CANADIAN THESES ON MICROFICHE

=
I.S.B.N ’
THESES CANABIENNES SUR MICROFICHE
.* National Library of Canada Bibliothéque nationale du Canada
Collections Development Branch Direction du developpement des coliections )
Canedian Theses on Service des thses canadiennes =

Microfiche Service sur microfiche

Ottawa, Canads
K1A ONA4

NOTICE

The quality of this microfiche is heavily dependent
upon the quality of the original thesis submitted for
microfilming. Every effort has been made to ensure
the highest quality of reproductidn possible.

If pages are missing, contact the university which
_granted the degree,

Some pages may have indistinct print especially
if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previously copyrighted materials (journal articles,
published tests, etc.) are not filmed.

Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,
c. C-30. Please read the authorization forms which
accompany this thesis,

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (r. B2/08)

AVIS
La qualité de cette microfiche dépend grandement de
la qualité de la thése soumise au microfiimage, Nous

avons tout fait pour assurer une qualité supérieure
de reproduction, .

Sl manque des pages, veuillez communiquer
avec l'université qui a conféré le grade.

La qualité d'impression de certaines peges peut
laisser a désirer, surtout si les pages originales on
dactylographiées a |'aide d'un ruban usé ou si I'urliver-
sité nous a fait parvenir une photocopie de maupaise
qualité.

Les documents qui font déja I'objet d'un droit
d’auteur (articles de revue, examens publiés, etc.) ne
sont pas microfilmeés.

La reproduction, méme partielle, de ce microfiim
est soumise a la Loi canadienne sur le droit d’ auteur,
SRC 1970, c. C-30. Veuillez prendre connaissance des
formules d’autorisation qui accompagnent cette thése,

&

LA THESE A ET
"MICROFILMEE TELLE QUE
NOUS L'AVONS RECUE

z | Canadi

éte .

5 . ot i



R oy L

T T Y e TN

National Library

. Bibliothéque nationale

!* of Canada du Canada - . 5 - .
Canadian Theses Division  Division des théses canadiennes .

) . Ottawa, Canada . - . *

/54 KiAoNa 56954
=%
PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

s Pleass print or type — Ecrire en letires moulées pu ém:'tyiag;;ph;ar

Fult Name of Author — Nom complet a’a’Fth_auf o N T ; i T .
ﬂ (76'//‘344;1 ﬁ//& I vrnen
Date of Birth — D:lg de ﬁlumm;a C‘;aui;tryréf Birth — Lieu de riljifmm‘;ci ] T

Mov, 3, 1949. ) Qlfxigtgs , ) B
Permanant Addreas — Résidence fixe ) I - - - -

'ﬁ C;l'é ThthL Q\JLT'\'LE 5:*’*‘“\

Weroerg )Cﬁ’\igbﬁ(ﬁ - '

Qt;ﬂi«itl feanm 14 , . i
Tme of Thcsn; —_ Turc de a thﬂd - ) Ve - - -
Eflects 0OFf Ds&;ere«{‘\' Jvﬁ&i“{ﬁj Metheds O F\c;.b;\.’—{-.’
University — Université - - B o E - - T
Ownioees Ay & g\b@ﬁ’\x _ ,,7;,,,
Dagrge for which thésis was prmnleﬂ - Grade pour Iaquel cette thése fut présgntéa

Vnr this ﬂ&gr&e conterred — Annéa d abtantmﬁ de ce grldo

1132

Name of Supervisor — Nom du directeur de thase

M Siadh

Permission 1s hereby granted to the NATIONAL LIBRARY OF
CANADA to microfiim this thesis and to lend or sell copies of
the tilm. o

The author reserves other publication rights, and neither the
thesis nor sxlensive extracts from it may be printed or otfier-
wise reproduced without the author's written parmission.

T

L'autorisation est, par |a présents, accordée & Ia BIBLIOTHE-
QUE NATIONALE DU CANADA de icrofilmer cette thise ot de
préter ou de vendre des exempleires du film.

"
L'auteur se réserve les autres droits de publication: ni ia thase
™ de longs extraits de celle-ci ne doivent #tre imprimés ou
autrement reproduits sans |'autorisation écrite de |'auteur. '

Date

Signature

NL-91 (4/77)




THE UNIVERSITY' OF ALBERTA
EFFECTS OF DIFFERENT TRAINING METHODS ON FLEXIBILITY

T . BY
Kig;/ ANDREW ALLAN TURNER

(

A THESIS

SUBMITTED TO THE FACULYY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE
OF DOCTOR OF PHILOSOPHY

Y =

DEPARTMENT OF PHYSICAL EDUCATION
' EDMONTON, ALBERTA '
. SPRING, 1982 : S

-



=

RELEASE FORM .

f
NAME OF AUTHOR ,MANDREW ALLAN TURNER = = = = = = = = =

EFFECTS OF DIFFERENT TRAINING METHODS
N

FLEXIBILITY

TITLE OF THESIS .

jo]

REE FOR WHICH THESIS WAS PRESENTED .DOCTOR OF PHILOSOPHY

G
YEAR THIS DEGREE GRANTED 1282, . . . . . . . . v v v ...

Permission is hereby granted to THE UNIVERSITY OF
ALBERTA LIBRARY to reproduce single copies of this
thesis and to lend or sell such copies for private;; -
scholarly or scientific research purposes only.

The author reserves other publicatiéﬁ rights, and
neither thé thesis nor extensive extracts from it may
béé§fiﬂtéﬂ or otherwise reproduced without the author's

written permission.

(Signed) .44 /44!4"\. 'E?M

PERMANENT ADDRESS:
613 Third Avenue South

R

Kenora, Ontario )
Canada  P9N 1Y4 :

DATED . iggi -ag :3‘3; § i . 19‘2 : B Tae k. P



THE UNIVERSITY OF ALBERTA

7 FACULTY OF GRADUATE STUDIES AND RESEARCH

s ) \\
 The undersigned certify that they have read, and
recommend to the Faculty of Graduate Studies and Research,’
for acpéptanégg a thesis entitled §F?5§T§ ??_D¥?EE§E§I; .« .
TRAINING METHODS ON FLEXIBILITY
= - L ] L - !,‘ - . = - - - - - L -

submitted by ANDREW ALLAN

TURNER ) o o )

i

n parti

1l fulfillment af‘ﬁhﬁ requirements for the degree of

cto

g

f Philosophy in Physical Education.

Supervisor

Ir

- External Examiner



DEDICATION

|

To py'wige, my mothen, and my §athen,

dor all thein assistance, support,

and Love during my years as a student.

3

(‘ F

iv

R e T M



ABSTRACT

The pﬁfpase of this study was to investigate the effects
of six different standardized stretch training methods on
active flegibility for shoulder extension and ankle plantar
flexion. The different training methods were: 1) 35 (concen-
tric, isometric and concentric contractions with external
force), 2) 2S (passive extension), 3) és (concentric and
isometric contractions), 4) ES (eccentric contraction and
passive extension), 5) BS (concentric contraction), and
6) CS (concentric, isometric and concentric contractions). —
Forty-two female volunteer students ranging in age from 12
to 14 years were selgéteé as subjects. They were tested
at the beginning of the study (pre-test), after two weeks,
four weeks, and six weeks (post-test), and after the two
week retention period. The thodified LeightennFlgxameter was
utilized to test‘active rangelbf motion for the ankle and
shoulder joints.

' Data was énalyteﬂ using two three-way analyses of variance
(Géeenhcusé—éeisier‘tent on repeated measures) and post-hoc
Scheffé test (® = 0.05). Analysis of data on ankle joints
revealed that 3S, 2S, ES, and éSrtraining method increased
within-session flexibility when compared to the control
(p < 0.05). 1In addition, 35 training was superior to CS

trgining in relation to within-session gains (p <« 0.05). The

oints showed that only the 35 training

data on shoulder

ET

the control group. Also, the 3S training method was



| >

+the only one which consistently increased rangé of motion on

both the ankle and shoulder joints for within-session training.
]
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STATEMENT OF THE PROBLEM o

\

Introduction

Flex;bility is defined as "the range of possible movement
in a joint (as in the hip joint) or geries of joints (as when
the spinal galumn is involved)" (de Vries, 1976, p. 432).
This range éf motion can further be divided into two phases -
the‘active and the passive. The former refers to the range
of motion produced by a voluntary contraction of the muscles,
and the latter ‘to the range of motion produced by -use of
force from outside the 4oint (e.g., force from a partner)
(Hartley, 1976). The_ﬂistincﬁian is illustrated i? Figure 1,
which shows Subject A demonstrating éctive fle#ibility and
in Figufé 2, Subject B aemengératiﬁg passive flexibility for
_shoulder joint extension.

.Consequently, fle:ibilityizan be defined as the degree
to which a joint(s) is free to move through its range of
motion. '

The importance of flexibility‘was stated by Hartley
. (1976) , Listiné six aépects of physical activity where flexi-

'biiity plays a crucial role in enhancing:

4

'1) Injury prevention, | v V»y;ﬁ_f

2) Shock absorption,
3); Balance and agility,

4) Aesthetic impression,
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5) Performance efficiency, and
6) Joint amplitude.

. « Flexibility has been acknowledged only recently by both
the practitioner and researcher to be a centrally important
human pe}formance variable (Corbin and Noble, 1980). Schultz
(1979) ighted that flexibility, for years the overlooked

sibling of strength, endurance, and speed, has come téjﬁg

-appreciated for its own virtues. Jesse (1979) drew éttenticn
to the misuse of strength tréiniﬂg with regards to the loss
of specific joint flexibility (e.g., ankle flexibility). A
few years earlier, Cooper and Fair (1977) called for stretch-
ing exercises to be brought out from under the piles of’
weight-lifting machine literature, taught properly, and
implemented into every athlete's year-round training program,

From a ccaghing perspective, Hogg (1977) in a compre-
hensive review of the literature on flexibility training
concludéd:

In the area of flexibility for athletes

there are few valuable studies. Compar=-

ative research into the best stretching

methods has been difficult because of

‘the presence of many uncontrolled variables

and the limited availability or normative

data (p. 37).
From a researcher's perspective, Schultz (1979) stated that
de  Vries is re:égnize’ as one of the foremost investigators

on the nature and effects of flexibility training. ~He finds

laboratory and clinical studies to support, or reject, the
use of specific stretch training methods (e.g., static

stretching). From a therapist's perspective, Cherry (1980)

[ )
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’;;lled for research to establish which methods are most
effective, development of new techniques and a scientific
rationale of the most effective methods.

The review of the literature revealed that there were
several popular flexibility training methods, each purporting
to cause significant improvements in joint range of motion.
Scientific Stretching for Sport (i.e., 38) requifed a two
second concentric contraction, a six second isometric contrac-
tion and a two second concentric contraction, with light force
from a partner (Hoit, 1973). Static Stretching (i.e., 28)
consisted of a two second passive extension and an eigh®
second held passive extension (de Vries, 1962). Slow Active
Stretching (i.e., SS) involved a two second concentric con-
traction and an eight second isometric contraction (Jagobs,

1976). Eccentric Stretching (i.e., ES) entailed a five second

Ballistic Stretching (i.e., BS) required a one second con-
centric contraction (McCue, 1952). Contract Relax Stretching
(i.e., CS) consisted of a twé second concentric écntracti@n,

a six second isometric contraction and a two second concentric
-contraction (Moote‘and Hutton, 1980) (see Appendix A).

. b .
Problem AN

Based on the above considerations, an investigation was
undertaken to establish which stretch training methods were
superior in attaining the greatest range of active flexibility,

within the session and over training weeks, witN the most



enduring effects, and across different types of joints.

The purpose of this study was to examine active flexibil-

7)
B) Session
1)
2)
C) Weeks
1)
2)
3)
1)

5)

{(Scientific Stretching for Sports),

(Statix Stretching),

Stretching),
(Ecdentric Stretching),
(Ballistic Stretching),

1]

(Contract Relax Stretching),

pre—-training (pre-test),

two-week training,.

four-week training,.

six-week training (post-test),

two-week retention,

on shoulder extension and ankle plantar flexion.

Eimitatj;’g;s of the Study

®  The study had the following limitations:

1) Extra-curricular activitiea were not controlled.

2) Subjects were restricted to right hand dominant, junior

high school girls.
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3) Subjects with joint impairment were excluded from the
study.

4) Subjects réceived two different treatment conditions,
one on the shoulder and one on the ankle. ;

5) The ankle joint (hinge) and shoulder joint (ball-and-
socket) may not account for ;11 the range of m@tian for

ankle plantar flexion and shoulder extension.

Delimitations of the Study

The study had the following delimitatiané: ff
1) Subjeéts were confined to 42 female junior higﬂfphysical
education students, ranging from 12 to 14 years of age.
2) Joints selected, the right shoulder (bali and socket)
and the left ankle (hinge), were of the synevigl

classification.

Definitions Qf the Study

Scientific Stretch for Sport (3S). This is a method of

the muscles to be stretched (muscles in a lengthened position
to start) is followed by a concentric cant:actian of the
opposite muscle group, together with ;ightﬁ%érce from a
paﬁtne: (external fé:ce). perfcrméd in a progressively ﬁére
strenuous series until the range of movement cannot be

increased without severe pain (Holt, 1973, pp. 5-7).

¢
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Static Stretch (2S). This is a method of increasing

flexibility whereby an external force (i.e., hands pulling
the segment) is applied in a progressively more forceful
manner, until the range of movement cannot be inereasédi
then held for é period of time, without severe pain (de Vries,
1976, pp. 436-437).

Slow Active Stretch (SS). This is a method of increasing

flexibilityrby slow active concentric contraction of the
agonist muscles, without additional assistance from an
external force (i.e., Hands pulling the segment to a greater
range of motion), while relaxing the antagonist muscle group
(the muscles to be stretched) (Jacobs, 1976, PP. 151-152).

Eccentric Stretch (ES). This is a method of increasing

flexibility whereby a slow active eccentri:ccqgifctian of

\ the muscles to be stretched (muscles in a contracted position

to start) is followed by light force from a partner (external
force), while the subject relaxes both agonist and antagonist
muscles around the joint.

* Ballistic Stretch (BS). This is a method of increasing

flexibility whereby particular emphasis is placed on training

manner, and to put special effort toward carrying the movement
to tHe limit of the subject's range of motion (McCue, 1952,
p. 322).

Contract Relax Stretch (CS). This is a method of increasing

flexibility whereby an isometric contraction of the muscles

to be stretched (muscle in a lengthened position to start)

is followed by a concentric contraction of the opposite



muscle group (Moore and Hutton, 1980, p. 323).

Joint. This is a c@nnestiqn between two or more separate -
segments or parts of the skeleton. Joints are variously
classified, with the official classification based on the
material which joins the long part# Classification of jcix;xts
are: fibrous joint, cartilaginous joint, and synovial joint,
with the latter being chéign for this study. This type-of
joint, which permits a variable amount of movement, consists
of a series of investing ligaments, a true joint cavity, and
hyaline cartilage over the articulating surfaces of the bones
forming the joint. Syncviél joints may be subdivided accord-
iné to the type of movement: gliding, pivot, hinge, biaxial,

ané ball-and-socket joints. (Francis, 1968). For the purposes

(ball-and-socket) and ankle (hinge).

Shoulder Joint. This is the proximal ball-and-socket

joint of the upper limb which controls the movement of the
upper arm (humerus)i 7Three basic movements of the shoulder
are: !
1) flexion and extension,
2) adduction and abduction, and

53 rotation.
Circumduction is merely a rhythmical combination in orderly
sequence of flexion, abduction, extension, and adduction
(Last, 1978). The present study termed any change in flexi-
bility in shoulder extension, measured by the modified Leighton

Flexomneter, as occurring in the shoulder joint,



Ankle Joint. This is the distal hinge joint of the

lower limb, which controls the movement of the leg relative
to the foot, occurring in a sagittal plane. The ankle joint
is not the only active joint when ankle plantar flexion
becomes extreme; an increase in range‘is provided by héll@?i
ing of the plantar arches (Adams, 1971). The present study
termed any change in flexibility in ankle plantar flexion as
measured by the modified Leighton Fiexame%i; as occurring in
the ankle joint.

Shoulder Extension. This is the. movement of the humerus

posteriorly, in a sagittal plane (Last, 1978).

4

Ankle Plantar Flexion. This is the movement of the

dorsum of the foot away from the anterior surface of the leg
so that the foot tends to fall into line with the leg. This

movement occurs through the sagittal plane (Adams, 1971).



CHAPTER 11

REVIEW OF LITERATURE ’

Flexibility is the degree to yhich a joint(s) is free to
J g

move through its range of motion.

Overview o

ety

Flexibility

A review of the literature on flexibility revealé% that
there were several aspects of flexibility, which included:
specificitﬁ, age, sex, strength, anthropometry, tests, limita-
tions, somatotypes, activi patterns, warmup, motor perfor-
mance, injury prevention aIi muscular soreness. The igpértant
area pertaining to the present study, flexibility-training,
will be discussed in greater detail (Song, 1979; song and

o

Reid, 1979: and Corbin and Noble, 1980).

Flexibility Training

Flexibility has been/Studied in conrection wfi% the
scienge of sport, physical fitness and physical therapy.
The following paragraphs review the literature on the effects
of different flexibility training methods.
Moore and Hutton (1980) studied the effects of three
ifferent stretch techniques on passive hip flexibility for

oM
[
wm

-~ 23 female gymnasts, 17 to 23 years of age. Static stretch

(S) required the subject to passively relax the hip extensors,

10
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while a pulley and weight system was applied on the lower
extremity in order to stretch the hip extensors. Contract-
relax stretch (CR), a modified proprioceptive neuromuscular
facilitation (PNF) tecﬁniqueg consisted of a five second
maximal isometric hamstring contraction followed immediately
by hamstring relaxation; the hip extensors were then stretched
by the wall pulley apparatus. The contract-relax with agonist
(hip flexors) contraction (CRAC) was identical to the CR
procedures, with the adduction of a submaxi%al voluntary
contraction of the agonists (hip flexors), while the pulley

apparatus stretched the hamstring muscle group. The hip

Du:iﬁg one session, each subject peffgrmed three stretch
technigues with three caﬁéécutive trials per stretch me#héd_
The performance order was a randomized latin square design.
Dgﬁa showed CRAC and S were equally superior in improving
passive hip flexion over CR, during a one session test.
Medeiros, Smidt, Burmeister, and Soderberg (1977) studied
the effects of different training methods on hip flexibility
for 30 normal men ranging in age from 21 to 34 years.
SBbjgcts were randomly-assigned to a control group (n = 10),
passive stretch group (n = 10) and an isometric contraction
group (n = 10). ,Thé training program cgnjisted of eight
treatment days. The passive stretch treatment group performed
20 passivé stretches éaeh treatment day at their thréshgid
force, with the subject's right leg a total of six degrees .
beyond the threshold point. This position was maintained

for three ;ee@ndihbefére the;éubjeet‘s leg was returned to



the point where the threshold force was reached. Fifteen
seconds of rest was allowed between each passive stretch.
The isometflic treatment group performed 20 isometric hip
extension contractions each treatment day at the limb position
where t;gir threshold force was atéainedi The isometric

contraction _was held for six seconds with 15 seconds rest

n each contraction. The control group received no

\I'U\

exercise treatment. Before the first and after the last
contraction or stretch on each é:eatment day the investigators
measured the subject's pelvicfemoral angle at the point wheare
the threshold force was atta’inéag Stabilization was applied’
to the pelvis and lower left extremity. The data showed
both treatments significantly increased the range of passive
ﬁip flexion compared tégthe control group. ﬁawever, campari*
sons between the two treatment groupsy indicated that isamefﬂ
contraction and passive stretch had similar effects. E
Turner (1977) examihed %he effects of two different
flexibility training methods, 3s (Scientigic Stretching for
Sport) and SS (Slow Active Stretching). 3S is a method of
increasing flexibility whereby an isometric contraction of
the muscles to be stretched (muscles in a° lengthened position
to start) is followed by a concentric contraction of the
opposite muscle group, together with light pressure from a
partner iexternal force) performed in a progressively. more
strenuous se:ieg until the scope of movement cannot be
increased without severe pain. SS is a method of incpeasing
flexibility by slow active concentric contraction of the

agonist muscles without additional assistance from an external



farge*ii-b, hands pulling. the segments to a greater rangé

muscles to be stretched). Warm-up effects, different joint
:éspcnses.‘aﬂd the sﬁaaﬂaréizatien of training procedures
were controlled. Suﬁjects were 12 schoolgirl. basketball

pPlayers, aged 12 to 14. The research design consited of

four rePlicatiéns of a 3 x 3 Graeco-latin square. Subjects

f i

were assessed for flexibi;ity at the beginning of a six week

flexibility training program, at the conclusion of training,

and then after two two-week retention periods. Significant

résvlts showed that:

15 flexibility tra%ned methods (35 and SS) improved flex-
ibility. i

2) the shoulder joint acquired more flexibility than either
the knée joint of the ankle joint. |

3) zneither flexibility training method was superior to the
other.

4) within two weeks of training cessation, both 35 and SS
effects were 133;_te a significant degree when compared
to6 control effects. - )

. N .
5) after four Weeks‘af training,cessatien, there was no
difference-bgtﬁeen changes af the control and two train- .
ing groups. | |

there was no,difference in 1@52 of f;exibility between
the shaul&eg; the knee, and the ankle jéfhtéi -
. Song and Garvie (1976f examined l{:intern;ticna; Canadian
freestyle wrestlers, ranging ffgm l7g€a 28 years of age. The

study consisted of an expg;imgnéal'greup (n §§3) and a &ontrol

6 -
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group (n = 6). The flexibility program required the'sﬁbjects
to train for five weeks, four sessions per week. The 3§
method of training involved the muscle group to be passively
extended close to the maximum, then this same muscle group
was isoﬁetrically contracted, against a fixed resistance,
while in the extended pagitioh, for 5 to 7 seconds. The
mugcle group was theﬁ‘relaxgd, thus making possible further
eggension of that particular group. With the antagon;sts
relaxed while extended, further joint extension was allowed.
Threé exercises were performed on the shoulder, eight oﬁ the
hip, one on the leg, one on the torso, and one on the combined
trunk and hip. This program was undertaken in addition to
the athletes' regular workout. ‘Pre-post\flexibility tests
were taken on: trunk flexion, trunk lateral flexion, hip
abduction, shoulder extension, hip extension, trunk exténsion,
hip hyperegtension, split pike, hip inward rotation, hip out-
wara'rotation;-shdulder horizontal abductioen and trunk rotation
(19,tes£s). The expefimental group showed all test results,
éxcept shoulder horizontal abduction, improved significantly.
‘The control group showed 11 of the 19 test ieéults improved
significantly. However, between groups, only the left hip
. extension and split pike were significantly aifferent.

Hartley (1976) investiéated the effects of six methods
of stretch on the active tanée of hip flexion for 119 women
physical oducati;n sﬁudents. ranging in age from 17 to 31

" years. The program fan over a four week peribd with‘a total

of 11 sessions. ~All subjects were tested before and after

the study as well as before andu;fter exercise on the first

14
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day of each week. The treatment conditions were: passive
lift and active hold, active PNF, balliétié and hold, relaxa-
tion meéhod, passive PNF, and prolonged stretch. Passive
lift and active hold required the subject's right leg to be
lifted by the pdrtner and taken slowly to the end-point (sii
secondS). The subject, at the endipaigt. held this position
for the next six seconds by actively contracting the higy
flexors. Passive pressure and active &ﬂlﬂing alternated
every six seconds for one minute (five times). Active PNF
reqﬁired the subject to voluntarily lift the right leg as

far into flexion as possible in six seconds. The subject, in

the next six seconds, eased into a maximum isometgje

contrac-
tion down against>the manual resistance of the pafﬁggri Thé
subject alternated voluntary lift and maximum isometric
extensor contractions so that each exercise occurred five
times in one minute. Ballistic and hold required the subject
_to start at a 45 degree angle with four leg bounces made to
flex the hip. On the fourth bounce an active hold was made
to stop the leg at the end-point. Each leg bounce took one
second, and the "hold" was maintained for six seconds. Tﬁe
whole combination was repeated five times in one-minute. The
relaxation method required the subject to use prolonged
stretching with mental relaxation and mind-set techniques.

Passive PNF required the right leg to be taken passively to

the end-point in 8ix seconds. Over the next six seconds, the

'subject eased'info a maximum isometric contraction of the
extensors against the maximal resistance of the partner. The

passive lift and extensor contraction alternated so that each



was performed five times in one minute. The prolonged stretch
required the right leg to be lifted passively and taken slowly
to the end-point. The end position was held passively for

y
tested on the Leighton Flexometer for right hip flexibility.
The data showed all methods increased flexibility significantly,
but no one méthed was superior.

Tanigawa (1972) studied the effects of PNF hold-relax
procedures, and passive mobilization on tight hamstring muscles
for 30 normal subjectg, ranging from 20 to 4sryears of age.
Subjects were randomly selected and assigned to a céntfal
group, a passive mobilization group, and a hold-relax group.
Subjects were selected based on passive straight-leg-raising
of less than 70 dégfees!in the right limb. The test méaguEEE
ment was a mathematical method involving the caléulati@n of
the sine of a right-angle triangle. Subjeets were seen two
days per week for ’four consecutive weeiszwith days one to
gsix. for attaining flexibility and days six to é?ght (one week)
for retention of flexibilitfi All subjects were measured
before and after treatﬁgﬁt sessions. The passivé‘m@bilizatiﬁn
technique required the étretching force (i.e., normally by
the therapist) to be applied independently of any active move-
ment by the subject. The hold-relax téehnigue was uséd to
increase jaint range of motion and was based on an isometric
contraction gf the shortened muscle performed against maximal
resistance. -The results showed subjects :eceiving mobilization
increased passive flexibility more than control subjects. The

hold-relax procedure was superior to the passive mobilization



for devélaping and retaining flexibility. 1In addition, the
hold-relax method increased flexibility at a faster rate than
. the passive mabili;atian;

Holt, Travis and Okita (1970) examined the effects of
training on the hip extensor and lower back flexibility of
24 male college students. The investigation compared three
methods - fast stretch (ballistic), slow stretch, and a
modified version of PNF (IA-CA). This method required isomet-
ric contraction (5-6 seconds) of the agonist IA, followed by
a concentric contraction of the antagonists, CA. 1Instead of
diagonal patterns a simpler, unidimensional apgrnacp (movement
and exercise in one plane) was adopted. This technique was
based on the principlesigf successive induction, muscle
relaxation, and reciprocal innervation. Six groups of four
subjeéts each were formed and each group received all the
treatments in different orders to control for treatment order
effects. The program consisted of three weeks, three sessions
per week. All methods were perfgrméd sitting and standing
with a 30 second rest interval between positions, with the
exception of IA-CA which was performed lying down instead of
sitting. Each exercise was performed for 20 seconds, féliawed
by rest for 10 seconds, for a duration of two minutes, with
only one technique performed per week. The trunk flexion
‘,flexibility tést was administered before and after each train-
\ ing session. The test designed by the author measured thé
 distance subjéets ﬁ@uldrréach’fsrward while in a long sitting
position. The data revealed the IA-CA method for increasing

flexibility yielded significantly higher improvement scores

17



than both fast and slow stretch methods.
Fieldman (1966) examined the effects of selected extensi~

on the flexibility of the hip joint on 33

bility exercise
college students. The subjects were tested once a week for
ﬁive weeks, with the exception of the first week, when tests
one and two were performed. Each person was permitted one
trial per test with the:seccnd test performed immediately after
the first, the first serving as a warm-up. The third test was;
perféfmea after the completion of four exercises and the fourth
test was performed after the completion of six exercises. The
fifth test followed the completion of eight exercises and the
sixth test was performed within pre-exercise. All subjects
were tested on a toe-touch test. The analysis showed all
differences between tests were significant, with the exception
of tests two and six, which showed that exercise improved the
range a% motion. The greatest gain occurred between tests
two and three.. The smallest gain was shown between tests four
and five, suggesting subjects were reaching their maximum
frexibility, but these tests still indicated greater total
gain.

de Vries (1962) investigated the effects of seven 30-
minute training sessions, over a five week period, with two
training sessions per week, on the flexibility of 57 male
college students. Subjects were randomly assigned to static
and ballistic training groups. Static stretch igvélvaé a hald
position with no movement, slow or fast, in which the body
segments to be gtfetched were locked into a position of great-

est length. Ballistic stretch involved quick movements



characterized by quick jerks and pulls upon the body segments

to be stretched. 5Static exercises (derived from Hatha Yoga

one minute by the fourth workout. Ba:ii:;iz:ixercises
(derlveé from swim exercises) and sta xercises started

with 20 repetitions and increased to 40 repetitions by the .

exercises) started with a 30-second period and increased to

fourth workout. Each group performed a total of eight
exercises. Cureton's flexibility tests were employed: trunk
flexion, trunk extension, and shoulder elevation. The pre-
post test gains in flexibility for static and ballistic
stretch methods showed trunk flexion, trunk extension, and
shoulder elevation increased. The difference between static
and bal;istic flexibility gains revealed no significant
difference.

Logan and Egstrom {(1961) examined the relative effective-
ness of slcy and fast stretching techniques on the‘sacréf
femoral angle for 12 female and 13 male university physical
education students. Each sex group was randomly sub-divided
into slow and fast gréups; The slow-stretch gg}heﬂ used the
active contraction of the anterior musclé groups bent at the
hips with the legs straight, maximally, and held the position
momentarily. The fast-stretch method used momentum developed
by a forced bobbing movement in which the weight of the trunk
was bounced, against the resistance encountered at the range
of motion. The test procedure required lines corresponding
to the sacral indication and those formed by marks on the

femur were then drawn on the photographs and the angle was

measured with a protractor. The angle created reflected the



day. The subjects were measured again at the canélgsian of
the ten day exercise program. The results showed both slow
- and fast-stretch sub-groups had éignificantly increased the
range of motion at the éaeralefemafal angle. The females had
increases significant at the 1% level for the fast-stretch
sub-group and at the 5% level for the slow-stretch sub-group.
The males had increased significantly at the‘l! level for both
sub-groups. There was no signifigant difference between the
mean difference of the final measurement of the fast and slow-
stretch for either the males or the females. The conclusion
drawn was that there was no difference between slow and fast-
stretching.

McCue (1952) determined the effects of three weeks of
of 130 college women, ranging in age from 17 to 26 years
(mean age 19.5 yeais), The bounce technique was performed
ih a relaxed rhythmic manner, to the limit of range of motion.
The exercises and tests involved the following joints:  hip
flexion, hip rotation, ankle flexior and extension, trunk
‘flexion and total back and neck extension. The measurements
were'égKEﬁ with the ganicmete: just before.the exercise pro-
gram, immediately following the three-week series, and again
eight weeks following the series. All mean differences
between all pre-post test scores on Ehe th:ee;wgek training
pefiad were éignifizanti In addition, hip flexion, total
back and neck extension, and hip rotation retained signifi-
cant amounts of flexibility eight weeks following the

4
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exercise program.

Weber and Kraus (1949) investigated the effects of the
spring stretch method . (bobbing) on gréup one (n = 25 cases)
and plain stretch method (control) on group two (n = 25 cases)
for the toe-touch and leg-lift from supine position tests and
exercises. The passive spring stretch of hamstring muséleér
was desoribed as a "bobbing" motion caused by the physical
therapist at the point where it ii felt that the muscle has
reached its fullest length. The active spring stretch is b
done with the patient standing erect, knees straight, bending
over to touch the floor with fingertips. The subject bobs up
and down with a spring-like motion, exerting power in the
downward direction, thus decreasing the distance from finger-
tips to the floor. The plain stretch applied was the same
exercise, but without the bobbing or sPt;ngiliféxrhythmical
motion. The maximum range of motion was held for a few
seconds. The rate of improvement per month in regaining normal
length of these muscle groups was computed in 50 unselected
cases. The téchnique of measurements was both degree (ﬁias
tractor) and linear (inches) for the leg-1lift and toe-touch
respectively. The authors reported the spring stretch method
showed an average improvement of 3.0 degrees in the hamstring
mﬁscles (leg-1ifts) and 2.0 inches in the back-hamstring-
gastrosoleus muscles (t@e!tég;h) per month. The plain stretch
improved by an average of 1.0 degree ind 1.0 inch per month
reépectively. The final conclusion was thaé spring stretch
method showed 200 percent more efficiency in the hamstring

muscle (leg-1ift) stretch and 100 percent more efficiency in



L
[ %]

the back-hamstring-gastrosoleus muscle (toe-touch) stretch.

Summagx

Table 1 shows a summary é{ the results of different
studies conducted on flexibilit§ training.
The major generalizations from these studies are:
1) Flexibiligj training, regardless of method, has increased
active and passive fiexibility within one training session
and over weeks of training. .
2) Active and passive flexibility retention have been retained
~ for at least one week following céssation of flexibility

training. -

studies are few, due.to the following limitations:

1) Researchers employing the same stretch technique have not
followed standaré procedures.

2) Test methods utilized by different investigators (i.e.,
change may be shown w;thgut a change in degrees.

- 3) Immediate training effécts and long termitraining effects

| are diffefent; generalizations made should be specific to

each effect. Research papers examiningﬁbﬂth effacts have
failed tg report the results in this manner.

4) Active flexibility and passive flexibility are distinctly
different; information about one type should not be
ﬁransferred to thé other. Séie reseg%ch papers investi-

gating different joint tigxibilitgﬂmeggurgmnnts have nétg

R
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6)

8)

9)

10)

24

clearly indicated which type of flexibility was studied.
Studies examining a treatment effect without the use of
a control group seriously affect the interprétgticﬂ of
the results.

Training programs without proper supervision méy not

guarantee the performance of the program.

other joint tests have greater power to detect treatment
changes; comparison between these joint tests may not be
justified. . |

Since joints are unique within the across.joint-classifica-
tion, the response to treatment may be different. Conse-
quently, pooling results across joints may prove meaning-
less.

Research has yet to examine a number of standard stretch
techniques in one study. An attempt has been made to " .
investigate a number of combined methods (i.e., ballistic -
hold versus passive lift - active hold). The superiority
of one method cannot be claimed.

Since men and women have both physiological and anatomical
differences within joints (i.e., hips), their response to
treatment may not be the same.

The presence or'absence of a pre%test warm-up in different
studies makes the results among studies difficult to
compare (Atha-Wheatley, 1976). T

Little attention has been given to equalize time in train-

ing from one method to the next. Perhaps one method may

prove more or less effective only because it requires more



or less time in training.
13) The subject's initial flexibility score can affect the
rate and magnitude of flexibility change. ' Researchers

have neglected to allow for this important variable. If

their results were not reported in this manner.
lii- The frequency and duration of training sessions over days

and/or weeks are extremely different from one study to

the next. Training programs have little in common for

It may therefore be concluded that previous investigations
were not able to discern which flexibility training method (s)
was superior in developing both immediate and long term
flexibility across different joints, with the most enduring
effectsj Consequently, a major campreh2ﬂsivéginvestigatién
on flexibility training was designed and undertaken with a

view to minimize the effects of the limitations cited absvéﬁ



Subjects

f@:tyiniﬂe‘vgluﬁteer female, right hand dominant, junior
high students, ranging from 12 to 14 yéars of age, at Lakewﬁgd
Intermediate School, Kenora, Ontario were selected as subjects.
Permissioh to tgst the subjects was received from the pr‘ncipél
of the school (Appendix C?i The preferred writing hand 3&@
used to categorize the sﬁbjegts as right—#andeéi

Forty-nine shoulder joints and 49 ankle joints were
studied, eagh;gubject contributing both joints. Subjects with

any history of joint injury or disease (e.g., broken ankle)

were excluded from the study.

* Randomization

k )

S

v
st

lection. Two classes totalling forty-nine female subjects

were selected from a school population of 350 females.

Assignment. ’Féll@ﬁiﬁg the initial flexibility tests, each

subject was rank-ordered on her joint flexibility scores,
from high to low, for each joint. Blocks of seven subjects
were formed by ranking successive students on flexibility.
Subjects in each block were then randomly assigned to one qf

the seven conditions. Assignments to the six treatment and

26



control conditions were done independendly for ankle and
shoulder joints except that.in the case of the control
conditions, no subject was allowedﬂ;o be in the control group

for both the shoulder and ankle studiesl

Modification. Thrgé subjects dropped out of‘the study, leav-

Since this occurred, one subject's joint was randomly selected
from each of the remaining four groups and discarded from

the analysis. This p:ocedure was performed indepeniently

for both the ankle joint and the shoulder joint. Subsequently,
a one-way analysis of variance among treatments was conducted
on‘preftest flexibility scores (Cook and Campbéll; 1979,

p. 152). The analysis was performed independently for both

the ankle and shouider joints. The results showed no siggifi—'

cant difference among .treatment groups for the pre-test

fléxibility écores for each ankle and shoulder joint analysis

f

(p » 0.05).

Experimental Design
-_-~.,~‘7 . . . ) o
The experimental desigp consisted of two 7 x 5 x 2
(treatment, week aﬁd'gession)“faétorfal-desigﬁs with repeated
measures on ﬁhe last&;wo factors. .
The first factor (factor A) was the treatment variable. f'
The seﬁen levels of this factor were:

Al 3S training
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The second factor (factor B) involved repeated measures.

e

The five levels of this factor were:

[v]
=

pre-training (pre-test)
2 two-week training
four-week t:aiﬁing
six-week training (post-test)
Bg two-week retention
‘The third factor (factor C) also involved repeated
measures. The two levels of thi; factor were:
C, pre-session training

Cz post-session training

Testing Apparatus

The Léight@n Flexometer was developed for méasﬁring the
flexometer is comprised of a weighéed 360 degree dial and a
weighted pointer housed in a case. The diadl and pointer
function freely and independently of each other, though each .
is controlled by gravity. The flexcmétEIg when ?ﬁgiticned
within 20 degrees off the horizontal, will record accurate g

angular movement. Independent locking mechanisms are furnished



for the dial and the pPointer which stop angular movement of
either at any position. The flexometer must be strappedfto
the segment next to the joint being tested. The dial will

be locked at one position (e.g., full flexion of the ankle);
the angular movement will be performed and the pointer locked
a;tthe opposdte extreme position (e.q., full extension of the
ankle). The exact reading of the pointer on the dial will be
the angular movement through which motion will have taken

pPlace (Leighton, 1966).

The Leiqhton'Flexometer test demonstrated the correlation
coef;icient between the first and second measurement to be
0.913 and 0.996 (thirty measures on 120 boys) (Lelghton, 1966,
P. 86). Joint tests with significantly hlgher relrablllty
than other joint tests have greater power to detect treatment
changes; comparison between these joint tests may not be
justified. Consequently, the author developed the modified
Leighton Flexometer test method for ankle plantar flexion and
shoulder extension to alleviate this problem.

The rellabllxty of two different flexibility test methods,
the traditional Leighton Flexometer method and a modified
Leighton Flexometer method was investigated. Twenty-four
female‘volunteer physical edueation students, ranging in age
from 18 to 25 years, were selected as subjects. Twelve of
these subjects were assigned to the traditional flexdmeterv
. method and 12 to the modified Leighton FPlexometer testing
method. Following the orientation session, in which subjects
. were familxarlzed with the testing technique, three tests

were conducted during the second session. The results of the
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last two tests were analyzed statistically using the Pearson
product moment correlation coefficient and the difference
between two correlation coefficients for independent samples

3

was tested.

Analysis of data revealed that the traditional Leighton
Flexometer methcd gave correlation coefficient values of .914
for shoulder extension (p < 0.01) and .990 for ankle plantar
flexion (p « 0.01). The modified Leighton Flexometer method
.993 respectively (p < 0.01). Differences between the methods
for the correlation coefficients for the shoulder joint were
significant (p < 0.01) and for the ankle joint the difference
was not significant (p » 0.05). The modified Leighton Flex-
cmeter was used in this study becauée it showed a reliability

of .99 across both joints.

Modified lLeighton Flexometer. The original cloth strap

was removed from the Flexometer. A lightweight (28.35 g)
preshaped, plastic brace (féam lined) with adjustable elastic-
velcro strap (195.5 to 241.3 mm) was attached to the back of
the instrumént_ This modification allowed for the instrument
to fit any size arm or foot comfortably (Figures 4 and 5).

The m@dified Leighton Flexometer method was consistently
more reliable for shoulder extension and ankle pianfar flexion
tests'th;n the traditional Leighton Elggamettrnisthadi -Tnis

. has allowed for better comparison across joints, when detecting



" Figure 5. Back view of the modified Leighton Flexometer.
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treatment changes.

Apparatus. All testing was carried out in a centrally heated

gymnasium. The testing room was at a temperature between

18 and 22°C on all testing days. The room was equipped with
ankle joints (Figure 7). One adjustable strap and one cylinder
were used for securing subjects into the proper ankle joint
test position (Appendix B). Subjects wore standard physical
education clothing (e.g., a pair of shorts, a T-shirt, and

bare feet). , 2

Testing Procedures

A

Leighton's rules for fleiigility testing (Leighton, 1966)
were followed, with modification, as a standard p:seedufé
for each test. All tests were conducted in the sagittal
plane, in one direction per joint: spoulder extension and
ankle plantar flexion. The flexometer's dial was permanently
locked, by hagizéntaily positioning the instrument on the
table, éinée only one direction of flexibility was to be
measured. . ‘ -

The initial flexibility testing was undertaken within;’f
one week before the first flexibility training session. g
post-training test was given during the last trfining session.
The retention test occurred two wéeks after the post-training
test. The flexibilitg training tests were held on reqular

school days betwegn 8:30 a.m. and 4:30 p.m.
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The pre-training, training, post-training and retention
tests all followed the same procedures. In each test session
two subjects were randomly called for testing. They changed
into their physical education clothing and moved directly to
the testing room. Upon completion of ihe shoulder and ankle
tests, the subjects left the testing room and tﬁo more
subjects were called. This pattern was continued until all
subjects had been tested.

The investigator collected all the data for this study.
The tester was helped by an assistant who recorded the
subjects' flexibility scores for eagh joint being tested. All
subjects performed three consecutive maximum movements for
each specific joint to be tested, as instructed by the tester.
Each test trial was three seconds in duration. Each subject
was given fifteen secondlbrest between test trials.

The flexometer was checked before each test session to

ensure it was in working order.

Flexibility Tests

The shoulder exteneion test (Figure 8) and ankle plgn%ar
flexion test (Figure 9) were administered to each subject.
For a further explanation on each test see Appendix B.

%

Training Apparatus

All training was carried out in a large centrally heated

school gymngélum. The temperature of the training gymnasium
' \ I

A\
- / L4

A
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Figure 9. Ankle

plantar flexion test.

()
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was between 18°C and 22°C during all training sessions.
Subjects wore standard physical education clothing (e.g., a
pair of shorts, a T-shirt, and‘stockings, or bare feet).

4

. Training Procedures

The specific joint training method was followed as a
standard procedure. Subjects were encouraged to perform cnli
the joint method assigned. During the study, the subjects
were asked to refrain from any flexibility training other than
that associated with the experiment. A rqwaré system was
implemented to provide motivation for subjects to meet this
instruction. A movie and lunch (Big Mac, apple and milk) was
provided for all students and staff members involved after
the fourth week of the training study. In addition a plaque
from the Uﬁivegsity of Alberta w#s presented to the principal
of L§kewood Intermediate School in appreciation for his
school's full co-operation during the course of the experi-
mental regearch.

The flexibility training program consisted of 24 train-
ing sessions. Each exercise was performed three consecutive
times during the session. Each subject chose one permanent
ﬁartner_to assist when necessary in the exercises.  The order
of the joints to be exercised was ch#nged in each series.

The workload for each subject was standardized: |

1) thirty seconds training per session(s), and
2) fifteen seconds rest intervals.

Each subject received two treatment conditions:

- ~ . 1
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1) on the sh@uléer'jeint. and
2) on the inkle joint.
The exercises were performed during each ghjsical educa-

tion class. The gymnasium was divided into six stations:
3s, 25, 8S, ES, BS, and CS. The distance between the stations
was greag.eneugh so that subjects exercising at each station
did: not distract one another. During each traiping gi:’biﬁﬂ, .
the instructor supervised the training to further ensure
that the exercise was performed properly. The iﬁsiructcr

assisting, and encouraging the subjects.

" Flexibility Training

The present study developed standard procedures for theil
six different flexibility training methods (35, 2S, SS, ES,
BS, and CS) for shoulder extension and ankle plantar flexion.

The following is an explanation on each standardized flex-

38

ibility training mgthéa, For further explanation see Appendix A.

icientific stretch for sport training (3S). A maximal range

of motion is attained by actively and passively flexing or

extending a ségmgnt nearest to the joint being trained, in

an arc, as far as possible. Repetitions of the exercise are

performed, without severe pain. One repetition cansigts of:
a) two second concentric contraction,

b) six second isometric cantractian, and

c€) two second concentric contraction, with light



force from a partner.
Subject repeats the above exercise (rest optional). The
contractions performed by the exercise subject must be

gradually, not explosively, increased in effort.
)

Static stretch training (2S). A maximal range of motion is

attained by Paésively flexing or extending a segment nearest

to the joint being trained, in an arc, as far as possible.
Repetitions of the exercise are performed without severe
pain. One repetition consists of:

a) two second passive extension, and

b) eight second held Pgssive extension.
Subject relaxes for fifteen seconds before repeating each
exercise. VThe external force applied to extend the segm‘;t

is gradually, not explosively, increased in effort.

Slow _active stretch training (SS). A maximal range of motion

is attained by actively flexing or extending a segment near-

est to the joint being trained, in an arc, as far as possible.

,epetitiéns of the exercise are performed, without severe
pain. One repetition consists of:
' a) two second concentric contraction, and
b) eight secanﬁ isametéig contraction.
‘Subjeet rglgxes for fifteen éecgnés before repeating each -
exercise. The contractions performed by the subject must be
gradually, not explosively, increased in effort.

1 1

Eccentric stretch training (ES). A maximal range of motion
- - i} *

is attained by actively flexing or extending a segment



nearest to the joint being trained, in an arc, as far as
possible. Repetitions of the exercise are performed, with-
out severe pain. ' One repetition consists of:
1? a) five second eccentric contraction, and

b) five second passive extension.
Subject relaxes for fifteen secgndsipefére repeating eacﬁ
exercise. The contraction and passive extension performed
by the subject must be gradually, not explosively, increased

»
in effort.

o

allistic stretch training (BS). A maximal range of motion

is attained by actively flexing or extending, in a relaxed
rhythmic manner, a segment nearest to the joint being trained,
in an arc;_és far as possible. Repetitions of the exercise
are performed, without severé pain. One repetition consists
of Qnexseconi cancéntfie contractions. Subjects will perform
10 consecutive repetitions, then relax for fifteen seconds
before reééating each exercise. The series of tenteeneentrie
contragtions is gerfarmed!in a rhythmic manner, explosive

in effort.

Contract relax stretch training (CS). A maximal range of

motion is attained by activBly flexing or extending a segment

nearest to the joint being trained, in an arc, as far as

possible. Repetitions of the exercise are performed, Tithaut

severe pain. One repetition consists of: .

) two second concentric contraction,

b) /six second isometric contraction, and

¢€) two second concentric contraction.
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Subject immediately fapéats the above exercise (rest optional).
The isometric contraction performed by the exercise subject

must be gradually, not explosgively, increased in effort.

All subjects who performed flexibigity training on the
shsuiéer joint were required to flex at the knee about
90 deérees (Figure 10) and any garEéer who assisted a subject
was required to stayrén her feét ox buttcéks (Figure 11).
This procedure was followed to avoid stretching of the
ankle joint, thereby causing a tfaiﬁi§g effect.

L

.Summary of Test and Training Format

Pre-test orientation. The subjects were familiarized with
— . 2
both the training -and tegt methodology. Test and trainingr

methods were presented on slides for subjects to follow

shoulder or ankle injury was completed by the students.

-

Initla] test. The initial flexibility test was one week

F

gbefafe the first training session.

Training program. The fleggbility training sessions were

daF

. held three times per week (i.e., Monday, Wednesday, and

Thursday) for six consecutive weeks, in conjunction with
the, physical education classes. _ , _ R

Training tests. Two tests were administered per joint, one

before and one after the training session. The subjects

(I



'Figure 11. Partner is supported by feet.

3
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wepe assessed for active flexibility at the first, sixth,
twelfth, eighteenth and twenty-fourth sessian of the train-

.ing program.

Post-training period. The subjects did not receive any flex-
ibility training during the seventh and eighth week of the

study. The physical education classes continued as usual.

Post-training test. The subjects were assessed after a

two-week retention period (no flexibility training) {(Figure 12).

-



ll-ni Eassion Test

[} ‘ Fra Foat

-~ P Jum G Jer e e

\

L.
Lo
i

Ll L

Ll L
"

|

L

riguse

12. l-i}b;pgt;i: diagram of testing and training format.

e R it

¥

44



CHAPTER IV

RESULTS AND DISCUSSION

The ankle data and shoulder data were analyzed égpa:atgly
using a- three-way analysis of variance with repeated measurés
on the last tsa’f;gtars,(ﬁinar, 1971, pp. 539-559). A computer
program ANOV34 developed by the Division of Educational
Researeh!Services at the University of Alberta was used (DERS,
1979). For both analyses, the training factor (factor A) had
sevan levels: |

A, 35 training

[

258 training
SS training
ES training

B

W

training
CS training
A, Control

The first repeated measure (factor B) consisted of th;
five sessional measurements made over the training period.

B pre-training (pre-test)

-

two-week training

2
3 fauréweek t;aiﬁing \
4
5

six-week training (post-test) .

IoF

two-week retention

The second repeated measure (factor C) consisted of pra-
and post-session measures taken at each of the measurement

sessions in factor B.

45
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<, pre-session training

22 post-session training
" In testing effects involving repeated measures, the
Greenhouse-Geisser procedure was used (Winer, 1971, p. 523).

This procedure guards against potential violations of the

homogeneity of covariance assumptions.

AnklefPlantar,Flexiﬂn

The . summary analysis of variance for ankle plantar
flexion is shown in Table 2. The cell means are displayed
graphically in Figure 13. Significant main effects were
found for B (week) and C (within-session). A significant
treatment by within-session-interaction was also noted.
Apgli:atian of the Greenhouse-Geisser conservative test
yielded conclusions identical to those in the regular test.
Neither the treatment main effect nor any other interaction
was significant.

Scheffe comparisons were éanéuctea on the ankle joint
data. in the case of factor B (Table 3 and Figure 14),
flexibility significantly increased between the fourth and
sigth week and then decreased after the two week retention
period. Subjects' mean range of motion after the retention
period was not significantly different from the pre~test
scores. )

In the case of féctar-ci the averaﬁeﬂgeitisassinﬁ

mean (X pre = 106.3 and X post = 107.9).



The differential treatment effect as revealed by the AC
interaction showed that 3S, 25, ES and CS significantly
increased within-session flexibility when compared to the
control (Table 4 and Figure 15). In addition, BS-training

wa

uperior to CS training in relation to within-session

or
gains (Table 5).

N e

Shoulder Extension

The summary of analysis of variance for shoulder exten-

\8ion is shown in Table 6 with cell means displayed in Figure 16.

kc (treatment by withinfseséian) weme significant. Applica-
tion of the Greenhouse-Geisser test did not change the
conclusions.

Scheffe comparisons were conducted on the shoulder joint
data. 1In the case of factor B (Table 7 and Figure 17), flexi-
bility significantly increased between the beginning and
second week, between the fourth and sixth week and then
decreased after the two week retention period. Subjects' mean
range of motion after the retentign period was significantly
different from the pre-test scores.

In the case ef factor C, the average post-session mean
was significantly higher than the average pre-session mean
bf::)fnre = 161.6 and X post = 162.5). ; -

The differential treatment effect as revealed by the AC
interaction showed that only 3S significantly increased within-

session flexibiiity when compared to control (Table 8 and
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Discussion of Treatment Over Time

Analysis of the data on both the ankle and shoulder joints
revealed no differential effect of treatments over the weeks
of t:ai:ning when compared to the control group. There can be
several explanations for this. First, control subjects train-
ing on one joint may have had a learning effect on the control
joint; that is, the subject, after having worked on the other
joint may have realized that she could extend the control
joint even further. Second, the flexibility test itself may
have héd an effect on the control subjects' joints, siﬁce the
joints within each test session. Third, all subjects includ-’
ing control subjects received 40 minutes of physical education

per day during which volleyball classes were introduced

between the fourth and sixth weeks. These physical activities
required subjects to stze;ch the shoulder joint duri;g the
volleyball sgssianst(i.e.. underhand buﬁp skil;) and” increased
" both shoulder ané ankle joint flexibility during the gymnastics
sessions (i.e., floor routines). This may have had an effect
on flexibility. The results showed that all groups increased
in-shéuidef extension d;ring the first tvnrweak: and increased
both shoulder extension and ankle plantar flexion for the' last
two weeks of training. During the fourth and fifth weeks

there was no effectg' Fourth, some control members were
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involved in an intramural pregr’(e_g.@ volleyball), extra-
mural program (e.g., gymnastics), or extra-curricular activities
(e.g., competitive éﬁinjgng), The nature of ﬁhese activities
again required subjects to stretch bpth ankle and shoulder
joints maximally and this may havé caused increased flexibility
in the ;Qntral group. Fifth, the amount of training each

joint received may not have been of sufficient magnitude to
cause major flexibility development. Each joint received 30
seconds of ‘training per session, one-and-a-half minutes per
week, three minﬁtes every two-week test interval for a total

of 12 minutes of training, over the entire six week training
pr@éfami Perhaps both the ankle and shoulder joints needed
sufficiently more time in flexibility training to allow for

the mechanisms underlying change in range of motion to have

a sustaining effect. Unfortunately, "there are no research
sggdies which specify the minimal amount of time required for
effective stretching” (Trombly and Scott, 1980, p. 226).

Past research revealed other studies which have shown
that the control group increased joint range of mcticn'ever
weeks of investigation. fgnigawa)(1972) ghcﬁeé the control
group iﬂcféased in hip flexion. He attributed this result to
-the hailo effécti Taniégwg explained this effect as being the
result of passively extending the hip joint on each test
occasion and that flexibility became a major cgngérn of the,
_‘control. Song and Garvie (1976) reported that the control
group incﬁeaﬂgﬂ in flexibility on a number of tests, over four
weeké of wrestling training. The control graupg‘;gain: in

flexibility was attributed to regular stretching and wrestling
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training. Hartley (1976) showed improved range of motion for
the hip joint for the control group. She believed the condi-
tioning activities that the subjects underwent during daily

physical education and test sessions influenced the control's

joint scores. Turner (1977) observed control increased in
]

flexibility throughout the entire study. He suggested the
nature of the sport activity and athletes' active .lifestyles.
influenced the control subjects' flex;bllity scores.

From present and past research, the control group's range

of motion could have easily been affected by a number of

extraneous variables. In addition, the time in joint sessional

- training may not have been of sufficient du tisn to cause a

differential effect of treatments over the weeks of training

when compared to the control group. The author suggests that

futufe resaargh on this area make tﬁa'majar adjustments. First, .

than 30 seconds. Second, subjects chosen should have very
little physical activity (e.g., sedentary 25-30 year olds).
Moreover., ;eaeareh Etu&ie§ showing changes in range of motion,
without domparison to a control group, cast serious doubt as
to the effé;tivggess of the methods (e.g.;, de Vries, 1962

and McCue, 195%2).

u . R

Joint differences f or Hithlﬂ-SEIS;GD trainini_ The analyses

on the ankle and shgulder data for factor C (within-session
t:aining) were not identical. A cémpariscn of the ankle
(Figure 13) and the shoulder (Figurelé) showed tha responses

for within-session training at each repeated measure were

~
Y
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similar, with the eiception of the fourth repeated measure on
the shoulder joint. The graph (Figure 16) on the shoulder
}uggested that the subjects involved in the 25, ES and CS
methods reached a ceiling effect (175 degrees), while @he 3s
subjects did not encounter this probleml The ceiling efféet
may have accounted for some of the dissimilar results for the
ankle and shoulder fgr within-session flexibility training.
Since the 35 method seemed to produce the greatest
within-session flexibility increase in both the ankle and
shoulder'qtudies it is worthwhile to examine it a little
more closely. :
The following is a review of the scientific investiga-
‘tions pertaining to 3S training‘)hd a theoretical explanation

on neural mechanisms underlying stretch. training which may

help explain the findings of the present study.

Scientific Investigations on 3S

. Hoiﬁ (1973) supported the effectiveness of increased
range of motion for the 35 training method based on two
research studies: Holt, Travis and Okita (1970) and‘Tanigawa
(1972) . | |

Holt, Travis and\Okita (1970) studied the effects of
th:ee stretching techniques fp:'increasing hip extension and
" lom back flexibility. Past-stretch (ballistic), slow-stretch,
and IA-CA -~ a modified version of PNP. IA-CA is defined as
" an isometric contraction of the agonist (IA), followed by a

concentric contraction of the antagonist (CA). Results showed
A



that the IA-CA stretch technique had maximum effect on
flexibility. -

Tanig;wgﬂ(1972) examined the effects of PNF and passive
mﬂbili:atingﬁzn passive range of motion for tight hamstring
‘muscles. The investigation revealed that the PNF method of
therapeutic exercise resulted in a significant increase in

flexibility along with rate of increase compared to passive

mobilization. .
A close examination of the above procedures revealed

these methods were diitinctifély different from the 35S pro-
cedure defined by>Hglt (l973); Holt et al. (1979} deécribed
the” IA-CA method as

E [partner] when assisting, did not push

or apply force to the leg in any direction,

but served merely as a stationary object

against which § could apply force for

contraction of the hip extensors (p. 614).

5 training method states that the partner, after a si;
second isomctric contraction is to assist the subject with
light force.in the @ir t; the ubject is caﬁcentrically
contracting the opposite mu;cle group ta be stretched.

Tanigaw; (1972) described the PNF technique as the
therapist passively liftiny the patient's limb through multi-
ple plane and jaint movements. The therapist served as an
immovable object so that the patient could perform lsometric
contractions, followed by only passive extension of the joint.
This ﬁethe&'ii not in aeccrdgﬁee with Hélﬁii 35S procedures.

Based on the above considerations, the methods described
by Holt et al. (1970) and Tanigawa (1972) are very diffg;gnt
from the procedures defined as 3§ training. 'Thg relative
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effectiveness of IA-CA training and the PNF techniques
respectively, cannot be generalized to the 3S training method.

Since th; claims made by Holt (l§73), additional research
on 3S training methods hés been undertaken (Song and Garvie,
1976 and Turner, 1977).

Song and Garvie (1976) compared the flexibility of
wrestlers using the 3S flexibility method, gith that of a
control group receiving no 35S training. The experimental
group significantly increased in range of motion for two of
19 tests, when compared to Eﬂntfﬂia .The description of the
3s tiaiﬁing procedures revealed the omission of an important
step - concentric contraction of the cpéasite muscle group
together with light pressure from partner. Séﬁg and Garvie's
ﬁethcd was:

: . . ?:methad of increasing range éﬁ;mctian
involves passively extending a muscle group
fixed resistance, isametriéﬁily contracting
this muscle group while in the extended
position for 5 to 7 second period. Follow-
ing the contraction the muscle group is

relaxed and once relaxed, further extensi

on
of the particular group is possible (p. 18).

C

Turner (1977) examined the effects of two fléxibility
methods, 3S and SS. The results showed flexibility t:aininé'
increased flexibility over weeks of training and flexibility
‘decreased following post-training, when compared to control.
There was .no difference between the s and S§ training me;?gé:
during the course of the study. The 35 method employed
accurately followed Hglt's‘BS standard pracedu;g:_

A comparison of the past research to the present study
.showed that only one study (Tﬁfnar; 1977) followed Holt's

*



(1973) 35 training procedures. Since Turner did not examine
within-session training, e@mpa:iﬁgn was not ﬁaﬂe. Moreover,
the present study found almost identical methods (e.g., 3S
and CS training) did not produce the same signifieant effect.
Based aﬁ this finding, comparison of similar methods in past -

research with dissimilar procedures was not warranted.

\H\

heoretical Explanation

]
Herman Kabat, a medical doctor, originally drafted the
proprioceptive neuromuscular facilitation (PNF) principles

fqrTowed by teehnigues and methods of exercise to restore

~.strength, endurance and range of motion in muscles of

patien;g suffering from paralysis (e.g., poliomyelitis).
"The central géai of the PNF techniques was to maximally
activate all functional motor units of the affected muscle

during a voluntary muscular contraction (motion). The PNF

~ techniques were defined by Kabat as being the following:

l) manual resistance, »
2) stretch, | )

3) mass movement patterns,

4) reflexes, and

'5) reversal of antagonist.

A number of PNF methods were combined in various ways
for summation of facilitation effect. Kabat utilized the
following PNF methods: |

il) rhythmic stafilization,

2) isometric reversal of antagonist,
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3) isometric reversal cf antagonists with

E iédmetric contraction, and | =

4) éuick reversal of antagonists.
Kabat pointed out that specific methods may prove more or
less effective dépending on the nature of the paralysis. For
example, rhythmic stabilization isa effective in patients with
lower motor neur@ﬁ lesions and lesions of the corticospinal
tracts and basal ganglia. However, patients with cerebellar
involvement were not affected by rhythmic ét;bilizgtian_

In specific reference to the development of é:eatest
flexibility, ;abat recommended that the therapist move.the
joint beyond the active range of motion and the subject
perform a maximal isometric contractioh (Kabat, 1952).

Following Kabat's igrk, Voss, D. and Knott, M., a team
of physical thera;izté iﬁsPireé by Kabat, extended the
application and pfgﬁedures of the PNF technié;e to patients
suffering from non-paralytic dysfunction (e.g., arthritic
patients) as well as paralytic dysfunction. Voss herself
becage a living example of the effectiveness of the PNF
therapeutic exercise, as she successfully treated her own
disability YKnott, 1973).

Voss (1967), with Knott's assistance standardized a
methéd of therapeutic exercisé derived from Kabat's earlier
work. The new PNF method contained a number of factors:

l) manual contact,
2) vocal tones,

3) maximal contraction against resistance, and

¥

o

4) passive and active extension.
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Voss supported the use of the PNF technique(s) as they were
based on well-grounded information from motor learning, neuro-
Subsequently, Holt appealed to individuals requiring

increased range of motion to use the 35S flexibility training
method. He suggests it is the only sport training method
based on Herman Kabat's PNF (proprioceptive neuromuscular
facilitation) therapeutic principles, and as a result is a
firmly accepted neurophysiological fact.

Recently, researchers have begun to doubt Kabat's theo=-
retical explanation of the advantages of PNF methods over,
other procedures which are entrenched in classical Sherrington-
ian views comcerning successive inductive and reciprocal |
inhibition (Moore and Hutton, 1980). Furthermore, they stated,
“the simplistic notion ccn;érning reciprocal inhibition during
muscle stretch should be discarded" (p. 327).

A'review of selected 1itEEQture suggested there are @
three hajar neural mechanisms (r;:igracal inhibition, clasp
knifé'reflgx and successive induction) which\ may underlie the
different flexibility training methods.

Reciprocal inhibition causes the antagonists (muscles
opéosing.thetecnérgctign) to relax and lengthen, while the T
agonists (muséie; contracting) shorten. For exampie; to mavé
‘the forearm the biceps must contract, simultaneously the
triceps must re%&x (Eccles, Fatt, and Landgren, “1956).

Clasp knife reflex causes the collapse of the muscles
when variéusgmuscies or tendons are subjectea to extensive

force. For example, when a subject's arm becomes hyper-
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extended ﬂuiing a football tackle, the muscles su;rcunding
the shoulder joint collapse to help protect against injury
(Bymer; Houk, and Crago, 1979).

to be stretched (antagonists). Following successive induc-
tion, the mﬁseles will be able to be further stretched, due
to increased relaxation of the stretched muscle (Moore and
Hutton, 1980) and a méfe forceful agonist contraction is
facilitated (Holt, Kaplan, Okita, ané Hoshika, 1969).

. The present study reéealed that the 35 training method
was the most effective in increasing range of motion, across
the ankle and shoulder joints, for within!sesgicn training.
A’ comparison of alml@st ideﬁtie;; methods (35S and CS training)
on neural muscular mechanisms helped to explain the results.

The 35S and CS are identical, with one exception. 1In-
step four, 35S required both a concentric contraction with
external force from a partner; while CS required only con-

centric contraction (Table 9). The 35 method activated both

the reciprocal inhibition and clasp knife reflex, while CS
method activated only reciprocal inh%bitian. The neural
mechénisms unda:lying_BS training (reciprocal inhibiﬁiang
clasp Enifg reflex and suecéssive fnéucﬁiéﬁ) suggested a
training method. o

Within the scope of this study, it cannot be accurately
dgtgimined which underlying neural mechanisms or other mech-
anisms caused the change in range of motion for each training

method.
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Future Research

e

It is recommended that future research be conducted on
the mechanisms affecting range of motion. Once this is under-
éakén, a clearer understanding as to why particular methods
enhance, retard, or do not éffgct flexibility will emerge.

In addition, training methods superior to the 35 training

technique used in the present invgstigaticﬁ may also emerge.

Smnmrx

The major finding and contributions of this study were

as follows: |

1) 5ciegtific-3tretching for Sport (3S) was the only training
method that consistently increased range of métign on
both ankle plantar flexion and shoulder extension for
within-session training. if

2) Six different standardized flexibility training QEthcds
(3s, 2s, ss, ES, BS, and CS) for ankle plantar flexion
and shoulder extension were dévélapadg

3) A modified LeightoN Flexometer test mithgé-far anglc

plantar flexion and]|shoulder extension was developed.



\ . 7—7—;;;:,;7,
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

gvgn though flaxibiii;y has been recognized as being
impcféﬁgt in traiﬁing and conditioning, and many years have
been g’,nt in examining the various jciﬁ; flexibility responses
to different stretching techniques, it is apparent from the
literature that there is no universally accepted method of
stretch training. This study investigated the effects of
six different standardized stretch training methods on active
flexibility for shoulder-extension and ankle plantar flexion.
The different tréining methods were: .1) 35 (concentric,
‘isometric and concentric contractions with external force), )§>
52) 2S (passive extension), 3) S8 (cancéntric and isometric
cantgactlgns), 4) ES (eccentric contraction and passlve
extension), 5) BS (cancentri: contraction), and 6) CS (éon—
centric, 13§mgtric and concentric contractions). F orty-Ttvwo

female volunteer students ranging in age from 12 to 14 years

were selectga as subjects. Test-orientationand trainingﬁg
orientation sessions were f llowed by a six"week flexibility

training program and a two week pcs;—t;a;n;ng retention

period. The modified Leighton Flexometer was utilized to

test active rangd of motion for the ankle and shoulder joints.
The research\design consisted of two 7 x'5 x 2, (treatment,
week, and session) factorial designs with régegtéd measures

e
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on the last two factors. Data was analyzed using two three-

way analyses of variance (Greenhouse-Geisser test-on repeated

“

measures) and post-hoc Scheffd test (< = 0.05). The ankle

and shoulder data were analyzed independently.

Conclusions

[
=

Within the scope of this study, the following conclusions
were reached for ankle plantar flexion and shoulder extension.

Ankle plantar flexion. 1) The 3S, 25, ES and CS flexibility

A

training methods significantly increased ankle plantar flexion

within-sgssion trainigg (p = b.OS),

2) The 3S training method increased ankle plantar flexion

training (p =< 0.05).

3S training method significantly in~

~ Shoulder extension.

1

creased shoulder extension for within-session training (p < 0.05).

Comparison across joints. 1).Tha 3§ training method consist-

ently increased ré%ge of motion fn both ankle plantar flexion
and sh?ulder extension for w;thln-se:ﬁian training (p < 0.05).
2) Thd SS and BS train;ng mathndg consistently shawad no
increase in range of motion in both ankle plantar flexion
and shoulder extensjion fa:‘ﬂithiﬂé:gsgign;training \
(p » 0.05). ‘ ' ‘ '

3) The changé- iﬁ rgnée of motion for ankle plantar flexion

were not identical to changes in shoulder extension, over

\ .

-
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the eight week period of time.

Recommendations

For further investigation, it is recommended that the

present study be replicated using:

1)

2)

3)
4)

5)

different age levels, ability levels, and sport and
fitness groups (e.g., sedentary 25 to 30 year olds),
different numbers of repetifions, sets and frequencies}
different amounts of time for work and rest intervals,
an investigation on the immediate retention effects of

flexibility (e.g., 30 seconds, one minute, and fifteen

minutes), and ,

an examination of specific factors underlying all flexi-
bility methods (e.g., external and internal forces).

/ N
O /.
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SCIENTIFIC STRETCH FOR SPORT TRAINING
”

(38)

4

Definition

This is a method of increasing flexibility wheréby an

isometric coqtracpion of the muscles to be stretched (muscles
in a lengthened position to start) is followed by a concentric
contraction of the opposite muscle group, together with light
force from a partner (external force), performed in a pro-

gressively more strenuous series until the range of moverment

cannot be increased vithout severe pain (Holt, 1973, pp. 5-7).

Explanation

L

A maximal range of motion is attained by activé&y and
passively flexing or extending a segment nearest to the joint
being trained, in an arc, as far as pqssible; Repetitions of
the exercise are performed, without sévere pain. One repeti-
tion consists of:

a) two second concentric contraction,
b) s8ix second isometricv§pntraction, and
c) two second concentric contraction, with light .
force from a partner.
Subject repeats the above exercise (rest optional). The

cornmtrastions performed by the exercise subject must‘be grad-

~ .

vally, not explosively, increased in effort. - S e

]
’
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Shoulder Extension Exercisgf);tratchingShaulde:Flexars)

/

.
Step 1. Subject '(S) assumes a prone position on the floor,

legs and back straight, arfns down at sides, with hands

supinated. Partner (P) stands in front of S, in an anatomical

position.
’)
. L
Ay
/
. § 7
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Step 2. Subject's (S's) training arm is extended, in an arc,
gt the shoulder joint as far as possible, with hand in a

neutral position, §pr a vocal count of two (seconds).

e
N

s 67 W 2 ax
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“(38)

M

Stelfgf -Partner (P) flexes at the hipg. holding S's arm

*i

proximal ;é the wrist. S attempts to fl1éx the arm, while .
keeping the elbows sg;aight. P resists S's movement. P haldsn
S's p@siti@ﬁifar a vocal count of six (seconds) to produce an ‘

isometric capﬁi;etian. : Y;




»
[§ . Y .

Step 4. -Subject (S) again fully extends the arm for a vocal

count of two (seconds) keeplng the elbow stralght (1st),

'togethér wlth llgﬂk force from P (2nd), so that S attains the .
maximum extemded rapge of motion in the shoulder joint, with-
out severe pafh.

. 9 N . * 7 N




J ;, (35)

Step 5. Subject (S) relaxes for a vocal count of fifteen

— FJ
(seconds) (step 1), then repeats steps two, three, and four.
The exercige is performed three~cénsecutive times.

=4



> 90

(38) ~

*

: - A
Ankle Plantar Flexion Exerclse (Stretching Ankle Flexors) 1

i 5
Step 1. Subject (S) assumes a sitting pﬂsitian on the flccri

legs and back stralght, arms at sldes, with hands prcnated.
Partﬁéfs(P) kneels in front of S, in a partial anatomical.

position.
* /

\ | 1 ffj
' C

)l




Step 2. Subject's (S's) training
'in an arc, at the ankle joint, as
vocal eount of two {(seconds).

&

’/

\

feet are plantar flexed,

]

. , .
far as possijle, for a




(38) o j

> ’ . ¢

Step 3.’ Partner (P) flexes at the hips, holding %is feet"
distal to the ankles. S attempts to dor;}-flgx the feet,

while keeping the knees straight. P resists S's movement.
P holds S's position for a vocal count of s€ix (seconds) to

produce an isometric contfaction.

-
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i

Step 4. Subject (S) again fully plantgr flexes ﬁhe feet for

a vocal count of two (secands) keepi

ithe knees straight
attains the maximum flexed range of motion in the ankle joint,

without severe,painj

-
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Step 5. Subject (S) relaxes for a vocal count of fifteen

(sécﬁnds) (step 1), then repeats steps two, three, §§d four.

The exercise is performed three consecutive times.

\
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STATIC STRETCH TRAINING

(28)

- B ]
Definition

This is a method of increasing flexibility whereby an.

in a progressively more forceful manner, until the range of
movement canhot be increased, then held for a period of time,

without severe pain (de Vries, 1976, pp. 436-437).

Explanation

A maximal range of motion is attained by passivély
flexing or extending a segment nearest to the ja%gtrbeing
trained, in an arc, as far as possible. Repetitions of the
egercise are performed without severe paigi One repetition
consists of:

| a) two second pagsi;e extension, and
~ b) eight second held passive eitensiéni
Subject relaxes for fi;ééen seconds before ré?eating each

exercise. The external force applied to extend the secment

is gradually, not explosively, increased in effort.
* - ) i
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(25)

Shoulder Extension Exercise (Stretching Shoulder Flexors)

Step 1. Subject (S) assumes a prcnﬁ position on the floor,
.legs and back straight, arms down at sides, with hands
supinated. Partner (P) stands in front of §, iﬁ'in ;h;tazieél:a

position.

f
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Step 2. Partner (P) flexes at the hips, holding S's arm .
proximal to the wrist. S relaxes -the shoulder, keeping the
elbow extended, hané,{g a neutral position,. while P passively

extends the arm for a vocal count of two (seconds).

]




o

-

~

_Step 3. Partner (P} fully extends the arm, without severe

pain, and.this position is held for a vocaTl count of eight ..
(seconds). k-
]
-




-~y

» .
Stegygﬂr Subject (S) relaxes for a vocal count of fifteen
(seconds) (step 1), then repeats step two and three. The

exercise is performed three consecutive times.

LY
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Ankle Plantar Flexion Exercise (Stretching Dorsal Flexors)

L]
-

Step 1. Subject (S) assumes a sitting position on the floor,
legs and back straight, arms at sides, with hands pronated.
Partner (P) kneels in front 6f S, in a partial anatomical

position. '
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: (2s)

el

Step 2. Partner (P) flexes-. at the hips, holding S's feet
distal to the ankle. S relaxes the ankle, keeping the knees
extended, while P passively extends the feet for a vocal

count of two (seconds).
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3
Step 3. Partner (P) fully extends the feet, without severe
pain, and this position is held for a vocal c¢ount éfieight

(seconds) .
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(28)

VS
y
St 4. Subject (S) relaxes for a vocal count of fifteen

(seconds) (step 1), then repeats steps two and three. The

exercise is performed thteé consecutive times.



s 104

SLOW ACTIVE STRETCH TRAINING

{SS)

Definition

<
This is a method of increasing flexibility by slow
’acfive concentric contr#ction of the agonist muscles, with-
out additiénal assistance from'an external force (i.e., hands
pulling the segment to a greater range of motion), while

relaxing the antagonist muscle group (the muscles to be

stretched) (Jacobs, 1976, pp. 151-152).

Explanation

A maximal range of motion is attained by a:tively flex;
ing or extending a segment nearest-to the joingghging trained,
in an arc, as far as possiblé; Repetitibns of the exercise
are performed, without severe pain. One repetition consists
of:

a) two second concentric contraction, and
bi eight second isometric contraction.
Subject relaxes for fifteen seconds before repea;ing each

exercise. The contractions performed by the subject must be

ér;hgally, not explosively, increased in effort.

EURE S o, . . . 3 . . . i e s B s T b o R e o o T



(SS) S

Shoulder Extension Exercise (Stretching Shoulder Flexors)

Step 1. Subject (S) assumes a prone position on the igor, TTe—
J _ A

legs and back*st:aigh;, arms down at sides, with hands

sypinated.




.
i
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(ss)

-
Step 2. Subject's (S's) training arm is extended, in an arc,
aﬁ the shoulder joint, as far as possible for a vocal count
of two (seconds), then this position is held for a vocal
count of eight (seconds). The subject}s elbow ié extended,

with hand in a neutral position.
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- (88)

Step 3. Subject (S) relaxes for a vocal count of fifteen
(segapas) (step 1), then repeats step two. ‘The exercise

is performed three consecutive times.



to

(88) -

Ankle Plantar Flexion E;gfcigglng;et:hingiD@rsal,E;ng:sl

Steo 1. Subject (S) assumes a sitting position on the floor,

et

legs and back straight, arms at sides, with hands pronated.




Step 2. Subject's (S's) training feet are planta
in an arc, at the ankle joint, a! far as'passible} for a
vocal count of two (seconds), then this position is held

a vocal count of eight (seconds).

=
o
©
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.
=

Steg'3. Subject (S) relaxes for a vocal count of fifteen

(seconds) (step 1)5 then repeats step two. The exercise

Fa™

is performed three, comsecutive times.
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ECCENTRIC STRETCH TRAINING
(ES)

Definition ‘

This is a method of iﬁc:eaging flexibility whereby a
slow active eccentric contraction of the muscles to be
stretched (musciesrin a contracted position to start) is
followed by light force from a partner (external force),
while the subﬁect relaxes both agonist and antagonist museles!

around the joint.

planation

_A nmaximal range of motion is attained by actively flex-
ing or extending a segment nearest to the joint being trained,
in an arc, as far as possible. Repetitions of the exercise

are performed, without severe pPain. One repetition consists

of:

a) five second eccentric contraction, and
b) five second passive extension.

Subject relaxes for fifteen seconds before repeating each

exercise. ‘YZ: contraction and passive extension performed
by the subjeet must be gradually, not explesivgly; increased

in effort.



(ES)

Shoulder Extension Exercise (Stretching Shoulder Flexors)

Step-1. Subject (S) assumes a proneé position on the floor,
Légs and back straighl, arms at sides, with hands supinated.

Partner (P) stands in front of S, in an gngtamical position.




Step 2. Partner (P) flexes at the hips, holding S's arm

proximal to the wrist.
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(ES)

Step 3. Subject (S) attempts to flex the arm, while keeping
the elbow straight, with hand in a neutral position. P, with
greater force, extends S's arm, in an arc, as far as possible,

without severe pain, for a vocal count of five (seconds).




(ES)

Step 4. Subject (S) relaxes, while P passively extends S's
arm, as far as possible, keeping the elbow straight, with

hand in a neutral position, for a vocal count of five (seconds).

.




* . (ES)

VN

Step 5. Subject (S) relaxes for a vocal count of fifteen
(seconds), then repeats steps two, three and four. The
exercise is performed three consecutive times.

116
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(ES)

Ankle Extension Exercise (Stretching Ankle Flexors)

—

Step 1. Subject (S) assumes a sitting position on the floor

\

legs and back straight, arms at sides, with hands pronated.
Partner (P) kneels in front of S, in a partial anatomical

position. -




(ES)

g‘,

Step 2. Partner (P) flexes at the hips, holding S's train-

ing feet distal to the ankles.

-

-
b



Step 3. Subject (S) attempts to dorsi-flex the feet, while
keeping the knees straight. P, with greater force, extends

S's feet, in an arc, as far as possible, without severe pain

for a vocal count of fivei}seccnds).




(ES)

Subject (S) relaxes, while P passively extends S's

eet, as far as possible, keeping theiknees straigﬁt. for a -

Step 4.
f

vocal count of five (seconds).

o




(ES)

Step 5. Subject (S) relaxes for a vocal count of fifteen
(seconds) (step 1), then repeats steps two, three and four.

The exercise is performed three consecutive times.



BALLISTIC STRETCH TRAINING

(BS)

pDefinition

This is a method of increasing flexibility whereby
particular emphasis is placed on training each individual to
make all movements in a relaxed rhythmic maﬁner; buﬁ to put
special effort toward carrying the movement to the limit of

the subject's range of motion (McCue, 1953, P. 322).
- =

-

Ex@laﬂati;n .

A maximal rance of motion is attained by actively flex-

=

nearest to the jqint being trained, in an arc, as.far as

>ossible. Repetitions of the exercise are performed, without

"

evere pain. One repetition consists of one second concentric

1]

contractions. Subjects will perform 10 consecutive repeti-
tions, then relax for fifteen seconds before repeating each
exercise. The series of ten concentric contractions is

performeéd in a rhythmic manner, explosive in effort.

T i i e S - r W ) — g b
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ng Sbculﬂgg Flexors)

2

Step 1. Subject (8) assumes a prone position on the fléér;'

legs and back straigﬁt, arms at sides, with hands supinated.

H\
XY

\



(BS) .

Step 2. In a relaxed rhythmic manner, the training arm is
extended in an arc, at the shoulder joint, as far as possible,
Qithoﬁt holdinq the position, for ten consecutive repetitions.
The subject's elbow is extended, with hand in a neutral

position.

124



(BS) | S

Step 3. Subject (S) relaxes for a vocal count of fifteen
(seconds) (step 1), then repeats step two. The exercise

is performed three consecutive times.
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(BS)

) Shaulde;ﬁE;tEﬁséggfng;gigé (Stretching Shoulder Flexors)

-
Step 1. Subject (S) assumes a sitting position on the floor,

legs and back straight, arms at sides, with hands pronated.

{




L ~ (BS)

Step 2. In a relaxed rhythmic manner the training feet are

plgntar flexed in an arc, at the ankle joint, as far as

possible, without holding the position, for ten consecutive

repetitions.




(BS)

Step 3. Subject (S) relaxes for a vocal count of fifteen
(seconds) (step 1), then repeats step two. The exercise

is performed three cﬂnsecutivg times.

(=
»
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CONTRACT RELAX STRETCH TRAINING

(Cs)

Definition
.

This is a meﬁhod of increasing flexibility whereby an
isometric contraction of the muscles to be stretched {(muscles
in a lengthened position to.start) is follkowed by a concentric
contraction of the opposite muscle group}lﬁoore and Hutton, |

19800 P- 323)0

Explanation

A maximal range of motion is attained by actively flex-

.ing or extending a segment nearest to the joint being trained,
in an arc, as far as possible. hepgti;ions of the exercise
are performed, without severe pain. One repetition consists
of:

a) two second concentric conﬁraction,

b) 8ix second isogegfic contraction, and

c) two second cogc;ntric contraction. .
Subject immediately repeats the above exercise (rest optionél); ;
-The isometric co;:g,ation performed by the exercise sdbject

ﬁust be gradually, not explosively, increased in effort.
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(cs)

Shoulder Extension (Stretching Shoulder Flexors)

P

Step 1. Subject (S) assumes a pron position on the floor,

m

legs and back straight, arms at sides, with hands supinated.

Partner (P) stands in front of S, in an anatomical position.
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(C8)

Step 2. Sﬁbject‘s (s's) training arm is extended, in an arc,

at the shoulder joint as far as possible, with hand in a

‘neutral position, for a vocal count of two (seconds). )
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t - (CS)
(

Step 3. Partner (P) flexés at the hips, holding S's arm
proximal to the wrisﬁ_ S attempts to flex the arm, while
keeping the elbows extended. P resists S's movement. P
holds S's position for a vocal count of six (seconds) to

produce an isometric contraction.




(Cs)

Step 4. Subject (S) again fully extends the arm for a vocal
count of two (seconds) keeping the elbow straight so that S
attains the maximum extended range of motion in the shoulder

joint, without severe pain. .
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(Cs)

Step 5. Subject (S) relaxes for a vocal count of fifteen

(seconds) (step 1), then repeats steps two, three and four.



(Cs)

Plantar Flexion Exercise (Stretchinc Dorsal Flexors)

Subject (S) assumes a sitting positioén on the floor,

»
legs and back straight, arms at sides, with hands pronated.
Partner (P) kneels in: front of S, in partialqingtﬁniégi

position.




(CS)

\..

®

Step 2. Subject's (S's) training feet are plantar flexed,

in an arc, at the ankle joint, as far as possible, for a

vocal count of two (seconds).

P
Y
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(Cs)

Step 3. Partner (P) flexes at the hips, holding S's feet
distal to the ankles. S attempts to dorsi-flex the feet,
‘%hilé keeping the Enees extended. P resists S;s movement.
P holds S's Q@Sitién’fag a vocal count of six (seconds) to

produce an isometric contraction.

£




t

Step 4. Subject (S) égain‘fully plantar flexes the feet for

a vocal count of two (seconds) keeping the knees straight so

that S attains the maximum flexe® range of motion in the

i

I
W o —
e

.
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Step 5. Subject (S) relaxes for a vocal count éfxfifteen‘
(seconds) (step 1), then repeats steps two, three and four.

The exercise is performed three consecutive times.
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FLEXIBILITY TESTS

"Shoulder Extension Test (Stre;;@inglghculder Flexors)

Step 1. Subject (S) assumes a prone position on the bench,
legs and back straight, arms at sides, with hénds in the

neutral position.
’ (

]




Step 2. The flexometer is strappéd on the right dominant,
lateral side of the arm, proximal to the elbow joint, ﬁith

test shoulder beyond the bench. The portable wall is placed

medial to the test arm.

i

L5



Subject's (S's) test arm is extended, in an arc, at
the shoulder joint, with hand in a neutral position, for a
vocal count of two (seconds). The palm of the hand slides
1i§htly against the wall, as far aé-passiblei and this pcsiti@n
is held for a vocal count of three (seconds). .The highest

measurement 1s read and recorded.




Step 4. Subject (S) relaxes for a vocal count of fifteen

(seconds) (step 1), then repeats steps two and three. The

test is performed three consecutive times.

Y




et
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Ankle Plantar Flexion Test (Stretching Dorsal Flexors)

Step 1. Subject (S) assumes a sitting position on the bench,

back straight, arms at sides. The test leg is flexed at the

knee by placing a cylinder posterior to the knee joint, with

the inactive foot at the side of the bench.




o)
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Step 2.‘ Subject4(S) is sfrapped to the bench,-g;oximal to the
knee joint. The flexometer is attached to the left dominant

medial arch, with test ankle beyond the bench.




, ’ ,
Step 3. Subject's (S's) test foot is pléntar flexed, in‘1;
arc, at the ankle joint, for a vocal count of two (seconds).
The ankle is plantar flexed, as far as possible, and this
position is held for a vocal count of thfee (seconds). The

highest measurement is read and recorded.
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Step 4. Sﬁbjé;t (S) relaxes for a vocal count of fifteen P
(seconds) (steﬁ l), then repeats steps two and three. The

. testsis performed three consecutive times.
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"andeavours.

_ Lakewood Intermediate School

TWIRD STAEET . . LENORA ONTARIO PON 3v5 . PHONE 468 3131

November 6, 1981.

To Whom It May Conern,

Re: Flexibility Training Programme

! Please be advised that Mr. Allan Turner has
been conducting research on a Flexibility Training

Programme for the months of September through December

¢ .
‘at Lakewood Intermediate School. Specifically, Allan

has worked with two classes of girls physical education
to compile the results which will form part of his
Doctorate research. :

We were pleased to have Allan in the school:

8 he provided our students the opportunity to witness,

first-hand, research being conducted; and, on several
occasions, assisted us as a supply teacher. We are in-

deed grateful that Allan chose Lakewood for his research '

project and wish him every success in his future

Sincerely,

RCH/pb

PIUNCIFAL MR AT HAPVEY

ASSISTANTS TO THE PRINCIPAL: MR P.E BURKE — MA. D.W. REID
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112 - 8604 - 103 Street
Edmonton, Alberta
T6E 4B6 )

Mr. R. Harvey
Principal
Lakewood Intermediate School

Dear Mr. Harvey,

The purpose of this letter is to request permission to
conduct a research study in Lakewood Intermediate School, from
September to October, 1981l.

The aim of this study will be to examine the effects of
six different stretch training methods on active joint flexibiil-
ity. Subjects will be 42 female junior high school students
and the design will consist of six different groups with six
students in each group. The students will be required to
perform one exercise on the ankle and one on the shoulder joint
at the beginning of each physical education class. The subjects
will be tested before training, after two, four and six weeks
of training, and two weeks following no flexibility training
(retention test). _ . ,

, A :

Since this program will be partial requirement for my
doctoral thesis, I would sincerely appreciate your assistance
regarding this request. Should further information be required,
I will be pleased to provide it (1-403-433-0956).

Sincerely,
| Lo Fonme
\<4 lav~ Janrma .

Andrey Allan Turner E
“Prov. Wh.D. Candidate =~ -

5‘\‘ - L ] . ;
* Y b : ) . « N




1)

2)

3)
4)
5)
6)
7)

8)

9)

10)

.GRADE:

INFORMATION SHEET

NAME : ) - o

ADDRESS : 7 ~ e

PHONE : . . 7 R )

AGE: _ , _ - o

HAND DOMINANCE: @R L (circle one)

" PREVIOUS INJURY/DISEASE TO ANKLE OR SHOULDER: YE§

IF YES, EXPLAIN WHAT AND WHERE:

NO

SURGERY. ON JOINTS: YES NO

LIST ACTIVITIES YOU WILL BE PAE&ICIPATIEG IN DURING THE

NEXT HT WEEKS.

1) : Y -} R

2) S B

3) I )

4) L 9

5) - __ ' _ 10)
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