atersl tt-u¡r$; { l. ers i Êtn snd th*reSære cåLrËe p*l vi c ;lr¡d shær-rl. der

rc:tå-ui. ær"¡.

Trlirt8": rnusrLÊË fliå,y als* act ss stabilirers. þJstsr= and

l"lærrås t 1ç7?l pr*persed thíç s¡-lnctic¡n {nr rectuç abdt:rninis

r¡+hich they thc:r-rEht miEht s¡:ert a stabiliæing sc:rce an the
tr¡:nk" Letts et s.3" {lç?*} ststed that tÞræ rmlæ er{ the

FåreËFinstr rnurçc3.æs i.n ga:i.t tsJåË pêErly undærstnsd¡ srmrn their
rssu3t* the,y cæn*3udæd tl'iat rscipr*ca.l paraspinæ"L s.rtivi.ty
ccruld å-¡ave s. n¡;' jsr rtrle in st*båI"i.=ati.cn æ$ the vertebral
rar3" u¡nr'¡ duri nç T. æcæmt=t å ¿rn. t*.n1 son and rhnnstænÉEgfi t rçElr ¡

cænt,ænded t.het t.hræ prirnå¡*}¡ Sunctimn æS thæ bsck ¡nnseles

durinç lcicücnütà*n ås tæ ccarùtro3 the etissness æs the trr_inko

Èhus r'æst,rict$.ng rnætiærr* ænd to msir¡tsim the, t¡=unk in the
arpri çht pnx*. ti mn "

tü¡{TftüL üF t_ütüt'tñTTu¡{

å{*lE.:ing ís e synchrænirædu cmmp!.ex patt*rgr m# innvernent

ræquånànE c].c¡te cs-ærdånatir:n hetwesni tlrs ¡nuscr¡Læs!.:elstetl

ap¡r*r'atus afid tFre nærvæ:-ra ayøt*rn {Lammr-eux, Í.F7 1}" ffitrrÍ.ng

lcrræsrËÊ]tái:n the hridy mus.t hæ prtrpelLæel s¡it*æthLy s*rward ån

s¡-ich å ¿4råy that a ¡¡¡ín:i.c¡irire¡ ms es#t;rt ís æxpændedu snd



çr-r

E:iËesË.i. vE rnÊüËÌ.a.nira!" st.irnulstii:n æs the sensûry ilrgãnç c:f

eyes snd læbyrínth ísi a'¡{=ídæd {Cappnrec:, lFEl } .

Ïnvestigati-æris. c:S the cæ¡-¡tr¡¡l u# Lmcenr*ti.ein have beæn

csrrí æd nurt í n s i sh u arrrphi bi. æns, arthr-æp*ds aird ms¡nrn*l ç

{Fee,renn, LF7åç Ërà l3.nsr ? tËË1} . Fr:perimsr¡ts. ueith

rnr$lrt:a,ches have =ht:rsn Èh*'t there is a çroup cr$

intænct:nnected FTær.ås-{rnË i.r¡ the sgii.nat c*rd thet åpFËã,r tu
genær*tæ s ræcipruc*3 rhythm in the F¡ind req. rn the rpinal
cc¡r-d ¿:s the cst there is a csntrsl p*,t,Èerri gænerate:r snr each

lsg that is re*p*neib}æ sc:r- activati.ng thæ rimb inuscles in
ths ce:rrect seqrtemce fær LËrËaftütiú¡-¡ t.æ nccur. Rsme:vs,l. nf

afterænt i.nput tc the r*rd by transæct.inç ths derns.sl racrt=

rieres ne¡t rh*nge th* tæmp¡=rsL sequemcæ erf rnuscle e,rtivatimno

[::-¡t th*t actj.i."stíc*n dcres hecr¡nis rnnr-e *lr*cæptíb].e tn
disrupti*n" Th*reSa:reu stær-et:typæd Icrrt:mt*tær nrc¡væ¡nents in
he¡th cærkræach snd cs,t åpFeër tæ be gænerated by graup= m{

FtËt-{.rc}ËtË o cæå L *d t hs ce*ntraL p,attern çænærat æra u l ucsted i n

th* L nr*sr I ævel s æ{ thæ s.pí n*t cr:rd {Fearsmn, lF?å; Ëri L l ner u

r ?Ë!¿ ,t .

Fræni ths reçu3.tc c¡s studiæs Ðr"¡ c*,tsu Ít s¡nnld åFpe*r

t!"teL ínitå*.tisn snd n¡*.ånten.sncs ryS uualkinE* pLus nnmdåsicetit:n

t:s ssar$:i.rig 6:att,erne in ræsF{rnse to changæs in terraínu *{rB

E*u'erned by trd.çhær centræs, Lnct:inertær cwntræs have heen

sneind st di.$f ær*ent lær'els æs the brain s¡terïi in the

çuhÌ:hsl*r*ic I"mct:rnæt*r ræEiærlu thlæ rnææsmeæpt-ralåc l.*r*¡¡tmtnr
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indàrectly nir:disy nutput {r-tr¡n the rentra} patÈern gænære.tnrs

'¡ís descending p*thc-*æ.ys srç:nt the reticulsr surrne,tiun,

vestibt¡i*,r nur}-ei i:,F¡d red nt¡.cÏ.ËuË, Thus t.he betsic nrr:tnr sct
c¡f mæ3. l:íng åppss,rs tsr fus s, stsrertypæd p*ttsrnu hmr*ever

prerisiæn *S pær$ürÍnåc-¡Ëe dæpends c:n senst:ri.rnc¡t*r integratinn
n{ visual u væetibulær amd srrinætcsæmärlry *}"e¡nsntç tgiritr Iner,
içËl 5 tnnrad st *1 . * 1çË3¡ .

tha'nEæ= ín alel$:íng çlrr{*ce t:r tsrrain require
rne=difi.cs.timn c¡* loce¡mmte¡r patterns. åccnrdinE te: Cmnrad st
al" {Lç83} u high s:+tern;*l defüsndç requiræ å s"ride =pæctrnrn nf
s{*nsúr-y eL*æs and thæ indi.viduel rney reep*nd tn cnmplex

læcc¡rnc¡t,ær elern*nds by usång x, præt,ectiwæ, çxit niechaniçr¡i. This
is s.'tærltted autnmaticatly and ee¡nsists r¡S s, r***LkinE pattern
in s{hich bipe,d*l csntact åe prmlmnged, the surssce sres ns

nrern*pede.l cc¡ntsct, is i"nrræas.ed {,,f}.at {æmt,,} and epeed iç
decræeæed, ræsn3.ting in incræaçed stabili.ty" Thfs prmtæctive

g*it nnschaniË¡"r'r üåft bæ sææn s*hæn ån experimentaL s.nårnatr is
l¡ie,de tr: r¡¡¿a3 k LrF {f,r dr:wnhi 1 tr. " t}u¡*i. ng uphí ã l" eua3 ki ng o the hi nd

Ï"ienhs æ¡+tend #r-trthær pææterimrly .and thæ Si:relinnfus aræ pl"aced

dí$Særerrtly' Ths ræver-ss {rrct-rrs d¡-rring dmtrunhiLl a+a¡ l,:íng.

Thæ purpüce È]s tfræss adjustrirent= i* t.u enhs.nce hslance h_v-

¡nair¡t;linång the cæntræ æf graui.ty btgta*ææn t,hæ nrmvirig pmints
*f x.u.ppr:rt tGniIlners l,ç*1.3"

ït Ëån fue çææn that rc¡cm*¡ætimn is s cmrnptrex rngfmr

srtivity *¿i.tfr a. hssic rhythrni.e p*t,tærm ç¿hich Ëårú bs csrriæd



æLrt åutuir!åticaLLy* but

ad;epted án rFËFünEË tæ

vnl i ti. trn cr$ the ani me3

rshi ch Ëå.F¡ be snsdi { i ed o cnrrected and

changæs i n the envi rnnrnent end i n the

ür pËrËilft {Grà I I ner , f.çEl } .

STATÑ ËI-Tf4FT*¡G ANF ffiE$ËËr.JT

*rtdrí acchi et, atr . { LçËüi stated thst stai r rL i. mrbi" nç *nd

d*=ceridi. ng å.rÊ cúúärftcrr¡ æcti vi ti es. i:# dai. L y !. i vi. ng. F{&wer.er u

the kinsniatáss s,nd kínæti.cs mS thess srt.ivi.tíëË &rÉ dåf{ere:nt
frsrn læç'el walkång snd the¡*s i.s the pciteriti.*3. {sr siçnå{irant
v*riætåmns ir"¡ thæ t.ræy di+serænt pe'æplæ rri¡r¡b stairs.

5tæir rli*rbínç cernçista c¡f er.svatit*n i:f th* b*dy *n tcr

f,he næxÈ highæ=t stæp st¡hil"s stsir dss.rent ci:nsists æs

lciwæri-nç th* hmdy t* t[re **tæp hælcrps. Thæ dnminant ¡nutinnç in
th*se tp¡æ æ.rt í r"i t í es takæ p!. ace i n thie =*gi f_tal pl ame {Ji:=eph

.& [4aÈsmr¡o 1Få7¡ T*:**ns*nd Ec Tsei, Ig?&¡ ån¡Jråacchí *t ¡r

Í.Ë*f,-,¡ï "

Jmnæph .snd Édstsær"¡ ttçå?¡ sæund thst hæth st*rir climb grnd

stsir dssrent Fr¿*d 5t*,ncæu Ëa+ing snd FmubLe suppænt pha=eæ..

In stsi r cL i rnb u Stance phase ccrnçti. tlrted s.pprrlx í çri*te1 y ?l?i u

sr*inç plr*** ,åFFF*û!{år*atcE}.y 3Ç?å and Fq*¡-rhlæ Fuppært phrase= 3Çiå

mf the gait cyrleg ím stsin dæsrænt, St.ance pflrr*e c*nstitr-rted
åFFÞ**Hi¡¡iætæly å- Y"u $a*irrç pEræ,eæ 3?1" ar¡d tlmurh!.æ suppært phaxe=

=f:tH 
g:f thæ gaát ryclæ- t¡:rL*tt st aI . {tç?f} ir¡r.,sstígated

È:t:th st*xår a.nd rë.ftiF r¡s1l:ing *gr¡d e=hssrvæd tFi*-t tt-ræ cgc.!,e

ijlir*.táæm in st.æir descsnt hrås Less thsn tË"i*t in remp descænt



ç-ilïËn the stair ri=er È+sç 15 rm hiqh snd ths slr¡pe uf bt:th

s'L,e.in= sRd råräp r**ç 3rio.

trispl*cærnents æf 1ns,ler I irnb seçrnænts during çtaír cl imb

'smd dæscænt hsve beæn sneasursd. Tæro¡ns*ndu Lainhsrtr æt *l .

{1F7Ë¡} ntrserved th*t f ææt clæsr*.nce ån e'tair rlii¡rb r.ras

ecr*enp].¡.s[l*d by hip *utd Ê.:nee slexiæn- rn stair ctrirnb

Frndri.*cchi et s3" {1+**} f*und thet t,he msxirnuro v*,luæ of hip
slexic:n in ãtænce **a= "3s"Ë!o and ín swing sdag 4r],go. At

Ïni.tiaL ñcrntart the hip ¿.¿e.Ë Slexedo a.s thæ 3ånrb nr6væd intc:
$t'snce thæ hip mevæd íntci æ¡<tsnsåæn eneJ this ccritín*ed r-rntil

End ¿:s klæåght Ëeari.ng. Fr-ænr Ënd æn t*leiçht Fearing tæ I'lid
E*rinç the híp r¡'ir¡vsd int¿: fle:+ieln, s.rhiLe frsrn Flíd Ëwing tc:

InÈtial tt:r¡tert tlie hip rn*ved Srærn nræxirnu¡n f!.e:+i¿rn into
ext.er¡sit:n" rr¡ stai.r* dsscerlt, they sæund that the ma:çi¡nurn

r¡E*.lue æ{ hip str.e:rimn i.n Ëte,nce v,¡Ë,s L,T,4o ænd ån srxing r{åË

3s-+*" Êt rnítåa3. tsntsct tl-re l"ii.p u,¡as sríghtry stexsdo åt
End r:s hl*iEht B*ari.ng it q"iå.ç. fiiå)rj-m.alty {læ:¿edo whiite during
sl*ímg the srnmnnt c¡s háp {3.æxåær"¡ decræased, They sls¿: sar_rnd

nm *ågrii{iceint disserænræ in åtræ amr:unt t:$ Fiip slpr:ir¡n i.n

Ër*ång phaee bætø¡æem stsír c3.imb and stair desrent,.

Thæ ¡majæråty nS i.nvæstiE*,tmrs er{ stair *a*Iking ush¿1 u-g;ed

sLectrærnyCIçraphy sã å tuc¡! havs etudie,d Lciwer tr å¡¡rh rnr-lscles'.

ïæc,$ns*åÌdu l-*år¡$rant, Êt aL " tLç7El! r*I".ated r*ctuç f einæris ænd

h*mæ't.rínE srtåi"ity tæ trnr¡k stahíti=stíun j.n hmth st¿rír cLimfu

snd descæmt. Ûuríng th¡æesæ æ-rtir¡itiæs they fc¡ur¡d that rectus



ñE

sæ¡ne:ri.s a.nd hernstringe c.ger-e simultsneguçly active. Tlley

prnpn=ed fhat de-rring Ët*,nce, rectu= {emnris edås *ctive ts:

pt-ll-3 ths tnunF: f,ære+*rd {rvgË- thæ supp*rting s¿:et s"¡håi.e

hænistrångË s+rsre ectåve tæ pr*vidæ Euppmrt. Þurj.ng *t*ir
c3i*iËr l-raäiætririg acti"vity cças hígher i.n subjects ¿qi.th Ere*ter
Sr:rsqs.rcf tr¿,r¡-¡!*: i ncL i nati ç3n u esper!. ;gl l y dlrri ng the secænd

smlrblæ Ëuppi:rt ph+sæ" úuri.ng st.air descent harnetring

æctivíty &¡ãE ËË-Ëåtect durånE ratæ Ëtancæ. üveræ,l1, tl-rey

S*und that the pattærns n{ 3.¿rrqsr linih enusclæË r.Je¡-Ë r¡¡Ër-e

varíatrLe durinç =tsir ctr årnb thæn dr-rr-ing s.tsir dæscent,

ñndri.æccl-rå æt 43. {LÇËtl} st'g.ted that thære È$eÈ*É dåf{erences
hetrt¡een th* pattsrns c¡s ætre,ctriceÏ. actíváty us lerwer tíenb

nit-tçcl.æs i¡r stair r"+a3. tling ct¡nrp*.red tc¡ 3.evæl r*aI king, These

di#Ssræntæs kssrË evidsnt, ån therss, rnutsc}Êã reËF{:nsihle, Ssr

værti.c.al då*p3*.re¡nent c¡s t[-re bmdy iæ. hip and knee extençor-s

and *r:kle plsr¡tær#3er:ærs i.n stair ctr imb, kneæ extensærs snd

pramtar €3e:¿cirs. during stsir dæscent. Ly*ms et sL_ ttFE¡31

studiæd the hip e¡qtænsmrs snd smund that Sess inyaelectr-ic
scti.r'i-ty ra¡å.Ë g€ãnæn,ated i.n staj.n dæscent th;*n ån sta.ir climb
clr Ï. ævæ1 **aI h:í ng "

Fsck ffi¡:sr3"e activity dr-rríng st,sår c3"í¡r¡h ¿.¡sx' sturdiæd by

Jg:sæph snd [slatçün t!.çå?] TFræy #s:¡.¡r¡d thet rny*elært,ric
acti',¡ity sçc¡-rrræd st hc¡th åpsálatæræ3 ,snd csnt.ra!.stær*.1

ïnitia3. tæn¡t,act* Frmrn thæi.r d*scràpti.æn, it e.FFËårË that tt-¡e

niæ.:s í mr-rrn pe*[..: r¡s srt i vá åy c¡rru{rræd dlrri nq car¡tral s,tærs,3.



lniti*3 Ëænte.ct. They stated that bt:th ere,ctmr spínae

nrr-tscl.e*g cuntracted si.r¡¡lq,ltane.elrs3.y in eerly Stence durinE the
ti¡*e that the trunl.; i.¡*¡cÏ.inu*d $nr¿*¡.arcj sn,J the bndy *las

disptarsd verticai. tr y. They prmprsed that thiç anterín¡- trltnk
inrlime.tir¡n assisted thæ Særr**rd di.sptecesient c¡$ the h*dy ;¡nd

thet biIatæral ærertcrr epi.nae cmntr*,rtÍt:.n ræntrnl.led the
s¡nmutnt c¡{ {e=nc*srd i.r¡ctinatitrn çs the trunÞ;. They .aL=cr

nhser1red that thæ cunt.ralætærsL erect.crr *pinæe shmwæd nrarked

srÈivity during thæ La.ttær* p*rt sf stsncs hut stated that
thæy cnuld r¡e:t r:s*ær *n e:*ptr anat,imn {sr t.l¡is. Ër_rríng staír
deçcænt, bi.phasic sræct.c:r spi.nae sctivi.ty essç å.Isc! seen and

r:cc*rred in t.hs &c¡ub}e Sr-rpp*rt ph*ee- rt Ésã,Ë prnpæsed thst
the biï.e-tersÏ c*ntractit:n *s ænæctc:r *pin*.æ prevænted trunk
$ I æx i e:n " Large r¡sri sÈå s:nç i n rnuscl æ art,í vi ty kiei-E ssËFr

o'*i.thin s*hjæ*ts bætso¡een tri.als durinq dissererrt sæçsinn5' g¡r¡d

thig ç"¡*s sttribr:te,d tn the s;sct thet índividuæ:l€ rnãy s^¡*lk uF

s.nd dei¿*ri st.aå rs. wi. th¡ vary:i ng degreæw us tr¡-rnk s tr e:t i nn u thuç

çi. vi ng rá s* tlr çsri æh3. e æl æctreinryi:¡qrå..TrË.

Studåsç e¡s eftErçy expendi"ture durång stsír waLl.;íng have

sLsm heen carrísd c:r-rt and åt. ei{ss =hÐr.*n hy tmrlett æt sl .

(Lç?=l ths"t stsàr cåi.rnhi"nE &så.8 nïü!s-Ê e#sicient in terr¡is nf
physinLciçS.cal cmst tlrsn råiÌrp cli¡ähing end that stæpe +trith

ü-tígh rissrs. &{rË$'-* ên$re ærïergy eS{åci.ent t!-ran th*se ¡*i.th lc¡r¡,¡

risærs" Fátch æt .æl , {lçTq} nhser'ræd thet thæ pattær-n u,s

emer"Ëy expendituræ ws.ç di.S*erænt in¡ stsir walki.ng Srnn¡ the.t



in rë.rrlp r+elking ür lævel urratkinE. Furång the. tatter t¿*æ

typeE t:'t lucuinotiono subjects gemera.rry chn=e a speed trs

amhuSsti¿:n s.t t,+F'¡åch ti:tatr ËnÈrËy cæst Fër uni.t diste.nce a¡aç

rninieäaÏ , hcs-¡ever the speed chneå*n duríng =tsi.r clinrbing *¡åç

seldn¡r¡ thp nru¡st ece¡n*mice.L in ter¡nç mf totst EnËrgy e;*pended.

They a3çcr mc:tsd thstu åt t,h* ¡-rsual rste æf climbi.ng, the
Émergþ¡ soç,f sei.3 *.s. ctsårs beca.mæ steeperu br-rt Èhe.t the rate
ns Ënær'Ëy expenditure eu*s greatær #t=r stæ.irs H¡íth hígh åF

rrppt:=ed tcr 3.ew r¿ËËrË.

RåT'¡F TLTÍ-IFT¡rIË A¡qT trEãTEh¡T

Fæp¡ E;ínernat.ic studiæs lrsvæ been dmne t¡$ remp u*alking,

*q3çæ ræserred tc= *.ç qr.ade, clt:pe c:r incrine eqs¡.king, Ðea.n

{Íç&=} rsnsåder-æd rårnp elat F';ing tc¡ he rftüræ c*rnp3æx tt-r*n lev*=l

v*al kå nE "

Frillis {Lç5ß} mhserved thst índivid¡-rals ed*pted tm

i.nsæcure si.tuati*r¡* such ss wæ].kinç i.n the d.arlcr üü-r ice t:r
asrendimq and descæridínç slcrpeæ by tækímç shi:rter step="

l-læweueru Fnbbert {1"çåü}, ån æxpæråenænts u*!_ng æ. træe.d¿riiltr F

f e¡ltnd thst gtride Lænçthi rernsined essæntísLly thæ s*l.rne n¡hen

tF'læ gr*di.ænt s-daË çFre,nÇÉdr hut that cadence decræasæd r*hæn the

*lt¡pe æx**ecded E¡** Fesr¡ {lçås} fnulr¡cl ths* cs,dencæ l*ss

¡-rnssserted fmn ç.Ï.æpes up ter 7o, Ër*y and Ëasnrajj.*n {1çåÐ}

*hççPrvæd th*t **æ,3F,:inË! sp*ed ífficrsæ.çe?c! duri.nü re.iïiF dæscer¡t .snd

attri.buted t.Í"¡ís tæ srcæLer;*táæn duæ tc gravity. ldaters end
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Ë4s:rris {1ç7*} f*ur¡d that the me¿.n cycle dura.ticrn #nr r+al!,;ing

Ltp ;r 5o inclifie Ë1l,*s 1*? sscÐnds.

¿'titñ-r ræspert tci dàs.ptr"æ,cernænt of åtie body, Feåm tlgå81

stated tFiat, given a su$ficiænt1y steep çrade, thæ vertical

s¡¡c=tàt:n mS tFiæ trr¡r¡k ¿sc¡u1d rTü lnnçer be mscil}atcrryo but

rather wer¡-rLd be a ç¡n*æth riçæ ur {a11" Eray and Fxsmajian

tlçåÉ! çtudi.æd the displ*.r*rnent æË the Leg snd $u¿¡t during

rårnp walkíng snd t:hçerved that ín climhinç the sart tænded to

b* p3s.cæd slat ün thæ surs.ace ms thæ raimp rat.hsr than heel

{i.rst r,-¡hich iç the usnsl p*int nf inítial contsct during

træve} r*a1ki.ng. They propmsed th*t thæ slupe n{ the ramp

actæd lit-:e ar¡ t:bstsrlæ tæ thæ {nmt which cnuld bæ cleared by

increæ,sång håp ËT- kslee Sle¡¿iæn" They aLso mbserved increased

æversít:n trs the {ææt dr-rrå,ng r'åÉirF rlimbing and prt:posed thst

thi.s mrsdisàcætåtrn pna.si.bly reaul"tæd in srnonther? ffi{frÊ

ef {áciænt gaít" Tgkr-rhi.rr¡ et æl " {rËË¡5} æbserved t.hat hip

Sle¡råt:n þ,!åË læx.ç !.n rsmp dæsusnt than ín namp cliirihing"

Ë4uscT.e sctívíty r:f thæ Leg durång r-åfirp r*al!.:ing l*åË

studåed hy Gray and Fssrnajli.an tlç&g¡ uuhs¡ S*urid that all

rnl.csslex er:ræpt tibiaS is antærit:r shmwed Imwer fiæ&n actívitv

LsveÏ.e. i.n re'r$F sl*scerit cornpared tp level uuæ.tr l.;inE. They

explæírcæd t.l-rís $indi.ng üri thæ baris ms gravity assi.atin$ the

dæscænt cls the hmdy, there,$e:re Lsss r¡iusclæ artivity ¿et:utriJ bæ

ræquíræd" ${mp.,rever-, thæy æ.lsr: recmgnieed thst e.lell.;ing speeii

i¡rcræsssd duri"ng r*årilp Elæç.rent hecaurss æS the *S$ect *{



Ërävi.ty end that this rnight require incræs.sed rnlrsrls activity
ta c*¡rtral the* clescer¡t i¡s the fu*dy. A çirnírar prnpmgal a{Ãg

Fut færÈh try Fámær¡ts.l *t sl. {1çæ3} ¿.*hu st*tsd that

c¿¡nræntríc rnltscle cæntn,actitrns *+suld a!.çr: útrrt.tr dr-rríng råfriF

de=cær¡t because the h*dy iç rais*d during thæ stepFing rycle.
ldaterç ænd f"lnrrig {137{¡} sturdied trunþ.: rnlrsclæ sctivity dr-tring

r'å.rlrF] n*sll:ing. Thæy used s tresdmilL sæt at .a 5o up*+an-d

inctr ir¡e and suurnd thet the cnyæeLæcÈ.ri.c activity CI{ erectsr
spinae and r-ertus ebdr¡miriís r,.Jas similsr t.æ that se,en in i.eve!.

wal ki ng.

The ef {iciency os rërnF walking has arso be,en çtr-rdied.

ftear¡ t1ç&5¡ çte.tsd that tF¡æ enærçy el:trændituræ s*üuld i.ncnease

in rernF cLimhímg sbt:.¡e å Ë.1'i; gr*de! prËsr-mably restæctíng the
i.ncrsæ.çæd mndåsåcstic:n ¿¡* tirnh sctir'åty hut arsi: due tæ the
increauånq tendænc1, tc incline the tnunk ssrr*srd. F{e

csLcutræ.ted tl-i*t. the enærçy æHFEnditur-æ a¡nuld bæ increased by

åpprüHimste.ly ãtï, ¿*hæn the tnunk wåE ínclíned 4Fo anteri.nrly.
[nr]*tt st sl. t3ç??] r¡rs*,sunæd ce,rdiae ccrst and c]Hyggn

cnnsumptiein in rên'¡p snd stai.r cLimbing snd fnund that these

LsË¡*ê slighÈt-f higher 4tlr rår¡Tp* cnmpa,red te: stsi.rs t:s the sarng¡

ærnpe" They alçt: ct:rre].ated bædy r*eight u reË rength sr-rd

ilHygËr¡ cænaumptinn ín r.årrrF cLåcnhínç æ.nd {*und the e.trr¡ngest

cnrre}stinn p¡íth enerqy cæst tcr hs treg l*mçth" Fitch et sl"
{f.?74} rubsærvæd thst sut¡jæcts usit}. tend t* cFinæsæ .å.Í"¡ i:ptienu*ä
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spËed *s:r i¡rinirriurft EnFrEy æxpendrtr¡r** ¿*hsn rLi.mbing å. r-ånìF.

They sts.ted that ÊnËrgy ccist pet- .¡er-tåcal ciæter clecr-eei=ed *Ë

sIæpe inrreæsed until the sÎ.ape æ:<ceeded 17o, aster which

eneFgy ci:çt insres.çed" åLsu? r&,cnFs derna.rrdæd a hi.gher

e:+pendíture æs ËnËrgy per rneter rise thsn stai.rç. Hcuc*veru

whpn Fn#rgy cr:st nS bc¡th hc¡ri=nntal æ,nd vertical rntrværnent r.Js.E

taken intn rnnsideratíænu å rårnF þJith s sl*pe oS le=s than ÈlE

pçourÌ.d he rnnræ ær*ns¡i¡ic.a3. th*'n any ætairwå.y likely t* he

encr¡i:nt.ered in the c¿:urse sS nnrn¡sl activity" They

recærnniended thst Ë-å.nìFË be uçæd fc:r Lunq hc¡ri.xcrntatr" {r¡*

vertiral distances while staírs be used fc¡r chnrt hæri.erntal

ür vert.ic¿l di=tances" Þuri.ng rår¡rF descentu FirnenÈal et al"

tLçEl?l *bserved that walking berame ,fiÐre æ's{ícíent a,s grade

increased snd attributæd this ta tl-¡e æf sect s* gravity which

help= Ë,o rnsve the 1æad in thæ required directinn, thenesore

the hædy rnuçc1es r¡culd he require'd ts use fe¿ssr {ihrss during

cc¡ntractí sn " Hcru{ever o they ræe æqni =ed thst tci rnaí ntsí n a

sixed rate m{ desrt*nt nnåght ræquir-e s.r1 incre*.se in rnuscle

cnntractir¡n snd there{u¡*É åñ increaçe in üHyçæFr rænscrnnpti.rn

*s tl'le pull ci{ gr*avity a.*rruld l"¡ave tn be ræsiçåt,æd and

rnntrol I sd.

TF-n$-¡rurf,il JËS trflË !4ilTrülfd YËÏ5

ïn thæ Las.t f{rl-¡ yæårs ü'E}å.ny dåS{eremt tæchmi.quæs h,avg.

heæn ¡-tsed ín sn e#$nnt tn invæstiçstæ ¡r¡ævæ¡nsnt e:S thæ hurneln
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bsdy" Llriçi Ëslvsni, in the trate lElth centuryn ohserved that
el ertri. c*l sti in¡-tlã-r-i rrt'¡ sS the inuscl e= ¡$ æ. Srag r-es¡*rL ted i n

r*ntrs.rti nn " snn¡e ËsrJ*nty*'Ë i ve year-E L ater n Fuchenne .*ppI í æd

Ëalv-sni's di=Ë$væry t¡: human ¡irt-csrle snd crbservæd ths act,iæn

prüdured cln thæ jnånt r¡. jointe that the stiräul*ted $iusclæ

cræssed- Thsse ËHp#riments by úlrcheñnÉ cån be cænsådered the=

heçinníng r:¡S thæ s.cienti{ic study *S hun¡sn ¡nt:vement.

{Fssrnaii*n Er FeLuca, tçt5i- ftt the ænd æs tf*re Lçth century,

the næw tschnætrergy c¡s phcitngrephy e*as ur*æd hy !"larey in Frsncæ

and Fluybri.dge, ín the LIni.ted stateç t.i: ræcard human nrotícrn

iËsli¡-rterr 1F7ç¡ " êt thæ bægànni.nç t¡s the Ëüth cæntui-yn visual

i.nspelrt.ínn and pal.p*tíc¡n edã,ç used uystematícarr-y hy Beevsr

{LÇ¿}3} tu *.tudy the .acti.æns r* sr¡uçcLe= during =peci*ic
si&ve¡nsn{:s. 83.æctrore¡yngraphyu e tæchnique based ün GsLvani's

dàçrovery tlia.t a. cæntracting snusclæ çÉnærå.teç electri.cityo

*¡ss 'First utged scierit,i{ícalLy *s s tc:nl tæ invest,iEate rnuscLe

Surict.imn Èiy Inr**E¡ et a3. {f.ry44} i.n their study cr$ th*

surnctisn ns the mu=rles æf t.he çhmmlden {Ëædærberç, lçgå}.

üirær tF¡e La'st {ær*ty yeær-a, t*rhni.cæ.l *'dvæ.nceç in

slæctrænics and i.nstretmænt.stisn hs"¡s ræsultæd in &fi ánrrease

i.t"¡ thæ numbær m{ r*1åsh3.æ arid vs]"id tæchnåqueæ sær sns.lyring

mnti eir¡, Êl.i ner¡rat,í c snsl yså x. c*,n Ére dt:ns uæi ng di reçt

mæ*suræreisstt techniquËË sr-tch ss æ!"ectrclgi:ninrnætry, and by

ueimg i"ndír-s*ct rnæssltrsimænt t,echniqt-ræs such as pÍ-r*trgraphy ;lnd

vidæt: rec*:rdång" tEån*tir *.Er*l.ysiç' cen hs dær"¡s ms.ånç s.:rce



pï. aL,r== snd el ectrc¡rnech*.ni csl

elect¡-a¡r¡yæçraphy can he ussd

etudiæs tæ pr*"*i.de i.r-idàr*ct

I l-rT

dyns.mnrneter-ç" Tl-le technå qr:e uf

ín be:th l.;inæir¡stíc and kinetic

i n{ c:rmst à m¡"¡

i. ntærrsí ty æS rnl¿çcL e rt:nt.ra*tå c¡n il,+Jí r¡ter

¿ ¡UUt ú

ahaut the pattern and

, 1?79; Sederbergu

Eæcaurse a l":inen¡at,ic appr*ach wss uçed in thiç
i nçe*'t i. g*ti. c:n , e, de=cni pt,í æn c¡* the techni ques csnr¡n*r¡L y used

i n $-;i nænrat í c str-rdå es e{i l I be gi væn "

ÞãRËËT Ë{EåSTJRËF*¡Ë¡UT TECF.¡$dTEilgË

ËLËËTft üËü¡ T ü¡-IFTRY

A Eæníærneter is a dæc"ice r-tsæd tæ rnæssure the angle

prmducæt3 hætwæ*rl ta*n Èræny segrnents s*hær¡ mr:tiæn dlcãut*E in å

p;*rtå c¡¡L ar pl anæ" Fmr cI í ni ral FL{rF*Ees u x ai, mpl æ devi ce í s

utçed ter mæsçur-e :e:i.r¡t mæ'¡em*ntr. it ct*nsists. *$ a prætra.rtmr

tct r-¡hichr hss beer¡ attached t,u¡s arnrsr FnË! statíc and e:ne

rnt:væh].æ. The* static å¡'*fÍå æF:tends frc:sr¡ the sxis as il-re

prntr*ctar ¿.+frils thæ,mnvahLæ årm is. rivetæd tc¡ the anás æ{

thæ,prætr*actmr *rid is Sræe tei r*çvæ thrnugE-i 3&rJo_ The ailiç t:{

t,h* g*riisrrnæt,er is pLacæ.d {rvFE* t.È'¡e a¡tis rs -ini.nt mæt,icrn and å
ræsdíng æf the jeiint ançrË Ëån he tskæn {Ësrh åu Lepley, LFTLg

Ëcmtt & Tr*:mb3.yu L?&3!,

Ï¡'¡ &n eleutrmg*nåæenætsr a pnt,ær-ltic¡metec* is subståtuted
ScrLthiæ prætr'e.ct*r" TFi*ræ is s. Iinear ræ1atåænç.hi"p bæt*+een

the shaf t angre erf the pcrtæntiurneter *nd íts etectrícsl
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resi.ËÈð.nÈÊ= TËieref nre, is thæ devics is d$aunted such tha.t
js:ir¡t ¡nrrtian ËåL{ËEs rncivemsnt nS the shsf t r¡S the
pc:temtiæ¡nstærn å'JüI-taEe *pplied åcrerËs the pmtæntinnræÈer

s'¡i11 be r.s,ried. trh*nçe* ín jæint angte erill resurt in
nh*.nEee in th* nutpr-rÈ væLtage nf tlre cårrui.t csnteining thæ

pmtæntic¡metær. The oætpr-rt værtage can he rerayed tu s,

vari.ety eif *utput di.epray æ-nd ræ*ærding dævi.ces cuhere the
chamEæ* i.n ve:lt.æEe can bæ rerærded in degrees {Liherson,
L9å5; Fest et å1 " u 1g7e¡ Frn¿+n et ;aI. , lç?ç1 _

Tl"iæ .sdva,ntagæ= t:{ eãæctroEc¡nÍnnæterg årË thst they aræ

reL stà væL y i næ:rpæmei vp and that tE-re æutput i E sv,ai l rbl e
inimedi.atæl yo is easy tn ínt,erpr*t and ËËrt be cs¡nverted tm s
digitai. signa1 smr etaraEe c:n cnrnputer di=c {sutherland Ë{

Ë"lagy, 3.F7Ë; Ê,Jint*r, 3"9?F5 ßi:r\ri.tE[..:e f", Hi Lnær] lçElr]]. The

dissdvæ,nt+ges are that ælectrc:gæ¡-rin¡n*ters give ræiïativç3* nr:t

absa:L lrt,* dat.e, sn -i*:í rit rnæti. *n , rnæasuresrænt i:s mr_rl t.i a:s i ¿r!.

ic¡inte. r*quårÉË. vÉry c*mp3.e:+ i.nstru¡næntso they r{iåy rËquire an

íne¡rcÍinats sr¡tmunt æf tírrræ tæ f i.t and xtr ign and, hecause they

¿*r* s.ttæ,cËred diræctly tû the body* thæy may ir¡tær{æræ ¿*ith

r-¡ür*nÌ*l mæË.í i]n {Ër-rthsrl -qnd 8< Fl*g1r u åF??6 [*li. ntsr u tF?F; yar!,.: *

Í.ç84Ï. Tri addít,i.erns ËrrürË ñ¡å.y Ê:ËËr.tr hæca.use ns alippaEe ns

the æ3.e*ctræç*nisnræt,ær Ën the under3.ying s!..:inu *nd hæ*ærlse the
3 ånlcege ns t.l-tæ x.ystærm is Iæcated eiutçåde tFræ *ini.nt ¡*hi.l"e

nint r nn i ç *lct¡-re,l L y uccr-rrr*i ng i nsi dæ the _ic: j. nt {Jæhnçt,i:n p,E

st¡iådt, 1F&?¡ *¡nådt ? Lç716 Jemæs Ë¿ ü¡*rB r.ç8"¡ " &ccslrdång tn



Yark {i.çÐ4}, +-¡lren Lr'31F19 å

c*rnRal

I ú4."

tri.airàai e*lectr*gcninmeter-, ËrrærË

pï.ane rrreåsLrrenrentg ars ti.$lely tû

thæ =açi.tte'l plane incresses.

í n tråns'Jsr**e snd

cltrËLrr as diepla.r*c¡ient ir¡

TF¡MTftËTT T'8Ë&51¡RËI"IH¡UT TFTF+NrüUË5

FHËTüGËåF¡-{Y

Twe¡ phutæqr*phic È*chníqLåeE hsvæ been used tm recærcl

bCIdy girut,i.r:n - muS.tigrle ËHF{3Ëure sti 3 tr phatngr+*pl-ry and

cinæ¡iratc¡gr*phy. ln bt:th t.Ë-¡æsæ tschniqL{æË the eubje,ct is fr-ee

tn rnnve unhindsred hy an1' e:rten¡rs3. r¡ræ*'sureft*nt inçtr¡-lrner¡tç

tSmí th, 1ç751 "

Fll-tl Èí pl e Er:pr¡çure Eti ¡.1 Fhqtæqrsphu

ïn thi.ç è*cF¡nåquË s etitr L cs¡ners. ås used tr: take

multip3e íriragæs ns * p;rrtici-rlsr mæti$n Ëæqilsnrs e:n a single
ph*terEr*pl-r" TF¡i.s ix d*ne hy kæepiriE thæ canre¡.*a s.hutte,r üpËn

{tli- thæ dr-q,ratiæn ¿=s thæ mertisrn åequænËe* $ç,er thiç peri*d rs
ti¡-¡rs {:l-ts cirlgl* Sr*¡ns* ûS tFræ {itm i* e:tp*sed rnår¡y ti.n¡e,ç by ari

å ntærrurpt.ed st:urus *:{ í I 1u*¡rå r¡ati c:n r¡.¡í th t,he ræsr_çL t that
*rutrti-pÏe imageu ar* prmdused hæce.¡-rçæ tl-re budy is in å

dif serer¡t pusitimn æt esch *!{perËLrrË fËriæve & Geer, f.Bå&;

[dånt*r E LË7ç] ,

& 35 nimi stittr ËåÍflsrå crr a F*trarmid c&msrå p*:sítj.sned *t
right anESæs tn tE-r* pLsnæ c¡s pruçnæseic:n i:åri hs ug;*d te:

rEs{:ærd mæti¿¡n in r:ne plane {ürier¡æ -s¿ Ëesr* l?åå¡ Ërníth, IFTF6
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6*ç¡i.tske Ër l4ilnerã tçætli" T*: rerurd nræti*n iri atL three
planars girnuLtænææusl'¡., tappm==æ et sl " {Lç7E!} r-r=ed {sur ¡;S rnrn

Ëå.m*r.å.Ë pl*c*d in s.terææ=c*pic p*ir-* ççith *mnverçent. t:pticar

A vsriety n* mæthe:ds csn bs used tt: illuminate the

*i-tbjeut- Th* ånterrupted T"iqht r¡iethsd is cs.rried ænt. i.¡-¡ a

dsrksned rtÉrä t-ts;[ng s st,rmhe tåght rnt:¡¡nted directly belnp.l the

cë.ËmËrå. Ëach {lash æ{ tfr* strob* light tnrilI ill"uminatæ thæ

subjert fcrr ÉE'.'Ërål ¡¡ri.L1ísernnds snd the slssh r*te can he

çst tcr ræpeæt at reçular intsrvs3.=. tJith æach f laçh¡ åñ

iniaEæ u¡i31 b* recclrËled {f,r"T ths Silni, trlash rates æf 3(} tË 3{--}

Feb* ç.ærnnd ËåFt be used and kr¡m¿'*trer*gæ t:{ tfie rate sLlc:r+= the

fimæ di.r*ænsi.sn tæ bæ r-¡scærdæd crn the $irm, Ðr:t.s i:r st¡-ip= c:f

rs*lective tape åræ pLacæd ñft s,ns,tæmics,L cna.rF;ers mn atr_*ng the

S.cirig axæs e¡f Lirnb s*gment* n{ È.he s¡-¿fujæ'rt tm pnmvidæ thæ

åmaçæ whirh pci}l cær¡sist æs s g'eries c:s de¡ts ar he.rs æn thæ,

xinglæ pl-rætmçraph. The sr-rb"ig.ct shn¡-rld be phntmçr*pl"r*d

æ.çaànst a r¡iatt* hLar$* træckdræp ç+l-råch hæ= øc*lång r**rF;ers 61t

ths bættc¡¡n c¡s tf-ræ såeLd c¡$ visr* {Flurray æt ær., tç&4, T.?åFç

Ë¡äåti"r, 1tr7s¡ tdir¡tsro LFTFg Ëeirqiteks &{ Hílnerr 3.çËt}} "

ê sæcc¡nd ¡¡retl'imd o* å 3. L ç-rnrí n*.t å mn í e the rrt.*ti ng st í t

*hurtter" In

i. mrmedi. ete3 y

c*t ån àt sshie['¡ ËËrw*E åç

tlri.s t*rhnd. qu*

ån Srcrnt ¡:S tht*

a rnttntinç di.:sc is pl".+ræd

Ëårner-å lens" The disc has

*' *.hu¿ttes- æBeminçn er¡d it àç,

üflrræspfr]ndç tm the {la'çh ratæ

a =lít
dri vsr¡

LJTst, s cr¡ns'L.s.nt xpeæd s"¡hich
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th* stre:he methE¡d" Se¡tstl 1i.ght. bulbs placed st -inint centreç
ür-' rsf Ì.er:tive füã.r+::Ëru pLaced al*ng t.he .*,:+is r¡$ hndy *egrnents

ar-e used.and thæ çuhjæct is aLscl phc:tægr*phed ag*i.n=t a hl.sck

hæckdrnp {Eberhart -s¡ Inmsn r lgst g 5mi th n l?7F} .

å thård rnethüd t:* iLlr-¿r¡i¡.n*tiæn is thaä used by tappt===æ

et æ1 " {1ç78} ¿shc: att*ched 1åght. emitting dåmdes tLEÞs} tp
ænsÈ.æseiicsl l.amdn¡arkç emd tlren pl'intagr*+phæd the rn*ving

subjert" The LËFs ¿{ærsi sctívatæd *i3r * pæri*d e{ three
miL3.àsece:nds arid sla*Fiæ,d æ.t thæ rste æ{ 3* p*r secnnd.

f"lr-r1ti.p3.e iniaçes os tÉ-¡e LHü= wËrs ræeærdæd mn f iln¡.

ïn **rh c¡S th*çe techni.quËË the end ræsu3t ås ;a

phntngrepl-r ns å "stic8.;" di.agræ,ffi trr E:{ ã serísç i:s dcrtç; ín
c*FÌich tfre p*s.iti*n ers the Lå¡nb *egrnæntæ ær mf the h*dy

r¡Tårê;lærs is rect=rded at equral isit.ærvetrs ru# tíme. Joint e.nçl*=

Ë.*n he sgtæael¡red directly sr*nr the phmtæçraphu rnd H *nd y

cc¡-r:rdir'¡*,tæs æs ths i.I trurninated pmints ran hs dstern¡ined. I+

the cå{:.r{*1hs c¡r disc nutati.c:n ræ.tæ is. tffn higho thæ phmt*graph

Þsi tr 3 sæntæin nrr-t3tipl"æ íinages thæt *.re Ëcï clmsæ t*çether ss tci

Ë:e uqndæri pËrer*b3. æ. Te:cl 3 ma+ s rate u¡i l r. resul t i n å.

ph*t*qraph **ith nnllr ts.,tæ Ër thres receirdsd irnæEee Sur th¿l

ær"¡tiræ ina¡tå*n and to¡hich theræf ærs !.se ks çu$sicisnt detai I
tËmåtûr, 1S?59 hlintero åÇ?FA Ëetsaítekæ F,¿ ¡"1åInsre tçtr]1 .

Tl-i* advant*çc** æs inr-r3 t í pL e errpcrËLrræ st å l L phert*rgr*phy

*.re tf-¡st if- fs i.nexpæl-r=d.væ and, $.s a Fæ3.*nåæd cåmærå ås u*ed,

n*eauÏ,È,s. ea.r¡ he ¿*v,*tiLsbl* imr¡iædà*teLy" T'l-¡æ disa.dvantaçEË år-e
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thst thç-= nsulÈi.p1æ ima.gæs cn nne ph*te:Eraph tend tn Líniit
rsæa=urs¡r:ænt tn range ers nroti æn u thË' f l**.hi ng l i ght i n the

=àræbæ nretht¡d me.y he diatracting fe:r the,subject, and the LEt

rnst,hmd ¿nust be uarr*iæd nltt in a dsr!":ened rse:rn s.nd thíø may

i.r¡t,er*er-e wi.ttr nnrsnal çeit t[dint*r, Lç7+].

f;i nernats*:ra¡rhv

rn .thís tæchnÍeuËE e cinÉ ca*Ërå ís uged t.m tatrp

nnulti.ple phcitograpFr* ers a part,i.cular rnt:ti.t:r¡ ãequencs. *=
¿sí th the mr-tl ti plæ ËHpnËLtre techni que, ËLrrceËsi ve í cr*.ge* *re
sbÈ'aåriæd ns the dåsplerenrent *s berdy segärenita s,r¡d msa.sur*inent

n# tr'ínesr- a,nd .a,nçuler* dixptrsreinents cæn be rnade directly fræm

eacli ien*çe {Småt.F¡u LÇ7S5 ysck? iç84-}"

AccmrdinE to Hint*i- {1ç7?} 1å rnrä ráne cårngi!-åE erre nrnst

{t*equænrtly uæ*d ¡.n ss¡c¡tiæm s.tr*di.æs- Ë¿srner*.s rilay he aprimg

driven ür msy be po++ered by hatteri.es mr &n êË çELrrcæ. The

ratæ.æt r"ehi.ch thæ si.T.rn p*sa*,= tE-rr*u.gFr ths c,a¡træra sf¡muld be

rc]r¡Êãtant. snsJ shr:r-t3.d bæ lt:ø ænalrgh tm ræc*rd thæ entíre evænt

c-rndsr* invæstig*tåe:no hcit niæt g'æ hi.gh sç tm u¡.sstæ film and

requíre er:trs, ].ightín$" Frsrne rstg.s æË 4B per sæcænd ür
hiçhær h*væ bæsn ¡:sed in Eait sÈudåæw by Ebærfusrt *¡irl Inrnan

t 1?513 , i*í herçnst i LF&s¡ snrl Fr,*r"¡del l ( tç27ì . smí th { j.ç7s}

r*cumcr¡ended th*t #ræ.mrs r.ates bets*æ*n 3Ë and 1** per secænd he

r-¿sæd i.n rors:timn .anætrycãia stL{dã.ss becaurse hrghær rst.s:; û{Ërs

P*æsÈæSuI slS #ålsn" F{æ¿+*r¡ær* càn* r*r*rdinç is eçs*nti.*l1y a
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¡neans *'F =æmp1"inç tri-c.füsr"ù nimti.ÐR, thenæ{EË-ee acrnnding te:

hlinter {1ç7?}, tltæ Samp}ång Therrem can be appliæd tr:

Sæterrnirie ths *ptimura {i 1¡n ratæ at s¡hich çu#{icåær¡t ini*.çe=

tran he r*cmndæd i* errdær- ter result ín a valád kinernatic

srialy=ís" Thæ samptr ing TFle*ræn¡ st.atæç. th*t "the pr*rËsË

signaS. rnust he æaäipted at a srequ,ænry at leas.t tr¡råc* as high

as thæ hã.ghæxt sræquænry præaent i.n thæ siçnæ.l itsel{',
{wínter, LçTçu p"iË} In ps-actícæ hrrt*ever, the =anipling rat,e

is uçua3.ly $e-rur tu sivæ ti*res the highæst sainple f requenËy.

Ësca.urse humæn ¡nmvenrsnt. hss heæn fsund tt: crntaj.n frequencies
t:s up tei f ive tn si¡¿ F{ertu {l-{;}, the sramæ ræt,e us the cine
Ëån'¡Ërå shsl¿ld be Ë4 t* . {¡ #ranieg $rer çæccind {&Jíntær, l+TF} "

["Jintsr {LçÉ:} re.rr:i"ed *rut a biæsnerha.nícal e.nä.Lysi.= in ca¡hich ë.

rn*rp*risnn sras mæde hæts¡esm the results ¡¡hen the the Sranre

ratæ +<as 5* pær second to thnçe when ths frame ratæ r.¡ss rF

pËr secærld" l{e sæund the dissersncss tu hæ næ,g}i.çible snd

theræSæ¡*s F-*t{rt'¡iÍt1ær¡dsd thgt æ. stands,rd cir¡e esnrera æ.t a, Srs.¡ne

rate s* 14 per çæce:nd be i*isæd snr n¡=rrnar and pethr:Lngi*a1

gai.t :atudíes" The advant*çex m{ uaårtg s star¡ds.rd cå,Í¡lgr-¡¡ g!.re

thet it ís træss expensi'*'# th&ft a hiqh sp**cl ËånßËrå snd thæ

ler*+er- {r*Eenæ rstæ ræçult.e in 3æçç {iLri¡ bei"ng u.çed.

ün* err ff¡clræ cir¡æ frår¡tËfl*ãË r&n he ¡-ssæd tæ fíTni rfiËfvænrenfi-

T* a*:qr-tå ræ thr*æ*di rnsris.i erns.L dst.a u Eut,h*rl and *r¡d l-t*rgy { l?7:}
t-tsåæd thrse tãmËr&Ë ptr*ced mrthngernatrSy tei f-F¡e tl-¡ræs pLanela*

Ti.¿iråriç d*vacç*Ë t:r'¡ th* ce.rneraç rsr;x.rkæd s,].L thrse s j. lr¿rs
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sir¡rulå.a.ne'=usl.v tE Énçur-É th.at the ræcærdinq* {4ËrË

s;ynctir|}nüLrË, *ccnrdinç tæ 6up¡it=1,:e and Flilner {tçEl*} y

th¡'*ee*di.¡liænxie:nsl in$*r¡nation Ëåñ be æbt.ained usinç tr¡n cine
ËåffrÉråËu prmvíderd thst they *r* plared ín such å h¡åy that
ms.rl':æd bndy segmentx a.re i.n the field mS vis¿q n$ e;lch trå.¡næ¡-ã

*t e3I tànres.

FiLm ce.n be -*ynchr':niæed *+ith events in thæ g*åt cycle
hy u=inç tirnár"rç devi.c*ç insi.de the ËårÍrerå Ër in the field o*

si*ç,q tËr-rtherland & Í-Íagyu lËzËç smíth, åç7sl " EynrhrnniEstign
e:s #åï.rn ari.th el.c*ctrmenyuçraphy has ai.st: been dmne, Ëray and

Ëasrns-ii*n tlFåË¡ resrær-ded t.he ËFlË sígnal eln the rnagnetir tape

edçæ æf Ël mnn silm. Ëutl-¡erlend *ind Þ{açy tLçTr} uesd ån

ad*pt,ed cårl'tær-å te= SiLm si¡nnltæ,net:ns!.y the surbject walking and

the EFIG tr-*cr.r-rg *n ån *srilræsc*pe, ErandeLL ttç771

=ynchræmi red f i L m sr¡d El'lË hy lrsi riç si niu! tansc¡r-rç spí ke

srtisact,s ern li:hæ Fi.!ü r*æccirdång *r¡d å liçht blinÞr in the fi*ld
t¡{ víe** glS the ci.r¡€ ËãrnæF-å.

&s auáth ¡i¡urtåpts Ëi{FriËLËræ still. phut*grephys si¡sr$rærs

sr¡u-çt be* ptra.cæd ûn the bardy ån srdçr st:r asrneisteni,

firsåËL{ræ{¡-renft,s tæ bæ taken srnsr the sáne siln- It is
ræc{]nn¡-nændpd thst bLæcl+ disr msrkerË' æ.Fprffi:{imatæly 3"8 ern in
diss¡ietær he pL*.ced ü!¡Ër spæcíSic hæny læ'ndrnsrks clæse tr¡ the

iu:i.mi:s ær e:r¡ ¡månt tr ànæ:a. The centre *f çr*rrity m# each hædy

aegrnsnt rnay ætrçm be rsisr[":ed, br-tt tt-ls diæc r:ray shi.ft clr*ts tr¡
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ËnL¿Ëcì.R rüfttrå{:tiüit t¡ene¡*.th the¡ s[.:in {5r_rtherland & l-lagy, lFTl;
Snii tl"r u 1975ç üuraá te [,:e fl¡ ÞIí l nær* * j.FE]r]] .

# resærerice *-yater* iç alsæ required in mrder tcr relate
dispS.s,cssnær¡t c¡s bædy marF.:ærs tn the Ëpåc€ thrcir_rgh a*hich the
h*dy Í¡'lËvËË. A dists,nce çra.Le snd r-s{erencÈ å!{eË trã,n be

placed üR a hlecÈ* cl*th backdrmp.again=t which thçg sr-rbjert is
phut*graphed. Irt Èhi.s h¡åH¡ d¡ie*.EL{rËfirents er# diatance, on the
i.räæge c*qn be cr¡nværted tu ræal distsnce by applyímç the
*ppræpri.*te cænverçi*r¡ sæ.cÈnr (5mith, T.F?Eç Eitrr+itzÈ;æ 

"qr

l*li 3 nær u f. SEI*¡ Yac$,: ,, 1FË4) "

flfter the siLm is deveLupedu it is vi.es*æd by rnee,n= as ã.

*perieL prnjæctar that cs!-¡ advance thæ {ilø¡ æne fran¡e at å

tims. Tl-re áin*Ee a# æ*ch sr*¡¡re is diæptrayæd un å Ëtrr-Ê*r¡ that
ås *æt. at æ riçÞrt angtæ tc: the sxis ns thæ 3.ens æ{ the
prmjæctr:r" táræct, mæssurement er{ di=ptacærnentg c;tn fue d63ne

rrl the prn-lsrtæd i.mi.age by usi.nË å rurlsro pr*mtract*r snd

cii.vider*so h{:t*æ**Ër this ås ieirprectácæ3 Sær Ie:nE runs cr$ {ílni
*.s dat*. s¡ttnæ.rti.r¡n ås ær:trern*3.y tifiîE Ëûmgr.qming. å dåEit.i.xing
tat¡træt ür *lect,rsrnic gri.d àn{:cprf*t:æd tei a c*rnprrtær cår¡ bæ

us'æq* t{r dæcr**-ss the s¡:tnunt æS ti¡ne epænt in dsta extr*ccti6ln.
Thn åmægæ ås præ;imrt.*d nntr¡ ths sr*r*$acs g{ thæ diçi*ieing
Ëshrst snd the hcidy r¡isrkærs ir¡ the i.rrlaEe ar-s tmuched rsi.th;*
sLÊE'*Ëür ûr epæci*l æJ.ectflmníe psr¡. Thís råt-lEBs * çåçnaÏ tc¡ bæ

sent t.m the cæntp*tær;smd thíe siçn*r cam bs stnred åË å.ri x

æ¡-¡d ,a v cæ*c¡rdinat,*" & cmnrputær prrçr-&rä cån he wri.tÈsr¡ tn
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L'abel i'he rær4uá¡-ed nu¡nher æf budy nra.rF.;ers and it i=

rec*¡r¡¡mËndæd thsi a pattærn reccagnitían *es.turs be r.srj.tten

iritæ Èhe prngra.r* tt: determinæ *,qhether tl-¡* msrker* have* be¡eri

digitíasil irr ths re:r-rect EËqlrËr¡r*" It íe recarnrnsndæd that

år-ly ËümFr-rter FrüËråfi dæsignæd tu sttrrs digitieed

cs*ardinatssE åtrFly ËürreËtåqn Sactars *,nd ¿nanipulate data be

t.estæd caræful3y tn ËnËLrrÉ thet it is reliebtre ¿nd thst the

dsts gæneræ,ted aræ vsl i d {Sut.herl *nd & F{*gy u IFTE; Ënri th ,
!F75; l¡lånteno trS7Ë¡ Gt:witrl..:æ f,r ¡qiLner? trFg*¡ "

ft nutn¡ber c:f sirlrrces æS Ërrür Ë&r¡ ËicËLrr- 8",¡i th the

ci.mæmistæçrepfiåc techni.que {ñapgruea*, r.çË1tr"} " These include

lac[* ers desini.tii:n c:# t|:e siSm imagen shisting *# cnar$.;er=n

r:ptiea]. distm,rtåt:no ã¡*rûrË. in da.ts æ:+t,rxcti{3n, and 1t]çs tis

in{s:rmatísn dn* tc¡ smmgthing t:$ the dst,e {Ër¡rith5 i+TE} " r+

thæ dæve1æped $i3m iæ Erainy *r-td the ien*.Eæ ås åacÞ;inç in
tJæS i ni ti. mn , i" t may he di ++ í cs-rl t, ter detert the di sc r*ar!.;ers nn

thæ prmjærted irnaçeu Læ;*dåmE tæ àn*ccurstæ tr c¡c*t,it¡n t:{

rese*rænse pmár¡ts. Ëhisting æ* msr[*srç ffiæy f,]ËËur hærause e:*

r¡i¡*sr].æ et:¡-ttr'æ,rtit:¡r bensstl-t thæ s[rån ü]- hsc.anrse æf stretr!-ring

c¡S tËre s[':in durinç rnnvæm¡snt" Accnrd*.nq tc: tappæxet: t1ç*1i

thi.s rnmven¡snt nS sns.rkær* i.s un;*.ve:åd*.hÏæ but rås-t bæ onåniliiie*d

hy caræfn-rÏ. *hnice c:$ rnart*:er 1¿:cstírrr'¡8, üpticat di.stnrtínn

may ræ:at-r3.t hæc;*,¡-rsæ ¡nüÈàç:n s-¡iIl mæt s.lwaye mËËLrr mnly in å

plane pærpæmdirular tt: ths cå.räëF*a s¡*ís snr! snc¡værnænt {:*wsrrJ c:r

å!jså}.- Srerrm the r.a¡nær;s r*i}3 r-æçuLt ín *.pparænt chanËes in h*d;r"



1l=

dirne'¡:**à{r¡-IE. This "p.aral læn Ërr-Ër*" ËsFr b* niiftin¡iræd in three
r"{åysi {irstu hy p3aci.ng the rsrner-ã. r-,Ë +år aþJåy frnm ths
eub.:iç'ct a* pæs=:[b3æ {e.pprnr.;i¡i¡ætstry 4 tn j.ã m} e* this wi.rl
reduce thæ ei.=e ¿=s thæ angle hetrseer: the csinsrs snd * br:dy

ene.rk*r¡ rær*nd, hy F:eepi.ng È,hæ s.:riç æf t.he cs,rnes*.a s.t a right
anigÏ.e tæ the eub-íæct thrruqhnr-rt thæ snsvernæntg and thirdu by

i.nrr:rp$r*ting e, m;*thernatàc*t ci¡rrerti*n {*c- the e,rr*r iritc¡
tfu* ccimp¿-ttatímr¡s.3. S*r¡nr-r3æ.s r-tsed t* ce,lculate displa.rernents,

Ërr*rs in d;*ta æ:qtrs.ctåæn rå.n *Ërur during thæ diEät.i=stisn

FrütËË= *nd these nesult Srnrn mal*tríçnrnent oS the cur*sær {f,r

*p*cd.a3 pên ün the im*.gæ nS thæ snstærnieal markær*, Ëmu¿3th:;nç

ms the dets ran resuLt ån ].ruçs trs ç*nuíne inserr¡i*.tínn ir¡
sdditíun tm thæ t-emçrvæ.3 n{ exÈ,ranetruç i.nsmrnratinn" Thiç celn

bes mi' ní må ræd hy sæi. ertí mg #F-r *ppr*pri æt.e s¡n¿=mthi nç terhni qr-re

{ËËrenE-¡srt E{ Tnrnæn s l"çgL g Gray a eeç¡¡ra-j i a.m u lgåEç "Ëu-ther l ;ind $:

l-{aËy, tg7Ëç 5mith, :LF7sg [,{intsr, tFTFq ffimsqåte&:e €¿ HiLner,
LSttitg tappæaææ ! lF*t g å{å reter ã lSË13} "

Tfrs aelvsntagæs ms cinærnstægraphy anæ th.st. tt nssers no

rest,rictimr* tæ rnc¡vsrn*nt, th* prmcess ns såtrnårig is næt, time
cnmeurnå nE u i e pngvi dæs eh¡ç.cll utæ ae rppcr=æci t,s rer at i væ

rcr*eirdins-t.æs, *nd it prædueæ= a. pærmæ,nænt vi.çr*¿*,3 ræcsrd rus

the ¡ni*tínn. The disadwantagç:s årË that equliprnæntu p*rch*se
'snid pr*ræxsÈnç sr# Silnr årË Ê:{FËnsiveu *.nd trræ;as¡i*unt. mf tirn*
n'equiræd t,*: æi:trsct ths dst* sre:rn earh srarne e:s film ran be

L ænçthy {btà nter E i.F?+} "
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UÏüEÜ ftËCTftËTF¡E

In this tæuhni-qr-q,s Ã televisían tT\r) ca¡nera and vídso

reründàng u.y=tenr .are used tn c*pture che,nqæs in di=ptacenrent

ns bc=dy segment,e" The ræcarding Ëån he plæyæ,d hactr ín sl.n+¡

rn*ti.e¡n Ê3r srærne*hy,-sr-.aiiTiæ ê.nd tt Ë&.n he c*nçertæef intn a

diEitaL sc:rrns,t Liy TU-cuniputer inter$ace {&Jínter æt ål - u

1F7ã41 " The Siæld rate er$ TU c¿arnerss in Fdgrth ñnreric+ is åf-¡

Heo therese:ne the s*mpling rate can he cænsídæræd high enough

tc¡ hæ eppræg:nåste sær ne:rn¡aL and paÈhmli:Eic*t g*it studiæs

tldíntsr r tËgã] "

Tfue TV cë,rirËr& sh*r-s3.d bs *ligned in surh å s.råy that.Lhe

e.¡ri.s æs tl-re re,¡neræ. l.æns i.s pærpendi.c*Lar ts thæ plane u{

prngræ**i*n" Thæ csniers and s, cnnnitar Ëån be rn[3unt-ed cln å

cæ.rt åFFræ:ri¡nst*Ly 5 m frnr¡¡ the ssax.ku*ay. The ¡¡rgbilæ csrt

s}åt:çss ths sr-rb ject tu bæ trscl';ed duri.nç Enntánn sahils ths:

m*r¡it¿:r slSmws snrus *nd Ï.ighting t** bæ adjustæd eaai.ly

{t,lå rltsr n 3.#lFg üme*i t,a l,:e Ê.: l-li L ner ? Í.çËlü} "

*E u'¡i.t,l-r cisrer*s.t*grapFty, vid*ci rær*rdinE Ë&E"i bs

sync6"rrmnired ¿.*íàh e";æntË in the çaít rycle snd ¿*íth th*'

elc¡atr*nrnvngråen tLe*tæ et *.tr.o 18356 üubm st e.r.u i.F?å¡ Fare

et aL", fç#Ll"

Ræs3æctåvæ bmdy and bår$:-grm¡.rr¡d re$ersnrË mar!-:srç sre

s.lse: ¡-rss¡d ån t.l"¡ås technáqL{É. Thæ eubject r¡rûvæË sç.*inxt .s

hLsc$r ffisttæ backdr*p ar¡d thæ liEhtánç ís edjusted ti: preivit*æ

å v#ry håçh cmr"¡t,ra.st imaEæ. TFrus th* i*'lag* ræcnrdc*d i= m$



I Ii,

t*l'¡itæ dcrts .aç*.in=t s br;*ck hacl*-:çr**lrnd and tl-ris ene,btræs a

{fne*hít rænvsrsíon u,f ths dsta {rrr cæinplrt,er a,r¡allr=i= tt Snr

¿.+hitsu inaåde *. ¡nrrker; t3 Strr h3.sck u *r_rtg;ide a ¡narþ;erl . A

c*nrputer prr:gr-ã,r¡i i:#,m thæn bt* uçæd tm r*lcltLatæ ths rent,r.æ æS

tf¡æ ¡r¡arkÉrÈr åpF3y tt:r-recti.¿rn {æ.ctærs Smr *ptic*tl díst¿3rtiænu

*.nd dstærre¡ine tE-¡æ ebsnLute *i:**¡-din,ates {t4íntsr æt ãl - ,
L?73*i " Tm addi.tiæn* lånææ.r *nd angula.r dixptacer4ents cari he

mæssuræd diFsrtåy f rmni ths irñãçË Ðn the nic:nitnr screæn {yacÞ.:,

I ElEt/1- 1

T[re *dvsntaçæs ns videer recærding sre that thæ ct:st nf
æquri.ptnærrt is nut hi.Ehu thæ technàque n{SerË ner impedirmentç tn
mr¡'¡emænt , må ni irræ3. t i räæ i * ræqui red t,s attach brdy mar!.;er-s u

*hsæ!.r-rts sç æppereæd tm relst.ive cæ-ærdins,tcsç. ar* prnduced,

ancl a rsrnnd us ¡ï¡Ë"*'Basnt thæt c*.n bæ r-eplayæd instanttry *nd

r*pe.atedtry åe produced" The disædvs.r¡tagëË #.ræ ttiat æxtrs

lighting å* required and t.hst the rnæ,¡+isnlrrn Siætd rate æ{ å{¡H:r

may nt:t bæ çu*sici*nt3y $riEh tc: capture vËry r-apid nns:tít:n

{Hintær? l+7ç, LFgËi "

üFTüHLËTTR*h!TT TET¡"{Í\!TBtJËg

ln ræcsnt yËã.H-s ths uç* ns rv cafiïæræs intsrs*cæd tæ

cær*putærs. haæ gå'"ræn rise tm t¿*æ *.utæn¡*.tæd mc¡timn ;*.n,aïys-i*.

*ystærne - se}spæt and vicsn" Th¡æ prånciplæ behånd bcrth

*yatæ*r* is ,aut,t¡em.*.t,!* lr:c*.ti.mn ,*.md ct¡nværsinn tm :* s.¡*rd y

cEr-n¡*di ¡:et,æs ËJ* *næt,mrnå ca3 markærs {k!í ntær , Lç79} "
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ËTVÏtrE* Tü ftETÜRÚ TEI',üF*ÑÊL EUEfqTE

Ïn studiæs t:S N:urnæ,r¡ lsrær¡iutít:n Sc¡t:t tiiníng inserrm*t,ír:n

i'= c*nsi der-æd tc: he the ssçeeiti et sync;hr*ni. z i. rrç =i gnal sær

cmr-re3atíæn nf all. t=ther dsts {þtinter et atr. u t?73b}.

TFienestrre u å n å, kà r¡em*ti a .an*.T. y*i s s *mÍnÊ rnæt!-¡e¡d cs

dærnarcsting end ræcærdi.ng t,hæ rnajcrr ævent= *$ the gait cycle
is r*equir*d ín ærdær t* ca3cu3.stæ a.crurately cadenceo Længth

uf cyclæ* and dur*tínn æf Etsnce and E*+ínç phasæs, rf- ís
s.lçc: requår*d in crrdsr tæ ctrrreletæ æ.ccuns,tetry Èhæ pn=itit:n
mS tiræ'Sææt s*ith EÍ-lË sígmals ar¡d tæ det,ernrins acc¡-rr*,te1y the
sequenc* nS the pnånt,s s{ rær¡tact pS the Sc¡mt durång nmrrnaL

ænd pathnl ngi caL l mcsrmnti crn {Eherhsrt Ê¡ lnmsn ã LçEl. g Gr-*y E+

&ec.{i"iajian, LËeËg Hater= Fx Èdcir-ris, tF?ãF tcfinter *t al * o l?Tãbç

Fít*h et atr " u 1+74-¡ f;app*xscr urt æ1. u LF7åe Te¡to¡¡c5endu Lainhsrt
et aL " o tr*?#¡ T*¿"¡r¡send o Ëhå aví æt aI * , åF?B¡ Gc:*¡i tz kæ &

FÌi 3 ner, l9Ë*5 Ëæg*rdh & Rå chæ,r*ds ? Í.ç*11 "

Fc¡æt sp*itchæs aræ t.hæ d*vi"cæs mæçÈ emr¡imænl.y ue*d.ti:
deniærre,ts the, t,æmprrar ævent,s in t.hæ g*it cycLe. ñ ræview t:$

Ë7 gaát ç.tudíæs nævealed thet si:æt sr,+itchæs t:s væ.r*ic:ug. types
F$srF usæd im ä1 ür- fÐ"¡{ mS thæ ånvæstíg*tåfins. üther rnæthadç.

usæd tc: indi.cste tenipmn,al svænt= i.nci.udæd uræ m{ å spæcåal

*+*,lkr*ar¡u phmt*gr*phyo *nr! uss n$ *. {t:r-cs plate tinlilsrer et
aT.", tËft; i*i.nter æt al, o Ì.ç?Fh; t*.ppærrmu LËffif,¡ Hi"=rshi st
æ1., , t+g=} "
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Ï¡-r itç sintp].æ**t È*rrn a {ænt çç*i.tch ccrn*ig;ts sf ;a sHit.rh

cs:nnected in se*riæs in èn slectrícal rir-rr-rit pnwered by a dc

Ë.elul-re. Ths s¡*i.trh is placed üft the plantar sursace cr{ the
fc¡ut, asrd iç' desi.çned tr: clæsæ r"¡hæR thæ sænt i= ín cc:ntact

ç+åth the €ltrt:rg a dævice'Ln recmrd crutpurt vcrltaçe ca.n he

incærpor*atæd íntt¡ the cj.rrr-rit {[c;i.ntsr et, aT.. o lçTfhç Tat*,
tçã*l " Ft¡¿:t sp¡itcheç r;Er¡ *.Lsn bç cærir¡æctæd ån pær*Ll**,1 r+ith

disssrent resiç-c-clrç !.r¡ rR cår'rui.t. rr¡ this HåH¡ c3.e:suræ *{
ssrh åndir""å¡**..æl $*mt x+*¡itch s+iL3 ræsult in a "¡ciltaçe æutput

thet psilL b* di#ssrænt {rærn thst æ4 t.he ethe,r- snut sr*,ri.trhes"

ft ther¡ bæcn*n*e pmx:;åh].e tæ ådentisy r+hich p*i.nta e¡f the St:æt

åre' in cæntact with the gr*mr-rnd at upecisic tinrg.s ín the ç.ait
cycle tÏat.ar LçEt]¡ "

trt:nt çp+it.chæs c*,n be fur-ri.trt intæ speciaL =hæes, *tt*,ched

t,æ th* çæ!e æ{ t,he shs¡e ær atÈachsd to speciar inserts thg.t

sit íntm ttræ shoe. rr¡ *11. Ëêqes, thæ sænt suçitches should

mæt ne¡ti.e*æhly *f f ert nt:rn¡*L ç*ååu ehmuld Èræ c*pab3e n*

gi vi. fig ræ1 i s,bl * si. çnal Ë üvsr L æng pe,ri c¡ds ci$ L{ËË s .¡¡nd shclr-ll d

be capæ.ble n$ Liæ5.nç u.ssd in s.LÏ. nnrrn.al cea!.kinq ås-æã.8 tt{intær
æt aL " , f.F?fb! "

å-ærnmneu:* tlFfÍ] cmndurctsd * Eaíå study ín r¡*l-ricl-¡ he l¡g'æd

s f æmt ss.*àÈ,rh buåtrt ån¡tt: tFre hæ,el ¿:s thæ shsæ. þJi.ntær et *,l"
{¿?73b} d*çigned æ epeciaS. s,hne csáth f iue necæsçæd

rsii-cnæs¿*itrhss * ts{æ su¡åtchæç &sËræ pÏ.acæt$ in e*.ch m{ tÍ-¡æ heel

ar¡d hæL3. -qrs*,ç c:s t.he suLe snd ünË r"Jås ptraced in the tme
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é.rËå" Thæg'e adapted sh*es w*rÉ ¡-rsed in gait s.tudie= hy Letts.

et *.1 . {1ç75, iç7æ} Eend Ðr,rbn st aL. {fTTå}"

å,taÈers æt *,1 " t1ç73¡ taped $s:t:t switches tc: thæ hee}

aræs æ{ th* çuhject's çhtles snd Fistg et *1, {J.ç?ç} u in å

xtlrdy r:s rt-rftning, t*,ped {nert switches tn tE-ræ halL a.rææ, i:f thæ

sltfuject's shuæç" T¡+æ fcrmt ss^!åtchss *ttærhed tei the heel eind

tt:e ar*¡*e ms shnæs h$ære usæd by Ebærh*rt snd rnnran t lFSt ¡ ,
Ëiteh et sL. {1çr4-} snd rnt:Lqhi.ræ æt al . tLçË5}. Three pæint

stt*cl-i¡nent æt hæ*tr o hall arid tt:e æ,ræe.*' È4rå.ã used by Ehas{íæld

{f ?&"} ar¡d hy Gnay and Fasn¡sJi..sn {1çåEl} "

E"Tt-t3típle fææt s.t{åtcFræs incerpmr.at.ed ånt* s.hüe ir¡snLes

É.JËræ ussd by Tuwnsændn Lsinhart st al. { j.çTEl} and by

Tt:*+r¡s*nd , Ëhå *r'å æt aL . t lF?Ë! " TËræsæ s¡¡*i tchç* csntrt:l tr" æd

thæ vnltage *lcäpr-rt äsr"er ns twr: anrpl å{íær*s- T*tg¿ (1çB*} .alc,i:

u.sed smmt ss¡¡ítcheç sttschsd tsr shne j.nse¡les .and p3.*ced the

sssítrhæs *t thæ heelu bæll snd t,çe sreas,

*peci"*3 ***lkv*ay* havæ atrs* beæn usæd ë.8 s cneð.nç c:$

delírni.tirrg tæmpnr*l ævænts. l-'lilner et *l . (Lç?Í1 c_rçæd an

alucãti.nun¡ ç.0æ3.ke"uay ;*nd f ã.ttæd thæi.r suhjærte; ¿+i.Èh shc¡æs tqhich

h*d s*i.ns rneç'h æLectre¡dæs sttached tt: the hes:t snd ti:s area=.

ldhen år-r slsctre=ds rarnte.rtsd the wa}kae.*p, *. vg].taqæ uniqu.e t*
th*.t ælæstr*:dæ iÁrÃã prndlrcæd *rrd recsrded. tappæ=u *i {lççll}
Lqsæd å 3.ævæl **a1 kr**y s"¡'¡i.ch l-¡ad 5 n¡nr r.¿idæ adhæsir.e mætaL

strípË trlacss l nrm apært" *t.tached tn i.e" Tf-¡e sc¡!.æ *s the

Eurbjæct's sFiu:æ q"ss-s aLscr cævered v*ittr the snæta3 strips and,
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þ¡h*n the shnæ c&ntå-trtËd th* walku*ays å Ëignål È,eê.Ë gænÉrêtËd

Ernd rsecËrdsd" å såinåtr.x'r systæen hrås Lrsed by E"li.=rshí et æ!..

t l- ?clr- J .

The pæsåäinn *f the f*æt án sp&cæ rår¡ alç* be deternrinæd

u=ing imaging terhnåqt.{Ës. ç.uch as çtitr"1 snd ci.nephætciçrsphy,

çider: r*ærarding and crptc:ælæctrænic eyç.tæins" lf:_erray et sI"

t 3Få4r Lçåå, 1.ç&ç1 detær*rnined tFie heçi.nnànE s.nd ænd pcrint= *{

fc:øt csntert Srnr¡¡ r*ultíptr"* írnage phætcrçraphs e.+hi1æ Fattye snd

Jmeeph {tçå&} æxtr*cted th*se data sræm cinæ#ilm" Hæn*ever,

scccirding tæ tdinter et *!.. {3.ç7ãb}Ë thi= approach is liniited

hy thæ såeæ ænd de{ir¡íti*n e¡f th* imaçe and by ttre =.ampÏing
rste æ{ the camær"æ" Thr:rçtengË{f,n et al" {Lçß"}, ltsi.nç the

-$ei3spmt. system* dæf ån*d the diS*erænt phas.es n{ the gait

cycl.È hy r-*læting thenr tc: thæ rsrcrrdæd angr-ttr*r displacernent

c:# thæ á pei l atsn*.! kmee jciå nt "

* fc:rcæ' pLætæ cen he'used ti: dsternrine tl-ræ pni.nt c¡f {r:nt

r*ntæ.ct. ar¡d t&re end æf surç+ard pr*græssi.crn in the stance

pha+æ" Flñs+æver, tf-le lr:;e E:f thi.s dævicæ i.s restríctæd tt: ¿.

vaaÌ.hway *nd einrry c:ne çtride c.*n bæ æ.na3yaæd tHinter æt #l o

I {3T=Á* t

ËLETTftüE-¡YMËR&trI"{Y

Tf..{E ¡"¡frTIIË Uf{TT ATTTüru FfiT'ËrurTåL

TFræ çtrurt,uratr

r¡¡rqsr3.e cEstr I mr Sihr*
umi t m# slcæL æta} rnusa} æ i s thæ i ndå vi. dlrsl

r"¡hi 3. æ thæ f ¡-rnrt i cr¡*,l uni t i s the rnmtmr
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L{r¡it" Th* rnt:tæi* unit cænE.ists o{ the xynaptíc _iunctian +t *.n

aSph* *r*tær ne¡-rÊ*cfn in the væntnal h¿:rn ns the =pir¡al r*rd,
the .*trpha rnr:tnr F¡ÊL¡.re:rï plu= iÈ.ç a:.{t¡nu the nËt*¡*nnìtrçcu.lan

iunrtiur¡s, and aL3 the sir¡-rsc3.e síbres ínnervated hy thaÈ

p*rt å cu3 a,r *l ph* ¡iri:tnr r¡ËLrr*ri t &di nter u I" F?g ç Gmrdæn * l ?sl;
Fas¿¡rsjian & fiæl*uacså lçES] "

Í*lt.q-Ëcl e s i fures {r*r* ed jscænt rn*tur umi. ts í nterdi çí tate.
The tsrråt*ry rif &ft irrdåvi.duaÏ. ¡¡ru,tmr r-snåt i= apprr:xiäiatæt y

nnæ third æf the crusç-sectímn*,1 ar*a c=S the muscS.e in r¡¡hích

it. i* Í"cicatæd {Ë.asr¡iajj.ssr & SæLurar tçgg},

i"Tæt.crr urnit* u¡ít.hin s r¡rusr1e \rår-y in siræ dependinç ilpon

tþie'Ëc-rr¡cti*ri ess thæ particurar nruscle, EmaLL rouscSes

ræspe:nsible fmr síne mnvernentç h*,ve $esd ml-rscSæ síhres pær

å,Ì.{$n æ.r¡d s-ræ saàd t¿r ha.çe * 3{}¿q innervæ.t.imn ræ.ti.$, u¡hiLæ

m¡casrle'5 re5Ftlnsible Scir Ër*Ëã r¡r:vsrnsnt havæ ¡rnårÊy ri¡Lrsãcle

siÈrr*x per e,"íÉn æ.r¡d *-ræ sæ.Íd *.u h*.væ * high innerva.ti.ern

rstíc3" The çíEe r:# thæ ¿rtcitær urriit rftrreËFünds tm thæ sà:e n{
itË. atrphs. me:tnr næLrr-æt-i, trråth sm.*.tr3 E*näærnæurür¡Ìã innerv*.ting
Sewær mugrls Síhres thsr-i T.arçær mmtmr nslßrffins tffimrdrriu trÇE?5

Fssma*iås,r¡ €q Ðel*i¡ce.r L+ES¡,

Ëxcitsti¿:n nf tfræ aÏpha incst*r rÌæLtr*r:r¡ Iæads tæ

d*pc*lsri.rati.e:n *'F thæ s-*.ncolernrns æf eacir indåviduat ¿nr*scls

*Íhræ s.¡ít.hin the r¡lmt,e¡r uni.t. T'fiis, rssLålts in a rnechaniral

ts.+itEh" The mu]"tipT.e indåvidq-r*L siÈ¡ræ dæpæl.*.rieå.ti.*ns rr
sct i f]r¡ p{}tænti. s3. s *ræ r*t S esti v*t y !..:nmr.*r¡ ðË the matr:r ur.tí t
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THE È,IHüEI_ËETRTC ËTËÍ{Ë¡*

Elæctrndæs plscsd insådæ ur {fvËr e, n¡r¡scle ¡"¡iI1 rerurd
ths sum *{ thæ e3ectrical activity pruducæd by th*
dæpci3 s,r*i 

=æ.t í mn ar¡d ræpætr srå zs,ti æn s*a'ræç nS *t I ccintract i ng

¡-nuxcl.e #ihr-æs ån the irn¡nediatæ vi.cinity ms the electrûds,ç

{sbærhsrt Bs rn¡nsR, tç51g ËriÉver fF?&g ["Jåntær, tFZ?¡ Eans Ê¡

Ë*t*ná;*k o 1ç**fi seidærherE & tn*k 5 lFãqi . There$t:re t!-¡e

miy*el sctri. c i ntær$erËnrË pattærn r"ri I L cær¡sí st mf pr:*á t.í r'e and

næga.ti.v* sp$.Ëtæs r¡s vanyång atnpLitudss rÊFreËÉnting the
sltpæri.nipæsed sc*ívity ci$ sLL *int*r units in t,he sre-: {t"Iínt*rn

1ry7ç1 . Thæ amp! åturri* *{ the niy*ele,i:trir siçn.*l is sf +-et:ted

hy thæ 'L,!ricl.:ness i:-$ ths ssst t,issi¡e ári*,erpciøed bet+"¡esn rnnscle

*-¡rd æ3e*:tr*dæ, the er¡"'íe¡*rtæti.ær¡ e:# thæ eÌ.*ctrc:dæ r,,¡ith re=pæct

tæ the clíre*támr¡ us n'¡ursc3.e fáhr*ss, and t.he pls,cemsnt ss thg'
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eï.e*tr*Cæ relativæ Lr¡ the e¡¡¿:tsr end pLate regiæns aS the

m¡-rgc3 e {&ndesr=snn F* *rtenqren, 1ç74} .

Thæ spæctr¡:¡n e:f the æ!ect.r*inymgraph (Ët'åË¡ rångËs {rsm E

ti: ãue¡t"¡ l-l= *ori.th ¡nnst n$ the síçnal cnncentrstæd ín the band

bst,t*¡GÊæ¡r ãü *.¡rd I*tl Ft¡" Ëeirtr-cæs æther th*n c*ntractã.nç muçcLe

tån gænærate Sr*equænrí*= that 1íe saithin the Ef"lË spæct,rnin and

s.re thæref e:re capable ËS då=terrti.nç tt-¡æ Ët'{Ë såçna1 " The mr:çt

t*rfimnn dist¿:rtísms õr- an*tíSsstç ariçæ Src:rn ths contræ.ctínn r:4

he*rt rnuçr3.æ {EF{.ü *ignal} q¡*hicFr h*.s {requ*nci.Ëã uF tn 1*t} Hr,

ths mu'tíür¡ üt elæctrndËË s:r rsblæs s.*hirh gene,ra.tes

{req*er"lråes ån the tü Ftr r*,riüÊE* *,nd åü F{r intsrferencË frsnr

FüHær elrppl y nrai riË mr- neerby e3. ectri ra} eqlri prnent tü 'tr*:nnel I

F"": Ës.rdnerE 1tr&39 Ëræ*srnsn Ë¿ ldeåriËrå 3.Ëå&¡ !{rLeudu f.973;

þJí nt ær î 1ç7ç ¡ "

Ês t.hs lsvæL ru{ cæntract,ís:n íncre*,=æ=., Fr-mgrËçËive1y

ffiærË r¡iætær unitç é*.rÉ retrui.tæd a.nd thæse f i.re mff,re freqr-rentSy

çi. -,ri. r:ç ri se tæ *n i ncreasi nçl y cminpS. ær: EF,lffi pet.t#rn. !-{i:ølevæn u

thærs is r¡t: dæSinã.'be e*æLætà*r"r*hi.p bet*çææn the ampl. itq_lde ü$

the rn*È,mr urni'b. actámn p*tæntiatrs e.r¡d ths tensí*n genær*tsd by

the *tur*c].e {HÈrærFrært Sr Tnn¡*,n? Lç53.}- T'hs tr*rTgth mS the

rnusclæ duråruç cæntr*,rtiæn flåri alt*r th* rel,atác:n*hip c:f th*

Hf'Ìffi tæ tænsinnr snd the EF4Ë sctusltry r*æcræ&EsË mhen tenså¡rn

íncræa,ses at L*nger rnnsetræ 3"*rnçths" T[-ris insy hæ dus tn the

$act, thet thæ ntusrl"e Ë:r-q}['; r-lr'¡dæ¡* th* æTentr*deps decre,ssæE *.8

thæ m¡-csctre æl*rriç*teleu ræ*lrltåmç in Sæmær* rnætnr nnits lmcatsd
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å¡'r ths irn¡irs3diste'¡åci.mitir *{ th* sIærtrr]d*s- Tt rnay al*n bs

dirp t* thæ Ssct that te=nsí¿:n ís gr-*ater ån æ3.ængated rnrrscle.

ThiE ten*àsr¡ rn*y ståEri*Lat* ths muscLe spi.ridtr"e a.nd thís *+ill

ËåLtËË í nhi hi. ti t:n m{ th* al pha rnut*r nËLrrmn ¿.rhi ch , i n turrn ,

e*iÍ. I r*=u.3.t in s dscr*æsæ i.r¡ the nus*ber r:s ç*ner*ted rneitsr

urná t erti. n'n pcitæntí sl s ,and s =,rnal r er niyr=eL ert.ri c si gnal

{*c*d*r-berË & tt:æk s 1ç94} .

ït hss be*n fmumd that the, ËFlË Eæn*ratæd duríng å

ce¡nrentri.c cæntrærtimn is gra*ater thsn thst genæra.ted durinç

arr srcer¡f,ri.t: rsritr*rtir¡n {i:r cinii.Sær Lervels r:s t*nsiæn. In

æccentric c*nt.rsctítrns the elsst,ic æLe¡mer¡ts t:S thæ æusrtre may

he uç.s.æd tæ E*ners,Ë.s tensíunu theræ{ors less æcti"rity s"cítl he

required Sn*:¡n th* cn¡-¡tracti 1æ elær¡iænt=., reaulting in å

srnæ,l1ær rryoeS.ectrir aågnal {Snderberç E¿ tscrk* içgq} "

[dhi"1Ë e FLi.ræ li.nesr rælatic:n*hip het¿*ææm snu.sc].e t*nsi.t:n

*nd thæ vsråüLig Får*ê¡nætsr= m{ t,he rnyæelectric sígnal hss nnt

hæen f mq-rnei, theræ i* cnr¡serrËua that æ f unctiermsS relatimn*hip

dmes s:qíst {Fs$m*"iisn et el-, 1.s75; ürt*ngræn E¡ Anderssdf,Fr,

ltsT?¡ F'!agnr* E< Ë*¡-¡æn u T.F7Eç ådi ntæa- ! í+7?! . åccærdå ng tn

Ræsæns*I"ck {1ç&ü} ttre pr:rpc¡se c¡s n'ræ*,*nning thæ dægræe nf

æIæctr*Ècal activi.ty erf s, ¿rtusclp is tr= trhtain ËËslÉ ¡irea.çeir-æ ü{

ths-. rnscf"tenåcc']. *ctivát1" ¿1ç t.Í-r$t nruæcleu ån{ürnrc.tíffn thgit ís

då +S i. cs-Èl t tt: e:htai n i ¡r .amV erthær þ,!åy"
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ïhe elt=ctriral eign*3 snænr rnntrærti.ng rnuscle in*st hæ

recei.vedo ampliÈiædo pr*cessed *s'ld recærdæd besære it E.ã.n be

æv*lurstæd si.thær qr-ra3.i.tstivæly nr quant.itatívely.

Ël_ertr_edeç

The Ëf"lG signæL ia receár"ed by slæctrndæs s+h!cFr rnnst

tr*risrni.t &n undi.=ti:rtæd cågn*L ts the *mptr isiær {!dånter *

fç7?!. Ac*i:rdinç tm Suderi:erg and tae:k tl,çfirt! o the {nnrtinn
æ€ tß-¡* æLerts*ucJæ is tn cc¡nvert tF¡e imnic eq-rrr*nt nf à!-¡e rnstær

unit srtim¡r putentíaI íntæ e.n electr-mnic clrrrent n¡hich rån bes

disptrayædu recorded and stnred.

Ëí patr ar æl ertrrudæs, arhi ch al l e** thæ vnt taçe di #f ærencs

hsts.eeæn e3.ærtnmdeç. t,m be amp1i#iæd snd pnncæse*do a.re use3d tn
r-æ*r:rd ti-¡r* ËFlË aågnar {Basmajían et al" u l?78} " Trøc: hasir
types a:s bipnS.ar ætrect¡*e:d*rÈ åre used ån þ;inesi.*3mgicar.

*tLtdieË - Sínæ c^rárs índs"¡æL L ånq *nd sur-S**e ele*ctr*:des" tclhí tre

t.h* uçe *s urn* typæ rrJgr the *t.hsr às cçmtrmv*rsia.L, th¡e

rhnícæ depend* *pi:n thæ *r:perimsntsl prcihtrern snd #Fl

¡*tnde*rs.*,andànç *f thæ *-dvant*.Eea and Là¡r¡itati.E:nç e:S *ach type.
Ërt tfre present t i ç¡æ i nd*uel L á mç e!. ertrndæe rnnst

fnæquentIy cmnsi*t mS tr,*n Si.riss k*:irss *"¡hich åF*Ë insæ¡.-tsd ímtn

tB"re mu*cræ hp e sím* bi:re htrpmdærnric ¡-rææd].e. *ccnrdínrg tr:
Fexme*;i$"*n .ïr Ðæl*r-ri:e, i Lçæ5) * thiæ type ms s!æctr*de ís ea=i ly
ímp3.¿sme,æd *r¡iJ r*i.thdr*.**mu ás rælætiq.æ!.y Ê1*in!.ess, çivæs c1e.*r
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sign*ls r¡-¡d ås br*ed in i.ts pirk uF- He¡aoseveru ffrtengren and

Flnderssan {1ç77} *.nd Ëndsrberç end Ctrni'.: (lçË4} ststed thet.

indçselli.ng ælertrerd*= have a Siniit.sd pick LrF s.rææ. æ,nd

theræSnrs de nc=t aS.utay= çi.+e ã rËFrs*erltati*n *S activity in

th* æhæle r¡inscle* IncJ*¡æl IimE æLectrmdëã ésrÊ suh-isct tn

di ç3. mrati r:n o Êlí nl.:i nE s,nd dá epÏ acættient durí ng ¡nurscl æ

cc:ntrs.cti.*r¡ i'l*nss.t:n, 1F&*ç Jeinssæn {r È,i*mi o 1373¡ ürtængren Êr

ånder-:;a.i:r'iu ,.ç77]. In additåc¡ri, th*5.r ræLi.abili.ty in day tu

d*y '*pplicatåæn is nc:t a* çmmd *ç th*.t tr{ sur{sce ælsctrndes

æ¡rd thære$c:re ti-rey års cûnsi.dered inapprnpristæ Snr 1i:nç terrn

studi.es tl.ic:mi te Busl";irku 1?7ü¡. F.lmr*everu thesæ .*.re thæ

electrr:dæs ci{ chmice r+h*n pr*ciçisn uS c¡læssursment íç

requir*d Er whæn deep Èlr clerse}y Flæced rnuçrlËE åræ tt: bs

st.u$í ed {ü 'tænnel L & Ë*rdnær o f.9å3¡ Fasina j i an u 1?73¡ Letts et

ål-n 13?*¡ Færry et al", tçËlå Fs*msjåsn & FeLr-tcaï 1ç85)-

Sur$s,ce eIe*treides urs¡-rs,1 try cnnsist cl$ ræ*:ssssd discs oS

*. r*et*3 .and err'¡æ ar{ åt*. **lteu ¿r¡e¡*t corn¡nænly Ëi1vær*siLve:r

e hL *ri dæ- They pí *[': LtF ætr ect,ri catr antí ví ty #r*rn s reL *ti vel y

!. æ-rçæ vml. L!.cT.Èæ ü* umd*rL r*i ng rnuçi.ËL Ë ? tharef caræ tFis xi gnaL they

t.r;ansn¡át ås ce=nsídæræd rÊpr-ssËntatíçe aS thæ ¿q¡h*Læ rn¡-iscls

{tI s:çe et æ1 " f"?åt}5 "T¿:ns.çtrn u 1B&E}g ürtengræn & &r¡dsrsç{f,ri 3

1F?71 " F{¿:¡ni sr¡d Fusl":i.rk tfç7*} Sound thet their relíabitity

i.n d*y ter day appSåcati$rÊË å*åË qüqd. Sur{ace elæctrædes aræ

sæsËy tci *.pp}y *r"rd ËårJsÉ næ dissæm$srt tu the,çr-rh:iect a= thæy

aræ et.ts,shed by *SFræsivæ tape mr by d*uble*sided adhesiire
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*LlS+'Ê {*rtençr*æn E¡ l*nd*r*Ëûme 197?ç Façms.ji.an F* û*[_ure,

t3Ë5]. The rhíæf diss,dv;*.nt*gæ i:$ *ulr-F*ce eÏ.e.rtrsdeç is that

thæir use shmuild hæ restricted tæ Large, super{icial rnuscleiç.

Si gnsl ç f re:rn *urpærS i *í al niur=ctr er= c*i I I inas$l the sttenu*,ted

aiçnal *r*sri dææper crusclæs, tFrere{ærs the aiçnals f rs¡ä deeper

rnuçcles ¿'¡i11 be dist¿¡rtæd" ln thæ c*se t:{ sn¡alr mnsclesu

ËLrr+åre *l*ctrt¡dÈs ÉErå.y pårÈr Lrp the *ign*l sr*m cnuscÏæs

sdjscsnt ta the ûmËË hei.nç *tr-tdiæd, agai.n reç:_rlting án Ã{

dåstc:rted si.EnaL türt,engren s frr¡der*Ë.ûn? lg??g Felrry æt aL.,

1ç81¡ Fxæmajian r+,{ fiel,ucæ? LçF5}. tsnçeqr-renttr"yn sn¡-fa,c*

¡gI"ærtrÈidex sEtmultl *ntry hs l¿sæd ¿*hen siniult,anæ*us activíty cir-

ínterplæy ei{ setívity arer beínç sterdied ín Saårl"y larçæ,

super$i.ci.,el gr*up* t:S *rutaclesu s{h*ræ ç1e:hal påck up is.

dssí ræd , ür s.Jl-Tsft rrverÏ. a,p í n muscl e {unct í t:n i ç

i.nc*nxæqt-ræntisr {Færry et *,1 . o 1çË11; Ea*n'r*ji.an Eq üæLuca,

.1 ?{aJ,Ë -

Êerautse thsræ ís nt: prescribed mæthiird fær pt*.cemrent *f

æ3*ctr*dæn, the Lr:catåmn crs sur{æ,cæ eLsctrmdæç lirt.¿pt, he r{¡3ne

s"+íth ËårË {Ëmclænhærç å üi:*8".:? IFE}4}" znniça æt sL. {lç?{r}

#c:und thst tt"læ æværåüæ å.ripIit¡*de *S r*yne3æatri.e pnter*tiaLç

rere¡rded hy surS,nce ælertrmdeç !r'¡e.s gr-eåtæst ir¡ the middlæ nS

thæ ¡rir-r*rle hæl1y *nd derreased s,ühen ttræ pmsi.tic¡ri cif' .Lhe

æ1.æctr-e*dËË &dås. rnmv*d tüc"ae-d f,.hæ smcls ær sídes mf ths mnt;cle-

trn eclditísnn *.hæy #ç=umd tkat sur-Ëece ælËctrmdeç ct:r-r3.d cJætert

triyeiel ect,ri c *cti vi ty srgrn q*í te di çtant rnutçcl es. Færry et-
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å1 " { Lç*L } =te.tcsd that li:ce.láestien *S thæ myc=electric signal
decreased a= epacíng Êret*+een electrsdes íncrea=i=do 1æading tc:

rnnt*¡äi.na,ti.æn tr$ the signal by æther rnuscl.es. Thie type t:{

sågnatr cmntanrínatimn ís rs{ærred tu sç cri:sç*talk {Ël*,sm*,jían

å FeLucsr 3.ç851 " l-t:cal" iu a.tion c:f tl-re signal Srem .a speci{ic

rnuçcLË rñåy e.lsæ bs a{ferted hy the S*ct thst the ekin tn

**hich the electræd** *ræ stÈached Í{rævÊË **ith respect tci the

¡¡*derlying rnuscle, rúngæquently thæ siqna} enay not be dsríved

cænsiste,ntly {rcrrn the sæ.eire ¡nmtor uni.ts {l*l-qrre,ç et atr. n tçE}4 1 "

Thæræt*ræ, tc¡ ensltræ mpt,í nrr-tm 1nrx,3. å r*'ti e¡n t:S thæ mynæl ectni c

såçri*l o au.r*$ec* æL*ctr-ndes ehuu!.d he placæd c3.nsæ tægethe,r

nver thæ ce¡itrs nS thæ bel.ly r:S thæ nruçc3.æ para!.lel ts the

di r*ct.å æri t:S th* ¿ntrscl æ S i breç {[¡latærl snd f< Shambes, L?&S;

llcr:i6* et al" u T.Ç?$6 Ferr-y et æ1., J.çBlg 5æderberg & [ænÞ;o

LSË46 F*ar**ji;*n .t{ FæLr¡cs, Lç85} "

Thæ mye:elsrtrÍr øignal cårl bæ a.f *ectæd hy any rnmtácn

heÈç"¡eæn surSace æ].ectr-crdes and thæ sF:i.n and *'lscr by Èhil

íliipedameæ c:S th* tisË.LrËË that Láæ b*ts*een eIæct,rrdæ* and

qriuscÏ.æ" tc:ntæ.ct can be ii*pr*væd bg aecurinç tF¡* eLectrndeç

t¿t the *h:åm r"¡ith adhesive cmlL*rç amd Êape. trndurtivi.ty can

hæ åmcree.çæd l*y int*rpneinç a s.e.Lin* pa*te hætr*¡æen the =l';in
snd tñ-¡e sctir¡s çrtr$sce mS tl-¡æ ælectrmdeu and by redr-rríng sþ.: in

årnpead*ncæ by ra.rs€utr" 1y cLæ.*mi.nE tl-re skin ¿qi.tFi atrcstht:l tm

reniËl/æ pr*tective t:i1s snd the dæ,gd 3*yer mS csllç {Fasniajirn

,9¿ üeL¿¡rs 5 1çÉ5¡ "



l. -:'r.-! -

Ar¡¡p3 if iceti.Êrn

The ampl i ti-ide s# the nnynæl ectri c sí gn*tr í s r n¿+i i t,

rå.ÊlgeË Srn¡n åFFrilH å rnatæ3 y LÊfr] mi crmvsl ts fjA?f tr] E mi I L i vnl tç
{rn1.,r} " åmpl i $ i. rat i *n t:f the HFIË ei gnal i s thæresc:re reqlri. red

snd the ampLisier use,d tt: dæ this must be capahle ps

angrnænting the ç.iSnaã r*¡íthor-tt dåsturti¡1n. The anipl if ier
shtruld I'rave a rang* æ{ gain= trati.u m{ eutpuit v*ltsge t*
inpr-rt vc:lt*gel Srum 1#ö tu lLlrrfrJ* ti¡Jínterî lç7S¡. ålst:, ta
*vmid *t,tenus.ticn æs the si.gnaS due tm voltagæ drnp åËr-ÐËË

resåstanceso it is recnmrnended th.st the input irnpedance *s
t[ræ .ampli.f iær he at 3.esst lqJL"! åirne= græater than the
eÏ'ecf-rt]de.1=[-;in ir*pedance, with Ene ri¡egúh¡r¡ ¡-rs¡-ral ly adeqn;1tæ

f *r sur$ace ælectrsdes tÉ{ir¡tær! Lç7F} . The arnpl iSiær rnuçt be

capahL e r:f *rnpl í syi ng u *¡Í tt-rc¡ut sttenus,t i rn , sl 1 sreqçenci. es

præ=ærit i.n the Ël.lG s.i.çr'ralp thes* rå.nEF {rnin ë,FFr$Hinrately E

tü Ë{tclt6 *=" Fnr sttr$ace electrc:des íä is ræcmrnrnendsd thst
the {req¡-ÂËftËy re'apnnsæ nf the antpli.{iær he æuff icient tæ

acrsmrncld*te e. renge os l{¡ ti: 3.tt_'tlr Hr¡ {ür índr¡ellíng
sÏ.ectrüdes thæ Srequency rË::.Fcinsæ she:uld æ.ccr¡mn'r¡3date s rå.nqp

Srnm 3*] tc¡ lrfr-¡s-¡ þl; ([dintærr f.ç7ç].

Fec*,t-ise ¡nt:st nf the ËF{E signa} ás rg¡-¡csntrated in the
hand betr*sæn Ë{¡ and r{¡ü t-le ! + i L ters rnay he used tn renr*:çe

snnre ü* the sr-equer¡ciÊE gener*t*d by ampli.såer nsiseu tissue
nc¡isE* ænd me¡vernsnt srtísact {k!íntæru LFZÇ; Ëasrn*jisn &
üelucar 1?Ë5¡ " l"lc:ve¡r¡ent srti#.act duræ tcr motisn c¡{ eL*ctrr:deç



131. "

ånd¡"sr cableË r.ãn aLst: be ræduced by using s¡nall,

pre*mpl i * i Prs L r.¡cated cl æse tn the el ectrr:dæ si *.e {Flí L ner et
;r1"u 1ç73.¡ l*Nc!_eudo lF73¡ lclinter? l+Tç]. Externsl
inter$erEnËÉ frmrn ¡r¡achånÉry a,nd pt:wer Ennrces rcay distart the
mynetrertric aignaSu theræsûre & dif$erenti*L a.nipli{àer is
ltsed r*hich sqi.ll. çubtr*ct thæ signaS. receåved by nne *{ the
bi.perlar sLectrædes f rsnr that receiçed by tFræ c¡ther slertrnde.
As s r*slrlt, i+ s sign*tr ís receå..¡æd th*t ã.s cnrn¡non tn bi:th
eLect,rædeç tcügc¡rft*ri r*t:de =içnall o the ær-rtput sr*är the

amplifier r*ill bs s*ræ and thæ intær{erænc# u¡ill b*
æ3 í ciri næted " Flu:u*ev*r * persert eubtrast.i c¡n ñrëvgr m*curç s.nd

the abíåíty n$ th* *niplátisr tui suppræss thæ Ëc:rÍrrnffn rncrde

signal às ref er¡-sd t.ci s,s th* re:m¡ntrr¡ sne:de rejæet.inn r.atir¡
{tÍ'¡RË}, u*lr*l3y æ:tpreesed ån dæcibeLs {dF} " It is
recúr*rEs*r¡ded that e *FiRR *$ Br] dF nr l-riç$iær hæ uçed, that is,
ælI bust r:næ t*¡r tlrmr-rs*r¡dt.h *f the r¿:m¡non mc¡de *igna!. ís
re-!*ct,æd {Híntær* r 3ç?ç} "

Fræcæesi n{ã

The **rp3i$iæd r*ss^¡ HFlffi aígnar is di#sicritt tt: quantity
snd rer'¡nt:t hæ saitþi{uLIy r*prerduced by, sær exsenFlæ, pgn

r-ært:rdærs" Tn thrie *,ype ms ræcx*rdimg der,,åceu the ínærtis n*

the* perxç pnevæntæ ræãpcrmËË ts the i/Ëry r.*pi"d rhi*.nq*s in thæ

Hl.EË signal bæymnd å{i l-{ä" Thærennr*? ãùrrnæ mr*thnd ns

prt:uæ=eing ths r-*,¿,u ËF'tffi *ignaÌ. ia ræquiræd* Thnæe types a{
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;ãJE 5+Ltðu.EëJt'ïsFðl¡t æJcag:æJær.¡? uæluT? ptJF Ðpn+g¡dwe $"ü ËJæ+Ð¡¡¡E}*¡Ëtd

TFUtrls ærN+ æsn sa¡rbTuL¡fË+ ñuassæ:¡n-.¡d uml4ï3_"rffiæ+u1

'{å¿&tr ¿_ræ4u3pi3 ¡eu&r= F{3 j-r+=æ*3 æ¡\Btçì T Tn*

JB r.rËJ ðt-{+ uËri+ .Ågç4uer-rb æ4 ræTFF# Jet sT ?f "ã+TftATITï{,r

rJT Fë-.tT-tËFêur 5T pure aderTðAuæ JHæi.JTT F FËTTe3 Ër pð+eJæuÐb snr.¡è

urjüj- äÅpf"'¡ Ëql "Ë¡xJt-?3 MFJ ãr4+ 5,m ærjer-¡s æL!+ Ëaïqu!æsã_,¡ ÁÏæSntr=

pue ue;&cd,r"næ-.r4:*Ts ãr.l+ *æ Fi"JëJ+ ær{l €e{$IT{3* æñe-¡æ¡,ne ñu¡*nur

äL¡r "æñe-¡æ¿s ñur'rnu ç JE tæu-UT+ r-rï +uË+ãrJT pÐe¡r::æde e ?p

Á+T,rr+lp ãq+ *t: /t+TEU*+L¡T ëLi+ jþÐ r.¡ET+€f?puT ue Ér.¡r¿eætr eur_ln¡

ëÂFr4 õq+ i-n 5+uËuadl¡lp: õurFueq= .4 lprde_"r ar4¿ TTs Ëeñü¡æJ cl+

pËJë+1r3 ssedm*1 æq uËf treu&r* pëT*r3:e_r ä¡rBÈT T TnS ðqI

" i6¿ÉT 
å _.1æ4u ¡94 5 pæ4epun n ' Te 4æ sæ./"e¡_¡3

sænbrilqfË+ ñugexæ={]-rd J{år.l+E æ+ +ndulr L¡E 5F ET r"rËT+Ff,rJ.r?=E-,s

Ë/xEfrr ITìls tût Ë5¡1 J:Brq3 #r{+ Jæt{ãMfirJ ¿palenÏ?äÂffi ðq uE} Á31"r}+3F

' ÐT=Ër¡u¡ =gaeqd JE Ë+rËÀTTlTn¡ uT pBJnsFs$ Ðq ue= =a:iïd*
aq+ go Ëtr¡l+gldule ar¡1 "uçtT+f,8_l+un= Flsslru ær-¡+ *t: q¡ftus_:1s ær_¡4

q+Tf4 ËË+En+3i-¡ri- pr-JE *auTr*ËFq æ{{+ ËsËJ3 +{3u EËFp 4d41-,re1nd

äÂ T+ rsæd F ËFr"l 1suñ TË êl¡+ ilfl r+e= r å T+rtsJ ËÅBr.r T Tt-tå LeI

" {&¿åT 
e 

-,1æ3u rp,¡¡ un t1e_,1ñæ4u g pue r q _ræ3=*qæp ædæ Iæ¡ruã re*il T T }

ñu1-,1a11¡¡ s=edntntr snqd uEr+F:lr*r+=æJ æÅFfir TTì-t* *uür4e:ïJ.ï+:Ð_¡

E¡1BM TTn* -,to 3.Tpr¡ ËFðsr¡ Átrr.lmuluæ: e_læ Fu¡ssæ:*_,ld

t-r_ ¡
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JËBU T T sq+ ðËï-¡83Ëq å 
-áãr"æts1fr¡4 " { TË&¡ 

å 
-;æægæfi rÊ E*r$s,+-**q TE:E.¡

i¿¿*T **lætru1¡v¡1 sJæ?Ir j- ðr*s*?*$* l.lêTftå upe.Fe p€q+frßr*ä æq Ð? ä.lF

Ë+pF pæsT+-rbTp Ër.¡4 ST pue æñe-*r4s _,ræqr:efun: lfr]$ Aeurej: TF+Tßf¡:

n+ pæ+r;s.rx{Jü3 €q ü+ 51 leuËTË Ðþ¡3 bertreue æqtr $T +r¡fiß:l:rw {=+uT

uäTF+ Ðq +snnl u-"ræ+139 seedmml Ë{"¡+ Áq FæsrlË= nSsT æ'-r¡T? ã?r¡_L

"pðrTr-NhãJ 5r 1æuñTË Sþ¡3 ær{+ iFñ FuruT+ ær¡} d,Ð ?Lt#n¡æ*.a1-¡êæ#{ir

æsr:æ_.¡d *g unT+nB= L¡+TÞt pæã¡"t ãq FTr-.år3r+s ær-rb¡u*4=æ4

ãTq+ 5æd*Tæ'quð -JFÊr-!rT Êrì+ ul ¡er.rß3s Fæ-.r#+Tîj- FLrE fbre-.¡ #Ll+

r.!Ëãf4+ðq ñeï ðuJT+ B 5î ælËr-{+ Ë5}1Rfñü -ærrbïs-!r-l;3*+ ñurçsa:n-¡d

Tntasn e aq '{eu; unr+e-,rñæ¿u3 n 
Fæ*¡gnhæ-,r sl Â+T¿?+3p æT:3=r-¡uJ

*ri ïãÂts1 æl_l+ $D +uäu,ðrnaËäur $f " i T¿åT oÁæI Tõ:4i pærpnqså ñugaq

ärF Á¿p'rT+3p ËTrãnu¡ s"ü gæFn?guñeu TT€r¡¡E uær..¡þl æ4ær-,rdm-*dde

+særx aq .lteu 1euËTã 5ld3 f4EJ ær-{tr "pæ4e,ËT+Ëð$uT frilïËq il!ã1qm-:d

êq+ usdn spuædæp anbrur-¡=æ1 Furpçæ:3*-¡d -,rædü;d aql j:m uüT+3ãTËË

ðr.¡I .ã3UãEUÊf'rJf3= FL3Ë ë:]LJð-;Age;d ærxT?:ðf,qt-¡5 *ü 5lÊEq

Ër"i? ua a¡rbrur¡3ð+ s ?:rêTæã ËJãr{3JtsðFÞ-¡ FLrF s1=æq sr ænb¡uq;ra+

rl:?pr-lf4 {f+ 5Ë truæuaæ-,:se Ïe;ær-rañ c¡r-¡ ËT sJêr{} Êç**¡rbTu!_{=€+

ñursse:n;d gç¡g n*æu dm¡ænæp mtr e-.leaÁ aq:ë:rË-¡ LrT :Þ+ræj"j;æ

lea-;Ë aSrdsap * {ËBåTi .IË +æ _.1æ¡ñæTS 13+ ñurp-.1æ=:ry

" iå¿åf 
É _.ræ4u ¡¡4¡

p+treadæ-,: uär¡+ TåÂFX eñe11** FÞT+g=æd= B Ëüt43eãr +f uæLN*q

rJð= Ë+ +ãEËr Eq uË:l +Ëri+ leuñrr paEtP-.1ñæ1ur êLå+ JF f pæ4eædæ_,1

uËL¡+ Â :Bsu¡ ti{¡E æ} {¡ù ;t tr lensn 
* *tu T+ }f3 s TFÅJð+u I rE 1r-rñ**r +F
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ts be the hest way to prcduce an anal.ng represËntation of the

EFIGi sígnal that can he Ehared betu¡een laboratsríes nr used in
cl inicaL aetting* tl,rlinter? try$,r[] "

ËeJFgfS"ínE

The EfrlE uignal rnuat, be recarded ín mrder {trr it to be

*tudi,ed and ¡neasured. å r¡idg varíet,y e{ recr¡rding terhnigues

íæ availabLæ and Eelçctínn s{ the mcEt, aBprapråate one

depænds up$n the nat,ure trs the æxperimental preblenr" The raur

EflË signar rgntaínE higfr frequency tr$rnpernents, Èhere*are it
is bæçt rær¡rded nn å c*thnde nay æøcíLLnsenpe and later
photagraphed. Ths rsr¡ signal san alçt: be reesrded by a t ight
beam clr úr¡ i.nk jçt reqorder r.*åth a hågh Sræquenny resFgngiÊ,

trr ün magnætic tap* {l{e1læy" l?fl¡ HeLendr l?7F}. FûF

pnt:eæssed signaLa, pen *eritËrs ram be used. TheEe are

inæxpensive and easiLy særvúredo tfieir nt¡ie$ lirnitatían being

s relativæly 1**a Sr*queney ræøpclnsË tËrsssln*n & bleinern lFeÊ¡

l*lcl-æadt LsTs¡ Ërieve* 1Ë7s¡ Fsemajian Ë¡ ÞæLuca, f?gE!, El"lËi

eåEnale that have besn rscsrded cn rnagnet,ic tape can be

cæmvert,sd tm digital *cr¡nat frr computer prnrre*sing and

analypis. *ndt $ith thæ advænt gs misrncmrnputerøn åt is now

poesåhle tæ recn¡.d the EffiË si,gn*l directty ænte {loppy discs
iFsssn*,jian & üæLucaf lçËl5l "

Fecsuse cnmputers nrust, receive sügnals in nurnsrical

sürcnr the analog E&TË øignal. must be cænværtæd tn s digitat



. iþÐåT É:,1ü$l

?É F;aq-*æpag Sfggt Êl"l*¡:;*93 æ-.lãurn:-;EË ær{+ Ltl aæ&pT*{E*s5FfiJ:

t{] +uËtr¡æ/im{ri $æ Ltflx+ç+rjÐeæ_¡dæ-J e +üu Ër FqjB sa-JqTj"

ËTf5rìu¡ fiurr3:e;1uæ: j:r! FüJq$õTË:]JFã æ{"1? rJt ñs."!r-J-Jn==F Ë+uærrÊ

TFr?*.r+:ðIë #{_i+ $n u#r+E+sæj-TrrË{¡r F ãT treuÞTË Ð¡"13 ãL¡A +Fq+

FãJãquëurËJ Bq +Ë¡1r¡! +l * unT?TFpF LtI "s+LtËn3FTæ æT r+3aJ+u::3

êLl+ r-l+ TM 1æ 1 tre-;ed {J T p{lF, EË rJ#s Lt T ære L¡= Tr.¡ñd 5+rjær¡.¡Ë Te :3 T+ãB IË

ätl+ +m ËTol æt-{+ puæsæ-,ldæ-* ?Ðu 5Ð{fp pl.ts æT}Et-rur æq+ +Õ Ë+ilËruæTË3

ËTT+3F-.1+tJË3 Ér.¡4 *m r{+r.fiT+38 är¡+ "{T{-t{3 5+=€TseJ Ïæu&g= p#F-¡Ðf,æ-.i

ãq+ ñ5ns3ãq pË+Ë=çldwn= =r E+pF gldS *ü rJür+H?æ*td_.la4u¡

h¡fr ï-|.þn-lHdfl3 -]w¡1iÐIs

'{ËËåT áe:n1ag q uETfFruEFfl $*¿*t á".ræ+ug¡4 *f¿gl åpnæ-¡=¡*¡l

leu&TË gl.i3 aq+ ur quæundw*= r{,=*rænh**1 tr 4sær-¡ñTq æq? *Ð ætrTE.ù

ëq+ Ëf,Tffi+ +ËFêT +p êq p1¡"lßqË Ë+FJ fru;¡dues ær-¡3 "ä'T *ruæ:nær4¿

Ëutldueg æqq ,,4,q pæu-;ærrmñ æq FTt-rÐr-¡ã _læ3ndwa= ær_¡1 $"ü €+p-,¡

turlduies ar-¡¿ .Á*,¡nuæru -.1æ;ndur:= æq4 ilî pðlrr+E æq u€= q:T4r"i

,,spJæ&Êlt Jn Ë.+TE jfn Jæqurnu Ë År¡ pæ4u**æ-.ldæ*l u*q+ sr geuñz*

Ëq+ puË +ËruJæg Å-;çu¡q fiA pð+JærrL¡Fr sT æs1nd pæ¡dures ær¡¿

"paldiues æer"t +T Ðwr+ äq+ ?F geuËzs ñmleue ¡æu3ñrJË ërl+ sF

ãFr-T+r1due ÊBrsã Êr-l+ J.r3 5Ë5 lrrd Unr+Ëit-rF +-,l{3t-¡5 J,f3 sËrlãã F F+r.lr

pæñueq= sr pilË -ralndrun= æL¡+.Åq FæTT*rìuru= aAF*1 F +F pældrues

Ë T lEUË T€ ËqT " JTf +JËfII.J{f f, TB+ Tñ rP-N+_bN TFUF LIF *E 5 TELJ EUJJË?

trndu¡ 6q+ r:+ ¡euñTs ê¡-i+ Surpææ¡. ,{q æuæp *r ãT{-ll "+Ersl{:J-

É rrf- T 5ÁÞ
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F+rrr:r-dinç t* Fe.*m.e_li+.n t Iç?æl o tiræ eva.Luatien t:{
r-æc*rdinEs ås the rnerst abl*tg'ed ele,rnent c¡s elærtrssiymgr*phy.

Tn dæ-te there is nt: ltni".¡erss.å1y apprpved *-reth*d c:{ sria.lysi=

ar¡d qu*nÈi s i ræti. i:¡r t:{ thæ ËE{E =i gnal and , aç. eri th sl L ather
*.s'pært= s]f etr"æctræsnynçr*phy, t,l-re e=vsl,ua.tiæn mst.hi]d depends

ilFüñ the thæ er:p*ri¿¡rsntæl pr*btrern" AtraLy*í= can be

sutbjæcÈ-irrË É!* mb*iæctiveo althmugh bnth rneth*ds shmuld be used

f cr rnæst ËE*lË r*rærdínç= {Fl.elley¡ j.ç?L} 
"

sub-iærtå"*"Ë å.rtå1"ysie ínvmlvæs care{ul v¿gu*L inspection
t:$ ths Ht"TË recording and a sy=tæm *s classisicatian iç used

thst *ssigns symbt:}s ar¡d descri"ptc:rs t,o represer¡t då*{ærænt

1e"¡æL s ei{ mæEni tr-tde æf sl. ærtr-i catr æctí r"i ty" Thæ å nvestí grìtt3r

ç"*hm usæs thie;*ppr**rh stiær-rld bg, bsælL t.rained s.nd hsve *q

gre*t desl æS *:+pærísnf,s {$ie}. tey, tçTL } . þlirnse, st sl .

{Lç74} snd ürtængræm *.nd &nd*rççæri e i.ç??} ç.tatæd that it i=
di f s í rm3. t tn dá st.í ngr-tí =h betp¡een I svæ]. s o# sctí vi ty ær tn
crsd*FÃ,rË ].eve1s s:s håqh ectivity *r¡hæn usímg ;* subjæctive

ansåyxix nræthæd" l4eEur-a ænd Ëc¡næn (lç?El} pnånted uut that
t.isusS æms3ysis u4 È-he ËFfË rercærding iç tifne üünË.unrinç .and

rften insrcurs,t.e.

übjectivæ s.ns3.ysåø involves å .;ari.e,ty mf tecl-rniqLrFEã

*re*surærglænf, Û# t *mpære-L ær p*xå t i ænsl evær¡t s , *.nrp 3. i tr-rde o

sreqlræncy, $r ns th¡æ *,niælrnt nd ælectric*.1 sctivity generated

¿:vær æ. dæ{åried per-iæd æF tirnæ {['Jj.3 t i.sein, lgåSt È'ie3 ley, iF7t. g

l*lírnsæ s*t ål - , tS?46 F*snr*ji*n æt å1" u L??Sa firfençren F"¡



j 'r-:F

$1nd*re**ri, 1Ërrg F.e.çmajisn Ê¿ teLucsu tçE}5¡. Ë""'ents euch åg

rn:;ætr Fså!,: .and resss.tinn r:+ rnurscLe ;acti.vit,¡ can be

qu;inti*iæd by c*mparång tl-tæm tm e.n e¡rternsl st¡and.ard ær event

sLrch #E ë tracinE #rr¡rn sr'¡ electrmçuni(]rnster nr {rn¡n

Sç¡i:tçr.*ätchesr å Ëlr'mrhruni;ånig 3.íght purlsæ e*n cinefitrniu irr-

Êr"ænt nr*rl,;erç $r¡ ë. FÉn r*EËrlrdsr iü'tunnælt Ë* Ëardner, f ?åEE

{iray *r Ëasm*.ji*.n, å9åË6 Sutfreri.and F,r &{agyo LFTã6 Fest e,t al . n

tÇ?&g Ërancte!.L u 1F77g T¡rtsu Í.FË*¡ ffiuanbury? LçElË frtilËsnn et
r*i.", 1F85¡.

$olessureinent,ç ¿:s arnpLitudeu {ræqlren[y* ür tmtsl *mælrnt rs
æLectri.csã *.ctåvåty cannc¡t b* cùmpared diræctl.y b*twæen

r*Lcsc!.es srs tFle ç'*rne çnhjæct ür hætwææn subjects bæcause cf
the *nc*mtrs¡3Iæd vsri"sti.ær¡ ín thæ siae cl{ the r**t*r* unit
pCIæls bæánE a*mpj.ed {Gr-crssrn;rn flq å{eírïËr-? LÇå&5 Lyæn= et a!..,
L38':g Se=d*rbærç Er üt:e¡!:å Lç84!, Ðets¡ææn r*uçclæ ar¡d betr.,reer¡

*ub;!*ct ræ*rp*.riËirriã rå.n urnly bæ r*ade i+ Eúrnçg stsndard is çæt

f *r se.rEr r*u:arlæ agæi.riet. which al3 subeequent sctívi.ty r:{ that
mlrsc3æ Ëån hræ m¡**ç¡-rred {Fesn¡sjåæn, f F?Ëc Ferry æt år, , lçË}t} "

üne msthæd c:S æst*bÏ.ishinE a ç.tamdæ.rd is te: r-sct3r-d ã Ëït;¡H1rnurn

vt:Lurnt*ry isæ¡ns*tnic cæntractisn srsrn sach rnns.cT.e undær

i. nveelt i gati *n " *t I =.ubsæquænÈ ;*.ct i ui. ty æ{ t!-¡e n¡us.cL e å s

n*rnpæi*æcf tc¡ thi Ë rn*ä:{ í niurn vmS. unt*ry å *mrnetrí c c*ntrsct i ¡1n *nd

i.x supr"æsssd ë.Ë .å pærcenÈ.sçe *f ít, Tr-¡j.s nmrsn*.T.j.=sti*n

Fr'Ëü#ËË s3. 3. c:¡rrs cmrnp*rá nt:n er# e3. ectri csl act j. vi ty hetrolææn

rmusrS.es àn the ssçns r:r ir¡ a dif$ere,n'L çubjært {Basnraji.an et
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INTRT]T}UtrTITlN

The general purpoøe o{ this =tr-rdy s.las to investígate
trunk rnuscre activity in the types trf lacametinn comnonly

fsund in the workplåceã that is, lævæl walkingn stair
cLimbingo stair descentr rårnp ctimbing and ramp deEcent. The

specíf ic aims æ{ the inve*tigaticrn $i¡Frc¡!

Fsr each $.Ë Level *{alking, Stair. *lirnbing, Stair
ûescentn Ramp trlimbing and Slarnp llessent, -

l. ttr meaEure and çcrÍRFårE trunk mstinn in the sagittal
plane.

ã, tr ¡neasure and f,etrnp€re tempnral events in the gait
cycle.

S, tu measure and Ecrrnpåre the rnyoelgctric activity of
the trunk muscLes cnnsídered tl¡ bæ prirnariLy ruapnnsible for
mstisn in tha aagittat pLane, namæly srectrr apinae and

rectus abdæminis,

4. tc deternrine and cornpsre the relsti,onshi"ps betr{een

t¡nseto peak a.nd cessatie¡n $.F rnyoelect¡-iç activit,y to trunk
mntien in the sagittat plane and ternpr¡ral srrsnts in the gait
cycle,

îhe eguipfiEnt snd {acíLities e{ the L¡csmstisn

Labnra,faryn Rehabilitatirn Eentre {sr frhildren¡ ldinniFGr€¡

l*tanlt¡rba þ¡ËrE used in this lnvestiEatian,
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5UBüEËTE

One of the aÍ ms s.F the study ú{açi to ae qui re normål dats

for later comparisnn t,c¡ data {rcm subjects with lr¡r¡ hack

ínJury çustained in the wurkplåcc!. In lçg$, Zg.E7. o{

cl.airna,nt,s tn ths l¡ünrkers Ëemp€nsåti€n Fpard aS f'lanitoba wEFe

male and S4,Ef" r¡* clsimantE sfet-Ê! bet$ffien the ages rr# ?ö snd

54 tHtrrkerç Çompenæatian Ssard n* Henitoba, 1F651. Because

t,he majsrity of ínjured *.¡nrkers in I'lanítoba *re msleo only

¡nale Eubject* r{FFÊ *elected {nr this study,

Subjects ¡lterer chosen trn the bEsís nf thEir availability
(turriern 1+84¡. They HËre required tt¡ þe bæt¡*een the ages

r¡* IEI and S5n in gand healtho and c¡* nr¡rrnal ueight,

Ëxelueisn Eriteriå h,Fr-E a hietnry æ{ spinal pat,hoLagy and

active lnwer li¡nb pathetrn{¡y ås thegs rnrghù tlave af{ected the

subject's gait,.

The Faculty Ënrnmittee {tn the Use o{ Hurnan Subjecte in
Flesearch åtrprúvqd thís studyr *LL sub-iects üùeræ vol.unteers

and received nct rernuneratisn. Esctr subjeet sråsi reqr¡irEd ta
sign å çclne$nt form be,$nre participating ln the study tFÍg.

t l " Twenty subiecte wErE sslested ft:r the øtudy" Eomplete

data rdÉre ce¡llected Srurn LË suhjects snd tfreir deccriptive
dats eræ FrëËented in Tabl€ 3"
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IE UNIVERSITY OF MANITOBA

FIGURE 1

FACULTIES OF MEDICINE,A.ND DENTISTRY
Department of Anatomy

730 Villiam Avenue
Winnipeg, Manitoba
Canada R3E 0\ùø3

CONSENT FORM

I hereby consent to act as a subiect in a research project on
the role of the trunk muscles during level walking, stair climbing
and descent, and ramp climbing and descent. The procedure, which
includes placement of surface electrodes on back and abdomen'
attachment of foot switches to shoes and photographic recording,
has been explained to me fully.

Data from cinefilm, foot switches and surface electrodes will
be collected and stored by computer for analysis. Photographs will
also be taken and these, with the computer data, will be used for
analytical purposes and may also serve as documentation in research
papers and medical lectures.

My participation in this research project is voluntary and I reserve
the right to withdraw immediately from the procedure whenever
I wish.

Signature of subject:

Date:
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r*HtE ei," .jP,äqçËr,flIyq åfiIfl F.E FUrE,lËcr$

hlUFlSËR ttF 8US"TEËTSr lE

AGE¡ l{Eåht

frêNËE

3Ê"ã S.T yrs

ã*" d[ - 93. S yrs

1"74 .fi& s¡

l"ôË * I.EIS ¡r¡

hq"q 7"S kg

ä&"7 - ElE.ã kg

HEÏËHT¡

t{EIüiHT¡

nËåH

RAHçg

$,¡EêSl

RAMEË
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AFFARATTJS

The exísting rualkway at the Lscsmtrtion Lsbsratory,

Rehabili.taticn Eentre {gr Ëhildræn *rtåE used. It ís ?.8 ¡n

langn I"El rn Hlde and i.c elevated Õ"4 n srsn the flc¡or. The

dimensisne c3* thís walk+uay are ei¡nilan tt¡ thsse of walkway=

uged by ËaFpnastr et aL tr.q7h?- n I'líerahi et al. tlçgã' and

Winter (1?Bãf l?g$t "

t{n exiøt,ing set r¡f pnrtablæ stairs *'laç mædi*iæd fe¡r the

study tæ sdd an extr* st,ep {t¡r a tptal s,F five steps. The

di¡nensisns c¡{ the stai.rs ¡net, thç ræ'romrnsnded etandsrds uf the
I'dgrkpLace sa{ety and Health Divi=ian ç{ thæ prnvince of
Plsnite¡ba (l{rywulak, l?Bs}. Thesæ Et,andsr.dg ressrmnend that
the slmpe Sr¡r st,airs be between S**' end SS-. Fcr. stairs r¡ith
a slape t¡,F 35on ths re-cr¡mmended fiaight of thE rieer is L? crn,

the regsmrnended tength r{ the t,ræad and nneing ie Ëå crn.

Fiteh et al. {t?74} o ln their invest,ígatis¡r s,F vari.nus

ce¡rnbinstianE c{ stnir dimenæiCIn*o recãû¡mended a riçer height
a{ 1ü t,tr lË cnr and a tresd length o{ ËB to ST çfii. The

dånrensitrns es the stairg uãBd in t,hie study ltferes slope 3Fo,

rlaer I? csno ùread and nssing äB cm tFig, ã1. These

dimenmisnË årË sinilsr tr¡ thqee tr,F st,air* used by Ëruce et
al" tt.çå71 n Jaseph snd *{atsan {19ózt o Tnwnøendu Lainhart et
ål ' {tç7frl} , Tnnomsend, Ëhisvi st aL. tLç?Ð} , ñndriacchi et aL.

(1çËül and Lynnç et, at" {tçg$}"



t 4ó.

FTEURE ã. DTåËRfrT.f {TF STåTHS ATSD FAI'IF I..'ggD TûN THE STUI}Y.



28 cm

DIMENSIONS OF STAIRS

DIMENSIONS OF RAMP

19c

60 cm

c2 62 cm

¡¡gure 2.



t 48.

An adjuetable portable ramp was designed and constructed

to meet the rectrmmended *tandards erf the hlorkplace Sa{ety and

Health triviEi.r¡n o'S the Frt¡vínce of HanitCIba whish state that
t,he ma¡cimum pre{erred slcrpe {or rampç and ínrlineg is l5o

{l{rywuLako lçBSt. Fitch et å1, {1??4} n in their
invegtigatir¡n crs rarnF di¡nenslsns "f&Hnd that the total energy

cssf per vertical" metæn decreaEqd es the slepe increased

until" a gl.spe tr:f 17* *¡as rsachedo aftær *,¡h;ish the çnsrgy cost
rc¡Ës. The dimensínns r¡f the ramp usçd in thíç investigation
år€ Fregçnted' in Fig. 3. Frsvisuç çtudies t¡f ølope *,lalking

ün å treadmill *rere s¡¡nducted by'trtatsrs and Hsrris (137ü' end

by SrandelL (lç77!5 in bCIth str¡dies tt¡e maxi¡num etope oS the

treadmill $råF lüe. csrlett et al. {l?7El strnEtructed a råmF

that csuLd have the sLnp€ ådjusted ,Srn¡r¡ tlè ts Süã,

ËLF,Ë Tfi gr't y,ü,çffi fr EH Y

ËHtrTËE {3F ELETîË{TDES

Fnrty-øix studies siF erectl¡r splnae h,sr'Þ revie¡{edl onty

the ¡nt¡gt, nel,svant r*ilL be cited" Ëur{ace elestradçlg r,{E}rgr

Lräed in so studiesn i.ndwelling electrsdËË rdere used in lz,

studíes and btrth typea sf slectrndgs þrqre used in four
studíee. hlnt all inventigatnrr gåvs r€aerrna {r¡r their choice

r¡f une type n{ etr,ectnc¡dÉ €}ver anrther, EaËs trs ãptrlicatiern,
Lach os di.scsm{¿¡rt'$eir the eubject *nd sampl.ing frem a Large

and there{mre t-FpFçlgentqtive vtrlume af muscle wæFe raåËc}ns
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given +Ér Êelecticrn E+ Ëur+acÉ electrodeg in the studies of
Eberhsrt snd rnman tlçst', l{l.ausen (rg&st, Andersssn and

firtenEren lrq7{r, and l{ippers and Farker (tgB4}. ßlolding
(lçsEl used sur*ace eLectrtrdeg ac, in his opininn, these gåve

SÍndingx similan ts thr¡se frnrn indwel¡.ing sl.ectrr:des. Fauly
tl?åål and Fauly and Ëteslç {lçå6} ehnsç indluetlíng
elestrr¡des þecause th*y sllnw study a{ deep ss well as

super.f ieial lnuscles and alen allsa¡ *tudy trs indívldust
mugçlsE lsitht¡ut inter'FErenc€ {rr¡¡n adjacent muãcles, ü{*ters

snd Hsrrie {1ç7Ë} ch¡rse indr*ettíng *lgst¡.r¡dgs þersuee they

ccansidered sur.face El.ectrt¡dgp tr¡ bæ tss Fr{¡nË ts rnr¡tian

artí{est tt¡ bæ ablæ to r.scsr-d aecuratety {rgrn a *¡al,king

çubject. Fl.æ¡rd snd Ëilvçn {lFFl, l?sst uçed bot,h *urface and

indwsltring eleetrç¡de' as thry s¡islred tp r"æcsr-d slnultaneously
{rt*m eupør,Fieial and deep p*rtinns nf the bs{:k mussles.

Letts Et el- {tç?Ë} used b¡th ind¡uelling sRd surfsee
el'sctrCIdes bEcauee {¡S the pnnsibitity rf eåEnal cantamination

by the actívit,y nf rnr,rlt,iple Everlying paraspínal muecles.

Thirty-thræe etudåes erf rsctuç abdE¡niniç *rËFF reviewed¡

ageinr rnly ths rnr¡xt reler¡ant, ¡qitl bs sitedn sur{ace,

elect¡'*¡deF s*Fre uçsd in ËE etudies, indrlelling ùtrerræ used in
tö etudåes snd btrth t,ypee n.$ elertrpdng $re¡r.æ sssd ln trne

study" Aqai.nî r€êFÊn .ftrn chnlqe *¡råE nr¡t aluqyË givË!Ít. Ëase

t¡{ åFpricatÍanu l*ck nf disssmfsrt and ths ekitity to sarnple

frum a large veilurnç n# n¡ueclæ $Bre sn¡c¡ng the rsssons given
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{or selection s{ sur{ace el"ectrsdes by Ëampbell and Gireene

{1953} n Ono (1ç5Ë} n Hatami {I?å!.a} n l{lauaen (lçåE} and Bor¡th

et aL" ttçËôl.

rn the present etudy ít $eE decided th*t sur{ace rather
than inda-¡eLlång elect¡.r¡des *'¡r¡t¡ld be l¡ged beeause the tr¿o

muprles undçn invemtigEtipn arg lårÊ€ and superfisial and

therefçræ ít is nnt disfiruLt to nhtain unrsntaminated
sígnal* {rsrn thæn, *lsu1 bscsuss rsçtue qbdnrninis is
relativsl,y tt¡in, ít mighÈ he dí*{icurt tw judge the depth o{
penetret,ion durinp ínEertic¡n r:,f lndcrellíng elestrudes. Teo

deep ån insertisn might ¡.esult ån açcidental penætratisn of
thæ paríetal perit*¡n*u¡n"

F{3STTTTIH üF ELECTfr{¡ÞËË

T¡ eetahl,åsh preeisËly ¡oheng rur.{acs elpctrades shc¡uld

be plared ctvgF ersctBr epånee snd r.eçtue abdnminia rnuscles, å
nevieur æ{ mãj¡¡r anatnrny tsxtbrlnkç End tr,F rslevsnt literature
ts{åF cär.riæd r¡ut.

ËËETT{TR gFT¡qAE

FFeri$ic æIectrc:de plarqrnent in €-S{Ei studi*E of erectsr
epinae rßugqle has çarisdo Resear.slrers håve placed elæctrodes
ín Lu¡nbsr &reêsf thsraciE êr€ð€ årid in bcth lumhsr. and

thsracic sr&å6 sirnult,anemus!y.
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Erector spinae activity t*ae sampled at l: evels {ro¡n

E+ to 5e by Joseph and Hctt¡tr} (1Få1)" Blackburn and Portney

tt?gll also sampLed act,ivity from cervical ù,t¡ eacral leveLs

¡.lith sur{ace elertrt¡des plased at the lsvels r¡{ the øpinguË

Frnctlgses {rS t¡r, Tar t¡¡ gnd Eir vsrtebraæ" Act,ívity frsrn the

level ef the tao Te ånd L4 *pinouË pr{¡sFFE€s r{å6 ãamFled by

Schulta, åRderxsan, filrtengren, Ëjork End hlordin tt?Ë?] and by

Ëchulte, &nder*son, Frtengren, Haderapeck and $lashemson

{1?gÊ} " &Etivity cf Brecttrr spinae fnsm upper thoracic to
lü¡,{er lumþar Levels $ãË inyestigated by åndærãEtrn et al.
{t?7å? îry77} and by Ðrtengren et, al" tt?Ett}, nhile artivity
srr:rn lr¡r¡¡s¡. theiraqis tr lør,¡er lumbar tevelg w8Ë investígated

by Flæyd and ãilvpr {l-981}, Fauly {t9tó}, Fauly snd Ëteete

{1.9&&}, Jnnssnn {Iç7#1 n Letts et al" {f97ã}r Br¡derberg and

FErr {¿çgS} and by AndærsEsn and flrtengren tlçË4}. lrlerrig et
ê1. {lç&ë} end Slatærs and Hnrrís {tç?ü} Þäftpled eresttlr
apÈnae sstir¡ity in ttre l$*{er t,hnrscic regiun by insenting

índ¡¡lelling elsctrçdss inta the rnuEcle sver- the pnsterior
axpext n,F thæ råbs ¡nedåal ttr the,ir ang1e.

üf thtrse researcherE ¡uht: crrn{ined thelr inveetigatiern of

erectnr apinae ts tlre lu¡nbar å¡*BËf ¡nuscl.e sctívíty røae

simultaneauçly sanrplFd ðt varlsus l.evelF hy suldinE {l?Fã},
Furtney snd $k¡rin {1çEá} o Hnrris et å¡,* ttç&t}, Fattye and

oïtr*epl-r {lçåå}, Jtsseph end [rlat*nn {lçå7} n and ldnl,f snd

Ëasmejían {1?78}, ffthere hsve etsnfined their investigatiøn
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to t¡ne specific level in the lunbar å¡-eå. For exampler

thapman and rroup (t?&çl placed slertrodes at the level of
the secnnd lurnbar spinaus Fr{¡EsrFËn while Flayd and silver
{lçs5}o Ferkean et, al. {tç??}o Ereper {l?gã} and flayer et at,
{1ç85} placæd el.çctrsd*s at the lævæl of Èhe thírd Lumbsr

spincÎuæ prúcesã" Fsndix et ar. trçË4) plaeed slectrodes at
the Levæl n# L+¡ while ñhhplln st år. {tFFg} lçcated their
eIærtrçdes þeùween the :fourth and *i-+th lunrbsr level,e. rt
was sËund thst the rnsjr:r.ity n{ inv*stigatnrs g;F sreuttrr
*pinae aEtivity p!,eced surf. Ee æl*rtrt¡dsa st the tevel trf the
t,hi.rd lu¡nbar spi.nrue FrsËese,

*entarinE æ{ ælectrçdçç ha.F al*n vöried. flc¡rris et el.
{1ç&1} placsd sleetnsdes in tf¡ç ¡nain rnuEele r[åEË, $tsrris et
&r. tt9åËl inEertsd ælæcàrndæE one quarter n{ the dlstance
srt¡m the angle sf the rib tp the vsrtsbral epinnus pr{rcËrsg,

whll'e Battye and Juøepfr {fçåå} snd Js*eph and ldatær¡n f tçåZ}

pl.acæd elertrod** algnE the latErsl berrdçr ç,F the muscle.

Ëpeci$íc díattncæs measured ír¡ Eentill¡eters frçm vertebrsl
spinnua prnfrs*çËË ¡l€r€ uxed ín 1$ etudíes and, in tã n.F the
lst the distsncæ ueed was s Ern. Flather thsn u€F a dírect
mæagursment ån sentifi*tÈrs ,frnm a ver"tgbral EFin$uE pt*t¡ceË.s,

Fauly {tçåå} * Fauly and steere ttgÉå¡ å¡rd go{rFËr {t?glËt

placed ælectrædæs hal.fway bet,r*een the vertebrel spine¡ue

FrûEEl5Ë snd the latsral brrrdgr c¡{ ørgctrsr spinae musclen thus
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ensuring that the location s{ the el.ectrodes ufåã over the

ma,in musrlÊ rnåss, but ín a çtandardí=ed Lscation,

Fl.oyd and Ëilver (tFE5l o Frrrtncy ånd l*lurin {1ç5ê},

satt,ye and Jusepfr {tçåå}, ånd Ëænper {lçElEt st*ted that Ër

check Nas dsnæ tr¡ rulç aut Í.nt,er:ferençs #rs¡n nther muscles,

hnglever r¡nly f{nrrís Et al. tt*å3} and Ðanper llFBË} reported

fhet çadaver ËFæein¡Bns fred been studiæd tn verí{y etectrode
plarement,

Fc¡rlar¿ing a reviçr.¡ a$ rnajar anetamy textsn reports in
the l"iterat,ur-e and thæ resurts ss a previæus study (Eoopern

1ç8El n ít s¡+s dsçided thst elsctrt¡dss wnul.d be sítuated ovcrr

eræcfor spinae at thæ rçvel ¡rf thæ third luober apineus

FrclceËãr ñt, thíe Lsvel sr.æeto¡- spinae ,Fçrr¡g a large,

Fra¡r¡inent," 'Fle,shy nrass qnd iE st¡versd only þy the pneterior
layær æf the thl¡rarçlumbar faEcia" Thæ lsndmaFks usød fer
centering the elgctrt¡des r¡ver ths rnuçrle meçE wer.g the third
lumhar epinnue prfÌËËËs and the Late¡-ar br¡rder trf erector
spinae. Thæee pninte HËrel markçd ruith uat,en snluble ink and

ths elect,neides ergrã placed hal*nay þet*ueen the tr,¡s point=,
parall*L t,e thg rnuæcle ,f ihres {Fig S}.

H$*TUS fiFFËHTHTS

Eleet,ræda ptscæment {s¡. ræçtr¿ç sbdamlnis in ËÍ'lË studies
hea variedn hüwgver ãË ns ã& ínvesti.gatær* *rhc repo¡.ted øn

ælæctradg Flacement, used thæ umbiliEug å6 & landmark" tt+
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theee 1É used the u¡nbilicus ss the scrle landrnark v¡hii.e six
uEed bÉth the umbil.íeus qnd the uiphníd prÐces¡s 8s landmarks,

Hrrrie Et al- {lçåt} ' Lipeta and Glutín {l?7s}, and Enrlth et
å1. {r?aÊt did nst ræpnrrt sFeci{ic tnçatir¡ns $sr ælçctrade

placement- l{atrrheur et sl. {1çÐ3} used the xiFhqid Ftrr:Èegs aE

the snls landrnark while troper ttFsã! uçed tfis antsrinr
superiær' iLiar spåne tÊslg¡ and thæ c¡¡stal, r¡erginË as bony

I andmark="

tsnte¡"ing s+ electrodeE hsE aLsp varísd and dsscriptians
r¡f ræntering HerF {t¡und in eight investlgetisnE* Haters and

l*lcrrís ttç7Ël ptr.aced indr¿eLling æler:trsd,es ene sEntimeter

lateral tn the linee alþa. El.eEtrr¡d€Ë $ûere plac,ed tu¡r

centirneterç srr¡m ¡nidlíne by DeEiou=a and Fr¡rlEnl {l?74},
Leneing and t'leyerink t1çË11' r Echurts, ånd&re€ern, Ílrtengren,
Ëjnrh ar¡d Ntlc¡rdin {1?gã}, Schultun ARderøËtcno f,lr.tengrrenn

Hadereperk and Nachemsqn tlçËæ¡ n aRd by f,layhew et al. {t?BE};

Êlændix et, sl {1?Ð4} cæntered etectrndes three centi¡¡leters

frum thæ mi.dline" *cnper {199ä} centqred elect¡r-sdÉË by

plæcíng than hal{way betr¡¡een the línes *lba and ths Lateral
bt¡rder sf the rectuç abdsnrånis $uËÊle,

Althnugh the Brssibitity rS inter.,Ferçnsr +r-t¡m adjacent
rnuørlep l*aç raised b1r Fl.ayd snd Fålvsr {iq$$}¡ l{lauoen {tç65}

end Ëat,ty,e and *lnseph tI?&å¡ ¡ clnly lrlat,ers amd t¡tnrrås (1ç7ül

statæd thet a tsdsver etudy s¡ås cænductæd tr cnn{irm

elactrnd€, plaçE¡nsnt,, tüt¡per {l?Eã} canduçted an experi¡nent
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te lscate interference-free pesitit:ns fsr sur{ace electrsdes
placed rtvËr the abdsminal rnuEculðt$re.

FLacement t¡f elsctrt¡deç nvËF rect,us abdsrnini.ç in the

preeent ínvertigatisn *¡sç based sn the etudy by taoper {lFgã}

in ¡*hích bany Landn¡arks brere r¡sed ts etandardiae electrsde
locstíc¡n in all Eubjectg" Uøing r¡ater soluble ink, & line
wss drawn ,frnrn ths xiphoid FroceËË to the syn¡Fhyeis pubie,

fit a point hal.Føl*y al.ang thís line a harieental lineo
perpenditßlår ts the -f irstr wåE drqwn, extænding t,o the

lateral rnårgin p,F t,he rectus abdnminís rnusçrs. ülêetrsdes
{ÃtE}Fs pl.acæd paral"lel ts rnu*rle {iþres! equ¿díEtsnt absve and

belc¡r¡ thæ nidppint re.F thiç hnrieontsl linç {Fig. 4},

SLËËTRf]HYT3EËAFHIË EüUIFII,IEhIT

Faired Ëeckman silvær-silver chleríde surfsre elsctrc¡des

¡ntËre used. Thexe had an pveralL diameter cr{ t.¿t millirnetærs

{rnm} , ¡*ith en sctíve, eurfsce o{ 5 mnÈ. By ueing adhesive

suf,fe åË å guid*¡ spacinE bet*qeen the æLeetrçdes ref sech pair
mas kæpt csnst,ant at 1ü mm" The ficlllew prrtlons trf the

el.estrsds wsrÊ *itled h,Èth el.æct¡-r:dæ electrulyÈ.e gel and the

eLsct.rr¡des wËre #astenæd ttr the Ekín by dpl¡bte slded adt¡esive

cuf fs s*d I'lilliperæ brand eurgical tape.

rn srder ts rninimiee rnotínn arti'sect,sr egç,li pain o{

æLsstrnde* ¡qss at,tachæd at the elæctr*de site ts a

prearnplå{ier *.¡ith sn input inrpædance of ã-E megohms. ülires
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srnrn the preamplíf i.erç ¡rreFe conveyed tt¡ a junctien box ruhich

cauld be belted to tlre subject'Ë û{åiËt, The junsti.sn bt¡x ráråg

cr¡nRectçd to thx a*npli{ler by s æinEle {lexible
multict¡nduster saþle"

*n eíght-cfiannel srnpli,Fier uas usçd which was deEigned

amd sanstrusted by the Biarnædical Engineering &epartrnentn

ftæhebilít,atícr¡ Eent¡'E {Er thildreR, It has q bêaduidth of EÈ

tc süü Hs r*iÈh an inÞut impe.dance r::f ã.ä negnhme and ë trom{non

mnde rejertlçn ret,ín s,s ?ü dË. The El'tË eignal wss {ull r{ave

rect,ifi.ed and lawpase filt€red tæ prndueæ a Xinean envælcpe

csn*iguratíon" A 'Fårct sr-der lnwperx {ilter $s*€ u€€d æ*th a

t,ime cEnetsnt, sS 4S rnsæc and a rfrequæncy eutnf¡t ç¡f $S Hs.

The enal.ng eignal frrm the ¡nr.lsEt€F FùaË r.eçarded by e
Esul.d Ërueh Ël qhannel ink t:ha¡'t reer¡rder {sft¡det 4,Ër } . The

rersrder haç a bandh¡idth fregu€ncy responae æf S* d'ivisirngt
I divi*ir¡n de tn 4ü He¡ 1.* divisistst I divisinn dc to LoO

HË. A r-estílinear tr.ace Fr.és€ntäti,çn wås given wíth the

sençitivity ç+ thE ræesrderr sdj.ug,täblp :Frcm t mV/d,iviçion to
5ü* U/dívlsfrri. The analug chart reÈr¡t'd $dFE uBe-d sE s backup

fær computer recording-

ênal*g te digital {A-/n} c{r.nv,Êr'sinn ¡¡{ thê Êf-{Ë signal HåË

rar"ried çut trn s Heslett-Fackar"d *q¡[&Ë muttiple¡cær tqith å

ågFãåË High *peed Sranner Çard and a å9çËçA Timsr Facer Ëard

¡qhisli slLnroed slt EllË rhanneLã ts be eampled almeet

instan*aneBu*ly" Thæ ræEçlutl¡rn lrf tlÌe A/I1 çsnvertc¡r ig f.2
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bits r*ith a dynarniË rångË set at +te U which gives a E mV

resclLrtinn" Ttre sampling rste sf the muttiplexer rqas 50 Hs

per rhannel and thæ digital data h¡er€ sænt ts a

þlswlett-.Fsckard çEãå rnirrstrsrnputer and str¡red r¡R a floppy
di ss,

ËT þ¡EFIÊTT3ERÊFHTT ËüUTFf|IËHT

Ëinefíln ¡saç used ts rescrd trunk Fsa¿tíün ín the

eagittal plane.

A l& ¡nrn Teledyne IlFm 54 mstpr driven caflterå Sitted with

an Angenieux +1* lens wåF used at a ßFFed nf 5O frames Fer

secsnd. The 'Frame rate was shecked rqith a synchranieing

liEht, during tha rnurse s'f the study" l{trdak 1ó n¡n ??4ü

dsublæ perfcratsd rælËr -f iln with an AËiå rr{ lÊg {tungsten

t"ighting! was used.

Fnr levsl walking the csmerã ú{ss ¡nEuntgd ßn ä rnnbile

cart lncsted 4 m *rs¡n nne edge af tha walkuayu Fq¡r stsir and

råfiTF walking thç camera F¡&s mnunted ãn s tripud k*p.t at
cc¡nst,ant, heighto 4 m Srsnr tf¡e sanle *dge af ttre etai.rç and

råfnp "

fi blaek rl,sth hackdrsp $rå& rneunted imnredistetr.y behind

each apparatua" Êgainet tlre h,achdrrp and wittlin the {ield oS

vigro o{ the cams}-å weræ ¡nc¡unted g çsriss cf Ëir{:ulãr
ræSlertive re.ferenËË r¡ark€rs, øåch 7 cm in digsnster and

sp*cæd 3¡l crn apart rneasursd Sram rænter t,s rænt,er"
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In srder tn synchrsniae the fil.m u¡ith the El{Gi signaLsn a

purtable signal líght u¡as attached ta the walkt'layr staiFs trr

ra¡I¡Fo ¡r¡ithi"n the f ield a{ vie¡¡ u{ tfte cs¡fiera. The light

consistæd oS a cluster nf 4 LËDç po¡irÊrçd by a ? U battËtryr

and r+as qnnnected tn parallel te the chart rEsarder and the

multiplexeÍ-* ldF¡en the líght circuit was clpsæd st, the

beginning frrf filmingn an anaLog Êignal Hes trgced r:n cne

ct¡annel rr{ ths rhart recsrder and thæ crmButer Etnred the

digital dsta Srnm muscles and .Ëtrtrt*Hitrhes nnly during the

pei'iad ín Hhich the light círeuit r¿*s cl*¡EËd.

Éfter the eNpnsed SiL¡n $es develcpedr it t'fåF pnÐjected

uaír'lg a L-t{ Fhr¡tc¡ $ptical I}ata ånalyssr. Tfiåe device allowed

the filrn tE be præjærtad çne {rame ät a t,ime sntç tfie surface

nf a digítíaing tablet tËT tnrp.l *{hieh hcd a Sü rm by 5ü cm

ecti.vë åreå and s resolut,ínn t¡f .üäE mrn,

FT}[!TË$IITçHEE

Tl-re tempnr.al *vents ín the galt cyelæ wÉr€ rererded by

means æ{ threæ {aatsu¡åteheg (Tapeswit,eh Eorp. c¡* Émerica}

att,ached Híth qdhesive tape t,tr the çtrle ef essh trf the

suþject'Ë shËea" On€ Ssptswitch **ae pnsitit¡rtgd pår.allel to

the long axi* ø,F the ¡fnct, at the regi.en tr$ the hallux, the

sertrnd r¡¡as eligned ¡qi.th the p*eåtien æf the rnetsts.rsal. headst

and the third *sss ptrqced perp*ndicular trr the læng st{is Ë*

the {trmt at the cå1Ëånsuä. Thæ Ewiåches È$Êrs Eonnected ttr
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the'Bnwer supply and resist$r net¡*ark in cuch å Håy that
díEcrete volt.xge lsvels &!¡ErE nbtai,ned fnr any cembinatisn of

ç**itch clr¡Eurse" xn Èf¡åE t'rlay uariçug evænts in the Btanre

phase n,f Sðit cauld be ident,i$íæd. Tfie $r¡øtçe{it€h signal wås

ranveyed t,n thæ rnultishsnnel åt¡pli$ier eysteru and Srs¡n there

símultaner¡usly tc the chart ræsqrdsr and rnuttíplexsr ulhere it
was å/S rünirsFted ruit,h ths EfiË Eignalç and €etlt tm t,he

cnmputer Sc¡r atsråg€r.

EXFEft T f4EI{îAL PRTSTügÍ¡L

The F¡-e-run ËÞ¡eck Li*t and tf¡e E*pænirneñt, fiøutlne used

in thís etudy års preË.snted ia frFpendir{ I.
Ëach sub-ipct, $H¡rE shr¡rtç nr hathíng suit and, filø clwn

shæes trlns*ph & å{qt,eCIn¡ l?å7¡ Ëappreæn et alo¡ Íã7S¡

Tnunsendu L*ínhart, et å1,o 1A7E¡ tappnrxnf t?Gil¡ ldlnter,
I?E$¡ Thorctænssen et a1,", 1?84; NiLssnn st ål*,, t-?ËS'. The

,F$nts¡sitches HËrË attached t,o thæ st¡ls 'oìt esrh shne with

adhæeåue tape" U*ing tfre snalçg si.€nal On the rhar"t

reçurder¡ the *{3stsr¡itrh r:utput s¡aç tËcted both be'{t3re and

a*ter tha eubJect put sn the inçtrurnçnt*d shses"

Ë*ny landmgnkã $sre used trt st,andardiee elact,rr:de

åpplíçatisn" &lf elertn*rdæ pair"s ?{ËrË åFplied by the Eame

Færãfi¡nr u$¿rrg tha sa¡ne m€åËurlfig tcel*. $kln r.sgiËtance u¡as

rsduced ttr practical levelã by rubbinq it ulgærnusty with ên

alrnhçl sr*ab {$uanbur-y, tçËl}" Tt¡ avrid rnåetakeso the Leads
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to the junction ba¡¿ s{ËrÉ sttached tc¡ the eLectrodes snd

St:otgrsitches ín the ã&rTrË r¡rder eash tine, The j*¡nrtisn box

s{a* attached ccrnf ortably ta the eubieet'æ rdåíËt v¡ith an

adjustable belt.

A maxlnum vsluntary isametric rçntractlen {l4Vç} r!,åg

t¡ht,aíncd *rqn earh rnuæele in nrder tt¡ egtsbliçh q standard o{

¡nuscle sctivity ngaínst- *hisf¡ alL subxæqugnt Eçntrart,isns of

that particular n¡use1e csuld be meaBut'*d* The F{Utr u¡ag done

usång tfr* pc*itisns reicËmmsnded by Þanåels and ldnrthinEham

t19€tl' .f¡sr testing nurmal strength n{ ersct,trr strinåe and

rsct,us sbdnmínis ¡nugcles in crrder tp snsur'Ë fllåËifiiuft¡ rnntor

uniÈ recruitment S¡.6rn eash ruuççle {Lyr:na et al - , lgg$} .

Thrse ¡naxí¡num e,F$sr"t t,ríalp, each n{ S sgg duraticnf ¡*ere

æbtained {sr æaeh rnuscls snd rect¡rded nn thæ rhart rerorder.

The first tc*n trlalÊ er@rs dsne fæn practiEe end ldårrnup and

the tt¡ird tríal wqs stçned by tlre cornputsr t$igtênd*FitEhie

et al. , l?El3¡ Lytrn* et êl o I l-?8$l .

Fur,Faes t,år'g€t* plaeed trr¡ËF anat.Emicel l*ndmg¡*kË ù{ËrE

uËed tca dsmercate øpecifie bady segmentw" $ur*aee targets

a¡-e r+ídsly uøed in nta*it:n Etudi.es alth*rugh it íx r*cngniaed

thct tfrere t¡åll be relstive mpve¡nent rr.{ the ckin and target

$vër ths undærlying hnny landnarko A xtud,y uraø dunæ by

ThsrstsnËsün et sl " {1?çlË} ta deternine thE extent d+ the

msvËment between targ*t, snd snaterniqal landrnar,k thet cccurred

when the trr*nk Er¡es placed in di,**erent, pc*ltinnx¡ it tr¡as
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fe¡und that the díscrepenËy nÊver exceedæd ã rnm. [Ither

investigatnrs have cslculated that the srrnr that c¡trrurË s¡hen

using skin msunted targets during studier tr.F ner¡nal walking

íx appt.nximatel.y €lH (Thur*tçn æt aI"" 1çgll Thr.lr*tsn &

Herråsn 19*F; Thurstæn, l-çESl. Ttrs slternetive tç cur{ace

targetx i* píns sr¡rgicslly inaerted intç b¡rny land¡nnrks

t€berhart & Inrnan, lçStl, hçwever the pain næEultíng {rem

such a prncedurÉ rnight alter the npnmel Så*t pattern.

The t,argets used in thi* study H€rË Flsced nvær the trz

and Lr¡ spinous protresË€r=, the ríght and left greater

trschsnters and at tlre centre e$ the tat,srel å' trççte s{ the

right, and le*t knæe jlri¡t lines {Ëber-hart & Inrnqn, LBSt¡

Thu¡.æton et a1,, lç€t¡ ThæreÈenaËr¡R Ét al"¡ 19Ëã¡ Thuræton &

H*rrisu fçË$t t{intero t?*l$¡ ftïi,rtlæy et el.; fg$ñ}, The t:z

snd Lr¡ tårgsts dellrníted thÊ tr-unk eegnentî thæ La end

greatær trnchsntËr tårgets deli¡nited the pelvíe æegment,

r¿¡F¡íle t,he græater trr¡ehanter snd knee jsínt lins targete
delirnited thæ ttrígh æeçnrent" All t*rgaÈs ryËr''ê ðFptied hy the

5ðfne pêr-ãËfr.

îhç tz and Ls tarçæt* crrnælsted ¡¡f stiff, slhite plastic
rmdsn Èhæ ti.ps r$ s*híeh ?*Fre *¡rappæd in re.$l*ctive tape'. The

r*ds rnqasur"ed f4 cnt in length and,ruere mpumtæd ln #ssm rubber

blqeks t'*hich s{Fre taped sæcurel,:r tt¡ tFre Ekin {Thæn*tensçon et
al " , t?gä, l-çffi41. .F$r the çreãter tr*rcha¡rtsr€ ãn X*øhaped

targæt æ,F åÕ c¡r¡ lnng rs:fl,ectivæ
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pla=tic redç ¡+as uçed" The pnint o{ interçection c¡{ the tods

wa* placed Ëlver the upper pc¡rti{¡n rrf the greater trochanter

and teped $i¡.trtly ir¡ plasæ {Fig. S}. This type of rnarker was

nËçËsãsry bæcauræ a =rnal I nar'ket' en the greðter trgchanter

migtrt be pÞ,açured by the upper lilnb duríng walking {l4i.rtley

et al,n 1ç85ï. In addition, requiríng the EubjËet to hold

the upper. li¡nb åHåy *rr¡m ttræ çreatrin trsehanter in erder to
keep thæ narlcer in vieu nåEht r*çult ir¡ disrupt sn tr{ the

nqrrnqL walking pattærn, The knee Joint t,anget çt¡nsiËtrd r¡{ a

styrn$nam se¡nieá.rcl,e süvsred with ref lective plaetic {ilm and

{astened tp t,l-¡e elsín *"ith dsuble*eådÊd adhêçive taÉs

tïhurst,nn et ã1., t9Ëf ¡ Thuræten & llarri.a, f$ËS¡ l{irtley et

al. n lË$El "

îs aveld blaçr t,trs aæquene€ f,# use €f tt¡æ sùalkalayr ramp

and çtaira r*ae randsmly determined by ccin tses tEorlett et

å1,o trç7Ë¡" Feçsusç thæ paaitisn s{ the Eamerå *úås changed

bæt.wsen the l,evel walkí.ng trials and the råÍrp/*tqin trials,

åt wss deeided tf¡at tf¡e randrrni,sat,içn çlreuld be dsne in two

xtepa ttr ensure that the sarnerå was mßvËd {¡nly crnn€ during

e*ch æxpærånrqnt, In thæ Sf,rEt rtæp ths auall*uay waø

çüngid*red &s f;¡n€ nptinn end the et,alrs snd ra¡np rrFr-e iointly
ctrnsådæned sE the r:t,hær nptlnn" Thçrs{nr,e tfis flrst strin

tose determíned whirh +r* the walk**ay Ê¡. ths atair/ratnp

cmnrbinstitrn ¡¡¡c¡uld be ueed *i¡.st, In the ss't:snd'*tetrn t,he

c&in tnsE waa ussd ts dste¡'fil¿nË whieh g{ stsins $r ramp u'úsu1d
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be used {iret. Eiiven thæse cænditisnsn the seguence of use

c¡{ the appa¡-atus shn¡Er¡ ln Fig. å *'üaE used. The stairs and

raflrF HErE kept in a cpnataRt pr¡sitíon by aligning them s'¡ith

r¡anksrç taped, te the *lsçr"
the dff$erænt .*.yçee æf lt¡rrsÌu¡tlçn that rseulted {rc¡m use

r¡S tha apparatus rd€rrë deeignatÊd LËv,Èl ld*lklng, Stair
tlí.mbingr 5*,air Êeseent,! ñlåütp Ëlåmbing and Ftamp llegcent.

Eect¡ eubjæct wå5 r€Euired t,a per4o¡¡rn three tr.ials tr{ each

type p,f l¡¡eçmsti$n Ë-nd th* niddle stríde of each trial was

usEd srr data anslysis tTo+snsendl Lsånhert et Ë1,, 1Ç7Ë;

Lyons €t al", 1"ËSl . Ttr enster€ tf¡s"t tfie*cË,lkíng patterns

r{erg aÊ R$rrnåÎ. as pasaíble in an ex.perånrentsl situatiom,

subj:eetã ¡ÀrËre inst,ructçd, ts HåIk lrn the åFl¡êrstu.* at a

cørn'teir*,able speed tEattye & f.ssqtrh, 19&å¡ tappoexu et al.,
1?7å¡ úubn et aL., 197å¡ Fare €t öl*n 18F1¡, Thurstsn et ål,o
tçglg îhurxtpn & Harriæ1 t9.8S¡ l{ir"tlgl¡ et al,¡ fqËS}. To

mi.n{"rniss Ètts e*fsets sf +rarnup and {åtiguË¡ tfie subiect ¡*ss

n'æguired tq reat, #qr fiv* fiínutæs bætwæen è¡Àçh apparat,uø

{*ndersstrn st âlu¡ l??&ç Ërandell, 1ç77}.

911 s¡¿bjscts H€rF thånkgd 'ftfr their participatiun in the

ntudy"
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Slalkwey, Stair'*n ÊEmp

St*ir.'sn,ftaarpr Slalkuay

üllalkwayo Flamp, ãtairs

i{alkway, Ramp o Stsir-s

i{al.kr'lay, Ramp, Eita.irs

HaL kl*ay, €t,sirs, Stårnp

Ranpn Stairs, ldalkuay

'Hi*ltp, Stairsn lrlal k*{ey

ü{alkuayn Stair"a¡ Rðmp

ülalkwayu ãtairsn Ëarnp

Ramp, Stairs",ülðIkuay

Blell*u¡st¡n Etair.e, fta¡np

Fampu Ëtairsr Slalkuay

ldal kruayr Ftaírp* Flannp

Ba¡np, Ëtair"e¡ &f.a.lkuay

ldelkl*ay, Stair*, fislnp

St,aírø, Ra¡tÞ¡,l¡lalkr*ay

Ftamp* Staíræo ldalkway
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ÞATå ËT]LLEtrTTTTN AI{T} EXTRATTTTTN

Fíg. 7 ehçws thø grrsngenent c{ thæ in*t,rumentetisn used

in this study tt: cr¡ll.srt the date nn Ef{Ë, tamparaL events and

bsdy æegrnent dlsplscernento

A computßr Frsgrårn, LË9, rnres sprri*ically *¡ritten fnr
this etudy. Ualuçç dærived {rrm the prografii ¡{ers cFerãE

chEcksd with analng deta frçrn thæ char"t reetr¡'d*r and with

vglues f¡-c¡m manual srtåãu¡.Erncn*. tn gnøure thgt neliable and

valid data erere genærated by thÈ Frcgrfårrr. S cCIpy of the

pr$grsrn lcas F{ritten n.ntE Ët} flnppy diãÊË! trne fsr each

çubject. Alt tha data #ål,es fsr that su{¡jest, srør'e Ett¡red on

l¡is r¡**n Frtrgrêm digc.

ËffiË Efiü FüT}TFHITCH SÈTå

The øubpr€grêfi Ëf|lËIt{ ¡oas usæd tr¡ ssl t. st the rprf æF€nËE

e¡¡ntrxrtian {}4Vç} data¡ thíe resultæd ín ¡cns *ile nS rae¡ EÍ{Ë

d*ts *tsr eaeh muscle beínp str¡¡.ed qn díss fçr a tntal s.F Sour

rs.SsrsncE, EnRtract,inn Ef¡lGt dats fileç"

EflEïft| ç+ss slss used to ccl.Iect the EF{EI and *sntçsritch

deta durínE the Sive typeø c* ltrromntir¡n {S tri"alr each}"

îhe cnrnputer sarnpLed the EflF and Sçotsr¿itch xiEnalø only

during *.hs interval in wl¡isfr the syrrehr¡*niaing tight &,aE c¡nr

rssulting i¡l one {iÏe *¡{ rs** data pær tríal pËr apparatus
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being stored on diEc" å total tr-F 15 .Fileç crf rar¡¡ ËHEi data
per subject h¡as Eer¡rrated by ËHËIN"

The *ubprqgrårn ftFtf,ALc al.lrr'çed an anaLng eignal CI{ each

f4uË tn bË dieplayed an the cnmputer ¡nnnitor" Tl're beginning

and end Bf å reprËsentative part a* the |rlU.t eignal. wåË

denarcat.ed by usíng a ¡r¡gvabl,e vgrticat tinE marker that ¡*as

manuElly *cralled Ecreçs thæ ËnmputÊr ¡¡renitc¡n, Hach poeitisn
cS the vsrt,ical rnsrksr ¡qaç lndiratsd by a +rårirË nurnber on the

msnit,nr and the $rame nurnbers t:f the beginnång and end o{ the

rEprBËëÍ?tative aarnpls er¡erB nert¡rdæd Ðn FåtrÉr tÌ¡ all.r:¡u #sr

rr*rs5 checking at s l"atsn date, is n*ses5ãt''y. The marked HVË

elgnal ¡¡aE then stt¡rsd ta gíve r¡næ silg as refåned flutr data

pãr fl¡uscle,F¡r a tçtal n{ fsur ¡-efined Frç* filgs Fer subject.
Ëubpregram €fiËÇALË etl.s*ced analæg {r¡mtsuitch sígnals and

analag EflË eignarç fnmm esch musclq durång æsl:h trisl to be

diøpl.ayed indlvíduslty æn the conputær ¡nr¡nitsr* Tfia ternporat

eventE s* rnítial tt¡ntact and Ënd n{ lalelght, Ëear.ing ${Br€r

nrarl¿sd t:n æach 'f,uate***tch tracing hy uøing a rnsvaþLe vertical
errü¡d and Esst krl/Ë. Thæ ríEht Eeit eycle ¡{aE u.sed as the
re'ferenEe agai.nst which ell çther rneðEur€lr¡entg þ{€tre made.

flnræ rnarkæd sn the ssrts**iteh t¡-acinga¡ the p*ints nf Right

rnití*l 8*ntact and Rågfit End ç* *{elght, Fe*ríng alsu appeared

Þn thæ ËiTE tr-acinge Sr¡r esch lnusele ånd ßn these tracings the

additinnal puínts æ,$ nnsgt and sesgatinn ts{ rny{¡Blgctríc

activity ce¡uld be m¡arked u6inü t,hæ nrç,vahts værtical arror,g and
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sÊ+t keys" In addit,íonr uF to threp peaks u{ maxirnum

amplitude c¡f each mynelectric siçnal È.rË¡-Ë rnarked snd labelled
s¡ith the rnsvgbl.e errav¡ snd str$t keya. Th* pnsition e{ the

mnvable årrüH ùrtåE indicstEd hy a :Frame nürnþ€r tÐn the crmputer

menit,*r and ttrs {rarre nurnb€rs *,F all ¡narkæd trEsitianE hrerçr

necErded nn pep$r,

Fesultç Srn¡n pr'.*lirninary ruñÉ sf¡sr¡ed thst Ël{Ë sctivity
srmm rsetuE Ebdtrmlni* duníng lrrctnrnEtåün rfqe' la*u cnmpared to
the aetåvity ræcardsd dur.íng ã l{Vt, Ttråç r€Futted in a

"îrrrigy" sågnaï beíng diepltï¡ed t¡n thæ c¡¡¡nFutgr manitsr ¡*hen

the EF{FüÊL* øubprüçlrån r.rråã ruñ¡ rnaking idenùi,f;icatirn o{

crnsçt,, peak and ræxsatåsn p*r*i*,ianc di.4fisult. Tr rernedy

this t,he galn r¡n tfre r'e*tr¡q åbdsmånis ehsnnçtp s{ the

ampli$1er $fss íncræsæd frçrn gr5(rü durinE the $Ut tr¡ 4rüÕ(¡

d*ring the lgc¡srnr¡tir¡n t¡-iels and I €ünvËrçiçn f¡rr¡nula hrag

$*ritt,æn intp thæ Ësl&tALC su,bFrngråm t,a *ænnpænsatæ fsr the

incresse in gain.

ünse sll the dæ. ign+tsd evsnt,s ü{ËrË rnay.kçd on the
,Fe¡ertsuiteh and €H& tnacings, the length and çadence o{ å

ríght. gslt eyelæ snd thæ prleitienal, evænts rpn þc¡th ri,ghü and

Lest gait cyclea **Br€ salculstçd by the eubprúgrerû qnd were

dispLayed nn the crnputer mclnitn¡*. The -e¡nar¡nt qif nryaelectric

actívi.t,y tfrst, f,rrcurred dur.ing thÞ ri,ght gait cycle +*as

calculstæd and díåFlayæd &s å percentsge {i{ a }4vt¡ the points

u'Ë ænset,o peakæ tlnã and S1 aRd ceeeatinn tr,f mymelæctric
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åtrtivity that occurred during the right gait cycle þ{Brr

calsuLated and displ.ayed ås përséntages er# the right gai,t

cyrle, Theee re,sined data çrruld b,e staredo giving lS +iles
per subjeet, {S typee cr* locnmnt,ian, F t¡-ials esçfr}- The

ref insd data ctrul,d slæs he pr.intsd. Fr"sm thiç printaut an

sv€regæ {sr sach tråremetær{r¡r t,he thr.se trialç r¡f eash type

c¡f lgeErr¡ætit¡n HåË calculated end ret:¡¡rdsd c¡n å data sheet.

rn sdditåfin, tlre mean valueE uËl-e entered ints a cørnputer

file us*ng the ËTåTË FLU$ Frægråm tHu¡nan &y*terne llynarnicsl

Sar later ststiEtical snely.*íø"

BT}T}Y ËEfr}IEI{T T}TËFL*CEFIËIìIT ÛATÈ

The prncea*ed {ilm t¡.f ean:h EqÞject rlrås ¡FårEt pr-njected

Sr;¡m beginníng tcr end *ntr: thÉ digitixinp teÈlet in srder to
cf¡ssk the æequenee nf thÈ typês cr{ lr¡errmntisn snd nf the

trials uithin eaclr type, å.fr*rnc ¡¡rF Sitrnú,frtrm *hæ mlddle s{

sash tríal a¡as selsrtsd and the paøitlsn s¡f the [7, Ls and

greater trt3chant€r rñårl4e¡,.F s¡n Èlie pr-.ojEetsd i¡üâ,ge s,tåE

careful}y tra*ed ant*r n Ehæe*, E¡nF elesf plqetic fll¡n lulth an

åndelible pËri' This pråstiç *heçt, *erv,sd aã ã tçrnFlate {trr

aligmmæn*, m{ ths elsetrsniç çurer¡r. e¡S the dåçitfalng tablet
duràng tlret, particular trial, €nsur-ing, eEnsistency n.t

di6ítisstimn.

The ÞIFIM .*ubpr*gr-aûr r¡csg uçgd' ts gxürsçt and etsre the

digitieed H and Y er:-*rdånstee +rfifi gach br¡dy marker {crr each
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frarne tr$ f ilrn" A correctisn {trr the .faet that the body

markers ¡n¡eræ nc¡t ín the Fðnet plane as the beckground markerg

r*aE writtçn into the eubprægrarn and it +¡aø calEulsted that
the ¡na¡çifiLl{n ertîclr thet ;dould reEult .'frnm fitåFurernentg taken

at the çxtrerneÉ gs the fieldt¡f vig¡* sf thæ camerå &råË o.3.='.

ThF ãynshrenieing f¿ght ürås uãed tp ldentåSy ttre f irst trarne

n'f the triel te bæ digitieed. The =r"rbprr¡grðm r.equired t¡+o

adiacent ba*kground ûarkrr€ t,{¡ 'h* dtgitiaed f irst¡ {otlowed

by the hody rnarlepr.s in thæ sequence t7, Lç¡ Çr.Êater

traehanteru knee" A sequenee check v*as hsilt ints the

eubprnqramç an sudible prornpt r'rlaæ given ¿f any mankeFg wsre

digifieed in sn ínrçrrert. Ës{qu€nçe" *4ter. atl the {rames in
a parfåsul. r tråal $ter€ S,igiÈiÉFd, the cs-erdinste dsta r{el-E

çtared snd a printcut, as thg rar,f H and 1l rs*isrdinateç r¡as

generated"

Tfis FI6ËÈLü eubprrrgrêrr¡ sas uçed tn çrnssth and then

epnvært thæ rat* X end Y es*nrdinetes åntr¡ *ngular
díaplacemænt da*,a ¡fsr the de#íned Þrædy 6egn*ntÞ {&ßnter,

t??ç1. FÉcåuse nf n¡riae due tt¡ vibratiqnt in ùhæ cinecamera,

impær'{ert *lig*ment o{ fåln in the trqmêrä, and hurnan ËFrc¡rs

in ttrE digitiaatil¡n prc¡EÈeã {ùlínten' t??q} n the rau X and y

co-*rdinates *{Brë fi,återed ¡¡ith å *BÉÐf¡d trrder sutterworth
ltlwpaaa digiÈal f ilter uith a er¡tr¡*,F 'frËEßsnry $f S Hr- The

data {'{eræ {íltered in thæ Sr:r'r¡ard snd hsr:lc¡¡ard tine directíon
ttr reme¡wË ånì¿ phawæ shifÈ that the *ilter mleht, intrmduse.
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The f iltered X and Y cn-ardinates &*el-Ë used in the

DrEËALc suþprÕgrarn ts calcuLat,e the pneitíon nf the trunk amd

pelvic segments rel*tive ta ths vertisal {Thc¡r.stensstrn et

å1" ¡ I*Ë3¡ Thurctpn & Harrlço tftrSE Sej*iani et al., tFE4¡

Tht¡rsten*sÊrn Êt, &1. n 1äB4r tçt5¡ o and tç cslculste the angle

bæt¡,{eæn the pelvic snd tFrigh F€Ë¡nents, dæsiçnstsd the hip
angle {Fig. 8}" TheEe dat,a er¡uld bæ *tnred, givíng lE +iles
r¡* 'filtered dieptaeeme.nt data pæ¡. sr¡bject {S types tr{
trncnmrtierR¡ 5 t,råalç sêeh¡. & print,sr¡t csuld bs €snersted t¡f
trunk lnrlín*t,inno pelvic inctínatísn and hip anEle valuee

{t¡r each *r'amF {¡:f the fil.ln that *.laË. diçiti¡sd in s designated

fri.atr. In add:[tíann ptnt,a trf trunk inclinatinn¡ pelvic
inelinat,ir¡rr and hip angle curvgË dr;rring thæ csurse n{ the

dígitised trial e¡*uld be gener-ated an tt¡e cnmputer mpnltar

and a hard füFy enuld be printed,

The *.empsr-al svents necurring during nne rigtrt gait
cyel,e tRight Initåal tr¡ntastu L*ft End Ef l¡leight, Ëearingn

Le{t ïnåtlel et¡ntaet¡ ftlght €nd n{ ldeíglr*, B*aríngr Rtght

rniù,i,al tnntactl u¡er.e ¡narkæd on the printnut p* thæ angular

displx*emEnt values snd {¡rprn thiæ the segnent v*lues at F¡y.

intsrvalE sf the right, gaùt, rycle {tüü%} *rêre extracted, The

vslues,fçr each r¡'f the three trÍsls üs rnæ type rs{ i.ecomstíon

$Ër€ åværåged and ænte¡"gd ¡¡ntn e data *hsst. The mesn values

F{ers ussd ta plot graphic r*pressntatflc¡ns s{ thx pattern uf
angular displacernenta t,hat f¡crurred duríng a øperif ic type trf
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locomstion" The mean values wËre also entered ints a

computer {ile using the STATS FLUS prs¡gråm for Later

st,atistic*l analy*ix-

STfrTTSTTTåL AfrIALYSTË

frt, the cænrluçir¡m tr* the data øxtrêEticln pr$cess the
Right Ëait tyrle dsta. avsilabls {r¡r statùst,åcal analysis for
sach ss Lgvsl slarklng, Ët,air Ëlirnbingo Ëtaír Ðescento Ramp

Elimhing end Ramp *esrænt $ËFËF

- rnean duratir¡n tr$ Rlgtrt üait tyrlæn in secunde.
* rneõn cadence s{ *ight, Ëait fryeleo in eteps Fer minute.
* rneån pasitínns m:f onset, peakx tllE and E! and

cess*t,inn o# rrryoelertric acÈivùty n{ thæ right ersctor
api.na*r le$t. erect,c¡r spinae, right rert,uæ gþdorninis and left
rectus abdr¡minie rnuecrÊF¡ expreeeed ãB pçrcgntages of the
Ëíght Gaít Eycle,

- rnegn amaunt o:F rnyoelectríc aetivit,y n{ the ríght
erectrrr xpínae, le*t, snsctr¡r spinaæo right rectus ahduminis

snd re{t, rectus abdnminis mussles durånã å Ëight Ëait Eyclen

BHFrËEEed aa å pereentage trf a HVË.

* fiBån inclinatíun ¡pf thp trunk wíth reøpect ts the

vertical at äir {mtenval.s t¡'F the Fight ßait fryeleu rneasured í.n

deçrees"
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- meiån incl.ination sf the pelvis r¡¡ith respect trr the

vertical aÈ 5tl intervals t¡f the Right Eait Ëycle, messured in
degrees.

* rneån hi,p angle at 57. íntervals c¡{ thæ fiight Ëait

Êyclæ, nreåãurëd in degrees,

Ftat,iEtical anslysis r¡,F the data s¡as dnns using the

ËTAT$ FLUË and *NÉVÊ 3f prngramæ {Human Ëyetems llynarnicsn

1?BSl r'¡ith an åpple IIe eemputgr. In all instenceg thø

prnbability levsl. ¡*a* set at "Õ9.
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RESULTS
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*s di=cus=ed in I'laterials and f,lethad=, each =ubject
pe=rf c:rrned f i væ types of I ¿:carnetí r:n - Level hlal kí ng o stsí r

tlimbing, Ëtair Þeçcentu F:ainp tlimbing a.nd Ramp üesrent.

Three trials uf each type æS lornrnotínn rrJere campletedn wi.th

the' middle :;tride perind n{ each trisl =elerted fnr analyei=.

The Right Ëait f,yrle tRGtrl r.¡as lrsed as the stsndard açainst

r"¡hich alL c¡ther rûEåËLrr-Ênents k¡Ére ¡nade (þJinter, lç86¡.

Bec*n=e rf the pls,cernent s{ ths experinnental apparatu=, scfrne

rilËåËurernent= had tsr be r*ade fram the, le{t eide c{ the bndy"

rlccurdiriç tt: þJintsr et aI . (1ç7å1 , dnring a geít study the

dsta fc:r trnË lau*er* Limb, suitabty di=placed in ti.me! Ëån be

lrsed åË rÉ$lr-Esentativæ data {nr the c:ppCIsite lirnb. In the

pre=ent =tlidy the rnee,n percenta.ges r:f Stance pha,=e {nr Flight

and LeSt Ëait f,ycleç c:S earh type oS IncsmcrtíÐn suere

cslcuLsted {rr¡sn the tenrporaL events data; theçe valueç Ã.I.s

pre=entæd in åppændíx IIrl-5, The data Snr ftíght and LeSt

Stsnre s4ÉrË then cnrnpared between the di{4erent types ot

lucnmc¡tign by rne*.n-; *{ * ræ'pe*ted rnÉåEur-És tr+o-may {type x

çi de] an.al y*i. s t:{ vari ånEE {Li nton & Eìal 1o, 1F7b¡ Emkal E{

Rcrl"rlf u f gEL¡ " ltlcr signif icant dí{f erencÉ wåË {ound betr.Iæen

Hight and Le{t Stanre in any type nf Lnct:rnotit:n" It þ¡ã.Ë

therefmre cnnrluded that the Ëíght and Left Giait tyclÊË åriere

essential 1y syrnrnetric*L end flies.surements f rum the lef t si.de

trS thæ hcdyr åppruprístsly dí=placed in tíme', calrld be

rænsidæræd ta he ¡-eprËËËntative nf the riçht side u'f the

hnrf y"
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Fær eacf-¡ tríal sf each type r:f locornatiun, two

=ucre=sivæ' Right InitiaL [trntacts tFtIËs] r'¡Ère rnsrked En the

di=plåyed Right Fsstst"¡itch tracing and the E¡"tËtrALC subproqrx,m

generated th* rnea.n tiine interval betç¡een the FtIüs {or the

tl"¡ree triels" The rnean dsts {sr esch subje'ct trån be tcnnd in

Appendix ïIrå. The=e date. Þ'rer-Ë sr-rbjected tc a repeated

rftËåst-rr-eË ansLysis æ{ vsriånËE Sal lt:r,*ed by a trast hsc Tr_rkey's

Tæst" The =u.rnmary nf theçe ansly=r=; is presented in Table 3.

It Ë-ã{n bæ seen frorn tl-ris tahle that the durstinn cr{ the Right

Ëeit tycle in the tws climbing typee of lr¡csmc¡tinn wåE

eíi¿nifícantly tranger than in the twt: de=cending type=. There

14å.Ë ntr s;içr-ii{ácant dif Se,renre in the duratisn t:{ the gait

cycle bætn¡een Staår crínrbíng and Ramp ttr írnbring ûr betp¡een

Stair- üescent snd Ëamp Þescent" The duratinn af the gait

ryclæ in Level hlalkíng p*as significantly ehorter than in Rainp

tl"imhing, but siçnifícantl.y lnnger than in the tr+n deecending

type= e{ 1æcc:inætiun.

trånË f\¡tr8

ïn additiæn tt: the dunatimn

Ëf"fG*&Lt =ubprngr-årn gsner-ated the

FEr r$inu'Le Ëver tF¡e 'Í:hree trialg

c:t the Right Ëait tycle, the

rûEËrn nur¡¡ber n{ step= taken

s{ ssrh type rf trt:cc:nrsti.c:n"

The¿ rc¡eå.n dstg. Snr æauh çr:bject trån he 'tound in Éppendix IIrT.
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Table S. Ëummarìf cr'F Dat,å :fcr l'lFqn lluratitrn {EecE} o* RC¡tr
in AlL_TvFeF qf, Lscqmetisn

L

:{ 1.3

HÐ ü- I.

$Ë

l.s
$.ä

SD

tr.1

Õ.3

RË

1,4

Õ.3

ËD

l l
s. I

Quration

êñlf¡VA F{4rËã} * Ê1"S p { -üül

Results o'f poet hoc 's Test

L

L 5Ë

il5

ËÞ

.*1

,Ël

FË

.ü1

stË

,sl

RTI

,üt
,#l

st6

.Ël

Bir

sI}

Ët

l{ËY¡ L '= Lsvel *l* '* Ëtair Cti¡nb ËË æ Stail' Ðessent
HE = RafiF Elilnb Êf * R*¡ùp DeEqent
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These dets, hrÊê-e subjected tn a repe.ated meå.Ëur€rË analy=is aS

vs,ri{änce {¿:1 lnp¡ed by a psst ht:c Tul..:ey'ç Teçt" The suininary cS

tl'iese an¿lyËe= is. pre'sented in Tsble 4" It trån be seen {rnnr

thi= .ieble that the csdænce during the twa climhing t'vpes as

lr¡cærnnti.nn h¡s.s =i.gni{irantly 1n¡'ler than that durring the twtr

de=cendd.nE types" There wåË nû sígnificsnt dif{erence ín

ca.dence betc"Èeen Stair and Êainp Fescent, hnurever the r¿,dence

in R*,nip trlimbíng n¡a'= sígnisicantS.y loç¡er than thet ín Eteir

tl imhing. The cs.dencæ i¡r Level hlal king i+ss signif icanttr y

higher than in Ranip Cl irnbing u but sígní{icantly Io¿*er than in

the t¡'¡r: de=rending types nf lacorn¡rtisn"

TE|SEüI{AL EUENT5

Fnr æauh nf the three trisLs rr$ each type a{ locnmotÍon,

the. EÍ'lËtF*Lt =uhprngrarn generated å '¡alue fur the pnint t:f

Right Ënd nf hleight Elearing (REhJFl u Le$t rnitial Ëi:ntsct

{Lït} o ,and Left End of trleiçht Eearing {LEI¡JF} s.nd expre==ed

the=e "¡alneg åE pertrsnt.age= rS the Right Eaít tryrle" The

mt=ans fsr ea.ch temp*ral evemt in æach type af lrccrmt:ti.trr¡ h¡Êr-Ë

then ratr*r-r1*rtæd, Ëæca.l¡se the Suetgr¡ítch tracings HsrË

derns.Frated ¡¡enualtry nn the displayed tracitrgs¡ ËõmE Err-EÍ-E in

rnarF:ånE rnay have nccl-rrredo theretnre the rrieån data for

temp*ral er¡ent= HErF expræssed tc the næare=t s{hale nurnber

{Favis 8,: Fr:oter, Lç5&}
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Tablç 4. ãu¡nmary E+ B,,+ta fPr Þlgan ta{eTce,,(nurnber of Etessper minute) o# All TyreE ef Locametien

LSCËDnsÊ$

x 9-7.ç qT.E f tå- 0 9Õ. ? t I3. å

ãÐ g.ã l5,g 1Ë1"ç 11.8 IA"ü

&H[II,Nå F {4rËF} * S$,ä p { "Õ*l

ts t¡* F€Ët hcq 'ç ig,gt

L st SD

.ül

,sl

ËE

. {tl

,01

,#1

RD

,*l

.ütr

NE

.ül

NËL

gc

ËD

frE

l{EYt L ¡. LevËt gE o Ëtaår tlíÍtb
Ë* '= Famp tl¿ilrb

SS 'ç Bt,aír 'Deseent
ÊÐ = Ëemp SeEcent
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Ê graphic ËctmpaFisçn af the tempural eventç in each type

tr{ lr¡cpmotíon ís presented ín Fig" ?¡ the ra¡¡ dsta ca,n be

Sound ån Appendl* IlrËl*tf. It can be seen that the values

fnr LEIdB ranged bçt*leen ISH (Ëtair Þæscsntl and 15"/- (Ftarnp

Êlimbinglu therse *CIr LIË rånged bet*e'en 47?Ê {Stair I}escent}

and StTt (Level &lalking, Stair f;limbíng, Flamp tlimbingl r and

thsse 'fon HË$F r*ng,ed hetr*een åltÊ tsteÈr IlsEcentn Ramp

$escæntl and &41 tËtair ttimbingn Ëarnp ttímhing!. Vsriation
{c¡r sash tempural ëvçnt bet¡*een t,hæ di¡f,fençnt types ef

læetr¡nctå$n *rraË smaLl o fiçwævgr å r€peåted measüres anslysis of

variånËs revsal.ed eignå#icant di#fErsnces betúseen løcamotien

typæs tor Lft end L€SlSr but nn siqnifícant dif{mrence bet¡ueen

typea Smr REùlË. A qqã"þ "hFq. Tul*æy's Test nn thæ LIt data
(Tsble 5l shawed that thers $tåF ncr si€ni,fícant difference
bet¡+een Stair and Ftamp tlirnbing, bet,weer¡ 5tqír and Rarnp

8æscEntr Ë¡r- between Level trlalki.ng* Rarnp Ïlessent and the tws

cli¡nhínç typæn trf lc¡rc¡rn*t,inn" There Hås å sígniSícgnt

di$*ærence enly between tt¡e t**n clinblng tytres and Stair
I}æssent,r åÍ¡d bet*¡esn tevel tdslkinE and Eltsir $escent" A Frrgt

hgts Tukey'a test *rn the vålueg,Fsr f-ËldB {Tahle å} çhsr¡¡ed that
there r{å€ ne siginå*icant di{'ference bet¡ueen Stair rrr- Ramp

Elimþi,ng {tr þetwæen Steir and Ramp Sescent¡ thære Fras å

si.gni.Sicant di$$erencæ bsts*een the twt; elinrbing and the two

deseending typær"
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Tahrp Ç,¡ ,,H*¡pæqy. t¡* Faf,a,f,çr LS¡st Int,ti,:+t trontact
t7" sf ,SËFI dFrinq ff,lL Tvnes t¡S l-r¡J:r¡rqrtisn

L

ET

Ë

ËE

sr
Ft
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47

g

ftIl

49

ftc

ET

3

*

ËÞ 3

Al{ÍtVåF {4rEE} *S,S p 4 .*Ë1

RæsuL ts s:F pn*t fruc Tulcey'E Tsst

L

L frIl

r{5

fit€

NS

NS

ÐE

ilE

SD

.ü1

,&1

nË

srs

srs

.ûl

EË

ËF

HE

l{ËY* L = Lsvel fiE o stair çtilnb
ËE ,* Ëamp ttimb

SÞ n= Stain Deacent
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Table å. FurtrFårv tr{ I}qtq ftrf l-E*t Eçd pf þtpiqht Ëearinu
{7- s{ ftGitr} durins åll Tvr¡es tr# Lscomntitgn

F

BT}

L

1S

'ã

sË

14

.?

g$

t0

E

ÊE

ts

3

R,[t

!.1

s

*Hf¡Vå F {4rg$} sB 1$.S p 4 ,üüf

Feeul ts p$ pæet hnc Tuh6l¡'s Test

L

L ËË

NS

gÞ

.$E

.01

frE

.#E

þ¡F

"*1

RD

fqg

.01

&lË

- f,rI

gt

5n

ftr

HËYc t :e LêvaX Ë-* ¡¡ Staår Ëtinrþ E.Þ
FIE o Rsmp *llmþ Fü

'* Stair Ðgscçnt
= fia¡np Dcøcent
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Ðï5tr1 åntr¡'¡Fh¡T Tht 5AEÏTTAL FLAruE

The prrsitiuns u{ the trurnk and pelvic =egrnents relati.¡e

tæ the vertica,l F¡eÌ-e mea=nred at 57" interval= of the Right

Ëait üycle {ThnrçtenssËn et aL " o 1çBãr L?84, 1?E}5; Thurstæn E{

Harri=n 1?EI3; Fej jani et al", lFË41. The angle betaseen the

pelvíc segrnent snd f-he tl"righ =eEment hråE fl¡eåBured and

designated the l-rip angle" Becsuse sf pos=ible errars

inherent during phntographic recnrding and digitizatiuno

trunk and pelvic segrnent inclinatir:n and hip angle data are

eupre=s.ed tn the nearest degree"

The= r¿.p¡ ds.ta {nr trunÞ: and pel.ric inclination åre

pre=ented ín Appendix II!13-??.1. These data EFE FrËËented

accerdi ng tn Èli nem.ati c ctrnventi an n that i s, countercl ercku¡i =e

rntrtit:n c:{ the trunk and pel'.ríc segment= is de-f ined äg

po=itivæ and rlecþ;t,¡içe rnntít:n is de$ined a.= negati.ve tl{intær o

1?Bål " Thereft:re, hecalr*e the right side uf the body is

being rnnçidered, anteritrr inclination tr{ the trunk and

pelvis :is neg.ative ¿¿nd pusterior inrL ínati.e:n is pcr=itive"

Hülotevær, fer clai-ity oS illustratic:n, gr*phic repr-E=Entetion

sS ttre trlrnh *nd pel.ric =egment di=placernent data. c.rilt be

preæented in the {t:rrnat used by Thnr=tenssnn et *,1" tlçts!?

1çæ4, 198153 n Thur-etun and Harris {19El3} and Bejjani et al .

{ 1çË}4-} ; anteri.er Èncl inatiun u'¡i L l he pltrtted in the pæsitive
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directisn rit the y axis s.nd pt:eteriur inclinatipn u¡iL1 be

plcttæd in the negatívs dír-ectian of the y sr:is tFi.g. Bl "

The hip anglÉ rÁ¡å= alsu nieasured at 5j':, interva.Iç sf the

Right üait trycle and the rar'¡ data årel Fregented in Appendix

Iïs?3-37"L, accnrding tn kine¡natic cnnventit:n in which

c[]lrnterclncl,.:r¡¡ise mmtíon íç de{ined as pnsitive and clerrkwi5'e

rnntisn ic detånæd a,s negative" Elecau=e the right side s{ the

b*dy is being cænsidered, hip {lexíon is pt:=itir.e and hip

er:teneir:n i= neç*,tive tWinter? t9Ëlå1. Ëraphic reFr-ËEente.tion

rf hip angle data u¡álI be presented in the {c:rmst used by

ïnrns,n et al " {198}1} and Ferry t1+E}5}: hip fle¡ric:n r.¡irr be

platted ín tfre pa=itive dir-ecticn af the y sxis end hip

extensit:n wirl be pl*:tted in the n*gative di.rectian o{ the y-

*r: i =.

LEUEL HAL¡q.1hIE

å graphir relFrÊEentatíæn cS díspla,cement i:f bi:dy

=egrnent= in the =.agi'ttal plane during Èhe Ëight Eai.t trycle t:f

Leçel lii*l[-.:ing ås presented in Fiq. ltr.

Thp trunk segment in eight subjects was held in a.nterisr

i.nclinatitrn thrur-rgfrout the,gait cycle, in six sr-rbjects it rF¡åË

held in pnsteri.r:r ínclinaticn, and in tnur subjects the tr-unk

n¡nved i nts hcith smteri sr snd pc:steri mr i nrl i natí nn. Everal tr ,

the tr¡-rnl"; =egr*ent s.ras he3.d in =light anteriær inclinaticn

thrn*ghæut the rnajmrity nf the gait cycle" hthen the valueç
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f nr e.arh i ndí vi dusl år-Ê trûnsi dered , the inax i murn anteri sr

í nctr i. rrat Í nn c:bçerved tdc¡åE Êlo, rnax i rnrtrn pnsteri sr i ncl i nati an

¡+aç 5o, Ever the lEl çr-rbjects, rneån inaximuin snteriær

incl"inati*n o{ 2o t:cci-rrred at the end sf bcith Right and Left

Sr+inç; the nçutral t(-¡-) positian occurred during the peri.od

f rnrn Lef t End ¿r{ lileight Eea.ring tn Hight ¡qid Stancs. The

trltnF: er:curçipn tpr earh çr-tbjert t'¡aç c*Ict-tlated by

=r-rbtracting the rns.xirr¡-trn pn=terior inclinatitrn {ram the

rna:ri¡nurrn anteriar inrLinaticin and å r$eån value f nr the lEl

giubjerts r+ss cslculated. The meån trunk segrnent e¡rcur-sion in

[*er.el ÞIall';ing was 51].-

The pelvi.c segrnent r+as n¡sintsined in a pnsitii:n .anterisr

tc the r¡ertiral ín 1? çrthjectg and sntrved both anterior and

pt:=teríerr ts the verticsl in sí¡t sr-tbjertç. üverall o the

petrvir =egment r"¡aç held stmteric=r ta the t'ertical thruughnut

the gai t cycle" Ind j. ví dr-ral 1y n rnar: í rnurn snteri sr i ncl i nati c¡n

æbserved þ{ås trBo, rnaxírnurn pa=terii:r ínclinatisn tn¡ag Fo. tver

the 1E3 subj*cts, tneån maximurn antericr inclinatinn sS 11o

nccurrerJ during the =ecnnd llouble Ëupport pha=e and rninimltm

anteri trr i ncl i nætí nn trf 1o occrtrred dr-tri ng the { i rst Ðcrubl e

Suppært pha=e" The rneån pe'l vi.c seginent excursi.on t:{ slI

sr-ch jg'cts was t 1f4-,

When hip angle ís cc:nsidere'd, all sltbjects msved {rorn a

pæ=itinr¡ m{ hip *leuinn at the beginning c¡f the gait cyrleu

intn hip er:ten=ir:n at åpprnximate3.y 5titï" nS the gait cycle,
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and båck into Slexian st the end o{ the gait cycle'

Indivi.dr-ral lyn rnaximum híp .$lexiæn atas $üer ma¡imum hip

sstensinn *ttåF l?tll, Ëvsr the LB subjects, rneån maximurn hip

{leNisn g{ 35{* occurred just be{are t,hp end r¡f Ríght Eiwing'

mÉAn nqxi¡nu¡n hip extensisn c¡f lFo nccurrÈd during the second

Ilnuble Suppnrt phase. The nrean hip angle excursinn wae 4Ot

"¡lo

ËTffIft ËLTI'IËT¡üË

å graphiË f.ëFrË5ent*t,ísn a'F the dísplacement øf hody

sËgfngnts ir¡ the æagittal plane duríng $t'air tlimbing ig

preaented in Flg. Il"

The trunk eegtnent c# aLl Eubjectg Hss hæld in anterisr

inclinatian thror.lgheut ths gait, EyqlÊ" Indíviduallyr rnaxirnu¡n

snterlCrr ånclån*tíEn t{åç ESÞr minínunr antsri¡¡r inclination

h¡åF 1-. flyer ttræ 1Ë gubjeeteo fielgn ¡naxí¡nunr anterigr

inclínat,iein æ{ tãË sEelu*rsd during thg *irst $nuþI'e support

Fhgsei fnpån minirnum ant,ær'iar insling¡tiEn ¡¡f ?'e uccurræd

during fiight Ëruíng. The fneån trunk sÉgment excurEion er{ the

Xtl suþJects +¡ss 4f1rs"

Thæ petrvíc *egment ¡çss held in anteríar inclination

threugh*r-lt t,he Eai.t cycle in 17 æubjeçtä¡ ín trne subject the

pelvic sepment, mtsved inte stight pnrtenånr incli.nat'iæn"

Indi vi dusl 1y ¡ max i.rnu¡r¡ anterl sn incl. i. nati e¡n r¡{ås ËS- u rnax í murt

paeterior inclinati¡rn s¿as S** Sver the lfil et-tbjecter füeån
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n'tåHir$Lrffi ånteriEr inclinati.t:n rrf 13o rcc¡-lrred during the Sirçt

Ðc=u-ble Suppcrt phase¡ rßËån rninimun¡ antericrr incLinatien rr{ Çe

sccurred during Right 5wing" The flrean pelvir =egment

er:cursiæn af the 18 suhjeÊtË h¡as 7*3-.

t{hen håp angle i= considered, 1å çubjects ini:t'Êd from hi.p

{lexi.c:n at the beginníng af the gait cycle, into hip

e:+tençie:m s.t åppFt:Himately 5Úi{' ci{ the cycle, and then bacl';

inti: hip $lexion at the end nS the gait rycLe. In sne

subjec'L the hip rncved f ræin {lexisn to neutral {tJ-} in míd

cycle ar¡d in nne =ubject the hip rerneined in flexian

thrnr-tghnut the gait cyctre. Individr-ral1y, rnaxímum hip {le'xíon

sç.*s 53o and rnaximr-rrn hip extensian ü{åE llto" tver the 1A

subjects fneån ina:tirnum hi.p {lexit:n rr* 45o ccct-trred just befsr-e

the end nf Ëight 5t"*ing and mÊan nraximum er:tensisn t:f 4Þ

nrcurred during the sert:nd Ðt=uble Suppart phase. The r*ean

hip angle er:cnnçisn o{ the lEl =ubjects þ{as gtt+-.

5TË1R ÐESCEhIT

A Eraphic l-eFre=entaticin o# displscernent of body

=eçment= in the saEittal plane during Stair üescent is

presentæd in Fí9" 1.2.

&r-tríng Etair Fescent the trunl'; segcnent was held in

snterinr iricLination throughaut the gait cycle in eight

slrb jsrtç, in pæsterímr incl ínation thrar-rghr:r-tt in thræe

çubjæcts and in ËÉ\'En =ubjects it maved inta buth anterigr
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ånd pú6terioF inclinstie¡n during the gait cycle. üveral'10

the trunk segnent waE held ín stight anterísr incl'inatisn

threughout Staír ÏlæEcent. Individual lyr maxímurn anterior

i.nclínat,iün hr45 13-n rnäHifnLlrn pËst,sris¡r ineli.natisn ldås 5o.

Ever the tçl Eubjeçts, rneån rnåHiûurn anterior ir¡clinati{]n ef 3F

qlsËur¡-ed during ftight f{id Ëtanre and Right Swing¡ mean

$¡ininurn åntëriür inctrinstisn r¡,$ 1* sficurrred durlnç the {irst

ðnd sectrnd [lnubtrq Ëiuppert phaseø ånd et thæ end e{ Right

5c4ing. The nesn trunk seEment excursinn a{ the 1B subject=

s{sç. 4È3-.

The pelvíc segnent *¡sç held in anterisr incli,nation

thrnughæut #taÍr lleEssnt in tü suhiectæo in trosterior

inslínatír¡rT thrüugtr*r-rt im 4sur aubjeuts, and in fc¡ur suhjects

it mnved inttr bæth &nteri$r and ptrstsri$r inclimation.

frverall, the pelvíc xegmænt loas hetd ir¡ slåght anterisr

i,nclånatimn thrnughaut Stair Feseænt" Individuallyr maximu¡n

antærimr ínc!ínatirin rdås 14*u rnaxim{tm pnnteriur inclinatinn

sfåã lüe. üvgr tfi¡s 1Ël subjects, üHgn {nåHimurn qnterir¡r

i,nclinatisn æf 5e çcçurred at the Ënd {r,f Bight, Bwíngr and

mgan rninímu*n anteri"on inslina¡tit¡n g{ Ia orrurred at the

beginninË r¡+ fright $roång, The mean pelviË segmænt æxcureion

sS t,he 1€l subiesta uaE å*So.

Tl-¡e hip angts n$ all subjæcts remainæd in f lexåon

thrgughaut Ëteir Fesfrent wi,th ¡na¡¡imurm hip #lexíiln ËËEt.tFring

at apprerxirnately ?Er" r{ the gait Gycle. IndividuaLlyu



ma]{iftum hip

üver- the 1Ë

{ 1e¡t i æn wåE 41Þ, rni ni inr-rrn hi p $ L ex i on

suhjects rfleån maxinuni hip flexian n*

mi ni muin hi p

'tfrlL

&{åE 4o.

35o sccl-trred

flexian ufat the beginning sf Right Ëwing' ¡nÊãn

!.Lo eccurred duríng Flight l"lid Stance.

encursicn ss the lE} suhjects t+ac 2å!. -

The rnean hip angle

ËA¡',lF trLIÍ'lËï¡\¡Ë

Ê graphíc repFe=Entatian t:$ the displacernent sf body

eegments in the sagittsl pla.ne during Ramp trlimbi.ng is

pre=ented in Fiq" 13"

Þ¡-rring Famp Elimbing the trunt'; =eginent was held in

anÈeri or i nrl i nati an threr-tghuut the gai t cycl e i n aL L

sub jects. ïndi vi dual 1y o r¡a:.r i innm anteri sr i nc1 i neti sn wÃE

I4o u mí ní rnum snteri or i ncl i nati sn was 3=. úver the lE¡

sr-lb:jects! mÉår1 rnsr:irnurn snterior inclinatisn n{ 13o t:cclrrred

dr-rrång the secænd DaubLe Support pha=e into Ëight St*ingã rlìeån

rnánirnurn anterir=r inclination a{ 1{¡Ê arcurred at the end t:{

Ëight Swing" The rnÉån trunk exrursit:n r{ the lE subjects t¡¡s,=

=ie-.
The pel vi. c segrnent u¡as hel d i n anteri nr i ncl i nati sn

thrnughi:ut the gait cycle in L7 subjects¡ in t:ne subje,ct the,

pel vi = rni:'¡ed i nts bath anteri or and pnsteri t:r í ncl í nati sn "

lndividual ly, rns,xirnlrm anteritrr inrl ination wss ?1o! fi!Ã;{ímlrrn

pr:=teric:r inrli.nati.on kra= 1o. û'¡Er- the l.Ë subjectso rftEån

mav:i.rnurn snterier inclínatitrn c{ 13o scr¡-rrred dr-tríng the
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'.rf I J

fnÉån rï¡1n1ff¡ufn
=ecÉnd Þor-tbLe Suppært

anterit:r inrlinstit:n

phase intu Ri.çht Etoing;

af Elo occnrred at the end lJ1 Ri ght

lEl subjectsSuling. The rnËån

_l-_wåË YrJe-

petvi"c =egment enrursisn a{ the

hthen hip angle iç csnsidered, all =r-rhjects moved tronr

hip *lexinn st the beginning s{ the gait cycle intn hip

estençii:n at åpprcl5imatelY 5tt"¡r, oç the gait cycle and bac['.:

intci hip flexirin st the end lr{ the cycle" Individually'

m*xímunr hip {le¡<irn was 54or fllÃHirnr-rm lrip extens'isn was ã3o.

Ever the 18 subjert= snean inar:imum hip {Iexinn e{ 45o cccurred

at Right Initial f,mntart r ffieåri manimunr hip extænsicin s{ 14o

q=crurrerJ during the =econd Daurble Eiupport phase" The rnean

híp angle exltr=ii:n oS the lEl suhjects r+ss ¿UtZ--

RAI"IF FËSEEhIT

å gr-aphír r-eFre*Éntatir:n c:S the di=placement t:f body

=egrnents in the =aEittal plane during R.arnp Ðescent is

pre=ented in Fí9. 14"

Fr-rrång Rarnp Ëesrent the trr-rnl'; eegrnent r+as held in

pæ=terínr inclinati{]n thrnughout the gait cycle in nine

çnhjertç, in anteriar irrclín;ttícrn throughot-tt in 5 çubjectst

and in fpur eubjects tfre trunk seginent rn6ved ints be¡th

anterier and pæsterior ínclínatisn" Úverallt the trunk þüets

held i.n the neutral {rJ-} prsítit:n throurghar-tt the majt¡rity
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cr+ the gait cycle during Rarnp Descent, moving ints Lo tr+

persterior inclinstion at the end o{ Right 6wing-

Individuallyn rnaxímu¡n ðBterier :inclinaticrn was Eo, posterior

ínclingtign &sãE &c', The mesn exeurxisn r:* the trunk *egment

in the l,Ët Eubjæctç was Stl''

The petvic *egrnent +¡aE held ín snteriar ínclinatisn

Èhrnughc¡ut Ëamp lleEcsnt in eight aubjsstso ån pøstærior

inslånati.Fn thrr¡ughnut in tws Eubi*cts, and in eight s'ubjects

it, rncved intn btrth snterínr and postÊ¡.*nr inrlinatian.

üverallo the pelvic segnient t'¡es held in anter-isr inclination

durång the rnajarity erf ttre gait cycle. lf¡divådual.ly' maximum

antærísr inclinatiein wåË ËEo, ¡na¡timufn Fcreterinr ínclinatisn

idåË LlÈ", Bvsr thg tB Eubjectø, Ífieån rnaxiri¡um antericrr

incLinstiçn nf Sæ scrurræd duríng the secsnd llc¡uble Eiupport

trhare ånd the nÊutrçr¡. {ÕE} pt=sítinn $tae rsðched during Ftight

Ët,anee, Thel mean exsurEinn u'f the pelvic seEment over the 1g

subjeEte $åË $t4'e.

The hip angle rf 1ã subjest's rernained in Slexion

thruugherut Ramp Oescent¡ in xix subjects the hip wænt into

*tight ðHtensiun st epprnxinatsly 5Ö?l n* t'he gait cycle"

$veral,lo the hip rernained in $lexipn thrær.lghnut, the gait

cycLe, Individuallyn rna¡tis¡um hip {le,xinn was ã9-r fra}éimum

hip ext,ension r*aç lË,'" üver the 1B subject*r maxicrum hip

f lexir¡n tr{ ãão crcurred durlng Right Flid St-¡lng and ¡nini¡num

hip {l.exion sf 3Þ t¡ccurr@d during the sectrnd Ënuble Ëupport



4{ {-:t r.

FhåsÉ. The' rneån excursion t:f the hip rf,ver the 1Ël subjects
__-L,-r.J I ¿O

TEÍ-IPARTETIU üF T}T5PLåEEI"IEhITS IhI *IFFEFIENT TYFES üF LtrTtrI'IüTIüN

The va,lues {sr trunk =egment incli.natitrn, pelvic =egrnent

inclinatinn snd hip anglÉ þJe¡-e carnpared at 5T. intervals Sri:m

tli{ to 1t}ü:{ o+ the Ríçht Eitit tycle betv¡een each type ø{

l ocnr¡c=ti an " In al I i n=tsnces the stati çti cal te'st used tr!ås å

r*peated Íieå.sr.u'æE an.sly=i= t:S variånËE tollou¡ed by a pest hrrË

Tr-tkey '= Test.

A graphic comparisrn crf the trun[.: inclinatien Eurve= in

the di{ferent typea o{ lecornatiern is præsented in Fig. 15.

It Êån he seen that the Stair trlimbing and Rarnp trlimbing

trurve= åF-e vÈry simitrar tt: es.ch trther *¡hile the Level

l{alking, Stair tescent and Ëamp Ðescent trurves are alI

gímitar tn each nther. Rsgultç n{ the statistical anslysi=

re"¡æa1ed that the Ëtair trliinbing and Ramp Climbing trurvet

þrere =igni{i.c.antly dif{erent onLy bet¿.¡een 7ú7. to El{¡7" cr{ the

gaí t cyctr e tRi gl-rt ËHli ng pll*se} when anterí tlr i ncl i na,ti on wåç

greater dur*ing Flarnp Ël.imbing than during Stair Dtrirnbing"

Ëæmp*rå=cn s:* the tv'rs de=cending types crf lecnmetisn revealed

that theçe Eur-!'ËË. *+Êræ signi.{icantly di{{erent r:n11, betr*een

257. ti: 4{¡'/" tEiqht l''lid Stance} and betr¡een EùL ta Çt17, tËíqht

Ter-¡r¡i nsL Er+i ng l of the gai t cycl e whæn anteri *r i ncl i nati en

was gre*tnr dr-rring 5t*ir Fescent" [ømperist:n t:{ Level
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ÞIeltrinE tn Stai.r Fe=cent çhnr+ed that the curveE ¿rler-Ër

=ígni{icantly di{Serent nnly bet++sen 15i{ tc¡ 357" tRight

5t*nrel o{ the cyctre r.¡hen ther-e r+a= greater anteritrr

ínclinstinn durÍng Ëtair Ðesrent. f,irnrpariscin of Level

ldalking tn Ramp Ðæsrent shcrs{ed that there wåEi a si.gni{ica.nè

disf erenre nnly between Bu?'" tn 1{tÕ:¡. {Ëiqht Termínal Swing} ef

the nyrle mhen there *ra= greater antsri.or inclinstit:n durinç

Lsvel kJal [,: i ng.

å graphi c ci:mpari snn c¡{ the pei vi c i ncl í nati t:n trLtr-ves i n

thæ díS{erent types of lrcc¡inoti.i:n i= pre*ented in Fiç. 1å"

ågaín, i.t cån bs seen that the cltrve= of the ti-¡ci climbing

types nf l*curnetirn.are sirnilar åE åË-Ê the curves nf the t¿+æ

desrending type=. Hesults æf stetistical te=ts sht:r+ed that

there h¡åË n$ si.gni{icant di{Serence betu¡een the curves ef ihe

tn¡n clirnhinç types æ-F lcrrsrnrtínn Ðr bstr¡¡esn the curves s$ the

tu¡t: de=cending types" f,nmptri=.sn t:f Level b{a.tr!'.:ing tt: the tn¡t:

climbing Iocærnnticrn types revesled that there ¿qas

*igni{irantl.y less. a.nterinr pelvir incLinatiun in Level

btrælking exuept dur'íng the secc:nd Fnuble Sltppært phaset

tretween 4diï" tæ 741" f*rr Stsir Cti.rnbing and betu¡een 4tiT. to åtlT"

f ¿:r ftærnp tI íinhÍ.ng, *¡her¡ there htäË rTE sígniticant di++elrentrE

bst¿'qclen ths¡ threË Ëur-vËË. tarnpe.rissn s{ Leve1 ldalking to the

tr¡n desnendíng types cr{ lorornotion sht:r¡ed that the rltrvss

k¡ÊË-e signi4i.cantly di{ferent nnLy during the second Ðsuhle

Sr-rppor*t phase, hetueen 5*i{ tn 75?¡. in the rsse sf 5taír
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Ðesrent æ.nd 3{¡il tn å57. in the case i:{ Famp tlimbi.ngg .at these

ti¡nes tl-rere rÀ¡ãË Ërpåter åntgríÐr inclínatísn dur-ing Level

ÞJal Þ.: i ng .

* graphíc cornpari=an il+ the hip angle trLtrvÊs in the

different types nt tr*caini:tion i= presented in FiS 17" It trån

be =een thst the {urrn of the' curve af the Level Nalking'

Stair Ctr imbingu Flanrp Eli.mbing and F:a,mp Descent types o*

l c:sernnti mn i = basá ca1 ly Ëi rní l ar , ulhi Ie that s* Staí r Ëescent

i= di{{erent" Statisti.cal ansly=ie sht:r¡ed that the curves of

the tu¡n rl í nibi ng type= r:f L t:ctrmcrti sn ¿crËre si gni S i cantl y

dif {erent betu¡een {¡7" and i¡¡}7. (Ri,çht Initial Cc:ntact inti: the

Sir=ft. ffi*r"rhle Suppnrt phasæ! t'lhen hip Slexisn wae greater

during Ftarnp tl imbinç u gmd betn¡een 4tli/" to ?t]?i tTerrninsl Ëtance

íntr: RiEht St'ring) l+hen there wa= greater- híp e:¿tensisn in

R*-rnp tlimÈ:ing and çreater hip *lexit:n i.n Stair Elimbing-

tr:mparíscrn crf thc¡ curveg ån the tr'¡r: descending type'= af

lncsmt:tit:n shs:wed th*t there wss =,ignificantly greater hip

fls;.ei.an in Stsir Þæscent e;<cept betu¡een ?5"lå tn 35'/" tËighi. f"líd

Stancel , *nd tretr*æ.en Tt]1å ts 95iË {Right Terrninal Ër+ing}. l¡lhen

Level Hatking F{åË {:ümpared tn Stair tliinbing it r,¡as' f sund

that the ru.rver i'dÉr-e signif ic.sntly di{{ærent thrcughgut the

gsii. t cyrl æ, r¡ri th greater hi p f l ex í irn accurrí ng durí ng Ëtai r

tL i rnhi ng and greater hi p exten=i i:n duri ng LeveL tdal ki ng -

Emnrpar-á,sam n{ Level1 hlalF;ing trr Ramp Cliinbing sht:u¡ed that

thers w*s signi.ficantly greater hip {Iexiun during Ranip
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*limbingo br-rt th+"t there trråË ns =igni{icant di++Êrence

het*¡eæn the tp¡a type= t:t lnco¡rintisn during the pericd {rsm

4tl?Ë tn ?5H tRight TerEninsl Stsnce ti: Right Flid String).

trrnpari=nn t:{ Levsl l,rlall':ing tc¡ the t+¡o descending type= a{

lnrnmnticrn s.hÉr+ed that the curve= h¡Ëre =igni*icantly
díSferent thrnuçhrut the Hight Ëait tyclæ¡ in the descending

type= of lacc¡rnctii¡n the hip did nt:t rnú\,Ël ints e:*tensisn past

the nentral {ü-} pn=ítít:n.

f,EI"IFåËT5ßN üF Þ.IAÏIÍ-IUI'I AF{N HIhITI''IUÍ"I tsTEY sEËI'IENT DTEPLATE¡"IENTS

Fer ea.ch e:{ the lEl çubject= the values for the ina:timurn

anterinr- and pnsteriur inclínation t:S the trunk and pelvic

segments dur*ing the Right [iait trycle t:f ee.ch type of

lærnrnætisn ri,sFer identi{íed, and the mean i:{ each c¡$ the tu¡s

exàre,rne pn=itiæns in the lE =ubjects was ralcule.ted.

Lå$':Er.rise, the vaLltes of rna¡*iinr-rnn hip {lexísn and extensian

during the Right Ëait Ëycle æ{ each type of li¡ci:nistic¡n hrere

iclentífied and the rnean t:$ each nS the two pc:sitionç ín the

tr* slrbjectç r+as rslrltl"s.ted" ê graphic ccmparisun æt the n¡ean

=xtremes r:S hndy segrnent pasitítlns Ín the Sive di{{erent

type= æf Lt:cninuÈi.r:n is pre=ented in FiS. lEl" É repeated

rnÊåËLlrëË snaly=í= u{ varíance and Ðcrst h.úË Tukey's Teçt $ås

dnnæ {t¡r each =et a{ '¡ålues.

Fur the trr-rnk segment it tran be çeen that inaxírnuin

e.nterínr i.nrlÍnatisn ocrurred dnring Stai.r and Hainp ÜIimbingç
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there h¡åE nE =igni{icsnt di{'Fenence betkseen the=e vslues"

There rAråE nû significarit di++erenÊs bet¡¡usen rnsxirnum anterior

incLinaticin in Le.¡eL Nalking, Ëtair llescent and Famp Ðescen,t.

l"la¡q i rnnin pn=teri c¡r i ncl i nst í on r¡ccurred dr-rri ng Éainp Descent t

hawever Èhi= "¡alLre ws= nt:t signif icantly dif {erent træm that

during [.-evel hlatrking c:r Stair Descent"

F*r* the pelvic =egment? rnåHirnurn anterit:r inclinatiun

alscr nccLtrred dr-trinç Stair and Ëamp Ë1 írnbing; there trråË nrf,

=ignÍ.Sirsnt di{fer-ence bet¡+een these l'å1ue=. There was al=o

nn si gni f i cant dí S{erenre bett"¡een rnax i ¡r¡um anteri sr

i ncl i ns.ti t:n rr{ the tr+u de=cendi ng types nf l scsmoti i:n '
l*lax í rnuin anteri nr i n=tr i nati i:n duri ng Level Wal ki ng h¡å5

=i.grrisicantly greater than that dr-rring Stair Þe=cent snd

=ígní{irantly less than that during Ranrp ELimbing- l*laxirnuqn

pn=teri.or incli.natien ocrut-red dutring Ramp Descentu hnwever

thi= u¡as næt signisíce.ntly di{terent frorn that during Le'¡el

hlal k i. ng Ê3r- Stai r Ðescent .

f"la:riinurn hip Slesisn i:ccltrred duríng the twi: climbing

types aS lncoinrtii:n; there wåË nË signi{icant dif{erence

betr*eer¡ the=e valries. There hrås nE signi+i.cant di++srence

betmeen maximurn hi.p f Lexion during Level hlal kinE and Rarnp

Fetcentã rnåHinrum hip f læxinn in Stair De=cent ¡,¡aç

=iEni#icar¡tly gre.ater than that during LeveL [dall';ing Er Ramp

Ëe=cent " The pnsitirn t:{ nraximum híp exten--itrn prcurred

dur-ing Lævel Halking and Rarnp ttr irnbing and the value= {nr



these t+ro type= c:f

thæse c¡f the r¡ther

I*comatian r.üEre' signi{i.csntLy greater than

type= nf lpcometirn"

TüI{FåRTSNN üF FÚt}Y sEËHENT EHTUR5ÎTN

Ft:r each of the lÊl =r-rbject=o the total e¡rcursísn thst

nrcurred ín the tr-unþ; and pelvic =egments during a right gaít

rycle r^¡ås catrculsted by =ubtracting the niaxiniunn anteritrr

incl inatiæn l.alue f rnrn the maximurn poster-iar ûÌ- ¡riininruin

anterí t:r i ncl i nati r:n val ue" Lí kewi se r val ue= {or hí p

e:¿curgicrn i¡.rere rslcul*ted by subtractinç the masimum fler:àon

val¡-te frr=rn the rna¡¿írnltn¡ e:rtençisn t:r míni¡n¡:rn fIexisn val,us"

The valussl Sær each =egrnent h¡Êre averaged and coinp*,red åtrrûsË

tl¡ç five types of lacumcrtion by rneans tr{ a repeated r¡ìËåËLqr-es

¡.na1y=is n{ v*riance and trr:Et ht:c Tr-rl';ey's Teçt" A gra,phic

Ërlr'ûpeir-i=r:n o* the rnean excur=ir¡n i:{ each æf the body =egments

íe presented ir¡ Fig" 19.

Fnr the trr-rnk segrient it trån be seen that the tctal

excursic¡n n¡as smslI in alI type= e{ lncsrnstiono ranging 'franr

-ïo ts 5o. The greatest encursíun occurred during Ftamp

tl} i inbi. ng n but tFri. s r'{as not si gni f i cantL y grea,ter than the'

exçlrrçi rrn dr-rri ng Stai r tI i nrbí ng ' There wåË nã =i gni f í cant

di.*{erenre hetween the trunk eegnrent e:¿curçinn in Level

lalall-;i.ngo Ët*'ir Fescent and Eamp Descent'

Th* ain*unt o{ *xcursiæn in the pelr'ic =egment wss

greatær f-han that n{ the trr-tnl'; =egment,, ranging {rs¡n a high
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l--.1= Trunk Segment

Ñ= eetvic Sesment

m= Hip Ansle
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trf 11o ttr a ls¡¡ erf å€- The greatest amsunt of excursisn

accurred during Level &lalkingn hor+ever this p¡as nat

signi..Ficantly dífSerçnt Srsm that, duríng Ramp Elimhing.

There Nas no aigniSicant dif#erençe betrotesn the amsunt e{

pelvic excursis¡r that sccurred during Ëamp Ëlimbi,ng' Stair

Glimbing¡ Etair DEecænt ßr'Räütr SëaËent"

At the hip tl¡e ¡naxinum end fiíni¡¡um excursisn i4ås åão and

Ëãoo respectively" f4anifium hip excurgilrn sccurred during

Êanp tl,in¡bing and this t*as signi{icantly greater than during

any wther type n{ locnmlrtiun, Th* least a¡nnunt o'F hip

ËxËurËiË¡n ütrcurred during ttre t,wn deeeending types o{

ltrremutíon¡ thsre Has nç¡ *igtri.f icant di,f,Ferençe hstç¡eæn them"

qflFr,{Hl'Hr rqrÊ[,, l,NTËgL.FçJt&tç ÊÇIruI-rY

ünce the Ëi6ht Eiait tycle had been marked trn the Right

Fnst,sh¡itch tra*ingo the Ef{EüALC *ubprngrarn messured the erea

under ths curvs s* the linear envelrpe of a desiEnated

munclæ, ctrmpared th¡is vsluæ tr¡ ths sres nf the linesr

envelnpe of t,he HUt oS the muEcle sver å ünE sectrnd periodn

and generatæd s vel.ue that rËFrËËÊnted fhe percentage af

act,ivit,y prrdr-rred by t,hp rnusele durång t,hæ Ëight Eait trycle"

Ês it is imprssíble ts determinæ i.{ aLl mtltmr units cr{ å

¡r¡uscle året being reursited during thæ ltlVË¡ the value obtained

frtrm this ce¡ntractånn may be snl,y sn appræximation nf the

nraxímum per{srmance sf t,he mrteclæ"
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Ëcnsequentlyu'Jålues calculated fer rnyuelectric nutput and

expre==ed åE å percentage oS å rnå:{írnum vt:lutntary cnntractir:n

årE ån estirnate t:{ the activity o{ the mu=c1e relative te i.ts

rnaximl-rrn FEsçible per$t:rin*nËË, and are theref çre expre,s=ed to

thæ nearest u*hr:le nurnber" The vs.lues årÊ! hsn¡evero use{ul in

that ËFrne qr-rantitatívË trûrnpårígrn cån bs ¡nade bet¡'¡een mlt=cle=

s.nd a deterrninstian trån be ¡nade t:f the arnnunt s{,*rt.ivity

genereted by a mlrçcle dltring å ËÊquence s{ rnsvernents

{Fe.smsji"anu 1F7Ël; Lett= et a.L", 1978¡ Ferry et aL., tqEll}"

The rau¡ data {c:r the mean smi:unts trf totsl eLectrícsl

*.ctivity o{ right erecttrr spinae, left erectsr spinae, right

rectus a,bdçminig and lef t rectuç a,bdoininis in each o{ the

{ivæ types n{ lacurnntisn cån be {sund in Appendir: II f lB-3?"

Fsr esch type n{ Lrcæmntinn the, rnean tntal inuçcle activity

HåE ËErnps"red betr.¡een snuscles using ans.lyses rt variance and

pú=t hsc Tul'.:ey's Tests" A =urnmary t:{ the data and n{ the

stati.stical teçts i= pre=ented in Tables 7-11." ït cãn he

EFen thst Snr each type trS locornt:tit:n there HåÊ ncl

significant diS{erence betureen the level sS electrical

sctivíty u{ right and left erectcr spinae and between right

and Le{t rectu= abdnrninis muscles" In all in=tance= the twr¡

erectnr =pínae inltscles shrrpled fit:r-Ë activity than the tsucl

rectus e.bdcmini.s ¡nuscles"

Fæcauç;e thære rqJåË nc: siçni{icant ditf ere,nce betr*¡een the

actàvity nS right and Le*t sides s{ the two rnuscle=, the rnean
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Table,7n, Ër¡tlt$ary çf , Egtt+ lpr ,l'l,q+rl-Aillq!¡qt, qf ,,Ïq'!al $fuscte
Activity l,r. .flYFl dttrlnq l=E,VeI"$lel,þinq

3

.}

tt

gD

REË

1ä

?

LËã

ls
7

'ßË,å LRå

4

s

åfdAVß F t$r$l) ,= ã&"S P C "ü0f

fiqEults nf :F{¡Ët h{eç Tukey't Test

,sgË

LE$

ËEå

AEË LËS

Irtã

anff

,ül

,01

LRå

.ü1

.$t
r{8

l{ET¡ REB '¡ ,Hight Erectsr Spínae
LES = Le#t, ãrpctgr Ëpin*g

BBå = fríqht frectus Abdsminis
L,Rå ,:o Lef,t FlæetuE Ahdsminis
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TaÞle B. Ëurnmary t¡{ I}ata {q.r HRan ftmo¡{nt_n.F ïuÈql Flqssle
Activity {"/. FNVË} duriqa SLåir ELimbinq

REg LEg RFå LRå

xSESÕ3S

sÞlatBE3

åHüV* F {t¡5tr} '* $ë"S p { -SÐ1

,ËeEultp e¡f ptr,st hqc 's Test

Fuqqp!îv*"fil+* Stñti,F.,tåË,ñl $rtñ,l,FFfiS ,9t,,çgt+FerlË-pn trf l'leçn åÍ¡punt
of Total f{uscle Activity dut ing $tai¡- tlíinhíng

frEã

LE6

ftftå

frEs tËE

hts

RRê

.Ël

.çl

LRå

.01

.Õ1

ruF

l{eye ËËË * Right Erectcr Strinae
LEE + Le{t E'r.ector Ëpinee

'Fleçtus Abdomins
Flectue åbdsminis

Ëfiå o Rlglrt
LRå * Le{t
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l4EVn RÉt ,* fråEht Erectqr 5p-inae FIRA = Ríght
LËS * Le*t, ßt ector Spinae LßA * LË+t

Fleetus Abdmminie
filestua Abdsminie
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t:+ the activity a{ the erectt=r =pinae êË å r',thcltre and o{ the

rertus abdcrininis a= a u¡hols p¡åE calrutrated S*=r each subject

{IIrJ=*31+}, s,nd theçe values hrE}FË u=ed trr ct:mpare the

*ctivity u{ eæch rn¡-rscle betareen tlre di{Serent type= o{

l t:cs¿næti e¡n {Fi g " =rl} " A ræpeated r$ÉåsLtree anal ysi = nf

varianre and grilst hÉc Tr-tl,;ey's Test h!ëre done sn each =et r:f

dat* snd the =urnmaries åt-s FrÊEented in Table,s 1ã and 15'

Fnr erectær spinae it cån be seen {rom FiS. ãü and Table

1? that the greatsst arnount o* electrical activity occurred

durí mg the twr¡ cL í mbi ng types rr{ I ocnrnot:i an , the l east amc:ltnt

during Stair Beçcent. There krås nE significant di{{erence

between Ëtaír trlimbing and Ramp Ëlirnbing, B¡- betu¡een Level

tde,lking campared tt: Stsir lle=cent and Rainp Descent"

Fær recttts abdorninis, át Ëåfi be =een f rorn Fig. 3ü s,nd

Tabl e 13 that el ectri cal acti vi ty r+as I ç¿+ i n al L type= u{

lc¡r*rnntir:n caith the, greateçt amsunt Eeer¡ during Rainp tescent

and t.he læaçt amt:unt EÉen duríng Ëtair Elimhingo Hamp

trlimbing and Stair úescent" Ê si6ni{icant di{ference in

a¡nsunt æ{ tota.tr electrical activity t"*ss f sund nnly between

the te.¿cr climbi.ng types nf lscsrnætie:n when rnmpared to Ramp

ñ-----L
UHbI_EI I L -

FHåSrt êtTruITY nF THUNT'; ¡'|UËËUEË

The eequçnce mt participatåøn u* each snusrle during the

Eight Ë*it trycle in each type aS 1¿¡csrnntion wåË investígated.
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As dsç.cribed in ffis,terials and l4ethodso the onseto pe*,k and

ce=saticrn uS myoelectrir activity nf each El*lG tr*cíng wÊre

=elected fsr evaluation" Theçe pcrints t{ere marked manually

c:F¡ the di.splayed Et4E tr*acings *nd the El'lËtÊLE sltbpr-irgråm

genær;.ted * v.alue fc:r each pa.rarneter, expressed aË a

percen'iege cf the, FtEiC.

It u¡as Snund that muEtrLes t*ere either active thrtrrtghot-tt

the entire gait cyclË ûr Hrr-e i.nartive, there{E¡-e nÊ c¡nset Et-

cegsstisn pæint= occurred. Three distínct peaks of

rnyr=el.ectric sctivity during the Right Ëeit tycle cc¡uld be

identíSied fnr the rnajnríty n$ muscles"

FEAH 1 EF,IIi ACTIUTTY

The sne,an prints n{ FeaÞ; I El'lË actir.ity trf the ríght and

te{t erectær =pinae and the right snd left rectus abdnminis

duríng the f ive di{f errent types o{ lscernstir¡n åre prssented

in FiS 31¡ the raw data can be found in Appendix IIr35-3ç"

ån analysí= tr$ varisnce snd pcrst h$r Tukey'ç Test Ê¡JerÉ used

tcr rnrnpare the Feak L artivity betu¡een all musctres in earh

type af l ncc¡¡*ntí nn "

Ðr-rrinç Leve1 htalking tII¡351 hnth erertcrr =pi.nae rnltscLeç

ehcrned;, peak s* scti'¡ity in all =uhjecte during the firçt

lier-rble Suppært pha=e" In thæ right and le$t rectuts abdoininis

rnuscLe= å peal.: trf e.ctivitY t*es cbserved in Ll and gix

sr-rbjectsr r-EEpErtivelyS the peak in bath sbdornina,l snusrtres



?4t.

FISURE ä1, ËtlFNPAnISfiN fiF FHåEIC ,HUSüLE *trTIVITY FETI¡IEEN

L{IËTTI.IITTTBN TYPES.



Q Erector SÞinae

O Maximum Peak

E Reclus Abdom¡nis

I Max¡mum Peak

Els

Eto
o11

I13

ls
Orr

12
10

813
Oro

Oss

O56
El 4e

I56
Oso

881

Oeo

Ose
187

Eag

815 144
O6

LGC

RGC

LGC

RGC

LGC

RGC

LGC

FGC

6

Oso
E8e

Eso
Oas

Level Walking

Sta¡r Cl¡mb¡ng

Stair Descont

Rbmp Climbing

Ramp Descent

Ee3
Oe3

57
584

Es2
Osa

54
Ist

152

o54
l4s

Iss
Os3

Eel
Oe6

Oo
811

fl 10

Oo

58 Oea
Eeo

l4e
Oss

887
Oes

Ogo
Esz

LGC

RGC
I

COMPARISON OF PHASIC MUSCLE ACTIVITY

BETWEEN LOCOMOTION TYPES

El 14

t% nccl



$€ËLrrrËd ãt the end o{ the fir=t I}ouhle Ëutppart pha.een åt

Left End t:S bJeight Fearing" The statistical ansly=i= {Table

141 reve*rled that there HåË nt =igniSicant dif{erence between

the FeaÈr l pnint= s{ the right and le,{t ererton spinae

musclËE trr hetu¡een the Feak l points r¡{ the right and le{t

ræctlqs ahdonr!nís inuscle=" ünmpari.san t:f erector =pinae tr:

rectu.s abdn¡r¡ini= shur¡ed that Pee,k 1 activity in the rectus

sbdorninís {157.} mccnrred signi{ícantly later in the gait

rycle than Feak 1 activity in er-ectsr epinae tåy"i.

üuríng Etair tlímbing (IIrf,ål it car¡ be =een that in all

subject= br¡th erectar =pinae rnustrles shawed a peaÞ; e{

activity dnring the {irst Dc¡lrble Ëupport pha=e æS the gaåt

rycle. å pæal: t:f activity in the right and Ie{t rectlrs

sbdc¡mini= nas ahsærved in tå end 15 çlrbjectso r"r*spectivetry

and nccurred tt:u¡ard the end o{ the firet l}ouhle Suppart ph*.se

close ti: Le{t Ënd i:S hleight Bearing. Result= sf the

statisticErl sntly=is tTable L5! sht:wæd that Feak 1 in the

right ersrtor spinae sccurred sígnificantly earlier thsn thst

in the nth*¡* ¡nr¡=cles. There wåË ntr =igni{icant di++Êrencæ in

the FeaF-.: I pnints between the three rernaíning ønlrscleç..

üuring Stair Eescent tII!371, bnth erectnr spinae

inu=cles shc:s+ed a peak uf a,ctivity in el1 surbjects and this

*rrurred at the end tr{ the Sirçt t}t:uhle Ëuppert pha=e at thæ

pæínt ¿:f LeSt End oS tdeíght Fearing" Peal,; l activity oS the

riçht and le$t ræctuç abdær¡riniç rnu=cles u¡aç ËEen in LË and 15
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Table 14. Eiurnmarv t¡S Data :Ft¡r $lean Faint t¡{ Feak I ËF{Ë
åçÊ,4yËt,y,,,{r. çf , ffiHSl dffiinq Lç. e} }{a},felns

fiËË LEs BRå LRÊ

fåårsiF
gFäx,4Ë

F,s$r;t#r,v pt ,.$.ËsJli-qt,fgçJ, -nrft Lv€tsñ, pf Çg{rltläria*n,,çf ..Feek I EHF
åctivitv duriru¡ l-Srvel h¡alkinq

ffSlfiVÊ F {$r49} * Ë1.7 p d .&ül

ßesults s+ p$Ft hnn Tulcæy'r Test

.ßEË

LËË

Fnå

ËEË L€Ë

$tE

,RRå

.01

.0t

LE*

-ü1

.Ët

1{Ë¡

l{EYr 'ñE$ * Right Ereetcr' Ëpínae
LE$ = LaSt HrestnF Spinae

frßÊ e Bíght Fectus Êbdt¡mínÍ.s
Lftå = Left FlectuE Êbdorninis
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Tabte 15. Suqmary ps D¡F,e fpr.Hq*tt"Pei$t pt Pejak l,EHFåctivitr¡ durinn Eitair trlimbino (7. of REtrl

EEg

s

l{
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ñRå
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êHtlV* F {ãréS} Ei l$.l F { "*Ét

Rçsulte olF Fllst h¡rc Tuhçy'e Te*t

ËEg

LËË

Ëfiñ

R€Ë L€S

.sl
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"+1
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LRå

,sl
ñts

$rs

l{EY¡ REË = Fight Frecter Strinaç
LE$ * Le+t Ër'ectsr Spinee

RRA ¡' nigfit Ftectus Abdg¡ninis
LFå * Le{t Fleetus Èbdominis



=ubjsËtÉ, rËËpectively ando =irnilarly trl erectr:r spinae,

rccur*red s.t the end cl{ the Sirst Druble Eupport pha=e.

St.,*ti =ti cel ¿.risl ysi e sht¡u¿ed thet there ßdåE nü =i gni { i cant

di++Ërence be,tu¡een the Feak I er¡ents nf al I teur rnlt=cles.

üuring Ramp tlirnbing tIl rSEll bsth erector =pinae muscles

shrrr+ed e peal,; r:{ activity in all slthjects end this occlrrred

during the f i.rst Fnuble Sr-tppært phase of the gait rycLe" Ïhe

ríght and le{t rectus abdciminis r¡uscles shc¡t"¡ed Feaþ: L

acti.vit.ir in 15 snd 14 eubjects, r-Ët3petrtively and this peak

alsr: t:ccurred dr-rring the f írçt Þoltble Support phase. Fesltlts

u{ the =tatiçtical analyai= tTsbLe 1å} shtrwed that Feak L

activity in the ríght erectc:r spínae occurred signí{irantI"y

earli.er in the gait cyrle than that o{ the uther ¡nuçc1e=.

There {,{åE n{r signif icent di{tererice in the Feak I events

bets+een thæ lef t erectur =pinae and the twn rectus abdainini=

mu=c1 es.

Dr-rring Ëamp Desrent {Itrr3?} o both erectsr spinae muscles

sho¿.¿ed a peæ.k of artivity in al.tr subjerts and this nccurred

during the {irst Ðnuble Suppmrt phase. Feak L sctívíty ín

the right and le{t rectus sbdnminiç ¡nuscleç ¡+s= sbse,rved in

1"3 and 15 ci-rbjects, respertively and r¡ccurred at the end o$

the fir=t Brlilbl* 5t-rppc:rt pha=e, clt:=e tt: Le{t End t+ büeiEht

Fearing" Ststiçtic*l analysis (TabLe L7) showed that Fe,*k I

actir.'i"tv i.n the leSt erectnr spinae sccurred si.gnificantly

e,.crlier in thæ gaít cyrle than that sS the right rectus
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abdnrniní=o atherwåse there F{åË nÐ siqni.{ice.nt dj.++Er-Er-!trÊ in

Fesk I events betwsen the ¡n¡-tscles.

The print o{ trs,ak l EFtË activity n{ each muscle Þ¡åE alsc

cnr*pared betr¡een the fíve types o{ 1r¡comstían (IIr4ü-4f,}"

Ëtatistiral analy=es using a repeated rileåsuFeË analysie cif

varia,nce and a Ës=t hcc Tul';ey's Te=t çhsn¡ed that signiSicant

di{{erences bætr¡een the dif{srent typee of lscametisn

nccurred ontry {rr the erecter spinae rnuscle=. Tables LB and

l.? præ=ent the çurnr*ary data {or thece ¡nu=cle="

ïr¡ the right erectûr spin*+e ít tran be seen thst Peak L

activity sccurred e.arli.est during Sta.ir tlimbing and Ramp

Clímbing and latest dr-tri.ng Ëtair De=cent" There hiaË ncl

=.igni{àcant di++rË-Ènce bet$seen the Feaþ; I prints sf the twæ

climbing rr nf the twa de=cending typee r=S lc¡corn¿:tion. Feak

I arti.vity in Level l,+latrking t:ccurr-ed =igni{irantly Earlier

thsrn in Etsír Þescent, but uaç nst signi$icantly di{ferent

rnmp*.red tn the athær type= of Lacnmation" The Fea.k I poimts

nS the tur¡n clímbíng types n{ lt:ct:rnt:ti.c:n srcurred

=igni{ire,ntly earlier than thu=e t:{ the twt: de=cending type=

sS l gcc¡nnnti nn "

1r¡ the læSt erertt:r spinae i.t Ëån be seen that Feak I

arti'¡i.tl æçcurred ea.rliest during Level htalking and Ëamp

Descent and lstest dr-rring Stair trLimbing and 5taír Descent,

Thei*æ w#"s nË signi{icant di{{erence betl+een the points ot

Fea$r I actí r.i ty duri ng St*i r trl i mbi ng , Rarnp CL i inbi ng ¿,nd
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Stair ü*sc*nt" The Feah l point= during Level bIaSl'.:inE and

Ëarmp Ëe=cent rÈJers {t:und ta be signif ícantly di{{erent f roin

thi:se æ{ Stair- trlimbing, Rarnp Ëlimbing and Ëtair te=cent.

There h!ås nE signiSic*nt difSerencs between the Fesk L

pnint= nf the ri.ght rf,r o{ the lett rectus abdocninis oruscles

dlrring the {ive dif {erent type= o{ locomcition, thers,{flre n{f

sur*rnary u{ the dats t=r st*ti=tical e.nslyËe= are giaJËIl ,

ïn si-cmrnå,ryu buth erecttrr spinae rnuscles s{ sl 1 subjects

shspred a peaÞ.: of Ël"tË artivity during the early par*t t:f the

Right Eait tycle, during crr close to the end s+ the {irst

Þnuhle Suppnrt phase" This a.ctivity occurred at e==enti.ally

the se'rns ti¡ne in the gait rycle e:<cept in Ëtair and Ramp

trlimbing ++hen the peal'; activity nf the le#t erectsr spinae

sccurred lster ín tnuble Support th*n that t:f the right

erectnr spinae. Ê peah s{ activity eerLy¡in the Fiight Ëait

tycle a¡as nnt alurays present ín the rectus ahdsminis mrcscles.

ldhen present, the peak uccurred toward the end t:{ the {irçt

Iin¡-sble 5lrpprrt phase at esçentíally the sa¡ne tirnen regardless

æ{ the type er{ laroinntinn.

FEå!':: Ë El.lË åtrTIVITY

Thæ mean points c:f Fesk ? El'lE¡ a,ctivíty of the Ssr-tr

¡nuçcle= during esrh sf tt-¡e f ivæ types t:f lncu¡r¡oti*n år-e

presentæd in Fig" ã1¡ the rsu.t dsta can be f cund in Appendix

II144-48¡. Analyses nS vsriance and trt:st hÉc Tukey'ç Teçts



h¡Ëre LiËÉd tt: cærnpare the FeaÞ; Ë activity between inu=cle= in

sarh type c:f lmcomt:tíæn"

Or-rring Level tdalking {IIr44} o b*th erector spin.ae

snusctres in ;tLl çubjects, ghtr++ed a sect:nd peak t:# El"tG activity

in the middle of the sersnd tlsubLe Sr-tppnrt phase. A secand

pe*l-.: o{ activity ura= alsn s€leri in all suhjects in the El"lG

tracing= c:{ bt:th rectlrs sbdaminis rnugcles, and this cccurred

+t the end cif Lef t Er'ling" Etati.stical analysi= {T*ble 3ç}

=hc:u*ed that there wåË nû =igniSicant dif {erenre betu+een the

Peak 3 paints sf riçht cnrnpared to the Ie{t erector =pinae
rnuscles Er- beta¡een ríght cnrnpared tn the left rectus

æ,bdnrniniç rnusrle=, There waç alÊE nrr signi{ics.nt di{{erence

betr"üeen the Peal.-: ? puinte in the right rectus abdoininiç and

in the tt'¡er er*ertsr spin*e ri¡uscles" There ¡,cas s signi{icant

di{serence between the Feak 3 points o{ the Left rectlts

s.bdnrnini.s cnrnpsred tc: the 1e{t and right erectcrr spínae

rnursc I eç.

Dr-rríng Stai.r ülimbing {IIr45}, Peak 2 activity in hsth

erectc:r spinae rnuçcl"eç and in the 1e{t rertug abdt:miniç

Jirusitrle p¿eEs present in 1Ël sutijectsg in the right rectlts

abdr¡niniç rnuscle it rra= præ=ent in 17 subjæcts" It can be

EËEn thst the rnsan Feak ? activity in the right erecti:r

=pinre and in bnth i-æctus ahdominie. muscles occurred in the

mi.ddle æf the =er*:nd Ëanble Suppurt phase urhile that t:{ the

le$t- erecttrr spinae occurred st the end nf Le{t Sr+ingr just
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he{nre Lef t. Initial tæntart" Ststiçti.ral analy=i= tTabtr e "1}
indicated that there úr¡åE nrr síEnif icant di#f erence betr¡een

the Fea$:3 poi.ntç ot the right and left rertu=. abdsrninis and

the råght erertcrr spinae rnuscleç. The Feal'.: 3 pr:ínts nf the=e

inusclËË- nËËurred, hc:a*ever, signiSicantly later in the gait

cyrle than that s{ the le$t e,rector spinae"

turing Stair üescent tII?+ål ¿ second peak rf arti.vity

was present in the erectt:r =pínae rnlt=cles st all =¡-tbjects; in

the rectu= ahdsrninig rnuscles it wa,= pre=e,nt in 17 subjerts'

It Ëãft he scren that the Feak ? activity in all {r¡ur mltscles

nccurred during the middle trf the sectrnd Dnuble Support

phase" Statistical analysía shæs{ed that there wãË nE

aignificant diS{erence between the Feal¿ ? paints sf the fsur

rnrrscl s="

Furi ng Rarnp trl i rnhi ng t I I ? 
r+71 a çæcend peak af EFIË

activity r+a= pre=ent in each inuscle o{ al1 suhject= and

sccurred dr-rring the =ecsnd Dnuhle Slrpport phase" Statístic*l

amaly=.is reveaLed that there HaË n{r =içni{ícant di{ference

bets+een the Pesþ.: Ë peínts c:f tfie fsur rnutsrles.

Ðuring Rarnp Deçcent {IIr4El} a serund peak nf ertivity

wae preeent in right. and le{t erectcir spinae and le{t rectus

ahdæminis niu¿scl"es in sl1 s¡-rbje¡tsi in the riçht rectus

*hdnr*¡ånis ít l+*= present in 17 sr-rbjects" În the erectcrr

s.pinae rnuçrles Feaþ; Ë nccurred in the middle o{ the secsnd

tmr-rble 5r-rpport ph*,=eE in the rectlts abdsmínig mu=cles it
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ËlËËurred åt the end crf Le{t Ëwing" There hlåËr hr¡n¡eværr rü

signíf icant dif #erenre bets.leen the Peak ? point= ct{ all

inusrl ss.

The paint a{ Peal".:3 El"lË activity of each muscle r..,åE slscr

rnmpa.red betu¡een the five type= sf L¿:csrnatit=n (ïI!49-=?¡-

ål thi=lrgh dif f erenceg between rn€ãns þ.,sÍ-e =rnal I , stati sticsl

*nal .vËes usinç a repeated rlleã.tureE .analysís n{ vsrianre end

prst hc:c TuÞ;ey's Test shnwed that =igní*icant di++trence=

betr.{een the typeç crf Lncornotimn e:<ist,ed {r:r the right erectsr

spin*,e *nd lef t rectlrç sbdnmínis ¡nusctres" T'ables 3? and ?3

pre=ent the çusnrnary dtta f or theçe rnuscles" In the right

erectc:r spínae it Ëån be çeen that Pea['.: Ë actiwity ocrurred

si gni f i car¡tL y earl i. er i n the tu¡æ de=cendi ng type= aS

Ic¡rosrgtinn tharr ir¡ the tr.¡o clirnbing type=. There FJåE nE

=igni{icant dif{erence between Stair tLimhing a,nd Flarnp

tlimbinç Ðr bets4een Stair Sescent and Ramp úescent.

Far the træft rectus ahdominis Feak ? activity cscurred

at ec=entially the sarne tírne in the Right Eait Cycle in all

type= cr$ l t:cnrnoti nn , h*r,¡ever i t nccltrred si gni { i cantl y

earl i et* í n Level kîaL ki ng c*mpared to Stai r El í rnhi ng "

In Ëurnrnåryr å =ec*nd pea.k n{ El'lË artivity wa= EEEn in

atr1 Sc:ur mq-r*cLes in the rnajr¡rity t:{ subject=. Ëcth erertcrr

=pin.ae rnu=cleç shc¡wed a peaÞ; r:{ artivity during the second

Snsihle Slrppnrt phase o$ the Right Ëeit tycLe" Thís sctivity

ncçurred at *ç*entially tFie =sme ti,ne i.n thæ gait ryc3.e
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elrËËFt in Etai.r tlimbing in ¡+hich the Feak I e.rtirity in the

le,ft ersctnr apinae sccurred st the begÍnning nf the touble

Suppnrf- phase" ïn the rectuç *,bdt:mi.nis snuscles the pË-eËËntre

nf a secsnd peak tr{ act,ivíty $¡ås rnol.E r.arisble than in the

erertnr =pine.e rnuscLes. Fea.k E sctivity in the rectus

afudsrniní= musc3.es occurrsd at essentially the saine time ín

the,gait rycle in all type= t:{ lnremotian; that is, during EF

clc:se tcl the beginning n{ the second Fouble Suppart phase a{

the Right Gait CycIe.

FEftfi 3 ËI-IË åtrTI{IITY

The mean points of the thir-d peah rr$ El"lË activity in all

f nur mui=rlÊË år-Ë presented in Fig" 31; the ra.i+ data .are

ront*ined in åppendíx IIr53-57" tonparí=on sS the Peak .

events between rnuçcles in each type oS laci:inc¡tisn ¡¡la.s dæne

ueing e.nalyse= nf vari.ance end trsçt hoc Tr-rke,y'g Testç,

Furi ng Level t4al ki ng { I I ! 53} a thi rd peek t:{ rnuscl e

acti*¡íty during the RÍght Eiait tyclÊ wåE rarely pre=ent i.n

the erectrrr spinae rnuacles; in the right rnuscle it wåË

pre=ent in nnly fnur subjert= and it r,.¡as ahsent ín the left

musclæ. Tn the right erertar spinae Feak 3 activi.ty uccurred

at the end t:f Råqht 5r"ráng" ïn the ríght and le{t rect*s

.sbdsminis mu=sleË s third peak t:f Et'lË ectivity rq{åE =eË}n in 1å

snd L5 srtbjectso re=pectively e,nd alsc¡ crccurred taward the

end sS Riqht S**irig" Ëtstistical anslysis shiru¡ed thet there
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þ¡åË nÐ Ëigni{icant dif {erence betr¡¡een the Feak 3 events c:{

right erectrr spinae and the ti+cr rectnç ahdomi.nís muscles"

Furing Stair tl inibing t I ï !54! a third peak u{ rnu=cle

activity w*= variably preeent in the erector =pinae rnu=c1es¡

in the ri.ght rnriscls it ercutrred in 1f, sr-rbjectç i^¡hile in the

left rnn=:cls it aras present in only three subjects" Feaþ: 3

activity r¡ss atrËo våriably present in the rectu= abdorninis

mlrscles, nrcurríng in II and eight sr-ibjects in right *.nd le$t

rnlrËtrle= r*=pertively" Fesk 3 activity in al l muscles

r:ccurred at tlre end sf Right Eir,+ing. Statistícal enalysís o$

the data shne¡ed that there srå.s n{f *iqnif icant dif +ËrentrE

between the Peak 3 pi=ints ct$ the Sc:ur mltscles.

Duri ng Stai r Ðeçcent ( I I ? 55) a thi rd peak trt El{Ë

activity r.¡a= nst alr+ays Ëeen" In the right and le{t erectsr

spina.e it wa.= present in eight snd three =ubjects,
raspecf,ively; in the right snd lett rectus abdaminis it rrrås

pr*sent in 1å and Lt] subjsctç, l.ÊË.pËËtive1y. hthen pre=ent,

Ft+a$* 3 activity íri all rnt-rscles toc¡l.; place at the end a{ Right

5+ling" Ststi.=tical ansly=i.s shewed næ signi{icsnt

dif$erence in the paínta sf Peaþ;3 activity beth,een the,{sur

nru=cl eç"

Fnring Rarnp trlimbi.ng (II?5å) a third peak r:{ El'lË

acti.vity hråË {ftrËå*iænal 1y rEEn in the erectsr spina.e muscles;

St:r the right rruscle it wa= present in four suhjects r+hile in

the Le{t snuscle it u*as. pr*sent in *n!.y nne subject" Ê third



peålr ü+ åtrtivi.ty in the rectu= .abdsininis rnuçclrË þ¡ås seen in

th¡e ¡najcrity nf =ubjectsn being pre=ent ín the right rnurscle

in lt] surbjects and i.n the le{t rnuçcle in nine subjectg. Hhen

present., Feak 3 activity nccltrred during Right Sr+íng, hlhen

the päint= æ{ Fealt 3 activity n{ the {sur muçc1e= Þ{eFe

ccinpar*d, there HåE ÍlÐ =igni{icant dif ference betr+een thesn.

Ilur-ing R*rnp Desrent tïI r57¡ e third peal,; ot activity *uas

rcca=icrnally =een in the erectær =pinae muscles; it Þråg

preeent in the right muscle in eight surbjerts and in the left

muscle i.n three cuhject=" È third peak nf activity h¡åË ÉEen

in the rectus sbdt:¿¡rinis rnu=cles *{ the majority c:{ subject=,

heíng præsent in thæ right s,nd left rnugcl.es t:{ 15 and 14

=,t-rbjectes r*ÊEpecti'¡ely. ïn aLl mugcles Pes.k 3 cccurred at

the end uf Ëight Ër.ling end statistical analysi= shcrwed thst

thære r'Jã.Ë nff, signi4i.cant diSf erence between rnuscles,

The mean point nS Fe*k 3 EFIG activíty of each rnusclc F{åË

alsn rcrrnp*'red bet¡qeen the {ive t.vpeg n{ Lacsmatisn

{ïïr5E-åÍ.} " Ðif f erence= between the rneans hrer-E small¡ ã

repee,ted rûFa'sur-EË analysi= t:f variance a.nd post hoc Tukey'=

Test çl-rt:wed that s signif icant di{f erentre EHisted clnly -f er

the Le#t rect¡-rç abdaininis ¡nuscle {Table Ë4}. It trån be seen

that in thiç muscle Fealt 3 c¡crurræd earLi.est during L-evel

hJ*l. ki ng snd l atest dr-rri nE Ramp Ë1 i mbi ng " únl y thi s

rnrnpar-isnn u*a= sta.tisti.csl, ly signif icant.
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In Ëurnma.ry, a third peak af El'lË activi.ty rriå,s ËËFn rnnFe

f requently ín the rectus abdominis m¡-rçcles than in the

ærecttrr =pinae muscles. In all inuçcles it was pre'sent Les=

fr*equently than Pes$': I sr Peak ? activíty. For thnse

=ubhjects in u¡hi.ch Feak 3 cccurred, it w¿.s {aund at the end

t:t Ri qht Srsrí ng "

T4AHTF4U¡"I FEAH EHË dITTTUTTY

F*:r ErJery rnusctre in each type oS locsmatic¡n the peak sf

EHE activity with the highe=t amplitude during the Right Eiait

Eycle wa= identi{ied {Fig- =1t" In the right erector spinae

inusrle the ËFrrnd peak af EFIË activity, occurring during the

sect:nd ïlcruble Support phase, shot+ed ma:riinurn arnplitude snd

thie crrurræd csn=i=tently in all five types u{ lt:cennotit:n.

In the le$t erector spinae the {irst peal"; oS El"tEi activítyn

nccurring duri.ng the f irst DtrubLe Supprrt pha=e, =houred

ms:+irnum ainplítsde and this *cc¡-rrred csnsí=tently in all Sí'¡e

types ci{ I cc*rnc¡ti on. The poi nt sf rnax i rnurn arnpl i tude was l es.s

rnnsiçtent in the rectus abdsrninís rnlrscles. In the right

rectu= *.bdomini.s the puint t:{ rnaxirnurn ampLit,ude during Le.¿etr"

hlal ki nE scci-rrrsd dr-tri ng Fi qht 5wi ng i+hí 1æ i n Sta,i r üt í unbi ng

it i:ccurræd during the f irçt Duutble Ër-ipper-t plra=e; in aLl

t:ther types t:f lærærnatícrn it t:crltrred during the sert:nd

Ðnuble Supp*rt phe.=e" In the le{t rectus abdsminis the print

¿:* snaximurn ainp}åtr-rde sccurred dr-rring the secrrnd Double



5u-ppurt pha=e i n al 1

in r.¡hi.ch it c:crlrrred

typea æf locs¡n::tion except Ëtair De=cent

during the fir=t truuhle Suppørt pha=e.
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ïn this =tlrdy it was found that the dnratien r¡{ the

Eight Eait tycle during f ree-speed læ,¡el wal l*ing wås f " =tO" f

=etr. This velue is. simils,r to the range oS 1.0ã to 1.1å sec

reparted by l*lurray et al" {1?e4 rlFåå r1?åF}, ÞIater= and

Flc:rris (1ç7L11 , tappa==c {1çE}3}, end ThorstensËún et aI"

ttTE4¡ " It r.¿a.= al=a {ound that the percentage o{ the gait

cyrle repre=ented by the Ets,nce pha=e decreased as the

durstic:n t:{ the gait =yrle dscr-es.ssd and this wå= cünsistent

ç¡íth the findinçs ri$ Ffu-rrray et al. {1çå4! 1?åå}, l{irtley et

al " t 1?E5l .s.nd Ni lççt:n et al . t 1çË5¡ . F{t:wever-, u¡hen the

percentages t:{ the g*it cycle Frpr*esænted by Stancr r+leFe

cær*pered between the di{{erent types of lncomutinn, the,

dif {erenceË were f c¡lrnd tn be not =ignif icant.

Ct:rlætt æt al" tLç7?l {sund that the'duratinn rf the

gai.t cycle in Stair Fescent &r¡ås

Beçcent {nr the ga.me slope. In

=ignifícsnt di{ferentre hråE faund

l ess than tl-rat i n Ramp

the pre=ent study no

between the cycle dura.tiu¡n

sI ope

Ri ght

t "?

af the tu¿tr desc*nding types æS li:cornrtion, h¿:r+ever the,

nf the =tairs end the slnpe t:S the r*rnp were nat equal.

trla,ter= snd lnlnrriç (1.ç7ü! Snund that the duration sf the

Gait f,ycle during clirnbing å rårnF wíth a Eo incline was

EecË in this study the duration wåË længer tl"4 secln

pr:ssibly hecar-ree the sl.upe wa= greater t15-t "
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The duratiæn æ{ the gait cyclE ¿"¡åE =igniSicantly grea'ter

during the tu¡cr clírrrbing types of lacornotii:n cornpared tt: the

tr+* descending typæ=" This can be explained by the Sact that

the dírectisn in srrhich the body rnnves dlrring r+alking Llp å

råräp Et* ttair= is nppnsitæ tn that s{ the force of gravity.

Grsvity ther-e$rre tends tt: decelerate the bmdy and decresse

the walki.ng =peed" The directirn in which the body rnovÉË

p¡hen walkimg dæu¡n å rãr¡iF tfr- stairs is the Ëårnei as that t:f the

f trrce c¡f gravity" Ëravity the,retnre tends to accelerate the

hody and increaçe the walking =peed {Gray & Bssmsjían, 1?åE}"

The duratisn n{ the gait cycle during Let'el tdalking w*g nnt

=igni{irsntly di{ferent Sræm that dltríng Stair Climbi.ng, br-rt

l¡¿s siçni{icantLy shorter than that during Ramp trlimhing"

Thá= in*y be attributed to the {act that 5t.aír trlimbing is

genæral1y a mer-e familiar activity than Ramp tlimbing" The

=ubject= might therefi:re hsr.e responded tcr the increaçed

lnrs¡notnr dernand= preeented by the relatively untarniliar råinp

cl i rnhi nç hy dercrea=i ng speed and pral onçi ng bi pedal cent*,ct.

Thiç r+*uld =er\dg ttr ænhanre çtsbility and msintai.n thæ centre

oS gra.ríty hetrueen the rne"¡ing points c:{ support {Grí11ner,

lFEl; C*nrad et aL., LçEl3l" ïn additi.on, durinq rê,nrF

rlimbíng the Sont must srrt=mrnndate to a sluped sur$are as

rippæsæd tr the tlat çur$ace n{ stsirs +¡hirh inight result in

decreased walking epeæ,d snd increased duraticrn o{ the g*,it

cycle" Ëucl-r a phe,nrrnËnÊn s+aç shservsd by Ëonrad et sl"



{ l.çËf,} ts{hi: +rund

decreasíng åheir

f-åñFhtf-F

ïn thiç =tutdy

{ rtrrn ;. I gt"¡

that cats .acrcnrmodated tn r-ar*p clinibing by

wal ['.:i ng speed "

the number tr# steps tal";en per rninute

a{ ç+.? dr-rring Ramp tli.mbing tci a high sf

teçrent " These val lres I i e, wi thi n the

ranged

11ó" +

rångE

duri ng

s{ å1

Stai r
L_
LU

{1ç5El}, Erieve

et al. t 1?73) ,

l*.i rtl ey et sl .

þJaË åËErrci.eted

cycle¡ this iç

l4u.rr*y et .al "

f I QEiqt

låE steps FËr' rninute repnrted hy Drilli=

and Ëe*r ti.çåå} , Flurray et al. (1?å?l u lrtaters

Thurst*n snd l-larri= {1çÉ5}, hlinter {1ç83} and

{1çE¡5} " It wa= f ound tl-rat incressed cadence

with s. decrease in the duratisn t:f the

consistent r.rith the {indings o{ I'lurray

{1çå?) u tetinter {19EI3} and l{irtley et aI "

gai t

t 19&7] !

The cadsnce duri ng Rarnp tl i mhi. ng wa= =i gni { i cantl y l sp¿er

thsn that during the ethær {nun type= af locarnntian" This is

cc:nsis.tent ¿+ith the results a{ Ëahbert tlçåri} r"4ho ohserved

th+t cadence decreaçed during cli.rnbi.ng when the slope æf å

treadmitr tr excseded E!Þ. Thi.s might be explained hy the

relative u.nfaniiliarity æ{ råmp walki.ng u¡hich ¿.¡suld lead tci a

prcrtectir.e 1r:cornot,n¡- strategy. å= with dura,tic:n n* gait

cyclæ, æ.nnther ctrn=ideratisn is the need in FäfitF walking {cr

the #rst tcr accornrnsdate ta s sloped sur{a,ce5 this csuld
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r-Esu.lt in pi-t:lunged bipedal csnÈact and therefare decreas,ed

cadencæ tGri l l.ner, LçBl. ¡ tc:nrad et al . n 1ç81_ 1 "

Csdence ¿+*s signif ica.ntly increased during the twtr

de=cending type= of lecarnr:tír:n compared tc¡ the other three

types nf lærsmætinn. This can be explained by the e{fect n'F

gra'rity l.rl-rich tends tc: accelerste the, body as the subject

wa'll'.:s dæu¡n s. =et t:+ stairË E¡- s, Fa'mF. As r.ralking speed

increaseso cadence íncreaçeç tl"htrrayn l?&7i l{urray et å1 . ,

lFåF; tdinter', 1çÐ3; l.iirtley et al . , 1985! " Although nst

çt*tietirs,l ly =.ígni{ícsnt n the cadence dr-rring Stair Î}escent

wa= greeter than that during Ëamp üçscentn possibly becau=e

de=cending =tsír-E h¡ås generally a rnorei {a¡niliar activity than

descendinç å rårnp- The s.ubjects might have respt:nded to the

i nrreased I ncpint:tt:r demands tr{ the rel ati vel y un$aini I í ar rårnp

r+all";ing by d*cre*sing apeed and theref ore cadence. Thie

a*crulC reçult ín pr*langed bipedal cnntact in c¡rder tt:

rnaintain the rent.re t:f gravity between the rnaving points af

st-tpport and Èhr-r= enhace çtabi I i ty {Erí l l ner, LçElL i Canrad et

al. o 1ç831.

TE¡"IFüFAL EVENTË

Flaring Level hlaLkíng it r¡¡as r:bserved thatr oñ averåge?

Eight Stanre ronstituted ¿S:LSZ o+ the Eight Eiai.t cycle. This

{i.nding i= =angrlrent with the reslrlts nf Flurray et al" tLçå48

1çåå3 19åçl o Ðuba et al . {t?7å}, [appnz=æ t1çE¡3] r Thurstcn
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ånd l-iar¡-i=. t1ç*3!, and liirtley et sL" {1ç85} t¡rhcr fonnd that

Stsnce crrnçtítuted åpFrEHiinately å1J7. and Swing aFFrEHirnately

4i.]l¡" sf thg' gait cyrle. It aças found that the rnean percentaçe

a* the Sirst Fær-rhle Support phase t+as tStSï snd eS the seccnd

tr¡ubte Suppcrt pha.=e 1Ët3'/"r trtrrnpå,rable ts the L{¡ll velne {r¡r

tfre Ec:uble Suppnrt phases given by Flurray et sl. t1çå4,

1çåå! n Thurs.tr:n snd Harris {1çE}5} n and t:.irt1ey et al . t1?æ=} "

Fnring Levçrl htall-;ing the events of Left End of lrleight Elearinç

and Le#t Initial f,antact scrurred st t=t=i¡. anU 5ü13"Å,,

respectively æf the Ëight Ëeit Eycle, cnmpared tcl the {igr:res

u{ ã,ppriry;i.mately 1ú7. f nr Le{t End o{ hleight Bearing and 5ú?l

f sr Le*t Initíal Esntact given by Thr-rrstcn and Harris t1ç43¡ "

There$are, i.n the pre=ent study the tempsral events æf the

Ri çht Ëai t trycl e dllrí ng Level Wal ki ng hrelr-e cnnsí stent t"¡i th

the Sinding= æ{ rther i"nvestig.ati:r=.

$uríng Stair tLimhíng át was t:bserved thatç Ëñ average,

Riqht Stanre cernstituted É3t47. s,nd the f irst and second

Falrhle Sr-rppært phases ct:nstítuted t+!tY. snd 1?t5?å

re=pectively, o{ the Ëight Ëait tryc3.e. These vs,lues di{fer

f rurn the data nS Jnseph snd btratgan ( 19å7) whs f sund Stance tc:

be appræ:<i¡n*tæly 7L?¡. and the t¡*¡n Bauble Suppcrt phasee tn he

???{ oS thæ Right Gait tycle. Un{ortunatelyu nÐ rnsåFltres rrf

var-iatinn HËl-F reparted in their- studyn theræ{t:re it i=

irnpassíbIe tci deterrníne í+ the results oS the present
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inveçtågatinn {sl1 u¡ithin

end ldet=cn t l"ç671 .

During Stair Fs=cent

Eight Ëtance cnnstituted

the range a{ r.alues {ciund by Jæ=eph

it was trbserved that,

å1157. anu {irst and

Ëc¡uble Suppcrt pha=e= constituted

!L-LI IIJ

1t't.37" arid t a*q"¡¡ r-. ¡. t

r-espectively Ð+ the Right

i= cor*parable to the å3i¡"

Eiait f,yctre" The '¡alue {or Stance

{nund by Jt:=eph snd ldat=tln {1çå7} ?

hcpeever the valueç *mr ths Dt:r-tble Suppart phases are

the semedi#{erent frnrn the vslne t:{ ?t17. cite,d by

investígatora. Again, a rneaningful corftFårisi:n is dif{icr-tlt

berau=e s{ the lacl-; c:f reported sneaglrre= cr{ vsriation.

Fnr each type oS locometinn in the pre=ent =tudy,
variatíc¡n ír¡ tennpnral event= betu¡een i:ubjecte was sinal 1u åE

euidenced by the lew atandard deviatic:ns" tc¡hen the

índír,idual ternpnral event= wÉrÊr cninpared bet¿"Jeen dif$erent

typæs n# 1ærnmstii:n, ditSærenrer, although statistically

=i.gni{irsnt in Le{t End oS ÞJeight Bear-ing and Left Initisl

üants.rt ? r.fer-e al =u smal 1 . The basi r si rni l ari ty e{ the

ternpnral ev.ents oS the gait cycle, regardless ø{ type t:{

I ucornæt i nn * support=. the prapæs..ål c:{ Eri 1 l ner ( 1çgl } and sf

[r:nrad et aI. {13E}3} that the basíc mott:r act tr{ walking iç a

rtiythinic, stereetyped pattern that cån be madiSied, corrected

tncl adapted ir¡ rÊspnnsÊ ta change= ín the snvironrnent and in

the vnlitinn e:f the snhject.

tf,n åvgFã,gE,

serond
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LE\JEL T.JTILIT: I ¡\IE;

ïn the present str-rdy the mean excursion et the trunk

=egrnent was JiJ.- whích is r,rithin the range oS vallreg reported

by Eappnzzs et sl" (1ç7El¡ and ThorstenËEon et atr. {19E1",

L?94) " Althor-tgh¡ Gfi ãveË-åge, the trlrnk =egment r¡¡as held in

slight anterinr inclinstir:n throughout the gait cycle, the

positisn in whirh thís bndy segrnent uras held vsried betr'.reen

sr-rbjert= and thie variability ula= s,lsi: observed by Thurstæn

s.nd Harrás i1çË133 "

!'laximum *nterit:r inclin-qtien s{ the trr-rnk sccurred at

the end uf Right and Left Swing phaees ag the body {elL

tswards the nent point n{ ground csnt.sct" This is cansistent

r'¡ith the r=bçervatit:ns n{ f,arlssn and ThorstensrÉn tL9El 1} r,*ht:

4sund that the paint

uccurred ju=t a{ter

sf insl¡ i murn snterí trr trunþ; i ncL i nati en

Initial Esntsct at the end a{ the Snuble

{l9El3} t*¡ht: faund that

duri ng Dsutbl e Support,

f eund thst rnaxírnurn

Suppart phaeeo aS Thurstsn and Harris

rs¡ex i. rnurn *.nteri nr i ncl i nati un ncrurred

snd cif Thærgtensson et sl . {lçEl$} ¡¡¡ho

g'nterit:r ir¡c]-ånstion c:ccurred at ïnitisl C¡rntert"

In thig =tudy" the

ptrsteri ar i ncl i. n*ti irn ,

juçt heft:re l{id Stance

trunk segrnent did nst rin{fve intn

burt attained the neutra.l tÐ-l pcrsitit:n

as the trunk rnoved rveF the auppnrting

the {indíng=læwer Lisnh. Thí= is consistent rsith
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ü+ Thur-stan s.nd F.le.rri= {1FE}3} u¡hæ ubserved that peak

pn=teriær inclinatic¡n c:f the trlrnk crccurred at 4{¡7" end B(r7" c:f

the gait cyrle gt Right and Le{t l"li.d Stance? r-espetrtively"

Thsr-stenËËff,n et al. tf çE}4] reported that peak pcrsterier trunk

inctr inaticrn nccurred during Ëi*i.ng which trtrEurË =irnultanecru=Ly
t*¡i th ccrntrsl ateral Stance"

The rnear¡ e¡tcltreit:n æf the pelvic =egment &,as tJ.f+- r.¡hich

i= greater than the value crf &o reported hy Lamoreux {1ç71}

snd 3o repcrted by I'lurrray et al" (Lçå4, 1çåå1 . ålthar-rghr Ef,

åverage, the pelvic segrnent was heLd in anterisr inclinatit:n

throughout the gait cycleo the po=ition in r+hich this body

=egrnent Haç held vsried betkseen çubjects a,nd this variabli.ty

caas also ctbçerved by Thlrrston and Harrí= t1çEl3) "

l"laximunn s,nt*rinr inclination sf the pelvic seçrnent

crrrlrrred dnring the se¡rsnd Þnuhle 5r-rpprrt phaee a,t the end of

Right Etance when the right Lo¡+er Limh wa= extanded behind

the hody, Í"lltrr-ay et al. (tç&4r 1çåål reported that r¡,axim¡-rrn

anterit:r pelvir incl"inatisn nccurred juet be{ore InitiaL

[crntacf. as the tr-ltnk inrlined forward tr:u¡ard the nelrt area t:S

grcund cnntact"

1?åå1 s¡eaqured

ït shsuld be nnted that l"turray et al" tÍ.9å4?

pelvic inclinatiun frn¡n the hsrizt:ntaL ptane

and csreful in*pecticrn of the interrupted light phatCIgraph in

the Lçå4 tråper {p-339} ghru¡s thst, rËlative to the verticalu

rna.:<irnum *nterit:r inclinæ.t,icn nf the pelvic segment nrcurred

at the snd *:f Stanre phase" Thnrstnn snd Harrís {1çE}3} al=c



fneåËurÊd FËlvic inclinatinn retrative te the ht:ri=ental and

pre=ented pl r:t= a{ pel r,i c i ncl i nsti æn ËLtrve= that sht=u¡ed

rna:çifiiuÍn åntericlr inclinatinn uccurring at 4{¡7. and ElåT" o{ the

g*it. cycle, jr-tst after Flid Stance and at l"líd Swinq Fri.th the

greate=t ariteritrr excur=isn ocrurring dur-ing t"lid Swing" They

prepc:sed that pelvic inatinn was related to the limb in Swing

phase in that the inertia sf this li.mb exerted ån influentre

mn pe'l"ri c rnttvemsnt.

In thiç study the pelvir segrnent diÊl nst rnove into

pnsteri.ær inclin*.tiæn; it reached minirnurn a,nterior

inrlin*tíc:n dr-tring the f irst Dtrr-lble Suppcrt pha=e when the

right Lo¿+er li¡nb wae priaitinned in {rsnt nt the bedy. l{urr.ay

et al { 1?å4 r 1?&åt reprrted thst rnar: i rnltm pcisteri er pel vi c

ãnclination scrurred early in ¡-lid Stance as the trunh rnnved

Evsr- the eupportíng 1imb. Again, it ghould be noted that

the=e inveçtig,atan= rnæa.çured pelvic inclinstion relative ts

the horissntal plane and care{ul inspection æt the

i. nterrupt*ri t i ght phntagraph i n the 1ç&4 FãFEr (p " 339l shot¡ç

that, relative tn the vertical o rnar':irnum posterior incl inatitrn

t:S tl-le pelvi.r s*gment *rcurred gt åpprt:Himatel.y Initial

f,c:ntact. Thr-rrstsn and F{arris t19Ë}3}, ulho slsn insssured

pelvic inclinatinn relative ti: the hmrirontalu presented

pl nts nf pe3 rri c i ncl í nati nn ruFr¡Ës that ghowed ¡nax i mltm

praterinr incli.natinn at 1å?å and ÉE?. o{ the gait cycler st
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the greatestthe begi.nning o{ Stsnce snd Swing phasesn with

past,erit=r er:currsisn nccurríng during 5t.ance.

The apparent discrep*,ncy *rith re=pect ta

betr¡een the Sindings i:S the present study and

æt s1 . tlçåjt? lçå&i and g{ Thurston and Ha.rris

pel vi c

these

mt:ti on

lnlurray

coul d

and

t t¡45

s{

{ lFE}3}

be: attributed ts the di{{erence in planeø nf reference

the abçence ttf e. precise dsscriptinn e{ the angle that

rneaçured.

hlhe,n hip angle iç ctrnsídered! r¡reån rna¡cimuin hip flexi¿¡n

in this =tudy wes. ?5jlo urhich i= less than the valueç c:f 3üo

and 37o reparted by l4urray e't al" t19å4ì and Jshnson and

Srni dt t 19åç) , r-esFecti vel y. l4ean mar: i murn hi p er:tensi. un wåË

15t?- r"¡hích ís comparable tæ the values o{ 1üo and 15o

rapærted

{19å9} !

ïn

{Lexiæn

the snd

nra:'rimum hip

sL" t19811

the gait cyrle"

ït r"¡*s found

by Hurray et al, t 19&41

respecti vel y.

the present study ít s¡as

srcurred at Ël5i¡" tn ?{¡lt u{

n{

and Jshnçsn sr¡d Emidt

Sound that rnaximuni hip

the gait cycle, jutst bef ore

Ríqht Sraring. I'l¡-trrsy st sl. {1çå4} reported that

f lel-:icln æccurred e't Initi.aI Euntact, but Ininan et

stated that rnsxiinr-rm hip f lexinn eccnrred at Et5?. o{

that hip

Initisl

sxtsn=i c:n

Ecrntact o

rnar: i ¡nurn at

hegan st

ct:nti nued

F5"/. o{ the gait

into the ne¡¿tcyrlen jus.t

gaít rycleo

at the end

be{ore

snd r-eached å JJL u'Í'B-tIu gait cycXe,

gbs.e¡*vednf Ràght Stanre. l"lurray et al" tLçå4¡



that hip er*tensiæn began åË the bady =tarted to inove üver the

=r-rpportíng 1ímb and ende'd at åpFrEHirnsteLy 5{r?.. af the g*it

cyrle, rtrincident with contralateral InitiaL Et:ntact"

Jc¡hnsr:n

heftrre

and Smidt t L?{5?} s,l.gs {aund

Initi.al tnnts.ct and gradually

that híp e¡¿tensit:n began

increased untiL the end

rS Sta,nce ph*+eeç hi p f 1e:+ í sn began í mrnsdi atel1' be*ore End t:f

btreàght Bearing and csntinued until juçt beftrre Initial

f,c:ntsct" Ni3=snn et al" t1çEl5) alss sbserved that hip

flel¿inn frarn the po=itit:n n{ tr¡,*xiräurn extensit:n hega.n during

the se'cand tcir-rhle Support ph*se.

5TåTH TLII{ElhIË

Fel+ repcrrts urere fsund s{ body =egrnent displsce¡nent

durinç çtair clirnbing again=t which te: compare the data {rærn

thi = =tr-rdy" Ten¡nçend o Lai nhart , Et sl . ( t.?7Bl stated that

f unt clearanre during stair ctr imbinq r+a.s achieved by hip and

$lnee flexitrn and thi= ís supported by the data Srsrn the

present study u¡hirh =haw thst greater hip f lexir:n ncrurred

during st*ir Ë1. i.mbing {45-} thsn duríng Levetr trlal king {EE-}

in r'rhich the fatrt dtrss ni=t have tc¡ clear the "sbsta.cle,,o{ å

stæp" The, pattern t:* hip engle rnstitrn Ësen in Fig. 1l wås

atrsa ah=erved by Andriacchi et al- t19E{r}" They reported

thst ma:,qi.rnr-rrn hip Slexísn dr-rring Etance h,Ërs 34o and during

Sæing we.= 4ï.o, tqlhæn the varistíon in their data is



ta.hen intæ account, the=e vaLue=

4Ëo fsr Stance and 45o fcrr Sr"ling

åre Ëümpars,bl e

Ssund in this

-?-

to those of

study.

ËT'û1TË ÞESCENT

tnly i:ne çtndy h;åË {nund that reported on body =egment

di=placernent during stair descent- Andriacchi et al . t lFËlü!

shserr"ed that the hip rdãE in {lesion at Iníti.al Ëontacto

maxirnum hip {le:*isn rccltrred at End clf t{eight Bearingn and

the hí p rnsved {rarn f l ex í sn i ntt: extensi cn duri ng Ëwi. ng " Thi s

r+s,= the pattern tr{ n¡t:tion nbsærved in the pre=enÈ study.

*ndriacchi et sl - {Lçã{t} repr:rted that ma¡tirnr-rrn hip flexic:n

during EÌta.nce w*s l.3o and dr-rring Swing was ?3o; these vslue=

årÊ Ëifrnps'rahle to thege sf 13o ft:r Stance and 35o fsr Swing

{eund in thi= study.

ftåT'¡P trLIF,IEIþIË

Thæ study il+ Grxy and Ës=snaji-+n (19&Bl u¡as the only rne

f*und thet reported if,n bndy =egment di=plasesnent during rårJrp

cli,inbing. Thege ínvestígat,ors proposed thst the slope af å

rårnF acts. li.ke sn sb=tacle tn the,toat end that incr*açed hip

Er l'.:nee {ler:irn i= rtsed tt: ensure f trat clearance" Thiç

prupcisatr ia auppunted by the d¡at.a {rærn this etudy s.rhich

shc:r.¡ed tllat greater hip flexísn crccurred during Rainp tLimbing

t45-¡ than dlrring Level ldalking {?5-} in which the foat did

not have tæ ctrear ån ttæb=tacle".
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ÊAFqF ÞESTENT

The study E+ Tokr-rhirs et aI , {tr."815} waç the only rne

fæund that ræportæd {f,n bcdy segrnent dispLacernent during rårnp

descent" They nbçervæd that there t¡ag less hip $lesion

required in rainp descent than in rå.nrp cl imhing; this i=

sr-rpprrted by the Sinding in this study that maxiinurn hip

f le:¿inn durimg Rarnp Dæscent s.ras ãlo cernpared ts 45- during

Ra.mp trl i mbi ng "

trÚF,IFåÊÏStrhI üF ËEÞY 5EË¡-IEf{T DTSFLATEÍ4E¡TJTS

hlhen ths curves æ{ the trunk =egrnentn pelvic eegnrent e,nd

hip *nglË åre ci¡nsidered tngether, it cåri be geen that in all

type= nf laccrnntinnu the e>:cursisn sf the trunk aegrnent iç

srnaller cornpared tcl thnçe crf the pelvic =egment and hip"

Thi= di$ferentre Has alsir t:bserved by ldater= et e.l. {1?73} r

üappneza ( 1?g1l ? and Thorstenssorl et al. { 1çEl4} . Ðlrrinç

lscomotimn, the hesd rnuçt be held in a relstively =table
pnsí t i t¡r¡ i n nrder tt: insi ntai n ví suatr csntact r¡i th the

envirnnsnent and tn prnvide the nptiiouin rr:nditj.ons f or the

'¡e=trbular apparatus {ThnrstenËËcln et al" n 19Ê14}. It is

prnpnsed thst the pelvic and trunk =egrnents act sequentialLy

*s d.arnpers ei$ the high arnplítude, ngcillstitrns oS the Lcrr+er

I i. rnbç i n nrder tcr mai ntai n stabl e hea,d pæsi ti t:n duri ng

lncamc¡tinn" I+ thi= ís the cãËeo ít urnlrld be experted that
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the musclee that æS*act and alstr rest,rain xagíttal plane

mc¡tian cS ths trunk and pelvic sËlgrriemts r*¡ould bæ active

thrruçh*ut the gait cycle in r¡rdær ttr ccantrnl the excursion

n* these åËgfi¡ËntË; thi* &{åË ¡*hrt *{a* tsund.

Antsriur incLinat,iq¡n cf bçth trunk åñd FËlvic *egments

È{åF gr€åtest during the tr¡s climbing type,r o,f lrrernotlon,
peraeihly because th€ anternåær dlsplacernent c$ the centre ef

gravíty n{ these berdy segment,s helpæ ta prapel the body r-rp

the çtairs clr- råfirp"

üværallo pnsteri*rr trunk ínelinatisrn ¡lrås sæ,sn mrre

frequentt,y in Ëamp Þeeeent, tfrsn in Stair SeEeent" Iluring

Stair Ílesçent ths "$sæt aræ placed r¡n thÈ level sur{ace of the

stair treadç *nd thæ bndy fi¡¡st ¡nake relatåvely minor

accæmmurda*,ít:ne {rr the e#Sært sS gravity" Hn¡Eevern durång

Ftamp ÐeEcent the, {eçt are plåçFd rrn s d*r$ún¡dsrd çluping

sur#ace and equilihrú$rn Eåf;r only be s¡aåntained hy a pasterior

Ehi*t er* the centre trf çravåty nS the upper bt*dy" In

additínnr FÐstærir¡r trunk inclinstitrn wit,h ttE accc¡mpanying

p*steråæn ehift in çsntre n# gravittrr nray slsr¡ he used ås å

xtrat*gy ttr ræntrsl the nate uf {sll s{ the bçdy during Ramp

Þeacent,. f¡içiün msy alsm ascpunt .ftrr thæ dif#erence in trunlr

eegment inclínatls¡n bstr¡¡æen Etqin Þeçeent and Ëamp Ðescent,

Visiciri iriay hæ ¡nsre irnpnrtant tcr #c¡st plaeæment during Stair
Descent, heacr-cse $$ the relati.uely eherrt Length o-f the etair
tresd curnpaned to the unbrnken slnping xur{ace a{ å rã.rnp"
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Therefare the Èrunk tends tæ be held cltr=e to neutral tü-Ì Er-

ín anterier inclinatinn during Ëtair Descænt in arder {i¡r the

subject ta see c{here he snltgt place his feet.

The tertal escursinn s* th* pelvir aegrnent !A¡åË gË-Eåte--t

during Level hlal.king and least durinç Stair Degcent. The

amount n{ pe}vic excursion appeared tn be índependent mf the

range nS rnntian that sccur-r-ed at the hip. The greater smo¡-tnt

s{ peLvir segment excur=icn dut-ing Level ülalking rnay be due

ttr the fact that this tuaç the most {amiliar nf the five types

sf locnrnotinn" It shnuld be noted that the sta,ndsrd

devistisns s{ trunk snd pelvír segrnent displacement= and o{

hip angle þ¡ËrE s¡nallest during Level t{alkingo pussihly

índicatinç that this is å rnt:re fsmilíar type nf Lscnrnr:tisn

than the pther {our" It trån be argued that during level

r.la1king the hcdy =egments are relaxed and rnûve f reely; during

clirnbing and descending type= e{ locmmt:titrn the ef {ect t:f

gravíty is íncreased and ån adjustment in lt:corncrtsr strategy

is required ín nrder-.Sur the,bctdy tr¡ inrve simultanenusly in

both hærizsntal snd verticsl planes and to adapt tcr di{ferent

equili.briurn r-eqnirei¡rentg" The sveraLl e,f{ect i= decressed

stabílity during =tair and rårilF walking and there{ere it

riiàght be experted that the upper hudy =egments ¡*t:t-tld be held

mÊ]r-E ri.gidly duri.ng thege types uf trocnrnntionn ås {rJås Ësen in

this =tudy.
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The rel,ationship betuoeæn trunk and pælvic sægment

inclinaticrn HåE nt:t cçnslstent, åËrüss çubjects aXthtrughr tñ

svetråge, the t,runtc aegment, inclinatign curveË wËrei çmeller

çersíüms ${ the pæLviË ËuruËs. Tþis finding di{"fered from

the data n,F Thurstæn ånd Harr:iË tlçE$l ¡sht¡'ft¡und that¡ En

åVËrågeo the t,runk åf¡d FelviË $ere ?Õ* c¡ut nS Fhase alith each

r¡ther* Hû$Éver, they ten reparted qqnsideråbXë variation

Srsm subjeËt tc¡ subjsst," In additinno they studied the Tr:e

tr¡ L+ spinal ËEgfieinÈ ù'rhÉr€ås. in thås inyestigat,íanr the trz ttr

L6 s,Ëgfiient s¡ais Etudied" ås nntæd trrslvitslåFlï.r Thurston and

Harris tfç*ã! rneasured pælvie mtlti$n relstive tt¡ the

hmrisentål and the *ngls tÀråB nrst ds+inæd Precis€ly"

Therefnre, tf¡si"r detta årt nrt etrirtty r$rnpåråbLe to thtrse o{

thæ prexent, atudy. Hc¡¡qæver, given the reEults s'$ the two

s,Èudi.æs, ít muËt be agreed r¿ith Thunçton and Harris {1983}

tl-rst the lånk bstrsËFn ¡nclvemæntÊ r¡S the pelviø ånd the lunbar

epåne s.titl rgmsínË ur¡trlËår. In ordsr tei campare

meaning.fulty the rsËultç bett*s€n di'f'fe¡'ent studíçsr thære

muçt be agreem*nt åf$qng inveætigeitsrs pn the mæthsds tc¡ be

LrEÊd tr¡ measurË ËPinðl and FÈlvin fiotlün" Çurrsntly nÐ

csnvent,irn Snr rnegsuring thesa body ËÈgrnents hag heen

un i verssl t y acrepted {h!d. ntær I lF€l&} ,

The pattsrnË t:'$ híp exeursiçn in Levæl Slalking, Stair

ttirirbíng and ftamp tLímbi,ng *!¡eræ såmilar" l*laxlmum hip *Lexíon

arcurred st the snd sf ríght Bt*ing ¡trhen the {ocrt had reached
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its nraxinruin s.ntsrinr positicn o but bef ore it ct:nta,cted the

græund" l"lasim*in l-lip er:tensícrn t:ccurred at the end c{ right

Stenre s.¡hen the supporting tr inrb wa.s positioned behind the

uFFsr body.

The pattern of hip excurr=isn was altered duríng the tt"Ic:

de=cending type= tr{ lcrnmotinn" During Ramp Deçcent gna:timurn

hip {lexisn nrcltrred *t the end ef ríght St'ling,, hnr+ever the

hip di.d næt rftrf,ve inte exten=ion, but rather reached å

pa=itinn ef mini¡nurn #lexinn st the end trf ríght Stancæ. The

hip may havæ besn maintained in {lexisn throughaut Ëamp

Fe=cent becelr=e hip e¡tten=itrn wtrlild result in anterisr

di=placement n{ the centre o{ gra.vi.ty ef the upper bædyu

1 á kel y raltsi ng å I r:ss sf bal ance" fluri ng Etai r Ðeçcent

ni*xinrurn hip f tr er:inn nccurred dutring Initial 5r+ing sg the {cat

þråE ti{ted tc clear the stair tread be$sre it could be

dieplaced a.nterinrLy and lowered tt: the tread ner:t helor.ü.

üverall o the hip did nc=t rno\'€ into er:tensinn during Stair

De=cent, but rather rninirnu.nr hip f Lexion sccurred during l"lid

Stsnce *s tl-¡e lnwer liinb supported t.he upper body while the

cnntralaters} li.rnb wåË lorr¡erec{ to the tread neut belrw.

f,crrnp*rison sf tstal hip exsnrsisn bett¡een the tive types

nf lnrænie:tiæn çhowed that thæ greatest a¡nuunt u{ e:+cursiæn

scrnrred dr*ring the twr: clírnbing type's and the læ,açt smt:unt

during the tr+n descending types n{ Iscnmt:tinn" During bnth

St¡rir trli.mbing and Ranrp ú1ámhing the f c:ot enccrttnterg



*b=tactreË - the next highest step in the case æ{ Stsii-

trlimhÍng and t,he sLæpe cr$ the gurface,ín Ëamp tlinrbing - snd

{nut cles.r-a.nce rån be achieved by increaeing hip and/sr l*nee

fle:¿imn" In this =tudy it r¡¡e.s fonnd that the amÐunt c:f hip

{1e:¿it:n r+as signiticantly greater during Rarnp ËlimbÍng and

Stair trlirib'ing then in the æther three typæs t:{ lscorrsti.sn"

Huwever, the s;næunt æf hip exten=inn wsç significantly

çreater during Éamp Clímhing than during Stair Ëlimbing"

This. rnay he rlue tn the {act that during the {or¡ner type t:{

locarncrtitrn the ei=e oS =tep taken Ëån be varied at r,'lillo

u¡hereas dui-ing Stair trLimbing the size n{ step taken is

dstermined by the height CIf the stair rise,r. Ïn sddition,

during Earnp tlimbing larger =teps cnay have tt: be taken in

cirder tc¡ rnaintain the brdy's centre cr$ gravity between the

rnnvi nç pt:i nts uf surppnrt (Ëri L l ner ? 1981 ) and thi s mi ght

require greater hip exterrsion. Hip {!.e:<isn during Ramp

Eescent wåË less thsn im the other types cr{ lort:nnationo

pt:ssibly beralrse smsller step= wercr talcsn in order tt:

rnaintain equilibrium- Ëtep and Stride, length lleræ nnt

rneasrired in tliis inves.i'i.gatíon and shnuld be studied in erder

tci deterrnin* i4o in f act, the =hsrtest =teps are taken during

Ë*mp tessent"
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TüT#JL I{YfrELEE TÉIT: AÍ--TTVTTY

In the present øtr-rdy it r'¡ss found that the tstal amclunt

u{ elertrical activity praduced by the erectcr spinae ¡nuscle=

dr-rrång Level blall-.:ing wås tStZz s+ the HrJt. This value is

comparable tcr the findinge of Ëuth et al" (1ç7çl t+ho repærted

artivity o{ Á?i and 5"/. ín the lu¡nbar and thoracic partíc:ns

re=pertivelyn Ðf the erectær =pinae muscle" They alsa {aund

tha.t thei level n$ activity *+as greater clÍÌ the right side thsn

ún the Ie{tË in this study the level s{ activity in r-ight and

le$t erectt:r spinae rnuscles during Level hlalking ¡¡as nr¡t

=i gni { i c¿.ntl y di {{ersnt "

As nnted prevíouely, the trunk and pelvic segrnent= ¿crer-t

held in einteric¡r inrlinatipn thrnughaut the entire gait cyrle

during hoth Stair trlimbíng snd Rarnp tlimbing. In additiono

the pai nt t:f rnax i muEn anter i t:r i nc I i nat i sn er{ these bady

segrnents alscr ÉcËLrrrËd during the' tr^¡c clirnbing types o{

lc¡cmrnotinn" There{ere, the centre e:{ gravity of the upper

b*dy ¡.ras displaced {urthest anteriartry and the {ærward

bendinq inuinent r¡euld be greatest during the twt: ctr inibing

type= nS lecnmntitrn than ín the r:ther three types" It wcir-tld

be e:rpected that fnrFe rnt:tsr units. in the the erectsr spinae

nru=cL æs wolrL d be recrlri ted dr-rri ng the cl i rnbi ng l rcsrn¿rti on

type= in nrder to prtrvide a {erce tæ ba}å.ntre the Ssrwerd

bænding rnsrnent and aI=u tr ctrntrol the {crr"¡ard excltrçícn r:{

Èhe trunk" Thiç çu*.s -f*und tc: be the case.as the erertu¡*
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EFinåe muËcleË ÊhuÈded signiticantly gree.ter rnyæelectric

act i ví ty dr-rri ng Stai r tl i rnbi ng ænd ñarnp El i mbi ng than duri ng

any æther type t:{ leccrnotinn" The dat* therefore suppt=rt the

findíngs t:S F3.oyd and 5i1ver t1ç51) that increasing angles of

{nrþJard {lesit:n led tn incresed level= o{ myrelectric

artivit.y" *nd slss thu=e oS 5chu1t=., Andersst:n, ürtengrent

Ejnrl.: and lrìordin tlçE?l +sht: {nund that erectnr spinae

activíty closely reflected the magnitude c:f the net #lexsr

mement "

There Hå6 nE signiSicant di++erelntre between the srnr:unt

n{ enyaelectric .sctivity in the erectar epinae rnuscles EeËin

during Stair tlimbing carnpared to Ramp trlínibing, and ít cån

he cuncLuded that these snuçcles csntract with åFFreHimately

the same level sf intensíty regardless sf r¿hether the'

rL i mhi ng acti vi ty i nvæl ves the use sf stai FË rrr å rårnF "

Theræfcrre, r+íth respect tci the erectsr epinae inuscles, ntr

advant.age Er- diç,sdvantage is cnn{erred by ueing ane type oT

cL íinhing *pparatlrs Ðver- another"

Fnr the rnajsrity of subjects the rectus abdominis

muccLEE þ'rÉr-É artíve thræughout the g*it cycle t:S aLl types nS

1t:csrnmt i æn , hr¡çr¡ever the rne.an a¡ncunt s{ tstal æl ectri ca1

actívity genereted was s¡nal1. Thic crhservatitrn dif+ers frsm

the findings o{ Shef{ieId {1çåã} r+ht: reprrted electrical

silenre in rectus abdomini= during level walking" Hcwever,

it i= pn==iblæ that the ins.trufi¡entç he uçed ti: recsrd the Et'lË
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=içnal {rsro tht: muçrleç L{ere nÐt çu{{iciently =ensiÈive to

detect thæ, lur¡ Ieyel= c¡f artívity in rectuç sbdominig.

In the pre=ent study, the greatest arnount æf mynelectric

sctilrii.y ín rectug sbdc:rnínís r"Jas seen drtríng Ramp Deecent;

this i.s crinsàçtent with the trunk and pelvic segrnent

incLinatic:n data u+hich shswed that c:nly during Ramp Descent

þJå.Ë there pe:=terinr inclinatiæn t:{ these =egrnents" The da.ta

årE ín *cci:rd with the r:bservatíons o$ Ftrayd and Silver

t1ç5ül r*hc f t:ilnd that rectus abdor¡tinis was active during

trunk extensir:n (po=tericr inclinationl frtrm the r-rpright

pe=itinnn and slse sutpport the ctrnrlu=isn u{ Flint and

Eiudgetr.I t1?å=l that rectns sbdominis ís active to posítinn

the trunþ; anú bala.nce the extensær- rnornent produced by trunl':

e¡¿ter¡sí sn {posteri or i nct i nati an } .

FHAËTT ¡1ËTTUTTY NF HUSELES

During Level hlalkíng ct:nsístent biphasic activity w*e

fnund in the erectc¡r =pinae muscleg sf all gubjerts, and in

{sur subjects a third peak sS actívi.ty þJãE Eeen in the right

erectc¡r spinae- Naters and l"lerris {1973) also fnund biphasic

acti.vity with peaks cif back rnuscle activity cccurring

cæn=åstentLy åt contrslateral Imitial Contacto but lesg

frequent3.y at ip=ilateral InítiaL [nntact. Triphasic

,activity in parespinal niusclËE s+rås sbserved by Letts et 41.

(tq7Ð1 
"



In thi= study peaÈ.:e n{ rnyaelectric e.ctivity in the ts'rn

erectcrr spinae rnuscles occurred =ymmetrically during the

{ir-st snd =ecnnci truble Support pha=e= a{ the gai.t cycle

driring Level hlalking" These crbservatíonç årF cÉnsistent n¡ith

the {indinge nf Eattye and Jnseph {Lçåå}, Letts et aI"

tLFTEll u and tarlsnn s,nd Tht:rsfenssfrn t1FELl ¡ they di{{er Srarn

the f indings rf Thær=tenrËirn et sl. (l?ElËl r"¡hn *cund thet the

peak t:f actívity nf the ipsílateral snuscle preceded the peal,;

nf the cnntrs,lsteral ¡nuscle by 57" tt: Lt]7. æ{ the gait cycle.

The da,ta {rsrn the pre=ent =tudy sr-rpport the biarnechanicaL

nrndel sf Eappæ==t: t1?Ë13) u¡hich predicted that the trun[':

sxten=c¡r rn¡-rscles ç-rt:rrld exert peak {ærce just be{mre nr jlret

a{ter Initiel Eantact.

üuring Level hl*lhing the Sirst pe*l': af mynelectric

,activity in the erector =pinae rnuscle= occurred at åT. sf the

Right Eait tycle, he$.are thæ point sf rnínírnnrn anterisr trutnk

inclinatiæn tlrl'tt" - 357" n{ REC} when the trurnk =egment r¡lia=

mo'ráng in a pe=teriær direction" This con{irms the regults

nf ThsrEtenEEGn et el. {lçEË} rsht: Smund that bt:th perisds tr{

el ectri csl arti vi ty i n paraspi nal rnt-rsËL es t:cctrrred durí ng ifr

at the end æt an a.nçula.r di=placement directed bs.cki+ards in

the =agittsl plane" They alsu {nund that bnth perinds sf

p*r;.=pi nal ;nuscL e acti vi ty rni rici ded rsí th the a.rti vsti c:n r:S

hip s,'¡tænsnr rnusclsg" fo¡hile hip extensor muçcles p¡ere ni:t

studisd in -r-his investigati.nn, it =ån be sssu¡ned that the-v-
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Eq¡ÐLrld be trtivç, at the pnint at r+hich the hip began to rnove

Srærn fls:+inn ints exts,nsisn and at tl-ræ point r:$ maairnum hip

sr:t=n=ítrn- In Le"¡eL t{*1. 1.:inç the=e point.s nccurre'd during the

f írst and =æcsnd *r:r:ble Suppcrrt pha=es wl-¡ich cæinrided t+åth

the {irst and second pe*.Þ.:= oS activity in bnth right arid le'f,t

erector spí nae rnrt=cl e=, sr-rpparti ng the { i ndi ng= oS

ThorçÈenË=ün st al. {l?Ê:}.

tc¡hen phasi c rnyael ertri c acti *¡i ty i n rectt-ts abdsrní ni s

n¡uçrl e duri. ng I evet n*al ki ng i s conci dered , lrta.ters and f'lærri s

{Lç78} 4aund thet activity cccurred --imnltsneously Htith thst

æf bac[: mgscle=. In this studyo the {irst and =eccnd peal':=

at actívity nt hnth rectlls abdsrninis and ererttrr spinae

rnuscles occurred during the f irst amd secnnd llnuble Eupprt-t

ph*se= *ndu ç¡hen present, the third pea[': of sctivitts i.n bnth

rnuscleç sccurred during right Ël.ring.

Ðr-rring Ëtair trlírnbing it r+as f ound thst there c+ss

cc:nsiçtent biphasic activity t:{ the erecti:r- spinae nnu=cles.,

príth a third peak oS activity EEen in right and left erector

api.n*e in 13 and three suhjsct=r respÉtrtivæly" The f ir=t tr¡r:

pe*ks t:S mynelectric artivity cccurred during the {írst snd

secand t)æuble Suppnrt pha=es t:{ the gait cycle, a findinE

thait Þrå= conçíçtent psith the ohservatiens of Ja=eph and

ÞJatçsn t 1çå7] , l{a¡rimurn pe.ak inynel*ctr-ic acti.'¡ity sccltrræd

juçt a{ter cæntr*,l*.ter*I Initi41 f,crntact, al=r {ound by

Jcrs*ph s.nd hlatst:n (1?å71. In sdditisn, these investig*tcrs



gtated that both erectt:r spinae mus=les contracted

çírnul-eanæ*usly ín early Stance ¿.!hen ths, trun[:] krås inclinæd

{rirussrd and the bady r+*'s displaced verticallyi thi= F}a=

=r-rppnrted by the fíndings af the present str-rdy in t^+hich it

was. t:bs.er'¡sd thst pea.k erectt:r =pinae activity *ccurred

during the tr¡¡o Îlt:uble Support phase= duríng which time the

trunÞ.: NåE i n ma:¿ i rnugn anteri sr i ncl i nati nn " The data {rærn

this =tr-rdy sr-tppært the propcrsal n* Jcrseph and hlat=an (1çå71

tha.t bilateral erectar spinaæ csntrartiun cæntrals the a,ff¡nunt

æ+ {sru¡ard inrl ínstinn sf the trltnF;"

Furing Ëtair Descent there wsa trEnsigtent biphasic

artivity æS srector spinae with a thi.rd peak at activity seen

in the right and left rnus.cles in eight and three subject=t

re=pectively, The {i.rst and =ecsnd peal..:s t:f myoelectric

activi.ty urcurred at the end o{ the fírst æ.nd during the

secnnd Far-rble Sr-rpport pha=es of the gait cycle at the point=

æ{ rniniinurn snterinr inclinatiæn crf the trunk segment" This

ís rtln=istent s¡itl¡ the f indings of Jciseph and þJetson t1+å7!

æ.nd euppær-t= their prnposal that erectær spinae centractç

hi I ateral 1y te pre'rent trunk f I ex i nn {,snteri ar i ncl i. nati t:n } "

$ui-íng råfi¡p cl imhing ldaters and Horris t L+?Lt) obserr"æd

that the r*yeelertríc activíty oS erector spinae and rectus

abdt:minis r¡as sirnilar ttr thst ËEËn in level i+alking'

E:<amínstit:n s{ the dat*' *rarn the pre=ent stt-tdy shurn,s that the

di{{srences in the pointç, crf peal* rnycelectric *ctivi.ty c:{ the



il{fr-r

Ê¡-etrt¡:r- ËFànë.g ñlu5Ële5 betwetn Rarnp Elimhing and t*evel

kl:tl ki ng were srnal 1 r*i th nnl y Feerk I acti ví ty i n the 1 ef t

ËÌ-Étrtt:r ËFinås ncrurring signific+ntly Êårlier during Level

bla3. t'.:i ng cornpared ta Rarnp f,l i mbi ng. In addi ti c:n r the

di{f erence betr*æen the points crt peak mynelectric actívity *f

and Levelthe recturs abdsrnini= mltscles betrueen Remp trLimbing

Þ,lal ki ng k{FrF

Le{t rectr-rs

elçn =rnall, with ænLy Feak 3 activity in the

abdsrní ni s occurri ng si gni f i cantl y earl í er i n

Level b{aL t'.:i ng ccrnpa,red tn Ramp f,l i mbi ng.

Fü55ÏFLË RüLË úF THE TFUfdF; Í'¡U5CLËË tluRrþlË LtËUl-tÜ_TIEI{

Letts et aI" t197Et1 preposed thst reciprecal activity nf

the para=pinal rnrtçcle= during levæl uraLking may plåy a maj*:r

role àn =tebili=atisn nf the =pine" Ëar1çon and Thur*stenËEc:n

t1ç81] snd Thc:r=tensËÉn et sl. {1çB2t pnstr-rlsted that erector-

=pinae actiuity prevent= trunk flexionu lateral {1er:inn and

rststir¡n" Thei: alsn prapnsed that eræctor =pimae rant,rnls

the stif fnes= nf the trunk m¡hich reçtrict* r¡i*:vernent?

e=perí al I y í n the =agí ttal pl ane * and hel p= tn rnai ntai n

upright pestur-e and æquilibrium" Eiracovetsky t1çEl5ì

suggeeted that ipsi.lsteral cantractisn æ$ erectsr spinae

{c¡rce= the wertæbral cslurnn ttr {Iæu tt: thæ ip=ilsteral sidet

engagíng thæ ipsílateral vertehrsl facet jc:ints" This

resu!.ts in a {Lexinn tsrce becsuse of ceupling {Luinsden F,{

lnlnrri =, 3.FåElç hlhi te .9 Ftn jabi o 1ç7Êl] *nd uL ti ¡nata,l y gi ves



4ñ{

ri.Ee tc¡ e,n a,xiel tnrque which initiateç csunter-rotaticrn e{

pelví= and çhr:ulder girdle"

In the present =tudy it r'¡as found that snaxírnltm peal";

myuelectric activity in erectcr =pinae did not t:trËLtr

bilster*lIy at the sEtrne pæint in the gait cycleo br-tt in=tesd

occurred cnnsi=tently in thæ ipsilateral rnutcLe during the

secrnd Fsr-tble Suppnrt phase and in the cr:ntralateral innscle

during the first Dt:uble Suppart phaae"

i4he,n mot,icln in the sagittal plane is csnçidered, the

bady is in a rsntrol Led f or¡{ard {a11 during v+al king. This

f all iç ínterrr-rpted hy gruund cr¡ntact æS the advancíng limh"

Fla¡nentuin and inertie uútruld tend to heep the trltnÞ; segment

movi ng {nrwsrd snd dourns"¡ard {snteri ær i nc1 i nati æn I snd thi s

mt:Èisn rnust be cnntrolled in srder tc: avsid lt:ss c:f ba3.'ance"

The Si:rç¡ard r*ætisn is restricted by bilsteral contractíon t:{

erecter spinae" Hswever, uncppnsed bilæ.teral csntr.actian o{

erectc¡r spinae r¡¡crrrld tråLrËÐ the trun['.: segrnent to mcrve bacl";ward

and u.pward, there{ære csntrt:l n{ trur¡k rnotinn in thæ aagittal

pLanæ ræqlrir-Fs Ëif-rirdinated interplay hetween trunl,.: er:tenscrrs

and {ler:srs. [en=equently? bilateral csntractimn aS beth

erectsr spinae and ræctus abdosninis i= required at the tc+r3

Initi..al Ctrnt¿ct events a.nd thiç is seen in the' dats tr*nr the

preeent =tlrdy" Hc:Ê.¡e'¡er, the, aeyrnmetry ilf the rnanirnunr peak

rnymelectric artivity in erector =pina* might he due tn ¡r¡c¡tien



Ê# b*dy =egment= in the cnrænal and transver=e plãne= s= H¡el. 1

ã,s ín the segittsl plane"

In the cnrsnsl ptrsne, *ccording tcr Inman eÈ al. (1?El1Ìã

the pelvi= dræps tn the ip=ilateral side jr-rgt be{t:re Right

End ef hleight Fearing {approximatetry 557" af the RËf,} u end

returns ts level during i-ight Su+ing tapprær:im.stely BtlT" *{ the

ËEtl, This drapping c:f the, pelví= is ccrntrr:lled by eccentríc

cnntrsctit:n sf the cantralateral hip abductorsn but eccenÈric

csntractíc¡n s{ the ip=ilateral erect¿:r spinae may alEE ntrcltr

tn alI*w a rnntrsLLed desrent of the pelviç" Thi= r+au1d

reqr:ire å blrrst a{ ipsílaterel erector spinae srtívíty at

åFprc:{imately 55iå n{ the gait cycle, pt:ssibly accounting for

the maxirnurn peak sctivity dr-rr-ing the secnnd Fouble Sltppnr*t

phase EËen in the reçults æf all five types of lncs¡nt¡tion in

this study" ås the pelvis drnp= tæ the ípsílateral çiden the

trun[: segrnent mu=t be kept r-tpright end thiç r+nu1d require

sc¡ncentric csntractit:n c:{ the cæntralatersl erectær spinae at

åFprrl:irnately 55?r" nf the gait cycle" Tt: retui-n the pelvi= tn

the L eve1 posi tí t:n dr-rri ng i p=i l ateral sr+i ng r trcncentri c

cnntrartiæn sf the contralateral hip abductort õtrcLtrs" It

nray alsæ be that there is a ct:ntralateral íssrnstríc

contrsctitrn a{ erectær =pinae tt: s.tahiliee the trunh segrnenà,

allaeling the ip=ilsteral erector spinae tt: cc:ntract

conrentricslly to a=,çist in raising the pelvig" Thig' rt:uld

acri:unt f nr biLateral erectnr =pinae peaks at ÃPFrE:+ im*tely



Et¡"¡å g{ the gait cycle" As the pelvi= return= to level , the

trlrnF; ¡nç:st rernain r-rpr-ight and thi= ¡',laui.d require either- å

cæntrals,teral eccæntrír c¿:ntractitrn nt erectsr spinae nr an

ipsilatersl rancentríc rontractisn n$ erecter spinaer Er

L _!L
L!LJ LI I .

Êìt Initial Cæntact the h*dy rnust be' bale.nced t:n the'

ip=i later-aL hip jnint in prepara.tiun Ssr centr.alatersrl Ëwing.

åt thi.= pnint a torque e:¿içt= which tends tci pull the'pelvi=

dr:u¡n tr: the s,ide of the Ër*ing limb. t*hile it iç knn*¡n that

the ip=ilateral hip ahdurters FIåy å inaji:r rale in pre.;æntång

exrss=i l"e FÊlvi tr ti l t u the erector =pi n.ae muscl Ê fitåy aL ç*: be

in.¡nlved -qnd thiç ct¡t-ild accc:ttnt fc¡r the peaE; nt erectc:r

spin*.e acti'.'íty EËen bilstersl1y at Initial tnntact" The

ipeitratersl ersrtc:r =pinae could rsntract ttl stabiIías the

rolurnn trf the lus+er linib and trunk, whi. le the cnntraleter-al

erertor =pinae csurld wrrl'.: r+ith reveF=e trrigin and inser-tinir

t* prevent pelvic drap-

In the transversË p3.ane, arcordinç tc: Inmsn et al-

t1?Ël1I r the pelvis at Initial f,antact is maxirnslly ratated ts

the rc:ntralatæ,ral sáde while the shi:ulder girdle snd Lipper

brdy ãrÊ maxi¡nelly rntated tæ the ipsitrateral side. This

ipaiL*tera1 rstatinr¡ c:{ the r-rpper h*dy cr¡uld be the nesult e:S

cuncentri= ip=ilater*L c*ntrartinn nf erectær =pin*e.
Hgr+er"er e rÍiåH i inuin pe*!": srt i .¡i ty ;i n erecter =pi n*e rcrlirred ürÈ

the rsntreletæra.l" =ide ir*rn*diately aSter Initåsl f,sntscÈ.



:ç4

prrssibly beceuse the ci:ntr-slateral inuscle muct cnntract tu

"der-nt*te" pelviç snd shc:r-tld*r girdlæ f roro their e:qtrerns

pn*i ti æns"

The =rnalI arnnunt oS myselertric activity EErEn in rertuç

ahds¡niniç i.n thi= atudy suggest= that the*e muscLe= have a.

synergi=tic as nppnsed tn s prirne ffiEver f uncticn durÍnç

læcainsti*:n" U=ing the c1e.=si{icatinn t:f rnuscle {¡-tnctiun

cntlíned by Ëou+itel.;e and f*!i.lner {f.9Ðü}, it i= prcrpc:eed thgt

the rectus abdnrnini= rnu=cles act s,s =tsbili=ing, neutratrieing

snd rnnjsint synergists during lscsmstii:n.

The rectu= ahdonni ni s muscL ÊE rnãy t'¡nrk as ste.bi I i 
= 

i ng

synerçiçtç ta =teady the mr:bile vertebral cc:lurnn and allsa¡

erector =pinae and po==ibLy the t:blique abdnminal *ruscle= ti:

e{{ect petr vir snd çheulder girdle counter-rststiun, thlts

acræunting {ar- the peal.rs nf scf-iviày Eeen dltri.ng bæth f irst

and serænd Þsr-Eb1e Suppnrt phases when pelvis and =hnltlder

EirdLe are at their rnaxi{fturn eHCLrrçic:ns in the traneverËs

plane- Rect.r.rs ahdsminis rnay +.¡nrk åE ã neutratr ieinç =ynergí=t
te prevent umwantæd in*tít:n* Ferause erectnr spinae i= an

e:rtsnçnr, =ide fÍ.exer snd rntat*r sS the trlrnk, nelttrsLi=ing

Ëyner-gy r.rill be ræquired ti: ;naintain the trunk in tlre upright

pæ=itíæn and this csr-rld *rcælrnt Sar the sbçervatiæn tl-¡st

peah= æf, ærectt:r- =pinae and rectus abdaminis activity tended

tr: ucrur cI.*r=e tc the sarûE pnint= in the gait cycle" The

ip=i. laters.L rectus *bdt:rnini.s rnay s.lstr wnrk .ås å cmnjæint



sþ'nerçiEt rdi.th the ip=ilateral sractt:r =pinae tt: træ.nçlstæ

the r-tpper bndy in the cornnal plane Ever the' +r¡eight-bearing

1i¡nb at I'lid 5itanrer ËËÊr¡ during left SÈance. Rectu=

abdnni ní = may al scr r.¡ork cctn jná ntl y s.¡í th erectr:r spi nae, I i *te

guy r+i.r-E= Én a t-enf-o ti: rnaintain the trunk at the cærrect

ínclin*tien dr-rrinç 1i:rermotion, pa==ibly accnltntíng Sc:r the

f sct that peak= crf srectnr =pina.e and rectus .abdcminí=

*ctir.itÏ tende'd tc¡ c:cct.tr- cl¿rsæ tc¡ the Eårne prrints in the gait

cycl e,

AFFLïr{åïïüh¡

Thí= =turdy r¡ss rarríed æltt ts rnes.çl-tre snd Etrrnpåre

duratirn, cadenre, teinparal eventst bady =egment di=placement

i n È.he eagi ttal pl ane and rnyeel ectri c sctí vi ty duri ng * Flí ght

Ëait f,ycle in {ive di{{erent types aS lsccsr¡ntinn" Frcrn these

deta it we= treped tt: be sble tr: clsri$y the rsle t:S erertsr

spinae a.nd rectus e.bdornini= dr-tring the type,= sf 1trcnniætic¡n

ccrmmnnly requíred ín the ¡r*t:r[,:place. It r¡as ft:ltnd thet the,

tr.,¡s cl imbing types of lecnrncrtisn þJere simi lar in duraf isn nf

cycleu cadenceo bi:dy segrnent displscernentsu aincunt c:S

niyoe'lectrir sctivity, and phasic sctivity o{ trunþ.: rnutscle="

Li l-;ewi se o the tr¡çs de=cendi ng type= æ{ I ecerrnsti on r*ere çi rní I sr

except Snr- the patter*n r-f hip rnætinn, The chara-cteri=tics u{

Level blalkíng lay æn a cnntinlrlrr¡l betp¡eer¡ thæ climbinq types



il+ lt:cc¡rnæåánn Eln the nn* handn and ths descending type= nn

{-l-a n.i-i-rer

Fecslr=e a line*r relåtíunship has been #nund het¡aeen

myi:electric artivity in glårã.ËFinal ¡'Iiu=trles and intradi*cal

FrËEELrr-e {ûrtengren e't al", LFgl} B thr-rs gir,:ing ån indirect

rnea=ur=snent t:{ back la¡.d, it Eån be concluded {r*nn this =tudv
thst Etair Climbing and Eanip CS.imbing trãLrEE greater Lnading

af thæ intervertebraL disc a than dt: LeveL tdalkingr Stair

Þeçcent and Ramp Ðe=cent" Theretære, -iebs that require l*rge

arnsu¡rÈç t:{ st¿ir trr- rå,r$F rt imhing rnay he ct:nsidered to pLace

higher detirsrids sn be,cþ: m¡-tscles thsn would jnhs thet reqltire

nnly l+alki.ng En a trevel gurf ace. Theref trre in jr:b analysi=,

ít i= reco¡nmended that the percentage nS time =pent in

=peci.tic type= c:f lt:cernætinn be rneasured in srder tcl

dætern¡ine år'i index cl{ back rnlrscle lmad Sar a partáct-llar -isb"

[.ls.terie'ls hs.ndling ji:bs in'¡olve car-rying sbjerts a{ varisu=

r.leíghts and diinençät:ns {rãrn crrie lncetian ttr ancrther" It ís

nernrnrnended that the type æ{ lt:ct:mætion invt:lved be tal';en

í ntcr consi dersti *n as p¡el 1 as the characteri =t í rç i:f the,

læsd" å light abject carried Lip å rår¡tp may give r-ise to the

Eãms Lss.d Ðn the ínter"¡ertebral diçc åE s hear,íer nhject

c,s.rried åcrÐsg å treve1 sur{a,ce. Further reçearrh rnut=t be

cenducted to study the kinemstirs and inusclæ activity in the

varinue type= s{ lscnrnsticrn while carrying sbjects cif

dif+æ.rpnt weight= and diniensiEnE"



The nt=rr*al data derived {rn¡n this =tudy csn be ltsed tcr

trErnFsre dat.a fr-c:in inve=tigatiæns ef bady seginent mætisn and

trunk mu=cLe acti.vity in back i.njured wt:rkerç during

dåS#erent types af lsccrr¡t:tísn- Relative trnmpårisonç o{ ti:tal

mynetrectric acti.¡ity can he nrs.de by carnparing the dif f erence

in the EFllf =içnal c:S ãn individuel rnnsclæ between di++erent

types n{ Sscs¡ncrtiæn" It wnuld be expected thst di{Serenceç

in trlink a'nd pelr""ic =egrnent excrtrsinn, total myoelsctric

srtivity and phasic muçcle sctivity inight be 4sund between

nerrnals snd hacl,; inj¡-rred subjects. These dí{f e,r-ence= rni.ght

har¡e implications fsr rehsbiLitatinn t:{ the injured +.¡i¡rker

r+íth re=pect tc: e:+erci=e snd -iob canditioning Frcgrãfi¡s-" The

lacnmt:tt:r demand= æ{ the injured worker's jtrb shau}d be huilt

ints the rehabiLítstísn Frûgråfü. IS, {nr e:+arnple, the

u¡srker-'s jnb hs= a, hiqh frequency t:f =tsir v*a.llting, the gn*rl=

n{ the rehahi I i tati sn Frrgrãrn =hi:ul d i ncl ude i ncre*si ng the

=trength t:S the hacþ: mu=cle=o increa,sing the, mability o{ the

trunl*, Felvis snd hiFu and inclugiun sf stsir wa1kinç in rsûrF=:

=imulatinn e,nd s¡ærk cnnditioning"

ËEnt:u¡l edge ef b*dy segment exrurgic:n snd sf trlrnl-; inlrscl.e

e.cti'sitl during dif{erent types t:-t le:csrnctit=n cån alss be

l-teed tt: cnndify the +.lrrl-;ple,ce in srder ts enable ån injured

qÀ¡úr¡-.:er ttr t-eturn ts his/her job ã.Ë EEEn a= pnssible. Fær

example, {rnrn the re=ults c{ thi= =tudy it can be r-ecninrnended

that çtair and Ë-ë.rnF clinihing he l*ept ts a. ¡ninirn¡-trn fær r"¡i:r[:ers



þ!hú hårJF ELÌ.Etåined i.njury tt: bscl'; muscles- Hel'¡everr pain in

lau¡-bark !.n-ir-rry rnay he the result tr{ ligament fr¡- jr:int

cap=ule irrita.tisn ando in thi= três'en *xtreme= n{ trunk snd

pelvic rnætisn inay have tæ be avæided" I+ anteríer

inrlinatit:n nf the trunk and,¡or peLvis snust be restri.cted'

pralanged rfr repeated climbing af stsir= rf,r- rårnF= rnay have'ti:

he decrea=ed tr¡- elirninated f rorn a jsb" I+ the pæ=terinr

i nrl i nat i an cr{ trunk and/or pel vi = rnltst be regtri rte,d t stai r

desrent in ths r*s¡-l-.:place r.ssuld be pre{et-able tn rårltp descent"

1+ the te:t.sl srna¡-tnt r{ t¡-unl'; er:cursic¡n rnust be restrictedn

çtsir- snd rð.fliF nalkinç rnay have ts be decreased Er eIíminated

frnin a jt:b, I+ the trrtsl arnæ¡-rnt s{ pelvic e:qcttrsinn mlt=t be

reçtrirted, a decrtåte, in Èhe amæunt ef level u¡s,L[,:ing ¡"¡ru1d

be reqlrí red and , i + cl i nibi ng acti. vá ti F5 årt netressåry

Ëürnpænents o{ å jsbn =tair cLimbing and de=cending s*ruld he

preferahle tæ rårnp clímbing snd de=cendinç'

Êesultç {rærn thi= =tudy might al=o be used in preventian

sf 1sr,,¡-back injury. Thl= lsad En the back i= increaçed dltring

stair snd Ë-å.rltp clinrbing *nd thi= mugt be taken intt:

ci:nsíderstion when estsblishing rersm¡nended limit= te¡r weíght

snd dimençinns o{ c¡bjerts tc be carri.ed in a particular j¿3b.

There is ns *ppar-ent dif{erence betrseen =tairs snd rsrnpt with

re=pect ts dæ¡nands upun the trunl* cnus,culatursu hæurever

stabíLity of {onting, equrilíbriun t:S the tctal brdyo abi1ity

æ{ the r+t:rFrer ts see the pf.acen¡ent i:{



hi=/her feet, and lscstian t:f the centre c:{ grxvity of the

bndy Ever the paintç æ{ =r-tppnr-t inust all be tsken ints

ct:nsideratir:n when nra[-;ing FetrÐrnftendatisns fnr inndif icatimns

rf a speri$ic joh tn prevent back injury-

Thæ rt:le c¡4 the trunk inuscle= in lt:rt:rnstian is carnplex.

5i rnr-rl tanes¡-r= three-di rnengi t:nal [';i nernati c , Fti net i c and Ef-lG

=tudieç need ti: be carried cut te cl*rify hudy segnrent rnntinn

and trr-rnk rnuçcle sctávity in norrnals. ln additisn, =tudies
r:f FeFEÊns r+ith l*r"¡-ha-ck injury =hsuld he cnnducted tt=

deterrníne i+ di{f erences in lcrctrrnstor Sunctien exíst åË ã

reçult r:S back injury. Studies ef the s{{ect= n# changes in

rårnF i nr1 i nat í sn and stsi r di rnensí üns ün hody segrnent

di=pIace¡nent and trunk ¡nuscle activity alsn need tn he

canducted "

Ts dste, the trsr+er li.rnb has heen the faclts e{ the

in*jurity o{ g*it =tudies, but the r-tpper body ¡*suld aFFear f-s

Flay a signi{ira.nt rsle in hltrnsn locsinstii:n" Eiiven the'

prevalence and econc¡rnic ct:=t o{ hecþ; injr-rry* cla.r-i{icstitrn s{

thæ ræle nf trr-rnþ.: rnrtçcleç in nærmal {r-lnctirnsl rnæti*n,

i ncl udi ng 1trccrnc:ti irn , i = eç=enti sl . l,:.nn¡*l edqe nf the nnrnis.l

shnuld ræslrlt in adaptation cr{ the enr.írenment in urder tcr

asçi=t di=eb1ed individual= tr return ti: war-k snd atr=,n tæ

pr*event injuries that miEht have lung-term sscial and

ecsnmrnic impart"



ÅHHh¡Hns

Ir1 Ð3l.dtiH3



sftl.

The j.nridence of back injury is a =ignificant problem in

heavy industry, particltlarly in jobs that requíre f requent

bendi ng , tr+i sti ng , I i {ti ng and carryi ng. klal ki ng Er1 the

lë'..etr as ¿.rel1 aç cliinbing and descending stsirs and r-årnpç årËi

trcrn¡pÍrnents t:{ rnåny jcbç, however little is l';nce'un absut the

lnad En the back praduced by these types af lt:cc¡¡nrrtít:n"

There{cre, the general purpo=e= t:t thi= =tudy t{ers ta ineesure

and csrnpsre displarement t=S the i-rpper bndy =egment= in the

=agitta.L plane, and the asnt:unt and pattern nS myaelectric

activity a{ erector spinae and rertlrç ahdsrnini= duríng level

eral hing, stair cl imbing and descent, and rå.rnp cL imbing end

desrpnt "

Electrc¡r*yngraphy l.laç lt=ed tn anal!,ze the actir,íty t:S

erectt:r epinae and rectu= ahdc¡rninis in lEl norrnal rnale

çr-rbjects" Fætrt s++itch*ç &rrere used ta identify the ternpnt-al

evænts in thæ gait cycleu and =imultanesus hiqh =peed

cinef itrrn s"¡a= lrsed tt: recsrd tlre dí=placement e:S tr¡-tnk and

pel"ric =egments and hip anEle in the =agittal pLane" Earh

sr-rbject u¡a,s assigned a random seqttence of ltrrt:rnt:tínn type=

.end æsrh type we.= perft:rrned three ti¡nes.

EPIË data s-JrrÉ pre:ces=ed ta give å 1ínear envelæpe

cenf içuratåæn" The præcessed Ël{Ë signal , f actsuuitrh

=i gnal s snd a f í l rn synchreni u *tí c:n si gnatr. FJËrs A"/Ð ct:nverted

and stnred En rn*.gnetic di=c. Using rustsm-desiçned =of twar-e,

ternparatr evænts ïrre¡-e deSined snd the EFIG =içnal€ þrE'¡-É then

relate,d tu these e'¡ænts, U=ing a phntn-cpti.raL ansly=Ër and
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digitiaing tabl.eto body *egment co-rrdinateg &rere! extracted

frs¡r¡ the cine{ilm and gtsred En å magnetis disc. The rat+

cs*nrdinste data hrËr€ subsequently .Ëilter*d åad trt¡nverted ts

give trunk and Belvic inrlínatinn valuep ræ14èíve tcr the

verti.caL and hip angLe dsta.

Êtl ternpnral and dísplaEsment dnts $Ere rel.ated ttr the

ri.ght gaít, eyrlen and the êværåge ûf thæ tstal electricel

activity aS eaeh m$FËlË clver a right gait eycle wes

caLcr-rLated and exprs*Eçd åË å pærrentage m.$ s ¡ûaxifiurn

vr:luntgrÌ¡ cæntractísn rr{ tt¡xt muËelç* Ftrr esch parameter

cnrnpariaern* *{Êr€ rnade hett*een lscçmr¡tir:n types u*ing a

repæatæd maseurets analy*is er.f varignce.

Ëlight di{ferencæs ån timing cr# the principal phaees o{

ttre gait cycle derË çsbserr¡Bd beÈ.s'æsn eaeh type a{ tr¡¡camotion.

Fie$ifirant di{*erenceg ån dur*t,lsn tr* çysle! csdencer body

r*grnent díæptacement and Fmcut'sítrn¡ and thæ annunt *nd

pattern t¡f fi¡ì¡meleetric activåty $Êrel evídçntr vlith cLimhi.ng

snd dsscending at æppnaá.te ends p# s cnntinuufl snd lsvel

u*lkång i¡r the n¡íddle.

Ður*tlnn n{ çyÈLå tsas l.Ënger in the rlímblng than in the

d*s.cendimg lc¡rt¡rn¡¡timn typea" Çadencg ar&E higher i.n Sitair and

Slarnp descent, lrrwær' i.n fitamp #limbínE- Ênterir¡r inclinatísn

r¡f trunk and p*l.vie xegntentx waa signi$iEcntly greater in

Stair *nd ftanrp climbíng than in dsscending* Flaximum hip

{lexion t¡e curred in thæ cl. imbing lmcerrnc¡tåe¡n types whi Le
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maximufi'r hip Fxtensícln ßtrtrurred in Level. t{alking and Flamp

Ëlí¡nbíngl Ën êverãge the hip díd ntrt rnnve ínts æxtension

duri"ng Ëtair and Flarnp llssçent. Tætal e¡ccursisn e{ the trunk

øægment u*a* snrall, but ¡.¡as largø*t, duríng Famp trlímbing.

Tstal *xc*rEånn n* the pelvic aegnent Ha€ greater than that

s* thæ trunk segment and nra¡si¡num exsur"siqn $csurred during

Lævel t4aLkång" Haxå¡nuri excursitrn r¡f the triB srcurred during

Ramp trlimbing" Tlræ rnyneleqtric qctivity t¡S erectsr spinae

wer signiSicant,ly highær durinq the clitnbing lçcsrnt¡titrn types

snd lsr,r¡æst, dur.ing the deseending tytræe. The mycelectric

activity af rsstu* åbdcn¡iniË *sås lasr in all types a*

lucrrnmtfan¡ onLy in Ëamp ÐescsRt, was ít higher than ín the

nthær type*" Triplraæåc nyaelectric activi.ty r+aæ cbEervEd in

htrt,h ærertæ¡- rpinae an$ rsetug sbd¡¡rnínís" 8n averagen the

nraxi¡n¡*rn peak aS erertcsr spinaæ activit,y ncçurred duríng the

sçcernd tfu¡ublc Supp*rt Fhaçæ t:.f the gait cyclæ at the ti.me of

åpsåtateral End n* ldeight Ëearing snd çantralsteral Initi.al.

tc¡ntact. BeEidæF mc¡tinn in the aagittal Flånë? r¡hich was

ínvestigatæd ån thiË t'ssËårch, thie pat,t*rn uf eræctnr spinae

autivlty may bæ nelatçd t¡r csntrnl a* trunk ¡nÐtínn ín the

çt¡rc¡na1 snd trenËvËrËæ plñngs" Thm tisning r¡,F the peak

activity t:,f ræctuç abd¡:minis srås clnæely relat,ed ts, that, oS

æreet,trr spinaæ" The rnsxi¡num peak activity *f rectus

shdæmínåã wås lesc çeinsípt*nt tham t,het sS eræctar spínaen

but this musclF åFpæãrs tæ have mult,åple synergísti.c
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{unctii:ns +qhich rnay cnntr-ibute ts trunl: control ,

rs-ærdi nati sn and eqr-ri I i bri um"

Eecause rnytrelectric sctivity ha= been shswn t* bs an

indírect rnessrtre nf hask le.ad, it Êãn be canrluded that Ëtair

and Rarnp trtinrbing give rise to grea.ter loads nn the =pineL

r¡rechanisrn t.han dæ Ëtaír and Rarnp Eescent Ðr Level hlalÞ;íng"

Theræf*reu jæb= thet invslve å high {requenry tr+ climbinç

activitiEr msy place, higher dei*ands crn the bacþ; than wsltld

jr:b= that in'¡r:1'..8 Ér¡Ly walking ün å level surfare. It iç

recr:rnrnended that the læcs;¡ir:t¡r dern*nds of a partict-tlsr- -iab be

e.naly=ed in nrder tn a=si=t bsck injured r+ærÞ;ers tt: reti-irn te

SuSL t:r mc¡di'tied einployrnent ã5 EEt:n as passíble a{ter injury.

t'înæurl*dge t:{ the phy=iral derna.nds s{ the lnccrnirtc=r rarnpcinents

t:S å jcb Ëån alss he used tc: prevent bacÞ; ínjuries in the

r+ær kp 1 åtr8.
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rbdr-rctar rn¡¡sc!e actimn dr-rríng le,vel and st*ir

e-rnbulatit:n" Fhy=. Ther. å3: L597-1åü5.

LUÍ-|5FEN, F"H" and ¡{üÉRI5r J"¡"1. {1çåË}. Ên in vi.va =tudy n{

a..:iaL rætatiæn end icnmnbil iratian st the lunrha=acr-al

joint" J. Fcrne Ji:ínt Surg. 5ÕA: 1591-1&r13"

Håtrtrút\tË+ILl-? t"l"A" and EdlË¡"lAJTAi{r J.V" t1ç771- lnlusc I and

l"lür'e$rentç. Hr-rnti.ngton, NY: Ë" E" l'ireiçer"

¡*lÊËGÊAr É" and ËûruE¡\tl E" t 1ç7El¡ . tninputer editing *f

el ectrarnyograp|-ri c ræcsrdi ngË. El ectr-oinynqr " f,l í n "

Neutrophy=i o1 " 1Ëlc f,5-4="

FtAIRIftUHu F-H-, Då+UIËr F"R. ? STUBEET F"A", ÊATY? n' {1ç84}"

Relstinn betu¡een intra-abdi:min*,1 pre==ure *.nd Lurnbar

n¡clrnentg r¡hen 1i{ting weiEht= in the erect posture"

Frgænorni.rs Ë7: 8E}3-Eï?4"

F'|ARÊ{ûLFe li. L" { 1?7=} " te+Ërrnati e¡n n* the thnrsct]l uri¡har

intervertsb'r*aL joi.nt= in r-æ5pænEÉ tc¡ er:terna.l Lsads:

biorsechanical =tr-rdy lisinç autepsy rnsterial" J" Elnne

Juint Surg- 54As 511-535"
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MFIÉRAËr l{" 5. s þ-iIHË? A. I. î JüYNT, R" L. t 1çEl4} . Í{easlireffients

ef lae.d= an the lu¡nbsr spirie undær isninetríc snd

içakinetic rt=nditions" Spine ?: 17å-1E}7.

FIAYEE, T.G. ? 5HITH, 5., h:úNtRAStiE, 8., EåTtrHEL, R.J. r

f,slÊ!"ÌICHêEL, T"H", F,lBtt{EY, V" ttçE}5}" Elua,nti#irs.tinn {]{

l urnbar {nncti sn; F*rt 3: Pretr i nií n,ary data *n i so$*i neti c

tær=e rst,etit:n teeting hrith myoelectric spectral

.snslysis in nor¡nal and lctr¿ bsck pain çubjects. Spine

I i-i" ffl ?-{fTf-l

F|ÊYEË' T"Ë. ! TElUtEFtu A"F. E HHISTüFERËüh|? Ë. ? f'lDüF'lEYã V"

{1çEl4}. The uçe sf næninvagive techniques {r:r quantificatisn

a{ apínal rangæ-o{-rnotit:n ín nt:rinal =ub-! ects *nd chrnnic

lep¡-b*,cl¿ dys{unctiæn patients" Spine Ça 5EË-5?="

ffiêfHEk¡, T.F", f\¡üRTtÞlE Ë. J" ? 5Ëål-.lRFlåNf{, 5. å" t 1çEl3i .

Electro¡¡ryngi-aphic study u{ the relationahip hetu,¡een

harn=trí ng and ahdnmá nal nrlrscl e,= dnri ng a lrni l atsra3.

straiçht leq raise- Fhys- Ther" å3: 17åç-1773"

FIüLE$Ë, H" Ð. t Iç73] - El"lË ínstrurnentatinn in bia¡nechsnical

studiæss Amplifierç, reccrders and integratsrs. In:

t'ler"¡ Devel ilpmEnt= i n El ectrúfüyoqratrhv and [1 i ní r,s]._

l{eurû.p_h'{:¡i {rl nqv, Vel " I " J. E. Desrnedt ted. } " Bssel :

¡¡'------t'.-r¿f L¡Hr .



t"lILLER, Ð" J- {1Ft5} - tflniparisæn Û{ ælsctr-snryographic

acti '¡i tT i n the l urnbar* para=pi nal rn¡:scl es r{ sub jects

i+i th s.nd ¡¡ii thaut rhri:ni c I crr+ bscl: pe.i n " Fhys" Ther. å5:

Í.347--1=54.

t-trLÍqEË" H.n ËÊ5t4åJI*hlr J"V", GUAÍ{FUË"d? *.Ü- {tç71}.

f*lul t í *actæi*i *1 anal y=i = rrf wal Þri ng bi, el ectrainyngr*phy

and ccrrnpltter. årn" J" Fhy=" f"led" 5u: =35-?58"
¡"ÌrzRl+HI, J. u 5U5An, E. o l{ELLEftu L. u hIAJE¡{5ü¡\t? T- {1çËË}.

Ua.ríatiæn crf time-diEtånËÊ par*meters n{ the --tridæ sç

related tp cl iniral gait iinprcverment in heiniplægic=.

5cand. J. Ëehabi I . Pted. l4: 133-14ii.

ffinsËEå ¡':. L" {lçEË} " The Eevel in¿¡ Hnrna,n {3rd ed" } "

Tnrr:ntc:: t{. Ë" Ësunders.

r'ãüRRIË, J.H" r FEmhlEË?

el ectr*inyrgraphi c

h*cþ; i n rnåF¡. 'l "

Í4üF:RIË* J.H., LLiu*5r D"É. ?

trun[* in stability of
À5ñ- ?41 TE{¡+JH: J-¿ / *JJ.¡- 

-

t'tuÊRÊY, H. F. t 1?å71 .

*m- J. Fhy=" l*led.

F¡|JRFFiY, $'1.F" ? tRÐUËE-lT,

Ë" r LUCAËo Ð.Ë" t1?å?1 " An

atudy n{ the intrinsic rnuscles a{ the

Ëlnat" iLsndrrnl ?å: 5ü?-=Ë+.

FEEËLEH? E" tLç&L)- ËnLe u{ the

the =píne" J" Eane Jsínt Sltrg,

Ëait ås å ti:ts3. pattern r:{ r*c¡venrent"

-ú¡ ¿ ¡g +*.J

Ëå.F" ã l.;tRY, Ë.t . t 1?å4) " tclsl ki nE

Joint Ëur-q.4oÉ:3f--p.=ttern= af nnr-*na1 r¡ien. J. Ëæne



F'IIJRRåYå ¡"1.F. r F,::ER?ã R"t"

patter-ns in healthy

HURRåY, H" F. ? l.iüRY, R" ü.

tnrnparison of free

._\-c3

î ELåftF.5ü¡\t î E" H" t 1çå?1 " È{s.i hi. nq

sId rnen" J" Ëer*ntnl. E4= ra+-lz*,

, cl_AÊtr,ËEhl? Ë.H. ! ËEFIË, Ë.Ë- t1çåål "

and f *=t speed ul,+lking pattern= nf

Fhy=" l$ed.45:8-"4"nnr-maI

ÍrlåcHEå-lËtþl s Ët

1**.ds:

ÍnËn. Arn"J.

{ Lç7Ël} " Ëluanti tetí ve =tudi EE EFi I lrinb*.r spi ne

inipl icatiünË +t:F the scientis.t and the cl inician.

ïn: Fi ciinechsni cs Vï É u E. ågrnussen *nd þ;. Jrr-gen=en

fa¡le ì

ilåfHEFlSüÍi¡î Ëå"

rr? ¡-.-

f{*trHË¡.f5tifr¡! å"

Baltirnrr-Ê: Universit'¡ Ferk Fress.

{lFE}l} - Síçc Fr-ËEslrre rneåËLrrernentç" Epine ås

snd *NtlEFSSEltlr E.e¡.J. t198?]. Cla=sí{åcati.t:n

sl$ I e¡*-ba,cþ; pai n. Scand " J. ldt:rl': Envi trEn. ilesL th Ël:

13rt- 13å,

FlËåtrFlEl.l5ú¡q, A. and PIúF:RI5î J. f4. t 1çå4] . In çiva

meåËurÊments n* intradiçral FFsËËure" Þiscametryu a

methæd fcrr tl-re deterrnínation oS FrEEsLlre in the lswer

lurnbar di=cs" J. Elsne Jeint 5ur-9" 4åE1: tÕ77-1{¡?7"

htÏL55*þJ, J., THnË5T'Ë¡{55üf{, A., HåLFERTËÍ"|A, J" {1FEt5}.

ChanEe= ín leg rnnvementg a.nd rnusclæ sctivÍty r,¡ith

sf lclccrrn¿:tinn and rnode mf prngressiun in hurnanç.

Fhyeinl Ëcand. 1?3: 4=7-475.
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HL E.d

þltEtrf{, H* n ÐRTEÍ{ËRE¡\I, R",

Í4easlrr*rnentE c:f trunk

ùf ttJ-!Ëtt ? -

AruFErissüNr Ë"F-J. {1?grt} "

rnevementa durring wsrk. Ëpine 9:



ü'üEF"I¡{ELL ? Ê1" L- ã,nd GAFTFNEË ? E" { 1çå3} " The use t:f

elertræmycgrephy in Ë;ine=irlegical r-e=earch" Re="

Eluart. 34: 1åå*194"

Gruü, +i. {L+58}. ËLertrarnyt:graphic studie= c:f the shdnininal

r,+aL 1 rnu.çcl e= i n vi =cert:ptu=i s. I . ftnaL ysi = o{ patter*ns

a{ activitv o{ the ahdærninal wal I nr¡-tsrles in nerrnal

adult=. fof,crL*,:" E:tper. t4ed. åEt: 347-354.

üËTËf'lËRE¡ìlî R" and ANÛERSËEh¡' G.E.J. {tr?77} "

El ectri:¡iryægraphi c studi es t:f trunÞ; musctr e= u l'¡i th

=pecial r-eferenre tn the tunctisnal *natcriny af the

lun¡bar spine" Ëpine l: 44-5?.

üËTEFIEËEÍ'J, R. o AN*EËËËúÍ\¡r G"El"J" r hl*tHEl"'lEüfqr A.L. (Lç81} 
"

Studies t:{ rel*.tit:n=hip hetçseen luEnbar di=c Fl-Ê=Eure3

rnyrel ectri c bacþ; nruscl e scti vi ty, and i ntr-a-sbdarni nal

tåntragaçtr-ici prestuFe. Spine ås çEl-1r]3"

PA¡{JåËI , H, ffi- {.1+77} . Experi mental determi nati crn o# =pi nal

rnntisn seqrnent b*hs.vior" ürthnp. f,l in- t{" Ëm. E}r 1åç-

I Eli¡ -

FËåftlJÊËT, H-ffi. ï EüELu V.H" ? TÊF;ATA, F-:. tåçEi"l " Fhy=inll:gir

strrinç in Èhe lunrbsr spinal l iganients" Ëpine 7: 1ç?-

?al3-
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FñRE, E.E", STEEI'J? J.T. ? Ëf,¡-{t¡IARTf ? J-¡{. i1?E¡Li " Functic¡nal

di {{erenti ati cn pti. thi. n the ten=or Ss.sci ae 1at*e'" A

telemetered electrsgnyægraphic s.naly=i= n4 its 1r=crr¡crtui*

rnle=. J" Fane Jciint 5r-irg" &3å: 1457-1471"

FÊÉTRIEÌGE? H"J" snd hIALTERS, tr"E. {1ç5?}" Farticipatiirn s{

the abdrr*inal rnltscles in varimlrs rn{f,vernænts sS the trr-lnþ;

rrn mån. Fhy=- Ther. Eev" 3?:7T1-gr]ú"

FATt{åRnF¡f,þJrË1" r \¡Ah!DEHËYr R., tf;NIEHT, Ë.þJ, r ËtGFtr'j, H.J.,

LEUïFIE, F" É" { 1çE}5} " Ëi onieche.ni c= tl{ the spi ne" In: ALLas

s{ trthætics ilnd sd. } hl" H" Elunch o R. I.ieaçy n

Ëå"8. I'iritteru L.H" Þ:.ruger, l"t. Letts, J"E. Lon=tein,

E.F. Flarsrlaisn J"E" l*latthes$ç, L"ft" Pedega,na {e,dç" }.

St. Lc:uis: f{æ=by"

FåULY, J.E. tiFåå)" An electrsrnyographic analysis c:f certain

rgievernentç e.nd e;*{ercises 1. Ssrne deep rnu=c}e= n{ the

bacl*. Anat" Rec" 155: ?7=-?34.

FåULY, J" E" a.nd ËTEELEo R" H. ttçåå¡ " Ëlertrornyagraphic

*naly=i= r:+ bacl-; EHErri=es #ur panaplegic patíents.

årrh " Fhy=" I'ted, 47: 73r]-7få"

FEARüT'? fol"r FtrRTEF{n I., SHEFFIERI}? J. {1+94}. Three-

dirnensit:ns1 H-rav analysi= rS nsrrna!. rn*vennÊnt in the

li-taib*qr spine. Spine, ?s =çit-ËçT"
FEAË5üF|t l{. t 1??ål " The cæntrsl nt wal king" Sci " åni. ã.lE:

J ¿ UUe



FE*Tn H. n ËR*HFìf'tE, R., FULFüRFu R., GlUAftlËURYu A"Ú" {tË7å}-

ån elËtrtrÐgi:niÉmster {r:r the ineesltr-Érrient s+ sinçlÉ plåne

Ín{f,vÉräËntË. J. Ei.i:¡nech. Ë: 4?3-4=4"

FEËRYr J. {1FE}5}. lrl*rinal and patholægical gaåt" Ine ÉtlaE

e{ ürthotåcs {End e,d. } r H.H. Bunrh, R" É*'eagyt

Ë+"8" $r.rittern L"H. kírugern l*1" Lett=n J.E" Li:nsteint

E.Ë" Flarst:lai=n J.tr. f'latthet'rso L.Ê" Fedegana {eds" }.

5t Luui =: l'lasby-

FEHRY* J. o E*+STEEDAYr t" 5. , AÍiJTEhIELLI r F. J" t 1çE}1! " 5r¡r{ace

vsrsLtË intre.mu=cular eLectrodes fær electrnrnyægraph-v* *{

=uper$årial and deep rnlrstrlss' Fhye. Ther" åL: 7-15.

FrHEÍ{TflLo H.A" ? sHåF1Hú? Y. o FålSÐnLFn H.B. tLFË3} "

f,ornpari=nn c:$ r-tphi 11 and dar¡nhi L l e+al king and csncentríc

a*d eccentric cycl inE" Erg*nær*ic= ã5: 373-3Ëlt].

FüRTh¡EY! H. årrd FlúËIf'¡î F. { 1F=å} " Electrr:rnyographi.c s"s.r-idy u#

pæ=tural r*usrles in varieu= pt:sitii:nç and nnnt'er¡ientç.

Êmer, J" Fhy=it:l. 1Bås L=3-1Ëå"

üUAF.¡ËUËY, A. Ð" { 1?EI1} " Fersnnel Ëirr$rnlrnicatimn"

ËL,AI'JFURY, A.E" t1?ts5¡ " Fers$nal cr:n¡niunicstíæn.

ftf1þltHú L*5 A¡"lTËü5 HUSFITAL {Lç78¡} " filnrrnal and Fethslsqical

Eait Ëvllabu=" Dcwney, Cå:

e.nd Fhysi ca.I Ther*py llept " t

Fathcrkinesialogy 5ærr"ice

Flar¡chu 1æs A¡äigus Ho=pitaL "



RErIl ? J. E. ( 1ç94! .

deteriníned by

Rehabi 1 " å5:

ËüÐEER5! l"l.f'l- and

bi. t:mechani. caL

UTi UÈ ¡U!

Éü14åNEË u Ë" J. ted. !

Êne'toinv { L4th

RúËEþIFALüþ: r Ë+. t Lçå{t} " E'¡al usti sn

Physice.l properties c¡{ the hurnan trunÈl ã.8

crrnputed ttlmography" årch. Fhy=" f'led.

f;åVåNAEH, F" R" t 1FEl41 , Ë1n=sary cr+

ter¡ns. , crf rrtrepts and un i ts " Fhys. Ther "

t 1+7e! " Cutnninqhårn's f{anu*,l o{

ed. l. Londen: üx$t:rd Uníversity Fres="

ve:Stage recarding" In:

el ectrs¡nyoçrarn by

EL ectrt:ni cs

t:{ the

f,tedi ca1¡t¡Êidt I

c- ht- Smyth ted"l" Lnndnn¡ I1i.#{e tc 5Éns.

EånLËR, T.H. t1çEl51 Lsnsrnan'ç Fledi cal Embrl,t:l crE.¡

{Sth ed. }. Ëaltirnt¡re: tdilliarn= & t{i1l:ins.

5åU¡ì¡ÐËRgn J.B" de Ë.1"!. o ïNf*lAhl,

The inajcr determinant= in

J" Bclne Jciint Ëurg" 354:

Ëtrt-{uLTIo å"8" E *Nt}ERs5ühtr Ë"8

Ê{DFÐIf'l, ¡"1" t 1çË}3} . ånaL y=i s

r¡ieåEur-Êments a{ Loedç sn

r*eíçht= in stænding pri=ture=.

U.T EFEËHËftTu H.Ð" {1?53i "

and pathelngiral gait"ner¡nal

J.+-]-..riJE3.

"J. ? üRTEÍ{ËREf4! R., FJüRþ::e F:. ?

and quantítatíve rnyaelectríc

the I urnba.r- =pi ne to¡hæn hnl di mg

Spine 7: 3?ü-3?7"
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ËtHuLTIÌ Ê-E|" r åf{t}EÊËËEþ¡? E.Ë-J. r üF:TEhlËftEH'R" s H*I}ERSFEtrH?

t'--, ÍilAtHEHSüÍ\¡, A" {LçE}?i " Lt:*d= en ths 1t-tinb.*r spine:

vsi idæ.tiæn cf a. bis¡nechanica.l e.naly=i= by m*4.=ltrement=

tr{ íntrsdísrsl Fre=-*urss and myoelectric =igna1s" J.

Ëcrn= Jsint Surg. &4*: 713-72*.

5trtTÏo È"F" and TRüf4FLYn E.*- {1çEl3) Euslnatíon. In:

Eccupqtiænal There,pv {s¡-. Fhvsical I}vsSLtnctic¡n

t?nd ed- l. Baltirnsree hlílliains & iElilkins"

ËEÞIËEÍ{IË, E.t" tlT4Ti " The es.rly devel*pinent a{ thæ human

vertebral cs3.Ltmn. Csntrib. Emhryal " 3.3: ËL-41"

ËHEFFIELÐ, F,J" {1+åã} " ËIectramyngraphir atudy n{ the

abdorninsl inrtçrles ín +latr l-;i.ng .snd other rnrrvernentç. Am-

J " Fhy= " l"ted " 41 : 14:- 147.

5rEËLEF:u 5., F{rLLSTDI'Ir l-'1"J", FHEETÍ'IAN, H., HnsF.ÚtdrrZr G"

t1çE=). Ef{ect sf rnynel*ctric processing t:n the relaticrnehip

bet*¡een ¡nrtscle {nrce and prnce==ed Ët'lË- Am" J" Fhys"

t4e,d " å4 r 13{t- 14T.

ËI"'|IDT, Ë. L. { 1ç?1} . Híp rnstian snd relsted f actr:rs in

u;alking" Fhy=. Ther. 51: 9-Ë1.

5l'lÏTl-{o È.J" {1ç75} " Fhstr¡gt*ephic anaLy=is æt r*i:vernent. Ïns

T¡arFrn'i = Snr Ênal i ¡ Fl Ll¡.æsË L Ð- h¡" Ërei ve,

Ð" l{i tchel =Er¡ r J

Lepu= tsr:ak="

F. Fau!., É"J. Smi.th {eds" } " Lond*n;
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$þlüüF;3 Ë. H- t L9E5i " Escl.; e.nd sth*r ¡*uscul ss[:e] etal

di=srders" In: úcclipatienal Health: Recsqni.zÍnq and

F] r- event ñf, l¿ln+-Þ-tr'e'l s.|" a¡l B" L. l-evy and

D. H" hlegr*an {edç" } " Torænts: Li ttt e Erewn "

5nüERFEËE, Ë "L. {1FE}&t " Hinesío1t:cv: Ê¡rplica.ticrn tt:

FathÐleqical Hntiæn" Faltirni:r-e: Hillíarns *nd tqlilE;ins"

SúBËÊËERE? E"L" a.nd E+1RR? J.ü" {19Ë3} " l4usrulsr functit:n in

rhrnní c l t:n¡-bsck d},s{uncti c:n. 5pi ne El: 7?-E}5.

5üÛERFERE, Ë.L" and f,útHo T.H. {1çË4} " Electramyrçraph;+ in

bismechanic=, Fhy=. Ther. å4: 18l13-lE?{t.

5tt":A¡-n R"R. s.nd Rú¡{LF, F.J. t1ç8L},

Ësn Franci strrf,! hl . H. Freernan "

Ëi t:inetrv {?nd e.d. } "

SFEFIELEËo ú.H,, FIËûË, S.J", ¡'IARTIhl! N-å" r ZEI'Iu J., Fï5HER,

L" u ¡{AËHEFlSühlr *. t1?Bå}. Back injuries in industry: a

retrnspectíve =tudy. I" ü'¡erview and cc:st *nely=i="
/

Spine 11s ?41-?45"

5Tüüþ:t{ELLr R"A. {Lç7ç} " Ëii¡lnq¡¿ q+ Cet:tf f éqe çEll_q.

Lc:ndc¡n: Ëarnbridge Uni versi ty Fres="

ËTRüHL" ['i.F", f"lEåÐ, J., ËÊNÏETT, R"Ë", LtÉÏhlËu 5"H" r F;üEtrl-{î

F.*- tlFFt ) - Regional di++Ér-Encts in abdt:minatr rnuçrle

acti.víty duri.ng var-iELrs ffiånelrvers in hltmans. J. App"

Fhysit:l. 51s 747L-147É.

STUEËS u F. å" i 1çËl1l " Tr¡-tnk str*==es í n rnn=tructi *n and

ather indu=trial r+ærkers" Spine &¡ B3-Ë!F.



SUTI-IERLåÞ{D! f¡"¡-'1" ã.nd HêËYr J.L. tt?7?l " l{es=uresnent æS gait

rnt:vernemtç {rnrn n¡c¡ti æm pi ctltre { i I ni. J " Ei:ne Jsi nt 5i-irg "

54¿tr: 787"

TATËì, J"å. tl.çgttl . ån electrrgc¡nit:rne.tric analysis o$ l":næe

jaánt rnE:'¡*ment and elertrr:myt:graphir study nf the pea.l+

sctir"ity crf the thigh snuscles dlrring the =tsír cycã.e ín

ner¡nal= æ.nd Sirrne arnputees" Fh.t" The=is, l-Jniversity rf

Flaní tt:ba, l,{i nni FeÇ ¡ Canada"

Tt+üR5TEHËËilþ¡, *. o tAftLËülSu H., EüI'ILEFERo H"R. r hlrLSSüN? J.

i 1çæ"1 - Llirnhar back rnnscle' activity in relatirn tcr tru,nk

niovernent= duri ng l scnrnoti on i n rnan. ¡lcta. Fhy=i al .

5cand. 11å: 1*-':ü"

J. f trËrR5üN, H., Züt"tLËFEË, Ë.THüR5TEf't55úhl s

t 1?Ë!43 " Trunk

4", rurLËSúFIr

müverftcintË i n hurnan ltrcorncrti.i:n" Acta Fhysi*1.

Ëcand. 181: 9-3".

THEESTENãËÛN, 4., úüÐSthl, L. o ËAËLEEfi¡., l-1" t1?El5l" l{c:tc:r

cuntrc¡I n{ væluntary tnunÞ: mtlvernents in standinç- Acta.

Fhy=io1 . Scsnd. LË5: 3f-r9-3?1"

THUR=-Tfilrl, A" J. { 1çÉ5} . 5pi nat and peL vi c lti neinsti cs i n

nstenarthri ti s c:{ the hi. p joi nt. 5pi ne lrlã 4å7-471 "

Tl+UÉ5TEt\tn A"J" and HåRÉI5, J"D. (19Ë131 . hll:rrnsl kinernatics *{

the Lur¡ibar =pine *nd pelvi=" Spine Ela 19?-?r]5.



???
*1*J.J.

THURSTEhI? A"J, ? lÊJHITTLEå ¡"l.ld" ? STÛHES! 1.*.F" t1?ELl. 5pinal

and petrvic rrnven-¡ent dr-rring r+alking - å rlehr rnetht:d c¡f

sturiy. Ëng" l$ed. 1{¡: ?1?-===-

TïE¡-{*UEF' E"R. tJ.ç71.} " Ël pilcit =tudy of the bi*:inechanics o{

1i{ting in simulsted industria.L r:*r[: situatirn=" J-

5e{sty Eeç. 3s çËl-l t l$"

TË{ACIUHT ll" (lçÉËi! " Tsnsile properties sf human lui*har

lrngit¡-rdir¡-ql I igaments. Acta ürthcrp. Ëcand. (Supp1. )

I tq

TEHUHIËt, A., tiIêËASHIFtår H- o TÊHEüHI , H- tf.ç85] "

Elertrsmyagraphic kinæ,=iolcgy c:{ lüc.rer extremity iriu=cle

during slupe wal l-;ing" Êlrch" Phy=" f4ed. Fehabi 1. åå:

Ê1 lU-õlJ.

Tthlh¡SEf{D r Fl. å" snd TËAI , T. t. t Lç7å} - gi ornschani cs and

madeling t:S bipedal climbing and descending" J"

Elå nmech " Ç: =?7-ã3F.
TüHrusËÍUE, H"å", LÊlIruHART? 5"F. ? gHIÉlVI, R. n CêYLüR? J.

{1F7El} " !¡arisbility and bicsnechanics oS synerqy pattern= t:{

ËÉrne lcrr+er-l iinb enu--cle= duri.ng a,=cending snd descending

stsi rs and l evel wal ki ng " l"læd, Fi i=l . Eng " tornpr-rt " 1å:

åEl1-ågE.



'T'î Ã

Tüi¡JF{ËEh¡É, I'T"4" ? 5HIålJI, R. o LËrIIIJHËìRT, Ë"F" r EAYLúRE J"

{ 197E}} " !¡sri abi I i ty i n EynÊrga/ pattern= rf leË ¡nn=cl eç

during =1imbing, de=cending anri ieve} r+alking a{ highiy-

trsined *thletes and norrnal rnalæ=. Electrc:inymgr" trlin"

Neurophysi sl . LB: åF-B{¡-

THüÍ'{ET, L"T" snd T*YLÛE, J.R" t19Ë3}. Sagittal nir¡vements r:S

the human trumbsr vertebra.l calumns å quantitative =tudy
ef, the rc¡le tr{ the pnsteríerr- vetehral eS.ernent=" ftrch"

Fhy=- f4ed " Reh.*bi.l " å4: 3"?-f,15.

Usn Ftlnçtn-;rn¡l' -t a tifir Enrvclsnpdia (4th ed.l " tlFåEll "

Toræntn: Van Nt:çtrs.nd"

l¡JË{TERLÊf'ltE J"t. and FHAI"|FES, Ë"H, t1?å+}. El ectrrrrny*graphy:

k i ne=i cl r=ç i calüne link in

resssrch-

IdATERE, R" L" snd

=r-lppærta nn

trunþ; " J "

h¡ATEËg, R" L. and

musclss s{

I.FF"

h¡ATEFt5, R.L" r FtüEËrg! J

the head

the experir*entsl chein sf

Fhys. Ther" ¿t?s Í.351-135å"

['lúERIËo J" H. t t+7ü] . Ef f ert n{ =pinaL
the electr-ic*+l .sctivity s{ rnrtscles c¡$ the

Ënne Joint Surg. 5ËA: 5L-å*"

HüRRT5 ?

the trunþ;

J"l.l" {i.ç7Ë} " Electríral acti.'¡ity t:S

during walF:ing" J. Anat. 111¡ t.ç1-

rnæt i c¡n sf

FERRYs J. t13731 " Trænsletional

a.nd trutnk duri ng nsrrn*l wal ki. nç " J -

Fi r:rnech " å; 1å7-tr 7".



?TE
JJJ.

t¡lEI5r E.B. t1+75) " Stre=çe= at the Sumbi:sacral juncticn.

s.nd l-'IIFIËtrH, f," t1ç71)" The siçni{icance i:{ the

the rnechanícs nS the
tll r ']-a EL

vertebral posterísr elementç in

thnraric spine" Clin. ürth*p"

t¡Jl-lITE, *.4. snd FåNJABï y l*l.l*1. t197Eli " The basic l:ineinatícç

n{ the hurn+n =pine: a revieu¡ sf pa=t and current

kr¡nwledge" Spine 3s 1?-3+"

þ,!ILLIAFIE, F" L. and btåRt¡¡ItrH:î R. {eds. } t 1çËlt;} " Gray 's

eln atnrnv t3&th ed. l . Lcrndon; Ëhurchi 1I Li vi ngstene.

ür-thi:p.

þJHrTE, å" A"

htILLrSGt{, R. Ë. ( 1ç&3} "

srtivity in hltrnan

rËrr T ¡' r¡

htIhtTER, Ë" å- { Lç7?} .

Ynr[:: Jshn l¡li lev

h,rf{TEË, F" A. t 1ç92} "

pathalagical gait

?..r" ¿.r1Ft-r:. I ?

f,ainera speed= {ar

analys.es. Hed.

f,tin" hl. ¡1rn" &* E3-ç1"

A rnethcd eS rneasuring ¡nstnr unit

inlrsclg'. J. Phvsicil . {Lcrndcrn} 1åE};

Biornechanics of Hn¡nan Flnveinent. New

narmal and

Bit:l" Eng. & ünmput"

¡¡rIl{TERo ú"&" tIFES}. Energy ggnæråtísn and ab=t:rption at the

an['.:].e and þ;nee dr-tring f sçto natural , a.nd slol.¡ csdence=.

trli.n" ürthcp. Rel. Fles" L75c 14.7-154.

t{1þ.ITERn E.ê. tlFB4t " Fathælegir çait diaEno=i= u'¡i.th

cnrnputer-sveraged electramyagraphíc pro{iIeç, êrrh"

Fhy=" i4ed - Rshahi 1 " å5: f,ç3-3çt"



t4IÞlTEÉ' n"A. t1çEål. fts{initi.trr'tË,r terms snd EÉn'.'eritinns

related tu hlrman g*ít {trra$t #4}. University of

ldaterlot:: Ðept. crf þ;ine=iology.

tdThlTERr ú.*", EìFEËh¡LAbl, Ë.l'i., H$ts5ENr ñ"4. {1S?ãa}.

Teler.isi.nn cornputer snalysis o{ kiner¡iatics c{ huma.n

gait. tamput- Fi.rrned. He=- 5:4?El-5{t4.

þJIhtTEÉ, D"A.? ËFEENL*b!? R"1".;"? HüEgtlNr Ð,4. {1?7:b}. &

rnícrs=¡¡¡itch sht:e Snr us€ in lt:csrnc:tínn =t,udís=" J.

Ei ernerh. 5: 553-554"

l¡l T htTFtr

s-f

É.s- r üu*h¡FURY! A.ü"

instantanËrÉus Ênergy gait- J" Eisarsrh" ?:

-F- 
ñF-

¿J.J ¿d, ¡

¿{úLF, Ë.L. Ë{nd ËËrEF'lÊJÏå[ilr J"ç. tIFTE¡] " Asseççinent sf

paraepinal electrcrnyographir srtivit*v* in nsrrnal =ubject=
and in chr;:nic bac$t pain patients u=ing s rnlt=cle

bi r¡$eedbs,ck devi se. In r Ëí i:rnechaní cs VI E

! REïFtËR ?

crf nnr¡naL

Ë.Þ" {1ç7å). Ênalyais

I

E, dls¡*u==en s.nd li" Jt:rgensen {ed=. }. Ëaitifüclrs:

University Fark Fre=s"

HüËitERS trnf4FEhlEATIüf\¡ EüARE [F ¡'ÌAÍ{ÎTüEA t 1çË:} " Annrial

Retrrrt " hli nni FeE ¡ Flani tsba, Ëanada.

HüRÈ{EFIS Ëüf4FENSATIüþI B8AËü tF I4ANITÐE¡1 t 1+85} " Annual

Ftenr:rt" HinniFe€ r Flaníteba, üanada.

YAüHn H. J" t 1?E¡4) , Techni ques f nr cl inical as=ÉEtflient of

hurrian rnt:vement . Phys" Ther " å4: tE¡"f -18.3ü"



YåNGe J"F. .ånd tÀJI¡{TEEf E.å. tlfE}S}. Et eËtFcß¡yugråphv

rel iability ín masimal and çlrhr¡ra;-¿i¡nal isornetric

cuntrartit:ns" årch. Fhys" f{ed" Rehabil. å4: rt17-4ãrl"

YETTRå|'|' A-L" and J*trHHåNu H"J" tl9E¡tli " Eqr-rilibriurn snalysí=

{er the {urces in the hurnsn spianl csl.urnn and it=

musclqlsture, Spine 5: 4ttË-411"

IUNIË4, E"FI., TRUú¡qËu H.T", SIt{üt{$, B"Ë- tL+7{rr}" E++ectç a{

skin electrode positic:n rfn averaged elsctrcrnyographic

F4ed. Rshabi 1" 5L: =å4-37".
patentiet s" Arch" Fhys.
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AFFENTIH Ï ? 1 f J._IT J

FREFUFT_CHEçþ: LrsT

I - T¡-rrn Ê!n f orce pl ate and mlrl ti pl exer.

l" Ëet up Ëte,ír=, Rarnp snd Ësrnerä accardinç to the

apparatus seqlrence designated St:r the subject" Flake slrr-ã

É*mp i.= adjugted ts sect:nd level Srs¡n the top"

3" theck FãpEr and channels on chart r-ecorder.

* set sensitivity nS Channels I and å tt: lt] mV/div

- çet gain Írn thsnnel= 3 and 4 ts ãr5*r:1.

4" ËeLect leadg e,nd attach thein tn junctisn bsx-

Leads I ,and å = Fr:r:tsr*rítches

Leeds?tæ5=Ef'tË

5" l"laÞ;e, El.rre ccrr-ect. belt is attached tc: junctisn bæ¡:"

å" Ëheck nuÈput {rom {æ*tçr+itche="

7" F:*epere el ectrc:des - 4 pa'irs bipolar, I reSerence"

g. trut tape {or electrsdes"

ç" F¡-rt alci:hsl =u¡abs* t*pe rneasure s,nd skin marker uith

-1 --!.--J--|jr tit- LF ut-¡t*b -

1r]" the'cl.: lenç. sn cíne ÊÉmsrã.

11" Lo.ad {ilm in trå.inprå.

13. Èttach cine ËårnÉr-å tcr cart ar tripmd {depending irn

app;,ra.tus tn be used f ie-stl.

i+ cåmer-ã is sn àripi:d, level it and check tripi:d

hei ght "

- pt:sítisn =ynchræni=ing light

13" f,hecþ; tru-nl-; targets - 87. - tape.



ÈFFEI{ÐIlt I,L"Ë (34{r)

LE - tape.

Ër-ester trochanters {Ë1 L---LclFÊJ.

Hnee jnints t") tape.

*irst14" åd jr-¡st

+pparatu=-

J q å#.i- =¡l-t

i-Lrn nLrmber hslder and plare with

seqLrentre ht:lder ta rarnp e,nd stai rs n inal';e ELrrE

srder.ËËqLrEntrE cård= år-s i n cc¡rrect

1å" l-asd cnrnputer FrËgrãrn - enter slrb_iect nurnber and date.



ÈFFEf{tïX IB¿ t 34.f 1

ËHFEEIÍ4EFIT FIüUTI I'{E

I . l"leet Ëub jetrt ! EliFl ai n prtrtrEdLrT-Ë, Ehifw EqLrí FrnËnt "

?. Açk =ubject tæ sign rsn=ent St:rin"

3" Ég$': subject to change ints shsrt=./bathing sr-eit and

rumning sheeç.

4" Entsr sr-¿bjert height ånti¡ computer.

5" Ha"¡e subject st,and Gn Ssrce pl*te tn enter weiçht intn

cornplrter "

È" Fill in d*te sheet"

7" Flace =r-rhject in supíne po=i.tion Eri rna,t, FrEFårs çkin

rf,vËr mid .e,bdæmen and trs+rer che=t by rubbing vigarnusly r+ith

*1cohr:I su¡ah.

a l*lark bnny ls,ndmark=

bt:rder cif rectus

{=yniphy=i= pubí=, xiphaid prncess},

sbdsminis muscle and drs.u quideI ateral

1 i nes-

a

åpptry

lf.l

1.1-

rertus

'_"r Ht tf r

Apply Electrcides {rt,er- right and 1e,{t rectus a,bdomini.s,

:riphoid pFÐcsË=.

left

4 is set st

reference sle=træde irnmedistely belar+

Fhntagr*ph sr-rb ject.

Attsch leads - 5 - right rectu= abdn¿äinier 4

abdt:rninis-

theck tr: ensure that gain nil channels 3 and

1ã- Hsve =ubject per{*r'rn rnaxirnlrin vt:luntary ísnrnetric

rentrartiæn: =upíne, kneeç bent, feet {1at t:n rftåt! åFFly



AFFEl'tfiTH ï5=. I {34Ë}

rä.*.þ: i rnlrrn rÊsi Ëtåntrs i mrnedi atel y bel *w c3 ¿.vi. c3 es. Sub ject

fl=xes LrFFer trltnk 15 cm n{S ¡*at *nd tæld "Hnldn drn"t lç,t mE

pu=h ynu d*v.!n". Subject holds pæ=iticrn f ær 5 sectrnds. Three

triaãs s.,ith a .3t] =erand re=t bett*een trisl=" Recnrd sl3.

three tri*'lE irn chart rernrder, recnrd third trial irn

=ærnputer {5 =ec sarnplæ} "

14." ths,cþ.: tr-acinç sf third trisl crn chert reccrr-der" I+ it

i= acceptable, ËTúftE the t¡-iel"

15- Ræpeat prrcedure in #13 snd *14 {cir left rectuç

abdoininis"

1å" ühange g*in trr¡ Eh'*nnel= 3 and 4 tcr 4?Lì*{t.

1"7" Ðetarh le.ads.

lEi. Flace glrbject ín =ta.ndingo Frelpårs the çkin Ever- the

lnsser be.ck by rubbinç viçnrou=Ly r+ith an slcæhcl swab"

1ç" l*larþ; hnny la.ndmsr-l-; {Ls sFinrr-r€ prt:ce=s} and late,ral

bt=rder crf erectt:r spinae rnusc!e, dras"¡ çuide Iines"

?ü. åpply electrsdes svFF riglrt and le,St erector =pinre.
f I . Fh*tr:gr;*.ph suh j ert "

?:-'. *tt'ach leadç - ! = ríght ergctsr =pinaer E = le$t

erectær =pine'e"
Ë3" t'{ave çuh-iect per{r:rrn rna:rim¡-rrn valuntary iscrinetnic

ccntractinnr FrÉne lyingo =tabilize,the lal*er lirnb=¡ aFFll

rnsxi¡nurn resi=tance ín middle nt back iinnrediætely in-Feríor tc:

the =capul.=s" Subject extends LrFFÉr trunk tr5 cm {ru¡n the mst



ånd tæld " Hnl ci , dnn 't

pt:sitisn Sr:r 5 secr:nds.

hetu¡een tr- i al s.. Flerord

rersrder, recnr-d thi rd

åFFEt{ËrH ï,=.3 {34r}

let me plt=h yulr d*u*n". Suhjsct

Thre*= trials wíth a 3¡J çect:nd

all three trial= rn the chart

hal ds

rest

rrmputer {5 sec =anrple'}.
cfn chart recurder- I+ it

#Ë4 {t:r left e¡-estsrr

trísl cn the

14. theck tracing æS third tríal

i= acceptableu 5TüRE the trial "

ã=, ftepe+t procedure in #I3 and

epi nae"

=å" Detsch le*ds"

77" T*pæ f antsu¡itcheg tri subject'ç shseso checÞ foatsr"¡itch

cutput c:n chart reccrdero ådjust i+ nËËesËåry.

?E}. Asl-; sr-rhject tc put crn shees"

?F" ËttÈach bndy markers - Ez, L*, riçht grea,ter trc:chanter,

Ie{t greater trorha.*tern right knee jtrint Iine, Ie{t knee

j¿:ínt 1ine"

3ti" Apply and adjr-r=t belt r+ith js-inction bo:+- l"!al.;e sr-is-F

tl-iey dæ nnt inter{ere æith the Ls ¿narå*er.

31" Attach sll leads I = Riqht Ft¡st Su¡itcho ! = Riçht

Erectt:r Spinae, E = Riqht Rectr-rs Abdcmini=o 4, ! e{t Rectus

Abdornini=, 5 = Le{t Erectar Spinaeo å = LeSt Fst:t Ër¿itch"

. ¿" üherk +eætsmítch autput crn cha,rf_ rscrrdær, adj ust i+

nEcEËç.åry.

f,' " Ëecure

34" Turn En

al l L eads u¡i th tape.

Tlf trackinç rarners and rnsnitor- rn nrnbile cart.



AFPEÍ\¡ST X t544)

*5" F*sitiæn subje,ct in Srsnt n{ f ir=t e,pparatu=, check

bady inar$ler=.u a,dju=t i+ nËcËìE=ê,ry.

3å- Turn irr-r {lasd låghts.

37. Ëive sr-rbject cer¡mands Ssr f ir-*t apparatus:

LEUEL - "lclhen r =ay 'Ët:', ¡*a.lk tc¡ the end *f the runway

snd =tap. Turn, *nd a¡hen I =ay'Ës', u¡alk bark- åclaLk st
yrf,Lrr uçusì. speed. " Repeat thås ts¿ice tr: give å tcrtaL t:{

three trisls. ühange triat EeqLrerice cardç s{ter earh trisl .

STNF:E T}åTÊ AFTER EAtrH TÉIåL"

üR ETAÎËÉ - "lcthen I say 'Ëo'u ¡+alk LrF the ç't;¿irs and st¡1p.

Turn ar-r:und at the tæp e.ndu ¡+hen I =ay'Gtr', waLl* due¿n ths

stairs and stap" l{*1Þ; at yÐLrr usual epeed.,' Repe*t this

tr'¿íce tu gàve a tst¿L sr{ thres uF trisls and three DühJru

trisl=" f,hsnge trial reqr-iÉncÉ ce,rd= a{ter each tria1" ËTEËE

ÐËìTfq AFTEF: EåEI-I TRIAL-

üR RAf.lP - "hJhÉn I eay 'Ën', r,-¡a1l,: LtF the rarnp and stnp.
Turn aræund at thæ tnp and* u¡hen r say 'Ëo', s*alk dss¡n the

rã,#¡F and =tup" hlslÞ; at yÐur u=lral speed, " Repeet thiç twice

ta give a, totar trt three IJF tris.lg a.nd three tlttÂlN tråals.

trh*nçe trial Ëeqr-rsnËe ce,rds *.f ter* esch tríal" ËTúRE FATA

í+FTËR EAüH TËIåL"

38" En=ure that Ëhe {æ1 Lorruing Ee,qlrgntre is used - cãÍngrä Ðrie

cæinputer stsrtç. tn =a,rrpLeo =ynch tr i.qht üfr¡ ç.ubject hegins

u¡æ,l !".:,

3?. Tnrn æSf +lr:t:d l igFit="

l.8.J.. ì.}



åFFËn¡FïX ïr3-4 {r45}

4{¡. A{t.er trialÊ ûn e¡ech epperatu= å.¡-E cainplete, ask

=ltbject tæ rest r"lhile the nest apparatu= ie being pre'pxred"

¡ff#er subject a ba.ckï.ess çtt:ol ttr sit Ðn.

41 " Change' apparatus"

al hi*ll*way ts Stair=.dRamp - Unplr-ig and rnü1/e carners tcl

tr i prid .

- l4t:r.e trans$r¡rmer a.nd plr-rç Eårfisra in"

- Eheck trårnËrå al à gnnrent esi th spi ri t I evel .

- Unpl urg n rnove and al i gn S I sæd I i ght=.

- Remr:væ s¡r-nch li.ght frsm walkt+ay b.ackdrnp *nd

attach tt: Ëtair=./ft*rnp"

bl Ëtair=rftamp tgr l¡lelkr+ay - UnplLlg cårinËt-s and rernÐve

frum tripæd"

- l*lg.¡e tran¡er& te mnbile cart and aËtach to c,g'¡nera

mr:unt' .

l4c:r.É trs,nç*arnrer and trlug cannsrs, in.

- Unpl ug , rnnve *nd al i gn f I r:t:d I i. ghts"

- Rernc¡ve synch light frorn Stsirs,rRamp and attach to

r*atr [twa-y b*ckdrnp"

cJ Ëtairs tæ Ramp,r'Ramp t* Stair-s - Re¡næve synch liqht.

- lolove used apparatus uut t:S thæ r,ray"

- l"lnve new åpFåratus intcr pcrsitir:n" thec$'; al igriment

Hi th S I t:crr Enarki nqË.

- åttach synch liqht tr new *,ppar*atue,"



4-Ë" l,Jhen aiL Èhree pieces u{ apparatu= ha.¡e

detach lssd= {ronr elertr*ades and f oot=witches,

*.nd ju.nrtit:n hex, rernrvÊ bady nrsrkers', r-erÊEve

rsmnve Santsr"rítches" Thanl-.: slrhject.

åFFE¡{ÐIH I e?.5 {34å}

been usedu

rernnvÊ helt

el ectredes,
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åtr'tr,Fhtr1TY' T1 1 f-T^d.Ðl¡ ¡ tù

f,vcleç durinrr þï.å1r- L¡ l rTlEL nq

ËUËJETT RIËHT 5TËiþiËE LËFT STAÍ$ËE

åå

åEl

å3

c!J

åi¡

Èñ
i.J ct

EJ

Ë¡t-

å4

J?

t&
¡EE'.J

å5

r'E

ff, 11

å1

år

å.f

u¿

å1

å{t

å3

åEt

c¡-f

åü

åü

åå

JÉ

cr rÉ

å4

å7

ðt

tf ct

èÈ

L'Í

clJ

r-r I

r-tr'f

{r3

¡1,ll

r-¡ Ei

iiå

'-t7

rlE

{¡?

r.ü

{¡Lr

rt

13

t4

IJ

Lè

L7

1E¡

å3

5

å4

sÞ
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T+Þle 3" å"lean Fercentaqes a{ Ëtan_cg {Ër Hiqht an_d_Lqft
Eisít üvcle durí Ëteir úescent

åft¡f,8 LEFT 5T

clJ

åE

åã

74

å3

å&

etrJ

J-'

eü

ttJ

å4

å4

Éü

¿'E
tlJ

Àr-r

frLJ

¿-q

årl

&7

åi

fll.

FñJtt

å1

È!aJ

åt

ËÌÀ

&il

õl

&#

ÌÊtt.-,!

¿11U¿

É-t 1

r-i'f

Lr:a

t'rr:¡.

Cr5

r-rL

LrI

TJË}

r-rç

1{¡

1t.

.lr:

l.J

t4

t5

lcl

ti

år

4J5n

à1



ÊFtrEt'{nrH rr.4 t351.}

Tsble 4" i*Ìesn Fercentar¡es q+ Stance fclr Rillht and LEft Ëait
tvrl eç dlrrinq EËlEË iültln-'hrlltq

SUEJETT RÏËF{T ST*ÍUf,E LEFT ËT*ruTË

L¡T

11T

q*..-.?

rl4

{rF

Uå

Llts

iiËl

ü?

1u

ii

L?.

t*!

14

L5

tå

17

1Ë'

åå

å7

å1

åå

{fJ

rJ r-!

{f,.J

åå

ÊrJ

ÈEl

¡EE*J

b7

tf,..l

å1

å4

LÃUT

åå

LL

å4

ð&ù

å+

UU

[x.-,

E.J

åå

{f *J

c!È'

J(f

&&

¿'?

L'r

taJ

L'7

5

å4.

3

V

Ët]



AFFËt{ÐrH II?= [35r]

Teble 5.-l4ean Fercent_aqe=_.r$ Ëtançe_jlgr Rlcht and Left Ë.ait
tvrlEs dlrrinq Famp lgg_rçgnt.

SUËJETT ftIËHT STAi\¡trE LEFT STFI¡\ICE

åå

å3

å3

JË!

,--!c¡

Ér
-tt

U¿

L-r

åt

afL

cl-!

å3

u¿

å3

di1

&1

&7

å4

-JCt

cÌ.¿

,Jta

åå

*J?

åt

å4

7r-r

å7

å{t

FNJÈT

5J.

æ-l

¡¡t

t¡a

$4

r-rÊ{

LrÊ1

ç7

rlE

r-rÊj

fr-¡

11

TT

{Tl.-}

t4

L5

1å

17

TFI

U¿

ìJ35D



AFPEf.júIlt I I.å t353]

Table å" l"lean fiurati*n nf Riuht Ëait Evcle {Sect:nds}
Tl'¡F]tr t-|tr' 1üht

sUEü"EËT__ __ _ L ËL _ __EE RË nS

frt 1. f, 1" å t .3 1.7 1.:

{]: i..ü 1.3 f-i¡ 1.3 t"L

{r= 1"4 1.ç 1.? 1"ç f"f,

fj4 1"_:] 1.4 l."I 1.5 t-ú

fJ= t"? t"? 1.ü t"? l.fl

ilå 1"Ë 1-= L"1 1"3 1"1

r¡7 1"1 å"? t.? 1"3 1.1

üË¡ 1.3 1" f tl" Ë L ":? tl" ?

r-rEl-?l'?ir-r{Êi{i

1r] 1.4 1"3 t].F 1.3 I"ü

11 1..? f.= 1.{r 1"? 1,ü

t" ¡..3 1.5 1.= 1-5 1"=

13 1.3 1" 3 t ": 1.5 1..3

14 i..= 1"= 1.I L-3 l.rf,

t5 i."? t.l 1-ü f."4 L.tl

1ö 1.5 f.i. L.ü 1"ã 1.=

L7 1.1 i."rl ü.Ët 1.f] 1"t¡

lE 1.3 f."1 rl.F 1"4 1.1

iT l.-._1 i't 'l d. ï." I

t1 I J-i j= r-r T r-r :3 r-r I

HËY:

i3l.

L = Level hlal k i. ng
Ë[ = 5taí r trl i rnhi ng
5D = Stair Eescent

Rü=
Rü=

tl i mbi ng
Þescent

Fiainp
Ramp



ÉrFFEh¡nïH lIET {354}

TabLe 7. llean Eadence tNumbsr af Ëtens oer Í''linute)

TTFE ÛF LEËü¡..INTTüþJ
ËuE"lEËT L ËË En Rr _ RE

ril +5. å 74" I F4. t 73" 3 ?F" 
=

ü= 11--,-7 ?5.3 lEü. I ç1.1 113-i¡

ü3 E!4. = åB- 5 7Ë" 2 7rt. t¡ ç4" 5

ü4 ?å. å ËË" 3 1111.7 Ë3. S lrf,Ë" I

$5 tü4"å ç4- F 1 1å" ç ?5. ? 1 17. ö

d¡& trlr].ç L{-15"å L15"Et çË"4 ltå"å

tr7 1tr5"t t{iLr"{J 1rl3.B Fl"E ltE"å

rJg çç. B 1ilL " 5 153.4 çç.3 14ú" 4

üç lirir.3 çå.3 f. Lç" = Ë¡4" L ltlt" Ë

I'J T¡rJ.J ¿L'C¡.C¡ I.J¡+-J ?J.ÈJ ÀI?.T}

11 f{ttr.7 ç?.7 l?tl-Cr F7"3 117.7

r.c. Ë¡?-Êtr Ð.-}.rJ ?Lr-? tô.7 ??.L!

13 ç3. $ Ë1" 4 1113" å El{r" 4 ç3. ö

14 S7.5 
"7" 

ç l" L=,4 çå" I lätr. ú

l.= 1{¡=.å t1{r.3 1?5.1 g7.E 117"7

1å Ë4. ç IrJ9. è r.1ç. Ë çç.4 1tr4. å

17 i13.? 1"å.F 14å.4 J.lS"å 1=+.ã

lEl çå. I 1{¡E}.5 t3Ër"Ë} g?-t lü8"4
{T-1 q ç7" El 11&- L¡ Ðl^¡ ? 11Ë- å

ht T.3" E 1t '? I --. r-t5E

¡
L

qr
5ü

= Lsvs}
= Stair
- 

r!-:-

hlal k i ng
tl i rnbi ng
Ðescent

Ét = Ramp Ëlåmbinç
RB = Ramp Desc*nt



Tebls Ël- l'lesn Fnint lr{ T

AFFEh|DIX I1,E

ål Events durinn Level

I. JJJ J

t¡Jelkine {?r" s{ FËt}.

T EUEhITS
LTË

r-r {

l.¡T

L.r.-f

rJ4

U5

uå

ir7

r-rËi

a-rÉ

1r]

11

l.f

Iå

14

15

L{=

}J

1Ël

!.4

1=

1t

11

3.1

14

ç

ú

f.ü

r .-t

L3

14

1B

{EÅ,J

3.5

L4

11

t&

51.

5ü

4à

'JT

"J".1

5r]

4F

5ú

5f]

Eqñ

54

5fl

5ü

5r1

5{¡

.Jd"

54

E¡J

c¡-t

ct"J.

ct -l

å1

åf¡

JÈ'

FNJtr}

år_l

å3

å4

åE

t4

c'-c.

IE
E.J

bö

åå

T3

tt

5Ð

IJ' 'JI

HEY: LËh,F = Left End o+ b,leight *earing
LIC = Le{t InitiaL Et:ntact
FIE¿¡JË = Rígl¡t End t:f hleiEllt Eearing



AFFE¡{Ðr}t rT?+

Table F" I'lean F'oint trf Terntrsral Events durinq Ëtair
CLimbing i?¡^ tr+ RËt]

T-ËI4FÜRAL EIJENTS
SUËJErT LEt¡JF L1Ë HEt¡¡E

{r1

$3

{r4

ir5

{!å

{¡7

üËt

fJç

Ltr

1t

1Ë

{t
IJ

L4

IJ

¿tr

17

'¡q

tå

l.J

r.5

1.3

11

1..]

1.4

l.J

EI

1å

iå

t=

t4

J.E

1,7

T;l

14

4+

48

.J¡

5ö

J-.3

54

4Et

51

51

4ç

5ü

-tl.

5Õ

Er-l

JCt

JCt

JL'

qi¡gT

å?

å1

6r]

å3

åE

a't

¿-r.r

åú

åå

.JCl

å¡t

--Ð.

Ðt

å1

åEl

åå

ó3

crJl.t¡

à4

=ËD

14 51

f{EY: LEhIF = LeSt End o+ hleíght Etearing
LIE = Le{t InitiaL trc:ntact
REh¡F = RiEht Ei'¡d sS t{eight Eearing



åFFEÍUFïH Iïrl(t

Table Lr.¡" l{ean Feint i:f Ternnerral Event= durinq Steir
Þescent {l¡" cif FtËti

TEF'IFüFAL ËVE¡UTs
SUBJECÏ LEtÅlB LItr REKIË

t?Ë?r

t¡1

r-i'3

Lr.:1

.-tg.

i¡=

{¡å

ll J

r-rEi

r-r*

¡t¡

11

12

IJ

t4

15

Itf,

t7

tE

lrJ

T.t

1ü

tü

1i

14

IJ

lri

IJ

t1

L-¿

.J

{={J

A7

õt

&1

--

"JË}

ËrI

aJ -f

*J LJ

&1

åL

å{t

åT

åtr

,Ec¡-J

45

44

47

J..}

JI

4S

4e¡

43

4E

47

¿{3

4ç

4È

r-iJ

4å

g-
Èr.i

ãñrt7

4ç

ç

-r

7

å4

{t

'J.JË

lf

ËD

TU 47

[,"FYe t-EhlF = f-eft End rr{ l,{eíght Fearing
LIE = Lef t Initia,l tcntact
REhrts = Right End cr{ hleight tsearing

&1



Ë+FFEþlÐrH II?11 {3=Ë}

ïsble 11" I{ean FÐ_int af Temnaral Egents 4urinq Erguaq
Ëlimbinq t7" ai REC!

TË EVEþ¡TË
ËUËJEtrT LF[ÂlË LÏC REli¡E

ùt

ú:?

r-r.]

{i4

ílEq

$å

|-i?

{rË}

r"rq

T r-r

t1

1T

l.]

14

I .--'

1å

1î

:¡ FI

tfl

1F

17

1å

IJ

E{
JI

"JLJ

qf

E,-r,-.!u

É{
"JI

4ç

.J*1

47

EÜ

Jl'

51

rJl

47

:1.{

J.-}

.J.¿

47

4E

åå

&7

t3.¿

clt

åå

,J'1

Ë!J

JJ

clt-

cl.J

Ëå

¡Et3J

åg

c¡J

å7

clrJ

(:¡r

å4

13

L i¡.

IJ

1e

17

1å

{F
IJ

I r-l

1F

.l. J

c

T 4

-l.J "-! ¡

sË 5

É'::EYs LEhrB = Left Ënd ÐS ldeight Ëearing
LItr = Le{t ïnitial usntact
FEI*IË = RigË.¡t End æ{ l.leight Ëearíng

å4

3

Ã



APFEþJÐIH II!1Ë

Tabie 1Ë" I'lean Fsint nS Temtrcrral Events durinq Racntr
Ðescent tT. r=f RËül

TE¡"IFüFIÊL EVE¡üTS
sUËJETT LEhIË LÏË FET{E

¡?ËñtT.'3-J? 
'

tå

1Ë

t1

15

tff,

1=

trt

1r]

L{t

ç

1.:

IÉ

l..}

ltt

lfl

J.l
g

11

l',EYs LEþJF = Lef,t End æS l,Ieight E]eæring
LIt- = Left Initial trt:nta'ct
REtdE = Right End gf hleight Be.aring

i$?

4E

47

¡.t 7

*r.d

aJ.¿

45

5tt

51

47

4Et

4ç

4å

47

5*

.-t I

*J¿:

ü3.

r*r-f

f-¡ï

.1d.

r-¡E

{¡å

çË

r-rE

Lú

11

t3

r .-3

t4

¡'J

1&

t7

åå

å3

.Jt!

Ëñ
*JCt

.J{f

åT

Èr¡

å1

tfJ

L-7

.Jõ

å5

Ë-

=

Y

gü

6L.+'7

J



åFFEh¡ÞIH IIrl3 (5årll

Tab1e 13" l"læan Ðecnees nf Trunk IncLinatien f rr:rn the
Uerticel duri Level l.dal l,;i nr¡ i.at =ï" i nterr. 1ç sS the ËËt)

Ï¡{TEFìUALS Ttr T¡IË RIËHT ËdlTT TYELE
SLEJEüT {r 5 1ü t= ?ü Ë5 3t 35 4Õ 4= 

=rr

rll

fr?

L¡;I

|.rlI.

ü5

{r&

L!J

+E

ü+

ll.r

i1

1g

I.-}

14

¿,J

17

l.Ë

tir+

-1 t¡

1t

tt
-Jd

-4 -T

33

1Ë

1?

-Ël -7

?

-L

I

-4
_-E

"J

?

-Æ.

I

.¿-

_-T

-1

?

7

r:==i=-,i

L i¡ L-) -t -f -Ë -Z

-1 -l -? -r -? -ã -3 -:
ri tÌ cr {¡ -1 -1 -1 -l
3f,3=

Í1.

1l{t t

-4 -4 -3 -3 -3 -3 -3 -3

-Ë -1 -Ë -Ë -Ë -ä -3 -3
4453332.?

4rt33t-1 -t-1

-E -Et -Ë¡ -g -E¡ -Et -Ë -Ëi

-4 -4 -4 -5 -5 -b *å -å

?.???:t

=3=i1
:F??T

1 lÌ f¡

lt1

-1 {J

{rl
_-T _-r

-3 -?

-t- -t

-3 -3 -4 -3 -4 -4 -4 -4

-3 -3 -3 -3 -3 -3 -= -5

-1 *1 -Ë -= -1 -1 *1 -Ì.

ti. L t I I t lt

H -1 -t rf, {t tl r.r -1 -1 -l -= -=
5Þ 33333333333

h'ËV¡ *nteri.e:r Inctr inatinn + = Fc:=terisr IncLi.natinn



AFFEN¡]IX II113- L {3å1}

eL c å e t-eÊg Trun ¡'rE å,

the Veriical dilrinq l-evel tJall";inq tst 57. íntervals c¡{ tLe
RËtr}

ïh¡TFRETÊ1 g ntr THE RTËHT ËËTT trYtrLE
sUËJEtrT 5= åff, å5 7{¡ 75 E{r Et5 çrr ç5 l-üt

rlt?Ë38334333

rl= -i t] ri rJ {¡ rl -1 *1 -1 -l
+3 -? -f. -t -l -1 -? -u -3 -3 -3
*4 -l -1 *t -t -'---¡ -? -Ë -= -ã -?
{,5 1?33?.?=1tt

üå -3 -3 -3 -3 -5 -3 *3 -S -= -=

ü7 -= -? -3 -3 -L -? -? -f, -3 -3

ug=334S32111

{rç-1 L-ll.J.Í.Crrl*t+

Lrl?I==31321?

1Í. -B *E -Ët -E¡ -El -B -E -EI -Êl *E¡

1: -e -å -å -å -5 -5 -å -å -7 -7
1.31"?=11{JÍ.1f.

14 1=2?=tlrrLlL

15 *jt -3 -3 -? -t -? -7 -E -2 -?
1å -4 -3 *4 -4 -4 -3 -4 *4 -5 -5
t7 -1 -t -5 -4 -4 -3 -2 -r -E -?
4ñtñ ft I t 1 I 1 rf r] f¡

H-l-1-1-l-t-1-1-Ë-?-2

Ën 3333333333

I'iEY: Antærásr Inc3.in*ticrn + = Fosterisr Inclin*tísr¡



åFFEÍ\¡BIH II:14 {3åË}

Table 14. f'teån lrunk rtical durinq
Stair tli.mbinq (at 

="¿ 
Interv*qls c:$ the FiÉtl

T¡{TEFIUÊL5 NF THE RIEHT ËåTT ÜYILE
SUBJEüT ü 5 1Ð 1= =lr ?5 3rl 3E jl{r 45 5Èr

U1

t'r?

¡l\

rJ4

rl5

r-rÀ

h7

rJg

t¡ç

1C¡

1t

t?

I.J

3.4

À.J

lCt

t7

lEl

-11

*l'J

-7

-Lt

-11

-7

{?
-I-_a

-t r

_L

-tå
-ltl

-ç

-11
_E

-7

-18

-Lç

-11

-å

-11

-13

-t I
_L

-1å

-r.ü

-7

-t t

-11

-E

-å

-18

-Ëö

-lü

-å

-fcl

{?

-7

-tå

- 1{t

_?

-tr 1

*rJ

-11

-tf

-&

-lEt

-?.-r

--f

-å

-f. rl

-LJ

-14

-11

-7

-lf¡

-ç

-i r-r

-11

_J

-1+

-7

-l -t

-å

-18

-Ët]

-El

-.J

-1ü

-¿-J

-lJ

- 1{l

-7

-17

-F

-¡tl

- 1C¡

_J

-l r-l

-å

-1ö
_¿

-L7

--?r-¡

-7

-,-J

_?

-¡ 
a

-ç

-7
_T.B

--1

-l L

-1$

_E

-lrl

-å

-i Ct

_¿

-1å

-Tri

-Et

-ÈJ

-Êl

-14

-7

-7
_T.EI

_",

- 1f]

_¿

-L 1

-7

-1ü

-å

-IË}

-?{-l

-q

-.J

-c¡

-L4

-ç

-7
_IË}

--î
*t3

-1ü

-7
{q

*s

-11
_L

-17

-l r-r

-&

-ç
_'t--1

-14

-?

-c,

-1Ë

- 'l r-r

44
-l'"+

- 1{¡

-E
_I¿,

_-,

-L t

-å

-t Et

-Lç

-lrJ

-7

-l r-l

-14
_ 1C¡

-7

-lEl

-11

-14

-11

-E

-tt

-ç

-7
*1?

-LS

-t't

_L

-I*

-f4

-¡t_r

*7

-17
t¿

-I I

-14

-11

H -l_= -1? -t 3 -L 1 -11 -t I -t L -11 -1= -L3 -1?

5ti J J .-."J .J "J J *J .! *J ,J

l+"EY: - = flnteri t:r IncI i ns.ti on + = Fe¡=teri sr Incl i nati t:n
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TabLe 14 {cnnt" }. FTesn teqrees uf Trunþ; Inctr instisn f rærn the
Uertical durinfl 5teír Cliffibintr tst 57. íntervals s-t the FËt]

ÏNTERVALS üF' T¡-IE RTGHT GAÏT ËYTLE
SLIEJËCT 55 å* å5 7{r 73 E r] Ë5 Fü ç5 1L1{¡

-4

-ç

tll

{¡3

r_!"}

*4

ú5

rl&

r-r-7

üEr

f-l r-a

1{¡

t1

tË

I.}

t4
{E
IJ

tcÌ

t.f

1E

_E

-3.1

-i l'¡

-7

-:?ü

-r:'

-i r-r

-fl

-11

{T
-I._r

-lL!

-7

-t7

-11

- l.:

-t t

-El

-lrl

-1ü

-3-¿

*7

--¿.L¡

-i r-r

-rJ

-1t

*l.J

n
-7

-7

-17

-11

- r.:

-11

-c¡

-'!

-l r

-t I

-7

- 
Jt t

-19

-:r

-4

-Lt
F!t

-'r

_L

_L¡

-11
{-

-tfi

-å
_B

- Lrl

-11
_L

-7.1

-lE

-?

-ç

-11

-ç

-J

-17

-l l.r

-1=

-s

--t

-7

-tü

-t r

-å

-r-'

-t7
-ct

-1
_F

-1t¡

-Ei

-4

-17

- 1'J

-1ì.

_T

-å

-'7

_TL¡

-7

-1ç
_t L¡U

-Et

-1

-ç
*ãtj

-i ri

-7

-4

-1å

-ç

-tt

-=

-å

-1

-tt

-7

-La

-¡.{:t

-a

-l

--1

-1?

-J.1

-å
_-T

-t.å

--F

-1ü

--7

_-f

-&

-Lrl

-lL

-7

-tq

-17

-Ltr

_A+

_¿

-L{¡

-lJ-

-7

-1ç

-Lt

-1.{t

-r
-tü

-1Ë}

-11

-7

-4
{É

- ¡-.J

-a

-ldt

-Ët

-1" {¡

*l".¿

-7

-?r-r

-Lt

-{ 
È-i

-.d. -4

-1Ð -L J.

-1El -t-¡

- 1{t -1"

-dl -7
_11 -4

-lÊt
{É_I'J

_rf
-7

-irl -LtJ

-È¡ -t
*7

E -L-¿ -t= -t:3 -tL -tü -llt -+ -Lrl *t{¡ -tü
5555=555 *J 'J

t¡rEY: Anteri t:r IncL i nati on + = Fo=teri t:r Incl :i. n.ati. sn
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Table 15. Sean Deqree= qf Trunk Inclinatign fror* the Uertire'tr
dr-rrinq ãtair Ëesce,nt {st 5i{ inter'¡al= e{ the FtGiú}

IN-T.ERUåLË üF FIG¡{T ËS1ÏT TYTLË
SUBJEf,T rl 5 1ü 15 ---,(l ?5 3rJ 35 4Ci 45 5ü

Õ1

r-r=

Lr._3

ü4

Ç=

{rå

û7

L'B

Itu

'l f-¡

1t

1?

t..}

14

15

1å

17

lEr

l:

-l-

I

cl

t

-4
*t

?

-4
ft

Õ

-1

Ë

I

-.i

_r1

L-t

I

-5

-4

-f.

3

:

-7

-4
lJ

rJ

-l

-1

=

¿-

I

-?

-1

I

_J

_J

=

-¿L

c¡

fi

-1

-1

I
_:F

I

t¡

_-7

-å

-5
'f

t

--f

_J

r-r

-t

¿

I

I

I
_a

*1

-3
qJ

-7

-å

2

ü

-lu
-å

u

*1

_-F

_'î

tJ

L¡

l.

-?

-1

-7

-7

=
_L

-11

-7

-1

-=
_v

-t
I

Ë

-4

-4
{

- .!.

-å

-7

-4
?

-t

-1?

-7

_?

-4
_z

*r.

L

Ë

-4

*4

-1

-È

-7

--{

2

-f.

-rL

-7

-4

-4

-1

1

-J
_7

--c

-4

-i

-å

ä

{r

-L.J-

-7

4

-4
_-T

-1
J
.I.

4

_--14

-l

3

rl

-4

--I

-1

,3

.l

-11

-rJ

-1

-1

-3

--.1

ü

rc.

4

_ra

t

-3

*

E
-- I

(r

t-l

-'f

_.?

-1

u

_,¿

.c-

333,,[ 33334335ú

f,:EY: *nterisr Inclinatinn + = FssteFiûr ïnclinåtiûn
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TebLe 1= {rqnt"}. I"leen Beqrees nf Trunh Incl i nati c:n {rsrn the
Uert i ra t drrri n¿r Eitai r Ðeçrent ,a.t 5:f_ i nt ¡+s'-r¿*1q n$ frht¡ Fllìfl1

IÍ'ITERUÉiLS úF ËI ñt rtan I fìA T T tiYu¡ E
SUFJETT 55 åt! å5 7(Ì 7=- Flf; Ët5 çC! ç5 ltt¡

T,J I

¡l a-

ürt

r-¡q

tlå

r-l?

LrÈl

riq

I r-r

11

tË

a{t*

14

+El-t

1å

t-r

iËr

4

-t

tl

-tr

Õ

-3

|-r

-Ë¡

--¿-

{J

f-l

-t
x.2

?

{ '-r*¿

- 
J 

-- 
l

r-r -i

_-?. _-Í

11

-J -O

-J -,_.!

{r -L

ET

-1 -l

-F _I.fJ

-3 -4
r] -t

i¡ -1
fl?

- r --i.

':t

1t

I
_-g

-4
r]

-ct

_L

-t
1

-3

-11.

_ñ

-t

-1

-3

- _¿-

!.

i

1r. I {
I

-L -l- -r

Õürl

-1 $ftü

TË

tÕir

tËl

-3 -3 -3 -? *l -?.

-4 -3 -3 -= -1 -i

I

-7 -å -å -5 -4 -4

-å -å .-7 -7 -å -å
I fl

I

-t L1 J.

I .9. ¿- -J La

-1= -1: -11 -lr] -g -El

-5 -5 -5 -4 -4 -4

{¡ rJ -1 -1 -i r}

.1 -r .n .T

-f, -3 -3 -3 -3 -3
.!. l. .C. .J 'J

,c- .d. ¿- .) +J

r

qÍ-i

-t -1 -= ---¡ -3 -= -Ë -l -1 -t

ÈiEY: Ênteri ær TncI i nsti i:n + = Fc:steri i:r Incl i nati r¡n



APFENDTH IrÍLå t3åå!

TabLe 1å. l'!ea.n f¡eurees t:S Trunk Incli.natii¡n {rcin the Ve¡-ticaL
dr-i¡'ínn Raøip tlimbini¡ tat 5f" intervai.= c:S the' RËü¡

T È¡1rñ¡ ¡f I r ñ-
I tt¡ I EFa V Ht_:= Lrr ï Eit+T nrlïT fiYtl¡ tr

LlFJËçT g * E ru t= =ç == =t: == ++ 4

ul -5 -5 -È -? -7 -7 -7 -7 -7 -7 -g
r_¡? -t= -13 -14 -14 -13 -13 -14 -15 -1å -1å -1å

*3 -F -ç -ç -S *7 *å -dl -7 -7 -È¡ -g

t!4 -15 -f.3 -14 -14 -if, -t; -1 1 -f. !. -f.i -1= -1=

i¡= -È -å -å -å -å -ü -å -å -å -j -7
ÃJ Jn ñ,-n 4¡ 4n -- -{ {ñ
LtÈt -¡7 -J.Lr -1,¿ --¿*f --¿,+ --J...¡ -L¿ -¿I -.d..r, -L7 -.d.\J

(r7 -15 -15 -1å -17 -LE -1É -lEl -1ç -1ç -ã{t *I{¡

i!Ë -1Õ --1ü -1ù -1r1 -Lü -9 -Ê¡ -7 -7 -7 -?

üç -å -5 *3 -3 -+ *3 -3 -S -3 -4 -5

1ü -1ü -11 -11 -1? -1" -11 -1!. -11 -Lã -1Ë -f I
{ * -,a -,1 

.at q? 
-- -{ -{ -l.!. L -.É'+¡ -LLt -r: l. -.¿L -1.,¿ -L;. -.:.-1 -.¿.d. -..i I -.¿. ¡ -¿- l'

12 -13 -f " -1? *i? -1= -13 -13 -14 -14 -15 -14
4- ñ ñ ¡ É É fr Ã É ¡ -t.J -E -ç¡ - I -C¡ --J -rJ -.+ -.+ -"J -tl - I

14 -g -? -1+ -11 -11 -1rl -ç -? -Ët -ç -1+

15 -t= -1? -13 -14 -14 -15 -14 -14 -14 -13 -13
Å t {E {E éF {F {É *É { Æ {T {? 1A 4 ßrct -r.J -¡-! -r-r -¡-l -r*J -t.J -.L&f -r*a -¡.-Ì -r.J *l."f

t? -ç -lu -Ll -11 -1? -tl -11 -il -11 -11 -11

1S -t t -1? -t 3 -13 -r.4 -14 -t 4 -13 -L3 -t5 -13

H -r.1 -lt -12 -Lã -t Ë -1? ¡¿ t¿

c} ;t

r¡--!---i 
---r L¡= t_E*f L l-}f

sÞ ÃNEEEI¿tlti_fiJJ{] iJ J ...!

liEl; Ë+nterie:r ïnclinatíon + = ïnclinatisn



åFFENFI:t r r, 1å. L (3å71

Table 1É {cünt" } " Flesn deqree= t:{ Tr-un}': Inclinatisn f rsffi the
Vert i caL duri nil R,arn¡r ü1 i inhi nf¡ iat 37" i nter"..al s of the RËt)

Îh¡TEËVALË üF ËIËHT ËåTT ËYTLË
5uËJËtrT 55 årj å5 ?{r 75 gü A5 ?ü ç5 1ü*

{rr.

l'r?

r]3

ü4

LJ,-.!

r-rÅ

r-r-¡

ÚEl

{t?

Lü

11

1?

I.5

14

¿.J

l.å

LI

LËt

-ç -1{r -lL -lL -1* -9 -B -7 -7 -Ë

-1= -14 -13 -1Ë -1.? -11 -1Ë -lt -13 -J.4

-ç -1Õ -tl -1? -11 -11 -1{¡ -l_r} -ç -ç

-13 -L4 -15 -1= -14 -14 -14 -i3 -t 3 *J.ã

-¿-.!- -.f,:"J --¿¿ -.Ér -,É.L, -I." -I!-' -IJ -_r.-: -J.d:

- t -E -õ -(a -.-.! -J -rJ -Cr -Cr -,J

-Ë(.¡ *L7 *18 -17 -I7 -1å -1.å -1å -15 -15

-1! -14 -17 -1Ër -1å -14 -11 -F -Ê3 -El

-J -,J -.J -.t -J -*) -.¿ -¿ -¿. -J

-1r. -t? -13 -13 -18 -12 -11 -tÕ -ç -ç

-== -=? -2= -r= -ru -rl -lF -19 -t EI -lEt

-14 -14 -t 4 -15 -15 -i5 -15 -15 -i5 -1=

- I - I - ì -Éf, -rJ -èt -.J -J -E! -,_.!

-tü -1 I -1Í -l I -ç -B -7 -å -7 -7

-13 -L3 -13 -1å -17 -1d1 -1å -15 -14 -14

-t.5 -15 -14 -14 *1? -11 -? -f.ü -lrl -1{t

-11 -11 -11 -11 -LL -1rl -+ -Ë -F *+

-13 -13 -14 -14 *14 *Ll -11 -1{r -1"{¡ -1r}

H -13 -13 -13 -15 -15 -1= -11 -1{r -1[¡ -1ü
EEËqEEññÍÍ
J.J"J-J.J.J.+.Ë't¿È5n

t{EY¡ - = ånterit:r ïnrl inatian + = Fcrsteriær Incl ins,tiæn



APFEf.l[¡ïH II ?17 {3åËl}

TablE 17. l{eam úeqr-eeã sf Trunår lnclinati.t=n irom the
Vertical durínü Rsrn¡r Þeçcent tat 57. intervals n# the ËËül

thl ?r-rl l-q L-j ÚF ËTG¡{T ËATT TYTLË
ãUtr.ÏEËT É 5 lf¡ t5 ?ü Ë5 3* 35 4û 45 E{t

r-it

a-r --.'

ri3

r-rll

..rq

¡¡J

{rg

rJ?

LC¡

t1

L"

14

tËi

L&

17

1Ël

tt

tt

=

I

-1
_J

-L
_F]t

L

r-r t-! t-¡ f-¡ I I

I

-1

-4
4

-t
*å

,É.

¡1.

I
_'7

-,¿

I
.T

-3
_-r

-c.

ü

'3 F-¡
1

111 I L I I 4
I

-{

L

rJ r-! -f -1 -1

34444

fl -t -? -t -1

-4 -j[ -4 -5 -5 -5

-1

I 1

_.J _J _J

4444

-1 Lr L'l Õ

¡ÉEã_E _L¡ _J 
-'f

Õtt

.L .¿

,l fl

-,.J

:

-titJ

T

É
d

I

,+ .J .-i -!.

L t I

-&

-L

-å

I

*J

I

_t

-+

_-E

.3

t

-Ë -t -7 -7
4ñA_'E
L¿dd

TËËË

3333
_-î _-? _'f _-?+J.JJ

-5 -4 -4 -3

11

_¡+

q

-? *? -L {-1

345

I I

3

dlü{lfi t I 1

Y

Ð.tJ

t-¡

J

rl

J

ü

.-}

ut{tlr{JuÕü

35333333
ïnrl i næ.ti t:nAnt er í trri-j'FlJ. + Ft:=.teri. or Incl i nati t:n
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Table 17 {cc:nt" i. ÞTean l}eqreeç. üf Trunlr Inclinatiün {rsm the
\¡e,rtícal dl-rrinu Rsmp Ðescent tat 

=7" 
ánter-vals sS the FlËtr)

TT{TERVALS ÚF RTËHT EATT EYTLE
LU å5 7ü 7=.r

r_¡ 1

rlT

ü3

t4
I tÈ,

{¡å

ú7

üËt

rlç

I L-t

11

1?

l..J

t4

15

1å

LI

lFr

I

I

{J

rJtl ¡tr 3

T

_-3

-Æ.

4

-t

-å

J

-Eï

-4
r-r

-¿-

-t
1

t

,-r

3

3

_-q

-4
rJ

ö

3f,3

333

*:t _-{ -?

!, .J {3

1?2

-å -7 -7 -7
ï333

{l. 3??

rf {¡

{r -1 -l -=

-5 -å -t -å -5
44444

{¡ *1 -t -1 -1

-J -J -.--! -J -J

J

?

å

¿-

¿-

Ft
g

å

2

å

=

4

t

4

?

_L

Jì

4

-7
*4-4.

-Ë

-¡s

+

3

-å *å -7 -7 -7

-f, -3 -rl. -4 -4
r..r {r ü {¡ ü

--C- -¿- -.¿ -,¿ - t

11

-Ê

ri

l.¡

5

I

Ê

3

I

.-ì

-¿.

I¡

I
T

I

ú

a

rl

I

1

ü

_v

t¡

-f'

I

I I {
I I

L+ t- *r

I 1 trü{¡

H

5n

rl

t

û

4

il

3

r]

Lt

ü{¡üu {
L

344443

Incl i nsti onAr¡teri or + = Fr:sterior ïnclinetisn



ËIFFEþjËIH rrrlËl (37{r}

Ëi l'la {r fn th
LJerti cel d¡-rri na Level hlsl F;i nu (at 

=T- 
íntert,alç t:f the ËËül

I¡{TERVf1L5 ÜF H TËHT ËåTT ËYËLE
15 ?ü

r_¡ I Ì. I t f] {¡ -1 -Ë -3 -5 -F -11

(l *1 -3 -5 -7r]?344331

{¡f, -1 -1 rr r] -1 -3 -+ -5 -5 -7 -Ël

{i4 -3 -2 -? -1 -1 -1 -1 -= -Ë -3 -jt

ü5

{tfI

ffB

ftu

I r-t

1t

J.T

Á.J

l5

I'-l

r{f

L!

1S

{_L

-1

{r{r11 ú -3 -h -+ -lt -1ã

1Lü-?-3-å-9-1Ë

-7 -7 -7 -æ -Ë -B -E -ç -ç -L* -tl

-3 -L

{rl

r] {¡ r1 -Ë -4 -7 -+ -1t] -11

-3 -3 -4 -= -É -5 -4 -1 -5 -å -7

-= -Ë -3 -3 -3 -3 -5 -å -7 -ç -1q]

-4 -- -3 -3 -3 -5 -& -B -1(t -13 -i.5

-l û -ã -q -4 -5 -& -7 -E -ç -f L-!

t1-l-3-5*4*5-7-E-ç-ç

f

ElEiç?q74Lt-!-4-å

ü -1 -= -3 -5 -h -E -tü -1S -1å

-El -7 -7 -å -å -å -7 -Èl -F -11 -13

-q -= -= -Ë -f, -4 -Ë -1ö -13 -1å

-1

-å

-3 -4È -.-.! -Ë¡ - T'

r

5tl

r1-E E 
"-

-L -1 -1 -t -Ë -: -4 -5 -T -ç -lt¡

44444353333

= Anteris:r Incl inati.sn + = Fgsterisr Incl inetiæn
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Tabl-e 1E¡ tcnnt. ] l{ean l}errees t:{ Pelvic Tncl insf ir¡n {rorn the
Uertícal dlrrins Level t4a1þ;inq tat 5'/: íntervslç tr{ the FËË}

I¡qTEËVALË ÛF RTGI{T ËAIT TYËLE
SUFJËüT 55 å{¡ å5 7* 7= E}rf, Ë15 Tt¡ ç5 t(tu

-EI

-å

-*J

-Et

-Ë

rlL

r-r=

IJJ

d-r,il

rl5

r¡å

{rB

11df,

i r-r

Ltr

T'-¡

t5

J.4

L5

1å

t7
áñrc!

-Ë!

-7

-rt

-I t-

-t¡l

-å

-1û
1-_L¡

- 1t¡

-Lt

{E
-l-J

-1å
_.,

_J

_83

- 1Ër

-E

-:F

- 
1 '-¡

-4

-¡.4
{É

-tJ

-14
_?

-.-.!

-t3

-17

-7

- 1{t

-ltt
*=

- 1f]

1A
-l.J

-I..J

-tf,

-El

{E
-IJ

_L

-1ü

-1

-å

-ç

-tlJ

-7

-r=-ç-7-3-L-Lü34

-7 -5 -4 -3 -l -1 ilüË

ËËtañÊF

-J -3 -+ --Éf ---r -:f

*7 -7 -7 -å -e -É

-1Ú -lrf -1{r -1û -ç -El

-E -B -å -â -5 -e -& -å -å

-4 -4 -4 -jl -ã -3 -3 -3 -3

-1= -13. -F -E -É -jt -3 -i -l

-t? -1 1 -Í.ü -s -ü -5 -4 -5 -å

-lff, -7 -5 -4 -3 -3 -4 -4 -3

-13 -13 -L l -1l. -3.t1 -Ltt

I 4å&å&

-5 -3 -? *? -3 -Ë

-7 -7 -å -4

-5 -4 *4 -4
dtÉÉ

-"f -.+ -.J -!J

H -t L -ltr -? -? -å -5 -4 *4 *4 -3

444-3344444

H.EYs - = ånteric¡r Inclinatiæn + = Fnsterisr IncLinatirn
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Table lF" l*lEan Eeqrees t:{ Felvic Inclinatiun f rafü the
kjerÈ'i ral dlrri nc¡ Stai r tl í rnbi nü iat 

="f- 
i nterval s c¡f the RËtr}

If{TËRVALË üF RTËHT GåÎT EYËLË
JU JJ

r-l'l

IJ-c.

r-r:q

ft,ü-

{r6

fr?

ùE¡

f.iq

lfl

11

1"

l.J

14

tË
åJ

tc'

17

tEl

-4

-å

-17

-9

-14

-L?

-,¿ r

-14

--¡

-3

-4
{É

- l' ,--!

-t+

-4

-å

-1å

-1ü

-1ç

-1t

-t- r

-{3

-?{t

-4

-l r-r

-14

-tç

_¿

-J

-14

-i rl

{+
LL

-:ü
_?

-1F
{ñ

*Ë

-1.ç

-4
*q

-7

-14

-r.f

_Lu

-iJ

-11

-7

{{
-l- ¡

-=r-r

-?

-1å

-11

-El

-1É

-it

--f

-El

-f.4

-lå

-7

-¡+

-rl

-11

-_d-Lr

-7

-17

-15

- 1{¡

-c¡

-I '

-4

-Lu

-EI

-.!-,¿

-å

-4

-lrl

-(f

-1ç

-ct

-18

-L{¡

-a

-1å

-4

-L,

-7

-1t

-ê
_J

-Ëï

_B

-t.c

-lct

-ç

--!. /

-11

-f(¡

-7

-14

-4
Ë

-.J

-7

-t 
l"i

_-î

-t!

-Èf

¡7
-lJ

-tE
* 1{t

{É
-lJ

4{
-l r

-år-!

-7

-4

-4

-Eì

_l -T

-trJ

-E

-J

- 1{t

_Efu

-f.ç

- 1r]

-14

-11

-11

-f r'I

-6

-J

-v

-r-c.

-Lri

-Ft

-Ë

-J

-¡Lr

_?

-14

-:tr-l

- 1{t

-14

-1t
_l.l

-1ü

_-a

-&

- 1t)

-l 
l"i

-9

-4

-7

'v

-14

- 3_-f

- 1{t

-t t

-1=

- 1f]

--!-J

-7

-å

{-
-l.J

-L{J

-ç -1[¡ -1Õ -ç *7 -7 -7

H -13 -13 -1.:f *t I -11 -1{:r -1{r -t{¡ -lf} -1[r -11

5Þ ,åå555444334

l¡,EYs ånterior Inclination + = Fog.tsrinr ïnclinatitrn



rlFFE¡.'|ürH IIriç. I t373)

Vertiral durinc Stsir trlímbin{r tat 5?: intervals il{ the RËtr}

1¡{TERVÊLs üF RTËI+T ËåÏT trYtrLË
ËUEJEüT 55 å0 å5 7i¡ 7="r tril FlÊ ç{-} ç5 t ftr-r

rll

r-rT

rl3

r-¡.4.

..itT

L¡Él

r-i-¡

.'lFl

r-lE

l. {t

+{Ll

l-{

t4

r-!

1å

LB

_B

-T

*L{r

-Lf-Ì

_l -T

-tEl

- 1r]

-14

-r I

-l¿

*L+

_IJ

-7

-- 
I

_I T

_IJ

-l r-r

_O

-7

-11

- 1t¡

-19

-11

-14

-1r.

-lrj

-tLr

-14
_-T

-4

-1*

-1,4

-rf

-Ð

*E

a-l

-11

-+

- l..J.

-19

-f r-l

-1t

-a

-ltl

-lJ

-&

-'7

-7

-14

--Í
ñ

-7

I

-11

-t

-iE

-E

-I4

-11
_EI

-1ñ

-r*-!

ñ
T

u

-r.4

-1r.r

-Õ

_-T

.d.

_{ -E
¡e!

-El

-t 1

-17

-B
{E

- l.J

-r t

-cf

_.,

-IË

-4

-&

-7

--14

-E

_-{

-1å

-ç

-t 1

-rÌf

-t'

*¡a:t

-a

-{f

-t7

-4
_E

-ô
--t 4

- L.¿.

-Ël

-4

?

-lË¡

-l s-r

-13

-I?

-a

-L7

-14

- 1{¡

-El

-1ç

-4
_E

-7

- l.J

-L4

-7

I

-1Ë

-ltt

-14

-19

-7

-t./

-r{f,

-t rì

-E

-4

-cl

-'Í

-t{3

-lb

-Ël

_':l

-L

--?r-r

-ct

iÉ
-.t -J

-1ç

-Ð
4-

-Lt

-l{=

{-

-7

--c_ r

--q

-df,

-ÌqJ

-trEl

-17

-cl

{
-L

_I

4-
-Lt

-7

{Ë
-IJ

-?ü

-tt

-1.:F

- 1Ër

-14

-.1

-?fr

-7

-t {¡

-r -r

-1å

-13

H -1ú -1{i -1ú -1û -F -1.ü -11 -1? -12 -1?

5f,r 34455&åáåå

Xc-ËY: - = Antericr Inclinatinn + = Fsstericrr ïnc}ina.tiun



AFFEhIFIX II,3t-t {374}

T¡ahle Ëtl¡- Fdean Í!s¡¡ FEÉ5 n# Felr¡i¡: Tnclineti ¡---- ta- r ti cål
¡i¿rrinn Steir Descent {st =7- interva 'l ¡i ¡r{ t hs' REä }

INTËRUALË NF R TËHT ËATT TYtrLE
såJËJErr ü 5 1{] 15 Ëtr Ë5 3tl 3= 4rf 45 

=rt

{J1

ñË -¡i -= -5

ü5 -= *4 -4

r14 -å -3 -4

-4 -4 -4

fl al al

-1 *1 *1

i3 t1 t3

-El -7 -å

-4 -5 -5 -5 -4

-4 *4 -5 -5 -5
EE¡t-?

-J -J -'t -.J -.J

-å -Ê -7 -7 -Ël

_àf

-¿L

Í
-¡+

-rt
r]

{J

c!

7

-.J

I

E_J

a

-4

-4

-g

-tr¡

-4

-4

-Et

I
_J

4

å

-4

-Êt

-4
E
J

-{=

¿-

-4
_B

-ç

-c¡

-4

-4

-å
I

_'î

q
.J

å

-4

-7

-4

*J

-ç

=
c

-J

-Ë!

_IL¡

-È¡

LtE

ÕË¡

|.rr+

1ü

1¡.

13

IJ

14

iEi

1å

17

1Ë¡

tI I *fj

-? -3 -= -= --;

7Ë87&

-1 -Ë -3 -4 -4

-4
_&¡-4

-4 -å -å -& -7 -7
*3 -3 -4 -4 -5

2

-? -å -Ë

i¿..¿L1 'J

-5 -h -å -a -E

7å44s

-3 -3 -3 -3 -4-! -\ -À

-E *5 -=

-LÕ -1{r -?

-E -7 *7

_?

-q

_f3

--t

-c¡

-Ë

-å

-g

-&

E_J

-Ë

-å
r

5$

HEY:

-5 -r -= -= -= --:r -ã -r -3 -3 -=

55555555555

ånterinr Inclinatisn + = Fegterit:r Incl inatii:n



*FFEhlBrH IIrt{r.1 i375)

Te.bl e ãt] tctrnt ]" I{ean üeurees uf Felvic ïnclinatisn'Frsr*
LJ='rti cal d¡-rri nc¡ Ëtai r Eescent t ¡* =?- infprw,ãlq r-l{ fhe RtìC}

IhITERVåLS ÚF RI tìllT tìAîT ¡lY[l t

f]l rl?357t¡-E-=-5-å

tt?. -j* -4 -3 -4 -4 -5 -å -å -å -å

ú3 -4 -5 -: -? -= -r -4 -4 -5 -å

*4-5-3-t+-1-3-5-å-È-7

rl5 = = ? 3 I I r] *1 -t -1

Öå333-¿. 1*-L-7.-3-4

tJ7å1{¡1{rçË&4311

T¡Båååä5557ÊIE}

rJç -I -1 L' t-l -: -4 -5 -å -E *El

lrl -å -& -7 -El -? -tö -Ltj -11 -1? -13

lL -5 -5 -4 -3 -4 -5 -7 -å -é -å

l,?5âÈ7à=3:È?

15 -S -É -å -å -7 -Ë *El -8 -B -E

tr¡. ? 3 4 j$ 3 i 7. 8 3 3

15-å-4-1 trl-2*4-4-å-7

Lå -Ët -7 -7 -å -å -7 -7 -B -B -ã

lT -T -Ël -E -É -l.dt -¡.1. -13 -13 -14 -14

1Ëï -7 -7 -7 -El -F -1{t -lct -lr"l -ltl -1ü

H -Ë -1 -1 -1, -r -3 -4 -4 -5 -5

5n5å55555=åå

þ;EV-: - = Êtnterinr Incl inatisn + = Fnsterier Incl inatien



AFFEh¡flIlt IIr=1 (37&)

Tebl e
=1 

- f{ean teurees qf Fel và c Incl i nati {rnm Ueräical
drrri ncr Rarnc ü1 i mbi nn iat 5"1" ¡ fi f ç-rw;rl=. nS Èh¡¡ RËfl}

ThITERU*LS TF RTG¡{T IïATT NYI]I Ë
SUËJËI:T r¡ 5 L C¡ 15 ?t¡ E5 3{J 35 r+r} 45 

=r}

L't5

J-'rg.

r]=

L!ff,

ñ7

UB

r-rq

tü

11

t?

13

14

15

l.å

L7

tEl

Ì

rj

-tE

-11

-l r-r

-4

-Tl.r

-Lå

-7

-,¿r

-14

*å

-å
*14

-t{1

L

-1
_T.E

*7

-43

-17

-4

-={t

-1å

-å

-,--!

-14

rl

_Lu

{T

-s

r]

-4

-17

-7

-7

-lÈr

_-E

-T..r

-ltf,

-B
_L,

-14

Õ

-&Ê

-7

-14

-r I

-Ël

-l

-l.J

-g
_B

-tF
_-?

-?1
{E

-r-t

-l r.r

-å

-14

-l
_J

-7
* 

-!. *J

- 1{¡

-7

-?

-ùJ

-rt-

-7

-ç

-1F

-å

-?t¡

-14

-t+
-7

_ I.J

-1

_?

-14
*?

-ç

--È

ñ
-lâ

--l

-7

-'l l.r

- L-r

-7

-.tË'

{.4
-rL

-f. r]

-7
{E

-t-t

-t
_A

-1t.

-L^-1

*tt

-l(!

-4

-7

-å

-11

-lEl

-E
_l.Þ

-i ¡.r

-11

-å
{E

-IJ

_?

-.*

-Ll-

-r..}

- 1t¡

-Lt-t

-5
E

-J

-7

-?

-t?

-17

-11

-llt

-'t

t4

-å

-14

-3

-3

-t 1

{?

- 1r]

-{ 
i.i

Ë
-J

É_J

-7

-7

-17
_ I.-1

{?

'-f

-7

-t-ù

-4

-4

-1L

-LJ

-11

-'l l-r

-é

-7

-g
_1 d

-ret

{È* L'3

- t-.-1

-ç

-7

-L4

-4

-å

-t l.

-17
{-

- ¿.d.

- 1t!

-Ð

_L

-7

-7

{?

-lEl

-14
*l''-1

-1u

_B

-ldt
*å

-t

-r-d-

-1Ë

-14

-11

H -L{r -? -q -1ü -1{¡ -1Û -F -q -1r} -l{f, -11

ËË åååå5554444

Anterisr Inclinatian + = Fosteritrr Inclinatii:n



ÈFFEt{ÐrH IIr?f." I t3r7}

Table Ë1 lcnnt"]" l"lean üetlrees æS Felvic Inc¡.inati.arl frnfii
Uertical durinq Ëarnp tlírnbinq tat =f- interval= s{ the REif,}

5UËJËüT 55 å{r å5 7i¡ 75 Elü A5 Eü ç5 ltt-t

tl -11 *13 -L3 -lrJ -7 -å -ó -4 -2 -t

Lrj - I -Ér -J -= *3 -ð -ö --:i -+ -j

r-r3 -Ë -ç -11 -lE -L4 -1Ë -13 -L5 -1& -1å

tl4 -ttr -13 -11 -11 *11 -1" -11 -t1 -I+ -ç
r-r ri

{rå

{¡E¡

r-r{=

{ r-r

t1

12

i-ã

14

tEì

Lå

1.7

lc!

-14 -15 -14 -tË -11 -1ü -? -? -E -7

-f.Er -1Ë} -1= -13 -11 -11 -ç -7 -å -5

-l.df -l."+ -l.iJ -r-, -r,J -r!t -1.i. -? -da -rJ

-11 -12 -14 -1= -1ü -+ -tr] -11 -1O *11

-1& -t 7 -1å -14 -13 *Í.3 -13 -11 -B -4

--' --f -Ë! - I -E -J -.J -J -*f -J

-t.F -Lg -lEl -1= -t 3 -1,3 -14 -15 -t å -17

{Ë {Ê 4 t 4t {E {É ¿ ! lt 4 ¡ á ¡
-rJ -rJ -l.t! -rË! -rJ -rJ --tc¡ -lc' -rf:t -r¡+

- f -tt -ct -{f -Ð -c! -J --¡ -J -.-,

-Ët -El -B -E¡ -E -7 -7 -å -5 -4

-13 -14 -15 -13 *? -& -Ê -= -4 -4
*t ? *'ãù -1T -L7 -15 -14 -L4 *14 -1.3 -tr{¡

-15 -17 -15 -13 -13 -13 -15 -15 -14 -t I

-13 -14 -i4 -14 -14 -14 -1,3 -14 -13 -1J.

f -1. -15 -13 -1Ë -11 -1r) -1{t *lil -9 -E

ãF 444333445 -t

þ:.ËY: Anteritlr- Inclins.tir:n + = Ftfsterior Inclinatii]n



AFFENÐÏ H 1ï ,?Ë t37El)

Table Ë?. ltean Þet¡rees û{ Felvic Inclinatiün f ¡:om Vertical
dririns Farnn Fescent tat 

=T- 
interval= of the EËt)

INTERLJÊLS GF HIËHT ËAIT TTCLË
ËUBJEET û F 1{r i= ?û ?5 .l{¡ 35 4tt ¿}5 5*

cr1 -7 -å -5 -4 -4 -4 -4 -5 -5 -å -B

ir {r

-.c- -t

{¡f}L

1?t1 lr -3 -Ë -3 -4

1 rl -': -3 -= -7 -El

f_l= -å -å -å *5 -3 -'f -1 -1 rl rJ {r

f ìtl.

l.iEî

r.Jå

flr?

LlEI

r-¡(f

1ü

11

1Ë

13

L4

tq

1å

t?

1Et

-B

-L

-8 -El -å -& -å -å -t -? -lrl -3.f1

t¡

I

I

1

I

I

1

1ü i.Ë t{r II tL t{r ç Et å = 5

-& -& -4 -1 L' -1. -'+ -,J -J -Cr -O

Ë={¡-1 -Ë-3-3

-7 -å -7 -å -5 -3 -3 -4 *å -Ël -€l

-1 -t

-1 {r f.} I

-7 -7 -4 -1 -2 -3 -3 -5 -& -El -8

-3 -? -? {.r {r -1 -1 *1 -1 -? -4

-å -å -å -jl -4 -5 -T -It¡ -13 -15 -lE¡

-13 -L= -LÕ -ç *S -S *1 1 -13 -14 -Lå -1å

3357s-84 1-=-â-7

.J - .t -J -¿r -.JI I

ft .f
ñ?
I.JJJ

H-3-3-?r]ûti-1 -3-3-5-5
qrl

-.t ;J iJ 5==555å&

iftr'v " flnteriar lnclinatit:n + = Fs=terit:r Inclinatinn



APFEÞ¡f,rÎH I I ?13" I t37?l

Table ?Ë {ci:nt- }. lnlean teurees t:{ FeLvic Incl in tinn -Frsrn
!'Jert i ral drtri n ËIs¡nn f}¡'qrent t at 5'/- i nterval g nS fhs¡ trGfil

IF{TEËCJfILË DF RIËHT EåT-T' trYTLE
ËUËJEf,T 

=5
qtr] ç5 1{¡ú

tll

f-r?

rl3

LÌ4

r-rq

Õå

f-r?

üËt

r]?

1{t

11

1---,

I:1

14

{El..J

tå

17

1Eì

-B -ç -El

-4 -j1 -=

-L -1 -=

-s -EI -â

-E -E -S

=43

-7

-1
_'î

-å

-B

1

J

Ët

-3

-4
FJ

-t
't

-.!. -J

-å

-t

_-?

-7

-7

I

4

B

-4

-4
,¿

-rJ

?

T

-14

-Lt

-&

f-t

_-E

-7

3

2

Ê¡

-il

- -¿-

-.--!

I

4

- -!- ..:

iE
- t,--,

_-f

-å -7 -7 -7
rj -1 -L -L

-4 -4 -4 *4

-$ -Êl -ç -ç
ÉÉgã

-J -J -i_.! -.+

4443

I

Éf

-å

-4

-E

ft

4

7-7

11üf}

EË}77

-4 -5 -5 *=

-3 -4 -5 -4
EEÉE

-ð -J -;f -J

{r -? -4 *=

-= -= -7 -E

-å

-&f

- 
r.1,

-7

_.-.,

-Ë

1rl

-4

-å

-4
*1.ç

-1.å

-J

-E -Ël -7

JÀ

4434

? I I I

-1.Ët -1å -L Í. -1ü *lCr -Ë

-13 -13 -13 -14

-5 -4 -4

v

q¡-l

-5 -5 -4 -4 -5 -3 -r -3 *4 -4

å777åå5555

I¡.EY: = Anterier Inclinati¡3n + = Fciste¡-it:r Inclinatisn



åFFErutïH ïI!?3 {38{r}

Tahl.e Í3. l{ea.n Hip Énqle {-} d¡-rrinq Le,vel Walþ;iFq {at 5T.
Inter'¡als o{ the RËË}

IhITERVALË üF RÎËHT EAÏT rYN¡ F
'J ü

ü1

f-!?

$3

ñs.

{r5

+ft

f-r7

r-¡Ël

{r?

1U

fi

1=

13

14

15

1É

L7

t.J

çl'r

11-?

?5

du

.5rJ

'1 ÊL

---¡ t't

-c.t-

J.J

Tr-l

?L

?1

.J.J

t.?

*ñ
l't!

'Tr-r

3t¡

?d.

7S

Lç

1ç

L"J

T?

fgt

{nlcl

ñ4L¡

17

1å

+nlc¡

?ç

J

J

ct

cl

ldt

a

1û

4

.J

4

FT

tJ

-¡

1&

Lt.

l.J

U

L

4

3

'J

J

-t
I

I

4

I

{r

B

å

7

-6

-J

ú

-4

{t

-J

_?

l.

I

-1ú

-ct

-q.

- 1{¡

-&

_J

_-T

-ä

-å
_L

-El

-å

-t t

-4
_-7

-a

-lJ

-J.t

-Ël

{ñ
- L-å

-tr

-1ü

-11

-lrl

-7

-11

-11

- 1{¡

_I"J

-i r.r

-ct

-lJ

-l.t3

-r{f,

- 1{t

-.¡. c¡

-15

-1

--!-.-.l

-14
{T

-l -..t

_IJ

-14

-14

-14
_I?

-1r
-11

-1ç

t7 tl

1.5 11

¿E { ¡
.JI.J I I

',Jf I 1 Èr

¿-.É- r t!

lE} L4

L? r.4

1=S

14 1ü

L4 ç

lËt 13

t4 Ii¡

t1 7

t4Ë
a7 aa

?1 1,7

-õ

ûå

H?3".3?1 LEI 13S 3 -? -7 -ltr -L4

333i333+444st]

$iEYr + = F}exir¡n Ext,ensi gn



ÉFPEÍ{DIH Tr!Ë3.L t3El}

Table Ë3 tcgnt]. ¡qean Hip Anqle t-) durinq Level [.{s1kánq
{.at 57. interv.a ls a{ the RËú}

TNTËFV¡åL5 üF RTËHT ËËITT TTELE

-17

-Lå

-11
{E-r-,

_IJ

-t I

-.¡..-}

-1.å

-14

- 1jt

-14
{E

-l.J

-1å

-r7

{E_l.J

_I'-}

-1F

-Ldl

-_t t.}

-1ã

-7

- 1{t

_E

_?

-LJ

-lrl
l-

-rt-

-ç

- l..J

-1å

-13

-r.1

-14

T

-4
-

IJ

13

t^t's

{-Li

14

Lå

L7

ldr

t7

L7

17

1å

t1

17

{ÊI.J

13

lrl

¡-1'ã

=4
nÉ
¿-"J

.¿Ël

-d.J

r.t3

'77

?4

?5

-J4

?4

3ü

¿-*J

Çr-r

.d.*¡

_¿..t

-]-T
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{Ê¡.J

r.3 t7
4-
-!.J

Ë

å

3

t?

1&

Ët

tË
I.J

1ç

tE!

4Ê
IJ

1å

17

ñ

7

g

s

11

14

1Ë

1T

.J1

È!

1ü

r1

t3

14

14

13.

-J

F}FJ
LL

1{t

¿&

ã1

1g

4

11 1Ël

-ÍåAÈ

Y

Ët

Rf)

þ:.EY¡ L = Level
Ët = Ëtair
SD = Stair

{F
l.J

Wal l";i ng
Cl i rnbi ng
Feçrent

1t¡

4

1fl 11 {fi
l. ¡t-

= Rainp
= Rsr¡¡p

Clíinbing
De=cent
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k L El"lË Écti t
Rertnç Abdornínis ¡qr1 Ë! { T- ri$ F¡fìll }

TY-FE üF nfinf{f]T l rf¡t
SUFJEÜT L SE 5n Ëtr Rtr

4

ç

Ë4

14

ç

È¡

tü

1ü

¿-

7

JÍf

ËÊ

17

?1

1å

1t

tË

1ç

Lrl

11

{nL7

t*

tr7

l.J

IJ

3.=

1t

tå

L1

1Ë

1-l

1å

14

t4
4ÉTJ

IT

1E

I"J

1å

1å

lfi

1E¡

lÈ

11

1E

3

-

È

7

t

EJ I,

{r?

r-lT

fi¿L

Lr3

üå

tJ7

ü$

r-r{f

1ü

11

l"

¡*.}

14

l.J

1å

{-LI

1g

=

? ç

t.ircr

å

å?

äå

?

Ê
J4E

lf

5D

taL-

Ên

IJ

L = Level t¡üalking
Ët = Ëtair Elímbing
5D = Stair Ëeçcent

13 15 ¡t¡

Ftarnp
Hamp

tl i mbi ng
ñ-----!
L¡g5LHI ¡ L

t'lEY:
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TsË:le 44- Fleen Fsint of Feak F F¡"¡lì Ar:tivitv durino Level
hlsrlkinq t?å cf RËËl

f,IUSTLE
5UËJEtrT RES tN=lEll LES tl{= rBl RF¡A thl=l8l LËå tN=1El)

¡?¡+..J

E{
J¡

4t

1+'+

å{¡

iE.fJ

-TF¡

..¡"¿

?l-

3&

ctJ

T{Jl.

¡+.d-

åE

&ü

-17

JË¡

q,7

4q

"Jì

5"

JI

ÈJÈ.'

iJc¡

56

FÉ
rJrJ

å1

4ç

Jaa

Ê¡JC¡

JJ

.JE

.JJ

5å

.JI

Jtl

É¡iJ!+

JCI

EIJ¿f

JiJ

J{:¡

-I'f

.J*J

.-, f

F'..tt3

JCt

Ê?

Õr:

a1

4Er

¡+J

4å

¿_ Èi

._.f{3

åå

4ç

.-]J

31

åEl

4ü

,{I ET

nÊ¡+J

&7

47

¿?

¡-r I

l.rT

rl3

rl4

tr5

{rå

{t7

ilEl

ö?

1ü

1.1

1=

l.J

14

{Él.*J

Ita

t7

1B

.f "*4.ç.J.J

J

ea
-tÍf

HEY: RES :
l_E-;f -

Right Erectsr Spinae
Le{t Erectnr Spinae

l.*.} 1t

Riqht Rectriç åbdsrninís
Lef t Ëectus Abdsmini's

ËRA =
Lr1H _
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T¿hle 45- I"lean Fnint n* Fc+ah F EF¡IG tlctivit ''¡ r'll¡¡-i nn åteir
tl i mbi nq i7" gf RËC}

¡{u5rLF
gUgJEËT HEsT irl= l El1 LEE thl=1.81 RRå {N=17} LFIA { lrl= 1B }

{r1

liT

{i4

{r5

Õå

07

r-ÌFi

..rtf

1U

L1

1?

l.-}

14

{El..J

1å

t7

1Et

E'

qr-r

ff¿

åå

,Jt

Êt
JCt

¿-T

-r.¿

47

J.-7

t4Èlr

^a'* *l

*¡ct

c¡l.

ta.t

.JL'}

å=

4Er- t- I

JTJ

JûT

år]

åt

-tE

É,
-Jõ

å(¡

{f,lJ

åt

JJ

ct-¿

JCt

J.!,

49

*t*J

JJ

._!,J

47

47

5rl

åEI

44

¡tL

45

4å

Eil

d.Eç

.-, r

4A

4å

JI

É{
JI

LA

J'J

È¡J

Eã?

J'

L-T

á3

n-*fJ

;-.! I

u4

å4

.Jt

Jõ

etJõ

ç

JÌ

åå

Éñ
-lE

g

t.

5Ð

5*

I'iE-t': RES = Ftiqht Erecta.r Spinae
LEE = Lett Erecti:r Spinae

RFIA = Right He,ctus Ërbdominis
LRA = Lef t Rectu= Abdomi.nis
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Tahle ¡1.å- l"lean F'sint t:f FeaF: T trÍËllì Arti.¡i tv d¡¡ni nn litair
Þescent i7'" of RËt]

['IUSCLE
SUBJEIT RES ttd=LEl LEE {N=1 trl RFîA{hl=tTl I FA ttrl=l71

irL 55 4b 47 4ü

rl? 45 35 4Õ 45

u*1 ;J..] J-1

ö4 53 3ç 5ü 4å

U5 35 ?5 5r] åÕ

{¡å 5å å4 53 4B

Õ7 =3 4El 47. 5ü

rlEt 5ËÌ åÉ 47 4ç

{¡ç 51 &t 7tt 44

Lir 51 54 3ç SEl

Ll 5å 53 55 åå

l.? 57 57 51 53

*- Er Ëñ Êa ¡ñ
l. J iJl, .Jtl 'J I EO

L47+å?'åååË

15 55 åt¡ 51 57

1å 5å 5å 5{J ådt

17 54 7= 4T 
=4

lE! å4 5t1 4å 43

r54=35153

st
þ-EY:

E¡ .!..-.3 t¡ ç

ËES = Right Ere
LES = Left Ere

tor Spinae,
tnr Ëpinae

RRå = Right
LRå = Le{t

åbdi:mi ni s
Abdtrøri nå s

c Fectus
Flertustr
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T*ble 47" Hean F*int o* F'ee.k 3 El"lË Activitv d r i nc Rernr:
tl i ¡nbj. nq i?å crt FtËtr}

ËUEJËCT ¡ ALJ {N=lEli LES {l{=LËÌ} RRå ilrl=1 Ëll t Rdl thl=1Ë)
öt

r-l-f

ü3

rl4

11rî

ü&

ü7

trE

|.i4

1{t

11

1Ë

13

14

I;J

Lå

L7

1Ët

5ç

&4

=4
É?

-J-7

J{3

å(r

'J'J

JCt

J7

5Et

Eq-¡

ff,-i.

5E¡

å3

Eñ

EE
JJ

JÐ

tat

41

jt5

J-{-

47

F¡Jf,l

54

4Êt

JJ

ÅLa

4ç

JCt

54

å1.

E4
-t.¿

Jõ

4L'l

LL

JËT

.j-f

årl

5rl

*a¡*

4ç

31

rJ.-¡

&S

51

54

JCI

J.l

.J.c.

å0

ÈT
;Jú-A

71

44

ÊEJ--!

JJ

4-.r-

41.

'J.J

É4rJt-

7Ft

åL

JJ

J,--!

&4

Ê?
J*a

å

JE

3

Ã

Ëig¡-rt Eræctnr Spinae
Left Erectnr Spinae

É-
JÉ "J..}

11 I r-r

RËA = Right Rectus Abdt:miníç
LÉA = Le{t Flectu= Abdsniini=

i¡!J

¡--'rar - É-r _Ìl._Lt: raE-Ð *

LË5 =
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Tshle 4Ë1" Ë4ean Foint t:f Feak Ë EÌ'iË Activitv durinq Eamp
úescent {?l of RËtr}

I'IUSELE
ËUBJEtrT REË t lxl:1EÌ ì LEË {F{=tr 8} RRA tN=l 7i LRA tlS=1tt)

4å

4.7

-l -J

Jtf

,{lr-l

.f*J

4&

åü

JJ

44

5ú

JCt

åt¡

J.-}

4Et

41

JL¡

43

.-, L

JCI

rr¡

43

5El

É{.JI

*_!ct

?ñ
"-þE

J¿.

cll-

d.=

.JJ

77

54

4?

JJ

4ç

å+

5?

Eq¡t

å{.}

41

Eñ
.--!L

37

J{È¡l.

.JC¡

È.!J

JiJ

ET

ÊìJt¡

44

i_-!J

54

*JJ

.-.! a:¡

ÊÃJrt

JI:

Jtt

J.-.!

5{¡

54

54

*JJ

ËTJ..J

.-rl

|'rT

L!¿1

ü4

|-rF.

{,t&

Lr7

t¡Ë

r-rq

lrf

1.1

:.Ë

13

t4

15

1å

17

1Ë¡

7*

'73if,Lt

g?
Lr.-1

Ì.1

Rigl-¡t Erectt:r Spinae
Le{t Erectnr Spina,e

4? 4?

11

Riqht Rectuç åhdemi.nis
Left Rectus Abdnminis

atFl' - ñrr _

t-E ì:¡ ;
flfaä -
LRÉ =



T¡hle¡ 49- l4ean Fclint sf treak Ë

ÊFFENÛTX rIs4ç t411)

trlvifi Artivitv.:{ Einht Erertsr
Spinae {7, af Rüü} ín Ê11 Tvpes at-J-ûcûrTistion

T1fFtr flF Lil[üfvtflTÎühl
5llE1,IFr:T L Etr Ën Rf: RT}

JtJ

J-a

Jf3

44

¿JJ

g¡

-r.-Þ

Êt
--!(3

54

Ê4JL

JC!

JJ

ET t-r

Ên

34

=.'7

J*a

57

J?

LIL

54

Eñ
.J-'

et

åCt

LIJ

iJE}

Ëñ
--t -r

Jt¡

JT

åË

EñJCI

L7

J;J

åt¡

JJ

tÊ¡+J

.J..1

F?

JJ

JC!

¡J ì.}

Êñ

E{
-, I.

É{JI

eìJ{A

JJ

J-C.

74

,--!J

5å

É¡J+

À4

J.J

JJ

*,8

&ü

Ê]l

5El

rJ{f

Ja=

Á11

crL

.Jt

E-

clL

.JT

a¡Ë!

"JC!

37

E{
Jl-

Èt

J¿+

Jt3

54

Jt3

iJJ

É¡
-J(f,

JT

ÉË
JJ

5ç

E?

.Jt3

Éñ
Jtf

JI

flil

rll

ü"

rl3

rlÆ.

írË;

{rå

ft7

tlE

.1q

f. rl

11

i?

l.J

t4

15

¡tf

LI

I. EI

3

Ed
J.'t5E

4

JU

Ë5n

,Jfl

L = Level hlalking
5E = Stsir Cliinbing
ËF = Etair Descent

Rt = Ëamp
RÐ = Rainp

El i inbí ng
Descent

hIEY:



Table 5rJ" ffiean tr'¡-rint of Feak : El'lEi Activitv

APFEÍ{T}I X II3sij (41:l

I e4t Frecttrr
Ëpi.nae tl" a{ REt} in All Tvpe= s# Lûrgmi=tisn

T'YFE ÚF LütrEHÚTÏüþI
SUSJEtrT I 5Ë 5t Ffr RN

*J*J

77

J¡+

.d-T

-t -,

4ç

å{¡

*-,!L

54

åfl

41

Ë4
J.J.

.J -¡

L1

JÈI

É?
.--!.-}

ErV

eñ
-,8

å1

4t

45

Éñ
J-¿

47

,Jtf,

Ê¡J.+

4Ët

*t-l

47

4?

Eñ
rJ{f,

Êã

Êtl.

.JJ

"J/:

4å

-_rJ

.J"-!

?ñ

d.!}

å4

4A

åEt

åö

JJ

.J^.}

-T-?

'-JÈI

å+

iJfa

FJ

=å

É{
,-.t r

4?

J.J

È?
:_-!..3

JJ

47

47

Er-l

åEr

44

4?

45

4â

*_.F -f

45

JI

4å

,JC¡

E-

4?

J-9.

JI

JJ

ÊrJCt

.-¡Ë}

JTJ

åt

4F

Eñ

Jt3

JTJ

JC!

JÈ1

Lrt

tr?

tJ..}

t'r¿.

|..-,

tå

ü7

{¡Et

r-rdf

1{r

L1.

1?

13

14

I;J

tå

i.7

IB

J*J

å

.J.J

&

LJL!

î
...}qÍ1

5{t J*¡

11

L = Level t¡laLl';ing
5t = Stai r El i rnbi ng
5D = Stair úe=cent

ñE = Ramp
RÞ = Ramp

4J
L*1

f,linihing
üescent
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T-LI _ ËT
¡d-L!¿H *J.i¡ ltpsm FoinÈ u{ Feah 3 EF'¡Ë *rti.vitv dur i nn Le,vsl
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