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Nauttlus

~-

ABSTRACT |

r : :
‘The purpose of this'study was. to determme the changes in uppeMy muscular -

strength of spinal cord injured individuals as a result of a srx week treatment session using’

..'*1
-.m; 4y

Five male mdtvr uals were mvolved with’ complete lesrons in the thoracic regton The

mdtvrduals were between 27 47 years of age. The mdrvrduals were tested on shoulder and

=

" elbow strength and endurance using Cybex I1. ’l‘wo tramtng programs were used. Subjects C --

Y

and E completed a ten week program whtle subjects A, B and D were mvolved in a twelve _,

week program. After the tnttraj, test on the Cybex |1, subjects C and E were testedtnn thé Cybex

II agam af ter the,lst and 2nd week The treatment on the Nauttlus started in the 3rd week The

fo

: Nauttlus sesstons weredone thie times a week for six weeks C)n th; 2nd, 3rd, 4th 6th and 8th

o week af ter the tnmal test Cybex and Nauttlus sesstons f ell on the same*day a fif teen mmute

.
k)

RN

I t‘

.'

‘ ‘rest penod was tmplefrtented between the two Af ter the stxfweek treatment rtod the

b

treatment was stoppped and after two weeks of rest another testtng sessron oh the Cybex Il was :

o -
’

completed S . : o AR Y Y
/’ . : ' ' ' \/ ce Ll

Subjects A, B D were tested the lst 2nd and 4th week af ter the initial test. This

/
/

group started theti almng on the Nauttlus af ter the 4th week they also performed on the

Nauttlus three tunes a week Testmg sessrons dunng the tlteatment penod were held on the Sth
A\
6th 8th and lOth week af ter the ini ;l test. Same procedures were f ollowed as subjects C and

- E tf the testmg and treatment fi ell on the same day Also af ter the six week treatment pertod

. subjectsCandE o

. ." the treatment was stopped and subject A B and D l'ollowed agatn the same procedures as -

Ve

—e——

o the Nautrlus wetght tramtng equrpment gav aecurate readmgs of the wetght lif; ted on each R o

-



L e AR , | ‘
!session’. Both sets of data werfe presented graphicauy'and subjected to -

“

machine at each training

visual analysis The expenmental desrgn on'the Nauttlus wetght traimng equrpment was a
k .
changrng crtterton to increase systemaueally and gradually the subjects perf ormances over the

\
“8ix week treatment period The graphs\representing the Cybéx 11 results were assessed accordmg

to trend level and vanablhty of perfonnance between and thhtn the three phases

It was expected that performances on the Cybex Il would show a stable baseline

’

throughout the' pre treatment penod followed by an increased trend over the srx week Nautilus
#

- treatment penod An tnterruptron of training would thén r@ult ina decrease m trend. The
\ 1 C A

results mdrcated slgmf icant mcreases tn perf ormance by all subjects on the Nauttlus wetght

tratmng equtpment from a three percent mcrease to a 221 percent increase. The Cybex1I "

¢ .
testtng equrpment data showed relatlvehtable pre treatment perf ormances on the shoulder and

.o

~ elbow ﬂexto/extensmn vartables 'l'he m}uauon of the treatment program did not result in
posmvechangesm performanée e T S

‘ lt Seemed that the specrf rctty f actor of trarmng and motrvatton played an tmportant '

role in thts type of study The conclusron of thts study appeared that the Cybex II tsokrnetlc

tesung dcvrce and th Nauttlus 1sotomc exercrse devrce might not have been the appropnate |
o )

cntenons for testtn and trauung of muscular strength of spmal cord tnjured mdtvxduals
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Chapter 1
INTRODUCTION

i

j
Until World ‘War Il the attitude of society tqward the physnc:ally dléablcd was so

negative that they were often kept hidden from the pubhc (Gullmann 1976) Following World

. War Il the number of disabled mdmduals increased dramaucally In response tothe needs of
many scrnously injured combalams Sir Ludwlg Guumann a noted dcurosurg:on pnonecred a
comprehensnve care’ system for vnclims of spinal cord trauma ‘Due 1o his treatment innovations
in the late fifties and early sixties” the death rate decreased effectively from ninety percent to
twelve pércé?y)‘( (Gains.l982). These advances in medicine and rehabilitative ircalmcnl have been

‘ largely respoﬁsib}e fot increasing lpe life span of the phs'sically disabled so that it now
api)roachcs that of l’he general population (bultrddnn,l976). . |

Kl

| 2 Belge} treatment, rphabililation methods and increased Iongevilyﬁave necessitated
‘ier public awa"reness_ and have encouraged the'starl of recrcation add"compeli(ivc sport,
programming for the physncally disabled. Efforts were fi arsL made to develop sports com tition
for the phys:cally disabled by Guttmann in 1946 He: mtroduced sports to traumatic raplcgncs
. as part of thexr medical treatment (Gams 1982) and since that time interest in hca)th
'promouon of the physically dxsabled through participation in sports fitness, and hfestyle
programs has visibly mcreased In 1948 the First Stoke Mandevnlle Games were held wnh only '
sixteen compemors At the First Olympic Games for the Physically Dnsabled held m Rome
Italy in 1960, there were 400 parumpants and 'by 1980-pamcxpauon had mushroomed to over
2500 athletes at the Sxxth Olympié Gamcs in Amhem. the Netlferlands,'
Not only has p‘micipatibn‘increased but the quality of sport performanceé has also
improved. A companson of-the track and field results of the 1976 and 1980 Gympxc Games for
. rthe Dssabled with the 1984 World Wheelchaxr Games mdlcates that previous records have been -

surpasseld. World records are still being broken or)é regular basis (Appendix A). In addition;

1



- | 2

wheelchair athletes are competing in longer track distances, for example 5000 meters, 10000

meters and marathons These events were mtroduced for the first ttme at the Seventh World

'Wheelchatr Games in England in 1984 Wheelchatr track events were held for the f irst ttme at

i
tlre 1984 Los Angeles Olymptc Summer Games on a demonstration basis. The best female .
wheelchatr athletes participated in the 800 meters and the best male wheel®air athletes ‘
partlctpated in the 1500 meters Sharon Hednck of the United States won the 800 meters in ‘

2:15:713 mmu%s. Paul van Winkle of Belgium won the 1500 meters in 3:58:50 minutes
o ' I ' .

(McBee,1984) . The age of wheelchair athletics has arrivedr Accessibility, p_ublic awareness,

' legislation and renewed determination to be involved have fueled the fire for wheelchair athletes “

L

3. a,record of the progress of the individual.

.d*

, , '
(Dawson.l980) . Because the growth in sp’or'ts partlcipation and quali’ty of sport performances

_have ‘been so raprd serious problems have arisen with mappropnate\trarmng programs poor

condmomng and inadequate coachmg (Dawson 1980)."The umque needs of these athletes
\
drctate that detatled assessments and prescnpuve tratmng programs be prowded An adequate ‘

'

‘ asse5sment and trarmng program should mclude : .

1. an assessment of physrcally disabled individuals’ performance and fitness levels.

2. the desrgn of an approprrate training programs specifi ic to the mdmdual s needs,

capabrhtres and sport. - \ p S N

4. ° monitoring of the indivldu’al’s‘program

esrabltshment of tratnmg necessary to elicit ‘optimal tmprovement in perf ormantce.
3
provnsxon of up-to- date\fn{ormatron on tratmng programs of the physrcally dtsabled

athlete (Steadward 1980).

At preSentthé?e_ afe ‘only’ three major c'entres' in Canada- tltat provide any assessment

\

. and presenpttve services for the disabled. These oentres are: the Research and Tramtng Centre -

(

for the Physreally Dtsabled Umve ity of Alberta Edmonton dn'ected by Dr.

“ . R. D Steadward Vanety thlage Scarborough Ontarro drrected by Dr. G Ward and the

Research Laboratory. Umversnty of British Columbta Vancouver, directed by Dr. K Coutts;

a



. upper body strength (Gnmby 1980; Davrs 1986)

.

-

" Dueto the rapid growth of wheelcharr sports, serious questtons have ansen concemmg the

physrologtcal aspect of exercise’ tramtng after spinal cord @uma ln the past mbst of the

trarmng and coachtng tnf ormation was comprled f rom data collected on able bodted athletes & .

(Daw 1980) Ltttle research was conducted to screnttf tcally determtne the chrontc ef fects ol'

= :
wheelchatr athleucs on the phystcally disabled participants. Also, the mam f ocus of oo

physrologtcal research for the physrcally disabled has been on the cardto vascular system “?'.
‘whereas ltttle attenuon has been gtven to the trarmng of muscular strength (Davrs 1981
| Da.yyson 1980). Accordmg to Frey ( 1975) and Davis ( 1980) muscular strength is one of the
most tmportant factors m wheelchair sports and yet the assessment’ol' strength of physically *
dtsabled mdmduals is still in rts infancy. Currently, muscular Strength has been stu‘dted uttltzmg
four drf ferent techmques hand dynamometer (Zwiren,1975), repetttrve wetght lifting
- (Nilsson,1975), static upper arm cable tensrometry (GerS‘ten 1963; Kof sky, 1986) and tsokmetrc
p ‘
In response to the recent growth tn sport parttcrpatton by the physrcally dtsabled the

correspondmg tncrease in athlettc perfbrmances and the need for muscular strength research

© the present study evolved. It was desrgned 1o focus on the assessrnent of muscular strength and

‘the evaluauon of resistant trarmng programs The specrf ic purpose of thrs study was 10’ ..o

, A

.determme the ‘changes in upper body muscular strengthrof spinal cord tnjured tndrvrduals as a
A : 2
- result of a six week treatment session using Nauttlus equipment.

[

A. Delimitations

y
1. ~The study was restrtcted to five individuals wrth spmal cord injuries mvolvmg complete '
‘ lesronsmthethoractcregton R o ‘ N R
i. The age of the subjects, was between twenty-seven and forty-seyen years.
. 3 . The Cybex II tsoktnettc dynamometer was used on }he f ollowmg movements durmg
testtng ‘ |

" a) Shoulder flexion and extension

qq, . ‘ \



: ! ) ‘ ‘ . ' . ' "_ ' 4
\ . - . B i . ’ . » " v

b)'flbow flexion and extension. _ ) o | \
4: The Nautllus was employed for all treatment sessiorfs on the following exercisesz

a) Behind Neck

[

i A
b) Double Shoulder (Lateral Raise)

"¢) Double Chest (Arm’ Cross and Declme Press)
d) Biceps Curl '
" .e) Triceps Extension.
5. The subjects volunteered f or this study.
6. The subjects’ molivation lel"elldur'irig the :t'esting ahd treatment sessions could not l;e
co'mroll'ed . S R ’
] 7. There was no comrol on acnvrty outsrde the traming sessions..

#

8. The physrcal con}lmon of the mdrvrduals pnor to program varied.

Is prior to trauma varied .

9. The physréaT‘c:{ndrtron ofthe i ndivid

B Definitions ol' Terms

Faraplegla. ref ers to paralysis of the lower legs and trunk resulung in 1mpa1red function and o

)

‘ sensatron
“ ; Complete spinal cord lnpry mdxcates no sacral sparmg ‘as evrdenced by permeal sensanon

Strength is the maxrmal force that can be exened agamst an 1mmovable resrstance by a smgle |
'comracnon s : '_ “ ' I " ' .

lsoklnetlc excccise mvolves maxrmal f orce producuon of a muscle or group of muscles o "
| throughout the enure range of monon at a controlled speed of contracnon ' |

IR

' Cybex. is an 1sokmeuc devux that provides accommodatmg resrstance agamst a lever movmg{sat -

=

a set angular velocrty The resrstanoe supplred by the machme is exactly the same as the mpul
| "“:armofthedevme ‘  2 I T .’”’.\ g

q;‘
’“Nautllus provrdes a vanable l‘orm of resrstanoe through the use of a mm Typically. at the start

l

. of the movemem the avallable force is low s0 the radrus ol' the cam rs small and theref ore the /

i+ . v, ’x\




rcsxstanoe is low. As the mdmdual moves f unher into the range of motion, the f ot‘ce mcreases

) and consequemly the radxus of the cam becomes larger and thus t'he resistance xs mcreased to

At

match lhe higher force lcvel ] \ .
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A Individuals wlth Splnal Cord Injunes el - e L

[ I e '{,‘ "’ \)' i ! " ! : ‘
/ The many caum Qf traumauc paraplegta range f rom comphc tions at btrth and f alls

R ' € ' " S

: through bullet wounds and sport tnjurres to mdustnal and road accrdents Accordmg o
‘ Guttmann (1976) the most fi requent causé of traumattc paraplegla is road aectdents whtle
sports tn]urtes represent the second htghest number In the most recent: stathtrcs avatlable f rom,

u " ' {/
the Canadtan Paraplegtc Association (1985) 4. 5% of new spmal cord injuries Whlch occurled

"

between April 1, 1984 and March 31 1985 were related to motor vehtcle accrdents

lnjurtes f rom road aecrdents are f requently assocrated wrth fractures of the bones of
the spmal column The sprnal cord can also be damaged by dtslocatton of one bone upon the.
] » other wrthout any stgns of f racture The paralysrs is mused by mterruptton of the nerve
| / pathways gomg from the brm.go the mvolved hmbs The f unctron of these pathways may be _ v.

‘ dtsturbed because of pressure onthe spmal cord f rom bony fragments or from soft tissue from s

Tthedtscs ‘ -

N If the pressure can be removed qurckly enough and the bLood supply to the area
| restored then the nerves may begrn tof unctton agatn When thrs occurs itis refen:ed to as an
, 'I inco plete lesion. A complete spmal cord in Jury whtch exists for a twenty four hour penod
- wrll usually not have srgnif fcant f uncttonal recovery The cord tnjury 1s complete 1f there is no-

sacral spanng as evrdenced by perineal sensatton (Cull 1977 Hardy 1975)

e -

B Cybex Il lsoklnetic Dynamorneter R

An tsoktnettc exeretse umt such as the Cybex 1 I has been in use smee the early 1970 5.

- Cybex II 1s a mechtfmcal devrce whrch assesses muscle strength tsokmetrcally (Ellrot 1978)

d

-



‘ rncreased muscular output applted to, the lever arm will produce mcreased resrstance rather than

)
"

Cybex IT makes it possible to control a constant speed at whiCh a body Segmen't"mov'es ‘through '

a full range of motion . Once the isokinetic device is set at a specific operating speed, the

‘internal mechanism. will prevent the lever arm from surpassing it's predeterrnined speed. Any

L The Cybex [1 rsokmetrc system consists of three components the first component isa .

_mcreased acoelerauon (Moffroid, 1969; Thrstle 1967; Hlslop 1967; Pernne 1968). The rsokmettc -

device also allows’ resrstance 1o be apphed in two opposrng dlretttons Because of ‘this f cature | S

is possrble to concentncally exercrse opposmg muscle groups srmultaneously (Coplm 1971)

dynamometer which measures torque mput up to 360 f oot/pounds or 488 Newton Meters
(Nm) The resrstance supplred via the mput attachment vartes automaucally to accommodate
¢ - '
.

the ﬂuctuatmg f orce apphed by the subject Any f orce applted agarnst the mput attachment is

measured as torque on the mput shaf t and. dtsplayed on the dynamometer The second o

' component i a speed selector whrch can be set to obtam a constant speed of rotattpn f rom 0 to®

35 1pm ( 175 to 4 716 radrans per second) Once a speed 1s selected the rnput shaf tcan’ not be

f

. accelerated !reyond that speed regardless of the 1nput torqge appltecl below 3664' oot/pounds or

' 488 Nm The thrrd component rs a dual channel recorder lt has mput to the dynamometer ‘and

’

an electrogomorneter and thus can stmultaneously produce and drsplay a permanent wntten Y

record of the ap.plred tOrque and the range of gomt angles across the entrre range of mouon of

Y the lrmb berng tested (Luatex Corporauon 1975 'I'hrstle 1967 Ellrot 1978)

Moff roxd and colleagues (1969) reported a0 999 co ef f rcrent of valrdtty of predrcted to. e B

| obtarned torque measurements and a 0 995 co eff 1crent of relrabrhty for torque output A

- velocity of, the rnput arm throughout the f ull range of mouon

C Nautllus Wetght Traimng Equipment R e

correlatron of 0 985 was f ound fi or 34 pornts ‘on generated torque curves to ensure a constam

'F" )

Nauulus exercrse machrnes are a relatrvely new commercral tramrng system whrch

Arthur J ones mtroduwd in 1970 af ter expenmentmg for twcnty years (Darden 1980) Nauulus

- . v : . D
PR S ) oM



‘ manufacturers saw the nwd to redtrect gravity employmg rotary resrstanee in order to provrde

each muscle wlth overload" th' ughout the entire range of mouon Nautrlus is not 1sokrnet1c

or t main

‘ s no control over rnovement speed but Nauulus theoreueally provrdes vartable
resrstanﬁs whtch suggests that it-effi ectrvely matches the shapes of typrcal human strength

] curves\ throughout specrf ied ranges of movement (Heusner 1980; Nauttlus Sport/Medlcal

lndustnes 1982 Hobson 1983) The resrstanoe is varied by the use of caref ully desrgned cams _' S .

‘ and sptral pulleys That is, the resrstance automaUcally is tncreased at those p(nnts where the
¢

muscles are strongest and is decreased where the muscles are weakest (Heusner 1980; Nauttlus

‘ Sports/Medtcal Industrtes 1974 and 1979) Each machme employs a dtf f eren\t cani because each - L

ovement has rts own dlStlnCt strength curve (Fleck 1979) The Nauttlus is clarmed tobe’ :
scrennf rcally desrgned to produce opttmal mcrease in muscular strength muscular hypertrophy.

, and flexrbthty wtth rnrmmal drscomfort (muscle soreness) ina relatrvely brtef period of trme . |

(Co]eman .1977 Darden 1974 Fox & Mathews 1981)

D Strength tralnlng programs ’ S L

tov

There have been numerous strength trammg programs devrsed f or able bodred

: 'mdwrduals For the purpqse of thts study rsotomc strength trammg programs perf ormed on the : .‘ o

,l‘.

upper body willvb” emphasrzed

Isotomc exercrse cap be det' med as the actton of movrng wetghts through a range of .

-

g ;. monon ﬁe resxstance to the body segment (skeletal lever) remams constant dunng the full o
- _ ‘range of motton However the resrstance to the muscle rs not constant because of the ! . :‘ o r ‘ 'j
| modtf ymg ef l‘ects of the lever system through whrch it must pass (Hrslop,1967 Pernne 1968)

'l’he f trst tndrvrduals wbo attempted ;3 ouitliné specrﬁc procedures for tsotomc trarmngg ‘
: ,were DeLorme and Watluns (1948) They presented a protocol for load resrstmg exercrse whrch\
xs)‘ef erred to as progresslve resrsuve exercrses (PRE) DeLorme s (1952) apphcauon of PRE to ’ .

adoleseent boys in both elbow flexron and knee extensron for a four month penod resulted intan

. average increase in strength of 59% and 49% respectively as measured by one renetmon s

Il



o

ﬁf——--srx to-ten repetrtions wrll also tmprove strengtu

"

) maxrmum (RM)

- was the best for rmprovrng strength C , ot

consrsted of drf f erent exercrses each perf ormed for.

r\.
¥
r.r A

Houltz (1946) applred PRE to f emalé’ subJects exercrsrng quadnceps and muscles
mvolved in handcurls He found that rn f our weeks of trarnmg strength mcreased by more than

double the rmttal amount

Berger (1962) looked at the ef f ect of nine drf f erent werght trarmng programs to

1 determrne whrch were more effectrve in rmprovrng strength Tlhewerght trarnmg program took
‘ twelve weeks and trarmng was, performed three times a week The program varred f rom l 2 or.

3 sets and from 2, 6 or 10 repetrtrons per sct Berger found that three sets of six repetrtrons

. . . . \‘
- Lo ' e I3
PRI ¢

\ - | . ) RN B )," ‘ . ' i
Sanders (1980) t’:ompared the responses of twenty two college a%e males to trarnmg g

usrng tradrtronal barbell equrpment and nautrlus equrpment He. took prc and post test on -

’1 | -

two mrnute bouts of rhythmlc rsometnc exercrses mvolvrng f orea extensors and shoulder

flexors Werght tratmng was performed three trmes a week for f ive weeks Each workout '

n"

hres setso six repetrtronsf?anders l'ounda SR

srgnif rcant 1mprovement as a result of "amrng m both groups He concluded that ' rnrng Wrth

- the tradrtronal barbell methﬁ or nautrlus dynamrc equrpment three trmes a week f or a perrod

of f ive weeks usrn/g the PRE method was suf f rcrent to produce srgnrl‘ rcant gams m muscular

I

strength Stull and Clarke ( 1970) looked at twenty male unrversrty students who partrcrpated rn

o a six week trarmng program three trmes a weekw 'I'hey perf ormed three sets ol‘ ten repetrtrons of

R
arm curls agarnst a resrstance of one half 10 RM three quarters 10 RM and 10 RM Pre and

post test consrsted of a senes of 150 maxrmum contractrons perfornwd every other second over

a f rVe mrnute perrod The results oT the PRE trarnrng program employed rn thrs study elrcrted
parameters of 1mtral strength frnal str;ength and total work “ ‘,:' : | '_

' ) In summary there are very few research studres whrch address the development of
muscular strength of the upper body Those crted concluded that as lrttle as four weeks of a .

PRE program wrll srgmf rcantly mcrease muscular stength and that anywhere f rom three sets of

L




trammg They dmded the subjects mto four groups B 1sotomc isokmem (low) 1sokmeuc

E. Speciﬂcity ofTraining B , "_,‘, ;‘ ‘ ' f ‘.

Pxpes and Wllmore (1975) perf ormed a study on 1sotomc versus isokmenc strength

(high) and control The subjects trémed three nmes a week for exght weeks- on drff erent “' ‘:'."

bench press 3nd orr the devxce used f or the tralmng program whlch is leg: press 1sokmet1q press ;“ "

v e \ "

dcvnce and bench press 1sokmeue trammg devxce Isotomc measurement of dynamxc strengm
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’ st'rength t‘raining e r' e . ;_‘

The above researchers found that when trarnrng mdtvrdualk on isotomc exercrses there R

we;{) srgmf rcant drfferences between the pre- ‘and’ post scores when tested on the tsoklnetrc N

L

R comphcated funcnons m the mechamcal brochemlcal neurah and endocrme areas that

" testing devices.' RIS

' F. Factors related to Muscular Strength lncrease - s S e

' measures.

- specrfrcally the in ,rea‘

= Fox & Mathews 1980 Slhmrdtblercher 1985) In studres where srrength gams were not _" - .‘

[

i f"synthesrzed m a grven muscle frber the contractlle speed of that muscle f rber. and the

= predomrnant type of energy metabohsm in the muscle fi rber are all under neural control ‘Bes esl :

' ""',‘co‘ntrrbute to mcreases m rnuscular strength the learmng of a motor skrll also plays an

o E unportant role m thrs mtegrated system

o perfor,manqe can be based on a coordmatrve learmng effect The subjects can coordmate t 1

N jtrming of the musculature mvolved m the trarmng movement As a slnll is learned ef fecuve

accompamcd hy muscle Lypertrophy (Lesmes 1978) rt was suggested that ‘the mcreases ;n ; . R

:,“alteratrons play an rmportant role m the response to muscular trammg whrch occur in the
. " B l . ' N p .
:hsynapses ‘ penpheral nerves and motor@nd plates of the neuromuscular junctlons Although

' the specrfrc 1mp11catrons of these trarnmg ef fects are not clear rt rs known that specrf rc protems

; . Ve
N . ,“\ ‘- ) . BN an o . . : :

-~

ln addmon\ the role of specrfrcrty of trammg whrch was prevrously 1llustrated there ‘

’

"‘are a humber of other factors whrch frequently mteraet to prodrlce changes in strength s o

.
' ' : . . o . v '

lncrea’s‘ in m scular strength are often attrrbuted to muscular hypertrophy “‘f‘ o RN

‘in the cross secuonal area of mdrvrdual muscle f rbers (Lesmcs 1978

‘

‘torque outputs were due to other muscular or possrhle neuromuscular adaptauons

Heusner ( 1980) has stated that physwlogrcal morphologrcal and neurotrophxc 5 : Al o

-

l e

Aocordmg to Schmrdtblercher 21985) and Heusner (1980) short term rncreases;rn ,

" ,meffectrve and antagomsu¢ motor umts may berecrurted ‘By a gradual‘process'o .

S v:_“.‘.‘,




sources l'gtyer and Fewer nonef fecttve rnotor units are dropped and more efficient motor units

¢

are actlva@&v 1he Cemral Neryous System Gradually durmg the training period the retained
motor units are organized until a htgh}y effective pattern ol' motor unit activity is estabhshed

and there isa comparable decrease jn energy expenditure,
halad) > e

1
~l t
i | "
\ .

¢ S ' T

G. Strength tralning programs for paraplegics .
o . o

It is difficult to evaluate, the effectiveness of different training programs on spinal cord

injured individuals because of their heterogeneous nature, Each subject presents a different

. [\
picture with respect 10 age site of Jesion, degree of aclivlly prior to m jury. duration of ~=s

. i t
dlsabtllty and motivation: The reseafch data on musCular strength in spinal cord injured

mdlvxduals has been collected by to the followmg techniques eg hand dynamometer
(Zwiren,1975). repetluve weight lifting (Nilsson, 1975) statnc npper arm cable tensiometry @
(Gersten 1963; Kof sky 1983), and. lately isokinetic upper body strength. (Grrmby 1980; Davis,

‘1983) P . R
; a ' N Y | L
Zwrren (1975) looked a1 four groups namely able-bodied athletes atﬁed
l e
£
sedentary mdmduals wheelchatr athletes, and wheelchzur sedentary individuals. Ohe of the 1ést

L)
)

items was gnp strength He took duplicated: measurements from each hand using a Smedley
hand dynamometer Zwiren found that grip strength (hlgheSt value of the dominant side) was

not signif; |cantly different among * he four groups . ‘ ‘
o : ' ' ' r]
Ntlsson (1975) exarmned twelve paraplegtcs for aerobic work capacrty and muscular

P -

strength. Qtly seven subjects completed the training program three times a wcek for seven

weeks Muscular stength testmg consnsted of i ‘ .

-

l) maxtmal dynalmc stength (the heavxest load the subject could lift with thexr arms while lying

I

on their back) arld " v
s S

{4

T 2) dynamtc endﬁgranoe (the maxtrnal number of umes the subjects could lift approxlmately 85%

‘of that g«'elghf)
‘ . . . :‘1 . o
+ .

a
a . -

o
E . )
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The weight training included triceps training in both sitting and supine position, biceps
v I .
training, abdominal training, and medicine ball throwing, After the training period, the

muscular strength tests were repeated, Nilsson found that testing results before and after
' fad

training showed significant improvement jn maximal dynamic strength and dynamic endurance,
The mean dynamic strength increased from 64 to 76 kg (p<0,005)“and the mean dynamic

endurance increased from 10 to 18 repetitions (p<<0.01) . He concluded that a seven week \
. Van .
training period, three times a week using weight lifting and armcranking resulted ipa

[

significant improvement in -Golh muscular strength and maximal aerobic capacity. - n
Gersten (1963) took len*parapleg;cs and a\ppliCd a standard progressive resistance
exercise program (PRE) two to four and a half months after mjury 10 lhc spinal cord Testing
of isometric tension and the ten repetition maximum (10 RM) were compycled on the biceps
and triceps while in the supine position on the Elgin table with the arm addu¢led. Isometric
tension for the biceps was determined at an angle of 90 degrees while for the triceps lhe.clbow

»

angle was 110 degrees.

Isometric tension was recorded with the cable tensiometer with a pull from the hand
1 ‘ .

and a cable forearm angle of 90 degrees and the 10 RM was determined with standard

techniques. PRE was performed on both triceps and biceps once daily, five times a week, with

' ‘ [ ]
testing once weekly for five weeks. Few subjects continued for ten weeks. Gersten's results

i
\

showed that improvement in both isometric tension and in 10 RM was markedly aﬁd
significantly (p<0.001) greater'.'in the biceps than in the ;riceps;

. Kofsky (1956) studied 207 wheelchair bound individuals on upper body streﬂéth. The
individuals were clals'sif‘ ied‘into four disabilit); groups from class 2 to cléss 5, using the
International Stoke Mandeville Games Federation classif; icatidn. Subjects‘were then ranked for
activity levels A,B, or C f fom national calibre td sedentary. A Clark cable lensiofnefer was used

to determine maximal force of elbow extension, elbow flexion and shoulder_ extension with the

arm at a 90 degree angfe. She looked at sex specific variations of strength with age.

[

Sz
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The gesults indicated that males had greater upper body muscular strength than

females, No significant differences of upper body strength between the four disability classes in

either sex were observed, The data were then used 1o test for dif ferences between the three
uaclivigy groups, Significant diff crences of upper body stre)rgth were obscrvcdvin bothf sexeo.
‘Group A.B (active group) achieved higher scores than group C (se&emary group), Age was
apparemly' not a signific'onl”factor influencing upper body stréngth. '
Kofsky also devised f ourlsex~spccif ic classificaion tables which included norrrrs for

oppcr body strength for active and sedentary wheelchair bound individuals - since 80% of the
individuals tested were between 20~4(':)‘ years of age,
Grimby (1980) studied five paraplegics with varying degrees of physical training. He .

~ determined that static and dynamic muscle stiength, measured isokinetically with the arm

o,

abducted, was on the avcrage 20 to 30% hlgher than that’of normal moderately lramed men

' (mean age 28 years)
\ ' , . 1
Davis' (1986) compared differences in upper body isokinetic strength ‘(Cybcx I1) (()f

I3

fifteen hrghly active disabled malcs (HA) who performed four ;xercnse perlods a wcek with that
;of 15 disabled males with a low level of physical activity (LA) (who perf ormed two exercise
periods per week. All measurements were taken on-the dommam hmb at 60, 120 180, 240, and

e}

3Q0 degrees per second of shoulder and elbow ﬂexnon/extensxon and shoulder - -\

abduction/adduction. ‘ - g
Peak momer’t(M), peak power (PP), average power (AP), and work (W) were
. analyzed on each movement using computer digitization of f orce-time curves. Also drop-off

indices were calcilated on each movement during 50 repeated biphasic contractions at 180

~

degrees per seéond_,
The results showed no diff erencél m drop-off indices between HA and LA groups. Both
. decreased performances by 47-56% over 50 repeated contractions Throughout the specd range z
" 60 300 degrees per second, the HA group dxsplayod an advantage relative 10 the LA group of
M (7% - 50%) TP (22% - 43%) AP (21% - 36%), and W (21% - 46%). The dlfferences in

,. | \

N , \
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the joint movements (37 - 50%) were greatest in shoulder abduction, This result appears 1o be a

o~
¥ N

. drrect effect of specific shoulder conditioning in the HA individuals. AP was the best

. ﬂ Single Subject Descriptive Research Design L ' - '

"discriminator” between HA and LA individuals which was indicated by regression analysis,
Daxis created power velocity curves$f or shoulder flexion and elbow extension.
He concluded thaot the velocity X group interaction strongly suggests th'at fast twitch
muscle stre‘ngth is specifically enhanced by physical activity in d,isabted adults, -
In summary, the results of studtes evaluaung the effects of exercise on muscular
strength of persons with spmal cord mjurres haye been equtvocal The ma Jonty of the studies
drd not involve a trarnmg period (Zwiren,1975; Grimby,1980; Kofsky,1983), When trammg R

programs were used often the results were evaluated agamst able bodted crlterton groups,

Davis (1983) compared high active spinal cord injured individuals to low active spinal cord

injured individuals. While Gersten (1963) compared biceps strength to triceps strength

overtime and Nilsson (1975) used a training program whichv included weight traim:ng and
cardio-vagﬂar training. This studyv was designed to evaluate the strength‘change‘s overtime
within each individual while perf: orming a six weelr\weight training program.'and pro‘vt‘de a
good source of information for f urthi:r, productive research. ‘

;

Descnpuve research lS often cntrcrzed because it fails to use a strictly scientific method

‘ and therefore can seldom produce conclusrve results. Desprte this shortcoming, few. ‘areas of

research have developed without the benefit of descrtpttve studtes Descnptrve research entarls )
-l
collectmg data in an attempt to describe as accurately as possrble the nature and degree of

existing conditions (Lehmann & Mehrens., 1979' Moore ,1983). The goal of descri'ptive'research ,

is not to predict or establtsh cause-and-ef fect relattonshtps between variables but to provide
evaluable inf ormauon concerning the problem or phenomenon to be studted The results of the

study of ten provide the gurdance necessary o adequately plan and rmplement subsequent

experimental research (Moore 1983)

{
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‘In'this study, single subject design was chogen to investiga!te. whether muscular strength
could be increased during a weight training program and whether it would decrease when the
program was dtscontmued Smgle subject desrgn was used as it gives an individual's ' |
representatron to the response of the treatment variable. An advantage of smgle subject desrgn
.is that it minimizes one of the stangést confl oundmg f actors in behavioural Scrence ‘variability
due to individual subject differences. A companson is made between an mdrvrdual S own

behaviour under one condttion and under others.

Smgle subject designs are subject to mtemal and external valxdtty threats, lmernal
vahdrty refers to the degree of certamty that mampulanon of the mdependent variable is
Tesponsrble f or observed changes in the dependeny variable. External validity refers to the extent
to which results of an expenment can be generalized to dil‘ fererit populauons settings
experrmentors etc. Several possible threats to internal validity are history, maturatron tesung

" instrumentation, multiple mtervention interference, instability; change in unit composition,
reactive intervention and interaction (Campbell, 1963; K ratochwill, 1978; Tawney,1984).
Research in the.area of ‘muscular strength training of spinafcord injured individuals is

@,

-relatively new. Indeed, good descriptive research is hard to find. Although a number of studres
’ have looked at muscular strength in sptnal cord injured mdtvrduals the desrgn has usually
involved measurement at one site and companson to an mappropnate able- bodred criterion
group No one has wntten detailed documentatron of the changes in muscular strength of spinal
‘cord injured indrvrduals asa f unctron of their partrctpauon ina: controlled weight traimng
program A study of thrs kind is necessary before one can f ully understand the nature of

- muscular stength and mus‘cular stength trammg in'spinal cord injuries. '_l'herefore. a descriptive,

single subject design approach to-the problem seems to be most appropriate at this time.
' ) o o4 )
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Chapter 111

- METHODOLOGY

.

A. Subjects
. Five spinal cord in Jured males between the ages of twemy seven and forty seven served |

as subjects (Table 1). All subJects possessed a permanem physncal dxsabnhty mvolvmg the

Q.

lower limbs and/or trunk in the thoracic region between thoracncf our (T4) and thoracxe ten

(T10) levels. . " A , .

Local hospitals were visited to recruite subjects f or thxs study but due to a lack of
Y4 [2]
response the Canadian Paraplegic Assocxanon was approached to provxde a list of’ mdmduals
I . v

who would be interested in pamcnpaung in the study

Table] | )

l[ ‘ - . Subject Deseripﬁqn"

Subject Age. Levelof  Dateof, .:(I:ause‘qf -‘ B "l}ecreatipn and Spofts :

. : “Inj‘u,r.y o Injury/ .; Itjjury' B ' Acuvmes -
| IR . Pre - Po,mSuxdy

A4 TI0 19 Constuction \ e

B' 27 T4 - ‘I8 Motor Vehide AR

C 29 ' TI0 1% . MowrVehie - -~ Weighs |
D ."35,4. T4 1083 v-’Sndeqbiyle e Baseball
“E' 3% T9 . ' 199 - PorchCollapse . - . .

17



: through the enttre range of mouoh

B Cybex II lsokmetic Dynamometer

The Cybex 1l rs an rsokmettc devree that is capable of measurrng muscular torque

.l\_

outputs in foot/pounds (f t/lbs) or Newton Meters (Nm) at a wrde range of velocmes in.

» ,degrees per second (deg/s) or radtans per second (r/s) Once an’ angular veloerty was selected

" . i

‘ the lnput shaf t could not be acoelerated beyond that spwd regardless ol‘ the mput torque .
' )

'apphed below 360 f t/lbs or 488 Nm. The torque output of the muscles was reflected b) the
‘ .dynamometer and recorded on the dual channel recorder wrth a heated stylus Thrs recordrng

'system provrded the researcher«wrth( a permanent wntten record of the mdrvrdual s perfgrmance

v
\

.
4 il .

1 General posrtromng and stabtlrzatron gutdelmes RS
3,“,' , Frgures 1 and 2 rllustrate subject and apparatus posrtxomng for shoulder e
. ) “ . :

ﬂexion/extension_and elbow flexion/extensron usrng the Cybex l., s S

N .




. . . ) .
) f . '

The subject was m a supmc posmon on the Upper Body Exercnse and Tcstmg Tablc ,
(UBXT) and was stabtlwed with a strap at the hlpS chest and knees The mput arm lcngth

1
N

. and rotanonal-axes ahgnmcm through the range of motion were checked. For shouldcr
ﬂexnon/extensxon (figure 1) Lhe UBXT was posmoned so that the end of lhc shouldcr

lesung accessary jUSl cleared the snde of. the UBXT upholstery and lhe mdmdual s bod)

For elbow ﬂexnon/extensmn (f 1gure 2) the UBXT and hand grip were set so that sub)ec( s
\ -

shoulder was in 90 dcgrees abducuon thh the hmb parallel to the input arm The upper ",

: 'arm was strapped so that the shoulder was prevemcd f rom movmg away f rom the 90 .

fdcgrees abducuon., o .

Figute 2: Elbow Flexion/Extension




2Procsdures ..

On the first vnsnt each subject was gtven an outlme of the scope of the study and
was shown the testmg and, treatment procedures Bach subject completed a personal
mf ormation form (see Appendtx B) a consent form (see Appendtx C) and provtded a

! medtcal form stgned by thetr physnctan (see Appendtx D) The subject s second VlSll
mvolved the testmg of muscular strength and endurance with the Cybex i1, whtch was -

; r
) caltbrated prlor to every testmg sessron usmg the method suggested by the manuf acturer

( pendtx E) Dunng the second visit the fi ollowmg movements were perf ormed: shoulder

on/extensxon and eibow l‘lexton/extensnon (Table 2) ‘
J,‘ b
| - Table 2 -
. Testing Timeline on Cybex I ‘/
" Time
000 Amival inLab
0:05 Stretchmg ) ) |
G015 g - Cybex te§tmg on nght shoulder ﬂemon/extensron
N ‘0':.20 “ ' .‘ - Cybex testxng on left shoulder ﬂexron/extensron ' B
‘ ‘0:25':, . | o Cybex testrng on nght elb"ow flexton/extensxon : ‘
.0:'30 - \ Cybe_x testmg on left elbow ﬂexton/extenston» ‘ o . “(‘ )

'
[

' "I'hese measurements were recorded ona data sheet each ttme the mdmdual completed a ' ',

: Cybex II test (Appendrx F ).

Proeedures as outlmed in the Cybex prowdures ntanual ,ﬂere used f or the above

N



v
memroned movements whcn the mdmdual was tested on lhe Cybex 11 for shoulder and
elbowmovemems (Cybex 1975) - I B K - I

" Nautilus - Welght Truining Equipment o

The Nautilus werght training equlpmem was used f or. trammg the muscle groups of lhe

‘ " subjects The major” muscle groups being used during shoulder and‘ elbow ﬂexron/extensron on

Lhe Cybex H were: Pectorahs Maj Jor Deltord l,atrssrmus Dorsr Tnceps Brachn and Brceps
v Braclm The followmg srx Nauulus machmes were selecled as they mvolved the same ma Jor .
| muscle groups Behmd Neck, Double Shoulder (Lateral Raise), Double Chest (Arm Cross
'Declme Press) Tnceps Extensron and Bnceps Curl. Table 3 shows the procedures used during a
,treatmem sessron on the Nauulus machmcs

'wur

Table 3 .

Treatment on Nautilus Training Equipment

"Tin're. “ .
- 0:00 . Arn'valiitLab L
o0 ‘_sué‘ichiﬁg P AR
s Behind Neck ~ | | o
0:20 ’ | :.Double Shoulder Lateral Rarse
0:25 , 'Double Chest Arm Cross and Declme ress
" 0:35 ‘ B Tnceps Extensron ' .
04 ., BiepsCurl




»
| 1 General posttiomng and stabtltzatron gutdelmes
| Frgures 3to0 8 tllustrate subject and apparatus posrtromng for the srx selected
exercises _performed on the Nauttlus | ‘ |
On the Behtnd Neck gf igure 3) the seat was ad Justed or extra pads were provtded
SO the shoulder joints were in line thh the axes of cams a seat belt was fastened at the
'htps, and the subject s chest was strapped to the machme | B
J Prior to the Lateral Ratse exercise (figure 4), the seat was lowered so the
“tndtvtdual could transfer easrly onto the machine. The seat was then moved upwards and
extra pads were provtded when needed S0 that the shoulder joints were in line with the axes
of .cams. Agam a seat belt was fastehed at the htps and the legs were strapped together at -
the knees. At the end of the exerctse the seat was lowered to allow f or easy transfer back k
into the wheelchatr | | ‘
| The seat was also lowered for transf ertng onto the Double Chest machtne (fi 1gure 5
: \and 6) The subjects legs were placed on the f ootpedal and held by the researcher so the
tndrvrdual could transfer hrmself onto the seat of the'machme The seat was moved S
upwards and extra pads were used when necessary so the shoulders were drrectly under
‘ the axes of the overhead cams The warst belt was f astened durmg both exercrses Due to .

| .paralysrs of the lower lrmbs the researcher placed the decltne press mto the startmg

‘, positron by pushmg the footpedal and handles Af ter the last repetrtron on ‘the decline press

C the seat was lowered and the researcher held the mdrvrdual s legs to facrhtate the transf er.

Pnor to’ the Tneeps Extensron exercrse (ftgure 7) the bar was placed in f ull
eiltensron by usmg a strap whtch allowed the subject to transfer easrly onto the machme
The researcher would help the subject by placmg the legs whrle the subject was -
transf ertng onto the seat Extra pads were provrded %0 the shoulders were on the same level | “ :

as ‘the elbows A warst belt was fastened The same prowdures were used when transfermg

: 'from the machme

'y




| “ K A B and D from week 2 10 week 8 and srx weeks for subjects C and E frcm \geek,gbpeai

e

" proper techmque on the Nauulus Each subjecl attempted to perf orm three sets,of snx

o L o . ' e 'al ) ! ' o AT
. [ o R . ' .

AN ’
o

Agam assrstance was provnded by the. researcher when nwded while transfenng !

omo the seat of the Blceps Curl machme (fngure 8) Extra pads were provnded 80 the ‘

» t

elbows were in lme wnh the axns of the cam One pad was put at the chest so the mdmdual

» would be m an upnght posmon and wou]d not be able to use hlS back whrle Iif ung 1he bar

All the extra “paﬂs were strapped down to prevem them from Shlf tmg while e S

: \ [ . L . . . v L ‘f A
transfenng on and off Lhe machmes\ r‘ o v) , LY o
. ‘ , S o AT L o
2‘ Procedures N TV R PN U

. . i
N " L BT
o S ; , e o A
:

” The total durauon of tram g n the Naunlus was six weeks (f igure 9) forsubjects

'

week 10 The startmg welght Was dependent on the subject s strength anq execuuon of the

i
L L

) 4 1\



~ 6.'the ai'ms wéfe slowly_rcturned (4 coun_ts) to the CTOsS arm posmon bchmd
’thc ncck and ‘the’ ennre sequence was rcpeated (Dardcn 1980) AT

P




. Co K : “ ‘  "":.“'. *’\' : “'v ‘I . : H I ) R ' ‘. ’:” o l‘."" ‘ -: ‘0

+, . Double Shoulder (Lateral Raise).., '} . Soov s e
‘ . 1 the handles were\ pulled back unnl thc knuckles touched the pads-l e e
Ciy - 2. with elbows lcadmg botn arms wqre raxsed unul paraltel wnh the ﬂoor R ‘
R (2coupts)"' L , . ‘ Lo o -
‘ + 3. pausg; .
S "4, slowly me arms were movcd bh
REEEE ; thxs sequence was repeated S
EEE -.\ 5, ‘throughout thls mou :

(Darden 1980)



T~—
) -2
w

) =R

@y

Double Chest (Arm Cross)

i

1, the forearms were p&aced behind and firmly agamst the movcmem arm

pads;

2, the handles were grasped lightly (thumb around the handle) and the head

was against the back of the seat;

. 3, the subject pushed the forearms and tried to touch the clbows together in
front of the chest (2. counts);

, 4. slowly the resistance was-lowered (4 counts);
"5, this proccdure was repeated (Darden, 1980)

«

Figure 5: Doublé Chest (Arm Cross)

-

ctjj -

-y
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Double Chest (Decline Press).

1. the handleg were grippéd and the bars were pressed forward in a controlled
fashion (2 counts); _ ‘ "

2. the torso was kept erect and the head was back: ‘

3. the resistance was slowly lowered keeping the elbows wide (4 counts):

4. this pressing movement was repeated (Darden.1980), i

L3 N . ., \



- Triceps Extension

’ : [

1. the hands were on
2. the arms were slo
3. pause:

4, slowly the arms were returned to the streiched position (4 counts); - g
5. the head was kept back and the entire action was repeated (Darden.1980),

, )
. ‘ . b

pads with the thumbs up:
straightened (2 counts): *

. o

+ ' 4

Figure 7: Triceps Extension



Biceps Curl

i
\
\

1. the bar was grasped with the hands togethcf and palms up;
2. the bar was curled smoothly until jt reached the neck (2 counts
3. pause; |
4, the bar was returned siowly to the strelchcd“posmon (4 counts).
action was repeal'*d (Darden.1980),

|

Figﬁrc 8: BiocpS\\Curl

. \ '

.
1y
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D. Training Programs

o . Cybex Testing (TE) ‘
Week and S
' . Nautilus Treatment (TR)

Subjects’ ' Sui)jecls»
A.B.D C.E x
. <,
0 TE TE '
1 TE ' TE
2  TEAR ~ TE
3 TE/TR |
4 . TEAR *TE/TR
5 5 TE/TR
6 TE/TR * TE/TR
7 &
8 **TE/TR a ";‘I'E/TR o } . . *Stant ofT:aining Program
9 ‘ o “ ' | oo Cdnclusipn of Traiﬁing Prégram
10 ~ TE **TEAR - o .
1 > o
. oo Figure 9: Training Progranis

Subjects A,B,and D compiet'ed a ten week program of training. After the injtial test on the

[ . 1

Cybex I\ subjects A, B, and D were tested on the Cybex 11 again after.the first and second

week. During these two weeks the subjects were not involved in any other training activity,"

-—
. S
- "

i

- N ey,
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activity, They maintained their normal daily routine, The treatment‘on'the Nautilus started in
the third week The subjects were mvolved in treatment sessions three times a week Monday,

Wednesday :and Friday, for six weeks When a testmg and treatment session f ell on the same

!

.day, which happened on the second thtrd fourth, srxth and etghth week after the initial test,
‘there was a fifteen minute rest penod between the two (see Table 4). After the Six week
| treatment pertod the treatmeht was stopped and the subjects were asked to keep a regular ,;\
. routine for the next two weeks. After the two week interval, another testmg session was ‘- )

comple}ed on the Cybex II,

Subjects C and E, whilé completing a twelve week training program were (ested The
first, second, and f ourth week af ter the mmal test and pnor to the treatment period. These
sub)ects started Ithe treatment on the Nautilus during the fourth week . The treatment was
identical to that ot‘ subjects A, B,,and D, a six week duration of exerctses on Monday,
Wednesday Friday. The testtng séssrons during the treatment pertod were held on the fifth,
sixth, erghth and tenth week af ter-the mttxal test. The procedures were 1dentrcal 0 these for

subjects A.B, and D; 1f the testmg and treatment fell on the same day.

E. Treatntent of theDaa ] o
| A detalled descnptron of the measurements taken on the Cybex II and Nauttlus Wetght
Training Equtpment were provrded in the procedures section of this chapter
The data recorded on the Cybex I for shoulder ﬂexton/extensxon and elbow
ﬂexion/extensron ytelded measurements of change in strength and endurance of major muscle
groups In addttton the Nautilus Weight Training Equtpment provnded accurate readtngs of the
weight hf ted on each machinesat each training session. Both sets-of data were. presented
- graphically and ,subjected to visual. analysi‘s., ‘ ‘
The experimental design on the Naudlus weight ;raining equipment tvasa ehangfng L
criterion design. ' he changing criterion desilgn was org'anized by.Sidman ( 1I9.:6‘(5).and¥ named by

|



32

Table 4 .

'Testitfg,Procedlures on Cybex Il and Nautilus Equip(nent

~ Time

0:00 \ Arrival at' .Lab
O:yOS '. o Stetchlng
0:15 " ‘ -C}'bex\ testing on right'shoulden flexlon/extension
0:20 | tCybex testing.on 14& shoulder ﬂexion/extension
0:25 B Cybex testing on right elbow flexion/extension
0:30 . o | éyhex ;}te‘sting on left elbow flexion/extension

' 035 "~ Rest

’ /
0:0 - Behind Neck

0sst  Double Shouider: Latera Raise

- 1:00 | L | ‘Double Chest Arm Cross and Declinie Press .
1:10 ’ Triceps “Extension | | |
"lj:I'S o Biceps Curl o _ ;

N
\

Hall (1971) The desrgn is excellent for evaluating progressrve changes in leammg or trammg

\

? .programs. The essenual feature of the design is the stepwise change of a cntenon level for

v ..
leammg or trammg on a grven target behavrour Thus the criterion serves as a basehne along

. with the subjects perf ormance in relatton to the criterion w1thm each phase of the program
Hartrnan %nd Hall (1976) argue that when the rate of target behavrour changes wnh each

stepwxse change in the criterion, experimental control is demonstrated .

-

B nternal valxdtty is enhanced when a stable level is reached w1th1n each phase and then

»

a subsequent change occurs in relatton to the i mcreasmg of the cntenon level Thus, control is
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" by each new criterion.
N nL //-\——s.
A changing criterion design was used to increase systematically and gradually the
subjects' perf ormances over the six week treatment. period or the Nautilus equipment. Thé
criterion for each session was set by multrplymg the three sets\by the six repetmons This: was .

multrplred by the startrng weight, Eg Three sets x six repetitio twenty pounds, When the

crltenon was surpassed and perl" ormed properly the crrtenon as in ed by multiplying the
sets and repetitions by the new werght The graphs representing|the Cybex H results were
+ . assessed accordmg to trend, level and vanabrllty of performan between andl within the three

phases (Kratochwill 1978).

WA
!

. The trend drrectron refers to the steepness of the data path across time. The drrecuon
of the trend slope ean show accelerauon deceleratron and zero ¢eleration of a time penod
. There are two methods used to estimate trend' Freehand method entails vrsually mspectmg the ’
data of a condition and drawmg a strarght line that blsects the data points (Parsonson &
. Bear,1978); though this method is fast 1t is not that rehable e Split Middle method:
descrrbed by White & Hanng (1980). wxll yield a more reliable and 'accurate estirnatation ol" \
- trend The Splll middle method relies on median or middle datgs and ordinate‘values to estimate; K
trend. | | - ‘ } | |
There are two basrc aspects of level of i 1mportance when mspectmg data that is, level of
‘ stabrlxty and level of changc The data is said to be stable when the range of data pomt values '
: _are small The change in level is determrned by corhpanng e last pornt of one phase with the

flrst point of the next phase.



(ChapterIv. .
‘@RESU‘LTS AND DISCUSSION ‘

{ ,
The purpose of this study was to document in deta'ﬂ the changes in muscular strength
of spinal cord mjured indxvxduals as they parumpated m a six week wetght tkrammg program, .

S ¢

"The presentatron of the results is dmded mto two major parts AP f

a. measurements obtamed from' Cybex 1§ testmg are dtsplayed in hrstogram

Flgures 10 to 24, and

§

b data gathered on the changmg criterion Nauttlus Wetght Trammg Program are
‘ presented m Frgures 25 to 54
The two ma ]or parts are subdmdewl presentmg the results of each mdrvrdual subject v.
separately startmg wtth subject A and f; m/xshmg with subject E. Tables .on the exact
| performance SCoTes of the five subjects </)n the Cybex II are presented in Appendrx H The ‘
" ‘, Nauulus tratmng results appear m Appendxx I | ‘ ' ' |
o The prevrous chapter (chapter 3) descnbed the process of settmg the criteria for the

bl

Nautilus exerctses Each crrtenon varxed from mdxvrdual to tndmdual and f rom exercise to

)

exercise (f lgures 25 to 54) As a factor of the varmg startmg werght the werght tncrease from -

‘ . sessron to sessron (eg 2 1/2 or 5 lbs) and the time of onset were unplemented f or mstanoe

’ _s-{..:.,

‘ second thtrd fourth or f rfth sessron 'I‘he exact values of the cntenon on each

afte’r

i Nauttlus exercrse for every subject appear in AppendxxJ

Al
v

A.CybexHTecting-DiscuSion» S | o

\, s Shown in Figure 10, subJect A mamtamed relauvely stable performmce on shoume,

ﬂexxoﬁ elbow flexion and elbow extensron measures dunng the pre treatment phase As the .

ftgure shows. the treatment did not result m obscrvable changec of level or trend for these

34
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second sessmn of the pre treatment phase However there was 2 postttve improve got durmg o RN
the etghth a/tnd tenth week of the program, whtch was matntatned unul the twelf th weex)f the |
pOSt trcatment e \ - G \‘ .‘ , \ - |

thure 11 presents subJect A s results on tl}e/€ybex ata speed of 3 144 r/s .
el
Exammatton of the flgure tndtcates that subJect A had relatwely stable pre treatment - B \\\‘ - / ‘

"" N P

performance on all f our dependent vanables Imuauon of the treatment program dld not result | N 5 ,l;f
T I. in postttve changes in performance .
Subject A S performance on the shoulder and elbow flexton/extensxon a‘t a speed of
" 3.144 r/s at 30 sec is presented in thure 12 The resqu show some vanahrhty of. performance ‘
-'dunng the pre treatment phase and mtntmal change dunn{ the treatment and post treatment

| .v-phases e

k "SubjectB A e e
thure 13 presents subjectBsperformance at 524 r/s Agam farrly stable \/ . g
':performances were found for the shoulder flexton elbow flexxon and elbow extenston- e . -

o however the shoulder extensron results were somewhat vanable as they were for subject A.

Subjects B ] performanoe on all four dependent vanables dld not result in posmve changes in , ;,‘
Jyflevel or trend ' ‘ S S Lo |
Subject B' s performanee on the shoulder and elbow flexron/extensron ata speed of

g'j -3, 144 r/s 1s presented in thure 14 Basehne results f or the four dependent vanables are

‘.‘ ‘ somewhat vanable and the treatment dld not result m posmve changes in’ level or trend k ;j :
- | Flgure 15 presents subject B s performances at 3 144 r/s at 30 sec Exammanon of the o
‘,.;ftgure lndteates that subject B had relattvely stable performanee on the shoulder flexron elbow
flexton and elbow extensxon movements However shoulder extensron results are somewhat |

'a

~--_vartable as they were for subject A Agam— no- treatment effects were noteu T :, ) ’, .
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Subject C:

As shown in Figure ‘16', s;xbjec( C maintained a stable performance oh allvfour
‘dependcm variablcs lhrpughom the entire study, Clcarly. subject C showed no posﬁive changes
in Jevel or trend following the iﬁiu’étioﬂ of the treatment phase, - 4

s 4 .

Subjecl'C's performance on shoulder and elbow flexion/extension at a speed of 3.144

1/s is presented in Figure 17. The results show relatively stable performances thoughout the
Cor

study on clbow extension and elbow flexion; however, shoulder extension results were somewhat

. , 4
‘variable, Subject C's performance on the shoulder flexion' movement showed some positive

L)

trenq)'during the treatment phase after a fairly stable pre-treaument phase,
Figure 18 presents subjecl't's performance at 3.144 /s at. 30 sec, Examination of the
f igure indicates that subject C had a relatively stable pre-treatment performance and minimal

cfxange duﬁng the treatment and post-treatment phases, Subject C's performance on all f: our

dependent variables did noy result in positive changes in level or trend following the initiation

of the training program. : \

\

E Subject D:

N A

W ' ( ' N .
Figure 19 presenfs subject D's performance at .524 1/s. Fairly stable performances
. , ‘ ‘

were found for the shoulder flexion, elbow flexion, and elbow extension: however, after a

. somewhat variable pre-treatment phase, shoulder extension showed a somewhat positive trend

v

in the treatment phase. : " -.

'Subject D's perf ormance on the shoulder ang elbow ﬂcxibn/extension at a speed of
‘ ¢ . : . .
3.144'r/s/is presented in Figure 20. As the figure illustrates, shoulder flexion, elbow flexion,

~

- and elbow extension variables were very=stable performances throughout the study; however,

_subject Dfs shoulder extension performance was fairly stable duririg pre-treatment and yet a

r

somewhat positive trend during the treatment phase.

Subject D's performance on the shoulder and etbow f’lexibn/extengion ata speed of

.

3.144 1/s at 30 sec is presented in Figure 21. The results show relatively stable perf ormances on
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the shoulder extension, elbow ﬂexion‘, and elbow extension; however, only the shoulder flexion

results show a ‘positive trend during the treatment phase'after a fairly stable pre-treatment

phase, : ' ) !

\ T T K o A .,»‘-
Subject E: - <
_Figure 22 presents sub)ect E s results on the Cybex at a spced of 524 r/s ExamJnatton

of the fi 1gure indicates that subject E's results were somewhat vartable for all four dependent

w L ' [

variables; however, the initiation of training did not _result in positlve changes‘in le\tej or trend,
| As Figure 23 demonstrates, the treatment didnot result in ohservable changes in level
and tr;_nd for an;',wariable during the treatrhent phase, Suhject E's performance on all four |
o \ﬂngdeﬂl variables was f &rly stable during the entire Study
As Figure 24 demonstrates subject E, on the shoulder and elbow l‘lexron/extensron at
‘a speed of 3 144 /s at 30 sec dtsplayed very stable petformance on the elbow ﬂexlon

movement ﬁov&ver the shoulder extension, shoulder flexton and elbow extensron results ' ‘

i

showed negatrve trends in the pre- treatment phase with a somewhat stable perf ormance for

P

_ shoulder ﬂexton and elbow extension during the treatment phase. Only the shoulder extension

results showed a posmve trend in the treatment phase_

. .
- v
, . | : \.
- | I .
' ' \ ~
oy

B.' Natrtilus‘ Training Program Discussion ‘ .

Subject A: - -

thure 25 presents subject A 's s rength changes over the etghteen tratm.ng sessnons As
the graph clearly shows he made very impressive strength gams dunng the program In. l‘ act, he

had an increase of. 221% from an initial wetght of 420 lbs to 1350 lbs at the end of the \

.

program lt should also be noted that his perf ormance during each phase always exceeded the.

w
cntenon level that was set for htm

Figure 26 presenis_the su'ength éhanges for subject A on the Lateral Raise dependent -

__variable. Again, very positive strength changes were found. His performance exceeded.the ... - ..
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cnterton set for htm at each phase except durmg phase eight where hts performanee was -

| somewhat variable, Performance was increased by, 170% from 450 l’os to. 1215 lbs, .' S “

e . “ . thure 27 presents the strength changes fi or subject A on the Arm Cross dcpendent

\ . [N

varrable Agam 'very posmve strength changes were found Hts perf ormanoe exceeded the

\

B crttenon set’ f or htm at each phase except durmg phase Seven where hrs perﬂormance was R

t

somewhat vanable He started at 720 lbs and mcreased to 1575 lbs whtch is a. 119% increase over “ .
“'the enttre trammg program | o ' ' | ,
. Subject A s performance on the Declme Press lS presented in thure 28. \Agam very ‘
posrttve strengt.h changes were found as was shown in the Behmd Neck Lateral Ratse and Arm ' |
L Cross In fact; he had an mcreasc of 139% from 660 lbs to 1575 Ibs: Hts performance was - ‘ '

somewhat vanable in the last two phases whrch mrght mdtcate that he was close to hlS trammg
. e e . ] . o " . t ‘
maxrmum s f o .'{" g o

I LN

thure 29 reports the performance of subject A on the Brceps Curl The strtkmg feature o
of the graph 1s the stabthty of hlS performance durtng phaSe three of the treatment program In L ‘
contrast to hrs results tn the Behmd Neck the Lateral Ratse the Arm Cross and the Dechne

. Press he-showed very mt'mmal changes tn strength on thts vanable unttl the fif teenth sessron of - b . ,’
_l_é/ vl

the program where hrs perf ormanoe mcreased Hts performance showed an tncrease f rom 360 " : \
lbs to 560 Ibs an mcrease of 56% ‘ v ,: P {‘ 5 ‘ , ‘ "

Subject A ] petf ormance on the Tnceps Extensron vanable is presented m thure 30

[ . i/ ( ’ ) v",
- Agatn hrs erormance showed srmtlar res”ults as those of the Btceps Curl that is, a stable thrrd i

S 'phase wrth somewhat vanable perforrnance in the last two phases Hts perf om‘tance shows an
3 'tncrease of 91% from an tmttal wetght of 420 lbs to a ftmshmg welght of 800 lbs ‘ L : :“5 ¥
o 'Subject B | . ER ‘ ORI
) Frgure 31 presents the strength changes on the Behmd Neck vanable by subJect B S Lk
v‘a“

lT.M_-;:--..-‘—(-—-—Dramattc changes occurred dunng the f rrst few phases however lns performa‘n"de*'létTéled of f

dunng‘-theirestl of :the program after peak performances dunng sessrons tcn and elevetr. -
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' | | | s

Following these sessions, his results were somewhat variable ahd infact in sessions fourteen and
sixteen he couid not reach the critcrio'n that was set, In summary, subject B showed scftne .
xmproverhem“ however,by the final phase he was not very different lhan he was durmg the
second and third phases, He increased his perf ormance by 65% from an initial weight of 820 ]bs
to finish at a weight of 1350 lbs. | |

On the Lateral Raise variable, subject B showed positive performance change‘ during the
early phases o'f the treatment; however, he reached a fairly constant level Iof perf ormance by
the fifth session and he did not change very much af ter lhal time, He showed a 54% increase
over the six week treatment pem\od which starled at 720 Ibs and finished at 1105 Ibs. In
summary as Figure 32 shows subjecl B had initial positive changes m level and trend;

" however, he reached an asymptote fairly qulckly

_ Figure 33 presems subject B's performance on the Arm Cross Agam subject B showed
a qmck positive performance change during the initial start of 1he program however, as shown
in the Lateral Raise he reached a fairly constant level of perf ormance by the third session and
did not change much after that time. He showed an increase of .33% overall f inishing a1'1232.5
Ibs while he started at 950 Ibs. . :

Subject B's performance on the Decline Press 1s presented in Figure 34.'Again, asin
the Lateral Raise and Arm Cross; the' Dt%ciine Press showed positive perf, ohnanc‘e changes
during the initial stages of the treatment progr'sm; however, he reached a fairly stable training
level by the seventh session ahd did not change much after lhas timé.- He increased his
performance f;om an initial weight of 1100 Ibs to-1550 Ibs which is an os'erall increase of A4l%‘.

\ | figore 35 presonts the strength‘changcs on the Biceps Ctir?by‘subject B. Aghin’ as the
figure shows he had a f airly constam level of perfi ormance throughout the ennre treatmem
peqxod as.was shown by subject A on the same exercise. He had an overall increase of only 23%;
from an initial we:ght of 660 lbs to 810 Ibs at the end of the program.

SubJect B $ performancc on the Tnceps Extensmn is presemed in Fxgure 36 The figure

shows sxmxlar perf ormances as the Blceps Curl; fhat is, a f; axrly constam level of perf ormance )

i
H
/
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toa

by subject B is executed. Subject B improved his performance on the Triceps Extension variable
by 48%; an initial weight of 490 Ibs to finish at a weight of 722.5 lbs - . )
' . \ N . \

Subject C:
| Subject C's performance on the Behmd Neck is presemed m'Frgure 37. As the graph
shows, he made very tmpressrve gains durmg the begmmng of the treatment program. Hts
performance during stages four, fi ive; and six are somewhat vanable however, durmg stage
"seven his per'Ormance did not meet the criterion level and dropped down to approxlmately the
'same performance level as when he started the exercise program. This js a\rather strange -
pattern and no known cause can be suggested

Figure 38 presents subject C's perf ormance on the Lateral Rarse Sub]ect C showed a
posmve perf ormance change during the mmal start of the program -‘however, he reached a
fairly constant level of perf ormance by the fourth phase and he did not change much

time. He showed a 144% mcrease over the six week treatment program whtch started at/’720 Ibs™

‘and finished at 1760 Ibs. ~ o O |
Subject C' s~perf ormance on the Arm Cross is presente%m anure 39 Thls graph shows
: a steady mcrease over the etghteen days of the treatment period. It also should be noted that his
perfl ormance during each phase always exceeded the crrterron level that was set or hrm In fact,
- he had an mcreaseo£ 144%; that is, f rom an mrtral wetght of 720 Ibs to 1760 Ibs at the end of -
the program | 4 . ‘ ) |

. Figure 40 presents the strength changes for subJect C on the Dechne Press dependent
vanable Very posrtlv‘e strength changes were found. Hrs*perf ormance exceeded the crrterlon set
fi or hrm at each phase except. dunng phase seven where hls performance was somewhat vanable."

He started at 900 lbs and increased to 1837 S 1bs an 104% mcrease

Frgure 41 presents the strength changes for subject Con the Brceps Curl dependent

varrable Again, posmve strength changes were f ound. Hls perf ormance exmded or matched

| _A the cntenon set for him although his performance was somewhat vanable He started ata
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weight of 450 lbs and'achleved a welght of 1100 1bs at the e‘nd of the program; an increase of
V7 S ) o -
On the Tneeps Extensron ‘variable, su‘oject C showed posmve peformance changes
durmg the early phases of the treatment however he reached a f arrly constant level of
perf ormanoe by the fifth sessron and he. dld not change much after that ttme He showed a 90%
merease over the six week treatment period Wthh started at 450 lbs and f tmshed at 855 Ibs. In

g 'summtiry. as Fi 1gure 42 shows subject C had mmal posmve cahnges in level and trend;

- however ‘he reached an asymptote fatrly qurckly ]

Subject D:
- ».. ( '
Figure 43 presents the strength changes on the Behmd Neck variable by subject D
4 Qurte dramattc changes occurred dunng the first few phases~ however hrs perf‘ormance leveled

‘ \
‘ of ff rom the f ifth phase onwards Hrs performance showed an mcrease f rom 660 1bs to 1200

Ibs; anmereaseof82% o - | ‘ B /
thure 44 presents the perf terance of subject Don the Lateral Ratse vartabler He : |

demonstrates mrmmal changes in strength on thts vartable that rs he only mcreased hlS ‘

perf ormance over the etghteen sessxons by 3% Although a somewhat vartable perf ormance
y subject D matched or exewded the cntenon set f or hrm - | v f .
| Subject D's performance on the Arm Cross is presented in thure 45 Thts graph shows
' . a steady i mcrease over the etghteen sessrons of the treatment penod It also should be noted that

- his perf ormance durmg each phase always exweded the cnterton level that was set for htm ln ?_.

fact he had an increase of 178%; from a 540 lbs mtttal wetght to a wetght of 1500 lbs at the end "‘ )

v of the program | | ' L ‘ |

‘ , thtrre 46 presents the strength changes on the Declme Press vanable by snbject D As

, f the gi‘ l h elearly shows hrs performance dunng the erghteen days of treatment is. somewhat

o vanable”w:th a peak performanee durmg the tenth sessxon Subject D matched or surpassed the | / _ :

L 3 \i""_entenoi leVel set for hrs tratmng tn nearly all sessmns I-hs perf ormanee mereased by 60% f rom
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l‘ a 900 Ibs starting weight to 1440‘lbs at the finish of the program. . \

\Figure‘47 presents subject D's strength changes on the Bieeps Curl variable, Similar
results are den10nstrated as in the l)ecline Press'variable; that is, a somewhat variable '
performance level throughout’ the entire eighteen sessions. g . e |

| The Triceps Extension variable of subject D (Figure 48) shows that he had relatively
" stable performances during the first phase and achieved criterion levels that were set for him in

the next three phases, Clearly, heishowed positive strength changes,

Subject E:
Figure 49 presénts the strength changes for su”bj'ec"taE.on the Behind Nccl_( dcpcndcnt
* variable, His performance showed a steady increase at the beginning of the program which
became somewhat varlable followrng the erghth sessron Subject E's performance showed a
increase of 41% an initial werghf of 1080 1bs to 1522 Ibs at the end 6f the program.
Subject E's performance on the Lateral Rarse varrable is presented ini thure 50. Again,
him throughout the enure treatment penod from a 1050 lbs tmtral weight toa 1785 lbs / .tght at

the end of the program; a 70% mcrease L . f. '

Figure 51 presents thg strength changes of subject E ort, the Arm Cross vanabl The

K a 62% mcrease. an mmal wexght of 1265 lbs toa 1870 lbs wengh the end of the progr m.
B g

v As mdrcated in Fxgure 52, the Decline Press results show Similar posmve chan in )

' srrength for subject E as Bﬁ)‘)he Lateral Rarse and Arm Cross ,' o ', o
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Suhject E's performance on the Triceps Exterfsion variable is presented in Figure 54,

L

Again, his performance shows that he exceeded the criterion set for each level, which was also
evident in the Lateral Raise, Arm Cross, and Decline Press performances, He increased his

performance by 88%: from a 480 1bs starting .weight\ﬁto finish at a weight of %2.5 lbs,

C. General Discussion - , . z.? a
- o Y N TS i 7 R
(O . AR Hi‘,y s i

As indicated in the prevrous sectron all subjects matched or surpassed the criteria set
oo K

on the different Nautilus exercises (figures 25‘_ - 54). There were instances where performaries

»
|

fell below the criterion, but these instances may have been due to; : . X -
. ' ’ '

a. iliness on the day the subjects had to perform a Nautilus workout which was the case o

_ for subjects A, B, and C; e T

b. soreness from the previous session. This was a ma jor complaint at the beginning of the
A ' ' . Lo
six week treatment period for subject A;

c. performance on the Cybex I1 testing before their trairiing program. Although there

 Wasa f ifteen minute rest period in between the ’two programs, it'was possible {hat a

N

longer recovery time would have mrnrmlzed this ef f ect for subJects B, C, D and E;

- ' .

d.. absence from a trammg sessron which was the case for all fi ive subJects
. - ’ X : .
e. performmg srx exercrses m a modif] 1ed order was necessary to accom'odate Other ch'ents
, ,

at the Centre (eg. the Behind Neck exercise was perf ormed second or thrrd mstead of
L f ust) 'I’his change m rouune was consrdered preferable to a Wau whrch would result in
muscle cool down and could i mcrease the chance of in J ury Thrs could have been the
casemsubjectsA BCandE y .‘ o
All of these factors were possible threats to mte:ﬁal vahdrty,walthough despue the
"anab‘ht}’ the 1mprovement in the mdwrduals performances can not be demed ’ ”"' ' o
| Oleﬂg to Tawney (1984) the researcher has the responsrbrhty of\ makmg cntenon:";';.";, o

changes that are large enough to Qe detectable though small enough to be achrevable ‘but not .
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so small that the behaviours wlll f ar exwed the cntcrton level, In this study the change in
crttenon was small so that each tndtvndual exweded the new criterion very eastly The criterion
was changed by increasing the weight f or each repetttton by 21/2 or 5 Ibs. It would have been a,

little diff tcult for an mdmdual if the weight was increased by 10 to 20 Ibs from one sesston t%)

= \

he next for each repetmon

In the | previous section, the'expected perf orﬂtances on the Cybex showed a stable

..

)asehne throughout the pre treatment period followed by an mcreased trend over the $ix week

ﬂauttlus treatment pertod An xnterruptton of training would then result m a decrease in trend

{
~—

™

Chis was not shown on the Cybex ll testtng in thts study.
. Itis possrble that the Cybex II equlpment was not an appropnate cnterton in thts study
ecause of the spectf tcrty factor It appears that it would be necessary to etther measure the

ubjccts on the Same equtpment namely the Nauttlus equtpment or tram the mdmduals on. the

-ybex ll to effect sxgmftcant 1mprovement on both ln tht‘!fudy it was not possxble {0 train

everal tndtvrduals at the same time on the Cybex 11, whereas this could be accompltshed on

o

lauttlus equtpment I n order to demonstrate more. pronounced detratmng, a longer post

eatment phase would have been beneftcral T e ,
1 - [} ' v ' \

As Moff roxd and colleagues (1969) mdxcated a maximal ef f ort in muscular strength
ert‘ ormance is dependent on the mottvatton levels of the subjepts In thts study the mottvattOn :
tctor Played an tmportant role All of the subJects tn thrs study tndtcated an mterest m o
)tnplgtmg a workout oh the Nauttlus but dtsllked the\testtng on the Cybex Il Thts was bean '
tternal valtdtty threat of maturatton (’I‘awney 1984) smce the tndmduals were less motrvated g
) perform on the Cybex II: Smce Cybex II testtng résults usually took t1me to analyze the N
tbjects dld not get tmmedtate feedback on thetr perf ormanoe In contrast on the Nautrlus v
etght traimng equtpment feedback was 1mmed1ate and encouragmg Also tf one wants to gtve

unedtate feedback one has to wait af ter each movement for a short penod of ttme to get

L
“va.

1mediate fwdback\whrch cause fluctuauons m ef f ort’ and ,nerf ormance ~

ko o oy



Subjects reported, during the post training period, that they missed their regular

workouts and wanted'to come back and start their own routine, They indicated that as a result

of training, transfers in and out of therr wheelchairs were made easrer They were less { attgued
g rom moving around in the’ charr f ora lo;rg perrod of trme F urther posrttve outcomes can be
seen from the actrvrty following the study (Table l)
"It rs not posstble to identify the specrf ic cause and effect relationships in this study on
the factors related to the muscular strength increases, It probably was due 1o an mteracuon of a
. number ol‘ factors whrch resulted in the changes in muscular strength. The f: actors resultmg in" |

the changes in muscular strength mentroned by Lesmes (1978); Fox & Mathews’(1980);
@-
Schmrdtblerer (1985) Heusner (1980) were not exammed during this study? but in further
l‘(‘
studies; one could lools at muscle fiber types. endocrine and metabltsm systems,

In thrs study, rt might have been the case, that the mdmduals rapid increases of
resrstance on the Nautrlus equrpment was a combinatton of a learmng ef f ect and a low starting - °

- threshold Srnce all subjects were new iq thrs type of trarnmg ,
In summary there were several posSrbrlttres dtscussed whrch were related to the results , .

. / l';;:s.‘
m thrs study The Nauttlus results showed srgmf icant 1mprovements over the six week trarmng 3

A i3

R ' A(pertod Although no srgmf rcant changes were l;ound in the Cybex I1 results srmtlar results were
. found by Prpes & ermore (1975) Mof froid & colleagues (1969) and MacDougall etal.

.‘.."(1977 1979, 1980) when testtng able bodted mdrvrduals It seems that the specrl' icity actor g

, ‘ﬂ'played an unportant role m tlus type of study There was no. relauonshrp of the results when
’ ’ i B
: -:takmg tnto consrderauon age lesron level and date of mlury of the subjects Motrvauon was a

B A A:

- factor and always is rn thrs type of trarnmg The learnmg effect and other l‘actors to muscular ‘ S
o . strength mcreases mrght have played a. role in thrs study as well but f urther mvesttgatron would‘
'be necessary to deterrmne the specrf ic ef fect these factors play m muscular strength trammg in .

'spmal oord m]ured indrvrduals



Chapter- v

' CONCLUSIONS AND RECOMMENDATIONS

t

The oresults on the Cybex 11 showed relative stable pre~treatment performances by the
five subjcctson all four variabl'es The initiation of the treatment program did not result in
posltive changes in performance Whereas the strength changes on the six Nautrlus machmes

‘ showed tremendous mcreases from onl)f al3%toa221% increase over the six week treatment

penod by all subjects.

S e C ot . "

Gbexnn "
No measurable strength changes were observed when the subjects were. tested on.the

Cybex II. ThlS was probably ‘due to the fact that Cybex is not the most appropnate Criterion. ,

for testmg muscular strength Also, the subjects dld not hke to perf orm on the Cybex because

© ., an tmmedlate read out was not avarlable and the machme was very awkward and.time

consumtng

Nautilus ‘ L R - o o A '. . . .‘-‘
R s
"There were strength changes observed ‘while perf ormmg a six week tratmng perrod on t

srx Nauulus machrries three tlmes a week however the changes were vanable The subjects

Cemle by

were: motrvated to’ perf orm on the Nautrlus as. ‘mmedxate fwdback was avadable by seemg the :

actual werght that had to be ltfted Also the subject,s felt 1hat as a result of trammg thelr o |

e transfers were easrer and they drd not Eaugued as qmckly, The subJects wanted to stay mvolved - |

in the trammg program three ttmes a week whtle they were m the detrammg part of the study

Some of the mdmduals have smoe stayed mvolved in frtness and hfestyle pursurts through a -

- s

regular wexght tratmng program three txmes a week or have been mvolved in other acttvmes '
PR SrEnal e . . o ".@“‘»‘:u(,‘.<@ ' -




Recommendations:

' ”:’. areas whrch occur in the synapses penpheral nerves motor end plates of neuromuscular Z

such as baseball, o | B \ ‘ /\
. : ) . ) : P e

The f' ollowmg recommendations aré suggested f or f urther mvesugauon into upper ‘body

‘muscular strength changes in spinal cord m jured mdrvrduals

”

l Researchers should exa.mine' the specrf icr’ty of Weighl training on teslin'g and rrealmem
" equipment more carefully. R ' o ' o | ‘—"
A Investlgalron on muscle hyperlrophy through skmf old and crrcuml erence measurements |
: shauld beexammed - o o | 5 . \ ‘
3. An in\restigation into higher weight increases shouid be cartied out.
4, 4; ) Research should be conducted by mcreasmg the detrarmng perxod and collecung more data =
) pomts durmg the detrammg period. | R
‘ 5.‘; lnvesngauon into the proper crrterron settmgs on the Nauulus equlpmem should be
S exammed S R “ "-‘ o . ‘~ o "" IR
6 ‘ .Researchers should mvesugate the muscu}a/‘ ﬁger Qypes ol" spmal cord ln_;ured mdmdu‘ls -‘ | l
: 7. Invesngauon on how mdrvrduals who are famrlar to ‘the lesnng and trrnmng equxpmem )
S react when performmg a trarmng program ‘_ ) | | ‘
_A 8 ‘ Researchers should mvesngate the learnmg ef fect and mouvauon levels of spmal cord o .
‘ vmdrvrduals when perl'ormmgaa wexght trammg program '. - ‘.’ L o ._:j. o
9 . Prqtern synthesrs rn mus!le frber. contracnle speed of muscle f 1ber and energy metabohsm o ’4
:"‘ﬁ'research is requrredu Thls means more mvesngauon into Lhe blochemrcal and endo%ne " 5', S
R ','.“lareans ) i,‘.’:., e o
.’ 10 More research should be conducted on the physrologlcal morphologrcal and neurotmphrc |

M y oy R . v oI
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APPluNl)lX A: Results of 1976, 1980 Olympic Games for the Physically Disdbled, the World
Wheelchair Games and World Records In Track and Field
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. Eytl:m  Sex Class | \blympics + Olympics World ~ World
| 76 %0 5 Games ‘84 . Record
: =
Disus  F 1A 7.58 M BALM  aaaa 12.76 M
M 1A 12,63 M BIM el 15.04 M
T F 1B 9.52 M 10.22 M 10,10 M 10.22 M
M 1B 166M.  13.52M e 1666 M
\? F Ble 11.97 M 10.14 M 9.36 M 11.97 M
M & 17.10 M 17.14 M 226M  2126M
K 2 13.79 M 16.16 M 15.76 M 17.42 M
M 2 23.10 M- 26,72 M 28.06 M 29.36 M
. F 3 13.74 M 17.54 M 16.24 M 17.54M
M 3 2705M . 30,00M 29.14 M 30.00 M
F 4 1696M . 1908M  2106M . 21.06M
M 4 C3L2M . 29.80M 3242 M 33.60M
F 5 ©1642M s 17.42 M 28.78 M
M 5 2960M . 38.16M 13188 M 39.44 M
F 6 e aeeean 1938 M 19.38'M
M 6 - I624M  eeeee 4a.2M° 43.28 Ni
Shotput  F 1A 281 M 2.94 M 218 M 481 M.
| M A s M 5.90 M 5.33M - 6.66M |
" F. 1B Y akem 4.46M 3.93 M 4.46 M |
M 1B 6.50 M 105M. * 6.62M 7.18M
F 1C 4.49M 4.07 M 359M 4.49M |
M 1C 6.94 M 737 M 7.88 M 7.88 M \“
Fo. 2 471M 5.00 M 5.52M 5.52M
M 2 8.42M 9.01 M
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© SUBJECT INFORMATJON FORM .
3 Date; ‘o

Name: | . . ‘ . i

' ' '\ ‘ ! A?“"‘
‘Address ;. L ~ v S

City: __ "

. Province: o | . -
- ! Postal Code: _
. ' Phonc: .“\‘ ' +_‘
’Binhdéte'- N e
Dale of lnjury and Level
Cause of anury, \ -
| ‘ ‘J
Presently taking Medi\cationa ) Yes: _No: .
"
lf‘ Yes Name of Medxlcanon and Reason for Prescnpnon: ,
' \' ‘L . ! : Teo.
fﬁmé‘ of Doétor-
A Name of Phys:otherapxst R

Presently recemng Physxotherapy" B Yes: No:

r Yes Where'7 . o .

' Have you ever pamctpated in Non stabled Sport" Yes:. No:

If Yes, Whlch Sports and for How Long" -
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of spmal cord injured mdlvrduals asa result of a trammg ‘program using Nautilus welgh(

o2, ‘Nautilus weight training exercises»

1. ‘Behind Neck - ' | Coee L

o o
#

A ) N S 4

SUBJ ECF CONSENT FORM

oy
e

. ’I‘hank you for becommg a subject in this study Please note that your "participation is ;

emlrely voluntary and that you are f ree 1o’ wnhdraw yoursell‘ asa subjec( at any ume dunng
the course of this pmject \ y S ‘
5T

The purpose of this study xs to determine ;he changes in upper body muscular strength

'S

-
'

training equipment, S L , I

You will be requested to submit to the following procedures:

1. Cy}ex 1 isolrinetic exercise testing (muscular fitness)

e

The Cybex testing will consist of" each subject perf ormmg a muscular strenglh and endurance
test on shoulder flexnon/extenSlon and elbow flexion/extension of both arms,
s p A} )
The Nauulus training will consist of each subject performing six exercises namely ;|

»

’

I Y

2. Double Shoulder (Lateral Raise) e Lo )

3. Double Chest (Arm Cross and Decline Press)

4. BicepsCurl = A

’ B . i

5. Triceps Extension . ~ . = . . . : o

 Each subject will perform. three sets of ‘six repetitions,With one minute rest betwcerf the sets.

Ce ' : ' v . .
s Sy

You wxll be mstructed in the complete operation and prowdures of the Cybex II

1sokmeuc system and the Nauulus wenght traxmng equlpmem In addmon you w1ll be mformed
about the safety of the eqmpmem and the precaunons that vnll be taken to ensure saf ety

Please note however that there are possrble nsks and hazards you. may expenence over -~

. : the durahon of this study, wluch are muscular soreness muscular f. auque and exhausuon

\

The inyestlgator'will" be present at all dat% collec-tion sessions and, will,answer any

.

. inquiries subjects may have concerning the procedures ‘At the conclusion of the study, the =~ |

—

a



‘ -
results wnll be made available l‘or your rev1ew

Pamupauon in /hns study is contmgem upon the sxgned consent of éach subjecl

Therefore, please read/the stawmem below and sngn where appropnale

,/

P

l have read and understand the procedures ol‘ tms study desenbed above and l am

"

'aware of the potenual nsks mvolved | undersland that ] may w1thdraw at any time durmg the

course of thl/s investigating., 1 agree to participate as a subjecl in all phases of the study
descnbed ?bove I undrstand that data pertammg to my results may be used in profess:onal»
\ .
‘presenlauons and publlcauons and that complete anonymlty w1ll be retamed
/ Co ‘

Sign/e/d/D.al‘edf‘
/
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MEDICAL CONSENT FORﬁ

[

We requesr your coo;xerauon m compleung this f orm upon your chent s admlssron int o

this study 1o determme the changcs in upper body muscular fitness of spmal ‘cord injured

Y - '

mdxvrduals asa resull of a trammg program usmg Nautilus WCIghl lrammg,.equrpmem

Based upon a currem revrew of health states, -, s consrdcred surtable for;
A) Testing using:Cybex 11 isbkin‘elie system (muscular fitness) on: |
a‘)l 5houlder ﬂexion/erlensi_on rfght arm
b)shdulaef‘ﬂexibn'/exte‘qsi‘dn left arm !
| c)Elbow ﬂexion/extension right arm, |

1 ) A

d) Elbow ﬂexron/extension lefl arm B . . . .

Each subject will be mvolved in a muscular strenglh and an endurancc test on the moverhents )
menuoned above _ : SO S Cooe

'B) Treatment using “N‘autilu.s we'r_ghl,trainirrg equipment on
a) Behind Neck S o R
. b) Double Shoulder (Laieral Raise) . . T " |
c) Dpuble.Chest :(Ar‘rn' Cross and Decline Press) I - :L.A' o
| d) Biceps_Crrrl‘ ‘ | c - . ; o ; o '
e) Triceps Extensrqn; .' L ‘. - F U -
Each sub]cct will perfqmi three sets of srx repetmons wrth one mmute mterval tretWEen the scts .
on each exercrse The trcatment will be three umes a week for a period of srx weeks

Wrth no restncuon

=~
Wrth avoidance of

Specral concems (1f any)‘ S

Signed/Dated _

PR

i "r\‘.
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CYBEX CALIBRATION

Cybex calibration in accordance with the directions supplied by Lumex Inc, New York,

Recorder Scale ‘ Lever Arm* Weight Graph Recording -
(fu/1bs) (inches) (pounds) (division)
180 31 325 - -~ 5 major
0 13 5 20 major

\
» ) |
* Lever arm is distance [tom centre of Cybex input shafl to centre of T-tube (Jever arm

length),

Procedure
1. Turn on Power and aliow for 10 minutes warm-up,
2, Select appropriate scale 10 be calibrated (30 or 1‘80 fi/lbs),
3. With speed selection on at 30 degrees per second 6r 0,524 1/s and the recorder on, but no
torque applied to the lever arm: '
a) Select #?2 position on damping control
b) Select slow chart speed (5 mm/s) '
c¢) Align stylus with baseline 6’1‘ chari grid paper using "zero adjust button”
d) Check to see basgline does not shift when rangé scale is changed from 30 to 180.
Basel@ne shift of ‘this nature can be gorrectcd by adjusting with a small scrcwd‘river, the
' potémigmeter on the top right side of the recorder (marked zero).
4. Dyna;m'c calibration is performed i)y manually h‘f“ ting the weighted T»lgaf to the vertical
position énd‘allow gravity to swing it down until the weights contact the floor. As the
weighted arm passes the horizontal, the graph recerding will show this value as a maximum

point on the curve. If this point is above or below the correct torque value, adj ust the

recorder and make it read the correct value by turning the appropriate potentiometer (30 or
L
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APPENDIX G: Data sheet for Ngutilus

[

W‘eigﬁt Tmlnlng Sessions
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Subje(::l 'A :  .

Week Sh Flex . ShExt .~ ShFlex = . ShExt - 'Sh Flex” Sh Ext

| CatS2rs atSMps atlldys atddddys  atdladdls  arldlddrs
S o I " at 30 sec at 30 sec
Nm ° . Nm "*Nm - ' Nm ", Nm + Nm'

0 55 TR VI ’1‘ 49. - ,‘ 28 f‘ 48
R w0 50 0 . 4

2 . 48 e B R e Y

4 .. a8 65 Y 58 - 4“4

s .o@ e a0 s 0w
 § 46 65 35 50 s @

8 N R R .56’ Y - 4

0 s ‘, 7 4 s ) VI
R o2 s o oo I "

[N —
t
.
5 . ;
T {
o
N
- §
»
- f
Y
. n
‘ v / .
. ”
— |
G
&




! .  . Co . Subject A: T

‘a | . ) “2"-‘. T 104

)

. Week ElFlex ' ElExt , Kl Flex . . El‘E*‘v " ElFlex ElExt
: at3,1441/s  at3.l441/s. al3.14d /s

1 . at30sec at 30 sec

. .at5241/s at 524 1/s at3.144 1/s
Nm  Nm  .Nm~  Nm.  Nm ' . Nm

4

o e 3 BE. SRR VRN
ST SRR TR
2w w oM K B Y
4 | 43 PR I T D N

s L& a3 g b,

©6 om0 .y 0 g

8 % s B PR U R 1)

10 46 53 % 32 VA 2

12 Lo s g Y 20 .19

2
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" Subject B:
‘Week  ShFlex  ShExi %mx Sh Ext Sw&  $mﬂ
“al.524p/s  at;5241/s ' at3,144r/s at31441/s  at3.1441/s  at3.)44.1/s
) ‘ \ ’ at 30 sec at 30 sec. .
~Nm Nm Nm Nm Nm . Nm
0" 53 85 32 49 2 38
1 42 e 3 »n % 29 °
I . 43 g‘Sg 30 49 "2y 34
. 5 68 VI a 35
ST 8l 33 54 20 37
6 R 7 31 52 "18 35
8 40 % co3s 62 19 31
10 a8 82 35 55 17 v38 
2 s  w ¥ 4 19 30
'
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o Subject B: a / !
Week  ElFlex  ElExt ElFlex ©  EIExt ' ElFlex . ElExt
at 5241k - at.5241/s  at3,0441/s at3.144 /s ;jat3,144 /5" ar’3.144 /s
e : o, Toeed ) at30sec at 30 seq
Nm Nm . Nm Nm / Nm ~ Nm
0 a1 49 2% 2 7 9
I % 49 .m0 26 1 1g 7
3 s 0w s s 17
4 . R N S 18
s s2 B s By
6 al a2 29 29 15 8
8 38 5 27 35 g 21
R S 9. s 1 2
1z s 9 3“6 s
T = "‘, )
&> ,
N

)




s .

- Subject C:

., Sh Flex

Week ' },‘Sh Fiex | Sh' Ext . Sh Flex Sh Ext Sh Ext
- at.5241/s  at.5241/s a3 d4dr/sT at 344 /s at3.1441/s  at 3,144 1/s
. at 30 sec at 30 sec
. Nm . Nm Nm . - Nm Nm Nm
0 50 a3 30 26 21 20
1 47 49 3 34 2] 2
2 48 s s B 19 ds
3 48 ap n 40 22 28
4 Sh 60 u 37 25 28
"6“ 50 - 53 37 | 39 ée 32
8 52 52 43 43 24 29
0 4 60 38 v g 2
A
.
.
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\', ‘ ' ‘ . Subject C; : ‘ ,
Week El Flex . ElExt - ElFlex " ElExt . El Flex El Ext
at 524 1/s  at 5241/s+ at3)44r/s  at3.0441/s  at3.0441/s  at 3.144 1/s

Y at 30sec ~ at 30 sec
Nm . Nm . : o -

Nm - Nm, ~ Nm Nm . Nm

(I R 17 24 1B a8
| R WY S T 19
2 4 a5 19 o o 17

30 39 Coas TEERES 6. 2
PR o a7 8, 2 | 13 | L 2
6 ‘40‘ - t52 s 22. o 24 18 | 18
8. 4 0 n 5
0. . 4 R S e on
" \

.




Subfect D
Week - Sh Flex  Sh Ext Sh Flex Sh Ext Sh Flex Sh Ext
; | aga,524 /s al5241/s  alddAdr/s al34dr/s at3d4d /s at 3,144 /s
; ! C | “ at 30 se.c al 30 sec
Nm | Nm - ‘Nm Nm Nm. Nm
0 ’> 4.6 ‘ 80 . "4l 55 2 45
1 ag” 60 33 58 24 a2
Y ',\.‘_‘54 85 34 55 20 50
4 52 73, 34 55 2 45
s 51 80 3, 60 i 44
6 4 77 .36 62 27 44
8 44 82, 32 61 29 47
10 49 87, " 46 7 37 50
12 ‘46 96 36 61 21 44
v ’\’?
W
t
%
Lo s

——
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] L3
“ Subject D: h
Week Kl Flex El Bxt El Flex Bl Ext ELFlex Kl Ex
* al.524r/s  al.524r/s  at3d44r/s  at3l44r/s  at3l4d /s at3,1441/s
at 30 sec at 30 sec
Nm Nm Nm Nm Nm ‘Nm
0. 34 55, 26 37 14 2]
) 39 45 24 29 13 19
2 40 49 23 27 15 : 22
4 44 51 27 34 14 19
5 2 5 27 35 13 21
6 2 57 - 27 35 14 2
8 338 53 25 34 13 18
10 46 47 26 29 15 20
12 42 » 54 26 33 |

11 18-




\ Subject E;
Week  Sh Flex Sh Ext 'Sh Flex Sh Ext Sh Flex Sh Ext
‘ at.524r/s  at.524r/s  at3,144p/s  at3.1441/s  at3.)441/s  at 3,144 1/s
_ at 30sec . at 30 sec
Nm Nm Nm ] Nm Nm Nm
0 48 7 37 55 2T 41
1 51 72 34 46 17 39
2 57 76 - 32 a5 3 12:
3 48 62 25 47 2 25
4 , g
6 51 65 2 © o4 14 28
8 51 65 33 50 17 .36
10 50 70

25 44 © 14 25
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~ Subject E:
Week  El Flex El Ext El Flex El Ext ElFlex . ElEx
al .524 1/s at.5241/s  at3.1441/s a1 3.1445/s a1 3.1441/s  at 3,144 1/s )
Co ; al 30 sec at 30 sec
= Nm Nm Nm ‘Nm Nm Nm
)
0 44 66 22 31 19 27
1 42 59 22 30 18 17
> o 2 19 24 TR 8
3 4 | 8 w0 24 15 21
4 ) - | \
6 44 47 22 29 13 19
8 43 60 22 33 17 25
10 - 4) 48 20- 20 12 16
’
’ ¢ A

N e



113



' 114

A

Subject A: = ‘ \
Date, © Behind Neck  Lateral | Amm Cross - Decline “I‘3ice1)ps‘Curl Trice;;s
| R;ise _Press | | ) E'xle‘nsion
8/10 420 50 70 660 36\5 a0
010 - 720 720 B0 108 s © 600
12710 80 70 80 108 s25 628
150 840 840 9%0 1200 525 540
S0 e s -if
19710 840 0 960 1200 0 .49 630
2/10 960 %0 1080 1m0 a5 ses
210 %0 %0 1080 1m0 T 585
10 1000y 100 1320 1560 495 . sgs
29710 100 - 1200 L1320 ' 1560 Tags 585
a0 1ak 1260 1365 “1800' a9 585
W 10 160 16 1806 495 ems
S 1610 ues, w50 sk o ags e "
711 1540 ‘,\';“1306 e 1530 5715 665, A\
o1 s no o, w0 170 600 700
211 1350 B " R R T S
e oo wmo tas S ees 630 80
B 10 s St U1 seo 800
e
| .
5
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Suﬁ]'eclB:
Date  Behind Neck  Lateral Arm Cross Decline " Biceps ‘Curl .‘ Tri;e'ps
) Raise ‘v Preés Extension-

183 - 820 | %20 950 1100 660 \390
2073 1080 880 200 1ss 700 630
23 1200 900 1210 o 00 630
25 a0y 103 2o B0 e | 560
2173 . i
2973 880 - 1150 1200, 1320 675 ~ 630
V4 . 1320 1100 1200 1300 750 630
3/4 1320 (1SS 10625 1430 675 665
s/4 1080 1045 1875 w4 n2.5 630

L aa. 1380 1035 375 0 a0 m2s e
“ 04 1440 1265 . 1825 1450 760 665
e 123 265 185 140 720 600
',15/4' 130010625 . 41260 . 1200 800 750
wa 1080 s w0 s 60 750
14 1215 18IS 130 - 1250850 680
2/4 10125 usrs 12325 . .1395} “sons 760‘
o O amrs . ams o1 150 e 760
6/4 1350 1105 1232.5 1550° 810 7225

-




6

. Subject C‘: ) .

Date Behind Neck ~ Lateral Arm Cross : = Decline  Biceps ?url ‘ Tticeps -

Raise . - Press Extension

an se. om0 . om0 90 450 s
2371 80 120 960 % 0 600
25/1 - 1080 . 1440 1200 1560 | 700 720
2%/1 1080 - 140 1200 1560 630 70
3010 e e S
2 1200 1430 . 130 1680 700 840
a2 1200. 1560 1320 1680 . 900 T o
- ‘6/'2/ 120 1540 - 1440 1725 900 - 787.5
82 o6 16w 1440 % 1800 720 750
un 1140,‘ o130 1300 1520 - w 720
B2 w0 180 160 1680 %0 . . 880
152 1020 1840 - 1590 127?'/ 855 765
12 00 1900 1540 1445 ess . B0
22 00 180 1500 6ls s | o0
22 . 00- 130 ST o Ios %0
50 & 10 18000 1750 - 90 945
Can ers T 1m0 v s o . s

) 1/3 Tee o ’ ‘ A-*j- S e ‘. --- | ‘-f'-r S ""';‘I




117

Subject D: | \

/ .
Date  Behind Neck - Lateral Arm Cross -  Decline Biceps Curl Triceps

, ‘Raise . - ~ Press o ‘Extension

‘18/3. o660 960 40 : 900 450 450
203 .90 900 720 C100 s 4T
2/3 1080 . %0 %0 1080 600 450
’25/3 1080 900 960 0800 s40 450

/3 . 12090 9% 1200 540 550

29/3 1200 100g, 180 1200 20 550
Ve 130 1000 1200 1375 600 ' 600
RV R T T
. 54 100 1050 100 175 70 - s40
| 84 . . 1200 945 1320 7 1620' . s “.-,-,;‘540,"
10/4 o o4 o 1320 1350 770 ‘, | 566
e um s a0 w0 9w e
4 10 0 w050, a0 10 0 630
1774 1560 3 -10050' 1560 1350 o 20 630
194 1600 om0 as0 | 1500 _880.“: 735
\22;4;._; ';‘ 140 . 9% '154'0‘\ 17 | ’ ‘”720,, 0
T R 1 SR 7 SR PP s
2'6/4" Co1200 990 ‘1500‘."' . 1440 o '?20' 65
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Subject E ‘

i

Date  Behind Neck ~ Lateral ~ Arm Cross  Decline . Biceps Curl-  Triceps, ,
" ‘ | © Raise

1

Press =~ . Extension

574 1080 1050 | ‘1100  o165 ss0 . --ag0
84 100 1155 1155 YU 0 525
04 1100 Coomo wsse kg0 se s )
WA e e | -

15/4 B e U S L .
a0 1380 1w 1320 . 700 " 630
i9/4 | 1210 3320 13200 1420 o 0 "636
w4100 1560 1495 1560 T
294 “i440 © 150 L1560 . 1610 _ 840 1840
vs omes. 610 s 1540 a0 s,
s 0 1s40 s 60 e s

6/5 1400 . 1800 . 1650 . 1650 o 945 920
w5 | 1330 "a'lﬂ‘léso o 1650_- 170 |  §454 o 855
135 ‘ | o
‘17/5,“", 7S '.‘;760" . “‘ 1760, 1870 ‘.ﬁH, 950 '902.5
W5 125 1S . s 1879"1A' 850 9025
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. APPENDIX J: Changing Criterions on the Nautilus Weight Training Equipinent‘
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o S 0

[ : . '
/ ” ——

Phase  Behiid lateral - . Am Decline’  Biceps Triceps

Neck Raise Cross . Press Curl Exténsion
. ! ' . A

1 s, Cooes0 s o 60 450
2 540 s 0 . g0 40 sa0
380 60 o S0 a9s . s8s
4 ™ om0 .. w0 9% s« 630
5. w0 900 - 990 U0 e 630 o ™
6 080 1080 170 Cwpso |
| 7‘. 20 1170 60 1530 ‘ "ﬂ£~éé
8 1m0 1215 1350 - 1575

~ Subject B:
Phase . Beh_in.c‘i., ‘L'éléral - ~ Amm | Decl-ine‘ ‘ Bick;ps_ ‘ Triéeps .

Neck . Raise " Cross©  Press . Curfl ' Extension

- 1 -"720 -   720 o0 “"‘9(‘;0“ o sa0 ‘ | 7630?““
2" 80 .m0 % 9% &0 675
3 S0 s 0 1080 oers S

.1.4" - 990 | 990 _112‘5' o Como.. 765 E
5 | 1080 "“:ll'035 o 1215 v ‘%260 | 265 R
6 un s 10 1305 S mo

1 s ‘11.7.6" C s 1350 |

) ¥ gt ,

B e




N | \’ 1
Phase i?ehind'_ o Lateral Arm . Decline Biccps‘\ _ ‘KTxiccps
| Neck | ‘Raise * Cross Pfcs; Curl Exte{nsio‘n
1 540 - ,%20 720 900 “450 o 450
2 630  90‘0 900 ‘.‘990 40 540
3 810 1080 9 . 170 . 630 7 60
3 ,éoo L 70 1080 1260 - " 675 675
5 9% 1260 1170 A 1350 70 720
6 1080 1350 . 1260 1440 810 810
7 1125 1440 1350 s 855 - 855
8 1530 Qa0 - 55 900
9 1575 1620
’ . : Sub];ecg D: 'i‘.]
Phase ., Behind Lateral ‘Am | Decline . - Biceps Triceps
B ﬁeck ‘ kaisc; Cross .v,.P‘re‘ss' | . Cur‘l‘ | Exten’sion
o~
1 s 720 2 540 00 a0 'y
2 %0 720 w0 L s " osa0
3 ‘810‘_ o | 945 | /810 . - 1080 585 . 630
CEE R T s e0 e
5 ' ‘99og S e . 100 720 |
6 | 1‘03‘074” 1080, 1260 K ’\ | ‘
7 '.;”1170_ < - un. -, 0 L 2% N
3 e o e |
' L
9~ 1350 1350 m\ |
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‘ | ‘ ; Su.biécrE: | e 0
Phase" ~ Behind  Lateral ‘( Arm' 'i)'ecline ‘ ‘h Biceps Triécp? P
" Neck Raise o | Cross . Press ‘?\ é\;tl j.éxtens.ion )
— — ‘ oy
1 B0 L s 90 .90 . a0 . 360 o '
2 ! 900 990 990 0800 540 asp "
3 9% 1080 1080 un B0 540
Ao om0 w0 w1 70 630
s 70 1260 1260 1350 i 810\ 720
6 © 1260 1350 1350 w0 90 810
7 1305 . . 1440 140 Lok s,
8 1530 -15:;93%(“ A -
X
<
.
" |




