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In order to determlne the effects of varlable and ponstant } ;ira
'-,re31stance tralnlng upon selﬁdted aspects of shoulder dynamlcs, 51xty ;fgjﬁz
hfhunrver":'f ommuhlty male volunteers‘were asslgned ‘to. one. of three experl_;;;a‘

Mfmental groups.‘ The treatments employed con51sted of a NautllUs strength

__tralnlng programme, a progresslve re51stance programme utlllzlng the

”"i-Unlversal Cymna51um, and a control 81tuat10n., The exerc1se programmes

R : I
‘”»J}siwere spe01f1cally de51gned to foster alteratlons 1n actlve flexlblllty

7F5*;and the ablllty to generate muscular torque 1n the shoulder reglon.. The

'~f7three treatments were employed over a 51x-week perlod w1th the sample

| ?attrltlon.bftf~"'

“lﬁeventually belng reduced to flfty four SUbJeCtS as a result of subJect

e

Measurements of torque output and angular dlsplacement QUrlng )

vf‘the movemeqts of shoulder flexlon and shoulder hyperextensloo were made ﬁffﬁff:ff'
“-‘prlor to and 1mmed1ate1y followlng completlon or the tralnlng perlod

”}iA two channel Cybex II lsOkIHEtIC dev1ce was employed for thls purpose,,:}Vhi';' f

’~1wrrn assessments DEJng recorded at E llmb speed of thlrty degrees per

—— B

':‘5_second A spec1ally consfructed chalr was utlllzed 1n conJunctlon WIth

[N

'vthe measurlng dev1ce, 1n order to 1solate the shoulder reglon on the jf_“

-fsubJectgs domlnant 51de and control extraneousibody mdvement

~ '..v

Test results were analyzed by means . of a four—way Analy31s of d‘.“'-‘

fVarlanre w1th repeated measures on each of the varlables under consrdera- o

L ;'tlon, and the crlterlon level of s1gn1f1cance set at the .Ol level ’It"

-"was found that there were no s1gn1flcant relatlonshlps between the 1soton1c';g:'

ht.tralnlng programmes employed in the study,‘and any changes 1n shoulder ,~,p:

“\ g

‘dynamlcs durlng shoulder flexlon and shoulder hyperexten510n, as determlnedlh"'

by the 1sok1net1c testlng procedure used for assessment
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“ wwooweriv
Statement of the P‘roble'm:' 5 ‘d

' Researchers and practltlonerb in the fleld of sports med1c1ne

: have unlversally acknowledged the fact that the development of optlmal
levgls of flexlblllty and strength are prlmary ObJeCtlveS of any - COndl- \
tioning programmes almed at 1nJury prophylax1s - Uhlle numgtous 1nvest1-‘

- gators have demonstrated’31gn1f1cant 1ncreases in muscular strength as

v

a result of programmes employlng progre531ve reslstance exerc1se, llttle ,

-

attentlon has been focussed on the relatlve contrlbutlon such programmes

make towards 1ncreased levels of Flex1b111ty._

o

Purpose and Significanceuof the.Study e

The purpose of th1s study was to crltlcally examlne the effects

- . of two dlfferent modes of 1soton1c exerc1se upon actlve range of motlon

e

at the shoulder in unlver51ty communlty males. In determlnlng if. any
81gn1f1cant dlfference in flex1b111ty development occurred, 1t was hoped
that valad pr1n01ples would be eluc1dated that mlght aid the coach and :
tralner 1n developlnq proqres31ve re31stance programmes whlch not only

1
vould have resulted in increased levels of muscu&ar strength but would

have also made a valuable contrlbutlon to 1ncreased levels oF Flex1b111ty .

Al1man (1977 :600) p01nted out




L The role of condltlonlng in obtalnlng top performance in

P _athletes canriot be emphasized too much, yet too feg physrelans,
. coaches and trainers- Fully understand ‘the: Amportant. components of
oo-a. condltlonlng programme and thereby fall to use: them effectlvely .

S
\

| -Nulli Hypothésis B

‘lrsf - | The null hypoth881s upon whlch thls lnvestlgatlon\was‘based-
‘k7:f< asserted ‘that there would be no 31gn1flcant dlfFerence 1n actlve flex1-:rra‘t'p f’lig
‘-~blllty deve10pment in shoulder Flex1on and hyperextenSLOn, when assesse}lfg:ilé' s
:‘ment vas made subsequent to treatment condltlons con31st1ng of Nautllush:
*varlable re31stance tralnlng, Unlversal veight tralnlng, and a controlv.~
.'bprogramme The sub-hypothes1s of thls study stmted that no 51gnlflcantzih
| “dlfference would be found between treatment groups w1th respect to the,[""A‘
“ablllty to generate muscular torque when assessment was made UtlllZlng // |

the same actlons and 1sok1net1c dev1ce used to determlne flexlblllty

l-levels.»
e '> leitations'and‘DelimitationS’ B
The 11m1tat10ns of - thlS 1nvestlgat10nvwere as tollows f
l)i the voluntary nature of SubJeCt partlclpatlon, and'
2)“_1nd1v1dual learnlng response on the part of the subJects |
/ 'A,.j-., -durlng the testlng sesslons, due to the nature of the
~measur1ng dev1ce employed = T S S . |
thf ﬁe.lmltatlons affect;ng-the'interpretation:of this‘stUdy: | ﬁ e
included: e o o |
‘a) the speelflc nature of the movements belng analyzed, and
_ ) b) the SUbJeCthB nature of the 1nstruct10nal and superv1sory

e methods employed in the tralnlng programmes.
- %



'”\- . -Main“Assumptions

1nvest1gatlons have demonstrated 51gn1flcant 1ncreases’

in muscular stren th as a consequence oF both constant and varlable

'3‘re81stance programmes of progre331ve re51stance exerc1se (Gettman Ayres,

W 4

i Pollock and Jackson, 1978 NcKetchen and Mayhew,,l974 Peterson, 1975
| »J’Plpes and W1lmore, 1976 Smlth and Whltley, 1965 W1lmore, Parr, Haskell /b

o Castlll Mllburn, and Kerlan, 1976) Waklng these Flndlngs 1nto account, o

l"the de51gn of the present study was Formulated based on. the assumptlon
-that both forms ‘of r881stance tralnlng utlllzed vould yleld 31gn1F1cant .
f;changes 1n muscular strength when employed over the SlX to ten-veek

. perlod commonly seen in, the llterature

The voluntary nature of SUbJECt part1c1pat10n 1n thlS 1nvest1-' .

;.gatron appeared to be in line Ulth a Further assumptlon, statlng that
-,ysubJects would be- suff1c1ently motlvated to remaln on the partlcular l'
‘tralnlng reglmdn a331gned to them for. the duratlon of the study. In ;; ;
addltlon, it was assumed that subgects were\truthful 1n the accounts .
'l.they gave of current and prev1ous part1c1patlon 1n chronlc forms of

phy51cal act1v1ty that mlght have aﬁfected shoulder dynamlcs

© Definitions -
The Follow1ng terms were employed throughout thlS study, 1n
' conJunctlon with theoretlcal and practlcal dlscu551on of the concepts'
»central to the toplc under 1nvestlgatlon, and vere 8381gned the follow1ng
vy -

deflnltlons',

Active‘ﬂange of Motionv'- The range of -motion at»a;particular

Jointy orfseries of joints, that required voluntary muscular'cqgt;act%gh

N A i o M Rt n o g .

[
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ov/

' by:agonist muSCles (Hartley,'l976) P h» 4 R :f 'Mh(?’,a

Eonstant Reslstance Exer01se - Muscular contractlon agalnst a

imovable reszstance Force of constant magnltude, Wthh resulted in a change

of length of . the worklng muscle or. muscles, and a correspondlng skeletal

<

Ls

movement (Knuttgen, l978) Re51stance torque varled Wlth the - p031tlon of .

othe skeletal lever.. o

: Isoklnetlc Muscular Contractlon o Exerclse of the varlable
. i r . N
_ re51stance mode, that was characterlzed by a speed of movement wthh

' fremalned constant throughout the range oF motlon under con51deratlon a

, ,Isotonlc Muscular Contractlon f— Exerc1se 1n Wthh the speed

K e

“of movement varled due to varlous phy81ologlcal and blomechanlcal factorso3

R T

actlng on the J01nt or JOlntS anOlVEd (Kndttg n, 1978)

Muscular Torque ‘; The quantlty cons1 t1ng of ; the sum of the,‘.“

- perpendlcular components of the Forces exerted by the muscles 8331st1ng

. 1n a part1CUlar movement calculated in llght ‘of the respectlve dlstance .

"f{'of each 1nsert10n From the aXlS of rotatlon., Whlle thls value d1d not.
1ndlcate the exact force generated by 1nd1v1dual muscles, the fact that

- the: res1stance arm could be accurately determlned allowed the 1nvest1ga-

o tor to attrlbute slgnlflcant changes in torque output to alteratlons 1n o
the ab111ty of the worklng muscles to develop Force, keeplnq in mlnd thati

tthe_ lenoth of the force arm tended to vary due to the pos1t10n1ng of the :

anatomlcal JOlntS of" the upper extremlty (Hetherlngton, 1971)

\\

Varlable Re51stance Exercise j, Muscular contractlon agalnst a

S

| movable re31stance force that varled 1n maonltude throughout the range of>

: motlon at a partlcular Jolnt or serles of 301nts (Peterson, 1975) As

with mmcnbont aimdmbo_ __ .

et i s st st b D
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Chapter 2 -

. REVIEW'OF LITERATURE

oL -

" A Theoretical Basis for Athletic Conditioning -

The rlsk fabtors common to any sportlng s1tuatlon centre around

the nature of the partlcular act1v1ty, the manner 1n whlch 1t 1s c0nduoted

g and the characterlstlcs of any preventatlve measures de31gned to reduce~??1
the 1nc1dence and severlty of athletlc 1ngur1es (Hayes, l974) Mlles

(1977) stated that the prlmary\Boncern oF sports medlclne vas the preven—'ﬂ7;13ﬂ*

tlon of athletlc 1n1ury thr0ugh a thorough appreclatlon of thf elements

z.g& of proper condltlonlng, knowledgeable medlcal superv181on, and eff1c1ent .”

' management of pertlnent env1ronmental factors..-t"'

' leata (1972) subd1v1ded the condltlonlng of the c0mpet1t1ve

H"bathlete 1nto components of neuromuscular strength,_aglllty and coordlna-'3‘~-"

e

tlon—-eaoh spec1f1c to the phy81ologlcal, psychologlcal, and blomechanlcal?n“"

J“A propertles of both athlete and act1v1ty * Various. authorltles have clted

the nece831ty of tralnlng and condltlonlng the oompetltlve athlete on a
year round b331s, and dlrectlng programmes toward the development and

’ malntenance of optlmal levels of phy51cal and mental fltness (Kulund

: McCue, Rockvell, and Cleck 1979 Hlllar, 1978 03tazew1sk1 and Marshall, '

2

1975)

A theoretlcal knovledge of the phy31cal propertles, ultrastructure
and metabollsm of connectlve tlesue has been deemed v1tal in formulatlng

a ratlonale upon Wthh to base any programme 1ntended to 'serve ln..




~the functicn of “injury prophylaxis (Burry, 1975).

'.'(Gould 1968)

' trainimg ondconnectlu ttissue_in laboratory‘animals,yBoothaanthouldjl

’:(1975) found 1ncreas “in the collagen content'of tendons and ligaments'

" The Nature oF:Connective”TlsSUe; :

The blologlcal substance referred to as connectlve tlssue lsf1 o

- composed oF large amounts of 1ntercellular materlal, con51st1ng of colla-.

,t'gen, elastlc and retlcular Flbres, 1n addltlon to varylng amounts oF

~

AA”,_fground substances. As elastlc flbres contaln the low modulus materlal
*'elastln, the hlgh modulus characterlstlcs of llgaments and tendons havei:ﬁil
R,ndbeen attrlbuted to the collagenous materlal present (Haut and L1ttle,‘7p?t S
. ‘ .

L 1969) : Collagen const1tutesapprox1mately twenty flve to/thlrty percent Lo

’-‘lof the total amount of proteln found 1n the human body, -and’ ;s cross—

S

'ullDKEd extracellulary w1th the mUCopolysaccharlde ground substance ?;fa_¥~""'

o W , .
In a dense form of connectlve tlssue, such as muscle tendon, the

”*amount of ground substance present 1s relatlvely small whereas 1n loose ;

S

";}connectlve tlssue, such -as eplthellum, 1t ex1sts as ‘a maJor constltuent T
i;»The geometrlcal arrangement of the collagen flbres is determlned by the |

| fvfunctlonal demands placed upon them, w1th the regular parallel flbre »"
Q‘course Found in muscle te don due to the llnear nature of the forces th‘*"

L 1t is requ1red to transm't (Vlldlk 1973). ﬂ bhi ': i fj_‘ 2l ' ‘e

1tra1n1ng._ 'In rev1ew1n' the-llteratureﬁpertalnlng towthe effects oﬂ

i.‘to be cited as a ma; r factor contrlbutlng to incteases in. the ten31le

'qtrpnnfh AfF Fhpan R



v
Researchers examlnlng the characterlstrcs of connectlve tlssuevh
o have tended to employ enzymolytlc experlmentatlon, coupled w1th varlous_”;
-types oF mechanlcal propertles testlng and mlCTOSCOplC observatlon :f.h‘4t ;
ff(M1531rlls, 1977) Dehoff (1978) p01nted out however, that the complex?
.'}nature of. blologlcal tlsSUes precluded the formulatlon of a 81ngle theory
uathat would prove capable of characterlzlng all tlssues, or in. fact even
'.a class of t&ssues 1n thelr varlous phy51ologlcal straln env1ronments. ,i
tllThe same authorwalso referred to 1naccurac1es of measurement common 1n
ll‘kthls area of sc1ent1flc 1nvestlgatlon, due to the nature of the measurlng
L :{dev1ces used and the 1nébn31sten01es Qf procedures.used to determlne -
'f“_stralrl‘i rateS.v._‘-A;‘;‘\',"'fv:”fv : , | , i : | _ | . :
. Russell (1979) p01nted to the dense, hlghlgforganlzed nature of ;;t
' 'l:the tlbrous tlssue consrtubgng the tendons, llgaments and JOlnt capsulesb
lﬂl'?nipresent in. the human body, ‘as’ belng respon51ble for the lellarltles oF
ff;gresponse to: blomechanlcal stress exhlblted by these structures.nilheif?t*_,t'f
toli?collagen flbres present 1n, and characterlstlc of all flbrous connectlvehi'
j-'tlssue, prov1ded con51derable strength and rlgldlty in response to stresswttftg‘:
"vyloads allgned parallel to thelr long axes (Frost 1972) ‘ll7;_(;'ﬁ;' T
“ | In v1tro, blomecﬁanmpal studles oF collagenous tlssue‘utlllze
.vstress straln PEIBtlonshlpS-vplOtS of load vVersus enlongatlon--borrowedvf”
o ftfrom the fleld of materlals testlng.v Stress has been deflned as the ',;’d'\l r’h;,f

»gload per unlt area to wthh the materlal under Ioadlng was subJected

kahereas straln denoted the 1ncrease 1n length undergone gy\the spe01men .g'. fn;

» el e ot

'v’(V11d1k 1973) Welsh Macnab, and Rlley‘5197l) mentloned thrsedreglons"

-A'of the stress-straln curve common to most blologlcal tlssue8°' 1) ”toe

N\

'r'reglon," where large 1ncreases in extensron were accompanled by small

‘1ncreases 1n ten81on° 2) a tran31tlonal zone, in whlch the stlffness of



s f'_;Arrldge, 1972)

oot
/

\-’the speclmen steadlly 1ncreased 3).a llnear reglon, in Wthh the ratlo -;,,m
between the load applled and 1ncrease in spec1men length was equal to- one.-bh'

As p01nted out bykthese 1nvestlgators, the shape of the stress- -f»

Af.straln curve has an enormous effect upon bodlly movement w1th blologlcal

| "ftlssues belng able to accommodate rather large external forces, 1f such

Zforceswereapplled at a lov rate.- Th1s resulted 1n eff1c1ent absorptlon

:ﬂﬂof GHETQY; and a mlnlmal llkellhOOd of 1nJury l ”'"toe reglon" of the F

';fstress straln curve corresponded to the stralghtenlng of the crlmped

: “"_fcollagen Flbre, andgthe tran51t10nal zone 1llustratéd the flbreff'f

“;?;;'exten31on._ If the straln was not too great the crlmp was perfectly T

..k.-

,frever81ble, actlng as a mechanlcal sprlng (Dlamant Baer tht, and

'73 Elllot (1967) found that‘f%e stress requ1red to ellmlnate the

- 'gappearance of wave-Form on the surface of a tendon was less than seven.g"”Q“f“

AN

Th:lspercent of the maximum ten81on to whlch 1t could be submltted Thls Sl

P IETRE .4.‘

E “vj‘lnvestlgator concluded that the normal range of transmltted tenslon'fJT'itdh‘"

- E-3 oo
”;fell w1th1n the worklng capac1ty” of a spec1flc tendon, and that

']although the max1mum contractlon of a muscle may have exceeded thlsyiﬁid .

,i

‘fliresultlng in a certaln amount of. seml-plastlc change, the ten81le strength

"of ahealthy tendon appeared to be more than tw1ce the strength of 1ts‘”

‘,5muscle s contractlle capac1ty. f j'»” ”

> ..

| ”15SkeletaliMuscIevCharacteristicstf

Mammallan skeletal muscle can be conSLdered a h[ghly spe01allzed

':

: g rorm of connectlve tlssue, contgﬁnlng spec1allzed flbres capable of

'contractlng upon stlmulatlon (Morehouse and Mlllar, 1916) Stlmulatlon

PRI

,f of 1nd1v1dual contractl]e flbres is an "all or nothlng" event taklng the

//- )



fform of electrochemlcal 1mpulses referred to as actlon potentlals These ',@&?J
. !'-l--" B

vtlmpulses cause a reversal 1n polarlty that is propagated throughout the l_‘
il:entlre muscle flbre (Ganong, 1977) o |

| Skeletal muscle c0n91sts oF mlcroscoplc unlts arranged rn parallel
“';fashlon, sonas to produce force on skeletal p01nts v1a common llnkages.,ff"»ﬁ

. “\/\ :
‘._Although there was much less detailed 1nformat10n regardlng the neuro— f«;y}fr

.;_eimuscular propertles of\/yman skeletal muscle than has been obtalned
j"sbfthrough anlmal studles,_there d1d appearlto be sufflclent data avallable“l
l”lt;fto suggest that the general patterns observed 1n other mammals were"T'
"lffappllcable, at least 1n prlnc1ple, to man (Burke, 1975) :
| Length change 1n skeletal muscle has been attrlbuted to ‘a rela- fdiif§;‘f;
.u”fdztlve Slldlng motlon between two sets of protelq Fllaments (Huxley, l953).;{;’ﬂjfff15
‘lf{lnvestlgators have postulated that the amount of Force generated was {f:?ll?iu“
H-vf:dlrectly related to the number of cross llnkages Formed between theseMLw :
*lﬁ:fllaments (Best and Taylor, 1966 GOldSplnk 1968 Huxley, 1974 Huxley i
‘ﬁx*lf;and Slmmons, l97l) . = e |

In hlS clas31cal work on the dynamlcs of skeletal muscle, Hlll,‘f[}iﬁf 7

"hl(1938) Stgted that actlve muscle could be conceptuallzed as a two—.i_éi..~jf.
l»}component system, con81st1ng of an undamp purely elastlc element ln S

,i serles Wlth a contractlle element Hllkle (1950) 1llustrated through i}yfn; jl.;if;
_,,;fquantltatlve analy51s, that maxlmal voluntary movements exhlblted a I S

b'deflnlte relatlonshlp between movement ve1001ty and force productlon,

M

';.whlch was constant in: nature. As the veloclty of movement 1ncreased
w?the amount of force generated has been shown to decrease, a phenomenon e :
' llcon81stent with. the blochemlcal nature of skeletal muscle (Katz, l972) w.p,;Ffi-:r.gl

The contractlle protelns w1th1n 1nd1v1dual muscle flbres are

:// arragged 1n Functlonal unlts known as sarcomeres, Wlth varlous 1nvest1—w,



10

“;_:gatlons hav1ng demonstrated adJustment in flbre length, sarcomere length o
.-and sarcomere number 1n response to functlonal demands (Buresova, Gutmann,j
‘»pf‘and Kllspela, 1959 Goldberg, Etllnger, and Jableckl, 1975 Goldsplnk and

u‘awllllams, 1971 Gonyea and Erlcson, 1975 Gordon, Kowalskl, and Frltts,5fi

:91967 Sola, Chrlstensen, and Nartln, 1973 Tabary, Tabary, Tardleu,;

v'Tardleu, and Goldsplnk 1972)

":GTRéiétinngieiibllity‘tolAfhletiéﬁ1njuriég_ti,e- N
Phy81ca1 educators have long been aware of the 1mp0rtance of

‘ 3jvopt1mal levels oF flexlblllty 1n the competltlve athlete, Ulth factors

'lfsuch as anatomlcal relatlonshlpS, PhYSlOlOQlcal tralts,‘blomechanlcal

'ﬁ‘_CharaCtEPlSthS, and performance requ1rements 1nfluenc1ng the nature of rf-,f-5 Ll

V ?'fflex1b111ty tralnlng : Hlstorlcally, however, the prOfeSSlOn Of physfc 1

’;*f;;ghlgh degrees Of flelelllty for certaln aspects of Performance (Slge_—,?ffi:"“

| ‘“-*seth 1970) , S
- R : o _ : : Tt i
Although there tends to be cdntlnued research and thought on- the 5,,; T

:ffrelatlonshlp between ranqe oF motlon and optlmal performanpe of spec1f1c Qj::“b_;bzg

.lt}ff1athletlc skllls (Garfleld 1977, Hogg, l978), Slnce 1970; an 1”CPEESI”Q é,
‘:;number of 1nvest1gators have been c1t1ng poor Flex1b111ty as a prlmary ,‘;

» 7':me§hanlsm‘1nvblved.1n numerous types of athletlc 1nJur1es (Schultz, | hfjp

'E{f?1979; Hise, 1977 erght 1979) : f RO 'fj;s

Uhlle the arrangement of J01nt llgaments and the'anatomlcal }f;h

f{,structure of - the artlculatlng surfaces llmlt the ranae of. motlon Posslble" .'.;f

B _at a glVen JOlnt ‘a condltlon known as’ pa331ve 1nsufflclency has been r:v;;' .bgll




vst 1mpact 1oad1n9 of the glen01d cav1ty frequently exceeds the tolerance

. <

A

Sald to erlst when a Full range of motlon, at a JOlnt or’ serles.oftjolnts
ihas been llmlted to a: greater extent due to 1nexten31b111ty of the':fl }:’

i’musculature anOIVed O'Connell and Gardner (1972) stated that thls’Vf

o c0nd1t10n appeared to be the maJor contrlbutor to the suboptlnalflevels:;zf

, dlof Flex1b111ty found in many competltlve athletes i

| In outllnlng the varlous Factors related to the 1n01dgnce oF

_ : o _ ,
: e'hamstrlng stralns 1n a group of 1ntercolleglaty track athletes, Llebman

o

) *é’sﬂjs,e_r‘téd {'t_h_a:tf fh‘ip:ja_i-n't fie,*@bi-i'ity: tended to be -’t'rhe:-méstf aér'i-n: RN

"“-;1t1ve 1nd1cator of potentlal 1nJury candldatesl‘ Thls 1nvest1gator reported

"ﬂdflfnon-lngured subJects to be*more flex1ble at the h1p than those From the

’-]lngured group 1n every case.l35°};g“jf:‘.‘ ) o

. “_

'E”ft_ot muscle straln 1nJur1es in "tlght JOlnted" athletes, 1n thelr study on fyf
_ftftuenty -six. unlver31ty football players.; Assessment of flexlblllty Was g
liﬁi?perform/d UtlllZlng both manually and mechanlcally applled stresses to Sk
:'rfthe knee JOlnt w1th the 1nvest1gators concludlng that, as the muscle-;;7dntfl5tﬂ
‘;.d;dtendon unlt was the "flrst llne of defense"tln protectlng JOlnt llga-::jd_:u*’:

"”ff:ments, all players 1nvolved 1n contact sports should be requ1red to

dd:engage in. both flex1b111ty and strength development programmes._l *":

As a’ result of 1ts complex anatomlcal nature, the glenohumeral

'v301nt 15 a prlme candldate for athletlc 1n]ury 1n many sportlng act1v1t1es.rjlfdtb

S -.' ! e
Z'Thls 301nt possesses a. greater ‘,nge of motlon than any other l}/the human L

-

.'nfbody, due to the shallowness of the glen01d cav1ty--1ts maln source of

: tstablllty comlng from the soft tlssue structures surroundlng 1t Sudden

ld-of these structures, resultlng 1n subluxatlon or dlslocatlon of the humeral

' ;ﬁ. fhead Another Feature, unlque to the glenohumeral J01nt, is’ the sub- _:»hff 'dfl-

Slmllarly, Kalenak and Morehouse (1975) Found a greater Frequency |

bR s




u;lacromlal space, whlch functlons as a second Joint éav1ty It is pre—.
,' dlsposed to the derangements of re‘tltlve loadlng, which can- result 1n o
’,1mp1ngement le51ons. The clav1cle 1s subJected to trauma in many sports,'.v

. oY R
- w1th unusual levels oF 1mpact Forces reaultlng in Frequent fractures and

K

'~dlslocat1ons. In v1ew\of the Fact that the dynamlcs oF the shoulder are .

"controlled to such a great extent by soft tlssue structure, varlous j}r,v_4

'f,;researchers have advocated condltlonlng programmes des1gned to produce .

“Af;“optlmal levels oF muscular strength and fIElelllty 1n thlS area (Kennedy, ‘)

' t“l,Hauklns, and KrlssoFf 1978 Neer and Welsh 1971)

'thfsklll or act1v1ty (Fox, 1977) Whlle most research 1n thls area has

IR

’_:;..F.le.js;isijntyaaha;'srg,en‘gft‘h Dlpt A
In order to obtaln the max1mal beneflt from any tralnlng pro-'sfiz
”:fgramme 1t must be formulated so as to develop the spe01f1c thSlO-,;ji}“L

nflloglcal capabllltles requ1red 1n the performance oF a glven sportlng

‘;fftcondlt;onlng also llllCltS adaptatlons at the neuromuscular Junctlon andf}f;ﬁi;],?

";1n the motor neuron.A Included 1n these are alteratlons 1n cellular and e

'*f'subcellular structure, chemlcal responses, transm1s51on propertles, ”'g“tp*7"'“

';f?reflex responses and blochemlcal characterlstlcs w1th1n the motor neuron,f,;ff”

’n;fwiltself (Fox, 1978)

In llne w1th the dlSCUSSlOn presented 1n thls paper,_Hartley

7c"ﬁ»(l976) p01nted to the maln llmltlng Factors placed upon flex1blllty as

: “belng due to the nature of the varlous connectlve tlssues 1nvolved, and-i:'fff

v“innstated that the actlve range of motlon at a 301nt or serles of JOlntS ,,o :

'tfappeared to be hlghly dependent upon the re31stance oFFered by the f‘ﬂf-'




vh"g'only 51xty percent of al SUbJECt'S max1mally-expressed strength‘w_

"i*ﬁg(Berger, l962~ Gettman et al., 1978; W1lmore, Parr, Haskell Castlll
e "‘.""’._’1:Barstow, Plpes, RomerO, and Leslle’ ]_978) Reglmens ranglng from F(d'
‘“5ff:repet1t10ns of a maxlmal nature For one set to ten such repetltlons for ﬁf”ﬁttl -

'“fffthree sets, have all been demonstrated to yleld 51gn1f1cant galns 1n the

‘v":];fCIar e (1973), may have been 81x max1mal repetltlons For three sets,zfuxaﬁﬁf;; -

V('.»'

'extendlng muscles. The same author hypothe31zed that 1ncreases in the
.actlve range of motlon may have been more readlly llllClted through

decreases 1n antagonlstlc re31stance, than through 1ncreases tn the'

. . . 2‘- o . B T
*.amount of force generated by agonlsts. "‘nﬂ‘j - ,ffv: .#h_* _

In an- artlcle asse851ng llterature related to the development
i‘oF muscular strength Clarke (1973) noted a general bellef th@@lln order

”?dto develop strength throughout a full range of* motlon, 1t was necessary ;

'}ifor the athlete to engage in 1soton1c Forms of tralnlng employlng that

;range. The same author also related that the use of progre381ve iso- -

ST

: ltonlc exer01se has been shown to result 1n 1ncreases 1n muscular strength

_ vhen employed for perlods of 31x weeks or longer 1n duratlon, even when

é//tlllzedgﬁ:5@-

"};Mllburn, and Kerlan, l976 Ullmore, Parr, Glrandola, Ward Voldak

f;‘ablllty to generate muscular force an optlmal comblnatlon, accordlng to ;vtfffgj'

tlmes per week

L ~?%\\r Measurement and Evaluatlon of Flexlblllty

_bg and Muscular Strength _ -’3'3§5A_f; ;*("l:d

Untll reg;ntly 1n the fleld of phy51cal educatlon, 1nvestlgators -;fgjjv"*
de51r1ng to examlne levels of flexrblllty 1n athletes have conflned

themselves to the use. of performance tests such as "palms to floor" and,flf’r‘\

knee hyperexten51on maneuvers (Grossman and“Nlcholas, 1977 Parr W1lmore.,' A JE



'

ﬁ‘ifeducatlon has been llmlted houever, due to the Fact that most of these ffi

'“5:f11nstruments can, only be used 1n statlc s1tuatlons. 'm:f
":{lﬁperrormance testS ranglng from push-ups to squat thrusts, to statlc

"”f:area of phy31ca1 educatlon (Clarke, 1970) As noted by several 1nvest1-ﬁ,tfﬁfﬂ

”:iifvgators (Clarke, 1966 Hartley; 1976 Lelbman, 1978) the measurement of ;ihf

‘ “;?;been galnlng 1ncrea31ng cllnlcal acceptance for the purposes of dynamlc-"" :

"‘fally assess1ng muscular strenqth and flex1h1]1tv (r111n+

-

"thfsloglcal condltlons (Slgerseth l970) Thelr use 1n the Fleld of phy31cal

; Af;;l;dev1ces, such as hand dynamometers, have been used Fer research 1n the

"'5hfizmuscular strength‘uslng statlc-type dev1ces nece551tates the taklng of
s 5f-freadlngs from numerous J01nt angles. Due to the spe01f1c nature of the L
‘t_fvarlable under consrderatlon, both performance and statlc evaluatlbns of_iffgt’u

‘ 'ttlzmuscular strength Y1eld results that may be QUestloned w1th regards to;:7f71

g o 1 3,;.>,: »,'u S . . - ) ' R : S 14
R : v . P o S o

: ;Hoover, Bachman, and Kerland l978 W1lmore et al., l976), or. to" dev1ces -
gsuch as- statlc flexometers and gonlometers (Llebman 1978 Tucker, 1963)

'\5’The performance tests tend to glve rather general assessments of flex1- ‘

blllty centred around splnal and pelv1c artlculatlons, and express 'fffv{

-‘;:Lresults in llnear unlts. Such tests yleld flndlngs lacklng in. valldlty,

n

‘fdue to thelr subJectlve nature the many varlables 1nvolved, and a lack

_of scorlng ranges (Hayes, 1978)

' Dev1Ces such as. flexometers and gonlometers, whlch express

~~;vresults 1n degrees, lack many oF the problems assoc1ated w1th perform—
"f»fance tests outllned above—-thelr development hav1ng been ploneered by

xf7;Vthe fleld of rehabllltatlon med1c1ne for use 1n the management of patho—.:

Slmllarly, 1n the area of muscularléﬁrength assessment, general fff

Slnce 1ts 1ncept10n in 1970 the Cybex II 1sok1net1c dev1ce has ‘fgifﬂ._

TOﬂn\uv TLSA
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»

1nstrument vas de51gned to prov1de a detalled proflle of the condltlon

of var:ous muscle groups Wlthln the human body, by recordlng the max1mum -

*torque generated throughout a. partlcular range of motlon, and automatlcally
plOttlng a torque curve at pre-selected controlled llmb veloc1t1es. -The,
1nc1us1on of a second channel and recorder allowed the recordlng of the =

_-degree of angular dlsplacement in COHJUHCthD Wlth the measurement of

\ muscular torque (Lumex Corp., 1975) "-. _-fu

o .

The ‘Universal‘ and 'Nautilu‘s Ttaining ’syét"ems‘

G R ‘ _ _ AR
TN o The commerc1al tralnlng systems employed in thlS 1nvest1gatlon

were oF the 1sot0n1c type Wlth both hav1ng been de31gned for large

A

’group utlllzatlon. The Unlversal Cym provlded res1stance that remalned
’ constant throughout the range of motlon For each exerc1se, plac1ng blO- :
mechanlcal stresses upon the 1nd1v1dual 31mllar to those experlenced

,.'when engaglng 1n Free welght progre851ve res1stance tralnlng (W1lmore

L

i ,
et al., 1978) _The Nautllus system, on the other hand, created a Form

A

.‘-‘“Q& “ of warlable re51stance that vas 1sotonlc in nature, and. vas de31gned to
“overload the worklng muscles to the greatest e;tent p0331ble u1th such
d.exerc1se (Darden 1977) . |
Whlle controlled sc1ent1f1c experlmentatlon “has 1llustrated that
- ) it is poss1ble to obtaln 31gn1f1cant 1ncreases in the ablllty to gen-
erate muscular torque From progressive resistg programmes oF exerclse
| ‘employlng the Universal Gym (W1lmore et al., 19§6, W1lmore et al., 1978) ’
1nvest1gat10ns dlrected towards the clalms bffered by the manufacturers
of Nautllus eQer01se equ1pment have tended to be lacklng in. valldlty
V(Peterson, 1975) Alteratlons 1n muscular strength and flexlblllty have

been attrlbuted to the Nautllus system of tralnlng, but eVidenCe of fered

A

iy



S re31stance exer01se.

"was of a testlmonlal natgaehggones, 1975 Plese, 1973) In addltlon, the

s

\

number of repetltlons and sets suggested in the Nautllus llterature have

'not been sc1ent1f1cally evaluated, as has been the case For other forms

.

of progre331ve re51stance tralnlng (Clarke, 1973) The Nautllus system;
‘was based upon exer01se employlng the 301ent1f1c pr1nc1ple of progres-,
‘slve re81stance, hence, due’ to the large amount of llterature that

?bhvalldly assoelated 1ncreases 1n Qe ablllty to generate muscular torque

- with varlous 1SOt0nlC _exercise. programmes, 1t can‘Qe hypothe31zed that E

. A*

- 81mllar galns w1ll be llllClted through the Nautllus form of varlable

*

o

OO S



Chapter 30 | f‘{;[ L \"

METHODOL OGY - L

- A T N

“:_Subjectf vere selected on'a voluntary ba31s from the populatlon
- of unlver31ty communlty males An. the c1ty of Edmonton, Alberta, Canada.
_Although 31xty subJects vere pre tested the sample vas reduced gp flfty-_

four subJects over the course of the study, due to several unav01dable

; /

factors.‘ One subJect was forced/to u1thdraw due to personal reasons, a, .

’.sec0nd vas ellmlnated because of traUma to the shoulder region, and
/

‘ the remalnlng subJects deleted vere randomly selected, in order to re-
T

: establlsh equal numbers in the experlmental cells and fa0111tate statls-

~.t tlcal evaluatlon. ”V/

The characterlstlcs of the sample are shoun 1n Table l w1th ‘

'5'lact1v1ty pattern belng deflned as any form of chronlc exerc1se that
"!&mlght 1nfluence shoulder dynamlcs. Helght and welght were determlned
h'frOm a 31ngle measurement at the beglnnlng of the pre testlng perlod |
:::Ut11121ng wall-marklngs and a human laboratory scale.- A sample of the~
_} SubJect Informatlon Sheet is’ found in Appendlx A. o |

| The Cybex II 1sok1net1c dev1ce located in the Paralymplc Sports

:-Assoc1at10n (P S A. ) Centre at The Unlver31ty of Alberta, was employed o

for both 1n1tlal and flnal testlng se331ons, w1th test protocol belng o

’ outllned in Appendlx A. Readlngs for angular dlsplacement vere expressed
in d\Erees, and- results obtalned for the amount of torque generated vere
Vglven in foot—pound un1ts.» A kinesiological ana1y51s of the test move=

ments is presented in Appendlx B Results from the pre-test vere used to

17
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. %P

- Table 1 -
: Anihropometric Characterisﬁics and'Activity ,
| Patterns of the Sample.

(N = e

CAge . Height . “ Weight
(Years) = - (Inches) : (Pounds) . -~

Range « 18-29 58,25 - 7775 125.6 - 206.1
© Mean L2004 goles 162.0

vStandard‘_ o : R g ‘ _ : ' .
1Deviation,r‘ 02,25 w3390 S 20.5 - pl oo

-

oo Mg Mediomt o Loud e

CActivity Level .t e

~*_ Chronic ‘exercise invbivingﬁthe shbulder,:performed.On‘é‘regulaf,basisv»5'_,

o throughout the Sixempnth‘peribd'prioritOQinit181 teéting7 “

St Chronic exercise involving the Shbulder;”peffopmédfSpdtéditéliy:.f
- during the’ six-month period prior to initial tésting.-f..uii"' L

ol

#:,AbsenCé of—énytfofm of chronic EXérciée,thét mightfaffédtléﬁoUlder- 
.+ dynamics. during ‘the six-month‘period'prior.to‘initialltesting.'_Q'

¢
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'1978) The tralnlng programmes and samples of . SUbJECt record sheets ;-"

' fgrammes.

' equally d1v1de the subJects 1nto hlgh and low flex1b111ty blocks accord-

ing. to actlve range of motlon. They vere then randomly ass1gned to the

three treatment groups - both "hlgh" and "low" flex1b111ty equally

°

repfesented in each group.

The SUbJECtS were: requested to refraln from any chronlc phy51cal

»'act1v1ty that m1ght 1nfluence shoulder dynamlcs for the course of the
E :study, other than the partlcular tralnlng programme they vere a531gned :
- tor Programmes commenced approxlmately one week after- the 1n1tlal test—
.1ng 888810n, and utlllzed the exercise equlpment located in the Phy51cal.‘v:‘
fEducatlon Centre at The Unlver51ty of - Alberta. The- duratlon of the

‘programmes vas set at 51x weeks and the subJects vere requ1red to engage~_ .

w\

E in workouts three tlmes per week, in llne wlth current thought found 1n R

llterature pertalnlng to strength tralnlng (Clark 1973 Gettman et al

‘”?are 1llustrated 1n Appendlces C and D Records of . the number of workouts |
‘;i]ehgaged 1n by.- each subJect were kept and the attempt was made to encour- ”:f-;ﬂuh
'age subJects to attend as many superv1sed workouts as poss1ble.' Control
' tf;subJects were contacted a m1n1mum of tw1ce durlng the experlmental perlod
?'1n order to help ensure that any external 1nfluences upon shoulder dynamlcs'trp.e'
'dbe held to a m1n1mum. POSt testlng was scheduled for all SUbJECtS sd -as

fto be accompllshed w1th1n one veek after completlon of the tralnlng pro--;y..? g

o The analy51s of experlmental results vas made us1ng a four way
. \

'jAnaly51s of Varlance w1th repeated measures on each of the 1ndependent ‘
| N varlables under con51derat10n. The Ol level of 31gn1f1cance was chosen S
o 1n order to ensure that any dlfferences noted were based upon conservatlve'

_’statlstlcal probablllty., In addltlon, statlstlcal analy51s of a descrlp- B

i
[



& '

4Table 2.

'tive*nat*re vas performed on the quantltatlve results obtalned from

records df sub ject part1c1pat10n and superulsl6h, 1n order to be

_able to more accurately descrlbe the nature of the experlmental treat-'

' ments used in- thls 1nvestlgat1on, w1th the results belng presented 1n

Table 2. - S
g - Ty \

T

P_“"Quéntitativé”Ahalysisaor Training Programmes*

20

'NautllUsl : Udiversél, o

’ :'Progrémme ],-Prggramme.
© Total wOrkauts+7* . ;f.‘w,_l."_» o gy
vSuperv1sed Uorkouts (Percentage)¢ ';‘;j - ':”’f'4955’p j . :70;3p;.:.

vllnd1v1duals Completlng All Scheduled

Uorkouts (Percentage) e _.“'u':f,‘;;83,}“- f-“ -83.5,_?"

!1’.”$ Workouts completed w1th 1nstructor in: attendance."' e

~v,¥“ Calculated to om1t subJects not'lncluded 1n flnal results., o

jt Uorkouts completed by subJects 1ncluded 1n flnal results. _I'”Jf”



‘olChapter 4
AN_AL.YSIS,QFY’v'RES'ULT_S,_;” T T T

The Flve dependent varlables Statlstlcally analyzed in thlS

,.study were' g
"1) chevamount of torque generated in Flex1on

AT'Z), the amount oF torque generated in hyperexten51on“_ ‘¢T Tg'j/} e

“‘:,jt vthearange of motlon 1n Flex1on
8 ’a) ?the'range of motlon 1n hyperexten31on
‘:f*r4*”.5)l7the}value obtalned from the sum of the score recorded
5 bﬁfor;range of motlon in: flex1on and;the score for range of
t:zmotloniln.hyperextenslon.;i‘f';elé'.”v‘ |

L :f':;‘; The analy51s oF varlance tables and cell means for each dependent

'=.dgvar1able are presented in: Appendlces E to I wlth values An, the orlglnal

N

';'unlts of measurement Uhlle statlstlcal 81gn1F1cance at the .Dl level
iflwas found for several-of the factors analyzed, no 31gn1F1cant 1nter;;lf-}'t
V‘llactlons between the treatment groups and pre— or post tests were found
fe}rof any of the dependent varlables under con31derat10n | :
' The amount of torque generated ln flex1on was seenzto decrease

":,ﬁover the course of the three experlmental trlals across all treatmentff

: f"QTOUPS’ F (2n 192) 13 468, p o< OOl Uhen the meari values for each_;>

_Vtrlal vere compared us1ng the Scheffe method there vas Found to be g'¢'=lgf§5:f_-y;

o slgnlflcant dlfference between the flrst and thlrd trlalS at the\.Ol

".vj level In addlflon, comparlson of the second and thlrd trials also

idylelded a statlstlcally 31gn1flcant result p < Ol, ’

.p21;;;.



'5values obtalndd For th

‘“:-due to the ract that th

"*rflthe other parameters in thls 1nvest1gat10

' f',:’motlon at“the shoulder, and reflected the

Analy91s of the scores from torque generatlon in hyperef/ens1on.

"presented a contrastlng phenomenon, 1n that the values recorded tended PR

'pto 1ncrease over the three experlmental trlals, F (2 188) ll 758

P -.OOl Appllcatlon of the Scheffe test showed a slgnlflcant dlfference'

\-1n mean scores’ betueen the Flrst and thlrd trlals, p < 01
When the range of motlon in- Flex1on vas statlstlcally analyzed
h;’lt vas found that there vas a 31gn1F1cant dlfference between the "hlgh" |

and "lou" Flex1blllty groups, F (1, 2) 53, 809, p <. 001 Ihe larger

"hlgh” flex1b111ty group were not surprlslng,

subJects were blocked 1nto these categorles o
[ .

e accordlng to the pre test values obtalned From the assessment of range

of motlon at the shoulder..;f“:j_f

Slmllarly, the analy51s of range of motlon scores for hyper—-tv'

'7iiexten51on showed a 51gnlflcant dlfference between ”hlgh" and lou"- J

V“'17Flex1b111ty subgects, F (1 92) = 62 771, p< .001 In addltlon, 1t was

'lobserved that the amount of angular dlsplacement tended to 1ncrease

:-i:jover the three experlmental trlals across all treatment groups, F (l 184)

<

,h6 896, p < DOl The Scheffe test oF slqnlflcance found a dlfference

V*jfgln means between the flrst and thlrd trlals, p < .Ol

Flnally, examlnatlon of the values ob alned when the pre-post

R test for scores for range of motlon An Flex1on and hyperexten81on were

"V"hlgh"'and "low" flex1b111ty groups, F (l 88) 127 345, P < 001 Thls

‘,Efflndlng vas dn agreement w1th the results obtalned from assessment of
,/ e : )

'fGertalnlng to. actlve range of

“ature of the procedure utlllzed

11n blocklng the subJects 1nto "hlgh" and "low" flex1b111ty groups.v v'fﬁl

o fcomblned to form a 51ngle measure, showed a s1gn1f1cant dlfference between o
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1nv381ve measurement technlques.

DISCUSSION jori{tsuLTs o
o "fs. ;
‘The statlstlcal analy51s used to examlne the Flnal results

gleaned from thlS 1nvest1gat10n revealed no slgnlflcant relatlonshlp

betveen the tralnlng programmes employed and changes 1n the aCtlve range

~of motlon or ablllty to develop torque at the shoulder._ Any 1nteract10ns

that were found to ex1st may have been due to fatlgUE, varylnq motlvatlon_‘

levels, learnlng effects, the natures of the testlng deV1ce and treat-;

»

ments employed or a comblnatlon of these Factors

Prev1ous 1nvestlgat10ns dlrected towards the expre531on of

K muscular strength and pouer 1n human SUbJectS have tended to reveal the

subJectlve nature of thlS phenomenon. Ikal (1970) termed the tralnlng

sltuatlon created For the purpose of evaluatlng changes 1n the ablllty

to voluntarlly exert muscular torque, thelr subtle 1nteractlon makes 1t

S

In measurlng the max1mal pulllng force exerted by Forearm flexors B

durlng varlous psychologlcal states, Ikal and Stelnhaus (1961) found

human strength expre331on to be generally llmlted by psychologlcally—-n

l:f; 1nduced 1nh1b1tlons.~ In a subsequent study, Ikal and Fukunaga (1970)

'aff23»‘j e

» eFfects due to 1ncreased cross-sectlonal area of muscle flbres as phys1o-f;
| loglc,"'and effects not attrlbutable to phy31ologlcal changes as psycho—: SR

e loglc." Whereas both of these factors are 1nvolved 1n any experlmental ,.t»f‘?l'

i dlfflcult to assess thelr relatlve COhtrlbUtlon through purely non-.u~”fi1,f.j“?



/

: demonstrated that 1ncreases in the nervous dlscharge to worklng muscles’

-could be more: ea51ly achleved than 1ncreases in the cross-sectlonal area . -

- of muscle flbres, by flndlng a thirty percent 1ncrease 1n the ablllty

ro-

24

. of untralned left arm Flexors to exert force, due to the 1rrad1atlon of l

1-neural 1mpulses From the tralned contralateral llmb

Inherent to the testlng procedure employed in any study on human

‘1Qperformance, 1s the speclflc nature of the task or tasks that must be

‘,performed by the subJects.t Uhlle the Cybex II has recelved hlgh relr-

ablllty ratlngs for the purpose of muscular strength assessment in. Chll—e

ldren between the ages of flfteen and seventeen years (Molnar and

‘fAlexander, 1974), llterature pertalnlng to valldatlon of thlS 1nstrument-
7{:»was practlcally non- exlstent In addltlon, the use of thls dev1ce to

"r:assess the actlve range of motlon 1n the research settlng, as opposed

' ":to CllnlCal use, lacked 501ent1F1c valldatlon or rellablllty determln-‘p

:'-latlon L

Plpes and W1lmore (1975) referred to the concept of the spec1f1c1ty

,.”:'muscular force uere greatest when tests uere admlnlstered UtlllZlng
th’ﬁfdev1ces 51mllar 1n nature to the ones employed durlng tralnlng 'Inf ’

id;;hllght of thls con81derat10n, 1t was qu1te poss1ble that any tralnlng -ehf

'_:}present study vere: masked by the 1sok1net1c mode oF testlng

S

°f~:of tralnlng, when assertlng that 1mprovements in. the ablllty to generateg'i“fr

' 'f;effects that were 1nvoked by the tralnlng programmes employed 1n the t)"ﬂ‘;,ﬁ S

R

-
PEaIR N

The unlversal concept of spec1f1c1ty mlght also have ylelded dtin,tlt***

Y explanatlon as to the lack of any 81gn1f1cant changes 1n the actlve

; range of motlon that was seen 1n thls study As p01nted out by Hartley lwt]ff7-

v_[(l976), the maln llmltlng faétors placed upon actlve flex1b111ty ierde SRR

Cvdue to the characterlstlcs of the varlous forms of connectlve tlssue '

s e e D v e




'involved‘ henCe, tralnlng de51gned to brlng about alteratlons in this
& :

'1’been valldly represented when assessment vas: performed UtlllZlng the f‘,'

;_dlsplacement mode of the Cybex II 1sok1netlc measurlng dev1ce._"~

©

~

';parameter would have resulted in adaptatlons that vere . spec1f1c to the

-nature of the tralnlng Stlmulus employed Alteratlons in the actlve range

v

25

of motlon p0551ble at the shoulder brought about by the forms of. pro— .j'"'

' gr8551ve re31stance 1soton1c tralnlng used in thls study, may not have ,

A flnal source of experlmental error that should be c0n51dered

' juas the subJectlve nature oF the tralnlng programmes employed over the'
*fcourse of the study Whlle every attempt was made to ensure - each subJect
"closely adhered to the partlcular tralnlng reglmen a331gned to hlm, 1t

; _fwas 1mp0831ble to completely control for all external 1nfluences on_;

‘gilng se381on for each SUbJECt In addltlon, 1t was not p0831ble to place ;

"utcomplete control over the phy51cal act1v1ty engaged 1n by subJects 1n &

g ?7;:gwthe occ351onal malfunctlon of tralnlng equ1pment 1n both the Nautllus

-

'hﬂffas p0531ble, added a Further source oF unexplalned varlatlon to the

- *';iflnal results of the study \ft;qfth:’l“hw

u:}‘shoulder dynamlcs and to prov1de constant supervlslon durang each Craln— “

weggdthe control group over’ the course of the experlmental perlod Flnally, - el

f:fgvand Unlversal programmes, although corrected as qu1ckly and eff1c1ently *'}
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Chapter 6

‘CDNCLUSlONSVAND‘RECOMMENDATIONS'FOR FUTURE RESEARCH

k g In’ conclus;on, the results of thlS 1nvest1gatlon showed there -

to be no 31gnlcant dlfference 1n the actlve range. of motlon at the f"":

'Jshoulder consequent to constant or varlable re31stance tralnlng‘programmesr 1“

hIn addltlon, there was no- s;gnlflcant dlfference in: the ab111ty to gen— p
':flerate muscular torque at the shoulder. | )
L The lack of SJgnlflcant changes in the aspects of shoulder
;dynamlcs assessed suggests that the measurlng 1nstrument may not have
"Tbeen Utlllzed to the full extent of 1ts capabllltles. It can’ also be i.f,;

vhypothe31zed that several sources of error, external to the conflnes of h

" ”the study, llmf'ed the extent of such changes.;_‘

nearch 1n thls area mlght profltably 1nvest1gate the

1,b111ty of varlous measurements of actlve flexlblllty -

Nto generate muscular torque, keeplng 1n m1nd the spe01f1c

5,;should be e to develop a measurlng technlque that w1ll mlnlmlze'fi'

,error due to thls source of varlatlon. Modlflcatlons to the
., "\-7“‘,'.

.hi test protocol employed mlght 1nclude.: the use of a restralnlng devlce

‘ T‘f\to mlnlmlze the 1nvolvement of the trunk, such as a headband the use'7’v

“fof straps to secure the upper llmb to the machlne arm and m1n1m12e the
:{lenvolvement of the wrlst and elbow 301nts, and other measures d991gned

Tlflto more Fully 1solate the shoulder reglon.‘:hjf_

parameters.c Due to the compllcated anatomlcal structure Tffiffvf-‘

r 1n the human subJect, 1t would appear that an attempt jihhf;;t75'-



In addltlon due to the relatlonshlp between speed of. movement

-~ and the ablllty to generate muscular torque (Ikal, 1970 Matter, 1979)

'1t mlght be profltable to determlne the effects of varylng llmb speeds )

i . durlng 1sok1net1c testlng,upon the ablllty to generate muscular torque..;
Such an analy81s could prov1de a 501entlflc ba31s From Wthh to choose
lggan approprlate llmb speed for assessment purposes, subsequent to a

'partlcular tralnlng programme. o ,ég',

The spec1f1c nature of any phy51ologlcal or psychomotor adapta— E

’"tlons to chronlc exerq1se, may nece881tate that future research dlrected

;ltouards thelr p0981ble contrlbutlon to 1n3ury prophylax1s be oF an’ p

27

“_lemplrlcal nature. Controlled epldemlologlcal research could be supple-_-gif

]mented by laboratory 1nvest1gat10n, in order to more Fully eluc1date the

phy51olog1cal nature of adaptatlons. As such, 501ent1fl§ experlmentatlon:-

vunder art1f1c1al condltlons could be v1ewed as an. 1ntegral contrlbutor

i‘to an overall body of knowledge, rather than merely as an end 1n utself
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- Cybex 11 Test Protocol . -

”/

The assessment of shoulder dynamlcs was made utlllzlng 3 Cybex

II 1sok1netlc devlce u1th a- dual—channel recordgf ~The dev1ce vas call-

brated accordlng to the manufacturer s 1nstructlons at the beglnnlng of o

37

»each day of testlng. Measurements of . peak power output and angular dls—"'

»placement vere recorded for each movement performed Wlth three trlals |
. of shoulder flex1on belng followed by three trlale of shoulder hyper— -
"»exten81on for each. subJect UtlllZlng the domlnant arm.- T |
| A spec1ally constructed chalr uas UtlllZed in order to permlt

,maxlmal dlsplacement 1n hyperexten81on, wlth a seatbelt and shoulder |

Vharness flrmly securlng the subJect s trunk 1n the uprlght p051t10n._,‘
s Floor marklnqs vere utlllzed in. order to allow for a: recordlng of the

f_p051t10n of the chalr in relatlon to the measurlng dev1ce (see. E}ate l)

The. helght of the measurlng dev1ce was adJusted to correspond to the

: dlstance of the SUbJBCt'S axls of rotatlon at the shoulder from the floor, o

: "iwlth the chalr belng p051tloned in order to allgn the shoulder ax1s Wlth

ithe ax1s of the machlne Wlth the arm 1n the startlng p081t10n._flhe;§'

o i'tlength of the lever arm was set to correspond as closely as p0851ble to i
:;l' the upper llmb length for each subJect, ensurlng that the elbow vas in. j :

ll,the fully extended p031t10n.” The precedlng adJustments were noted and e

i':;recorded for each subgect, and were repllcated for all measurements
;'fperformed 1n bOth the Pre-tEStan and Post testlng se351ons. ;pﬁw*‘V =

Testlng vas” performed by the same operator the duratlon of the'

'r'f'study, wlth each subJect belnq 1nstructed 1n an 1dent1cal fashlon wlth i

‘5regards to the performance of the test mowements.u The SUbJECt was 1n-- ‘

8 structed to p051t10n h1mself 1n the chalr so that hlS domlnant arm was

;'fpv_closest to the measurlng dev1ce.n The operator checked to ensure that B

S oo o e T ]
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V’Platéﬁi The p051t10n1ng of - the Cybex II

1'3 isokinetic device in relatlon
to the chalr, prjor to testlng




' the splnal column was flush agalnst the: chalr back then secured the

k_subJect 1nto place by means of the restralnlng harnesses (see Plate 2)

The p051t10ns of the chalr, measurlng dev1ce and the mechanlcal arm length

"were then determ1ned, as prev1ously outllned w1th the SubJeCt belng

requested to grasp the lever handle w1th a. suplnated grip..

The chart recorder utlllzed was then zeroed for both pover and

ldlsplacement readlngs, Wlth the torque settlng belng held constant at

(\

- 180 foot-pounds For each subJect the machlne speed belng set at thlrty

;degrees per second and the recorder adJusted to a 300 degree settlng

for the dlsplacement channel These adJustments were deemed to be 1n

r“fllne wlth the nature of the movements belng tested, and the manufactur-_.-""

:L' er's: 1nstruct10ns pertalnlng to the use oF the dev1ce.;fdn'

‘dei The SUbJeCt vas, allowed to famlllarlze hlmself w1th the Flex1on :

',;movement w1th several practlce trlals. When ready, the 1nstructlons fi*'“
o were glven to mow& the arm forward and upward as fast and as far as -
| p0331ble (see Plate 3) Each subJect was glven three trlals at thls -

;:fit;7movement wlth a thlrty*second ree&very PBPlOd between trlals.h.l,«;t

Assessment of shoulder hyperexten51on vas made 1n a srmllar

‘1lfash1on“ houever, the subJect was requ1red to grasp the lever handle
{'ffwlth a. pronated grlp.; The recordlng dev1ce was zeroed once more, and
'}*r{(practlce of the test movement ‘vas allowed wlthout re31stance.: The sub—{t'ff{.""'
ijflject wasbthen 1nstructed to move hlS arm baqgwards and upwards as Fast
. and as far as'p0351ble, Wlth thlS maneuver belng performed For three.
K 't;trlals dJSPUrsed by thlrtxgyecond recovery per1ods (see Plate 4)
Results obtalned from the chart recordlngs were then transcrlbed*th”

o fand placed on a SubJect's Data Sheet (see sample)

- fey




BN

Plate 2

The pos1t10n1ng of the subJect in. relatlon

to the testlng apparatus prlqrﬁto assessej”'

ment

40
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Y SUBJECT DATA SHEET

—————

" Chair Position: -~ . - RMachihe;Height: ﬁ’l ‘rLeuer,Arm Length:

CAge: . Heights _o - fu¢ight:

-,Prev1ous leVel of act1v1ty in programmes 1nvolv1ng regular exerc1se of

‘Y}the shoulder reglon w1th1n the 1ast 8ix months

'Typejof-ActiyiEy'

' varationVPér:Séssion: AT, _Freqﬂehey Per Week:
R [ ST ’ SR 2 ] Lo ."1

_'Lengthiof_TimefEhgagéd‘In:Aétivity:

| Toraue Setting: ;:“f;,,?e'._fgtimb*speed?' *ﬁh

L co——

T Torque DevelopMent 7 Range of Motlon‘ ?}’ﬂ.bemﬁéhfé ¢

.v_i.» Hyper-, ivﬁrh' . Hyper_ l L
T Flex10n Ext¢n81qn_ ;‘Flgxion 1 Exten510n

.’\.

N T A

o Trialle |

T D

, ffTriéii3ua;;i}iifif; giff‘fg)'ffffff,“{siﬁfrhfﬁ3,f7§Ti“

 POST-TESTRESULTS. T

s R

: A

" Torque Setting: __ . Linb Speed:

cmmerz |

Comdals 1 o]

R R
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Nature of the Mbvements Undef:Cohsideration
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Nature of the Movements Under Consideration‘

,The‘movementsvbeing‘examined in‘this study inoluded the actlons
of. shoulder fle;ion‘and shoulderAhyperextension...The former entailed
‘the maxlmal dlsplacement of the upper llmb in the saggltal plane, in an
anterlor-superlor dlrectlon, the arm 1n1t1at1ng the movement from a v
“pendant p081t10n w1th the SUbJECt seated and the . trunk formlng an.angle
:of nlnety degrees to the Floor. The hyperexten31on movement began from
the same startlng p031t10n, with the upper 1imb belng maximally dlsplaced
rln the saggltal plane, in a posterlor—superlor dlrectlon. |

.

The nature of the movements belng evaluated, and’ the llmltatlons

of the testlng devlce u;ed made 1t 1mpos31ble to llmlt the actlons to

entall movement only at the shoulder J01nt Elements of rotatlon,'"~A‘:

‘ retractlon and protractlon of the Scapula, movement at the sternoclav1c- :?

ular and acrom10clav1cular 301nts: and rotatlon of the humeral head were

all 1nvolved to one degree or another, in the shoulder actlons examihed

As a oonseguence of, and in add1t10n to these adJustments, flex1on and

extensigh of the elbow and movement at the wrlst J01nt vere also 1mpos- | : e
‘31ble to ellmlnate. Hence, the subJect's ax1s of rotatlon at the shoulder
contlnually shifted, 1n relatlon to the axis of rotatlen of the measurlng
1nstrument for each actlon be1ng tested

The followlng is a summary of the actlons, JOlntS, and maJor muscles _ '5

1nvolved 1n producing the test. movements in- the anatomlcal p031t10n.

eFLEXION‘

Action. - . < . Joint  Major Museulature
Upvard rotation of'eeapula Shoulder girdle Trapezius

Serratus anterior K
Levator scapulae

P




Action

K

Protractlon of scapula

Flexlon of humerus

3

'0utward rotatlon oF
: huMerus :

. Flexion bf;Forearm.
}Flexi0n~of hand
-

Downward rotation
of scapula ,

" Retraction of écapulé}"

© .

Hyperextension of
\,hUmerush

Invard rotation
_of humerus

-

Extension of foredrm -

Flékioh/extensipn of hand

FLEXION

(continued)

Joint
Shoulder girdle

Glenohumeral

. Glenohumeral

_ Elbow

© Wrist

LA

HYPEREXTENSION -

" Shoulder girdle

Shoulder girdle - -
. : S

i

Glenohumeral

Glehohumeral

Elbou’

Wrist

45

©

Major Musculature

Serratus anterior

Delt01dus (anterlor
fibres) _

Pectoralis major

Bicepts brachii

-~ Coraco brachialisg

Deltoidus (posterlor

fibres)
Infrasplnatus
Teres minor

.Blpepts brachii

Brachioradialis
Brachialis -

,Pronator teres

.. Flexor carpi radlalls
“Flexor - carpi | ulnarls

Palmaris longus ~

- Flexor digitorum.

Flexor digitorum
- _profundus

superficialis

N

“Rhomboidus major

and minor

- Pectoralis minor

Trapezieus

- Rhomboidus major

and m1nor°

Delt01dus (posterlor
~fibres)

‘Tricepts brachii

Teres major

- Latissimus dorsi

‘Pectoralis ma jor

"~ Latissimus darsi
_Teres major

 Subscapularis .

.+ Deltoids (anterior

fibres)

- Tricepts brach11
- Anconeus

Forearm flexors

"Forearm extensors

S g i :
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\

_— - Nautilus lraining Programme .

The varlable r831stance exerc1se prOgramme Utlllzed in this

study took the Form of brlef, 1ntense workouts, wlth the subgects per-

Formlng one set of each exerc1se per se851on., SUbJECtS vere instructed

1

to move through the sequence of exer01ses as rapldly as poss1ble, and the

47

tralnlng se331ons vere repeated three tlmes per week .The reglmen followed

vas in llne w1th the recommendatlons of the manufacturers of the traln-f

T ing dev1ces (Jones, 1971), w1th the- entlre programme\belng based upon

the. pr1nc1ple of progre581ve overload Instructlon on’ the tralnlng

apparatus and workout superv151on was accompllshed by an 1nd1v1dual who;,

had three years work experlence at a. Nautllus Tralnlng Centre, and who

\

vas. well-versed 1n the tralnlng pr1nc1ples upon whlch NaUtllUS tralnlng""

was based All subJects in the programme were encouraged to attend as f}p

many superv1sed workouts as p0551b1e due to the extreme 1mportance P

[

‘.; a851gned to proper technlque by the de31gners of the system (Darden, )

At the outset of the programme,,subJects were 1nstructed to av01d

| worklng agalnst too great a re31stance, w1th the 1nstructor stre331ng

proper technlque as the paramount concern.- The eventual goal set For ?'
the SUbJeCtS tra1n1ng on the Nautllus equ1pment was the performance of
elght to twelveﬁfepetltlons of each exer01se, w1th exerc1se belng per-

formed to the p01nt of temporary muscular fallure._

In attemptlngto fetlgue the worklng muscles to the greatest-b

extent p0351b1e, ‘the ‘sequence of exerc1ses, number oF partlal

repetltlons allowed, and number of repetltlons on the rotary por-

tlon of" the dual exercise machlnes ‘were adJusted for each subJect

dependlng on 1nd1v1dual responSEf‘\Jbese modlflcatlons vere in ]ine wrth-
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. the recommendatlons found throughout the manufacturer s literature
pertalnlng to tralnlng technlque.

7’

The record sheet given to each Nautllus SUbJBCt (see\sample
Nautllus SubJect Recordlng Sheet) was used to supplement d;rect super-
vision by the 1nstructor, by prov1d1ng a record of the 1nd1v1dual'
response to the exerc1ses employed : | S

The followlng Nautllus varlable re81stance machlnes were utilized

“in the programme, and a brlef descrlptlon of each exer01se 1s presented

Nautllus "Super Pullover" Machlne - a) Seat helght ‘vas adJUSted

- so. that ax1s of cams. vas in llne wlth horlzontal axis: pa581ng through
}.SUbJect'S shoulder 301nts. b)“ Elbows were placed at centre of pads, Vlth
- - IR :

' hands loosely grlpplng bar 1n ‘a pronated p051tlon. c) Shoulders assumed

.f<extreme flexed p031tlon in "pre stretch" (see Plate 5) :); The bar was h

'brought downward in a controlled movement to the count of two, applylng

| ”’:{pressure vlth the hands ‘and Forearms relaxed EE) The bar was allowed

'fto make contact w1th the upper portlon of the thlghs, then returned |

'to startlng p051t10n in a: controlled manner, to the count of four (see :tvf :

. Plate 6)

hautllus "Double Chest" Machlne (Rotary Port1on) ‘-:; ) Seat

H.,vas adJusted S0 that axes of cams vere in line w1th vertlcal axes pa551ng

,vthrough shoulder JOlntS of SUbJECt ,b)_ Ventral aspect of forearms were
oin contact wlth pads, with hands loosely grlpplng handles in a\pronated
: p051t;on.‘vc) SubJect's shoulders assumed p051tlon of extreme horlgpntal |

t,exten31on in "pre-stretch" (see Plate 7) d) 'Sub]ect horlzontally ,

’flexed arms in a controlled movement to the pount of two, applylng pres-?\\\“

.“’sure Wlth the hands and forearms relaxed (see Plate 8) ‘&) Handles ‘:_‘_ X

\\
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Plate 5 . Jtartlng pOSlthﬂ uhen exer0451ng on the .

hautllus "Super Pullover" machlne

8 7)

11}

YL Plate 6. Mld-p01nt DOSJthh when exer0151ng on the '

Nautlluu~”°uper Pullover" machlne
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© Plate 7. ‘Starting po

: S‘lth’”\Uhen e)"cmlng "on_;“ the rotary =
. Portion of the Nautilus " ouble Chest" machine:

)

)d

V N
r " .
s
X

L
%

v _:Platé 8; iMid;pbiht position_whehlexéfcisih
N :pprtiqn;ofkthe_NaUtilus,“Double‘C

g”Onlfhe.pqtafy _-¢T' ‘v.v“"
hestV”maching;_pb,: __g
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k'fyifately upon cOmpletlon of rotary portlon, SUbJeCt grasped llnear press

bl

‘52

were allowed to make contact then returned to startlng p081t10n 1n A ;ﬁﬁ;
';c0ntrolled manner, to the count of four. ‘

Nautllus "Double Chest" Machlne (Llnear Portlon) a) Immedl—

ately upon completlon of rotary portlon, the SUbJeCt grasped the llnear =
press handles w1th a relaxed grlp, palms Fac1ng 1nward . b) The shoulders '
assumed extreme hyperextended p051t10n and elbows were fully Flexed 1”.,:
pre-stretch" (see Plate 9) )‘ Bars were pressed anterlorally in’ a

controlled movement to the: count of two (see Plate lO) d) Anterlor

[

-_“movement ceased JUSt prlor to full elbow exten51on, and ‘the. bars were
elmmedlately returned to the startlng posrtlon in a controlled manner,-,
to the count of four.

i Nautilus "Double Shoulder" Machlne (Rotary Portlon) '4'.8)' The ;

'vf-seat helght was adJusted S0 that axes of the cams were in llne w1th sag- -

gltal axes p8551ng through SUbJeCt'S shoulder JOlntS.. b) The forearms

5 fwere 1n contact w1th pads, hands loosely grlpplng handles 1n pronated

1p031t10n (see Plate ll) c) The subJect abducted arms as far as poa-:-‘”'i
,,.x slble 1n a controlled movement to’ the count of two, applylng pressure

7(;yw1th the hands and forearms relaxed (see Plate 12) ) The arms were

‘*l.":then returned to the start;ng p051t10n 1n a controlled manner, to the
-‘:ftgfcount of four. ;Lfﬂi'”

e Nautllus "Double Shoulder" Machlne (Llnear Portlon) ), Immedl—'ﬂ‘:~ftpigt__r:

_l..

. H handles Wlth relaxed grlp, palms faclng lnwards (See Plate 13) ) Handles ;f,£

‘controlled movement to the count of‘$wo (see Plate 1a) cy, Handles

?were returned to startlng p031t10n in-a controlled manner to the count

':;T of four.:'Tv'“.'

s s =
T A s

'*;ﬂ;twere pressed superlorally untll the elbows were fully extended, in a ‘f(x-hr"ftiyg S
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Plate 9 Startlng p031t10n when exerclslng on the llnear

portlon of the Nautllus "Double Chest" machlne o R

2%
N
.

» Plate 10 Mld-pOIHt p051t10n when exerc151ng on- the llnear:;f._,?’f?:fei
portlon of the Nautllus "Double Chest" machlne.;., '
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Plate 11.. ion uhen, exercis. ary L
S - ‘portion of the;NaQtilUS‘”Dpublé;Shouldgr";maching;: x

ition when exercising on the rotary -
~""Double - Shoulder" machine.
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Plate 13

Startlng p051t10n when exer0181ng on the llnear R
portlon of the Nautllus "Double Shoulder" machlne.j.'

iy

I;e:'h h

V.V,,‘.Plate_ib.; :
EER : portlon of the Nautllus "Double Shoulder" machlne.

Mld-pOIHt p051t10n when exerc1s1ng on the 11near




Nautllus "Shruq“ Machlne - a) The forearms vere placed in the

:_5mach1ne in a. suplnated p031t10n, SO that pads were in: contact Wlth ventral »
aspect (see Plate 15) b) . The seat helght vas adJusted so the forearms i
;were parallel t0'the floor.‘ c) The subJect elevated hlS shoulders as

,’far as p0331ble in a controlled movement ‘to the count of two, applylng
‘lforce w1th the hands and forearms relaxed (see” Plate 16) d)- The ,;;‘(_
'shoulders were returned to the startlng p051t1on 1n a controlled manner, o

T

‘to the count of four. T
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APPENDIX D
~Universal Training Programme

1



Universal Training Programme

- The constant resistance training programme employed in this
1nvest1gat10n utlllzed the Universal Gym apparatus 1nta§tempt1ng to
1nvolve the shoulder region to the greatest extent possible..- The "pre-
stretch" component characterlstlc of the Nautilus atyle of progre351ve
- resistance welght tra1n1ng vas simulated, by 1nclud1ng various modifica-
tions to the exercises tradltlonally employed on Un1versal apparatus.

Such aniapproach_was in line with recommendations made by Hartley (1976)

vho asserted that a certain amount of pasSive stretch would illicit

-~

increases in actlve range of motion, when employed in a systematlc fashion.

The 1n1t1al vorkloads for each subJect vere determlned by a
stflct aximal lift at each exerc1se statlon, and vere set at 51xty per-
~ “cent ofmthls value—-ln accordance with the findings of . prev1ous investi-
gat{ons dlrected tovards 1soton1c exerc1se (Clarke, 1973) The subJects
,»were 1nstructed to'perform as many correct repetltlons as possible, with-
the ‘load belng adJusted to result in six to nine repetltlons for. each
of three sets. . The load vas xhcreased when the subJect vas able to per—
.form at least nlne repetltlons for each set in one wvorkout (Bergér, 1962)
All exercises vere performed throughout as full a range of motlon\as

p0551ble, and the subJects vere 1nstructed to malntaln proper form untll‘

theqoccurrence -of momentary muscular failure. Subgects vere 1nstructed

to make use of a momentary pause at the outset of exercises employlng '
the "pre-stret h" p081t10n. Three sets of each exerc1se veré performed
prior to conti u1ng to the next statlon, w1th¥a m1n1mum recovery

period of two 1nptes to ensure the tralnlng stlmulusfremained anaerobic§
ln_nature. The exercise stationa vere aequenced in a fashion so that

antagonistic muscle groups  wvere alternately overloaded, in order to

4
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further enhance the strength tralnlng nature of the exercise programme.
Work0uts were engaged in three times per week vith a minimum of forty.

elght hours betwveen each,

As with the Nautilus programme, every attempt vas made to super-
vise each workout w1th subJect attendance beang continually monitored,
Initial 1nstruct10n and subsequent superv151on were provided by the
1nvest1gator on an individual basls, vith a ~sample of the record sheet
kept for each subject. The followlng exercises vere employed in the

. Universal programme: i \

Universal Gym "Bench Press" Exercise - ) Subject 1n suplnated

position with soles of feet restlng on wall bar grasped vith a narrov
pronated grip. (see Plate 17), b) Bench helght set to ensure re51stance :
plates were not in contact when elbows vere fully flexed and shoulders
,fully hyperextended c) SubJect forcefully flexed shoulders and extended)'
varms as far as p0581ble 1n a controlled movement (see Plate 18). 'd)‘ Bar;*j

vas returned to startlng p051t10n in a controlled fashlon.v.

Unlversal Gym "Lat Pulls" Exer01se - a) Subject grasped bar

w1th a pronated grlp and the hands as far apart as poss1ble (see Plate_
19). b) Knees vere flexed so that both kneecaps and ventral aspects of,

g feet were”in contact w1th the floor, 1f necessary, the use of a barbell
T

placed across the SUbJECt'S legs to hold the SUbJeCt down vas carrled out.

-

c) Bar vas brought down and behind the back as far as p0351b1e ina

‘controlled movement (see Plate 20) d) Bar vas returned to startlng

.

'p031t10n in- a controlled fashlon.

Unlversal Gym "Mllltary Press" Exerc1se - a) Sub ject. ‘sat

fa01ng avay from machine, grasping bar with a narrov pronated gr1p (see

A -
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Plate '21). b) Table-height vas adjusted so that'in.a relaxed position
ﬁWlth elbous fully flexed and at the 51des, re51stance plates vere nat in
\:contact, c) SubJect forcefully flexed shoulders and extended arms as

Efer as po981ble in a‘controlledfmovement (see Plate 22). 'Bar vas .returned

to startlng p051t10n in a- controlled Fashlon.

Unlversal Gym "Blcepts Curls" Exerc1se 5g~a) Subject faced -
,:machlne, grasplng bar w1th a shoulder—w1dth suplnated ‘grip (see Plate <
P_Z.). b). SubJect vas p031t10ned Jjust far enough from welght stack to

, eqsure re51stance plates were not in contact when arms vere fully extended
.)and relaxed. ‘c)' Arms were forcefully flexed in a controlled manner as
-Far as p0351ble, w1th elbows held close to the subJect 5 s1des (see Plate
’f24), upon completlon of thlS actlon, entlre shoulder glrdle was protracted
(see\Plate 25) as far as p0581ble and returned to mld-p01nt pos1t10n. |

\J

5'.fd) Bar was returned to startlng p031t10n 1n a controlled fashlon.'p

3

v'"Dlps" Exerc1se (Unsupported) ‘( ) SubJect faced away from

i"e,wall, supportlng hlS body welght w1th arms fully flexed shoulders fully

'rlvjextended palms fac1ng 1nward and the legs bent sllghtly and crossed

flat the knees w1th addltlonal re51stance strapped on, 1f necessary (see

kS
4

@/Plate 26) b) Subgect forcefully flexed shoulders and extended arms

"ﬂ as far as p0351b1e in.a controlled movement keeplng vertlcal axis perpen- ’ t_tlf'

~’»7d1°Ular to floor (see Plate 27) SubJect returned to Startlng;{osrtlon

v”1n a controlled fashlon.}- f7' - btl»itfg
. : /

i B

.V"Dlps" Exercrse (Supported) - ;é) Th1s exerc1se vas s1m1lar to -

:the technlque used for unsupported ver51on, only the: calves were allowed
to rest on support w1th knees fully extended and hlps flexed (see Plate
n28) b) Durlng exercise motlon, calves were allowed to roll in an elt)

banterlor-posterlor dlrectlon, in order to ensure the trunk malntalned -
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'QPiafe 25, Protracted p051t10n when perform--

ing the "Bicepts Curls™ exer01se
on the Unlversal Fym. e
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,the_verfical,pOSitidh_(see Plate,29). c) ,Additional'Weights‘could héVe

,fbgen strépped*On to increaseﬂresistance;-until the subjéét vas able to
perform exercise unsupported.
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TRt CELL. MEANS e s s

MEAN
49.222
47.7178
43,333
49.778
46.667
46.444

-50.444

c .

47,114
50.444
47.333

. 45.222
48.667
50.444
46.556
49.778
48.778

48.333

56.222

59.656

58.778

55.556
57.222
42.7718
39. 111
38.222
51.667

49.778

5$1.333
47.556
$7.222
§7. 111
54,333

n:u-n:n-n:u-aaan-‘o;n-aa)b}.(:n.aoau..uiu..u;u.‘g;u.A(QA>‘
o
®

QOOQU@OUQUUUMM”UNMMM”MMM&****.‘A-“...‘..)

o

49.889

57.111 .

.

11.851
- 11.077

8.718

12,969

13.463

. "STD. DEV.

- 15,452

9.488
11.330
~13.148

18.487

18. 145
17.470

11.034

14.800
12.451
12.225
12.448
13.388
13.691
17.001
17.563
11.429
12.798
13.452
’ 5.630
. 7.574
10.220
''9.069
'8.322

8.667 -

9.014

10.595°
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