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general intfroduction
Some definitions

- Physiology is the scientific study of function in living organisms;
- Metabolism is the set of life-sustaining chemical transformations within the

cells of living organisms (also to support energetically locomotion);
- Bioenergetics is the subject of a field of biochemistry (and physiology) that

concerns energy flow through living organisms;

- Energy balance is the biological homeostasis of energy in living organisms;
- Energy intake = internal heat produced + external work + storage;

- Biomechanics is the scientific study of how living organisms move (including

locomotion).



The two faces of the same coin

- Biomechanics is the physics of exercise/

sport (mechanics, statics/dynamics, kinematics/kinetics):

biomechanics deals with the correct management of
motion, force, momentum, levers and balance, fto

improve technique and reduce injury risk;
- bioenergetics is the chemistry of
exercise/sporf (exercise/sport metabolism)
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general infroduction

Back to (my) February 2006...

Stato dell’arte degli strumenti portatili di misura della spesa calorica
della persona“

q

1 Introduzione-
a1

- Personalmente, penso che attualmente non esista sul mercato alcun
sistema portatile di misura della spesa calorica della persona obiettivamente
valido in tutte le situazioni pit comuni. Cido € dovuto soprattutto all’ancora limitata
richiesta assoluta di questo tipo di prodotto, nonostante il suo sentito bisogno - a

costi sostenibili - da parte della comunita scientifica (Trost et al., 2005). 7
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Then what?
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general introduction

The two faces of the same coin/2

- ‘coin’ = any specific exercise/sport action;
physical activity (PA) ‘face’ biomechanics/
mechanics of action;

metabolic expenditure (ME) ‘face’
metabolism of action

chemistry/




general infroduction

Physical activity

Any bodily movement produced by the contraction of skeletal muscle;
but... iIsometric contraction?

therefore: bodily movement + isometric contraction = PA

A little physical activity means a loT

What Is Physical Activity?

Sport Exercise
Play Physical S
Activity
P T
Active Living Recreational Activity
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Physical activity requires metabolic expenditure




general infroduction

PA & ME

GLOBAL CONSTRUCT:
MOVEMENT

I !
Measurement: P_h)LSLG.&LA.C.t.lﬂI}f %+ ED.QLgY_EKIlQI]SlmlI.Q

(a behavior) (the energy cost of the behavior)
Direct: PA Record Calorimetry
" 24-Hour Recall Doubly Labeled Water
Motion Detector 4
Extrapolation to
Energy Expenditure .
Oxygen Uptake

'\y Heart Rate
Indirect: Questionnaires Body Temperature

Y Ventilation

Adverse 9
Health 2
Parameter

Energy Expenditure

Lamonte et al., 2001
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PA & ME

TABLE 1. Methods of assessing physical activity or energy expenditure.

Direct
Observation
Room calorimetry (e.g., body heat production)
Doubly labeled water
Biomechanical forces
Acceleration vectors (e.g., accelerometry)
Motion sensors (e.g., pedometry)
PA records or diaries, recall interviews
Indirect
Indirect calorimetry (e.g., O, uptake, CO, production)
Physiologic measures (e.g., heart rate, ventilation, temperature, estimated
cardiorespiratory fitness)
PA surveys or questionnaires
Surrogate reports (e.g., energy intake)

Lamonte et al., 2001
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measures

PA & ME

Measures
- accelerometry (counts/u.t.);
- HR:
- HR (bpm), nHR (bpm), HRR (%);

- V'02 (metabolic chamber or open circuit):
- V'02, nV'02, PAL.

Schutz et al., 2001
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Parameters to Assess Physical Activity, Schutz, Weinsier, and Hunter

measures

Table 2. Representative values obtaimned for currently available and proposed new measures to assess physical

activity: values are based on two hypothetical subjects of the same sex, age, and height, but different weights and
& M E activity levels*®

Subject 1 Subject 2
(lighter, more active) (heavier, less active)
Female, age = 40 yr Female, age = 40 yr
BMI = 25 kg/m’ BMI = 30 kg/m’
(67 kg, 1.63 m) (80 kg, 1.63 m)
REE = 1480 kecalld REE = 1550 keal/d
(1.0 kecal/min) (1.1 kecal/min)
Parameter (units) 24-hr EE = 2150 kecal/d 24-hr EE = 2200 keal/d
Parameters based on EE or O, uptake
AEE Activity EE (kcal/d or kecalkg - d) 450 kecal/d 450 keal/d
6.7 keal/’kg/d 5.6 keal/kg/d
PALze Physical activity level (24-hr EE/REE) 145 142
(ratio) (2150/1480) (2200/1550)
PALezday Daytime physical activity level (daytime 1.65 1.58
EE/REE) (ratio) (2450/1480) (2450/1550)
METzs  Metabolic equivalent [exercise O, uptake
(O,/kg - min)/standard resting O, uptake 34 34
(O,/kg * min)] (ratio) (120J35) (12.0/35)
PAR=s Physical activity ratio (reference exercise 40 45
EE [kcal/min}/REE [kcal/min]) (ratio) (40/1.0) (50/1.1)
ARTEeze Actvity-related ime equivalent (min/d)
(24-hr EE [kecal/d] - 0.9 — REE [kecal/d])/
(reference exercise EE [kcal/min] — 152 min/d 110 min/d
REE [kcal/min]) (2150 - 09 — 148040 — 10) (2200-09 — 155050 — 1.1)
Parameters based on HR
HRnet Net HR (beats/d) (average 24-hr HR [beats/
min] — resting HR [beats/min]) - 1440 21,600 beats/d 21,660 beats/d
min/d (80 — 65) - 1440 (85 — 70) - 1440
PAL &R Physical activity level (24-hr HR/resting 123 121
HR) (ratio) (80/65) (85/70)
PALxrday Daytume physical activity level (daytime 131 1.29
HR/resting HR) (ratio) (85/65) (90/70)
PAR#R Physical activity ratio (exercise HR/resting 185 1.86
(METar) HR) (ratio) (120/65) (130/70)
ARTE#r  Activity-related time equivalent (min/d)
(24-hr HR [beats/d) — resting HR [beats/
d])/(reference exercise HR [beats/min] — 393 min/d 360 min/d
resting HR [beats/min]) (115200 — 93,600)/(120 — 65) (122400 — 100,800)/(130 — 70)

* Subject charactenstics and physiological data, although hypothetical, are based on actual data of similar subjects studied m our laboratory
(14 .25). The reference exercise task used for each parameter = steady-state response to bicycle ergometry at 60 rpm, 50-W workload, 4
minutes. Calculation of METEE is based on assumption that 1 MET = 35 mlL O,/kg - min. SChU’l’Z e.l- Cll., 2001
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measures

PA & ME

Direct measures .
Indirect measures

- pedometry;
- HR;
- accelerometry;
, - anthropometry;
-V oz uestionnaires;
- DLW, 1 '

- oth. metabolic measures;

- observation;
- oth. fithess measures

- self-report diaries

Tudor-Locke et al., 2001
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measures

PA & ME
Golden standard Secondary measures L.
, . Subjective measures
- V'02 (middle term); - pedometry; .
- self-report diaries;
- DLW (long term); - accelerometry; . .
_ observation _ HR - questionnaires

Tudor-Locke et al., 2001
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measures

PA & ME

Accelerometry issues

- ->PA;

- activity kind? (e.g., gradient locomotion, cycling);
- specific activity efficiency? (PA/[ME-rME])

Pedometry issues
- —>(most of) PA (i.e., walking);
— other activities?
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