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CHAPTER |

INTRODUCTION

A warm up prior to any exercise or competition has been an established part of
any athlete or recreational exerciser’s routine for many y&aese are many different
warm-up techniques, while being different; all techniques include several important
factors. Duration, intensity, mode, and recovery period have all been suggeasied as
most important factors that are essential in maximizing the workoueofiegrs and the
performance of an athlete [1]. Many research studies have examinethtiteseand
each study has offered its optimal strategy to improve performance.idmatht, the
warm up process has consisted of a short period of aerobic activity followed by some
form of stretching. Static stretching has been the traditional method c&chitis
involves stretching or elongating the muscle to a point of mild discomfort anchgaidi
there for a specific time (i.e. 30 seconds) [2]. Several studies have suggess¢atitha
stretching will increase flexibility which will in turn improve perfoance [3] and reduce
the risk of injury [4] during exercise or competition. Other studies have sugdieated
warm up may be more beneficial for performance than stretching [1]. Tieeneaay
effects a warm up may imitate in the body. These include: (a) decreasssdmnce of
muscles and joints, (b) increased nerve conduction rate, (c) increased blood flow to

muscles, (d) increased muscle temperature, (e) postactivation potentiatidi, and (



psychological preparedness [1, 5]. While static stretching has redm@aneof the
traditional warm up, some studies have recently found static stretchieduiervertical
jump (VJ) height [6] and sprint speed [7, 8]. Furthermore, stretching has beemtshow
affect musculotendinous stiffness [9] and may cause a stretched inducedifiocitg10]
which could negatively affect performance activities involving fore production.
Alternative methods of stretching and warming up which differ from the
traditional method previously mentioned have been suggested by researcheranf& dyna
warm up or dynamic stretching consists of exercises that are contraiegmants
throughout an entire range of motion [11]. These exercises simulate movemeents t
muscles may encounter during exercise and competition. This type of aataeupatill
allows for the mechanical and psychological effects mentioned by Bishop [8] take
place at the working muscles. Many previous studies have reported increades in V
performance, known as an estiamte of muscle power, following dynamic warm-up
routines [12-18] while others [19-21] have reported no change in VJ performance. One
reason for the discrepancies between results may lie in the fact treastsaties
examined Division | and Il athletes [15, 19, 20]. These studies found no changes in VJ
performance, which could suggest that more intense warm up routine, may be needed to
elicit performance gains in individuals whose training status may be igtieatethe
recreationally trained. Nonetheless, the athletic community hasddadtee supporting
evidence that dynamic stretching may be superior to traditional stisiching. In a
2009 survey by Judge et al. [22], 91% of Division | and Division Il collegiatd&dlot
programs in the Midwest United States reported using a combination of joggiagddll

some type of sport specific drills, while 86% of the pre activity warm up lastedé&e



5-10 minutes in duration using some type of a dynamic warm up routine. This report
suggests that athletic teams have shifted towards replacing thetstéticisg
component during the pre workout phase of a warm-up with dynamic stretching.

Part of the growing literature involving dynamic stretching is its effacstrength
and power activities. Due to the stretched induced force deficit [10], sdithiat require
a great amount of force production (i.e. VJ) should not be performed following static
stretching. Dynamic stretching has been shown to improve power output during
isokinetic leg extension [23], dynamic constant external resistandeRDAuring leg
extension [24], and VJ performance [13, 21, 25]. Herda et al. [10] found no changes in
peak torque following dynamic stretching, but did find significant decreasegakn pe
torque following a static stretching routine. All of these activitgegiire a high amount
of force production and could be potential predictors of athletic performance.

Other factors not involving force production include flexibility and balance. Even
though flexibility is more commonly associated with static stretchifgwastudies have
examined the influence of dynamic warm-up routines may have on flexiilprevious
study by Faigenbaum and colleagues [6] reported increases in sit anflexidity
following warm-up protocols utilizing static stretching and dynamiddtneg exercises
in children. Other studies have examined different combinations and flexiegis/tb
determine whether dynamic stretching may improve performance. One gtudy b
O’Sullivan et al. [26] reported decreases in flexibility following a dyigastretching
routine. Researchers have questioned whether stretching should be done befare or afte
performance as a means of reducing injury and/or improving performance [27].

Furthermore, Ryan et al. [28] found increases in flexibility following tvii@icbnt



volumes of a dynamic warm-up which was accompanied with significant incieagés
height and lower body power. Due to different testing procedures, the findings mggardi
dynamic stretching and its affect on flexibility are inconclusive. Qmed tudy by Curry

et al. [29] found no differences in flexibility between warm-up groups when isgltite

hip flexor muscle using the Modified Thomas test. Balance unlike flexiislibpt
commonly measured even following static stretching modalities. Behm[@0kdound
static stretching to decrease balance scores on a 30 second wobble board Isélance te
while Costa et al. [31] also found that longer durations of static stretchingenesade
overall balance in individuals.

Faigenbaum et al [6] suggests that several important variables should be
considered prior to implementing a pre exercise or competition routine. Volume,
intensity, and recovery time are the three main points mentioned [6]. Faigentaum e
[25] found differences in vertical jump and long jump performance following diftere
loads of a dynamic warm up utilizing a weighted vest. A similar study by Thongpse.
[18] found changes in vertical jump performance also utilizing a weighted vest in
Division lll athletes. Furthermore, Fletcher [16] found differencesguat jump
performance due the difference in stretching velocity performed prior fetf@rmance
measure. A study by Ryan et al. [28] found decreases in muscle strength endurance
following an extended volume of a dynamic warm-up, while VJ performance and power
output remained constant between two volumes of a dynamic warm-up. Similar to the
weighted vest studies previously mentioned, Needham et al [17] observed improvements
in vertical jump performance and suggests utilizing resistance duringatine up to

improve force producing performance.



Another previous study by Faigenbaum et al. [32] examined the influence of
different recovery periods following dynamic warm ups, finding vertical jump
performance to be superior following a dynamic warm-up for up to 18 minutes when
compared to static stretching, and suggested that the affects from the dysamiap
are greatest between 2 and 6 minutes post warm-up, however begin to diminishlgfter
10 minutes post warm-up [32], while Needham et al. [17] found vertical jump

performance to be best at 3 and 6 minutes post dynamic warm-up.

Summary

There are numerous studies examining dynamic stretching and its effects
various human performance variables. Faigenbaum et al. [6] and Bishop [1] have both
mentioned that there are several important variables that must be considered when
designing warm up and stretching routines to optimize subsequent performances There
supporting evidence that increased resistance and intensity during warm affeoty
high force activities; however the amount or duration of optimal intensitylisirstilear.
There is a brief understanding of the recovery duration needed following warm up,
however at exactly what time performance is at its peak is still unknowre Ehétle
evidence of the affect of dynamic stretching on flexibility and no known evidsritse

usefulness in affecting balance.



Statement of Purpose

The purpose of the present study was to extend upon findings in the literature,
examine the acute effects of different volumes of a dynamic warm-up on human
performance, and to examine the influence of recovery time followingrelift volumes

of a dynamic warm up on human performance.

Hypotheses
1. H.: Is there a difference in human performance (vertical jump, lower bodgrpow
flexibility, and balance) at different recovery periods following défdérvolumes
of a dynamic warm up?
2. Hi: Is there a difference in human performance (vertical jump, lower bodgrpow
flexibility, and balance) following different volumes of a dynamic warr up
3. Ha: Is there a difference in human performance (vertical jump, lower bodgrpow

flexibility, and balance) at different recovery periods?

Definitions

Dynamic Warm upExercises that are controlled movements throughout a specific range
of motion which simulates actions involved during exercise and athletic eVargsnay

be referred to as a dynamic warm up, stretching, or range of motion [12].

Vertical Jump heightA vertical jump is the act of raising one’s center of gravity into a
vertical plane by using one’s muscles. It is a measurement of how high an indwajua
rise off the ground from a standstill or countermovement position and may baretka

in centimeters [33].



Power OutputPower output is work produced over a given period of time. Power has
been traditionally explained as Power = (Force x Distance) + Time [34.Feeer is

the greatest amount of power at any point during a specific range of motida, whi

average power is the average amount of power throughout a range of motion for the
given period of time. Both peak and average power are typically measured in watts
Flexibility: A joint’s ability to move freely throughout a full and normal range of motion
and is measured in degrees [35].

Balance:A state of body equilibrium and/or the ability to control one’s weight/body.
Balance was measured in contacts of a wobble board with the ground and the amount of

contact time for which the total of contacts accumulated while touching the dR@jnd

Delimitations

This study used a convenience sample of 28 subjects between the ages of 18-30
years old. Participants were required to complete a health history questi@mthae
informed consent form before any testing was performed. For participamtseligible
to participate in this study, they must have been recreationally actiegeaiiudents,
meaning they engaged in less than 10 hours per week of physical activity and could not
be competitive athletes. Furthermore, all participants in this studyneéable to have
any current neuromuscular diseases nor had an injury to the hip, thigh, knee, ankle, or

foot within the past three months.



Assumptions
1. The population from which the sample was drawn is normally distributed.
2. The sample was randomly selected and the treatment order was randoedy plac
3. The data acquired meets the sphericity assumption. Requires homogeneity of
variance.
4. Subjects accurately answered the health history questionnaire.
5. Equipment functioned properly for all testing sessions.
6. Participant’s knowledge of any warm-up procedures and their effects on

performance did not influence the outcomes during the study.

Limitations
1. Participants for the study were recruited from courses within the Degraroh
Health & Human Performance, meaning there may not have been a random
selection of participants.
2. Due to the amount of time needed to take specific measurements, subjects may

not have experienced actual rest during the rest periods.



CHAPTER Il

REVIEW OF LITERATURE

The effects of dynamic warm ups on VJ performance

As mentioned previously, dynamic stretching has been researched exyensivel
Several studies have found increases in VJ following dynamic stretching [12, 13, 15, 16,
21, 25]. Faigenbaum et al. [6] compared static vs. dynamic stretching on several
anaerobic performance measures in youth. This study used three treatmerdreonditi
which were a) low intensity aerobic exercise and static stretching, anodeyate to
high intensity dynamic stretching, and c¢) moderate to high intensity dynaetching
with three drop jumps. The static stretch group performed a 5 minute submaximal jog
prior to performing the stretching treatment. The static stretchowpgronsisted of six
exercises stretched for 15 seconds to the point of mild discomfort and repeated then
switched to the other side of the body. The dynamic stretching group consisted of 10
exercises that stretch the hip adductor, hip rotators, quadriceps, hamstringdf and c
muscles. The same muscle groups were stretched by the six exercisesquedoring
the static stretching treatment. The dynamic exercises wdogped a total of 15
repetitions for each exercise covering a distance of 13 meters. A thirdidysteatching
group performed a similar routine as the dynamic stretching group, howegded a

three drop jumps from a 15 cm box following the dynamic exercises. All thezehsirg

9



groups performed the stretches and exercises for a total duration of 10 mMidutes.
standing long jump, heart rate (HR), and a shuttle run were performed folldwing t
warm-up protocols. VJ was significantly greater for the dynamic andgrdrop jump
groups compared to the static stretching group. Long jump performance wésasitgi
greater for the dynamic stretching group compared to the static stregchupm Again,

both dynamic stretching groups saw significantly faster shuttle rus tima@ the static
stretching group. Lastly, mean HR values following the three warm-up conditien we
static (109 BPM), dynamic (150 BPM), and dynamic with drop jumps (152 BPM). Both
dynamic groups had significantly higher heart rate values compared to tbe stati
stretching group following the warm-up.

Faigenbaum et al. [25] examined the effects of a dynamic warm-upmwath a
without a weighted vest on anaerobic performance measures. Eighteen hedlthy hig
school female athletes were divided into four treatment groups consistitagiof s
stretching (SS), dynamic stretching (DY), dynamic stretchiitly avweighted vest of 2%
of the subject’s body mass (DY2), and dynamic stretching with a weightedf\G#&t of
the subject’s body mass (DY6). The exercises performed during both therstatic a
dynamic stretching groups stretched the hip and lower back musculatute, ches
musculature, hamstrings, quadriceps, and calf, and triceps. All stregsioungs
performed exercises within a total of 10 minutes of stretch time. The Sttatich group
performed five static stretches holding each stretch for 30 seconds at the jpaildt of
discomfort for two sets. The three dynamic stretch groups performed oaerate to
high intensity dynamic exercises. The DY and DY2 stretching groups haulifecant

increase in VJ compared to the static stretching group, whereas the DY6 groupywas onl

10



slightly higher than static stretching. The dynamic group warming up witighted
vest of 2% of the subject’s body weight also had a significant increase in long jump when
compared to static stretching. The other two dynamic groups were higher thatithe st
stretch group. There were no significant interactions among the four groups for t
medicine ball toss. The findings of this study suggest that a loading of the neur@nuscul
response while wearing a weighted vest may have produced greater forceipnoduc
The authors suggest that post activation potentiation may be present following a
dynamic warm-up. Furthermore, this study gives evidence that volume ormioad c
become too great to improve performance. The weighted vest group with 6% body mass
did perform higher than static stretching; however it was not as grea 2%thody
mass group. Lastly, the authors of this study suggest that more evidence is néleded i
field of warm-up design. It suggests that design, recovery period, intensity, yolume
duration, and type of warm-up are all important factors that need to be consitdred [
These findings are also consistent with Thompsen et al. [18] in which the effects
of a warm-up with and without weighted vests were examined. Sixteen femaieDivi
[l athletes that had at least one year of resistance trainingiexgeicompleted three
warm-up conditions: a) static stretching, b) dynamic stretching, c) dgrstratching
with a weighted vest of 10% body mass. Individuals completed five minutes ohatati
cycling prior to four static stretches that stretches the calf, quadrenegpdamstrings.
Each static stretch was held for 20 seconds for three sets at the point of noitafdisc
The two dynamic stretch groups performed the same 12 dynamic stretavaments.
Each subject performed the exercise for 20 yards at a moderate to highyinidresi

exercises performed for the two dynamic groups stretched the calfjcgyesdiand

11



hamstrings similarly to the static stretch group. All three warm-up grasped 10
minutes in duration. VJ and long jump performance were measured following the
treatment conditions. VVJ was significantly greater for both the dynareicts and
dynamic stretch with vest groups when compared to the static stretch googguinp
performance was greater for both dynamic stretching groups compatatidatsetching
group, Furthermore; the dynamic stretching group with a weighted vest obd@®@6
mass had a significantly greater long jump than the dynamic stretchingroabp.

This study suggests that increased volume or intensity during a dynamiewwarm
may elicit greater enhancements in performance but to what extefituadgitermined.
The authors also suggest that recovery period may play a key role in optimahpeder
following a warm-up protocol, stating that 15 seconds may be too short of a recovery
period causing fatigue; however 15 minutes may remove the post activation potentiat
phenomena that may facilitate possible improvements [18]. While Faigenbalnté
examined youth, other studies have examined young adults and athletes.

Hough et al. [13] assessed the effects of static and dynamic stredchuegtical
jump performance and electromyography (EMG) activity of the vastusahsedileven
subjects performed a static and a dynamic stretch warm up thahstt¢he plantar
flexors, hip extensors, hamstrings, hip flexors, and quadriceps muscles. The dynamic
stretch group completed the exercises in 7 minutes = 1 minute. These were done
following a 5 minute submaximal cycling warm-up. This study followed previtudes
in utilizing 5 slow repetitions followed by 10 quick repetitions. The static stggtmip
performed similar stretches however held each stretch for 30 seconds at the pdaht of m

discomfort. These stretches were completed in a similar time period of 7 sninlite

12



minute. A significant decrease (4.2%) in VJ performance occurred fotatiestretch
group while the no stretch group also saw a significant decrease (4.9%) in VJ
performance. The static stretch group was significantly lower fgrevidrmance (9.4%)
than the dynamic stretch group following the stretch treatments. | dwtlgynamic
stretch group experienced a significant increase (85%) in EMG activitg ofastus
medialis muscle compared to the static stretch group. The authors sudggaisted t
EMG readings show an increased neuromuscular response following dynaeititsty
that did not occur following static stretching, and may also suggest that easedr
relaxation in the muscle may occur due to static stretching, which maytdiforce
generating capacity while under tension [13].

With the difference between static and dynamic stretching researchgrovi
dynamic stretching to have a greater influence on VJ, studies such as The&malse
[18] and Faigenbaum et al. [25] have shown differences in intensity and duration of a
dynamic warm up that may optimally improve VJ performance. A study perdooyne
Fletcher [16] investigated the effects different dynamic stretohetarities may affect
jump performance. This study had 24 male participants perform three differamupa
protocols a) no stretching (NS), b) slow dynamic stretching, and c) fast adynami
stretching. A 10 minute jog was performed prior to any warm-up treatment. The two
other warm-up treatments were dynamic warm-ups that incorporateuisesahat
stretched the muscles involved in movement of the hip, knee, and ankle joints. Each
exercise was performed 10 repetitions for 2 sets. The slow dynamic wa@Dup/ds
performed at a pace of 50 BPM using a metronome while the fast dynamionvdfi,)

was performed at a pace of 100 BPM using a metronome. VJ height, drop jump height,

13



squat jump height were all assessments taken following the warm-up protocelss VJ
significantly higher for the FD warm-up compared to the SD (4.1%) and NS (4.9%)
warm-ups. Drop jump height was significantly higher following the FD warm-up
compared to the SD (5.6%) and NS (9.4%) warm-ups. Also following the SD warm-up,
drop jump height was significantly higher compared to NS by 3.6%, and furthermore the
FD warm-up saw a 6.6% significant increase from pre to post warm-up in drop jump
height. Squat jump height was significantly higher for the FD warm-up compaieel to t
SD (1.9%) and NS (5.6%) warm-ups. Following the SD warm-up squat jump height was
3.6% significantly higher than the NS warm-up.

The authors of this study suggest that faster movements prior to performance may
maintain musculotendinous stiffness, while also suggesting that conthéstiiley may
play a vital role in performance and that post activation potentiation is not téurpera
related. If stretch speed is increased as in the case of this study, thenemtsvéhat
require a faster stretch shortening cycle (SSC) may seegmeaiases than those
warm-up movements that may occur at a slower speed [16]. While there aenam
studies that have shown increases in VJ performance following dynamitisigetbere
have been several studies that have shown no improvements in VJ height.

Christensen & Nordstrom [19] investigated the effects that spedaifimvup
protocols may have on vertical jump performance. This study examined 68 NCAA
Division | male and female athletes who performed three warm-up groupstcanef
jogging only, dynamic stretching, and propioceptive neuromuscular facilitateinlsng
(PNF). The PNF stretching group performed four stretches using aateelex method.

The dynamic stretching group performed eight exercises in a quick and srooatHfar
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5 repetitions. Both groups’ exercises stretched the hamstrings, quadnipepdductor,
and calf muscles. There were no significant interactions found between &eygobtips
for VJ performance. The authors suggested that the training status oftitipgrats may
have had an influence on the results and adds to the literature that trainingssatus i
important factor in warm-up design [19].

Other studies have also used participants that may have a higher traitiag sta
which may have affected the performance outcomes following a dynamicupandolt
& Lambourne [15] examined 64 Division | collegiate football players and Yhkir
performance following four different warm-up protocols. These protocols included a
stretch, static stretch, dynamic stretch, and dynamic stretch withnspeeiments. All
groups performed exercises that stretched the following muscles: ilgsistjluteals,
lower back, quadriceps, and hip flexors. The static stretch group performed etath str
for 5 seconds on each muscle group with a total of three sets. This was to a poiht of slig
pain as described by the researchers. The two dynamic stretching groupaget8or
exercises with 10 repetitions on each exercise to the point of moderate intEmsity.
latter dynamic stretch group also included sport specific movements folltivéng
dynamic stretching exercise. VJ performance was measured fogeap. All four
stretch groups had significantly higher VVJ heights from pre to post stretmént,
however further analysis revealed that the static stretching group pedfsignificantly
less than the other three stretch groups. This study suggests that becausieifreni=a
were highly trained individuals and were most likely familiar with &d&l, that an

individual’s training status may have an effect on whether dynamic strgtafli affect
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vertical jump performance. It appears that the more trained an individual g Ibess
improvements may be seen in performance and vice versa [15].

Again, more highly trained subjects participated in a study conducted by
Dalrymple et al. [20] which investigated the effects of static and dynstneitching on
vertical jump height by using 12 Division Il female volleyball athletessagarticipants.
There were three conditions utilized in this study a) no stretching, i) statching, and
c) dynamic stretching. All participants completed a 5 minute submaximahph@
minute walk prior to performing the stretching treatment. The no stretch traatag
sitting quietly for 8 minutes. The static stretching treatment incogxbfatr exercises
that stretched the quadriceps, hamstrings, calf, and hip extensors. Theeexgeces
performed 3 times on each side of the body and were held for 15 seconds at the point of
mild discomfort. The dynamic stretching treatment incorporated fourisgerthat
stretched the quadriceps, hamstrings, calf, and hip extensors. Each exascise
performed for 2 sets across an 18 meter distance in a walking movemenipdtasticad
one minute of rest prior to performing the VJ assessments. Total stretomenigt all
conditions was 8 minutes. There were no significant interactions among akltbuvgps
for peak VJ height. Further analysis revealed that only one participant irtilce st
stretching group saw an increase in vertical jump height compared to 7 indivithtals t
saw an increase in the dynamic stretching group.

The authors of this study suggested that familiarization of skill witandlthe
time period of the stretching may have had an effect on jump performance. The author

also suggest that females may have a reduced muscle stiffness which gnagter than
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males prior to stretching. This may cause females not to be affecteglativelg as
males following static stretching [20].

Unlike the previous studies that used more highly trained subjects, Jaggers et al.
[21] compared ballistic (stretching in which the movement mimics a bouncing motion)
and dynamic stretching routines on vertical jump performance. This stuayned20
healthy male and female college students with a mean age of 24.8 years efthestr
were used for both the ballistic group and the dynamic group. The stretchempdrfor
targeted the muscles primarily used during a vertical jump. Those musciethedip
flexors and extensors, hamstrings, gastrocnemius, quadriceps, and glutedlistize ba
group stretched five exercises for 30 seconds each in a bouncing motion at 126 beats per
minute while completing two sets total. The dynamic stretch group completed five
stretches with 15 repetitions on each exercise in a controlled manner, with &nsld®
quickly. There were no significant differences between VJ height or force pimduct
between groups; however this study did find a significant difference between groups for
lower body muscle power. The results of this study may be due to a mixed sample of

individuals including male and female participants [21].

The effects of dynamic warm ups on sprint performance

Other performance measures besides VJ have been shown to improve following
dynamic warm-ups. Fletcher & Jones [8] performed a study to determie&dheof
static and dynamic stretching protocols on 20 meter sprint performance in rughy uni
players. The study looked at 97 male union rugby players who performed four different

stretch groups a) passive, b) active dynamic, c) active stretch, andah)astatilynamic.
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All groups performed a light 10 minute jog prior to running two 20 meter sprints. This
occurred after the stretch protocol. Each stretch protocol performed strdtehed t
following muscle groups: gluteals, hamstrings, quadriceps, hip adductors, hip,femxbrs
calf muscles. The stretch groups performed each stretch for 20 secondsspler group
holding it at mild discomfort. The active dynamic group performed the stretching
exercises at a jogging pace while the stationary group performed thessesetationary
through a full range of motion. Both the passive and active stretch groups which are
similar to traditional static stretching saw a significant ina@easprint time while the
active dynamic group which performed its stretches at a jogging intsasitya

significant decrease in sprint time.

Fletcher and Jones suggested that the active dynamic group may have seen
improvements in sprint time because the intensity and motion of the stretchiekedim
that of the performance measures, sprinting. This further suggests thahtgbot
mechanism for improvements in performance through dynamic warm-ups is tassathe
of movement, thus increasing further proprioceptive ability. Also mentioned is the
potential for an increase in core temperature which would allow for an increasean ne
sensitivity causing an increase in nerve impulse. This could potentially falfca more
rapid and forceful contraction [8].

Similar to the Fletcher & Jones [8] study, Little and Williara6][examined pre
exercise warm-up routines and the stretching within those routines on various leidh spe
motor capacities. The study had eighteen professional English socasgayform
three treatment conditions: a) no stretch, b) static stretch, ¢) dynastah sBubjects

performed 7 minutes of jogging and various movements prior to performing stretching
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exercises as a general warm-up. Following the general warm-up, tbesthttlynamic
stretch groups performed exercises that stretched the gastrocnemiusngams
guadriceps, hip flexors, gluteals, and hip adductors. The static stretch group pe&rforme
these exercises holding each stretch for 30 seconds at the point of mild discoh&ort
total stretch time for the static stretch group was approximately 6.2 miflte dynamic
stretch group performed movement specific exercises that stretchrberssscle groups
as the static group. The total stretch time for the dynamic group was mpately 6.2
minutes. Following both stretch groups, participants then performed approyifoatel
minutes of additional intermittent sprint and agility runs. This was followetsvby
minutes of rest before beginning any testing procedures. This study found nicangnif
differences among groups for vertical jump performance. There were, however
significantly faster 10 meter sprint times for the dynamic group over the gtatip.
Both groups experienced significantly lower 20 meter sprint times when cednjoathe
no stretch group and the dynamic stretch group had significantly faster tegi times
compared to the static and no stretch groups. This study however, incorporaged mor
warm-up movements then previous studies, which may account for the statit stret
group’s performance on several measures. This study adds more to the grevangd
that dynamic warm-ups can improve performance in activities that régatrsmovement
[36].

Similar to the two previous studies examining sprint performance, Fletnder
Anness [7] examined the static and dynamic warm-up components typically iratecpor
in track and field. Eighteen club track and field sprinters performed thifeecdif

stretching groups. Each group performed exercises that stretched therganstri
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gastrocnemius, quadriceps, gluteals, and hip flexors. The static actichistyajroup
performed 7 minutes of stretches to mild discomfort followed by active drillsadtines
dynamic group performed 7 minutes of stretches that included a 20 meter wallaelfter e
stretch and then was followed by two sets of drills that were performed in theysrevi
group. Lastly, the static dynamic stretch group performed 7 minutes chsisehat were
performed stationary with no drills following the stretching exercises. Stady found
no differences between female and male sprinters when performing aéGsprett, but
did however; find a significant decrease in 50 meter sprint time for the achaendty
warm-up group when compared to the static active group. This difference was 0.16
seconds faster for females and 0.10 second faster for males. The staticdyoam
also had significantly faster 50 meter sprint times than the statve arbup. These were
0.11 seconds faster for males and 0.90 seconds faster for females.

This study suggests that following a dynamic warm-up protocol 50 meter sprint
time may decease among elite track and field sprinters. The study alsonmaehnét a
component of sprinting is the ability to perform “explosive” activity. A potential
mechanism for improving sprint performance following a dynamic warm-up is
proprioceptive pre activation and movement rehearsal. This practice may allow the
individual to be able to switch more rapidly from a concentric action to an eccentric
action which is needed for an “explosive” activity such as sprinting [7].

Taylor et al. [37] examined similar routines with thirteen competitiust/alian
netball players who completed a brief submaximal run prior to either a statahs
group or dynamic stretch group. Both groups performed exercises that stibteha@ver

back, hamstrings, quadriceps, gluteals, hip adductors, and hip flexors. For the static
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stretch group, each exercise was completed two times and was held for 30 setoads t
point of mild discomfort on each side of the body each time. The total stretch tithe for
static group was 15 minutes. The dynamic stretch group completed exdratses t
gradually increased in intensity for a total time of 15 minutes. Each extocibe
dynamic group was performed throughout a full range of motion. Following the static
stretch group and dynamic stretch group, a series of sport specifilt skillsawere
performed which lasted approximately 2-3 minutes. The study examinedgmnp
performance and 20 meter sprint times. This study found a significantly lésahMemp
height (4.2%) in the static group when compared to the dynamic group when testing
occurred prior to the sport specific skills. Also, 20 meter sprint time was sagrilfic
slower (1.4%) in the static group compared to the dynamic group when testing was
performed prior to the sport specific skills. Following the sport specifitsshkibth static
and dynamic groups had improved vertical jump performance and sprint timegréom
skills to post skills (5.3% of static and 0.9% for dynamic). Furthermore, theeenoer
significant differences between static and dynamic groups after lnatived the sport
specific skills. The authors suggest that static stretching may aautédit performance,
however if followed by a sport specific skill session, then performance variaale
increase. This finding shows that most sport specific skills are sitmithe actions
performed during a dynamic warm-up. This study suggests that future studiesooéuld |
at more interactions between the two and possibly determine whethertstétiairsg
followed by dynamic or sport related skills is either detrimental to perfozenar may

elicit improvements in performance [37].
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The effects of dynamic warm ups on flexibility and balance

While the other performance measures such as vertical jump and power are more
highly regarded, other factors may also contribute to athletic performancealSeve
studies have examined flexibility and balance following various static arairdyg
routines. Curry et al. [29] compared three warm-up protocols and their effectgerofan
motion and power. Twenty four recreationally active females performed term-up
conditions consisting of: a) 10 minutes of aerobic cycling at an RPE (ratingcefvyesl
exertion) of 10-11 on a 15 point Borg scale, b) static stretching which consisted of 6
exercises that stretched the gluteals, quadriceps, hamstrings, hip fledozalfaand c)
dynamic stretching which consisted of 9 exercises that stretched thensescle groups
as the static stretching group. The static stretching group perforneceatises for three
sets. Each exercise was held for 12 seconds to the point of mild discomfort. Thécdynam
stretching group performed 20 repetitions on for each exercise on each side of the body.
Both warm-up protocols were 10 minutes in duration.

This study examined the performance of participants following the three-warm
protocols for the modified Thomas test (hip flexor and quadriceps flexibility)cakrt
jump performance, and time to peak torque. This study also looked at the recovery period
following each warm-up protocol. There was no significant interaction betweapsy
for range of motion on the modified Thomas test. There was a significant rfesinfef
time for all three stretching groups. Range of motion was significantiyegrd minutes
post warm-up for all three condition when compared to pre test values, and waatow
30 minutes post warm-up when compared to 5 minutes post warm-up. There were no

significant changes for any condition or recovery period for time to peak tdrope to
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peak torque improved 27% for the dynamic group and only 10% for the light aerobic
group, while there was no change for the static group. Vertical jump perfcema
improved only following the dynamic warm-up, but was not statistically segmfi

There was a main effect that was significantly less for vertical juntgeidynamic group
at 30 minutes post warm-up for all three groups.

This study showed a positive change in ROM for up to 30 minutes following all
three conditions, and was greatest at 5 minutes post warm-up. The authors of the study
suggest that the design of the study simulated which may occur in a rei#t atléeat, in
that there would be 5 minutes post warm-up which may be the coach’s last instractions t
the team prior to the athletic competition. This study also makes headwaycimieme
period research and warm-up design along with flexibility testing usingdlcigied
Thomas test [29].

While Curry et al. [29] found differences in flexibility following dynamiada
static stretching routines; Behm et al. [30] examined the effect aftda hout of static
stretching on balance. Sixteen healthy males performed two conditionstegtolo and
b) static stretch groups. Before both treatments, participants performiedtgsof
cycling at 70 rpm with 1-kp of resistance. For the no stretch group, subjeets fis26
minutes following the 5 minutes of cycling. The static stretching group pestbfour
exercises that stretched the quadriceps, hamstrings, gastrocnemius, andeacleus
stretch was held for 45 seconds in duration and was completed three times on each side of
the body. A 30 second wobble board test was completed to measure contact to floor with
no contact time. There was a significant interaction between the contr¢leasthtic

stretching groups’ balance scores. The control condition demonstrated significa
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improvement by 17.3% in balance scores post control whereas the statigregretc
condition did not show any significant changes in balance. The mean balansdf@core
the static stretch group were however slightly lower post stretching by 2ZlB&authors
suggest that static stretching may elicit a change in the peripheratisesystem which
may negatively affect stability in the lower body [30]. Previously mentionedases in
performance measures following dynamic stretching have been VJ, speadt apd
flexibility. While balance was not examined following a dynamic warm-tgics

stretching did show decreases in balance.

The effects of dynamic warm ups on power output

Several studies have examined power output following dynamic warm-up
routines. Yamaguchii & Ishii [23] examined the differences in leg exiemwer
between static stretching and dynamic stretching. This studyiesdrl recreationally
active males following a within subjects design allowing each partictpgrgrform each
warm-up protocol. Both static and dynamic stretching groups performed 30 seconds
worth of stretching. The static stretches were performed to the point of stlohafiort
while the dynamic stretches, performing 5 slow and 10 quickly. The stretcheschos
were ones that would stretch the plantar flexors, hip extensors and flexors, qusdrice
and hamstrings. The dynamic stretching group saw a significant indreamspre to post
stretch treatment in leg extension power. The static stretching groug significant
decrease from pre to post stretch treatment in leg extension power. Thifostudiyo
significant differences between the dynamic and static stretch grauleg fextension

power. This study suggests that a shorter stretch time still saw improgemésyg
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extension power following a dynamic warm-up, however even with a decrease in
performance that static stretching is not significantly different tiyaamic stretching
following 30 seconds of stretch [23].

Again, Yamaguchi et al. [24] examined the acute effect of a dynamiclsirg
routine on muscular performance. Twelve recreationally active males peddwo
stretching groups. The dynamic stretching group performed 8 minutes of dynamic
stretching allowing for the 5 slow repetitions and then 10 quick repetitions a¢ afo3@
beats per minute. This was performed for 2 sets with 15 repetitions. The exercises
stretched the right leg extensors and flexors. The second stretch group plgsasim
control group in which participants sat quietly for 8 minutes. Muscular performasce w
measured by dynamic constant external resistance (DCER) at 5%, 30%, antia&50%
maximum voluntary contraction. Peak power was significantly greatdreads for the
dynamic group when compared to the control group. Rate of torque development was
also significantly greater for all three loads for the dynamic grougpared to the
control group. Finally, all three loads also had significantly greater peak velodity a
faster time to peak torque for the dynamic group compared to the control group. This
study suggests post activation potentiation as a potential mechanism for the
improvements in muscular performance mentioning a relationship between load and
velocity. Furthermore, the authors mention that dynamic stretching may loagehan
effect on the velocity of movement which in turn is important for powerful exercise
movements [24].

Other studies have shown similar improvements following dynamic warm-up

routines. Herda et al. [10] examined the acute effects of static versusidwtatching
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on peak torque (PT), electromyographic (EMG), and mechanomyographic (MMG)
amplitude of the biceps femoris (BF) muscle during an isometric maximum uglunta
contraction (MVC). Fourteen men performed both a pre test and a post testrfgliowi
dynamic and static stretching routine. Peak torque was measured atehtljtiert

angles for the MVC tests. The static stretching routine included 4 repgitidn
unassisted and 2 assisted stretches held for 30 seconds at a point of mild discomfort,
while the dynamic stretching routine included 4 sets of three exercisgaetkso stretch
the same muscles as the static stretching routine. Peak torque deftorag@e- to post-
static stretching at 81° and 101°, while having no changes following the dynamic
stretching. Further analysis showed EMG amplitude did not change followiitg stat
stretching, but did have an increase following dynamic stretching at 81° and 101°. The
authors suggested that the decreases in strength observed follovwnsfistathing may

be due to mechanical rather than neural mechanisms and that dynamistreiayi
affect force production differently than static stretching [10].

While the study completed by Herda et al. [10] examined isometrig#tresther
studies have examined peak torque following dynamic warm-up routines. BothtSekir e
al. [38] and Manoel et al. [39] have examined peak torque at both 60 and 180 degrees
using a dynanometer. Sekir et al. [38] explored the effects of static vs. idystegtching
on leg extensor and flexor concentric and eccentric peak torque and electraphyog
(EMG) amplitude. Ten elite female track and field athletes complieted tondition
groups: a) no stretch, b) static stretch, and ¢) dynamic stretch. Both thetstétic
group and dynamic stretch group completed stretches that worked the hip exdedsors

flexors, quadriceps, and hamstrings. The static stretch group performed tvittorepet
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each stretch to the point of mild discomfort and held it there for 20 seconds. The total
stretch time for the static stretch group was 6 minutes = 1 minute. The dystaghch

group performed two sets of the same stretches as the static group howeseat,ahst
holding the stretch the dynamic group completed 15 repetitions with the first 5 slowly
followed by the last 10 very quickly without a bouncing motion. The total stretchdime f
the dynamic group was 6 minutes + 1 minute. Peak torque values were obtained for both
the quadriceps and hamstring muscles in both concentric and eccentric motionscat 60 a
180 degrees. EMG amplitude was measured on the vastus lateralis and nectissde

30 and 60 degrees during a maximum voluntary contraction (MVC). This study found
significant decreases in peak torque for the static stretch group for boficitieceps

and hamstrings muscle groups at both speeds (60 and 180 degrees) in both ranges of
motion (concentric and eccentric). The study also found significant increqsesk

torque for the dynamic stretch group for both the quadriceps and hamstring muscle
groups at 180 degrees for both concentric and eccentric motions. Only significant
increases were found for the dynamic group at 60 degrees in the hamstrahgsmus

during both concentric and eccentric motions.

The authors suggested that the findings add literature of the growinipatea
faster movements may have greater increases following dynanmcwyes. Furthermore,
the authors suggest that well trained subjects may elicit better impnotgefraam
dynamic warm-ups as opposed to untrained subjects. This study also found easignifi
decrease in EMG amplitude following the static stretch protocol and aicigmif
increase following the dynamic stretch protocol only at 60 degrees for both the vas

lateralis and rectus femoris. This finding suggests that there may be posstbknnal

27



factors that involve viscoelastic properties of the musculotendonous unite¢havalved
in force production, and may be enhanced following a dynamic warm-up routine [38].

Manoel et al. [39] examined 12 healthy recreationally active females that
performed three stretching conditions a) static, b) dynamic, and c)queptive
neuromuscular facilitation (PNF). Subjects performed 5 minutes of statioycirygcat
50 RPM prior to any of the three treatment conditions. The static stretching aonditi
consisted only of one exercise that stretched the quadriceps. This stretwldvias 30
seconds at the point of mild discomfort and was repeated 3 times. The PNF stretch was
performed in the same motion as the static stretch however it used a catéact-r
movement in which the investigator placed resistance on the muscle while it was
stretched. The dynamic stretching condition performed the butt-kickersgxarcich
stretches the quadriceps in a similar manner as the static stretch wsedspyrelt was
performed repetitively and as quickly as possible for 30 seconds and wasd&peate
times. Peak torque was measured during isokinetic knee extension at 60°sec and 180°sec.
There were no significant interactions between groups for peak torque aspibdr
There was however significant increases in peak torque percentages. At 60°sec, the
dynamic stretch group significantly increased peak torque by 8.9% and at 180°sec the
dynamic stretch group significantly increased peak torque by 6.3%. The authuoss of t
study suggested that dynamic movements may increase power for both sloatand fa
movements. The authors also mention that improvements or change sin isokinagc testi
may not translate to jumping, running, and athletic performance [39].

While these studies examined peak torque at 60 and 180 degreees, other literature

has suggested that higher speeds may induce a greater change in peedoittaming
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higher intensity warm-ups. Fletcher and Monte-Columbo [14] examined perfamanc
changes that occur following different warm-up modalities. This study hae&thy

male collegiate soccer players perform three randomized warm-up protjcats

stretch, b) static passive stretch, and c) static dynamic stretch.edlgtretching

conditions performed a 5 minute light submaximal jog prior to receiving thelstre
treatment. The static and dynamic stretching groups performedsesetttat stretched

the gluteals, hamstrings, quadriceps, hip adductors, hip flexors, gastrocnemius, and
soleus. The static stretching group performed two sets of each exbotteg it for 15
seconds on each side of the body at the point of mild discomfort. The dynamic stretch
group performed 12 repetitions for each exercise in a controlled manner, whicth totale
144 repetitions. Vertical jump height, drop jJump height, peak torque at 30° sec and 300°
sec, time to peak torque at 30° sec and 300° sec, EMG activity of the rectus femoris and
biceps femoris, core temperature, and heart rate were all measurednigitbe/iwarm-

up conditions. Vertical jump was significantly higher following the dynarnetching
compared to the static stretching (7.5%) and no stretching (3.9%). Drop jump hasght w
significantly higher following both the no stretch (4.9%) and dynamic stret¢&ifép)

when compared to the static stretching. Core temperature was signifizighibgt

following the dynamic stretching compared to both the static stretching (0.E8fdG)o
stretching (0.19° C). Heart rate was significantly greater followingvémen-up protocol

for the dynamic group compared to the static and no stretch groups. The leeart rat
following warm-up were as follows: 92 BPM for static stretching, 130 BPM for no
stretching, and 158 BPM for the dynamic stretching group. Peak torque at 30° sec was

significantly greater following dynamic stretching compared tacsfdt6%) and no
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stretching (6.2%). Peak torque at 300° sec was significantly greater following the
dynamic stretching compared to static (16.5%) and no stretching (10.8%)tolpaak
torque at 300° sec was significantly faster following dynamic stregadompared to

static (12.8%) and no stretching (7.7%). Finally, EMG activity was significgreater
following the dynamic stretching when compared to both the static and no stretching
conditions. The authors of this study suggested that the increase in heart rateand cor
temperature are key metabolic factors that may contribute to incradsdesd flow,

nerve conduction velocity, and sensitivity to nerve receptors which may albbedrébd

the increases in performance. Greater increases in peak torque and tinkettoquea

were achieved at 300° sec compared to 30° sec suggesting that dynamic warng-ups ma
contribute more to performance measures that require faster movements [14].

Further evidence by Ryan et al. [28] found increases in VJ, power output, and
flexibility following a dynamic warm-up routine. This study examined 28aationally
active males that performed 3 conditions a) no stretch, b) dynamic warm-up, and c)
dynamic warm-up with double volume. A light 5 minute submaximal jog was performed
prior to all 3 treatment conditions. The no stretch condition rested quietly for 12 minutes
following the light jog. Both the dynamic warm-up conditions performed 11 egrsrcis
which stretch the musculature in the lower leg which included the quadriceps,
hamstrings, hip flexors, calf, hip extensors, and trunk musculature. These exgerses
performed in an order in which low intensity exercises were performed fisvéa by
moderate then high intensity exercises with a 15 second rest interval ine@ateset.

The low intensity exercises were performed with 4 repetitions completeachreg) for

the low and moderate intensity exercises. The intensity exerciseperéyemed with 6
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repetitions on each leg. The first dynamic warm-up condition lasted 6 min 42 sec = 1 min
17 sec and the double volume warm up lasted 12 min 8 sec £ 1 min 35 sec. Vertical jump
height was significantly greater for both dynamic warm-up group compaitee tontrol

and both dynamic groups had significantly higher vertical jump heights froto prest

test as well. Power output was also significantly greater for both dymesmic-up group
compared to the control and both dynamic groups had significantly higher power output
from pre to post test as well. Interestingly, flexibility was only digantly higher for the
regular volume warm-up when compared to the control. Lastly, muscular strength
endurance for the double volume dynamic warm up group saw a significant defrease
15.6% which was approximately 4 repetitions. This was the ability to performtiapeeti

at 70% of a 1-RM on leg press to failure. Furthermore, the regular volume dywarmc

up did not have any significant increases in muscular strength endurance when dompare

to the control [28].

The effects of dynamic warm ups on sport specific skills

Other, more sport specific activities have also been shown to improve following a
dynamic warm-up. Gergley et al. [40] investigated the effects of tikereint warm-ups
(active dynamic and passive) on various golf skills using fifteen male ¢ibivgegolfers
with a USGA handicap lower than 5 points. Both stretch groups performed exénatses
stretched the muscles in the trunk, shoulders, lower back, hamstrings, quadriceps, and
calf. The static stretch group performed 12 exercises for three repetiticgach side of
the body. Each exercise was held for 10 seconds at the point of mild discomfort. The total

stretch time for the static stretch group was 20 minutes. The active aysiaetch group
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performed 10 practice swings with a weighted club and was then followed byal typi
golf swing warm-up routine. Participants performed three full swings in gssmg
order form shortest to longest club (sand wedge, 8-iron, 4-iron, fairway metd| amad
driver). Club head speed, distance, and accuracy were all recorded follawingam-
up protocol. No significant differences were found, however, the active dynammc wa
up consistently performed better than the static stretch group. The authorseslithgEs
because the participants in this study were elite in their skills of golfytrerdc warm-
up may not have had as great of an impact on the performance skills, as theeskély a
difficult to obtain. Furthermore, the active dynamic warm-up was done in the same
manner that most golfers use as warm-up, thus this may account for any ¢chahgesy
have occurred during this study [40].

A study completed by McMillian et al. [41] looked at various lower body drills
and agility drills following various warm-up routines with sixteen male anddeunrt
female cadets. Three warm-up treatments lasted 10 minutes in duration aneédafsist
exercises that stretched the trunk musculature, lower back, quadriceps, hanstiing
and hip flexors. The three groups consisted of a static stretching group, dynamic
stretching group, and no stretching. The static stretch group consisted ofl@estret
which were held 20-30 seconds to the point of mild discomfort for only one repetition.
The dynamic stretch group consisted of 15 exercises that were performed for 10
repetitions moderately quick. This study examined the t-drill which meaguiliég a
medicine ball toss which measures total body power, and 5-step jump test which is a
measure of lower body power. All three performance measures (t-ditidp3usnp, and

medicine ball toss) significantly improved following the dynamic warmarngion
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when compared to the static condition and no stretch condition. Again, these authors
mentioned post activitaion potentiation (PAP) as a possible mechanism for the
improvements in performance. Further mentioned in the study are increasee muscl
compliance due to repeated stretches that may result in less force productioarahd ne
activation [41].

Similar to McMillian et al. [41], a study conducted by Khorasani et al. [42]
performed an investigation to determine the effects of static, dynamistatitwwith
dynamic stretching on the lllinois agility test. This study included 1@ s@tcer players
(mean + SD; 22.5 £ 2.5 years) that performed a within-subjects design offfeverdi
warm-up protocols that included a) no stretching, b) static stretching, apayna
stretching, and d) a combination of static and dynamic stretching. A four noguieap
performed prior all four treatment conditions. The no stretch group performed 2 sninute
of rest. The static stretching group performed five exercises thattstd the quadriceps,
hamstrings, gluteals, adductors, abductors, and gastrocnemius. Thesesstveteheeld
for 30 seconds at the end of the ROM but within the pain threshold and were then
repeated on the opposite side of the body. The dynamic stretching group performed the 5
exercises that stretched the gastrocnemius, quadriceps, hamstrings, adaludtors
gluteals. These were performed in an alternating technique for 60 secandseadf on
stretch cycle every 2 seconds. The static and dynamic warm-up condition incatporate
both the static and dynamic exercises in the same manner as they wertedhoplthat
group. The dynamic exercises followed the static exercises in dedigm Bollowing the
warm-up conditions the participants performed the lllinois agility testhmsia 10 meter

by 5 meter cone test. The dynamic stretch group had significantly fasésrthan the
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static stretch (0.95 sec) and combination dynamic and static stretch (0.§50ss)
Also, the no stretch group had a significantly faster time than the statichsgfroup
(0.72 sec). This study also examined the differences between more and lesnesger
players. Less experienced players had significantly faster tollewing the dynamic
stretching (0.48 sec) while they also had significantly slower times fioliptlae static
stretching (0.37 sec). The more experienced players had significanthtiaste
following the dynamic stretching (0.05 sec) while they also had signifycalativer
times following the static stretching (0.88 sec). The authors of this studgstubggt
more experienced players had a better adaptation to the dynamic warm-uul tiess di
experienced players. This follows what other studies have mentioned that treahiisg s
may have an effect on improvements in performance following various warm-ups.
Furthermore, this study reveals that static stretching is detrimeragllity performance,

while dynamic stretching may be useful in improving agility perforragag].

The effects of recovery time following a dynamic warm up on performance

As mentioned previously by Faigenbaum, et al. [6], there are other aspects of
dynamic warm-ups that must be researched. Some of these aspects includeandlume
recovery time. Faigenbaum & McFarland [32] examined the influence of recawery t
following a dynamic warm-up and static warm up on power performance in addlesce
males. This study used nineteen males (mean + SD; 16.5 £ 1.1 years) who petfaoymed
condition groups a) static stretching and b) dynamic stretching. The stetitstg
group consisted of exercises that stretched the gluteals, hamstringscepsdralf, hip

flexors, chest muscles, and triceps. Each exercises for the static gppnamed
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three times, holding for 20 seconds each time at the point of mild discomfort. The
dynamic stretching group performed 9 different exercises thathstrethe gluteals,
hamstrings, quadriceps, calf, hip flexors, chest muscles, and triceps. Th&dalyer
exercises in the dynamic group were performed across 10 meters witltoh@ssezst
and then performed back to the starting point. Both sets of stretching (dynamictiahd sta
lasted for duration of 10 minutes. Vertical jump and a medicine ball toss wereretas
pre and post treatment condition. During post treatment condition, both VJ and medicine
ball toss were measured every two minutes up to 22 minutes. Vertical jump was
significantly greater following the dynamic warm-up as compared to dkie gtarm-up
at 2, 6, 10, 14, and 18 minutes. Vertical jump was significantly higher at two (2.6%) and
six (3.9%) minutes post warm-up compared to baseline following the dynamicwparm
Also, vertical jump was significantly lower at 14, 18, and 22 minutes when compared
with 2 and 6 minutes following the dynamic warm-up. There were no significant
interactions between groups for the medicine ball toss. There was howeyr@ficasit
main effect for time following the dynamic warm-up at two (2.5% greatau)six (3.0%
greater) minutes when compared to baseline. The authors suggest thdtjuerpica
performance may be superior following a dynamic warm-up for up to 18 minutes whe
compared to static stretching. Furthermore, the authors suggest that ¢tsefedfa the
dynamic warm-up are greatest between 2 and 6 minutes post warm-up, howevés beg
diminish after only 10 minutes post warm-up [32].

While Faigenbaum examined recovery period following a dynamic warm-up on
VJ performance, a similar study examined recovery time and its effecfslf swing

performance. Moran et al. [43] examined eighteen experienced male guiézs + SD;
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23.2 = 2.3 years) who performed three treatment groups that consisted of acdynami
group, static group, and control group. All stretches worked the muscles located in the
trunk, shoulders, and lower body. The dynamic stretching group performed 8 exercises
for 3 sets with 10 repetitions per each set. Each exercise was performsgdtisiough a

full range of motion and was followed by 20 seconds of rest. The same numbers of
stretches were used for the static group and were simply held at the point of mild
discomfort for 30 seconds followed by 20 seconds of rest. Post test measurements
consisted of club head speed and ball speed measured at four different time periods
(immediate, 5 minutes, 15 minutes, and 30 minutes) following the warm-up protocol.
Club head speed and ball speed were both significantly greater for the dytratolt s
group compared to both the control and static stretch group. There were no significant
differences between any time periods following the stretch treatimeany stretch

group. Again the authors of this study suggest that the dynamic warm-up incatporate
more rehearsal of the movements that would be performed during the post testing, thus
the reason for the increases in club head speed and ball speed. This is just one of only a
few studies which have examined several sport specific movements andfeffects
dynamic stretching as well as examining the rest periods followingwa [43].

Lastly, Needham et al. [17] examined the acute effects of different warm-
protocols on anaerobic performance. This study had 20 elite youth soccer p&ajens
three treatment groups which were static stretching, dynamic stretanishglynamic
stretching with resistance. All groups performed a 5 minute light jog prior to the
stretching treatments. The stretches used for the static stretcbupand both the

dynamic stretching groups were describes previously by Thomspeld]al he
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dynamic stretching group with resistance performed 8 front squats with 20% of the
subject’s body mass, immediately following the dynamic stretching@wiertical

jump height, 10 meter sprint time, and 20 meter sprint time were all measured
immediately following warm-up, 3 minutes following, and 6 minutes following the
warm-up. The dynamic stretching with resistance had significantlyegreartical jump
performance than both the static and dynamic stretching groups. Furthethmore
dynamic stretching with resistance also had significant improvenreggsint times at

10 and 20 meter sprints compared to the static and dynamic stretching groups. The
dynamic stretching group did also see significant improvements in vgutcpland

sprint performance compared to the static stretching group. The dynagtabisiy with
resistance group also saw significant improvements in vertical jump at both 3 and 6
minutes post warm-up compared to static and dynamics stretching groups, hosteve
for sprint performance. The dynamic stretching group had significantliragrsprint
performance over the static stretching group for 20 meter sprint time up taugmpost
warm-up. The authors of this study suggest that additional load on the body may take
advantage of the stretch shortening cycle (SSC) in fast twitch musete &nd may
enhance movement activities; however this may not translate to horizontaldaateas
sprinting. Jumping performance was best at 3 and 6 minutes post warm-up which the
authors suggest PAP and fatigue may share a relationship. The authors comment on
achieving optimal PAP as being a catch 22 in that high intensity activityehagtythe
greatest amounts of PAP; however those activities also bring the onset of tlatigos

as well [17].
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CHAPTER Il

METHODOLOGY

Participants

A convenience sample of 28 healthy recreationally active maleaf(ta&D)
age, 21.3 + 1.4 years; height, 178.0 = 6.3 cm; weight, 80.9 + 10wekg]recruited for
this investigation. Of the 28 participants, 15 reported engaging in 2-4"lofvélerobic
exercise, 17 reported engaging in 2-8 htwkresistance training exercise, and 19
reported engaging in 2-8 h-ilof recreational sportall participants filled out a written
informed consent document and a Pre-Exercise Testing Health & Exercise Stat
Questionnaire following the approval from the Oklahoma State Universtifutirenal
Review Boards for Human Subjects. Participants were not permitted togzdeic they
had any current or ongoing neuromuscular diseases or musculoskeletal injuigs tepe

the ankle, knee, or hip joints within the last three months.

Research Design

A counterbalanced, repeated measures design (CON x WU1 x WU2) edhtous
examine the acute effects of recovery time on different volumes of a dymemm-up
routine on vertical jump height, lower body power output, hamstring flexibilipy, hi

flexor flexibility, and lower body balance. Participants visited the ooy four times
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separated by 2-5 days based on the participant’s schedule. All sessions weneepleato

the same time of day (x 2 hrs) for each participant. The first testisgpseserved as a
familiarization session. Subjects were randomly assigned to groups usimdoan

number table. Following the familiarization session each subject pedaimee

randomly ordered conditions: a) control (CON), b) a dynamic warm-up routine (WU1),
and ¢) a dynamic warm-up routine with twice the volume of WU1 (WU2). The WUL1
condition was performed for 3 minutes + 13 seconds and the WU2 condition was
performed for 5 min 51 sec = 31 seconds. During each testing session, thpaddici
underwent a pre-condition assessment, a five minute jog on a treadmill between 6.4 — 9.7
km-H?, the warm up condition, and the post-condition assessments that were measured at
three different time periods: a) 0 minutes, b) 10 minutes, and c) 20 minutes foltbeing
condition. The treadmill speed included a range to accommodate individual difeerence
running ability which is a minor limitation to the study. The same treadmildsjoee

each participant was consistent for each testing session. The follosisigvere

performed by all participants during each assessment trial in the ifadj@nder: a)

Thomas test measuring hip flexor flexibility, b) Straight Leg Rais# [@LR) measuring
hamstring flexibility, c) a vertical jump and power assessment, and dplalevooard test

for balance. For the CON condition, the participants completed the pre-condition
assessments, a five minute jog, then sat and rested for 5 minutes, followegabstihe
condition assessments measured at O minutes, 10 minutes, and 20 minutes following the

condition.
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Variables
The independent variables included:
a) Time (pre vs. 0 min post vs. 10 min post vs. 20 min post)
b) Condition (CON vs.WUL1 vs. WU2)
The dependent variables that were measured included:
a) Vertical Jump height (VJ)
b) Lower Body Power Output
a. Peak Power
b. Average Power
c) Hamstring Flexibility
d) Hip Flexor Flexibility
e) Balance
a. number of contacts (lost balance)

b. total time balanced

Familiarization Session

Two to five days prior to the experimental sessions, each participand signe

informed consent form, completed the health status questionnaire, determined the

appropriate five minute treadmill jog speed, practiced the performanssaesds

(flexibility, balance, and vertical jump), and dynamic stretchingases to ensure that

they were comfortable with the procedures and to minimize any potentiahigarni

effects.
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Flexibility

Participants completed the Thomas test and Straight Leg Raise TB3t ASPro
360 Digital Protractor (SmartTool Technology Inc., Oklahoma City, OK)wgasl to
measure flexibility for both tests. The protractor was reset to a zgle lagfore each
measure. The Thomas test measures hip flexor flexibility. Appendix C pravidssal
representation of the flexibility assessment. Participants weregesitsupine on a table
so that the gluteal fold was located at the end of the table and both knees weydheeld t
chest. The participant was instructed to lower his right leg until it wastira relaxed
manner. The digital protractor was placed on the anterior aspect of the thigh midway
between the inguinal fold and patella upon the recommendation of Ferber et al. [44]. The
second flexibility test performed was the Straight Leg Raise TER)(8hich measured
hamstring flexibility. Appendix D provides a visual representation of thebiléyi
assessment. The subjects were positioned supine on a table. The investigatetypa
raised the right leg into hip flexion while keeping the knee fully extendedsignilficant
resistance was detected by the investigator, or the subject reportedstachfiirt. The
digital protractor was placed on the anterior aspect of the lower leg just dleavedial
and lateral malleolus upon the recommendation of Walsh et al. [45]. Both test®dccurr
on the right leg of the individual and only one measurement was taken during each pre

treatment assessment and during all three post treatment test periods.

Vertical Jump
Participants completed one maximal countermovement vertical jump MIrtr

a Just Jump™ mat (Probotics, Inc., Huntsville, AL) prior to each condition aimdjdie
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three post condition assessments. The Just Jump™ mat calculates VJ heibasérin

on time in the air, which is the time period between the participant’s teght¢pecontact

with the mat until the participant’s feet became back in contact with theApagndix E
provides a visual representation of the VJ assessment. The Just Jump mei hasrizke
statistically valid by Leard et al. [46]. To complete the VJ trials, @pents were

instructed to stand on the mat; with their feet shoulder width apart and their haret$ pl
on their hips to avoid different jumping techniques. A quick downward squat movement
was allowed prior to the ascending vertical jump, with no steps allowectipants

were also instructed to land in the same position prior to the vertical jump. The jumping

protocol was similar to that of previous studies [28, 47].

Power Output

To determine lower body power output, a Tendo Weightlifting Analyzer (Tendo
Sports Machines, Slovak Republic) was used according to the protocol of Rhea et al.
[47]. Each participant’s body mass was entered into the Tendo unit. To properly test for
power during the VJ trial, the cord was attached to a belt placed at thensastach
participant. This allowed for proper jumping technique, while the Tendo unit was
positioned just behind the subject on the floor during the test in accordance with Tendo
User’s Guide and the recommendation of Jennings et al. [48]. The Tendo unit then
calculated both a peak power and average power output value during each \"lexgsess

Appendix E provides a visual representation of the power assessment.
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Balance

Lower body balance was measured in several different ways. A Wobble Board
Kinematic Measurement System (Fitness Technology Inc., Austrasused to
measure the number of balance contacts with the ground (loss of balande amibtnt
of time balanced. Ground contacts were measured when the wobble board touched the
floor apparatus while balance time was measured by the amount of time th¢ lesitéac
for while on the ground. The participants stood on the wobble board with their feet
slightly apart. Standing erect, subjects performed a 30 second baldnceweish the
participant attempted to keep the board from touching the ground. The balance test was
performed once during the pre-test measurements and then once during each ¢ the thr
post testing periods. The balance protocol performed was similar to that ofédBahm

[30]. Appendix F provides a visual representation of the balance assessment.

Dynamic Warm-up Exercises
The dynamic warm-up exercises were performed from low to high intewmisit
a 15-second rest period between each set of exercises. For the WU1 condition, two
repetitions were completed on each leg for the three low intensity eseféispendix B
(A-C)] and five moderate intensity exercises [Appendix B (D-H)], whitedlrepetitions
were completed on each leg for the high intensity exercises [AppendiK)R Hor the
WU2 condition, the same eleven exercises were completed using the s#mdsior
the WU1 condition; however each subject completed double the amount of repetitions.
The three low intensity exercises were a) walking knee lift, performeatepping

forward with left leg and flexing right hip and knee to move the right thigh to,alesp
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the front of the upper shin and use arms to pull the right knee up further and squeeze
against chest, keep torso erect, pause for a moment, then proceed to step dowingy shift
body weight to the right leg, and repeat the motion on the left leg, b) walking bytt kic
performed by stepping forward with left leg and flexing right knee to movegheheel

to buttocks, grasp the front of the lower shin and use right arm to pull the right heel
further and squeeze against butt, keep torso erect, pause for a moment, then proceed to
step down by shifting body weight to the right leg, and repeat the motion on the left leg,
c) walking leg cradle, while walking, the leg is crossed in front of bodiewlently

lifting the foot towards the abdomen which brings the leg to a papalégtion with the

ground, keep the torso erect, pause for a moment, then proceed to step down by shifting
body weight to the opposite leg, and repeat the motion on other side.

The five moderate intensity exercises were d) dog and bush, performed by
abducting the left knee to waist height, slowly adduct the knee to midline of the body,
then lowered to the ground, repeat with other leg e) straight leg march, perieitine
both arms extended in front of body shoulder high, perform hip flexion with knee fully
extended of the right leg in front of your body touching your hands in front, keep torso
erect, swing back to slightly ahead of starting position, and repeat on otlefolegard
lunge with opposite arm reach, performed by taking an exaggerated step fortliard w
right leg, allow the right hip and knee to flex keeping the right knee directly loweight
foot while maintaining the thigh parallel to the ground, reach up high with therteft
keep torso erect, pause for a moment, bring left leg forward to standing position, repeat
on left leg g) forward lunge with elbow instep, performed by taking an exdgdetap

forward with right leg, allow the right hip and knee to flex keeping the right kmeetlgi
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over the right foot while maintaining the thigh parallel to the ground, lean forward
bringing the right arm forward and touching the right elbow to the instep of the right foot
bring left leg forward to standing position, repeat on left leg, h) lateral lundermped

by taking an exaggerated step laterally with right leg, allow the high&and knee to flex
keeping the right knee directly over the right foot while extending the ldfiegakeep

torso erect, bring trail left leg to right leg in standing position, face the tepuiection,
repeat on left leg.

The three high intensity exercises were i) high knee run, performed in a rapid
motion by stepping forward with left leg and flexing right hip and knee to movege ri
thigh to chest, keep torso erect, then proceed to step down by shifting body weight to t
right leg, and repeat the motion on the left leg, j) running butt kicks, performedpida ra
motion by stepping forward with left leg and flexing right knee to move the regttb
butt, keep torso erect, then proceed to step down by shifting body weight to thegiight le
and repeat the motion on the left leg, k) high knee skips, performed by stepping forward
with left leg and flexing right hip and knee to move the right thigh vertically, laep t
erect, then proceed to step down by shifting body weight to the right leg, andthepeat
motion on the left leg. While skipping, emphasis should be placed on height, a high knee
lift, arm action, and power.

All of the dynamic warm-up exercises have been discussed in detail prgviousl

research [18, 34, 37, 49].
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Statistical Analysis

A 3 x 4 repeated measures ANOVA (time x condition) was used to anabjlze ea
of the following dependent variables: VJ height, peak power output, average power
output, hip flexor flexibility, hamstring flexibility, and balance [number afuyrd
contacts and total time balanced]. When appropriate, post hoc analyses included one-way
repeated measures ANOVA with bonferroni corrected paired-satai@sts. SPSS
software (version 17.0, Chicago, IL) was used for all statistical cosgpei An alpha

level was set & < 0.05 to determine any statistical significance.
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CHAPTER IV

RESULTS

Preliminary Analysis
Descriptive Statistics
The following results describe the sample of this study [(mean + SD) age, 243 +
years; height, 178.0 £ 6.3 cm; weight, 80.9 + 10.7 kg, aerobic exercise 1.6 £ 0.2 hours,
resistance training 2.6 = 0.5 hours, recreational activity 2.7 = 0.5 hours].
Assumptions
¢ RandomizationA random number table was used to counterbalance the study.
e Normality. This assumption was met by having an n > 12, as well as, an equal n in
each condition.
e Covariance:Mauchly’'s Test of Sphericity was used to test for covariance for each
variable. If the the p value failed to reject the null, than sphericty wasadsuf
the p value rejected the null, than the Greenhouse-Geisser correction was used t
meet sphericity. The following are the results of Mauchly’s Test: Thdress p
=.204, SLR Test: p =.067, Vertical Jump: p =.021, Peak Power: p = .258,
Average Power: p =.003, Balance Contacts: p =.048, Balance Time: p =.748
e Equal variance An Fmax test was used to test for homogeneity of variance for

each variable. The Fmax test was tested at 12, 27 df with a value less than 4.59
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would reject the null hypothesis, meaning equal variance was met. The follamging
the results of the Fmax tests: Thomas test: 1.28, SLR test: 1.16, Vertical Jump: 1.10,
Peak power: 1.19, Average power: 1.21, Balance Contacts: 1.73, Balance Time: 1.50

all rejecting the null hypothesis, showing equal variance.

Hamstring Flexibility

Table 1 includes the pre and post warm up mean (SEM) values for the straiglgdeg ra
test which measured hamstring flexibility of the control (CON), warm (yyl1), and

warm up 2 (WU2) conditions. A 3 x 4 repeated measures ANOVA resulted in a
significant two way interaction (time x condition, p = .004). The effect sizthe

interaction was»? = .129 (trivial based upon the recommendation of Rhea [50]).
Hamstring flexibility significantly increased for both the WU1 and WU2 cooiastifrom

pre to 0 min post warm up (WU1: p <.001; WU2: p <.001) while also significantly
decreasing from 0 min post to both 10 min (WU1: p = .005; WU2: p = .003) and 20 min
(WU1: p =.033; WU2: p <.001) post condition. Hamstring flexibility also signiflgant
increased from pre to 10 min post warm up (p = .006) for the WU2 condition. Follow-up
analysis resulted in a significant difference among conditions immedgaastywarm up

(p =.012). The WUL1 condition had significantly greater hamstring flexiliiiy the

CON condition (p = .015) while there was no significant difference between GON a

the WU2 conditions (p = .083). Refer to Figures 1, 2, and 3 for a descriptive

representation of the results.

48



TABLE 1. Pre and post warm up mean (SE) valuekdonstring flexibility of the control (CON), warm up
1 (WUL1), and warm up 2 (WU2) conditions.
Hamstring Flexibility (degrees)

Condition Pre 0 min Post 10 min Post 20 min Post
CON 88.6 (3.57) 90.3 (3.86) 89.1 (3.53) 88.7 (3.61)
Wul 88.5 (3.46) 93.7 (3.72)* 90.8 (3.803 89.3 (3.74}
Wu2 86.7 (3.55) 93.2 (3.89)* 90.5 (3.99)% 89.0 (3.86}

* indicates a significant (R 0.05) difference from pre to post treatment
T indicates a significant (#0.05) difference from CON condition

t indicates a significant (£0.05) difference from O min post warm up

Hip Flexor Flexibility

Table 2 includes the pre and post warm up mean (SEM) values for the Thomasdest whi
measured hip flexor flexibility of the control (CON), warm up 1 (WU1), and warm up 2
(WU2) conditions. A 3 x 4 repeated measures ANOVA resulted in a non significant two
way interaction (time x condition, p = .099). Follow-up analysis resulted in a seymtifi

main effect for time (p = .003) with no significant main effect for condition (p =
.862).The effect size for time wag = .158 (trivial). There was a significant decrease in
flexibility from O min post to 10 min (p = .015) and 20 min (p = .010) post for the WU2
condition. Refer to Figures 4 and 5 for a descriptive representation of the.results

TABLE 2. Pre and post warm up mean (SE) valuekidoflexor fiexibility of the control (CON), warm

up 1 (WU1), and warm up 2 (WU2) conditions.
Thomas Test (degrees)

Condition Pre 0 min Post 10 min Post 20 min Post
CON 16.3 (1.46) 16.6 (1.32) 15.7 (1.32) 16.3 (1.40)
wu1l 15.6 (1.36) 17.3(1.32) 16.0 (1.13) 16.3 (1.23)
Wu2 16.7 (1.44) 17.3 (1.38) 15.1 (1.30) 14.7 (1.38)%

* indicates a significant (B 0.05) difference from pre to post treatment
t indicates a significant (£0.05) difference from O min post warm up
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Vertical Jump

Table 3 includes the pre and post warm up mean (SEM) values for vertical jump height of
the control (CON), warm up 1 (WU1), and warm up 2 (WUZ2) conditions. A3 x 4
repeated measures ANOVA resulted in a significant two way interactodi{mn x

time, p = .013).The effect size of the interaction was .111 (trivial). Follow-up

analysis resulted in a significant difference in VJ height (p < .001) imnegolist test

among conditions. VJ height was significantly higher for both the WU1 and WU2
conditions (WU1: p =.001; WU2: p =.006) conditions compared to the CON condition
at 0 min post warm up. VJ height significantly increased from pre to O min post (p =
.003) for the CON condition, while also significantly decreasing from 0 min post to 20
min post CON condition (p = .001). VJ height significantly increased from pre to O min
post for both WU1 and WU2 conditions (WU1: p <.001; WU2: p <.001). Furthermore,
VJ height significantly decreased from O min post condition to both 10 min (WU1: p <
.001; WU2: p <.001) and 20 min (WU1: p <.001; WU2: p < .011) for both WU1 and
WUZ2 conditions. Further analysis also resulted in VJ height remainindjicagiy

higher at 10 min post WU1 condition when compared to pre test values (p = .011). Refer
to Figures 6, 7, and 8 for a descriptive representation of the results.

TABLE 3. Pre and post warm up mean (SE) valuethdvertical jump test of the control (CON), wi

up 1 (WU1), and warm up 2 (WU2) conditions.
Vertical Jump (inches)

Condition Pre 0 min Post 10 min Post 20 min Post
CON 19.6 (0.60) 20.3 (0.60)* 20.1 (0.64) 19.7 (0.62)*
wu1l 19.8 (0.62) 21.2 (0.64)* 20.4 (0.60)% 19.9 (0.59
wWu2 19.6 (0.59) 21.1 (0.59¥ 20.2 (0.603 19.8 (0.60)

* indicates a significant (B 0.05) difference from pre to post treatment
T indicates a significant #0.05) difference from CON condition

t indicates a significant (£0.05) difference from O min post warm up
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Peak Power

Table 4 includes the pre and post warm up mean (SEM) values for peak power of the
control (CON), warm up 1 (WU1), and warm up 2 (WUZ2) conditions. A 3 x 4 repeated
measures ANOVA resulted in a non significant two way interaction (conditiomex p
=.078). Follow-up analysis resulted in a significant main effect for time.Q9 X with

no main effect for condition (p = .778). The effect size for timeafas .225 (trivial).

There was a significant decrease in peak power from 0 min post to 20 min post CON
condition (p = .002) with a significant decrease in peak power from 10 min post to 20
min post CON condition (p =.034). Peak power significantly increased for both WU1 and
WU2 from pre to O min post condition (WU1: p =.021; WU2: p = .003). Refer to Figures
9 and 10 for a descriptive representation of the results.

TABLE 4. Pre and post warm up mean (SE) valuepdak power of the control (CON), warmup 1

(WU1L), and warm up 2 (WU2) conditions.
Peak Power (watts)

Condition Pre test 0 min Post 10 min Post 20 min Post
CON 2142.2 (75.31) 2152.6 (74.84) 2130.0 (73.12) 2068206t
wu1l 2087.5 (76.37) 2187.4 (77.80)* 2147.8 (81.02) 2108.7 (75.27)
Wu2 2117.9 (75.52) 2183.0 (75.63)* 2121.9 (73.85) 2101.0(71.45)

* indicates a significant (R 0.05) difference from pre to post treatment
t indicates a significant (£0.05) difference from O min post warm up

Average Power

Table 5 includes the pre and post warm up mean (SEM) values for average power of the
control (CON), warm up 1 (WU1), and warm up 2 (WUZ2) conditions. A 3 x 4 repeated
measures ANOVA resulted in a non significant two way interaction (conditiomex p
=.119). Follow-up analysis resulted in a significant main effect for time (p ¥ vadi

no main effect for condition (p = .167). The effect size for timea#as .370 (minimal).
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Further analysis resulted in a significant increase in average power fovhtittand

WU2 from pre to O min post condition (WU1: p <.001; WU2: p <.001). Average power
significantly decreased from 0 min to 20 min post WU1 condition (p = .023), while also
significantly decreasing from 0 min to both 10 min (p <.001) and 20 min (p < .001) post
WU2 condition. Refer to Figures 11 and 12 for a descriptive representation ofuthe res
TABLE 5. Pre and post warm up mean (SE) valueavierage power of the control (CON), warmup 1

(WU1L), and warm up 2 (WU2) conditions.
Average Power (watts)

Condition Pre test 0 min Post 10 min Post 20 min Post
CON 1143.3 (39.52) 1171.1 (43.48) 1140.9 (39.80) 1141.6 (42.80)
wu1l 1142.5 (43.81) 1205.2 (46.94)* 1185.4 (39.97) 10494.263
Wu2 1134.3 (40.63) 1208.2 (42.62)*  1148.2 (42437) 1152.2 (38.68)

* indicates a significant (R 0.05) difference from pre to post treatment
t indicates a significant (£0.05) difference from O min post warm up

Balance Contacts

Table 6 includes the pre and post warm up mean (SEM) values for balance contacts of the
control (CON), warm up 1 (WU1), and warm up 2 (WUZ2) conditions. A 3 x 4 repeated
measures ANOVA resulted in a non significant two way interaction (conditiomex p

= .571). Follow-up analysis resulted in a significant main effect for time.Q9 X with

no main effect for condition (p = .296).The effect size for time afas .305 (trivial).

Contacts significantly decreased from pre to O min (p = .031), 10 min (p = .022), and 20
min (p = .002) post CON condition. Lastly, contacts significantly decreasedpre to

10 min post WU2 condition (p = .026). Refer to Figures 13 and 14 for a descriptive

representation of the results.
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TABLE 6. Pre and post warm up mean (SE) valuebdtamce contacts of the control (CON), warm up
1 (WU1), and warm up 2 (WU2) conditions.
Balance Contacts

Condition Pre test 0 min Post 10 min Post 20 min Post
CON 27.2 (1.46) 25.9 (1.44) 25.4 (1.29) 22.6 (1.62)*
Wwu1l 25.3 (1.25) 24.4 (1.25) 22.8 (1.21) 22.3 (1.59)
Wu2 26.4 (1.59) 26.7 (1.78) 23.4 (1.34)* 23.3 (1.30)

* indicates a significant (R 0.05) difference from pre to post treatment
t indicates a significant (£0.05) difference from O min post warm up

Balance Time

Table 7 includes the pre and post warm up mean (SEM) values for balance time of the
control (CON), warm up 1 (WU1), and warm up 2 (WUZ2) conditions. A 3 x 4 repeated
measures ANOVA resulted in a non significant two way interaction (conditimmex p
=.602). Follow-up analysis resulted in a significant main effect for time (p ¥ ebella
significant main effect for condition (p = .039). The effect size for timeada .256

(trivial) and condition was? = .114 (trivial). There was a significant difference between
the control and WU1 condition (p = .039), with a significant difference occurring at 20
min post condition (p = .022). Balance time significantly increased from pre to both 0
min (p = .045) and 20 min (p = .002) post WU1 condition, and a significant increase in
balance time from pre to 10 min post WU2 condition (p = .009). Refer to Figures 15 and
16 for a descriptive representation of the results.

TABLE 7. Pre and post warm up mean (SE) valuekdiance time of the control (CON), warm up 1

(WUL1), and warm up 2 (WU2) conditions.
Balance Time (seconds)

Condition Pre test 0 min Post 10 min Post 20 min Post
CON 16.9 (0.57) 18.1 (0.59) 18.2 (0.57) 18.2 (0.45)
wu1l 17.9 (0.53) 19.1 (0.55)* 19.1 (0.53) 19.6 (0.59)*
Wu2 17.6 (0.66) 18.0 (0.64) 18.8 (0.59)* 18.4 (0.60)

* indicates a significant (B 0.05) difference from pre to post treatment
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CHAPTER V

DISCUSSION

The results of the current study extend upon previous findings in which dynamic
warm up routines have improved vertical jump [12, 13, 25, 51], muscle power [23], and
flexibility [6, 28, 29]. Faigenbaum et al. [6] mentioned that duration and recovery time
are important variables that should be manipulated to develop the appropriate warm up
design for optimum performance. The results suggest that approximateiytg@srand 6
minutes of a dynamic warm-up following a five minute light aerobic jog magase VJ
height, lower body power, and hamstring flexibility, while having a minirffateon
balance and no effect on hip flexor flexibility. Furthermore, the results duitpges
improvements in VJ, lower body power, and hamstring flexibility are gredt@st a

minutes post warm up compared to 10 minutes and 20 minutes post warm up.

Vertical Jump

The results of the current study extend upon previous findings [25, 28, 51] in
which VJ increased following a dynamic warm up. The present study found that acut
increases in VJ heightere highest immediately following both 3 minutes (7.1%) and 6

minutes (7.7%) of a dynamic warm-up. This improvement is however short lived, as VJ
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height significantly decreased following both volumes of the dynamic warm ugfrom
minutes to 10 minutes post warm up (WU1: 3.0% and WUZ2: 3.1%) and then again from
10 minutes to 20 minutes post warm-up (WU1: 0.5% and WU2: 1.0%). While
Faigenbaum et al. [32] found VJ height to be greatest at 6 minutes post dynamiapvar
and significantly greater from baseline at 2 minutes post warm up, the findirgs of t
present study had the highest VJ values immediately post warm up. There was no test
period between 0 minutes and 10 minutes post warm up which may account for the
disparity between studies. The present study found decreases in VJ at 10 minutes and 20
minutes post dynamic warm up which were comparable to decreases found by
Faigenbaum et al. [32] in which VJ was significantly lower at 14, 18, and 22 mpuasges
warm up. Furthermore, Faigenbaum et al. [32] found no differences between VJ at 10

minutes post warm up and baseline which the present study found as well.

Power Output

The results of the present study extend upon previous findings [23, 28] and
showed peak power to be highest immediately following both 3 minutes (4.8%) and 6
minutes (3.0%) of a dynamic warm up. Peak power was unable to remain increl3ed at
minutes post warm up (WU1: 2.9% and WU2: 0.2%) and was significantly decreased
following the CON condition at 20 minutes post condition (-3.6%). Similar to peak
power, average power significantly increased immediately following botim3tes
(5.5%) and 6 minutes (6.5%) of a dynamic warm up, which was highest among the post
warm up time periods. Furthermore, average power decrease from 0 minutes to 10

minutes post WU2 (1.2%), but remained significantly greater following 3 miofis
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dynamic warm up at 10 minutes post condition (3.8%). Further decreases in average
power occurred from 10 minutes to 20 minutes post warm up for both volumes. While no
other studies have examined the influence of recovery duration on power, Faigenbaum et
al. [32] experienced reductions in VJ at 14, 18, and 22 minutes post warm up, while
Needham et al. [17] found improvements in VJ at both 3 minutes and 6 minutes post

dynamic warm up.

Flexibility

The results of the present study showed hamstring flexibility was highest
immediately following both volumes of the dynamic warm up (WU1: 5.9% and WU2:
7.5%). These values decreased at 10 minutes post warm up for both volumes (WU1:
2.6%), however the 6 minute warm up still maintained increased flexibility above
baseline measures (4.4%). At 20 minutes post test, hamstring flexibility wasgey |
significantly greater than baseline. There were no increases in hop flexibility
following either volumes of the dynamic warm up. The 6 minute warm up did have a
significant decrease in flexibility at 20 minutes post warm up, with no otheretites
among the warm up at any time periods. Ryan et al. [9] found musculotendinousstiffne
to remain decreased up 10 minutes following 4 minutes of passive stretching; howeve
there is no evidence of the influence dynamic stretching may have on musculotendinous
stiffness. The following study found increases in hamstring flexibilityclvis consistent
with previous literature which has found increases in sit and reach flexibllbywing 6

minutes and 12 minutes of a dynamic warm up [28].
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Balance

The results of the present study extend upon previous findings [30] and suggest a
decrease balance contacts from measure to measure, but not due to any of tine warm
conditions. Further results did show a 1.1% decrease in balance ability (contacts)
immediately following 6 minutes of a dynamic warm up. Balance timafgigntly
increased following 3 minutes of a dynamic warm up immediately following gmmwp
(6.7%), and then again at 20 minutes post warm up (9.5%). Further results suggest that no
other conditions had an effect on balance scores. While Behm et al. [30] found a 2.2%
decrease in balance scores following static stretching, the currenfeiundya 6.7%
improvement in balance time immediately following a 3 minute dynamic warm ugnand
11.4% improvement in the number of balance contacts after 10 minutes of recovery
following a 6 minute dynamic warm up. The stretched induced changes that occur
following static stretching may have an effect on muscle output and balance [30],
however the current study found slight improvements in balance following 3 minutes of a
dynamic warm up, but following 6 minutes of a dynamic warm up balance wasddnder
immediately following the warm up. Costa et al. [31] found reductions in dynamic
balance performance following longer durations of static stretchinghwaay further
elude to the stretch induce changes examined following static stretchingaghabtn

occur following dynamic stretching.
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Discussion

Several factors may account for the discrepancies between the oéshéts
present study and previous research. Herda et al. [10] suggests statimgtiraty elicit
a stretch induced force deficit due to both mechanical and neural factors prekent in t
muscle. This change in the muscle may not occur following dynamic stretclniody, w
may be more beneficial in improving force generating activities. Funtbre, Herda et
al. [10] also suggests that an increase in muscle temperature may hdeetaonghe
rigidity of the contractile tissues. The participants in the present stedby/recreationally
trained individuals (RTI), exercising on an average of 6.9 hours per week. Trairugg sta
seems to be the main difference between the current study and previous studie®that ha
no changes in performance. Both Khorasani et al. [42] and Sekir et al. [38] have
suggested that more experienced athletes may show a better adaptatidyrfaoic
stretching than lesser trained individuals. The amount of time spent exgtbisicurrent
sample may be larger than normal recreationally trained individuals, thus expldiai
performance changes seen in the current study. Differences betweerréhestudy and
the results obtained by Faigenbaum et al. [25] may be due to training status.

Another main mechanism that may present following dynamic stretchihg is
phenomena of postactivation potentiation (PAP) [52]. Tillin et al. [53] describesaPAP
potentiating affect that occurs following a conditioning response. PAP involves a
structural change in the myosin regulatory light chains’ ability to acceptrChe
muscle cell [53]. PAP has also been affected by the depressed HoffmanriHefidbex)
which involves the afferent nerve fibers involved in the peripheral nervous system [54].

Several studies utilizing dynamic warm ups or stretching have cited APatential
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mechanism for the improvements found [24, 25, 51]. It has been suggested by Chiu et al.
[55] that competitive athletes have a more positive response to the mechansis of

than recreationally trained individuals and recovery duration following a patieqgti

stimulus may not induce PAP in recreationally trained individuals [56]. PAP has bee
suggested to have its greatest affect between 8-12 minutes of recoverynighbevi
conditioning [57, 58]. This time frame allows for optimal potentiation to occur \alsle
allowing for fatigue brought on by the conditioning response to decrease enoughaso that
positive effect occurs [57, 58]. The present study found decreases or no changes
occurring at 10 minutes post warm up in VJ height and power output. With previous
research suggesting that heavier loads are needed to induce a PAP résfjombe

dynamic warm up may not be a load heavy enough to induce a PAP response in
recreationally trained individuals.

Another main factor involved in stretching and warm up is the increase in muscle
and core temperature. While the present study did not measure muscle temperature or
core temperature, either of these mechanism may have been present whickpdaurd e
the improvements in performance. Fletcher [14] found increases in HR, suggesting
increase in metabolic effects and vasodilatory tone which may contribute taatunpe
changes in the body. Again Fletcher & Anness [7] found increases in core temgera
and HR following a bout of dynamic stretching which further suggests an iadreas
blood flow and nerve conduction velocity that may be present in the muscle and may
have contributed to the improvements in VJ and power found in the present study, while
Bishop [5] has suggested temperature changes in the muscle to enhance performance

following a warm up.
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Other studies have suggested that measurement familiarization maytdocoun
some adaptation seen in VJ performance. Individuals that have completed VJatedting
are familiar with the actions involved may have better improvements follcaving
dynamic warm up than those less trained with a task [20]. While the currepuseai
RTI, participants performed the VJ trials during a familiarization easand the current
study manipulated jumping differences by having all participants jump tlot saae
way. A similar theory proposed by several studies [8, 20, 43] involves the rehearsal of
movement during the dynamic warm up. As participants perform the exercikes in t
dynamic warm up they are rehearsing the similar movements performeg the VJ
testing, thus a proprioceptive response may be elicited. This theory haseatso
suggested by Gergley et al. [40] in which golf swing performance may hawe be
affected by the familiarization with the swing itself, noting that individwalsout golf
swing experience may not have improvements in performance following dynami
stretching activities due to the specialization of the activity.

An advantage of dynamic stretching includes the capability of changirspdeel
at which the exercises are performed. One study has shown dynamlwestpdormed
at faster speeds to elicit greater increases in VJ [16]. The cumudptpstrformed three
high intensity exercises requiring fast contractions of the muscles endhef the
dynamic warm up. These exercises could have induced changes similacher~ge
Columbo [14] and Fletcher [16] due to faster movement speeds. The speed and intensity
of contractions may affect the PAP response [53] and stretch shorteniad®$€t)
which is a major component of explosive activities and plyometric training [59]eThes

factors may further explain the results found in the present study.
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Flexibility may be affected by several factors. One notable factootatrs
following static stretching is the decrease in musculotendinous stiffnegg][%hile the
current study found increases in hamstring flexibility following a dynamaicn up,
unlike flexibility increases with static stretching, the increasetexibility did not
induce any performance detriments in regards to VJ ability or power outputeRsgh
[28] and Curry et al. [29] also found improvements in flexibility following a dyica
warm up routine using different measures of flexibility (sit & reach andénpif). The
improvements in VJ and power along with the improvements in flexibility sudgmst t
dynamic stretching may be more beneficial for improving all round pesiocminstead
of static stretching. Behm et al. [30] and Costa et al. [31] found changes inebalanc
following static stretching. These studies have shown that proprioception whidiemay
an important contributor to balance and could be also be important in muscle stnehgth a
athletic performance [61].

In summary, core temperature, PAP, rehearsal of movement, and training status
seem to be the most important factors in contributing the improvements in perderman
following dynamic warm ups. While the current study did not measure core temeeratur
or PAP, the participants were completing exercises that could be considerarsirgg
the performance measurements. Although, the participants were RTI, the amount of
exercises performed per week was relatively high, which could account fercddhre
improvement in performance which is linked to individuals with a higher training status
adapting greater to a dynamic warm up stimulus.

While Bishop [1] suggests the warm up activity should last approximately 5-10

minutes, the current study found increases in performance just following 3 snafiate
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dynamic warm up, which can further add to the literature. Furthermore, Bishop [
suggests that athletes and exercisers should rest at least 5 minatesdodl warm up

and no longer than 20 minutes which by that time, all improvements may be lost. The
current study validates the latter part of this suggestion; however improvaments
performance were highest immediately following both volumes of the warm up. A
limitation to this study may be the extended time period between testsigrses he
results of the present study may suggest something different if measurementaken

at different time periods following the warm ups. Overall, 3-6 minutes of a dgnami
warm up is sufficient time to elicit improvements in VJ, muscle power, andbiliexi
immediately following the warm up, however decreases in performanceersgen

after 10 minutes of rest and all improvements will be lost after 20 minutes.of rest
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CHAPTER VI

CONCLUSION

This study adds to the literature involving warm up design. The present study
suggests that both 3 minutes and 6 minutes of a dynamic warm up routine which
increases in intensity may improve VJ, power output, and flexibility. The imp@vism
in VJ, power output, and flexibility are only present for a short period of time, and are
decreased by 10 minutes post warm up and for the most part, are similar to pngowarm
values at 20 minutes post warm up. Balance may slightly decrease following ésmohut
a dynamic warm up, however balance improves over the course of testing periods.

Future research should examine different rest periods other than 0, 10, and 20
minutes post warm up, as there may be difference found at some time period imbetwee
those periods. Other studies could also examine the exercises performed during the
dynamic warm up as the ones used may not have elicited to greatest imprisveme
Further research could also investigate not just the recovery duration, but wiat type
recovery may elicit changes in performance (i.e. passive vs. activergcdvinally,
further research should examine more effects that dynamic warm ups magnhave
flexibility and balance as this was the first study to examine thgeiméle of a dynamic

warm up on balance performance.
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PRACTICAL APPLICATION
Strength & conditioning professionals and coaches have more knowledge
regarding the appropriate length of a dynamic warm up and the appropriate recovery
period needed to improve performance. This knowledge may further enhance strength
training programs and practice routines so that coaches may draw grgatare@ments
in an athlete’s talent. Health professionals may also use this current stuglyable
information to help clients design a better pre workout routine in hopes of inducing

greater gains through training and better performances in competition.

RECOMMENDATION
Individuals or athletes seeking to improve performance should take note of the
following: perform a pre activity warm up that consists of a 5 minute light aerobi
activity followed by dynamic stretching exercises for approxima&ebyminutes.
Perform whatever activity immediately following the pre event wapmAthletes should
not rest more than 10 minutes following the warm up to in order to optimize perf@manc

during the activity or competition.
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FIGURES

Figure 1. Hamstring Flexibility Results

Pre and post warm up mean (SE) values for hamiisiitmiity of the control (CON), warm up 1 (WU1),
and warm up 2 (WU2) conditions.

Hamstring Flexibility (degrees)

Condition Pre 0 min Post 10 min Post 20 min Post
CON 88.6 (3.57) 90.3 (3.86) 89.1 (3.53) 88.7 (3.61)
Wul 88.5 (3.46) 93.7 (3.72)* 90.8 (3.803 89.3 (3.74}
Wwu2 86.7 (3.55) 93.2 (3.89)* 90.5 (3.99)% 89.0 (3.86}

* indicates a significant (R 0.05) difference from pre to post treatment
T indicates a significant (#0.05) difference from CON condition
t indicates a significant (£0.05) difference from O min post warm up

100 -

% =+

98 - "
96 - "
94 - \ i3
92 -

Degrees 90 -

88 A

86 -

84 A

82 1

80 -

*

® CON
wul
mWuU2

Pre O min Post 10 min Post 20 min Post

* indicates a significant (R 0.05) difference from pre to post treatment
T indicates a significant (#0.05) diference from CON condition
t indicates a significant (£0.05) diference from immediate post warm up
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Degrees

Figure 2. Hamstring Flexibility Interaction Graph
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Figure 3. Hamstring Flexibility Percent Change

Percent change values from baseline for hamdexigility of the control (CON),
warmup 1 (WU1), and warm up 2 (WU2) conditions.

Hamstring Flexibility (degrees)

Condtion 0 min Post 10 min Post 20 min Post
CON 1.92% 0.56% 0.11%
Wwu1l 5.87% 2.60% 0.90%
Wwu2 7.50% 4.38% 2.65%
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Figure 4. Hip Flexor Flexibility Results

Pre and post warm up mean (SE) values for hiprfigxdbilityof the control (CON), warmup 1 (WU1
and warm up 2 (WU2) conditions.

Thomas Test (degrees)

Condition Pre 0 min Post 10 min Post 20 min Post
CON 16.3 (1.46) 16.6 (1.32) 15.7 (1.32) 16.3 (1.40)
wu1l 15.6 (1.36) 17.3(1.32) 16.0 (1.13) 16.3 (1.23)
Wu2 16.7 (1.44) 17.3 (1.38) 15.1 (1.30) 14.7 (1.38)%

* indicates a significant (B 0.05) difference from pre to post treatment
t indicates a significant (P0.05) difference from O min post warm up
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17 - t
16 -

*

B CON
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Degrees 15 -
14 -
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* indicates a significant (R 0.05) difference from pre to post treatment
1 indicates a significant (B 0.05) difference from immediate post warm up
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Figure 5. Hip Flexor Flexibility Marginal Means

Main Effect for Time
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Figure 6. Hip Flexor Flexibility Percent Change

Percent change values from baseline for hip filexibility of the control (CON),
warmup 1 (WU1), and warm up 2 (WU2) conditions.

Thomas Test

Condition 0 min Post 10 min Post 20 min Post
CON 1.84% -3.68% 0.00%
Wu1l 10.90% 2.56% 4.49%
wu2 3.59% -9.58% -11.98%
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HCON

Percent

Change 0 ] WUl
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Figure 7. Vertical Jump Results

Pre and post warm up mean (SE) values for thealuimp test of the control (CON), warm up 1
(WU1), and warm up 2 (WU2) conditions.

Vertical Jump (inches)

Condition Pre 0 min Post 10 min Post 20 min Post
CON 19.6 (0.60) 20.3 (0.60)* 20.1 (0.64) 19.7 (0.62)*
wu1l 19.8 (0.62) 21.2 (0.64)* 20.4 (0.60)% 19.9 (0.59
Wu2 19.6 (0.59) 21.1 (0.59)* 20.2 (0.603 19.8 (0.60)

* indicates a significant (B 0.05) difference from pre to post treatment
T indicates a significant (20.05) difference from CON condition
t indicates a significant (P 0.05) difference from O min post warm up
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23 -
22 -
21 - *
Inches 20 - 1
19 -
18 -
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16 -
15 -

* o

————% =+

E CON
wul
mWu2

Pre Omin Post 10 min Post 20 min Post

* indicates a significant (R 0.05) difference from pre to post treatment
T indicates a significant (#0.05) difierence from CON condition
t indicates a significant (B 0.05) difierence from immediate post warm up
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Figure 8. Vertical Jump Interaction Graph
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Figure 9. Vertical Jump Percent Change

Percent change values from baseline for vertioad jof the control (CON), warm
up 1 (WU1), and warm up 2 (WU2) conditions.

Vertical Jump (inches)

Condition 0 min Post 10 min Post 20 min Post
CON 3.57% 2.55% 0.51%
Wu1l 7.07% 3.03% 0.51%
Wwu2 7.65% 3.06% 1.02%

9 -
8 -
7 -
6 -
Percent 2 ECON
Change , _ wu1
3 - mWU2
2 -
| H
O -

0 min Post 10 min Post 20 min Post

81



Figure 10. Peak Power Results

Pre and post warm up mean (SE) values for peakrpuiwee control (CON), warm up 1 (WU1), and

warm up 2 (WU2) conditions.

Peak Power (watts)

Condition Pre test 0 min Post 10 min Post 20 min Post
CON 2142.2 (75.31) 2152.6 (74.84) 2130.0 (73.12) 20@BD5})
wu1l 2087.5 (76.37) 2187.4 (77.80)* 2147.8 (81.02) 21@85.27)
wu2 2117.9 (75.52) 2183.0 (75.63)* 2121.9 (73.85) 20@11.45)

* indicates a significant (B 0.05) difference from pre to post treatment
t indicates a significant (P 0.05) difference from O min post warm up

2300 ~
2250 -
2200 -

2150 - t = CON

Watts
2100 - WuU1

mWuU2
2050 -

2000 -

1950 -
Pre O min Post 10 min Post 20 min Post

* indicates a significant (R 0.05) difference from pre to post treatment
t indicates a significant (0.05) difference from immediate post warm up
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Figure 11. Peak Power Marginal Means

Main Effect for Time
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* indicates a significant (B 0.05) difference from pre to post treatment
t indicates a significant (£0.05) difference from 0 min post warm up
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Figure 12. Peak Power Percent Change

Percent change values from baseline for peak pofitlee control (CON), warm
up 1 (WU1), and warm up 2 (WU2) conditions.

Peak Power (watts)

Condition 0 min Post 10 min Post 20 min Post
CON 0.49% -0.57% -3.64%
WU1 4.79% 2.89% 1.02%
Wwu2 3.07% 0.19% -0.80%
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Figure 13. Average Power Results

Pre and post warm up mean (SE) values for averagerpf the control (CON), warmup 1 (WU1),
and warm up 2 (WU2) conditions.

Average Power (watts)

Condition Pre test 0 min Post 10 min Post 20 min Post
CON 1143.3 (39.52) 1171.1 (43.48) 1140.9 (39.80) 1142680)
wu1l 1142.5 (43.81) 1205.2 (46.94)* 1185.4 (39.97) 10494.26}
Wu2 1134.3 (40.63) 1208.2 (42.62)* 1148.2 (42437) 1152.2 (38.68)

* indicates a significant (B 0.05) difference from pre to post treatment
t indicates a significant (£0.05) difference from O min post warm up

1280 -
1260 - *
1240 - i

1220 -

1200 - [ f i

1180 - = CON
1160 - WuU1
1140 - =\WU2
1120 -
1100 -

1080 -
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* indicates a significant (R 0.05) difference from pre to post treatment
t indicates a significant (B 0.05) difierence from immediate post warm up
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Figure 14. Average Power Marginal Means

Main Effect for Time
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* indicates a significant (B 0.05) difference from pre to post treatment
t indicates a significant (#0.05) difference from O min post warm up
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Figure 15. Average Power Percent Change

Percent change values from baseline for averagenaaithe control (CON), war
up 1 (WU1), and warm up 2 (WU2) conditions.

Average Power (watts)

Condition 0 min Post 10 min Post 20 min Post
CON 2.43% -0.21% -0.15%
Wu1l 5.49% 3.75% 0.57%
Wu2 6.52% 1.23% 1.58%
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Figure 16. Balance Contacts Results

Pre and post warm up mean (SE) values for balamteadats of the control (CON), warm up 1 (WUL1),
and warm up 2 (WU2) conditions.

Balance Contacts

Condition Pre test 0 min Post 10 min Post 20 min Post
CON 27.2 (1.46) 25.9 (1.44) 25.4 (1.29) 22.6 (1.@2)*
Wu1 25.3 (1.25) 24.4 (1.25) 22.8 (1.21) 22.3 (1.59)
Wu2 26.4 (1.59) 26.7 (1.78) 23.4 (1.34)* 23.3 (1.30)

* indicates a significant (B 0.05) diference from pre to post treatment
t indicates a significant (0.05) difference from immediate post warm up

= CON
wul
=\Wu2

2
Contacts

Pre Omin Post 10 min Post 20 min Post

* indicates a significant (R 0.05) difference from pre to post treatment
1 indicates a significant (B 0.05) difierence from immediate post warm up
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Figure 17. Balance Contacts Marginal Means

Main Effect for Time
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Figure 18. Balance Contacts Percent Change

Percent change values from baseline for balandaatsrof the control (CON),
warmup 1 (WU1), and warm up 2 (WU2) conditions.

Balance Contacts

Condition 0 min Post 10 min Post 20 min Post
CON -4.78% -6.62% -16.91%
wu1l -3.56% -9.89% -11.86%
wu2 1.14% -11.36% -11.74%

ECON
Percent
Change WUl
mwu2
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Figure 19. Balance Time Results

Pre and post warm up mean (SE) values for balaneef the control (CON), warmup 1 (WUL1), and
warm up 2 (WU2) conditions.

Balance Time (seconds)

Condition Pre test 0 min Post 10 min Post 20 min Post
CON 16.9 (0.57) 18.1 (0.59) 18.2 (0.57) 18.2 (0.45)
wu1l 17.9 (0.53) 19.1 (0.55)* 19.1 (0.53) 19.6 (0.59)*
Wu2 17.6 (0.66) 18.0 (0.64) 18.8 (0.59)* 18.4 (0.60)

* indicates a significant (B 0.05) difference from pre to post treatment
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Figure 20. Balance Time Marginal Means

Main Effect for Condition
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Figure 21. Balance Time Percent Change

Percent change values from baseline for balaneeofithe control (CON), warm
up 1 (WU1), and warm up 2 (WUZ2) conditions.

Balance Time (seconds)

Condition 0 min Post 10 min Post 20 min Post
CON 7.10% 7.69% 7.69%
WuU1 6.70% 6.70% 9.50%
wu2 2.27% 6.82% 4.55%
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APPENDICES

APPENDIX A

RESEARCH DESIGN

Eamiliarization

Sign ICF and HHQ
Flexibility Tests
Vertical Jump Test
Dynamic WU Routine
Balance Test

l 2-5 days rest

Experimental Trial

Pre — Testing
Flexibility Tests
Vertical Jump Test
Balance Test

}

5 minute light jog

Treadmill Speed: 6.4 — 9.7 knt-h

yd | AN

Randomly Ordered \

Control ” Dynamic Warm-up 1 (WU1) ”
5 minutes 3 min 0 sec + 13 sec

Dynamic Warm-up 2 (WU2)
5 min 51 sec * 31 sec

Post — Testing
Flexibility Tests
Vertical Jump Test
Balance Test
0 min Post Warm-up

|

Post — Testing
Flexibility Tests
Vertical Jump Test
Balance Test
10 min Post Warm-up

|

Post — Testing
Flexibility Tests
Vertical Jump Test
Balance Test
20 min Post Warm-up
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APPENDIX B

DYNAMIC WARM UP EXERCISES
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APPENDIX C

HIP FLEXOR FLEXIBILTIY ASSESSMENT

Digital Protractor

Pro 360
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APPENDIX D

HAMSTRING FLEXIBILITY ASSESSMENT

Digital Protractor

97



APPENDIX E

VERTICAL JUMP & POWER ASSESSMENT
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APPENDIX F

BALANCE ASSESSMENT
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APPENDIX G

HEALTH HISTORY QUESTIONNAIRE

PRE-EXERCISE

‘ i
DKLAHOMA

EXERCISE STATUS SIATE
QUESTIONNAIRE —
HEALTH AND HUMAN PERFORMANCE DEPARTMENT
Participant ID Date
Cell Phone Other Phone

Home Address

Person to contact in case of emergency

Emergency Contact Phone Birthday (muvdd/yy)
Personal Physician Physician’s Phone
Gender Age (yrs) Height (self report) (ft) (in) Weight (self report) (Ibs)
Does the above weight indicate: a gain a loss no change in the past 6 months?
If a change, how many pounds? (Ibs)
A JOINT-MUSCLE STATUS (v Check areas where you currently have problems)
Joint Areas Muscle Areas
() Wrists () Arms
() Elbows () Shoulders
() Shoulders () Chest
() Upper Spine & Neck () Upper Back & Neck
() Lower Spine () Abdominal Regions
() Hips () Lower Back
() Knees () Buttocks
() Ankles () Thighs
() Feet () Lower Leg
() Other () Feet
() Other
B. HEALTH STATUS (v"Check if you currently have any of the following conditions)
() High Blood Pressure () Acute Infection
() Heart Disease or Dysfunction () Diabetes or Blood Sugar Level Abnormality
() Peripheral Circulatory Disorder () Anemia
() Lung Disease or Dysfunction () Hernias
() Arthritis or Gout () Thyroid Dysfunction
() Edema () Pancreas Dysfunction
() Epilepsy () Liver Dysfunction
() Multiply Sclerosis () Kidney Dysfunction
() High Blood Cholesterol or () Phenylketonuria (PKU)
Triglyceride Levels () Loss of Consciousness

() Allergic reactions to rubbing alcohol

* NOTE: If any of these conditions are checked, then a physician’s health clearance may be required.
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POYSICAL EXAMINATION HISTORY
Approximate date of your last physical examination

Physical problems noted at that time

Has a physician ever made any recommendations relative to limiting your level of
physical exertion? YES NO
If YES, what limitations were recommended?

CURRENT MEDICATION USAGE (List the drug name and the condition being managed)
MEDICATION CONDITION

PHYSICAL PERCEPTIONS (Indicate any unusual sensations or perceptions. v"Check if you
have recently experienced any of the following during or soon after phvsical activity (PA); or

PA  SED PA SED
) Nausea
) Light Headedness
) Loss of Consciousness

(
(
) Unusually Rapid Breathing (
() Loss of Balance
(
(
(
(

(
(
(
) Overheating (
( ) Loss of Coordination
( ) Extreme Weakness
( ) Numbness
( ) Mental Confusion

e e e e e e N e

FAMILY HISTORY (v'Check if any of your blood relatives . . . parents, brothers, sisters, aunts,
uncles, and/or grandparents . . . have or had any of the following)

() Heart Attacks or Strokes (prior to age 50)
() Elevated Blood Cholesterol or Triglyceride Levels

D.
E.
during sedentary periods (SED))
() () ChestPain
() () Heart Palpitations
)
) (
() () Muscle Cramping
() () Muscle Pain
() ( ) Joint Pain
() () Other
F.
() Heart Disease
() High Blood Pressure
() Diabetes
() Sudden Death (other than accidental)
G.

EXERCISE STATUS (Please provide a precise estimation of your previous exercise habits)

Do vou regularly engage in aerobic forms of exercise (i.e., jogging, cycling, walking, etc.)? YES NO

How long have you engaged in this form of exercise? years months
How many hours per week do you spend for this type of exercise? hours
Do vou regularly lift weights? YES NO
How long have you engaged in this form of exercise? years months
How many hours per week do you spend for this type of exercise? hours

Do vou regularly play recreational sports (i.e., basketball, racquetball, volleyball, etc.)? YES NO

How long have you engaged in this form of exercise? years months

How many hours per week do you spend for this type of exercise? hours
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PRE-EXERCISE ﬁ

TESTING HEALTH &
EXERCISE STATUS

QUESTIONNAIRE
EXCLUSION CRITERIA HEALTH AND HUMAN PERFORMANGE DEPARTMENT
Subject ID Date
EXCLUSION CRITERIA:
1. Participants have indicated they have current (within the past 3 months) joint-muscle

[N S

problems with their lower back, hips, legs, knees, ankles and or feet that would not allow
them to complete the testing.

If they have a specific health condition that would not allow them to complete the testing.
They exercise more than 10 hours per week.
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APPENDIX H

IRB APPROVAL

Oklahoma State University Institutional Review Board

Date: Wednesday, September 29, 2010
IRB Application No ED10120
Proposal Title: The Influence of Recovery Time Following various Volumes of a Dynamic

Warm-up on Human Performance in Recreationally Active Males

Reviewed and Expedited
Processed as:

Status Recommended by Reviewer(s): Approved Protocol Expires: 9/28/2011

Principal

Investigator(s):

Lee Everett Douglas Smith

199 Colvin Rec. Center 197 Colvin Center
Stillwater, OK 74078 Stillwater, OK 74078

The IRB application referenced above has been approved. It is the judgment of the reviewers that the
rights and welfare of individuals who may be asked to participate in this study will be respected, and that
the research will be conducted in a manner consistent with the IRB requirements as outlined in section 45
CFR 46.

’ﬁ The final versions of any printed recruitment, consent and assent documents bearing the IRB approval
stamp are attached to this letter. These are the versions that must be used during the study.

As Principal Investigator, it is your responsibility fo do the following:

1. Conduct this study exactly as it has been approved. Any modifications to the research protocol
must be submitted with the appropriate signatures for IRB approval.

2. Submit a request for continuation if the study extends beyond the approval period of one calendar
year. This continuation must receive IRB review and approval before the research can continue.

3. Report any adverse events to the IRB Chair promptly. Adverse events are those which are

unanticipated and impact the subjects during the course of this research; and

4. Notify the IRB office in writing when your research project is complete.

Please note that approved protocols are subject fo monitoring by the IRB and that the IRE office has the
authority to inspect research records associated with this protocal at any time. If you have questions

about the IRB procedures or need any assistance from the Board, please contact Beth McTernan in 219
Cordell North (phone: 405-744-5700, beth. mcternan@okstate.edu).

Sincerely,

Shelia Kennison, Chair
Institutional Review Board
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APPENDIX |

INFORMED CONSENT FORM

INFORMED CONSENT FOR PARTICIPATION IN THE STUDY

Project Title: The influence of recovery time following various volumes of a dynamic warm-up on
human performance in recreationally active males.

Investigators: Lee Everett, M.S. & Doug Smith, Ph.D.
School of Applied Health & Educational Psychology
Oklahoma State University

Purpose: The type of warm-up procedures performed prior to athletic events has recently come under
considerable scrutiny. Therefore, the purpose of the current study is to determine the effectiveness of
different rest periods following different volumes of a dynamic warm-up on vertical jump
performance, flexibility, muscle power, and balance.

Procedures:

As a subject you will visit the lab on 4 occasions. The Health & Human Performance Lab is located in
the Colvin Recreation Center (CRC), room 192. During the 1% visit you will complete this form and a
Health History & Exercise Status Questionnaire. Following those forms, if vou qualify, then you will
practice the dynamic warm-up, flexibility, muscle power, and vertical jump tests. During the
remaining 3 visits you will randomly perform a 5 min jog on a treadmill, a warm-up lasting about 5 -
10 mim long, a warm-up lasting 3-5 minutes, or 10 minutes rest. Before and after these tests we will
measure your flexibility, muscle power, balance, and vertical jump performance. The flexibility tests
will have you lie on your back while two passive measurements will be made to determine hip flexor
and hamstring flexibility. The Vertical Jump and muscle power test will require you to have your feet
shoulder-width apart and have you bend your knees at a comfortable position and then jump up as high
as you can. The balance test will have you stand on a balance board for 30 seconds. The dynamic
warm-up will include exercises designed to warm and stretch your muscles similar to general
calisthenics.

Risks of Participation: Possible risks include muscle soreness and temporary blood pressure elevation
due to muscle contractions. Medical information will only be used during the screening process. In
case of injury or illness resulting from this study, emergency medical treatment will be available (CPR
certified investigators and 911). No funds have been set aside by Oklahoma State University to
compensate you in the event of illness or mjury.

Benefits: Your participation will help us determine the most optimal warm-up to be performed prior to
athletic competition. Your participation will also allow you to answer the following questions about
specific physical attributes.

Strength: How strong are your lower body muscles?

Vertical Jump: How high can you jump?

Power: How powerful are you during a vertical jump?

Flexibility: How flexible are your lower body muscles?

Balance: How well can your lower body muscles balance your total body?

Dok

5}5?}}:
P51y
EL-sp FAA
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Confidentiality: Confidentiality will be maintained by coding all information with individual
1dentification numbers. The master list will be kept in a locked file cabinet in the PI’s (Lee Everett)
office. Only qualified research personnel and the Oklahoma State University Institutional Review
Board (IRB) will have access to the database containing study information. All study data entered into
statistical analyses and publication reports will have no identification to participants. No individual or
group other than the research team will be given information, unless specifically requested by the IRB.
All primary data sources will be kept in the locked file cabinet located in the PI’s office. It is possible
that the consent process and data collection will be observed by research oversight staff responsible for
safeguarding the rights and wellbeing of people who participate in research.

Contacts: This study has been reviewed and approved by the Oklahoma State University Institutional
Review Board (IRB). If you have questions about the research project vou may contact Lee Everett at
keveret@okstate.edu and/or Doug Smith, Ph.D. at doug.smith@okstate.edu. If you have questions
about your rights as a research volunteer, you may contact Dr. Sheila Kennison, IRB Chair, 219
Cordell North, Stillwater, OK 74078, 405-744-3377 or itb@okstate.edu

Participation Rights: Participation in the study is voluntary and you are free to withdraw completely
from the study at any time. There 1s no penalty for refusal to participate or failure to compete the
study.

I have read and fully understand the consent form. I sign it freely and voluntarily. A copy of this
informed consent form was given to me.

Date:

Signature of Participant

I certify that I have personally explained this document before requesting that the participant sign it.

Date:

Signature of Researcher
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APPENDIX J

RECRUITMENT SCRIPT

‘ ;
OKLAHOMA

S TATE
&=z

TH

HEALTH AND HUMAN PERFORMANCE DEPARTMENT

Hello,

My name 1s Lee Everett: I am a doctoral student in the Health and Human Performance
Department at Oklahoma State University. I am writing to you regarding a study we are
conducting in our laboratory which examines the influence of recovery time on warm-up effects
i recreationally active males. We are looking for male participants between the ages of 18-30
with no current or recent (within the past 3 months) serious low-back, hip, knee, or ankle
injuries. These men must also engage in less than 10 hours of physical activity per week.

We are trying to determine the influence of recovery time on various
warm-up volumes in recreationally active males.

What vou will receive from the testing:

Strength: How strong your lower body muscles are.

Vertical Jump: How high you can jump.

Power: How powerful you are during a vertical jump.

Flexibility: How flexible your lower body muscles are.

Balance: How well your lower body muscle can balance your total body

The study mvolves only 4 visits to the laboratory! Each visit will take approximately 1 hour
each (4 hours total).

If you are interested we can be reached at the following:

Lab phone: 405-744-9373
Email: keveret@okstate.edu
Fax: 405-744-6507

THANK YOU FOR YOUR INTEREST, we look forward to hearing from you soon!!

Kind regards,

Lee Everett, M.S.. C.S.C.S.

Applied Musculoskeletal & Human Physiology Laboratory
Health & Human Performance Department

Oklahoma State University

E-mail: keveret(@okstate.edu
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APPENDIX K

RECRUITMENT FLYER

PRE-EXERCISE WARM-UP STUDY

MALE SUBJECTS WANTED!

Participants must be between the ages of 18-30. You must be able to perform a vertical jump
exercise, sit and reach test, and seated leg press. Additionally, you must not exercise more

than 10 hours per week.

If you are eligible and interested please contact: | [Lee Everett
CRC 199 (Lab)
229-942-0081

kevereti@okstate.edu

Your total time commitment will be a maximum of 4 hours!

Lee Everett Lee Everett Lee Everett Lee Everett
keveret@okstate.edu keveret@okstate.edu keveret@okstate.edu keveret@ okstate.edu
229-942-0081 229-942-0081 229-942-0081 229-942-0081
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