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Review of Literature

Abstract
d warm-up literature
B PR it i along with
general and sport sp -ups on c thods of
(EMG) and
Herda et al. 2008), peak 1. 2000, Yamaguchi et

al. 2007),jump height (Bradley et al. 2007, Holt et al, 2008, Unick et al. 2005), agility
(MeMillian et al. 2006) and sprint performance (Chaouachi et al. 2010, Fletcher et al. 2007).
Stretching protocols of various time frames range from 2-3 sets of 15-30 seconds to routines
Iasting up to 20 minutes (Behm et al. 2001). Many of the studies have used an athletic

‘population. Often the studies incorporate a § minute general warm-up routines of running or

stationary bike rather than sport specific actvitis.

‘The findi i point to a decrease power,

strength and speed measures following bouts of static sretching. Static stretching was
previously a mainstay in pre-training and competition warm-ups at al levels of sport. Similar

findings have also been noted in studies which included PNF routines (Streepey and Jefferson.

2010, Young et al. 2001). However, i increased ienced no

change following dynamic stretch protocols (Chaouachi et al. 2010, Sim et al. 2009, Yamaguchi

etal. 2005). The trend withir i ing routines,

previously of the pre-training and petition warm up, may

be counterproductive to performance.



Introduction

Research regarding the effects of pre training warm-ups on subsequent performance in the recent

literature has led many athietes, coaches, and trainers to change their approach to warming up

prior i ition. This review will discuss both ition of a warm up
including, aerobic activity, static, dynamic, and PNF stretching, and specific tasks. A
‘warm i th

‘mechanisms by which they affect performance may lead to better design of such routines,
resulting in greater performance and reduced risk of injury.
It has been the belief for many years, that prior to activity one should warm-up initially

 jogging or riding a stationary bike followed by repeated bouts of static stretches. Past issues

of popt il i , and coachis wals all promoted
the warm-up for injury tion and
nhancing 003.). , “It appe that static

stretching is a better approach, as compared to repetitive dynamic lengthening, because it avoids

the reflex activity of the stretched muscles”. Moore and Hutton, (1980) stated “Itis well known

today ing performed by ilization of the joint (often called static
th i by rapid "

uch i often “no scienti iption for

flexibility training and be made about the relati fexibility

o athletic injury” (Gleim et al. 1997). The results from more recent studies however, illustrate

the many associ tatic stretching (Costa et al. 2009, Kokkonen et
al. 1998, Fowles et al. 2000, Young and Behm. 2002, Power et al. 2004, Young and Elliot. 2001,
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Comwall et al. 2002, Behm ct al. 2004, Behm et al. 2001, Guissard ct al. 2001, Samuel et al.
2008, William and Stauber. 2004, Cramer et al. 2004, Nelson et al. 2000). Such evidence of

ind neural properties of the muscle following

static stretch has lead to a paradigm shift on optimal stretching types.

is pointing

the use of stati i ? it ining (Behm et al. 2001, Di

Cagno etal. 2010, Holt et al, 2008, Kokkonen et al. 1998, Power et al. 2004, Sayers, et al. 2008,

Sim etal. iy i etal, 2009, Little:

etal. 2006, Yamaguchi et al. 2007) as well as injury reduction via dynamic stretching protocols.

A review by Behm and Chaouachi, (201 it studies; more

have reported no impairment i iated with

static stretch. These results may be associated with reduced stretch time, less intense stretch

il ot tite and trained ind Chaouachi,
2011, is etal, 2010). icting findings there are sill P

per Static stretch than those that show no
change. is ine optimal pre

competition warm-up and stretching protocols. Such research will allow for a better

of motion and maintenance of maximal strength.
Systemic Warm-up Component

Components generally included in a warm-up would include; a passive warm up and / or

f i 1. 2008) of slow jogging or riding on



a stationary bike, which both function ipheral

etal. 2001, Young etal. 2001), heart rate, blood flow, and to decrease joint fluid viscosity

(Holcombe. 1998). A lysis (Fradkin et al. 2010) performan,
following a warm-up in 79% of the examined studies. Studies using aerobic based warm ups

have been shown to allow muscles to stretch more before tensile failure and produce increased

force (Crosi i function (Young et al. 2001). It has also been
suggested that, i passi
to injury, ia sub i ive than

stretching for decreasing the incidence of soft tissue injury (Young and Behm, 2002). Further, it

is proposed that passively warming the muscle by external means could be used experimentally

10 determine if many of following a imaril
temperature dependent. Although this type of warm-up may not be practical for most athletes it

‘would result ion of energy ishop, 2003).

Passive Warm-ups

Studies. ricial, deep heat and waming;
produced interesting results; Knight et al. dorsiflexion following 5
luding; stretch only, superficial warming + stretch,

ultrasound + stretch, active warming + stretch, The results in this study concluded an increase in

both active and passive range of motion for all experimental groups with the ultrasound + stretch

group yielding ROM increases. Emiliano et al. (2008) found that passive warm up

 increase i ite the in skin the

active warm-up condition. The author suggests that lack of metabolic activity in the passive

group would account for this.



y i i 's warm-up

e e L . N . &

help to prevent and recover from muscle injuries. (Boone et a. 1991, Cafarelli and Flint. 1993,
Drust et al. 2003, Tiidus and Shoemaker. 1995, Wiktorsson-Moller et al. 1983). MeKecknie et al.

. joint flexibilty and oy

of the plantar flexors.

inpl

power output, a finding not

noted in many recent stretch studies. (Behm and Kibele. 2007, Behm et al. 2001, 2004, 2006,

Power etal. 2004, Young and Behm. 2002).
Statie Stretching

Following a active warm-up, the next step until recently in the overall warm-up plan

S — ? e o P

the muscle-

tendon unit (Behm et al. 2004, Young et al. 2001). Performing static stretchingas part of the

injury (Nelson etal.

wp
held 30

2001).  Stati
seconds (Bandy et al. 1994, Bandy etal. 1997), Thirty seconds is also the recommendation of the

NSCA (Unick et al, 2005), wit le . The

Medicine (AC holding a stretch for

for: ies, hower

12010, A i (Young.
etal. 2001), strength (Bacurau et al. 2009, Behm ct al. 2004, Behm ct al. 2001) stability,

s



proprioception, reaction time, and movement time. (Cramer et al. 2004, Croisicr. 2004, Fowles et
al. 2000, Guisard et al. 1988, Kokkonen et al. 1998, Nelson et al. 2001, Power et al. 2004,
‘Willems et al. 2001, Wilson et al. 1994). Fowles et al. (2000) showed reduced strength in plantar

f i i ing whi lted in a total of

under stretch, although the prolonged stretching in this study was said by the author to likely

have litle application in sport stretching.

A eview by Young and Behm, (2

ups as seen in training and ition setti i ing for as litle as 2 minutes per

‘muscle group can result in power decrements. Findings by Power et al, (2004) support this
s ir finding of signi in MVC (lasting 120mi ing 2 bouts

h be avoided

of 45 second stati ing of

for up to 120 minutes prior to activities requiring maximal force output. Young and Simon.

(2001) produced following 3 repeated bouts of

15 second static stretch, which is typical with what is generally seen in a general athletic warm-

up routine. (1998) used 5 stati stretch all maj involved in

knee flexi following 3 sets of ith an equal rest time and found that

both IRM steetching.
Ithas been suggested force and torque may be velocity specific,

Nelson etal. (2001) showed decreases in peak torque at 60°/sand 90°/s, but showed no such

., 210%s, or 270° i ? ing. However, Cramer et al

ilar study which i torque at low 60°/s and

high 240%s velocity.



Mechanisms

Much of i d

stretch reduced decreases in force (Avela et al. 1999, Behm et al. 2001, Fowles etal. 2000,
Kokkonen et al. 1998, Nelson et al. 2001, Nelson ct al. 1996, Nelson, Guillory, and Comwall.
2001, Nelson and Kokkonen. 2001, Young and Elliot, 2001). It has been proposed that increased

h a change in i ionship may be related to an

increase in joint angle at peak torque (Cramer et al. 2004). Fowles et al. 2000 and Nelson et al.

2001, both noted i d joi imal isometric torque ing static stretch. No

du imal tric isokineti

q

leg extension varying from 60° 10270 (Nelson et al. 2001).

been
investigated. These factors may i sensitivity and muscle activation. Behm et
al. (2004) e 1 " length, siff

force output,

‘and response to stimuli. Such impairment may translate to decreased balance, stability,

tion t i 1. 2004). This study

rse trends for tion ti time between the control and stretch

‘group. The stretch group repeated three 45 second bouts of stretching on the quadriceps,

hamstrings, and i ith 15 between bouts. The

time. The authors atribute

this finding to the possible increase in nerve conduction velocity related to the increase in

post tion pot



Although stasti ignificant, it should be noted
that both
removed any p i lightly decreased This
finding is of i i ing from whose

wred to very finite i small have
large i lts. Al those of all ages
especially the elderly i ious injury could be greatly i ith small

reductions in balance and proprioception.

Other studi ined ing in injury ion (Croisier. 2004,

Reiwald. 2004, Young and Behm. 2002), the general research question was, “Does an increase:

(ROM) via static stretch isk of muscle tear?” Much of the recent

d in all- injury risk. 1999, Pope etal

2000, Shrier et al. 1999). However, Gleim and McHugh. (1997) and Small et al. (2007) report

- - jon il inury
risk. Pope et al. (2000) found no significant decrease in the risk of injury through the use of static

stretch without a warm-up preceding high intensity training of army recruits. It is suggested that

d injury i isms, through red
ROM and le temperature which has
been shown to decrease the risk i reduction in acti I
and Young, 2002).
I " i i by

staic stretching, but that enhanced flexibility following stretching may be due to neural
adaptations (McHugh et al. 1992). Reduction of Hoffinan (H) ~ reflex amplitude during stretch



ia reduced

excitability of the afferent input to the motoneurone pool (Guissard et al 1988, 2001). Similarly,

H reflex followi stretch of the tricep.

force production. However, Guissard et al. (1988) findings suggest that autogenic inhibition

‘would be limited to the time which the stretch is held. Since dynamic stretching tends to excite

fora warm-up.
Dynamie Stretching
Along wi , stati
stretch
routines. i "
led with prior sub-maximal sport specif

activities (Behm. 2004, Chaouachi et al. 2010, Fletcher and Jones. 2004). Static stretch decreases.

d dynamic stretch increases in by Fletcher and Jones, (2004).
y
tive and
led in signi sprint times. | Fletcher and Jones, (2007)
h
(ADS),
ic (SADS). static stretch was

removed from the » I print s igni decreased in both

‘men and women. Mean decreases of 0.16 and 0.1 seconds for men and 0.1 and .09 seconds for

jing the Little and,




Willi

and ing start sprnts i i players. Obser in this study

included significantly faster 10m times for dynamic stretch (1.83 + .08) compared to no- stretch

(187 £.09), whil ic (2:37 £0.13) and 37 0.12) yielded
significantly faster int 41 20.13). A significant di was
bserved ic (5.22 = 0. i 1420.1° i i ig-zag.
agility test, i i vertical j

conditions. The author suggests that dynamic strtching is the optimal choice when preparing for

subsequent high speed performance.
i lower limb ROM ing statc and d
ic stretch only. Torres
etal. i on upper body muscular

performance. The protocols included, no stretch, static, dynamic and static plus dynamic stretch.
Subjects were tested on 30% of maximum bench press throw, isometric bench press, over head

‘medicine ball throw throw to f Jeration / velocity

‘The only signif lateral medicine ball

displacement where the stati + dynamic were significanty larger than stati alone. Although no

effect of upper body stretching y
sted usi ic rather than stat pri ites requiring upper body
‘srongth o power & . o s slas e vt siae
Tower body. McMillan etal. ides  simil i satic:

h 1 protocols. Their study resulted in significantly superi
run, icine ball throw and a$ step ing dynami d




stretch. in athletes. Results
from He d Smith. following their study of a 4 week

in NCAA division 1 wrestlers. toa similar 4 week
static stretch program, had several
‘performance is includi peak torque (11%), broad jump

(4%), underhand medicine ball throw (4%),sit-ups (11

%), and push-ups (3%). Decrease in the

average times on 300-yd shuttle (-2%) and the 600-m run (-2.4%), suggesting enhanced

ular d agility,

in both upper and lower body performance.

Aside ing
in order to elicit ROM. popt
proprioceptive neuromuscular facilitation (PNF).

Proprioceptive neuromuseular fa
Until recently has received
literatur ethods of stretching (Young and Elliot.
001).
th
target muscle, al 1..2006). The
R), which involves an isometri ion of the agonist
muscle followi ive static stretch and RAC) which is
imilar to the f the ants

muscle. ied by Young and Ellot (2001



i i reported when
‘compared to static stretching. It is suggested that PNF stretching may decrease

in

on explosive force. PNF

performance (Moore and Hutton, 1980). Moore and Hutton. (1980) believe that the contraction

phase of the PNF stretch could of the reduced the
stretch. Young and Elliot. (2001 is may be the reason their ificant findings.
A (Bradley etal igni in jump
performance following 10 mi i i stretching,

in performance subsided following 15 minutes of recovery. These findings support

recommendations o avoid static and PNF stretching immediately prior to explosive athletic

performance. There is evidence however to PNF

promote long term Handel etal. ( up21.6%
torque under eccentric load conditions following an 8 week unilateral contract
program. Th gests that torg is likely due to the heavy

isometric loading which occurs during the contractrelax protocol. Itis important o note that the

Handel etal. ied the long term

Sport Specific Warm-Up Activities

iviti hay physiological effects as
opposed to general warm up activities on subsequent performance. Vetter, (2007) looked at 6

different warm-up protocols and their effects on counter movement jump and sprint

performance. The walk run and iynami stretch and ivities yiel

greater



were used with

compared i jumping actvit i

specific task of jumping may negate the static stretch
o Meanwhile, Needman et l,

(2009) observed that when 8 front squats were added to a dynamic stretch protocol that there was

Batista etal.

p "PAP following intermi ise, where imal isometric ki
extensions were used and PAP was seen up to 12 minutes follow the knee extension condition.

‘The author suggests more “real world” approaches to verify applications to a warm-up routine.

Such activity speci ithina. id ‘This observed

pecfi ithr type

may allow for warm-up protocols with further performance benefits. To assess the benefits of

such protocols it s i to ivation pot

Post Activation Potentiation (PAP)

ed
f the muscle following maxi i (Esformes et
2010, Scott and Docherty. 2004, Hamada et al. 1999). PAP has been attributed to
h ing act ‘become more
sensitive to Cat. i i in the Hereflex
have al il i (Hodgson etal, 2005). Such

studies, have led to the premise of complex training which involves the use of explosive

by heavy resis i ins. 200 2005)
been

The




fatigue and PAP 2010,

Hamada et al. 2003, Robbins. 2005) would mean that we need to consider the rate of dissipation
of both fatigue and PAP in order to determine a timeline of optimal net potentiation. Knowledge
of such a timeline would allow for the design of programs (complesx training) which would allow
PAP and fatigue in i in perf

fat isiy dation stillexists. (Hodgson

-

etal. 2005). In the case of trained athletes knowledge of

training. Hamada et al, (1999) noted

hletes
than the effects of fatigue due to increased fatigue resistance, thus yielding a greater net
potentiation.

"PAP has been shown in twitch stimulation studies, in-vivo studies,in-

vitro skinned i tissue studies and i

2005, Metzger et al. 1989). Metzger et al. (1989) examined skinned mammalian muscle tissue in
‘which twitch potentiation was observed and concluded it was result of myosin light chain (MLC)

ion. Observation by Houston etal. ( MLC ki is

mainly associated with fast twitch muscle fibers.

potentiation followed a similar timel i into the light chain of

fast myosin. Conversely there was no observation of phosphate into slow myosin light chains. A

ly it range et al. both
‘maximum i both

e ing techniques. Thisi conss . -
Stull (1993) of f




producing to i i light chain (RLC)

(Grange etal. 1995). Findings by Vanderboom and Houston (1996) suggest that such effects may

only be pr ile RLC i ing values for

Phosphorylation of the myosin regulatory light chain is a mechanism of potentiation

— " ey . y o

sacroplasmic reticulum (Sweeney et al. 1993, Hamada et al. 1999, Sale. 2003). When MLC

i i i binding hange in the

brid

Voluntary with low frequency

force and rate of

stimulation have only been shown to increase RFD and have no effect on force. Voluntary
contractions’ effect on potentiation is related to the intensity and duration of contraction.

10 seconds while

show suppression of potentiated state via fatigue. It is also noted that voluntary contraction of

less than imum voluntary contracti inlitle to no poteniation.

‘Therefore, contraction near or at MVC lasting cl
potentiation. Stuch results were found to be greater in fast type 2 fibers (Hodgson et al. 2005).
Chaouachi et al. (2011) examined the literature and found that a large variety of maximal and

bmaximal exerci ith traditi ight 70% or more of the 1 repetition
‘maximum was used. The study repor force, and
velocity when 5 x 70% of 1 repetition maximum and 3 x 85% of 1 repetition maximum were
used. This finding supports the use of i pr
in traini Turki etal. 2011 that 10




factor of contractile his ing pot

are likely to benefit from PAP significantly more hi et
al. 2003). Findi i i i ined athlete
by Chiuetal. ic only squat jump of

30%, 50%, and 70 % MVC, 5 and 18.5 minutes post heavy load warm-up of 5 sets of 1 rep at 90
% of 1 rep maximum. Conversely, Scott and Docherty. (2004) found no significant effect on

Vertical or horizontal jump following a SRM back squat. dthe

effects of prior p i i i One such
study of (Masamoto et a, 2003) pointed to enhanced IRM squat ability 30 seconds following
‘performance of 2 depth jumps. It was noted in this study that subjects were experienced strength

had prior experience with plyometrics. Also Chiu etal, (2003) who

ed ise pri i i athletically

perfo
trained

Reaction time s also affected by contractile history. Etnyre et al (2001) found that a 3

- ; T . i in reaction time (RT), pre-

‘motor time (PmT), time (MT) to a i stimuly ling that
RT, P, and MT could be significantly reduced when preceded by an isometric contraction.
When examining practical applications of PAP, twitch potentiation increases in ate of

force production and theoretically should increase peak power and velocity during dynamic




tal, 2005). y indicat
of intensity and duration at prior activities will resultin an optimal PAP: fatigue ratio. (Sale,

2002) recovery periods (3 mi yield

such an optimal ratio (Gilbert et al. 2001, Guilich et al. 1995, Young et a. 1998) Sale (2002)

contractile history

sperature which would i

2o . SPAP. -

twitch i i ion velocity, it could

efflcts on endurance performance.

‘The benefits of PAP seem to h to

similar (task specif (Chui etal. 2003,

Masamoto et al. 2003, Robbins. 2005, Sale. 2003). Masamoto et al. (2003) demonstrated a

ficant (3 in IRM sq ing2

to the IRM attempt. Subjects in this study had strength training with plyometric training

experience. ic exercise within the study was kept at a low volume to prevent
fatigue. A study an where heavy squats pri
plyometric exercise yielded similar per increases. Young etal ( 8%
uats at SRM. t
the use of i wei post
warm-up
2006, 2006). In th bjects
dynamic stretch and weighted dynami 2% and 6%




stretch and ic weighted 2% body the stati ‘The author

body mass weight m fatiguing for the young high school aged

i pn s fatigue effect

could be limited if extended recovery periods were given. Similar studies using weighted vests

ithin i design with jiects have yielded
improved performance results using resistance up to 10% body mass. (Burkett et al. 2005,

‘Thompson etal. 2006)

Litdei . . . . atimacs

effects of low to no resistance activity specific tasks. Perez et al. (2007) showed a significant

increase in the ability of subj i p
following 30 mi ion task training. This ime may not be practical ina
typical warm-up however.

Another measurement tool used to study the effects of contractile history on

‘neuromuscular response is the Hoffiman reflex (H-reflex) (Hoffinan. 1910). Studies involving

sub maximal ic (Trimble and Harp 1998), and 1
(Gullich and Schmidtbleicher. 1996) have shown immediate H reflex depression generally

lasting from 10-60 (Enoka et al. 1980, Crone et al 1989) seconds. Following this depression there

isa period of H- iation lasting from 4-11 mi ich and
1996). Trimble and Harp, (1998) reported an h-reflex potentiation in subjects who were speed-

h trained and found no such in untrained subjects

stetching where H-
excitability (Condon and Hutton. 1987, Guisard et al. 1988). It is unclear if this decrease remains

once the stretch . The decrease in H-reflex directly




following stretch (Avela et al. 1999, Thigpen et al. 1985). While others that do not (Guisard et al.
1988, Vujnovich and Dawson. 1994). Among those studies that did provide evidence of H-

reflex depression following a stretch condition, neither Avela et al.(1999) nor Thigpen et al.

hat thi iently prolonged. Avela et a. (1999) showed
a in Hereflex afier 4 mi ile Thigpen et al. faled to report the time
ind post sretch Nelson et al. that

recovery times may have been less if more realistic stretching protocols were used. The Avela et

al. (1999) and Thigpen etal. i ‘bouts of repeated passive stretching
for 1 hour on the triceps surae. Fowles and Sale. (1997), however, reported a plantar flexion

0 h, while motor unit activation had retuned to pre-

stretch level following 30 minutes recovery. Nelson etal. (2001) suggests that H-reflex

depression is not likely to i ism in the post stretch

seen in many studies.

Conelusion
With all ift towards 4 tretchis

coupled with i w o the traditional
general warm i quickly

in force, power, ba tion time, ime following

tal. 2001, 2004, 2006, Chaouachi et al. 2010,

1998, Young and Behm 2002). Studies oned performa
impair (Comvwell etal. 2001,

Fowles ctal.1999). Research on pre event warm-up and stretching is constantly examining

hich to i ion, such as, PNF stretching



(Deciceo etal. 2005), i ing (Yamaguchi et al. 2007), heat (Usuba et al. 2006), and

added wei 2003), whil isk of injur al. 1995,
Reiwald, 2004) and minimizing decrements to performance (Behm et al. 2001, Di Cango etal.

2010, Holt et al. 2008, Nelson et al. 2001, Power ct al. 2004).

need to be ine opti d stretchi

protocols for athletes. The current literature continues to use dynamic stretching protocols.

per pr
. . imized programs will
the variety of ROM requi (Gleim etal. 1997)

and training status and age of | d Chaouachi, 2011). Supporti d for
i bjects from a, cross section of traini groups,

and activities.
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Abstract

‘The purpose of the current study was to determine the effects of static and dynamic.
stretching protocols within general and activity specific warm-ups. Nine male and 10 female
subjects were tested under four warm-up conditions including a general warm-up with static

stretching, a general warm-up with dynamic stretching, a general + specific warm-up with static

hing and 1+ spec -up with dynami ing. Following all conditions
subjects were test [ jump, sit and reach
flexibility and repeated sprints indicated that when a sport -up is used,

there is an increase (p=.0013) of 0.8% in 20 meter sprint time in both the dynamic and static:
dynamic and static stretch

stretch in sprint

warm-up. i on per

in the sit and reach test. Such results

sigificantly (p

Id static stretching tivity specific »

ROM along with an enhancement i sprint performance. However, when enhance ROM is not
of particular value a protocol of activity specific warm up and dynamic stretching may be as

‘good or a choice.




Introduction

Stretching i p routines in physical actvity, exercise,
and sport. i i i d bya
i flow the targ
t isk for injury. ing the effects of pre training

literature has led many athietes, coaches, and

i appr ing up prior to trainis tion. This review
il dis it udi ic activity, satic, dynamic, and
PNF stretching, and activity specif LA ing of the
nd isms by which they affect lead
© i ines, resulting in nd injury.

It has been the belief for many years, that prior o activity one should warm-up

jogging or riding a sationary bike followed by repeated bouts of sati stretches. Past issues

of pop ines, physical education text books, and 1l promoted
pr i i -up for injury prevention and

,2003). e that static

ppr i ic lengthening, because it avoids

the reflex activity of the stretched muscles”. Moore and Hutton, (1980) stated “Itis well known

. ing performed by S o lled stati

the muscle by

fexibilty training and i bout i Rexibility

o athletic injury” (Gleim et al. 1997). The results from more recent studies however, illustrate

@



ic stretching (Costa et al. 2009, Kokkonen et

the many
al. 1998, Fowles et al. 2000, Young and Behm. 2002, Power et al. 2004, Young and Elliot. 2001,
Cornwall et al. 2002, Behm et al. 2004, Behm et al. 2001, Guissard et al. 2001, Samuel et al.
2008, William and Stauber. 2004, Cramer et al. 2004, Nelson et al. 2000). Such evidence of

i both ical and neural properties of the muscle following

static stretch has lead to a paradigm shift on optimal stretching types.

" S o ’ 2001, Di

the use of
Cagno etal. 2010, Holt et al, 2008, Kokkonen et al. 1998, Power et al. 2004, Sayers, et al. 2008,
Sim ctal. 2009) and i i etal, 2009, Little

etal. 2006, Yamaguchi et al. 2007) as well as injury reduction via dynamic stretching protocols.

Ateview by Behm and Chaouachi, (201 icting resul studies; more

i ing have reported no impai with

stretch. These results may be associated with reduced stretch time, less intense stretch

tion, and ined mi i and Chaouachi,

2011, Handraks et al, 2010). Despite the conflicting findings there are still far more publications

demonstrating performance impairment associated with staic stretch than those that show no

g is warranted ine optimal pre
petit ill allow for a better
for increased range
of motion and maintenance of maximal strength.
The t i i ‘when used
within ines involving ither g pact o




with the addition of an activity specific warm-up. The purpose of the present experiment was to

dynamic stretching on ing both

spcific warm . " et uith

enhanced or decreased performance. The experimental protocol was designed to be similar to

practical warm-up protocols which would be used in real world training conditions. This was to
findings would




Methods
Subjects

f
(Table 3). All partici petits

sports. They were verbally i read and signed Each

signed a Physical Activity Participati onnai -Q:

participation in the study. The study was sanctioned by the Memorial University of

Newfoundland Human Investigations Commitee.

Independent variables

. The order of the

ipan eql

conditions was randomized.

‘General warm-up / Dynamic Stretch
‘This condition had participants run around a 200 meter track for  minutes

70% of the indivi imal heart rate. Heart rate

(Polar Al itor; Woodbury NY)

the level of the ziphoid

the run. This i i . The dynamic

ing i 3 repetitins last £(1) Hi flexion (2)

Adduction /. i circles (4) Passi ion. All




performed cally to full ROM at a medi there
‘motion, but without enough speed o force the stretch beyond normal ROM.

General Warm-up & Specific warm-up / Dynamic Stretch

ition 1, an

«dition of : ‘warm-up which included

in random order. These exercise included (1) high knee skipping, (2) high knee running,

nd i ing. Each task a and repeated
twice before moving on to the next task.

General warm-up / Static Stretch

for general i as the previous 2
it there were ic stretching protocol was used.
Following the general ici put through
order including (1) supine partner assi (2) Kneeling
par i (3) seated Tow back stretch, and (4)

Standing wall supported calf stretch, rear leg in dorsiflexion. All stretches were repeated
for 3 sets of 30 seconds held at the point of mild discomfort.
General Warm-up & Specific Warm-up / Static Stretch

“This i ywed the general p outlined in all 3

followed by the specific warm-up used in condition 2 and the static stretching from

condition 4.



Dependent Variables

‘The order of testing began wi ime (MT) follow by jump, st

‘and reach flexibility and concluded with repeated sprints.

aT) i ith light gate

apparatus. i i timer by i

and then immedistely flex the hip with maxi fon i  kicking moton through

from the mat. Data

Kinemati v.200420 . This pr

repeated 3 times.

c Jump (CMJ): Jump heigh using

was collected using the Innervations © Kinematic Measurement System, v. 2004.2.0 on a
. Participants jump as high as they

foll i squat counter During particip

were allowed to swing the arms 1o full flexion and instructed to squat no lower than

o the floor. During the jump ph full extension

over head. (Behm et al. 2004, Kean ct al. 2006, Power et al. 2004)

Sit and Reach Flexibili ): Using a s i 1, Novel

products Inc., USA), partici i i feet i it and

reach device. They exhaled and stretched forward as far as possible with one hand over
the other and finger tips i line and held the end point for 2 seconds. This s the protocol
prescribed by the Canadian Society for Exercise Physiology (CSEP) to determine
flexibiliy. The same protocol was used by Behm et a. (2006), and Power et al. (2004).



4. Repeated 20m sprints: Participant ran six 20 metre repeated sprints with 30 seconds

recovery between each sprint. Sprint time was measured via switch mat and light gate
apparatus, Timing was from the first stride on to the mat until passing through the light
gate 20 metres away. Data was collected using the Innervations © Kinematic

Measurement System, v. 2004.2.0 on a laptop computer.
Statistieal Analysis

A2 way repeated measures ANOVA (4x2) with factors being 1) conditions (Dynamic.

stretch, Static Stretch, Dynamic stretch with specific warm-up, and Static stretch with specific

warm-up) and 2) time ine if si i isted between the

ditions. (GB Stat Dynamic Silver Springs Maryland USA). An alpha
level of P<0.05 idered statistically significant. If signi were detected, a
Tukeys -} procedure was used to identify the sig d interactions. All

data are reported as means and standard deviations.
Results

ffects or ions involvi

conditions for movement time and countermovement jump.
Sprint Time
‘There was a significant main effect for gender, condition and sprint factors. A main effect

for gender (p<0.0001) indicated that males (3.12 0.17) were 19.4% faster than the females (3.75

£0.2). (Figure 1) A main effect for condition (p=0.0013) indicated that the warm-ups involving a

e versus the psi



only a general p (Figure 2). A mai print .007) showed thatthe fifth

sprint was 1.2% significantly slower than int.( 3)

(Table 2). A near significant (p
0.07) gender x sprint trend with a 1.7% increase in sprint time from the first to fifth sprint in

females. (Figure 5) (Table2)

Sit and Reach
There was a significant main effect tions (p ith all state stretch
it and reach score than cond
(Figure 6)

Movement Time

A trend was observed for gender. Males (0.19: 0.02) were (p = 0.002) faster than females

(02120.02) (Figure 7)

Counter Movement Jump.

Asigni for gender (p: ) indicating

(407 6.8) jumped 58% higher than females (25.7+ 3.9). (Figure 8)
Discussion

‘The most important findings of the present study are the, addition of activity specific

e e d protocol resulted in a greater sit

‘and reach score than dynamic stretching.



‘Whether the activity specific warm-up protocol was implemented with static or dynamic

in sprint time. A similar i was used by
Rosenbaum et al. (1995) who reported ime to peak
the tri ing static stretch and treadmill running warm-up and an increased time to
peak force i i It ition of a warm-up
helps to negate i Skof and

found that the addition of sprinting and bounding to a warm-up consisting of slow running and

red to. ing

However Young and Behm, i static

stretching to a warm-up yielded a decrease in performance results. The Young and Behm study

though that many of the stretching
longed ing outside of the range of typical ing protocols used by athletes.
» had partici 8 for 3 sets of:

Young and Behm pr of 15 minutes or ined stretch, often without no

acrobic warm up or pre-stretch submaximal exercise. Zakas et al. (2006) observed no change in

peak 30 seconds of tat i o signif )
decreases in peak torque after static stretching volume of 480 seconds. The activity specific
warm-up in the present study may have offet the impairments thought to be caused by static

stretching. Furthermore, the shortened time under stretch may have not caused any impairment,

Areview by Kay and i 1) support
detrimental effects of static stretching are mainly limited to stretch times of 60 seconds or

greater.



‘The results of the present study indicate increase performance capacity following the

addition of the activity specific warm up. This may be atributed to many physiological factors.
‘The additional warm up time may have lead to a further increase in muscle temperature, nerve.

conduction velocity, and ic cycling, along with a d¢ in viscosity (Bishop

2003). Also, as indicated by Behm and Chaouachi (2011) and Turki et l. (2011 post activation

ntensity his potentistion could
o of the regulatory lightchains
(Tillin and Bishop, 2009). = - ingin
nd i i it recrui firing frequency

(Layec et al. 2009). The increased firing frequency would be related to an increase rate of force

development. (Miller ctal. 1981)

during for jump (CMJ) test.

lts fo dson etal. 2001, Power et al. 2004,

Unick et al. 2005) While Bradley et al. (2007) noted a decrease in vertical jump performance

d ificant d in performance following
Perrier ctal. (2011) found ielded significantl
I3 'MJ results than stati lthough stati ing was not

significantly different from the no stretch protocol. The warm-up protocols in the present study
had no effect on CMJ performance, however it should be noted that a no stretch group was not

used in the present study. This lack of change in CMJ height may be due to a change in jump

strategy it (MTU) al. 2010).
MeNeal etal. who studied jumps
jumping 10 a fatiguing task. Power et al. (2004)



concluded iant MTU ‘beneficial when high

involved. study did i g
but did report an i i time. Conversely, Holt and Lambor
d in vertical jump per stretch was used following

a general warm-up. Similarly Needham et l. (2009) observed superior sprint and jump.

- . g .

however used 10 minutes of static stretching where as the current study used 3 repet

seconds. This sigai ime di account for

‘When static stretching was implemented within the testing conditions, sit and reach

by conditions usi ic stretching. The p protocol

lemented had no effect

with (Bandy et al. 1994, Beedle et al. 2007, Covert et al. 2010, OSullivan et al. 2009, Power et

al. 2004). However some findings (Amiri ~ Khorasani et al. 2011, Mandy et al. 2006, Perrier et

al.2011 . 2011) have indicated that dynamic strtchi

tests. Perrier etal. (2011) compared the

d dynamic stretchi it and reach flexibility and unlike
,, found no difference in sit and reach
treatments. well as
iscosity. Ms tal indi ra—

flexibility can be primarily attributed to an increase in stretching tolerance. Neural effects may

play la ( decreased H-Reflex and

activity. ificity may also play a role, as th

protocol more closely resembles the sit and reach test.

51



s in the present study ith common

findings in the literature. (Deschenes and Kraemer. 2002, Terzis et al. 2009) In the current study

th high jump
heights. The i istent with known physiological diff in muscle mass, fat
free d power les and females. (Gursoy 2010, Zuniga et
al. 2011)
Conclusion

Overall the present study has demonstrated that the use of activity specific warm-up may

be useful i the Further research

may ivity specific p

previously report. Interestingly the study has also shown that

static stretching will yield greater results in the static ROM Sit and reach test. Such results

the use of stati i tvity specific

'ROM along with an enhancement to sprint performance.
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Appendices

Appendix 1:

Tables

Table 1: Mean sprint times collapsed over gender.

[Sprint
2035
=036+
0.
=038+
3 0.
‘Table 2: Male and Female Mean Sprint Times
[Sprint les nale
=0 2022 #
=001+ 0.
0. =
2017+ [3.732025 #
| XTI [370=0: |
‘Table 3: Description of participants.
Sex Mean Age | Mean Mean
inYears | Weightin | Heightin
kg em
Males (278284 |906=111 | 1786257
Females |222+33 |558=52 |1646=7.7 ‘




Appendix 2 : Figures

Figure 1: Figure illustrates a significant (p<0.0001) main effect for gender. Columns and bars
nd SD respe ficant

female sprint times.
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Figure 3: Figure illustrates a significant (p=0.007) main effect for sprints. Columns and bars
represent means and SD respectively. Arrows indicate significant differences between the second
and fifth sprint.
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Figure 5: Figure illustrates a near significant (

.07) gender x sprint trend. Columns and bars

represent means and SD respectively. Arrows indicate trend of increasing sprint time between
the first and fifth sprint in females.
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Figure 7: Figure illustrates significant (p=0.002) main interaction for gender. Columns and bars
SD respectively. si movement time.
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Figure 8: Figure illustrates significant (p<0.0001) main interaction for gender. Columns and bars
represent means and SD resp . Star indicate d in
jump height.
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Appendix 3 : Raw Data.

Key

F1,2,3,... - Female subject 1,2, 3...

M1 Male Subject 2

GDS ~ General warm-up with dynamic stretching.

GSDS - General + specific warm-up with dynamic stretching.

GSS ~General warm-up with static sretch.
GSSS - General + specific warm-up with statc stretch.
MT - Movement Time.

CM - Countermovement Jump.

SRF - Sir and reach flexibility.

1l trials and

Subject females  Sprintl  sprin  sprint3  sprint4  sprintS  sprint6

Flgds 3976 4145 4018 3912
Flgsds 41 4018 4103 4074
Flgss 3917 3994 3983 3.867
Flgsss 3752 3865 393 3902
Fgds 341 3474 334 3534
Flgsds 3401 352 3539 3659
F2gss 3456 3488 3435 3473
Fagsss 3456 3614 3642 3536
Figds 3891 371 386 386
Figsds 3686 3758 374 3792
Figss 3879 3801 3847 4
Figsss 3869 3838 4046 3872
Fdgds 3687 3605 3678 3564
Figsds 3534 3566 359 3501
Fagss 3699 3698 3657 3731
Fégsss 3701 3623 369 3673
Fsgds 3774 3m6  3m6 3IM!
Fsgsds 3872 3769 3864 3831
Fsgss 3747 3858 3921 352

4.091

3.969
4.136

381

387
3535
3514
3444
3524
3718

383
3859
38492
3578
3616
3714
378
3.703
3794
3837
3788

mean sprint

4090333333
3595333333

3.55
3823666667
3.7795
3.872333333
3.9025

3.63

3.561666667
3714333333

3845333333



3744 3636

3633 369

3671 356

3846 3731

35% 3474

3491 3424

3473 3529

341 3456

3896 4045

4029 4116

3912 3928

399 399

3547 3669

3572 3661

3556 3644

3503 3769

342 3369

3381 3376

3245 3307

329 336

MT2 M3 meanMT
0234 0218 0234333
0213 0217 0215
0209 0208 0213667
0231 02 0217667
0189 0194 019
0183 0196 0.190333
021 0.191 0197333
0196 0.19 0207667
0185 0218 0204
0251 0248 0245
0268 0242 0264667
0232 0215 0229
026 0223 0248333
0212 02 0209667
0227 0201 022
0211 0213 0213667
0256 0214 0241
0227 0263 0239667
0206 0234 0225
0204 0215 0207
024 0223 0227333
0261 0226 0231667
0156 0219 0205667

292

3731 37215
3629 3655333333
3719 3655333333
3919 3777833333
3502 3474333333
3499 3468666667
36 3.549333333
3558 3.523833333
3903 3793833333
4189 4137833333
1099 4.124333333
3953 4044333333
3631 3.6375
3.598 3.595
3713 3702333333
3.653 3707833333
329 3330666667
3221 3294166667
3257 3314666667
3402 33855
‘meanCM
2073333
2053333
212
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2443333
2973333
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£
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25 45 465
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Male scores during all trials and testing conditions.

Subjectmales  Sprintl
Migds 2921
Migsds 2899
Migss 2951
Migsss 2924
M2gds 3232
M2gsds 3247
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M2gsss 3386
M3gds 3.308
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M3gss 338
Msgsss 325
Mdgds 2878
Mdgsds 2821
Mdgss 2836
Mdgsss 2867
Msgds 3.159
Msgsds 094
Msgss 3249
Msgsss 3.07
Mégds 3201
Mégsds 3287
Mégss 3276
Mégsss 3.206
M7gds EXTE)
M7gsds 3.041
Mgss 3.029

sprint2

sprint3
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sprintd  sprintS  sprint6
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Appendix 4: Pictures of Stretches

Partner assisted Quadriceps Stretch.

Partner assisted low back stretch

Static Calve stretch against



Partner assisted static hamstring stretch

Dynamic hip flexor / extensor stretch



Dynamic hip adductors / abduetors stretch

a

5



Dynamic trunk rotation stretch

a
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