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CHAPTER I 

ORIENTATION TO THE STUDY 

The vulnerability of the knee joint to injury during 

athletic performance is well documented. Since the structur

al support of the knee depends upon the strength of the mus

cles and ligaments which surround it, injuries to the knee 

have often been associated with instability. There has been 

concern, therefore, that certain exercises which appear to 

place undue stress on the knee joint can contribute to insta

bility and thus make the knee more prone to injury.1

That stressful exercises can cause stretching of the 

, ligaments of the knee with attendant instability is not with

out controversy. There are those researchers who submit that 

such stressful exercises can cause an increase in ligamentous 

'strength and therefore contribute not to knee instability but 

'xather to its stability.2

To further complicate the issue is the viewpoint voiced 

lKarl K. Klein, 11 Tbe Knee and the Ligaments. 11 The 
Journal of Bone and Joint Surgery 44 (Sept. 1962) :1191-1193. 

2n. H. O'Donohue, 11 Injuries to the Knee. 11 American 
Journal of Surgery 98 (Sept. 1959) :463-476; and Albert B. 
Ferguson, 11 Exercise for Athletes. 11 The Journal of Bone and 
Joint Surgery 44 (Sept. 1962) :1172-1182. 

1 
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by Glick1 that there are differences between the knee joints 

of males and females. Whereas he states that the male knee 

joint and the female knee joint are anatomically identical, 

the female has, in general, looser ligaments than the male and 

is consequently more liable to sustain injury. 

Recent growth in the numbers of girls and women par

ticipating in athletics would seem to necessitate further re

search concerning the behavior of the female knee joint to 

stress. The exercise of stress chosen for this investigation 

is the double hook sit, an exercise done predominantly by stu-

dents of yoga and of modern dance. 

Purpose of the Study 

This investigation is intended to help clarify exist

ing controversial literature regarding the action of ligaments 

of the knee joint after periods of stress. The investigation 

was delimited to 40 adult woman volunteers between the ages of 

twenty and twenty-five. A conclusion was drawn regarding the 

lateral stability of the knee joint as it was influenced by a 

position of stress. 

Definitions and/or Explanation of Terms 

For purpose of clarification, the following definitions 
:--· � ·. __ / ' . 

arid/or explanations of terms were established for use through-

out the study: 

1James M. Glick, "The Female Knee in Athletics." The 
Physician and Sportsmedicine 1 (Sept. 1973) :35-37. 
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The stress condition used was the 
:,, 

double hook sit in which the subject sat on the floor with the 

hip jointi
f
ilexed and slightly abducted. Thighs were rotated 

•'tf, 
medially t.o allow for flexion of the knees. Lower legs were 

';':,,.ti 

;•/', '\ 
thus directed laterally and posteriorly with both medial mal-

;1 '\':: 

o._:'1; 

leoli in contact with the floor. A photograph of the position 

appears in the appendix. 
,.:r:, 
-, .j;_� ' 

Lateral stability. The degree of abduction and adduc

tion of the lower leg at the knee joint on the application of 

a given force. The ligaments involved were the collateral 

ligaments !'� the amount of abduction was a function of the 

medial collateral ligament and the amount of adduction was a 

function of the lateral collateral ligament. 

Instrument for lateral stability. Lower leg abduction 

and adduction was measured on an instrument which was adapted 

from the design of the one developed at the Pennsylvania State 

University,. 
2 The instrument consisted of a table base 80

inches long, 24 inches wide, and 32. 5 inches high. At one end 

a backrest 24 inches was fixed at an angle of 75 degrees to 

the table top. An additional backrest was kept aside to make 

adjustments for shorter subjects. An automobile seat belt was 

1L. G. Hallen and 0. Lindahl, 11The Lateral Stability 
of the Knee Joint." Acta 0rthopaedica Scandinavica 36 {1965) : 
179-191. 

2Leo Ward, "The Effects of the Squat Jump Exercise on 
the Lateral Stability of the Knee Joint. 11 {M.A. Thesis, The 
Pennsylvania State University, 1970). 
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secured to the side of the table such that it could be used 

to ''•Stabilize the pelvic region of the subject's body. A cuff 

cut from Isoprene was moulded in the form of a thigh and 

mounted on a bevelled wood block, 6 inches long by 3. 5 inches 

high by 1. 5 inches wide. This was in turn fixed on a block 

10 inches wide by 7. 5 inches long by 3/4 inch high. This 

unit designed to support the posteri9r aspect of the thigh 

was fixed to the table with wood screws. Velcro straps fixed 

to the thigh cuff were wrapped securely around the thigh to 

give additional support. Also, two one-inch straps were at

tached to the wooden block and tied around the thigh to pre

vent rotation of the femur. A Leighton Flexometer was 

strapped around the thigh to determine, in degrees, the amount 

of rotation of the upper leg if any. 

A knee vise was manufactured from wood to apply a 

force to the epicondyles of the femur. A trough 25 inches 

long, 2.5 inches wide and 1.5 inches deep had a 10 inch shaft 

attached at the side through a wood block 10 inches by 4 

inches long by 8 inches high was fixed vertically in the 

trough 15 inches away from the left end (as viewed by the sub

ject). The height of the trough was selected so that the knee 

of:, the subject could be flexed at an angle of 160 degrees. On 

the right two additional blocks 5.5 inches by 2 inches wide by 

4 inches and 2 inches wide by 4 inches long by 8 inches high 

respectively were placed in the trough so that they could be
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moved laterally. A single handle attached to the end of the 

shaft moved the two padded blocks laterally and applied the 

desired force on the epicondyles of the femur. A tape was 

attached with approximate readings in centimeters to the front 

of the trough to determine the distance between the fixed and 

movable blocks. The entire unit rested on three ball bearings 

making it easy to move the vice back and forth to fit the 

length of each subject's leg. An inch tape on either side of 

the table insured the position of the trough on either side to 

be equal. A piece of 3/4 inch foam rubber was placed under 

the subject's knee for comfort. 

A movable ankle carriage assembly was constructed to 

sit in supports firmly attached to each side of the table. 

The outer side of the 11 inches long by 4 inches wide supports 

were marked to establish equal distances for the ankle unit on 

either side. A case hardened steel rod 27 inches long passed 

through two Thomson bearings, of equal distance apart, to 
,, \ 

which was welded a 12 inches by 2 inches wide metal plate. A 

pa'.dded angle iron, 8 inches wide with a 2 inch extension to 
" ,, 

the left was welded to the top of the metal plate on the right 

�ide as viewed by the subject. Opposite this plate, which was 

approximately in the center, was an adjustable padded angle 

iron 4 inches by 2 inches wide with an extension of 2 inches 

to the left. The ankle was firmly secured between the two an

gle irons. AC-clamp was used to fix the adjustable angle 
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iron in the desired position depending on the width of each 

subject's ankle. This unit was secured to two blocks, 7 

inches high by 4 inches long by 3/4 inch wide and fit in sup

ports attached to the side of the table. An appropriate 

length of 1/6 inch aircraft cable was attached to each side 

of the carriage assembly and extended over frictionless pul

leys. Weight pans were attached to the cables by S hooks and 

were filled with 2 pounds and 10 ounces of sand to compensate 

for the friction within the carriage assembly. A centimeter 

scale for obtaining precise readings of the lateral stability 

of the knee joint was placed under the steel rod. All of the 

units were movable and attached to the table by means of C

clamps. A photograph of the instrument appears in the appen

dix. 

Statement of the Problem 

The general problem of the study was to determine the 

influence of the double hook sit on the lateral stability of 

the knee joint of adult women. Specifically, the following 

hypotheses were tested: 

1. The double hook sit makes no significant differ

ence in the amount of abduction at the knee joint as measured 

by a pre-test and post-test. 

2. There is no significant difference between the ex

perimental and control group with regard to abduction at the 

knee joint. 
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3. There is no significant difference between the

right and left legs with regard to abduction at the knee joint. 

4. There is no significant interaction between/among

groups, trials, and legs with regard to abduction at the knee 

joint 1

• 

5. The double hook sit makes no significant differ

ence in the amount of adduction at the knee joint as measured 

by a pre-test and post-test. 

6. There is no significant difference between the ex

perimental and control group with regard to adduction at the 

knee joint. 

7. There is no significant difference between the

right, and left legs with regard to adduction at the knee joint. 

8. There is no significant interaction between/among

groups, trials, and legs with regard to adduction at the knee 

joint� 

Delimitations of the Study 

The study was subject to the following delimitations: 

1. Forty volunteers between the ages of twenty and

twenty-five, who were female students of the Texas Woman• s Uni

versity, and had no record of previous knee injury. 

2. One control and one experimental group equated

initially on the basis of the stability of the subject's knees. 

3. The cooperation of the volunteers during the four

weeks training program conducted three times a week. 
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4. Two continuous five second periods of stress each

exercise day, done by the subject any time between 12 p.m. 

and 1 p.m. in the presence of the investigator. 

5. The validity, reliability, and objectivity of the

instrument used to measure lateral stability of the knees. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

A survey of literature disclosed that the present 

study did not duplicate any previous investigations. A review 

of the studies which are related to the development of this 

study are presented. 

Bender1 and others undertook a study at the United 

States Military Academy at West Point to determine the factors 

that affect the occurrence of knee injuries. A total of 806 

cadets were tested for muscular strength with the knee in 80

degrees and 160 degrees of extension. 

Cadets who displayed greatest strength differences be

tween the two limbs and the ones who had suffered from previ

ous injury were retested and classified as the experimental 

group. The retest consisted of measurement of strength with 

the knee at angles of 180 degrees and 135 degrees of flexion 

plus the original test. The experimental group was sub

divided further into special exercise groups consisting of 120 

cadets and a control group of 11 7 cadets. The exercise group 

participated in an i sornetric exercise program for strengthen

ing and stabilizing the knee in addition to the regular 

lJay A. Bender et al., "Factors Affecting the Occur
'rence of Knee Injuries." Journal of the Association of Phys
ical and Mental Rehabilitation 18 (Sept. 1 964):130-134.

9 
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activity program participated in by the control group. The 

rest of the cadets were classified as the residual group and 

participated in regular activities. Injuries sustained by the 

subjects were then classified as contact and non-contact inju

ries. 

The Chi-square test was used to evaluate any signifi

cant differences which may-have existed between the experi

me�tal groups and the residual group. A significant differ

ence was obtained at the .01 level. Application of the t-test 

revealed that the experimental group had gained greatest mus

cu!ar strength: however, there was no significant difference 

in any group which could explain the occurrence of contact in

juries. A further analysis of the non-contact injury data re

vealed that the taller cadets within the control group were 
t 

;,.,._, 

those who had been injured. 

Nicholas1 conducted a survey on the New York Jets Foot-
}\; 

ball team to determine major knee ligament ruptures after test-
. ;� 

ing the mobility of the extremities. The five basic tests uti-

lized to measure tightness were as follows:

(1) The ability to flex the spine so that the palms
could touch the floor with the knees fully extended; (2)
the presence of recurvatum of the knee of 20° or more
with the patient prone (legs hanging over a table) mea
sured by goniometer; (3) the demonstration, with the
knees flexed up to 15° to 30° and with the hips, knees,

1James A. Nicholas, "Injuries to Knee Ligaments -
Relationship to Looseness and Tightness in Football Players. 11 

Journal of the American Medical Association 212 (June 29, 
1970) :2236-2239. 
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and ankles turned out to maximum external rotation; (4) 
the ability to lie or sit on the floor with the knees 
or ankles parallel to the floor in external rotation 
("lotus position 11), or, in internal rotation of suffi

cient degree to permit the legs and thighs to parallel 
the floor; (5) the presence of upper extremity laxity 

· demonstrated by the ability of shoulder flexion, elbow
hyperextension, and hypersupination of the forearm to
position the hypothenar eminence to incline cephalad
in a vertical plane with the elbows extended and the
forearms supinated.

All of the 139 professional football players after be

ing classified as loose or tight jointed were checkf2ld for ma

jor knee ruptures. The highest percentage of knee ligament 

ruptures occurred in the loose-jointed group, whereas only 4 

percent in the tight category suffered ruptures. On the other 

hand a higher rate of muscle injuries occurred among subjects 

in the tight-jointed category. Nicholas concluded that spe

cific exercises for strength should be designed for the loose

jointed individuals and flexibility exercises for the less mo

bile ones. 

Marshall 1 designed a longitudinal study which encom

passed a two year period over which the injury potential of 

college football players could be predicted. Subjects used 
;· 

for the study were male freshman stuqents from the University 

of Wisconsin ranging from seventeen to nineteen years. The 

control group consisted of twenty-five students randomly se

lected from the freshman population which later reduced to 

1william Allen Marshall, "A Longitudinal Study of the

Injury Potential of the Collateral Ligaments of College Foot

ball Players. 11 (Ph.D. Dissertation, University of Wisconsin,

1971). 
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sixteen members. The experimental group consisted of freshman 

varsity football players which dropped to fifteen members dur

ing the course of the experiment. The experimental group was 

later sub-divided into injury and non-injury groups. Liga

ment and strength measures were obtained from the right and 

left legs of both the groups which were not matched, in any 

way, prior to the experiment. A testing apparatus similar to 

the one designed by Sprague1 was used to measure the looseness

and tightness of the medial and lateral ligaments. The height 

and weight data which could influence injury susceptibility 

were measured by the use of a balance beam scale. Eight peri

odical testing sessions were conducted and were spaced approx

imately three months apart and lasted for 30 minutes each time. 

At-test conducted on fifteen variables showed that a 

significant difference existed at the • 01 level between the 

mean scores of the control and experimental groups. However, 

a multivariate discriminant function analysis could not accu

rately assess the injury potential between the injury and non

injury experimental groups. At the conclusion of the study, 

the experimental group which was taller, heavier, and stronger 

exhibited tighter collateral knee ligaments than did the con

trol group. 

1R. B. Sprague et al., "Evaluation of a Photographic
Method for Measuring Leg Abduction and Adduction. 11 Journal 
of the American Physical Therapy Association 46 (Oct. 1966): 
1068-1078. 
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Klein 1 undertook a comparative study to determine the 

effect of the deep squat on the ligaments of the knee. The 

experimental group consisted of 128 competitive weight lifters 

from the 1 959 Pan-American games and those who had attended 

competitions in Texas. The control group consisted of 386 

subjects from the University of Texas enrolled in weight lift

ing, basketball, and gymnastic classes. All subjects with 

previous knee injuries and those who had done deep-squats were 

eliminated from the control group. Standard orthopaedic tests 

were conducted to classify the knees as stable or unstable. 

A percentage comparison on intergroup basis in addi

tion to Chi-square analysis was conducted. The experimental 

group of squatters had a much higher percentage rate of liJa

ment instability in two or more ligaments of both legs com

pared to the control group which had 44 percent more members 

with no ligament instability. An extremely high Chi-square 

analysis indicated that the deep-squat exercise was responsi

ble for ligament instability found in the experimental group. 

The investigator stated that activities such as deep knee 

bends, duck waddles, and squat jump exercises were responsible 

for the ultimate weakening of the ligaments. On the basis of 

his evidence he strongly recommended that such activities be 

lKarl K. Klein, "The Deep Squat Exercise as Utilized 
in Weight Training for Athletics and its Effect on the Liga-
ments of the Knee. 11 Journal of the Association of the Phys
ical and Mental Rehabilitation15{Jan. 196 1 } :6-11.--
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discouraged or modified to bring about ligament strength and 

eliminate the possibility of damage to the ligament structures 

of the knee joint. 

Klein1 conducted a study to determine the influence of

the deep-knee squat on the ligaments of the knee. The control 

group consisted of 386 University students who had never done 

these exercises and the experimental group of 128 weight 

lifters who had done deep-squats. All subjects included in 

the study had no record of previous knee injury. Orthopaedic 

tests for ligament stability were conducted to examine the 

stability of the ligaments. On the basis of the tests the lig

aments were classified as stretched or intact. 

The application of the Chi-square test determined all 

differences between the experimental and control groups to be 

significant at the .01 level. The medial and lateral liga

ments of the experimental group were found to be more unstable 

than the ligaments of the control group. The incidence of in

stability of anterior cruciate ligament was greater also in 

the experimental group. The data revealed that more lateral 

as compared to medial ligaments of the deep-squat group were 

found to be unstable. 

The investigator stated that the deep-squat, when per

formed to improve muscle strength, also stretches the 

1Karl K. Klein, "The Knee and the Ligaments." '.!'.P�
Journal of Bone and Joint Surgery 44 (Sept. 1962) :1191-1193. 
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ligaments. The result is an unstable knee which is more prone 

to injury. Also, as years go by and physical activity de

creases, instability of the affected ligaments can cause de

rangements and diseases such as osteo-arthritis. Based upon 

his findings, Klein concluded that deep-squat and similar ex

ercises should be discouraged in all athletic and physical 

conditioning activities or modified before being included in 

the training program. 

Ward1 conducted a study to determine the effect of the 

squat jump exercise on the lateral stability of the knee joint. 

Stibjects were 54 volunteers from the required physical educa

tion program for men at the Pennsylvania State University. 

In the selection of the subjects, any individual who 

had sustained a previous injury involving ligarnentous or car

tilage damage or had participated in other activities in which 

extensive deep knee bends were performed was not used. The 

l'�;teral stability of both knees of each subject was evaluated 
,",,•-,,, 

and two equated groups were formed accordingly. The experi-

mental group performed two sets of twenty squat jump exercises 

at:'the beginning and end of each class with one minute rest 
,·:;]\{ 

between each set in addition to participating in handball ac-
'r:r'

tivities three times per week. The control group participated"i:. 
in handball only. A pre-test and a post-test were conducted 

1Leo Ward, "The Effects of the Squat Jump Exercise on 
the Lateral Stability of the Knee Joint. 11 (M.A. Thesis, The 
Pennsylvania State University, 1970). 
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before and after a seven week period utilizing a lower leg ab

duction and adduction instrument designed at the Pennsylvania 

State University. 

Ward determined his results by applying the t-test of 

significance. The squat jump exercise appeared to have no ap

preciable effect on the lateral stability of the knee joint. 

The control group and the experimental group displayed a sig

nificant decrease in adduction of the right knee joint and 

the left knee joint respectively. The abduction of the right 

knee joint increased significantly in both groups. Reliabil

ity was computed for within day measurements resulting in cor

relation coefficients ranging from .72 to .96 for pre-test and 

post-test. 

Klein1 indicated that previously conducted studies on 

progressive exercises for strengthening the quadriceps and 

hamstrings had shown very little influence upon the stability 

of the collateral ligaments. Thirty-eight college age male 

students who had received no specific ligament surgery but 

were taking part in a knee reconditioning program were selected 

to participate in the special program for ligament instability. 

The medial ligament was exercised by abducting the knee at a 

1Karl K. Klein, 11Specific Progressive Resistive Exer
cises for Increasing Medial-Lateral Collateral Ligament Sta
bility and Use of Knee Ligament Testing Instrument for Test
Retest Measurements. 11 Journal of the Association of the Phys
ical and Mental Rehabilitation 18 (Sept. 1964):135-13~ 
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90 degree angle of flexion. The reverse was done for the lat

eral ligament. A triple series of ten repetitions of the me

dial and lateral ligament exercises were done by the subjects 

using their injured leg. A minutes rest given between each 

repetition and the sequence was done three times a week. In

crease of load was based solely on the tolerance of each indi

vidual. Pre-tests and post-tests were conducted using the 

Ligament Testing Instrument with the subjects' legs in an ex

tended knee position. 

Significant increase in ligament tension was found 

from the computed t ratio. A significant difference was found 

in the medial and lateral ligaments of the injured one. In 

addition the lateral ligament of the involved knee was found 

to 'Shave approached normalcy. Klein recormnended the use of 

these exercises in conjunction with quadriceps and hamstrings 

exercise programs in order to make the knee joint more secure. 

Hallen and Lindahl1 conducted a study to determine the

best method of examining the knee joint for lateral instabil

ity." The knee joints of seven men and nine women from autopsy 

cases were examined in addition to 50 knee joints of out and 

in-patients. An apparatus was constructed which could read 

off:. in degrees the lateral stability of the knee joint in any 

desired position. The intact knees were measured first in 

1L. G. Hallen and O. Lindahl, "The Lateral Stability
of· the Knee-Joint. 11 Acta Orthopaedic Scandinavia 36 (1965): 
179-191.
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extension, then at an angle of 160 degrees of flexion. The 

tibial collateral ligament and anterior and posterior liga

ments from the knees of eleven of the autopsy cases were di

vided in turn and the knees retested for lateral stability in 

the same two positions. Accurate results could not be ob

tained because of the elasticity of the tissues and the lack 

of application of a constant force on the knee. Therefore, 

the lateral instability was not divided into abduction and ad

duction. 

The results showed that none of the autopsy specimens 

displayed lateral instability in extension irrespective of 

the knee being intact or the ligaments divided. The investi

gators, based on their findings, stated that as the two con

dyles on either side of the knee joint came in contact with 

each other in an extended position any lateral movement was 

prevented. Instability in the extended position, if any, was 

attributed to loss of substance in the condyles because of a 

fracture or osteo-arthritis. The method of testing for insta

bility of the knee joint in an extended position was stated as 

being inaccurate. Examination of the collateral ligaments, 

especially the tibial collateral ligament, was suggested; it 

was recommended that the investigation be conducted with the 

knee at an angle of 160 degrees of flexion. 

Twenty male student volunteers from the College of 

Health, Physical Education, and Recreation at the Pennsylvania 
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State University were used for a study by Goldfuss1 and others

to"deterrnine the effect of muscular tension on the stability 

of the knee joint. None of the subjects had any record of 

previous knee injury. 

Measures of abduction and adduction of the knee joint 

and electromyography activity of the quadriceps and hamstring 

muscles of the right leg of each subject were obtained. The 

data were collected twice on two days within a period of seven 

days. A lower leg abduction and adduction instrument made at 

the Pennsylvania State University was used. The knee was kept 

at an angle of approximately 1 75 degrees when the lateral sta

bility was measured and an electromyography instrument was 

used at the same time to obtain EMG activity of the quadriceps 

and hamstrings under conditions of assumed relaxation, relaxa

tion with visual feedback, weak muscular contraction, and 

strong muscular contraction. 

Reliability coefficients for abduction and adduction 

of the right knee under various conditions were obtained for 

within day and between days. Within day reliabilities for ab

duction ranged from . 79 to . 98 and • 85 to . 99 for adduction. 

Reliabilities ranged between .51 and .64 for abduction and .70

to .86 for adduction for between days. An analysis of vari

ance was performed which obtained significant F ratios at the 

1Arnold J. Goldfuss et al., "Effect of Muscular Ten
·· .. sion on Knee Stability. 11 Medicine and Science in Spqrts 5
'(April 1973) :267-271.
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.01 level. On the application of Tukey•s test the mean dif

ferences between assumed relaxation and relaxation were not 

significant. However, all other mean differences were found 

to be significant at the .01 level. Based on his findings, 

Goldfuss et al concluded that it was not necessary to use 

electromyography for visual feedback as unconscious muscular 

activity had no effect on measurements of abduction and ad

duction of the knee joint. On the other hand conscious mus

cular contraction of the muscles stabilizes the knee joint 

which should be taken into consideration for rehabilitation 

of the knee. 



CHAPTER III 

METHODS AND PROCEDURES 

The general problem of the study was to determine the 

influence of the double hook sit on the lateral stability of 

the knee joint. The study was conducted on adult woman vol

unteers who were students of the Texas Woman's University at 

Denton, Texas. This chapter consists of methods and proce

dures used in the attainment of the purpose of the study. In

cluded are preliminary procedures, procedures followed in 

selection of instrument, procedures followed in selection of 

subjects, procedures followed in the collection of data, and 

preparation of the final written report. 

Preliminary Procedures 

The investigator surveyed, studied, and assimilated 

information from all available documentary sources related to 

all aspects of the proposed study. This information was used 

in the formation of a ten ta ti ve outline. Penni ssion to con

duct the study was secured from the Dean of the College of 

Health; Physical Education, and Recreation and the Human Re

search Committee of the Texas Woman's University. 

The outline of the proposed study was developed by the 

investigator and approved by the members of the thesis 

21 
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conunittee. On March 6, 1975, the completed tentative outline 

of the thesis was presented at a Graduate Seminar. In accor

dance with suggestions offered by those participating, the 

outline was revised. A Prospectus of the approved study was 

then filed in the office of the Dean of Graduate Studies of 

the Texas Woman's University. 

Procedures Followed in Selection of Instrument 

Through the review of literature the instrument for 

measuring lateral stability of the knee joint developed at the 

Pennsylvania State University was selected. A copy of the 

blue print was obtained and a similar apparatus constructed. 

The instrument was designed to clamp the femur and by adduc

tion and abduction of the tibia the joint stability was ascer

tained. The reliability of the instrument was established 

using 30 female volunteers between the ages of twenty and 

twenty-£ i ve. A description of the instrument is presented in 

Chapter I, and a photograph of the instrument appears in the 

appendix. 

Procedures Followed in Selection of Subjects 

The subjects for the study were selected on the follow

ing criteria: (1} the subjects had to be females within a 

range in age from twenty through twenty-five years; (2) each 

subject had to volunteer and sign a written consent; (3) the 

subjects had to be students of Texas Woman's University at 
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Denton; Texasi (4) the subjects had to have no history of pre

vious knee damage. 

Procedures Followed in the Collection of Data 

A pilot study was conducted to determine the relia

bility of the instrument. A total of 30 female volunteers be

tween the ages of twenty and twenty-five who were students of 

the Texas Woman's University volunteered to participate in the 

reliability tests. Each subject was weighed and 6 percent of 

her body weight determined. An ace bandage was wrapped around 

the subject's thighs and the subject was then strapped onto 

the table. Weights equivalent to 6 percent of her body weight 

were then added to the weight pan and the deviations recorded 

in centimeters. A Leighton Flexometer was strapped around the 

subject•s thigh and was read throughout trials. If it re

corded more than 4 degrees of rotation, more pressure was ap

plied on the condyles of the femur and the stability reevalu

ated. Each knee of each subject was tested twice. 

Initial testing was done to establish reliability. 

The test-retest method was used on 30 volunteers regarding 

both medial and lateral stability of both knees. 

The pre-test of the 40 subjects comprising the inves

tigation was then performed and lasted over a period of one 

week. At the conclusion of the pre-test, two equated groups 

of twenty subjects each were formed based on the evaluation of 

the abduction and adduction of the tibias. The total of the 
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deviations of both knees were used for ranking. The experi

mental treatment was then randomly assigned by flip of the 

coin to one group. 

The experimental group participated in a planned pro

gram for a four week period in which the double hook sit po

sition was performed for two five second periods each day, 

three days per week. Each subject reported to the investiga

tor any time between 12 p.m. and 1 p.m. each exercise day. 

The subjects were observed by the investigator for two timed 

fifteen second counts during which each subject knelt for 

five seconds, assumed the double hook sit for five seconds, 

and then resumed the original kneeling position for the final 

five seconds. During this four week period the control group 

was asked to abstain from sitting in that position. 

At the end of the experimental period a post-test was 

conducted within a period of one week. One subject from the 

experimental group was eliminated from the study as she did 

not conform to the experimental schedule. The experimental 

group thus comprised of nineteen subjects and the control, 

twenty subjects (N = 39). 

A graduate student was trained by the investigator to 

facilitate the measurement of the subjects• knees. The assis

tant was trained during the course of the reliability tests. 

Preparation of the Final Written Report 

Upon completion of the post-test, the data were 

• 
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treated descriptively and with a three-way analysis of vari

ance with repeated measures. The investigator then organized 

the collected data and presented it in a ppropriate tables and 

graphs. The data were summarized, and a conclusion was drawn 

based upon the problem of the study. A written report of the 

study was submitted which contained the findings and recommen

dations for future studies. A classified bibliography and an 

appendix were added in order to complete the writ ten report. 



CHAPTER IV 

PRESENTATION OF THE FINDINGS OF THE STUDY 

The problem of the present investigation was to deter

mine if the double hook sit makes a significant difference in 

the lateral stability of the knee joint of the adult female. 

A pilot study to establish the reliability of the instrument 

for measuring knee stability was conducted on thirty female 

volunteers. On the completion of the pilot study the investi

gation was conducted using 40 female volunteers from the Texas 

Woman's University. One subject had to be eliminated from the 

study because of irregular attendance. Therefore, the data 

were based upon 39 subjects, twenty in the control group and 

nineteen in the experimental group. Presented in this chapter 

are the reliability results, the height and weight data of the 

subjects, and the analysis of variance calculated from data 

obtained from the administration of the tests. 

Presentation of the Data 

Table 1 presents the test-retest reliability data of 

the instrument for measuring the lateral stability of the knee 

joint. Pearson Product Moment Correlation coefficients were 

calculated using the two readings of each of four trials. The 

reliability coefficients noted in the table were, in general, 

26 
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rather high with the exception of the reliability coefficient 

obtained for the le£ t knee during abduction (r= . 64) • This · 

coefficient was considered to be a chance fluctuation as the 

other coefficients were much higher. No other explanation can 

be made. 

TABLE 1 

DATA FOR RELIABILITY OF THE INSTRUMENT 
(N=30) 

Ligament 

Right Medial 

Right Lateral 

Left Medial 

Left Lateral 

r 

.81 

.86 

.64 

.90 

Description of Raw Data of Participants 

A questionnaire was used for the initial collection of 

the data. The subjects were asked to state their names, ages, 

and their height and weight data were taken and recorded. All 

of the subjects who participated were between the ages of 

twenty and twenty-five and were students of the Texas Woman I s 

University at Denton, Texas. 

Table 2 presents the descriptive statistics of the 

subjects regarding height and weight. The heights of the sub

jects varied from 5 feet 10 inches to 5 feet. A standard de

viation of 2.47 shows that the sample was distributed normally 
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about its mean. A small standard error of the mean indicates 

that the sample mean is fairly representative of the popula

tion mean. 

The weight of the subjects ranged from 100 pounds to 

194 pounds. The standard deviation of 19.19 shows that the 

sample was skewed positively about its mean. The standard 

error of the mean was judged sufficiently small to indicate 

that the sample mean was fairly representative of the popula

tion mean. 

TABLE 2 

HEIGHT AND WEIGHT OF PARTICIPANTS 
(N=39) 

Heighta 

Weightb 

Range 

10 (60-70) 

94 (100-194) 

ameasured in inches
bmeasured in pounds 

Mean 

64.4 

130.95 

S.D.

2.47 

19.19 

S.E.M. 

0.40 

3.08 

Table 3 presents the results of the ,:!:-test used to de

termine if the experimental and control groups were initially 

equated regarding knee stability. The mean deviations of the 

four ligaments ranged from a minimum of 1.2 centimeters to 9. 5 

centimeters. The resulting ,:!:'s revealed no significant differ

ences at the • 05 level between the control and experimental 

groups on the pre-test with respect to either the right or 

left leg. 
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TABLE 3 

SUMMARY TABLE OF RESULTS OF t-TESTS OF TIBIAL 
ADDUCTION AND ABDUCTION OF CONTROL 

Ligament 

Right Medial 

Right Lateral 

Left Medial 

Left Lateral 

AND EXPERIMENTAL GROUPS* 
(N=39) 

Group Range Mean s.D. S.E.M.

Control 2. 5-8. 5 5. 06 1 • 83

Experimental 2.0-9.0 4.78 1.80 

Control 1. 2-7. 0 4. 44 1 • 48

Experimental 2. 5-7. 5 4. 20 1. 40

Control 1.5-8.0 4.12 1.84 

Experimental 2. 0-6. 5 3. 93 1. 29

Control 2.5-9.5 5.66 2.0 

Experimental 2.0-7.5 5.07 1.61 

0.41 

0.41 

0.33 

0.32 

0.41 

0.29 

0.45 

0.37 

,!:: (. 05) = 1. 68
*Measured in centimeters

0.47 

0.51 

0.35 

0.96 

In order to test the assumption of compound symmetry 

which underlies the use of analysis of variance with repeated 

measures, two Chi-square tests recommended by Winer 1 were em

ployed. The resulting Chi-square values ranged between 1.03 

to 4.25. Since Chi-squares of 15.5 and 18.3 were required for 

significance at the • 05 level for those tests, it was apparent 

that the data comprising both analysis of variance designs did 

1B. J. Winer, Statistical Principles in Experimental
Design, 2d ed., (New York: McGraw Hill Press, 1971), pp. 
594-595.
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di splay compound symmetry. 

Results of the three-way analysis of variance with re

peated measures on two factors are presented in Table 4. The 

results indicated that there were no significant differences 

either between the groups, the trials, or the right and left 

legs. The F value of 7. 36 for trials by groups indicates that 

there was a significant interaction between the experimental 

and control group means over the pre-test and post-test trials 

(Figure 1). The F ratio for the legs by groups- source of 

TABLE 4 

. ANALYSIS OF VARIANCE OF PRE-TEST AND POST-TEST SCORES 
OF MEDIAL LIGAMENTS FOR RIGHT AND LEFT LEGS OF 

CONTROL AND EXPERIMENTAL GROUPS 

Source of Variance 

Between 

Groups 
Subjects 

Within 

Trials 
Trials 
Trials 

Legs 
Legs X

Legs X

Trials 

x Groups 
x Subjects 

Groups 

(Groups) 

Subjects (Groups) 

x Legs 
Trials x Legs x Groups 
Residual 

*F .05 (1, 37) = 4.08

df ss 

38 

1 5.55 
37 187.08 

117 

1 1.87 
1 14 .15 

37 71.06 

1 11.52 
1 0. 92

37 129. 75

1 4. 91
1 4.45

37 2.61

variance was not significant indicating 

MS F* p 

5.55 1.10 n. s.
5.06 

1.87 0. 97 n. s.
14.15 7 .36*

1.92 

11.52 3.28 n. s.
0.92 0. 26 n. s.
3.51 

4.91 70.14* 
4.45 6.46* 
0.07 

that the means of the 
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two groups maintained their respective positions for both legs 

(Figure 2) • The F value of 70.14 for trials by legs indicates 

that there was a significant interaction between the mean sta

bility of the right and left legs as determined at the time of 

the pre-test and post-test {see Figure 3). A significant F of 

6.46 was acquired for the three way interaction between the 

pre-test and post-test means of the control and experimental 

groups for the medial ligaments of the right and left knees. 

Figure 4 illustrates that interaction. 

Figure 1 shows that the mean scores of the control and 

experimental groups experienced a position change towards the 

end of the experimental period. The experimental group became 

less stable from the pre-test to the post-test whereas, the 

control group became more stable. It can be noted that 'che 

mean scores of the control and experimental groups on the pre

test were relatively close together, whereas on the post-test 

the means varied more in value. 

6 

5 

4 

X 3 

2 

1 

� 
Experimental

:;:::..., Control 

Pre 

Fig. 1. Mean scores of the pre-test and post-test 
data of the medial ligaments of the control and experimental
groups. 

• 
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A Scheffe test was computed to determine whether any 

significant differences existed between the four means graphed 

in Figure 1. Table 5 shows that no significant differences 

existed. Thus, neither the experimental nor the control group 

differed from each other on either test, and, further, neither 

group's pre-test score differed from its post-test score. 

1 

2 

TABLE 5 

SCHEFFE TEST APPLIED TO THE PRE-TEST AND 
POST-TEST DATA OF THE MEDIAL LIGAMENTS 
OF THE CONTROL AND EXPERIMENTAL GROUPS 

Experimental Post Experimental Pre 
Control Pre Control Post 

0.60 0.83 

0.23 

o. 98

o. 39

3 
0.16 

Mean difference required for significance: 1. 30 

Figure 2 presents the mean scores of the ri<;:rht and 

left legs of the medial ligaments of the control and experi

mental groups. The graph shows that the mean scores of both 

the right and left legs of the control subjects were more sta

ble than were the two legs of the experimental subjects. The 

average stability of the left leg of all subjects was slightly 

greater than the right leg. 

Table 6 presents _the results of Scheffe test conducted 

on the mean scores of the right and .;Left legs of the experi-
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Experimenta� 

Control 

Right 
Leg 

- ·

Le t 
Leg 

Fig. 2. Mean scores of the right and left legs of 
the medial ligaments of the control and experimental groups. 

mental and control groups. Since there were no significant 

differences, it may be said that mean stability of the two 

groups did not differ with respect to either the right or left 

leg. 

1 

2 

TABLE 6 

-

SCHEFFE TEST APPLIED TO THE RIGHT AND LEFT LEGS DATA 
OF THE MEDIAL LIGAMENTS OF THE CONTROL 

Experimental R 

AND EXPERIMENTAL GROUPS 

Experimental L 

0. 39

Control R 

0.23 

0.16 

Control L 

0.92 

0.53 

3 
0.69 

Mean difference required for significance: 1. 76 

Figure 3 shows the mean scores of the pre-test and 

post-test data of the medial ligaments of the right and left 

-- .. -
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legs. The graph reveals that the pre-test mean score of the 

left leg increased on the post-test, whereas, the post-test 

scores of the right leg reduced in value. The difference be

tween the right and left leg mean scores was greater on the 

pre-test than on the post-test. 

5 

4 

x 3 

2 

1 

Pre 

Right 

Left 

Post 

Fig • 3 . Mean scores of the pre-test and post-test 
data of the medial ligaments of the right and left legs. 

,. Table 7 reveals the results of Scheffe test on the 

pre-test and post-test data of both legs. The only signifi

cant difference deemed to be of importance to this investiga

tion in Table 7 was between the pre-test and post-test data 

of the left leg. The increased instability of the left leg 

on the post-test revealed by the graph (figure 3) was indi

cated as being significant on the application of Scheffe' test. 

Figure 4 A and B presents the mean scores of the pre

test and post-test data of the right and left legs respec

tively of the experimental and control groups. The differ

ence between the mean scores of the experimental subjects for 

both legs were quite similar from pre-test to post-test with 
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TABLE 7 

SCHEFFE TEST APPLIED TO THE PRE-TEST AND 
POST-TEST DATA OF THE MEDIAL LIGAMENTS 

OF THE RIGHT AND LEFT LEGS 

Pre Right Post Right 

0.13 

Post Left 

0.32* 

0.19 

Pre Left 

o. 90*

0.77* 

3 0. 58*

*Significant at .05 level
Mean difference required for significance: 0. 25

the two legs showing a loss of stability. The mean scores of 

the control subjects exhibited, however, an increase in sta

bility of the right leg and the left leg. 

Control 

><:: 
Experiz 

5 

4 4 
Experimental 

Control 
X 3 X 3 

2 2 

1 1 

Pre Post Pre Post 

A. Right Leg B. Left Leg

Fig. 4. Mean scores of the pre-test data of the 
medial ligaments of the right and left legs of the experi
mental and control groups. 

� 

Table 8 reveals the results of the Scheffe test on the 

eight means graphed in Figures 4A and 4B. Several significant 

, 

• 
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differences emergedr however, only certain of these compari

sons were deemed to be of importance to this study. It can 

be noted that both knees of the experimental subjects were 

significantly less stable at the conclusion of the study than 

they were at the pre-test, whereas, the control subjects evi

denced a significant increase in stability of the right knee 

and no change in the left knee. Further, post-test scores 

indicated that both knees of the experimental subjects were 

significantly less stable medially than the knees of the con

trol subjects. This is viewed with particular interest since 

no such significances were noted on the pre-test. 

1 
2 

3 

4 

5 

6 

7 

TABLE 8 

SUMMARY OF SCHEFFE TEST APPLIED TO THE PRE-TEST AND 
POST-TEST DATA OF THE RIGHT AND LEFT LEGS OF 

THE MEDIAL LIGAMENTS OF THE EXPERIMENTAL 
AND CONTROL GROUPS 

Post EL Pre CR Post CR Post CL 
Post ER Pre ER Pre CL 

0.07 0.16 0.43* 0.80* 1.12* 1.23* 
0.09 0.36* 0.72* 1.03* 1.17* 

0.28 O.64* 0.95* 1.09* 

0.36* 0.67* 0.81* 
0.31 0.45*. 

0.14 

*Significant at .05 level
Mean difference required for significance: 0.34 
EL: Experimental Left 
ER: Experimental Right 
CL: Control Left 
CR t Control Rioht 

Pre EL 

1.29* 
1. 22*
1.13*

0.85*
0.49*

0.18

0.04
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Table 9 presents the results of the three-way analysis 

of variance which reveals that the double hook sit made no 

significant difference in the stability of the lateral liga

ments either between groups or trials. However, a significant 

F ratio of 31. 28 was obtained for the legs. There was no sig

nificant interaction b etween the experimental and control 

group means over the pre-test and post-test trials (figure 5). 

The F ratio for the legs by groups source of variance was not 

significant indicating that the means of the two groups main

tained their respective positions (figure 6). The mean sta

bility of the right and left legs as determined at the time of 

pre-test and post-test did not reveal a significant interac

tion (figure 7). A significant F ratio of 5.29 obtained for 

the three-way interaction between the pre-test and post-test 

means of both groups for the lateral ligaments of both legs is 

illustrated in figures 8A and 8B. 

It is evident from the graph, Figure 5, that the mean 

scores of the experimental and control groups experienced a 

slight position change towards the end of the experimental 

period. The knees of both groups became more unstable from 

the pre-test to the post-test. The means of the two groups 

varied more in value on the pre-test than on the post-test. 

Table 10 shows that there were no significant differ-

, 

ences between the four means graphed in Figure 5. The Scheffe 

test revealed that neither the experimental nor the control 
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TABLE 9 

ANALYSIS OF VARIANCE OF PRE-TEST AND POST-TEST SCORES 
OF LATERAL LIGAMENTS FOR RIGHT AND LEFT LEGS OF 

CONTROL AND EXPERIMENTAL GROUPS 

Source of Variance df ss MS F p 

Between 38 

Groups 1 4.87 4 .87 0.73 n. s.
Subjects (Groups) 37 246. 01 6.65 

Within 117 

Trials 1 2.34 2. 34 2.44 n. s.
Trials x Groups 1 0.00 0 .oo o.oo n.s.
Trials x Subjects (Groups) 37 35.41 0.96

Legs 1 32.54 32.54 31.28* 

Legs x Groups 1 0.59 0.59 0.56 n. s.
Legs x Subjects {Groups) 37 38.48 1.04 

Trials x Legs 1 0.59 0.59 0.80 n. s.
Trials x Legs x Groups 1 3. 90 3. 90 5.29* 

Residual 37 27.26 o. 74

F .05 (1,37) = 4.08 

Control 

4 Experimental 

X 3 

2 

1 

Pre Post 

Fig. 5. Mean scores of the pre-test and post-test 
data of the lateral ligaments of the control and experimental 
groups. 

... 
5 
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groups di£ fered from each other. on either test and neither 

groups pre-test scores differed significantly from its post

test score. 

Control 

1 

2 

3 

Mean 

TABLE 10 

SCHEFFE TEST APPLIED TO THE PRE-TEST AND 

POST-TEST DATA OF THE LATERAL LIGAMENTS 
OF THE CONTROL AND EXPERIMENTAL GROUPS . 

Post Experimental Post 
Control Pre Experimental 

0.18 0.29 0.59 

0.11 0.41 

0.30 

difference required for significance: o. 92

Pre 

Figure 6 shows the mean scores of the right and left 

legs of the lateral ligaments of the two groups. The graph 

shows that the mean scores of the right leg of all subjects 

were more stable than the left leg. The right leg of the con

trol group was more stable than the right leg of the experi

mental group whereas, the instability of the left leg of the 

control group subjects was greater than the left leg of the 

experimental group. 

Table 11 reveals no significant differences between 

the mean scores of the right and left legs of the two groups 

, 
on the application of Scheffe test. Thus, it may be said that 

the mean stability of the two groups did not differ with 

., 
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respect to either the right or left leg. 

6 Experimental 

� 
5 ;;;;;> 

4 Control 

X 3 

2 

1 

Right Left 
Leg Leg 

Fig. 6. Mean scores of the right and left legs of 
the lateral ligaments of the control and experimental groups. 

1 

2 

TABLE 11 

SCHEFFE TEST APPLIED TO THE RIGHT AND LEFT LEGS 

DATA OF THE LATERAL LIGAMENTS OF THE 

CONTROL AND EXPERIMENTAL GROUPS 

Control L Experimental L 

0.22 

Experimental R 

0.56 

0.34 

Control R 

o. 78

0.56 

3 0. 22

Mean difference ·required for significance: 0. 96 

Figure 7 shows the mean scores of the pre-test and 

post-test data of the lateral ligaments of the two legs. The 

pre-test scores of both legs increased on the post-test, there

by showing the lateral ligaments of both legs to be more un

stable after the experimental period. The ligaments of the 

.. 

., 
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right leg were, on the average, more stable on both the pre

test and post-test than were the ligaments of the left leg. 

6 Le£~ 

5 

Rig~ 
4 

X 3 

2 

1 

Pre Post 

Fig. 7. Mean scores of the pre-test and post-test 
data of the lateral ligaments of the right and left legs. 

,, 
Table 12 presents the results of Scheffe test applied 

to the pre-test and post-test data of both legs. There were 

no significant differences between the pre-test and post-test 

data of either right leg or the left leg. There was a signif

icant difference between the stability of the left and right 

legs on the pre-test. The other significant difference was 

deemed as being of no importance to this investigation. 

Figures 8A and 8B present the mean scores of the pre

test and post-test data of the right and left legs of the two 

groups. The experimental subjects revealed a loss of stabil

ity in both legs from pre-test to post-test. The mean scores 

of the control subjects exhibited increased instability of 

the right leg, whereas the left leg of the same group was more 

stable on the post-test. 
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TABLE 12 

SCHEFFE TEST APPLIED TO THE PRE-TEST AND 

POST-TEST DATA OF THE LATERAL LIGAMENTS 

OF THE RIGHT AND LEFT LEGS 

Left Post Left Pre Right Post Right Pre 

0.08 

Mean difference required for 

Control 

--------

Experimental 
3 X 

2 

1 

Pre Post 

A. Right Leg

O. 76 1.13* 

0.68 1.05* 

0.37 

significance: o. 81

6 

4 

3 

2 

1 

Control 

Experimental 

Pre Post 

B. Left Leg

Fig. 8. Mean scores of the pre-test and post-test 
data of the lateral ligaments of the right and left legs of 
the experimental and control groups. 

; 

Table 13 reveals the results of Scheffe test on the 

eight means graphed in Figures 8A and 8B. Several signifi

cant differences will be noted; however, none of these were 

meaningful comparisons to the problem investigated in the 

study. 

X 

5 

4 

, 

5 
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TABLE 13 

SUMMARY OF SCHEFFE TEST APPLIED TO THE PRE-TEST 
AND POST-TEST DATA OF THE RIGHT AND LEFT 

LEGS OF THE LATERAL LIGAMENTS OF THE 
EXPERIMENTAL AND CONTROL GROUPS 

Post CL Post CR Post ER 
Post EL Pre EL Pre CR Pre ER 

0.11 0.29 0.59 0.60 1.22* 1.33* 1.46* 

0.16 0.48 0.49 1.11* 1.22* 1.35* 

0 .32 0.33 0.95 1.06 1.19* 

0.01 0.63 0.74 0.87 

0.62 0.73 0.86 

0 .11 0.24 

0 .13 

*Significant at • 05 level
Mean difference required for significance: 1.1 

CL: Control Left 
EL: Experimental Left 
CR: Control Right 
ER: Experimental Right 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

FOR FURTHER STUDY 

There is much controversy among specialists concern-

ing the influence of deep knee bends on the 

knee joint. The investigator was unable to 

stability of(the 

,; ·t,, 
locate sufficient 

literature on the stability of knees of women and decided, 
. (1\!' 

therefore, to conduct this investigation. The exercise,: se-
·'{ 

lected for the study was the double hook sit performed pre-

dominantly by students of yoga and modern dance. 

The problem of the investigation was to determine the 

influence of the double hook sit on the lateral stability of 

the knee joint of adult women. The study was delimited to 40 

volunteers between the ages of twenty and twenty-£ i ve who 

were female students of the Texas Woman• s University. 

A review of literature indicated that the present 

study did not duplicate any previous investigations. Bender 

and others through their investigations revealed that a signif

icant difference was not obtained in any group which could de

termine factors that affect the occurrence of knee injuries. 

A further analysis, however, showed that the taller subjects 

within the control group were the ones who were injured. 

Nicholas conducted a survey on the New York Jets Football team 

44 
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and found that a higher percentage of knee ligament ruptures 

occurred in the loose-jointed players, whereas the tight 

jointed players had a higher rate of muscle injury. A longi

tudinal study designed by Marshal over a two year period 

could not accurately assess the injury potential of college . 

football players. 

Klein, through his comparative studies on weight 

lifters, determined that the deep squat exercise did cause 

ligament instability of the knee joint. Ward, however, found 

that the squat jump had no appreciable effect on the lateral 

stability of the knee. 

Hallen and Lindahl through their investigation sug

gested that the knee be kept at an angle of 160 degrees of 

flexion while measuring lateral stability. Goldfuss and 

others determined that it was not necessary to use electromy

ographic feedback while evaluating the knee joint. 

Through the review of literature the instrument for 

measuring lateral stability was selected, constructed, and 

tested for reliability. Forty subjects who had no history of 

knee injury volunteered to participate in the study. Each sub

ject was pre-tested and post-tested for lateral knee stabil

ity. On the basis of the pre-test, two equated groups were 

formed and the experimental treatment was randomly assigned 

to one group. The double hook sit was performed for two five 

second periods, three days per week by the experimental group. 

The data collected on the completion of the post-test 
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were treated with a three-way analysis of variance with re-

peated measures on two factors. ; A Scheffe test was used to 

determine whether significant differences existed between 

means of interaction effects. 

Findings of the Study 

The following statistical d ecisions were made based 

upon the data obtained from the present study: 

1. The double hook sit makes no significant differ

ence in the amount of abduction at the knee joint as measured 

by a pre-test and post-test. Accepted. 

2. There is no significant difference between the ex

perimental and contro1 group with regard to abduction at the 

knee joint. Accepted. 

3. There is no significant difference between the

right and left legs with regard to abduction at the knee 

joint. Accepted. 

4. There. is no significant interaction between/among

groups, trials, and 1egs with regard to abductio n  at the knee 

joint. Rejected. · It was found that both knees of the experi

mental subjects became less stable in tibial abduction from 

pre-test to post-test. However, both knees of the control 

subjects increased in stability in tibial abduction towards 

the end of the experimental period. Further, both knees of 

the experimental group were less stable during tibial abduc

tion than the control group at the pre-test and post-test. 
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5. The double hook sit makes no significant differ

ence in the amount of adduction at the knee joint as measured 

by a pre-test and post-test. Accepted. 

6. There is no significant difference between the

experimental and control group with regard to adduction at 

the knee joint. Accepted. 

7. There is no significant difference between the

right and left legs with regard to adduction at the knee joint. 

Rejected. The ligaments of the right leg were more stable 

than the ligaments of the left leg. 

8. There is no significant interaction between/among

groups, trials and legs with regard to adduction of the knee 

joint. Rejected. A significant difference was found between 

the stability of the l.eft and right knees on the pre-test. 

No other mean differences emerged which were deemed important 

to this investigation. 

Conclusion of the Study 

There are relatively few investigations conducted on 

women to determine the influence of stressful exercises- or 

positions on the stability of the knees. The present inves

tigation was initiated to gather basic data regarding the in

fluence of the double hook sit on the lateral stability of the 

knee joint of women. On the basis of the results of this re

search it would appear that positions which are stressful to 

the knee can influence the lateral stability of the ligaments 
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of the knee joint of adult women. 

Discussion 

The lack of significant differences between the main 

effects of the statistical designs should be noted cautiously 

by the reader since, whether or not any such differences had 

emerged, they would have little meaning. Had a significant 

difference been found between pre-test and post-test, that 

difference would have been an average one not reflective 

either of the experimental variable or of right or left leg. 

Similarly, any significances found between groups or legs 

would have been averaged over trials and legs, or trials and 

groups respectively. The differences of real importance to 

this study were those comprising the various interaction ef

fects; that is, did the knees of the experimenta1 group exhib

it differences on the post-test as compared with the knees of 

the control group? The results have indicated that difference 

did, in fact, occur but only with regard to tibial abduction. 

The difference found in tibial abduction of the exper

imental group was not an unexpected finding. Because the 

double hook sit forces the tibia to rotate outwardly at the 

knee joint, it could be supposed that greater stress would be

placed on the medial ligament than on the lateral ones. An

increased looseness of medial ligaments is to be expected. 

The difference found in tibial adduction between the 

right and left knees on the pre-test was an interesting 
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finding. The disappearance of the difference at the time of 

the post-test was mainly because of. increased instability in 

the right leg. It might be surmised that the double hook sit 

causes stress not only to the medial collateral but also to 

the lateral collateral ligament. Regardless, it must be em

phasized that generalizations from any of the findings of the 

present study would be premature; replication is a necessity. 

Recommendations for Further Studies 

More research needs to be done on the influence of 

stressful exercises on the knees of women and the following 

recommendations are suggested for future studies: 

1. Replicate the entire study.

2. Conduct a similar investigation using an addition

al control group which does not participate in any vigorous 

activity. 

3. Replicate the study increasing the length of the

experimental period and the amount of stress applied. 

4. Conduct a comparative study between subjects who

are initially able to sit in the double hook sit position a nd 

those unable to do so. 



APPENDIX A 

RAW SCORES OF RELIABILITY DATA OF THE INSTRUMENT 

Subject Right Lateral Left Lateral 
No. Right Medial Left Medial 

1 2 1 2 1 2 1 2 

1 2.5 2.5 5.0 5.2 2.2 2.0 3.6 4.0 

2 3.8 4.1 4.3 2.0 3.0 2.5 3.7 4.0 

3 3. 2 7.5 4.9 3.6 3.0 5.7 6.3 5.8 

4 5.6 5.6 5.0 5.5 3.8 5.5 6.7 4.8 

5 4.25 3.65 2.75 3.15 1.0 5.8 4.9 5.9 

6 2.0 1.5 3.0 3.1 0.75 1.05 4.25 4.75 

7 2.0 1.1 3.3 3.1 4.3 2.5 1.5 1.0 

8 1.5 2.9 2.4 2.0 1.5 2.0 3.7 2.9 

9 3.8 4.8 3.5 2.4 6.9 5.3 5.0 5.0 

10 6. 55 7.25 2.05 2.25 5.25 5.45 4.75 6.05 

11 6.5 5.6 7.4 6.5 8.0 6.6 5.0 6.9 

12 2.3 4.7 5.4 5.0 4.6 5.0 4.4 5.0 

13 2.1 2.4 1.2 1.2 1.5 2.5 1.9 2.7 

14 3.4 4.5 5.3 4.4 4.5 3.5 1.8 3.5 

15 3.3 3.3 2.8 2.3 3.2 3.5 3.0 3.5 

16 5.0 3.5 4.9 6.5 4.5 4.9 6.6 6.7 

17 2.9 2.5 2.7 2.8 3.1 2.5 2.3 3.1 

18 3.4 4.0 3.4 4.0 3.0 3.7 7.2 5.5 

19 4.0 3.5 5.0 5.8 2.5 5.0 3.5 3.3 
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Subject Right Lateral Left Lateral 
No. Right Medial Left Medial 

1 2 1 2 1 2 1 2 

20 4.5 4.8 5 .7 4.2 4.0 3.0 6.6 5.5 

21 5.5 5.7 4.2 5.0 3.4 3.4 7.2 7.5

22 4.3 4.1 4.4 3.5 0.9 1.0 6.1 6.5 

23 6.6 7.2 7.5 7.3 3.9 5.0 8.5 7.8 

24 7.7 7.8 4.5 5.5 4.0 4.1 4.5 4.5 

25 5.4 6.5 4.0 4.0 4.3 4.0 5.0 5.2 

26 3.8 3.8 4.8 4.8 4.5 4.5 3.8 4.5 

27 2.s 2.8 5.5 6.0 1.3 2.0 6.0 6.1 

28 5.8 5.8 4.0 4.0 4.5 4.5 8.3 8.4 

29 3.0 2.s 5.0 5.0 4.0 4.3 7.0 7.5 

30 8.0 7.1 6.0 6.0 3.5 2.5 7.5 8.0 



APPENDIX B 

INSTRUMENT FOR MEASURING LATERAL STABILITY OF THE KNEE JOINT 
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APPENDIX C 

RAW SCORES OF SUBJECTS 

CONTROL GROUP 

Pre-Test Post-Test 

Right Right Left Left Right Right Left Left 
Medial Lateral Medial Lateral Medial Lateral Medial Lateral 

6.1 3.5 3.0 3.5 3.0 3.5 3.5 3.1 

5.5 5.5 3.5 6.0 2.5 6.0 4.5 7.0 

5.5 5.5 5.0 5.2 5.0 6.0 4.0 5.0 

6.6 5.0 2.5 7.0 4.0 4.0 3.3 6.8 

5.5 3.8 5.5 4.5 7.0 5.0 4.0 6.1 

5.5 4.8 4.5 8.5 5.0 4.8 5.0 6.0 

4.0 5.0 3.0 8.0 6.0 6.0 3.3 7.7 

4.4 3.7 5.0 6.0 3.5 4.8 4.7 6.0 

8.5 6.5 6.7 6.5 6.5 8.0 7.5 4.5 

8.5 6.0 8.0 9.5 4.5 6.0 7.0 6.5 

2.5 4.0 5.0 3.0 5.5 4.5 4.0 3.5 

5.0 7.0 3.5 8.5 6.0 7.0 2.5 7.0 

3.4 5.5 5.0 6.0 5.5 6.5 4.0 7.0 

8.5 5.5 7.5 7.5 5.5 4.4 4.4 6.0 

3.5 2.5 1.5 4.0 3.5 2.5 2.5 4.4 

4.0 4.0 3.2 4.0 4.0 6.8 3.5 4.5 

3.0 4.5 2.0 4.5 2.3 5.0 3.0 4.7 
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Right Right Left Left Right Right Left Left 
Medial Lateral Medial Lateral Medial Lateral Medial Lateral 

3.5 1.2 3.5 2.5 3.8 2.0 3.5 2.8 

4.0 2.7 2.4 4.0 2.4 3.4 2.3 3.9 

3.7 2.5 2.0 4.5 3.0 5.0 3 .o 5.3 

EXPERIMENTAL GROUP 

Pre-Test Post-Test 

4.5 4.5 4.0 5.5 4.6 3.0 3.3 5.4 

6.8 4.0 3.5 6.5 8.8 5.5 4.1 7.5 

2.5 2.7 3.0 5.0 3.0 3.3 4.0 3.7 

5.3 4.0 2.6 4.3 6.7 3.7 6.8 6.0 

2.0 1.5 2.9 3.0 4.0 3.5 3.0 4.0 

6.5 3.0 3.0 4.0 4.0 3.5 4.5 5.0 

2.5 3.0 3.2 3.0 2.1 3.0 5.0 6.5 

4.0 3.3 6.5 6.0 5.8 4.0 6.6 5.1 

3.5 6.0 5.5 5.5 3.0 3.0 5.0 5.8 

6.0 7.5 5.5 7.5 6.0 5.0 6.0 7.4 

5.0 4.5 3.5 7.5 6.0 6.5 6.7 5.5 

3.0 3.0 3.5 3.0 4.5 5.0 4.8 5.5 

9.0 3.7 6.0 4.5 10.0 4.5 6.5 5.0 

4.0 5.5 4.5 5.5 5.5 4.0 4.0 6.5 

7.3 5�3 5.5 6.1 6.8 4.2 3.9 5.5 

4.8 5.5 4.0 7.5 5.0 7.0 7.0 8.5 

5.5 4.0 2.0 2.0 4.5 3.0 5.5 2.0 

4.8 5.1 3.0 5.0 4.5 5.5 6.0 5.5 

3.9 3.5 3.0 5.0 3.0 5.0 6.5 5.0 



APPENDIX D 

DOUBLE HOOK SIT POSIT ION 

.. 
:.> 



APPENDIX E 

SUBJECT I S DATA SHEET 

Name : ____________ --'Date of Birth : ___ __,;Age: __ 

Address ---------------------------

Dorrni tory : __________ Telephone Number: ______ _ 

Height: __________ Weight: _________ _ 

Weight to be applied (6¾) : ____________ _ 

Di stance between blocks : _______ ~Mid-point of Vise: __ _ 

PRE-TEST: 

Right Medial Reading_: ______ Right Medial Di stance: __ _ 

Right Lateral Reading: Right Lateral Dist: ____ _ 

Left Medial Reading: Left Medial Distance: ___ _ 

Left Lateral Reading: Left Lateral Dist: ____ _ 

Check one: Control group ____ Experimental group: ____ _ 

POST-TEST: 

Right Medial Reading : _____ ~Right Medial Di stance: __ _ 

Right Lateral Reading: Right Lateral Di st: ____ _ 

Left Medial Reading: Left Medial Distance: ___ _ 

Left Lateral Reading: Left Lateral Di st: ____ _ 

Remarks: __________________________ _ 
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