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ABSTRACT

The purpose of this investigation was to compare the effects of. 
Modified Contract-Relax (MCR), Active-Assisted (AA), and Passive Stretch 

(PS) methods of flexibility training to determine which of the three 

methods were most effective at improving and/or retaining range of 

motion at the hip joint. The subjects involved were 44 volunteer 

college males.. Candidates were selected with pretest scores for hip 

joint flexion of 70° or less» Subjects were then blocked into groups 

of four, and randomly assigned to one of the four experimental groups 

(AA, MCR, PS, or C). All groups except the Control were mobilized 

three days a week for four weeks, then exposed to a three week reten

tion period without mobilization. Passive straight leg raising at the 

hip joint was evaluated weekly for all groups over the seven week 

period. An analysis of variance with repeated measures on group mean 

difference scores was employed for the analysis of the data. Findings 

revealed a significant treatment effect (p < .01) and a significant 

interaction effect (p < .01). A Tukey post hoc procedures indicated 

the Active-As sis ted (p < .01) and the Modified Contract-Relax (p < .05) 

were the most effective methods for increasing and retaining straight 

leg range of motion at the hip, when compared to the Passive Stretch 

and Control group.

ix



CHAPTER 1

INTRODUCTION

Many authorities (Holland, 19,68) in the allied health fields 
consider flexibility, or the ability to move a joint of the body 

through its complete range of motion, one of the most important objec

tives in performing certain exercises and sport skills. For example, 

Billing (1949), Fleishman.(1961) and Kraus (1961) found that flexibility 
exercises have been successfully prescribed for relief of general 

neuromuscular tension resulting from trauma or fatigue. Acute, or 

chronic hamstring and low back strains have been attributed to a lack 

of flexibility in the hip extensor muscle group. It may also be 

responsible for bad posture and compression of peripheral nerves (Klafs 

and Arnheim, 1969; Morehouse and Rasch, 1958; tJohns, 1962).

A review of the literature by Holland (1968) indicated flexi

bility is specific for each person and each joint, and that general 

flexibility decreases gradually from birth to old age. In this investi

gation the goal was to examine flexibility specifically at the hip 

joint. Previous research (Holt, Travis and Okita, 1970; Sink, 1976; 

Moore and Hutton, 1978; and Markos, 1979) has indicated that the use 

of Contract-Relax and Passive Stretch methods facilitate flexibility 

about the hip joint. To date, there has been little experimental 

evidence to establish the Active-Assisted mobilization method as an 

effective procedure for increasing and maintaining hip joint flexibility
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in comparison to Modified Contract-Relax and Passive Stretch methods 
(Hartely, 1976; Jacobs, 1976; and Turner, 1977). There also has been 
no attempt to evaluate both the gains and losses for these three 

methods of mobilization. Knowledge of the most effective components 

in the amount of gain and retention capabilities may provide insight 

for those directly involved with administering flexibility programs 
in an athletic or physical education environment.

Statement of the Problem
The purpose of this study was to investigate the effects of 

three methods of flexibility training: Modified Contract-Relax (MCR),

Active-Assisted (AA), Passive Stretching (PS) for increasing and main

taining the range of motion of passive straight leg raising in college 

male physical education students. More precisely, this study was 

undertaken to determine which of the three methods were most effective 

at improving and retaining range of motion at the hip joint in the leg 
opposite the dominant kicking leg. The following questions were de

signed to direct this study.

1. Is there a difference among treatments in the cumulative 

gains or losses in degrees for four weeks of mobilization and a three 
week retention period?

2. Is there a difference in. weekly gains or losses within a 

treatment group during four weeks of mobilization and three weeks of . 

retention? . .
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3. Were the four groups differentially affected by the various 

treatment methods, during the four weeks of mobilization and three weeks 
of retention?

Definition of Terms
The following terms are defined in reference to their use in 

this study.

1. Passive Stretching is described by Elgi (1957) as the 

stretching force applied manually by the investigator independently of 

any active movement by the subject.

2. Active-Assisted Stretching is the method that uses a con

centric contraction of the hip joint flexors in the agonist pattern and 

the leg is manually assisted into further flexion by the investigator 
when extreme joint angles are reached.

3. Modified Contract-Relax Stretch is the mobilization method 

that makes use of a maximal concentric contraction of the hip joint 

extensors beginning at the first point of limitation against optimal 

manual resistance. A stretch is elicited after a rest period instead 
of the traditional stretch before any rest is allowed.

4. Hip Joint Range of Motion is the anterior movement of the 

leg at the hip joint, in the sagittal plane of movement.

Scope of the Study

Forty-four college male volunteers, enrolled in physical educa

tion classes at The University of Arizona, were recruited for this 

study. The subjects were in good health with pretest scores for hip



joint flexion of 70° or less in the leg opposite their dominant kicking 
leg. Based on the pretest results, subjects were blocked into groups 

of four, then randomly assigned to one of four experimental groups: AA

MCR, PS or Control. All groups, except the Control group, participated 
in twelve mobilization sessions. Passive range of motion in hip joint 
flexion with the leg straight was evaluated weekly during the four week 

mobilization period and for three weeks following the end of mobiliza

tion training.

Limitations, of the Study

An attempt was made to control as many variables as possible, 

but the study was limited by the possibility of certain subjects 

stretching hip joint extensors at times other than selected treatment 

sessions. All volunteers were instructed to refrain from specific 

stretching activities where the hip extensors were stretched, except 

when involved with this study.



. CHAPTER 2

REVIEW OF RELATED LITERATURE

The following chapter has been divided into three basic areas 

of concentration. They are: (1) neurophysiological mechanisms involved

with hip joint mobilization, (2) mobiliztion methods for improving hip 

joint range of motion, (3) retention of hip joint gains in range of 
motion.

Neurophysiological Mechanisms Involved 
with Hip Joint Mobilization

DeVries (1961, 1962) investigated the neuromuscular mechanisms 

involved with mobilization of all joints, including the hip. His 

physiological evidence was developed while studying the effects of 

slow static stretching (passive), and ballistic (jerky) stretching. 
These methods involved two different neuromuscular mechanisms, the 

Golgi tendon organs and muscle spindles. According to deVries (1961, 

1962), when muscles spindles are passively or actively elongated they 

elicit a response over afferent nerve fibers to the central nervous 

system. In the spinal cord, the afferent nerve fibers synapse with an 

alpha motorneuron which supplies the same extrafusal muscle group of 

which the muscle spindle is a part. The net result is increased extra

fusal muscle contraction, and thus, reflexive reduction of the stretch. 

This response has been termed the "myototic reflex," and acts to pre

vent the overstretching of muscle fibers when quick movements are

5



elicited either passively or actively. Several authors (Mathews, Stacy 

and Hoover, 1964; Holland, 1968; Mathews and Fox, 1976) have suggested 

that eliciting the myototic reflex may be a limiting factor in increas
ing hip joint range of motion.

DeVries further indicated that Golgi tendon organs which are 

located in tendons have a higher threshold than the muscle spindles and 

could thus serve to override muscle spindles, thereby inhibiting con
traction throughout the muscle group. When this threshold is achieved 

through stretching in extreme ranges of hip motion, impulses are trans

mitted towards the spinal cord. Once the Golgi tendon afferents 

synapse in the cord they secrete an inhibitory transmitter substance 
(deVries, 1962) that inhibits the alpha motorneurons, innervating the 

contracted muscle being stretched, causing it to relax, thus protecting 

an overstrained muscle group from tearing muscle fibers.

In addition, deVries (1974) implied that the method of slow 

static stretching (passive) may be employed to prevent, or relieve 

exercise induced muscle soreness. DeVries (1974) believed that muscle 

soreness is caused by tonic, local spasm of motor units. This theory 

was based on the findings of Dorpat and Holmes (1955) who established 

that exercise above a minimal level causes a small degree of ischemia, 

which in turn causes muscle pain. The pain results from a transfer of 

a "P-substance" across the muscle cell membrane into interstitial fluid 

where it gains access to pain endings. DeVries theorized that the pain 

causes a reflex tonic muscle contraction, prolonging the ischemia and 

initiating a vicious cycle. His results showed a direct relationship
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between pain and electromyographical (EMG) activity with decreased EMG 
activity accompanying slow sustained static mobilization. DeVries also 
suggested that to break the spasm, a static stretch reflex mechanism 

must be employed to relax the contracting muscles. The static stretch 

is performed by placing the muscle to be stretched in its greatest 

length with as little simultaneous muscle activity as possible. The 

end result would be the slightest possible reflex stimulation to the 

involved muscle. This procedure has become more generally known as a 

slow passive stretching method. DeVries (1974) reported that performers 

who engaged in a slow passive stretch before and after activity greatly 

diminish or prevent exercise induced muscle soreness or traumatic injury

Other researchers began to expand methods of stretching by 

adding combinations of active movements to passive stretching of a joint 

One of the earlier methods that evolved was the addition of a static 

contraction against resistance by the muscle group to be stretched.

Knott and Voss (1968) incorporated this concept when they developed the 

Proprioceptive Neuromuscular Facilitation (PNF) diagonal patterns which 

included Hold-Relax and Contract-Relax methods. They define the PNF 

method as a way of promoting or hastening the response of the neuro

muscular mehanisms involved with all joint movements.

Rabat (1950) stated that relaxation of shortened muscles can be 

brought about by a maximal isometric contraction of that muscle while 

in a position of slight stretch. Ruch and. Patton (1965) reported that 

"autogenic inhibition" is the direct result of the Golgi tendon organs 

inhibiting muscular contraction while the joint is in extreme ranges.
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This is the same phenomenon described earlier in the discussion of 

Golgi tendon organs. However, the exact duration of this inhibitory 
effect after the isometric contraction is terminated is still not clear 
(Tanigawa, 1972; Ferreira, 1978; Markos, 1979).

Markos (1979) examined the use of an isometric contraction in 

the hip extensor pattern combined with the concentric contraction by one 

of the rotator muscle groups and found it to be superior, to a single 

isometric contraction of the hip extensors. The neurophysiological 

basis was reported to be primarily due to a greater autogenic inhibition 

effect which allowed further hip joint flexion. However, Markos could 

only theorize that the superior method stimulated a larger number of 

Golgi tendon organs, increased the firing rate, or both. Markos (1979) 

also was unable to give a sound neurophysiological explanation for how 

long this phenomenon lasts.
Jacobs (1976) and Turner (1977) were among the first researchers 

to study the possibilities of actively contracting the hip flexors as 

far as possible into the agonist pattern, making use of a phenomenon 

called "reciprocal inhibition." At the hip this reflex inhibition does 
not extend directly from sensory neurons to the alpha motorneurOns; 

instead, the sensory stimulus passes first into the central nervous 

system neuron network. Thus, a. three-neuron arc is the shortest possi

ble circuit for eliciting a reciprocal inhibition effect. The stimulus 

that comes from the central nervous system and causes contraction of a 

muscle group will simultaneously inhibit the antagonistic muscle group, 

thus allowing, the segment to move through a greater range of motion.
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At the hip for example, when the hip flexors contract, the opposing hip 
extensors (hamstring group) are simultaneously inhibited so as not to 
interfere with the intended joint movement. This method is often used 

by physical therapists in addition to their passive assistance to 

further the agonist' pattern to a new point of joint limitation, thus 
increasing range of motion.

However, Moore and Hutton (1978) reported in an EMG study using 

a similar active agonist (hip flexor) contraction, that muscle activity 

occurred in both hip extensor and flexor muscles and thus did not 

promote antagonistic inhibition as others believed. Their results 

suggested that complete muscle relaxation is not a requirement for 

effective mobilization.

In summary, mechanisms involved in hip joint flexibility are 

complex and involve interaction of servo-mechanisms with respect to 

muscle length and tension. These result in neurophysiological reactions 

such as; autogenic facilitation, autogenic inhibition, reciprocal inhi

bition and cor-contraction. Also, recent EMG studies have raised ques

tions as to whether complete passive mobilization methods are as 

effective when compared to active mobilization methods.

Mobilization Methods for Improving 
Hip Joint Range of Motion

This segment will examine the more recent findings involving 

slow passive and active mobilization methods.
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Passive Mobilization

This method has been described as a slow manual stretching 

force without any active movement by the relaxed subject (Elgi, 1957). 

Ten studies reviewed in the literature utilized passive stretching (PS) 
as a method for increasing range of motion. Two studies compared 

passive stretching to ballistic stretching (deVries, 1961 and 1962). 

DeVries reported that the passive method was just as effective as the 

ballistic method for increasing range of motion (extent flexibility) 

at the hip joint. However, deVries indicated that PS was superior in 
the prevention and relief of tonic muscle spasm.

When PS was compared to other active mobilization methods that 

involved directional combinations of active leg movements , it was found 

to be less effective for increasing hip joint range of motion (Holt 
et al., 1970; Tanigawa, 1972; Hartely, 1976; Sink, 1976; Jacobs, 1976; 

Medeiros, 1977; Ferreira, 1978; Moore and Hutton, 1978). Table 1 

reviews the studies of flexibility training on healthy men and women.

Hold-Relax Mobilization

This is an isometric contraction of the slightly stretched hip 

extensor muscle against resistance. It is performed at any point in a 

joint's.range of motion where limitation is present (Brunnstorm, 1966). 

Knott and Voss (1968) state that the command to "Hold, and don't let me 

push you back further," is given and the resistance is gradually 

increased until all the extensor muscles are contracting maximally.

This method was examined in both a Proprioceptive Neuromuscular Facili

tation (PNF) diagonal pattern, and in the sagittal plane. The results



Table 1. Mobilization Studies

Author . Year N Training
Activity

Frequency & 
Duration Results

deVries 1961 7 . SSS v. BS 2 %/week for Found BS to increase myototic reflex
& M 3,5 weeks SSS = BS at increasing hip joint ROM

1962 57

Holt, et alo 1970 24 BS v. SSS Not Given IA-CA significant over BS, SSS, in
M V « IA-CA the sagittal plane

Tanigawa 1972 30 HR (PNF) V. PS 2 x/week for HR significant over PS at ,05.
M In diagonal 3 weeks Treatment day effect and inter

pattern action effect not significant.

Hartely 1976 119 -Passive lift 3 x/week for No significance at .05 level
W and Hold 

-Active PNF 
-Ballistic and 
Sold
-Relaxed Passive 
-Passive PNF 
-Prolonged

3 weeks between active or passive methods.

Passive

Sink 1976 24 ECM V. BS 4 x/week for ECM significant over BS and PS.
M v. PS 3 weeks 6 and 9 second contractions showed 

best results.

Jacobs 1976 Not SS v. PS 3 x/week for SS significant over PS at increasing
Given 6 weeks ROM in sagittal plane



Table lo Continued

Author Year • N . Training
Activity

Frequency & 
Duration

Results

Medeiros 1977 30 HR (PNF) 20 repetitions HR and PS effects similar at
M v. PS for 8 test days increasing hip joint ROM

Turner 1977 12 3s v. SS 3 x/week for 3s = SS at .05 for increasing
W 6 weeks hip joint ROM in the sagittal plane

Ferreira 1978 27 HR v. PS 2 x/week for HR significant over PS at .05
M 3 weeks in the sagittal plane

Moore 1978 21 PS v. CR Not Given CRAG significant over CR and PS
W v. CRAG for increasing active SLR

Markos 1979 30 CR v. HR (PNF) Not Given CR significant over HR at .05 for
W Diagonal Plane increasing active SLR

Legend

M s= Men HR Hold-Relax Method
W =2 Women PS Passive Stretch
ROM =2 Range of Motion EGM East Carolina Method
SLR Straight Leg Raising (Contract Relax)
PNF Proprioceptive Neuro 3s = Scientific Stretch

muscular Facilitation for Sport
SSS Slow Static Stretch SS Slow Active Stretch
BS Ballistic Stretch CR Contract-Relax Method
IA-CA Isometric in agonist CRAC Cdntract-Relax, Active-

pattern and Contract- Contract o
Relax in antagonist (antagonist-agonist)
pattern Hto
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of the two studies that examined this comparison (Tanigawa, 1972; 

Ferreira, 1978) found that both were equally effective at increasing 

hip joint range of motion. Three out of the five studies examined 

showed increases in the Hold-Relax treatment to be greater than other 
mobilization methods. However, Markos (1979) found that the Contract- 

Relax method was superior to the Hold-Relax method, and Medeiros (1977) . 

found no significant difference between passive stretch methods and 
Hold-Relax methods. Results can be examined in Table 1.

Contract-Relax Mobilization

Knott and Voss (1968) described the Contract-Relax (PNF) method 

as a maximal isotonic contraction of the rotators around the long axis 

of the leg against maximal manual resistance. Other studies such as 

Holt et al. (1970), and Sink (1976) performed the Contract-Relax 

method in just the sagittal plane with an isometric contraction of the 

hip extensors followed by a"concentric contraction (Contract-Relax) of 

the hip flexors. Four studies (Holt et al., 1970; Sink, 1976; Markos, 

1979; Moore and Hutton, 1978) have investigated the effectiveness of 

the Contract-Relax method. Three of the four studies reported the 

Contract-Relax was a more effective method when compared to Ballistic, 

Passive Stretch and Hold-Relax methods. A summary of the four studies 

are displayed in Table 1.

Active-Assisted Mobilization

This method implements a concentric contraction of the hip joint 

flexors in the agonist pattern. When the first point of limitation is
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reached, the investigator manually assists the leg further into the 

agonist pattern until a new point of limitation is obtained. Four 

studies reported significant increases in range of motion when the 
Active-Assisted type methods were compared to Ballistic, Passive, 

Contract-Relax and Hold-Relax methods (Hartely, 1976; Jacobs, 1976; 

Turner, 1977; Moore and Hutton, 1978). There were no other studies 
reviewed that established another method as superior to the Active- 

Assisted method for increasing hip joint range of motion. It was 

clear that the literature needs to be expanded in this area. Results 

can be seen in Table 1.

Retention of Hip Joint Gains 
in Range of Motion

This segment is devoted to those studies that have investigated 

methods for retention of hip joint gains in flexibility. Table 2 
summarizes these studies.

Maintaining hip joint range of motion through passive methods 
has been studied by two researchers. Long (1971) and Tanigawa (1972). 
Long (1971) reported that no significant differences existed between 

the passive method and other active contraction methods for retaining 

flexibility gains. Conversely, Tanigawa (1972) reported that the iso

metric Hold-Relax (PNF) method did in fact retain more hip joint range 

of motion than did the Passive method. However, the Hold-Relax method 

also had the greatest total loss, but retained more than the Passive 

method, since gaining more in range of motion it has more to lose.



Table 2„ Retention Studies

Author Year N Training
Activity

Frequency & 
Duration

Results

Long . 1971 54
W

Static, 
Dynamic and 
Combined 
Methods 
Compared

Measurements 
taken 3 weeks 
after a "6 week 
exercise program

Static, Dynamic and Combined methods 
not significant among each other. 
However, all showed significant 
amount of flexibility retained at 
the .05 level.

Tanigawa 1972 30
M

HR v. PS 1 week (2 measure
ment days) after 
a 3 week program

HR retained more than PS. HR lost 
the greatest amount, but still 
retained more than the PS method 
at the .05 level.

Turner 1977 12
W

3s method 
v. SS method

Retention measures 
taken after two, 
two week periods

3s and SS methods both decreased 
after first two week period. Second 
two week period both increased 
slightly, not significantly (.05).

Legend

M = Men
W = Women •
HR = Hold-Relax
PS = Passive Stretch method
3s = Scientific Stretching for Sport

(active contractions in both directions) 
SS = Slow Active stretching
PNF = Proprioceptive Neuromuscular Facilitation
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Turner (1977) studied retention following six weeks of Active- 
Assisted type training to increase straight leg raising at the hip 

joint- Retention measures were taken after two, two week retention 
periods. Results showed that at the end of the first two week retention 

period, there was a significant loss in flexibility. After the second 

two week measure, subjects actually experienced a slight increase in 
flexibility. No explanations were given as to why this measure increased 

slightly at the end of the fourth week. The research in the area of 

methods for hip joint retention was limited and is indicative of a need

for further study.



CHAPTER 3

' ’ DESIGN AND PROCEDURES

Chapter 3 will discuss the subjects, testing sessions, testing 

procedures, mobilization sessions, mobilization methods and treatment 
of data.

Subjects

The subjects for this study were college male volunteers, 18-25, 

in good health, recruited from the physical education department at the

University of Arizona. All subjects were pretested to establish two
• '

basic criteria for participation in the experiments (1) all subjects 

must have had 70° or less of passive straight leg raise at the hip 

joint, and (2) subjects could not have a history of orthopedic or neuro

logical conditions which would have affected complete knee extension., 

or hip joint flexion. Eligible male subjects were then blocked on the 

basis of their pretest scores into equal groups of four, and each score 

in the blocked group was randomly assigned to one of four experimental 

groups: Active-As sisted (AA), Modified Contract-Relax (MCR), Passive 

Stretch (PS) and Control (C). Each group consisted of eleven subjects.

Testing Sessions

The test sessions took no longer than five minutes per subject, 
and were held on Mondays during the seven week study. All subjects were 

instructed to refrain from any hip extensor stretching two weeks prior

17
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to, and during the study, even if this was part of their activity class 

participation. All other normal activities were allowed.

For all testing sessions, each subject was asked to take a 

supine lying position (Figure 1) on a treatment table. This position 
was maintained by the use of a six inch wide velcro strap secured around 

the leg opposite the one being mobilized. It was placed six inches 

proximal to the patella, then under the thigh of the leg being 

mobilized and fastened securely to the table. In addition, a second 

strap which covered the pelvis was also fastened securely to the table. 

This was done to stabilize the pelvis and minimize any compensatory 
movement which could influence the angle of passive hip flexion in all 

groups. The subject's leg was passively raised at approximately a rate 

of 30° per second" until they verbally communicated to the investigator 

a sub-pain threshold pulling sensation behind their knee. To prevent 

knee flexion while mobilizing the leg, the investigator's hands were 

placed with the left hand just proximal to the patella and the right 

hand on the heel (Figure 2). All subjects were asked to wear jogging 

shorts, or something equivalent in style to allow maximum freedom of 
movement at the hip joint.

Testing Procedures

An assistant was used to place the flexemeter on each subject 

prior to the test. The flexometer was placed directly over the greater 
trochanter of the test leg while in the supine lying position of rest. 

The assistant then adjusted both weighted dials until they came to rest 

with the pointer of the outer dial resting on zero (Munroe and



Figure 1 Flexometer Placement for Test Sessions and Restraining Straps for Test and 
Mobilization Sessions.

Hid
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Figure 2. Investigator Hand Placement for Passive Straight Leg Raise 
During Test and Mobilization Sessions. The Flexemeter was 
Placed Over the Greater Trochanter in the Test Session Only.
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Romance., 1975) . The outer dial was then unlocked and the investigator 
administered a single trial by passively raising the test leg at approxi 

mately 30° per second until the subject verbally communicated to the 

assistant a sub-pain threshold, or a pulling sensation. At this verbal 

signal from the subject, the assistant locked the outer dial in posi

tion (Figure 2). The assistant recorded the needle reading in degrees 
(Leighton, 1942 and 1960). For consistency in the placement of the 

flexometer, the same assistant always placed the flexometer on the 

subject and set the dials to zero. The procedures were practiced on 

six different subjects prior to the experiment.

Investigator Reliability

The subject's passive straight leg measurement was taken with 

the Leighton Flexometer, which was found by Sigerseth (1962) to have 

equipment reliability coefficients of 0.901 to 0.983. Test reliability 

utilizing the Leighton Flexometer by this investigator was determined 

in a pilot study. Measurements of a passively elevated straight leg 

were taken ten times in succession on six college males. The analysis 

of variance reliability method was used to determine if significant 

differences existed in operator variability. Results showed a relia

bility coefficient of r — .98. The high r value indicated that the 

subjects were very repeatable in their performance, and that the 

investigator could read the degree scale with a relatively high degree , 

of precision.
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Mobilization Sessions

All mobilization sessions were held on Mondays, Wednesdays, and 
Fridays for a total of twelve treatments. For all mobilization ses

sions, the subjects took a supine lying position on the treatment table. 

The subjects' pelvis and non-test leg were strapped to the table with 

velcro straps as shown in Figure 1. The straps helped to isolate the 

subjects movement to the test hip joint. For the passive straight leg 

raise, the investigator placed his right hand on the heel and left hand 

just proximal to the patella. The investigator's hand placement helped 
to prevent knee joint flexion during the mobilization sessions. The test 

leg was slowly raised by the investigator at a rate of approximately 

30° per second. The leg was raised until the subject verbally communi

cated a sub-pain threshold, or pulling sensation behind the knee. This 

was the signal for the investigator to begin the particular mobilization 
method.

Mobilization Methods

One of the following mobilization methods was performed on each 

subject at the finish of the passive straight leg raise, or just after 

the sub-pain threshold, or pulling sensation was communicated to the 

investigator.

Passive Stretch

When the verbal signal was given by the subject, the investigator 

slowly moved their leg further into hip joint flexion for two seconds. 

The leg was then held at its new point of limitation for five seconds.
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after which the leg was lowered passively to the original starting posi

tion. The subject remained in this position for seven seconds. This 

procedure was repeated two times for a total of three trials.

Modified Contract-Relax

On the signal front the subject that the leg had been passively , 

raised to its first point of limitation, the subject was asked to con

tract the hip extensors, or "push down." During the contraction, the
subject was attempting to overcome the manual resistance applied by the

oinvestigator who allowed the leg to extend at a rate of 30 per second. 

For each trial the subject was asked to concentrically push down for 

seven seconds, while the investigator made sure that the seven second 
contraction terminated on the treatment table. At this point, the 

subject was allowed to rest for seven seconds before the procedure was 

repeated. It should be noted that the leg was not moved into further hip

joint flexion until after the seven second rest. This is a modification 
of traditional Contract Relax techniques. The procedure was repeated 

two more times for a total of three mobilization trials.

Active-Assisted Stretch

On the subjects verbal signal, the instructor gave the command 

for the subject to "pull towards your head," or actively contract the 

hip joint flexors. The subject continued to actively contract the hip 

joint flexors for a seven second period while the investigator assisted 

the subject with a slow manual pushing back of the test leg until a new 

point of limitation was attained. The leg was then passively lowered
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by the investigator back to the resting position on the treatment table 
for a seven second rest period. This procedure was repeated two more 
times for a total of three trials.

Control.

The control subjects did not participate during any of the mobil

ization sessions. On days other than Monday-— a test day— they were asked 

to refrain from any hip joint stretching.

Treatment of the Data

A repeated measures block design ANOVA, comparing four treatments 

over seven weeks was used as the statistical procedure originally 

selected for analyzing the data. However, due to a mathematical error 

in the blocking of subjects, the investigator utilized the repeated 

measure ANOVA without the blocking effect. More specifically, difference 
scores as opposed to actual scores were analyzed in the revised design.

If overfall significance was found for treatment, or treatment Weeks, 

the Tukey procedure for locating specific differences between the means 
was employed. For the over-all analysis of variance, an alpha level of 

.01 was used, and all post hoc multiple comparisons were reported at 

both the .01 and .05 levels of significance.



PRESENTATION OF THE DATA

The following chapter contains the analysis of the data obtained 

in this investigation and a discussion of those findings.

Results

The cumulative graph of flexibility gains and losses for the 

four weeks of mobilization and three weeks of retention are presented 

in Figure 3. The analysis of variance for repeated measures on the. 
change scores of the four groups on the seven testing periods indicated 

a significant treatment effect (F = 41.02; df 3/40, p < .01), a signi

ficant weeks effect (F = 32.93; df 6/240, p < .01), and a significant 

treatment by week interaction (F = 11.96; df 18/240, p < .001). Table 

3 summarizes the results of the analysis of variance. Subject scores 
for all testing conditions are located in Appendix C.

The significance of the treatment by week interaction indicated 

that the change in degrees for passive straight leg raising among the 

four groups did not stay constant during the four weeks of mobilization 

and the three weeks of retention, as the groups were differentially 

affected by the various treatments. To determine the effect of the 

observed interaction, tests comparing the four treatment groups at each 

week of the experiment were conducted (Table 4). Where appropriate, tests 

involving the flexibility changes within a single group across the 
treatment weeks were performed (Table 5).

CHAPTER 4
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Figure 3. Cumulative Gains: Pattern of Change for the Mobilization and Retention Periods.
Initial Measurement Through Week 7.

Active-Assisted - - ---- Modified Contract-Relax Passive Stretch--- Control
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Table 3. Analysis of Variance Source Table

Source' S’S df MS F

Main Effects
Treatment 30314.867 3 10104.956

Error
(Error + Treatment 
x Error)

9688.299 40 242.207 41.02*

Treatment Weeks 1651.201 6 275.20 .

Error
(Error x Week) 

+
(Residual)

2005.611 240 8.356 32.93*

Week x Treatment 
Interaction 1799.747 18 99.971

Error
Week x Week 

+
Residual

2005.611 240 8.356 11.96*

*p < ,01



Table 4, Between Group Cumulative Differences in Degrees

PS . c CR AA

Week 1
AA - 10.9 

MCR - 10.6 
C - 1.3

PS - .81

10.09
9.79
.49

9.6 
9.'3

.3

Week 2
AA - 19.0 

MCR - 16.4 
C - 1.7 .

PS - .81 I 18.19**
15.59

.89

17.3**
14.7

2.6

Week 3
AA - 25.4 

MCR - 19.3 
C - 1.7 .

PS - 1.4

ai 24.0*
17.9**

.3

23.7*
17.6**

6.1 -

Week 4
AA - 30.3 

MCR - 20.8 
C - 1.7

PS - 1.2

29.1*
19.6**

.6

28.5*
19.0**

9.5

Week 5
AA - 21.8 
MCR - 19.1 

C - 1.7
P S -- 1.3

23.1*
20.4**
3.0

20.1**
17.4**

2.7

Week 6 §
AA - 19.8 
MCR - 16.1 

C - 1.7
PS - -2.3 i 22.1*

18.4**
4.0

18.1* 
14.4 '

3.7

Week 7
AA - 18.7 

MCR - 15.2 
C - 1.7
P S -- 3.3

22.0**
18.5**
5.0

17.0**
13.5

3.5

*P < .01 = 20.51
**p < o05 = 16.13
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Table 5. Within Group Treatment Differences by Weekly Gains/Losses.

TREATMENT
WEEK C PS MGR AA

10.6* 10.9*

5.8*

6.4*

-2.5

—1.0

- 1.1

5.16p < .01
4.755
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Mobilization Effects Weeks 1-4

Within Group Effects. Table 5 and Figure 4 illustrate the weekly 

gains for the four treatment groups. During the first week, gains of 

10.9° and 10.6° were achieved by the AA and MCE groups respectively. 

These gains were significant at the .01 level of significance. The 

small gains of .81° and 1.3° by the PS and C groups were not significant 

(p < .05). The second week gains for AA (8.1°) and MCE (5.8°) were also 
significant (p < .01); however, the gain of .5° for the C group and 0° 

for the PS group were not significant. The AA group gain of 6.4° during 

the third week was the only group to show a significant gain (p < .01). 
The MCE (2.9°), PS (-.3°) and C (.0°) group gains all were not signifi

cant (p < .05). The 4.9° gain by the AA group was the only method 

during the fourth week to show a significant gain (p < .05). The MCE 

(1.5°), PS (-.7°) and C (0°) groups again revealed small gains that were 
not" significant.

Between Group Comparisons. Table 4 and the bar graph in Figure 

5 display the cumulative mobilization gains in degrees during the twelve 

treatment sessions. The between group gains at the end of the first 

week of 10.9° for MCE and 10.6° for AA were not significant (p < .05) 

when compared to the PS and control groups. During the second week the 

cumulative gains of 19.0° by the AA group were significant (p < .05) 

when compared to the PS (.81°) and C (1.7°) group gains. At the end 

of the third week both the cumulative gains of 19.3° for the MCE group 

(p < .05), and 25.4° for the AA group (p < .01) were significant when 

compared to the PS (1.4°) and C (1.7°) groups. The gains for the
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Mobilization Retention

Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7

Figure 4. Weekly Gains/Losses in Range of Passive Straight Leg 
Raising.

& Active-Assisted 
e Modified Contact-Relax 
D Passive Control 
O Control

of
.
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Figure 5. Cumulative Mobilization Weekly Gains/Losses: Mean Differences in Degrees for Modified
Contract-Relax (MCR), Active-Assisted (AA), Passtive Stretch (PS), Control (C).
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fpurth week for both the AA (30.3°) and MCR (20.8°) groups were also 

significant at the .01 and .05 levels respectively, when compared to 
the PS (1.2°) and C (1.8°) groups.

In summary, the AA (30.3°) group showed the greatest cumulative 

increase in gains of the three groups, with the MGR (20.8°) group 

providing the second greatest increase. Both group gains were signi

ficant (p < .05) when compared to C and PS groups. The findings for 

the PS group which did not show any significant gains when compared to 

the control was not supported by Tanigawa (1972) who reported a cumu

lative gain of 7.1° (p < .01), or by Ferreira (1978) who found a cumu

lative gain of 3.5° (p < .05). Their results were established after a 
three week mobilization period. It should be noted that the PS groups 

lack of gain in the present study might have been affected by an error 

in the blocking of subjects which resulted.in the group mean of the PS 

group mean of the PS group beginning approximately 6° greater than the 

other three groups (Appendix C).

Retention Effects Weeks 5-7

The cumulative line graph shown in Figure 3 and the weekly gains 

and losses graph depicted in Figure 5 illustrate the effects of non- 

mobilization on passive straight leg raising. All groups except the 

control had losses during the three weeks without mobilization. The AA 

group had a total loss of 11.5° with 8.4° occurring during the first 

week. The first weeks loss was significant (p < .05) (Table 5). The 

total loss for the MCR group was 4.6° with a 3° loss occurring during 

the second week without mobilization, hone of these weekly losses were
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significant (p < .05). The PS group showed losses of 2.5°, 1.0° and 

1.1° for the three weeks; whereas the C group showed no losses during 
this period.

Total Effects of Mobilization- 
Non-Mobilization for Weeks 1-7

The cumulative effect of four weeks of mobilization, followed by 

three weeks without mobilization showed that the total gains by the AA 
group (18.7°) and MCR (17°) were significantly greater (p < .05) than 

either the C or. PS groups. The difference of 3.5° between the AA and 

MCR groups was not significant (Table 4).

Discussion

The results of this study showed that both AA and MCR methods 

were significantly more effective when compared to PS and C groups at 

both increasing and retaining hip joint range of motion. The fairly 

large initial gains (10.9° and 8.1°) achieved by the AA group during 

the first two weeks might be explained by reciprocal inhibition of the 
antagonistic muscle group which allows relaxation and increases hip 

joint flexion. . The test results for AA mobilization in this investiga

tion are in agreement with Jacobs (1976) who reported that his slow 

active stretch group had significantly greater gains than his PS group 

(p < .05). A recent study by Moore and Hutton (1978) suggested that 

reciprocal inhibition may not be the mechanism responsible for the gains 

in hip joint mobility when using an AA type of mobilization. They 

reported that during their mobilization of hip joint flexion, EMG 

activity was present for both hip extensors and hip flexors. They
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concluded that when using the AA method, complete hamstring (antagonist) 
muscle relaxation may not be necessary for effective muscle and connec
tive tissue lengthening. Since muscle activity was not recorded in 

this study an exact explanation of the gains for the AA.group were not 

possible, and indicated a need for further study.

The total comulative gain 20.8° in the MCR group indicated that 

it was also effective at increasing straight leg range of motion at the 

hip joint (p < .05). These findings are in agreement with Sink (1976) 

and Turner (1977) who reported the Contract-Relax method to be more 
effective (p < .05) when .compared to the PS method.

If the gains observed in both the AA and MCR groups can be 

linked to a decrease in muscle activity in the hip extensors, it would 

suggest the possibility of a subject being able to volitionally concen
trate on actively contracting one muscle group, thereby blocking any 

great increase in pain-threshold stimulus to the muscle group being 

stretched. It would possibly become a more effective means of eliciting 

muscle elongation and thus override the muscle spindle stretch reflex 

when compared to the PS method. However, more research is indicated 

in this area.

The result of the PS group to four weeks of mobilization in 

which it showed a cumulative mean gain of 1.2° is not in agreement with 

the results reported by Tanigawa (1972) who found a cumulative gain of 

7.1° (p < .01), and Ferreira (1978) who found a cumulative gain of 3.5° 

(p < .05) when compared to the control. Two factors might be reponsible 

for the very small gains shown by the PS group; an error in the blocking

35
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assignment of subjects to the PS, or the complaint by several subjects 

in the PS group of residual pain in the belly of the hamstring muscle 

group. The initial production of pain may have been caused by forced 

passive mobilization beyond normal ranges .of hip joint motion, thereby 
eliciting the local reflex tonic muscle contraction, or pain-spasm 

cycle described by deVries (1974). Such conditions may have limited 

the extensibility of hip extensor muscles throughout the duration of 
this study.

Decreases observed in straight leg range of motion during the 

relaxation period at the hip joint were probably the result of dis
continuing mobilization. The AA was the only group which showed a 

significant loss in retention during the first week without mobiliza

tion. Even though the AA group total losses were greater, it still was 

able to retain more of its original gains when compared to the MCR, PS 

and Control group (Figure 3). Except for the first week without 

mobilization, the MCR group had similar losses when compared to the AA 

group during the. last two weeks of the retention period (Figure 3 and 

Table 5). The MCR was also more effective at increasing hip joint range 
of motion when compared to the PS and Control groups (p < .05). It is 

interesting to note that the Control showed no changes as expected, but 

the PS group losses were such that the range of straight leg raising 

was 6° greater at the beginning of the experiment, than at the end.

Practical Significance
Personnel in the health related professions, including this 

investigator, are often in search of the most effective method for
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increasing, or maintaining flexibility about the hip joint. Two 

general situations will most often warrant the use of some kind of 

mobilization methods (1) individuals-who require therapeutic exercise 
for complete range.of motion rehabilitation resulting from an ortho

pedic or neurological condition, and (2) normal, healthy individuals 

who require specific joint range of motion increases usually in the 
extreme ranges of joint movement. Physical therapists such as Tanigawa, 
(1972), Madeiros (1977) and Markos (1979) have been concerned with 

conditions at the hip joint that require rehabilitation in all func

tional directions. To achieve complete range of motion, the thera

pists have employed various Proprioceptive Neuromuscular Facilitation. 

(PNF) active methods, all of which have been reported to be effective. 

However, because of the complexity of the PNF patterns other researchers 

(Holt et al., 1970; Sink, 1976; Jacobs, 1976; Turner, 1977; Moore and 

Hutton, 1978 and Ferreira, 1978) have modified these patterns by 

excluding the rotary components thereby working strictly in a single 

plane of motion at the hip joint. Their findings generally have shown 

significant gains without the use of the PNF component. The use of AA 

or MCR methods as examined in this investigation, were performed without 

the PNF rotary component and were found to be very effective for in
creasing hip joint range of motion. It should be noted, however, that 

these results were observed in normal, healthy subjects and therefore, 

should be cautiously applied to those individuals with an immediate, or 

past history of orthopedic and neurological conditions.



In summary, when selecting a practical mobilization method for 

the hip joint the individual in charge of its application should con

sider whether therapeutic exercise involving all rotary components, 
or simply stretching for a specific movement is necessary. If stretch 
ing for a specific movement is the objective, then the AA method as 

employed in this study would appear to be the most effective and prac

tical method to use. The AA method can be easily performed with or 

without assistance and produces significant increases in a relatively 
short period of time.



CHAPTER 5

SUMMARY, FINDINGS, CONCLUSIONS 
AND RECOMMENDATIONS

This chapter is divided into four sections: (1) summary of

the study, (2) major findings, (3) conclusions and (4) recommendation 

for further research.

Summary

The purpose of this investigation was to compare the effects 

of Modified Contract-Relax, Active-Assisted and Passive Stretch 

methods of flexibility training for increasing straight leg range 

of motion. 44 college age men, all in good health, with no previous 

history of orthopedic conditions in the test leg and who had no more 

than 70° of passive straight leg range of motion at the hip joint 

participated as subjects in this study. The subjects, based on their 

pretest scores, were randomly assigned by block to one of four experi

mental groups: AA, MCR, PS or C. All the groups except the control

participated in twelve mobilization sessions administered on Mondays, 

Wednesdays and Fridays for four weeks. Passive straight leg range of 

motion in hip joint flexion was evaluated weekly during the four week 

mobilization period for three weeks after the mobilization period.

The statistical procedure employed was a repeated measures 

analysis of variance comparing four treatments over seven weeks. The 
Tukey post hoc procedure was used to identify specific differences

. 39
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when significant F values were identified. The .01 level was used for 
the over-all analysis of variance, and all post hoc multiple comparisons 
were reported at both the .01 and .05 levels of significance.

Major Findings

In this study the major findings on methods for increasing and 

retaining straight leg range of motion at the hip joint were:

1. The Active-Assisted method experienced significant weekly 

gains in range of motion (p < .01) during the first four weeks of 

mobilization.
2. The Modified Contract-Relax method had significant weekly 

gains (p < .01) during the first two weeks of treatment.

3. The small gains and losses for Passive Stretch and Control 

groups were not significant (p < .05).
4. The cumultive degree gains in the Active-Assisted group 

were significantly different from Passive Stretch and Control groups 

during weeks two (p < .05), three and four (p < .01).

5. The cumulative gains in degrees of the Modified Contract 

Relax method were significantly different (p < .05) when compared to 

Passive Stretch and Control at weeks two, three and four.
6. The weekly losses experienced by the Active-Assisted group 

were significant (p < .01) during the first week without mobilization 
but nonsignificant during the second and third weeks of the retention.

7. The total three week losses for Modified Contract-Relax,

Passive Stretch and Control groups during the three week retention
’■ ' " -period were not significant.



41

8. The Passive Stretch method displayed no significant differ

ences in gains or losses during the seven week period when compared to 
the Control.

9. The Active-Assisted (p < .01) (p < .05) method was more 
effective at increasing and retaining hip joint passive range of motion 
during the seven week period when compared to the Passive Stretch and 

Control methods.

Conclusions
On the basis of the findings within the limits of this study, 

the following conclusions were drawn:

1. Subjects receiving Active-Assisted and Modified Contract- 

Relax methods increased their range of passive straight leg raising to 

a higher degree and at a faster rate than subjects receiving Passive 

mobilization or subjects receiving no treatment.

2. If time is a factor both the Active-Assisted and Modified 

Contract-Relax methods will give effective gains within the first two 

weeks,,
3. Both Active-Assisted and Modified Contract-Relax methods 

will maintain up to 70-75% of flexibility gains for at least three 

without mobilization.

4. The Active-Assisted was effective at both increasing and 

retaining initial gains in. flexibility.
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Recommendations for Further Study

Based on the results of this investigation, the following recom

mendations are made for further study:

1. Examine the retention effects of three weeks or longer with
out mobilization.

2. Repeat this study using women as subjects.

3. Examine the changes in Passive stretching range of motion 

at the hip joint due to residual pain in the hip extensors using EMG 
activity as a measurement of muscular activity.

4. Examine the mechanism behind the Active-Assisted and Modi

fied Contract-Relax methods using EMG activity as a measurement of 

muscle activity.

5. Compare the effects of Active-Assisted mobilization with 

and without the PHF rotary component.

6. Repeat this study using objective directions that will 

eliminate Subjectivity on the part of the subject when attempting to 

communicate the sub-pain threshold, or pulling behind the knee.



APPENDIX A

SUBJECT CONSENT FORM

Principal Investigators Kevin T. Gibbons 
Assistant: Gary L. Lang

Project Titles "A Comparison of Three Mobilization Methods to Increase 
and Retain Hip Joint Flexibility"

You are being asked to voluntarily participate in a study com
paring three different methods for increasing flexibility in the hip 
joint. If you meet a pre-established criterion you will then be asked 
to undergo the following procedures:

A pretest of hip joint flexibility will be conducted on the one 
leg which is opposite your dominant kicking leg. Then, judging 
from the pretest results, you will be matched into groups of 
four, and randomly assigned to one of the four experimental 
groups: "Contract-Relax, Active-Assisted, Passive, and Control.

Your treatment session will last no longer than five minutes, 
and will be held three days a week for four weeks. At the end 
of the four week session you will have a three week period in 
which no treatment is administered, and only your hip joint 
flexibility will be measured once a week on Mondays. All 
treatments and measurements will be held in the McKale Center 
Exercise Sports and Sciences Lab, Room 228. You are asked to 
please wear jogging shorts, or something equivalent in style.

You must please refrain from specific stretching of the hip 
joint extensor muscles (hamstrings) in the leg opposite your 
dominant kicking leg, except when involved with the study.
All other normal activities may be permitted.

There are no extra costs, and the benefits you will receive as 
a participant, in most cases will be an increase in range of 
motion (flexibility) in the leg being tested.

Due to the nature of this project, there are no physical or 
mental risks that could result from this study. You might, in 
some cases experience a brief period of muscle soreness in the 
back of the leg following the exercise session.
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Your identity and results will be kept in complete confidence 
by the investigator. However, the group results may be 
published in a professional journal.

I understand that try participation in this study is totally 
voluntary, and that I may withdraw from the study at any time without 
any ill-will on the part of the investigators, and without affecting 
my school status. I also realize that in the event of a physical 
injury resulting from the research procedures that financial compen
sation for the cost of medical care is not available.

I also understand that this consent form will be filed in an 
area designated by the Human Subject's Committee with access restricted 
to the principal investigator or authorized representatives of the 
Department of Physical Education, and that a copy of the consent form 
is available to any subject upon request.

Should you have any questions regarding this study, please feel 
free to call Kevin Gibbons at 745-6884.

Subject's Signature Date

I have carefully explained to the subject the nature of the 
above study. 1 hereby certify that to the best of my knowledge the 
subject understands the nature, demands, benefits, and risks involved 
in participating in this study.

Principal Investigator . . . . . . .  Date ~



APPENDIX B

HUMAN SUBJECTS APPROVAL

March 11, 1980

Mr. Kevin T. Gibbons 
Department of Physical Education 
McKale Memorial Center 
Room 228
University of Arizona 
Main Campus

Dear Mr. Gibbons:

We have reviewed your proposal entitled, "A Comparison of Three Mobili
zation Methods to Increase and Retain Hip Joint Flexibility," which was 
submitted to the Human Subjects Committee and concur with the Department 
Review Committee's examination and recommendations of this manual risk 
project. Therefore, approval is granted effective March 11, 1980.

Approval is granted with the understanding that no changes will be 
made in the procedures followed or the consent form used (copies of 
which we have on file) without the knowledge and approval of the 
Human Subjects Committee and the Departmental Review Committee. Any 
physical or psychological harm to any subject must also be reported 
to each committee.

A university-wide policy requires that all signed consent forms be kept 
in a permanent file in the Departmental Office to assure their accessi
bility in the event that university Officials require the information 
and the principal investigator is no longer on the staff or unavailable 
for some other reason.

Sincerely yours,
/Signed/
Milan Novak, M.D., Ph.D.
Chairman, Human Subjects Committee
MN:pd 
xc: :Patricia C. Fairchild, Ph.D. 

Department Review Committee
Manny Furst, Ph.D. 
Biomedical Engineering
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SUBJECT SCORES FOR ALL TESTING CONDITIONS

APPENDIX G
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Table 'Subject Change Score Data

Mobilization Retention
Subject

#
Pretest
Scores

Initial
Test

Wk
#1

Wkn Wk 
#3 .

Wk
#4

Wk
#5

Wk
#6

Wk
#7

MCE
1 42 40 10 27 30 30 19 14 14
2 40 33 13 18 17 20 20 17 17
3 45 47 7 7 10 7 5 5 3
4 48 45 1 . 3 10 13 13 10 10
5 34 34 16 31 29 36 36 33 31
6 30 29 11 16 16 25 24 17 17
7 33 38 13 16 23 22 19 16 13
8 60 63 2 9 25 27 27 25 22
9 44 45 10 16 18 19 18 15 15
10 40 50 21 21 18 19 19 16 16
11 39 39 13 17 17 11 11 10 10
X 41.3 42.1 10.6 16.4 19.3 20.8 19.1 16.1 15.2

SD . 8.2 9.8 5.7 8.2 6.7 8.5 8.2 7.5 7.1
AA

1 58 52 2 13 18 28 18 17 16
2 36 30 15 22 22 35 30 30 30
3 30 28 8 20 25 30 19 19 19
4 44 46 12 10 . 21 22 14 14 13
5 48 48 25 29 37 42 34 27 27
6 45 45 ' 4 12 15 20 20 19 16
7 50 50 11 24 35 35 25 25 21
8 49 49 10 IS 24 29 20 17 14
9 34 32 13 25 33 33 18 12 12
10 45 45 10 18 25 30 21 19 19
11 29 29 10 18 25 30 21 19 19
X 42.5 41.3 10.9' 19.0 25.4 30.3 21.8 19.8 18.7
SD 9.1 9.4 5.9 5.8 6.9 6.0 5.7 5.4 5.6
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Table OX* Continued•

Mobilization______Retention
Subject Pretest Initial Wk Wk Wk Wk Wk Wk Wk

# Scores Test #1 .#2’ #3 #4 #5 #6 #7
PS

i 38 40 2 6 11 10 0 0 0
2 42 38 4 -2 6 0 0 -1 -1
3 55 58 ~2 0 -2 -2 -4 -4 -6
4 50 48 7 11 12 12 8 6 3
5 30 31 4 0 5 3 2 1 0
6 45 45 1 0 -1 -1 -5 -5 -5
7 62 58 -4 -5 -8 -8 —8 -8 -9
8 59 58 0 0H1CO1 -8 -8 -10 -10
9 65 67 -7 -2 -2 -2 -2 -5 -7
10 38 35 3 5 6 10 6 6 3
11 48 48 1 0 -1 -1 -4 -5 -5
X 48.3 47.8 .81 . .45 1.4 1.1 -1.3 -2.3 —3.3

SD 11.0 11.6 2.3 3.5 4.8 4.1 3.0 2.7 3.0
C

1 50 45 11 11 11 11 11 11 11
2 41 41 -1 -1 -1 -1 -1 -1 -1
3 48 51 —6 1 1 1 1 1 1
4 44 43 2 0 1 1 1 1 1
5 45 45 -1 0 -1 -1 -1 -1 -1
6 42 40 2 1 1 1 1 1 1
7 34 34 2 2 2 2 2 2 2
8 36 29 . 3 4 4 4 4 4 4
9 45 45 0 0 0 0 0 0 0

10 40 40 0 0 0 0 0 0 0
11 39 37 1 1 1 1 1 • 1 1
X 41.1 40.9 1.3 1.7 1.7 1.7 1.7 1.7 1.7
SD 4.8 6.0 2.8 3.1 3.1 3.1 3.1 3.1 3.1
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Table 0 2 o Subject Raw Score Datao

Mobilization Retention
Subj ect Pretest Initial Wk Wk Wk Wk Wk Wk Wk

# Scores . Test . #1. #2 #3.. #4 #5 #6 #7

MCR
1 42 40 50 67 70 ' 70 69 64 64
2 40 33 46 51 50 53 53 50 50
3 45 47 54 54 57 54 52 52 50
4 48 45 46 48 55 58 58 55 55
5 34 34 50 65 63 70 70 67 65
6 30 29 40 45 45 54 53 46 46
7 33 38 51 54 61 60 57 .54 51
8 60 63 65 72 88 90 90 88 85
9 44 45 55 61 63 64 63 60 60

10 40 50. 71 71 68 69 69 66 66
11 39 38 52 56 56 50 50 49 49
X 41.3 42.1 52.7 58.5 61.5 62.9 62.2 59.2 58.3

SD 8.2 9.8 8.7 9.2 11.5 11.5 11'. 8 11.9 11.4

1 58 52 54 65 70 80 70 69 68
2 36 30 45 52 52 65 63 63 63
3 30 28 36 48 53 58 47 47 47
4 44 46 58 56 67 68 60 60 59
5 . 48 48 73 77 85 90 82 75 75
6 45 45 49 57 60 65 65 64 61
7 50 50 61 74 85 85 75 75 71
8 49 49 59 67 73 78 69 ' 67 64
9 34 32 45 57 65 65 50 44 44
10 45 45 55 63 70 75 66 64 64
11 29 29 39 47 54 54 50 48 48
X 42.5 41.3 52.2 60.3 66.7 71.6 63.2 61.2 60.1

SD 9.1 9.4 10.7 11.0 11.5 10.6 11.0 10.8 10.4
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Table C-2. Continuede

Mobilization - Retention
Subj ect 

#
Pretest
Scores

Initial
Test

Wk 
#1. .

Wk
#2

Wk 
#3 . .

Wk
#4

Wk
#5

Wk 
#6 .

Wk
#7

PS
1 38 40 42 46 51 50 40 40 40
2 42 : 38 42 40 44 38 38 37 37
3 55 58 56 58 56 56 54 54 52
4 50 48 55 59 60 60 56 54 51
5 30 31 35 31 36 34 33 32 31
6 45 45 46 :45 44 44 40 40 40
7 62 58 54 53 50 50 50 50 49
8 59 58 58 50 48 50 50 48 48
9 65 67 60 65 65 65 65 62 60
10 38 35 38 40 41 45 41 40 38
11' 48 48 49 48 47 47 44 43 43
X 48.3 47.8 48.6 48.6 49.3 49 46.5 45.5 44.4
SD 11.0 11.6 8.6 9.8 8.5 9.1 9.4 8.9 8.3

C
1 50 45 56 56 56 56 56 56 56
2 41 41 40 40 40 40 40 40 40
3 48 51 45 52 52 52 52 52 52
4 44 43 45 43 44 44 44 44 44
5 45 45 44 45 44 44 44 44 44
6 42 40 42 41 41 41 41 41 41
7 34 34 36 36 36 36 36 36 36
8 36 29 33 33 33 33 33 33 33
9 45 45 45 45 45 45 45 45 45
10 40 40 40 40 40 40 40 40 40
11 . 39 37 38 38 38 38 38 38 38
X 42.1 40.9 42.1 42.6 42.7 42.7 42.7 42.7 42.7
SD 4.8 6.0 6.2 6.7 6.7 6.7 6.7 6.7 6.7



LIST OF REFERENCES

Billing, H. and E. Loewendahl. Mobilization of the Human Body. Palo 
Alto, California, Stanford University Press, 1949.

Brunnstrom, S. Clinical Kinesiology, 2nd ed. Philadelphia, F. A.
Davis Company, 1966,

deVries, H. A. "Electromyographic Observations of the Effects of
Static Stretching Upon Muscular Distress." Research Quarterly, 
32:468-479, 1961.

deVries, H. A. "Evaluation of Static Stretching Procedures for
Improvement of Flexibility." Research Quarterly, 32:222-229, 
1962.

deVries, H. A. Physiology of Exercise. Dubuque: William C. Brown
Publishing Company, 1974.

Dorpat, T. L. and T. H. Holmes. "Mechanisms of Skeletal Muscle Pain 
and Fatigue." Archives of Neural Psychology, 74:628-640,
1955.

Elgi, H. "Basis for Selection of Mobilization Techniques." Physical 
Therapy Review, 38:759-761, 1957.

Ferreira, E. "A Comparison of HoId-Relax and Passive Stretch Techniques 
to Increase Flexibility," unpublished Master's Thesis, Hayward 
State University, California, 12 pages, 1978.

Fleishman, E. The Dimensions of Physical Fitness, a Factor Analysis of 
Speed, Flexibility, Balance, and Coordination Tests. TR#3,
Office of Naval Research, Yale University, 1961.

Hartely, S. "A Comparison of Six Methods of Stretching on the Active 
Range of Hip Flexion," unpublished Master's Thesis, Univer
sity of British Columbia, 93 pages, 1976.

Holland, G. J. "The Physiology of Flexibility: A Review of Literature."
Kinesiological Review, 3:49, March, 1968.

Holt, L. E, , T. M. Travis and T. Okita. "Comparative Study of Three 
Stretching Techniques." Perceptual and Motor Skills, 31:611- 
616, 1970.

51



Jacobs
52

, M. "Neurophysiology Implications of Slow Active Stretching." 
American Corrective Therapy Journal, 1976.

Johns, E. "Relative Importance of Various Tissues in Joint Stiffness." 
Journal of Applied Physiology., 17:824, 1962.

Rabat, H. "Studies on Neuromuscular Dysfunction XIII: New Concepts .
and Techniques of Neuromuscular Reeducation for Paralysis." 
Permanent Foundation Medical Bulletin, 8:3, 1950.

Klafs, C. E. and D. D. Arnheim. Modern Principles of Athletic Train
ing." St. Louis: C.V. Mosby, 1969.

Knott, M. and D. E. Voss. Proprioceptive Neuromuscular Facilitation, 
2nd ed., New York: Harper and Row, Publisher, 1968.

Kraus, H. and W. Raab. Hypokinetic Disease. Springfield, Illinois, 
Charles C. Thomas, 1961.

Leighton, J. R. "A Simple Objective and Reliable Measure of Flexi
bility." Research Quarterly, 13:205-216, May, 1942.

Leighton, J. R. "On the Significance of Flexibility for Physical 
Education." Journal of Health, Physical Education and 
Recreation, 31:27-28, 70, November, 1960.

Long, P. A. "The Effect of Static, Dynamic, and Combined Stretching 
Programs on Hip Joint Flexibility," unpublished Master's 
Thesis, University of Maryland, 1971.

Markos, P. "Ipsilateral and Contralateral Effects of Proprioceptive 
Neuromuscular Facilitation Techniques on Hip Motion and 
Electromyographic Activity." Physical Therapy Journal, 
59:1366-1373, 11, November, 1979.

Mathews, D. K. and E. L. Fox. The Physiological Basis of Physical 
Education and Athletics. Philadelphia: W. B. Saunder Co.,
1976.

Mathews, D. K., R. W. Stacy and G. N. Hoover. Physiology of Muscular 
Activity and Exercise. New York: Ronald Press, 1964.

Madeiros, J. "The Influence of Isometric Exercises and Passive Stretch 
on Hip Joint Motion: Physical Therapy Journal, 57:518-523,
5, May, 1977.

Moore, M. A. and R. S. Hutton. "Electromyographic Evaluation of
Muscle Stretching Techniques." Abstract, American College of 
Sportsmedicine, 10:1, Spring, 1978.



53

Morehouse, L. E. and P. J. Rasch. Scientific Basis of Athletic Train
ing. Philadelphia: W. B. Saunders, 1958.

Munroe, R. and T. Romance. "Use of the Leighton Flexometer in the 
Development of a Short Flexibility Test Battery." American 
Correctional Therapy Journal, 29:1, January-February, 1975.

Ruch, T. C. and H. D. Patton. Physiology and Biophysics. Philadelphia: 
W. B. Saunders, 1965.

Sigerseth, P. 0. Flexibility: Physical Fitness: An Introduction to
Measurement in Physical Education. Indianapolis: Phi Epsilon
Kappa Fraternity, 1962.

Sink, S. C. "An Investigation of the East Carolina University Sports 
Medicine Method of Gaining Flexibility," unpublished Master's 
Thesis, East Carolina University, 40 pages, 1976.

Tanigawa, M. "Comparison of Hold-Relax Procedure and Mobilization on 
Increasing Muscle Length." Physical Therapy Journal, 52: 
725-735, July, 1972.

Turner, A. A. "The Effects of Two Training Methods on Flexibility," 
unpublished Master's Thesis, Lakehead University, 71 pages,
1977.


