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general introduction
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).
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The two sides of the same coin

- Biomechanics is the physics of exercise/

sport (mechanics, kinematics, statics, kinetics/dynamics):
biomechanics deals with the correct management of
motion, force, momentum, levers and balance, to

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

general intfroduction
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general intfroduction

Back to (my) February 2006...

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

q

1 Introduzione-
|

- 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

b |
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Then what?
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general intfroduction

The two sides of the same coin/2

- “coin” = any specific exercise/sport action;
physical activity (PA) “side” = biomechanics/
mechanics of action;

metabolic expenditure (ME) “side” = chemistry/
metabolism of action




general intfroduction

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 e
Activity
Active Living Recreational Activity
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general introduction

Physical activity requires metabolic expenditure
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PA & ME

Measurement.

Direct:

Indirect:

GLOBAL CONSTRUCT:
MOVEMENT

|

|

Physical Activity + Energy Expenditure

(a behavior)

PA Record
24-Hour Recall

Motion Detector 4

Questionnaires

Extrapolation to
Energy Expenditure

Adverse
Health
Parameter

Energy Expenditure

Lamonte et al., 2001

(the energy cost of the behavior)

Calorimetry
Doubly Labeled Water

Oxygen Uptake
Heart Rate
Body Temperature

Ventilation

general intfroduction
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general intfroduction

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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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

measures
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PA & ME

Parameters to Assess Physical Activity, Schutz, Weinsier, and Hunter

Table 2. Representative values obtained 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
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 kcal/d REE = 1550 kecal/d
(1.0 kecal/min) (1.1 keal/min)
Parameter (units) 24-hr EE = 2150 kcal/d 24-hr EE = 2200 kcal/d
Parameters based on EE or O, uptake
AEE Activity EE (kcal/d or kecal/kg - d) 450 keal/d 450 keal/d
6.7 keal/kg/d 5.6 keal/kg/d
PAlLzE Physical activity level (24-hr EE/REE) 145 142
(ratio) (2150/1480) (2200/1550)
PAL Eeday Daytime physical activity level (daytime 165 158
EE/REE) (ratio) (2450/1480) (2450/1550)
METee  Metabolic equivalent [exercise O, uptake
(O,/kg - mim)/standard resting O, uptake 34 34
(O,/kg - min)] (ratio) (120/35) (12.0/35)
PAREE Physical activity ratio (reference exercise 40 45
EE [kcal/min}/REE [keal/min]) (ratio) (4.0/1.0) (50/1.1)
ARTEEe  Activity-related time 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 — 1480)/(40 — 10) (2200 -09 — 1550)/(50 — 11)
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)
PAL=rday Daytime physical activity level (daytime 131 129
HR/resting HR) (ratio) (85/65) (90/70)
PAR#HR Physical activity ratio (exercise HR/resting 185 1.86
(METsr) HR) (ratio) (120/65) (130/70)
ARTErr Activity-related ime 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
muinutes. Calculation of METEE 1s based on assumption that 1 MET = 35 mL O,/kg - min.

374 OBESITY RESEARCH Vol. 9 No. 6 June 2001

measures

Schutz et al., 2001
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measures

PA & ME

Direct measures .
Indirect measures

- pedomeftry;
- HR;
- accelerometry;
, - anthropometry;
- Vo uestionnaires;
- DLW; ) '

- oth. metabolic measures;

- observation;
- oth. fiithess measures

- self-report diaries

Tudor-Locke et al., 2001
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measures

PA & ME
Gold 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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measures

PA & ME

V02, DLW issues

- ->ME;

- (mass?);

- specific activity efficiency? (PA/[ME-rME])

Luckily effxconstant
- human species;
- walking main activity

HR issues

- ->ME (=kHR);

- <-external factors (e.q., stress, activity kind);

- latency &1



measures
Specific measures

Observation issues

- simple, immediate;

- operator, video shooting;

- privacy?

- time taking (post-processing)

Self-report diaries, questionnaires issues
- cheap;
- time taking (post-processing)

- correlation w/DLW higher than HR 48



measures
Specific measures

Common questionnaires

- Physical Activity Scale for the Elderly (PASE);

- Baecke questionnaire;

- Five-City questionnaire;

- Tecumseh questionnaire;

- Minnesota Leisure Time Physical Activity Questionnaire (MLTPA);
- Framingham questionnaire;

- Yale Physical Activity Survey (YPAS)

Ainslie et al., 2003
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Portable devices for measuring physical activity and
metabolic expenditure

A HUGE topic!
(01/11/2018 & only
2018) 129 items!!!
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Elite athletes’

off-training PA

l‘ i ORIGINAL RESEARCH
b frontlers published: 20 September 2017
in Physiology doi: 10.3389/fphys.2017.00655
CQW
updates
Billy Sperlich ™, Martin Becker?, Andreas Hotho? 3, Birgit Wallmann-Sperlich* %,
Mahdi Sareban®’, Kay Winkert®, Jirgen M. Steinacker® and Gunnar Treff®
" Integrative and Experimental Exercise Science, Institute for Sport Sciences, University of Wuerzburg, Wuerzburg, Germany,
2 DMIR Research Group, University of Wuerzburg, Wuerzburg, Germany, ° L3S Research Center, Hanover, Germany,
4 Institute for Sport Sciences, University of Wuerzburg, Wuerzburg, Germany, ° Institute of Health Promotion and Clinical
Movement Science, German Sport University Cologne, Cologne, Germany, € Division of Sports and Rehabilitation Medicine,
Ulm University Hospital, Ulm, Germany, 7 Institute of Sports Medicine, Prevention and Rehabilitation, Paracelsus Medical
University, Salzburg, Austria
The aim of this pilot study was to analyze the off-training physical activity (PA) profile
in national elite German U23 rowers during 31 days of their preparation period. The
OPEN ACCESS hours spent in each PA category (i.e., sedentary: <1.5 metabolic equivalents (MET); light
Editod b physical activity: 1.5-3 MET; moderate physical activity: 3-6 MET and vigorous intense
ited by: ) .. . . .
Luca Paclo Ardigs,  PhYysical activity: >6 MET) were calculated for every valid day (i.e., >480 min of wear
University of Verona, Italy — time). The off-training PA during 21 weekdays and 10 weekend days of the final 11-week
Reviewed by: preparation period was assessed by the wrist-worn multisensory device Microsoft Band
Univerai Daniel Aggio, |1 \1SBII). A total of 11 rowers provided valid data (i.e., >480 min/day) for 11.6 week days
niversity College London,
United Kingdom ~ and 4.8 weekend days during the 31 days observation period. The average sedentary

Pantelis Theodoros Nikolaidis,
Hellenic Army Academy, Greece

Beat Knechtle,

Institute of Primary Care, University of
Zurich, Switzerland

*Correspondence:
Billy Sperlich
billy.sperlich@uni-wuerzburg.de

Specialty section:

This article was submitted to
Exercise Physiology,

a section of the journal
Frontiers in Physiology

time was 11.63 £ 1.25 h per day during the week and 12.49 4+ 1.10 h per day on
the weekend, with a tendency to be higher on the weekend compared to weekdays
(o = 0.06; d = 0.73). The average time in light, moderate and vigorous PA during the
weekdays was 1.27 + 1.15, 0.76 £ 0.37, 0.51 £ 0.44 h per day, and 0.67 £ 0.43,
0.59 £ 0.37, 0.53 £ 0.32 h per weekend day. Light physical activity was higher during
weekdays compared to the weekend (p = 0.04; d = 0.69). Based on our pilot study
of 11 national elite rowers we conclude that rowers display a considerable sedentary
off-training behavior of more than 11.5 h/day.

Keywords: accelerometer, microsoft band 2, multi-sensor, recovery, sedentary behavior, wearable
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Used device

Band Material
Display Type

Battery Life

Battery Type

Maximum Operating
Altitude

Sensors

Connectivity

Charge Cable
Connector

Thermal plastic elastomer silicone vulcanate (TPSiV)

AMOLED

48 hours of normal use; advanced functionality like GPS use will impact

battery performance
Li-Polymer

-300m to +4877m

Optical heart rate sensor

AaVvro

Ambient light sensor
Skin temperature sensor
UV sensor

Capactive sensor
Galvanic skin response
Microphone

Barometer

Bluetooth 4.0 (Low Energy)

Custom charge cable
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Results

o0

= Sedentary time (<1.5 MET)

= Light PA (1.5-3 MET
= Moderate PA (3-6 MET)

= Vigorous PA (> 6 MET)

FIGURE 2 | Fraction of mean sedentary time [hours], light, moderate, and
vigorous PA as well as sleep of total wear time during off-training periods.
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measures
Specific measures

Pedometry features
- walist;
- ->steps

Pedometer kinds

- electromechanical circuit based;

- electromagnetic circuit based;

- uniaxially accelerometric;

- ankle, shoe 1, 2 uni-, biaxially accelerometric

Pedometry issues
- steps (i.e., most common PA kind m.u.) number;
- Japan standard Max e 3%
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measures
Specific measures

How many steps/day are enough?
- 10,000 (Hatano, 1993);
- Tudor-Locke et al., 2004:

- <5,000 sedentary lifestyle;
- 5,000 + 7,499 typical daily activity that does not include exercise or sports

and can be defined poorly active;

- 7,500 + 9,999 includes a bit of extra-work (and/or fatiguing work) and can
be defined a little active;

-> 10,000 active lifestyle;

-> 12,500 very active lifestyle
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measures
Accuracy and precision

Good accuracy, Low accuracy,
poor frueness, poor frueness,
poor precision good precision
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measures
Accuracy and precision

i
0
N
v
Z
0
0
w
14
0

Good accuracy, Low accuracy,
poor frueness, poor frueness,
poor precision good precision
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measures
Accuracy and precision

Reference value

Probability Accuracy
density B g

< - » Value
Precision

accuracy + precision = frueness
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measures
Accuracy, sensitivy, and specifity

The scores used to measure classification quality were accuracy, sensitivity and
specificity computed according to the below formulae (TP = True Positive; TN = True
Negative; FP = False Positive; FN = False Negative).

- TP+ TN
1. Accuracy = N
2. Sensitivity =
3. Specificity =

59



measures

Sensitivity and specificity

Sensitivity and specificity are statistical measures of the performance of a binary classification test, also known in statistics as classification function:

« Sensitivity (also called the true positive rate, the recall, or probability of detection!!! in some fields) measures the proportion of positives that are correctly identified as such (e.g. the percentage of sick people who are correctly
identified as having the condition).

o Specificity (also called the true negative rate) measures the proportion of negatives that are correctly identified as such (e.g. the percentage of healthy people who are correctly identified as not having the condition).
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