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Objective: To determine if the flexibility of high-school-aged
males would improve after a 6-week eccentric exercise pro-
gram. In addition, the changes in hamstring flexibility that oc-
curred after the eccentric program were compared with a 6-
week program of static stretching and with a control group (no
stretching).

Design and Setting: We used a test-retest control group de-
sign in a laboratory setting. Subjects were assigned randomly
to 1 of 3 groups: eccentric training, static stretching, or control.

Subjects: A total of 69 subjects, with a mean age of 16.45
6 0.96 years and with limited hamstring flexibility (defined as
208 loss of knee extension measured with the thigh held at 908
of hip flexion) were recruited for this study.

Measurements: Hamstring flexibility was measured using
the passive 90/90 test before and after the 6-week program.

Results: Differences were significant for test and for the test-
by-group interaction. Follow-up analysis indicated significant
differences between the control group (gain 5 1.678) and both
the eccentric-training (gain 5 12.798) and static-stretching (gain
5 12.058) groups. No difference was found between the eccen-
tric and static-stretching groups.

Conclusions: The gains achieved in range of motion of knee
extension (indicating improvement in hamstring flexibility) with
eccentric training were equal to those made by statically
stretching the hamstring muscles.
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Most medical professionals, coaches, and athletes con-
sider aerobic conditioning, strength training, and
flexibility as integral components in any condition-

ing program.1–3 Flexibility has been defined as the ability of
a muscle to lengthen and allow one joint (or more than one
joint in a series) to move through a range of motion.4 Loss of
flexibility is defined as a decrease in the ability of a muscle
to deform.4 Some of the proposed benefits of enhanced flexi-
bility are reduced risk of injury,1–3 pain relief,5 and improved
athletic performance.6,7

Three types of stretching have been traditionally defined in
the literature in an effort to increase flexibility: ballistic
stretching, proprioceptive neuromuscular facilitation, and stat-
ic stretching. Ballistic stretching is a technique involving a
rhythmic, bouncing motion. The bouncing uses the momentum
of the extremity to lengthen the muscle. Proprioceptive neu-
romuscular facilitation involves the use of brief isometric con-
tractions of the muscle to be stretched before statically stretch-
ing the muscle. Static stretching, considered the gold standard
for measuring flexibility, is elongating a muscle to tolerance
and sustaining the position for a length of time.6,8

The literature reflects some interesting differences of opin-
ion in commonly held beliefs regarding flexibility training and
the consideration of static stretching as the gold standard.
Some authors1–3 have questioned the importance of using stat-
ic stretching to help reduce injuries and improve athletic per-

formance. Murphy9 made a compelling argument against the
use of static stretching. Although static stretching is often used
as a part of preactivity preparation, Murphy9 argued that the
nature of static stretching is passive and does nothing to warm
a muscle; further, although the hamstring muscle is the most
frequently stretched muscle, it is also the most commonly
strained.

Murphy9 suggested a better option for maintaining or in-
creasing flexibility of a muscle is through active contractions
using dynamic range of motion, thereby adding a fourth type
of stretching. Dynamic range of motion is a technique that
allows the muscle to elongate naturally and in its relaxed state.
This elongation is achieved by having the subject concentri-
cally contract the antagonist muscle to move the joint through
the full available range in a slow, controlled manner to stretch
the agonist muscle group. Murphy9 theorized that, as dynamic
range of motion is performed, metabolic processes increase.
These increases cause an increase in temperature that leads to
decreased muscle viscosity and allows for a smoother con-
traction. This warmed muscle is more pliable and more ac-
commodating to the forces placed on the muscle, leading to
increased flexibility gains.

Although Murphy’s arguments regarding the use of dynamic
range of motion to increase or maintain flexibility were inter-
esting, Bandy et al10 found that, when comparing dynamic
range of motion with static stretching, the flexibility gains
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Figure 1. The 90/90 test for measuring hamstring flexibility.

achieved with a static stretching program were greater than
those achieved in a dynamic range-of-motion program. There-
fore, the gold standard for increasing flexibility is still consid-
ered static stretching. However, questions exist as to the ef-
fectiveness of static stretching in improving athletic
performance.

An activity that has not been addressed for achieving in-
creased flexibility is eccentrically training the muscle through
a full range of motion. Previous authors11 suggested that most
injuries occur in the eccentric phase of activity. For example,
the hamstring muscles are most commonly injured when work-
ing eccentrically while decelerating or landing. Although ear-
lier groups have examined dynamic range of motion, none
have investigated the use of an eccentric agonist contraction
to improve flexibility. Eccentrically training a muscle through
a full range of motion theoretically could reduce injury rates
and improve athletic performance and flexibility. Therefore,
our purpose was to determine if high school males were able
to improve hamstring flexibility after a 6-week eccentric ex-
ercise program and to compare the changes in hamstring flex-
ibility occurring after the eccentric program with a 6-week
program of static stretching and no exercises.

METHODS

Subjects

Before data collection, we performed a power analysis to
determine a priori the number of subjects needed to provide
sufficient power to detect an interaction effect size of 0.40 for
the 3 3 2 analysis of variance (ANOVA).12 Sixty-three sub-
jects were needed to provide power of 0.80 at an alpha of .05
with an r 5 60. With this information in mind, we recruited
81 subjects on a volunteer basis to participate. We recruited
81 subjects to ensure that the appropriate number of subjects
would complete the study, even with some attrition. Subjects
were selected from a pool of high school students at Texar-
kana, Arkansas High School. A parent or guardian signed each
subject’s informed consent form, and the minor signed an in-
formed assent form. The University of Central Arkansas In-
stitutional Review Board approved the study and all forms.

The volunteers met 4 requirements. First, the extremity to
be tested had no history of impairment to the knee, thigh, hip,
or lower back for 1 year before the study. Second, each subject
exhibited tight hamstrings. Tight hamstrings were defined as
a 308 knee-extension deficit with the hip at 908 degrees as
described by Bandy and Irion.13 Third, subjects not already
involved in an exercise program for the trunk or lower ex-
tremities agreed not to start a program for the duration of the
study. Fourth, subjects who already were participating in a
regular exercise program agreed not to increase the frequency
or intensity of their program for the 6-week training period.

Equipment

Hamstring flexibility was measured using a double-armed
goniometer of transparent plastic. The protractor of the goni-
ometer was divided into 18 increments. The arms of the go-
niometer were 12 in (30.48 cm) in length. A bubble in an
enclosed plastic container, typically used in a level, was affixed
to the goniometer to help ensure maintenance of the hip at a
908 angle.

Establishment of Reliability

Before data collection, we performed a reliability study on
the technique used to measure hamstring flexibility with the
passive 90/90 test.14 Fifteen subjects from a sample of con-
venience with a mean age of 29.8 6 10.35 years (7 males, 8
females) were positioned supine with the hip and knee flexed
to 908. The lateral epicondyle of the femur was palpated, and
the goniometer was centered over it. The lateral malleolus of
the tibia and the greater trochanter of the femur were then
marked. The arms of the goniometer were aligned with the
proximal and distal landmarks. One researcher held the goni-
ometer, the readings of which were concealed from the other
researcher with a piece of paper, while the second researcher
passively moved the leg toward terminal knee extension (Fig-
ure 1).

Terminal extension was determined as the point at which
the researcher felt a firm resistance to the movement. Once
terminal extension was reached, the researcher holding the go-
niometer ensured proper alignment and the blinded goniometer
was revealed to the assisting examiner for the measurement to
be read and recorded. Zero degrees of knee extension was
considered full hamstring muscle flexibility. No warm-up was
allowed before data collection. Each subject was measured
twice, with 30 minutes separating measurements.

We found a mean of 20.808 6 10.078 from full knee exten-
sion for the first measurement and 21.08 6 10.228 for the sec-
ond measurement. Using an intraclass correlation (3, 2), we
calculated a reliability coefficient of .96, which was considered
appropriate for proceeding with the study.

Procedures

Once reliability of the measurement was established, pretest
measurement of hamstring flexibility was performed on 125
males using the same procedures and personnel described for
the establishment of reliability. Of these 125 subjects, 81 males
met the 4 criteria established for inclusion in the study and
were randomly assigned to 1 of 3 groups. The control group
(n 5 24) performed no stretching or eccentric activities for 6
weeks.

The eccentric group (n 5 24) performed full range-of-mo-
tion eccentric training for the hamstring muscles. The subject
lay supine with the left leg fully extended. A 3-ft (0.91-m)
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Figure 2. A, Eccentric training, initial position. B, Final position of
full hip flexion.

Figure 3. Static stretching position.

piece of black Theraband (Hygenic Corp, Akron, OH) was
wrapped around the heel and the subject held the ends of the
Theraband in each hand. The subject was instructed to keep
the right knee locked in full extension and the hip in neutral
internal and external rotation throughout the entire activity
(Figure 2A). The subject was then instructed to bring the right
hip into full hip flexion by pulling on the Theraband attached
to the foot with both arms, making sure the knee remained
locked in full extension at all times. Full hip flexion was de-
fined as the position of hip flexion at which a gentle stretch
was felt by the subject (Figure 2B). As the subject pulled the
hip into full flexion with the arms, he was instructed to si-
multaneously resist the hip flexion by eccentrically contracting
the hamstring muscles during the entire range of hip flexion.
The subject was instructed to provide sufficient resistance with
the arms to overcome the eccentric activity of the hamstring
muscles, so that the entire range of hip flexion took approxi-
mately 5 seconds to complete.

Once achieved, this flexed hip position was held for 5 sec-
onds, and then the extremity was gently lowered to the ground
(hip extension) by the subject’s arms. This procedure was re-
peated 6 times, with no rest between repetitions, thereby pro-
viding a total of 30 seconds of stretching at the end range.

The static group (n 5 21) statically stretched for 30 seconds
3 days per week for 6 weeks using methods described by Ban-
dy et al1,13 and Eccles et al.11 Subjects performed the ham-

string stretch by standing erect with the left foot planted on
the floor and the toes pointing forward (Figure 3). The heel
of the foot to be stretched was placed on a plinth/chair with
the toes directed toward the ceiling. The subject then flexed
forward at the hip, maintaining the spine in a neutral position
while reaching the arms forward. The knee remained fully
extended. The subject continued to flex at the hip until a gentle
stretch was felt in the posterior thigh. Once this position was
achieved, the subject maintained this position for 30 seconds.

Performance of each training session by each subject was
supervised and recorded by monitors. Three monitors attended
a 30-minute training session in which they were instructed on
the appropriate techniques for those performing eccentric
training and those performing static stretching. During the first
week of the training and at least every other week, the mon-
itors were assessed to ensure that subjects were being super-
vised appropriately. An attendance sheet was used to docu-
ment compliance with the program. If a subject missed a
scheduled session, he made up the session on another day
during the same week or during the next week. Any subject
who missed more than 4 days of stretching was eliminated
from the study.

After 6 weeks of training, all subjects were retested using
the same procedures and personnel described for the pretest.
Two days of rest were provided before the posttest.

Data Analysis

Means and SDs for all groups and all measurements were
calculated. We used a 3 (group) 3 2 (test) ANOVA with re-
peated measures on one variable (test) to analyze the data.
Because an interaction was found, appropriate post hoc tests
were performed to interpret the findings. An alpha level of P
, .05 was the level of significance.

RESULTS

Sixty-nine male subjects with a mean age of 16.45 6 0.96
years completed all requirements for this study. Twelve of the
original 81 subjects were dropped for either missing too many
exercise sessions or not being available for the posttest mea-
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Pretest, Posttest, and Gain Scores for Knee Flexion (Degrees)

Group

Control
(n 5 24)

Mean SD

Eccentric
Training
(n 5 24)

Mean SD

Static Stretching
(n 5 21)

Mean SD

Pretest
Posttest
Gain (difference

between pretest
and posttest)

28.42
27.25

1.67

6.00
6.00

3.35

29.67
16.88

12.79

6.82
6.81

5.70

30.95
18.90

12.05

7.30
6.77

6.89 Figure 4. Mean change (difference between pretest and posttest)
in knee extension by group.

surement. Twenty-four subjects, with a mean age of 16.29 6
0.86 years served as the control group. The static group con-
sisted of 21 subjects with a mean age of 16.24 6 1.14 years.
Twenty-four subjects comprised the eccentric group and had a
mean age of 16.45 6 0.96 years. The mean values for the
pretest and posttest measurements of the control group for
knee extension were 28.428 6 6.008 and 27.258 6 6.008, re-
spectively. The intraclass correlation coefficient (3, 2) value
calculated for pretest-posttest knee-extension data of the con-
trol group was .86.

The Table presents the means for pretest and posttest mea-
surements and gain scores for each group. We calculated sig-
nificant differences for test (F1,66 5 174.60, P , .05), group
(F2,66 5 3.61, P , .05), and interaction (F2,66 5 33.76, P ,
.05).

In order to interpret the significant group 3 test interaction,
we performed 3 follow-up statistical analyses. First, 3 depen-
dent t tests were calculated on the pretest to posttest change
for each group. Using a Bonferroni correction to avoid infla-
tion of the alpha level from multiple t tests, the alpha level
was adjusted to P , .015. The t tests indicated significant
increases in hamstring flexibility in the eccentric group (t23 5
11.00, P , .015) and the static stretching group (t20 5 8.02,
P , .015) but no significant change in hamstring flexibility in
the control group (t23 5 1.71, P . .015).

Second, we calculated a one-way ANOVA to assess wheth-
er any significant differences existed in the pretest scores
across the groups and found none (F2,66 5 .81, P . .05).
Finally, a one-way ANOVA was calculated to assess the post-
test scores of the 3 groups, revealing a significant difference
(F2,66 5 17.64, P , .05). Tukey Honestly Significant Differ-
ence post hoc analyses indicated that the mean score of the
static group (18.908 6 6.778) was significantly different from
the control group (27.258 6 5.898). Also, the eccentric group
(mean 5 16.888 6 6.518) was significantly different from the
control group, but the eccentric and static groups did not differ
from each other.

Finally, in an attempt to summarize the data, we conducted
a 1-way ANOVA on gain scores, revealing a significant dif-
ference between groups (F2,66 5 33.76, P , .05). Post hoc
analysis with a Tukey Honestly Significant Difference test in-
dicated a significant difference between the gains in the static-
stretching group (12.058 6 6.898) and the control group (1.178
6 3.358) and the eccentric group (12.798 6 5.708) and the
control group. No significant difference was found between
the eccentric and static-stretching groups (Figure 4).

DISCUSSION
We rejected the null hypothesis that no difference would be

seen in knee-extension range of motion after 6 weeks of static

stretching and eccentric training as compared with a control
group (no exercise). The groups that performed static ham-
string stretching and a combination of eccentric training and
hip-flexion range of motion for 6 weeks showed significantly
greater gains in flexibility than the control group.

Given the lack of significant difference in knee-extension
range of motion between the exercise groups, eccentric train-
ing and static stretching appear to be equally effective in in-
creasing hamstring flexibility. To date, this study is the first
objective investigation of the effects of eccentric training on
changes in muscle flexibility. The results support the theory
that eccentric training through a full range of motion increases
muscle flexibility.

The gains in knee-extension range of motion obtained in the
eccentric-training group (12.798) and static-stretching group
(12.058) are quite similar to the 3 previous longitudinal studies
on the effects of duration of static stretching.1,11,13 In 2 studies,
Bandy et al1,13 examined the effects of statically stretching the
hamstrings for a variety of durations, including 30 seconds.
The 12.50813 and 11.5081 gains in knee-extension range of
motion after 6 weeks of statically stretching the hamstring
muscle for 30 seconds were very similar to the gains by the
eccentric-training and static-stretching groups in our study.

Bandy et al10 compared the effects of 30 seconds of static
stretching with dynamic range of motion. Although both meth-
ods were effective in increasing range of motion, the gain
made with static stretching was 11.428, but the gain with dy-
namic stretching was only 4.268.

The mechanism for the increased flexibility with eccentric
hamstring activity through the full range of motion is unclear.
One explanation may be found in examining the possible neu-
rologic mechanisms that occur with stretching. Static stretch-
ing may be effective in increasing the length of muscle due to
the prolonged stretching, which may allow the muscle spindle
to adapt over time and cease firing.1,15 The result of this ad-
aptation/relaxation of the muscle spindle is an increased length
in the muscle. Given that eccentric exercise through the full
range of motion is a continual movement lasting only 5 sec-
onds, the muscle spindle does not appear to have time to adapt,
and this explanation does not appear to be appropriate for ex-
plaining the change in flexibility due to the eccentric activity.

Although eccentric training of the hamstring muscles
achieves the same flexibility gains as static stretching, the ec-
centric training offers a more functional option for flexibility
training. Individuals training a muscle eccentrically may re-
duce the chance of injury by training the muscle in a more
functional type of activity.16,17 Therefore, other research is
now needed to determine if gains are made in strength, injury
reduction, and performance improvement through an eccen-
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tric-training exercise program similar to the program used in
the present study.

Limitations and Future Research
Our study was limited to the effects of eccentric training

and static stretching on the flexibility of the hamstring mus-
cles. Further studies are needed to determine if eccentric train-
ing and static stretching are equally effective in improving
flexibility in other muscle groups, such as the quadriceps and
triceps muscles.

Another limitation to this study is that the subjects were a
sample of convenience of injury-free high school students.
Therefore, our findings are most applicable to a similar age
group. Although the age population in this study was limited
to individuals between 15 and 17 years of age, the amount of
hamstring flexibility gained in the present study was no dif-
ferent from other studies examining changes in static stretch-
ing in subjects between the ages of 20 and 40 years.1,10,13

Further research is needed to determine if an even older sam-
ple (eg, elderly subjects) is able to achieve similar range-of-
motion gains. In addition, incorporating this exercise technique
into a rehabilitation program for an injured athlete should be
investigated.

CONCLUSIONS
In males ages 15 to 17 years old, hip-flexion range-of-mo-

tion gains (indicating increased hamstring flexibility) with ec-
centric training were equal to those made by statically stretch-
ing the hamstring muscle. Both groups (eccentric training and
static stretching) increased hamstring flexibility significantly
more than a control group. Over 6 weeks, the group perform-
ing the eccentric training gained 12.798, the group performing
static stretching gained 12.058, and the control group gained
1.178.
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