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Spaceflight, Inactivity, Aging,
What do they have in common?



Back in 1961, Soviet scientists were genuinely worried 
that any prolonged period of weightless might even be fatal –

which is why they limited Yuri Gagarin's first space flight 
to just 108 minutes and a single orbit. 

A special concern were acceleration and impact forces.

Today, 57 years later,
the questions are if and how 
astronauts adapt to this new 

environment, 
if there will be long-term health 

problems and how such problems 
can be avoided.



During the first manned missions 
little attention was paid to 

in-flight exercise.
The short duration of these flights,
and the fact that these flights took 

place in a very small, compact, 
and cramped vehicle 
precluded the ability 

to perform in-flight exercise.



•Cardiovascular De-conditioning
Orthostatic Hypertension
Decrease in Work Capacity
Cardiac Rhythm Disorders

•De-conditioning of the Skeletal System
•De-conditioning of the Muscular System
•Neurosensory and Sensory Motor Functions De-conditioning
•Immunsystem Changes
•….



These functional deficits might
impair one‘s ability to perform

strenuous EVA activity &
might effect one‘s
ability to perform

high intensity egress activities
in the event of an emergency

upon landing

Safety & Health Risk
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The Effect of Bed Rest and Age on Maximal Oxygen Uptake
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McGavock JM et al.: J.Gerontol A Biol Sci MedSci 2009

3 wks of bed rest resulted in about the same deterioration in 
cardiovascular and physical work capacity  than 40 yrs of ageing



In previous decades countermeasure strategies 
in microgravity have been biased

to maintaining cardiovascular fitness and muscular endurance
with relatively less attention focused on maintaining 

muscle strength and motor control 

Using mainly cycle- and treadmill ergometers crewmembers generally 
maintained cardiovascular capacity 

while showing decrements in muscle CSA and performance



It was during the Skylab Missions, the Apollo Program and the 

Soviet Saljut Missions that evidence of  

deconditioning, loss of muscle mass, and in particular 

of decreased exercise capacity began to appear



Following 5-6 days in real microgravity muscle strength 
of the leg extensors is reduced by 23-50% 

(Kakurin 1971, Rummel, 1975; Kozlovskaya et al.1981; Walker et al., 1991; Hayes 1991;
Greenisen& Edgerton, 1994; Baldwin KM, 1996)



Astronauts loose 
1,5-2% bone density / month

LeBlanc, et al. 2003



USE IT OR LOSE IT

Decrease of activity leads to loss of 
muscle and bone mass and strength, 

„Use it or lose it“

In a microgravity environment, 
the amount of muscular force required 

to produce locomotion activity is small enough 
to lie in the domain of inactivity.

There is a lack of static loads and  drastic decrease of dynamic loads 
in the musculoskeletal system in space 



The challenge lies in the design and development 
of exercise equipment and protocols 

that will prevent or minimize 
the deleterious effects 

of long-duration space flight
while maximizing 

valuable on-orbit crew time



Austromir Mission 1988-1991
Project Motomir

short-duration missions 1 cosmonaut (9 days)

Design – Development - Implementation

 The Austrian-Russian Cooperation 
Experiment Motomir (1988-1995) 
aimed to design a dynamometer 
allowing muscle strength 
assessment in space, and secondly 
to develop at the same time a 
resistance exercise device allowing 
concentric and eccentric muscle 
training with maximal or near 
maximal force output of muscles of 
the lower and upper extremities. 

 Feedback of physiological data

 Compact and lightweight 
construction

 Easy handling



Austromir (Motomir)

What is the time course and amount of muscle strength loss in space?
Is the strength lost to the same amount in all muscles?

What might happen during a years-long mission like a trip to Mars? 
Can strength loss and atrophy be reduced or avoided?

Could more vigorous aerobic workouts prevent wasting, 
or would other types of exercise be more effective? 

Scientific Questions



Design of the dynamometer
“Motomir“

for muscle strength diagnostics
and resistance exercise training

of the lower and upper extremities
in space

1988

W. Bumba Inc.- Vienna



MOTOMIR

Project Austromir
The Motomir Experiment

1988-1995
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preflight level

average percent change 

Average percent changes in maximal force production 

in the extensor muscle group of the lower extremities during and following

a 9 day space mission compared to preflight baseline values
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preflight level

average percent change 

Average percent changes in maximal force production 

in the extensor muscle group of the upper extremities during and following

a 9 day space mission compared to preflight baseline values





















no tests





-60


-50


-40


-30


-20


-10


0


10


in-flightin-flightpostflight


3rd day


postflight


5th day


IsometricConcentricEccentric


UNKNOWN-0.







Long-duration missions 8 cosmonauts (127-438 days)
One training mission 175 days

Project RLF
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Preflight =

Duration of the mission

Change in muscle strength of the leg extensor muscles 
in 9 cosmonauts during the first month of space flight

isometric actions (mean values)

Bachl / Tschan, 1999



First month in-flight (n=8)

Extensors Flexors

isometric - 43.7 ± 11.2 - 33.4 ± 5.3

concentric - 41.9 ± 8.7 - 27.7 ± 9.1

eccentric - 42.7 ± 5.1 - 29.4 ± 10.2

isometric - 5.8 ± 8.1 -6.8 ± 7.4

concentric - 8.3 ± 9.1 - 11.4 ± 10.6

eccentric - 13.9 ± 10.7 -11.7 ± 8.4

LEG

ARM

Results





































































































Landing

Pre =

Reductions in strength of leg extensor muscles (mean ± SD) of 7 cosmonauts 

in different types of muscle actions in-flight and postflight

Significantly different from preflight average in all cases at (P < 0.0001)

(n=3)





-60


-50


-40


-30


-20


-10


0


1st MI2nd MI3rd MI4th MI5 th MIL+3L+6


isometricconcentriceccentric


UNKNOWN-0.














































Landing

Pre =

Reductions in strength of arm extensor muscles (mean ± SD) of 4 cosmonauts 

in different types of muscle actions in-flight and postflight

(n=3)
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Changes in maximal concentric force production of the leg extensor and flexor muscles 

during and following a 438-day mission on space station Mir 

Average percent 

changes
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Changes in maximal concentric force production of the arm extensor and flexor muscles 

during and following a 438-day mission on space station Mir 

Average percent 

changes
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Reduction in muscle function is first detectable 
within days of existence in microgravity and 
progresses throughout the first month of a mission.

The effects of microgravity on skeletal muscles are 
most pronounced in antigravity muscles, that is, 
muscles that play a postural role in standard 
gravity conditions (1 g), such as the calf muscles 
(soleus and gastrocnemius) and the quadriceps.
Minor reductions in muscles of the upper 
extremities

Extensor muscles are affected to a greater extent 
by microgravity than are their antagonistic 
counterparts, the flexors.

Resistance exercise with high intensity including 
eccentric high impact forces can at least partly help 
to avoid losses of muscle strength and muscle 
mass. 



Experience has shown, 
that various forms of countermeasures are necessary

to keep crew members healthy, efficient and fit for work to perform
daily tasks and to have sufficient reserve and functional capacity

to survive under emergency conditions, 
as well for them to be prepared for a safe return to terrestrial conditions. 



The on-orbit exercise devices used in ISS: 

(A)the treadmill with vibration isolation and stabilization (TVIS); 
(B) the interim resistive exercise device (iRED); and 

(C) the cycle ergometer with vibration isolation and stabilization (CEVIS).

Genc et al. 2010



iRED
(interim Resistive Exercise Device)

Force applied by spring spokes
Possible exercises:

Squat
Dead lift
Bent rows
Knee lift
Leg curl
Leg abduction
Leg adduction
Lateral raises
Military press
Butterfly
Calf raises
Leg extensions
Biceps curls
Triceps extensions
Side bends



iRED
(interim Resistive Exercise Device)

Advantages:
Time sparing training of great muscle chains
Eccentric forces due to the spring load
No energy sources needed

Disadvantages:
Low fatigue resistance of the springs
Low symmetry of the training load due to the unbalanced springs
Maximum load of 140 kg with both canisters
Minimum load of 10 kg per canister
Low diagnostic abilities
Slightly increasing trainings forces depending on the tensions of the 
springs



MDS



Aims of the Project MDS (Project Start June 2006)

Development of a multifunctional device for exercise and for monitoring 
muscle strength- and endurance performance (fitness center for space)

Multifunctional, diversified training of most muscle groups 
(focus extremity and core muscles) in concentric, eccentric and isometric mode.

Deployable both, in space both also in terrestrial conditions for science and research.

Compact and lightweight construction & easy handling.

Selectable intensity, eccentric overload, duration, velocity, work / rest ratio

Feedback of physiological data (heart rate, ECG, EMG,..)



Multifunctional Dynamometer for Application in Space
Projekt MDS

http://www.tuwien.ac.at/
http://www.tuwien.ac.at/


Selected Exercises  



Resistance is provided by a servo-synchronized motor 
which transfers the resistance over two ropes to a free movable barbell.  

MDS is equipped with a linear as well as a rotation guidance system 
allowing reproducible measurement for diagnostic purposes.

Technical Data MDS:

Weight: 108 kg
Dimensions: 2000 x 970 x 940 mm
Max. Mechanical Power: 1500 W
Max. Training Load: 250 kg
Max. Movement Speed: 0,6 m/s







Experiment Mars 500 (pre-study 105 days) - 2009



Two Phases: 1. Phase 105-days experiment (2009)

2. Phase „simulated Mars Mission“ (2010-2011) 520 days
including a bedrest study of 30 days.

Phase II:

Start: 3.June 2010
End: 6. November 2011

Experiment Mars500 







Muscle weakness is a great unacknowledged 
enemy of our aging society.



Kostka T. Eur J Appl Physiol (2005) 95:140-145

The relation of quadriceps‘ mass and age in 335 men aged 23-88 years



Impact of age on human muscle fiber size.

Only studies that have determined the effects
of aging on muscle fiber size in a fiber type specific manner are included. 

Type I = slow twitch muscle fibers; Type II = fast twitch muscle fibers; 
= significant increase compared with young subjects; = no change;  = significant 

reduction compared with young subjects; NS = not significant.

Tim Snijders et al. Ageing Research Reviews 8 (2009) 328–338



Ryall et al. Biogerontology (2008) 9:213-228

Isometric Force and Power Production
young versus old



Ag-associated changes in skeletal muscles 
Lauretani et al. J. Appl.Physiol.2003



Ag-associated changes in skeletal muscles and their effect on mobility 

Lauretani et al. J. Appl.Physiol.2003



It has been estimated that up to 15% of people older than 65 years 
and as many as 50% of people older than 80 years have sarcopenia.

Baumgartner RN. Epidemiology of sarcopenia among the elderly in New Mexico. Am J Epidemiol. 
1998;147:755.
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Haskell, WL.: Orthopäde 29:11 (2000), 930-935 

Strength and power are critical components of walking ability
Falls among the elderly are partly a consequence of low muscle strength



The goal is to push back frailty to a very small part 
of the life experience

“To die young as late in life as possible”



Frontera WR, et al. JAP 64:3 (1988)

Weekly measurements of 
dynamic muscle strength

(1 RM of left 
knee extensors and flexors) 

Changes in 
quadriceps CSA

analyzed by 
computerized tomography



Increments in muscle strength of the lower extremities 
due to dynamic resistance training in very old persons

authors          number           age      intensity       duration of the     muscle        strength increments
of subjects                 (% 1-RM)      study (weeks) strength                      (%)

Evens 97          n=10          87-96        80%                   8               knee ext.                  180

Fiatarone 90     n=10          86-96      50-80                   8               knee ext.              174 (71-374)

Charette 91       n=13          64-86      65-75                12                legs                         28-115

Hagberg 89       n=19          70-79     moderate 26               knee ext/flex.               9/9

Judge 94           n=27        mean 80    60-75               12                knee ext/flex.             62/73

Jones 94           n=30          60-89       50-60               16                legs                           25-30

Sullivan 01        n=19            82.8        70-80%           10 leg ext. 74/16-213

Vitti 93              n=12           70-93       low 12               knee ext/flex.            0/20-40

Meusel H (supplemented). Basic principles of physical therapy in geriatric rehabilitation. 
Z Gerontol Geriat 33:Suppl. 1(2000), 35-44



Source,y               Participants          Type of exercise                 Duration     Outcome

Tinetti et al., 94         301 mean 78 ys        resistanc tr., coordination            3 mo            reduced fall risk 31%
gait training vs. Social visits

Buchner et al., 96      105 mean 75 ys       resistance tr., + aerobic tr.           6 mo            reduced fall risk 47% 
vs usual care 

Wolf et al., 96            136 mean76 ys         Tai Chi vs control                        4 mo            reduced fall risk 47.5%

Fiatarone et al, 94     100 mean 87 ys        resistance tr. 
vs. recreational therapy             10 wk           improved strength 110%

gait vel. 12.8%, stair 24.8%

Mulrow et al., 94        194 mean 80 ys       strength, flexibility, coo,
vs. social visits                            4 mo          improved mobility 15.5%

Judge et al. 94           82  > 75 ys.              Resistance tr., coo                      3 mo          improved strength 8-45%
vs. usal care

Rooks et al., 97         131 mean 74 ys.        Resistance tr. + walking           10 mo         stair climb speed 28-32%
vs. control                                                strength 72%, balance -75%

reaction time reduced 7-9%

Jette et al., 99           215 mean 75 ys          Resistance tr. vs. control          6  mo         strength 12%; gait 20%
reduced disability 15-18%      

Reduction in adverse outcomes and improvements in favorable outcomes

Gill TM et al.: JAMA 284 - 19:3 (2000), 342-349 



Physical exercise, especially high intensity resistance training, 
has been shown to be effective 

in restoring the strength deficit in the elderly 



In the past decade strength training has been investigated extensively 
as a means of reversing the muscle mass loss that occurs with aging (sarcopenia). 

High intensity resistance training (HIRT) has led to 
increased protein synthesis, 

along with muscle hypertrophy measured at the whole body, 
whole muscle, 

and muscle fibre levels, 
in older adults.

Typically, the strength increments associated with HIRT have been much larger 
than the hypertrophic response 



Sets; reps Stations/devices Frequency

Hass et al., 2001     1 set; 8-12 reps           8-10 exercises 2-3 d /wk

2009 ACSM 1 set; 8-12 reps           8-10 exercises 2-3 d /wk
< 50-60 yrs.

1 set; 10-15 reps
> 50-60 yrs.

1996 Surgeon
general‘s report 1-2 sets; 8-12 reps      8-10 exercises 2 d wk min.

Healthy 
Sedentary
Adults

Pollock et al., 2000    1 set; 10-15 reps        8-10 exercises 2 d /wk min.
Mazzeo et al., 2001   1 set; 8-15  reps        all large muscle groups   2- 3 d wk

Standarts, Guidelines, and Position Statements 
Regarding Resistance Training

Elderly persons



Coronary Heart Disease Aerobic 3-7 20-40 min (continuous or intermittent) 
moderate intensity 40-85% VO2max

Strength 2-3 1 set of 10-15 repetitions / 8-10 exercises

Hypertension Aerobic 3-7 > 30 min (continuous or intermittent) 
moderate intensity 40-60% VO2max

Strength 2-3 1 set of 10-15 repetitions / 8-10 exercises

Aerobic 3-7 20-60 min (continuous or intermittent) 
moderate intensity 40-70% VO2max

Strength 2-3 1-3 sets of 10-15 repetitions / 8-10 exercises

Neuromusc.
Flexibility 2-3 Coordination & balance exercises

Stretches held for 10-30 s

Stroke

Aerobic 2-5 20-30 min (continuous or intermittent) 
moderate intensity ~60% VO2max

Strength 2-3 Loads ranging from 50%-80% of 1 RM

COPD

Physical Activity Guidelines for Individuals with 
Selected Cardiovascular & Pulmonary Diseases I.Janssen, 2007



Aging Resistance Training

Muscle strength Decreases Increases
Muscle endurance Decreases Increases
Muscle mass Decreases Increases
Muscle fiber size Decreases Increases
Muscle metabolic capacity Decreases Increases
Resting metabolic rate Decreases Increases
Body fat Increases Decreases
Bone mineral density Decreases Increases
Physical function Decreases Increases

Summary of adaptations to aging and resistance training

Faigenbaum A.: Age- and sex related differences and their implications for resistance exercise.
In: Baechle TR, Earle RW (eds.) Essentials of Strength Training and Conditioning (2000),169-186

Living longer stronger



Schematic depicting that physical activity delays the decline in physical function 
(VO2max or muscle strength) with aging. 

Remarkably, a lifelong, physically trained 80-year-old has comparable values for 
VO2max and muscle strength as a sedentary 50–55-year-old.

Booth FW, Zwetsloot KA. Basic concepts about genes, inactivity and aging. 
Scand J Med Sci Sports. 2009 Jul 3. [Epub ahead of print]



Ausdauertraining und Lebensalter
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Decrease of VO2max throughout life

Shephard RJ: J Am Geriat Soc 38:1 (1990),62-70



Adapted from Buskirk et al., 1987

Changes in VO2 max with aging, comparing an active population 
and sedentary population
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Comparison of the effects of aerobic endurance training
to resistance training on health and fitness variables
(Feigenbaum, MS, 2001)

Strength
Bone mineral density
Body composition

% fat
LBM
Basal metabolism

Physical function
Glucose metabolism

Insulin response to glucose challange
Basal insulin level
Insulin sensitivity

Variable Aerobic Resistance



Serum lipids
HDL
LDL

Resting heart rate
Stroke volume
Blood pressureat rest

Systolic
Diastolic

VO2 max
Endurance time

Comparison of the effects of aerobic endurance training
to resistance training on health and fitness variables
(Feigenbaum, MS, 2001)

Variable Aerobic Resistance



Krankheiten bei welchen evidenzbasiert positive Auswirkungen 
körperlichen Trainings nachgewiesen sind

Löllgen H.: Bedeutung und Evidenz der körperlichen Aktivität zur Prävention und Therapie 
von Erkrankungen Dtsch Med Wochenschr 2013; 138: 2253–2259



Cardiorespiratory fitness is perhaps the most powerful predictor of both 

cardiovascular and all-cause mortality in middle aged and older adults
(Lavie et al.2015;McAuley et al. 2016)

Individuals with high levels of fitness have a much lower risk of death over epochs ranging from years to decades. 

These effects on mortality are also partially independent of traditional risk factors 

like blood lipids, hypertension and obesity.



Verminderung des Risikos aktiv und fit versus inaktiv und nicht fit
Warbuton et al., 2016

Aerobes Fitness

Mortalitätsrisiko 31% Risikoverminderung 45% Risikoverminderung 
bei entsprechender
aeroben Fitness

Herz-Kreislauferkrankung 33% Risikoverminderung > 50% Risikoverminderung 
bei entsprechender
aeroben Fitness

Schlaganfall 31% Risikoverminderung > 60% Risikoverminderung
bei entsprechender
aeroben Fitness

Darmkrebs 30% Risikoverminderung

Brustkrebs 20% Risikoverminderung

Typ 2 Diabetes 40% Risikoverminderung > 50% Risikoverminderung 
bei entsprechender
aeroben Fitness

Osteoporose Risikoverminderung durch 
Kraftbelastung

Kraftbelastung



Risikofaktoren für das Herz- Kreislaufsystem

Warburton D, Shannon B. Canadian Journal of Cardiology 32 (2016) 
Brown et al. British J Sports Med. (2015)

< 150 Minuten moderate – anstrengende 
körperliche Aktivität / Woche

Aerobe Fitness vermindert das Mortalitätsrisikos um 
10%-25% pro Metabolisches Äquivalent (MET).

Noch höher etwa 30% bei Personen mit besonders 
niedriger aerober Kapazität (< 5 MET)

1 MET entspricht dem Umsatz von 3,5 ml Sauerstoff 
pro Kilogramm Körpergewicht pro Minute bei Männern,  bei 

Frauen sind es 3,15 ml/kg/min. 
Dies entspricht in etwa dem Ruheumsatz des Körpers. 

Moderate körperliche Aktivität hat etwa einen 
Energieverbrauch von 3 bis 6 METs, 

intensive Anstrengungen hingegen über 6 METs

Myers et al. 2015



The 2008 Physical Activity Guidelines for Americans recommended a 
minimum of 75 vigorous-intensity or 150 moderate-intensity minutes per week (7.5 metabolic-equivalent hours per week) 
of aerobic activity for substantial health benefit and suggested additional benefits by doing more than double this amount.

Arem et al. 2015 observed a benefit threshold at approximately 3 to 5 times the recommended leisure time physical activity 
minimum and no excess risk at 10 or more times the minimum.

A total of 661,137 men and women (median age, 62 years; range, 21-98 years) and 116,686 deaths were included. 

Arem et al., JAMA 2015 

Arem et al., 2015 Leisure time physical activity and mortality: a detailed pooled analysis of the dose-response relationship



Mehr als 1,5 Milliarden Menschen sind unzureichend körperlich aktiv
Bewegungsmangel steht als Mortalitätsrisikofaktor weltweit an vierter Stelle. 

Etwa 3,2 Millionen Todesfälle jährlich sind direkt auf Bewegungsmangel zurückzuführen
Eine Reduktion des Bewegungsmangels um 10% würde 500.000 Todesfälle jährlich vermeiden



Risikoverschiebung von „traditionellen Risikofaktoren“ wie Mangelernährung, 
mangelnde Hygiene, Infektionskrankheiten zu „modernen Risikofaktoren“ wie 

Bewegungsmangel, Übergewicht und Fettleibigkeit, Bluthochdruck, 
Stoffwechselstörungen,…



Levels of physical inactivity are rising in many countries 

with major implications for the general health of people worldwide 

and for the prevalence of non communicable diseases 

such as cardiovascular disease, diabetes and cancer 

and their risk factors such as raised blood pressure, raised blood sugar and overweight.

(WHO, 2010)

Reduction in 
physical activity in 
two generations





World Health Organization WHO (2017): Adolescent obesity and related behaviours: trends and inequalities in the WHO Eurpean Region, 2002-2014. Observations from the Health Behaviour in 
School-aged Children (HBSC) WHO collaborative cross-national study.
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Kinder und Jugendliche im Alter von

5-17 Jahren sollten sich täglich mindestens 60 

Minuten mit moderater – hoher Intensität 

bewegen. 

Mehr als 60 Minuten Bewegung täglich bedeutet 

zusätzlich gesundheitlichen Nutzen.

Die meisten Bewegungsaktivitäten sollten auf 

eine Verbesserung der Ausdauerleistungsfähigkeit  

abzielen – es sollten aber auch kräftigende 

Übungen durchgeführt werden.



Huotari et al., Secular trends in aerobic fitness performance in 
13–18-year-old adolescents from 1976 to 2001
British Journal Sports Med 2003 

Seit den 1970er Jahren kam es bei Kindern und Jugendlichen zu einer Verminderung der aeroben Leistungsfähigkeit 
von 3-4% pro Dekade (=> zwischenzeitlich etwa 20% niedriger als in den 1970er Jahren)

Tomkinson GR, Olds TS. Secular changes in 
pediatric fitness test performance: the global 
picture. Med Sport Sci 2007; 50:46-66



Generell kam es im Beobachtungszeitraum 2002-2014
zu einer nicht signifikante Zunahme der Prävalenz 

von Fettleibigkeit bei österreichischen 
Kindern und Jugendlichen.

Bei 13 jährigen Mädchen war die Zunahme der 
Fettleibigkeit Im Zeitraum 2002-2014 signifikant

World Health Organization WHO (2017): Adolescent obesity and related
behaviours: trends and inequalities in the WHO Eurpean Region, 2002-
2014. Observations from the Health Behaviour in School-aged Children
(HBSC)WHO collaborative cross-national study.

Trends in der Prävalenz von Fettleibigkeit
im Kindes und Jugendalter in Europa
Beobachtungszeitraum 2002-2014 

WHO – HBSC 2017



• Alter: 12.5 ± 1,3 Jahre; Körpergröße: 1.55 ± 0.01 m; Körpermasse: 49.3 ± 13.4 kg
• 22.9% der Schülerinnen übergewichtig (davon 12.4% adipös)
• 29.4% der Schüler übergewichtig (davon 16.2% adipös)
• 10% Schulterhochstand
• 10% asymmetrische Thoraxform
• 33% Flachrücken
• 10% erhöhte Taille
• 10% Auffälligkeiten beim Haltungstest nach Matthiaß
• 3% Beckenschiefstand
• 55% abgeschwächte Rückenmuskulatur und 5% abgeschwächte Bauchmuskulatur

Ergebnisse Querschnittsuntersuchung (n = 935)

Climb High - Gesundheitsförderung durch Klettern bei Kindern 
im Alter von 10-14 Jahren



Over 80% of 15-year-old boys and more than 70% of girls 
of 15 in many countries and regions exceeded two hours 
of computer use in 2014. 

Highest prevalence for computer use among both
genders was observed in the Netherlands, Sweden and 
United Kingdom (Scotland), and lowest in
Portugal and the former Yugoslav Republic of Macedonia. 

Prevalence increased with age, with the
steepest difference observed between 11- and 13-year-
olds for boys and girls.

Österreich Mädchen Burschen Mädchen & Burschen

Fernsehen 50,2 55,5 52,8

Computer 56,3 68,6 62,4







Lexell et al. 1993

Kompensation der Kraftabnahme im Alternsgang

Abnahme der Muskelkraft 
beginnt mit 25-30 Jahren

Im 5. Lebensjahrzent ca. 10% 
vermindert

Im 8. Lebensjahrzehnt ca. 50% 
vermindert



The scientific evidence available for the age group 5–17 years supports the overall conclusion 

that physical activity provides fundamental health benefits for children and youth.

For children and young people of this age group physical activity includes play, games, sports, transportation,
recreation, physical education or planned exercise, in the context of family, school, and community activities.

In order to improve cardiorespiratory and muscular fitness, bone health, cardiovascular and metabolic
health biomarkers and reduced symptoms of anxiety and depression, the following are recommended:

1. Children and young people aged 5–17 years old should accumulate 
at least 60 minutes of moderate to vigorous - intensity physical activity daily.

2. Physical activity of amounts greater than 60 minutes daily will provide additional health benefits.

3. Most of daily physical activity should be aerobic. Vigorous-intensity activities should be incorporated,
including those that strengthen muscle and bone, at least 3 times per week.

WHO, 2010



In order to improve cardiorespiratory and muscular fitness, bone health and reduce the risk of NCDs and
depression the following are recommended by WHO, 2010:

1. Adults aged 18–64 years should do at least 150 minutes of moderate-intensity aerobic physical activity 
throughout the week, or do at least 75 minutes of vigorous-intensity aerobic physical activity
throughout the week, or an equivalent combination of moderate- and vigorous-intensity activity.

2. Aerobic activity should be performed in bouts of at least 10 minutes duration.

3. For additional health benefits, adults should increase their moderate-intensity aerobic physical activity to 300
minutes per week, or engage in 150 minutes of vigorous-intensity aerobic physical activity per week, 
or an equivalent combination of moderate- and vigorous-intensity activity.

4. Muscle-strengthening activities should be done involving major muscle groups on 2 or more days a
week.

For adults (18-64 yrs) physical activity includes recreational or leisure-time physical activity, transportation 

(e.g walking or cycling), occupational (i.e. work), household chores, play, games, sports or planned exercise, 

in the context of daily, family, and community activities.



65 years old and above

1. Adults aged 65 years and above should do at least 150 minutes of moderate-intensity aerobic physical
activity throughout the week, or do at least 75 minutes of vigorous-intensity aerobic physical activity
throughout the week, or an equivalent combination of moderate- and vigorous-intensity activity.

2. Aerobic activity should be performed in bouts of at least 10 minutes duration.

3. For additional health benefits, adults aged 65 years and above should increase their moderate intensity
aerobic physical activity to 300 minutes per week, or engage in 150 minutes of vigorous intensity
aerobic physical activity per week, or an equivalent combination of moderate- and vigorous intensity 
activity.

4. Adults of this age group with poor mobility should perform physical activity to enhance balance and
prevent falls on 3 or more days per week.

5. Muscle-strengthening activities should be done involving major muscle groups, on 2 or more days a
week.

6. When adults of this age group cannot do the recommended amounts of physical activity due to health
conditions, they should be as physically active as their abilities and conditions allow.



The dose - response relationship: Increasing benefits from increasing amounts 
(expressed in frequency, duration and intensity) of activity. 

I. Vuori, 1995, Terveysliikunta UKK Institute for Health Promotion Research (Tampere, Finland)



Overall, across all the age groups, 

the benefits of implementing the above recommendations, and of being physically active, outweigh the harms.

At the recommended level of 150 minutes per week of moderate intensity activity, 

musculoskeletal injury rates appear to be uncommon. 

In a population-based approach, in order to decrease the risks of musculoskeletal injuries, 

it would be appropriate to encourage a moderate start with gradual progress to higher levels of physical activity.
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