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Quick Brain Storming Session

Identify a power or team based sport were you have significant
experience

Develop a pre-competition timeline: Work back from the
competition start time?

Add any Sport Rules and Regulations that may impact the
timeline/ pre-competition strategies

As we progress add in the pre-competition strategies that
might fit with your chosen sport
What to Observe
— Timings (+ heat loss windows)
— Duration
— Content
— Competition start time
— Competition structure (e.g. multiple events)
What to measure

— Responses to the WU (e.g. intensity)
— Performance change (e.g. sensitive and known response)



Bobslelgh Example Warm-up

Control Competition Start time 8pm

Warm-up procedure

Baseline Measurements

Duration T-60 Distances
2 mins light jogging 3-400m
3 mins Increased intensity jogging 3-400m
10 mins  static stretching -
2 mins High Knees 40m
3 mins running high knees 60m
10 mins Intense stretching (static) -
10 mins  high intensity runs & jumps/bounds 30m
Post-Warm-up Measurements
T-20

5 mins Changing
Competition Start (Measurements)

P1 (control)

Max HR (bpm) 126
Average HR (bpm) 106
Tc change (°C) (Pre to Post WU) 0.35
Tc change (°C) (Pre to Start line) 0.05

Blood Lactate Change (mmol/L) (Pre to Post
WU) 1.1




OBSERVATIONS

e Heat LLoss Window

— Recovery between end of WU and Start of
competition
* Passive
e Structure and Content

— Intensity & Restructure

 Type of Sport (e.g. Power based)

— Potential Additions
« PAP
 Morning Priming



The end point
Team Build-up in the Rugby World Cup

7:00- 7:30 WAKE UP

8:30: BREAKFAST

10:15: LIGHT MASSAGE

11:30: JOG/SWIM/CYCLE

12:30: WALK-THROUGH

1:30: LUNCH

2:15: REST

4:00: BOXING/WEIGHTS

5:15: TEAM MEETING

5:45: LIGHT SNACK

6:00: DEPARTURE

6:30: ARRIVE AT THE STADIUM
7:00: WARM-UP ON THE PITCH
7:40: RETURN TO THE DRESSING ROOM
7:52: LEAVE THE DRESSING ROOM
7:55: ANTHEMS

8:00: KICK-OFF



Close the Window (8)
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Influence of post-warm-up recovery time on swim performance in
international swimmers

Daniel J. West4, Bernie M. Dietzig®, Richard M. Bracken?, Daniel J. Cunningham?,
Blair T. Crewther®, Chnstlan] Cook?¢, Liam P. Kilduff*
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B Hamlyn Centre, eiute o lobal Health Innovation mperil olege, UK

B 38357 45Smin 20min
~&-20min ARTICLE INFO ABSTRACT
Arice history: Objectives: Swimmers must enter a marshalling call-room 20 min prior to racing, which results in some
Received 11 October 2 swimmers completing their warm-up 45 min pre-race. Since a recovery period longer than 15-20 min
-&-45min Receed n v o 13 Nreh 2012 may prove problematic, this study examined 200 m freestyle performance after a 20 and 45 min post-
Accepted 16 June 2012 ‘warm-up recovery Pﬂ'lod
38.0 1 * ——— Design: Eight i immers completed this ised and balanced study.
— w":::,u; Methods: Aftera arm-up, for either 20 (20 min)
b Swim perormance : f 1(TT). C ) Teore ). blood lactate (BL), heart me and
-, Core temperature rate of perceived ) at baseline, p p. pre-TT, i
and at 3 min post-TT.
-4 Results: Teore Was similar after the warm-up under both conditions, however, at pre-TT ;e was greater
= under 20min (mean = SD: 20min 378 £02 .45 min 375 -02 C;P-0002) B was similar between
B points before the TT (P> 0.05). Swi 541
37.51 in per!orman(e under 20 min (20 min 125.74 + 3.64 vs. 45 min 127.60 £ 3.5 5 p-nm) Teore Was similar
2 between conditions at immediately post-TT and 3 min post-TT (P> 0.05), however, BLwas higher at these
). Heart rate and i ll-time points
§ (P>005).
— Conclusions: 200m freestyle performance is faster 20min post-warm-up when compared to 45 min
probably due to better Tecre maintenance. This has implications for swim race preparation as warm-up
2 procedures should be completed close to entering the pre-race call room, in order to maintain elevated
= core temperature.
o ©2012 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
1. Introduction anaerobic metabolism,” increased oxygen delivery to the active
musde.a and increased nerve conduction rate.? Although prior
It has been well documented that a warm-up is important for induce p and muscle-neural
36.5 subsequent exercise performance, e.g.1-3. Moreover, data from -activati ion! 1) which
. a recent meta-analysis suggest that 79% of research has demon-  toimp: it ise inmus-
16.0 1 strated an improvement in performance following a warm-up  cl is the major contributing factor.'!
C procedure.* The effectiveness of the warm-up on subsequent Muscle temperature rises rapidly within the first 3-5min of
performance is influenced by warm-up intensity, duration and exercise and reaches a plateau after 10-20min."* On the other
* the recovery time between the warm-up and event>S Primar-  hand, it has been demonstrated that muscle temperature is likely
ily, the improvement in performance is related to an increase in  to drop significantly following ~15-20min of the cessation of
muscle temperature. A rise in muscle temperature results in mul-  exercise.!>!4 For example, Mohr et al.,'* demonstrated that mus-
tiple physiological and metabolic changes, such as increases in  cle temperature may drop by ~2°C during the 15min half time
12.0 - break in soccer. The importance of changes in muscle temperature
— - on has been by Sargeant,'®
— e Comesponding author, who demonstrated that for every 1+C rise in muscle temperature
= E-mail address: LKilduf@swansea.ac.uk (LP. Kilduff). there is a concomitant 4% improvement in leg muscle power and,
= 1440-24405 - see front matcer © 2012 Sports Medicine Australia, Pubished by Elsevie L. All ghts reserved,
=] hitp:f/dx.doi.org/10.1016/3jsams 2012.06.002
-
8.0 1
E
- 6.04

Post-WU Pre-TT Post-TT 3min Post

Sampling Point

Fig. 1. Individual 200 m swim time changes (A), Tcore (B) and blood lactate (C)
responses to the trials. In Figure B and C, hollow sample points indicate different to
baseline (P<0.05). * indicates between trial difference at the respective time point
(P<0.05). Data presented as mean=SD (n=8).
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Postactivation Potentition
(PAP)



PAP

Acute enhancement of muscle function
following intense muscle activity

Performing a strength based activity eg squat
results in both a potentially enhancing PAP
effect but also a fatiguing effect on skeletal

muscle (Chiu et al., 2004).

Coexistence of PAP & Fatigue
Baker (2003) reported 4.5% 1 in upper body power

Brandenburg (2005) failed to demonstrate any change in upper body
power



Typical example of PAP performed as a ‘complex’

Priming or Conditioning
Contraction

Heavy set of
back squats: 3
reps @ 90%
1RM

set

Functional power
performance

Perform explosive
box jump




Peak PAP

Recoverytime

Conditionvolume

(24d/3sod) uonenuajod



Factors Modulating PAP

Conditioning
Intensity
PAP
Mechanisms:
RLC
Subjects: Mo Type of
Conditioning Strt.angth Level Recovery Time Explosive Performance
Volume Fiber-Type Activit
Training Level y
Fatigue
Mechanisms
Conditioning
Type

Adapted from: Tillin & Bishop, 2009, Sports Medicine; 39: 147-166.



Factors Modulating PAP

Conditioning \

Intensity
PAP
Mechanisms:
RLC
Subjects: MU Tvpe of
Conditioning Strength Level . ype ¢
. Recovery Time Explosive Performance
Volume Fiber-Type . .
- Activity
Training Level
Fatigue
Mechanisms
Conditioning \

Adapted from: Tillin & Bishop, 2009, Sports Medicine; 39: 147-166.



PAP: Conditioning Type & Intensity
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@ Baseline
O 8 Min

3x3 87% Bench Press vs 3x3 30% 1RM

%k

Ballistic Bench Throw

*

5.7%

4.2%

HRT

BBP

West et al. JSCR, 2013, 27, 2282-2287

WELSH INSTITUTE
EEEEEEEEEEEEEEEEEEEE

DDDDDDDDDDDDDDDDDD
PERFFORMIO CYMRU




Time to 15m (s)

8.00

7.80

7.60
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7.00

6.80

6.60

6.40

6.20

6.00

3 x 3 sec MVC on IMTP
(1 recovery) completed 8 min
prior to 1om

Control NMF Priming
West et al., Unpublished



Factors Modulating PAP

Conditioning
Intensity
PAP
Mechanisms:
RLC
Subjects: MU Type of
Conditioning Strt.angth Level Recovery Time ‘ Explosive Performance
Volume Fiber-Type Activity
Training Level
Fatigue
Mechanisms
Conditioning
Type

Studies have reported recovery times of 0 -24min

Adapted from: Tillin & Bishop, 2009, Sports Medicine; 39: 147-166.
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* The influence of recovery time
on PAP
— Upper (Bevan et al. 2010)
— Lower (Kilduff et al. 2007)

* 26 Professional Rugby Players
performed:

— Baseline CMJ (BM only) &
BBP (30% 1RM)

— Potentiating Activity (3 sets
of 3 reps @ 87% 1RM) for
Squat and bench press

— CMJ & BBP at following time
points after the HRT

y + ~1S5sec, 4, 8, 12, 16, 20 & 24

N min post Potentiating

Activity
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Figure 1. A) Peak power output B) and throw height during ballistic bench throws before and after heavy resistance
training. *Indicates significant increase compared with all other time points. fIndicates significant decrease
compared with baseline.



Conditioning
Intensity

Conditioning
Volume

Conditioning
Type

Subjects:

Fiber-Type
Training Level

Strength Level

PAP

RLC
MU

Mechanisms:

Factors Modulating PAP

Fatigue
Mechanisms

Recovery Time

Type of
Explosive
Activity

Performance

Adapted from: Tillin & Bishop, 2009, Sports Medicine; 39: 147-166.
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Factors Modulating PAP

Conditioning
Intensity
PAP
Mechanisms:
RLC
Subjects: Mo Type of
Conditioning Strt.angth Level Recovery Time Explosive Performance
Volume Fiber-Type Activit
Training Level y
Fatigue
Mechanisms
Conditioning
Type

Adapted from: Tillin & Bishop, 2009, Sports Medicine; 39: 147-166.
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Key Messages

« PAP can be harnessed to improve performance in a
range of athletic events

 Individual determination of optimal recovery for
enhanced effects (8 min)

* Initial Strength levels influences ability to utilize
PAP

« PAP can be induced with heavy dynamic, Isometric
Ballistic Activities
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Morning Priming
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Russel et al

http-//dx.doi.org/10.1123/iispp.2015-0508

Comparison of Priming Exercises

ORIGINAL INVESTIGATION

A Comparison of Different Modes of Morning Priming Exercise on
Afternoon Performance

Mark Russell, Aden King, Richard. M. Bracken, Christian. J. Cook, Thibault Giroud, Liam. P. Kilduff

responses in professional rugby union players. Methods: On 4 ¢

Purpose: To assess the effects of different modes of moming (AM) isc on afts (PM) per and salivary hormone
ions (randomized, cr design), 15 professional rugby
before PM of counter -jump height, reaction

players provided AM (~8 AM) and PM (~2 PM) saliva

time, and repeated-sprint ability. Control (passive rest), weights (bench press: 5 x 10 repetitions, 75% I-repetition maximum, 90-s
intrasct recovery), cycling (6 x 6-s maximal sprint cycling, 7.5% body mass load, 54-s intraset recovery), and running (6 » 40-m
maximal sprints, 20-s intraset recovery) interventions preceded (~5 h) PM testing. Resudts: PM sprint perfc improved (P <
.05) after weights (>0.15 + 0.19 s, =2.04% + 2.46%) and running (>0.15 + 0.17 s, >2.12% + 2.22%) but not cycling (P > .05). PM
jump height mcreascdaﬁcrc)c]lng(0012+0009m23[%+ 1.76%, P < .001) and running (0.020 + 0.009 m, 3.90% = 1.79%, P <
.001) but not weights (£ = .936). Reaction time i d b trials (P = .379). Relative to control (131 + 21 pg/mL),
PM testosterone was greater in weights (21 = 23 pg/mL, 17% + IS%. P = 002) and running (28 = 26 pg/mL, 22% + 20%, P = .001)
but not cycling (P = .072). Salivary cortisol was unaffected by AM exercise (P = .540). Conclusions: All modes of AM exercise
mpmved at least 1 marker of P\! pctfonnancc but running appeared the most beneficial to professional rugby union players. A

r herefore exists for p g PM with AM

P

Keywords: crgogenic, potentiation, hormone, rugby

Match play in clitc team sports commences at varying times
throughout the waking day, with kickoffs typically ranging from 11
AM to 8 PM. Although optimized sporting performance is subject to a
range of intrinsic and extrinsic factors, the influence of circadian

mance, offsetting the circadian decline could be of benefit to sporting
activitics performed at times when testosterone concentrations have
experienced a circadian decline, such as in the afternoon (PM).
Acutely, a smgth’hypcmophy-trannmg stimulus  can raise

rhythm is acknowledged (for review sec Atkinson and Rclll), I * and thus may be beneficial
Chtourou and Souissi, and Teo et al' ), with changes in when preceds by or ition. However, the
physical performance (cg, force and power expression) occurring at  effects of othcr modes of activ ity (cg, running s and cycling protocols)
different times of the day.* While kickof? times arc likely d ined onp remain unclear.
by factors (including the d ds of television®), Ekstrand ct al'* have demonstrated that an AM resistance ses-
opportunitics exist on the day of competition to influence subsequent  sion that included back squats performed to failure and power-clean
pcrl‘ormanoc, as athl may be ptible to changes in their i improved throwing distance in well-trained shot-putters
physical perf as a function of time.* when performed 6 hours before subscquent exercise. Similarly, im-
Testosterone and cortisol ions exhibit circadian rhyth-  proved PM performance has been observed in rugby union players
micity and arc known to corrclate with indices of athletic perfor-  who preceded PM physical-performance assessments (ie, counter-
mance,” particularly in clite athletic populations.” """ For pl jumps, 40-m sprints, bench press, and back squats) with
salivary app highly corrclated with both squat  sprints (5 x 40 m) and whole-body resistance (bench-press and back-

strcng!h (r = 92) and spnm times (r = —.87) in clite gth-trained

, improved 3-repetition-maximum strength was

correlated to the acute i in ions clicited
via visual su'mulation,' and preg; i ha\c
been implicated in match inp ional rugby players.'”

However, testosterone and cortisol typlcally display an caﬂ) -mommg
(A\l) peak bcfom slowI) declining across thc vmkmg day.*" Consid-
cring the p 1 role of ing athletic perfor-

squat ines up to 100% of 3-repetition-maximum values) exercises
6 hours carlier.” Notably, the AM sprint and resistance cxmlsc am:‘n
uated a circadian decline in
with a rested control trial.” Such findings highlight a potential ro]c for
specific modes of AM exercise to improve PM performance and that
such findings may be modulated by changes in hormone status.
Unfortunately, acknowledging the practical considerations
iated with the pi petition practices of professional athletes,
the methods of AM i incd previously™'* may preclude
their use on the day of competition and/or have limited transfer to
match-specific  performance indicators.  Whole-body resistance
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Newcastie-upon-Tyme, UK. King, Bracken, and Kildufl are with the Applied Spcﬂs
Technology Exercise and Medicine Rescarch Centre (A-STEM), Swansea Unsversity,
Swanses, UK. Cook s with the School of Sport, Health and Exercise Sciences,
Bamgoee Universsty, Bangee, UK. Giroud is with Bisritz Olympique Rugby, Parc Des
Spoets Aguilers, Biarritz, France. Address authar coerespondence to Lism Kilduff at
Tkl ul e s - 1ok

exercises performed to maximal intensity andor failure, while
bcncﬁcnal 0 Imcar sprinting and force expression, are unlikely to be
1y adop m the p tition sctting. Therefore, methods of
‘priming” PM perfc lha,t may be better accepted by players
and coaches on thc day of competition while demonstrating transfer to
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‘Companison of Priming Exercises

ORIGINAL INVESTIGATION

A Comparison of Different Modes of Morning Priming Exercise on
Afternoon Performance

Mark Russell, Aden King, Richard. M. Bracken, Christian. J. Cook, Thibault Giroud, Liam. P. Kilduff

Purpase: To sces th s of difrat mades o morsiog (AM) exsceson afernaon (PM) petorancs and sy bomote

responses in professional rughy union players. Methods: On 4 occasions

(randomized, crossover design), 15 professional rughy

eyers provided AV (- AND 4nd PVE (-3 PAI) sliva s bfore PV ssscsments of Sountermoncmest Ju hight, rescion

s (2015 + 0,19 5, >2.04% + 2.46%) and running (0.
g heighe oo afle ycling (012.£0.05 2, 2315% 1 176% P< D01)end s (12040109 m, 3.90% 1

-repetiion maximum, 90-5
mas load, 4 iness recovery), and unning (6 * £0-m

h) PM testing. Results: PM sprint performance improved (P
£0175,5212% + but not eycling (P > .05). y\(

001)
PM testosterone was greater in weights (2

DL 7% 18%, P 002 and rnmig (25 - 2 pemL, 22% +
bat not cycling (P = .072). Salivary cortisol was unaffected by AM exercise (P = 540). Conclusions: All modes of

379). Re

improved at least 1 marker of PM performance, but running eppeared the most beneficial to professional rugby union playcrs. A
rationale thercfore cxists for preceding PM competition with AM excrcise.

Keywords: crgogenic, potentiation, hormone, rugby

Match play in clitc team sports commences 2t varying times
throughout the waking day, with kickoffs typically ranging from 11

thythm s acknowlodged (for review sce Atkinson and Reilly,

‘mance, offsetting the circadian decline could be of benefit o sporting
activities performed at times when testosterone concentrations have
experienced a circadian decline, such as in the aftrnoon (PM).
Acutely, a strengthypertrophy.-training  stimulus can  raise
ot toiecnn coreenraios! d s ey be bl

and Souissi, and Teo et al'), with changes in anacrobic  when preceding subscquent training or competiion. However, the
physical pcrrnm:r (68 e o pove epemon) cecumog ¢ st ther modes of sty (68, aning and <y<ling protocok)
4 While kickof unclear

by cxmeons fackes (ackuding e denmads of Ilevion?,
opportunitis exist on the day of compettion o influence subsca
performance, as athites may be susceptible o changes in their
physical prformance as a function of ime.

micity and are known to corrclate with indices of athletic perfor-
mance,"* partialarly in clite thletic populations. **" For example,
alvary tsoseron. sppcar highty comeaed, wih both. s
strength (+ = .92) and sprint times (v = ~87) in clitc strength-traincd
athletes."" Morcover, improved 3-repetition-maximum strength was

been implicated in match outcomes in professional rughy players.”
However, testosterone and cortisol typically display an carly-morning
(AM) peak before slowly declining across the waking day.*” Consid-
cring the potential rolc of testosterone in mediating athitic perfor-

iences Dept, Nortbumess Urivenity,
4 Kildall e with e

Resscl is with the Hiesth und Life
Newesste s Ty, UK. King, Brck

w atr comsprnes oL, Kl

Estrand ct ol have demonstrated that an AM resistance scs-
sion that included back squats performed to fulure and power-clean
exercises improved throwing distance in wel-rained shot-putters
when performed 6 hours before subsogquent exercise. Similarly, im-
proved PM performance has becn observed in rughy union players
who proceded PM physical-performance asscssments
movement jumps, 40-m sprints, bench press, and back squats) with
sprints (5 40 m) and whole-body resisance (bench-press and back-
squa routines up 10 100% of 3-repettion-maximum values) cxercises
6 hours cartir.” Notably, the AM sprint and resistance exercise atien-
uated 2 circadian dechine in testosterone concentration
with a ested control rial* Such findings highlight a potential ole for
specific modes of AM exercise 0 improve PM performance and that
such findings may be modulated by changes in hormone satus.
Unfortunately, acknowledging the practical considerations
associated with the precompetition practices of professionl athletes,
the methods of AM exercise examined previously"’* may preciude
their use on the day of competition andior have limited wansfer to
match-specific performance indicators. Whole-body _resistance
exercises performed 1o maximal intensity andlor failure, while
benchicil i Hioar sceing d orce exprosion,we sy s be

P
\pnmmg M p:r!nnmn:ts that may be better u:cpl:d by pn.,m
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Compariscn of Priming Exercises

A Comparison of Different Modes of Morning Priming Exercise on
Afternoon Performance

Mark Russell, Aden King, Richard. M. Bracken, Christian. J. Cook, Thibault Giroud, Liam. P. Kilduff

Purpose: To assess the cffects of different modes of morning (AM) exercise on afternoon (PM) performance and salivary hormone
responses in professional rugby union players. Methods: On 4 occasions (randomized, crossover design), 15 professional rugby

players provided AM (~8 AM) and PM (-

M) saliva samples before PM assessments of countermoveme:

nt-jump height, reaction

time, and repeated-sprint ability. Control (passive rest), weights (bench press: 5 x 10 repetitions, 75% 1-repetition maximum, 90-5

intraset recovery), cycling (6 x 6-s maximal sprint ¢

maximal sprints, 205 intrasct recovery) interventions preceded (~

body mass load, 54-s intraset recovery), and running (6 x 40-m
h) PM testing. Results: PM sprint performance improved (P <

-05) after weights (>0.15 + 0.19 5, >2.04% + 2.46%) and running (>0.15 + 0.17 5, >2.12% + 2.22%) but not cycling (P> .05). PM

jump height increased afier cycling (0.012 + 0.009 m, 2.31% + 1.76%, P < .001) and running (0.020 + 0.009 m, 3.90%
.001) but not weights (P = .936). Reaction time vcn*amod unchanged between trials (£ = .379)
+ 18%, P= 002) and running (28 + 26 pg/mL, 22% + 20%, P = .001)
but not cycling (P = .072). Salivary cortisol was unaffected by AM exercise (P = .540). Conelusions: All modes of AM exercise
improved at least 1 marker of PM performance, but running appeared the most beneficial to pr A

PM testosterone was greater in weights (21 + 23 pgimL,

P
Relative 1o control (131 + 21 pg/mL),

onal rugby union player

rationale thercfore exists for preceding PM competition with AM exercise.

Keywords: ergogenic, potentiation, hormone, rugby

Match play in clite team sports commences at varying times
throughout the waking day, with kickoffs typically ranging from 11
AM to 8 PM. Although optimized sporting performance is subject to
range of intrinsic and extrinsic factors, the influence of circadian
thythm is acknowledged (for review sec Atkinson and Reilly,
Chtourou and Souissi, and Teo et al' ), with changes in anacrobic
physical performance (cg, force and power expression) occurring at
different times of the day.** While kickoff times arc likely determined
by exwrancous fectors (including the demands of television’),
opportunitics exist on the day of competition to influcnce subsequent
performance, as athletes may be susceptible to changes in their
physical performance as a function of time.*

Testosterone and cortisol concentrations cxmhu circadian rhyth-
micity and are known to correlate with indices of athletic perfor-

mance,"” particularly in clite athlctic pmulalm
salivary testosterone appears highly correlated with both squat
strength ( = .92) and sprint times (r = in clite strength-trained
athletes.” Moreover, improved 3-repetition-maximum strength was
correlated to the acute increase in testosterane concentrations elicited
via visual stimulation,” and pregame testosterone concentrations have
been implicated in match outcomes in professional rugby players.”
However, testosterone and cortisol typically display an carly-morning
(AM) peak before slowly declining across the waking day.“” Consid-
cring the potential role of testosterone in mediating athletic perfor-

mance, offsetting the circadian decline could be of benefit to sporting
activities performed at times when testosterone concentrations have
experienced a circadian decline, such as in the afternoon (PM)
Acutely, a  strengihhypertrophy-training  stimulus can _raise
postexercise testosterone concentrations' and thus may be beneficial
when preceding subsequent training or competition. However, the
effects of other modes of activity (cg, running and cycling protocols)
on postexercise testosterone responses remain unclear,

Ekstrand et al'* have demonstrated that an AM resistance ses-
sion that included back squats performed to failure and power-clean
exercises improved throwing distance in well-trained shot-putters
when performed 6 hours before subsequent exercise. Similarly, im-
proved PM performance has been observed in rugby union players
who proceded PM physical-performance assessments (ie, counter-
movement jumps, 40-m sprints, bench press, and back squats) with
sprints (5 40 m) and wholc-body resistance (bench-press and back-
squat routines up to 100% of 3-repetition-maximum values) exercises
6 hours carlicr.* Notably, the AM sprint and resistance exercisc atten-
uated 2 circadian decline in testosterone concentrations compared
with a rested control trial.* Such findings highlight a potential role for
specific modes of AM exercise to improve PM performance and that
such fndings may be modulated by changs i bormon satus

he practical
asocisi wih e precompetition practices of pro!
the methods of AM exercise examined previously 3
their use on the day of competition and/or have limited transfer to
match-specific  performance _indicators. Whole-body  resistance
exercises performed to maximal intensity andlor failure, while
beneficial to lincar sprinting and force expression, arc unlikely to be
routincly adopted in the precompetition setting. Therefore, methods of
“priming” PM performances that may be better accepted by players
and coaches on the day of competition while demonstrating transfer to

" B
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Figure 4.5 — Countermovement jump power output response to trials. * Indicates significantly greater than

Control (p<0.01). # Indicates significantly greater than Upper Weights (p<0.05).
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Figure 1 Effects of sleep deprivation and acute supplementations on passing accuracy (dominant side). The mean + SD is displayed for
accuracy out of 10 passes on the dominant side (20 passes total per trial) for the 10 subjects under different treatment conditions (placebo; 1 or
5 mg/kg caffeine, 50 or 100 mg/kg creatine) either in non-sleep deprived or sleep deprived states. Dominant was chosen by the subjects as the
side they believed showed better passing accuracy. All subjects completed 20 repetitions of the passing skill per trial, alternating passing sides
(10 on dominant side). With placebo treatment sleep deprivation was associated with a significant fall in performance (a) (p < 0.001) compared
to non-sleep deprivation. The 50 and 100 mg/kg creatine and 1 and 5 mg/kg caffeine doses were all associated with a significantly better

—&— Non-sleep deprived

--0--Sleep deprived

Cook et al. Journal of the Intemational Society of Sports Nutrition 2011, 8:2 w
htpy//wwwjissn.com/content/8/1/2 jissn
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RESEARCH ARTICLE Open Access

Skill execution and sleep deprivation: effects of
acute caffeine or creatine supplementation - a
randomized placebo-controlled trial

Christian J Cook'**"", Blair T Crewther*', Liam P Kilduff*', Scott Drawer'!, Chris M Gaviglio®"

Abstract

Background: We investigated the effects of sleep deprivation with or without acute supplementation of caffeine
or creatine on the execution of a repeated rugby passing skill

Method: Ten elite rugby players completed 10 trials on a simple rugby passing skill test (20 repeats per trial),
following a period of familiarisation. The players had between 7-9 h sleep on 5 of these trials and between 3-5 h
sleep (deprivation) on the other 5. At a time of 1.5 h before each trial, they undertook administration of either:
placebo tablets, 50 or 100 mg/kg creatine, 1 or 5 ma/kg caffeine. Saliva was collected before each trial and assayed
for salivary free cortisol and testosterone.

Results: Sleep deprivation with placebo application resulted in a significant fall in skill performance accuracy on both
the dominant and non-dominant passing sides (p < 0.001). No fall in skill performance was seen with caffeine doses of
1 or 5 mg/kg, and the two doses were not significantly different in effect. Similarly, no deficit was seen with creatine
administration at 50 or 100 mg/kg and the performance effects were not significantly different. Salivary testosterone
was not affected by sleep deprivation, but trended higher with the 100 mg/kg creatine dose, compared to the placebo
treatment (p = 0.067). Salivary cortisol was elevated (p = 0.001) with the 5 mg/kg dose of caffeine (vs. placebo).
Conclusion: Acute sleep deprivation affects performance of a simple repeat skill in elite athletes and this was
ameliorated by a single dose of either caffeine or creatine. Acute creatine use may help to alleviate decrements in
skill performance in situations of sleep deprivation, such as transmeridian travel, and caffeine at low doses appears
as efficacious as higher doses, at alleviating sleep deprivation deficits in athletes with a history of low caffeine use.
Both options are without the side effects of higher dose caffeine use.

Placebo

50 mg/kg

100 mg/kg

Creatine

performance (b) (p < 0.001) than the placebo conditions.

Swansea University
Prifysgol Abertawe

1 mg/kg

5 mg/kg

Caffeine

Background

Both creatine and caffeine have found common use in
sport [1-4] for a variety of training and competitive aims.
Popular use of caffeine is often at high concentrations
(4-9 mg/kg) on the basis that these are more efficacious,
but the proof of this is low with individual variability and
consumption habits being the more dominant factors
[5,6]. In contrast, popular creatine supplementation
dosages appear to have fallen as literature supports the
contention that lower doses can be as effective as higher
loading schemes, again individual variability and respon-
siveness being major determinants [4].

* Correspondence: Cristian COOK@UKSPOTLGOV.UK
1 Contributed equally

UK Sport Council, 40 Bemard St London, UK

Ful list of author information Is available 2t the end of the article

©2011 Cook et 2 licer

( )BioMed Central fn L

medium, pro

While the ability of acute caffeine to address cognitive
related sleep deficits is reasonably established [7], it is only
recently that creatine has demonstrated similar properties
[8,9]. It has been suggested that sleep deprivation is asso-
ciated with an acute reduction in high energy phosphates
that in turn produces some degree of cognitive processing
deficit [8-14]. Creatine supplementation has been shown
to improve certain aspects of cognitive performance with
sleep deprivation and to have some positive benefits in
deficits fated with certain iologies [13,14].

If sleep deprivation is associated with an energy deficit
then errors in performance are perhaps more likely to
occur when concentration demands are high and/or for
prolonged periods of repeated task execution. Some evi-
dence suggests that it is tasks of this nature that are most
affected by acute sleep deprivation [15].
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P1l: Characterize

Table1 Warm-Up Protocol-Related Changes (Post — Pre)

P1
Maximum heart rate (beats/min) 138.0+ 8.9
Rating of perceived exertion 25+04
Tympanic change (°C) at room
temperature 0.1+£0.2 - e - ————

Note. Group mean + SD is presented pooled across all protocol repeats combined for both women and men.

“Significant difference (P < .001) compared with P1. *Significant difference (£ < .001) compared with P2. 1Significant difference (P < .001) com-
pared with P4. }Significant difference (P < .01) compared with P5.

Key Points noted:
Warm-up duration 20min completed 35min
prior to race N
Minimal change in Temperature g - ﬂ\\
HPE TN
HR (~70% of Max HR) TN AN oo
Next Step: Increase Intensity T M



P2: Increase Intensity

Table 1 Warm-Up Protocol-Related Changes (Post — Pre)

P1 P2
Maximum heart rate (beats/min) 138.0+ 8.9 145.8 +7.1°
Rating of perceived exertion 25+04 3705
Tympanic change (°C) at room
temperature 0.1+£0.2 0.5+£0.2°

Note. Group mean + SD is presented pooled across all protocol repeats combined for both women and men.

“Significant difference (P < .001) compared with P1. *Significant difference (P < .001) compared with P2. ¥Significant difference (P < .001) com-
pared with P4. iSignificant difference (P < .01) compared with P5.

Manipulation: 0 |
Increase intensity (Increase Sprint N ) ®
volume by 30%) _E o [\

Key Reponses: RO\ . -
Increase in HR, A Temp ES o NN s
Increase in KPI €5 N

Next Steps B N

Change timing of Warm-up completion s



P3: Timing

Table1 Warm-Up Protocol-Related Changes (Post — Pre)

P1 P2 P3 _
Maximum heart rate (beats/min) 138.0+ 8.9 1458 +7.1° 159.3 + 9.8°%*
Rating of perceived exertion 25+04 3.7+05 45+04
Tympanic change (°C) at room
temperature 0.1+£0.2 05+£0.2° 0.9 £ 0.2°%F

Note. Group mean + SD is presented pooled across all protocol repeats combined for both women and men.

“Significant difference (P < .001) compared with P1. *Significant difference (P < .001) compared with P2. 1Significant difference (P < .001) com-
pared with P4. §Significant difference (P < .01) compared with P5.

Manipulation: T T e T e s
WU (P2) moved to finish 15min prior to g a [\ _,
- . —_ \ i
competition start time s8N\ |
. £ ‘g 21 \\\ 3 P — -Females
Key Reponses: 58 W N o
: £E XY™
Better Temp maintenance EE s AN J
Improved KPI - \

Next Step: Athlete Feedback »



P4: Split Warm- Up

Table 1 Warm-Up Protocol-Related Changes (Post — Pre)

P1 P2 P3 P4
Maximum heart rate (beats/min) 138.0+ 8.9 145.8 +7.1° 159.3 + 9.8%* 157.2 £+ 13.8°*
Rating of perceived exertion 25+04 3.7+05 45+04 3406
Tympanic change (°C) at room
temperature 0.1+£02 05+0.2° 0.9 £ 0.2°%F 0.6+0.1°*

Note. Group mean + SD is presented pooled across all protocol repeats combined for both women and men.

“Significant difference (P < .001) compared with P1. *Significant difference (P < .001) compared with P2. TSignificant difference (P < .001) com-
pared with P4. iSignificant difference (P < .01) compared with P5.

Manipulation:
Warm-up Split into x 10min Blocks N
(Completed 40min and 15min prior B l\\
to start of competition) TR a

Key Reponses: g% . ‘ \\ /’\ e
Reduction in A Temp £2 o VTN
Decrease in KPI Tz \!

Next Step: Passive Heat Maintenance as]



PS: Passive Heat Maintenance
Strategy

Table 1 Warm-Up Protocol-Related Changes (Post — Pre)

P1 P2 P3 P4 P5
Maximum heart rate (beats/min) 138.0+ 8.9 145.8 +7.1° 159.3 + 9.8°* 157.2 £+ 13.8°* 160.1 = 14.2°*%
Rating of perceived exertion 25+04 3.7+05 45+04 3406 33+04
Tympanic change (°C) at room
temperature 0.1+02 05+0.2° 0.9 £ 0.2°*F 0.6 £0.1°% 1.0 £ 0.3°*%%

Note. Group mean + SD is presented pooled across all protocol repeats combined for both women and men.

“Significant difference (P < .001) compared with P1. *Significant difference (P < .001) compared with P2. 1Significant difference (P < .001) com-
pared with P4, iSignificant difference (P < .01) compared with P5.

Manipulation: N P = m T
P4 plus Passive Heat Retention strategy g . t\

Key Reponses: By NN |
Increase A Temp e .. \\‘ /’,,j\\\ -
Best KPI improvement £2 o N2

Next Step: Apply in competition "5 @
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Conclusion

 Changing timing and intensity of warm-
up, using an ancillary passive heat-
retention device and the addition of PAP
improved sprint performance in Olympic-
level bob-skeleton athletes.

« Subsequent adoption of this new pre-
competition routine on the competitive
circuit was associated with a seasonal
improvement in push times and was
ultimately implemented in the 2010
Winter Olympics.
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