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— ' * ABSTRACT

The objectives of .this study were: 1) to describe standard positioning jechniques

employed in the tsoklenc evaluation of the upper ememity. 2) to pnam prelimimry.
LY

- _normative isokinetic dynamometry data and 3) to describe the sngniﬂcance of any difrerences ’

-t

préferred and non-preferred limbs. Supine shoulder flexion/extension, intemal/e*tema!
rotation, and elbow flexion/extension is&kinetic data (60‘/sec.) were obmined_io‘n 74 university
age& females (18 - 22 ycars) The principles of parallel alignment rotatié'm:iiﬂ alignment and
stabxhzauon of limb segments were smctly adhered to. The peak torque and angle of peak
torque responses mdxcated that there were sngnifncant differences (p<0. 05) between tight and,
left, and prefe;red and non-preferred limbs. Since these differences were noted on the torque

development variables, separate percentile rankihg tables of ndrmative data were presented for

each limb and limb movement. The normal contra-lateral limb ratios were presented in the

form of* histograms with an illustration of the j)ercemagc d'if' ference between limbs, and an

indication of imbdlance one and two standard deviations below the mean. Finally, the r;ormal

agonist-to-antagonist muscle group ratios were presented in 4 manner caiculated to illustrate

the range of normal ratios. Several cautions relative to the use of these norms were presented,

and several recommendations for further study were outlined.

7

noted in peak to;que' production, and angle of peak torque between right and left, and .

L
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Bt rrsrnonum;ifv |
" The concept of #okinetic exerctse was developed dunng the earl) 1960's by J J
- Perrine, and was first reported by Hrslop and’ Pe{nne in 1967. Since then, lSOkCletlc exerctses .
‘ ’have been used in cltnxcal settings as a therape tic modahty. asa testtn’g and training device for
' athletes and as a methbd of scientific tn estrgatron of the relauonshtps between force and
velocrty. and muscle agonrst antagomst a’ctron (Ostermg Barry. and Stanley, 1977 J ohnson and
Siegel, 1978 Goslm and Charteris, 1?‘79 MacDougall et al, 1980 Smrth era! 1981 Knapik,
Mawdsley and Ramos, 1983). ’/;”' o — ' o
-Much of the work has been concentrated i determining the relative el' ficacy of
tsometnc isotonic and. tsokmetrc training for muscular strength and power development A
revnew of the rsokmetrc lrterature reveals three basxc deficiencies’
1. AA lack' of tnvesttg’atton into ‘the effects of isokinetic exercisesv with 'respectwto the upper
e:ttremtty /- . ‘ e | | |
2. A prevalent/a/ck -of standardization of subject position dunng 1sokmet1c evaluatton and
3. although%elatlve comparisons have been made, very little ftrnt upper" extremrty isokinetic
| »~normat/rve data exists for the use of clinical practroners as well as research worlrers
Moffrord et al ( 1967) establtshed the reliability and validity of the tsokmeuc devrce ‘
» for u{e measurement of torque, work and power and: presented some preltmmary norms.»
'Goshn and Charteris (1979) and Davies (1982), have presented preltrmnary norrnattve data
for clmrcal use 'in lower extremxty cases. Molnar and Alexander (1971) have suggested that the

establrshment of tsokmetrc normatrve data would l§nefrt in the assessment of muscular

strength and aid practttroners in the rehabrlrtatrve process followmg m)ury

> .
1.1 STATEMENT OF THE PROBLEM )/‘\

'I’he purpose of the study i is, threef old:

1. To describe the posmomng technrque employed for tsokmettc evaluatron ‘of shoulder’

oy
t‘lexxon/extensron mtemal/external rotatron and elbow flexron/extensron exercrses



2. The de"gr?f external validity; to wit a randoml¥ selected sample of female umversxty

2. To present pfeliminary normative isbkinetic‘dynamometry data for the test positions used
in tm the shoulder and elbow joints, and |

3. to dcgerminé Lh%s”:gnificanée of any dif ferences noied between right and left, and preferred
and non-preferred limb in peak torque pfoductién capacity, and angle of peak th‘Q_ue;

1.2 HYPOTHESES

’} In this study the following null hypotheses were lcswd at the p<0.05 level of "

. snghif lcance Also reported are thosc differences that achieved sxgmf lcance at the p<0 01 level

=

There would, be no signifi icant dlfference in the means of data for peak torque, and

nglq of pcak torquc from 1) right and left limb; and, 2) preferred and non-preferred limb.

1.3 TIMITATlONS

The scope of the study was subject to the following two lumtauons K

: 1 . The mablhty to ensuire that the subjects’ were aking maxxmal efforts in the shouldgr and

I elbow exercxses. However, verbal encouragement for maximal performance was given 10

N

" each subject by the tester diring all testing sessions.

.

residence students adequately represent the normal f emale university student populus.

1.4 DELIMITATIONS S

The scope of Ihe study was subJect to the following four dehmltauons
1. The use of 74 normal, healthy f emale university volunteers between the ages of 18 and 22 .
years. |

2. The usé of the Cybewn{{sokinctic dynamometer and integrated dual channel recorder.

3. The testing of shoulder ﬂcxxon/cxtensxon shoulder internal/ external rotatxon, and elbow

‘ ﬂgxxon/extens:on exercises ata dynamometer speed of 60'/second, and damp setting of 2.

‘

‘Cybex a. dmsxon of Lumex. Inc., Bay Shore NY. |

[ .-\‘»','

e



4, The use of a standard gomometer to ensure correct and consistent positioning of joint

angles

1.5 DEFINITIONS OF TERMS | ;’ A
‘Within the scope of this study the following def initions of terrﬂs will apply | ’

1. TORQUE - the product of a force that acts about an' axis of rotation multiplied by its

; perpendicular distance f rom .that‘axis.v (Ostemig.l et al.' 1976). To'rque is 'mea‘sured {rN units

of force r'r/mltiplied by the distance (Newton.meters ot foot.pounds)' (Kelley, 1971; Hay,
1973; MacDougall, Wenger and Green, 1982). |
2. PEAK TORQUE the hnghest pomt generated on the 1sekmeuc torque curve, excludmg
| - any overshoot arufact (Sapega, Sokolow and Saramn 1982)

:3. PREFERRED LIME that arm! that is used for writing.

4._ AGONIST - those muscles most directly involved in a‘musele con_traction (Kelley, 1971).
5. ANTAGONI'ST - those muscles that work in opposition to the agonist muscle (Kelley,

. b | -

- 6. ISOKINETIC CONTRACTION - a muscle contraction that accompanie's a constant ,

angular velocity of a limb.

" There is confusnon in the literature regarding the term 1sokmeucs. that is, does Lhe tely/
refer to constancy of change of muscle-length or to a constancy of angular movement ﬁf/ a
“limb? Whereas most authors state that isokinetics are dynamic muscular contracuons /whxch
. involve a constant time penod within which the contractlon is performed there is contradtction
as to whether it is the limb or Lhe muscle which is moving under the constant condidbns.

Thistle; et af (1967); Moffroid. er af (1969); and DeLateur, ef al (1972), present the

- viewpoint that isokinetics refers to the type of‘ muscular contraction which accompanies a
constant angular veloclty of a hmb A second v:ewpomt is offered by Hislop and Perrine

(1967); Perrine (1968) and Van Oteghan (1975) who appear to consider 1sok1netrcs a. term.

referring 1o a constant linear rate of muscular contraction. R 1



. A\
-Any exlstln confusion requires a clarif' icauon for purposes ol‘ \tlns study Pracucally. it
rnust be noted that the
| ease the Cybelel)_ is based on the\provision of resxstance which can only be overcome at a: '
pre-set \‘rel'oclty, It .follow‘s then, that \the 'man‘;xfacuxers of *this 'eqniem‘ent- }‘._mde’,s"a?d
" lsoklnetics to. be that type of contraction: t results from constant angular velocit§®of a limb.
Theoretimlly. it is also necessary to explain the mathematical relationslnp between velogity of a
~ shortening muscle and angular velocity of a limb. ' ‘

Figure 1.1 is a repmentauon of the upper arm (A) the disrance (B) between the'
elbow yoint and thd.point of muséular\attachment on the lever arm, and the concentnc flexor

d?‘ ltle elbow joint (L) where beta\ﬁirs taken to be the angle of flexxon Since the

)
O

muscle can bnly contract lmearly. the angular velocxty of the lower arm as the elbow flexes

N
must be related to the lirmr velocity of the muscle as it short\ls.
iy definition, it is known that the angular velocity is equal to thmtune rate of angular
. fl \\ . ‘
dlsplacement T ) ST
. \\\_\ )
~ angular velocity =-d B/ d 1 | ()

The length of the muscle (L) may e found at any angle of elbow flexion by applymg the law

of cosmes Smce B is an external angle. the law may be stated:

L= A+ B’+2ABgosB (2) -

‘and , v. ' ’
L= (A"+ B = 24Bcos B ®)

~
A

Linear velocity (V) is known, by definition, to be equal to the rate of linear displaoenrent:

V=dLrdt @

<

umenuuion Eurrently available for nsokmetxc measurement (in tlus |
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Figure 1.1 Representation of the Arm

°
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éubstltuting for L from formula (3) and perfomfing the differentiation, one sees:

. \ :
V=dL/dt=- 1/2(A’ + B’ + 2ABcosﬂ) -1 (ZABsm/BdB/dt) . (5
V=( ABsinB/V~ +B’+2ABcbs,8) angularvelocity (6)
and . . . o
| V=/(B.dB7dry _ o
(adapted from: Keuéy.,1971; Hay,1973) . : .

It will be noted that the linear velocity of the muscle as i contracts has been found to

be&a function () of the angle of elbow ﬂexior; (B) and the angular velocity of the lever arm,
» dp / d 1. Since the\lsokinetic device is intended to provide constant angular velocity, one may
as;ume dp / d t to be constant. The angle of elbow flexion is not constant, however, and must
not be overlooked. | | -

‘Figure 1. 2 represents llnear velocity as a function of beta, the angle of elbow flexion.

" The negative values yielded by the calculations are reflective of the fact that the muscle is

_ progressively shortening. Positive velocity values would indicate an eccentric of lengthenmg
contraction. Arbitrary values of 6 units and 1 unit were assrgned to the lengths of the upper
~arm (A) and the inseruon point (B). respectrvely, and a value of one unit pet trme interval was ,"
assumed for angular velocity. Resultmg values at various angles of elbow flexion are those
| plotted in Figure 1.2. The dotted poruon of the curve must be viewed as theoreucal since the
' soft tissues of the arm will prolubtt flexron of the:elbow to, or even approaching 180° (Adapted
from: Kelley, 1971; Hay, 1973). ‘

It is seen that only around the mid-point of elbow flexlon is the velocrty of contracuon .

somewhat cons aqt. Between 0" and approximately 70°, contraction velocity increases rapidly;
_beyond 120", it slowy with similar rapidity

As this ple demonstrates, constancy of change of muscle length and constancy of

“‘chanse of angular movement of ‘a limb require separate defining terms. Due to the

undérstanding of the term isokinetics by the manufacturers of isokmeuc devrces it is
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Figure 1.2 Linear ch;)city of muscular contr_actibxll as a function of angle of elbow flexion, B
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recommended that isokinetics be used to describe the muscular conﬂaction that accompanies
constant angular movement of a lixhb. Indeed, within, the context of ‘this study, this definition

- of isokinetics will be used. ~ - ‘ 4
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2. REVIEW OF THE LITERATURE

P T

\nce the conecpt was mtroduced in 1967, many research amcles have been published in

the ar‘ of xsokmeué Very few, however have been devoted to-the establishment of

- THSiQY o .ssmn wxll not attempt to review all 456 of the publxshed articles in the grea,
but rather, will_ concentrate on those seleeted references that are pemnem to this study. The
review will be organized under the following general’ headings:

1'. The concept of isokinetic exercise. ) _ :
2. Measuring isokinetic muscle torque and angular displacement.
3. Isokintic exercise anfi rehabilitation. |
4. Limb and muscle balance; and,
5. The need for normative data.
]
2.1 THE CONCEPT OF ISOKINETIC EXERCISE

Until the early 1960's only two concepts of resistive muscular exercise were understood ;
isometric and isotonic. Isometric muscular contractions are ones in which thé length of the total
-muscle remains unchanged during the exercise. Res{stance is equal to the force applied and
velocity is zero. Isometric’ comractions are therefore exertional wfthout resultant motion
(Marino and Gleini, 1984).
. Isometric contractions can obstruct bloodflow to the contfacting muscle. This feature
of isometric contractions depends upon the mtensm: of Lhe contraction (Astrand and Rodahl,

1977) Increased blood pressure (Donald, et al, 1967), both systohc and dxastohc may also

result from 1sometr1c contracuons. High mrensxty, isometric exercise will sumulate the Valsalva

..................

3Cybex publishes a bnbliography of the research articles that have utilized Cybex I
isokinetic dynamometry as a tool for measurement m the study. To date, the
bibliography contams 456 citations.
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maneuver (making in expiratory effort with the glottis closed), which initially increases blood
preunre ‘ The heart i loaded mare, during isometric exercise than during any other form of
muscular contraction (Astmnd nnd Rodahl, 1977), resulung in, reflex blood pressure respgnses.
* Isometric strength gaias are limited 1o the angle whefe-the contraction occurs in the range of
motion (Pipes, 1977; Daviee. 1982). For example, if a limb is t_rained with the elbow flexed at
90", the limb would become stronger when flexed at that angle (90°). But it might not become
"stronger when flexed at 135° or 70".

The clinical value of isometnc exercise is hmned to the extent that the ‘drand it places
on the neuromuscular system parallel the individual's needs

An isotonic muscle contraction is a contraction tﬂat causes a change in the length of the
muscle, causing a movement of the part(s) to which it is attached. Resxstance remain$ constant
‘dend velocity is inversely "proponional to the load npplied. There are two types of isotonic
contraction. A concentric contraction occurs when muscle shortens, causing joint motion in the
direction of pull decreasing the Joxnt angle (Marino and Gleim, 1984). Ttus is known as
positive work. An eccentric contraction occurs during the lengthening of muscle. The muscular
forcg-generated to resist the1engthening is known as negative work (Fox and Matnews. 1981).

The magnitude of an isogonic resistance nbrmaﬁy must be limited to-the largest load
that can be moved at the wedRest point in the range of movement‘(Perrine., 1968). The
resistance has its greetest'ymechaniml advantage on the muscle at the extremes of the range.
Here the lever system is most extended or ﬂe&eq._angwﬂnsequently, the load on the muscle is
greatest ei these peints. Conver;ely. closer to the mid-ranée where the lever is most efficient,
.‘the load on the muscle is prononionately less (\l-lislopv and Perrine, 1967; Perrine, 1968); |

* The clinical value of isotonic exercise, therefore, i limited by its inability to impose

maximal tension n-n.d‘work demands on the muscie throughout its range of movement, because
- a weight must be selected which awommndaieso e weakest point in the range s0 that the

patient may accomplish a complete movement. \
< 3

3
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An isokinetic muscle contraction is a dynamic contraction performed at constant speed

(angular velocity). Resistance accommodates to the varyiug force applied throush the range of
motion, ausing a shortening of the muscle. Consum angulu velocity is mdntained by a
spedal isokinetic device | . - T

Although, strictly speaking, a means of speed control, and not a load in the usual

sense, is applied ig isokinetic exercise, load and resistance are present and available in relatively
unlimited amounts (Hislop and Perrine, 1967;_I:grrine. 1967).

The load acting in isokinetic exercise cannot be traced to a familiar agent sl;ch as

L]

gravity or friction, but is the result of the mechanical process of energy absorption which an

isokinetic device performs in ordgr to keep the exercise velocity constant.
+ . . .
In isokinetic exercise, energy cannot be dissipated by acceleration because this is

- mechanically pre§ented by the device. Because the energy is not dissipated anywhere: in the
process, xt completely converts to a resisting force which is always proportional 1 the

magnitude of the input (muscular) force, Thus, it varies in relation to the efficiency of the.

skeietal lever (Hislop and Perrine, 1967; Perrine, 1968).
In effect, the resistance can accommodate all factors causing force variations through a
range of motion. At the extremes of the range of motion where v.he muscle has its least

mechamcal advantage the resxstance offfered is- least As the motion approaches the point in the

range where the mechamml adVantage is‘greatest, the resistance increases proportiomtely With

resistance accommodating the varying force of the skeletal lever, the muscle is able to maintain

a state of maximum contraction through its full shortening range. This situation permits a

maximum demand to be placed on the work capugity‘of the muscle (Hislop and Perrine, 1967; |

Perrine, 1968; Davies, 1984). o
The clinical applications of isokinetic exercise have been cited by Davies (1982), and
others, and will be expanded upon in relation to its role in rehabilitation, later in this review,

n

Much resa;:h has addressed the question, which type of muscular exercise is.best? In .

on_iet to answer this question, one must respond with a second question, "Best for what?"

R
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‘
Thistle, et &/ (1967), made a comparison of isokinetic, isotonic and isometric programs. Al
progmns were performed 4 days pet. week for 8 weeks. The isokmetic program was superior to
theotherpro;nmsin bothnreugthmdendunneemm AsDeLateur & al (1972), point out,
| eludonehouldheuerebed wheneompuln'themuusofveryinlmumhrmin!upmmms
because the nntute of the tasks are different. And, attempts to eq%une tasks in each of the types
of muscular exereise has been a stumbling block-in many eqmpenuve studies, to date,
Knapxk. et al (1983), compared the effects of isomegrie training of the elbow flexors at
a specific joint angle (90‘) versus isokinetic training (30"/second) through a range of joint
motion (45° to 135’) on isometric and isokinetic tests. The. mar* of the test demonstrqted 1)
there. were no significant differences between the isomemc and isokinetic trammg groups when
tested isometrically, indicating that both forms of exercise will improve isometric strength; 2)
there were significant dﬁrferenees between the isometric and isokinetic training groups when

tested isokinetically - the isokinetic group demonmated more imurovement - indicating that

isometric tnining is not as effective in increesing isokinetic strength.

Foi and Mathews (1981), bave synthesizgd the research findings into a comparative

table (see Tahle 2.1) which rates isometric, isopénic and isokinetic exercises on eleven criterion

‘ meuuxee Any one of these criteria may be considered more unportlnt than another, dependﬁ'g'-‘

upon the speeific requirements of the mdiyxdual. :

2.2 MEASURING ISOKINETIC MUSCLE TORQUE AND ANGULAR DISPL
The device used to mLasure isokineuc muscle torque and mgulu displacement is the
Cybex II isokinetic dynamometer thh eleetrogoniometet and mtegmed dual channel

recorder. The Cybex Upper Body and Exercise and Téesting Tabl
provide mtomically correct positioning, positive mbihzauon

The Cybex I1 isokinetic dynamometer consists of a lever arm wlnch can be adjusted to

thele;mhofthelimbbeingtested Thelevenrmxsatuchedtothelimbbemgtested and is

B

(UBX'I') is desxgned 0

specialized mput accessories
forteetinsottheupperlimbe (Isohted]o:nt'l‘eenngmd Exerexse 1980). o

s
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Table 2.1 SUMMARY OF ADVANTAGES AND DISADVANTAGES OF THE THREE MOST
COMMON TYPES OF RESISTANCE TRAINING PROGRAMS

»

* -~
.
COMPARATIVE RATING .
CRITERION | Isokinetic Isometric Isoteaic
Rate of strength gain ' N Excellent Poor ' Good
Rate of endurance ﬁ’iin - ’ *  Excellent Poor Good
Strength gain overvfin‘ge of motion Excellent Poor . Good
Time per training se3%ion Gobsl Excellent Poor
Expe;lse ‘ | | Poor Excellent Good
| Ease of performance ‘ ) Good Excellent - Poor
Ease of progress asmmen‘tﬁ, Poor - Good Excellent
Adaptability to specg‘y‘ﬁ;vemem patterns ' Excellent - Poor Gt;od
Least pnoﬁability of muscle soreness. _ ' Exteﬂqgt - 5500d Poor
Least probability of injury : Excelle;xt Good ~Poor
Skill improvement Py Excellent Poor - Good

Source: Fox, E.L. and D.X. Mathews. The y
Physiological Basis of Physical Eg_ugz' n and’

Athletics. 1981. | | }

| -
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| sutpassmg the PTC selected Velocny by the “intérnal mechamcs of the dynamometer and any

¢

10 the pomt at whrch resrstance is placed on the slgeletal lever arm increases,: 50 the subJe"t s - .

o o , . . - o : N
‘ o .'. L, . ! ’ @ v . . .‘ 4 ' 14 M

’ S Y | ’ : .
,‘.ﬂ”rﬂ ; . " / S . .

¥

3 lrmtted to movernent at a pre-selected constant velocrty The lever arm is prevented from"- :

A

( «

attempts to do 50 result in resrstance rather than accelerauon L .
" There is often conf usion. regardmg ‘the effect of leven arm length adJ ustment.. It is true . -

that a longer lever arm WOuld provrde the subject wrth a greater leverage advantage on the A

fi g
H

dynamometer However the sub_tect s lrmb 1s also a lever arm. As the drstance from the Jomt‘

v

( I
Jomt is placed at an mcreasrng dtsadvantage béBecause the drstances from the joint's am of .

!

rotauon and the dynamometer s rnput shaft to the pomt of applrcatron of resrstance are the L

A

-same;, any leverage advantage on the dynamorneter is cancelled out by an exactly equal leverage '

dtsadvantage to the subject's Jomts and muscles (Pemne 1968 Isolated Jomt Tesung and- - .

Exerctse 1980) So then the use: of the Cyhex II tsokmetrc dynamometer prov:des ab‘

‘ standardtzed measurement of torque whrch propé“rly matches the joints and muscles whrch are

torque producmg mechamsms (Hrslop and Pernne 1967 Pefnne 1968).

b

The dual channel recordrng devrce mtegral to the Cybex II rsokrnetrc dynamometer |
allows for the sele%ﬁ%n of a torque range scale posrtron Langle degree scale posmon angle_
caltbration damp settmg. and two paper speeds The frrst channel- records torque and tl{e

secondangulardrsplacement = = o S N

The manufadturers suggest that for the evaluauon of . peak torque in shoulder and.
e.lbow exercises, a speed of 60'/second should be selected tlre torque range scale should be set at

180 ft lbs; the posmon angle scale at 300 and the darnp set at 2. For tests of peak torque a

paper speed of 5 mm/second is adequate whrle measurements of angular drsplacernent requrre -

a paper speed of 25 mm/second (lsolated J oint Testmg and Exercrse 1980) See Appendrx F

for example of Cybex 11 recordtng chart. 'I'he peak torque and angular dtsplacernent data is
mterpreted from the dual channel recorder chart wrth the Cybex Il Chart Data Cardo'

(Apge, '.'G) Recent technologieal advances have :seen the mtroductron of the Cybex Data -

Reducuon Computero whrch reduces all mformauon regardmg torque, work power “and i
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s

angular dtsplacement to fi mal numerrcal summary form.
Desprte the advantages of the Cybex II tsokmeuc dynamometer for the evaluatron of .

torque and angular dtsplacement there are one or two cauuonarv notes to be made regardmg

,the stylus damp settmgr and the overshoot artrf act ev:dent on some Cybex I result charts

ye

. The damp settmg on the recorder controls the speed of response of tife torque channel ' ‘

stylus The control ' rs tmportant because, accordmg to the manufacturer it "damps out”

!

unwanted hrgh frequency mechamcal oscrllatrons such as dynamometer- gear noise, and it helps

I

to control the pl;enomenon of "overshoot". “
A rshoot typrcally appears asa prominant, initial spike in the subject’s torque outp‘ut‘
Uree . wip rnay or may not be followed by a senes of progressrvely diminishing secondary
oscxllatums (Sapega, Sokolow and Saranttr 1982). Thrs spike, it appears is the result of a very

small amount of mechamc.d freeplay in the dynamometer whrch allows the limb segment being

tested to aceelerate beyond the pre selected velocrty of the dynamometer for a very short time

penod The sptke is- a reflectton of the torque requrred to decelerate this mrtrally overspeedmg

\ khmb lever system (Sapega Sokolow and Saraniti, 1982).

'I‘he rmplrcatrons that overshoot is. most ltleely to have, is in the mrsmterpretatton of
[

AN

" peak torque A large initial overshoot spike wrll often be the peak point in the torque curve,

and if it is rnterpreted as the subject's peak rnuscular torque output then it wrll artif; actually

‘ curve wrth varytng damp settings.’

inflate peak torque data as well asvalter contra-lateral and agonrst-to-antagomst ratios.

| : ‘Sapega, Sokolow‘ and Saraniti (1982), have suggested that the overshoot artifact can be

‘el'rrninate_d by the use of the damptng-control. Care, however, must be used when interpreting

such "damped" curves Sinacore, et al (1983) have reported on the effects of damp on Cybex ,
11 curves ahd have shown alterationsin the amplttude and temporal relattonshrpsof the torque :
Both groups conclude however that for routme clinical assessment in the lower

velocrty range (< 60/second) a damp settrng of 2 provrdes a torque curve that is both readtly |

' mterpretable and relatrvely free from overshoot arttfact Further studflesv are requtred to
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evaluate the eff ectiveness of damp settirrge at faster (> 60°/second) y'ecolities.'
| 2. 3 ISOKINETIC EXERCISE AND REHABILITATION
©—  Most mjunes whether acute or chromc lead to dxmrmshed muscle function and Jomt :
" control. Effective rehabtlxtatron is very important becaus¢ unless total restoration is achreved,
the stresses to which the m'usculoskeletal system is regularly exposed will lead tofvf urthcr in jtrry
in the same, or a prevnously umnvolved area of the body (Steele, 1980)
Provxdmg effective rehabxhtanorns more complex than is often realized: exercises are
f requently prescrxbed without a clear understanding of their actuﬂ effect (Sherman, et a/ 1982;
| Sniodlérka. f977). AControversy continues regarding the relative merits of isornetric and isotonic
exercices for improving‘muscle function. It is difficult to compare the two forms of muscle_
activity because as yet, reseerchers have found it.»irnooSsible_to imposé exactly comparaole
exercise re;imens in terrcns of enc'rgr expenditure and effort (Osternig, Barry and Stanley, 1977;
. Krtapik, Mawdsley ar;d Ramos. 1983),. Furt_her..‘improvement is difficult to quantify because an
isotonic muscle test does not ‘necesslarily reflect isometric tension; the converse is also tiue. |
_ Zohn et al (1964) compared an isometric and isotonic exercise orogram for. quadriceps !‘ :
rrehabrhtauon followmg knee m]ury They found that the former type of exercise produced
more tapid strength gams and fewer treatments before the pauent was considered "fit for
drscharge g Conversely, Thrstle. et aI (1967), found that an isotonic -program produced_ '
increases of 27.5% and 28.6% irt _e{tdurance and strength. respectively. whereas isometrics of the
same dtxr'ation only yielded exidurance;ipcreases of 9{2% and strength irxcreases of 13.1%. These
_results confirmed the findings of an earlier study by Rasch and Morelrouse (1957), who suggest
that a significant factor in their findings may have been that the group performrng isometric
c‘ontractioné "felt bored" because this for‘m of exercise did not offer a challénge. further ,
reeearch questioning the motivation ofggubjects to perform various types:)'f resistance exercises

o

" and tesultant stréngth gains would seem appropriate. ‘

4 )



~ Isometric exercises Ihqe‘ve eommonly been given by therapists early in the rehabilitative ‘
process to maintain or imprave muscular performance where actnve movemem is undesireable
(St\eele 1980); generally, isotonic exercises predommate in Lhe la@er stages of treatment. It must '
be remembered that with isometrics, improvement is confined to the point in the range at which
° ‘resistance is impdsed. and ther.et‘ ore a series of isometric eontrac;ions at various joint angles‘
should be employed (Pipes, 1977).

Isotonic exercise can be imposed in "man_v ways, for example with the use of
free-weights. pulleys, éprinés. and most multigym units. ‘Weight-i)earipg' exercises using body
weight'and/or additional loading as the opposing f drce are common, both in rehabilitation and .

_ athletic training. The rdain limitation is, as preVibusly reponed. that maximal resist_anc'e is
1mposed at the weakest part of the range of movement, thus overall improvement throughout |
-the entire range of movement is not achieved (Hxslop and Perrine, 1967)

Manual resnstance enables the therapist to 1mpose an accommodatmg resistance to the
contracting muscles The advantage with this type of exercise is ‘that maximal contraction can,
with the panent s co- operauon and effort, be maintained throughout the movemem Mafial
resxstance is probably a safe method of introducing resistance exercises to weak muscles (Steele.

;.1980). A satisfactory resxstan_ee regimen can be given manually dundg the early stages, but as |
strength is gained increasing resistanee becomes necessary. -' The disadvantage df manual
resxstance exercises is that they are reliant upon an expenenced therapnst who can. provnde the '
necessary resistance to be benef icial in the rehabilitative process

Ihe concept of isokinetic exercise has been previously presented in this review, but a
discussion fegarding the value of isokinetics ddring rel;abilitation is warranted.

" Isokinetic contractions ‘provide muscle rehabilitation‘and_ trainidg throughout the range
of ‘motion of a joint at constant velocity of cdntraction while automatically aceommodating the
resistance to the developed muscular tension. gH:slop and Perrine, 1967; Perrine, 1968). Other
advantages of 130kmetxc training for rehabilitation include:

‘1. "Safe” muscle contractions (Sherman, et al 1982; ‘Davies»._ 1_982). The contraction is

.
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considered "safe” because the resistance is never greater than the produced rnusctllar e
ten;iop. Therefore, it pfovides‘ protection of paiaful areas in the mige -‘ of motiob» .
(Steadman, 1‘979). and the risk of re-injury through resistance overload is eliminated. -
‘However, one group have reported a tendancy for subjects to "back off " during slow speed\_ ,

testing (30°/second) of the upper limb followmg surgery (Elsner Pedegana and L@ng.‘"‘ ’

1 1983). They suggest ﬁ\at the fast speeds > 60'/second) tend to yield more accurate
results, but that further research’ to determine the optllhum speed Gfor testing and
rehabxhtauon is necessary -, | |

2. Maximal resistance through the "velocity spéctrum (Davies, 1982) Bécause of the control

over velocity of limb mdvement capable with Cybex II (0" to 300'/second) lngh speed

low -resistance and high -_reststance low-speed rehabxlxtanon programs are possible.
3. Recipirocal ‘exercise patterns (Sherman, et al 1982), ‘for example, flexion/extension,
: interss:/ggternal rotation.

-‘4. Minimal post exercise soreness {Davies, 1982). because most isokinetic deviées allow only

concentric muscular contractions. The exception being the Kin-Come device’which does’

permit eccentric isokinetic contractions.

5. Isokinetxcs also provide for: efficiency- of muscular: contractionS' decreased joint o

compresswe forces at high s pwds. objective feedback for the subject and objective’ '

Coe supervnsxon of rehabilitative programs (Davies, 1982).

2.4 LIMB AND MUSCLE BALANCE
The need for a balanced state in terms of miuscle f uncuon between th% contra-lateral
: hmbs has been shown to be demeable for injury-free functioning, pamcularly in manual
labour voamons agd sports participation (Steele, 1980). Abbbtt and Kress (1969) tested the
~ thigh strength of 90 new eudets all ‘of whom had hxstones of pre- Aeademy knee injuries,

before they embarﬂed 6n mmtary training. It was found that those that demonstrited a

*Chattecx, Chattanooga, 'TN, |
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differential :"'{;t:ength in the quadnceps or hamstrmgs tn excess ol‘ 10 Ibs (measured by a

‘ . / ) . U‘ . ) » " ! ) R - e s 19 ‘
B v v L - ‘

Rt

e multr -angle isorpetric testing techmque) berween the two limbs were more susceptihle to lnjury X

(re mjury) than those who achreved strmlar scores Further 2 group who then undertook a

a

"specrfrc isometric condtttomng program sustatned srgmftcantly fewer mjunes compared with

'_ those wrth proven weaknesses who merely contmued with normal. mtlitary tratmng &g):’unes ’

among 33 cadets) Generahzanons regardmg hmb balance and’ the mc:dence of lnjury, from

the results of this smgle study should be made cauttously Further mvestrgatron and

documentauon is needed before f irm conclusrons can be. drawn

g

. Bender et al (1964) also drscussed the potentral nsks attrrbuted to 1mbalance between

the lower limbs. Usmg tsometnc tests’ they found -that an- 1mbalance m excess of 10% rendered'

o the subject mJury prone. they also suggested that people wrth poor strength values per sein

relatxon to body. werght are more suscepttble to tnjury than thetr stronger counterparts Davies

(1982), has Stated that contra- lateral comparxsons wrthm 10% to 15% are usually considered to |

be wrthm normal hmtts . He does not "however, state whether these normal limits apply to
upper" or lower extrgmrty musculature " |

Perhaps one of the. better attempts to quanuf y contra lateral strength ratios m the

lower hmb has been presented by Goshn and Chartens (1979) Usmg standard scores,. the "

authors demonstrated a srgmftcant dtffel’ence m the leg (knee) extensor. mechamsm between;__

* dominant and non- dormnant ltmbs for both male and female subjects The stze of the
- difference was in the order of 13 3% for males and 18 8% for females The authors falled to
- show any stgmfrcant dtfferences when standard scores from left and nght hmbs were compared.

\\They were careful to state that tlle noted btlateral chfferences Wére normal only for the

,populatron sampled angd - for ‘the velocrty tested (30’/second) Compartsons to other a

populanons (i €. asymmetneal sports parucrpants) and to other test velocmes should be made

~ with cautton and in fact warrant separate reeearch

'I'he tmphcatrons are clear. Firstly, a balanoed stite between the two limbs shoutd be :

' ) sought Secondly. the weak or overwetght should be encouraged to undertake a general program; :

/

‘ :



conducted.

to improve muscle Tunction, and where applicable, reduce weight. Einallyl research that yields

objective contra-lateral ratios, particularly | me respect ‘to the upper limb, needs 1o be

important in the prevention of i mjury. and a key to normal healthy f uncnomng (Coplin."1971;
Davnes. et al 1981; Goslin and Chartens 1979; Ostermg. et al 1977 Smith, et aI 1981; Rankm
and Thompson, 1983). '

Coplln (1971), has suggested that the hamstrrngs of college aged athletes should have '

strength values of about 60% ol‘ the quadnceps Alteration in thxs ratio is thought to increase

the risk of knee: mjury Davxes et al (1981) found hamstnng to quadriceps ratios of 60. 9% at

Balanee between a;onist " and anta”'gonist muscle grdups has also been shown o be’

20 -

: 45'/second and 80. 4% at 300‘/second in their study of professional football players Goshn and

A

Charteris (1979) studled 60 untramed men and women at. 30 /second and found a hamstnng o .

quadnceps ratro of 44 That study was an attempt to establlsh norms for quadnceps and

hamstrmg strength The authors concluded they could not set a norm based on a standard score

for hamstrmg to quadnceps ratio as the value at’ the top and bottom ol‘ the scale would be "

. -pathaloglcal not extremes or normal. Ostermg ‘and co-workers (1977) Sllldled undefmed

college athletes, and found ratios of 57 at SO'/second and 77 at 400‘/second They concluded
that at speeds approxrmatrng actual perf ormance the hamstnng to quadriceps ratio. was closer
to umty At these speeds it seems that the hamstnngs can exert a greater propdrtton of thexr

strength than can the quadrtceps “

BN

In a study of ehte amateur and professronal ice- hgckey players Smlth o al (1981),

approaches unity (.62 at 30'/second and 81 at 180‘/second) In patred abducuon/adductron

- measures of the shoulder joint, the same group demonstrated tﬂf fering ratios by test speed, and

by player posmon Goalies demonstrated ratios of .69 and .66; defencemen 2 and 85; and
forwards .74 and .73, at test spwds of 30'/seoond and 180‘/second respectively.

..

ki
.

T

-

also concluded that as velocxty of limb movement increases, hamstnng to quadrrceps 1atio
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Rankin and Thompson ( 1983) have completed an extensive study presentxng normative
) g hamstrmg and’ quadnceps data for mcommg college athletes for 31 sports at 3 different test

\ speeds. They have estabhshed average strengr.h to body. wexg_ht values, as well as hamstring to
quadricepa ratios. They suggest that this normative. information is esséniial for aghieies
coaches and therapists for purposes of trauung and rehabllnauon in pamcular and that'
further tésearch is needed to estabhsh t{orms for upper extremity exercxses in' various

a

- populanons .

2.5 THE NEED FOR NORMATIVE DATA
In the absence of specific normative isokinetic dynamometry daLa Nchmcxans therapists
. .. and research workers' have rehed upon a contra-lateral or unmjured hmb to provide
information about' that mdmdual s norin.al’ capability. This information may give some
measure*of Suitable goals. -However, Smodlaka '(1977)(\lstates that additional scales for
'corriﬁarisen are needed when the uninjured limb is a poor indieator of EHCh characteristics as

strength,k pov“ver and endurahce. ‘ -

. There are sever'al important points to consider that might be better answered by referral ‘

to normative data. o - _ T

A

~Firstly, is the contra-lateral limb the dommanr or non-dommam limb?
Clinical and research work indicates that the non-dqminant _loWer _muscu‘l'iture is
commonly 5% to 10% “°ake: /peak torque at'3d'/§econd) than the dominant limb (Davjes,
1982; Goslin and Chsrie 479 . This problem is ean\iculary acute in the upper exthehnity
wheie,dominantﬂan 20 Mui.ett imbs presem very different physiqlogical and performance

f ch;racteﬁsﬁcs (Edwugs ard Vi~ 1982). Thxs is probably due to the fact there is no shared
wenght bearing ,.reqmremem amd that the dommant arm is predominantly used for the most

- demanding acuvmes In one study. for example a 25% superiority in dominant limb shoulder
’m"gsculature was common among Jai-Alai playere (Isolated Joint Testmg and-Exercme. 1980).

! In another st\'u‘ity of eih;e amaaeur and prefessfonal ice-hockey playehs Soiith, et a/ (1981),

<

7 L . &
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stated that right-left side muscle imbalances related to specific favoured i)layer movement
responses, and noted that te"s'ting would provide valuable corrective information for the player
and the coach. |

A second question to conslder; in terms of p}escribing rehabilitative programs zs has the
capabllity of the uninjured limb decreased because of disuse or int|eruptio,n ol f training due to
injury? | 7
Research has demonstrated the effects of immobilizatjon on the de.gree of atrophy and
strength losses (MacDougall, et a/ 1980; Jerisen and &@%5). These findings are also true
of the uninjured limb mcases ﬁhere the sjbjec’t is bedridden or has to compensate his/herb
normal activity level (Jensen ;and Schultz. 1965). In college athletcs. lossés of 1,5% to 3% per
.' day have ,been observed in the uninjﬁted limb due to confinement (Jensen and S(:hu}tz. 1965).
. This factor must be taken into ac;ouht when setting rehabilitativé and retraining goals. Without
knowing tl}e degree of decrease in function of the unii'xj'ured limb, diff iculty‘ arises in accurately
setting goals for the injured limb. The development of normative data would provide the
therapist and the patient with goals to achieve, both for the injured and uninjured limﬁs.
,Thifdly, the questlorf must asked, Is the subjecf 's normal muscular capabilty suf({cient ﬁ
his/ her activities? B . | |
It may well be that injury was caused, and rehabilitation is necessary because the
subject's normal capabilities are less than desired. This being the case, in addition to a
{ehaﬁilitativ‘e pragram. an injury prevention program ‘cons.isting of sr.feﬁgth exercises for both
‘limbs  should be indicated. .Normative information coui’d», establish rehabilitative and
strengthening goals.
The final point that must be addr_essed is the somewhat subjective and empirical information
that many therapists have, to date, based 'rehabflaatlon progrdbzs on. |
As an example, exefcisé has been difficult to monitor, since there has been noA criteria
other than pain as an indicator of overload and increase in strength (Nirschl and Sobel, 1981).

Unfortunately, human pain thresholds vary so widely that pain is unreliable in many cases.



| Mgnitoring strength is a much more objective mgasure, and to do so prbfiles and normative.
information would bc of _gr?at assistance.

‘Rehabilitation is an area where runhér'research is required to ensure that optimum
treatments can be offered to the patient (Sieele. 1980; Eriksson, 1981; Edwards and Vitti,
1982). It is exuemely important in the care of injured -athletes, and indeed ari'y other patient
that Lﬁe therapist cares for, that the therapist has the necessary knowledge and ability.
Rehabilitation is challenging work and often the therapist is working without sciemifiuliy
established programs in terms of the ultimate goals he/she is aimiﬁg for. It is the belief of this
author that the development of normative isokinetic dynamometry data will help to shed some

light, and assist in the provision of rehabilitation and retraining program goals.

-



3. METHODS R

3.1 SUBJECTS ‘

The subjects in this study involved 74 informed and consedtin_g femele volunteers
between the ages of 18 and 22 years (mean = 20.99 il.19). Subjects were university residence
stude‘nts frgx\v)gjous facultiee who were randomly selected, and were identified as being in
good health and having no known pathologic condmon nor previous surgery of either of the
upper extremities. The students represented a variety ol' faculties, Wthh is .noted for

-

_information in Appendix A. It was assumed that the females in this sample were a good

representauon of the normal female umversuy populus

3.2 MEASUREMENT APPARATUS

The Cybex 11 isokinetic dynamometer was used to measure the peak torque values of
flexors and exier;sors of both the elbow and the shoulder joints, as well as the internal and
external rotators of the shoulder joint. The constructxon features of the Cybex 11 dynamometer
have not. been pubhshed but the dynamometer apparently consists of a snmll DC servomotor
employmg tachometer feedback coritrol. Once a pamcular velocity has been set, the mptor
resists aeeeleratxons that would otherwise have been caused by apphed torques. Thus, the.'
‘isokinetic (constant velocity)"'condit,ion has been achieved (Sale and Norman, 1982). |

The Cybex II allows torque to be applied and measured in two opposite directions. The :

servomotor does not rotate in both dlrecﬁons; hence the bi-directional capabillty is most likely:
achieved by the use of a pair of unidirectional gears.

A noteable safety feature-of the Cybex II is that the‘(fnput shaft does not rotate thh
the motor The shaft must be accelerated (by the subject) and will engage the servomotor when'
its velocity matches that of the motor; in fact engagement occurs when the subject attempts to

accelerate the input shaft beyond the pre-set veleeity of the servomotor.

24
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. The Cybex II two-channel thermal recorder. integral to the Cybex II, was used to
record the resul(s one channel displayed torque, and the second displayed angular
‘ drsplacernem The Cybex 11 dynamometer was calibrated at 60°/second for torque according to
. the manufacturer's recommendations as documented in the Cybex 11 Handbook (Lumex, Inc.,
1980) and verified by Moffroid, et a/ (1969)7 Certified calibration weights were placed on the
eelibratipn input arm (attached to the dynamomei‘e‘r input shaft; which was positioned above
the horizontal plane. The attachment was then released and the peak torque was registered as
the attachment passed along the vertical plane and through the horizontal plane. Reliability of
measurement (Moffroid, et a/ 1969; Johnson and Siegel 1978; Tliorstenssc_i_n. et al 1976) qnd.
clinical applicability of the dynamometer have been well docurriemed. The reported reliabilities
for various controlled parameters include: | o _ o N A o
1.t = 0.995 for test-retest of 2.27 - 27.27 kg (5 - 60 pounds) at any one lever artt position,
2. = 0.999 for predicted to obtained torqnies l'ar ‘various lever arm positions, and
3. 1= 0 946 for predicted to obtained power for 27.27 kg (60 pounds) with 60.96 cm (2 feel).
.. lever arm at three different speeds (3).-
Calibration was completed at the start of each testing seseiori. Detailed ealibralieri proeediires.A '
for the Cybex II isokinetic dynamometer ap.pear in Appendix B.C, andVD of this document. :

=3

3.3 TESTING PROCEDURE - Y

\ . i . ..
‘Three principles of posmomng@ed by Goslm an#l Chartiers (1975) were
stnctly adhered to during the data collection phase: - SR ,& ‘

1. Pamllel alignment - all moving limb segments were aligned. parallel-to-the input shaft of

the dynamometer. G .

2. Rorazional alignment - the axis of rotatwn of the Joms and the axis of rotation of the-
dynamometer input shaft coincided. _ ) -v "
-3, Stabilization - all limb segmems were firmly strapped 10 the dynamo ter or the Upper

Body Exercise Table (UBXT) as appropmte and the trunk posiuon wu




relative. wtheuhof 'rotation at all times, throu;htheuuof:mpstlshtlv :ecured at the
pelvis end upper torso. Limb eegments not actively moving the input shaft of the
dynamomeeer were not allowed to pamcipate.

The test positions employed for the assessment of ghoulder and elbow function were
consistent with those recommended in [Hplated Joint T nd Exercise (Lumex, Inc. 1980),
and described below: | ‘ "

1. Shoulder Flexion/ Exun:lon.

‘ The subject lat(Lm a supine position on the UBXT. The uppcr body and hips ‘were
A;sek:ured by the use of straps. The non-exercising arm was allowed to rest beside the body and
the hand grupedv a handgrip attached to the UBXT at hip level (PIate 3.1).The test arm was, .
posltioned on theinput shaft using a neutral handgnp 80 as not to posmon the wrist -at 2
dmdvanuge in either glirection of movement. The goniometer was centered on the shoulder\'
" just bejow the actomiort. One arm of the goniometer was plaw.o'parallel to the midaxillary lu_le
of the trunk; the o'ther arm of the goniometer was placed parallel to the longitudinal axis of the
- humerus along the lateral side of the ‘subject's arm (Kottke, e al, 1962). Shouldexl extension
began at 180" of flexion, and shoulder flexion began at (" or neutral (Figure 3. 1), Motion was
limited to the individual capabxhtxes of the subJect and exceeded 180‘ in all cases.

2, Shoulder Internal/ Exurnal Rotatlon. . .

" The subject laid in a supine position on the UBXT. The Upper body and hips secured by’

the use of straps The non- exercxsmg arm was allowed to mt besides the body and the hand .

 rasped a handgrip attached to the UBXT at hip LeveMeRlate 3.2). The test arm was plawd ina
posiuon of 90™ of abductxop which assisted in stabilization of the scapula and placed the arm'in

. 3 position to aeeommodate the dynamometet A neutral handgnp was used SO as not to posmon‘

" the wrist at a disedvanuge in exther directlon of movement The gomometex was qentred on the '
;- elbow jo,int Qne arm-of the gomometer was ‘held parallel to the: mxdaxnllary line of the thorax
‘n)e other arm of the goniometex was ahgned th the longltudma.l axxs of the forearm (Kottke




Plate 3.1 Subject Position for Shoulder Flexion/Extension Measurements
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of motion (Figure 3.2). ' ' ' ‘ T

Elbow Flexion/ Extension Measurements:

N

'I'he subject was positioned in a supine position on the UBXT and the upper body and
hips were secured by straps (Plate 3.3). The exercising arm was placed in :Jymon of 90' of

abduction which assisted in 'stabrhzatron of the scapula . and placed the ani¥-in a position to

) . . , ¢ ¥
accommodate the dynamometer. A neutral handgrip was used so as not to place the wrist at a
' 1

disadvantage in either direction of movement. Subjects were not permitted 1o raise the upper

arm from the UBXT and a strap was used to maximize stabilization. The goniometer was

A3 N

centered over the elbow joint laterally' One arm of the goniometer‘”was placed parallel to the
longrtudmal axis of the humer\JS and the other arm was placed parallel 10 the longrtudtnal axis
of the radius (Kottke et al 1982). Elbow flexion and’ extensron were completed through a

" maximal individual range of mouon (Figure 3.3).

. Al subjects completed a consent form and were assumed, because of interest in the
Q o

making maximal cfforts in each test ‘situation. A copy of the explanation and

mf o) consent form appear in Appendxx E.

All testing was undertalEen at a dynamometer speed of 60°/second. Rll subjects were

conversant with’ the tesungdevrce and 1ts principles of operation, having read a complete

explanatton of the purpose of the study and the testing procedurc to be followed and havmg B

completed N sub maxrmal pracuce/warm up movements for the shoulder and elbbw exercises

pnor to each test \

All measures were obtarned f rom the maxtmum score of three parred tnals through the .

maxm‘ral individual range of motion, where each effort was followed by a 30-second rest
'p'eriod. Each effort was :ecorded on a dual channel heat sensitive r‘ecorder integral to the
Cybex I1 system ata darnp setung of 2. A paper speed of § mm/second for the first two trials,
and 25 mm/second for the thrrd tnal was used in all cases. (Isolated Joint Testrng and Exermse

1980).

Ler e
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Plate 3.3 Subject Position for Elbow Flexion/Extension Measurements
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1977; Knapik, et ol 1983).

betweéen the means of data from:

"

Botlr right and lef t limbs were evaluated and note was made of which hand the suhject used to o
write wlth ‘this was then referred o as therr preferred" lrmb Peak torque (ft. lbs) was
measured dlrectly from the recorded trace, by stmply notmg the maxtmal "height” ol‘ the

rec‘orded trace in paper divisions and multrplymg by" the ampllftcatton settrng Peak torque-

‘values were then oonverted to Newton meters (N. m) usmg the followmg conversion factor 1

i

ft. lb = 1.355818 N .m. In all tesung the 180 f t lbs amphfrcatton ‘scale was selected as per the
manufacturer's recommendauons ( Isolated J omt 'I‘estmg and Exercrse. 1980), and in agreement
with other studres deterrntmng upper extremity torque values (Srmth. et al 1981, OStermget al

’

e

34 LEANBODY WEIGHT -

~ Body weight was measured to the nearest 50 gm using a 'Homs"beanr balance ‘scale.

Height was- measured with a standard stadiometer to the nearest 0 5 cm. Percent body fat was

‘ ,calculated from skrnfolds usrng the technique of Dumgn. and Wormesley (1974) Duplrcate :

measurements of four skmfolds were obtamed (bicep, tricep, subscapular andsuprarhac) usrng'-
a Harpenden caliper.. The means of duplicate trials. were used in all'analyses. Lean body weight
(LBW) was obtained by subtraction (LBW = BW fat wetght) Lean body weighit was .
determined primarily for descnptrve purposes, such that the female in thrs _study could be
compared with "normal” females described in previous studies (f‘Reference Woman"; Belmk_e '

and Wilmore, 1974; and "‘CanadianRef erence Female Student"; Carter, 1982).

3.5 STATISTICAL TREATMENT -
. .
The statISuoal treatment’ of these - data, i.e. peak torque and angle of peak torque
involved apphmtron of Student's t-tests to examine the srgmf icance of any drfferenoes noted
1. right limb and left limb, and - -
2. preferred limb and non-preferred limb.
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~ Normative data for each of the limb movement measurements were compiled into
tables of percentile rankings- where the me;n is the SOLh' percéntile. The nc;rmal pe’rcenfage ‘
' differe'nce in peak torqhe production capacity of right to left, and preferréd to non-preferred
limbs were presemed in the form of-histograms for each limb action measured, Imbalance was

| md:cated by the percentage dxffc?encc “(left of right, and non-preferred of preferred) one and
two standard‘ devnauons below the mean. Finally, the mean agonist-to-antagonist rauos for

60"/second of movement were presented to show the range of normal ratios, and to give,

indication of ratios at two and three standard deviations above and below the mean.



- 4, RESULTS AND DISCUSSION

4.1 RESULTS: | -

The physical characteristics of the university aged female in this study a‘re_summarized
in Table 4.1.

The female in this study is taller (165.37 vs 158.03 cms) and heavier (60.45 vs 56.75
kg), has a higher lean body weight (45.13 vs 41.43 kg) and lower percent body fat (25.45 vs -
27.0 %) than the "Reference Woman*, previously des:c'ri—bedby Behnlt‘e"»k'and W_ilmore (1974). It
should be‘noted. however, that these differences were not st'atisticallyv sigm'ficant (p<0.05).
%The femalé in this study is heavier (60.45 vs 57.5) than .the "Canadian lReference Female
Student”, as described by Carter (1982). Other physical characteristics are very similar to the
Canadian Reference Female Student (age: 20.6 vs 20.99 years, height: 165.7 vs 165.37 cms.), -
suggesting that the female in_this study is a good representation of the normal uniy"e‘rsity aged .
fernale. ' |

When nght and left limbs were compared signifi icant differences (p<<0.01) were noted
" in peak torque production for all hmb movements measured, with the excepnon of shoulder
flexron and elbow extensron The same was also true when preferred and non-preferred lrmbs~
Lzgre compared Tables 4.2, 4.5 and 4.8 provide a summary of the p‘torque producuon.k

values for each of the three paired limb movements measured for right and left, and preferred
and non-preferred limbs. Since these differences exist; it is appropriate to present ‘the
normative (percentile ra'nkingsv) data for -each limb and limb movement seperately (Tables 4.3,
4.4,4.6,4.7,49, 410) |
Figures 4.1 to 4.6 illustrate the normal relationships in' university aged females between
- the movement ,mechanrsms (shoulder_ flexion and extension, internal and external rotation, and
' elbowh flexion and extension) of right to left, and preferred ‘to non-preferred arm. Goslin and
Charteris (1979). have proposed tha contra-lateral limb balance is within "normal limits” up

to a maximum of 10% to 15% difference in peak torque production capacity. They further -
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Table 4.1 PHYSICAL CHARACTERISTICS OF FEMALE UNIVERSITY STUDENTS

37

\
CHARACTERISTIC MEAN SD. RANGE

Height (cm) 165.37 6.43 147.0 - 177.5
Weight (kg) 60.45 6.55 46.5 - 19.5

" Age (yr) 20.99 1.19 “18.19 - 22.99
% Fat ' 25.45 4.78 15.7 - 36.1
LBW 45.13 4.78 33.65 - 57.72
n=74
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Table 4.2 MEAN MAXIMAL ISOKINETIC SHOULDER FLEXION/EXTENSION PEAK
TORQUE AND RATIO TEST NORMS FOR, UNIVERSITY AGED FEMALES AT
60'/SECOND (n = 74) o

~

)
LIMB MOVEMENT ___ PEAK RATIO (FI:Ex)
' TORQUE -
(N.m) £ S.D.
|  Flexion 1363165 .
Right o o 1:1.25 (80%)
Extension $45.4 £ 8.2 &
Flexion 35761
Left . 1:1.21 (82%)
Extension $25£79
Flggion 36.5 + 6.4
Preferred. _ . 1:1.25(30%)

Extension (.  $45.5 £ 7.7

»

[V
¢ Flexiomy * . 355+ 6.2
n‘g)," .
Non-preferred . ' 1:1.21 (82%)
Extension $43.2 + 8.4

t Significant difference ( p<0.01)



Table 4.3 PERCENTILE RANKINGS FOR MAXIMAL ISOKINETIC SHOULDER

39

FLEXION PEAK TORQUE TEST NORMS FOR UNIVERSITY AGED FEMALES AT

60°/SECOND (n = 74)

h PEAK TORQUE (N.m) |
PﬁRCENTILE Right - Left Preferred -Non-preferred |
100 52.8 43.8 528 - 50.1
95 49.2 47.8 46.8 48.8
.90 44.7 44.7 44.7 a4.7
85 42.0 43.0 43.0 40.7
80 40.7 0.7 40.7 40.7
5 40.7 9.7 40.7 . } 40.7
70 400 9.3 40.7 39.3
- 65 37.9 36 .- 38.9 36.6
60 (\ 37.9 36.6 37.9 36.6
55 ' 366 . 36.6 36.6 35.2
50 36.6 3.2 36.6 34.6
45 35.2 3.9 35.2 -39
40 339 3.9 35.2 33.9
35 339 32.5 39 s 328
30 33.2 3.5 33.2 31.8
25 32.2 31.2 33.2 " 312
20 31.2 312 31.2 312
15 . 28.8 2.8 28.8 298
10 27.1 28.5 28.5 28.5
5 257 2.4 25.7 254
- 0 2157 21.7 23.0

2.0

-0
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Table 4.4 PERCENTILE RANKINGS FOR MAXIMAL ISOKINETIC SHOULDER '

EXTENSION PEAK TORQUE TEST NORMS FOR UNIVERSITY AGED FEMALES AT -/
, P '

60°/SECOND (n = 74)

"PEAK TORQUE (N.m)

PERCENTILE Right Left - Preferred Non-preferred
100 ;691 664 - 610 69.1
95 58.6 58.6 58.6 486
%0 556 55.6 5.6 54.9
85. 54.2 .01 42 512
80 52.8 48.8 528 48.8
5 51.8 483 s1g " 438
70 sl 4745 1 a4
65 . 4847 4.1 - 48.8 T4
60 . 44 “r 47.4 4y
.55 4.1 81 . 4.1 ’ 43.4
50 46.1 034 AT 2.0
a5 444 2.0 o 40.7
" 42.0 w7 43.4 393
35 » 393 T o0 . 393
0 w7 93 40.7 319
25 393 e w3 36.6
20 BT 36.6{. 39.3 36.6
15 3.6 ' '35.2A ©369 42
10 £ 35.2 B s 33.9
s 3.2 OV I ¥ 305 - ‘

0o 271 - 8.5 27.1 28.5
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“Table 45 MEAN MAXIMAL ISOKINETIC SHOULDER mmmlﬁ}ér&m #,‘.

ROTATION PEAK TORQUE AND RATIO TEST NORMS FOR Unrvgg:‘lh c;np o “.
t._( w

FEMALES AT 60'/SECOND (n = 74) Tw ;.;, ,?’ : 4 ’r
DR v '
'/ J° ; ..j ; f -
4
o —
LIMB MOVEMENT PEAK RATIO . ° . -
TORQUE (Ex:ln) s
(N.m) t S.D.
. 5 ; 5 <« &
Int. Rot. - $19.8 £ 5.2 |
’ 3
Right | - 1:1.12 (88%)
Ext. Rot. .- $17.7 £ 422 e &
Int. Rot. e
Left | © 1:112(88%)
Ext. Rot. 4165 £ 4.0, .
Int. Rot. $19.8 + 5.1
 Preferred ©1:1.10 (90%)
. Ext. Rot. $17.9 + 4.1
Int.Rot. - $18.4 + 4.8
Non-preferred - - ‘ 1:1.13 (88%)

Ext. Rot. $16.2 £ 4.0

t Significant dlfference (p<0.01)

Q



| »Tahle 46 PERCENTILE, RANKINGS FOR MAXIMAL ISOKINETIC SHOULDER
~ INTERNAL ROTATION: PEAK TORQUE TEST NORMS FOR UNIVERSITY AGED
s FEMALESAT 60'/SECOND w=m T e
T PEAKTORQUE(Nm)‘ |

PERCENTILE ~Right :,Left .ljyeferred Non-preferred

L

00 39, #s 0 ms ms
T ;s 21 o o®’s %1
,/iﬂgj;'m _ %4y 44 %4 B I
o s 2.4 Cma - wa o ua
ow w4 om0 4 S me
A X X0 Como mo b om0 :
0 ;o 03 _‘23‘0”_;‘{‘ w3
6230 B Y, o
® a7
s g
I 20_.:3
Ts . we o
0 B 176 o
e B 162
B R S ()
25 16.2
x 162
® 19

. S
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FEMALES AT 60'/SECOND (a = 74)

a5

Table "4.7 PERCENTILE RAIJKINGS FOR MAXIMAL ISOKINETIC SHOULDER
EXTERNAL ROTATION PEAK TORQUE TEST NORMS FOR UNIVERSITY AGED

PR A

R T PEAK TORQUE (N.m) |

"PERCENTILE Right Left Preferred ‘l\'onfpref'\‘.rred
— — > . = — ‘ \

00, 325 YA RS 21.1

wl

95 - 2471 24 w1 44
%. 80 om0 30 ng
8 . ®m7 a7 230 203 |
0 o7 3 a1 w9
s w3 189 03 19
170 189 16 + 196 16
65 s 13 189 162 - ©
60 T ows . 62 17.6 162
s e 162 e 182
50 12 162 162 162
s w2 us 162 149
o .2 149 62 19
35 S w9 12 149
0 12 149 162 149 .
I UL vy us s AP oc
e £ £ X P AR
s ows . w2 s ot n2o

100 e1e 122 135 . - 122

Csoem2 S s 22 95

0o gl e m2 68
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Table 4.8 MEAN MAXIMAL ISOKINETIC ELBOW FLEXION/EXTENSION PEAK
TORQUE AND RATIO TEST NORMS FOR UNIVERSITY AGED FEMALES AT

60/SECOND (n = 74) S e
- L
]
. . S . ) \
LIMB __ MOVEMENT ~ PEAK "RATIO (FEEX)
. . TORQUE
~ (N.m) £:S.D.
* 7 7+ Flexion. < §248 %54
" Right S L 1:3.:20 (83%)
| _ Extension © 30069 .
‘Flexion =~ 423 ,
Left | b : 1:1.26 (19%)
| * Extension . 294 F ' |
& e |
Flexion: $25.1 5.5 ' !
Preferred | " 1:1.19 (84%)
| Extension - 29.9 6.4
Flexion o315l
Non-preferred _ ’ A "1:1.27 (78%)
" Extension 29.4 + 6.8 :
L D $ Significant difference ( p<0.01.)’
._,"'\;_,:lf "
| o X o
v . - :;;’..'
. N - B ! ..
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Table 4.9 PERCENTILE RANKINGS FOR MAXIMAL ISOKINETIC ELBOW FLEXION -
PEAK TORQUE TEST NORMS FOR UNIVERSITY AGED FEMALES AT 60°/SECOND (n
= 74) o |

PEAK TORQUE (Nm) . %
PERCENTILE : kight , | Left ' Preferred Non-pr:ferred
S0, 407 32 41 35.2
9. ms .. . ®Y B 33
90 DEYY n2 s 312
85 2 o295 B2 ;s
80 98 85 298 - Sy
s 2* %1 »8 - 253
70 1 257 .85 s
65 - 71 u4 ;1 24.4
o 51 244 211 2.4
.55 <81 W mo 25.7 23.0
s0 . 244 230 251 - 230
a5 24 230 244 20
0 M4 211 R YR S oag
3 20 . 07 20 03
30 o oaa 203 a1, w3
235 203 N/ 200 w3 03
-0 203 189 | 203 e 18;9_
15 93 166 BS 116
0 169 162 S 162 62
s 162 BRI 162 R
0 08 149 . U9 108
as
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Table 4.10 PERCENTILE 'RANKINGS FOR MAXIMAL ISOKINETIC ELBOW
EXTENSION PEAK TORQUE TEST NORMS FOR UNIVERSITY AGED FEMALES AT

S

60/SECOND (n=14) - - . |
— PEAK TORQUE (N.m)
* PERCENTILE Right Tt Prendl  Nowpreferred
W s6s 0 48 C a8 569
s . 44 - w0 . a4 Y
w0 03 %6 B 3.6
s 316 59 36 B X
80 339 S X B9 ns
75 TR 325 32.5 32.5
) s 3.5 s 318 |
', 65 322 a2 s 31.2 \
60 - o2 312 31.2 312 \‘\
s # 28 312 a2 30.2 ‘\ .
0 285 - 29.8 » 29.1
a5 285 x5 B 28.5
0 211 271 | 211 27.1
. 27.1 o287 27.1 2.7
30 B Y X s 2579
s - 257 a4 25.7 284
P20 244 ou4 2.4 " 24.4
IRCEE 230 3o B0 23.0
T 2.4 2.4 a4
5 . 200 186 03 - '18./6

0 o2 16 162 116
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suggest that m lower xsremity comp4risons imbalance becomes a problem, in terms of risk of
injury, at_one standard deviatio

relmonslups revealeo@ this §

ow the mean. The normal upper extremity contra-lateral

ve been préented using Goslin and Charteris’ criterion
measure of one standard devmuon below the mean as an indication of imbalance. The
peroentage (left of right, and non- preferred of preferred) at two standad’devuupns is also
presented for descriptive purposes. o

Figures 4.7, 4.8 and 4.9 display the mean agonist-to-amaéonist ratios for the three
paired limb movements measured. They are presented in a manner calculated to emphasize the
clinical irrrponance of normal agonist-to-antagonist torque producing capabilities of university
aged females at 60°/second for shoulder flrexion/extensdidn. internal/external rotation, and eibow e

flexion/extension.

Nl

Finally, Tables 4.5 4.7 summarize the angles at which peak torque was

achieved in each of the paired lim ovements. When right and left limbs were compared,
significant differences were noted between the angles at whxch peak torque was achieved in the
shoulder ﬂexxon (p<0.05), and the elbow extension (p<0 01) measurements When preferrgd
. and non-preferred limbs were compared, s:gmﬁcant differences were apparent in the shoulder
flexion (p<0.05), ‘and the shoulder internal rotation (p<0.01) measurements. All other

]
comparisons revealed no significant differences (p<0.05).

4.2 DISCUSSION
| Based upon the results of the statistical analyses, rejection of all null hypotheses
(Chapter 1) is warranted at the p<0.05 level of signif’ icunce. : e
| The first null hypothesis, stating that the rrreaus of data for peak torque from right and
left limb "werev not significaml)} different from each other, was rejected on the basis of the
differences displayed (p<0.0}) in a_ll limb movements measured, with 9the exception of
shoulder ﬂexion and elbow egrension. Similarly, significant differences (p<0.01) in all limb

movements measured with the exception of shoulder ﬂexmn and elbow extension result in the

Fag



Table 4.11 ANGLE AT Pgu'ﬁroaoug FOR SHOULDER FLEXION/EXSENSION TESTS
FOR UNIVERSITY AGED FEMALES AT 60°/SECOND (n = 74)

’ - gl

LIMB MOVEMENT ANGLE OF PEAK TORQUE N
‘ ¢ (degrees) £S.D.

Flexion 1132.8 + 144
’ Right Extension 48.0 £ 17.6
. , Flexion - $127.4 £ 169
| Left  Extension 454181
o TR P Fleien $132.9 £ 13.9
' sion ** 47.9 = 17.0

S S
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Table 4.12 ANGLE AT PEAK~TORQUE FOR SHGJLDER INTERNAL/EXTERNAL
ROT ATION TESTS FOR UNIVERSITY AGED FEMALBS AT 60°/SECOND (h = 74)

-

» .
+

7t - ‘ “a
‘ LIMB MOVEMENT ANGLE OF PEAK TORQUE
(degrees) t S.D.
Int. Rot. + 390 £ 20.1

Right Ext.Rot. - 53.7 % 26.6

"Int. Rot.

DL Extyrouge T 546+ 236 o
. ~ IntRe $40.9 £ 19.4
'  Preferred Ext.Rot. 525+ 261
Int. Rot. $32.8 £ 19.5
Non-preferred  Ext, Rot. $3.7+£200 };‘i

¥ Signi ficant differ?nce (p<0.01)
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' Table 4.13 ANGLE AT PEAK" TORQUE FOR ELBOW FLEXION/EXTENSION TESTS FOR

"UNI VERSITY AGED FEMALES AT 60" /SECOND (n = 74)

J\Q‘.

*r

TLIMB _ MOVEMENT ANGLE OF PEAK TORQUE.
(degrees) +8.D.
‘
i Flexion 112 94156 .
. ) , ‘ &‘,\,],"r)g‘
- Right Extensxon 1:66 8 + 148 A
Fleion 113.2 % 160
Left  Extension £59.6 172
« " Fleon . 1131146
Preferred Extension. 65.0 + '1_4.8'
 Flexion 1131 £ 16. 9~ .
Non-pxefenéd ' ;Extcxféibn. 61 4 :l: 178 . %

4 Significant difference (P§o.01‘)' n
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rejection of the;//second null hypotuesis. ewung that the means‘of ' data for peak torque from
. prefer‘red and non-prefir‘red limb were not significantly different from each other.

The two remaining null hyootheses' .smuhg that the.means of data‘tfor engle of,fpeak
torque from right and left limb and preferred end noo-preferred limb, were not significemly
different from each other, must also, be ‘rejected The basis of this .re'jeetion‘is the sigrrificent
dtfferences displayed in shoulder flexion, p<0 05 (right to left, and preferred to non- preferred
hmb) elbow extensnon. p<0.01 (right to left lrmb) and shoulder internal rotation, p<0 01
(preferred to non- preferred limb),

‘ The results of the present study indicate the normal peak torque producmg capabrhties‘
for university aged f emales for each of the f ollowmg limb movements at 60‘/second .
1. Shoulder flexro_n/exteusron,

2. Shoulder rntemallextemal'rotation. and | R
-3 Elbow fle:uon/extensnon | | |

. Beeause of the pauci‘ty of hterature in upper extremity rsokmeuc uormauve data -
compansons are dif fn?df However the’ findnngs of this study can be consrdered in hght of the
.work of Davres. et af (1980) who evaluated the ‘muscular capabllrtnee of the U S National

| Cross Country Ski Team. He evaluated the feﬁ!ale members of the Team at a test velocrty of
- ,45'/%econd and reported the following peaktorque vatues. 1) Shoulder flexion - 22.95 fo.lbs, 2y
shoulder'exteusion - 47.70 fu.fbs, 3) elbow flexion - 17.50 ft.lbs, end' 4) elbow extension -

27.10 fr.lbs.. - | o
| Comparisons are difficult because of the dif ferent test velocities (45 vs 60'/sec. } and
the f; act the Davies' subject?dhte athletes and would likely be expected to exhibit greater
torque producmg eapabrhues than the normal female. However. the females in the present
 study exhrbxted hxgher peak torque values in shoulder ﬂenon measurements (26 9 vs 22.95
ft.lbs). The skiers Were stronger in all other limb movements measured probably asa result of -
the specific upper extremxty work requrrements of cross country skiing. Of most remark is the

“high peak torque value e.elueved by the skiers in the shoulder extensron test (47.70 ft lbs) in

. . : W .
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relation to the shoulder flexxon test (22.95 fiilbs):: ’l‘lxs Hlpst likely results from the specific

polmg actron which requrres muscular efl'ort during 4K ‘,:lder extensron and back extension as g

the skier seeks to push the body forward. Perhaps the Iower\ "than n;Jmal" shouldtx flexion
_ scores are a result of the specrfrc extensor mechamsm reqntrements and the fact that the
recovery phase durmg ski polmg is essenually a passive action and rehes on elbow flexton and

. arm momentum ratheér than shoulder flexor strength
The reasons for the significant differences (p<0.01) noted in all limb rnovements
" measured, beiween right and left, and preferred and non-preferred limbs in peak torque
.' production capacity, with the exception of shoulder flexion and elbow eXtensioh are url\clear. It.
| is purely FSpeculation, but it may be said that both of these actlons_ are u‘ngommon
neuromuscular movement patterns. Conaecﬁxéntly. neither limb has developed snperioﬁty in

peak torque production capacity. The remaining limb movements are more commonly used;

neuromuscular patterns have been developed and the limb most commonly used for that

particular movement pattem has developed a superiority in peak torque producuon capacrty ‘
over the contra-lateral limb. As stated, thls is purely speculation, and requrres formal research
in order to verify or negite the argument. | " v

The contra-lateral limb balance that was displayed in all three paired limb movements“

in thrs study were wrthm the "normal limits" suggested by other researchers As previously |

stated, a contra lateral limb difference of 10% to 15% is consrdered to be normal and acceptable

for injury-free l‘unctronmg (Goslm and Charteris, 1979; Davies, 1982). However, beyond this ° '

" range, the possrbrhty of rnjury may be higher, and clinicians and theraptsts should seek 0
strengthen the weakerm to the level of the stronger one. Thrs may be partrcularly true where

both arms are used for acuvrty or vocatron for example gymnasts hockey* players, or golfers

Further research is necessary to correlate the mcrdence of upper extremity tnjury andv' )

lateral lrmb rmba,lanoe in these types of actrvrty and voeatron
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study describe the normal upper extremity agonist-to-antagonist ratios ’ol' university aged
females at 60"/second. It is the feeling ‘of ‘this author. \i,nd as yet unsubstantiated, that upper
extremity agonlst to- antagomst rat;os wrll also dtsplay -specific relationships. Further
investigation is neoessary parttcularly at the fagef test velocmes ( >60'/sec) in &H@ to
substantiate this argument. In addition, it is the uncorroborated contention of this author, that
a relauonship may exist between agonist-to-arttagonist de$iauon from normal equilibrium. and
“subsequent incidence of in jury particularly those involved in comjpetitive Sports '
The author of this study proposes that three goals exist in preventattve training, and
rehabilitation programs ‘ ‘ ‘ »
1: The maintenace or return of normal contra-lateral limb balance. | .
2. The maintenance or return of normal agortist-to;antagonist muscle balance,‘and
k"‘3; the maintenance' or return of average (50th percentile) normal peak torque production *
capabilities. - e .' | | |
The author contends tha—t’rehabrhtatron of the upper extremxty is not complete until the
followrng normal ratios at 60‘/second have been approxrmated
1. Shoulder flexor -to- extensor ratio of 1: 1.24 (Fig 4.7) and the weaker extensors not less "
than 76% (Fig. 4. 2) as strong as those of the contra- lateral limb. : o ° |
2 Shoulder internal- to external rotator ratio of 1:1.13 (Frg 4 8) and the weaker externat
rotators not less than 68% ( Frg 4.4) as strong as those of the contra- lateral limb.
. 3 .Elbow flexér -to- extensor ratio of 1: 1 26 (Fig 4.9) and gxe weaker flexors not less than

, '7-2% (th 4 5) as strong as those of the contra -lateral’ hmb

2

In addmon to contra lateral and agoqrst to antagorust balance appronmatmg riormal values

i _' programs must also approximate normal average
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The normal values for angles at which peak torque wes achieved have been presented
~ (Tables 4.11, 4.12 and 4.13). In all but three hmb movements, no srgnificam differences were
noted between comra -lateral hmbs The reasons for the significant differences in angle of peak
torque for shoulder flexion (right to left and preferred to non-preferred limb); elbow extensron
(rrght to left limb); and shoulder internal rotation (preferred to non-preferred lrmb) remain
unclear, \but may, in part be due to slight deviations inksubject limb positioning as a result of
errors in goniometry . Kottke, et al (1982); report that even-the most experienced therapist must
expect dif ferences in the order of 15 when measuring limb position \!ith a stand-ard )
gouiometer. Further investigdtion is necessary to deterrnine whether the sigmificant differences

. teported in this study are real, or whether they are a result of goniometer measurement error.
: (

— -

-~

Those that/ use isokinetic dynamometry as an evaluation techn_ique.' especially elinigl
practitioners, are well aware of the myriadaof test posrtions and test velocities that may be
employed in the assessment of museular potential, The norms presented here represent only a
‘ small portion of the possibilities. In order to estabhf normative data covering the various
,combmauons of test posmon velocity and joint tested, f urther study is necessary.
r Another " factor ‘not accounted for in the present nor_mauve rnfonnation is the
degenerative effects of ag}u’g on muscular tension development. This decrement is estimated to |
be 20% betvreen the ages of 25 and 60. The largesr portion of this decrement occurs from age 45
(Astrand and Rodahl, 1977). Althﬁoughﬂthis’ mean strength decrease information can be'applie"q
to the present norms to obtain' reasonable estimates of isokinetic potential in older subjects, it
would seem appropriate to sample youth rmddle -aged and older adult populauons to establish
norms ; f or these groups.

Frnally, these norms have been developed using university aged females, and have been

S presented as absolute values Perhaps converting these norms to- relaxrve scores (peak torque

per kﬂogram lm body werght) would provide some measure by which" ‘males may be
successfully rated. However, m_the absence of prehmmary comparauv.e.study to determine the |
_ differences, if any, in upper extremity strength between males and females when corrected for

SN | o



lean body weight, that step is mere conjecture. It is. the belief of this author that f irm

1

normative isokinetic dynamometry data for jupp.er extremity .exercises for males would prove

beneficial to clinicians, researchers and therapists alike.

L
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5. SUMMARY AND CONCLUSIONS

5.1 PURPOSE

The purpose of thts study was threefold 1) to describe the posmonrng techmque -
employed for rsoltmetrc evaluatron of shoulder ﬂexion/extenston. mternal/extemal Totation,
and elbow flexion/extension; 2) to present preliminary normattve 1soluneuc dynamornetry data
for the test posntrons used in the asseSsment of the shoulder and (e:bow Jomts}. and 3) to

"detemune the srgmftcance of any difference noted between right and left ltrnb and pref erred

’and non- preferred limb in peak torque productron capacrty. and angle of peak torque -

5.2 SUBJECTS. -

The sample consisted of seve'nty-four informed and cppsenting female volunteers
between the ages of 18 and 22. Subjects were university residence students from various
facultres who were randomly seleeted and were tdentrfted as being in good health and havmg

no known pathologic conditron nor prevrous surgery of either of the upper extremmes

5.3 PROCEDURES |

'I'he subjects were tested on a Cybex II isokinetic dynamometer ata spwd of 60 /second

and damp-'setting of 2. Peak muscle torque and angle of peak torque were measured in three

- supin€~paired tests: 1) shoulder flexron/extensron, 2) shoulder rnternal/extemal rotation, and

3) elbow flexion/extension. | -

' | Student's t-tests were applied to determine the significance of any dif ferences’ noted

between the means of data from nght and left and preferred and ‘non-preferred limbs.

Normative data was comptledo mto tables of peroenttle -ranktngs for each limb movement

I-hstograms illustrating norrnal contra- 1ateral limb balance were presented wtth mdtcauons of ,

imbalance at one and two standard devrattons below the mean. Frnally. the normal

agonist-to- antagomst ratros were presented in a manner calculated to show the range of normal

65
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ratios, with indications of the m@ values at two and three standard deviations above and

below the mean. s ~ ‘

5.4 RESULTS |
- An examination of the data indicated signiﬂcant difTerences (p<0 01) in peak torque
production in all limb movements measured, with the exoepuon of shoulder nexxoﬁ and elbow
extension. ‘ . . |
Significant differneces were nozed in the angles of Apeak torque for shoulder flexion
(p<0.05) and elbow extension (p<0.01) between right and left limbs. As well, shoulder
internal rotatign—reyealed a significant difference (p<0.01) in angle of peak torque when
preferred gnd non-preferred limbs were compared. .
Q
5.5 CONCLUSIONS
From the results of -this study the following conclusions are warranted
1. That significant dlfferences exist between right a;xd left hmb and preferred and
non-preferred limb, in the upper extremity peak torque production capabilities of
uziversity aged females at a test velocit_y of 60°/second, with the eiception of shoulder
flexion and elbow extension m6vements. . |
2. That significant differences exist at a test velocity of 60°/second between right and lef t limb
for f.he angle at which peak torque is achieved diiring shoulder flexion and elbow extension
movements. And that a significant difference exists at the same test velocuy between the
preferred and non- preferred limbs for the angle at which peak torque is achxeved during

shoulder internal rotauon movement.
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5.6 RECOMMENDATIONS

~ The results of the present study have established preliminary normative isokinetic

dynamometry data for three upper éxtremity movements in university aged females at a test

little information has been available to assist clinicians and therapists in the tasks of

Jelocity of 60°/second. The results are intended for use ip clinical settings where, 0 date, very

preventative strength training and rehabilitation. The following recommendations are presented

in hopes that further inquiry wii! oe stimulated in this area.

1.

"Replication of the present study to increase the size of the data base, and to substantiate
- - . . -

the significant differences noted in peak torque production and angle of peak torque.
The development of normative isokinetic dynamometry data which includes measurements
of muscular strength, power, endurance, contra-lateral and. agonist-to-antagonist ratios;

for different age-groups by sex and activity level, under the following dif: r'erém test

conditions: Various test positions; various joints tested; and, a variety of test velocities.-
- ° < ,’

This niay be approached in one of two ways: 1) actually test groups of normal subjects
under each of the test conditions, or 2) examine the isokinetic force;velocity relationship at
a variety of test speeds and the length-tension r;elaﬁOnship ina variety. of test positions and
subsequently apply the rclau‘ohsm:ﬁsi to the norms for the different age, sex and activity
groups. | |

Investigation to determine optimum isokinetic testing and rehabilitation velocities for

various joints, particularly in relation to joint pathology and/or injury.

Studies which correlate injury with isokinetic muscular potential in an attempt to define

the extent of normal musculai balance, and the point at which the risk of injury is

‘increased.

Investigation to determine whether speed-specific relationships in agonist-to-antagonist

- muscle group ratios of the upper extremity exist, particularly at faster test velocities.

Studies to show the degree: of decrement, if any, in isokinetic muscular ’potential with age. -
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below

1. Zero the recorder to reszing sxwl %the dynamothcter

~*4s4 CYBEX Il TOBQUE CHANNEL CALIBRATION

. Set damplng control at 2, chan speed

R . . T . . X . . S
' gy e [ wo . A
N i T .- R . L
. & . e e . L
- - . L, [
» i . . i N " . W . . .

. “ At
. , . | .
S . . . ) . . . .

It is 1mportun%mat‘the oalioratioh vv:pro'cedure be mowed in the order as indioated "
: . ‘_ih y .;,a «1 ,

g o R .
-*mm/sec and sj>eed selector at 30 /sec s

Make sure there is no load on the dynamorneler r, f.’?* ‘lf’f 3 )
\ 2 ﬂ:@ 3, B 1+ b m
“ “b. Set ft lbs scale on 180 and zero the" récorder stylu? hne ‘using Ihe teo adJust
v . knob for torque channel L R o , -
s c. Swrtch ft.Ibs scale to 30. T 3 . . |
= d. If stylus deﬂects from the basehne adjust r.he zero, null potenuotneter on the side of

';; 2. Calibrate each torque channel range scale.

fhe recorder wrﬂr cahbrauon screwdriver to zero stylus on chart baselme

epeat steps ) to 4 unul stylus deﬂects less than half of a minor divxsxon whe‘_f

- swrtchmg back and f onh between 180 and 30 ft.lbs ;wes

.forque channel to ft.lbs smle to be calibrated (in this case 186) set dampmg

cﬁromz N Y * ‘"* 0

. Set speed selector at 30sec, and ensure théﬁé 1s no load on the dynarnorneter Ad]usl .

3.
stylus to zero baseline usmg the torque channel zero adJ ust knob.
‘su A |
lnsert bration T-bar xntOlong input addptor and set Input arm length ar setung B.'

’Addszswsofweigmmmerbar“ .- T

Set chan speed to 5 tnm/sec e

[
~ .

4
l ~

'ert t.he werghted T barw-to a vemoal posmon above the dyng%meter Push the )
: weighted armf orward gently to engage thé"rskonenc resistance before lettmg g0 SO that

~

| the am fans{moothly until it contacts the ﬂoor

~Check ;he torque readmg on the chart recordmg The pedk value for the 180 ft.lbs
' scale should réach 5 major dmsrons above the basehne B s
If the chart recording does‘ not agree with this value, adj ust the potennometer for tpe

~



‘; s 180f t.Ibs scale with the calibration screwdtiver.

"

-i." Once the torque value is correct, re-check twice to ensure reading is cofisistent. °

| i"

o
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CYBEX II POSITION ANGLE CHANNEL CALIBRATION

There are two degree scale setungs (150° and 300). Calibratrng either one calibrates the

other as well Snnce most joint patterns have less than 150" range of motion the/150° scale is the
)
¢, Most often cahbrated This brings the accuracy of the 150° scale to £1.5° (£1%) whlle the 300°

scale accuracy is :t6 (£2%). R
When greater accuracy for movemem pattezns larger than 150’ is desrred cahbrate the

300‘ scale directly. This acmeves 13 (:tl%) aceuracy for the 300scale accuracy or Lhe %50

- seale decreases to £3 (£28). L S
R Y

“To cahbrate the Posruon Angle Channel use the followmg procedure

1 Wuh the recorder power on, set degree sca’le to 150 or 300 as explamed above

2." Set chart speed to 5 mm/sec _ iw i
3. Set mput dnrecuon to cléckwrse (cw) % g ,,t r. - o ‘
o4, ww& depressmg the zero test button use the posmon angle 115() adjust knobto adjust the

(3

stylus to zero baseline. Release zero test button. :

s, AdJust posmon angle channel stylus to zero basehne by turmng gonrometer dial on the
dynarnometer ‘clockwise. Note, stylus may jump. off the scale a& one pomt in the \
 goniometer range - this is n:)rmal T ' , o

6. | Re-check. steps 4and 5 unul the stylus does not devraty(\ om zero baseline when zero test -

8. button’is pressed ot Teleased. ’ , \ . ‘ - \q

7. Usmg the white ‘line undgr . the gomometer as an. 1qdex rnark rotate the dlal clockwrse

. precrsely 300°. If the stylus. traces a lufe exactly on the top line"of the posiuon angle chart

» 1o adjust.ment is necessary If the 'stylus lrcs above or below the top lme repeat steps 4 to

710 verify the readmg If adjustment is  necessary, prowed with step 8. - »’
78 ’ Loeate the degree cahbrauon screw on the recorder panel Using a 7/16" wrench, shghtly
| loosen the locking nut tha{ secures: the screw. With a standard screwdnver turn the- sctew
'to move the stylus line prec:sgy to the tpp line on the posnion angle chan Usmg the

screwdnver tohold the screw to the adjusted posmon. snug‘iown the locking nut Recheck .



X

calibration by repeating steps 4 to 7.

80
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. selector while it in ag
which is less visible §
‘« potentiometer (R-77). ¢ = S /

1. Switch speed selector on.

operating, and ensure the location of the internal speed selector

-,

2. Atiach adjustable arm with 'push-button (set at shortest length), locking collar with
. . ! _ . .

. thumbscrew; and handgrip.

3. Adjust speed to 180°/sec. -

4, Using a stopwatch determine the time necessary to oomplet /exactly 15 revolutions of the

. - gccessory arm (in erther directiom). Keep the dynamometer torque gause needle above zero

for the entlfe timing duratron Complete at least one full revolutron before you start

V timing, Thrs will enig you have reaclred the set speed'and are meeting resrstance when the

. timing begins. o W. ' , L

3

5. Calcuhte the actual RPM Divrde 900 by the mnrrber of seconds Tt takes to eomplete 15

‘ ®

revolutions. The mult is the actual RPM of the mput shaft
6. If the ectual RPM is 30 (iO 3), the tachometer is readmg correctly and reqmres no
. L udjustment‘lf the actual RPM is less than 29.7 o1 gmater tlnn 30.3, repeat the tnmng and

n lneorrect Qchometer readms. an adjustment must be made inslde the speed selector

,sel,pctor switch off, nemove the top panel, from th,_ , " ed ¢

bex 11 documentauon to loeate potennometer R 77

9. Svntch speed selector on. The tachometér should return to 30 RPM as prevrously set. If it

4 P . ST
doesnot reedjust _ T -‘,-‘

' . ’ ° /.,/'
;o= 10, Using the insulated calibration screwdnver turn the white screw in potenuometer R~77 to
bring- the tachometer needle toa reading that match& your calculated actual RPM (step
) :- ’ ) ‘. s)' : -
1 e R
‘fﬁ”w . S o . B ',' SN 82 . : cs

ﬂ'ulculauon procedures to check for human error. If repeating the prowdures conf irms an -



B

. N . '
- . ‘(\‘/ " ‘ . ¥ '
/ ‘ . . .

”‘ p 1T, Repeat steps 4, § md%you have performed all procedures correctly, your calculated
. ’ . . . ' '. : ‘ .

actual RPM should fall within the scceptable +0.3 RPM tolerance’
B 12, Switch speed selector off. Replace top panel and secure. * .

L .
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* The University of Alberta
[y . \ \ .
Departmem oMy‘siul Edueau’on and Sports Studies v
~ 'INFORMED CONSENT FORM FOR INVESTIGATIVE STUDY:

PRELIMINARY ISOKINETIC DYNAMOMETRY DATA | ' .

FOR CLINICAL USE IN UPPER EXTREM!R CASES
- ‘ IN FEMALES | B .
Outlme of prOcedures (retained by the Subject)

\\ . n

The concept of “isokinetic exercise was developed in the eaﬂy 1960 sbyJ.J. Pemne and

was first reported by Hislop and Perrine in 1967. Since then, isokinetic exercise has been used in

- clinical settings as a therapeutic modality, as a training and testing device for athletes, ard as a

method of scientific investigation of the relationships between force and velocxty and muscle
agonist;-antagonist action. v

Mﬂch of the work has been concentrated in deter‘xﬁining the relative eificacy of

- _isometric, isotonic and isokinetic training for-muscular strength and power development. A
. teview of the isokinetic literature reveals three basic deficiencies. ‘The first is a lack of

ingrestigation into the effects of - wdk{neuc exercises with Tespect to the Upper-extremity. Second,

_the prevalent lack of standardization of subject position during isokinetic evaluation. And

thirdly, although -relative comparisons have been made, very little firm isokinetic normative

- ' data exists for the use of clinical practioners as well as- research workers. Moffroid and her

colleawgues have established the reliability and validity of the Cybex I isokinetic device for the
measurement of torque, work and power, and presented some preliminary norms. Goslin and
Charteris (1979), and Davies (1982), have presented preliminary normative data for clinical
use in lower extremity cases Molnar and Alexander (1971) have suggested that the

‘establishment of isokinetic normative data - would benefit in the assessment of muscul 3\
- strength and aid pracuoners in ﬂirehabxhtauve proccss followmg injury.

The study in whnch you are being asked to pammpate wul measure the force (torque)

-in three paired tests of both arms. Two shoulder, and one elbow test will be administered, all in

the supine position. You will be asked to work agamst a resistance arm by use of a handgrip.

You will be asked to exert-as much force as possxble_ in both dlrectmns and 5 warm- up/pracuce v '

attempts will be made pnor to each measured test.

The tests follow standard protocol and are coﬁsxdered very safe As a result of the high

‘ muscular contraction forces involved there exists a slight possibility of muscular soreness after

"“the exercise session. However, this should" be absent or minimal, in most cases, and, if
experienced, should be sxmdar to ‘that expenenced during and after routine workouts. The

- possibility of 'pulling' or s&ammg a muscle is minimal and has not been reported in the

literature to date.

The total ume for tesung will be approxxmately 30 - 45 minutes and you are asked to
participate in-only “one testing’session. In the event of questions please feel free to cantact Ian

;-=R:ke=f432 -5503) or Dr. S.W. Mendryk; (432 3566) You have the nght to thhdraw from -

paxtxcxpauon at any time. - - o _ , -

0 ' . ‘,k‘ -
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;.;,. . The Umversrty of Alberta -
N Department of Physical Education and Sporrs Studres
INFORMED CONSENT FORM FOR N\(ESTIGATIVE STUDY:
PRELIMINAR\ ISOKINETIC DYI\AMOMETRY DATA.
T FOR CLINICAL USE IN UPPER EXTREMITY CASES ‘ \
IN FEMALES o | .

Subject Concent(retained by inyestigatpr)

I, _(name), do hereby agree ‘to pamcrpare asa , -

subject in the study entitled, "Prelrmrnary Isokmeue Dynamometry Data for Chmcal Use in
Upper Extremity Cases in Females, conducted by Mr. Ian‘Prke. The nature of this study has
r been explained to me and I understand the potential risks involved. I do 'no't sdf fer at presenr :

" nor have 1 ever suffered any serious elbow 61' shoulder injury which could mrerfere wnh or be

affected by pamcrpauon in thrs srudy I have been-advised that 1 may withdraw from thrs study

atanytrme ' S ' S
"). Signed 4 = ~ Dae . -
Address . © , - Phone
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GRIDL ~180 1. 1b3./300° Scales
T, Mines lines equal & degrees on 300 uolqondl‘c'yut on 130 wele

CYBEX Il CHART DATA CARD

GRID 8 = 380 1. Ibe. /150" Scales

Uses of this card:
1. Find torque at specific joint anglels).
2. Find joint angle for peak torque or other specific torque.

3. Find active range of moﬂon for tpecific mevement or
pattem.

4. Find Time Rate of Tension (torque) Development.

Instructions for use:

1. Select edge of cord with proper Terque end Position.
- Angle scales for the test being made or eveluated li.e.,
- 30, 180 or 360 f1. Ibs. with 150 or 300 degreen).

2. Decide whether 0° (or neutral) joint angle is ot bottom
line of degree scale grid on chart paper er at midine
" of grid. For example, for knee extensien/flexien,
0 degrees (full extension) is at bettem line of grid; for
ankle inversion/ eversion, 0 degrees is ot midline because
movement is possible on both sides of the 0°
neutral position.

Use shaded degree kch areas whon 0iset mdﬁno
of grid.

NOTE: Te onsure corvart ovealuation of graph resendings, pationt and tost
condition dute (name, dete, patiorn tested, lerque and dogree wele veod!
M.‘nnhnﬁdudcﬂpnnnn&-ﬂ‘ﬂ‘d'nm
" labels aHined to paper. Use oumonou/m Exorcine Therapy Reterd
" log ond eveluete toet dove.
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