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ABSTRACT

Background and Purpose: The potential adverse effects of static stretching on athletic performance are well documented, but still
appear to be controversial, especially as they relate to sprinting. The prevalence of this practice is demonstrated by the number of
competitive and recreational athletes who regularly engage in stretching immediately prior to sprinting with the mindset of optimiz-
ing their performance. The purpose of this study was to examine the effects of acute static, dynamic, and ballistic stretching, and no
stretching of the iliopsoas muscle on 40-yard sprint times in 18-37 year-old non-competitive, recreational runners.

Methods: Twenty-five healthy recreational runners (16 male and 9 female) between the ages of 24 and 35 (Mean = 26.76 yrs., SD =
2.42 yrs.) completed this study. A repeated measures design was used, which consisted of running a 40-yard sprint trial immediately
following each of 4 different stretching conditions aimed at the iliopsoas muscle and lasting 1 minute each. The 4 conditions were com-
pleted in a randomized order within a 2-week time period, allowing 48-72 hours between each condition. Prior to each 40-yard sprint
trial, a 5-minute walking warm-up was performed at 3.5 mph on a treadmill. The subject then ran a baseline 40-yard sprint. After a 10-
minute self-paced walk, each subject performed one of the 4 stretching conditions (ballistic, dynamic, static, and no stretch) and then
immediately ran a timed 40-yard sprint.

Results: There was a significant interaction between stretching conditions and their effects on sprint times, F(3,72) = 9.422,
p<.0005. To break down this interaction, simple main effects were performed with 2 repeated measures ANOVAs and 4 paired
t-tests using a Bonferroni corrected alpha (oo = .0083). There were no significant differences between the 4 pre-condition times,
p = 0.103 (Greenhouse-Geisser) or the post-condition times, p = 0.029. In the no stretch condition, subjects improved significantly
from pre- to post- sprint times (p<0.0005). There were no statistically significant differences in pre- and post-stretch condition
sprint times among the static (p = 0.804), ballistic (p = 0.217), and dynamic (p = 0.022) stretching conditions.

Conclusions: Sprint performance may show greatest improvement without stretching and through the use of a walking general-
ized warmup on a treadmill. These findings have clinically meaningful implications for runners who include iliopsoas muscle
stretching as a component of the warm-up.

Level of Evidence: Level 2
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INTRODUCTION

Stretching as a means of improving athletic perfor-
mance is a commonly held belief despite a lack of sup-
port in current literature.! The evidence regarding the
adverse effects of static stretching on athletic perfor-
mance is well documented and readily available,** but
still appears to be controversial in its acceptance by the
athletic and fitness communities, especially as it relates
to sprinting. The prevalence of this practice is demon-
strated by the number of athletes and non-competitive
physically active individuals who regularly engage in
stretching immediately prior to activity with the mind-
set of optimizing their physical capabilities.®

This mindset can be seen when sprinters and recre-
ational runners stretch various muscles immediately
before a race based upon the perception that greater
flexibility will improve their performance and per-
haps reduce their potential risk for injury.®> The rea-
son behind this common practice is perhaps tied to
tradition. Whereas, some research has indicated no
difference in performance as a result of different
types of stretching,*'* many authors have shown that
certain forms of stretching, most notably static
stretching, immediately prior to activity may actu-
ally adversely affect performance.!?>!13

Nelson et al'? examined the effect of partner-assisted
static stretching of the calf and thigh musculature on
20-meter sprint performance and observed signifi-
cantly slower times among post-stretch trials when
compared to no-stretch trials. The prevailing rationale
behind these and many other similar findings impli-
cates a decrease in musculotendinous elasticity and
subsequent reduction in force production capacity.>'*
Kokkonen et al' found that maximal muscle strength
(one repetition maximum knee flexion and exten-
sion) was decreased immediately following static
stretching. Additionally, Wilson et al'®> concluded that
a stiffer musculotendinous unit resulted in greater
force production than one that has decreased stiffness
as a result of stretching due to an increased rate of
shortening and initial force transmission.

In reviewing the literature on stretching and perfor-
mance, it seems that the most prominent muscles/
muscle groups of the lower limb (quadriceps, ham-
strings, gluteus maximus, gastrocnemius) have received
much of the attention from researchers, most likely

because of their visual and literary prominence.'® The
investigation into the actions of these muscles/muscle
groups provides an understanding of muscular contribu-
tors to sprinting in terms of many of its major biome-
chanical components (hip and knee extension, knee
flexion, ankle plantarflexion), but fails to address hip flex-
ion. This neglect is unfortunate as hip flexion may have
the greatest influence on sprint speed of any segmental
body movement and should therefore be the recipient of
greater scrutiny.'® For these reasons, the muscle com-
plex primarily responsible for flexion of the hip, the ilio-
psoas (IP), is important to focus on during future research
concerning stretching and sprint performance.

Tlustrating the importance of primary hip flexors in
dynamic activity, Yokozowa et al'” concluded that IP
was more active than the gluteus maximus, ham-
strings, adductors, rectus femoris, gastrocnemius,
soleus, tibialis anterior, and the vasti muscles in run-
ning at low, medium, and high speeds. The IP has also
been shown to have a greater influence on improving
one’s running speed than any other muscle/muscle
group and is one of three primary muscles/muscle
groups (hip extensors, rectus femoris, and iliopsoas)
important for generation of power during sprinting.'®'?
With this knowledge in mind, it comes as no surprise
that Deane et al'* found that a hip flexor strengthening
protocol improved 40-yard sprint times by 0.233 sec-
onds, thereby enhancing performance, in untrained,
yet physically active individuals.

While much of the available research has focused on
static stretching, other stretching methods may influ-
ence performance differently.! In competitive sprint-
ers, active dynamic stretching of the major muscle
groups of the lower limb has been shown to be advan-
tageous in terms of decreasing 50 meter sprint times."
Additionally, dynamic stretching of the lower limbs
in professional soccer players has produced faster 10
meter sprint times and greater maximal speed over
20 meters in comparison to no-stretch conditions.®
In contrast, Shrier conducted a systematic literature
review concerning stretching and performance and
found conflicting results in examining the effect of
dynamic stretching on running speed.'®

Although there are studies documenting the detri-
mental effects of static stretching and useful effects of
dynamic exercises, to date, no studies have researched
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the acute effects of different stretching protocols,
specifically for the iliopsoas muscle, on sprint perfor-
mance. Given the relative controversy and paucity of
literature in this area of study, it was the purpose of
this study to examine the effects of acute static,
dynamic, and ballistic stretching, and no stretching of
the IP on 40-yard sprint times in 18-37 year-old non-
competitive, recreational runners.

METHODS

Subjects

Thirty-five students (non-competitive, recreational
runners) volunteered for the study, 10 of which were
unable to complete the study due to soreness from
sprinting. The final pool of 25 subjects included 16
males and 9 females between the ages of 24 and 35
(Mean = 26.76 yrs., SD = 2.42 yrs.). Subjects were
not allowed to participate if they were pregnant, cur-
rently had a musculoskeletal injury, or a health con-
dition that would affect performance or put the
subject at risk for injury. The subjects were asked to
maintain normal activity throughout the duration of
the study, but were asked to avoid any strenuous
work 2 hours prior to any of the 40-yard sprint trials.
The study was approved by the university’s biomedi-
cal institutional review board and an approved
informed consent form was signed by each of the
subjects prior to testing.

Procedures

This study was a repeated measures design, which
consisted of running a 40-yard sprint trial immedi-
ately following each of 4 different stretching proto-
cols. The study was performed on an indoor
basketball court in order to standardize environmen-
tal conditions. Times were taken using an electronic
timing system (Lafayette Instrument Co., Lafayette,
IN) mounted to two sets of tripods (one pair each for
start and finish). Each pair of tripods had one laser
and one reflector connected to a timer which would
start/stop when the subject ran through each respec-
tive laser beam. Measurements for the 40-yards were
made using a standard field tape measure. The trials
were completed within a 2 week time period allow-
ing 48-72 hours between each trial.

Prior to each 40-yard sprint trial, a 5-minute warm-
up walk was performed at 3.5 mph on a treadmill.

Following the warm-up and prior to each of the 4 dif-
ferent stretching protocols targeting the IP muscle, a
maximal effort, 40-yard sprint was performed and
timed using the electronic timing system. The
stretching protocols were no stretch (NS), ballistic
stretch (BS), static stretch (SS) or dynamic stretch
(DS), and the order of the stretching conditions was
randomized.

After the baseline time was collected, the subjects
walked at a self-selected comfortable pace for 10
minutes around the perimeter of the basketball
courts. During the 10-minute self-paced walk, one of
the researchers demonstrated to each of the subjects
their randomly selected stretching protocol for the
day while the subjects maintained their walking
speed. Upon completion of the 10-minute self-paced
walk, the subjects performed the designated stretch-
ing protocol for 1 minute, and within 60 seconds fol-
lowingthe designated stretching condition performed
a post-stretch maximal effort, 40-yard sprint.

The pre- and post-stretching 40-yard sprint times
were compared to determine the acute effects of
stretching the IP on 40-yard sprint times. Results
were also compared between conditions to deter-
mine if differences existed regarding changes in
sprint times between the types of stretching. The
subjects were blinded to all 40-yard sprint times until
the study was completed.

Stretching Techniques

Stretching was supervised by the investigators for
each of the stretching conditions.*'*?* The holding
point for each static stretch was arbitrarily selected
by each subject as the point before discomfort. For
the NS condition, instructions emphasized that the
subjects were not to perform any type of stretching
during this time, and subjects were asked to stand at
the starting line for 1 minute before the 40-yard dash
trial. In the DS condition (Figures 1 and 2), subjects
stood parallel to a wall while using the wall to stabi-
lize the body during the stretch. Subjects then flexed
the hip and knee as close to the chest as possible.
When maximum knee height was reached, subjects
forcefully brought the hip into extension. Mainte-
nance of upright trunk posture and avoidance of
internal and external rotation of the hip throughout
the motion was stressed in order to isolate the IP
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Figure 3. Starting position for BS and SS (Lunge position,

prior to lowering hips).

Figure 2. End position for dynamic stretch.

muscle. This motion was performed for 15 seconds
on one leg and then the subject switched legs and
performed the same motion on the other leg; this
was repeated one more time for each leg for a total
of 2 repetitions of 15 seconds for each leg.

In the BS condition (Figures 3 and 4) subjects went
into a lunge stance with the leg of the hip being
stretched behind the subject and minimal knee flex-
ion. While in the lunge position, the subjects lowered
their hips until they felt a moderate stretch in their
IP muscle. With the subject’s TP muscle in the elon-
gated position, the subject oscillated inferiorly for 15
seconds on each leg twice, alternating between legs
being stretched. In the SS condition (Figures 3 and

Figure 4. End position for BS and SS (for BS, oscillation is
performed at this position).

4), subjects assumed the same position as described
in the BS, but maintained a single repetition 30 sec-
ond stretch without oscillating.

STATISTICAL METHODS

To determine the acute effects of various types of
stretching on 40-yard sprint times a 2 (time: pre and
post-stretch condition) by 4 (stretch condition: NS,
SS, BS, and DS) repeated measures analysis of vari-
ance (ANOVA) was performed to determine if there
was an interaction in the data. In the event an inter-
action was discovered, post-hoc testing using 2
repeated measures ANOVAs to compare between
stretching conditions, and 4 paired t-tests were used
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Table 1. Comparison of sprint times by condition.

Condition Mean +/- SD Mean +/- SD P-Value
(N=25) (Pre) (Post)
No Stretch 5.85+/-0.53 5.74+/-0.51 < 0.0005*%
Static 5.80+/- 0.51 5.81+/-0.51 0.804
Ballistic 5.82+/-0.52 5.80 +/-0.52 0.217
Dynamic 5.78+/- 0.50 5.83+/-0.53 0.0221
*p <.05
1 Bonferroni corrected

to compare pre- and post-condition 40-yard sprint
times, using a Bonferroni corrected alpha (o.=.0083),
to determine where the significant differences were
located. In addition, a chi-square analysis was done
to determine if there was a statistically significant
association between soreness/injury and stretching
protocol in the total of 10 participants who dropped
out due to severe soreness.

RESULTS

There was a significant interaction between stretch-
ing conditions and their effects on sprint times,
F(3,72)=9.422, p<.0005 (Table 1). In order to further
examine this interaction, simple main effects calcula-
tions were performed with 2 repeated measures ANOVAS
and four paired t-tests using a Bonferroni corrected
alpha (0.=.0083). There were no significant differ-
ences between the four pre-condition times, p=0.103
(Greenhouse-Geisser) or the post-condition times,
p=0.029. There was a statistically significant differ-
ence between pre- and post-stretch condition times in
the NS condition, p<0.0005, suggesting that sprint
times improved in this condition. There were no sta-
tistically significant differences in pre- and post-stretch
condition times between the pre- and post-times for
the static (p=0.804), ballistic (p=0.217), and dynamic
(p=0.022) stretching conditions, suggesting that sprint
times were unchanged between the 2 trials for each
of the 3 stretching conditions. Chi-square analysis
revealed no significant difference in sprint times,
x*(3)=.533, p=.912 between subjects who dropped
out secondary to soreness and stretching condition
and the subjects who completed the study.

DISCUSSION

The purpose of this study was to examine the acute
effects of various types of stretching conditions of
the IP muscle on 40-yard sprint times in recreational
runners. The authors found that the SS condition did
not adversely affect performance nor were there sig-
nificant changes in pre-post sprint times in the BS or
DS conditions. However, a significant improvement
in time from pre- to post-condition was observed in
the NS condition. As such, the present study sup-
ports other studies found in the literature regarding
no effects of acute static stretching immediately
prior to sprint performance,>'** but appears to con-
tradict other studies where static stretching was
shown to adversely affect sprint times.>**

Because the authors were intent on investigating the
acute effects of stretching, we focused our research
on one major muscle group (the IP muscle), which
has been described by previous authors in the litera-
ture to be one of the most important muscles involved
in sprinting.'®'® The protocol employed during the
current study differs somewhat when compared to
other studies found in the literature, in that, the
authors of the current study measured the effects of
stretching on a dynamic event immediately after
stretching (0-60 seconds), whereas other studies
investigated the effects of stretching on performance
approximately 3-10 minutes following the perfor-
mance of stretching.?>61.2223

Contrary to other research, which included multiple
muscles in the stretching protocol, the authors did
not find a significant difference between pre- and
post-measures of 40-yard sprint times when subjects
were stretched using BS, DS, or SS methods.*%1%0 In
contrast to the current study, Winchester et al
reported a 3% decrease in sprint performance for
track and field athletes after participating in a static
stretching protocol, which was conducted after a 30
minute dynamic warm-up.® Likewise, Fletcher et al
reported an increase in 50-m sprint time (decrease
in sprint performance) in a group of competitive
track and field athletes after passive static stretch-
ing, despite being combined with active dynamic
stretching. Conversely, they observed a decrease in
50-m sprint time (improvement in performance)
after warm-ups involving static dynamic stretches
combined with active dynamic stretches or with the
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active dynamic stretches alone." Sim et al reported
increases in 20-m sprint times (decrease in sprint
performance) when static stretching was performed
after dynamic activities in the warm-up, but found
that static stretching followed by dynamic activities
resulted in repeated sprint performance similar to
that obtained when dynamic activities alone were
performed.*

Little and Williams reported that a static-stretch pro-
tocol produced significantly faster runs than did the
no-stretch protocol for the 20 m sprint.® However, in
their study, subjects performed further warm-up
activity after the stretching, which may have affected
the immediate adverse effects of static stretching
that have been previously reported. Vetter reported
no changes on a 30-m sprint after static stretching.?

The subjects in the current study showed signifi-
cantly faster post 40-yard sprint times when com-
pared to pre 40-yard sprint times only after the NS
condition. One possible reason for this improved
performance could be that the baseline sprint served
as a dynamic warm-up and dynamic warm-ups with-
out stretching have been reported to improve sport
specific skills such as sprinting.** As such, the
rehearsal of specific movement patterns may have
helped increase coordination of the subsequent
sprint, especially in untrained recreational runners
who did not use sprinting as a training method.
McMillian et al revealed that warming the muscle
up prior to an activity by engaging in dynamic warm-
up exercise facilitates physiological changes that
may result in modest performance enhancement.?
They showed that dynamic warm-up resulted in bet-
ter performance scores on selected measures of
power and agility (Tsshuttle run, underhand medi-
cine ball throw for distance, and 5-step jump) rela-
tive to static stretching warm-up or no warm-up.? In
the case of the NS group, the baseline 40-yard sprint
may have been enough to facilitate performance
enhancement, thereby improving the post NS condi-
tion sprint time in the present study.

Another possible reason for improved performance in
the NS condition could be that lack of stretching after
a dynamic activity may have contributed to a stiffer
tendon, which may have correlated with increased
performance in force production.”® A possible reason
for this mechanism was proposed by Wilson et al.’®

The authors suggested that for concentric muscle
actions, a stiffer musculotendinous system would
improve contractile component force production, thus
allowing more favorable length and velocity condi-
tions. In other words, a stiffer musculotendinous unit
should allow the contractile component to be at a
more optimal point on both the force/velocity and
force/length curve in terms of force production. Addi-
tionally, Rosenbaum et al concluded that stretching
impaired force production and hypothesized that the
decreased force production was due to mechanical
changes such as increased tendon slack.?

Burkett et al pointed to neurophysiological changes
as a potential reason for improved performance;
their research suggests that warm-ups increase
power production and performance by activating
neuromuscular functions.?” Other researchers have
cited this phenomenon as post-activation potentia-
tion (PAP), which has been defined as the temporary
increase in the contractile ability of muscles after a
previous contraction session.”

One limitation of this study was the use of a small
group of untrained, recreational, non-competitive
runners instead of trained runners. Consequently, it
becomes important not to generalize the findings to
competitive runners. Yet, the results of this study
may be more relevant for trained runners than rec-
reational runners due, in part, to stringent training
regimens, warm-up routines, and stretching proto-
cols as well as potential differences in parameters
such as height, weight, and BMI. Conversely, the
findings from the present study may have value in
generalizing to recreational runners commonly seen
in physical therapy practice. Another limitation was
soreness reported by the participants. Many of the
participants complained of muscle soreness due to
previous trials, and 10 participants cited muscular
soreness as the reason for dropping out of the study.
This may be related to the fact that the current sub-
jects were recreational runners and therefore less
accustomed to the higher muscular forces generated
during sprinting than in other forms of running.

Future research should include the use of trained run-
ners to see if these same effects are seen in these ath-
letes as well. Further study might address the effects
of stretching mode on return to sprinting activity
among recreational runners, which is an important
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consideration when taking patients through a full
spectrum of rehabilitation and the resumption of prior
activity levels. Research could also be conducted to
see if there are any differences between sexes and use
of multiple trials examining the effects over time in
each condition should be considered.

CONCLUSIONS

The results of this study indicate that the NS condi-
tion was the only stretching condition in which sta-
tistically significantly improvements were found in
acute or short-term measurements of sprint times in
non-trained, recreational runners. The SS, BS, and
DS stretching conditions did not affect acute mea-
surements of sprint times. Although performed by
all groups, the baseline 40-yard sprint may have
been enough to facilitate performance enhance-
ment, thereby improving the post NS condition
sprint time. This suggests that 40-yard sprint perfor-
mance may show greatest improvement without
stretching and performance of a generalized “warm-
up” task. These findings have clinically meaningful
implications for untrained recreational runners who
include IP stretching as a component of their warm-
up, particularly prior to sprinting.
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