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1 Aerobic training in PPS

• Symptoms Postpoliomyelitis Syndrome (PPS)

- New muscle weakness, fatigue and pain

- Negative impact on daily activities and health related quality 

of life (HRQoL)
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• Treatment:

- Pharmacological: insufficient evidence

- Rehabilitation:

• Aimed at reducing or compensating restrictions in activities to enable 

individuals to participate in society and to optimize HRQoL. 

- Physical training

- Lifestyle changes 

- Orthoses and assistive devices
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1 Aerobic training in PPS



• Physical training in individuals with PPS:

◦ Muscle strengthening exercise

◦ Aerobic exercise
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1 Aerobic training in PPS

• Many individuals with PPS have a reduced aerobic capacity 

(Nollet et al., 2001; Stanghelle et al., 1993)

• Practitioners often have difficulty with programming aerobic 

exercise training

• No evidence on the effectiveness of aerobic exercise training 

in PPS (Cup et al., 2007; Koopman et al., 2011)
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2 Programming aerobic exercise

• Aerobic exercise prescription for healthy subjects

according to the American College of Sports Medicine 

(ACSM, 1998):

- Mode: use large muscle groups

- Frequency: 3 to 5 times per week

- Duration: 20 to 60 minutes per session

- Intensity: 40% to 85% of HRR or VO2R depending on the 

initial level of fitness
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2 Programming aerobic exercise

• Aerobic exercise prescription for individuals with PPS

Clinical Exercise Physiology: Application and Physiological Principles (2004)

Chapter 18: Polio (Birk & Nieshoff)

Intensity

Duration

Frequency

Mode
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2 Programming aerobic exercise

• Aerobic exercise prescription for individuals with PPS

ACSM’s Exercise Management for Person’s with Chronic Diseases and 

Disabilities (2003)

Chapter 41: Polio and Post-Polio Syndrome (Birk)
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• Aerobic exercise prescription for individuals with PPS

- Mode: use large muscle groups

- Frequency: 3 to 5 times per week

- Duration: 15 to 40 minutes per session

- Intensity: up to 80% of HRR or VO2R depending on the 

(recent) history of weakness and symptoms

2 Programming aerobic exercise
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• Aerobic exercise prescription for individuals with PPS

- Intensity: 

2 Programming aerobic exercise

Clinical Exercise 

Physiology

ACSM’s Exercise 

Management

Full recovery 50 to 80% of HRR 60 to 70% of VO2max

Currently stable 40 to 60% of HRR

Recent weakness up to 40% of HRR up to 50% of VO2max

Severe atrophy and 

recent weakness
no exercise
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Conclusions:

• Difficulties for practitioners in determining the exercise intensity 

for aerobic training in individuals with PPS

- Wide range of recommended exercise intensities

- Overuse and disuse should both be avoided

• Methods are needed to enable practitioners to better 

individualize aerobic exercise intensity prescription in persons 

with PPS

2 Programming aerobic exercise
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3 Determining exercise intensity
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Intensity is measured as percent of maximal capacity

• Usually assessed through graded maximal exercise testing

- Heart Rate Reserve (HRR)

- Oxygen Uptake Reserve (VO2R)

• Alternatives

- Ratings of perceived exertion

- Estimating maximal capacity

- Determining the Lactate Threshold (LT)



3 Determining exercise intensity
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Lactate Threshold (LT):

- Upper limit of exercise intensity that can be sustained aerobically

- Strongly correlated with aerobic capacity (Wasserman et al., 2005)

- Training at or just below the LT (ACSM, 1998)

- Occurs at submaximal exercise intensities
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Determining the LT:

- Assessed through incremental exercise testing

- Direct through blood lactate measurement

3 Determining exercise intensity
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Determining the LT:

- Assessed through incremental exercise testing

- Indirect through measurement of gas exchange variables

Anaerobic Threshold (AT)

3 Determining exercise intensity
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Determining the AT:

3 Determining exercise intensity
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Determining the AT:

• V-Slope method: 

- VCO2 accelerates relative to VO2

• Ventilatory equivalent method:

- Increase in VE/VO2 without an increase in VE/VCO2

3 Determining exercise intensity
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3 Determining exercise intensity

V-Slope method

Ventilatory equivalent method
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Determining the AT in individuals with PPS

3 Determining exercise intensity

Willén et al. (1999)

n = 32

Exercise protocol
Graded maximal

(cycle)

AT determined
23 of the 32 subjects

(~72%)

AT intensity
Men: 34 ± 9 %VO2max

Women: 47 ± 15 %VO2max
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Determining the AT in individuals with PPS

3 Determining exercise intensity

Willén et al. (1999)

n = 32

Unpublished data (2011)1

n = 60

Exercise protocol
Graded maximal

(cycle)

Incremental submaximal

(cycle)

AT determined
23 of the 32 subjects

(~72%)

47 of the 60 subjects

(~78%)

AT intensity
Men: 34 ± 9 %VO2max

Women: 47 ± 15 %VO2max

Men: 38 ± 10 %HRR

Women: 45 ± 14 %HRR

1 Poster presentation 85: Ventilatory threshold in PPS patients. Anita Beelen



26

3 Determining exercise intensity

• Aerobic exercise prescription for individuals with PPS

- Currently based on (recent) history of weakness and 

symptoms

- Using the AT assessed through submaximal exercise 

testing, exercise intensity prescription can be better 

individualized

up to 50% of VO2maxup to 40% of HRRRecent weakness

no exercise
Severe atrophy and 

recent weakness

Currently stable

Full recovery 

40 to 60% of HRR

60 to 70% of VO2max50 to 80% of HRR

ACSM’s Exercise 

Management

Clinical Exercise 

Physiology

up to 50% of VO2maxup to 40% of HRRRecent weakness

no exercise
Severe atrophy and 

recent weakness

Currently stable

Full recovery 

40 to 60% of HRR

60 to 70% of VO2max50 to 80% of HRR

ACSM’s Exercise 

Management

Clinical Exercise 

Physiology
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4 Conclusions and recommendations
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• Aerobic training is part of the rehabilitation management in 

individuals with PPS

• Clear guidelines to determine the exercise intensity for aerobic 

training in individual persons with PPS are lacking

• The AT assessed with submaximal exercise testing may be 

used to determine the individual aerobic exercise intensity

• Alternative methods should be developed for individuals with 

PPS for whom the AT cannot be determined
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