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Flexibility is a fundamental componen~ of physical fitness and is required in 
all sport activities to varying degrees. While different methods of enhancing 
flexibility have been developed, researchers cannot agree as to which is 
superior; Hartley, (1977); Jacobs, (1976); Song and Garvie, (1976); Tanigawa, 
(1972); Turner, (1977). 

The purpose of this study was to determine: 

1) Which method of flexibility training, Scientific Stretching for Sport 
(35), Slow Stretch (SS) or Isometric Contractions Only (ICO) is superior in 
developing flexibility of a specific joint, (hip) in one direction (flexion). 

2) The immediate effects of flexibility training. 

3) A time at which the effects of flexibility training may begin to 
diminish. 

METHODS 

Selection of Subjects 

Subjects (S's) were delimited to 40 males with a mean age of 17.1 years 
(5.0. = 2.9; range: 11-22); a mean height of 173.0 cm. (5.0. = 12.2cm; range: 
150-201); and a mean weight of 67.6 kg. (5.0. - 14.1; range: 41-105). All S's 
were free from musculo-skeletal impairments, and demonstrated active right hip 
flexion of 25° - 120°. All were undergoing a swimming program at Memorial 
University of Newfoundland or the Aquarena in St. John's, Newfoundland. 

Design 

Prior to treatment sessions, each prospective 5 underwent a pre-test 
employing a goniometer especially designed for this study (Figure 1). Any 5 
showing active right hip flexibility of less than 25 degrees or more than 120 
degrees was immediately eliminated from the program. It was decided that less 
than 25 degrees was not in the normal range, and more than 120 degrees would 
not permit any significant increases in flexibility. 
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Fig. 1
 
Goniometer Designed for the Study
 

Following this initial pre-test which measured active flexibility of the 
right hip (Figure 2), the remaining S's underwent a further test which 
measured passive flexibility of the right hip (Figure 3). 

Fig. 2
 
Active Flexibility Measurement
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Fi g. 3
 
Passive Flexibility Measurement
 

Following these pre-tests, S's were then randomly assigned to one of four 
groups: 1) Control group (C); 2) Scientific Stretching for Sport group (3S); 
3) Slow Stretch group (SS); and 4) Isometric Contractions Only (ICO) group. 

Treatment Procedures 

Each S in the three experimental groups reported to the experimenter (R. 
K. Smith) prior to commencement of their regular swimming training Monday 
through Friday for two consecutive weeks. Control S's did not report to the 
experimenter except on testing days. All exercises and testing procedures 
were administered by the experimenter. The treatment employing the 3S method 
followed the procedure outlined by Holt (1974) and was as follows: The S 
began by lying in the supine position with the leg to be stretched lifted as 
far as possible from the floor (maxi~um hip flexion) with the knee extended. 
The experimenter was positioned so that he served as an immoveable object when 
the athlete commenced to exercise. With the hamstring in the lengthened 
position, the S began to exercise by attempting to push his leg to the floor 
(extend right hip). This effort was resisted by the experimenter who did not 
permit the leg to move, thus causing an isometric contraction. In the first 
two seconds of contraction the S gradually built up to a maxi~um effort, and 
sustained the contraction for an additional four seconds. The entire six 
seconds was counted aloud by the experimenter with the assistance of a 
metronome. 

Following this initial six second effort, the S lifted (flexed right hip) 
the leg toward his head by contracting the opposite muscle group. This 



concentric contraction pulled the leg to a new position as the result of 
increased flexibility of the hamstring muscle group and surrounding connective 
tissue. This maneuver was aided by slight pressure from the experimenter. 
Each repetition of this exercise took a time interval of ten seconds (six 
second contraction, four second antagonistic contraction) followed by a ten 
second rest. Each 5 in the 35 group was exercised in this manner for a total 
of five repetitions for each exercise session. 

The 55 group adhered to the following procedure for exerclSlng hip 
flexion: The 5 0 s commenced the exercise in the same position as the 35 
group. The 5 lifted his right leg, as far as possible, keeping his knee 
straight and the ankle in dorsi flexion. The 5 held the position for ten 
seconds. The exercise was followed by a ten second rest. Again, each 5 was 
exercised in this manner for a total of five repetitions per exercise period. 

It must be noted here that each 5 in this group was verbally encouraged 
to flex his hip during treatment sessions to at least the angle which he 
scored during the pre-test measurement. Every possible effort was made to 
ensure that the 5 was not "cheating" or being "lazy" throughout the exercise 
period. 5ince part of the 35 technique utilizes isometric contractions, it 
was decided that it would be beneficial to add the ICO group to the study in 
order to determine the extent to which isometrics alone may enhance 
flexibility. 

5's belonging to the (ICO) group exercised in a similar manner to the 35 
group during the isometric contraction phase. That is, the leg to be exercise 
was lifted to the S's pre-test hip flexion angle (checked by the Goniometer), 
and the 5 0s then performed a series of 6 second isometric contractions. 
Throughout the treatment sessions, 50 s in this group were not permitted to 
flex the hip and then perform further isometric contractions above the 
pre-test levels, they simply performed 5 isometric contractions, with each 
followed by a 10 sec. rest. 

Data Collection Procedures 

Data was collected on three separate testing days and consisted of the 
pre-test (test Day 1); post-test (test Day 2); post-test plus twenty minutes 
(test Day 2); post-test plus one week (test Day 3). Active and passive 
flexion of the right hip were measured and recorded at each testing session. 

Each 5 to be tested for active flexibility, lay in the supine position 
with his arms folded across his chest and his right hip adjacent to the center 
mark of the goniometer. In order to eliminate as much pelvic tilt as 
possible, the hips were secured to the foundation by strapping a belt over the 
anterior superior iliac spines. As further preventive measure against pelvic 
tilt, the left leg of each 5 was fastened to the base board. 

Once the 5 was secured to the base board in the above manner, the pointer 
was secured to the right leg. At this point, a reading was taken which was 
subtracted from the measurement reading. The 5 then actively flexed his right 
hip and the angle as measured by the goniometer was recorded. This procedure 
was followed for the post-test, post-test plus twenty minutes and post-test 
plus one week. Following the post-test, the 5 0 s sat quietly for 20 minutes, 
then were remeasured. Following the two week treatment period the Sos were 
instructed to go about their regular activities with no flexibility training. 



58 Measurement of passive flexibility was similar to that of the active 
measurment. Each S was secured to the base board in exactly the same manner. 
A hand held cable tensionmeter with an attached cuff was employed at an angle 
of 90° to the ankle. Each S was instructed to actively flex the right hip to 
the greatest possible angle and directed to relax. The hip was kept at this 
angle by the attached cuff and a reading was obtained from the tensiometer. 
The experimenter then applied an additional fifteen pounds of tension in the 
direction of active hip flexion, always ensuring that the angle of the cuff 
was 90° to the ankle. Upon reaching the additional fifteen pounds, the angle 
of passive flexibility of the right hip was noted and recorded. 

DATA ANALYSIS 

The experimental data was treated by applying one way repeated measures 
analysis of the variance to compare within group means and analysis of 
covariance to compare among group means. Tukey's honestly significant 
difference (HSD) method for post hoc testing of the differences between paired 
means following a significant analysis of variance or covariance F ratio was 
utilized in this study (Clarke and Clarke, 1972). 

RESULTS 

Active Flexibility 

Comparisons of within group means for active flexibility (Table 1) 
yielded a significant increase only in the 3S group. The computed F ratio of 
4.27 exceded the F of 2.86 which was needed for significance -at the .05 level 
(Table 2). 

Table 1 

Group Means-Active Flexibility 
Hip Flexion (Degrees) 

3S SS ICO C 
Pre test 90.4 88.2 88.1 92.6 

Post test 105.2 96.6 89.7 92.8 

Post + 20 min 99.1 95.8 88.4 92.4 

Post + 1 week 92.7 91.8 87.8 92.1 



Table 2 59 
Repeated Measures Anova for 3S Group (Active Flexibility) 

Measured in Degrees 

Variance ss df MS F-ratio 

Between Sets 1395.8 3 465.27 

Within Sets 3918.1 36 108.84 4.27 

The Tukey HSD method was applied to locate the significant differences 
between paired adjusted final means for four test periods (Table 3). 

Table 3
 
Ordered Active Flexibility Means and
 

Differences for the 3S Group
 

Test Means (Degrees) 

Pre-test Post-test Post-test Post-test Mean Difference 
+ 20 mi n. + one week 

90.4 105.2 +14.8* 

90.4 99.1 + 8.7 

90.4 92.6 + 2.2 

* an HSD difference of 12.61 degrees was required for significance at the .05 
1evel. 

Only one difference between means for active flexibility of the 3S group 
was found to be significant at the .05 level, that being a 14.8° difference 
between the pre-test and post-test means. 

Post-test analysis of covariance comparing post-test active flexibility 
means of the three experimental and one control group revealed an F-ratio of 
7.24 which exceeded the F of 2.87 which was required for significance at the 
.05 level (Table 4). 

Table 4
 
Analysis of Covariance for Active Flexibility (Post-Test)
 

Measured in Degrees
 

Source of 
Variance df SSx SSy SSxy SSy.x MSy.x SDy.x F-rati 0 

Between Means 3 60 962 104 1369 456 

Withi n Groups 35 1938 3771 4192 2210 63 7.93 7.24* 

Total 38 2968 4733 4088 841 



60	 Tukey's HSD method was employed to locate the significant differences between 
the paired adjusted means. It revealed significant differences between the 3S 
group and the SS, lCO, and C groups at the .05 level. Further, a significant 
difference between the SS and lCO was found, while no significant difference 
was found between the other groups (Table 5). 

Table 5
 
Ordered Adjusted Active Flexibility Means and Differences
 

Between Post-Test Means for Control and Experimental Groups
 

Group Means (Degrees) 

A. 3S B. SS C. lCO D. Cont ro1 Mean Di fference 

106.3 96.8	 9.5* 

106.3 87.2	 19.1* 

106.3	 93.3 13.0* 

96.8 87.2	 9.6* 

96.8	 93.3 3.5 

87.2 93.3 6.1 

* an HSD Difference of 9.5 degrees was required for significance at the .05 
level. 

An analysis of covariance of the post-test plus twenty minutes means of 
the experimental and one control groups yielded an F ratio of 3.70 which 
exceeds the F of 2.87 which was required for significance at the .05 level 
(Table 6). 

Table 6
 
Analysis of Covariance for Active Flexibility (Post Plus
 

Twenty Minutes) Measured in Degrees
 

Source of 
Variance df SSx SSy SSxy SSy.x MSy.x SDy.x F-ratio 

Between Means 3 60 725 85 648 216 

Within Groups 35 2938 3003 1634 2094 59 7.71 3.70* 

The Tukey HSD method was applied to the four differences between final 
adjusted means (Table 7), and it was found that the mean of the 35 group was 
significantly higher than the lCO group at the .05 level. No other 
differences proved to be significant. 
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Ordered Adjusted Active Flexibility Means and
 

Differences Between Post-Test Plus Twenty Minutes
 
Means for Control and Experimental Groups
 

Group Means (Degrees) 

A. 3S B. SS C. ICO D. Control Mean Difference 

98.7 96.3 2.4 

98.7 89.1 9.6* 

98.7 90.2 8.5 

96.3 89.1 7.2 

96.3 90.2 6.1 

89.1 90.2 1.1 

* an HSD Difference of 9.3 degrees was required for significance at the .05 
1evel. 

Analysis of covariance of the post-test plus one week adjusted means of 
the four groups revealed an F ratio of .64. Thus there were no significant 
differences among the four final adjusted means which measured one week 
retention of active flexibility. 

Passive Flexibility 

Comparisons of within group means for passive flexibility (Table 8) 
yielded a significant increase only in the 3S group. The computed F ratio of 
3.87 exceeded the F of 2.86 which was needed for significance at the .05 level 
(Table 9). 

Table 8
 
Group Means - Passive Flexibility
 

Hip F1exi on (Deg rees)
 

3S SS ICO C 

Pre-test 108.4 99.9 103.9 107.7 

Post test 122.0 103.4 108.0 107.7 

Post + 20 118.2 101.6 106.0 92.1 

Post + 1 week 111.3 100.9 104.2 106.3 



Table 9 
62 Repeated Measures Anova for 3S Group (Passive Flexibility) 

Measured in Degrees 
-

Variance SS df MS F-ratio 
.j
" Between Sets 1185.3 3 395.17 

3.87 
Within Sets 3671.3 36 101. 98 

The Tukey HSD method was applied to locate the significant differences 
between paired adjusted means for the four test periods (Table 10). 

Table 10
 
Ordered Passive Flexibility Means and
 

Differences for the 3S Group
 

Test Means (Degrees) 

Pre-test Post-test Post-test Post-test Mean Di fferences 
+ 20 min. + one week 

108.3 122.0 13.7* 

108.3 118.2 9.9 

108.3 111.2 2.2 

* an HSD difference of 12.2 degrees was required for significance at the .05 
1evel. 

Only one difference between means for passive flexibility of the 3S group 
was found to be significant at the .05 level, that being the difference 
between the pre-test and post-test periods. No significant difference was 
indicated between the other test periods. 

Analysis of covariance was utilized to compare the post-test adjusted 
means of the four groups to determine if there was any significant change in 
passive flexibility of the right hip due to treatment effects. Analysis of 
the data (Table 11) revealed an F ratio of 82.9 which was significant well 
beyond the .05 level. 
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63 Table 11
 
Analysis of Covariance for Passive Flexibility (Post-Test)


Measured in Degrees
 

Source of 
Variance df SSx SSy SSxy SSy.x MSy.x SDy.x F-ratio 

Between Means 3 269 1723 484 1020 340 
--- ----_. 

Withi n Groups 35 3060 3056 2986 141 4.1 2.01 82.9* 

* an F-ratio of 2.87 was requ i red for significance at .05 level. 

The Tukey HSD method was utilized to locate the significant differences 
between final adjusted means for the four test periods (Table 12). 

Table 12
 
Ordered Adjusted Passive Flexibility Means and
 
Differences Between Post-Test Means for Control
 

and Experimental Groups
 

Group Means (Degrees) 

A. 3S B. SS C. lCO D. Control Mean Difference 

119.4 108.5 10.9* 

119.4 110.1 9.3* 

119.4 106.3 13.1 * 

108.5 110.1 1.6 

108.5 106.3 2.2 

110.1 106.3 3.8* 

* an HSD of 2.4 degrees was required for significance at the .05 level. 

The HSD method revealed significant differences between the 3S group and 
the SS, lCO, C groups. Further a significant difference between the ICO and C 
group was indicated. 

Analysis of covariance of the post-test plus twenty minutes adjusted 
means of the four groups was utilized to determine if there was any 
significant retention of passive flexibility of the right hip. An F-ratio of 
20.9 was obtained, indicating that the difference among the four final 
adjusted means were significant well beyond the .05 level (Table 13). 



64 Table 13
 
Analysis of Covariance for Passive Flexibility (Post-Test
 

Plus Twenty Minutes) Measured in Degrees
 

Source of 
Variance df SSx SSy SSxy SSy.x MSy.x SDy.x F-rati 0 

Between Means 3 269 1300 469 646 215
 

Within Means 35 3060 3004 2845 359 10.3 3.2 20.9*
 

* an F-ratio of 2.87 was required for significance at .05 level. 

The Tukey HSD method was applied to determine which of the four 
differences between final adjusted means (Table 14) was significant. 

Table 14
 
Ordered Adjusted Passive Flexibility Means and
 

Differences Between Post-Test Plus Twenty
 
Minutes Means For Control and Experimental Groups
 

Group Means (Degrees) 

A. 35 B. SS C. ICO D. Cont rol Mean Difference 

115.6 106.2 9.4* 

115.6 108.1 7.5* 

115.6 105.4 10.2* 

106.2 108.1 1.86 

106.2 105.4 .84 

108.1 105.4 2.7 

* an HSD of 2.8 degrees was required for significance at the .05 level. 

The HSD method showed significant differences between the 35 group and 
the SS, ICO, C groups. No significant differences were found between the 
other groups. 

Analysis of covariance of the post-test plus one week adjusted means of 
the four groups revealed an F-ratio of .45 indicating that there were no 
siginificant differences among the four final adjusted means. 



65 DISCUSSION 

Within group differences were found only in the 3S group for both active and 
passive flexibility, with the significant differences noted only in the 
immediate post test. Twenty minutes after the immediate post test 47% of the 
gain in active range was lost, whereas 18% of the gain in passive range was 
lost during this time of inactivity. 

It is clear that active and passive range of motion measures as carried 
out in this study are considerably different with passive range being 
approximately 18° more than active on the pre test, post test, and post + 20 
min measures for the 3S group. The SS group showed a small difference between 
active and passive measurements at the immediate post test (6.8°). 

While active flexibility changes of the right hip is limited by the 
strength of the hip's flexor muscles to overcome tension produced by the 
extensor muscles and surrounding connective tissue, passive flexibility 
measurement permits the measurement of range of motion to the limit of the 
individual. One thing is certain, an individual is capable of flexibility 
well beyond the active range. Thus, enhancement of passive flexibility should 
be greatly desired by athletes competing in so-called ballistic events where 
limbs are forced into extreme ranges by rapid contraction of the antagonists, 
or in events under which he/she may undergo flexibility changes not of his/her 
making, e.g., wrestling. Greater passive flexibility may not only reduce the 
incidence of injury but may add to an individual's repertoire of moves and 
strategy. 

Among group differences consistantly favoured the 3S group over the 
others with statisitical significance in the active mode being found at the 
post test, and in the passive mode in bot~ post test and post + 20 min. 

Theoretically, the success exhibited by the 3S group may be attributed to 
two mechanisms inherent in the procedure: 1) autogenic inhibition; 2) 
isometric contraction. 

While no concrete physiological information exists at this writing 
explaining autogenic inhibition, it is theorized that the action of the golgi 
tendon organs (G.T.O. 's) may explain the neurophysiological mechanism involved 
in the process. Following extreme stretch or tension, G.T.O. 's transmit 
impulses to an interneuron located in the spinal cord which inhibits the alpha 
motor neuron of the muscle being stretched. These transmissions block muscle 
spindle impulses resulting in muscle relaxation. Further, in a study by Houk 
et al. (1967), it was shown that G.T.O.'s were extremely responsive to active 
contractions of muscle. Thus, during the isometric contractions of the 
hamstrings in the lengthened position, the increased tension placed on the 
G.T.O.'s may have resulted in the hamstring muscle group relaxing reflexively. 

Another possible explanation for the success of the 3S group is that 
during the isometric contraction phase of the 3S procedure, the resulting 
tension may have altered the elasticity of the muscle group and/or the 
associated connective tissues (ligaments; fasciae; tendons) which are 
extensible to a limited degree (Best, 1966). However, the ICO group did not 
have the same results as the 3S group, which indicates that an antagonistic 
contraction and/or slight partner pressure are necessary ingredients for the 
improvements in both active and passive range of motion. 



66 Comparison of within and among group means both actively and passively 
measured indicate that no group retained flexibility gains over the long 
term. It seems that if an athlete wishes to maintain optimum flexibility of a 
specific joint, then he/she must incorporate flexibility training into his/her 
daily training regime, and should perform these exercise as close as possible 
to the beginning of the competitive event and consider doing them at selected 
points throughout the competition. 

CONCLUSIONS 

On the basis of the findings within the limits of this study, the following 
conclusions may be drawn. 

1. Only the 35 method of flexibility training significantly improved 
active flexibility of right hip. 

2. The 35 method for increasing active range of motion yielded 
significantly greater flexibility scores on the immediate post-test when 
compared to the SS, ICO and C groups. 

3. The SS method for increasing active range of motion yielded 
significantly greater flexibility scores when compared to the ICO group on the 
immediate post test. 

4. Only the 35 method of flexibility training significantly improved 
passive flexibility of the right hip. 

5. The 35 method for increasing passive range of motion yielded 
significantly greater flexibility scores on the immediate post-test and the 
post test + 20 min. when compared to the SS, ICO and C groups. 

6. The ICO method for increasing passive range of motion yielded 
significantly greater flexibility scores on the immediate post-test when 
compared to the C group. 

7. No group showed significant long term retention of active or passive 
flexibility of the right hip. 
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