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~ ABSTRACT
The purpose of th1s study Nas to determ1ne the effects °

of mexima] 1somet$1c, concentr1c, and eccentr1c back-~-11ft :

'S
v

. strength tra1n1ng‘0n mlx1ma1 back 11ft strength Jumbar

spinal curvature. and erectores spinae e]ectromyograms ‘pr—

- ¥ng the three types of contract1ons with: tWe back 20 degrees

L}

-~

from Vertital - Heart rate was recorded during angd 1mmedi~

. ately following contractlons A sub-prob]em was ta measure

the Maximaf 1sometrﬁc hip f}exion strength at a 160 degree

‘h1p qng]e befora and aften tra1n1ng An electr090n1ometer

was used to measure hip ‘angle. Three training groups endfa.

M

contro] were compared o
|

Forty male students at t e Universﬁty of Alberta were
! ‘

. ranked on tota1 11fting strength andnrendomly blocked into

one of four grbups Al] trefhing subjects performed thrée

L

. mex1ma1 threeasecond cohtrections three days per week for ,

v

five wqekﬁ

The stuydy consisted of fbur test sets.‘ The isometric -

~. tﬁst sct 1nvelved one mexime} 1sometr1c back 1ift At R hip

“~~ﬂnvo1ve¢ une‘hexiﬁe] eceeﬁtrig heckmtift thronﬁbtn hdp unglq ;yh
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edg1e of 160 degraesz and one meximel isometric h1p flex?nn b ;

stnength teet.ex»the sehe enple.‘ The cancentric test set ‘
eon;isted of one nexlhql coneentrie back~ lift thraugh-a hip ;ﬁwh;

.sawg of, 150 te 1?9 degree;@ uhi%e the eccentr1e teet sqt
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'o#\l70 to 150 degree The isome%r1e test set for effic\encth'

was performed - at - posty tese only ahd consiited of equm]l1ng
one's orug1nal pretes 1sometr1c ack~l1ft score. A l mea-
surements were made with the baek 20 deqrees from vertical
(i.e., 160 degree hip angle) | .

" In tbhe isometric Lest set, ana]xms of zofv)(ian(.e
y1elded stgnificant strength dlfferences at poSt test $Etweenl
each training group (all training groups 1ncreaslng eng*fi—

cantly) and the control group Slgn1f1cant gains were, made-

by the isometric and concentric group on lumbar erecttres
spinae meaqbpeak vo]tage after training. No significant .
differences were found for lumbar spinal curvature or heart .
rate. The isometric group made a signiﬁdcant 1mprovement on
maximal {isometric hip flexion strength. ) e

b ad

For the concentric test set, analysis of covariance ..

PR .

also yielded significant strength q1fferences at post test
_between each training group (all training groyps 1ncreas1ng
s1gn1f1cantly) and the control group. ' Analysis of covariance
also showed that the eccentric amnd concentric groups had
significantly h1gher post test mean peak volJages than the
control group A?l three tra1n1ng groups had 1ncreased
519n1f1cnntly on lumbar eractores Spinre meéﬁ peak voltage
after nraining. No §§gn1f1nent heart rate differences wére

. fQUﬂd ; ) ' ) ! f( N (:';"',;" s ° ‘::“‘
LV T s .
o In eha ggcqntric test set, ana]ysis ef cnvurtqncai E

' ‘.1 ‘. . l ot




v . \ |
\;\‘ spowed that. the strength qf'the eccentric group at Pds{ test'.
", f&és significantly higher than the COHCPBI and isometric
’ “ ) groups. and that thq‘mean peak voltage of, the eccentr1c
;. gropu was s1gn1f1cant1y higher than the other. three groups.

S1gnif1cant strength gains' were made by the eccentr1c and
concentric group; and. the eccentrjg group on mean‘peak volt-
.éVr=7 - agr: No significant\differencés werq}fﬁﬁnd for heart rate.
| ) In . the isometric test set for$effrciency, analysis of
covafiance yiél&ed no signifiéant'diffefences on lumbar

.durvature; mean '‘peak voltage of erecCtores spinae, or heart

rate. Significant reductions in lumbar curvature were made

. a ’
by each training group. : ' : ’
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CHAPTER 1

STATEMENT OF THE PROBLEM

IntrOduCt10n / Wi

* "The low back pain syndrome affects probably 80 per N
cent of the members of the human race at some time
1n’the¥Y lives. Although it rarely results in mérta-
lity, fts.morbidity is high, inconvenignce great, and
economic burden significant. 1Its prevention is aided
by posture training in the ¥chools, safety engineer- _
ing, and phystcal fitness consciousness in general :(6).)

..,

~ . - ,

With 11fting, mechanits, neuromuscular and wertebral
.structures and functions of the spine are all deeply involved.
fSincc the human‘sp1ne 1s such a cbmplex structure, it {is very

1

d}}f1Cu]t to explain physfologically the various back- {njur-
f;! -Atheir exact si;fs. precise causes,/aaf multitudinous
interrelationships. Although 1t 1s a single functioning
unit, the spine's skeletal, muscular, and neural 1nterf;7a~
tionships are of an n]ﬁo;t infinite number. Physical trafn-
1ng and exercise may les;en the nisk of back 1njury, but
research concerning the benefits achieved through training
is lacking, ‘ _

The lumbar spine has associated with 1t a certain
‘degree of curvature, and most flgxién and exten§1on occurs
Jgrc. chentnyivq par cent of flexion occurs at the lumbn;e
sacral 1ntur;pgéc;'\6-20 per cent at L4-L5, and §-10 per cent
from L1 tq‘Lﬁ (6). The sacral angle 1s {mportant because 1t

determines the curvathin which'tho Tumbar spine must take in

-~



>

&

[

,») b S S 2

-
Vo

order to keep the centre of grav1ty of the body over - tﬁrn
feet Norma]]y the curf!ttﬂe in the 1umbar reg1on is more

prqnounced than the other two curves of the 5p1ne

o The greater the degree of curvature, the greater the

shear stress will be. If the fifth Iumb{r vertebra tekes an

' angle of 30, 40, and 50 degrees from the horizontal, the

shear stress will be 50, 60, and 75 per cent of the superin-
cumbent we1ght:(6). This  shear stress acts parallel to the
vertebra. In effect the vertebra is tending to slide off
the vertebra (in this case the sacrum) below it against the
ligaments, vertebral end plates).etc. This force is more
dangerbus than compresston (15)° |

It has been found that the strength of the back, as
far as the force exerted, increases with training (2,4,7,12,

13,14,19,29). These studies have dealt majnly with static

'(1sometr1c) training. This increase 1n strength has been

reflected in electromyograms, and their electronic integra-
tion, 1nvolv ng the lumbar erectores spinae (7, 8) N
Studies have shown that the 1ntra~abdom1na1 preséure
contributes a dreqt deal in aiding the spine to support or .
11t weights (3,10,16,23). However one is left with the
question of whethep or nat tﬁis ody cavity pressure could
possibly be 1ncreaseeiiund'if 0, by how muchH through trqin1ng.
In[cq1cullt1ng the curvnturn qnd resulting stresses h(
the lun&osucrel ap1no. . great denl of work has been done on
cadavers cnncnrn1n9 cgmprgsxion forcns (6,18,17,23,26) This

obylously ellninatqs the chtar of trainina :omplotc!x.
.“ ‘ ’ . ) ‘ ‘ ' ‘ ~‘ '0



Ektens1ve work has been done in developing mathematical
Model1s for predicting spinal injuries during a variety ofﬁ
human 5§dy impacts, and in particular the seat ejection pro-
blem. The models have been either lumped-parameter models
Consistling of springs and masses in series, or continuum-rod
models (1,18,20,21,22,27,28). MHowever most of this research
deals with uniaxial compression. It has not been qnt11
recently fhat Orne and Liu (24) have been able to shed mu;h
Vight on the shear effects associated'with the natural curved
Shape Of the spine fn a mathematical model, Theoretical

: reséarch, as in the preceding studies, is of questionable
value, That is {o say, the human spine 1s not a series OfT ‘
SPrings and dashpots. TheSe inapimate mathematical models,
in addition, allow no room for tra1n[ng considerations to be
studied, | |
Research dealing with compression and shearing stress
‘.1n regard to living subjects is definitely lacking. Hhat
" Httle has heen done has neg)gcted the poss1ble tr‘aining //
factor completely. In ather words, what curvature changes.,i
it any, might occur in a lumbar spine that has undergone LS ;
strict training regime? The model used by Eie and wehn (Iﬁ) !
.,annd Eie (16) to-calculate the resultant compressive force .i
on the Tifth lumbar intervertebral disc and vertebra dur1n9
the 1ifting and holding nf weights 13 imited. - In their
na@cl tue authors assume that the waight bgqring has be@n =l g
cArrigd out with the vertebral bod1as pqrallel o each other

(thq back 1n a strq1ght Iine) Hith the. spino thera 1: ginqxs

L . f. v - » L P . 1
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a certa1n degree of curvature. This 1nherent weakness would
undoubted]y have affected their ca]culations to\some degree,

1 (9) used chronocyclophoto-

——

Davis ‘et a] (1) and Dav1d et

grabhy and cinematography reSpective]y to analyze the thoracic

and lumbar spinal movements under differing magnitudes of

weight 11fted and different 1ifting methods., However, no

A
~attempt was made to calculate spinal forces under any states

of curvature, These two'studies. along with the previous

two, exclude any possible effects due tp training.

The Problem

In order to better Study spinal stnesses, the curvature
of the back must be taken into cons1derat19n The Fumbosacral
angle and the resultant lumbar gurvature defhrm1ne the com-
pression and shear stress assoc1ated with"ihe lower back dur-
ing 11ft1ng That is to say, the more pronounced the curva-
ture; the grqater will be the ratfo of shear to cqmpréssion,i
and vice versa. Can training possibly alter this curvature
'Qnd the associated shear-compression ratio? If tra1n1ng can
Jower the shear force (whh;h is the. morg' difﬂcult of the-
jgo for the back to dbpe with) in’ favour of comprqssion (with
Tiicgnqc curmaturn) when lifting waights; one could, through-
tra1n1nq. lggrn 10, lift mare nfficiently and lessen the risk

_of Anjury. In qthcr nords, can the sp!ne bs tra1na¢ to with»

I

} .

atgnd stress? R B
- Al&hguqh n«rays quld providc A 41rect ang)ysis*of

;pinallgufygsqrg gur1ns 11ft1n9 bcfar@ and uftqr trl!ninﬂ.e | ff

4
I('



u‘will be comparod e o

jfgipilgr fgr mga1mn1 igonatric. sencgn;rt;. gnd ogcgn£r1

~
’

N 'L

- their use involving normal healthy individuals 1s ethically

forbidden due to poSsib]e radiation effects, especially on
the feproduct1Ve organs. |

P This study will be concerned with deﬁérm1n1ng the
effects of maximal 1sometr1c,.c6ncentr1c, apd eccentric
back-11ft strength training on maximal 1sometricn concentrig,
and eccentric back-1ift strength; lumbar spinal curvature
dyring maximal {isometric back-]1ftfn£§ and eréctofesESpinae

'

electropyograms during maximal {sometric, concentric, and
‘ !

- -eccentric back~1ifting at a hip angle of l60.degree§ (flexion).

In addition, the pretest maximal isometri¢ strength score qiil;
be repeated at abgt'test by each subject im order to look at
any changes in effiéiency A sub-problem.will be tm admini-
ster a maximal isometric hip- flexion test at a 160, d&gree hip
angle before and after training to assess the effects of
training the agonists (back extensors) Bn the strength of

the antagqnist muscles (trunk flexors). Heart rate will

also be raporﬂed 1mmed1ate1y follawing each max1ma1 1sometr1c,'

concantr1c. and eccentr1c contract1on.n An electrogon1omater

Wil be used to. mqaé‘rt the subJect s hip angt@ throughout

all the tests. *Three different tra1n1ng groupa.and a cqntrol

Ther null hypﬁ!hesqs for the problcm ara. »};.”“f - f?f;ﬂf

V .

‘ .;*1) That nny bhanggt in mgkima! 1somatr1c. qoncnntric,
;nd Y §95$r49 backalift :trcnqth ¢un tn traiatng shaii ga |




(2) That any changes in lumbar spinal curvature dur-
ing maximal isometric back-11ift strengfh ue to traininé
shall be similar for mai?mal isometric, co\sentr1c, and .
eccentric bdck—]1ft strength tra1n1;g. ‘HO:\u]B = “25 = U3p-
(3) That any changes in erectores sp’nae electrical
activity during mag1ma1’1sometr1c,‘concentr1c. and eccentric
back~11ft strength due to training shall be similar for maxi-

mal isometric, concentric, and eccentric back-11ft strength

%

| training "of 1c ™ Yy © u3c. '
A (4) That any changes in heart rate during maximal
L
isometric, concentric, and eccentric back-lift strength due
‘ : ]
to training shall be similar for maximal isometric, concentric | -
and eccentric. backp1ift strength tra1n1ngf 'HO; Wig = Ygp * Ugp-

(5) That any changes ip maximal isometric hip-flexion.

E I S

strength due to training shall be similar for maximal isomet~ 2

i

[
—aidg—

“ric, concentric, and eccentric back~11ft strength training.

HO: U]E - UZE = U3Eo

“,
ij1‘1gns of the Study - o
(1) Errors 1n calibrat1on. tastlng precisfon, and
stgndqrd1zat1on.'lj | ‘ “'@ o ;'},'*&, N

(2) grrors 1n extiﬁha] measurfng of luupar sp1nal
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Delimitations of the Study

(1) The study will be delimited to a sample of 40 male

physical education student volunteers at the University of
A]berta. Their aggs range from 21 to 40 years (average =
23.4.yeqrs). ) . !
.@2) Measurements will be analyZed at one hip angle
(160 degrees) in the back-1ift test situationw= ) modified

to 1nclude concentric and eccentric strength tra1n1ng and

testing@ds well as isometric, ’ o <:

(3) The study will be delimited to the measyrement of ~~
a '

the following-variables* back-11ft strength,. lumbar spinal
curvature, erectores spinae e]ectromngrqms. heqrt rate, and

trunk flexion strength, '

~.

Pefinition of Terms // ' DN

Isometric Strength. The force exerted by a cdhtract1on

in which the length of the muscle does not change apprec1ab1y.‘

i
Concentr1c Strang . The force exerted by a contraction

1n‘rh1ch the muscle shartens {ts length.

| gngcntric Strangt ) The farce exerted by a contractLon ‘

RSV

_1n wh1¢h the contracuing musc1e is lengtk&ned dﬂﬁ to“an _ ‘Q_
)

|

13 hw;@. A test of. tha back lift strqngth of the
;j;ignsvrfnéséigg Qf chc bgck %p hav1ng the snhject. with
tﬁaqa straight% 1aft quticg]1y and mpxdmgllx.with hiq back
the. | ' gionﬁi,baciédynaQOgter |

therngllx 1mpoxgd fﬂrce- o {) o .;,qﬁpfﬁ
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a steel bar about 20 inches long and ohe inch in diameter
with a steel hook attacﬁed at the midpoint on the bar, a
load cell, a length of cable, and the experimental back-]1ft‘
dynamome ter, | ~

Lumbar- Spinal Curvature. The sum of the chénge in

curvature between the first and fi{fth Tumbar vertebré mea-
sured in degrées. ’

Compression Force. The component of force applied in
the‘11qe aof gravity with the back that acts perpendicular to
the disc.

Shear “Force. The component of force applied in the

line™f gravit} with the back that acts in the plane of ghe ,

disc. | . i

Electromyogram. : The recording of the ‘muscle action

~—~

potentidl' or electrical charge that accompanies the contrac-
tion of muscle tissue. ‘ '

Efficiency. Ltfting with a relatively lower muscle

action potential and heart rate, and.with a stra1ghterb1umbar'

A .
spine, . . ‘
. [ ,4'\‘\., ‘1 b ) L]
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CHAPTER I1I
L P
REVIEW OF THE LITERATURE

Back and Lifting Strength

(1) Static and Dynamic Strength . .
Static Strength. Many authors haxe easured .the exter- .

~

nal for;p; exerted during ‘static (1sometr1q) contraction of
the muscles 6f the tfunk- the majority recording the strength
‘of the maxima] back lift (pulling*vertical]y on the hand]es
of a back dynamometer) H1noJosa and Berger (52) did- a |

3 study on fifteen male col]ege 's tudents to determine what.

T

techniques of grasping the hand]e bar would resu]t*in the

highest back l1ft’strength scorf : The means for the methods

it

\ 'of no tape on bar,.no tape -hold (tester hplding subject s -
Hfhands). tape, tape hold (tester ho]ding subjeet‘s nqnqs). | |
”fand hands strappad tq‘xhe bar were 384; 6 364,§6 421 33 ‘i‘@ »
431, 33, and 458 00 pwnds mspecﬂvely.,_ In thqr‘ worda, '~"':"‘33i'%,'ws
twipp w,ﬁﬂan 1ncrgnse 1n the recordqd bd&k 1 ft strength as ' f;f

oo

-, L

b

frfctfon 1ncrwan betwean J:hq hnnd; md_bar, Mth the excgp-",g:,}*““
,V&dnww YL - G exbevicd | :
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of the best scores for the two methods were 374 17 and 362 29
pounds respectively. However this difference was: npt signi-
ficant. | .

To eliminate the effects due "to gravity in maximal .
. isometric back strength Troup and Chapman (100). developed
a dyna;ometer and anterior pelvic bar in order to measure

e maxigal isometric pulling force of the.back extensors

qse d fiexors in the standing and sitting position Eqring one-

BaL

second contractions. The forces exerted by the ma]es were
significantiy higher than those exerted by females, both in"\
absolut€;terms and when expressed as a proportion of the bodr
weights of the two sexes. In standing, the mean maximg]
extenSor force for nen was 98 kilqgrams: -The correspondi&g
'va1ue for fﬂexor force was 75, ki]ograms - the f]exor forces ‘

being qonsistent1¥ less in mqgnitude than tﬁe extensor forces
'In a similqr stqdy dona on thirteen male medicql students, iy

Chapman and Troup (19) fpund the mean maxima] pul]ing force"
of the bdek to be 96,5 kilograms. Exterhal forces appiied
to the dynamqheterkﬂefe,estimated to be within three per ‘

Y
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“{' ‘&bh, with the subject in a prone position (hands fo]dedﬁ

\J :
_over the smi*\ of ‘the bag{). " The subject extends his trunk

igcable tensiometer. For sixty-~four non- dtsqbled male students

EJB:Spr1ngf1eld College, tha mean score npa 234.66 pqunds.
“For this méthod the results ure much lgw¢n than for the back-
11ft, Huﬁchins (54) has used Clarke s mstggd on female

.un1vers1ty studqnt$rat the Un1vers1ty of’ ‘Oregon where she
obtained a mean of 56.83 gounds USing college males at the,
University of Oregon, Kenne&&:(%?) f;mn@’the obJectivity co- .
efficfent for the back-11ft w1tx the &?nsiometer to be 0.90
whity’compared favourably with the tes't- retest reliab1)1ty
gst1mate of 0.88 usSing the dynamometer., The tensiometer
ylelded s1ightly higher back-11ft scores, thin did the dyna-
nometef. '

Stratnngauge'tqchn1qugs have also beea 1nvb}vnd in
stpt1c back-strength testing. Worrig et al £74) had subjects.
u1th knees stratght, pull aga1n;t a st "”’hg with the
trunk vcrtlcnl qnd then flexed at 30, 60 and 90 dagrees
The mean tensfon exnrted was 177 7, 164 75 161 33. and
148.25 pounds for the four pbsgg nspecttnnly. »Kennedy
(58) ‘compared strain gaugs "W 'trth thou from the
cqblcatcnsionotqr during 318 obicrvations on we19ht 11 fting

_of frnn 10 to 180 ggunds. Strgin 9Au9n r\gd‘na; were greater

In the i!¢-rnnec !!1«!3. rccordf 1“
y ;
'- clou,lx ‘gppmsiund aach other, "%

(N
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Dynamic Strength. The dynamic (isotonic) strength of

the ‘back an& trunk muscles has been given 1fttle attention.
"Kraus (61) devised a series of tests of the activity of the
trunk muscles, but;the1r fnterpretation was made qualita-
tively,

DeIArme (29) used heavy resistance exercises in the
form of a hyparextension exercise p;rformed on a spina] back
exerciser with subjects in the prone position. Resistance
through extension could be increased progressively be add1qg
weights to a we1ght‘pan attached to the back. Berger (8)

. determined the dynamic strength of 78 male students at the
University of I]]1no1s by means of a similar back hyngexten~
sfon 11ft. The wejght of the barbell, placed behind the neck,
was {increased by ten pounds after each successful 11ft until

. the maximum load was approached. From then on the increases
were five pounds, with at lea#t threa minutes rest between

- »

trials. The mean dynamic strength recorded was 75.62 pounds;

and .the correlation coeffitient between Zcib}{,stnt1c and
dynamic strcnéth was 0.622. In dynamic {trength in
which thq'torﬁut transmitted by the muscles of the trunk 1in
‘rotQtor activities has buen mcasurcd using c1ncmntogrcpn1c

| tqchniqucs, it fas been found thatﬁgne torqgg developed in -
',0.10 second periods is in excess of{the maximal isometric
torque (100). To ongrconn the 1ner;ia of a load 1n heavy
manual dyngnic tnsks s in lifting. it appears that nu:cular
activity ;hnuld be egardinct.d so that at critical points of

. time the prime movers.are contracting nccnptricqily in order
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to develop the
TN

Inves tigl gvic anpﬂfcoentric muscle con-
9 ‘ N

tractions has?J e rned t?xh elbow flexors and

extensors. S1ngh\f'-

. .
the average strength of extensors expressed as a percentage

of flekorwstrength was 53-55 per cent for concentric, 47-48
per cent for eccentric, and 52-57 per cent for 1sometr1c
contracttons. The same authors (92) tested twenty male
physical education students qﬁd discovered that eccentric
forces of fle;ors and extensars were 32.65 per cent and 14,22
per.cent greater than the concentric forces resbect1ve1y.

In a study involving hip abductor muscles done'on thirty
.normal male subjects averaging 24‘yenrs of age, Olson et al
(76) concluded that the eccentric contraction devé]ops the
greatest ‘tension of the three types with the {sometric and
concentric following in that grder through.a range of 40
degrees of abduction to 10 degrees of adduction. Correspond-
ing results for 1ifting and back-11ft strength in concentric

and eccentric contrastions are lacking,

P

(2) Related Factors

'+ Age. In a study done by Clarke and Wickens '(22) on

forty boys, at each age from nine to fifteen, from Caucasian

PubTic schools in Medford, Oregon, the back-11ft mean growth
cur:( I derived. Thq_cyrio.héd a retatively slight in-
4rease during ages nine to ten, a dtccl&pitiqn_nt eleven
years, a pronounced and nearly tgfpight 1ine rise from ages

2o g iy ) )
e = - .
¥ e ) . . . o . s
HE ST . ‘ - : . . . . ; .

1 . ¥ . pierd .
T o P L . R Lo et L ;¢ TR R N
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eleven to fourteen, and some deceleration at the age of
fifteen years. The mean back-11ft of the fifteen year-olds
was more than twice as large as the nine year-alds (148 vs.
69 kilograms). The standard deviations increased with age.
In a similar study on 125 native Indian boys 1n.the
Province of Alberta, Singh et al (90) found the back-11ft

mean growth curve to have a relative]y slight 1ncrease during
ages nine to eleven, a sligh;]y greater increase from eleven
to thirteen years, and an even more pronounced rise from

ages thirteen to fifteen. From 20-29 years 1t continued»to
rise, and fell from 30-39 years to 50-62 years. The standard
deviations also increased with age except at eleven years,

In adults maximum {sometric strength fs attained at
{

.about 30 years of age and then decreases with age, especially

total strength gbln nonecthlecq&.

1n large muscles of the leg and trunk Mean trunk extension

values on 600 Danish.male adults at 20, 25, 35, 45, and 55

years of age were 81.6, 8}.4. 90.7, 89.8, and 85.7 kiloponds
respectively (41), . In a dynamoﬁeter strength study of males .
thirty to seventy-nine, Donnelly (35) concluded that adults
participating 1n’recrantiona1 sports were stronger than,nona
part1c19gnts.~ Among thosq @articipating. ‘the ones who were
athletes in high schoo! or college wWere stronger fn back and

L]

matotype and Knthro'ulotr . On ‘the back~11ft ltema

means of 381.20 pounds for ectomorphs, 406.90 pounds for

bx S8 m Evarett (28) 1n their study on f

sndomrph!. and 478,30 pwm for 'nmwrphs mn ammn
;thrag ;;; ?"1*;
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University of Iowa students. They concluded that the meso-
morpHs were stronger than the endomorphd and ectomorphs;

that the endomorphs were stronge; than the ectomorphs al-
though statistically significant ¢1fferences were not obtain-
ed; and that excess weight 1s a handicap to éndomorphs and |
insufficient strength a handicap to the ectomorphs in perform-
ing physica] tests.

. Asmussen and Heebo]l Nielsen (3) found that muscular
stréngth of the back increases exponentially with increasing
height, and that overall back strength correlated highly to
the strength of other muscle groups., Clarke (21) correlated
back-1fft strenth w1tﬁ various anthropometric measures. In
his study on fifty-three non-disabled male students at the
University of Oregpn, back-1ift strength correlated 0.61

with hip width and knee extension strength 0. 58 with body
welght, 0.51 with trunk-flexion strength, and 0.50 with trunk

lateral-flexion strength. These results were all significant

~beyond the 0.01 level. A‘mult1p1e correlation of 0.71 was

i

abta1ned between the b@ck 11ft strength and knee-~ extens1on
strgngth, h1p width, trunk flexion strength. and knea:flex1on
strength, o

Body Pns1t10 and Angle of Pyll.  Pulls from below, -

’ nbliqua the axis @f the trunk - (as 1n the back lift). hava a
component which conprcssns the vertcbral bodies and discs “
, pqrnittinaia;pgciplly ;tronﬂ pull:g Demps ter (30) studigd
;ﬂthl ;trength of ppllg ;t niffqrnnt Qnslos frnn‘iih vartipal

'*bfin liftig@; vfbg pnl&b vf 45 to 30 d;graes frofihe vgru1sgl

=




19
e reached 380 to 400 pounds; whereas, pulls at 30 degrees
were the strongest. As the trunk straightened furtber, the
pull vectors were found to decrease. S1n§h and Ashton (89)
recorded maximal pulls at about 20 degrees from the vertical.
According to Vernon (1Q2) the strength of pull decréased as
the grip heighn\increased from the ankle joint to a low’at
about fifteen inches (just below the tibial tuberosity);
then increased markedly to oner 300 nounds at a height of
twenty-séven inches (finger tip height when the subject stood
eréct); and f1na]ly.decrgased for the next several inches.
According to Davis (26), the nheonetica] maximum 11ft in the
most ideal position (around 30 dégrees) is approximately ‘
| ﬁ  500 pounds. / | |
Posture. Flint and Diehl '(45) 1n testing 210 school

e 2l

91r1s from three Santa Barbara elementary schools found a
relat1onsh1p between tne strength of tne back extensor muscles
and anteroaposterior alignment of the ‘trunk to be significant
at the 0.05‘1eve1. However, Flint (44) found no significant
relationship between the posit1qn of the grav1ty 11ne and
back-muscle strength when testfng 17 alementary schqol girls
(six to twalve years old) from thrqg Santa Barbara City glg»
mentnry schools. :

R Asmusspn and Heehpl1- Nielsen (3) conclqdod that a .

BRI strgng !ﬂd fqulblc bnck mostlogbnn hats more prqg,ﬁneed ;; ff.

@%%V J;gj’if cunvca, ﬂp thn other nqnd. thg_f]pnr;mant of H?g1cni}nnd‘

€;5;‘?: ’h¥330’3 Ed“g‘$ggn at uqnvnrd 8n£¥ ?gity (1030 Assocttes
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has been pursued in this relationship and any effects due to

training.

It was shown by Troup and Chapmd‘(loo) that the exten-

sor turning moments on the

sitting than when standing.

—————

trunk were markedly greater when

'In sitting, the length of the

effective lever was reduced compared with the standing posthrg

When flexed, the tips of the spinous processes are prom1nent

posteriorly; and in the extended pbsture, the ]umbar erectores

spinae form two bulky ridges wh1ch'are posterior.to the spin-

ous processes. Thus the centre through which the extgp§on

forces are transmitted is situated more posteriorly and with

‘a longer lever for action than when sitting. , However, the
difference has not beer measured.

Rhythm and Speed of Contraction. Rhythm (slow steady

P, P NN

1ft1ng) has been found by
1n mechan1ca1 efficiency.

men 1ifting various weights

Ronnho]m (84) to p1ay a m@Jor role
In his study involving two sports-
-through different distdﬁcég. a

constant rhythﬁ was mhch"more efficient and resulted in (

}essqr 1ngra¢sa 1n energy consumptton as more muscies were ..

rqgruited w1th an 1ncreased load

Rascb nd. Burke (QZ)

sxgrted by Ahe back sxtepsors decreased. xith &n 1ngren;a 1n |

found thct the 1nterna1 forca

the vglg ,ty of cpntraqtion Agcording to qn' qungﬁtial luu.

‘,«,;

ﬂfﬂﬁﬂ#“lﬁﬂiﬂﬂ 5}1
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\mf! u¢ mgmg ..‘t.
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11fting consists of reducing the aeceleration of back extefi-
sor contractions to zero.
| Endurance. There is sohe evidence to 1nd1ca;e,§Pet i. //
reletionshfp between maximum back strength and relative
muscular endurance of the back 1s negative and genera11y
significant. Tuttle et al (101) found significant negative
correlation coeff\c1ents of 0 40 and -0,48 between maximum
strength and the average proport1on of maximum back strength
able‘\o be meinta1ned for one minute. They concluded that
stronger subjects had a greater ehso1ute endurance but were
| unable to hold as ‘high a relative ratfo of held-to- maximum '\
o than weeker sub?ects. ‘
Caldwell (13). on the other hand, found a rengé'bf
_ 1n£§rggrrelef1ons of 0.36 tao O, 88 between strength of pull
y and endurqnce (80 per cent of maximum force) for twenty differ-

ent exper1menta1 conditions. Later Caldwell (14) showed that

wAe\\subJects were requ1red to hold a force proportionate to

e

,VQ‘ ‘ meximum isometnic strength there was na re]at1onsh1p with
strength endurance. Shaver (86) tested forty maje phys1cal
‘ 4'educet1on student volunteers at the Un1vers1ty af Meryiand
'f~' ~and elso found no. significent relationship between maximum -

e 1;9m.gp1¢ s;r,“gth gains end relatige nusculer endurence,
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acting at 90 degrees tb the disc, and (é) a shear‘force act;
ing in the plane of the disc. The compressive component is

highest when the disc 1s at r1ght'aﬁgles to the 1ine of gra-
vity (straight back)“and fs diminished as the 1nc11nat10nvof
the d1sc'1ncreases.(curved back). b '

(1)‘ Cadaver Studies

In calculating compression and shear forces in the

lumbosacral spine, a great deal of worthdE been done on
cadavers - mainly to do with compression. Brown et al (1)

found that the ultimate axial compression load for lumbar

discs tested ranged from 1000 to 1300 pounds with faflure

' taking place in the vertebral end plates, In two studies by

Morris et al (74) and Perey (79), average values far fractures

of vertebrae and fupture 'of discs in adults ranged between
[ 4

704« and 1716 poynds, with the end plates being weaker than

both the vertebral body and annulus fibrosus. In eighteen

exd%rimentg. fifteen of kh1ch fnvolved lumbar vertebrae and'
discs, E1e X37) found thqt the first sign of damage always

appeared in the vertgbirae, and in some cases no sign nf damage

 af the 1ntervertebra1 diso wall dr. end p]ates was seen-even
’“n'cfter frqcturing of the vertebrae,_ The author found that the
’:-rnststpnce of the 1umbar sping tn hqnding forcgs nnd shear

" was_ Jow, conpgrgd to thg rgsistangg to“cgmprgssion & 1n,this

L]

Ji ﬂ;Pﬁ9&c9»% hony fuscd ;r;glgngqu &w’hp gtrgnggr than QEEEF“
| :ff':pqrt nf'thu :p}ng, Evans
R A L A

'Aﬂd Lissner (40) fqund thnt qmgb "~t
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where shear force is involved - this being anfaceor for
consideration with regard to spinal 1n3ury during vertical
loading and bending moments.

Marﬁolf (72) analyzed the response of twelve lumbar
discs during compression up to 450 pounds. The cofglression
curve sﬁowed progressive stiffehihg with 1ecreasjng vertical:
deflection up to 0.5 inches at 450 pounds compression. This

‘ great stiffening observed in all the discs tested might be L
expected as the result of the hydrostatic pressure generated
within the nucleus during compression. Curves of sheariforcee
against trahseerse displacement on eight lumbar 1ntervertei‘
bral discs were fairly 1inear but varied widely frdm'specimen
to specimen. Sheer1ng.displacements reached values of 0.03
inches at'shear forces of 46 pounds; but shear stiffness
(represented by the slgpe) was s0 great, the epp]ied shear.
force uasflimited to avoid eerssive bone deformation. ‘

| Hoag and Rosenburg (53) estimated that the load (com- 7 )
pression plus shear components) on the disc between L4 and-
L5 just dur1ng forward bending 1s -abaut 400 pounds. Farfan‘
'rend Hyberdeau (42) studied the 1ne11nat10n of: the lumbar discs

e

+ with reference to the long axis of the spine, as well as. the

degree qf the )umbar gurve on 182 whole 1umbgr spines. Hith
., respect to- the disc space between tha thjrd ahd fourth lumbar s
'.f3:5f11‘>iver:ebrn. the space betucen the first aoq aegqnq was 1ne]1neq {fgi
| ' }jbacqurd an averqgg of 11 qegrges (range- b tp 39 ¢egrge5),'(.v"
. "fllhd ths MM’! 4‘5 \the‘ mmbouerﬂ lem m;s incnnedr ory |
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curve {the angle subtended by the planes of the disc spaces

betwedn the first and second lumbar and between the fifth
lumbar and first sacral vertgbra) ranged from 10 to 67 de-
grees, the commongst angle bé1ng 42 degreés. The lumbar
curve was the same in both sexes nnd‘apneared to be independ-
ent of age, at least over the\age‘of forty year%.. There were
too'qu~sbec1mens below the age of forty to give any 1nd1ca;
tion Bf thé incidence below this age.‘ The sacral inclination
follo;ed the same pattern as the lumbar'curve. being independ-
ent of age and sex. A decreased 1nclination of the lumbo-
sacral joint was associated with lesser lumbar curvature and

accompanying shear force.

2

.

(2) __gineer1,3fﬂodels | \
Extensive work has been done 'in deve1op1ng mathematica1

models for predicting spinal stréssas and.tnjgrfhsnduring.a
variety of human body impacts, 1n particular the pi]ot ejec~!
tion prob]gm. Of the 1umped parameter models cons1st1ng of
springa and masses' 1n series, Latham s (62) representgd the )
spine As A wa19htless spring nith rigid masses gttached at
qnq upp:r and lowgn ends to simulata the masses of the man j‘

«

and the supportjng s;rqcture respectively. Being a Hinaar,




consisting of eight mass e]ements, simu]ating the elef
thor?cic vertebre through the fifth ‘Tumbar vertebra. as well
as tne pelvis I Using assumed va]ues fpr the* feiiure thres-
hold: of ‘the individua] vertebrae, he evaluated the iike]ihood
of siructural pamage to each vertebra only ih axial response.
Aquino (1) deve]Oped a model consisting of.a series of
1umped segments'connected by iinear springs- and dashpots to
predict the dynamic response of the. lumbar spine " The author
made comparisons between his model and a yalidation experi-

ment performed on iso]ated 1umbar spines of Rhesus monkeys
M r

N
...... p

MBoth the BemaTﬁg”xﬁa tensile (compression) stiffnegses were‘

»

assumed iinear in the model. For compression, each lumbar

" vertebrae pair ‘Was, ioaded at a constant strain ratemtill the
spacing between the vertebrae was 0 046 inches greater than

~ the equiiibrium value. In every case studied the predicted
‘compressive force was 1ower (from 2 to 60 pounds) thmﬁ the
ime;sured compressive force (measured up to -160 pounds), ale‘“
_though both were feirly 1inear.’ 'In same cases,1the actual
'tensiie force in tne ectuei spines reached a vaiue elmost
:iﬁgnice as, lerge cs the model The author eoneluded thqt this

%ngnamig oversﬂootﬁwas due to eiasticity of t
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»pair was approx1mate1y 31.88 inch- pounds of fbroe.‘ The
.author concluded that any success using 11near bending char-
| cteristics was due to the 1ow range of bending exper1enced
and that the attempt at linear approximation of the model to
actual bending moments‘would have to be replaced by a‘more
accurate representation if a wider rsnge of conditions were

*

‘to.pe studied, ‘
| It has not been until recent]y that any s1gn1ficant

lioht hds been shed upon,data for shear and bending of the
spine correspond1ng to axigl compression tests Orne and Liu
(77) emtployed a discrete -parameter mode in their investiga- °
tion, with as many as twenty- f1ve rtgid masses in the system,l

.feqch having degrees of- freedom in three planes during seat
ejeot1on. Under a maximal axial compression of 1100 pounds™
per square fnch‘and a constant strain Pite of 72 pounds per.

f‘square 1nch per second the shear force after 9% m1lliseconds
was qalculated to be 600 pounds et the base of L6 (]200|inch--
'pounds\ and 400 pounds at the disc betug%h vertebrae T9 and
Tlo The authors c%ncluded also, that the effeot of bending

f,« due to the presence of sp1nal ourvgture is apprec1ub1e..ﬂ




"' cal. If his fdfth lunbar yertebna is considered a fixed SR
< fn]crUm; if. the neight of his head and arms comb1ned 1s 20 R
ner eéﬁt of his body weight (36 pounds), and his trunk 40 P
per cent of body we1ght (72 pounds). and if the dfstance from o
+ nis fifth Tumbar vertebra to the point of action of the weight -
of his arms and head {s' 'L'; 1t was ca]cu]ated thatﬁthe :
effective tension of the erectores splnae acting at 12 de-
‘grees with the spine would be in the neighbourhood of 450
poqnds. If he lifted a 50 pound weight the tenslon would
“increase to.750 poqnds, The corresponding compression force
on the fifth lumbar vertebra naqupproxjmated at 850 pounds.
~Attfnis 60 degree“ang]e, the resultant force was nearly o
parallel to- the spine making the stra1n on ‘the, disc at the d
\-fifth 1umbar vertebra: primarﬂy compress1ona] with some {ﬁr
‘ﬂ 'due to a tension stress on the convexity of the 1umbar region }'l
‘ns 3 pressure %tress Qn a bend1ng beem (94) As tne angle . "_ai;

';[f:,'nd cupvqtune are 1ncreased. sg 15 tne Shear force or the ‘vg'}" i

Morris gﬁ tﬂe£74: ca]cula;ed theoreticﬁ]]y thqt the }ﬁe*'W
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2 Hg. was registered with a relieving force of 83.6 kilograms.

The resu]tant p?rpend1cul(r'force on the person's fifth lum-
bar disc was 111.3 kilogranms. "' '

| Groh ‘et al (50) analyzed the extensor and compressive
forces at thellumbqsacra]\level in a male subject, weighing

76 kilograms and 162 centimeters in height, 1n eight péstures,
omitting the possible effects of raised intra-abdominal pre§~
Sure. The exten&o; force was estimated as zero when standing
erect; and atléso kilograms and 1590 kilograms whe® holding
weights of 25 kilograms and 200 kilograms respectively in a
'4tooping posture with knge flexed.

al (74), Fisher (43) c:?}

)
culated the compressive farces transmittdéd by the back exten-

\ Using the model of Morris et
N sor muscles from phoi%grnphic recqrds. . The maximal esttmated
forces in the course of 1ifting 40 poundsafrom the floor with )
- .. trunk and knees flexed in an average sfzed man was 451 kilo-
grams at the Tumbosacral level: Lifting a 50" pound ye1ght
with knees extended produced maxfmal calculated goqpe§08£ :
this level of 427 kilograms and 345 kilograms in an average
* sizqdzpan and womdn respectively, ‘ ;

'avis'gg sl (28), by(unanﬁ“of a chronoocyclophotdjrAph1?
technique involving gointtrs projqct1ng from.tha spinous prol
cossgp at Tl;,Tl!“‘%hd"SL investigated the timing and ampli-

__-tudi "f* thoracic milunbar extension 1n the salt'nl plane
on‘hcl}thx Qﬁu\t a:iqs &hllq 11fting wcthﬁt‘up %0 gb kii;;
dravs in stoopad and bant-knas.positions. They tounY that
ﬂ»\,’v,:ft.hn W’Qi"mﬁ1n1,_tully"fhud, t’han. extended cét‘m:\ug:@ﬂy ?
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throughout the 1{1ft, with the extengidn beginning when the ,
weight had reached 1/4 to 1/2 its final hefght. In stooped
liftiné. this delay before lumbar extensifon was constant |
irrespective of the weight 1{fted; whereas, for bent knees,

the delay was proportional to the weight 11fted (1.e., more
we1gh£ = more delay; less welght = less delay}l There was
little difference between the range of 1umbaf'extension in

the two methqﬁs of lifﬁing; although the net extension was
somewhat‘greater when 11ft1ng with straight legs.

Dav1d et al (25) synchronized cinematography (with the
aid of pointers over the spinous processes) with electromyo-
graphy to jnvestigate spinpal extension dur1nq straight-]eggéd
.we1ght 11fting. The Auth;rs also found fhat the initial
movement of extension was in fact flexion. Throughout the
11ft, Ehe‘greatest point of %ﬁress was seeﬁ to move w1:h the
point of maximum curvature~6f the spinal column. This point
shifted from th region of T11 to the region of’LZ throughout
the 1ift; whilé the lumbosacral joint, considergd fixed rela-
tive to the rest of the spine, was thought to be the fulcrum
of sptnal movement. The authors concluded that any attempt _
to 1ift hnnvy losds should be stopped 1mmed1ate1y if tﬂe
| hips cannot be kept below the level of the upper body as thcv

~

legs qxtcnd

A

Troup and Chapman (100) calculated that, for a maximal

L 4

extensor force while itnnding of saJk}logrims. tﬁe compressive
foree on the disc between the fourth and fifth liwbar wartébra-
equalled &57'k110grgni. ~Addition of. about 36 kiloqvh:jf re-

» i
.
v ’
i . .
- . /A . -~—
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bresent1ng the weight of the body above L4, produced a total
compressive force of ,703 'kilograms. If the abdominal pres-
sure could minimize the compressive forces here induced by

as ﬁuch as 25 per cent (27), then the theoretical forces con-
sidered here would be reduced to 500 kilograms and 527 kilo-

grams respectively,

Electromyography of Lifting

-The largest and most supeff1c1a1 muscle involved in
extendjng the back is the erectores spinae muscle(s) consfist-
ing of the f11ocostalis, the lateral branch; the longissimus,
the middle branch; and spinalis, the medial branch (103).
This muscle is responsible for extension of the entire spine
(49,103), and being the most superficial 'is more amenable to
‘surface electrode electromyography than the other back exten-
sor muscles, .. -

Immediately undernenth the erectores spinae 1s the
samisp1nal1s thoracis muscle responsible for extending the
thoracic spine (7,49,73). Underneath these muscles are the
deep posterior muscles of the spine, 1nclud1ng tha multifidus.ﬁ\
rotqtores. and the interspinalis as well as the other smal)
interconnecting muscle-slips ntéachad bqnneen pairs of verte*
brae (103). | The foilowing will deal mainly with the Sup&rs

f1c1:l erector&s spinca musclc(s)
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and Basmajian (34), using surface and fine wire electrodes
respectively, found that the erectores spinae mqscles were
inactive and concluded that the l1igamentous structures were
assuming the load. Floyd aﬁﬁ_Silver (46), using needle
electrodes, demonstrated that other deeper muscles did not
help out in this position, concluding that when the erectores
spinae muscles relax, all otﬁﬁr deeper muscles relax also.
Extension frem the position of total flex1on was 1nve§t1-
gated by Thomas (97). EMG recordings we;e obtained at various
segmental\levels of the lumbar spine using insulated plati- .
num-wire electrodes, and resb]t; demonstrated that there was
a rapid digcharge and powerful action current pattern of high
amplitude recorded from the érectores'sp1nna trunk extensors.
Donisch and Basmajian (34) found ‘short byrsts' of activity
in the lumbafxregion when the movement of extension was half
completed. Moyris et al (73) placed electrodes in the i1lio-
costalis and ldng1ssimus branch of “the erectores spinae {n
the lumbar ragisn at L5 The muscles under cons1derat1on‘f
became more qctiwe as extension began and decreasgﬁ in acti-
vity as the cxtcn\fd position was renched Thomas {97) also
;found that activit) wap less in the normal _upright pos1t1o#
(.

‘with very slight .forward ti1ting. Portnay and Norin (80)
“abtained similar f1 1ngs except that therg was, n rise tn

‘.‘.x

. PRI
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nounced. Floyd and Silver (46) fouﬁd that when a peggon
grasped and‘1n1t1a11y lifted a 28 pognd weight in the fully
s tooped position, the erectores spinae muscles stil1l remained
relaxed with the ]1gaments taking up the additiona] stra1n
‘However, wﬁi% the we1ght was li1fted a bit higher, vigorous
activity took place, slowly diminishing until the upright
position Qgs reached. Ih some cases, th; authors found there
was a burst of activity in the electromyogram Ju%t as the
w'eight was wa o‘f;‘ the ground, and associated this with
a grunting or strq&ping effort which usually causes the back
muscles to contratt. Similar results were qbtained by Pauly_

“(78) who tested all three branches of théierectores\spinge
by 1nserbfng fing~wire electrodes by means aof hypodermiq
needles. The ]o?iissimus contracted more vigorously than

the 1110cost¢{;s branch, and the-spinalis harder than the
longissimus. The author concluded that the spinalis branch
igctad 4s the prime mover in the sagittal plane, while the
othqr two. branches were: 1imited due to their mechanical
‘dvantnge In a study of a standard Olympic 11ft of 167 5 "
‘k1199rams dong by Cor;er et al (23), ergstoras sp1nac acti~
v1ty was greatest from the weight laning ~-the-floor ppsit1on
‘ throusu to the lou-anntrol position; and lessened from tha ,
A:tan«arqct pcsitigg through to uhcrc the ucight ugg Qchg .
nvor thn head with arms axtended and- standing eresy.. HorrIs‘s;f ,
';3‘5; (?4) ncasurcd the clngtronyogrgphic ctiviiy af the “:@;ili r
iéﬂ!p nuscla; of the bagk i3 ;ukj“gs uufl en. 4 strni;,g Rt
up za A n!n!nyn qﬁ 209 ggnnds uiﬁ trunk vgr&tcnl and‘f:;‘,j
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| e
flexed at 30, 60, and 90 degrees. “For static pulls at tén—
sions on the strain ring of 200, 200, 180..and 170 paunds.
at 6. 30, 60, and 90 degrees froh the vertical, the correspond-
1ng electfomyograms'reached voltages of approximately 6,000,
8,000, 7.000: and 8,000 microvolts respectively. When sub-
jects 11fted weights from O to 200 pounds in 50-pound incre-
ments. in the form{of barbe]]s; from tﬁe floor to the height
of the freely hang1ng hand witﬁ the subjects in the erect
position; the max1mum valtages ‘were 1,000 microvo]:s for 0 |

pounds, 3,000 for SQ\pounds, 5,000 for 100 pounds, 7,500 for ,p~
150 pouﬁds and 206 pounds respect1vel} with maximum-values})
occurring as the weight ]eft the floor and decreasing as the "
vert1ca1 was reached. Results of an experiment done by

Jonsson (55) on thintpen healthy subjeéﬁs aged twenty”toA

\ twenty-seven years showed that'd1fferences in the degree of

EMG aé?1v1ty occurred between the longissimus and {liocostalis

branches of the erectores sp1nae, and between d1fferent Tum~

bar levels as well as between subjects. Standing with a

1oad of 40k1lopon&s heid by both hands in front of»the trunk

J” " 'qave a marked 1ncrcasc in act1v1ty in the lumbar part of vhe

T \ S ' ) | | v
}5 The po:itien of the load seems to be very 4mp9r§;nt -

‘carl;oo (15) fnund that, witb the load 1n frong 9f¢th thighs,
Pauly

o ercctovos spinne,

,Q(T§) foun¢ sinilgr rqsutts ALR subjgct
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 spinalis, longissimus, and 1]10costa]i§. - When the barbeil -
was‘raised under the sbbject's ch1n,fand in.the 1ift-and-

b 4
Press posfition where the back became stra1gh¥; the lower

i

/‘back muscle activity was reduéed. As the weights were -

+

lowered to the floor; there was an increasg 1n muscle attivity,

(2) , EMG and Muscle Tension |
| It has been shown that when a muscle contracts the
mean voltage of the EMG recorded from its surface increases
with the force of contraction -~ this relationship be1ng
linear provided the contraction is 1sometric (68, 71) Falls

) has found, by plotting mean peak voltages of-known back

m sc]e pulls. ~1sometrically, ‘that EMG‘s w111 g1ve.a calibra-
Ton best-fitting straight 1ine from which musc]e tension

an be predicted from the vw]tage For pulls of 10 to 70 NPE
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20 to 180 m1crovqats using surface electrodas “Bigland and '
Lw‘)old (10), using a punimeter to 1nte9rate theiggtion B
potentials of calf muscus of thn Mg. al;o demonstrated this :
Hnear raunon:Mp between ‘Voltqﬁe and ﬁannon for submaxh

munm, so thn tM i‘ﬂ!ﬂgn;hip QM, "Niqsq ”
halq ceaktgnt, lunigc g_gag_ (]og), Qn thq 9%"" i
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second-order differential equation with constant coefficients
between musc]e act1v1ty and tension on the soleus musc]e
Grossman (51) suggests that Fhe linear relationship may hold
over certain ranges of cont;gction, but that the slopes ob-
taineh will be different depending on whepher the cc traction
is isometric 6r fsotonic; on the statelof fatigug; where the
electrodes are placed; and on inter and intra-individual

;differencés, Therefore researchers séou]d\obtain values fof
tbe differences between resting and stimulus levei; of action

potentials, and cohpqre.theée differences,

(3) Stregg;n and Fatigue

{ I "~ Asmussen et a] (4) showed a 11near relat1onsh1p between
the integrated EMG and the forces produced by the act1v1;y.of
fhe erectores spinae; but the effects of increasing tﬁe

' atrengéh‘of thése-musc]gsjhad apparently not been studfed,
T = DQVrie; (Bz)lstddied 1ncr9aseé‘1n strength‘1nvo]v1ng
o "noh;hyﬁéét%ophy; pnd thésc,where‘hypgrtrophy occurred}_ id
;o ‘the first éqsg. the autﬁoﬁ'sugggsfed that strength fﬁCrégSes
‘\‘ were prgportional to the 1ncrnnsc in output bf electr1cq1
| ".;‘2lctiV1&¥5 !nd n thq TCttQP, that, strength 1ncreasos led to ;;g  'f%

Sy redustinn in qructr1¢nl agtivigy for a 91Vln 9Ktﬂfnl1 fQFGe
" s nxggrszphg 1nqrg¢agd thq qnpucity nf‘ths mﬂscle fihrss RS
) it ﬂgvnlop &snadan 1n th! hnngn bicsvs bP!G"“ v thout’ ‘f""‘!’“"s Y

+

' “}gstioh‘pogkntigisg?;m
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mpan gains'after submaximal training (; 3 per cent) and maxi-
me] training (a further 7.2 per cent) both be1ng significant.
The linear re]ationsh1p between the integrated EMG and the
external force produced by the lumbar musculature observed

by previous authors was confirmed; but no change, in the rela-
t1$nship could be demqnstrated as a result of strength gadhs.
This suggested ihat the {nEreased strength was attributable
to increased motor unit ect1v1ty rather than hypertrophy of
muscle fibres. | “

Lenman (63) was able to demonstrate that patients with
weak musc]es resulting from neurological or muscu1ar disease
had a steeper %]Ope (higher voltage for a similar tension)
Ithan stronger healthy subjects.

If a muscle is fatigued by a pro]onged isometric con-
traetion or 1soton1c exercises, it has been foupd by Edwards
and Lippold (36) that morelelpetrical activity is associated
~ with e"g1ven tension in the fati&ped st;te This was support~
ed by work done by Lloyd et al (70) who suggested that, in
the final port1on of cgntract1on where EMG's qre greatest,

‘ there 1s'a IOClliaed fetigue of actjve muscle where addition-
Al effort 1: needtd to! p@int&1n the spec1f1c tension. quyd 3
,(69) elsu ohtained emplitud@ 1ncreeses es “ten male volunteerslf;

.l‘mgiﬂtgi"ed 1sametric Contractions 1nva1v1n9 elbow flexors es?ﬁye
Iond " Pganlﬁ; n ;o‘,,go, .nd 70 p" gem of mﬂml mna .




Chapman and Troup (18) while ma1nta1n1ng steady pu111ng
forces at 30 per cent'of maximum for four m1nutes There
was a fall in the oytput of electr1ca1 activity between the
be91dn1n9 of pull and after three minutes of the ordet of

50 per cent. Towards the end of pull it 1ncreas‘ed; but 6?
in ten out of 55 observatifons did the final e]ectrica] out-

put exceed the initial 1evq1

Cardiovascular Response to L1ft1ng<jHeart Rate and Blood
Pressure) - ' '

In sustained contractions, the mass of skeletal muscle

involved seems within an extreme range unimportant with.regard
to the cardiovascular response. The relevant factor seems to
be the fraction of maxima] isometric tension exerted by any
muscle group (65). In a study by gind (64), a 30 per cent
of maximum eontractipn of small forearm muscles in haqd—grip
, strength testing had the same effect‘on heart rate and'bleod
'pressure as 30 per cent of maximum contractions in the large
leg muscles flexing ;he hip. 'CaEpiQVQSCQIArly speakihg. the
simultaneoes contrectiohs of two*groups of muécles ai the |
TR same proportionel tension, according to Lind .(64, 66). do nat
ef: ‘ j' ﬂhave an add1t1ve affect.. In fact the response 1s tha agme,as -"
: -‘1f*only one graup had eﬁn;racted DeVries (33)“'1,. '
; ‘,dietpd tnai;by eoné‘uﬁing that the heqrt ratg response 1s o
{*7';\1’ ~-~demgrninp4 einnst entirely by the total ‘mass of muscle 1n- Ve

IETR volveﬂ dur1aa nr!n11n9. walk1n9. and ¢1311ﬂ£ ;"e.eiﬁ¥ﬁ4'ﬁﬁ

[T
e
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n’th!s &%Q!dx stutq uas mahn;einsd fon'thg fiftsan minutes~~ k f?
L ;};ugggsging tnnt thn harness tgqnnique wps mucn less fstisﬂihﬂv

b 38
/ . .m..x'&:‘ ’

(1) Studies Involving Loads and Lifting

Lind and McNicol (65) ekamined thé dardiovascular res-
ponses of holding, by hand, weights equivalent to the load |
exerted through each handle ofca loaded stretcher. and the
benefits of holding these loads suspended from a shoulder
harness. fésts were also carried out while actually carry-
ing a man on a stretcher, by hand and4!y shouldqr‘hqrness,‘
as well as the effects of holding gradéd weights in one or
both~hands to simulate holding and carryinglof parcels. When
the subjects stood, arms dependent, in support of 20 kilograms

for two and a hq!‘h‘FMutes, in the right or left hand or both,

the blood pressure and heart rate rose progressively. Nhen '

the weights were re]eased the blood pressure and heart rate

'quickly returned to resting values. Hhen 40 kilograms was

held in the hands (20 ki]ograms 1n each hand) for two and a

hq]f minutes, the b]ood pressure and heart rate rose “to..

_.nigher ]eve1s thgn when 20. k11ngrams was held just in the o
,right hand. Use of a 40 kilogram shoulder herness worn for

f1fteen minutes. qaused thg bloqd pressure qnd hawrt rate to

l",'
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the'shouldeﬁ‘h;%ness in the same situ;tion produced va]ues.

L ‘ —
of 96 mm. Hg. and 125 bpm. at the “three minute mark. Corres-
'ponding values. after fifteen. minutes were 98 mm. Hg and Lo

138 bpm. without undue fat1gue The graded weights aspect
showed that holding 5 or 10 kilograms in the right hand for
. five- mlnutes induced a quick rise 1n heart rate and blood
pressure, but also a soon-reached steady state A weight
of 20 kilggrams caused a steady risezin both parameters with‘
“no steady state apd reu1d fatigue, Forty and 80 kilograms
using the harness could be to]era{ed without fﬁtigue for
fifteen minutes - the blood pressure and heart rate having
reached a steady state in a few minutes. The~cr1tica1 point
seemed to be, between 80 and 120 kilograms where the two vari—
'ab]es rose steadily throughqut and fatigue occurred after ‘
three minutes, The authors concluded that the impqrtant . fexn
chtor {§ the proportfon of tension exerted by ‘A given grpup
of muscies, and that e QistinCtion can. be d/awn between'sus»
tq1ned contraetions produc1n§ fatigue and thge that do not

';s‘jf ﬁ study 1nvolv1ng the bfgéps, triceps,

rach}al1s, and
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',seme duration at ]/Zfand~2/3 max1mum resistanc\\ Resu]ts',}L“‘gf;
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Knuttgen et al (6@)

H

A\vneAthielto be the ‘case jn_bicycle
ergometer fests\uhene ‘he:reI;tionships between heart rate
and oxygen consumptﬂon;were very simjlar at verious musc]e\
'tensians at similar oxygen nonsumptions However‘the heart ! .
‘rates 1n eccentr1c wark seemed to exceed those obta1ned in .
‘cOncentrlc work at the same oxygen consumptnon .
Datta et al (24) 1nvest19ated the cardiovascular effécts
of stepping up and down a 25 centimeter h1gh stool (step test)
twenty times a minute for ten’ minutes while supporting ]oads
of 0 *10, 15 and 20 kilograms\\ The mean peak heart rates
. for this exerc1se were 134, 6, 153\8 13@\0 and 165,3 res-

pectively These high values are 1n accordance with the -

[€)

14 erature for dynamic work (64 65 66\67 75) K ‘f' Sp, " ‘

Shvartz (87) cqmpaned the effect\ of iéﬁton1c and jso-.
metric exercises involving the military ress 0 twe]ve sub-ﬁ. s
‘ %ects averaging ‘twenty- one years of age. 'vQC 1soton1e exer-.‘}

°'53$ were Performed for 45 seconds at, 50 p.v'cent\max1mum B

es1staneq, wh11e thq 1sometr1c exercises were done' r the R

jndigated ghat 1sometr1c exercise;performed for 45 seconﬂq




In analyzfng a standard, Olympicﬁ¥3¥t of‘167.5 ki]dbrams,

Corser et al (23) traced the heart rate response throughout

h i

\\\—ani after the lift Heart rate changes from beag to. beat’

were markedly constant during the 11ft and fu]l elevat+on
of the heart rate only occurred after the exercise\/ The
total exerQISe took 33 seconds. ) | ‘_ T

P Bartels et al (6). d1scovered that a 10 sec0nd 1sometr1c L

l
'

pull on a dynamometer at 60 per cent of maximum caused thew
hﬁart rate to rise slightly du?ing the exercise and sharply v

1n the few seconds folIowyng the\exercise, It had returned A

B

almost to resting level within 20 to 30 Seconds following

exercise.

. "t e
s .
. . I3

‘ Cathcart et al (17) found an 1ncrease 1n heart rate ,_\‘
R ' ‘

i fol]0W1n9 thﬁ ces#atfon of isomehric work, and demonstrated

n

that d1asto!1q blood pressure was more markedly raised than }.

systeﬂic pressbre.
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concerned with elbow“flex1on and extension. Singh and
Karpovich'(96) found.thaQ trainqng the forearm extensors
maximilly'and‘eccentrically four times a week for eight
weeks through a range of 40 to 150 degrees produéed mean
increases of 42.8 per cent for concentric strength, 22.9 per
cent for eccentrtp strength, ?nd 40.3'peﬁ cent for isometrit
s(rength. The corresponding ‘increases for the antagonists
or,flexérs were 30.9, 16.7, and 26.4 per cent respectively.

Training df Back muscles and back strength has not received

as extensive attention.

Delorme (29) employed a progressive resistance type

.of training“where hyperextension exercises were perforﬁed

on a table with intreasing loads app]iéd to a weight an

on the subject's back. The program, carried out on polio

pattents, Eonsisted of seven to ten sets of 10 RM weight

(where Rn;f the'max1muﬁ.we1ght that can be 1ifted through

the rangg;qf movement). The author retested each week to

detnritnc a new strength score (1 RM) and 10 RM value for -,

trniﬂ?ag Resu]ts showed that strengtq improved significant-

ly (in sone cnscs up to 300 per cent of fgittal valuqa)
Asmussgn (2) :tudied the effects of static and dynamic

training on back nntcla strength, &nd found that each pro-

“duced ‘approximately thc same degree of improvement Howaver.
thc Aﬂthor suogastodfthat dynln1c training n1ght not be as

qfﬂchnt ‘hegause 1 don not wsually alley sufﬁcioat time

fer anaclu to reagh thﬂ'r natn&m tension.
lnrglc (&) tq:tad th. sthtic ‘and dynamic sﬁrcngth of

. # . . -
z : . . B
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the lower back muscles before and aff¥r twe]vﬁ.neeks of
training on seventy-eight male students at the University
of I111nois. Static strength was measured by a back-pull
machine, and dynamic stréngth by means of a back hyperexten-
sfon 11ft. The {sometric group, training on the back-pull
machine with three sets of 6 second maximal contrqct1ons.
tmproved theif static strength mean by 11.13 pounds and their
dynamic strength mean by 9.43 pounds. The {fsotonic group‘
performed eight to twelve maximal back hyperextension repeti-
tions a;; increased 7.3 pounds statically, but as much as
21.15 pounds dynamicallyx .All increases.were sign1f1cént.
The author concluded th;t st;tic sfrength was improved more
by static trn1n1hg. and dynamic strength more by-dynamic
training. Rasch and Morehouse (83{ found s1mTTZr results
on glbow flexion and isometric arm pressing.

In a simflar study by Berger (9), involving the bench-
press 11ft, nine groups were ‘tested befare and ;fter twelve
nc;k; of progressive resistance exerc1se.‘ Each group trained
dj;fgrently in number of repetitions per set. Resistances |
amployed were 2 RN, 4 RM, 6 RN, 8 RM, 10 RM, and 12 RM for
one sat, Group means for these res1stances after training
were 146 56, 164.52, 151.96, 155,69, 148 29, and 149.74
pounds respect1vn1y' The author concluded that the optimum

nunbcr of rapqtitions occurred between three and nine. Thg

, corrqsponding number of rnpct1t1ons for isometric trcining

has bnqn-ghqlh'hgd by. eardnor (42) as one 6 second contrqc-_

- tion at 2/3 uaxiuun. by Dennison et al (31) as ono maximal
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6 second contraction; and by Berger (8) as two maximal 6
second contractions.

One 6 second contractian was used by Baley (5) on 104

'students at the University of Connecticut who participated in

a four week program of isometric exercises done with a. nylon

belt. When all grogps were treated together, a mean gain of
\ .

57 pounds was made in the back-lift. This was significant

at the 0.0005 level. The high-fitness class made a greater

L]

.1mProvement.,/Classes‘wh1ch did only isometric exercises for

. ]
greater mean ga1ns than did classes which met for sixty minutes

1/2 hu hree times per week for four and a half weeks made

twice a week for four and a half weeks and did stretching
exercises and running in addition to isometric exerc1ses.x“jﬁ
In both the initial and final back-1ift means, the low fitness
classes had the lowest scores, and the highést fitness classes
had the highest scores. .

Taylor (96) found that wYestlers participating An a
twelve week muscular endurance~cardiovascular training redi-

men exhibited significantly greater gains in back and total

body strength than those participating in weight 1ifting at

70 per cent of initial strength for a similar twglve weeks.

[

¢

(2) Training and EMG's

‘

Although nll subjects gained 1in maxima] back-pull
strength after submnx1mal training at 10, 20. Qnd 30 per

. cefft of maximal pulls twice daily for four days, and maximal

training twite dniWy for ona week; Chapman and Troup (l%}

’ ¢ . ¢
. o .
L | -
a ® .
" ' » b .
I .

*

e - . . .
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noted no change in the relationship between the integrated
EMG's and external forces produced as a result of strength
gaigm,(mean gain being 14.5 kiloframs). Thus no change 1in
the 'efficiency' as .defined by DeV%Ges (32) could be shown
for the lumbar musculature. It might be inferred that the
increase in strength was due solely to increases in motor
unit activity, and that no hypertrophy occurred,
Similar results were obtained by Chapman ana Troup

(18) over a period of 33 days. No changes in the integrated

EMG pattern accompanied mean increases in strength of 13.3

kilograms.

(3) @ardiovascular

In sustained isometric cdntractfbns above 15 per cent
of maximum, the ihcrease in heart rate has been found to be <
modest; and at fatigue it is uncommon to find values over
120 beats per minute, ilthough increases 1n blood pres;ure
may be dramatic (64). Falls (41) states,}hat'even strong

long lasting 1somf&r1c contractions put only very slight
demands on the card1o respiratory and vascular systems, and
are therefore a very poor trnlning form for endurance.v‘///\

However, in dynamic weight 11fting the load on the
muscles is seldom mcximcl but 1t will indrease the Isometric
_Strength of the nusclas undergoing training in proportionwto
the loads they have been o’ghsing. At the same timg 1t will
1ncrcusc the capacity for bqrforning thatraining excrc1:os

And the endurance 1n;/1§?orm1nd them (41) Cnrser gt al (23)
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dfd not obtain a full elevation of heart rate to mai1mum
values unti) after the 11ft was compl!‘ed. Shaékey (85)
has presented data indicating a need for a heart rate of
150 beats per minute before a training effect 1s elicited.
The cardiovascular response to ]1ft1ng was outlined in a
separate sgction earlier in this chapter, However, little
fs known of its response as a result of lifting and back

strength training.

/

Electrogoniometgy‘and L1ft1%g
Karpovich and Karpovich (56) have developed an electro-
goniometer to study joint movement. Basically the electro-
gonfometer consists of a round rheostat‘with two shafts
attached. The electrogonRometer i's attached to the joint
while the rheostat rests on the Joint.itself. A’ more de- \

tailed description of the electrogoniometer 1s given in

Chapter III. _

i

Klissourag’and Karpovich (59), in their study of Jump- 4l

ing events used an electrogoniometer on the hip J61nt" Singh \\‘

N,

:

and Ashton (89) adapted this technique in their s tudy ofl
back-11ft strength to determine Qariqtions in hip angle.
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" CHAPTLR 111

’ A METHODS AND PROCELDURES »

Subjects , N

forty male physical education Student volufteers in
attendance at the Unfversity of Alberta were used [ 3 sub -
jects in a pretest and post test situation with a five week
trafning progrém between, IThe subjects were healthy and had
no history of lower backh problems, The subjects ranged in
age from 21 tQ 40 years.
Experimental Design

In the pretest, each subject was ranked according to
the total strength §coh§ (isometric + concentric + eccentric)
exerted and randomly blocked into one of three different
training groups or the control group (ten in each group).
The pretest involved one maximal isometric back-1ift*at a
h1p.nngle of 160 degrees; one maximal concéntric back-11ft
through™a hip angle range of 150 to 170 degrees; ang oneAmaxi-
mal eccentric bnck-l1f£ through a range of 170 to 150 degrees.
To complete the isometric test set, one maximal hip flexion

test at a hip angle of 160 degrees was performed using a

modification of Clarke's trunk flexion test (l)l Thus thé ,

pretest oj\l!led an 1sqmairjc. concentrit, and eccentricﬁféft i

)
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"(pounds).

After the five week trsining period, the post test
involved one isometric 1ift at the original pretest maximum
(isometric test set for efficiency) and one at the new maxi-
mum;~0qqtnew maximal concentrie and eccentric back-lift
through the same ranges as in ‘the pretest.» lo complete the
isomeﬁrfc test set, one new maximal isometric hip flexion
test at 160 degrees was performed. Thus the post test con-
sisted of an ‘tsometric, concentric, cdccentric, and isometric
test set for efficiency. 1In the concentric and eccentric
tesg sets, analyses were made at the 160 degree hip angle
mar&‘as 1nlthe fsometric. test sets (1.e,, Z&Qﬁegrees from\

t%ﬁ vertical). ‘

All sterength, electromyographical and heqrt rate mea-
sures were recorded throughaut each 1ifting test set as well
as hip angle., Curvature measures were ré}orded only in the
1sometrig test set and the fsometric test set for efficiency.
A one minute rest interval was allowed between each test set
at pretest and post te§t. To prevent undue fatigue, one trial

was allowed for each test set. All test sets were administer-

ed in randam order before and after training. .

Anthropometrical Data

The following anthropometrical data was collected from

each subject: lge (months); height (inches), and weight

4



ﬁipcedures for Administering the Tests

Four test sets were administered to each subject.

Isometric Test Set. Each subject executed a maximal

(‘\
isometric back=1ift at a hip angle of 160 degrees and a maxi-

mal isomet;ic hip flexion test at the same angle at pretest
and post test. The strength test jnvo]ved use of fhe badck-
lift technique and experimental back-~1ift dynamometer (8,9).

Concentric Test Set. [The maximal concentri¢ back-11ft
§trength through a hip angle range of 150 to 170 degrees was
recorded for each subject at pre and post test as the cable
released at 2.25 inches per second (2).

Eccentric Test Set. The maximal eccentric back-1ift
force through a hip angle range of 170 to 150 degrees was
carried out Py each.subject at pre and post tesé as the cable
lowergd~at Z:ZB\jnches per secon : The cable pulled the sub-
ject down as he ;r1ed to extend maximally and continually.

-

Isometric Test Set for Efficiency. Th1s‘£e\t set was

completed at post test and required each subject to perfaorm »
an {sometric back-11ft equal‘in magnitude to his pretest
value. In this way any changes in efficiency, with ranrd

to lumbar curvature, back muscle electrical activity, and

heart rate. were observed,

In the isometric test set and the isometric test et
~for efficiency, GICh subject's lumbar spinal curvature was
calcqlatnd ut peak pull from a lateral photograph<fhken with
a Polaroid Land Cnmcru (Model 900) at a distance of five feet

from the subjcct's lumbar vertebrae and at the same height.

L} * . L



Golf tees, painted black and tipped whiée, were adhered over
the spinous prpce;ses of L1 to L5 by means of Beckman ;dhe—
sive collar tapes (Figure 15 after the~sp1nous process posi-
tions had been established by pa]Pation.accordIng to E111s
(3{351). A durk background facilitated cle;r readings of
the tips of the tees. Resultant Jupbar curvature was réad
as the angle subtended by the lines perpendiculdr to the LI
and L5 points on the curve derived from joining the, five
,t1ps in each photograph.

During al]’test Sﬁt;, muscle action potentials of the
erectores spinae were taken at one and two inches from the
spin® on the right side at a level between L4 qnd L5 using
surface electrodes 8 m1]l14;ters in diameter as‘recommended
by 0'Connell and Gardner (7). The distance between the two
electrbﬂjgy held jn place by % thin rubber belt, was 1 1/2
centimeters, with the'th1rq"electrode (ground) bé1ng fasten- .
ed to the right ankle. It was hoped that this paramedial
spacing would yield an overall picture of the erectores spinae
branches from medial to lateral (10),

In al]l test sets, heart rate was recorded during anq
1mmed1ate1y following each cnhtract1%n for ten seconds .by’
means of surfaca electrodes. | h

An electrogoniometer was attached with ndhesive tapa
to the left hip of each subject for all test sets in order
to record the hip angln The electrogon1ometer was placed
on th 1Qtoral ‘side of the left hip so that the rheostat
rastnd on thc m1q'p1nt of the greater trochunter of the famur

»
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. Figure 1. Mefhod of Measuring Lumbar
: .. $einal Curvature,



witﬁ ghafts connecting with the iliac crest and the midpoint
" of the lateral epicondyle (6).

In all the test sets, the feet were placed so that the
malleoli of the ankle joints were opposite thesbase of thé
cable and six inches apart (Figure 2). The subjects, employ-
ing a mixed grip, were asked to 1ift straight up in the iso-
metric, concentric, and isometric test set for efficiency;
and attempted'to extend their backs mak?maT]y while keeping
‘their legs straight, The situation was similar in the eccen-
tric test set, and subjects were asked to resist continually
and maximally ar the cable pulled them down, A1l test set

contractions lasted approximately three seconds.

Al

Training
Sub?jjts in Group [ underwent maximal isometric back<

g at a h1p angle of 160 degrees using the experi-
[y

- 11ft trai
mental back-11ft dynamometer, _
Group 11 trained maximally and concentrically, back-
lifting through a hip angle range 6f'f56'to 170 degrees us1ng'
the same dynamometer
' Group 11l participated in maximal eccentric back-11ft
training throygh a hip angle range of 170 to 160 degrees. |
~ The fourth group acted as.a control. 1nvolved ohly in’
the pretest and post test situation. k
Each -training subject performed three days per week
(MWF) fdr five weeks. Three maximalqﬁria]s with a one mjnufe

rest between were given each testing day. The 'shout methodfx

[}
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was used for encouragement.
r \
gxperimental Apparatus
@gpb;kjf}npxpgmpmgt;r. The experimental back—]ift

dynamometer is'a ﬁu]tipurpose device which,cén be used for
isometric, concentric, and eccentric strength testing and
training (2,8,§1ﬁ It consisted of aﬁ electric motor connect-
ed to a doub]e—}!iing ﬁydrau]ic cylinder from which a cable
passed over two ball-bearing pulleys/and emerged at a point
directly between, the subject's feet and in %ront of him. The
cable was connected to a load cell, connected by means df a
chain 1link to the bar,-whizh was grasped using 2 mixed grip.
The entire'system gould be maintained (isometric), or raised
or lowered for each subject ((concentric and eécentric res-

' . r
pectively) by means of the hydraulic mechanism., Figure 2

illustrates the dynamometer, subject, and other apparatus

used in this study.

Lumbar Spinal Curvature Cinematography. Five golf tees

were painted black and t1pbed with white paint. They were
attached on end, flat end to the skin, over the spinous ‘pro-

cesses oﬁﬁfhe five lumbar vertebrae by means of Beckman elect-

’

Trode tape collars when the sbhbjects had assumed the 160Adegree

"hip ang]e. The heads of the tees had heen previous]y filed

. S0 that the circu]ar tapes fitted over them.

L}

An ElﬁCtrdc Eye Polaro1d Land ‘Gamera (Mode] 900).

) mounted on. a tripod . Was situated f1Ve feet from the side of

-‘tpe‘subject s Tumbar vertebrae and at the same height. A

. ' .
) -
“ . * .
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dark sheet of plyboard was placed behind each subject (oppo—
siFe‘sidé of the subject to the camerah’enabled the whité
t1p§ of the tees to show vividly on the photographs. In
each’ photograph, the tips were joined producing approximgte
lumbar curvature. Perpendicylars to this curve at L1 and

L5 were drawn an the photographs and extrapo]iked to the
point wheke they joined'giving the total angle change in
degrees,

Honeywell Recordér. The Honeywell electronic medical

system consisted of a Model 1912 Visicorder for recording
~ physiological phenomena. This system included a Model 8011

multichannel oscilloscope for data display. A sample record-

ing from this study is shown in Figure 3.
Load\Cel1. The load cell used was a 1,000 pound capa-
Load L€t . . !
cidy load cell, Model UG3] tension type ﬁrom BLH Electronics.,
Signals from the load cé{1 were recorded on an Accudata 113

~

biomedical amplifier of the Honeywell recorder which was
* *

on thé load'cell (5).

Electrogoniometer. The electrogoniometer ponsisted'
' ¢

of a rheostat with two plastic shafts. The rhegstat bﬁ}t1on.

was placed.overlthe midpoint of the greater trochanter, of
the femur with the two shafts co‘cting with the 111ac
+, crest and the m1dpoint 3f the lateral epicondy]e. The
\-e}iectroqoniome&er was connected by a wife to (mr "hich‘-
1n turn NAS connected .o gnother channel of t e recordgr,

Power or the electroan1ometnr was supplied by twg 9- volt

calibrated to move | millimeter for every 5 pounds of tension

4
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Sample Recording

Figure 3.




transister batteries. For ca]ibration, a protractdr was.,
attached to the electrogdniometer so that one shaft was
immob11ized while the other was free to move caus1ng a
change 1n angle. The electrogoniometer was calibrated so
that each.degree of change produced a deflection of 1 milliy
meter on the Honeywell recorder,

- ‘ _ /
Electromyograms. Two metal surface electrodes, 8 milli-

meters wide and one inchlong, were attached paramedially at
one and two inches from the spine on the right side at a level
between L4 and L5, with the distance between them being 1 1/2
centimeters approximetely The e]ectrodes were coated w1th
electrode jelly and 1nserted 1nto the1r reSpectlve places‘
‘underneath a rubber be]t running snugly a?ound the subject

at the spec1f1ed level, Another s1m11ar electrode was
attached with adhesive tape to the right ankle of each sub~j
ject, Leads were connected to an Accudata 135 compoant of
the recorder, and e]ectromyographical spikes were simultan- "
eously rectifled by an Accudata 136 phys1ologica] 1ntegrator
to g1ve the mean peak voltage, A ca]ibrat1on, 1 mi]]ivo]t
spike, was reg1st"§d on. thd Honeywe]] recorder as a frame
of reference for each subject (S), All read1ngsjzene record-
~ed 1in mjerovofts. s 1 o , I

. Heart Rate, Three metal surface e]ectrodes, 3/4“ by
.one 1nch, were attached underneath a rubber belt fastened
"snugly dnd horiaon&q11y around the SubJect JUSt below the
ﬂipp1es. Two e]ectrodes on the front of the subject (one on
each s1de)land on'e on the right s1de at the baclc acting es a
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ground were connected by leads to another Accudata 135
channel of the recorder.  With the péper speed at 2.5 centi-.

meters per second, heart rate in beats per minute was easily

-

attainable. _‘“1f‘ '

Clarke's Table for Cable-Tension Tests. The téb}e, /

approximately 6'6" long, 2'9" wide; and 2'6" higﬁ, had a
tweﬁty b) seven chh cut lengthwise in the centre of it
beginning ten inches from on® end so as to permit attachment
“8f the pu]liné assemb]y'be1ow the subject. .Each subject
éssumed a supine position, knees fully extended, arms folqed
across the chest. The subjeét tHen f]éxed at the hips to
make &n ang}e of 160 deérees. A trunk”strap was placed
aré&hd the chest and was connected to a 5/32" stee]lcab]e,

- %hich was attached to the igﬂroprfate hook for pul]ingn As
the subject flexed.maximally at the hips, a cable tensiometer
(Pacific Sgientific‘CoL, No-01-06) with a numbepr two riser
was applied to the cable 91v1ng its tension. A study on

five trials at 1oads from 60 to 250 pounds - 1n 10 pound 1ncre~ 1
ments pribr to the exper1ment gave a reliability coefﬁ;flent

aof .a&-f?r'the cable tensiometer (11.1247132).

Calif'ut1on af the Apparatus

‘ The load cell was ca]ibrated by comparing the 1nd1cated
"output defleqt1ons with known weights added 1n 10 pound 1nter~'

© Yals. L1near1ty of the loaq cell measurements was conf1rmed

“The Honﬁngll recorder was ca]dbrated accord1ng te the Honey- “
wa1l ﬁlcctronic Mnd1ca1 Syatom Manunl, A Q

A L o
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Statistic{H Treatment . ‘4’;2'

Reliability coefficient§ usiﬁg analysis of variance

and standard errors were computed where possible. The signi-
ficance of the differences among post test group means of
éach‘vhridb]e in each test set was computed using the analy-
sis of covariance tech;1Que (11:581-8). st-tests between |
pre and post test means were performed on each gifup in ‘
each test set for each variable (11:39<43). A correlatlon
matrix was ajso dqtermined for the Qariab]és in each test

set using pretest‘means (4:105-130) . ;£Er¢ sign1f1cance‘

, ~ :
p

occurred, s1mp1e main eﬁfects on groupWwere analyzed by the

o

Newman-Keuls test (11: 80 ~85).
' ‘ . ) 1
P110t Study ; ‘ ' ‘ h

- A pilot stlUy was/carriea.out on three Unlyers1ty of

Alberta E}udents to check functioning of‘ﬂhe respective
recording channe]igpnd to eva]uate the cinematograph1ca]

technique 1in assess1ng Tumbar curvature
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‘ CH'PTER Iv

A RESULTS AND DISCUSSION

Analysis of Data \
The analysis of data 1s presented in the follaowing
order: reliabil{ity est1m{yes for variables measured and
standard errors of measurement; pre and post test means for
‘each group on each car1able fn the {sometric test set;
analysts of covariance on post test treatment groups for
each isometric test set varfable; t-t¢ests between pretest
and post test means® for each group on each tsometric test
set variable; and a pretest correlation matrix for variables
contained in the isometric test set. The means.nana]ysis of
covariance, t-tests, and correlation matrices were then
‘repeated for the4c6ncentr1c,and eccentric test sets, and the
Y, isometric test’set for efficiency. |

’ . L4
Re115b111t108 The follow1ng reliability coefficignts

on’ mnx1mql bnck 111t strength. electromyographical menn peak
voltaoc§ of thn lumbar ar:ctorcs spinae. and heart rgte mea-.

sures dore dctorminoA hﬂ ?@ 35

éccts during pretest These

cooff1cinnt: were durived ! aéslpw varfance to estimate

¥ by r \
‘the rc?'abil1ty of mc;surgmnnt XY er fsometriq. concqhtr1c._
and eccentric tost sets (32 124- 131) Eor purposes of con-

von1aneo. the nerd ‘qlcctronyogram wil) belnoscd as EHG

)
A a0 : \' .

* c . " ‘7 ' ‘ ? v ﬂ

v g 71 ©
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TABLE I

, RELIABILITY COEFFICIENTS

A

Variable ‘ Rél1ab1]1ty Coﬂrficients
Back-Lift Strength 0.83
EMG (Mean Peak Voltage) 0.92
Heart Rate 0.92

The ré]iab1]1§x coefficlients are test- retest qorrela~
tions and make no 1nd1 atifons as to the precislon o# an
Individual's score. The correspondfng reliab111t1es for an

tndividual's score on each of these three variables are

given in Table I1. o '
P
P R TABLE 11~ | ?
. ' ‘ ' ]
RELIABILITY COEFFICIENTS "
v : _“k -
. = ,
‘ Yariable ‘ ‘ 'Reliab111ty'Cq’ff1c1gpts
Back-L{ft Strength o .62
ENG (Mean chu Voltugg) ' jgaab .
Heart Rate, L Y T N ‘
v ‘. Y - (u' R .
- B} ]

Thn stnndqra nrror of measurement. for each variable

- wns Sonputcd gotorciig Ao Thorndike and Hagen (29:183) by

neans of n:g‘gying the rnlinbility confficionts from Table I j
rd ¥Qv1.sions frpa ?nbla rr. ‘Table I shows *

ol

. 'w‘ . . e N
N N . & s .

33 . . s
g a. :".‘ . T . 2 "
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. the standard error, of measurement for each of the three

variables.

TABRE 111

STANDARD ERROR OF MEASUREMENT - SUMMAB‘p

e e — et e 1 A e

Variable Sm.
Back-Lift Strength 29.23 1bs.
« EMG (Mean Peak Yoltage) 54,10 uv
Heart Rate 4.42 bpm

It can be seen from Table III that sc@res on strength
= 4

could be exp?cted to vary in approximately s\xty-eight per

R % ’
.ent of the cases by + 29.22 pounds, on EMG.maan peak voltage

¥ <

by + 64.10 uv, and on heart rate by + 4.42 beals per minute.

Table IV di4plays the pretest means of the isometric,

concentr1c. and eccentric test sets for each variqble mea-
4
sured for all subJects-and 1s bdsed on the raw dcta shown,

in Appendlx A. The varfables, lumbar curvature and trunk

“ Btrrr e

flex1on strongth were only measured as part of the 1sometr1c
test ggt at pretest. As there was only one score for each
. person on each of thcs. two vnriagles. 1t was 1mposs1QIe to

cqlculatn‘thoir ve11|b111ty coefficlants and standard errors

v o~ ” . ' I . ‘ : ' 4
of nousurcnont.»tuh . Dot .

In orqar&to approxingtb these tno rc!inbtlitics an

0' o !

.l '
[ +
. » 3 .

anal;;is of nnrinnca with repe;tqd measures (percst LSRR
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post of isometric test set) was carried out using all sub-
jects. The pretest-post. test estimates for reliability for
lumbar curvature and trunk flexion strength were 0.92 and

91 respect1ve]y:w The corresponding estimates for an indi-:
vidual's score were 0.86 and 0.83,  Due to the confounding.
/ of the treatment effects, 1t is l1ke1y that the reliability
// coefficients would have minimum valué; of 0.92 and 0.91

respect1ve]y.

The fo]low1ng'ana1yses deal with the four test sets
and their respective varifables:

Isometric Test Set. Variables in this test set Co'b

sisted of s1mu]taneous measurements on maxima] 1sometric '
back-11ft strength. lumbar curvature, EMG mean peak voltage:
heart rate add trunk. flexion strength. To test_ipgatment
- effects on each varifable, an nna]ys1§ of covarfgnce was
carr1éd,out off group post test meang using pre}est reﬁultk
as the covarfate. The pre and post test means for each group
on each of the five variables are -found in Table V.
. The 519n1f1cance of the obaerved differences among
.post test group means on max1mnl 1sometr1c back-11ft strength
p. in Table V was tested by ana1y51s of covarianca. "The resql;s

r . i Y
) ]

are displnyad in Table vx . e - '

»

B S The adystgd F u‘luq for gmnps.. kiing\pretest result‘

o . B

m cpu‘ﬂm, was sigcnﬂcm at thc 05 levgl of cbg«

dqnce. e ;’

7. L ..ln‘mmr Lo ﬂnd qut wli’e the 41ffnmm;n(s) :
m, ﬂqmaq?nmr ;sgn op qrgom& md MJusm past tnn grou:*'
., R | N RS I’ ‘ 4

““3! ‘v“f”;" uﬁ
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TABLE V

MEANS OF VARIABLES AT PRE AND POST TEST -

ISOMETRIC TEST SET

e R

76

Variables Groups (N=10) Pretest Post-Test.
Isometric Back-Lift . - 1 312.00 ©396.00
Str‘ength (1bs.) . o Ir 321.00 . 376.95

‘ LI 292.76 380.00
Iy 293,00 323.50
o el ‘ ' '
Lumbar -~ . - I 14 .55 12.55
Curvature (degrees) - 11 12,75 11.95
AR § 9 14.10 13.50
Iv 12,00 12.00
EMG S o 353.78 "434.42
Mean Peak Voltage (uv) R - 3R8.69 . 425.26
Mg . 29%13 413,96
v A34.4 425:44 . '
Heart Rate (bpm) = = _ 1 102,90 . 101.60
’ ) 11 102.00 97.80
, .
: S § § 108.00 102.00
. 1v -96.00 . " 91,20
’FB". 0 . AT v ., . |
. *‘5 0 ‘, ’ ‘ . .
Jgﬁmarr1g R 1 91,65 109.95
ke Flax1ono R Y . 92,90 101.65 .
Strength (1ha ) L . 98.95 . 98.35
Y ) 543‘Qf.. "82.16. ;
- v . L jq;%*‘-m_ﬁ;wf;*twv
et v 3 : ;,A;f%;”‘ . ""I +
“' ‘}'Kf‘h‘ ‘:b" ] ‘? S : “' R ;:’"', ‘}?ﬁ’ t
el Coee oo B
Db TR e e e
r: ‘:_f -&’. \; ¥ .. \,. ."q - ‘.
VU . e ‘ RR A gt R e
o oy ah - A . N 5




TABLE VI

ANALYSIS OF COVARIANCE - SUMMARY
MAXIMAL ISOMETRIC BACK~LIFT STRENGTH

. Source - df Mean Squares Adjusted F p
, ‘ r T
Groups 3 8155.207 4,221 0.012
Within 35 1932.071

RSQ = 0.308

L}

" meaps‘was used accordtqglto Winer (32:552). The results Of
}ieéts on differences between pajrs of post test adiustéd
" means are shown in Table VII.
Tabﬁe VII demonstra‘%s that, on maximal {sometric back
11ft strength. each of the three tra1n1n9 groupgihad signi-
 flcantly h1gher scores afcer training than the éontrol groqp

Analysis of covariance was repeated on groups for

lumbar spinal- curvature (S!e Table ¥) and 1s found in Table
VIII ..

1
- \ .

‘ The adJusted F value for groups was not slgnif1cant.

Thus tﬂerg was no significant d1fference amoﬁg graup

prot.:t curvg;ura rq:ults ndro gscd as thq aovwriatg;fi
y jff,; Ug¥ A §1m ar Anq]ysis oz govnr1qncq was c,nsﬁ
Qgst thc nf:n!ﬁicqnso Qf thc ohsnnvq& Qiffgr,,
Lt ) :n; groap RQQM\ .9? ndqn puk Votq;pg; ,frogn lm’gw :

‘é._y‘ ]

ﬂf' &P1ﬂ!! !kpc&ubnxagrnnata As,gcgq frgg nggc zx,lw
f % | AR ,
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E VII

TESTS ON DIFFERENCES BETWEEN PAIRS OF MEANS
FOR MAXIMAL ISOMETRIC BACK-LIFT STRENGTH

Groups ‘ #

Means

IV .. 328.631

328,631

s e

v

I ‘J("\TIL
\ - S .A.‘.

369,789

385.240

9

78

392:790

‘ - 41.158 56.60 64. 159
1 369,789 -~ 15.451 23.Q01
'} o . .y
199 385.240 " | ~- 7.55Y
1 '392.790
: SR . e
Truncated Range r , 2 3 .
q.99 (r, 35) 3.855 4.41 4.75 -
/MS" error (e?*éct;ve)/n it
.99 (r,35) . '5;4‘;1* 62.125  66.447
g|95 (r‘135) . . 2.875 ’ '30465 30'8]5 ‘ __.*:
/ST errof (Effective)7n " " o
q.95 (r 35) 40.218  48.472  53.368
' RO | S 1
‘ . . 7y
IV o ‘ R LA % X
0 S '_\ | . ]
- I?! ; ; 3 .o '. - . “,"; S .;,I,‘»"’
, e L N " il )
‘ .I. o ) . . " .‘
e Ny oo e
o nbtc~ * ;,.05 lavgl of a19n1f1canpg -
; . Lq- | s 'i ‘A o s ) '* ' P . . ‘ ' o
. R ' Lo ¥ e N ’
R R R -
¥ ) A, S R " AT SN L . ,
. SR AU S ER RN IR
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TABLE VIII
ANALYSIS OF COVARIANCE - SUMMARY
LUMBAR SPINAL CURVATURE
; ; , . ‘\
Source df . Mean Squares ; Adjusted F p
Groups S N 4.187 0.465 0.71
Nithin, 35 9.012 \ |
RSQ = 0.752 -
L 3 . <
. " / "
Q \
T TABLE IX
s . “ . /
" ANALYSIS OF COVARIANCE - SUMMARY - .
| EMG MEAN PEAK VOLTAGE L
t g
. . fE ;"‘[:?‘ A
Source df Mean Squares Adjusted F N &%%%?Qﬁh
Groups 3 20016.145 0.933 0.44 o
Within 35 21445.969 , | N
RsQ = 0. 483 \ {
. ! - ]
. [}

Thc cprrespond&ng anlysifﬁﬂf cova?1ance on’ groups foh

a-!6
|

.':h;nrt (nte using E?etest heart ;gte.scgpes as the covar1ate oy ;%j%§
s faund An Table X. Agnfn. the quusted F y¢au$ fbr groups
) N%& not significgn; | : |

e




LR

, | | . 80
\/‘ . ‘ - R
| TABLE X | L |

ANALYSIS OF COVARIANCE - 'SUMMARY

HEART RATE
Sourc.e‘ df Melan Squares Adjust‘ed F - p
v — ' . _ ‘ Y]
+ Groups , 3 56,996 .364 0.78
_ Within - 35 156.700- |
- RSQ = 0.334
N - Yo
"TABLE XI

ANALYSIS OF COVARIANCE '~ SUMMARY .
MAXIMAL ISQMETRIC TRUNK-FLEXION STRENGTH

T

T W

3 Source . - df  Mean.Squares  Adjusted F p.
Groups 3-"  899.367 2.401 0,08
. Nithin  ° 35 374.618
Bsqr- 0.728 Co T 'QJl S
. ' "" 9. | ' " ‘
‘; o , The B‘!&lue ?or adjusted post tes‘ group mean; was not

signifisgnt
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ences l%etween pre and post test means of Table V arve.dlisplayed

-~

int Table XII.

¢

TABLE XI1

£~TESTS AND PROBABILITIES. ~ ISOMETRIC o/
. yTEST SET BETWEEN PRE AND POST TEST S

LY

A

ﬁ. Variables " Groups t-Test Values Probabilities
- : (N=10) . for Means-

xsometricu&ack-L1ft-' <1 ¢ -4.260* .4 0.002

Strength (1bs.) - I1 ~3.652 - 0.005
. . | S § -3.937 0.003
AR COIv -2.274 ~0.05

‘Lumbar 1 1.306 . 0.22
. . Curvature (degrees) - - I SR 0.826 .~ . 0.43 "
| | ' 111 . 0.660 ~ 0.53

T 0.000 . .1.00. . ["
MG Mean Peak ., L -2.307 . 0.05 | .-

Voltage (uV) o 11 308 0
| e -1.644 0 14n

2 AR .- oc284 ., 0787 ¢
S | N T R R
* t@eart Rate (bgm) LWL et 0 0079 T

CaT w1 70,808 048
IREE S L EINER b £ RS B £ SRR R S
‘ . . T3 e 0.1

PRUCI RN [ . . . v . g . R ' f v ' w,l
SR ’ _;.Aj. S B R & F BMna oo iz /,,
Y 1 RNEE R Vi I AU S ST

Tr0§F~F]exjon
strcnstn frbs )
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As can be seen from Table x1r,ﬂ§i1 groups increased

in mex1ma1 isometric back-1ift Strength (the three training
groups beyond the ,01 Aeve] of‘conf1dence). Lumbarfspinal
curvature was.less after training for groups I, II, and II!;
and equal to the pretest mean for the contral group. EMG
mean peak vo]fage readings were seen to para]lel the strength .
increases at post test except for the contro] group whose. mean
had dropped slightly. Heart rate was lower for atl gron!;

‘after tra1n1ng, however not significant]y lower, Tne“enly
significant training 1ncrease in 1sometr1c trunk flexion

Strength occurred with group I (th 1sometr1cltrain1ng group)

A correlation matrix, using the Pearsoh Product Moment .
"Correlat1on Coeff1c1ent between pairs of varlables, was cal-
| culated for the five variab]es measured in the isometn c
w]\f"test set at pretest.’ " These values, as.well as the prdbabili- .
i ties of t-vajues’ essoc1ated with the correlation coef 1c1ents. o
are preseneeq in Table X111, ‘( ' R

'~7 . On the bas1s 9f Table XIII, there was a sign1f1cant

o -relationship between maximal isometric back- lift strength o ;-;

. Pnd heart rate eng between maximal 1sometr1c back- 11ft "
“{trength °"d trunkprexion Stf&ﬁhtm hetween lumbar curvetere | fgw
*end heeru rete; and between heart rete anq*trunk flexion R :;f{

°°““—95"“ 795t SGt- Tﬁe variﬂgles 1n this tht set ;‘:,

e

ﬂcqneisted‘fn Meximel coneentrie beckiﬂife strengtﬁﬁ ;MG nean

At

ff Lend neart reterf To teg; fop ereetment effectsﬂ>ﬁ‘x

\r\ .
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Yoo e ’

on group post test meafhs qs1ng pretest results as the co-
variate. The pre and post tést means for each group on each

o /
. o) these three varisbles ;are seen in Table XIy.

‘ /
R J . -

lraBLe xiv I
N | Voo
k MEANS OF VARIABLES AT PRE AND POST TEST - .
" CONCENTRIC TEST SET - '
o= AN
K "Var1ab1as /' Groups (N=10) Pretest: Post-Test.
b Concentric Bdcké 47 | I . ) 221.25 308.00
.t Lift Strength (1bs / N " L © 217.80 . . 326,00,
! N 111 222.75 326.00
IV . 230.25 256,00
‘o 4 e et
(EM@ Mean Peak. o 361.28 443,04
< Yoltage (uv) . ! 11 411.01 - 579.74
T ~f - ,Lix o 270.14  502.89
A Iv' =~ 516,46 7';:}.81
. 1 - N . L
Hurt mte (bpl I J06,60 102,60
: 11 106.50 - 106.60
.2‘, g »f' 11 77 116.40 105,60
| N Vo 102,00 - 94,20
I ’- ) " 1 —
((.‘:',o""w" . N v :
ST The sty {ficance Qf thc nbﬂr\gtd difﬁrmcas among post .
[} £ 00

tu&-gr«rm nnns on maximal concnh&r}c back-117t strqngth in
Tnhl; KIY was’ tnatad by nbnlysis of. covari;‘:}. Rn:ulta Arg ,‘
, i e | - .
‘ givgn in. rn N r7 Y \
f“ N i_rﬁi..f Jigpigﬁ ripna for’ nrovps ustng protgat rckulta &

» L
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 -TABLE XV ’

ANALYSIS OF COVARIANGE - SUMMARY
MAXIMAL CONCENTRIC BACK-LIFT STRENGTH

Source . df ' Mean Squares Adjusted F = - p.
Groups | 3 12280.102 3.619 0.02
Within 35 $392.636

RSQ = 0.234

The Newman-Keuls test was then carried out on ordered
and adjusted post test group means according to N1ner (32
§92). Results of these tests on differeqnces between respec-
tive pa;fs of adjusted means af& found 1n TableOXVI.’
Thus, on maximal concentric baak~11ft strength, each
of -the three t\e1n1ng groups had significantly higher scores
‘Aftqr trn1n1ng than did group 1V, the control group. -
A 31m1lgr analysis of covarfance on lumbar erectores
:pi&qe mean ‘peak voltngq from clect%bmyogrnm; (see "Table
\ xxv) produch the results found in Table XVII.
| ‘ Here, thn adjysted F vnluq for groups was nlso s1gn1f1-
' cant at the .05 level nf conf1dencn.' v/
\ o Rqault; of the Nownnn—&quls tast on ordered and Adé
';fjuatcd aast test’ ipoup nqnns a3 per Niner (32; 592) are’ il'

Tayed in Tnhlc KVIII. lt 1: ;hown that the concantric ;nd i%

) (

. 'g{»

sfgnificantly h1ghsr thqn tnn gontrpl grnup, Tn. ﬂsnngtric* {.~ .



TABLE- XV]I
(TESTS ON DIFFERENCES BETWEEN PAIRS OF MEANS
FOR MAXIMAL CONCENTRIC BACK-LIFT STRENGTH
Groups Iv I 111 K 1 r
Y+ Means ___.253.009  308.690 326.077 328.224
1y 253,009 ~- 55,681 73.068 1 75.215
I+ 308.690 . LN -~ 17.387 19.534
I11 1 326.077 ' | ~m 2.147
U 328228 . N ..w
. o ‘
Truncated Range r 2 3 ‘ 4

. 9.95 (r,35) 2,875 3,466 _3.815
/NST “error (effectiveffn - S .
9.95 (r,38) . - 52.990  63.864  70.315 ~
| Iy .1 111 11
1v ‘ . _ * t“ T
I | ‘ ' - SR
[4 ' ' : ! [ 4
1 : S A
~ . . . . B 3‘ .
1 - L T T
e b T S T o Lo e
" Note: * = .05 lavel of stgniftcance, , . - . T

< .

! . L ) -
R [N
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TABLE XVII ' |

\ | ANALYSIS OF COVARIANCE - SUMMARY
" Ene.qﬁxu PEAK VOLTAGE I

Y

Source ' df Mean Squares Adjusted F . P

Groups ’ 3 77298.625 . 3.567 4 .0.02
,Within 35 21672.832 W L
RSQ = 0.538 '

_the other three grdups on lumbar erectores spinae mean peak

2§

voltages during maximal concentric back-1ifting. The group
post tcst“means from Table XIV on heart rate were‘ulso tes ted
'by analysis of covarjance (see %qb]e XIX). The adjusted F
value for groups here was not significant, ? L
In order -to assess tratning effeqts, before and after’,?
-~tr11h1ng. t-tests for corrqlqted samp]eswwcre parformed on
. each group for each of the three variables measured in the
concgntriq test sat, The tatnat vq]ugs fgr menns and corpes-
ponding’ prpbnbilities of ﬁ's for any d1ff¢rances bctween pre
nnd post tc;t means of Tablg Xy grq 9rqsentcd 4n Tgb!e xx.‘.
. Tgbln xx dgnon;irngns that an four greup! tnéreased’
 max{g ) concentpfe Back-117¢; *IToNgEA - the tralnieg N
grgsp: pcyeanihnu‘Q} Ianl of*ﬁepfidmncg n1;n the gwﬁgéntriq
o giéﬂp hivang tﬁ; gr&a&:’& 1nernqsa. nga pgak !g}thsés fron f
Jumear'rabtrey dpihas ENts Miov fuareusby Viantttoansiy

1 A‘»,, N
dn

, ”1!&&4%‘%!1 ﬁf%f

L]
[




TA_BLE XVIII\

- TESTS ON DIFFERENCES BLTNELN\ PA OF MEANS
. . FOR EMG MEAN PEAK VOLTAGE \ '

. . ’
e e e e o < s he <A vemm - —_—— I 3 . -

\ ) T T . T o "‘Amp-——:-’é "oy '
-~  Groups' v - I vuIle 11 “"

~

i e e e A = B T R

N o

Means - 388.277 - 462.690  565:036 - 585.48@

. Means . 3B8.277 ;050 . 565:036 - 985.40%
IV 388.277 . C~=' ., 74.413 - 176.%9  197.206

10 462.690" ' e 102.346 '12g:7%} ”
- ‘ , ) \ - 'h‘w‘
11 565.036 o vome 20,447
Yoo 11T 585.483

N . —
L L 2 3 4 .
q.95 (r,35) T 2.876 s.a65 @5
/M3" errar (effective)/n . N o ‘L '
9,95 (r,35) 137603 . J§5.a41 . 182.593 1 -

. IV o1 1 308

Truncated Range r

- T - TR e
N - L . '
Iv " ) e - ! - L . ®
" ;‘ . * ) 1" . '
x . ' , ) . T -
- R ) ! . ‘ . . ‘ o e
I l ' ' ’ . l. ! - - '
v . . . . . .

. 'y : . S . oo . - .

L Note:'* = .05 level 9{fsi§d&f1caﬂp§;%“ R

. . u
.
S ' ! E
: L 1 ¥ o
- [ N L]
! N ] .
t ¥ . M b . : y
1) N ‘ o b f . Y
; ‘ 4 / v
. . .
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. TABLE XIX ‘
. . ANALYSIS OF COVARIANCE - SUMMARY . -
ot HEART RATE 23 g ‘
Sourqe df ' Mean Squares  Adjusted F_- p
* Groups 3" 207.690 4  1.518 ' 0.23
) within 35 . 136.83/
RSQ = 0.062 v
) TABLE xx
' t-TESTS AND PROBABIQ)TIES . CONCENTRIC TEST |
o SET BETWEEN PRE AND PQST TEST . \
L - — " '.\ . '
. Variabjes ‘ Ghrmﬁs “trTest V‘a‘l‘ueé' Probqbiﬁties
. Y , (N=10) f4r Means t
e ‘ — :ﬁ . — ,.
Concentric Back-Lift I = -3, 964* o 0.403
_ Strength (1bs.) ., I 5,867 0,000
e e I 1§ 3. 399, .. 0.008 .
. « ,./v L oo P o A
3 .\‘:;‘ B : LI bt 2 $\rv .‘ "] zag ~0,¢24 [
o *tﬁe."mi"n Poak T x' gty 635 0,08

Voltaac (uV) L T eaazey 3,‘;;h3¢0§”is
: -um 4182 - n0.002

AR R T SR
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contrpctton was - lower at post teSt for each group, but only

‘sign'ﬂ‘_ﬁcant]y lower for the control group'who had ‘nqt ine. .

creased ih their strength output.

. The-'Pearson Product Moment Corre]ation'Matrdx between

L}

pa1rs of vaw1ab1es was also computed at prétest These'

A

correlat1on coefficients as well as probab111t1es of . t-values

. associated with the correlation cqeff1c1eﬁts'are given in ~*
Table XXI. o | .
’ . ’ »
- | [. ~ TABLE. XXI' '
*CORRELATJON MATRIX AND PROBABILITIES -
, CONCENTRIC TEST SET
varfables  Concentric Back~  EMG ‘Mean Peak  Heart Rate
e Lift Strength Yoltage
i ccncéntricf&ack—' -/ ‘ -0 " R
f Lift Strength ~ 7.00 ' 0.28.(p=.08) 0.34 (p=.03) .
© _EMG Mean Peak T, ¢ L
Voltage : , o 1750 © 0,13 (p=.44)
- e R e e D0
L -I- | ; R R " ) ’ . . » ‘ [}
R Thhnnl.y Mgniﬂennt Nhﬂonshtp found ‘n Table XXI was |
uy C b:tnoqn mlximnl cpnocntric ban-litt strnnpth ;h!tft rgt:. ﬂ;wfg

- LR W\O ‘am thru vaMQb, ni were’ qqn. o
}tntt Sc;;!qﬁl&T{: nqa1mnl 3§°’“ﬁh  L

’ !._nd hu(trt m:c' ”
-tﬂﬂ"Q¥ ‘:n: of qnalg:ig of
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~faund in Table XXiI. .
R " TABLE XXIT e ‘o
MEANS OF VARIABLES AT PRE AND POST TEST - .
' .ECCENTRIC TEST SET |
R . - N A‘
- T v AN
Yariables . Groups (N=10) _ Pretest Post-Test
Eccentric Back- . . I - . 314,00 354.50
Lift Stbength.(]yf.{‘v 11 308. 50 379.25
| 111 ~'324.00 421.50
. . Iv . 314,75 334,75
N - R
EMG Mean Peak I . 364.60 399.84
Voltage (uV) s 11 381,96 448.13
S 1 296.947  513.35°
« IV ©495.75 © 446.54
Heart Rate. (bpm) . I - 101,40 ) 98,40 ,
R S 5 94, 80 '97.80
! Lo IID el igs.60 ¢ 102.60 .
. IV - 90,60 87.60 .
- U S—— A

Observgd post test group mean differeqs:s én maxima1~
e qs;essed bx_,

egcentrie ba;k~11_t strangth in Tab]& XRII w

" Anglxsis of ¢ gvar,ance winn results'bqing fgunq 1“ Tgb1g xxx;g.,§"ﬁ“
| nwﬁyn.-aj Thqrn wds u sign1f1cgnt a1ff,r,n°‘ beyond the Kl lqvga

"ua



S - TABLR XXIII - . 47 .

: \ '
ANALYSIS OF. COVARIANCE=- SUMMARY
MAXIMAL ECCENTRLC BACK-LIFT STRENGTH .

T

- Source . df Mean. Squanres | Adjusted F

| p

Ry - | )
Groups 3 12719.977 . 5.783 ©  0.003 - *
Nithin 35 . 2199.56§ .
RSQ = 0.385 3 , . f :

s’ -

had s1gn1f1cant1y higher scores at post tes!’than did the ¢
contro] group (p= 01) and the 1sometric group (p= 05) o

. -

Ohserved post test group mean differences on lumbar
erectores spinae ‘mean peak voltage (see Table XXIT) %pring
maxim(l concentric 6331 lifting were also tested by analysis
of cover1ance Resu]t§ are. djsp]ayed\in Tab]e XXV : " '
) AWsignificant difference between groups at post test
had occurred at the ,01 level of confidence."‘ng

-4,
{

o ' Newmennxeuls results -for ordered and adjysted post test
group means arq found in Table xxvlg ~The. ecqentric group had .
'significqntly highsr nnlues than d1d the control. grpqp at’ the ,f.*

[
e 01 leVals tho 1§pnqtr1c group an¢ the concentric group both
‘ f 3‘_ A& the .95 lcyelf oA 44 L ?x‘ "j'y', §~ 3~; . e,mf;
L er“‘..sff Anglysia of coﬁ!rianee on heart rate results frqm SRR

"s& mm xm are’ umﬁwwa tn mqe“xmx‘. R .
| R 49 "saniffoant 41ffams° MN‘"‘"‘ b ‘“"" tastadd
| lﬁiagd qrquntneengg;jf ;,&,ﬁs& | ‘
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) g ' TABLE XXIV oo
! ) ] _

TESTS. ON DIFFERENCES BEPWEEN PAIRS OF MEANS . .

FOR MAXIHAL ECCENYRIC BACK=LIFT STRENGTH ’
. : —— ‘!::““‘“T::i;t: pa — —
- Groups R 1 Cor
| Means' _ 335.015  355.120  382.467  A%7.398
. S U2 333.015 - 200105 47.452] #2.383 .
I 355.120 ] ~- 27.347 62,278
\ N 11 382,467 . - 34,991
I 412.398. W
Trunggtéd Range r . 2 3 ) 2 Ry
q.99 (r,35): 3885 - 4 475
. /ST EFFOr ('effectwe)/n | " \" - Y 1“
9.99 (r,35) 57.228 5. 467 70.514.
‘ q.95 (r,35) 2.875 _ 3.465 _ 3.815 e

[S

; ’_/MS' ;Jor (effeciive/n

0,000 1438 o seea4 L Y
l | S SRIPEPIEN §§ I
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oo “ SR TABLEXKV ‘ '
. _} 4 : B
ANALYSIS OF COVARIANCE - SUMMARY ) T
- o ' ; EMG 'MEAN PEAK,VOLTAGE -t ‘ o
Sourée “_ df // Mean Squares Adjusted F - P L
B ; /,/\ ; " N
Groups - o z 81163.813 ‘ 4.187 ‘ 0.01
Within 85 19385121 )
. ' . ' /‘/ ) .
- - RSQ'= 0.494 \ o\
. . - //f‘ R g & . L 4 " / . $ -
L} / / K

samﬁlps ere carried out on each group for mayrnal eccentric

- streng h‘ EMG mean4peak vo]tage, and heart rate, Tqble )

demonstrates the t test va]ues for means as well as

,’\A"wl
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~ | TABLE .XXVI - o \ )
S . TESTS ON DIFFEREﬁCES BETWEEN PAIRS OF MEANS ‘
\ - | ' - FOR EMG MEAN PEAK VOLTAGE ~ - S
Groups | W, 11 11
R v —— ¥ ) ‘ — : ‘ -
‘ Means 355,795 \416.377 . '450.468 . 586.231
' \ y - N N ] ) .. ‘ .
. IV 355.795 . -\ 60.582 94.673  229.436
’ I 416.377., 1 - - 34,091 Y 168.854
1. 450.468 . . - 134.763
111 585.231 . SR - .
Truncated Range r 2 3 . 4., |
f0 q99 (r3) " 3885 4.4 4.75 |
MSTEFror (elfecrfve)/n. L,
q.99 (r,35 L 175,472 200,734, 216.210 . |
E ‘;lq,95 (r,35) L bBIb L 3.468° - 3.815
| _ ST e Eacx R |

. ‘ .

| {NS' eTrer (ef'ect vej/n .~ - . - o
) 4_9 95 (riaéj ____130.864 _ 157.720 173 651L o

b B e | };“ T ST 111 ‘fA
v e e A V
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s ' TABLE ¥XVIL - - N
" ' LU S : .
1 | . ANALYSIS pﬁ COVARIANCE - SUMMARY
e Co- " HEART RATE | o
. A N
iﬁ < — —
— Source Cdf Mean Squares - Adjusted F - p |
| Groups. 3 _ 140.672 ..807 ”'Q!§g -
\- Within 35 174.384 . . -
© RSQ = 0.275 |
A : t N M " M "
t - ! ¢
~ TABLE ‘XXVIIT Bt - |

) RN . )
‘ :
[P
j d IR i

| © t-TESTS AND. PROBABILITIES Eccsuraxc TEST | B
P - sar 'BETWEEN PRE- AND POSI "TEST

r—

TP T

'r.» ; E V§r1:§lcs f'

roup§

t-Test Values
v for. Means . .

—o—r "

Probabilities

ot

[ aau

- N Ecccntr1c Bagk Lift

I l,/’Strength (lbs¢)

¢ " ‘ ‘:‘ “bl‘“}

EMG, Mean. Peak
eltage (u¥))
X ST N I

. g N P
b ) P

{ijo
/f

--3.988
;44bﬁ

1 w
"Qf~] 550 o -

“;‘W e imsasas: »
tef o A et ql‘

' . i’

0.07
0,003 .
10,003 2\.”2“"
. as .
9 P L
ezt
'&b; 0} lsy.,tg“;;;wg
. 003" . ,,;::s
o B

,"’u .' '

-2, osat .

-1, 290

-4 065
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in Table XXIX.

-

TABLE XXIX

[

CORRELATION'MATRIX AND PROBKBlLlTIES -
\A EC?ENTRXC TEST SET ‘
: : — > W ; -

!

variables Eccentric Back- EMG Méan Peak Heart Rate
' Lift Strength o Voltage

—

v

Eccentric Back-

k

Lift Strength 1.00 12 (p=:48) .34 (p=.03)
EMG Mean Peak ‘ .
Voltage : 1.00 102 (p~.89)
Heark Rate ) . ' o 1.00
‘ . . .

The only significant relatfonship found in'Table XXIX
was bgtweensmaximal ecc§§%r1£ back-11ft strength and Heart
rate (p=0.03). ..

. Isomtric&ﬁt SCt for Efficiency. In order to test
for changes 1n cff1c1, ey with regard to lumbar curvature.

EHG mean 4Qlk voltage,\and heart rntk. all subjects repected

thn1r 1sonctr1d\bncka~, _ st mn51mum,qftor training.
Thc pretest ncnqs nnd means when pretest 1nomnsr1c bncf’lift
:tr.ngth was rngcu;ad ars found in Tnble XXX.

“The sianifi:anno of obsorqu difforqncqs on lumbar
apinnl curvature among means when 'the maximal prqtcst isome-
tr1§ bnck ltft $COFRs ware repsated cftnr trninfnax(?rou
Tablq xxxr was: tested by analysis of covcrianeq, Prc&nxt_:

sccris uara n:gi as the covariaty, Rntnl;s are fqgnd tu

*
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TABLE XXX

ISOMETRIC BACK-LIFT STRENGTH REPEATED AFTER

MEANS OF VARIABLES AT PRETEST AND WHBN PRETEST ig‘
TRAINING /- ISOMETRIC T§§T SET FOR EFFICIENCY

A

' Pretest Repeat Pretest IsoH!1r1c

Variables Groups
. (N=10) Strength Affar Training
aa— -
Lumbar Curva- I - 14.55 10.80{ .
ture (degrees) 19 G 12,75 10.26 - '
A 8 _1n.16‘/- R 10,35 .
I T 100 Y o1.90
EMG ‘Mean Peak 1 353.78 296.34
\ Yoltage (uV) Il 328.69 232.89
. : 111 292.13 274.35
v 43424 ) 399.32 '
Heart Rate (bpm) I 102.90 " 99,00
11 102.00 97.20
I1I'  108.00 102.60
IV 96.00 91,80

fable XXX1.

The adjusted F value for gfoqps was not quite signifi-
_cant at the .05 level. ' *

Annlysia of covariance was. fnpeutod on groups ‘for EMG

ncon pqak voltagl. Howqycr. the adJustqd F .value for groups

0

- na: not s!gnificnnt. . . A
_ [/ Lastly, o siniiar tcat was carried out on groups For
- hnnrt rate pa;t tost uggas of Table XXX, Results arg dis-

!,4

ERIN
W
s Rla e B N L]
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e | 7 TABLE XXXI -
ANALYSIS OF COVARIANCE - SUMMARY
TURVATURE
Source df Mean Squares Adjus ted F p
~ Y
Groups 3 - 19.806 2.738 0.058
Within 35 7.234
RSQ = 0.765 '
TABLE XXX11I
ANALYSIS OF COVARIANCE - SUMMARY
EMG MEAN PESK VOLTAGE
Source df Mean Squéres- Adjusfed F p
' srzegs 3 - 17692.957 . 1.716 0.18
N 35 10311.000 | S
RSQ = 0.494

L)

played in Table xxxxxx Once agatn, the adjusted F vnlue
for groupv was not sion}f1c|nt. ©

_ In order to To00k at nny nff1c1qncy changes du‘ ‘to tratn-
. fing, . t-zgsts for correlated samples were cqlcullt'd for edch
grqup an each of the three variables. These tnvqlucs for
Means and probub111tiqt'nﬁ t's fer gay diffnrcaces bctwonn
Jpratust ntqns and nhsn pratast 1;Qngtf1c bcct-lif; ;trnngth
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L 3
TABLE XXXIII —_
ANALYSIS OF COVARIANCE - SUMMARY
. HEART RATE
— ; \
Source (uf Mean Squares Adjusted F p '
Groups 3 25.554 0.286 0.84 ,

Within 35 89.322
RSQ < 0.418 )

N

was repeated after training (see Tab]é 5xx) are outlined in
Table XXXIV.

‘As can be igan,from Table XXXIV. lumbar spynal curva-
ture was reduced af;er training for-all groups. This reduc-
tion was significant for groups I, II, and III Qt the .05 .
level of significance for groups I and Il and the .01 1@99[
for group III. EMG mean voltages from erectores sp1n5e
’Hso decreased for each group but this reduction was Pnlf |

| significant for the control group yqfre the two sets of '//

scores were most correlated with one another. Heart ratg/{ swpﬁ;ﬁ
was 2130 lowdr for a1l groups but none of these diff;runéa£> L
was significant. " . " B

Y " » 1

, 41 The rnl1ahtlttx conffiel;ats for ;;rpnﬂth.wf
'c1cstr§nrogrnphicnl. and hwart rate measured over thc thras test .
:m vare 0, q;, 0. sz, and 0.92 mmcmu. Avalue of 0.9 i

T (. . ‘
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TABLE XXXIV v

4

t-TESTS AND PROBABKLITIES - ISOMETRIC. TEST SET
" FOR EFFICIENCY BETWEEN PRE AND REPEATED PRETEST
ISOMETRIC BACK-LIFT STRENGTH AFTER TRAINING

Variables . Groups t-Test Values. Probabilities
(N=10) for Means _
Lumbar Curva- I 2.700 0.02
ture (degrees) 11 2.246 0,05
11l 3.833 0.004
v - 0.802 : 0.44
EMG Mean Peak I 1.463 0.18
Voltage (uV) I ., 1.837 0.10
111 * . 0.461 0.66
Iv '+, 3.308 B 0.009
Heart Rate 1 " 1.778 o0 -
3 o 111 ' 24077 0.07 *.

1y - 1.363 0.27

TY rcgnrdcﬁ by the author for maximal 1sometr1c back 11ft
strength in a previous a}udy n5). cgrrcqunding Qﬁtimates
for lumbar curvature and trunk flexion strength were 0, 92
. and 0,91 with the cgnfound1na of t%nqtncn; effects included,
?hasq vaiues Aan ;upportgd by provious research findings |

' A,‘.; The, méan prctast s:rsggth ;cnrns tor ull R s
/ f@rﬁ; su Jns%s (ivgrag; sgn - 23 x:nra? uqra-§15 31 #9un43 4 leﬁe
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v ¢ ‘
back-11ft strength, and 222.94 pounds for co;centrﬂc back-
11ft strength. The eccentric and 1som§tr1c means were signi-
ficantly higher than the concentric mean (p < .01). This
same order frém high to low was also found by Olson et al

— —

(23) involving hip abductor musc]éé; withwthe eccentric con-
tract1on deve]oping the greatest tension Asmussen:(l)
explains this by stating thaq‘ a f1bre lengthening in eccen-
tric work necessarily produces mqre ﬁorce than when it is
k‘shorw‘.ening because of the relatively fewer number pf f1bres
needed to ho]d the load. y Expressed ‘as percentages. the mean
pretest eccentric force of back extensbrs in this study was
41.43 p;;qent greater than concentric and 3.48 pereent gnﬁfter
. than the fisometric force. Doss et al (13) found corfespond-
'1n§ percentages of 45.6 and 13.5 for elbow flexor#;‘ﬁhi]e '
Singh and‘Karpov1CB (27) found the éccentric fo#ce 6f eihowﬂ’n
extensors 14.22 percent greater than the concentrfc force. :
“The isometric pretest mean of 304 69 pounds was sl19ht~ '
Ty*higher than values of 215.6,.212.3, 234,66 ang 164.75° g
pounds found by Troup and Chnpman (BQ) Thapman and Troup. °.
(7),. CIarke\\s), -and. Morr1s et al (22) rcspectiva]y on college‘g-°
’ malas, However a mean of 362 29- pounds was reported on .y
| “ college anlcs (qvnnncc age = 24 ycars) by Singh aqd Ashtbn r.?’ff;
‘"“(25) in gipravious :tudy, Fnils (lﬁ) rcports mqpn trunk o
z.“3 fnx$Qﬂ;4on agrqngtn ;cgrns of 179 52 Ang 192 28 pnqndk fnr @ubm !
L ’f”}na;s n\>: avarage Qac of 20 and e§ :oar; PQ!F‘Qf‘YQl!{U Q;g!s ffg

;%%f;?“' (11i 99 1.;:4 tbs\thcargt1ggf auxQQAl 1;9!:tn1c hgckwf§ %}jé
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maximum score in this study was 550 pounds at 20 degrees from

vertical. The pretest mean antagonist or 1sqﬂftr1c trunk

flexion score of 91.91 pounds was much lesy than the mean

\

of 165 pounds reported by Troup and Chapman (30)
»
The concentric and eccentric pretest feans of 222.94
and 315.31 pounds were also much higher than the mean maximal

back hyperextension value of 75.62 pounds reported by Berger

(4).
P

C]arke (]0) had reported correlations of 0.58 and 0:.51
between maximafl 1sometr1c back-11ft strength and body weight
o and maximal isometric back-1ift strength and maximal trunk
\

flexion strength These . relationships were not found to be

-

S0 close with values of 0.17 and 0.35 in this study. The

corre]at1on between maximal 1sometr1c back-11ft strength anq

N .
L
-ty

h@ight was even lower (r = 0,10),

' } On maximal isometric back~11ft strength. and quimal{\“'
concsntric back-11ft strength. each training group d1d signi- ,"

cel . ficnntly batter at post test than the control group. " For |
‘ ,' maximsl cccsntr1c back~11ft streng®h, the sccentric group ; S

’

T did significantty bsttcr gftsrttrqining thnn the control .

group qnd 1sonntr1c group. N . “, *‘.' ?

"}':' aroqga nad; ths ngst sign!ficsnt mqnn stronpth gn1ns (87 25 : }j
’:tf}; 'sn !Q pnunds rsspcst1icly} Thq cqncsntrtg-jpnup n1aq’1ns 1" i

1
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L]

foqnd that stat1c'strength was improved more by training
statically than dfhamipa]}y; however, the gains of 11:13 ’ L
. and 7.3 pounds‘respectively were both significant, Théﬂiso~
 metr1c group in this study was the only group to make'a
.( | signif1cant gafn in maximal fsometrdc trunk-flexion strength !
“(18.30 pounds). Thus sta§1c training of the agonists was

reflected in a significant gain 1n static strengih by'ihe

antagonists. f - \

\Q\‘ In thelconcentr1c t;st ;et the concentric-group. made
‘the greatest mean strength gain. This méan ‘gatn was, 108 5
pounds as compared to sign1f1cant gains of 103.26 and 86 75
pounds for the eccentric and 1soTetr1c groups respectiye1y.
For tpe eccentric tesgﬁSéf:vthe‘ﬁccentric group made
the greatest meah strength gain. | This gain was 97,5 pounds
and was signt/ﬂcant whereas gains foyg th? concentr1c and .
isometric groups were 70.75 (sign1f1cant) de 40 5 (non-
sfgnificant) pounds respgctive]y. This {s in agaeement with
Berger's (4) work where dynamic back strength was 1mp¢%ved

more by train1n9 dynamical]y than statically~(21,15 pound

" ;slin vs, 9. 43 pound gajn) I o VV-,. %
PR ‘The fngt that cccentr1c sgrength trn1n1n9 i$a s(gnifl—: .
v"ff'{: ‘Q"? stjmulus for 1mprov1n9 yicentric. strength (act‘a1 “
‘;:,75; gf*sht*11*t1nﬂ). hna bgen subs:;ntiatad hy this study. . The
§£§U'~a?;9590h$’1¢ ﬁr@’"'"ﬂ srgﬂp 1mpr9Vod thgir mex1mn1 concgntric »:;f :

;‘t;;ﬁk“gbiskelift s;rgnnth‘; 4@,3 pqrgaut. thair'maximql nctantric ,;‘;f

n

uﬁth trai“tpg farasrm
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extensors eccentrically for eight weeks, Singh and Karpovich

(26) found corrgspondiﬁg values of 42.8 percent for concentrié

strength, 22.9 percent for eccentric strength, and 40.3 per-
ceﬁt for 1sometr1c strendth However, in this study, the
concentr1c group made a slightly. bpetter 1ncrease than the
eccentr1c group on maximal concentr1c back - 11ft1ng (108.5

P

pounds VS. 103.25‘pounds), \
. The me!n g;1n§pf all subjects in this study taken to-
'gethew on maximal 1sgmetric back strength was 64.4 pounds as
compared to a mean gain of 57 pounds after four weeks of
ispmetric exerc1se§ in a study done by Baley (3).

Research done by Berger (4) and Rasch and Morehquse
}24) supports the idea that stat}c strength is improved more
by tra1n1ng statica]ly, and dyndmic strength is 1mproved more
by training dynamicqlly Asmussen (2) suggests that eacT/
type of training produces the same degree of 1mprovemént. |
| This study would have to be mofe in agreement witﬁ
‘Fglls (16:36) who states that e

-

' ‘Oynamic muscle traqnjn will 1ncrease the isometric

. strength of the muscles undergoing tra1n1ng in progor~ ‘

tion to the loads they have been opposing

same time 1t will increase the capacity for prforming

::e training uxercises anq the endungnce ﬁE.perform ng,
em.,'

- . ' . i
™ B Tt
. . LY [

In this ca80 dynem1c tra1n1ng. name]y Qqcautric. was'
‘”;!gtauqccssful 1n QJ1c1t1ng 1snmgtric strengtq qains na stntiq
:':trgiains. nbtrnas arngmic trainina nns bqttiv for dynsnic

g:i‘strcngth ﬂninl Cﬂ.q‘. qon;@ntrie fpr cqnegntrie, Anq ngén»

e
oL

a

a0
R TR
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Lifting Stress ahd Lumbar Curvature. Lumbar curvature

measurements of the total disp]aqemeni in degrees from L1 to
LS was restricted to the isometric test set and the 1sometric
~test set for efficiency. .

In the pretest, and considering all subjects, the prob-~
ability of thi\éorre]ation between ma;?hil isometric back-
1ift st;gngth an;*lumbar curvature was not signiﬂ’.ant (p=0.29)
Flint and Diell (18) had ear]iér‘ found a s‘nif‘lcant relation-
ship between back stréngth and antero- posterior alignment in
females (p=0.05 . However it was fodnd in this study that
increases 1in ximgl'jsometric back-11f .strengtﬁ after train-;
ing occurred Wit s]ightly flatter, lqu\NfSpineﬁ This 1s

in agreement with the ‘Havard University's A rat1ng (strong-

-t -

est baak) as being associated with f13t4bapks (31).

1$ometfic test set, the 1ncre§jf1
biintqg groups '.
erg acco@?ln1ed by sl19ht but not statisjg;&l\y gn1ficant
. ed@gtions in lumbar spinal curvature (high‘;toa¥ etion
betng two de;rees for the 1sometr1c group). 'Thqurapt that
Lsometric. foncentric, and eccontric groups ﬁaw gg1ns of ,
n..; 84.0', 55,95, ‘and 87,25 pounqs respec%ively on mffiq;] 1so~. .

" metrfc haek Hf; strengtn wnh Mightly reduced lumbu spigal
| L‘curvgture mhy :uggest spmething 1n tha ugx of efﬂ@qiency ; }:39
SeRT \\j Altﬂmtions yith tminim. ACRRTR g, o Rl
?;A «wa5?< ﬂ lfzn the 1:9nc;ric gg;t‘iat for- efficigncx e

"1f rhnecgangﬁs thé groupsvaftgrf‘r§1ming "

in maximal:

,ck }ift streﬁbth by the three
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strength scores. ‘However the isometric, concentric, nnd‘
1 eccentric group means for lumbar curvature had been redueed
’ by 3.75, 2.59 and 3.75 degrees respectively. This drop ;as
sfgnificant at the .05 level for the i ome;n1c anénconcentric
group; and at the .01.1evel for the ecizntrie group.
Using the ‘average maximg]'1sometricAbaCK-11ft strengqh
for the forty subjects of 304.69 pdunds,‘with the back 20
degrees from the vert1ca]; and'the average neight of the sub-u
jects of 166.95 pounds, the ,mode of Morris et al (22) Qns
used to calcu]ate the approximate compressive fonce'nerpen—
dicular tc the disc between Lg - Sy and T]0 - T]] With the
:effect of body cnv1£y pressures 1nc1uded these result@pﬁ
compress1ve forces were quroximater 2318.91 and 1559.12
pounds respectively. The cqﬁrespong1ng tensions in ty
. erectores sp1nde according to the model were 2164.60 and |
. 1337 83 pounds respectively.- Morris et al (22)- found a com-
;pr9§§1xg force between L5 51 of 1483 pounds when lifting .
200 pounds with the back 40 degrees from ;he vertical. wigh
A | correspondin tens1qn of 1439 pounds 1n the erectq;es

'l'{N;h,en 44-6 pounds wene held Jn‘the stooped S By

-

| .xspinﬂe m"5¢1°'V
Alj%ﬁn@;pqsit100'~@r°h 'ﬁ .1 (39) cg]cu]lt&d extensor fqrces In th&
o ““sk RisgTey 8 nlah a3"3498 pounds | 59'%1‘ st a1 (2an
rted 1 ‘“he qrcntores‘SPiﬂlQ,°f ggoippands Just




_pd&nds ‘between T10 and T]], it might then be assumed that

"shehr\leues would be 368 414, 499, qnd 506 pounds respec- '
d;tPVelf kor the aboye cqmpress1ve forces at-L] of 1600, 4800 ‘f'

108,

- L disc when 8 /

stand g 1n support of 98 ki]ograms by Troup and Chapman

(30;¢é From these values oﬁe can see that the approx1mate

com ss1ve forces derived in this study ‘are qufte hlgh v

4‘ o~

'Vf Assuming from the q?ove that the compressive forces nre

.approximately 2318.91 pounds between Lg and S, and 1559.12

~

tme compressive force (F) at.the level of L1 is somewhere

' ‘ .
between these two values (e.g., 1600, 1800, 2000 or 2200

) pounds) Since the average change in curvature (1 e., the';p;:j

ﬁng]e subtended b the lines perpendicular to the L1 and L5

‘lppints on the curve) was 13.35 degrees (0) - for the forty .

§ Jetts- 1L 1s possible to ca]culate the approximate shear

vif gee through the lumbar region by multiplying the compress1ve
‘fdnﬁe (F) by the $ine of the angle of displacement (9) through

tn )dmbar segment. For a~curvature of 13.38 degrees, these o
R o | .

eeeee

L]

2?00 ard 2200 noqnds. Ry the Tower. back be&pmes one. twd. _
tnree»;or four‘gesrees Struighter tnen 13 35 degrees Cqs nqs ;inj
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pretest isometric back-11ft strength score after training.
‘Considering that the resistgnce of the lumbar spine to shear
force is low, as compared to the resistance “to compression

(14); this has to be a very important conclusion. . :

\’.

As an expianation of why the lumbar spine had become
straighter. Klausen® (21) suggests that am increased pull of .
gravity gives rise to a f]atten1ng\of the. 1u bar 1ordosis
probably due to a deformation of the discs. This, a]ong
with increased electricel act1v1ty of the lowerﬂbeck muscles’
and possib]e 1ncreased body cavity pressures. may app]y to
the 1sometr1c test set where subjects lifted more ‘with slight-
. ly less lumbar curvature.‘ However, in the isometr1c test set
K | for efficiency where subjects repeated their original pretest

i | maximum after tru1d1ng, reasoning would not explain the

more pronounced decreasesifn lumb;r curvature since the
o Weight lifted was the same 1n both cases‘l The st igthening i,_
". that did occur in this test set m1ght be exp1p1n§d by eff1ei~
ency changes 1n the pack muscu]ltuﬁe (assum1n the hips ang‘
y a Sligutvdrop

1q xxx),. rhrs
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maxima] 1sometr1c back-11ft strength be1ng 304 69 pounds.

[

‘Falls (16) had found mean voltages .as high as 180 microvo]ts- o
with”fsometr1c back pulls up to 154 pounds, and Morris et al
(22) obtained peak values as high as. 8000 microvo]ts for 200

pohnd statlc pulls at 30 degrees from vertical us]ng needle’
Fa .

Q]ectrodes , ,f' ‘ N .
, Using pretest scores fOD all subJects, correlation co-

efficients between strength and mean elect51ca] activity of

1umbar erectores spinae for the 1sometr1c, concentric, and ; - =

.

eccentric test sets were 0.24, 0.28, and 0.12 reSpect1ve1y v

el

tpis supports the work of Bigland end Lippold (5) who fqund
that the 11near re]ationship ‘betyeen tension, and. voltage for
submaxima] 1sometrtc contractions did not ho]d true for mq}i-
mal anes, Zuniga et al (33) also found a non- linear eldtfbn-
ship. Grossman (20) supports lineartty over certaln ranges, .
and his finding that the slopes ate d1fferent for 1sometrjc
versus isatonic, contractions has been substnntiated 1n this SRR
study. The slopes for the vo]tage/force for pretest maximal V‘:ﬁ*;
1sometr1c, concentric,\and eccentrdc back«]ift strength 1n : ',p»; '

1,, ﬂ.

thdS“study were 1. 18, ] 85. Qnd T, 29 respectivelx c dering fw\

1,

all sunjects.,g. A,JA‘M:.‘ APRUERI fqn."ﬁ.wj. '.;nf'
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' that'ghe strength increases were due maiﬁ]y to an increase

in motor unit achVttf as foundy by Chapﬁan and Troup (7).

ln'the concentric test set significant gains in maximal

‘concentric back-11ft strength madé by the three training

] V

group; (the concentr1c group mnki%y the greatest gain) were

parqllaled by sign1f1cant 1ncrea;e§ th electrical activity

by the thre@,tra1n1ng groups (theﬁeccentric group making -

the greatgst gdin) .. This Elso supports the 1dea that strength

1ncrease§ wnre ggygp ’}y dqg‘ta 19cre§§ed motor unft activity.
In the eccentrié te%klk;é ﬁ;gn1f1cant gains 1n maximai

eccentric back- litt streﬁgth mxﬂé by the eccentric and'con-

centrlc groups ‘were para]lel/g}by stgnificant 1hcreases in

electr1;a] qct1v1ty‘by the eccentric group, The probabiltity

for the increase of the concentric group 9e1ng s1gn1f1éant

was 0.16. In fact, the e&centrig group had mean voltage

r - _ .
values significantly higher than the other three groups where-

fc.groups. Considar1n9,

as this same g;bup had eccentric stnepgth values significant--
ly higher than the control and 1sJ'!:?r

houaver. that all tra1n1ng groups hg;.increased their electri-

cal ‘activity while 1ncrna§§nq fheir strength, &gain supports

the 1dqn that qccnntrié”? e \'“

notor anit act1v1ty. c#’gﬁﬂhl1y in the case of the eccentric

training group. The 1snn§§r1c and ¢co cantric groups uqu _
z&“hnd 70.76 pounds ,

bt]itius of 0.32 and

gains nere due to increased

Qccnntrlc strangth gatns of Qa s o

ufth 1nnrua:ed o!nctricnl

,0 16 rn;pgctivnly.v, |
aff1c1nncy :ptaificglly.
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where subjects repeated their origjnaT pretest maximum
ifsometric back-11ft strength, none of the three training
grodps had stgnificantly lower values for Jumbar erectores
spinae mean ef;c£r1ca1-act1v1ty. However the‘values.for

the three traintng groups were slightly lower. DeVries (12) -
' has stated that in exercises involving hypertrophy, ;trehgth
1nc;eases led to a reduction in electrical activity. for a
given external force since the capacity of the fibres' to
develop tension can 1ncrense In this study howevér. no
s1gn1f1ca3& reduction occurred.

Heart Rate. For the tsometrfc. concentric, and eccen?
tric test sets, there were no significant differences between
the groups on heart rate as a result 0( trainfng.” For each
group 1n each test set, heart rate values were lower after
training th not significantly lower exéept for-éhe control
group in the concentric test set; and the heart rate had
risen but not significantly for. the concentric group in the
eccentric test scf. The fact hat tﬁi’heart rate did not
‘rise as the strength d1d. may'sugg;;: a poss19]e 1mprovqmcnt
in nfft;ienc;n a

In the isometric ted: set for efficiency hegrt rate
\ :

valuss were sf19htly but ;ot stgnificantly lower for all

: Y
groups. The probability for a significant drop for eccentric
group was .060. R , '

L] - .
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CHAPTER V.

SUMMARY AND CONCLUSIONS
l

Summary
The purpose of\zﬁis study wasfto determine the effects

of maximal isometric, concentr1c: and eccgntric back~-1ift
strength'training on maximal isometrig, concentric and
eccéntriq back-11ft strength; lumbar spinal curvapuﬁe during
maximal isometric back-1ifting, and erectores spinae electro-
myograms dufing maximal fsometric, concentric, and eccentric
back-11ft contractions with the back 20 degrees from the
vertical, Heartqute was reéorded during andlimmediate1y
following the 11fting contractions: A sub-problem was to
measure the maximal isometric hip-flexion strength at thé |
160 degree hip anglie before and after trajning. An e]eétﬁb—‘
,goniomater was used to measure hip angle throqghout the tests.
.Thrﬁe different training groups and 3 control were compared.
Forty male students (gverggg age = 23.4 years) 1"." .
lttnnd;ncg at the University of Alberta served as subjects, .
Egch subject was. rgnked at prntnst according to total strength
. ‘f_acorn (1som¢tr1c + concentric + qccentric) and randomly
"blpckod 1nto ano of thrggfiraining group; or ccntrol group .
~(N . 19 per group). ﬁﬁﬁh suhject in o wqtrn1nin9 group pare
forn:d thnqq ugxingl 1 j,g-sncgad triq3g>&nruq aax; sqr yQ&&¢

'57.*5 t) -
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" (MWF) for five weeks /

The isometric test set consisted of one maximal 1som?~
tric beck 11ft at a hip angle of 160 degrees, and one max1mel
isometric hip-flexion strength*est at the same angle. The
cohcentr1c test set 1nvo]ved one max1ﬁo1 concentric back~11ft
through a hip angle renge of \150 to 170 degrees; ‘while the
eccentric test set cons1sted of one maximal eccentr1c back-
11ft through a hip angle range of 170 to 150 degrees Theé j
1sometr1c test set for efficiency was carr1ed out only at
post test where each subJect performed one isometrig back—
111t equel in magnitude to his or191na1 pretest naximum.

Al] measurements were taken with the back 20,degrees from .
the vert1ce] (1. . , 160 degree hip angle) e
’ "Analysis of covariance on post test strength sgores
y1e1ded sign1f1cent differences between eacn tra1m1ng group ;‘_
as compared to the control group for both the 1sometr1c and
 concentric test sets at the' .05 level. ‘Each’ tra1n1n9 group

increased Signfficehtiylon back-11ft strength 1q-these”two

test sets (p < .01), 1In the eccentr1o'test set, the eccentric
group did sign1f1cent1y better efter tretning than the cen~-
trol group (P » ,01) and the: 1sohetric growp {p = .05). ‘\;v‘f
. In the 1sﬂmetr1e test set;,the 1somotric qnd eooentrio it
"’groupe pade m mogt ﬂgmﬂosnt mwz etmnntn glﬁns‘, t- o
| tm prmbm;m for thess two gmn yors.. 002 and 003
rnaeettuly' - Thegieom,‘.rie greup uso mede ) :1eﬁ1f1o¢mt

o
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most significant mean strength gain (p = 060); and tho
eccentric and concentric group made s1m11ar mean strenguv
gains 1n the eccentric test set (p = ,003).

In the tsometr1c test ;et. analysis of covariance pro-
duced no.significant d1fferenceslbetweén post test group meons
on lumbar spinal'curvoture, although thijs curvature was
ogduced glﬁghtly}for each groop afﬁer training. Ana}ysis of

» covariance, 1n.the'isometr1c test set for gfficiency, ylelded
a probability.of .0568 for any q1fference between groups oo
1quor Sp1na] curvature. t-tests, however, showed a signifi-
cant reduction at the .05 level for the isometric and concen—‘
tric groups. and at the .0] 1eve1 for the eccentric group

In the 1sometric test set, analysis of covariance didV
nog“ytgjd any s19n1f1cnnt difference between groups on post

‘ test erectores spinae electrical activity However, t-tests
showed that the isometric and concentr1c groups had made
significnnt gains at the ,05 apd .01 level respectively.

For the concentric test sbt, the.eccent;ic and concentric
groups hnd s1gn1f1cnnt1y h1gher post test mean voltage values

| thqn the control group (p . 06) t-tests: showe9 significant

gains for the {sometric and. eoncentr1c groups at .the .05 level
lnd the qccentric group beyond thc 01 lavel. In the eccen-

L telc test n,t. the sccentric group. had @ post test mean volt~

_'.‘"”_;aan nms Mgndﬂgnnﬂy Mghsr thgn the  other thrn gmups

;f?:ﬂyﬁp " 0‘); !nﬁ hod ngﬁs Shg onlx 319n1f10qa$ 1ncrgnss (» L

ii{"‘.ﬂﬂ&}ﬁ " In t!w iiemtric tqst nt for nfffcimgy. thgrg vm

;:,zzing T1gpifﬂ¢on; d1ffnpgogo pgkugnn thg grqups ou nggw gsxg 'A?

w'&*“@v -
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v;1tage when nepeating th;1r original pretest isometric bdck—
11ft stfength score. Also t- tests showed that none of the q?
training groups had significantly lower values fbr lumbar

ierectores spinae electrical activity. V. \

For the isometric, concentric, and eccentric éest sefs,

ana}ysis f covariahce yielded no sign1f1cant|d1fferences
between”the groups on heart rate. Although training seemed
to lower the heart }ate, these differences were not si§n1f1—
cant. In the 1sometr1c test set for eff1c1ency, no signifi-
cant‘41§£3rences on heart rate were observed. Again, heart

. rate values were slightly but not significant]y lower for all

groups

Conclusions

On ‘the bas1s of the statistica] ana]ys1s the follow-
ing conc]usions are justifiable:

(M Maximal 1sometric back-11ft strength was signifi-
cantly increased by means of 1sometr1c, é\hcantric, and
eccentric maximal back-1ift strength tra1n1ng .
| (2) Maxima] isometric trunk- flex1on strength was | :
,significantly 1ncreaseq by means of maximal 1sometr1c back-
ilift strength traintng only.

(3) Maxim\l concentric back~ 11ft strengtb was s19n1f1~\‘
cqntlx 1ncrqasad by mcqns of 1sometr1c, conceqmriq. and | "U
”;'ccﬂntrtc nnxinal baqk~11ft strength tru1n1ng.
| 64) Maxina) qccgntric bnckslift strength nss signifim

';;'cpntly 1ncrekstd by nelns Of eonccntric nnd gpcentric npximax

M
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back-11ft strength training.
(5) Lumbar spinal curvature during maximal 1sometr16
back-1ifting was not significantly reduced by means of

‘iaometric, concentric, and eccentric maximal back-11ft

strength training - '

. (6) Lumb#r'spinal curvature during !%ometric back~
11fting was significaﬁtly :educed b} meaﬁs of isometric,
concentric, and eccentric maximal back-1ift strength graﬂn-
ing when pretest isometric back-1ift strength values were
repeated after training.

(7) E]ectrical activity of the luﬁbar erectores spihae
during‘maximal‘isométric back-1ifting wag‘s1gn1ficant1y in-
creased by means of isometric and concenf;ic maximal back-
11ft‘strengtﬁ training. | |

(8) Electrical activfty of the‘]uﬁbar erectores spinae
during maximal concentric back-1ifting was .significantly in-
creased by means of {sometrio, concentric, and eccentric

“hmaximal back- 11ft strength training. | '

(9) Electrica] activity of the lumbar erectores spinae
during maximal eccentric back- 11ft1ng was sign1f1cant1y 1n-
croqscd by means of qu1mad eqcentric ba¢k 11ft strengtn

_.;mmng.‘ P : . |
| . () Elcctr1ca1 qctivity of thg lumbar ‘erectores
spigae’ durinq 1somctric bg¢k411ft1n9 was not sign1f1cantly

‘“gfreduGCQ hy ucnn: qf npmatrmQ nonc@ntricp or accgntnig
m-x1nql bick 11f; strength trainfnﬂ'nhan pratest 1somgtr1c

P R
Vo

Bncﬁf11$§**trangth v;lucs unrq ripta;gq after ;rainin?
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(11) Heart rate values immediately.following isometric,
concentric, or eccentric maximnl back-1ift strength contrac-
tions were not significantly lowered by means of isnmetric:
concentric, or eccentric maximal back-Tift strength training.

(12) Heart rate values inmediateiy fo]]owing 1sometr1cﬂ

back-~ ]1ft1ng were not significantly lowered by means of

.isometric, concentric, or eccentric maxima] back- lift

strength training when pretest 1sometr1c back-11ft strength
values were repeated after trainjng. \

Thus. the study showed that the iumbar spine’ was ’
trained. and more importantly its curvature reduced resulting
in significant reduction of shear :tress. This would there-'
fore suggest that the training programs used in this s tudy
enabied the subjects to become less prone ta risk of injury

when 11fting with the back 20 degrees from vertical.

-
1

'Recommendations

It 1s recommended that spinai curvature changes due

to training be further studied by radiologica] and other

tnchniques. and that training effects on intra- abdomina] o

pressure during 11ft1n9 be assessed
This. along with qo ordinated efforts by the physical

ieducation and mediea] professions, will lead tg bqtter undgr~'
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RAW DATA
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. ( '
ISOMETRIC TEST SET - ISOMETRIC STRENGTH (POUNDS)

AJGroup Subject Pre Post
1 315 © 350
2 275 - 352.5
3 © 252.5 l 297.5
4 362.5 .
Isometric 5 260 4Q2.5
6 420 49
7 150 342.5 |
8 325 375
9 380 ‘ 390
10 380 550
t 11 330 - 335
s 12 400 - 452.5,
13 287.5 417
. 14 310 397.5
- Concentric 15 - 205 307.5 ¢
16 265 ., . 380
17 330 367.5
18 385 387.5
19 352.5 3756
20 . 345 360
‘ 21 295 380
A 22 230 365
‘ 23 225 397.5
. R4 . 287.% 320
Eccentric . 25 - 330
26 410 "
27 400
- 28 367.5 .
. 29 380
30 460
. . -3 350
« SR 360
- p N o gg v ' . ggor ' : S
Control . 85. 270 . . ‘335 W,
T SR B 300"
S, > 39 : 398 \
! x' . ‘h.,v » ‘40 * -. A ! ‘ ‘28,0’!
das Ty I DA SR A
rﬁl : ' . r ) ‘{&U '2’
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\m
oo
Co '&\
Post

Pre

- ISOMETRIC TEST SET - CURVATURE (DEGREES)
Subject

Group

w wy wy
NNTOTNDODDOO
N o — — O\ =

w *

ww w w
mOoNTNNODW0
- (42] — e e NS

-~

o

—NOOFOONNORO
- —

<

Isometric

55 w0 0 Ky
5668605632

[t andt andl o ol

5.5 5 55

3789205579

“ .
.

\ Concgwjxc

46]5T1]022,

015]27@330#.
1;1!21-2]1.2._ i

Ll ond 21

Oosalﬁlsgou 3
21! i z.nll, b

DO NN OO

e, g e g

Eccentric
Control




136

ISOMETRIC?TEST SET - EMG MEAN PEAK VOLTAGE (MICROVOLTS)

!

o

- ‘ .
Group ] Subject ©  Pre Post

o,

. 373.30 424.20
176.75 185.59
742.35 866.08
233,3] 593,88
454.95 565.60
459.55 = 459.55
132.56 , 88.38
240.38 . 304,01 .
406.53 475,10 . |
318.15 381.78 - - '

Isometric

CWOWONOODWN —

—

238,61 °  185.59
866,08 795.38
265.13 291.64
441.88 600.95

176.75 - 349.97 ‘
254.52..  424.20 f\““zs
159,08 . 328,22 u

' 388.85 466.62
186.65 388,85
309,31 424 .20

282:80 - 176.75
.287.75 353,50
. 183;82  300.48
- 388,85 | -972.13
113.12 | 353.50
265.13 .| '618.63 . °
233.31 . 441.88 "

S5 |
- 268,33, 17675 T Y.

Concentric

PN omd ol s masd el wd md e avd
OWRNOUI D WH —

3
» ~-
™
N et

N s W

£ 1O N
- owvmN:

Eccentric .

Y
u.—a
- _*‘; o
Lpn
Fd S |
-t €.

2 » ’)7 .

o

iiseg; g :
1598 200 0 13400 T 00 O O

o .Contrel ) 38
T by ;“\JS J

“,' N ) /" ~‘Q"'-".' ‘ ; , | ".“ ;‘ . 37u’ ", “;
. : .‘ : . ‘- . i_‘ L ‘,",y‘:, a‘a:'i 1

e e
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ISOMETRIC TEST SET - HEART RATE (BPM) .
-t subject  Pre  Post
¥ J K ' ' — -
S 1 " 108 - j08 A
" 2 102 108" ,
3 N4 . 1102 "y
4. 102 90 -
Isometric | 5 96 - . . 90 . ..
R 6 114 na
7 84 - 66
8 90 96
9 114 102 |
10 105 140 /
/ n 78
e 90
\\13 02 .
14 96
Concentric 15 96
~ 15, .90
17\ 120
: . 18\ 96
SN [ BN 114 ,
20 . ' 96 ¥
21 102
22 96
23 90
. i 114
Eccentric 25 84
. : “ . o v 26 . 96
.,'\ n | ' > I | ‘

AN RO. LD

O~
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ISOMETRIC TEST SET - TRUN XION STRENGTH (POUNDS) .
0 - e ; - " g - .
Group / Subject , Pre ~ _Post
' . - {/ — - - /V\ .
' ] 89 85.5 '
, 2 70 . 4 83,5 s
’ “ , 3 66 - . 82.5
\ . 4 127 ' 133.5
Isometric . 5 64 . 73.5
. . 6 106 127 ©
. T A2.5 I 15.5
g 78.5 '101.5 )
: 9 '50.5 70
; A 10 223 265
~ ' * LR ' Y
11 83 © 75.5 ‘
12 101.5 79.5
. 13 93 . 127
. . ‘14 A 72.5 : 148.§ﬁ s
Concentric 18 - SR ND . 89. T
- 716 - 66.- - 85.5 :
- o 17 - 104 . 109 .
. ' 18 - 83 .
. . 20 . -146.5
R 21 101,5
\ :“is:' 83;5

o ‘kig?n'tr’i c

Vg .
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CONCENTRIE TEST SET - CONCENTRIC STRENGTH (POUNDS)
' [ 4

- Ay
h)

Group Subject Pre Post
1 155 222.5
2 130 235
3 225 277.5
4 260 300 .
Isometric 5 167.5 330
6 375 397.5
7 145 295
8 270 310
9 295 3056
! 10 190 * 407 .5
11 215 262.5
12 380 X 422.5
13 135 330
14 185 355
Concentric 16 110 : 225
16 165 . 340
“ 17 185 317.5
18 250 335
19 320 355
20 ~ 230 317.5
21 325 ' 382.5
22 125 357.5 -
* 23 212.5 .352.5
: - 24 190 270
Eccentric 25 ' 2558 230
‘" 26 _ 150 310
27 245 245
28 135 . 267.5
29 0t 376 .+ 380
30 A ¥ 46%
KR | 220 320
-7 32 317.% . 282.8
. .33 - 220 325
. N ' 116 ’ 110%™
Control 35 230 190
' 36 ‘1688, 240 \
oy 37. . 266 : 325
e a8 298 . 218 .
* 39 316 326 ‘

40 1180 - 227,
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CONCENTRIC TEST SET - EMG MEAN PEAK YQ&TAGE (MICROVOLTS)

Group Subject Pre Post
1 233.31 318.15
2 220.94 265.13
3 1025.15 1141.81
4 - 291.64 494 .90
Isometric 5 408.29 .+ 494,90
6 3563.50 265,13
7 220.94 176.75 >
8 279.27 319.21 \
9 335.83 ° 509.04
. 10 243.92 445 .41
11 318.15 - 265.13
12 - 1237.25 890.82 -
n 13 282.80 . 388.85 °
. A 14, 618.63 777.70 ,
Concentric 16 282.80" 777.70
. 16 445 .41 593.88
17 141.40 424.20
18 - 311.08 . 583.28
19 163.32 388.85
. 20 309.31 707 .00
21 325.22 212.10Q
22 209,27 441.88
23 212.10 420.67
© 24 388,85 680.49
Eccentric 25 . 176,75 441.88
26 282,80 760.03
27 222. M . '530.25
28 353.50 330.88
29 353.560 680.49
;30 - 176:75 530.25°
31 ~ 470.16 480,76
32 466.62 388,88
33 ' 311.08 229.78
‘ 34 - 169.68 127.26 »
Control. 35 - 820,12 , 565.60.
' B 36 ‘ 530,28 . 565:60
37 565.60 "~ . 679.74
38 611.86 583.28
.39, 441,88 441,688

g
. .
. .
- e N———— . - ”
. i
- . i ’ ' . )
. : .
N ‘ . .t . . .
- . ‘
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CONCENTRIC TEST SET - HEART RATE (BPM)

—
Group Subject Pre Post

1 108 102
2 108 108
3 ‘132 ' 102
: 4 102 - 96
Iso tric 5 114 90
N e 6 114 102
7 90 90
8 90 102
9 114 108
. 10 84 126
1 96 90
12 114 108
. .13 .- 96 108
14 90 90
Concentric 15 114 108
16 96 . 96
17 108 126
18 105 114
19 96 120
20 150 96
21 138 114
22 96 102
23 108 108
24 108 114
Eccentric 25 l 108 ) 84
26 \ 102 e 96
27 \ 120 114
28 126 108
29 144 102
. 30 114 114
3 102 . 102
32 102 - 96

33 96 84 .
34 96 ‘96
fontrol ‘ .35 126 | 102
' 36 ¢ 84 . 90
3 ‘ 96 90
1 N 90 72
3 , f32 126

40 no96 . 84
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ECCENTRIC TEST SET - ECCENTRIC STRENGTH (POUNDS)

\ .
’A Group Subject Pre Post
] 320 320
2 230 270
3 302.5 302.5
4 395 397.5
Isometric 5 280 372.5
6 417.5 397.5
7 240 . 352.5
8 280 |, 360
9 355 310
10 320 462.5
11, 255 ~ 340
12 405 -~ 450
13 230. 400
‘ 14 275 390
Concentric 16 225 317.5
16 280 387.5
17 377.5 360
L 18 402.5 400
19 340 407.5
20 295 340
21 357.5 485
22 385 472.5
23 270 . 430
24 200 352.5
Eccentric 25 402.,5 410
. 26 375, 425
- 27 ~ 405 410
) 28 140 375
29 . 390 415
30 315 44Q
' n 267.5 362.5
32 400 382.5
33 400 435
' 34 190 ’ 275
Control \ s .. -310. ' 312.5
N . 36\‘ '325 . * ‘a‘o
¥ 380 350
’ }3 290 , 350
,_ o 39 406 , 415
,r 40 ' 180 128
. r— a— w. . -
/4‘ AP \
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ECCENTRIC TEST SET - EMG MEAN PEAK VOLTAGE (MICROVOLTS)

K]
Group Subject Pre Post
-
’ 1 303.30 275.73
2 176.75 212.10
3 883.75 919.10
4 291.64 494,90
. Isometric 5 . 514.70 . 565.60
6 363.50 247 .45
7 132.56 141.40
8 212.10 319.21
9 459 .55 339.36
10 318.15 483.59
11 190. 89 176.75
. 12 866.08 692.86
' 13 247.45 291.64 *
14 530.25 636.30
ConceMyric 15 335.83 661.05
' 16 360.57 . 542.98
17 . 190.89 © 282.80
18 466.62 489.95 ,
19 233.31 363.50 -
20 , 397.69 - 353.50 '
21 282.80 265.13
22 261,59 486.06
23 ‘ 363.50 ~ 396.63
24 427.74 777.70
Eccentric 25 141.40 44) .88
® . 26 ' 406,53 848,40
, 27 371.18 707.00
28 265,13 381,787
- 29 194.43 -+ 563.83
30 265,13 265,13
31 537.32 665.60
32 513.28 466.62 \
k) 388,88 .08 - ’
o 34 396,92 353,50 v
Control o 35 629.94 671,65
37 1 70700.0 : 42‘92 «
38 ! 494,90 - 629.94 C o

XU 494,90 . 176.78
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ECCENTRMC TEST SET - HEART RATEO(BPM)

e

Group Subject Pre ‘ Post
1 90 84
2 84 102
3 108 96
4 96 96
Isometric 5 102 84
6 120 108
7 84 66
'8 90 96
9 114 108
10 126 144
1 72 84
12 102 102
, 13 - 78 . 90
, a 14 78 96
Concentric 15 96 90
16 90~ , 90
17 108 120
18 96 102
19 84 114 '
20 144 90,
21 126 108
22 90 96
23 108 96
. 24 90 114 |
Eccentric 25 102 84
e 26 102 ' 90
27 108 108
28 96 120
29 120 102
30 114 108
31 90 84
. 32 96 90
. F .33 ; 84 72
P Lo 34' 96 96
tontmol - o 114 114
A "@3g : 72 - 84
i3 72 78
n 38 . 72 , 72
» 39 132 1}4 o
BN i Lo ,
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ISOMETRIC TEST SET FOR EFFICIENCY -

CURVATURE (DEGREES)

Repeat Pre (Isom.)

Pre

Subject

Groups

(72 5555 .o

) 8474020343

— ———— O\

0w W w
NONTNUNO DO

— ™ = — O\

—~FNMOSTODONOND
p—

Isometric
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« « e

4508793905

5 5 5
3476394528

— ——— L — — o g
5 5 5 55 o0 = [Te]
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oy
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o
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e
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e
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.
7 wus|
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: 053]51559
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ISOMETRIC TEST SET FOR EFFICIENCY -
EMG MEAN PEAK VOLTAGE (MICROVOLTS)

W

! 7
Groups Subject Pre Post
1 373.30 $353.50
2 176.756 203.26
3 742.35 721.14
4 233.31 176.75
Isometric 5 454 .95 176.75
6 459 55 176.75
7 132.56 . 070.70
8 240,38 304.01
9 406.53 424.20
10 '318.15 356.33
11 238.61 176.75
12 866.08 353.50
13 . 265,13 194.43
14 441.88 247.45
Concentric 16 176.75 155.54
16 254.52 271.49
17 159.08 212.10 .
18 388.85 424.20
19 186.65 116,.66
20 309.31 176.75
21 282,80 212.10
\ 22 287.75 220.94
23 183,82 180,29
24 388,85 406.53
Eccentric 25 113.12 . 176.76
: 26 265.13 371.18
27 233.3 353.50
28 512.58 267.25
29 388,85 466.62
30 265,13 088,38
N 31 470,16 424.20
‘ 32 443,29 C. A427.74
: 33 311.08 _2,3.92
; 34 264.62 176,78
Control 3 583,28 - '540.86
o 36 - 363.50Q ' 336,83
p 37 282,80 ' 282,80
38 3,18 373.30
‘ 39 ‘830, 25 - 530,25
40. 742,38
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ISOMETRIC TEST SET FOR EFFICIENCY -

AN

HEART RATE (BPM)

S
Groups . Subject Pre Repeat Pre (Isom.)
ol 108 108
2 102 1
3 114 102°
4 102 96
Isometric 5 96 90
6 114 102
i 7 84 78
| 8 90 90
9 114 108
10 105 102
11 96 96
12 102 102
13 96 90
14 90 o 90
Concentric 15 96 96
16 90 84
17 120 114
18 96 ' 102
19 96 O 108
20 138 90
2] 120 108
22 96 90
23 96 96
: - 24 108 108
Eccentric 25 90 84 .
26 "102 96
B 27 120 126
28 | 114 113
29 126 102 -
30 108 ~ 102
3] 96 84
32 96 - 96 |
- 33 96 84
Co e - 34 96 102
Contrel . 36 120 108 -
C ‘36 84 96 .
. 37 84 18
‘ ‘38 84 - 66
S, - 39 126 v 120
o “Tﬁ“_, , e v e r——— Tm
! IR
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FORMULAE
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A. Standard Error of Measufement Formula

4 m t

Where S_ = $tandard Error of Measurement . //

’

St = Standard peviation of Scores f

v = Reliability Coefficient.
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DATA COLLECTION SHEET



DATA SHEET

o “‘ \ ' ' A
\l NAME FACULTY _ . AGE - (Yrs. & Mopths)

HEIGHT (Inches) WEIBHT . " (Pounds): :

TRAINING GROUP- (Blank)

. | L | PRETEST

‘ | N . #2 #$3

Var{ables  Isom. B-L Conc. B-L ' Ecc. B-L ;. Flex. Test

Dyn. Pos{ition Sl to __ | _to _
Dial (Inches) T HERE!
- Strength | e R —_—
(lbs.? . . L ' ' '
' 2. Curv#lure | ” S Tepsi. ]bs‘f
at max. Yoo _ - - .
( ]60° ) ’ - . \ s PR ”
,, I R ) I ]
‘ . & ] '
3. Mg (mv) . / —
— — ' ; , -
A HR*(bpm) .| .- - N T . LR
: Immed, = . ] o B o , R
After - .. - DR 1 0,
AR et v
) . ; IR -
: vffr”if‘ o
e K ;
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-t h -, DATA SHEET,
: . ' o v ’

NAME _.o . FACULTY __ "~ AGE . (Yrs. & Months)

| o \
HETGHT (Ihches) WEIGHT _ ‘(Pounds)

-

TRAINING GROUP (Blank) |

-

e

| | 'POST TEST
. #1 42 . 43 . H#4- B -
' ‘ ~ 'isom. * Conc. Ecc,. . Flex. Isom.-0rfg.
variables: B-L B-L B-L .- . Test .Max. (Pre #1)

Dyn. Position ‘ to ~ _to

Dial (Inches) | same | Same | Ssamé ' Same
(R . . 4_\"7 ! . '»A‘f ,

- Strength A |
(lbs.? : .

‘9.

Curvature -
at max. - ' B R SRR

(]600) I o , ! ‘ } ‘ o ‘ -

e | 1L —

' ' .
4 - i - . 3 . . — i e
) e o po— et st ——1 — s
- P ‘ ‘ ‘ ‘
4 - ) L oo v . R ot
¥ o . . B : " ) . . } ‘
T HR (Rpm) o « | o o
} . T ; " N o . ——— by ' . . !
PN * xmmﬁd. . I , o p2g , . Ir . 1. ! |
) y . \ o . S [ , '
After .. e . N : . W
: . N . , . - X " X .
e —— sl ee————- b wimar
; o SR Y ¢ 0
v "'. 1y
a . . " Ly . .
4 vy ! f
. . ., ! : ] h
: . ' S . !
h . c‘ , A . A,:‘ v, . } ) ‘
‘ oo . . ! Lo ce b [ .
. i h . i - Y [ ' S v
B 4 - 4 ¢ : . ' [
.+, TRAINING PERIODS . ; A
o v R nV v xl Y o ‘\z-«»"‘ " : .
T T IR TANI T A
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ANTHROPOMETRICAL DATA A
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ANTHROPOMETRICAL DATA

: ‘ y
A Age Height . Weight .
Group Subject (Months) (Inches) (Pounds)
, ] 269 69 145
2 256 71 . 150
3 260 AR 155
4 260 72 . 190
Isometric 5 276 669 150
6 275 ‘ 70 195
7 275 70 , 180
8 269 72 150
9 - 283 / 69 150
10 3 74 200
N 268 67 150
12 262 , 76 200°
13 257 12 160
14 269 71 ) 176
Concentric 15 264 g0 140
16 254 68.5 165
17 354 68 168
18 - 286 68 | 145
19 - 285 75 195
20 260 n - 132
21 2N 72 185
.22 270 71.5 190
23 2$1 n 160
24 281 72° 156
Eccentric 25 322 70 170
26 258 13 173
217 272 /S 68.5 150
28 263 69 170
29 258 68 , 165
30 272 74", 198
3 260 ‘16i 185
32 . 254 72 176
313 275 70.5 180
34 480 62 . w150
Control , 38 266 67.5 cne L, 136
. 36 282 69.58 v 168
- 37 291 70 190
T . 38 K} | v\ 72 , 190
L ) A% MM 70.8 - 189 .
o 49) ] a8 69 .1

7 ‘vé‘ i r - }
’ o



