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Repeated Bout Effect

A bout of exercise confers protective effect against muscle
damage in subsequent bout of similar exercise

100 2nd . o 0 < 1st
. a0 - e T £15
Protective Effect on ol \ 5% ees B0 v
o S 1st| = -20 E A
z 0] Ve £ oo
Muscle Damage - VA ZaE™
4 wks E o
cDN’JU 6 24 48 T2 96 pre 0 6 24 48 T2 95 pre 0 G 24 48 7296
Kazunori Nosaka, PhD ! A T Tme o
’ 10000 E1 50
Professor 3 w00 1st 2 o f_.-,].S‘
. . = 5 1000 = SESESE
School of Exercise and Health Sciences 2 j‘:;E + £ Algal ] & \
Edith Cowan University = 2 oo fz’ i’ %0 A 5] )
- o g N, 2n
fue o0l o =, 0i0-—a
Joondalup/Perth E ° pre 6 24 48 72 96 = p?e_: 24 4B T2 9 pre 6 24 48 72 96
AU ST RALIA = Tima (h) Tirm (B Time (hour)
EDITH COWAN B Hirose et al. Exerc Immunol Rev. 2004.
4 Maximal ECC Bouts o 5ol
e =
Subjects: 15 young men (21.8 = 1.9 yrs) 3 ™
« Height 1.74 + 0.06 m, Body weight: 64.9 + 9.2 kg ] o P
« No resistance training 1y prior to the study i E 20
Study design/Exercise Maximal eccentric exercise R B R R . Ry e 5 3 B @ %
of the elbow flexors Contraction Hummber THak sy
| 1st I"l 2nd H 3rd |_'| 4th I | = B H” -1t :r.m e 1=
duk Ak dwk | Boy omtll B[ ondl |
N A . £ 5 3 “an 1|8 “an A
on-dominant arm performed all bouts E / e L
+30 max lengthening contractions i o g ’
vRest between contractions: 10s E vy 3 o +‘
/ROM: 90-180° oL g ot o
pre 4 42 T2 96 120 pre 24 48 T2 E L] 120

“Velocity: 90°-s-"
~Torque, Work (Biodex System 3)
3

Tune {hears)

Chen et al. Eur J Appl Physiol. 2009

How long does the repeated bout effectlast?
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Repeated bouts in 2 and 4 days after initial bout
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Effect of Initial Bout Intensity (3 weeks)
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Effect of 10% ECC on Criterion Measures
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Number of Eccentric Muscle Action
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Muscle Length and Repeated Bout Effect
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Endurance Exercise - Max ECC
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|Sever Muscle Damage |
I
Large Number of High Intensity and Fast Velocity
Lengthening Contractions at Long Muscle Lengths

| !
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Isometric small low slow short

Protective effect Protective effect

v v
Lengthening large high fast long
20-40% 40-60% 20-60% 40-50% 40-50%

Attenuation of Muscle Damage

Isometric Contractions

2 or 10 maximal
isometric contractions
3s
45 s between contractions
20° flexion

Eccentric Exercise

5 sets of 6 maximal

eccentric contractions
10 s between contractions
2 min between sets

ROM: 90-0°
90° /s

Protective Effect by 2 or 10 Max Isometric Contractions
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Protective Effect by 2 Max Isometric Contractions

30 contractions, 3 weeks between bouts
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Changes in Aponeurosis Elongation over 10 Interventions for Muscle Damage
Sets (15t vs 2nd Bouts)

20 Prophylactic Modalities
= Warm-up, stretching, NSAID, -
"g’ 15 anti-oxidants, massage, Y
B taping, icing, EMS/ENS, &
5 acupuncture, etc.
w 10 . iy
2 Therapeutic Modalities
5 stretching, NSAID, \
g S et anti-oxidants, massage, A
P<0.05 ici -
£ o 2nd bout—] icing, heating, EMS/ENS,
0 acupuncture, vibration, etc.
i 2 3 4 5 6 7 8 9 10 o 4
Set Combination
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Magnitude of Muscle Damage and Intervention Effect Tips for Designing an “Intervention” Study

Magnitude of muscle damage

What aspect is focused on (e.g. DOMS,
muscle function)

Criterion measures (e.g. how is the effect
judged?)

Exercise model

What is the level of “physiological’
significance (e.g. 20% reduction of peak DOMS)
Placebo effect

Inter-subject variability

. Other confounding factors (e.g. diet, age,
Where and how does an intervention work? (Mechanisms) gender, training, “experience”)

Inflammatory response

Some interventions work | Some interventions may work |No intervention work ‘

. Preconditioning Effect on Muscle Damage
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Effect of Massage (10 min) @ 3 h post-Exercise

Zainuddin et al. J Athletic Training. 2005.
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Time (day} Tirrer (skaay)
Mean (SEM) Peak Soreness, mm
Condition Brachialis Brachioradialis  Flexing Extending
Control 46.7 (6.8) 51.6 (6.9) 42.1 (8.5) 52.8 (7.0)
Massage 35.0 (7.9) 33.0 (8.1) 25.1 (7.5) 42.9 (5.6)
P value .06 .01 07 .02

Effect of Amino Acid Supplementation

3 ' Experiment 1
Tl Lurch Dirrer Lurch Dirrer
o 9-91(' m 5h - =120 1 day F
Tret 1 T oay 2oy
A A A A A
N Day 1 = Days2,3,4,5 5
Experiment 2 * Mo augzlu:onl
o0 Day
LA + +
Ex Lurch Cirrer] Lunch Dirrer
omps 5 aen 1z 1 day -1
' l "Dmelv
A A A A A
* Day 1 = Days2.3.4.5 i

' Blood sampling for

¥ Supplementation amino acid concentration

A Criterion measures

Nosaka et al. Int J Sport Nutr Exerc Metab. 2006.

Amino Acid Supplement

Changes in Amino Acids after Supplementation
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Light Concentric Exercise

10 sets of 60 submaximal elbow flexion and
extension rhythmical movements (Cybex 6000)

1-4 days after Max-ECC

ROM: 90-180°
Fix / Ext: 1s/ 1s

2 min/set x10sets
Rest :30 s (sets)
Exercise time: 25 min

Monitoring: Torque <6%MVC

(passive)

Analgesic Effect of Exercise on DOMS
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Effect of Vibration Treatment
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120
% -10
E-zo
E 30
=3
= Traatment—, [ = Treatment
- x o Control 1 "% E 40 = Control _]p<vos
“predth  1d 2d 3d 4d sd 7d “preoth  1d 2d 3d 4d 54 7d
Timae Tirme
B . B0
 Gontrol P05 | L o
. E W After
60 I E

o 8 & 8 ¢

Lau & Nosaka. Am J Phys Med Rehab. 2011.

Isometric Strength (N.m)

post-exercise

30 min Treatment
Double blind
Cross-over

Effect of Pulsed Electromagnetic Field Therapy
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“Contralateral” Repeated Bout Effect
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Should muscle damage be treated?

Without treatment, DOMS disappears
in a week or so (DOMS itself is harmless)

No “special” treatments are necessary
for DOMS for most cases

Muscle damage is often inevitable (e.g.
after competition, training)

Quicker restoration of muscle function
is required

“Treatment” should consider recovery
of muscle function not DOMS

~Is muscle damage-
inflammation necessary?

Adaptation

Damage
Inflammation
Repair

No pain, No gain?

* Is “pain” required for gain?

*  Does muscle damage
stimulate muscle hypertrophy?

+ Isit necessary to damage
muscle to maximise muscle
adaptation?

45

46
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ECC - Greater Stimulus for
Muscle Hypertrophy

» Maximal eccentric contractions of the
knee extensors activate p70s6 in the
vastus lateralis, but maximal
concentric contractions do not

* Maximal eccentric contractions are
more effective than maximal concentric
contractions in stimulating protein
synthesis

Eliasson et al. Am J Physiol Endocrinol Metab. 2006.

Gene Expression — 15t vs 24 ECC
Does the magnitude of muscle damage affect
gene expression related to muscle hypertrophy?

* 8 non-resistance trained men (33.9 £ 4.0y)
* 10 sets of 10 maximal eccentric contractions of the
knee extensors (30° /s, ROM: 0-100° , Biodex)

»  Two bouts separated by 2 weeks (left leg)
* Micro needle muscle biopsy: pre, 15 min, 2 h post
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Importance of Eccentric Exercise

Eccentric “strength” is required (e.g.
athletic performance, prevention of falling)

Potent stimulus for muscle adaptations
(e.g. strength, hypertrophy)

Effective for tendinopathy treatment
Suitable for aged population and
disease condition (e.g. respiratory disease,
cancer)

Minimising muscle damage, maximising
mechanical stimulus

Cycling Exercise
CONCENTRIC

ECCENTRIC

Tunturi F30R, Australia EccentricTrainer, Metifur, inland

* Intensity » Cadence
—60% of CON power - 60 rpm
output * Duration

- 30 min




METHODS

RESULTS — Metabolic Cost

__ a0y CON:158.5 = 9.2W, ECC1:169.9 = 26.7 W, ECC2:179.3 £ 6.1
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Muscle Damage
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Effects of ECC Cycling Training

= Eccentric Training
* - 1ag) = Concentric Training

T
Con
PrafPost

8-week ECC cycling training at
54-65% HRmax increased
muscle fiber CSA by 52%, but
no increase after CON cycling
LaStayo et al. Am J Physiol. 2000.

Isomelric Leg Strength (%)

Fiber Cross Sectional Area (m3)
-388888¢8

ECC
PrefPost

6-week ECC cycling training
increased 36% more isometric
strength than after CON
cycling

LaStayo et al. Am J Physiol. 1999.
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Effects of ECC Cycling Training

Frail elderly (70-93 years, 11 men, 10 women)
11 week training, 3 times / week, 10-20 min / day, Progressive

ECC Cycling (n=11) Weight Training
(n=10)
Pre Post Pre Post
MVC strength | 48.8+6.1 78.1+8.8 455+55 525+43
(N) 60%1 *

Muscle fibre | 3295 +366 | 5273 £+964 2999 +313 | 4218 +367
area (um2) 60%1 * 40%1
Timed Up 16.7+0.8 12.0+£0.7 172+ 0.9 156+1.5
and Go (s) 28% * 9%

Stair Descent| 25.3+2.0 20.9+2.1 214+23 229+4.4
(s) 17%1 *
Berg Balance | 49.7+ 1.1 53406 42.0+24 443+1.4
(0-56) 7%
taStayo et al. JGerontol. 20037

Eccentric Cycling Research

- Elderly Responses to
repeated ECC cycling

- ECC cycling
application to clinical
population (e.g.
respiratory disease,
cancer, diabetes)

- Effects of ECC
cycling on muscle
fibres and ECM

Current Research Projects

- Mechanisms of DOMS

- Connective tissue damage markers

- Muscle damage versus fatigue

- Muscle damage in children

- Mechanisms of the repeated bout effect

- Clinical use of eccentric exercise (e.g.
respiratory disease, cancer, diabetes)

- Eccentric overload resistance training
for athletes

63

Suggestlons?
Collaboration?

Ken Nosaka
k.nosaka@ecu.edu.au
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