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@D s Fatigue, Recovery &
Adaptation

From several days to 2/3 weeks
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performance baseline

EEEEEEEEEEEEEEEEEEEEEEEEE




(ﬁ) Sportmedizin
m Saarbriicken

Functional Overreaching
« Very high perceived fatigue

Short-term performance decrement (days, weeks)
ercompensation

Acute fatigue
« High perceived fatigue

« No performance decrement
* Supercompensation

Performance rement (< 1 month)
Performanc to baseline
No superc tion
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rp R Recovery

INTERNATIONAL JOURNAL OF

SPORTS PHYSIOLOGY

International Journal of Sports Physiology and Performance, 2013, 7, 227-242
© 2013 Human Kinetics, Inc. ano PERFORMANCE
www.lJSPP-Journal.com
BRIEF REVIEW

Cooling and Performance Recovery of Trained Athletes:
A Meta-Analytical Review

Wigand Poppendieck, Oliver Faude, Melissa Wegmann, and Tim Meyer

» Decreased muscle & body temperature

« Reduced muscle damage, inflammation,
heart rate & cardiac output

» Peripheral vasoconstriction reducing edema
formation
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G A iaghiberii Cold-water Immersion

INTERNATIONAL JOURNAL OF

SPORTS PHYSIOLOGY

International Journal of Sports Physiology and Performance, 2013, 7, 227-242
© 2013 Human Kinetics, Inc. AND PERFO RMANCE
www.lJSPP-Journal.com
BRIEF REVIEW

Cooling and Performance Recovery of Trained Athletes:
A Meta-Analytical Review

d Te m pe rat u re 1 O - 1 2 ° C Wigand Poppendieck, Oliver Faude, Melissa Wegmann, and Tim Meyer

e Duration: 5 — 20 minutes whole-body or 1 — 5 minutes intermittent, 30 minutes
post-exercise

« Depth: hips, shoulder or fatigued muscles only
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bk Cold-water Immersion

Endurance: + 2.6 % Speed: + 2.6 %

Effect Size

Dieterioration Tuapn ov enent Effect Size
Jeterion: vement
Y Deterioration Iprovemen
95% Confidence Interval
De Nardi et al, 2011 (2=3, post 24 b, exduraree, b —_——— 0 5)
Lame & Wergar, 200 0, pagt 24k, endurance, kg CWD Py Delextrat et al, 2012 {n=16, post 24 b, endurarce, ——— 0.13(.0.56,022)
EBas et al, 2012 (2=8, post 24 b, exdurarce, whols-body C ———— 1 2, 266)
Defiwatt ot al, 2012 (w=3, post 24 b, endamnce, cooling packa) —_—— Kirg & Duffield, 2009 (n=10, post 24 b, exdumsce, lag CWI) —_— 009¢-079,097)
Dlimett et al, 2012 (=2, post 24 h, endurarce, cooling packs) —_————— 029¢070,1
Stanley et al, 2012 (=11, past 24 b, endumace, whole-body CWI) —_——i 0012(-0.72, D96}
Poumnot &1 al, 2011 {n=13, post 24 h, erdurance, kg CWID) —
Stardey et al, 2012 (n=11, post 24 b, endurarce, whole-body CWI) Lo
Vaile et al, 2008 (n=12, post 24 b, endurance, whols body O —_—— 0,10 {070, 020
Vaile et al, 2008 (n=12, post 24 h, excdiurance, whole-body CWI)
Rupp et o], 2012 (5=12, proet &5 b, encbrarcs, lag CWD) —_— De Narch et al, 2011 (v=8, post 42 b, exdumzee, leg CWD) —e
Ebasetal, X post 48 b, endumaree, whole-body CWI)
= {n=1 4 dvrasce, ady 002086, 033
Standey et al, 2012 (5=11, post 4% b, enduranze, whols-body CWI) —_—— 002086030 Ingram et al, 2009 (n=11, post 48 b, endurarce, leg
Staxdey et al, 2012 (n=11, post 48 b, enduwrarce, whole-body
Vatle et al, 2, past 4E b, endunnce, whole-body CWT) —_————
Vale et al, 2002 (n=13, post 48 k, exdurance, whole-!
: . De Naxdi et al, 2011 post 72 b, endumrce, Ieg CWD)
Vaile st al, 2008 (p=13, pa , whols-bady CWI) ——— 048 {053, =
Montgomery et al, 2008 (n=10, post 72 h, endumzce, whole-body CWI) —_—
Vailn ot o, 20084 (5=17, past 96 b, endvmance, [ 043 (038, Vaile et al, 20088 (n=12, post 72 by, endurance, whole-body CWI)
Veile et al, 2008s 96 b, endurarce, whole-body C!
Higgns et al, 2012 1 144 b, endurarce, ———
S
R o ES =0.19
* Total Sprint {x=126) —o— ES - O . 69
™
)
2 -1 [} 1 2 3 1 i ! 9 ! C » * |

Poppendieck et al. 2013
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Strength: +

Cold-water Immersion

1.8 %

Detertoration Tmprovement
Point: L 0112 (n=10, post 2 k, strexgth, cooling pac et
Pointor et al, 201 b (=10, post 2 h, exchurance, le; pr—

Pointon & Duffield, 2012 (#~10, post 2 h, exdurance,

Tserget al, 2012 (n=11, post 3 &, st

oling packs)
Hausswirth et al, 2011 (2=9, post 24 b, endurance, cryogense chamber)
Peddon-Jores & Quigley, 1997 (=8, post 24 1, strength, area CWI)

Poizton et al

11a (210, post 24 b, strergth, cooling packs)

Pomnton et al, 2011b (n=10, post 24 b, endurance, leg CWI)
Fointon & Duffield, 2012 (n=10, post 24 b, exduzance, leg CWI)

Pournot et ol 2011 (n=13, post 24 b, exdurance, l

Tseng et al, 2012 (w=11, post 24 k, st cooling packs)
Vaile et al, 2008k (x12, post 24 &, stiength, whole-body CWIT)
Costelio #f al, 2011 {n=9, past 42 h, steength, cryogensc charmber)
Hausswirth et al, 2011 (=9, post 48 b, endurarce, cryogenie charber)

WD

Trgram ot al, 2009 (n=11, post 42 h, ondurance, |

Paddon-Jores & Quigley, 1957 (v

st 43 h, strongth, amm CWI)

Powdon et al, 2011a (=10, post 22 b, stresgth, cooling packs)

Tseng et al, 2012 (z=11, poet 43 h, strergth, cooling packs)

Vaile et ol 2008 poet 43 I, strexgth, whole-body CWI)
Costello et al, 2011 (=9, post 72 h, strength, cryogenc charmber)

Paddon-Jozes & Quigley, 1957

o5t 72 h, steength, amm CW

Teeng et al, 2012 (x=11, poet 72

trexgth, cooling packs)

Vaile o1 a1, 2008h (2

i, strexgth, whol-body CWI)

Cogtello et al, 2011 (v=9, post 95 h, strength, cryogens chamber)

Paddon-Jores & Quigle %, post 96 h, steength, arn CWI)

Paddon-Jones & Quagley, 1997 (neg, post 120 h, steength, anm CWI)

PaddonJones & Quigley, 1997 (n=5, post 144 h, strength, v CWI)

Total Strength (x=267)

Effect Size
95% Condidence Interval

0.19(-0.69,

0.11{-0.77,059)

1,075

044(.050, ¢

0.15¢-0.69,099)

D54¢-045, 159

082
D14(-1.12,084)
005{-0.79,029)

04l 04

£11(-1.09,087)

011 (0

¢ ES=0.10
N—

Poppendieck et al. 2013

Jump: + 3.0 %

Deterioration

De Naxdi et al, 2011 (2=, post 24 b, sxdurarce, log CWI)

lmprovement

Dielestrat et al, 2012 (n=16, post 24 b, erdurarce, bag CWI) —_——

Ebas et al, 2012 (=

8, post 24 by endurasce, wholebody

Kirg & Dusfield, 2009 (n=10, post 24 b, sncamazes, I

Minett ot a1, 2012

Rupp etal, 2012 (n=12, post 24 b, exdirarce,

Vaile ot al, 20085 (n=12, post 24 h, strength, whole-body CWI) Pm—

De Naydi et al, 2011 (=3, post 42 b, endunaznce, leg CWI)

Elag et al, 2012 (x=8, post 48 b, enduance, whole-body CWI) e

Ruppetal, 2012¢

12, post 42 b, exduaxce, leg CWI) —

Vaile et al, 2, peet 43 h, strength, whole body CWI) —

De Nardi et al, 2011 (w

5t 72 b, endurarce, leg CWT) —

Montgomery ef al, 2008 (n=10, post 72 b, endumace, whole-bady CWID)

Vaile ot al, 20080 (n=12, post 72 h, strength, whole-body CWI) —_—

Total Jump (=

Effect Size

Confidence Interval

43, 0.50)

056¢0.15127)

027¢061, 115

044(-143,055)

002(.0.23,037)

0.81,087)

017¢063,087)

D11{-109,087)

009(-0.75,093)

0326, 1.26)

025¢073,123)

024(-0.56, 1 04)
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@ Sportmedizin Cold_water lmmerSlon
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Figure 6 — Effects of cold-water immersion (CWI) after exercise on performance recovery with respect to water temperature.
Black diamonds indicate whole-body CWI; white squares, part-body CWL
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@ Sportmedizin Cold-water Immersion
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CWI: 15 min, 10°C
TWI: 15 min, 35°C
Placebo: 15 min, 35 °C + “Recovery Oil”

100 < 100 4

MVC peak torque (% of baseline)
MVC mean torque (% of baseline)

r T L L) 1 L} T T L} 1
Baseline PR Ih 24h 48 h Bascline PR Ih 24h 48 h
Timepoint Timepoint

Broatch et al. 2014

« No difference between placebo &
Time Point CW'

Baseline PE PR 1h 24 h 48 h

Physically ready
c 731, 10:15 48422 71+18 8415 7619 | d f f
™ ey hiar 37517 55521 8005 i * Improved pertormance after
™wi 74514 0.8+07 31+16° 45+ 15° 6.7+18" 6523
i placebo compared to TWI
2%1, 8 %2 £ 2 > 4 91, 3+ 1
1
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Cold-water Immersion

750 7 -O- ACT - CWI

650 A
550 -
450 -
350 -

250 -
200
0l

Leg press strength (kg)

#

* %

*%

« Reduced adaptation in strength & muscle mass

PRE

Roberts et al. 2015

Mean Power (W) >
@ W
5 & 3 e
o

"""""

..............

B ITP1 ITP2 ITP3 Tapert
= CW™ o CONTROL

B ITP1 ITP2 ITP3 Taperi
a Cwm o CONTROL

Halson et al. 2014

(Roberts et al. 2015)

:> Molecular changes in inflammation & satellite
cells (Roberts et al. 2015; Yamane et al. 2006)

Improved VO,,.,, & time to exhaustion
(Yamane et al. 2006; Ishan et al. 2015)

Increased training tolerance (e. g. interval training)

alson et al. 2014)

:> Molecular changes in mitochondrial
DIOQENESIS (Ishan et al. 2015)
\*"REGMan

EEEEEEEEEEEEEEEEEEEEEEEEEEEEE




((D Saarbricken Massage

m
*
L
Y REGENERATIONSMANAGEMENT IM SPORT




@ o Massage

“Mechanical manipulation of body tissues with rhythmical pressure and stroking for
the purpose of promoting health and well-being.” (catareli et al., 2005)

Application:

1. Recovery

2. Competition preparation

3. Injury prevention & rehabilitation

Very popular in athletes but evidence on effects & physiological mechanisms are
unclear.

o
*
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Massage

Possible mechanisms of massage

\{

Biomechanical
effects

Physiological
effects

Neurological
effects

Psychological
effects

v

v

v

v

Mechanical pressure
on tissues

Changes in tissue
or organ

Reflex stimulation

Increased relationship
between body and mind

v

v

v

| Tissue adhesion

T Muscle compliance

T Range of joint motion
| Passive stiffness

| Active stiffness

[ Muscle blood flow

T Skin blood circulation
T Parasympathetic
activity

T Relaxation hormones

Weerpong et al. 2014

| Stress hormones

1 Neuromuscular
excitability

1 Pain

1 Muscle tension or
spasm

v

= W

T Relaxation
1 Anxiety
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@ 1Y P arbrackan
Overall effect: 3.3%
Type of Massage

Classic Western Massage:

Vibration:
Underwater Massage:

Duration:
5 -6 min:
8—-12 min:
15 - 20 min:
>30 min:

Duration of effect:
Up to 10 min:

24 h:

48 h:

72 h:

96 h:

>906 h:

Massage

Sports Med
DOI 10.1007/s40279-015-0420-x

@ CrossMark

REVIEW ARTICLE

3.5% Massage and Performance Recovery: A Meta-Analytical Review
1.8%

' Wigand Poppendieck’? - Melissa Wegmann' - Alexander Ferrauti® -
2 8% Michael Kellmann*® - Mark Pfeiffer® - Tim Meyer!

7.8%

6.1%
0.9%

1.1%

7.9%
1.7%
2.8%
3.9%
4.6%
1.1%




ChY Sorbricken Massage

Endurance: + 6.0 % Speed: + 3.1 %

Ali Rasooli et al., 2012 [44] {n=17, post 10 min, endurance, whole body massage) - (44 (0.23, 0.66)
Rinder & Sutherland, 1995 [56] (n=20, post 6 min, mixed, leg massage) 4 062 (041, 0.83)
Mancinelli et al., 2006 [36] (n=11, post 20 min, mixed, leg massage} — (a0 (-0.22, 1.43)
Monedero & Denng, 2000 [41] (n=18, post 20 min, endurance, leg massage) 44— U1 (-0,08, 0.31)
Ogai et al., 2008 [46] (n=11, post 35 min, endurance, leg massage) —— (.28 (0.03, 0.52)
Lane & Wenger, 2004 [45] (n=10, post 24 h, endurance, leg massage) - 0.06 (0,19, 0.31)
Delextrat et al., 2012 [37] (n=16, post 24 h, endurance, leg massage) | =0.03 (0,30, 0.24)

Total sprint (n=55)

_ ey ~
. ES=028 ) . ES=0.28 )

Poppendieck et al. 2016
\ REGIMAn
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ChY Eomicken Massage
Strength: + 6.0 %

Deterioration Improvement Effect size

95% Confidence interval

Svkaras et al., 2003 [42] (n=12, posi 5 min, sirength, leg massage) —y— .86 (0,58, 1.14)
Young et al., 2005 [55] {n=12, post 5 min, strength, hand massage) -0.07 (K31, 0017)
Hemmings et al., 2000 [34] {(n=8, post | h. endurance, whole body massage) <000 (-2, 0.27)
Hilbert et al., 2003 [40] {n=9, post & h, strength, leg massage) S007 (95, 081
Dawson et al., 2004 [53] in=12, post 24 h, endurance, leg massage) [ QL0 -0 23, 0.23)
Farr et al., 2002 | 39] (n=8, post 24 h, endurance, leg massage) I 046 (0,17, 0.75)
Hilbert et al,, 2003 [40] (n=9, post 24 h, strength, leg massage) Q.00 {-0WBT, 0.29)
Tiidus & Shoemaker, 1995 [43] (n=9, post 24 h, strength, leg massage) —»— 10 (=00 16, 0,369
Weber et al,, 1994 [47] (n=140, post 24 h, strength, arm massage) . 0,45 (0038, 1.28)
Zuinuddin et al., 2005 [25] (n=10, post 24 h. strength, arm massage) i 007 (<0017, 0.32)
Hilbert et al., 2003 [40] (n=49, post 48 h, strength, leg massage) & Q{0078 0.98)
Jomhagen etal., 2004 [38] (n=16, post 72 h, strength, leg massage) - 015 {0006, 0.35)
Tiidus & Shocmaker, 1995 [43] (n=9, post 45 h, strength, leg massage) —p— 0.06 (-0,20, 0.31)
Weber et al., 1994 [47] (n=10, post 48 h, strength, anm massage) . S ] 068 (<017, 1.54)
Famuddin et al., 2005 [25] (n=10, post 48 h, strength, anm massage) —r— Q07 (=017, 0.32)
Farr et al., 2002 [29] (n=8, post 72 h, endurance, leg massage) —p— OL03 (<0024, 0.30)
Tiidus & Shoemaker, 1995 [43] (n=9, post 72 h, strength, leg massage) — 1 Q11 (=014, 0.37)
Zainuddin et al., 2005 [25] (n=10, post 72 h, strength, arm massage) e 0.09 (-0 16, 0.34)
Drawson et al., 2004 [53] (n=12, post 96 h, endurance, leg massage) —— S0 TR (=42, D06
Tiidus & Shoemaker, 1995 [43] (n=9, post 96 h, strength, leg massage) a 3 .26 (0,00, 0,.53)
Lainuddin et al., 2005 [25] (n=110, post 96 h, strength, anm massage) —ip— 022 (<0003, (6]
Farr et al., 2002 [39] (n=4, post 120 h, endurance, leg massage) s .23 (-5, .50
Fainuddin et al., 2005 [25] (n=10, pust 168 h, strength, amm massage) L 0L09 (<015, 0.534)
Dawson et al., 2004 [53] (n=12, post 192 h, endurance, leg massage) —p— 028 (=152, 004
Lainuddin et al_, 2005 [25] (n=10, post 240 h, strength, anmn massage ) o Q15 (=00 10, 0400
Dawson et al., 2004 [53] (n=12, posi 264 h, endurance, leg massage) —p— 028 (L5200
Fainwddin et al., 2005 [25] (n=10, post 336 h, strength, anm massage) —y—
Total strength (n=273) g 2
<STREGMAN
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Massage

By Wigand Poppendieck et al. in Sports Medicine, January 2016 Designed by @YLMSportScience

The statistical analyses of this meta-analysis were based on 22 studies with 270 subjects
5 used techniques of automated massage (e.g. vibration), while the other 17 used classic manual massage

HOW LONG?

A tendency was found for shorter massage (5—12 min) to have
larger effects than massage lasting more than 12 min

WHEN?

The effects were larger for short-term recovery of up to 10 min
(than for recovery periods of more than 20 min). Although after
high-intensity mixed exercise, massage yielded medium positive
effedts, the effets after strength exercise and endurance exercise

were smaller
WHO?

A tendency was found for untrained subjects to benefit more from
massage than trained athletes

The effects of massage on performance recovery are rather small and

partly unclear, but can be relevant under appropriate circumstances (short-
CO N CLU S I O N term recovery after intensive mixed training). However, it remains
questionable if the limited effects justify the widespread use of massage as

a recovery intervention in competitive athletes

Designed by Yann Le Meur (@YLMSportScience)
\:"REGMAn
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Ch Sleep

@ INDEPENDENT

Meet Cristiano Ronaldo's secret e |7 R
s weapon - the man behind why the
aur teuer- world’s biggest stars sleep so soundly
erklarung

For nearly two decades Nick Littlehales has been advising athletes on why it's not as simple as getting eight

hours per night - it's in fact quite the opposite

Jetzt starten=> Tim Rich | @timrich001 | Wednesday 6 September 2017 11:44 |
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Sleep And Athletic Performance: How Just An Extra Hour
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How Gareth Bale and Real Madrid
sleep their way to the top

By Alec Fenn
Football writer

At 1pm every afternoon, the hustle and bustle of Real
Madrid's Valdebebas training ground grinds to a halt
and the facility resembles a ghost town.

Asilence descends over the complex for the following two hours as o -
players and staff close their eyes and drift into a siesta before waking and . R EG I I l a l l
resuming their day - but they're not sleeping on the job. fod REGENERATIONSMANAGEMENT IM SPORT
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dark c
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@ o Sleep

Sleep is
- Not simply the absence of waking, sleep is a special activity of the brain,

controlled by elaborate and precise mechanisms. Not simply a state of rest
sleep has its own specific, positive functions” (Hobson, 1995)

Essential for cognitive & physical function:

1. Restorative effects on immune & endocrine systems |
2. Assistance in recovery of central nervous system & metabolic cost

3. Cognitive development

m
*
o
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@D wi, Sleep Phases

Wake NREM sleep REM sleep

90 min cycles separated in REM and NREM sleep

Behaviour || :'

NREM:
- E 1 Protein synthesis
MG |- Mobilisation of free fatty acids
EEG | e aymemenieyb W, A M:.“"’, ~ [ERaSe— ' y
ol e ' Increased release in growth hormones
se’:::c‘:nptalo": : Z:::nallygemraed Dull or absent :«Me?nalygenemed
Thought Logical progressive Logical perseverative Mogical, bizarre . .
" - e Accelerated healing of peripheral muscle
Hobson 2005 damage'

REM: Ciritical in establishing brain connections. \REGMAnN




@ Tl Sleep in Athletes

(I sleep duration & sleep quality
« Sleep onset latency

Table IL. Sleep actigraphy data comparing athletes (including data on individual athletic groups) with non-athletic controls. Values are means + standard deviation.

Time in Sleep Time Time Sleep Actual Moving Moving
bed latency asleep awake efficiency Fragmentation sleep minutes time
Group n (hrs:mins) (mins) (hrs:mins) (hrs:mins) (%) index (%) (mins) (%)
Controls 2 807+ 0:20, 5.0 4 2.5, T:11 4 0:25 0:50 4 0:16, 88.7 4 3.64 298 9.0, 80.7433% 4544116 0442
Athletes 46 836 10:53, 1824165  6:55+0:43 1117 4 031, 80.6 + 6.4, 36,0 + 12.4, 843457  87.61326, 178 4 6.2
Canoeing Il 8321 0:35 1911202 6381 003 L06L 017 8181443 L0190 863+ 34 7561 108 156142
Divmg 14 8:46 + 0:55 21,0+ 19.0 7:05 1 0:47 1174 0:19 80.9+ 5.3 934+118 845+ 37 96.5 + 30.3 193453
Rowing 10 7:46 + 0:40 10,21 6,6 6:25 1 0:50 1:08 1 0:32 825183 35,6416 8484 7.2 779 +41.3 173191

Speed skating 11 9:13 1 0:47 2.1t 151 7:06 % 0:38 1:38 4 0:46 7724171 373+ 122 816475 97.0 + 348 184+57

Note: Mean values with the same subscript are significantly different (p < 0.05).

Leeder et al. 2012

\*TREGMan
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@ A searbracken Sleep & Training

Table II. Sleep/wake variables on training days and rest days (mean +5)

Measure f Training days \ Rest days p-Value
Bedtime (hh:mm) 22:05 +00:52 00:32+01:29 <0.001
Get-up time (hh:mm) 05:48 +00:24 09:47 +01:47 <0.001
Time in bed (h) 7.7+0.9 9.3+1.7 <0.001
Sleep onset latency (min) 40.8+43.2 31.8+21.6 0.543
Sleep duration (h) 54+41.3 7.1+1.2 <0.001
Sleep efficiency (%) 70.7+15.1 77.2+7.5 0.220
Wake after sleep onset (%) 17.6 +8.8 16.24+7.7 : -
Daytime nap duration (h) 0.240.5 0.0 +0.0° e BE= ' o .
Total sleep time (h) \ 5.6+1.4 J 1.1+1.2 ki = 1 —— L
3. FruSan = +- |
| 4sasn e — —
Sargent et al. 2014 8 Sublon || —F— ;I 1 Il
——— | IS
g 7. TuaiWed —}— +- [
g, sweatw | —— | &1 [ ]
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* |ncreased sleep disturbances be
fore competition.

« Total sleep duration reduced
up to 60 min.

« Total sleep volume & efficacy be
low recommendations.

 Nervousness, increased
physical & mental stress.

Sleep & Competit~

All Participants Gender

Absolute Frequency (%) Male (%) Female (%) Chisquare p-Value

Overall 181 64.0 65.9 624 0.55 0.619

LA TR, o3 xa ol

is portant competition or game?” n=179

833 021 0.698
Waking up earry & Mo g 18 5.8 1. 29.2 0.58 0.501
Waking up at night 68 38.0 325 427 1.96 0.169
Unpleasant dreams 10 5.6 0 10 9.16 0.002*
Not feeling refreshed in moming 65 36.3 349 375 0.13 0.757

p an important competition or game?”" n~ 176
82 840 0.16 0.837
- - 8 . 447 0.07 0877
0 surroundings S . " 223 0.02 1.000
Noises in room or outside 31 17.6 15.0 19.0 0.75 0428

idatmassendidthaslsspinsimblemsinfusnssiaunissfasmansssduring the competition or game?” n=178
No influence 83 46.6 48.2

453 0.15 0.764

Increased daytime sleepiness 75 421 36.1 474 229 0.171
Dall O - U U Q; Udy = Co - 13.7 0.01 l.(m
Worse performance in competition 25 14.0 17.0 120 1.03 0.388

mpetition?" n =176

49.5 041 0.548

; s 20.0 0.13 0.853

Sleeping pills 23 131 12.3 13.7 0.07 0.826
Reading 46 26.1 185 326 451 0.034*
Watching TV 34 193 222 16.8 0.81 0.445

Juliffet al. 2013
<TREGMAN
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@ Rt Sleep & Competition

“Normal” sleep behaviour on training days & day matches.

500

&
,

Sleep duration (min)
g

After night matches:

« Sleep duration

* Perceived recovery

« Accumulated negative effect over season?

&
:

g

Z

200 T T
D DM NM

Fullagar et al. 2016 D DM NM
(n = 95) (n = 38) (n =116)
Bedtime 0:14 + 0:38 2:16 + 2:37° 2:17 + 0:57°
Awakening time 8:04 + 0:19 9:04 + 1:08° 8:01 + 0:41°
Time in bed (h:min) 7:40 + 0:42 8:05 + 1:42° 6:55 + 1:36*¢

Total sleep duration (h:min) 6:36 + 0:45 6:39 + 1:32 5:28 + 1:28*¢
Carrico etal. 2017

\*TREGMan
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@D o Total Sleep Deprivation

Exercise After Sleep Loss

Endurance performance (> 30 min) ’
Speed 3
Strength = vy

* Increased perceived load

« Reduced neuro activity

* Reduced muscle activity

« |mpaired availability of energy

@
o
U
.

8000 - L
7500 - I
T 7000 . N i
@ 6500 e _—“‘;:
é 6000 — ——
8 5500 - _
5000 — :_:_:
4500
CON SDEP

Oliver et al. 2009
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(OP) P arbrackan Partial Sleep Deprivation

(b) Performance

4
20

350
15

RT (ms)
300
. ;
K3
L ]
10
Lapses (per test)

Anaerobic capacity
Peak performance

Cognitive performance
(reaction time, attention, decision making, m
emory) Bt B2 Pl P2 P3 P4 P5 R1 R2

Days

— G R Pt AN R

250
b
5

200
0

[ —e—— RT-median . lapses ]

Axelsson et al. 2009

« Perceived load
* |mpaired anaerobic glycolysis

o
*
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@ A searbracken Sleep & Infections

0.6 -

4

0.51
Immune

0.4- system

0.3

4

'I‘Inﬂammation
0.2 1

I/ ) :

0.1

Adjusted % With Colds by Objective Criteria

<5 5-6 6.01-7 >7
Actigraphy Sleep Duration (hours)

Probability of an infection in relation to TSD

0 )
<92 92-98 >98 /

Sleep Efficiency, %

Pratheretal. 2016 Cole et al. 2009

< 5 h sleep/night increases risk for infection by 4.5 times.
< 92% SE increases risk by 5.5 times.
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@ Sportmedizin Sleep & lnjury

Likelihood of Injury Based on Hours of Sleep per Night

«
=
=
<
g 60
-
~
g 50
g
T 40
k]
B 30
-]
&
£ 2
—
i .
Five Six Seven Eight Nine

Average Sleep per Night (hrs)

Milewski et al. 2014

Univariate logistic regression™ P value OR (95% Cl) Multiple logistic regression* P value OR (95% Cl)

Nutrition recommendation* ; ; . . Nutrition recommendation
von Rosen et al. 2017
« Athletes who sleep < 8 h/night have 1.7 times increased risk of injury.
*  ©61% reduced re-injury risk when athletes meet sleep recommendations.
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@ sportmedizin Take Home Messages |

Do it simple but do it well!

CWI: Context
Placebo-effect
Individual response /
Massage: Standardisation is difficult v
Science vs practice )
Sleep: Should be a cornerstone é

Sleep-Hygiene protocols
Awareness is important
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RECOVERY

TRAINING
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G A searbricken Fatigue & Recovery

Sports Med 2005; 35 (10): 865-898

REVIEW ARTICLE 0112-1642/05/0010-0865/$34.95/0
© 2005 Adis Data Information BV. All rights reserved. Ca rd iova SC u Ia r /
anaerobic

N

Models to Explain Fatigue during Psychological o
Prolonged Endurance Cycling /motivatien

Chris R. Abbiss and Paul B. Laursen

School of Exercise, Biomedical and Health Sciences, Edith Cowan University, Joondalup, Western
Australia, Australia

Fatigue

Thermoregulatory

Biomechanical Muscle trauma

\*TREGMan

REGENERATIONSMANAGEMENT IM SPORT




Sportmedizin
Saarbriicken

g

Psychological/motivational model

Central governor model

Fatigue & Recovery

Neuromuscular fatigue model

Nature of the task

Red blood
cell mass

Thermoregulatory model

Ther Jlation/
skin blood
flow/sweat rate

Blood volume

Motivation r— Brain

Central governor/
controller

Plasma
volume
Stroke

volume

Cardiac output

Delivery of O,

removal of H*

Cardiovascular/
anaerobic model

. Afferent sensory
Feat pmdd ;

Serotonin/ Central Nature of the task
dupamln_e activation
concentrations
(o v
i
T
’ ,?,',
4 Na*-K* pump
I ATPase

Response Membrane
to electrical itabili
stimulus

— H,COzand

Skeletal muscle fatigue

Lactate, H*,
Ca®* release inorganic
from SR phosphate
concentration

_{

Ca?* return
to SR

Actin/myosin

Muscle
coupling

trauma

Muscle power
model

Muscle trauma
model

Accumulation
of free radicals

Mitochondrial
density/aerobic
enzyme activity

[

|

’ Phosphocreatine I

I Glycolysis I

Muscle fibre
composition
Oxygen

I
Oxidative
phosphorytion consumption

Capacity of energy systems

Energy
supply/energy
depletion model

Nature of the task

Substrate CHO,
lipid, protein

Abbiss & Laursen 2005

Biomechanical
model

Efficiency
of motion

of the task

J

R
Iy | / " X

\ ]
X , -— “

)

Fatigue depends on the exercise
type/mode, duration & intensity.

Fatigue-induced changes vary within &
between individuals.

Different time periods for recovery.
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@) i Time course

100%

50% -

v

0%

— CHO = = Inflammation  «e=s-- Muscle damage =-- Soreness
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Time course

100% —
\ — CHO
(0]
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=
(0]
x
o p
50% — g .
g v A :
_5 =g 4
5 ’; 42 X
- \ : )
/ /

0% |

100% —
\\/
— CHO
2
2
2
50% — =
T \ '
8 _
=
A " \\
Y
00
S | | | | [
0h 24h 48 h 72h 120 h

‘ Alterations in training stimulus highlight the need to adapt recovery interventions.
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@D & Take Home Message I

« Many physiological systems are involved with differing time courses of recovery.

 Effectiveness of recovery interventions are related to the nature & extend of fatigue.

« Planning & implementation of recovery interventions is complex.

General preperation Specific preperation Competition

Appropriate recovery to Specific recovery support Recovery to minimize
maximize adaptation. after key sessions, especially fatigue, decrease time to
high-quality/skill sessions. taper appropriately.

Potentially withholding Recovery to reduce fatigue & Increased recovery to
recovery. soreness for specific maintain high-intensity
sessions. training.

Mujika et al. 2018
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Compression
Active recovery

Recovery boots
Sauna
Foam rolling
EMS

Stretching

Nutrition




-7\ EUROPEAN
J\ ATHLETICS

Thank you very much for your
attention!

Dziekuje za uwage!

Dr. Sabrina Skorski (PhD)

Sport Scientist
Institute of Sport and Preventive Medicine, Saarland University, Germany

\ Infographics designed by Dr. Yann Le Meur



