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The lack of hamstring muscle group flexibility has previously been associated with a

higher incidence of hamstring strains among athletes. Several stretching methods have
been shown to increase hip joint range of motion (ROM); however, identification of an

optimal stretching method has proven difficult. The purpose of this study was to find an
optimal method of stretching to improve hip flexion range of motion. Forty-three female
college students, ranging in age from 18 to 29 yrs., volunteered to participate in this
study. The subjects were randomly assigned to one of three stretching groups: static,

contract relax, contract relax agonist contract. The subjects' maximal passive and active
hip flexion ROM values were measured using an inclinometer. The subjects were
stretched by the same partners at a rate of six days a week for a total of 20 treatments over

a 23 day period. The selected stretching techniques produced significant pretest to
posttest increases (p<0.02) in both passive and active hip flexion ROM. None of the
stretching techniques improved passive or active hip flexion ROM significantly more

the contract relax agonist contract technique producing an average increase of 17.6 ± 14.1
deg, and the contract relax technique resulting in an average increase of 12.0 ± 10.8 deg.
A significant stretching technique x pretest/posttest interaction was found for the passive

ROM values (p<.02). Scheffe' post hoc analysis of simple interaction effects revealed that
the static stretching technique improved posttest passive hip flexion ROM significantly

more than the PNF contract relax stretching method (p<.05). The results suggest that all
three stretching techniques selected for this study are effective in increasing hip flexion

range of motion. Static stretching of the hamstring produced the greatest increases in
both passive and active hip flexion ROM, but no optimal technique was identified.
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The Comparative Effectiveness of Static Stretching and Proprioceptive
Neuromuscular Facilitation Stretching Techniques in Increasing Hip Flexion Range
of Motion

INTRODUCTION

For the various practitioners of physical medicine, the prevention of musculoskeletal

injuries and their subsequent rehabilitation are major professional responsibilities. The use
of flexibility exercises to improve joint range of motion has been associated with decreased
incidence of musculotendinous injuries and decreased injury rehabilitation time.

(3,5,7,8,21,24,30)
There are two general stretching methods currently used to improve joint flexibility:

static and proprioceptive neuromuscular facilitation (PNF). Static stretching techniques
apply a constant prolonged stress on the musculotendinous unit for a predetermined

period of time. If a stretch is maintained for more than six seconds, the myotatic stretch
reflex is suppressed by the inhibitory responses of the golgi tendon organs within the
musculotendinous unit being stretched. (22) By inhibiting or relaxing the muscle, the

tension is reduced allowing the muscle or tendon to stretch further without injury. Mier
the myotatic stretch reflex is inhibited, tension remains in the muscle and tendon and

further relaxation occurs if the muscle is held in a stretched position for a longer period of
time: This effect is termed stress relaxation. (27)
Proprioceptive neuromuscular facilitation stretching techniques are theorized to be

more effective than static stretching in improving joint range of motion (ROM). This is
done by inducing greater relaxation in the muscle by employing both the
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neurophysiological and the mechanical components of musculotendinous flexibility to

produce greater elongation of the muscle belly and tendon. (15,16) To date, numerous
researchers have found PNF stretches superior to static stretching techniques for
increasing ROM at a variety of joints. (6,9,12,20,21,23,26,28)
The findings of several research studies comparing flexibility exercises suggest that

complete (total) reflex inhibition may not occur. (4,18,20) Investigations by Moore and

Hutton (18) and Condon and Hutton (4) found that contract relax agonist contract had the
highest electromyographic (EMG) activity when compared to agonist contract, hold relax

or contract relax and static stretching techniques. Moore and Hutton (18) also reported
contract relax to have 300% more hamstring muscle activity than static stretching, while

Condon and Hutton (4) reported hold relax and static stretching to have similar EMG
readings in the soleus muscle. Osternig et al. (20) found that agonist contract relax

stretches produced more EMG activity than contract relax and static stretching. These
authors measured EMG readings in the vastus lateralis and the biceps femoris muscles.

In the Condon and Hutton (4) study, no significant differences in dorsiflexion ROM

were found between the stretching groups. Moore and Hutton (18) reported contract
relax agonist contract stretching produced the greatest ROM improvement, followed by
static stretching and contract relax techniques, with the differences between contract relax

agonist contract and contract relax statistically significant (p<.05). Osternig et al. (20)
found that agonist contract relax technique produced greater hip flexion ROM

improvement than contract relax and static stretching (p<0.05). The limiting factor
common to each of these studies was that all measurements were obtained from single
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day, single treatment stretching sessions, and did not investigate the long term effects of
these stretching techniques.

As there are numerous studies which support the use of PNF, there are studies that
refute those claims.

(4,10,11,17,25)

Condon and Hutton

(4)

reported no differences when

comparing the abilities of three PNF stretches and static stretching to increase ankle

plantar flexion. Godges et al. (10) found static stretching to improve hip flexion ROM
over a PNF stretch and soft tissue manipulation in combination. Medeiros

(17)

reported

no significant differences in hip flexion ROM from the performance of static and contract
relax stretching techniques. Similarly, Sullivan et al.

(25)

observed no statistically

significant differences in hip flexion ROM in their comparison of static and contract relax

agonist contract stretching methods at the hip joint.
The majority of previous investigations regarding stretching techniques have been

single day comparisons, while those studies that did perform long term studies did not
actually stretch for a long period of time, e.g. greater than 10 sec.

(12,21,23)

This study was formulated as an outgrowth of recent research regarding the stress
relaxation phenomenon and minimum duration of a stretch. (2,16,27) The purpose of our
study was to find the optimal method to increase ROM by comparing the abilities of static,

PNF hold-relax, and PNF contract relax agonist contract stretching techniques, to increase
both active and passive hip flexion ROM as a result of a
with physically-active female university students.

20

session treatment program
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METHODS

Subjects
Forty-three female undergraduate students at Oregon State University volunteered to
participate in this study. Of this group, 28 were members of NCAA Division I-A varsity
sports teams and 15 were student athletic trainers, all of whom were randomly assigned to

three experimental groups. Fourteen subjects were assigned to the contract relax group,
14 subjects to the contract relax agonist contract group, and 15 subjects to the static
stretching group. Subject demographic information is presented in Table 1.
The athletes had no restrictions from participation in their normal practice schedule or
other activities during the course of a day, with the exception of the request that they not
perform any additional stretching of their hamstrings outside the treatment time.

This study was approved by the Oregon State University Institutional Review Board
for the Protection of Human Subjects (Appendix A). All subjects gave informed consent
prior to participation in the study (Appendix B).

Apparatus
The apparatus used to measure hip flexion ROM was a bubble inclinometer,
(Biokinetics, Bethesda, MD) a circular filled disk with a weighted gravity pendulum

indicator that remains oriented in the vertical direction and can measure 360 degrees of

motion (Figure 1). (1,29)
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Table 1 - Subject Demographic Information (mean + standard deviation)

Treatment group

Height (cm)

Weight (kg)

Age (yrs)

Static

169.9 + 6.6

65.1 + 5.3

20.5 + 2.7

Contract relax

170.7 + 8.1

63.5 + 7.7

20.3 + 1.7

Contract relax
agonist contract

171.2 + 9.7

65.2 + 8.7

20.6 + 2.0

6

Figure 1 - Photo of bubble inclinometer

Figure 2 - Active ROM testing with bubble inclinometer
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Keeley et al. (13) performed a Pearson Product Moment correlation on double
inclinometer use for measuring low back ROM. These authors found a test-retest
reliability correlation of 0.92 with subjects with low back pain and 0.90 with subjects

without low back pain. Additionally, the bubble inclinometer has been approved by the
American Medical Association for use when assessing ROM related to permanent physical

impairment. (1)

Prior to initiation of the experimental study, an intratester reliability study was

conducted using 10 female university students. These subjects were not participants in the
experimental study and had their passive and active hip flexion ROM measured on

consecutive days. To measure hip flexion ROM, a certified athletic trainer strapped the
bubble inclinometer on the right thigh of each subject, six inches proximal to the superior

pole of the patella. Velcro straps were specially attached to the inclinometer so that the
device would not have to be hand held by the tester (Figure 2). Maximal passive and
active hip flexion ROM values were measured three times each day and three-trial
averages were calculated for analysis.

Experimental Procedures
Subjects were randomly assigned to three experimental treatment groups: contract

relax agonist contract, hold relax, and static stretching. The subjects were instructed by
the principal investigator how to perform the assigned technique on the first day of

stretching. The three treatment groups stretched six days a week, Monday through
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Saturday, for 20 treatments over a span of 23 days. The study commenced on May 1,
1995 and was completed May 23, 1995.

The rationale for selecting a six day per week stretching protocol was based upon the
fact that athletes practice and compete five to six times a week so they will stretch before

all of these practices and games, thus we wanted to find out what the changes in ROM
induced by stretching six days per week would be instead of every other day. Three
repetitions of each stretch were performed and total time for each repetition took 30 sec.
Bandy and Irion (2) recently reported that a stretch should be held a minimum of 30 sec to
maximize its efficiency. This conclusion was drawn from their study which measured

static stretching over six weeks with three groups holding their stretches for 15, 30, or 60
sec.

The pretest and posttest active and passive hip ROM measurements were conducted
using a single blind design in which the evaluator, the same certified athletic trainer who

performed the intratester reliability study, did not know the subjects' assigned modes of

stretching. Pretest measurements were taken two days before the stretching program
began, while the posttest ROM evaluation occurred for all subjects the day after the last

stretching session. Prior to the pretesting and posttesting sessions, each subject warmedup by riding a Fitron stationary bicycle (Cybex Division of Lumex, Inc., Ronkonkoma,

NY) for two minutes at a set resistance of 900 kgm/sec at 90 rpms. Using the exact
protocol previously described, the inclinometer was attached to the subject's right lateral
thigh and their left leg and trunk were restrained to control any secondary movements

which might erroneously increase ROM values. The subject's passive and active hip ROM
were then measured for using a three trial average value for each.
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On each treatment day, subjects began their warm-up by jogging or riding a stationary
bicycle for two minutes. Following the brief warm-up the subjects were stretched by their

partners. In the event that a subject missed a scheduled session, she was stretched by her
partner at an agreed alternate time during that day.
Stretching Techniques
Several proprioceptive neuromuscular facilitation (PNF) stretching techniques exist;

however, the contract relax and contract relax agonist contract techniques are two of the
most common techniques found in the research as well as in clinical practice.

(4,9,12,18,21,23) Contract relax PNF involves contraction of the antagonist preceding
the stretch of that muscle. In theory, this causes reflex relaxation in the antagonist
(hamstring) muscle, a phenomenon termed autogenic inhibition. (15) The contract relax
agonist contract PNF stretching technique is a combination of contraction of the
antagonist (hamstring) followed by a contraction of the agonist (quadriceps) preceding the

stretch. In theory this causes a double relaxation of the antagonist (hamstring), termed
reciprocal inhibition. (15)

Within their respective groups the subjects were paired. For each technique subjects
assumed a supine position with their left limb and trunk stabilized by their stretching

partner (Figure 3).
A 5 sec maximal voluntary isometric contraction (MVIC) was selected for the hold

relax and contract relax agonist contract PNF stretching methods based on the previous
studies (7,19) which reported no statistically significant differences in improved ROM

between 3, 6, or 10 sec isometric contractions using the hold relax method. The use of
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the 5 sec MVIC standardized the duration of all three stretching protocols used in this
study to 30 sec.

Static Technique. One partner gently pushed the subject's lower limb with the knee
fully extended into hip flexion to stretch the hamstrings to the point of discomfort with the

foot in relaxed plantarflexion. The point of discomfort was defined as the point where the
subject can go no further due to pain and/or the knee cannot stay in extension. This
position was held for 30 sec then relaxed; the same procedure was repeated twice with a 5

sec rest period between each stretch.
Hold Relax Technique. With the knee fully extended, the partner gently pushed the
subject's lower limb into hip flexion to the point of discomfort and with the foot in relaxed

plantarflexion. The partner then instructed the subject to contract the hamstring with
maximum isometric force, attempting to extend the hip while her partner resisted. After
holding this contraction for 5 sec, the subject was instructed to relax; the hip joint was
passively moved into hip flexion placing the hamstring muscles on stretch to the point of

discomfort and held for 25 sec. This procedure was repeated twice with a 5 sec rest
period between each stretch.

Contract Relax Agonist Contract Technique. With the knee in full extension, the
partner gently pushed the subject's lower limb with the knee fully extended into hip flexion

to the point of discomfort and foot in relaxed plantarflexion. The subject then instructed
to contract the antagonist (hamstrings) maximally into extension while being resisted by

their partner for 5 sec. The subject then was instructed to maximally contract the agonist
(quadriceps) into flexion for 5 sec then relax; the partner then passively moved the leg
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further into flexion until discomfort and held for 20 sec. This procedure was repeated
twice with a 5 sec rest period between each stretch.

Data Analysis
For the reliability study, the intraclass correlation (ICC) statistic was used to determine

intratester reliability with this measurement protocol. Two one-way ANOVAs were used
to evaluate the initial differences in passive and active hip flexion ROM among the three

randomly assigned treatment groups. Two 3x2x43 between/within repeated meausures
ANOVAs were used to determine significant differences in active and passive hip flexion

ROM among the three stretching techniques. Scheffe' post hoc tests were conducted in
the presence of significant main effects. The alpha level was set at 0.05 for each ANOVA
while using a medium effect size. The overall statistical power of this study was

calculated at 0.81. All statistical analyses were performed using Statview 4.1 for Power
PC (Abacus Concepts, Berkeley, CA).
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Figure 3 - Representative body and phases of static and proprioceptive neuromuscular
facilitation stretching techniques to improve hip flexion range of motion. A) Shows the use
of the hand to stabilize opposite hip and leg and B) demonstrates the use of the partners
knee to stabilize hip and leg. (Source: Kisner & Colby: Therapeutic Exercise:
Foundations and Techniques (2nd ed), Philadelphia: F.A. Davis, p. 137, 1990).
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RESULTS
Reliability study
The results of the reliability study revealed that the intratester ICC was 0.957 for
passive hip flexion ROM measurements. Similarly, the intratester ICC for active hip
flexion ROM measurements was 0.962.

Passive range of motion
A one-way ANOVA conducted on the pretest passive hip flexion ROM values
revealed no significant differences (p>0.05) among the randomly-assigned experimental

groups. Pretest group means were 100.2 + 13.7 deg for the static group, 99.8 + 12.2 deg
for the contract relax agonist contract group, and 100.8 + 11.7 deg in the contract group.
Results of the two-way ANOVA evaluating passive ROM from changes indicated that
the three hamstring stretching techniques significantly improved hip flexion ROM pretest

to posttest (p<0.0001), but that none of the stretching techniques improved passive ROM
significantly more than another (p>0.51) (Table 2). Average pretest to posttest
improvements in passive hip flexion ROM were greatest in the static stretching group

(23.3 + 9.8 deg), followed by a 17.6 + 12.1 deg increase in the contract relax agonist

contract group, and 12.0 + 8.3 deg increase in the contract relax group. Mean pretest and
posttest passive hip flexion ROM values are presented in Table 3. A significant stretching
technique x pretest/posttest interaction effect for passive ROM was observed (p<0.02).
Scheffe' post hoc analysis of the significant stretching method x pretest/posttest
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interaction indicated a significant pretest/posttest difference in passive hip flexion ROM

between the static group and the contract relax group (p<0.05) (Figure 4).
The calculated statistical power for the passive ROM group comparison was 0.42,

power for pretest to posttest comparison was 1.00, and the power to determine an
interaction effect was 0.99.
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TABLE 2 - Two-way analysis of variance summary table for passive hip flexion range of
motion.

clf

Stretching techniques 2
Subjects

Pretest/posttest
Technique x
pretest/posttest

Error

* p< .05

Sum of squares

Mean square

F-ratio

P

.7

.51

384.5

192.2

40

11164.4

279.1

1

6793.1

6793.1

131.3

2

463.5

231.7

4.5

40

2069.5

51.7

.0001*
.02*
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TABLE 3 - Passive hip flexion range of motion values (mean + standard deviation and
standard error of the mean (SEM)).

N

Pretest (deg) SEM (deg)

Posttest (deg)

SEM (deg)

14

100.8 + 11.7

3.1

112.8 + 9.9

2.6

14
Contract relax
agonist contract

99.8 + 12.2

3.3

117.4 + 16.0

4.3

100.2 + 13.7

3.5

123.5 + 12.8

3.3

Contract relax

Static
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Figure 4. Average pretest and posttest passive hip range of
motion values for the three stretching techniques.
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Active range of motion
Similar to the passive ROM results, no significant differences in pretest active hip

flexion ROM between stretching groups were observed (p>0.05). The group means were
99.6 ± 10.2 deg for the static group, 97.3 ± 11.7 deg in the contract relax agonist
contract, and 96.5 + 8.8 deg for the contract relax group.
Results of the ANOVA evaluating active ROM changes indicated that the hamstring
stretching methods improved hip flexion ROM from pretest to posttest (p<0.002), but
none of the stretching techniques increased active ROM significantly more than another

(p>0.08) (Table 4).
Average pretest to posttest improvements in active hip flexion ROM were greatest in

the static stretching group (8.2 + 11.1 deg), followed by a 5.5 + 9.0 deg increase in the
contract relax agonist contract group, and 0.7 + 8.1 deg increase in the contract relax
group. While the actual ranges of motion and improvements in active ROM were less
than the passive ROM values, the order was identical with the static stretching technique
producing the largest increases and the contract relax technique producing the smallest

increases. The mean pretest and posttest active hip flexion ROM values are presented in
Table 5.

Statistical power for the active ROM group comparison was calculated at 0.83, 1.00

for the pretest to posttest comparison, and 0.76 to determine an interaction effect.
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TABLE 4 - Two-way analysis of variance summary table for active hip flexion range of
motion.

df

Sum of squares

Mean square

F-ratio

P

Stretching
techniques

2

814.8

407.4

2.73

.08

Subjects

40

5950.1

148.8

Pretest/posttest

1

509.5

509.5

11.2

.002*

Techniques x
pretest/posttest

2

203.0

101.5

2.2

12

Error

40

1811.3

45.3

* p< .05
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DISCUSSION

For more than three decades researchers and clinicians have sought to determine the

optimal method of stretching to improve joint range of motion. No consensus of research
findings exists to identify whether static, PNF, or modified PNF stretching techniques are

most effective. Several studies (6,18,20) concluded that PNF techniques were superior to
static for improving hip joint ROM. In contrast, several other studies (4,10,25) found
static and PNF stretches to produce equivocal results, while Godges et al. (10) reported
that static stretching improved hip flexion ROM significantly greater than PNF.

Three previous studies similar to ours that quantified results of extended stretching

programs are of particular interest. Specifically, Johnson and Harter (12) used a four
week, 20 session experimental design, Prentice (21) utilized 30 sessions spread over a 10
week period, and Sady et al. (23) had their subjects participate in 18 stretching sessions

over six weeks. The average pretest to posttest improvement in passive hip flexion ROM
in our study was 17.8 deg ± 11.0 deg. The average improvement in passive ROM we
observed was 5.8 to 8.5 deg greater than in these previous studies which reported
increases of 9.3 deg, 10.5 deg and 12.0 deg, respectively. (12,21,23)
Our static stretching group had the greatest relative increase (19%) in passive hip
flexion ROM when compared with our two PNF stretching groups; specifically, a 15%

increase in the contract relax agonist contract group and an 11% increase in the contract
relax group. While these differences were not statistically significant, we did find a
significant stretching method x pretest/posttest simple interaction effect, indicating that
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static stretching was more effective than the contract relax group. These results are
dissimilar to those in the three studies described in the previous paragraph. (12,21,23)
Prentice (21) reported a 12.0 deg average increase in hip flexion passive ROM in his

contract relax Monist contract stretching group, nearly six degrees less than the 17.7 deg
average improvement in our contract relax agonist contract group. Prentice also observed
an 8.9 deg average increase in passive ROM in his stretching, which is approximately 14

deg less than the average increase we measured in our static group.
The static stretching group in the Johnson and Harter (12) study improved their

passive ROM less than our static group, an 8% increase to our 19% increase. These
authors also used a hold relax technique which is very similar to our contract relax
stretching method; however, they reported a 16.1 deg ( 1 4%) average increase while we
observed only a 12 deg (11%) increase in passive hip flexion ROM.
Sady et al. (23) reported no significant increases in passive hip flexion ROM after six

weeks of static stretching (p>0.05) when compared with their control group.
Interestingly, they did observe 9.7% average increase in their contract relax group which
compares favorably with our 11% increase we found in our contract relax stretching

group.
One explanation of the differences between the results of our study and those of

Prentice (21) and Johnson and Harter (12) is that their static group held their stretches for

10 sec, whereas our static group held their stretches for 30 sec. Our selection of a 30 sec
duration stretch was based upon the recent findings of Bandy and Irion (2) who reported
that 30 sec was the minimum duration required to get an effective stretch. Our results

support the findings of Bandy and Irion (2). In his contract relax agonist contract group,
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Prentice (21) had his subjects contract their hamstrings for 10 sec then contract the

quadriceps for 10 sec as a partner assisted in the stretch. Our subjects contracted their
hamstrings for 5 sec, then their quadriceps for 5 sec, then relax and stretched their

hamstrings for 20 sec. Our results are in agreement with those of Cornelius and Hinson
(7) and Nelson and Cornelius (19) who found no significant differences in the outcomes of

contract relax agonist contract stretching methods which held the contractions 3, 6, 10
sec.

The differences in the efficacy among the three stretching techniques selected for our
study could come from the two components of muscular flexibility: neurophysiological

and mechanical. The resistance from the neurophysiological component of the muscle is
attributed to the muscle spindles, which PNF stretching techniques are intended to
minimize. (16) The mechanical resistance to stretch comes from the myofibrils in the
resting state and the viscoelastic components of connective tissue with elongation. (16)
Several EMG studies have reported that residual electrical activity in muscle was

greater with PNF stretching technique compared to static techniques; however, PNF

techniques increased ROM greater in the short term (4,18,20). McHugh et al. (16) and
Taylor et al. (27) concurred that the neurophysiological component of the muscle does not
affect the stretch of the muscle, with the change in the viscoelastic component being the

key factor to increased joint ROM. This change occurs as the result of a decline of
tension due to stress relaxation within the muscle-tendon unit. These authors believe that
both PNF and static methods stretch the viscoelastic portion of the muscle. (16,27)
Kisner and Colby (14) suggest that PNF techniques stretch only the elastin portion of
the muscle, resulting in a temporary increase in musculotendinous length. This might
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explain why the results of studies which employ only one stretching session favor PNF

techniques, and why this effect is not present in long term studies that compare PNF and

static stretching techniques. Static technique may well stretch the viscous tissues more
effectively and produce more long lasting increases in ROM. Viscous tissues have a

greater permanent deformation than elastin tissue. (14) In our study, pretest to posttest
passive and active ROM improved significantly more in the static stretching group than

the two PNF stretching groups, and while not statistically significant, provided greater
improvements in hip flexion ROM than the PNF techniques over the duration of the study.

We could find no previous studies that analyzed the effects of stretching on active

range of motion at a joint, perhaps for good reason. Similar to our passive ROM
measurements, active hip flexion ROM values increased significantly from pretest to

posttest, but no significant between groups differences were observed (Figure 5). A clear
trend toward significance existed (p<0.08) and with greater statistical power, calculated at
0.83, perhaps significant between groups differences in active ROM may have been

observed. Replication of this protocol using more than 20 treatment sessions and/or a
greater number of subjects would likely reveal significant differences in active hip flexion

ROM produced by the three stretching techniques. However, the actual posttest active
ROM values were highly variable among our 43 subjects. Several subjects had double
digit decreases in active ROM at completion of the study, with a quite a large coefficients

of variation in each of the stretching groups ranging from 1.36 to 10.95. In contrast, the
coefficients of variation for the mean passive hip flexion ROM values were much lower,

ranging from .42 to .70. Given the individualized control of active range of motion limits,
the large differences observed between active and passive ROM values were not
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surprising. Indicative of the variability in active ROM values, the standard deviations in all
three stretching groups were greater than the average increases in active ROM which
resulted from the experiment (see Tables 3 and 5).

Figure 5. Average post-treatment improvements in hip
flexion range of motion (in degrees).

Static
P=1 enntract-RPlqx

m Contract-Relax
Agonist Contract

Passive

Active

ROM

ROM
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TABLE 5 - Active hip flexion range of motion values (mean + standard deviations and
standard error of mean (SEM)).

Group

N

Pretest (deg) SEM (deg)

Posttest (deg)

SEM (deg)

Contract relax

14

95.8 + 10.2

2.7

96.5 + 8.8

3.1

Contract relax
agonist contract

14

97.3 + 11.8

3.1

102.8 + 9.0

2.4

Static

15

99.6 + 10.2

2.6

107.7 + 8.9

2.3
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CONCLUSIONS

The results of our study demonstrated that the selected hamstring stretching
techniques produced significant pretest to posttest improvements in both passive and
active hip flexion range of motion over 20 sessions. No significant differences (p>0.05) in
either the passive or active ROM improvements produced by these three techniques were

observed. Our findings suggest that all of these stretching techniques are effective in
increasing hip flexion ROM. Static stretching of the hamstrings produced the greatest
increases in both passive and active hip flexion ROM, but no optimal technique was
identified.
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APPENDIX A: INSTITUTIONAL REVIEW BOARD
INSTTTUTIONAL REVIEW BOARD FOR THE PROTECTION OF HUMAN SUBJECTS

,7
OREGON STATE UNIVERSITY

Report of Review

TITLE:

The comparative effectiveness of static stretching and proprioception
neuromuscular facilitation stretching techniques in increasing hip flexion
range of motion.

PRINCIPAL INVESTIGATOR:
STUDENT:

Rod Harter, ExSS

Robert D. Sundquist

COMMITTEE DECISION: Approved
COMMENTS:

The informed consent form obtained from each subject should be retained in
program/project's files for three years beyond the end date of the project.
Redacted for privacy

Date: May 23, 1995
Warren N. Suzuki, Chair
Committee for the Protection of Human Subjects
(Education, 7-6393, suzukiw@ccmail.orst.edu)
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APPENDIX B: INFORMED CONSENT FORM
OREGON STATE UNIVERSITY
DEPARTMENT OF EXERCISE AND SPORT SCIENCE
INFORMED CONSENT FORM
Title: The Comparative Effectiveness of Static Stretching and Proprioceptive Neuromuscular Facilitation
Stretching Techniques in Increasing Hip Flexion Range of Motion.

Investigators - Robert D. Sundquist BS, ATC and Rod A. Harter PhD ATC
Purpose: To measure and compare the abilities of three stretching techniques to increase active and
passive hip flexion range of motion. The stretching techniques will incorporate the use of a
constant stretch or the use of muscles contractions to help increase range of motion.

Procedures: I have received an oral and a written explanation of this study and I understand that as a
participant in this study the following things will happen:
1) I will be asked my injury history for the past month related to the incidence of any significant hip joint,
hip muscular, or thigh muscular injury, that could be reason for my non-participation in the study. I will
be also checked for double jointedness in my elbows and knees for this could be a reason for nonparticipation in the study
2) I will taught a specific technique to stretch the hamstring muscles of an assigned partner. I will use this
technique to stretch my partner's hamstring muscle then she will use the same technique to stretch my
hamstring muscles. A total of three stretches will be performed on each day of treatment that lasts a total
of 30 seconds for each stretch. The study will last for a period of four weeks, with a total of 20 sessions
being completed. If I miss my scheduled time to stretch an alternate time will be available to complete the
treatments.
3) I will be asked not to perform any additional exercises that could increase hip flexion outside what I do
in the treatments.

4) Prior to beginning and the conclusion of the stretching program my hipjoint flexibility will be
measured in degrees of motion using a bubble inclinometer. I will be shown one of these and shown how
it works before it is used on myself.
5) My anonymity will be maintained at all times throughout the study. A code number will be issued to
identify data on the computer and on recording sheets. There will be one file that has the names and
corresponding code number which will be in a locked filing cabinet in the principle investigators office.
This file will be destroyed at the end of the posttest.
6) I understand the risks associated with this study are minimal, but include possible muscular discomfort
caused from the stretching and/or muscle injury if muscle is stretched too far. To minimize risks and
discomfort proper warm-up procedures will be employed and instruction on proper procedures of
stretching techniques. I will be taught to only stretch to discomfort not past. I will be given unlimited
time to learn the stretching technique that I will be administering.
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7)) The benefits of my participation include contribution to the scientific study of effectiveness of difirent
stretching techniques, and possible increase in range of motion in hip joint flexion. Improved muscle
flexibility is associated with reduced risk of muscle and tendon injury.
8) The University does not provide a research subject with compensation or medical treatment in the event
the subject is injured as a result of participation in the research project.

9) I have been completely informed and understand the nature and purpose of this study. The researchers
have offered to answer any further questions that I may have. I understand my participation is voluntary,
that I may refuse to participate in this study or any part of this study, and that I may withdraw my consent
at any time without prejudice to my relations with Oregon State University.
10) I understand that any questions I have about the research study and/or specific procedures should be
directed to can be referred to Dr. Rod A. Harter, Department of Exercise and Sport Science, Oregon State
University (503-737-6801) or Rob Sundquist at (503-737-4188). Other questions should be directed to the
OSU Research Office, 503-737-3437.
11) My signature below indicates that I have read and understand the procedures described above and give
my informed voluntary consent to participate in this study. I understand that I will receive a copy of this
consent form.

Signature of Subject

Name of Subject (printed)

Date signed

Subject's present address

Subject's phone number
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APPENDIX C: REVIEW OF LITERATURE

Stretching of soft tissues is an important aspect of sports medicine. Stretching
increases the muscle/tendon unit length and the surrounding connective tissue length,
preventing injury and alleviating muscle soreness in athletes. This appendix reviews the

literature concerning the physiology of stretching, anatomy of the hamstring musculature,
types of stretching, and results of previous research.

PHYSIOLOGY OF STRETCHING

The contractile tissue is formed from three parts, muscle fibers, myofibrils, and
sarcomeres. Muscle fibers consist of many myofibrils grouped together and within each

myofibril there are sarcomeres. Sarcomeres are the functional unit of the fiber and give

the muscle the ability to contract or relax. Myosin and actin are the contractile proteins
(mechanical apparatus) which form cross bridges that are located with in the sarcomeres,
when they lengthen the muscle stretches, when they shorten the muscle shortens or

contracts. (14) Cross bridge formation on myosin filaments play an essential part in
developing and transmitting forces. (32)
The noncontractile tissue, which is located in various other connective tissue

(ligaments, joint capsule) may limit range of motion. Non-contractile tissue are
constructed of proteins called collagen, which has the most resistance to stretch; elastin,
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the most flexible; and reticulin, a short, very fine collagen fibers. Ground Jubstance, which
is gelled water and has no structure, helps reduce friction between the fibers. (14,35)
Muscle spindles and golgi tendon organs provide important neural information

concerning muscle length and tension. Both provide a prophylaxis to injury via different
pathways. The muscle spindles are sensory organs that provide information concerning
muscle length. The muscle spindles are composed of intrafusal fibers that lie parallel to

extrafusal fibers. They protect by increasing the tension in the muscle when it is put on a
short high load stress, this increased tension keeps the muscle from stretching. This is

known as the monosynaptic stretch reflex. The golgi tendon organ is located in a weave
formation around extrafusal fibers. When a muscle is given a high load and the muscle
cannot resist the force the golgi tendon organs over ride the muscle spindles and relax or
reduce the tension in the muscle allowing the muscle to stretch further without injuring

itself. (14) This usually occurs after the load has been applied for over six seconds.
There are three zones of stretching of a muscle: elastic range, plastic region, and
neckling area. In the elastic range the sacromeres within the muscle lengthen but will
return to its beginning length as soon as the force stretching the muscle is released. Within
this range is the toe range where the wavy collagen fibers become taut, the collagen fibers

can be stretched beyond just being taut. If tissue is stretched beyond the first zone then it
enters the plastic region. In this region the muscle is elongated to the point where the
lengthening of the muscle occurs when stress is released while its integrity is perceived

(this is the optimal area to stretch in.) There is not a large increase and it is not
permanent, if stretching is not continued on permanent basis muscle will return to original

length. If the lengthening continues beyond the plastic region the muscle enters the
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neckling area where the tissue integrity begins to fail. In this area hypermobility and then
ultimately failure of the muscle may occur. (14)
Range of motion is usually limited by one or more connective tissue structures; joint

capsules, ligaments, scar tissue. In muscles, the most resistant to stretch is the connective
tissue of the muscle. (35) Large muscle inflexibility may maintain less elastic material than

less tensed muscle allowing the more tensed muscle to be stretched in the plastic region
more readily. Collagen has a higher plastic deformation rate than elastic material. (37)

ANATOMY

The posterior thigh muscles are comprised of three muscles: biceps femoris,
semitendinosus, and semimembranosus. These muscles are biarticular which allows them

to act on two joints (hip and knee). The actions of these muscles are extensors of the hip
and flexors of the knee. The biceps femoris also laterally rotates the leg, while the
semitendinosus and semimembranosus medially rotate the leg. The biceps femoris has two
heads, the long head originates on the medial aspect of the ischial tuberosity and the short
head originates on the linea aspea just below the attachment of the gluteus maximus on the

femur. Both heads insert on the fibular head on the lateral side of the knee. The
semitendinosus originates on the medial aspect of the ischial tuberosity and inserts on the

medial aspect of the tibia (pes anserine). The semimembranosus originates on the lateral
side of the ischial tuberosity and inserts on three areas; medial aspect of the tibia, medial
femoral condyle, and posterior capsule of the knee joint. (38)
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TYPES OF STRETCHES

The three types of stretches used in this study were the static stretch, PNF contract
relax method, and PNF contract relax agonist contract.

The static method is a passive stretch of an extremity to the point of discomfort. The
stretch is held for a determined amount of time (6 sec minimum) then is released and

rested for short time (5 sec) then stretched again.
The contract-relax method integrates the use of muscle contraction in the stretching
routine to theoretically help reduce tension in the muscle allowing the muscle to stretch

farther. The patient contracts the antagonist isometrically or isotonically for 5 sec then
stretches the antagonist for a specific amount of time then contracts again. This uses the
phenomenon called autogenic inhibition reflex. Contract relax agonist contract is similar
to hold relax except when the subjects leg is passively stretched in hold relax the subject

here actively contracts the agonist for a period of three to five sec then the antagonist is
stretched. The contract relax agonist contract utilizes the autogenic inhibition reflex in
addition with the phenomena reciprocal inhibition. In theory this relaxes the antagonist
further allowing a better stretch.
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REVIEW OF PREVIOUS EXPERIMENTS

This section will discuss the many different studies comparing PNF to static stretching.

There have been many different protocols used, from one day treatments to 10 week
studies. This makes it difficult to find out what stretch is the best because of differences in

many of the studies. This section will also discuss the concept of warm up before
stretching.

Proprioceptive Neuromuscular Facilitation vs. Static Stretch

The literature shows that PNF does seem to increase ROM. Wallin (28) contract relax
method increased flexibility 5 to 7 degrees in 30 days and Wiktorsson-Moller(39) used
contract relax to increase dorsiflexion flexed by 31% and straight 26% and 9 degree
increase in hip flexion in one treatment session. Medeiros (17) found only slight
differences in flexibility gains between PNF (7.3°) and static stretch (5.3°) in a eight

session eight day treatment. Tanigawa (26) also found PNF and static stretching to
increase ROM, but the author found that PNF had a significantly larger increase compared

to static stretching (15.9° to 7.1°) in eight treatment sessions over four weeks. Sady (23)
saw PNF increase flexibility in the shoulder, hamstring, and trunk but reported no

increases with static stretching in eighteen treatments in six weeks. Etnyer and Abraham

(9), Condon et al.(4) Moore and Hutton (18), and Osternig et al. (20) looked at three
types of stretching; contract relax agonist contract (CRAC), contract relax, and static
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stretching. Etnyre and Abraham (9) looked at ankle dorsiflexion and found that both

CRAC and contract relax were superior to static stretching. CRAC increased ROM by
3.6 degrees, contract relax increased ROM by 2.0 degrees, static stretching only increased

ROM by 0.17 degrees in a one treatment session. Moore and Hutton (18) also found
CRAC to be the greatest in increasing ROM on the hamstrings, but found the SS to

produce more ROM than contract relax in one treatment session. Osternig et al. (20)
found that even though CRAC had higher EMG readings it produced 9-13% more

flexibility than contract relax or static stretching in one treatment session. Condon and
Hutton (4) also found that the CRAC had higher EMG readings it did not produce more
flexibility than contract relax and static stretching in one treatment session. Cornelius et

al. (5) found three types of PNF to improve ROM greater than static in a one day

treatment. Prentice (21) looked at CRAC and static stretching only and even though both
increased flexibility over 30 treatment sessions in a 10 week period the CRAC method was

more pronounced, 12.04 degrees to 8.86 degrees. Johnson and Harter (12) compared
hold relax to static stretching and a modified hold relax. The author found that hold relax
increased hip ROM two-fold over static stretching and four-fold over the modified hold

relax. Sady et al. (23) compared ballistic, static, and PNF hold relax stretching techniques

over a six week period. They reported only the hold relax method increased the ROM of
the three joints tested (back, glenohumeral, hip joint).

The literature is not totally convincing, though, Hubley (11) found 11 degrees increase
in ROM in hip flexion over using a PNF stretch in a one day treatment session. Condon

and Hutton (4) reported static and PNF to be similar and stated that static stretching

technique was the most performed. Godges (10) found that static stretching of hip flexion
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and hip extension increased 24 degrees in a one treatment session where the PNF/STM
combination only produced 11 degrees increase. Sullivan et al. (25) found no difference in
comparing CRAC and static in a one treatment session.

Warming up:
The use of warm-up before stretching is an idea that is getting a lot of debate. When
preparing for an activity warm-up is an very important for protection from injury as well

as to succeed in the activity. (24) These authors say that elevation in body temperature a)
increases dissociation of oxygen from hemoglobin and myoglobin, b) lowers the activation
energy rates of metabolic chemical reactions, c) increases muscular blood flow, d) reduces
muscular viscosity and increases the sensitivity of nerve receptors, and e) increases in
nerve impulses.

But does it help in increasing flexibility? Cornelius and Hands (31) say that elastic and

plastic connective tissue deformation is influenced by tissue temperature. If tissue
temperature is raised plastic tissue, which is mostly collagen and is more pliable at warmer

temperatures, and stretch it will effectively elongate the tissue and produce longer lasting
flexibility. Sapega (35) states that warming up the muscle will reduce structural

weakening that occurs when stretching. Of the four studies that looked at this none
reported that using heat with stretching increased ROM significantly over using stretching

alone. (11,31,33,34)
Since stretching will not be effected by the use of warm-up it will be used in a
preventive

manner to decrease structural weakening.
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SUMMARY

From the review of the literature there does not seem to be a clear cut method that has

stood out as the best one. Moore and Hutton (18) found static stretching better than
contract relax but CRAC superior to both, Etnyer and Abraham (9) found CRAC and
contract relax better at increasing ROM than static stretching as did Osternig (20) but

CRAC was highest among the two. Johnson and Harter (12), Wallin (28), Sady (23), and
Tanigawa (26) all found contract relax more superior over static stretching. Only
Tonigawa (26) and Johnson Harter (12) found large differences between their groups.

Prentice (21) found CRAC to be the best when compared to static stretching. All the
studies found some PNF pattern better than static stretch, but only a few authors looked at
continuous use of the stretching modes to see in the long run which is the best. In theory
static stretching should be better because it stretches more of the collagen than PNF in the
long run.
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