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ABSTRACT. McMillian, D.J., J.H. Moore, B.S. Hatler, and D.C.
Taylor. Dynamic vs. static-stretching warm up: The effect on
power and agility performance. J. Strength Cond. Res. 20(3):492–
499. 2006.—The purpose of this study was to compare the effect
of a dynamic warm up (DWU) with a static-stretching warm up
(SWU) on selected measures of power and agility. Thirty cadets
at the United States Military Academy completed the study (14
women and 16 men, ages 18–24 years). On 3 consecutive days,
subjects performed 1 of the 2 warm up routines (DWU or SWU)
or performed no warm up (NWU). The 3 warm up protocols last-
ed 10 minutes each and were counterbalanced to avoid carryover
effects. After 1–2 minutes of recovery, subjects performed 3 tests
of power or agility. The order of the performance tests (T-shuttle
run, underhand medicine ball throw for distance, and 5-step
jump) also was counterbalanced. Repeated measures analysis of
variance revealed better performance scores after the DWU for
all 3 performance tests (p � 0.01), relative to the SWU and
NWU. There were no significant differences between the SWU
and NWU for the medicine ball throw and the T-shuttle run, but
the SWU was associated with better scores on the 5-step jump
(p � 0.01). Because the results of this study indicate a relative
performance enhancement with the DWU, the utility of warm
up routines that use static stretching as a stand-alone activity
should be reassessed.

KEY WORDS. flexibility, performance testing, conditioning, cal-
isthenics

INTRODUCTION

P
re-exercise warm up routines are common prac-
tice, despite limited scientific evidence support-
ing one protocol over another. For this reason,
warm up protocols tend to reflect the experi-
ence of individual coaches, trainers, and ath-

letes. Traditionally, static-stretching exercises have been
a prominent feature of warm up routines (6, 34, 37). Sup-
port for a more dynamic warm up (DWU) has grown in
recent years, because several investigations have shown
the potential for acute, static stretching to degrade per-
formance on vertical jumps, short sprints, tasks requiring
maximal voluntary contractions, muscle strength-endur-
ance performance, balance challenges, and reaction time
(2, 3, 6, 10, 11, 20, 21, 23, 27, 37). Additionally, several
studies now indicate that pre-exercise static stretching
does not offer the presumed benefit of injury risk reduc-
tion (5, 14, 17, 26, 30).

Smith (32) indicated that the general purpose of a pre-
exercise warm up is to increase muscle and tendon sup-
pleness, to stimulate blood flow to the periphery, to in-
crease body temperature, and to enhance free, coordinat-
ed movement. Professionals in the strength and condi-
tioning community have increasingly touted various
DWUs as the best way to prepare athletes for the physical

demands of their sport (12). Although many variations on
the DWU theme exist, most feature progressive, contin-
uous movement. Calisthenics such as squatting and lung-
ing movements often are paired with running drills that
include forward, lateral, and change-of-direction move-
ment. Investigators have shown DWU to improve knee
joint position sense, to increase oxygen uptake, to lower
lactate concentration and raise blood pH, to improve ef-
ficiency of thermoregulation, and to improve performance
for bicycle sprints and vertical jumps (1, 6, 7, 15, 20, 37).

Recently the United States Army Physical Fitness
School (APFS) developed a DWU for individuals and mil-
itary units. The stated objectives are to increase body
temperature and heart rate, pliability of joints and mus-
cles, and responsiveness of nerves and muscles in prep-
aration for physical readiness training activities. This
DWU was used before each exercise session as part of an
intervention to decrease injuries and to improve physical
performance among soldiers in a basic training battalion.
Static stretching, a prominent feature of the warm up for
generations of soldiers, was not included. Although mul-
tiple interventions confounded the effect of the DWU, in-
jury rates over the 9-week training period were signifi-
cantly decreased compared with both a control battalion
and historic trends. Performance on physical fitness test-
ing generally was improved (19).

Given the ubiquity of static stretching in warm up ac-
tivities, the purpose of this study was to compare the ef-
fect of a DWU (based on the APFS model) with that of a
static-stretching warm up (SWU) or no warm up (NWU)
on selected measures of power and agility. Dependent
variables to assess power and agility were chosen, be-
cause these attributes are common requirements for a va-
riety of sports. The DWU protocol in this study closely
mimicked the power and agility requirements of many
sports, so we hypothesized that it would result in a per-
formance enhancement relative to the SWU or NWU.

METHODS

Experimental Approach to the Problem

All subjects attended a 2-part orientation session that in-
cluded (a) instruction for active participation in both the
DWU and SWU and (b) practice of the 3 performance
measures (i.e., the T-drill, 5-step jump, and the medicine
ball throw for distance). The independent variable was
the type of warm up used before performance testing. The
dependent variables were the scores on the 3 performance
measures. During the orientation, subjects were given
feedback to enhance proper execution of both the warm
up techniques and the performance measures. To ensure



EFFECT OF WARM UP PARAMETERS 493

that subjects had mastered the techniques for the perfor-
mance measures, they repeated each of the 3 events until
their scores no longer improved. Rest between trials of
the T-drill lasted approximately 2 minutes. Rest between
trials of the 5-step jump and medicine ball throw for dis-
tance was at the subject’s discretion, but generally of 30–
60 seconds’ duration. Subjects were encouraged to take as
long as necessary to recover from the previous effort.

Subjects

Thirty cadets at the United States Military Academy
(USMA) volunteered for and completed the study. Sub-
jects were recruited from USMA club sports. Cadets were
eligible for the study if they were fit for full military duty
without restrictions. All subjects completing the study
were members of rugby, lacrosse, or strength and condi-
tioning teams. Members of the rugby and lacrosse teams
were competing weekly. In addition, all cadets have rou-
tine physical requirements. For these reasons, the sub-
jects were screened by the primary investigator before the
study to establish eligibility and before each training or
testing session to ensure continued eligibility. Exclusion
criteria were: (a) acute impairment of the spine or lower
extremities, vestibular dysfunction, or balance disorder,
(b) history of surgery in either lower extremity, and (c)
history of a neurological disorder affecting the upper or
lower extremities. All subjects gave written, informed
consent prior to participation in the study. The mean �
standard deviation (SD) for age, height, and weight for
the 16 men were 20.2 � 1.2 years, 182.4 � 6.6 cm, and
88.8 � 9.0 kg, respectively. The mean � SD for age,
height, and weight for the 14 women were 20.4 � 1.5
years, 167.1 � 7.9 cm, and 64.0 � 7.8 kg, respectively.
All subjects gave written informed consent prior to par-
ticipation. The study was approved by the Human Sub-
jects Research Review Board of Keller Army Community
Hospital, West Point, NY.

Warm Up Protocols

Subjects executed the warm up sessions in small groups
with the primary investigator leading the DWU (Table 1)
and an associate investigator (BH) leading the SWU (Ta-
ble 2). The order in which the subjects performed the 3
warm up conditions was counterbalanced to avoid poten-
tial biasing effects associated with test sequence. Each
warm up session lasted 10 minutes. Subjects scheduled
for NWU rested in an area adjacent to the testing site.

Performance Testing

Most recent investigations of pre-exercise stretching have
used vertical jump tests as the measure of performance.
The present investigation used other performance mea-
sures (Table 3) in order to evaluate agility as well as a
broader spectrum of tasks requiring power. Care was tak-
en to avoid tasks that would induce fatigue, because fa-
tigue has been shown to hinder local muscular perfor-
mance, especially for tasks that involve the stretch–short-
ening cycle.(18)

The 5-step jump was chosen as a measure of function-
al leg power. Single-leg hop tasks are used more com-
monly as functional tests; however, they are most often
used to assess symmetry, and therefore normalcy, of the
lower extremities following unilateral lesions, such as an-
terior cruciate ligament deficiency or reconstruction (9).
For our purposes, symmetry was less important than

were aggregate lower body power and stability. Wiklan-
der et al. have shown the 5-step jump to be a reliable
measure that correlates well with the vertical jump, long
jump, and isokinetic leg strength (35).

The medicine ball throw for distance was chosen as a
measure of total-body power. Stockbrugger et al. have
shown this test to be a valid and reliable test for assessing
explosive power for an analogous total-body movement
pattern and general athletic ability (33).

The T-drill was chosen primarily as a measure of agil-
ity. For this test, the component tasks of (a) forward,
backward, and lateral running; (b) stopping and changing
direction; and (c) reaching with an upper extremity while
lowering the center of gravity are all representative of
commonly encountered tasks in sports. Pauole et al. have
shown this test to be a valid and reliable measure of agil-
ity, leg power, and leg speed in college-age men and wom-
en (25). To emphasize lateral movement, the forward- and
backward-run portions of the T-drill were set at 5 m rath-
er than the 10-yd distance described by Pauole.

Data collection began the day after the orientation
and ran for 3 consecutive days. Subjects performed 1
warm up protocol (DWU, SWU, or NWU) before data col-
lection each day. Subjects were instructed to avoid exer-
cise or vigorous physical exertion the morning of testing.
All tests were conducted at 6 AM at the same test site
each day.

After completing 1 of the warm up conditions (or 10
minutes of rest for the NWU group), subjects proceeded
to the performance testing stations. The time between
finishing the warm up and beginning the performance
testing was approximately 2 minutes. The order of testing
was counterbalanced to avoid carryover effects. A physi-
cal therapist or physical therapy assistant who was un-
aware of the subject’s group assignment scored each per-
formance test. None of the investigators participated in
data collection. The primary investigator then compiled
all data for analysis.

Attempts were made to control potentially confound-
ing variables. For example, (a) testing occurred at 6 AM
each day, with subjects advised not to eat or drink any-
thing other than water before testing; (b) subjects were
queried for injuries, illness, or excessive fatigue each day;
(c) subjects were reminded of the importance of maximal
effort each day before testing; (d) graders were either
physical therapists or physical therapy assistants with at
least 1 year of experience collecting performance mea-
surement data for another study; and (e) graders received
a standardized orientation to the measurements required
for the study.

Ten subjects were removed from the study after com-
pleting the orientation: 2 subjects for excessive fatigue
from cadet physical requirements the previous day, 2 sub-
jects from injuries related to military training, and 6 sub-
jects for missed testing sessions. No subjects were injured
during the performance of either of the warm up condi-
tions or performance testing.

Statistical Analyses

Pre hoc power analysis was used to establish the appro-
priate sample size, based on the following parameters:
effect size � 0.27 (based on previously reported data on
the 5-step jump [35]), 3 degrees of freedom, power � 0.80,
and alpha � 0.05. Repeated measures (2 [gender] � 3
[warm up protocol]) analysis of variance (ANOVA) was
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TABLE 4. Performance on each dependent variable based on
warm up conditions (N � 30). Data are mean � SD.*

T-drill (s)

Medicine ball
throw for

distance (m)
5-step jump

(m)

Control (NWU) 9.77 � 0.82 9.47 � 2.89 9.51 � 1.14‡
SWU 9.69 � 0.85 9.34 � 2.87 9.78 � 1.172‡
DWU 9.56 � 0.79† 9.79 � 3.01† 10.06 � 1.23‡

* NWU � no warm up; SWU � static-stretching warm up;
DWU � dynamic warm up.

† Denotes significant difference from the other 2 warm up con-
ditions ( p � 0.01).

‡ Denotes significant difference between all 3 warm up con-
ditions ( p � 0.01).

used to evaluate the effect of warm up conditions on the
3 performance measures. Tukey’s honestly significant dif-
ference (HSD) was used for post hoc analysis. Statistical
significance was set at p � 0.05.

RESULTS

Descriptive statistics representing the performance on
each dependent variable based on warm up conditions are
presented in Table 4. Repeated measures ANOVA re-
vealed neither a significant main effect nor interaction for
gender; therefore, data were collapsed for post hoc test-
ing. The main effect for warm up protocol was significant.
Pair-wise comparisons using Tukey’s HSD revealed that
subjects scored better after the DWU than after the NWU
or SWU on all 3 performance tests (p � 0.01). There were
no significant differences between the SWU and NWU for
the medicine ball throw and the T-drill; however, subjects
scored better after the SWU than after the NWU on the
5-step jump (p � 0.01).

DISCUSSION

The purpose of this study was to compare the effects of
DWU, SWU, and NWU on selected measures of power
and agility. Results indicate that the DWU conferred a
modest performance enhancement for all 3 measures of
power and agility relative to the SWU and NWU. These
results are consistent with Bishop’s review of the litera-
ture, indicating that an active warm up of moderate in-
tensity is likely to significantly improve short-term per-
formance on a range of tasks as long as fatigue is not
induced (4). Although static-stretching warm up exercises
have been shown to decrease power and one-repetition
maximum strength tasks (21, 37), our results show no
significant difference between the SWU and NWU for the
T-drill and the medicine ball throw for distance. The
SWU was a significant improvement over NWU for the
5-step jump.

In a review of the warm up literature, Bishop cites
several reasons why an active warm up such as the DWU
used in this study might improve short-term performance
(4). Most factors are related to temperature and include
decreased stiffness of the muscles and joints; increased
transmission rate of nerve impulses; changes in the force-
velocity relationship; and increased glycogenolysis, gly-
colysis, and high-energy phosphate degradation. In ad-
dition to these temperature-related changes, 2 neuromus-
cular phenomena possibly activated by the DWU could
potentially enhance power and agility performance. Post-
activation potentiation (PAP; an increase in muscle
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twitch force and rate of force development following a con-
ditioning contractile activity) could theoretically improve
power and agility performance, though the optimal pa-
rameters to exploit PAP are unknown (29). Similarly, po-
stcontraction sensory discharge (increased neural activity
measured in the dorsal roots following contraction) might
enable a more rapid and forceful response to perturba-
tions of muscle length (8). Active warm up also may de-
crease muscle stiffness by breaking the stable bonds be-
tween actin and myosin filaments, though stretching like-
ly has the same effect (4, 34).

Although none of the physiological factors mentioned
above were measured directly, we believe that the de-
mands of the DWU used in this study are generally con-
sistent with the recommendations of Bishop (4). For en-
hancement of short-term performance (10 seconds or
less), evidence suggests a warm up of 5–10 minutes, per-
formed at 40–60% of V̇O2max, followed by 5 minutes of
recovery (4). Although the recovery interval used in the
present study was less than Bishop’s recommendation, fa-
tigue did not appear to be significant in our athletic sub-
jects.

In contrast to the benefits of an active warm up men-
tioned above, there are at least 2 theories why pre-exer-
cise stretching might decrease subsequent performance
relative to a more dynamic warm up. First, several re-
searchers have cited reduced neural activation as a
means by which repeated stretches reduce the number of
motor units available for contraction (3, 11, 21). If the
SWU reduced neural activation relative to the DWU, per-
formance of power and agility tasks, such as those used
in this study, might be diminished. Because neural acti-
vation was not measured, its effect on the performance
measures used in this study is purely speculative.

In addition, other investigators have suggested that
increased compliance (i.e., the length change that occurs
when a force is applied) in the tendon results in a brief
moment when muscle force is taking up slack within the
tendon, rather than contributing to gross movement (14,
21). Potentially, such an effect could hinder power and
performance. However, some studies have shown in-
creased joint range of motion without changes in the com-
pliance of the musculotendinous unit (16, 22), suggesting
that greater stretch tolerance might account for the in-
creased range of motion. Taylor et al. have shown that
stretching and isometric contractions both result in sub-
sequent relaxation of the muscle–tendon unit (34). This
concept is supported by a clinical study in which 3 differ-
ent warm up conditions (i.e., body-weight circuit exercis-
es, static stretching, and proprioceptive neuromuscular
facilitation stretching [PNF]) each resulted in equivalent
increases in hamstring flexibility (6). This suggests that
a dynamic warm up might increase flexibility from the
resting state without the potential compromise of neural
activation associated with an isolated, static-stretching
warm up.

It is important to distinguish between pre-exercise
stretching and flexibility training in general. The perfor-
mance-related issues from pre-exercise stretching men-
tioned above, especially reduced neural activation, might
not apply to stretching exercises performed at other
times. In fact, investigations have noted improved perfor-
mance correlated to regular stretching (31) and increased
flexibility (36). Gleim et al., in a review of the literature
on flexibility and sports performance, noted the sport-spe-

cific nature of flexibility, suggesting that flexibility train-
ing might enhance performance in sports that rely on ex-
tremes of motion for movement. Conversely, decreased
flexibility might actually increase economy of movement
in sports such as distance running, where only the mid-
portion of the range of motion is used (14). The evidence
suggests that flexibility training should be applied, based
on individual needs and the physical demands of the ac-
tivity.

Although the current investigation examined only the
effect of warm up parameters on performance, injury pre-
vention is cited routinely as a reason for pre-exercise
warm up. As reported by Shrier (30), the recent epide-
miological evidence suggests typical pre-exercise muscle
stretching protocols do not produce meaningful reduc-
tions in risk of exercise-related injury. Conversely, basic
science supports the notion that an active warm up might
protect against muscle strain injury, though clinical re-
search is equivocal on this point (14). Theoretically, warm
up activities that enhance neural activation will better
prepare muscles to absorb loads that might otherwise be
transmitted to other structures such as ligaments, ten-
dons, and the muscle cytoskeleton. This concept is sup-
ported by research showing that muscles under active
contraction absorb significantly more energy than mus-
cles at rest (13). Recently, Olsen et al. were the first to
use a large, randomized, controlled study to show reduced
rates of injury in a group performing a dynamic, func-
tional warm up (24).

The following factors should be considered when in-
terpreting the results of the present investigation. First,
due to study design and restriction on the availability of
subjects, only 3 repeated measures (one each following
DWU, SWU, and NWU) were conducted. Therefore, the
combined effect of dynamic and static stretching warm up
components was not tested. Few studies have examined
the effect of pre-exercise stretching combined with a dy-
namic component. Church et al. compared the effect of a
general warm up consisting of a 10-minute circuit of body-
weight exercises with the same warm up paired with ei-
ther static-stretching or PNF stretches (6). Vertical jump
performance was limited only by the PNF stretch warm
up. The investigators theorized that the increased inten-
sity of the PNF stretching might induce autogenic inhi-
bition and, therefore, might limit vertical jump perfor-
mance.

Rosenbaum et al. found that decreased force and rate
of force development related to stretching was returned
to normal after 10 minutes of running (28). This suggests
that pre-exercise stretching may not hinder power per-
formance if followed by dynamic movements that mimic
the tasks that follow. Warm up protocols that combine
dynamic and static-stretching exercises would add com-
parative value and are encouraged for future investiga-
tions. Still, for teams and individuals that are under time
constraints for warm up, the current body of evidence
suggests that static stretching might be unnecessary.

Another limiting factor of this study is that physiolog-
ical parameters of the warm up protocols were not estab-
lished. Controlling for factors such as muscle temperature
and oxygen utilization would have allowed for greater
precision when describing warm up parameters. Caution
should be used when generalizing the results of this study
to other populations. Our subjects were young athletes
accustomed to vigorous athletic and military training;
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older or less-athletic populations might respond differ-
ently to the warm up protocols used in this study.

Though evidence from previous investigations allows
us to make general recommendations for the specificity,
duration, intensity, and recovery interval of the warm up
(4), questions remain as to the optimal parameters for
these factors. Future clinical research should continue to
investigate not only the optimal warm up parameters for
duration, intensity, and recovery interval, but also the
interplay of dynamic and static stretching components,
sports specificity, environmental conditions, and psycho-
logical factors. In addition, more investigations are need-
ed to establish the optimal warm up conditions for injury
control.

PRACTICAL APPLICATIONS

For tasks requiring power and agility, the results suggest
that a dynamic warm up might offer performance benefits
not found with static stretching or no warm up. It is likely
that a DWU similar to that used in this study will achieve
general warm up goals without invoking the mechanical
and neural activation drawbacks associated with acute,
static-stretching. For tasks demanding a high degree of
flexibility, power, and agility, warm up activities should
be sequenced so that static-stretching (if it is deemed nec-
essary) is followed by dynamic, progressive movements
that mimic the goal activity without inducing fatigue.
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