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General Outline

ALecture 1
Basic concepts and psychobiology of perception of
effort

ALecture 2
How to measure and use perception of effort in sport
and exercise

ALecture 3
Mood and sport-specific recovery measures

ALecture 4
Cognitive testing and other psychobiological measures
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Outline

AWhat Is training monitoring? Conceptual
model and discussion

AWhat Is psychobiology? Applications to
sport and exercise (and other fields)

,&Derception of effort: what it Is and where It
comes from

,&Questions
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Conceptual Model
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Figure 2. The training outcome is the consequence of the internal
training load determined by (1) individual charateristics, such as
genetic factors and previous training experience, and (2) the
quality, quantity and organization of the external training load.

FRANCO M. IMPELLIZZERI!, ERMANNO RAMPININI!, & SAMUELE M. MARCORA?
Journal of Sports Sciences, June 2005; 23(6): 583 —-592 University of Kent
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Discussion

What are the most common
measures of external and
Internal training load?
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Discussion

Cognition
(including
perception)

Psychology

Motivation
(quality
and
guantity)

Emotion
(including
mood)
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Discussion

Psychophysical Psychological
Measures Questionnaires

How have you been feeling, in general, over the past few weeks?

Have you recently?

. Felt you couldn't overcome your difficulties?
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. Been able to enjoy your normal day-to-day activities?

. Been able to face up to your problems?
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. Been feeling unhappy and depressed? s o f]| ppsrmagg
10. Been losing confidence in yourself? e ] poaseien
11. Been thinking of yourself as a worthless person? — et i
| | 1 1 I | 1 ¥ ' : ? More 50 them ot than eaed | N1
o D] 30 a0 &0 &0 70 TR BT 12. Been feeling reaonably happy, all things considered pdedn ‘ o

Stimulus magnitude in arbitrary unlits

Fig. 5. The apparent magnitudes of electric shock, length, and brightness follow different

curves of growth, because their power law exponents arc 3.5, 1.1, and 0.33, respectively. Note

how the curve is concave upward or downward, depending on whether the exponent is greater m b 1
or less than 1.0. The power function for apparent length is almost straight in these linear coor- P u t a n u er O n It
dinates because its exponent is close to 1.0, The units of the scales have been chosen arbi-

trarily in order to show the relative form of the curves on a single graph. {From Stevens 1961.)

University of Kent



B
Psychobiology

I e AA term coined by the Swiss-born
il US psychiatrist and neurologist
OX d Adolf Meyer (18661 1950) for the
€3 sy study of the relationships
DICTIONARYOF | between psychological and

Psychology biological phenomena.
ARG, ASimiIar terms: cognitive
neuroscience, biological

psychology, psychophysiology,

| ohysiological psychology,
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My Psychobiological Approach
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Body Composition
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Cardiorespiratory Fithess
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Portable Physiological Monitor
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Core Body Temperature Pill
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Pulse Oximetry
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Muscle Fatigue and Cognitive Fatigue
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Various Psychological Measures

(including Profile of Mood States, POMS)
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Psychophysical Psychological
Measures Questionnaires

How have you been feeling, in general, over the past few weeks?

Have you recently?

. Felt you couldn't overcome your difficulties?
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Fig. 5. The apparent magnitudes of electric shock, length, and brightness follow different

curves of growth, because their power law exponents arc 3.5, 1.1, and 0.33, respectively. Note

how the curve is concave upward or downward, depending on whether the exponent is greater m b 1
or less than 1.0. The power function for apparent length is almost straight in these linear coor- P u t a n u er O n It
dinates because its exponent is close to 1.0, The units of the scales have been chosen arbi-

trarily in order to show the relative form of the curves on a single graph. {From Stevens 1961.)

University of Kent



Perception of Effort

Borg RPE Scale

Perception of effort is the conscious sensation of
how hard, heavy, and strenuous a physical task is
(Encyclopaedia of Perception 2010). Different from

exercise-induced muscle pain and tiredness.

9

Very, very light
Very light
Fairly light
Somewhat hard
Hard

Very hard

Very, very hard

University of Kent



1158 SENSATIONS DURING MUSCULAR WORK

Maximal 10 —

Fig. 1. Relationship between sensory intensity
and power oot -rinring - 1’!}"1"1!‘: task for
senzations of leg effort (), musele tension (W),
muscle discomfort (O), muscle pain (4), and
breathing discomfort (0), Values are means =+
SE. Intensity of leg effort and muscle lension 8
was greater than intensity of muscle pain (P <
0.001} and breathing discomfort (P = 0.001) at
60, 80, 100 and 120% of the work capacity Very severe 7 —
(Weap). Intensity of muscle discomfort was
greater than intensity of muscle pain (P < 0.01)
and breathing discomfiort (F <2 0.05) at 100 and 6 —
1206 Wy,

Very very severa Q9 _

Severe 5
Somewhat Severs 4 —

Moderate 3 -

Table 2. Constants and exponents for power-function
relationship between sensory intensity and power Slight 2
output (oW, ) for each sensation during
6 X 30-5 exercise test

Very shight 4 -

n ri

: Very,very slight 0.5 —
Leg effort 2461072 1.64 0.70 . 0
Muscle tension 116103 1.80 0.76 Nothing at all -
Muscle pain 1.18=104 2.12 0.45
Musele discomfort 336210 ¢ 2.00 0.63
Breathing discomfort. BO2 w104 1.75 048 | T T 1 | I 1

Wep, work capacity; k, constant; n, exponent; 2 coefficient of 0 20 40 &80 80 100 120

determination. Form of relationship. sensory intensity (Borg units) =

E (W 0, POWER OUTPUT (% Wcap)



Transduction-conversion of one form of
energy into another.

Note: this is valid for all sensations/perceptions apart from perception of
effort University of Kent
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Neurophysiology of Perception of Effort

A Pathways Group Ill and IV

a Nucleus
of a Schwann cell
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Neurophysiology of Perception of Effort

A Afferent feedback model of perceived exertion

Central command

——»{  Skeletal muscles
(pre-motor and/or motor areas)

Sense of effort
(somatosensory areas)

B Corollary discharge model of perceived exertion

Central command
(pre-motor and/or motor areas)

l

Sense of effort
(somatosensory areas)

——»{  Skeletal muscles

Marcora. JAP 2009
( ) University of Kent



The Influence Of Sens OI‘y Cues on ;Zg::iiégzl;g:rﬁinﬂf afferent information that may alter ratings of
the Perception of Exertion During

N A Cardiopulmonary Peripheral/metabolic
Exercise and Central Regulation of TEp—— Biood laciate lovol
Exercise Performance Oxygen uptake Blood and/or muscle pH
David B. Hampson, Alan St Clair Gibson, Mike I. Lambert and Timothy D. Noakes HESDiTBTGI'}I’ rate Mechanical strain

Ventilatory rate Muscle damage
Core temperature

Carbohydrate availability
Skin temperature

Subconscious setting of exercise

. . I h K withi Interpretation of afferent
mten_sny to comp ete the tas w_lt In sensations against expected
the biomechanical and metabolic

o outcome
limits of the body

Afferent sensations

Efferent commands
\ 4
Conscious perception of exertion

Muscle
Heart

Fig. 1. Teleoanticipation and perceived exertion. A precise regulation of exercise performance may be achieved through a process
of teleoanticipation. The perception of exertion results from the interpretation of afferent sensations against an expected outcome.
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Cardiopulmonary Sources of Afferent Feedback

Borg RPE Scale

6

] Very, very light

8

9 Very light

10

11 Fairly light

12

13 Somewhat hard

14

15 Hard

16

17 Very hard

18

19 Very, very hard
(White, 1957) 20

University of Kent
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Cardiopulmonary Sources of Afferent Feedback

Heart Rate (beats/min)

20

18

16
14

12

— 10
— 8

6

m Placebo mCeliprol = Diltiazem

(Myers et al., 1987)

Perceived Exertion (RPE)

m Placebo mCeliprol = Diltiazem
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Peripheral/Metabolic Sources of Afferent Feedback

Medscapes www.medscape.com

Perceived exertion and lactate
during soccer activities
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Peripheral/Metabolic Sources of Afferent Feedback

Experimental Muscle Pain

University of Kent

(Khan et al., 2011)



Peripheral/Metabolic Sources of Afferent Feedback

Isometric Contractions of Elbow Flexors

Pain rating B
Very large 6 1 80 1
Large amount 5 3
= 60 -
Considerable 4 4 o E
£ 0
Moderate 3 5 90 g
§ A
Mild 24 o
E 20 - ﬁ ]
Minimal 1 a E O baseling
& Pain
Infinitely small 0 4+ 0 —a T r - T T :
0 10 20 30 40 50 60
Requested torgue (Nm)
Figure B. Subjects instructedtoin p u | | up with 5%, 1

75% of your niRPEProdudtiondMethod)r t o

(Khan et al., 2011) University of Kent
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Peripheral/Metabolic Sources of Afferent Feedback

Table 1-Metabolite concentrations used in study

Metabolite Chart
pH ATP Lactate | Exercise Level Order of
Presentation
7.4 300 nM 1 mM Resting (neutral solution) |1
7.3 400 nM 4 mM Mild 2
7.2 500 nM 10 mM Moderate 3
7.0 1000nM | 15 mM High 4
6.8 2000nM | 20 mM Very High 5
6.6 5000nM | 50 mM Ischemic (painful) 6

Pollack, Amman et al. Intramuscular Injections, No Exercise University of Kent



Table 3.
Non-pain descriptors
Pressure pressure (8)
related full (4)
hea 3
strip (2)
puffy (1)
(total =19) | gwollen (1)
Movement @ shaking (9)
related twitching (2)
effervescent (1)
pulsing (1)
flowing (1
shooshing (1)
vibration (1)
(total =17) | tingly (1)
Thermal warm (9)
(total =14)  cool (5)
Fatigue fatigue (4)
related tired (2)
exhausted (1)
exercised (1)
well used (1)
(total =9)
Other pins and needles (2]
(total = 3) raw (1)

Descriptors (in order of how many times described)

Pain
Descriptors
ache (27)

modifier-dull

(4)

modifier
throbbing (1
Hot (3)
(For pain sensations, Sharp (3)
only ache and hot stinging (3)
were NOT associated
> (4)
with back leakage of so.reness
the metabolites into pins and needles
the skin !) 1
(total =11)

Pollack, Amman et al.

Intramuscular Injections, No Exercise

Peripheral/Metabolic Sources of Afferent Feedback

10 SUBJECTS

Metabolite combinations found in resting
muscles (pH 7.4+300nM ATP+1mM
lactate) also evoked no sensation. The
infusion of a metabolite-combination
found in muscle during moderate
endurance-exercise (pH 7.3+400nM
ATP+5 mM lactate) produced significant
fatigue sensations. Infusion of a
metabolite-combination associated with
vigorous exercise (pH 7.2+500nM
ATP+10mM lactate) produced stronger
sensations of fatigue and some ache.
Higher levels of metabolites (as found
with ischemic exercise) caused more
ache but no additional fatigue-sensation.

NO SUBJECT REPORTED SENSATION
OF EFFORT !!!

University of Kent
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Peripheral/Metabolic Sources of Afferent Feedback

Cycling exercise for 20 min at 55% VO2Z2max

—Spinal | Epidural Anaesthetic — 20 Perceived Exertion (RPE)
Patient can be 18
responsive and
Site of — 14
epidural
12
—— Al the areas
below the 10
site of the
epidural 8
will be
anaesthetised
6
Epidural anaesthesia (EA) Control EA

(Kjaer et al. 1989) University of Kent
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Neurophysiology of Perception of Effort

A Afferent feedback model of perceived exertion

Central command

——»{  Skeletal muscles
(pre-motor and/or motor areas)

Sense of effort
(somatosensory areas)

B Corollary discharge model of perceived exertion

Central command
(pre-motor and/or motor areas)

l

Sense of effort
(somatosensory areas)

——»{  Skeletal muscles

Marcora. JAP 2009
( ) University of Kent
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Neurophysiology of Perception of Effort

A Afferent feedback model of perceived exertion

Central command

——»{  Skeletal muscles
(pre-motor and/or motor areas)

Sense of effort
(somatosensory areas)

B Corollary discharge model of perceived exertion

Central command
(pre-motor and/or motor areas)

l

Sense of effort
(somatosensory areas)

——»{  Skeletal muscles

Marcora. JAP 2009
( ) University of Kent



Motor-Related Cortical Potentials

Electroencephalography
(EEG)
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Central Motor Command and RPE

= 100 -
50 lifts % L
each arm e 80 A
with two =
different o)
weights = 60 A
IS A
S 40 -
o
=
T 20 - _
g —O— Non-Fatigued arm
© —&— Fatigued arm
2 O I I

Pre Post

Left. Experimental set-up. Right. Strength loss after fatiguing protocol. A
significant paired difference.

De Morree et al. Psychophysiology 2012; 49(9): 1242-1253 University of Kent
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Central Motor Command and RPE

10 -
V272 Light Non-fatigued
Il Light Fatigued
Heavy Non-fatigued
8 1 I Heavy Fatigued

Rating of perceived effort (0-10)

Condition

Rating of perceived effort for all four weightlifting conditions. Data are presented as fmeans
standard deviations. # Significant main effect of fatigue 0.001), * significant main effect of
weight ( < 0.001).
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Central Motor Command and RPE

-14
-12

Y Time (s)

Movement-related cortical potentials at five electrodes for the four weightlifting conditions over time.
Is contralateral to the movement and . _. is ipsilateral to the movement. Time 0 s is EMG onset.

University of Kent
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Central Motor Command and RPE

Rating of perceived effort (0-10)
D
—o—

1 T T T 1
-6 -8 -10 -12 -14

Cz amplitude 0-1000 ms (nV)
Within-subject correlation between rating of perceived effort and average Cz amplitude during the first

1000 ms of movement. Each data point represents the means Nstandard errors for one of the four
conditions. The correlation coefficient was r,,) = -0.64 (p < 0.001). University of Kent
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Central Motor Command and RPE

10 -

§ s
o)
I * "
> i
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o
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o
5 41
n
@)
£
IS .
nd 2 —&— Placebo
—O— Caffeine
O T T
First 50 Last 50

Exercise duration

Left. Experimental set-up. Right. Effects of caffeine and exercise
duration on perception of effort. * Significant main effect of caffeine. #
Significant main effect of exercise duration

De Morree et al. Journal of Applied Physiology 2014; in press University of Kent
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Central Motor Command and RPE

Cz

_\._‘L_‘LL‘L_\[\J
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uV Time (s)

Movement-related cortical potentials at five electrodes for the first 50 and last 50 contractions in the

caffeine and placebo conditions. Time 0 ms is EMG onset.
University of Kent
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Central Motor Command and RPE

nv
20 -
14 - 80 -
12 A
10 ~ 60 -
-8 -
-6 - 40 -
-4 -
-2 - 20 A
0 .
2 | | | | | | O
-2 -1 0 1 2 3 4 -2 1 0 1 2 3 4
uV Time (s) Time (s)

Movement-related cortical potentials at five electrodes for the first 50 and last 50 contractions in the
caffeine and placebo conditions. Time 0 ms is EMG onset.
University of Kent



MRI Scanner Cutaway
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Central Motor Command and RPE

e

Wei ght correspondi nglOtscale RPE A 30
Four 16 s contraction/16 s rest cycles =1 run

Ten runs per leg (alternating right and left) = 40 total contractions
per leg

RPE assessed at the end of each run using the CR-10 scale
University of Kent



Central Motor Command and RPE
RIGHT LEG LEFT LEG
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Contraction vs Rest
University of Kent
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Central Motor Command and RPE

Isokinetic Dynamometer Randomized crossover
AB/BA design

A = Eccentric fatiguing
protocol

B = Control

Eccentric fatiguing

protocol = 100 reps at 60
deg/ sec with 20
between reps

No lactate production, no
pain and soreness during
experiment

University of Kent
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Central Motor Command and RPE

260 ~
240 A
220

200 A

MIVC (N)

180 A

160 -

ok — @ — LeftLeg
—A&—— Right Leg

140

I 1
PRE POST

* Main effect of time P < 0.05 University of Kent
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Central Motor Command and RPE

H Non Fatigued
B Fatigued

RPE (CR 0-10)
w

LEFT LEG RIGHT LEG

* Main effect of condition P <0.05 University of Kent
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Central Motor Command and RPE

RIGHT LEG LEFT LEG
Primary Motor Cortex Primary Motor Cortex
Anterior Cingulate Cortex Anterior Cingulate Cortex

Posterior Cingulate Cortex Premotor Cortex
Frontal Pole Somatosensory Cortex
(1.65 vs. 2.3 threshold) Temporoparietal Junction

Fatigued vs Non Fatigued

University of Kent
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Central Motor Command and RPE

Primary Motor Cortex Anterior Cingulate Cortex

Fatigued vs Non Fatigued
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J Appl Physiol
90: 1392-1399, 2001.

Hypnotic manipulation of effort sense during dynamic
exercise: cardiovascular responses and brain activation

W. WILLIAMSON,"? R. McCOLL,?> D. MATHEWS 2
H.

J.
J. H. MITCHELL,? P. B. RAVEN,* AND W. P. MORGAN®
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J Appl Physiol
90: 1392-1399, 2001.

Hypnotic manipulation of effort sense during dynamic
exercise: cardiovascular responses and brain activation

J. W. WILLIAMSON,"? R. McCOLL,?> D. MATHEWS?
J. H. MITCHELL,? P. B. RAVEN,* AND W. P. MORGAN®

Table 1. Changes in regional cerebral blood flow distribution

Condition
Cortical Region Control Dowmnhill Uphill

Leg sensorimotor 821+84 814+ 81 (—0.9* 3%) 81576 (—0.7T=3%)
Right arm sensorimotor 716 =110 697+ 108 (—2.6 = 3%) 721111 (0.7 = 5%)
Left arm sensorimotor 709 +99 712+ 102 (0.4 +4%) 704 +107 (—0.6 = 5%)
Anterior cingulate cortex 655100 612+ 106* (—6.6 +=4%) 685117 (4.6 =3%)
RIPIT UIATAINIC TepIon Bl - 91 Dol - o2 2.1 - o5 T E S N
Left thalamic region 613 +94 605+96 (—1.3+3%) 623 +100 (1.6 = 4%)
Right superior insular cortex 614 =77 593+ 80 (—3.4+5%) 619 =85 (0.8 x4%)
Right inferior insular cortex 617 =65 608 +83 (—1.5+6%) 665 = 85% (7.7 +=4%)
Left superior insular cortex 625 +51 61683 (—1.3 +4%) 633 =59 (1.2 x4%)
Left inferior insular cortex 621 +-64 AT2+x68* (—T7.9=4%) 635 =88 (2.4 +6%)
Brodmann's area 44 T05+68 714 +68 (1.3 +1%) 692+88 (—1.9=1%)
Corpus callosum (white matter) 448 + 45 454 +55 (1.1 + 2%) 441 =88 (—1.6=2%)

Values are means = SD given as radioactive counts within the region of interest (ROI) and as percent change from control for the downhill
and uphill conditions (within parentheses). *P = 0.05.

University of Kent
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Separate neural pathways process different
decision costs

Peter H Rudebeck, Mark E Walton, Angharad N Smyth, David M Bannerman & Matthew F S Rushworth

NATURE NEUROSCIENCE VOLUME 9 | NUMBER 9 | SEPTEMBER 2006

h Barrier
o + 0O
1 NN
2 pellets 4 pellets
(LRA) (HRA) =
«+— Start 1 ‘
t
4 pellets

University of Kent
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Separate neural pathways process different
decision costs

Peter H Rudebeck, Mark E Walton, Angharad N Smyth, Day

Anterior cingulate
cortex (ACC) lesions
affect how much

effort rats decided to
Invest for rewards

(Al azy rat s

University of Kent



