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Delayed Effect of Stretching 2
Abstract

The purpose of this study was to determine the delayed 

effects of stretching, both static and PNF, on hamstring 

flexibility following exercise. Subjects were randomly 

assigned to one of three groups: PNF on left leg, static 

stretch on right leg; PNF on right leg, static stretch on 

left leg; and no stretch. Testing limbs were also randomly 

assigned. A total of 30 college aged students, 19 males and 

11 females, who were healthy and free of current and prior 

knee, hip, and low back injuries, volunteered for this 

study. The research design was analyzed with two 3 x 3  

mixed factorial ANOVA (treatment groups x testing session).

A significant interaction was found for treatment groups x 

testing sessions for PNF and static stretch from the 

pretest to the midtest and the pretest to the posttest, as 

well as for the control group from the pretest to the 

posttest and the midtest to the posttest. No significant 

interaction was found for treatment groups x testing 

sessions in the sit and reach. However, a main effect 

difference was found between the testing sessions between 

pretest to posttest, midtest to posttest, and between 

pretest and midtest.
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The Delayed Effect of Proprioceptive

<

Neuromuscular Facilitation and Static Stretching 

on Hamstring Flexibility 

Flexibility is an important component in reducing 

injury and improving athletic performance (Burke et al., 

2001; Cornelius & Hands, 1992; Etnyre & Lee, 1988; 

Spernoga, Uhl, Arnold, & Gansneder, 2001). Stretching 

exercises are commonly used in athletics to treat and 

prevent injuries by increasing flexibility (Cornelius & 

Hands, 1992; Mohr, Pink, Eisner, & Kvitne, 1998; Spernoga 

et al., 2001). The most commonly strained muscle group is 

the hamstrings and many times insufficient warm-up, 

tightness of the muscle, muscular fatigue, or muscular 

imbalances contribute to the injury (Kujala, Orava, & 

Jarvinen, 1997).

Etnyre and Lee (1988), Spernoga et al. (2001), and 

Gribble, Guskiewicz, Prentice, and Shields (1999) have all 

studied the effects of stretching on improved flexibility 

and range of motion. While it is generally accepted that 

stretching will improve joint range of motion by 

lengthening connective tissue (Bandy, Irion, & Briggler, 

1998; Feland, 2001; Osternig, Robertson, Troxel, & Hansen, 

1990; Spernoga et al., 2001; Williford & Smith, 1985;
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Delayed Effect of Stretching 4
Willy, Kyle, Moore, & Chleboun, 2001) the most effective 

stretching method remains unknown. The effect of stretching 

type, protocol, length of stretch, and combination 

therapies remain of interest to the athletic trainer (Bandy 

& Irion, 1994; Bandy, Irion, & Briggler, 1997; Burke et 

al., 2001; Cornelius, Ebrahim, Watson, & Hill, 1992; Etnyre 

& Abraham, 1986; Etnyre & Lee, 1988; Feland, 2001; Osternig 

et al., 1990; Spernoga et a l ., 2001; Wallin, Ekblom, Grahn,

& Nordenborg, 1985; Worrell, Smith, & Winegardner, 1994) . 

While most studies have focused on the long term and 

immediate effects of stretching (Bandy & Irion, 1994; Bandy 

et al., 1997; Bandy et al., 1998; Cross & Worrell, 1999; 

Etnyre & Lee, 1988; Feland, 2001; Gribble et al., 1999; 

Wallin et al., 1985; Webright, Randolph, & Perrin, 1997; 

Williford, East, Smith, & Burry, 1986; Williford & Smith, 

1985; Willy et al., 2001), little attention has been given 

to the delayed effects of stretching protocols.

Willy et al. (2001) stated that a static stretch is a 

type of stretch that has been used for a number of years. 

Static stretching is the basis for therapeutic exercise in 

the athletic population (Willy et al., 2001). Prentice 

| (1999) stated that static stretching involved stretching a

j muscle to the point of discomfort and then holding the

i

i
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Delayed Effect of Stretching 5
position for a certain amount of time. While proprioceptive 

neuromuscular facilitation (PNF) is a combination of active 

and passive movements, static stretching only consists of 

passive movements of antagonist muscles. Static stretching 

is considered to be a safe technique. Since static 

stretching is a controlled stretch, there is less of a 

chance that the joints will be lengthened past their limit 

(Prentice, 1999).

Houglum (2001) stated that PNF is a combination of 

active and passive stretching. PNF is a technique that 

combines specific patterns of movements with a maximum 

amount of resistance applied through a range of motion 

(Houglum, 2001) . Arnheim and Prentice (2000) and Houglum 

(2001) stated that although, PNF is used to stretch 

muscles, it also has been designed to strengthen muscles 

and joints. PNF aids in restoring flexibility and 

coordination to an injured area. There are several 

different PNF techniques. The three most common techniques 

used are the hold-relax, contract-relax, and the slow 

reversal-hold-relax techniques (Arnheim & Prentice, 2000; 

Houglum, 2001) . PNF incorporates a number of techniques and 

is continually being studied to assess its effectiveness 

over other stretching protocols (Burke et al., 2001;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Delayed Effect of Stretching 6
Cornelius et al., 1992; Cornelius & Hands, 1992; Etnyre & 

Lee, 1988; Gribble et al., 1999; Osternig et al., 1990; 

Spernoga et al., 2001; Wallin et al., 1985).

Therefore, the present study was designed to determine 

the delayed effects stretching has on hamstring 

flexibility. The effects of PNF and static stretching were 

also assessed in this study. The researcher expected that 

both the PNF technique and static stretching would increase 

range of motion in hip flexion following an exercise bout. 

Additionally, those in the control group would maintain 

range of motion of hip flexion after exercise.

Method

Research has been completed on the long term and 

immediate effects of stretching. However, there has been 

little attention given to the delayed effects of 

stretching. The research was designed to determine the 

effect of two different stretching techniques on range of 

motion following an exercise bout. The method section has 

been divided into the following: 1) subjects; 2) testing 

instruments; 3) procedure; and 4) statistical analysis. 

Subjects

Subjects {N = 30) for this study were college aged 

volunteers who were healthy and free of current and prior
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Delayed Effect of Stretching 7
knee, low back, and hip injuries. Each subject signed a 

letter of informed consent (Appendix C), as well as 

completed a health questionnaire (Appendix D) prior to 

testing.

Testing Instruments

Range of motion measurement was completed using a 

modified sit-and-reach box and a standard baseline 

goniometer. The Acuflex I Sit-and-Reach Flexibility Tester 

was used for this procedure. The participant sat with 

his/her back flat against a wall with arms outstretched and 

one hand placed on top of the other. The researcher slid 

the reach indicator on the Acuflex I along the top of the 

box to the end of the fingers of the subjects (Hoeger,

1991). Measurements were made to the nearest 1/4 in. The 

sit-and-reach box has a reliability coefficient of r = .70 

or more and validity coefficient of r = .80 to .90 (Safrit 

& Wood, 1995) .

The goniometer was a double-armed, full circle (0° - 

180° each direction) protractor made of transparent plastic. 

The arms of the goniometer were 12 in long and the 

protractor would measure degrees in 1° increments. 

Measurements were made to the nearest degree. Etnyre and
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Delayed Effect of Stretching 8
Lee (1998) stated that the reliability of hip measurement 

using a goniometer is r = .94.

Procedure

Approval was received from the Institutional Review 

Board (IRB). Subjects were randomly assigned to either a 

stretching group or a control group that received no 

treatment. Each subject in the stretching group performed 

both PNF and static stretching on separate legs. Testing 

legs were randomly assigned.

Each subject warmed up for 5 min on a stationary 

bicycle. Hamstring muscle flexibility of each leg of each 

subject was measured using a goniometer and sit-and-reach 

box. Safrit and Wood (1995) described the testing 

procedures for the goniometer as positioning the subject 

supine and centering the fulcrum of the goniometer over the 

lateral aspect of the hip using the greater trochanter as a 

reference point. The proximal arm of the goniometer was 

aligned with the lateral midline of the pelvis and the 

distal arm aligned with the lateral midline of the femur 

using the lateral epicondyle as a reference point (Safrit & 

Wood, 1995). The measurement was made to the nearest 

degree. Three trials were taken using the goniometer and 

the average used.
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Delayed Effect of Stretching 9
In order to test hamstring flexibility using the sit- 

and-reach box subjects were instructed to remove both shoes 

and socks and sit in a modified hurdler position with one 

foot placed against the edge of the box. The knee of the 

tested leg was fully extended. The subject placed one hand 

over the other with palms down, inhaled, and reached 

forward. Subjects held the position for 2 s. The score was 

measured to the nearest 1/4 in. The test was repeated if 

the knee became flexed. A total of three trials was taken 

using the sit-and-reach box and the best measure used.

Measurements for the stretching groups were taken 

prior to stretching, immediately following stretching, and 

immediately following the exercise bout. Those subjects in 

the control group performed hamstring muscle flexibility 

testing after warm-up, after a 4 min rest period, and after 

the exercise bout. The control group did not stretch.

Those subjects in the stretching groups stretched one 

leg using static stretching and one leg using PNF. In order 

to stretch using the static stretching method the subject 

was seated in the modified hurdler position, keeping the 

leg to be stretched fully extended. The subject reached 

forward with both hands towards the toes of the extended 

leg and held the stretch for 30 s without bouncing. The
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Delayed Effect of Stretching 10 
subject then relaxed for 10 s and repeated the stretch 2 

more times.

The leg that was stretched using the PNF technique was 

done with the assistance of the researcher. The subject lay 

supine while the researcher brought the leg to be stretched 

to the point of limitation and instructed the subject to 

push against the hand of the researcher. The researcher 

offered resistance to the subject. This contraction phase 

took 7 s. The subject then relaxed for 5 s. The researcher 

then instructed the subject to pull the leg towards the 

head. This pulling phase also took 7 s. The subject then 

relaxed for 5 s. The procedure was repeated two more times.

The exercise bout was designed as a circuit and lasted 

for 15 min. There were 3 stations, each lasting for 2.5 

min. The subjects completed the circuit twice. The circuit 

consisted of 2.5 min of jumping rope, 2.5 min of running 

stairs, and 2.5 min of riding a stationary bicycle. Level 

of intensity was measured using the scale of ratings of 

perceived exertion (RPE) (Hoeger, 1991) . Subjects were 

advised to work between a scale of 15 and 17 (15 = hard, 17 

= very hard) . The modified Borg PRE scale is measured from 

0 = nothing to 20 = maximal exertion.
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Statistical Analysis

The average goniometer measurement was used as the 

dependent variable assessing hip range of motion of the 

college aged students. Hip range of motion was measured in 

degrees and the average of three measurements was taken. 

Additionally, the best of three sit and reach measurements 

was used as the dependent variable assessing hamstring 

flexibility of the college aged students. Hamstring 

flexibility was measured to the nearest 1/4 in and the best 

measurement was taken. College aged students were randomly 

assigned into three independent treatment groups: those 

whose left leg was stretched using PNF and right leg using 

static stretching; those whose left leg was stretched using

static stretch and right leg using PNF; and those who did

not stretch.

Two 3 x 3  mixed factorial analysis of variance (ANOVA) 

were computed comparing the mean total hip range of motion 

across the three treatment groups. SPSS version 11.0 was
|
I used to calculate this statistic. The alpha level for this

| analysis was set at .05.

| Results

The current study was designed to determine the 

I delayed effects stretching had on hamstring flexibility
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Delayed Effect of Stretching 12 
following exercise, as well as to determine which method of 

stretching, either static stretching or PNF, was the most 

effective. Subjects were randomly assigned to one of three 

treatment groups: PNF stretch on the left leg, static 

stretch on the right leg; PNF stretch on the right leg, 

static stretch on the left leg; and no stretch on either 

leg. The limbs of each participant were also randomly 

assigned. Hip range of motion was determined for each 

participant using a goniometer and taking the average of 

three measurements. Additionally, the hamstring flexibility 

for each participant was determined using a sit and reach 

box and taking the best of three measurements. Subjects in 

the stretching groups had measurements taken before and 

after stretch, as well as following a 15 min exercise bout. 

Subjects in the control group were measured before and 

after a 4 min resting period, and following the 15 min 

exercise bout. In this study a total of 30 individuals were 

tested, which provided 60 limbs. The descriptive statistics 

for goniometer scores for treatment groups across testing 

sessions are presented in Table 1. The descriptive 

statistics for sit and reach scores for treatment groups 

across testing sessions are shown in Table 2.
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The average goniometer measurement was used as the 

dependent variable assessing hip range of motion. The best 

of three sit and reach measurements was also used as the 

dependent variable assessing hamstring flexibility. The 

independent variables being assessed were college aged 

students who stretched using PNF, college aged students who 

used static stretch, and those college aged students who 

did not stretch.

The data were analyzed with two 3 x 3  mixed factorial 

ANOVA (treatment groups x testing session) with one 

independent group and one repeated measure factor. No 

significant (p > .05) differences in the variances of 

testing sessions across treatment groups was found from the 

Levene Test for either the goniometer or sit and reach 

measurements. Therefore, the assumption of homogeneity of 

variance was met. Additionally, the Mauchly test of 

sphericity was not significant (p = .07) for the goniometer 

measurements; therefore, the sphericity test was assumed.

The Mauchly test of sphericity was also not significant (p 

=.90) for the sit and reach measurements; therefore, the 

sphericity test was assumed.

The results of the mixed factorial ANOVA comparing 

goniometer scores for treatment groups across testing
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sessions are presented in Table 3. A significant 

interaction (Figure 1) was found for treatment groups x 

testing sessions. To determine where the significant 

difference exist between the three groups at each of the 

testing sessions, the EMMEANS procedure (Table 4) was 

followed for a pairwise comparison test (SPSS 11.0).

Pairwise comparisons were analyzed to determine where the 

significant differences occurred. Significant (p = .000) 

differences were found for PNF and static stretch from the 

pretest to the midtest and the pretest to the posttest. 

Additionally, significant (p = .000) differences were found 

for the control group from the pretest to the posttest and 

the midtest to the posttest.

Tukey's post hoc (Table 5) indicated statistically 

significant differences for goniometer scores for the PNF 

method from the pretest to posttest (gain = 6.08°), as well 

as from the pretest to midtest (gain = 7.43°). Tukey post 

hoc analyses also revealed a significant difference for the 

static stretch method from pretest to posttest (gain = 5.6°) 

and from the pretest to midtest (gain = 5.3°) . The results 

also identified a significant difference in the control
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group from pretest to posttest (gain = 4.6°) and from

midtest to posttest (gain = 4.58°).

The results of the mixed factorial ANOVA comparing sit 

and reach scores for treatment groups across testing 

sessions are presented in Table 6. No significant 

interaction was found for treatment groups x testing 

sessions. However, a main effect was found between the 

testing sessions. A significant (p = .000) mean difference 

was found between pretest to posttest, pretest to midtest, 

and midtest to posttest. These comparisons are presented in 

Table 7.

Reliability for goniometer and sit and reach scores 

was determined by computing intraclass correlations (ICC). 

The ICC for goniometer scores was .98. The ICC for sit and 

reach scores was .85.

There was a weak relationship between the goniometer 

and sit and reach measurements. The Pearson Product Moment 

Correlation for pre sit and reach and pre goniometer 

measurements was .47. The correlation for mid sit and reach 

and mid goniometer meausurements was .43. The Pearson 

Correlation for post sit and reach and post goniometer 

measurements was .31.
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Discussion

The intent of the researcher was to determine the 

delayed effect stretching had on hamstring flexibility 

following exercise, as well as to determine which method of 

stretching, static or PNF, was most effective. Differences 

between testing sessions were compared. Subjects were 

pretested, midtested, and posttested using a goniometer and 

sit and reach box to assess range of motion. According to 

the goniometer measurements, college aged students who used 

PNF and static stretch improved their hip range of motion 

from baseline to midtest (after the stretching protocol), 

as well as from baseline to posttest (after exercise). The 

control group (those who did not stretch) had no change in 

range of motion from pretest to midtest, but did have a 

significant increase in range of motion following 15 min of 

exercise. According to the sit and reach results, group 

assignment had no effect on range of motion. However, there 

was an improvement in hamstring flexibility from pretest to 

midtest, as well as from pretest to posttest regardless of 

group.

Based on the results of the 3 x 3  ANOVA the null 

hypothesis that no difference would be obtained for 

goniometer scores on hamstring range of motion across the
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three testing periods must be rejected. According to the 

goniometer scores both static stretching and PNF were shown 

to be effective at increasing range of motion. However, 

following the 15 min exercise bout the range of motion of 

the control group had increased equal to that of the static 

stretch and PNF groups. Therefore, based on this study warm 

up was just as effective as stretching to increase range of 

motion. However, based on the results of the 3 x 3  ANOVA 

for sit and reach scores, the null hypothesis that no 

difference would be obtained for hamstring range of motion 

across the three testing periods must be accepted.

Perhaps the reason for the non significant findings 

for the sit and reach measurements was due to participant 

error. While some of the subjects may have pushed 

themselves to the limit in attempt to reach farther on the 

sit and reach, others may have stopped reaching when they 

felt a slight twinge of discomfort. Those who reached 

farther may have had a higher tolerance for pain and 

continued to reach past their normal limit.

To the knowledge of the researcher this study is the 

first objective investigation as to the delayed effects of 

stretching on hamstring flexibility following exercise. 

Results support the claims by Etnyre and Lee (1988) that
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there are no differences between PNF or static stretch 

methods. The investigators reported that both techniques 

improved range of motion following a stretching routine, 

while neither were significant over the other. However, 

Etnyre and Lee (1988) reported that the PNF technique 

increased range of motion slightly more than the static 

stretch method, while the opposite finding was reported in 

this study. However, the differences between the two types 

of stretching were not statistically significant. Worrel et 

al. (1994) and Williford and Smith (1985) also revealed 

that PNF and static stretch were effective at increasing 

hamstring range of motion following a stretching protocol, 

but that neither stretch was significantly greater than the 

other.

The results obtained in the PNF group in this study 

were quite similar to Etnyre and Abraham (1986), Spernoga 

et al. (2001), and Wallin et al. (1985) in that all of 

these studies, as well as the present study, indicated a 

significant increase in range of motion following a 

stretching protocol. The results gathered in the static 

stretch group in this study support the findings of studies 

investigated by Bandy et al. (1998), Gribble et a l . (1999),

and Willy et a l . (2001). The researchers reported a
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significant increase in hamstring range of motion following 

a static stretching protocol, which was also indicative of 

this study.

The results of this study indicate that a proper warm 

up was just as effective as stretching in increasing hip 

range of motion. These results were similar to the study 

investigated by Williford et al. (1986). The researchers

assigned subjects to three groups: a group that 

participated in a warm up, which consisted of 5 min of 

light jogging followed by the stretching protocol; a 

stretching group without a warm up; and a control group. 

Williford et al. (1986) concluded that the warm 

up/stretching group had an overall significant mean gain in 

flexibility compared to the other two groups.

Flexibility is an important component in reducing 

injury and improving athletic performance (Burke et al., 

2001; Cornelius & Hands, 1992; Etnyre & Lee, 1988; Spernoga 

et al., 2001). Stretching exercises are commonly used in 

athletics to treat and prevent injuries by increasing 

flexibility (Cornelius & Hands, 1992; Mohr et al., 1998; 

Spernoga et al., 2001). However, this study indicated that 

a proper warm up is just as effective as stretching, in 

order to increase hamstring range of motion, prior to
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athletic activity. Therefore, coaches and athletic trainers 

should incorporate both a proper warm up, as well as 

stretching, whether it is PNF or static stretching, in 

order to prevent possible injury. A proper warm up and 

stretching before physical activity will increase range of 

motion, which is important in reducing injury.
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Table 1

Descriptive Statistics for Goniometer Scores for Treatment 

Groups Across Testing Sessions (N = 60)

Variables Mean s N

PNF

Pretest 86.18 8.96 . 20
Midtest 93.62 8.20 20
Posttest 92.27 7.40 20

SS

Pretest 89.23 12 .28 20
Midtest 94.53 13.88 20
Posttest 95.85 13.93 20

Control

Pretest 90.73 12.96 20
Midtest 90.63 14.59 . 20
Posttest 95.22 13 .25 20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Delayed Effect of Stretching 27
Table 2

Descriptive Statistics for Sit and Reach Scores for 

Treatment Groups Across Testing Sessions (N = 60)

Variables Mean s N

PNF

Pretest 15.15 3.2,7 20
Midtest 16.23 3.48 20
Posttest 16.93 3.25 20

SS

Pretest 14.89 3.15 20
Midtest 16.61 3.56 20
Posttest 16.63 3.12 20

Control

Pretest 14.45 3.15 20
Midtest 15.28 2.72 20
Posttest 15. 61 2.53 20
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Table 3

3 x 3  ANOVA with Repeated Measures on One Factor Comparing 

Goniometer Scores for Treatment Groups Across Testing 

Sessions

Source ss df ms F
Eta 

p Squared

Between Subjects 59

A (TX) 149.91 2 75.95 .18 .830 .006

Error Between 23474.47 57 411.83

Within Subjects

B (Goniometer) 964.93 2 482.47 47.75 .000

AB 334.90 4 83.73 8.29 .000

Error Within 1151.82 114 10.10

aTable F (.05) (2, 57) = 3.17 
bTable F (.05) (2, 114) =3.08

Levene' Test of Homogeneity of Variance:
Pretest F = 1.67; p = .20
Midtest F = 2.61; p = .08
Posttest F = 2.90; p = .06

Mauchly's Sphericity =.91; p  = .07
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Table 4

Pairwise Comparisons for Comparing Treatment Differences 

for Goniometer Scores in Three Testing Sessions

Comparison Mean 
Dif f.

Std.
Error

t P

Differences for PNF
Pretest - Midtest 
Pretest - Posttest 
Midtest - Posttest

-7.43
-6.08
1.35

.96
1.14
.90

-7.74
-5.33
1.50

.000

.000

.140

Differences for SS
Pretest - Midtest 
Pretest - Posttest 
Midtest - Posttest

-5.30
-5.62
-.32

.96
1.14
.90

-5.52
-4.93
-.36

.000

.000

.727

Differences for Control 
Pretest - Midtest 
Pretest - Posttest 
Midtest - Posttest

9.9
-4.48
-4.58

.96
1.14
.90

10.31 
-3 .93 
-5.09

.918

.000

.000
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Table 5
Tukey HSD Analysis Comparing Average Goniometer Scores from Three Testing Sessions

Sessions PNFpre PNFmid PNFpost SSpre SSmid SSpost CONpre CONmid CONpost

Means 86.18 93.61 92 .27 89.23 94.53 94.85 90.73 90.63 95.22

Mean PNFpre 7.43* 6.08* 3.05 8.34* 8.67* 4.5* 4.45* 9.03*
Diff. PNFmid - -1.35 4.38* -.92 1.23 2.88 2.98 1.65

PNFpost - - 3.03 2.26 2.6 1.53 1.64 2.95
SSpre - - - 5.3* 5.6* 1.5 1.39 4.88*

SSmid - - - - .32 3.8* 3.9* .68
SSpost - - - - - 4.12* 4.22* .367

CONpre - - - - - - -.1 4.6*
CONmid - - - - - - - 4.58*

CONpost - - - - - - -

*(p < .05); df = 9, 114; HSD = 3 . 2  £
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Table 6

3 x 3  ANOVA with Repeated Measures on One Factor Comparing

Sit and Reach Scores for Treatment 

Test Conditions

Groups Across Different

Source ss df ms F p Eta2

Between Subjects 59

A (TX) 36.84 2 18.42 .69 .51 .02

Error Between 1524.31 57 26.74

Within Subjects

B (Sit and Reach)80.22 2 40.11 26.27 .00

AB 6.03 4 1.51 .99 .42

Error Within 174.05 114 1.53

aTable F (.05) (2, 57) = 3.17 
bTable F (.05) (2, 114) = 3.08

Levene' Test of Homogeneity of Variance: 
Pretest F = .03; p  = .98
Midtest F = .52; p  = .60
Posttest F = .64; p  = .53

Mauchly's Sphericity = 1; p = .90
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Table 7

Pairwise Comparisons for Comparing Main Effect Differences 

for Sit and Reach Test

Test Means Comparison Mean Diff. t P

Pretest 14.83 Pre - Mid -1.21 -5.26 .000

Midtest 16.04 Pre - Post -1.56. -7.09 .000

Posttest 16.39 Mid - Post -.35 -1.59 .000

aTable t (.05) (57) = 2.000
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Figure 1. Interaction chart for mean goniometer scores for

treatment and testing session for college aged students.
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Appendix A 

RESEARCH DESIGN 

Flexibility is an important component in reducing 

injury and improving athletic performance (Burke et al. , 

2001; Cornelius & Hands, 1992; Etnyre & Lee, 1988;

Spernoga, Uhl, Arnold, & Gansneder, 2001) . Etnyre and Lee 

(1988), Spernoga et al. (2001), and Gribble, Guskiewicz, 

Prentice, and Shields (1999) have all studied the effects 

of stretching on improved flexibility and range of motion. 

While it is generally accepted that stretching were improve 

joint range of motion by lengthening connective tissue 

(Bandy, Irion, & Briggler, 1998; Feland, 2001; Osternig, 

Robertson, Troxel, & Hansen, 1990; Spernoga et a l ., 2001; 

Williford & Smith, 1985; Willy, Kyle, Moore, & Chleboun, 

2001) the most effective stretching method remains unknown.

While most researchers have focused on the long term 

and immediate effects of stretching (Bandy & Irion, 1994; 

Bandy, Irion, & Briggler, 1997; Bandy et al., 1998; Cross & 

Worrell, 1999; Etnyre & Lee, 1988; Feland, 2001; Gribble et 

al., 1999; Wallin, Ekblom, Grahn, & Nordenburg, 1985; 

Webright, Randolph, & Perrin, 1997; Williford, East, Smith, 

& Burry, 1986; Williford & Smith, 1985; Willy et al.,
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2001) , little attention has been given to the delayed 

effects of stretching protocols.

Statement of the Problem 

The purpose of this study was to determine the effect 

of two different stretching techniques on range of motion 

following an exercise bout.

Definition of Terms 

The following definitions were used within the context 

of the research study:

Static Stretch

Arnheim and Prentice (2000) defined static stretching 

as "passively stretching an antagonist muscle by placing it 

in a maximal stretch and holding it there" (p. 83) . Static 

stretching was operationally defined as a 30 s stretch in a 

modified hurdler position.

Proprioceptive Neuromuscular Facilitation

Arnheim and Prentice (2000) defined proprioceptive 

neuromuscular facilitation as "stretching techniques that 

involve combinations of alternating contractions and 

stretches" (p. 83).

Flexibility

Houglum (2001) defined flexibility as "the 

musculotendinous unit's ability to elongate with
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application of a stretching force" (p. 122). Flexibility 

was operationally defined as measured by a sit-and-reach 

box.

Range of Motion

Houglum (2001) defined range of motion as "the amount 

of mobility of a joint and was determined by the soft- 

tissue and bony structures in the area" (p. 122). Hip 

flexion range of motion was operationally defined as 

measured by a goniometer.

Contract-relax-an tagonist-contract

Etnyre and Abraham (1986) defined contract-relax- 

antagonist-contract as "a static stretch, followed by an 

isometric contraction of the agonist while maintaining the 

position, and finally a contraction of the antagonist" (p. 

189). Contract-relax-antagonist-contract was operationally 

defined as a static stretch of the hamstrings in the supine 

position to the point of limitation, followed by a 7 s 

isometric contraction of the hamstrings, a 5 s rest, 

followed by a 7 s contraction of the quadriceps, and 

finally a 5 s rest.

Delimitations 

The study was delimited by the following factors:
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1. Subjects were college aged students between the 

ages of 18-23 from a small, state school in the Northeast.

2. The effects of only PNF and static stretching 

techniques were assessed.

3. Measurement were taken only by a goniometer and 

sit-and-reach box.

4. Subjects were free of any prior knee, low back, and 

hip injuries.
5. Only the delayed effects of stretching were 

assessed.

6. Only three trials for range of motion were measured 

and the average used for statistic purposes.

Limitations

The following limitations were considered when 

interpreting the results of the research:•

1. All subjects performed the tests with maximal 

effort.
2. The investigator was proficient at measuring range 

of motion.

3. The sit-and-reach box and goniometer were 

considered valid measures of range of motion.
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Hypothesis

1. No significant mean difference would be found for 

goniometer scores on hamstring length across PNF and static 

stretching groups.

2. No significant mean difference was expected for 

goniometer scores on hamstring length across experimental 

and control groups.

3. No significant mean difference was expected for 

goniometer scores on hamstring length across the three 

testing periods: baseline, pre-exercise, and post-exercise.

4. No significant interaction was expected between the 

stretching procedures, experimental groups, and the testing 

periods for goniometer scores.

5. No significant mean difference would be found for 

sit-and-reach scores on hamstring length across PNF and 

static stretching groups.

6. No significant mean difference was expected for 

sit-and-reach scores on hamstring length across 

experimental and control groups.

7. No significant mean difference was expected for 

sit-and-reach scores on hamstring length across the three 

testing periods: baseline, pre-exercise, and post-exercise.
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8. No significant interaction was expected between the 

stretching procedures, experimental groups, and the testing 

periods for sit-and-reach scores.
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Appendix B 

REVIEW OF LITERATURE 

Flexibility is an important component in reducing 

injury and improving athletic performance (Burke et al., 

2001; Cornelius & Hands, 1992; Etnyre & Lee, 1988; Spernoga 

et al., 2001). Stretching exercises are commonly used in 

athletics to treat and prevent injuries by increasing 

flexibility (Cornelius & Hands, 1992; Mohr, Pink, Eisner, & 

Kvitne, 1998; Spernoga et al., 2001). The most commonly 

strained muscle group is the hamstrings and many times 

insufficient warm-up, tightness of the muscle, muscular 

fatigue, or muscular imbalances contribute to the injury 

(Kujala, Orava, & Jarvinen, 1997).

Etnyre and Lee (1988), Spernoga et al. (2001), and 

Gribble et al. (1999) have all studied the effects of 

stretching on improved flexibility and range of motion. 

While it is generally accepted that stretching will improve 

joint range of motion by lengthening connective tissue 

(Bandy et al., 1998; Feland, 2001; Osternig et al., 1990; 

Spernoga et al., 2001; Williford & Smith, 1985; Willy et 

al., 2001) the most effective stretching method remains 

unknown. The effect of stretching type, protocol, length of 

stretch, and combination therapies remain of interest to
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the athletic trainer (Bandy & Irion, 1994; Bandy et al., 

1997; Burke et al., 2001; Cornelius, Ebrahim, Watson, & 

Hill, 1992; Etnyre & Abraham, 1986; Etnyre & Lee, 1988; 

Feland, 2001; Osternig et al., 1990; Spernoga et al., 2001; 

Wallin et al., 1985; Worrell, Smith, & Winegardner, 1994). 

While most studies have focused on the long term and 

immediate effects of stretching (Bandy & Irion, 1994; Bandy 

et al., 1997; Bandy et al., 1998; Cross & Worrell, 1999; 

Etnyre & Lee, 1988; Feland, 2001; Gribble et al., 1999; 

Wallin et al., 1985; Webright et a l ., 1997; Williford et 

al., 1986; Williford & Smith, 1985; Willy et al., 2001), 

little attention has been given to the delayed effects of 

stretching protocols.

This review of literature will include the following 

sections: 1) flexibility; 2) stretching protocols; 3) 

effect of stretching on range of motion; 4) measurement of 

range of motion; and 5) summary.

Flexibility

Arnheim and Prentice (2000) stated that "flexibility 

is the ability to move a joint or series of joints smoothly 

and easily throughout a full range of motion" (p. 79). 

Flexibility is a combination of joint range of motion and 

the ability of a muscle to lengthen through stretching
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procedures (Prentice, 1999). Arnheim and Prentice (2000), 

Prentice (1999), and Safrit and Wood (1995) stated that 

maintaining good flexibility prevents injury to the 

musculotendinous unit. Flexibility is necessary for optimal 

physical performance and is an important goal of any 

rehabilitation program (Arnheim & Prentice, 2000; Prentice,

1999).
Arnheim and Prentice (2000) and Prentice (1999) stated 

that a lack in flexibility can lead to decreased sport 

performance and increased possibility of injury. A sprinter 

who has tight hamstrings will lose speed since the 

hamstrings allow the hip to flex and lengthen the stride of 

the sprinter. Decreased flexibility can also result in 

uncoordinated or awkward movement patterns (Arnheim & 

Prentice, 2000; Prentice, 1999). Walter et al. (1996) also 

stated that flexibility will allow for a faster recovery 

following surgery and decrease muscle soreness.

Bandy et al. (1998) stated that with good muscle

flexibility the muscle tissue will adjust to the imposed 

stresses more easily and allow more efficient and effective 

movement. With this more fluid movement due to the 

increased flexibility, there will be enhanced performance 

and minimization of injuries. Similarly, Kujala et al.
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(1997) stated that with an increase of elasticity of the 

muscles it will take an increase in the force and degree of 

lengthening in order to tear a muscle. The researchers also 

stated that it is important to perform repeated stretches 

of the same muscle in order to increase the resistance of 

stretching (Kujala et al., 1997).

Houglum (2001) declared that muscles have the 

properties of elasticity, viscoelasticity, and plasticity. 

Elasticity is the ability of muscles to return to normal 

length after a force is imposed upon them. Viscoelasticity 

is the ability of muscles to resist a change of shape when 

a force is applied, but the inability to return to 

completely normal shape. Plasticity refers to the ability 

of a muscle to permanently change shape (lengthen) after a 

force is applied. A stretch applied to a muscle will 

encompass these properties of muscle allowing for 

flexibility to increase (Houglum, 2001) .

Stretching Protocols 

A number of stretching protocols have been designed to 

effectively lengthen a muscle (Bandy et a l ., 1998; Cross & 

Worrell, 1999; Etnyre & Lee, 1988; Osternig et a l . , 1990; 

Spernoga et a l . , 2001; Wallin et al., 1985; Williford et 

al., 1986; Worrell et al., 1994). Time and duration of
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stretch have been investigated (Bandy et al., 1997; Bandy 

et al., 1998; Bandy & Irion, 1994; Feland, 2001). The most 

effective protocol has yet to be established.

Static stretching and proprioceptive neuromuscular 

facilitation (PNF) are the most common stretching methods 

(Bandy et al., 1997; Bandy et al., 1998; Bandy & Irion, 

1994; Etnyre & Lee, 1988; Osternig et al., 1990; Spernoga 

et al., 2001). Bandy and Irion (1994) concluded that a 30 s 

static stretch was just as effective as a 60 s static 

stretch. Other researchers have adopted this protocol 

(Bandy et al., 1998; Webright et al., 1997; Willy et al., 

2001). However, Feland (2001) reported that a 60 s static 

stretch produced a greater range of motion. Many 

researchers (Bandy et al., 1997; Bandy et al., 1998; Bandy 

& Irion, 1994; Feland, 2001) have investigated stretching 5 

times a week for 6 weeks.

Halbertsma, Bolhuis, and Goeken (1996) described one 

stretch in which the subjects were instructed to place one 

leg on a table, while standing on the opposite leg. The 

subjects bent forward for 30 s and then relaxed for 30 s 

for a total of 10 min. During the relaxation phase subjects 

kept their leg on the table and kept their body in an 

upright position (Halberstma et al., 1996).
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Bandy et a l . (1997) investigated a similar stretching 

procedure as Halbertsma et al. (1996) Subjects were 

instructed to stand with the left foot on the floor 

pointing straight ahead, and the right foot placed on an 

elevated surface, such as a chair. The right lower 

extremity was fully extended without any hip rotation and 

the toes pointing upwards. The subject leaned forward from 

the hips, with the spine in neutral, and arms reaching 

forward until they felt a slight tension in the posterior 

thigh (Bandy et al., 1997).

Halbertsma and Goeken (1994) evaluated hamstring 

flexibility using a stretching technique that required a 

passive stretch using a cloth strip. Subjects sat with 

their legs outstretched straight and a cloth strip was 

placed around their feet. Subjects were instructed, to press 

their heels to the ground, while attempting to bend their 

knees. Stretching of the hamstrings was facilitated by 

bringing the trunk forward and pulling at the cloth strip. 

Subjects performed this stretch twice a day for 10 min over 

a period of 4 weeks (Halbertsma & Goeken, 1994).

Contract-relax (CR) , one of the more common PNF 

techniques, has been demonstrated by numerous researchers 

(Etnyre & Lee, 1988; Osternig et a l ., 1990; Spernoga et
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al., 2001; Wallin et al., 1985). The hamstrings were 

stretched by an examiner to the point of tension, followed

by an active contraction of the hamstrings performed by the

subject. The hamstrings then relaxed, while the examiner 

applied more tension for a shorter period of time than the 

first (Etnyre & Lee, 1988; Spernoga et al., 2001). Etnyre 

and Lee (1988) instructed the subject to contract for 6 s, 

while a stretch was applied for 3 s. Spernoga et al. (2001)

investigated the stretching protocol using a 7 s

contraction and application of tension, with a 5 s rest. 

Osternig et al. (1990) studied CR using a 5 s contraction 

phase followed by relaxation.

Contract-relax-agonist-contract (CRAC) and agonist- 

contract-relax (ACR), two other PNF techniques, involve 

contraction of the opposite muscle group (Etnyre & Lee, 

1988; Osternig et al., 1990; Worrell et al., 1994). Worrell 

et a l . (1994) investigated the CRAC method with 4 

repetitions of a 20 s stretch. The first 5 s the subject 

performed a maximal isometric contraction of the 

hamstrings, followed by 5 s of rest. The subject then 

executed a 5 s maximal isometric contraction of the 

quadriceps followed by another 5 s of rest (Worrell et al., 

1994) . All of these stretches were performed in the supine
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position and require a partner to aid in the stretch 

(Etnyre & Lee, 1988; Osternig et al., 1990; Worrell et al., 

1994).

Other stretches require the subject to be seated 

(Webright et al., 1997) or standing (Cross & Worrell, 1999; 

Willy et al., 2001; Worrell et al., 1994). In the standing 

position researchers stated the importance of maintaining 

an anterior pelvic tilt position and flexing from the hip, 

keeping the head forward, and the hips at 0° of rotation 

until tension was felt in the hamstrings. The subject 

placed their testing leg on an elevated surface and 

maintained their opposite leg on the ground pointing ahead 

(Willy et al., 2001; Worrell et al., 1994). Worrell et al. 

(1994) instructed subjects to extend both the cervical and 

thoracic spine while retracting the scapulae.

Webright et al. (1997) investigated static stretching

in a seated, modified hurdler stretch position. In this 

position the subjects extended their knees and abducted 

their hips, while flexing forward from the hips, keeping 

the spine in neutral, and reached forward with arms, hands, 

and fingers extended. The subject held the position for 30 

s when a slight tension was felt in the posterior lower
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extremity. This stretch was performed twice a day for 6 

weeks (Webright et al., 1997).

Other researchers have chosen to use the straight leg 

raise (SLR) (Williford et al., 1986) or active knee 

extension (AKE) (Webright et al., 1997) in order to stretch 

the hamstrings. Webright et al. (1997) described AKE in the 

neural slump position as a seated position on a table so 

that the feet of the subjects were raised off the ground. 

The thigh of the subjects remained on the table with the 

popliteal fossa against the table edge. The subject slumped 

forward with hands behind the head and flexing as far 

forward with the cervical vertebrae in full flexion and the 

thoracic and lumbar vertebrae in as much flexion as 

possible without falling off the table. The subject then 

extended his/her knee 30 times (Webright et al., 1997).

Williford et al., (1986) positioned subjects in a 

supine position with both legs in full extension. The 

examiner raised the right leg, keeping the knee extended, 

and held the stretch for 3 0 s. Subjects were instructed to 

maintain contact with the table with the left leg. A total 

of two repetitions were performed (Williford et al., 1986).

Starring, Gossman, Nicholson, and Lemons (1988) 

examined hamstring stretching using an Autorange device
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with a pulley weight system that created a constant upward 

force. Subjects were seated in the treatment chair with the 

back angle of the chair at 105° in order to keep the subject 

in a neutral position. The right lower extremity of the 

subject was strapped onto a wooden splint that extended 

from the cradle of the Autorange. The left foot of the' 

subject was placed on a chair so that the hip and knee were 

at 90° of flexion. The cradle of the machine was raised to 

the maximum tolerance stretching point of the subject and 

held for 10 s. Subjects then rated the stretch from 0 to 10 

(Starring et al., 1988) .

Researchers (Bandy et al., 1997; Etnyre & Lee, 1988; 

Osternig et al., 1990; Spernoga et al., 2001; Wallin et 

al., 1985; Webright et al., 1997; Worrell et al., 1994) 

have investigated various methods of stretching. Bandy and 

Irion (1994) demonstrated that a 30 s static stretch was 

the most effective length of a static stretch. However, the 

positions of the subjects in which the static stretches 

have been applied have varied from standing (Bandy et al.,

1997) to seated in a modified hurdler position (Webright et 

al., 1997). CRAC, one PNF technique has been investigated 

to be the most effective PNF stretch (Worrell et a l .,

1994). While a 5 s stretch (Worrell et al., 1994), a 6 s
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stretch (Etnyre & Lee, 1988), and a 7 s stretch (Spernoga 

et al., 2 001) have been investigated using PNF methods, 

Houglum (2001) stated that at least a 6 s stretch is 

necessary to be effective since at 6 s the Golgi Tendon 

Organs (GTO) override the muscle spindles to allow for 

further stretching.

Effect of Stretching on Range of Motion 

Willy et al. (2001) stated that a static stretch is a 

type of stretch that has been used for a number of years. 

Static stretching is the basis for therapeutic exercise in 

the athletic population (Willy et a l ., 2001). Prentice 

(1999) reported that static stretching involved stretching 

a muscle to the point of discomfort and then holding the 

position for a certain amount of time. While PNF is a 

combination of active and passive movements, static 

stretching only consists of passive movements of antagonist 

muscles. Static stretching is considered to be a safe 

technique. Since static stretching is a controlled stretch, 

there is less of a chance that the joints will be 

lengthened past their limit (Prentice, 1999).

Houglum (2001) discussed that PNF is a combination of 

active and passive stretching. PNF is a technique that 

combines specific patterns of movements with a maximum
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amount of resistance applied through a range of motion 

(Houglum, 2001). Arnheim & Prentice (2000) and Houglum 

(2001) stated that although, PNF is used to stretch muscles 

it also has been designed to strengthen muscles and joints. 

PNF aids in restoring flexibility and coordination to an 

injured area. There are different PNF techniques. The three 

most common techniques used are the hold-relax, contract- 

relax, and the slow reversal-hold-relax techniques (Arnheim 

& Prentice, 2000; Houglum, 2001).

PNF incorporates a number of techniques and is 

continually being studied to assess its effectiveness over 

other stretching protocols (Burke et al., 2001; Cornelius 

et a l . , 1992; Cornelius & Hands, 1992; Etnyre & Lee, 1988; 

Gribble et al., 1999; Osternig et al., 1990; Spernoga et 

al., 2001; Wallin et al., 1985). Etnyre and Abraham (1986) 

completed a study comparing the immediate effects of static 

stretching and two PNF techniques, contract-relax (CR) and 

contract-relax-antagonist-contract (CRAC). A total of 12 

male subjects were randomly assigned to treatment-order 

groups and completed all three stretching protocols on 

separate days. A significant increase was found for both 

the PNF techniques between the pretest and posttest.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



52
However, the CRAC method was shown to be superior compared 

to the CR method (Etnyre & Abraham, 1986).

In a later study, Etnyre and Lee (1988) randomly 

assigned subjects into four groups: 1) CR stretch; 2) CRAC;

3) static stretch; and 4) no stretch. The researchers found 

no significant difference in effectiveness between static 

stretching and the two PNF techniques. Although the PNF 

techniques resulted in a higher increase in range of motion 

than the static stretch, statistically there was no 

significant difference in effectiveness between the three 

stretching protocols. Interestingly, the control group that 

only performed the physical activity, but did not 

participate in any stretching, showed a decrease in range 

of motion (Etnyre & Lee, 1988) .

Etnyre and Lee (1988) indicated that the different PNF 

stretches vary not only in their techniques, but in 

effectiveness as well. The CRAC method was shown to produce 

a greater increase in range of motion in the shoulder and 

hip joints of men over the CR method. These findings, 

however, were not significant. The researchers concluded 

that PNF stretching was a more effective technique than 

static stretching to increase and maintain ROM over a
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period of time in which physical activity occurred (Etnyre 

& Lee, 1988) .

Burke et al. (2001) compared the effects of hamstring 

flexibility using PNF techniques coupled with the 

modalities heat and ice. These modalities provide 

physiological changes in deep tissue that Burke et al.' 

(2001) hypothesized would enhance PNF stretches. Although, 

significant increases in hamstring flexibility were 

demonstrated in all testing groups, there was no difference 

in ROM gains using modalities with PNF compared to PNF 

stretching alone (Burke et al., 2001).

Cornelius et al. (1992) studied the effects of ice and 

PNF on hamstring flexibility. Subjects were divided into 8 

groups. Groups (N = 3) received ice and three separate 

methods of PNF to the hamstrings, three groups each 

received a type of PNF stretch, one group received ice and 

a static stretch applied to the hamstring, and one group 

only received the static stretch. A greater increase in 

flexibility was shown using the PNF techniques over the 

static stretch. However, there was no effect using a cold 

application prior to the stretch (Cornelius et al., 1992).

Arnheim and Prentice (2000) stated that stretching is 

most effective once body temperature has risen slightly and
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the body begins to perspire. Warm-up is commonly achieved 

through jogging or light cycling. These are considered 

active warm ups. It is also possible to perform passive 

warm ups, such as submersion in a warm whirlpool. An active 

warm up is more likely to increase blood flow to deep 

muscles and increase the elasticity of muscles, where as 

passive warm up is more likely to only bring an increase of 

blood flow to the skin (Arnheim & Prentice, 2000).

Cornelius and Hands (1992) reported no significant 

difference between three different types of warm up on 

hamstring length using the slow-reversal-hold-relax PNF 

technique. The groups consisted of an active warm up group 

that rode a stationary bicycle for 20 min, a passive warm 

up group that was submerged chest deep in water reaching 

temperatures of 106° F to 110° F, and a control group that 

did not perform any warm up activity prior to stretching. 

The differences in hamstring length only varied a few 

degrees between each of the testing groups and therefore, 

was not statistically significant (Cornelius & Hands,
1992).

Wallin et a l . (1985) compared the effects of the PNF 

stretching technique, contract-relax (CR), with ballistic 

stretching (BS) in order to improve muscle flexibility.
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Flexibility tests were performed on the ankle plantar 

flexors with the knee extended, ankle plantar flexors with 

the knee straight, hip adductors, and hip extensors of the 

subjects. Range of motion was measured using a Myrin 

goniometer built as a compass. Subjects were placed into 

four treatment groups. Groups A, B, and C performed the CR 

stretch 3 times a week for 30 days, while Group D performed 

the ballistic stretch 3 times a week for 30 days. From days 

30 to 60 Group A only stretched once a week, Group B 

continued stretching 3 times a week, Group C stretched 5 

times a week, and Group D switched to the CR method 3 times 

a week. Testing was done before the stretching program 

began, and at 14, 30, and 60 days. The investigators 

concluded that the CR method of stretching significantly 

increased range of motion compared to the ballistic 

stretching method (Wallin et al., 1985).

Lucas and Koslow (1984) investigated the effects of 

static, dynamic, and PNF stretching on hamstring 

flexibility. Each treatment group performed flexibility 

exercises for 5 min 3 days a week for 7 weeks. These 

subjects in the dynamic treatment group used a gentle 

bobbing motion, while those in the static group used a 

slow, sustained method. The PNF method consisted of the
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subjects isometrically contracting the antagonist hamstring 

for 5 s by pushing against the hand of a partner. The 

subject then relaxed and concentrically contracted the hip 

flexors for 10 s. Researchers found a significant 

improvement for all three stretching methods between a pre 

and post test (Lucas & Koslow, 1984).

Spernoga et al. (2001) studied the duration of 

hamstring flexibility gains after a one-time hold-relax 

stretch. In order to measure hamstring flexibility 

measurements were assessed at the knee joint and measured 

in degrees of active knee extension. Measurements were 

taken prior to the hold-relax stretch, and at 0, 2, 4, 6,

8, 16, and 32 min post stretch. The researchers reported 

that hamstring flexibility gains remained significantly 

increased for 6 min following a hold-relax stretch 

(Spernoga et al. , 2001).

Researchers (McHugh, Magnusson, Gleim, & Nicholas, 

1992; Mohr et al., 1998; Osternig et al., 1990) have 

emphasized that in order to safely and effectively stretch 

a muscle, the muscle needs to be relaxed during the 

stretching techniques. Specific PNF techniques have been 

based upon this principle according to Osternig et al.

(1990). Researchers (Carter, Kinzey, Chitwood, & Cole,
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2000; Osternig et al., 1990) have examined the effects of 

PNF on muscle activity. Osternig et al. (1990) investigated 

knee ROM and hamstring muscle activity using a static 

stretch and two PNF techniques, contract-relax (CR) and 

agonist-contract-relax (ACR). Osternig et al. (1990) 

reported that while the ACR stretch produced the greatest 

increase in ROM, it did not inhibit muscle activity, but 

produced almost twice as much as the other testing groups. 

There was only a slight difference between the static 

stretch and CR technique. While the static stretch produced 

a lesser increase in range of motion than either PNF group, 

the static stretch did inhibit the most amount of muscle 

activity in the hamstring of the three testing groups 

(Osternig et a l ., 1990).

Carter et al. (2000) reported that a PNF stretch 

decreased muscle activity within the biceps femoris muscle, 

but not the semitendinosus muscle. Carter et al. proposed 

that the biceps femoris is a larger muscle than the 

semitendinosus and contains more muscle spindles, which 

influence the per unit area of the muscle. Therefore, the 

decrease in muscle activity had a greater effect in the 

biceps femoris since there is more unit area (Carter et 
al., 2000).
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Magnusson, Aagaard, and Nielson (2000) examined the 

effects of 3 successive 45 s static stretches on the 

passive properties of the hamstring muscle. All 20 subjects 

stretched for 45 s with 30 s of rest between each of the 

three stretches. The researchers found that 3 successive 45 

s static stretches did produce a viscoelastic stress 

relaxation in the hamstring muscle group (Magnusson et al.,
2000) .

Gribble et al. (1999) studied the effects of static 

stretching and hold-relax stretching using both active knee 

extension (AKE) and straight leg raise (SLR) to measure 

flexibility. A total of 45 subjects were assigned to one of 

three testing groups: 1) control; 2) static; and 3) hold- 

relax. Both the stretching groups showed improvement in 

hamstring flexibility over the control group. Either 

stretching method was proven to be equally effective. 

Improvements in hamstring flexibility were also significant 

using either the AKE test or SLR test (Gribble et al.,
1999) .

Bandy et al. (1998) studied the effects of static 

stretch and a new stretching technique, dynamic range of 

motion training (DROM), on hamstring flexibility. While 

both static stretching and DROM training achieved increases
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in hamstring flexibility, DROM only increased a mean 

average of 4° after 6 weeks of adhering to the stretching 

protocol. That is less than 1° per week. Those subjects in 

the static stretching group had a mean average increase of 

nearly 12° after the 6-week stretching program. The static 

stretch resulted in hamstring flexibility gains of almost 

three times that of the DROM training group. The 

researchers indicated that a 30 s static stretch was more 

effective than DROM training to improve hamstring 

flexibility (Bandy et al., 1998).

Willy et al. (2001) discovered that increases in 

flexibility gained through static stretching decreased over 

time with cessation of stretching. The researchers studied 

the effects of static stretching over a period of 6 weeks, 

with 4 weeks of cessation, and then another 6 weeks of 

stretching. A total of 18 inactive college students with 

less than 160° of knee extension in 90° of hip flexion 

participated in the study. All subjects showed significant 

improvement in hamstring flexibility after static 

stretching 5 times a week for 6 weeks. However, following 

the 4-week resting period, hamstring ROM returned to the 

baseline for all subjects. Hamstring flexibility gains

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6 0 .

after the final 6 weeks of stretching resulted in similar 

increases as the first 6 weeks. The researchers concluded 

that once patients are discharged from a rehabilitation 

program that included stretching, continuation of 

stretching is necessary in order to maintain range of 

motion (Willy et a l ., 2001).

Mohr et al. (1998) examined the effects of warm-up on 

the EMG activity of biceps femoris, soleus, and 

gastrocnemius muscles during a static stretch. Subjects 

held static stretches for a total of 90 s, while EMG 

activity was recorded at 0 s, 30 s, 60 s, and 90 s of the 

stretch. Researchers studied the right leg pre warm up and 

the left leg post warm up. The investigators reported that 

all three muscles recorded low EMG activity during both pre 

and post warm-up stretches. However, for the gastrocnemius 

and soleus, EMG activity was significantly less after the 

warm-up, but there was no difference in EMG activity for 

the biceps femoris for either treatment protocol. The 

researchers noted that there was no change in EMG activity 

after 30 s, which implied that a 30 s static stretch is 

sufficient over a longer static stretch (Mohr et al.,
1998) .
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Researchers (Bandy & Irion, 1994; Bandy et a l ., 1997; 

Feland, 2001) have investigated the effects of time on 

static stretching in order to gain the greatest increases 

of flexibility in muscles. Bandy and Irion (1994) studied 

57 subjects with greater than 30° loss of knee extension and 

placed them into four groups: 1) passive static stretch for 

15 s; 2) static stretch for 30 s; 3) static stretch for 60 

s; and 4) no stretch. Groups 1, 2, and 3 stretched 5 times 

a day for 6 weeks. Hamstring flexibility was measured prior 

to the stretching program, at the end of the 6 weeks, and 

after 2 days of rest following the testing period. Both the 

active static stretching groups had greater increases in 

hamstring flexibility as measured by knee extension. The 

researchers concluded that stretching for 15 s was no more 

effective than no stretch (Bandy & Irion, 1994).

In a follow up, Bandy et al. (1997) studied the 

effects of time and frequency of static stretching to 

increase hamstring flexibility. Subjects (N = 93) with 30° 

or greater loss of knee extension were assigned to 1 of 5 

groups: 1) a 1 min static stretch 3 times a day; 2) a 30 s 

static stretch 3 times a day; 3) a 1 min static stretch 

once a day; 4) a 30 s static stretch once a day; and 5) no 

stretch. Groups 1, 2, 3, and 4 stretched 5 days per week
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for 6 weeks. Bandy and colleagues reported that there were 

no significant difference between the 4 stretching groups 

in improving hamstring flexibility in either the time or 

frequency. The researchers concluded that a 30 s static 

stretch was as effective as a 60 s static stretch. 

Stretching once a day or 3 times a day was equally 

effective as well (Bandy et al., 1997).

In contrast to the findings reported by Bandy et al. 

(1997) study, Feland (2001) concluded that a 60 s stretch 

produced greater rate of ROM compared to a 30 s static 

stretch. Subjects were divided into four groups: 1) no 

stretch; 2) 15 s static stretch 3) 30 s static stretch; and

4) 60 s static stretch. All stretching groups stretched 5 

times per week for 6 weeks. Measurements were taken once a 

week for the 6 treatment weeks and for 4 post-treatment 

weeks. The 60 s group increased knee ROM at a rate of 2.4° 

per week, the 30 s group increased at 1.3° rate per week,

and the 15 s group increased at a .6° rate per week (Feland,

2001).

Walter, Figoni, Andres, and Brown (1996) investigated 

the training intensity and duration of a static stretch on 

increasing hamstring flexibility. Subjects performed a 

modified sit-and-reach test to measure hamstring
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flexibility. The right leg was used as the testing leg, 

while the left leg remained the control leg. Subjects were 

assigned a stretching intensity (either 60%, 85%, or 100%) 

and a duration (either 10 s or 30 s). After 6 days of 

independently training, the subjects were retested using 

the modified sit and reach. Improvements were shown in both 

the 85% and 100% stretching intensity groups for all 

experimental legs. There was an unanticipated improvement 

in control legs for the 85% and 100% stretching intensity 

with a 30 s duration. The researchers concluded that a 60% 

stretching intensity did not improve flexibility, while 85% 

and 100% stretching intensity showed significant 

improvement (Walter et al., 1996).

Worrell et a l . (1994) investigated the most effective 

stretching method, either static stretching or PNF, to 

increase hamstring flexibility. The hamstrings of 19 

subjects were assessed using AKE. Subjects were qualified 

to participate in this study if they lacked 20° of AKE with 

90° of hip flexion. One leg was stretched using the static 

stretching method and the other leg using the PNF method, 

contract-relax-contract (CRC). Subjects trained for 3 

weeks, 5 days per week. While both stretching methods 

increased hamstring flexibility (static stretch = 8.0°
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change, PNF = 9.5° change) neither proved statistically 

significant (Worrell et al., 1994).

Williford and Smith (1985) also compared the effects 

of static stretching and PNF on joint range of motion. 

Flexibility tests were measured using the Leighton 

flexometer on the following joint movements: 1) trunk 

flexion-extension; 2) hip flexion-extension; 3) trunk 

lateral flexion; 4) shoulder flexion-extension; and 5) hip 

abduction-adduction. Subjects (N = 32) were divided into 

two groups (static stretching and PNF) and stretched for 9 

weeks, 2 times a week for 15 min. Both stretching methods 

improved ROM significantly in hip flexion-extension, trunk 

lateral flexion, and hip abduction-adduction. The 

researchers concluded that there was no difference in 

effectiveness between static stretching and PNF (Williford 

& Smith, 1985) .

Measurement on Range of Motion 

There have been numerous studies that have used the 

straight leg raise (SLR) to test hamstring flexibility 

(Brodowicz et al., 1996; Burke et al., 2001; Etnyre & Lee, 

1988; Gajdosik, Albert, & Mitman, 1994; Wallin et al., 

1985). However, researchers (Brodowicz et al., 1996; Burke 

et al., 2001; Cornelius et a l ., 1992; Etnyre & Lee, 1988;
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Gajdosik et al., 1994; Wallin et al., 1985) varied in their 

measuring instruments. Brodowicz et al. (1996) measured

range of motion at the hip using a Leighton flexometer. 

Cornelius et al. (1992) described the Leighton flexometer 

as an instrument that contained a weighted 360° dial and 

pointer. Brodowicz et al. (1996) instructed the subjects to

lay supine with their pelvis and opposite leg stabilized 

with straps secured around their anterior superior iliac 

spine (ASIS) and around the opposite knee. The Leighton 

flexometer was attached to the mid calf of the testing leg. 

The subject was instructed to raise his/her leg keeping the 

knee in full extension, and the ankle in neutral (90°) . The 

Leighton flexometer was then locked at the terminal 

position of hip flexion. Three trials of the SLR were 

performed with 20 s of rest in between each trial. The 

average of the 3 trials was used as the final measurement 

(Brodowicz et al., 1996).

Burke et al. (2001) tested hamstring flexibility using 

the SLR on a flexibility training machine. Subjects were in 

a supine position with the resistance pad of the machine at 

mid calf. The subjects produced a maximal active hip 

flexion (MAHF) maintaining a neutral position and their 

knee in full extension. The machine gave an angular read
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out. The machine produced a second read out for a maximal 

voluntary isometric contraction (MVIC) of the hip extensors 

(Burke et al., 2001).

Etnyre and Lee (1988) measured hamstring flexibility 

with a stainless steel goniometer. With subjects supine in 

maximal hip flexion with the knee fully extended, the axis 

of the goniometer was placed level with the greater 

trochanter of the femur. One lever arm was placed next to 

the trunk parallel to the floor and the second level arm 

was parallel to the femur (Etnyre & Lee, 1988).

Wallin et al. (1985) tested subjects with a Myrin 

goniometer built as a compass. Subjects lay supine with one 

examiner stabilizing the non-tested leg, while the other 

examiner palpated the knee joint with one hand and placed 

the other hand underneath the calcaneus of the tested leg. 

The second examiner then passively moved the tested leg 

into extension and ceased movement when the knee began to 

flex. Before the test began, the goniometer was placed on 

the medial side of the distal tibia with the scale of the 

compass house fixed to zero. The angle of inclination 

versus zero was read once the subject reached maximal hip 

flexion. Two to five tests were performed on each leg and
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the best result used for statistic purposes (Wallin et al., 

1985) .

Gajdosik et a l . (1994) also measured the SLR

passively. The subject lay supine with the ASIS and mid

thigh of the non-tested leg strapped to the table. The 

researcher placed one hand to the distal femur and used the 

other hand to move the leg into extension until a firm 

resistance was felt. The subjects were then photographed 

with a 35 mm still camera, 3.05 m away, at the level of the 

greater trochanter. Researchers used the photographs and 

measured the angles using a protractor (Gajdosik et al., 

1994) .

Wang, Whitney, Burdett, and Janosky (1993) positioned 

subjects supinely and placed the knee of the subject to be 

measured in extension using a Bledsoe knee brace. The 

stationary arm of the goniometer was aligned along the 

midline of the trunk while the moving arm was positioned 

along the lateral midline of the femur. The fulcrum of the 

goniometer was centered over the superior half of the 

greater trochanter. In order to measure hip flexion, the 

leg was passively raised to the point where a small amount 

of pelvic rocking was palpated by the researcher.

Therefore, measurements were taken when the pelvic tilting
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was detected. Subjects were instructed to relax their 

hamstring muscles during the measurement process (Wang et 
al., 1993).

Funk, Swank, Adams, and Treolo (2001) measured hip 

range of motion by placing subjects in a supine position 

with hip and knee in 90°. The fulcrum of the goniometer was 

centered over the lateral epicondyle of the femur with the 

proximal arm aligned along the femur using the greater 

trochanter as a reference point. The distal arm was aligned 

with the lateral malleolus. The knee of the subject was 

passively extended and measurement was recorded using the 

goniometer. The value obtained was then subtracted from 90° 

(Funk et al., 2001).

Other investigators have chosen to use the active knee 

extension (AKE) test to measure hamstring flexibility 

(Feland, 2001; Osternig et al., 1990; Spernoga et al.,

2001; Webright et al., 1997; Willy et al., 2001; Worrell et 

a l ., 1994). Gribble et al. (1999) investigated the 

reliability of the SLR and AKE. The researchers concluded 

that both methods were reliable and effective to measure 

hamstring flexibility. The researchers determined 

reliability using an intraclass correlation coefficient 

(ICC) with standard error of measurement calculations and a
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Pearson Product Moment Correlation (Gribble et al., 1999). 

Researchers have also studied hamstring flexibility using a 

passive movement of the tibia to achieve terminal position 

of knee extension (Bandy et al., 1997; Bandy et al., 1998; 

Bandy & Irion, 1994).

Worrell et al. (1994) used a polyvinylchloride pipe

frame with a cross bar to keep the hip at 90° flexion. An 

inclinometer was placed 1" below the fibular head and the 

last 2 of 6 AKEs were recorded for measurement (Worrell et 

al., 1994). Spernoga et al. (2001) also used the cross bar 

technique. Spernoga et al. (2001) marked the right greater 

trochanter of the femur, the lateral femoral epicondyle, 

and the lateral malleolus of each subject. Subjects lay 

supine with hips flexed to 90° as measured by a goniometer. 

The left hip remained at 0°. A gravity-assisted protractor 

was placed 2.54 cm below the right fibular head. Each 

subject performed 6 AKEs. On the final AKE the subject 

lowered his/her leg without moving his/her thigh from the 

cross bar (hip remained at 90°) and the investigator 

measured the angle (Spernoga et al., 2001).

Osternig et al. (1990) investigated hamstring

flexibility with subjects in a supine position, with the
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right hip in full flexion and secured to the table. The 

left thigh remained in extension and strapped to the table. 

Subjects were instructed to extend the knee of their right 

leg until they felt tension. At this point the angle of the 

AKE was measured (Osternig et al., 1990).

Willy et al. (2001) and Feland (2 001) measured 

hamstring flexibility with a goniometer and AKE. Each 

subject was placed into 90° of hip flexion as measured by a 

goniometer and instructed subjects to raise his/her leg 

with the knee extended to the point of pain. The pelvis of 

each subject was stabilized at the ASIS with straps (Willy 

et al., 2001).

Borms, Van Roy, Santens, and Haentjens (1987) designed 

a transparent plastic adaptation for the goniometer. This 

adapted goniometer differs from a traditional goniometer in 

the graduation scale. The fulcrum and moving arm of the 

goniometer was mounted on a carriage and slid along one of 

the goniometer arms. This allowed joint range of motion to 

be measured without centering the fulcrum to the joint 

axis. The arms of the goniometer were 55 cm which reached 

both reference points on the femur. The subject was placed 

in a supine position and the trunk positioned along the 

posterior edge of the table. The non-measured leg was
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slightly bent with the foot parallel to the edge of the

table. The reference points were marked and a transverse

line connecting the ASIS and PSIS (AB) were drawn. A 

perpendicular line (CD) to AB was drawn from the most 

superior point of the greater trochanter to the AB line. A 

line (DE) was marked from the superior point of the greater 

trochanter to the lateral epicondyle of the femur. The

angle between CD and DE was measured in a resting position,

as well as in maximal flexion. The resting angle was then 

subtracted from the maximal flexion angle in order to 

obtain an isolated coxo-femoral flexion angle (Borms et 

al., 1987).

Hamstring flexibility has also been assessed using a 

sit and reach box (Liemohen, Martin, & Pariser, 1997;

Walter et al., 1996). Walter et a l . (1996) instructed

subjects to sit with their right leg extended fully with 

their foot against the sit-and-reach box. The height of the 

box was 30 cm. The left hip was externally rotated and 

flexed at the knee with the arch of the left foot against 

the medial femoral condyle of the right femur. The subjects 

were instructed to fully extend their arms, hands, and 

fingers as far forward as possible and hold for 1 s . 

Subjects participated in 4 to 7 trials depending on when no
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noticeable change in distance occurred (Walter et a l . ,
1996) .

Liemohen et al. (1997) investigated the use of the 

modified sit and reach box to measure hip range of motion. 

The sit and reach box was modified so that the feet could 

plantar flex. The vertical surface of the box was removed 

and a cross bar installed in order to restrain heel 

movement. Researchers concluded that allowing the feet to 

plantar flex resulted in a significantly better score in 

the modified sit and reach than the standard sit and reach 

in which the foot remained dorsiflexed (Liemohen et al.,

1997) .

Summary

Researchers (Burke et al., 2001; Cornelius et al., 

1992; Etnyre & Abraham, 1986; Etnyre & Lee, 1988; Spernoga 

et al., 2001; Wallin et al., 1985) have demonstrated that 

various stretching methods increase range of motion and 

improve flexibility. Although, there were no statistically 

significant differences in studies that investigated the 

effects of static stretching and PNF, both were effective 

in increasing range of motion (Etnyre & Lee, 1988; 

Cornelius et al., 1992; Gribble et al. , 1999; Worrell et 

al., 1994). Control groups, in which no stretching took
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place, demonstrated little improvements in range of motion 

(Bandy & Irion, 1994; Bandy et al., 1997; Bandy et al.,

1998; Walter et al., 1996) and in one case a decrease in 

range of motion (Etnyre & Lee, 1988).

Flexibility is an important component in reducing 

injury and improving athletic performance (Burke et al., 

2001; Cornelius & Hands, 1992; Etnyre & Lee, 1988; Spernoga 

et al., 2001). Flexibility is necessary for optimal 

physical performance and is an important goal of any 

rehabilitation program (Arnheim & Prentice, 2000; Prentice, 

1999) . While it is known that the immediate and long term 

effects of stretching will improve joint range of motion 

(Bandy et al., 1988; Feland, 2001; Osternig et a l ., 1990; 

Spernoga et al., 2001), the delayed effects are unknown. 

Further research is needed to study the effects of 

stretching following an exercise bout.
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Appendix C

INFORMED CONSENT

CONSENT TO PARTICIPATE VOLUNTARILY 
IN A RESEARCH INVESTIGATION

Health, Physical Education, and Recreation 
Plymouth State College 
Plymouth, NH 03264

PROJECT TITLE: D e l a y e d  E f f e c t s  o f  S t r e t c h i n g
You are being asked to participate in a research 

investigation as described in this form. All such 
investigational projects carried out within this department 
are governed by the regulations of both the Federal 
government and Plymouth State College. These regulations 
require that the investigator obtain from you a signed 
agreement (consent) to participate in this project.

This form provides a detailed description of the 
project, the procedures to be used, and the potential 
benefits and possible risks of participation. You may ask 
the investigator any questions you may have to help you 
understand the project and you may expect or receive 
satisfactory answers to questions. A basic explanation of 
the project is written below.

If, after reading this form and speaking with the 
investigator, you decide to agree to participate in the 
project, please sign this form on the line indicated below 
in the presence of a witness and the investigator.

I. The purpose(s) of this research project is to 
determine the delayed effects of stretching on 
hamstring flexibility, following an exercise bout.

Amanda E. Kelleher 
Principle Investigator

Irene Cucina, Julie Bernier 
Faculty Member

Subject's Name
October 28, 2002 

Date
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The approximate number of subjects involved in this 
project is 30.

Your participation in this project will entail 
approximately 1 hour.

The procedures to be used include:

1. A 5-minute warm up on a stationary bicycle.
2. Range of motion measured by a goniometer.
3. Flexibility measured by a sit-and-reach box.
4. Participants in the stretching group will have 
one leg stretched using proprioceptive 
neuromuscular facilitation and the other leg 
using a static stretch.
5.Participants in the control group will rest for 
4 minutes and will not be stretched.
6. All participants will complete a 15-minute 
exercise routine that entails various exercises, 
such as jumping rope, running stairs, and riding 
a stationary bicycle.

II. The risks and the safeguards taken to minimize the 
risks are as follows:

There is a possibility of injury associated with 
participation in this study. Should an unforeseen 
physical injury occur, appropriate first aid will be 
provided, and the participant will be responsible for 
payment of any and all medical expenses that arise 
from an injury related to his/her participation.
Please contact the Faculty Advisor in the event of 
research related injury to you. Further information 
can be obtained from the Human Subjects Committee 
regarding your rights as a research participant.

Participant's Initials _______

III. The potential benefits and importance of study include:
1. Some participants will receive stretching.
2. Determine which stretching method, PNF or static, 

is more beneficial.
3. Determine whether exercise hinders the benefits of 

stretch.
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4. Determine which method is best used for college 
athletes.

IV. The information obtained about you will be kept in 
confidence. The information may be used for 
statistical or scientific purposes without identifying 
you as an individual.

Any significant new findings will be provided to you 
at the conclusion of the study.

You are free to withdraw from this project at any time 
without penalty or loss of benefits to which you would 
otherwise be entitled. If you wish to withdraw, simply 
inform the investigator and then you may leave the 
room.

I CERTIFY THAT I HAVE READ AND FULLY UNDERSTAND THE ABOVE 
PROJECT. I WILLINGLY CONSENT TO PARTICIPATE.

Signature of Subject Signature of Witness

Date

I CERTIFY THAT I HAVE EXPLAINED FULLY TO THE ABOVE SUBJECT 
THE NATURE AND PURPOSE, THE POTENTIAL BENEFIT AND POSSIBLE 
RISK OF THE INDICATED PROCEDURE OR DRUG.

Signature of Investigator
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Appendix D 

HEALTH QUESTIONNAIRE

Plymouth State College
HEALTH HISTORY FORM

Name: Birth Date Age Gender
M/F

Address: Phone:

What is the present state of your general health?

Person to contact in case of emergency: 
Name:
Phone:

Relationship:

Please answer the following questions as honestly 
as possible:

Yes No

Has a physician ever said that you have a heart 
condition and that you should not exercise?
Do you feel pain in your chest when you do a 
physical activity?
Do you lose your balance because of dizziness or 
do you ever lose consciousness?
Have you ever been diagnosed with high blood 
pressure?
In the past month, have you had chest pain when 
you were not doing physical activity?
Do you have any chronic illnesses or medical 
conditions? If yes, please describe.

Do you have a bone, joint, or muscular problem
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that could be made worse by physical activity? If 
yes, please describe.

Is your doctor currently prescribing medications 
for blood pressure or heart condition? If so, 
please list.

Have you had any major surgery in the last month?

Are you presently taking any performance enhancing 
substances? If yes, please list:

Do you smoke any form of tobacco?

Have you ever suffered from a serious injury to 
the hip, low back, or knee? If so, please 
describe.

Do you know of any other reason why you should not 
participate in physical activity?

Signature _______________________________  Date

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7 9

Appendix E 

Summary of Raw Data Table

Goniometer Sit and Reach

Group Pre Mid Post Pre Mid Post

PNF 80. 00 86.67 90.00 7.75 8.25 10.00
PNF 90. 67 90.00 95.33 15.50 15.00 14.75
PNF 72.33 81.33 86.00 11.25 11.00 12 .75
PNF 87.00 93 .33 83.33 18.50 16.00 18.00
PNF 69.67 76.67 76.33 10.75 11.50 11.75
PNF 79.00 89.67 88.00 19.50 19.75 21.25
PNF 95.00 97.67 95.67 18.25 18.00 18.25
PNF 89.33 103.00 94.33 14.25 19.75 17.25
PNF 72.00 83.33 83.33 13.75 15.25 16.00
PNF 96.33 99.67 101.67 15.00 13.50 17.00
PNF 95.67 98.00 100.67 14. 00 17.00 14.75
PNF 96.67 104.00 104.33 17.25 18.50 18.75
PNF 85.00 93.33 94.67 16.50 18.25 19.50
PNF 88.00 99.00 92.00 13.75 15.50 13.75
PNF 94.00 106.00 98.33 12.50 14.00 16.00
PNF 79.33 89.33 89.00 12. 50 14.25 19.00
PNF 77.33 84.67 84.67 16.25 18.75 .17.25
PNF 92.67 96.67 89.67 18.50 19.75 19.50
PNF 97.33 103.00 102.67 21. 00 22.25 22.75
PNF 86.33 97.00 95.33 16.25 18.25 20.25
SS 72.00 86.67 88.33 7.25 8.50 10.00
SS 87.00 89.67 90.33 16.75 15.75 15.75
SS 76.67 73.00 85.67 11.50 11.25 12.50
SS 82.00 90.33 87.00 17. 00 14.25 17.25
SS 71.33 68.00 68.33 10.50 12.00 13.25
SS 71.33 78.67 77.67 17.75 19.25 20.75
SS 92.00 92.00 92.33 17.50 17.50 16.75
SS 86.33 87.33 86.67 15.75 18.25 14.50
SS 77.33 76.67 70.00 14.25 17.00 15.00
SS 104.00 112.33 115.67 13.75 16.25 17.25
SS 110.33 118.67 118.67 15. 00 17.25 15.00
SS 96.00 106.67 109.67 19. 00 21.50 21.50
SS 99.67 105.00 108.67 16.25 19.75 20.50
SS 99.00 104.33 99.33 13.75 15.25 13.25
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Group

Goniometer 

Pre Mid Post

Sit

Pre

and Reach 

Mid Post

SS 97.67 109.33 108.33 13.00 16.75 16.75
SS 77 .33 91.67 94.00 11.50 12.75 17 .50
SS 83.33 89.67 91.67 13 .75 18.25 16.75
SS 98.00 101.00 89.67 17.75 16.75 17.25
SS 103.67 105.67 102.67 20.25 22.00 22.75
SS 99.67 104.00 99.67 15.50 18.50 19.25
C 102.33 105.33 107.00 18.25 16.25 17 .25
C 103 .33 103.00 103.67 17.00 . 15.75 17.50
C 97.00 102.33 106.67 13.00 16.25 15.75
C 104.00 109.33 110.33 16.00 15.50 16.75
C 93 .33 96.00 99.67 17.25 18.50 17.50
c 101.67 99.67 103.00 16.00 18.75 16.00
c 86.67 87 .00 92.00 17.75 17.00 17.25
c 94.00 91.67 90.00 15.50 18.00 17.50
c 83 .00 86.67 93.67 9.50 10.75 13.00
c 89.33 91.33 100.00 14.50 16.25 17.25
c 55.33 54.67 61.00 12 .50 15.50 15.75
c 71.00 62.67 68.33 14.50 17.50 16.00
c 96.67 99.33 100.00 18.00 17.75 18.75
c 100.00 100.00 104.00 18.75 17.75 19.00
c 95.00 92.00 97.67 11.00 11.75 .13.00
c 100.00 97 .67 108.67 12 .00. 12.75 12.75
c 73.67 67.67 80.33 8.75 10.00 10.50
c 79.00 78.67 82.33 9.00 11.00 10.00
c 86.33 88.00 93.67 14.25 14.00 15.50
c 103.00 99.67 102.33 15.50 14.50 15.25
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