
Role of AerobicExercisein 
Post-polio Syndrome

Dr. Jülide Öncü,MD
Tǎǘŀƴōǳƭ {ƛǎƭƛ 9ǘŦŀƭ ¢ŜŀŎƘƛƴƎ IƻǎǇƛǘŀƭ

julide.oncu@sislietfal.gov.tr



Why is aerobicexerciseimportant? 

Reduced
Aerobic
capacity

Impaired
functional
abilities

Post-polio

symptoms



Post-PolioSyndrome

·Prevalance:  25% - 80%
¶Denmark: 46%
¶Norwey: 60%
¶Dutch: 63%

·Clinicalcondition:
¶Progressivemuscleweakness
¶Unaccustomed& easyfatigability
¶Painin muscles
¶Loss of function in daily activities
¶Hypoventilation

·Causedby: 
¶Aging
¶Overuse& underuse
¶TƴŦƭŀƳƳŀǘƛƻƴof CNS; serum cytokinesΧ

* E. Farbu, N. E. Gilhus;Post-polio Syndrome. European

Handbook of Neurological Management: Volume 1, 2nd Edition2011



·Life Style modification:

ƁSedentarylife and weight ςgain

ƁPacing of activities is recommended ?

Ɓ.Ŝ ŎŀǊŜŦǳƭ ŀōƻǳǘ ƛǘǎΩ ŘǳǊŀǘƛƻƴ ΗΗ

·Joint Problems

·Ventilatory limitations

·Aging

·Intolerance to cold
*Owen RR: Postpolio syndrome and cardiopulmonary 

conditioning, In Rehabilitation Medicine-Adding Life to Years [Special Issue]. West J 

Med 1991 May; 154:557-558

WhyhavePPS subjects
cardiopulmonarydeconditioning?



* KrivickasLS.exercisein neuromusculardisease. J ClinNeuromuscDis.2005;5:29-39

PoorAerobicCapacity

ÅMaximal oxygen consumption 
during exerciseis reduced
ÅpVO2-PPS:  between19-33 

mL/kg/min, in literature.

ÅPVO2-normal:35-70ml/kg/min

ÅTheaerobiccapacityis also
reducedwhencomparedto
healthyindividuals
Å5,6 METS (similarto that of AMI)

*Oncu J et al.Short-term effects of aerobic exercise on functional capacity, fatigue, and

quality of life in patients with PPS.Clinical Rehabilitation 2009;23:155-163



Poorcapacity
in daily activities

·Reducedmovementeconomy

Ɓeg: Walking;

¶is submaximalwork in normal subjects

¶but in PPS; effort to be ableto do this is relativelyhigh!!!

¶during walking; patient has higher heart rates, higher blood pressures; 

but still  they have low oxygen capacity, low metabolic rates

¶PREDISPOSING TO PREMATURE FATIGUE, PAIN, WEAKNESS

* Nollet; submaximalexercisecapacityin polio,; ArchPhysMedRehabilVol82,  2001



What shouldbe the question? 

· Can we increasethis reducedaerobiccapacity
despitereducedneuromuscularstatus?

· Howshouldbe planned? 

¶Modifiedaccordingto clinicalstatus

¶Overuse

¶Underuse

· Whichtype of aerobicexerciseis suitable?
¶ Submaximalintensity

¶ Treadmill/ ergometer/ water

άIf youŘƻƴΩǘuseit; you loseƛǘΧέ



Wecan increaseaerobiccapacityin PPS

·It has been showed that 15%-19% increase in pVO2 
in PPS subjects doing ergometer exercise after 8th-
16th wk period

·Submaximal intensity
Ɓ%70-75 HR-max

Ɓ3 sessions/wk

ƁAt least 6 wk duration

· Owen, R.R. & Jones, D. (1985). Polio residuals clinic: Conditioning exercise program. Orthopedics, 8(7), 882-883.

· Agre JC. The role of exercise in the patient with post-polio syndrome. Ann N Y Acad Sci. 1995. 753:321-334

· Willen C, Sunnerhagen KS, Grimby G. Dynamic water exercise in individuals with late poliomyelitis. Arch Phys Med Rehabil 
2001;82(1):66-72.



1. Modified aerobic walking program: Effect on patients withPPS symptoms. 
Dean E, Ross J:. ArchPhysMed Rehabil1988; 69:1033-1038

Å Modifiedaerobic walkingprogram that was tested in three patients. 

Å They concluded that patients with postpoliosymptoms can increase their
functional work capacity with a walking program 

ÅAvoidingsomerisksof traditinal strengtheningexercises

ÅThat theimprovement reflects improved biomechanical efficiency aswell as 
training effects. 

2. Movementenergeticsof individualswith a historyof poliomyelitis. DeanE, Ross
J.ArchPhysMed Reh1993 May;74(5):478-83

· 7 PPS subjectson treadmillwalkingduring6 wks

· No improvementin pVO2

· Mainlydueto protocolwasadjustedby onlysymptom-limited test 



Aerobicexerciseis beneficialin PPS

·The results of the meta-analysis conclude that;
Ɓaerobic exercise training could improve cardiopulmonary 

capacity;

Ɓlifestyle modification, exercise and modality intervention 
could alleviate pain& fatiguein polio survivors

ƁTƳǇǊƻǾŜǎ vƻ[ ǇŀǊŀƳŜǘŜǊǎ

* Linet al. Effects of Exercise Training, Lifestyle Modification andModality on Fitness 
and Post-polio Syndrome inPolioSurvivors: Meta Analysis. FJPT 2008;33(6):409-420



·Strengthening exercises showed no significant 
improvement in muscle strength;
ÅBut, muscle enduranceƛƴŎǊŜŀǎŜǎΥέƘƻƭŘƛƴƎ ǘƛƳŜέ

·but aerobic exercise training showed significant
improvement in maximal oxygen consumption 
(VO2max), peak workload (Wpeak), maximal heart
rate (HRmax), and maximal minute ventilation 
(VEmax).

Aerobicexerciseis 
beneficialin PPS

* Lin et al. Effects of Exercise Training, Lifestyle Modification and Modality on Fitness 

and Post-polio Syndrome in Polio Survivors: Meta Analysis. FJPT 2008;33(6):409-420



Studies included in metaanalysis
StudyDesign Participant

s
Interventio
n

Duration Results

Jones
(1989)

RCT
Levelof evidence
I

37 Cycle
ergometer

16 wk
3seans/wk
15-20 min
%70-75 HR

6 subjectswithdrew
(not adverseeffects)
IncreaseWatt and
exerciseduringtest
IncreaseVEmaxand
VO2max

Kritz
(1992)

RCT
Levelof evidence
II

20 Arm
ergometer

16 wk
3 
seans/wk
15-30 min
%70-75 HR

Improvedin VEmax,
VO2max, andpower

Wille
n
(2001)

Non-equivalent; 
pretest-posttest
control group
design
Levelof evidenceIII

28 General 
fitness
trainingin 
warmwater

8 mo
2 
seans/wk
40 min

No significant
improvedin peak
work load, VO2max,
andkneemuscle
strength

* Lin et al. Effects of Exercise Training, Lifestyle Modification and Modality on Fitness and Post-

polio Syndrome in Polio Survivors: Meta Analysis. FJPT 2008;33(6):409-420



ÅThemodesof exercise can be varied depends on the 

functional capacity andother medical problems of subjects

ÅErgometer/ treadmill / water

ÅTheintensity of exerciseshouldbe submaximalto avoid

overuse

Å%70-75 of HR-max

Å2 or 3 exercisesessions per week provided an adequate 

training in polio. (recoveryperiod)

ÅThe modification of exerciseintensity may be necessary to 

improve the effectsandexerciseshouldbe supervised
* Lin et al. Effects of Exercise Training, Lifestyle Modification and Modality on 

Fitness and Post-polio Syndrome in Polio Survivors: Meta Analysis. FJPT 

2008;33(6):409-420

Conclusion of metaanalysis



No adverseeffect

·Aerobic exercise has been shown to be effective on 
cardiopulmonarycapacity of polio with no adverse 
effects, such as new pain andoveruse muscle 
damage in terms of;
ƁCreatinin kinase

ƁEMG signs

ƁLactate dehydroginase

ƁMyokinase

* Lin et al. Effects of Exercise Training, Lifestyle Modification and Modality on 

Fitness and Post-polio Syndrome in Polio Survivors: Meta Analysis. FJPT 

2008;33(6):409-420



Limitations of the studies included;

ƁNone of these studies except one measuring the effect of 

walking speed; evaluates the functional ability in ADL

¶such as walking...

Ɓthe testing protocols were varied and may affect the

determinationof cardiopulmonarycapacity

¶{ǘŀƴŘŀǊŘƛȊŜŘ ǘŜǎǘ ǇǊƻǘƻŎƻƭǎ ŀǊŜ ƴŜŜŘŜŘΧ

ƁMore randomized-controlled and long-term follow-up trials are 

needed

* Lin et al. Effects of Exercise Training, Lifestyle Modification and Modality on 

Fitness and Post-polio Syndrome in Polio Survivors: Meta Analysis. FJPT 

2008;33(6):409-420



Cardiopulmonaryendurancetesting

·Cardiorespiratory endurance can be assessed 
subjectively by askingthe patient how far they can 
walk without getting breathless or with theformal 
exercise testing can be performedwhere specialised 
equipment is available
ƁSymptom-limited exercise testing according to Borg 

perceived exertion rating scale

ƁBy special equipment measuring gas exchange and HR-max

* Handler CE. A comparison of Naughton and modified Bruce protocols in 

AMI.European Hearth Journal.1984.V:5 N:9:752-755



Cardiopulmonarytesting in PPS

·Maximalor symptom-limited exercisetestingis not 
recommendedfor polio survivors
ƁDueto newweakness/ unstablemusculature
ƁMaxtestingcan be consideredonlyasymptomaticpolio

survivors

·Workloads of 2-4 minutes recommended with 2-4 
minutes interval 
·Discontinousor rampedprotocol is recommended

for maximizingaerobiccapacityanddiminishing
earlymusculoskeletalfatigue.

* Handler CE. A comparison of Naughton and modified Bruce protocols in 

AMI.European Hearth Journal.1984.V:5 N:9:752-755



Cardiopulmonarytesting in PPS

·Standard leg/armergometrymaygivereliabledata 
to determineaerobiccapacity
Ɓ6 continousminutesis enoughfor test duration

·Walkingtestsfor thoseable, up to 6 minutescould
be usedto estimateaerobiccapacity
Ɓ2 or 3 rampedstages

·But the objectiveis to developexerciseprescription; 
onlysubmaximaltest protocol is advised
ƁSufficientlower extremityfunction

·Theterminationof the test couldbe basedon 
RPE/Heartrate

* Handler CE. A comparison of Naughton and modified Bruce protocols in 

AMI.European Hearth Journal.1984.V:5 N:9:752-755



¢ƘŜ !ƳŜǊƛŎŀƴ /ƻƭƭŜƎŜ ƻŦ {ǇƻǊǘǎ aŜŘƛŎƛƴŜΩǎ
recommendations for the exercise testing of patients 
with prior polio and post polio syndrome

ÅOptimally utilise available muscle mass.

ÅAvoid use of a painful and/or recently weakened 
limb during an exercise test.

ÅUse equipment that does not require complex motor 
co-ordination.

ÅUse submaximal exercise tests (elicit at least a 
άǎƻƳŜǿƘŀǘ ƘŀǊŘέ ǊŀǘƛƴƎ ƻŦperceived exertion and 
ǘŜǊƳƛƴŀǘŜ ǘŜǎǘƛƴƎ ǿƘŜƴ ǘƘŜ άƘŀǊŘέ ǊŀǘƛƴƎ ƻŦ 
perceivedexertion is reported)



·This was the first study comparing the effects of  
home and hospital  based (supervised) exercises on 
aerobic capacity

·We also investigate the effect of aerobic exercise on 
fatigue and on QoL

·We used modified walking programme that was 
planned individually according to results of testing 
protocol



Participants
·subjects fullfilling the criteria of MoD-2001

·With the age < 65 years- old

·They were required to walk 30 meters in less than 60 secs 
wo hands-on support, using aid if necessary, and to walk on 
a treadmill 

·Subjects with cardiopulmonary problems and extreme joint 
pain that prevented walking were excluded

·They were screened for any concommitant disorder

Short-term effectsof aerobicexerciseon functional capacity, fatigue, andquality of life in patientswith PPS
Oncu J, Durmaz B, KarapolatH. ClinicalRehabilitation2009;23:155-163



Total numberof 
patientsenrolled

n=32 

Hospital-based
group

n=16

Losses(n=1)

Dueto transport 
problem

GroupI :

15 participants

Home-based

group

n=16

GroupII:

13 participants

Total numberof pts
who weregiven

information

n=48

Losses(n=3)

Dueto lossof 
interest

Short-term effectsof aerobicexerciseon functionalcapacity, fatigue, andquality of life in patientswith PPS
Oncu J, Durmaz B, KarapolatH. ClinicalRehabilitation2009;23:155-163



·Before and after 8-wk exercise programme; 3th 
author who was blinded to clinical course, 
interviewed the subject for fatigue and QoL:
ƁFSS(Fatigue severity scale)

ƁFIS(Fatigue Impact Scale)

ƁNHP(Notthingham Health Profile)

ƁPerformed the cardiopulmonary exercise test

Short-term effectsof aerobicexerciseon functional capacity, fatigue, andquality of life in patientswith PPS
Oncu J, Durmaz B, KarapolatH. ClinicalRehabilitation2009;23:155-163



Supervised
exercise

programme

3 sessions/wk

8 wkstotally

Eachsession:1,5 hrs

Supervisedby a 
physiotherapistat 

hospital

Homeexercise
programme

3 sessions/wk

8 wkstotally

Eachsession:1,5 hrs

Speed, intensityof 
walkingwasinstructed
by physioterapiststep 
by step with written

instructions

TƴǘŜƴǎƛǘȅ: %50-70 of pVO2; at the levelof 13-15 on borgscale

Short-term effectsof aerobicexerciseon functional capacity, fatigue, andquality of life in patientswith PPS
Oncu J, Durmaz B, KarapolatH. ClinicalRehabilitation2009;23:155-163



·Aerobic exercises;

ƁWalking duration was increased as tolerated, up to a 

maximum of three rest periods

ƁOnce maximum walking duration was attained, intensity 

was increased by increasing walking speed

ƁFlexibility exercises were given before aerobic exercises

Short-term effectsof aerobicexerciseon functional capacity, fatigue, andquality of life in patientswith PPS
Oncu J, Durmaz B, KarapolatH. ClinicalRehabilitation2009;23:155-163



Test protocol

·Naughtonprotocol

ƁSubmaximalintensity: 3,5 MET

ƁSymptom-limited, incrementalcardiopulmonarytesting
·Breath-by-breathmeasurementsof VO2max andVCO2max were

obtainedusingMasterscreenCPX metabolicdevice

·Accordingto VO2max; treadmill speed/ slopeis determined

·Treadmillmodel 770 CE

ƁHeartrate, rhythm, bloodpressureandST-T changeswith
ECG weremonitored

Short-term effectsof aerobicexerciseon functional capacity, fatigue, andquality of life in patientswith PPS
Oncu J, Durmaz B, KarapolatH. ClinicalRehabilitation2009;23:155-163



Test protocols
MAXIMAL SUBMAXIMAL

Bruce Balke Naughton Modified Bruce

Typeof the
disease

CVS CVS Neuromuscular
disease

Neuromuscular
disease

Treadmill
speedand
slopeat the
beginning

1,7 mph
% 10
(5 MET)

3,0 mph
% 0
(3,5 MET)

1,0 mph
%0
(1,5 MET)

1,7 mph
% 3
(3,5 MET)

Increment/ 
every2 min

3 MET 0,5 MET 1 MET 1 MET

Duration 21 min 22 min 20 min 21 min

* Handler CE. A comparison of Naughton and modified Bruce protocols in 

AMI.European Hearth Journal.1984.V:5 N:9:752-755



·The test was terminated;
ƁSevere angina

ƁLimiting symptoms: leg pain,cramps,fatigue

ƁVentricular tachycardia

ƁST depression > 3mm

ƁExcessive increase(> 230 mmHg) and drop in BP(<30 
mmHg)

Short-term effectsof aerobicexerciseon functional capacity, fatigue, andquality of life in patientswith PPS
Oncu J, Durmaz B, KarapolatH. ClinicalRehabilitation2009;23:155-163



Results; 

GroupI(n=15) GroupII(n=13) P-value

Ageyear(mean+SD) 40,43 +7,48 44,21+10,26 0,45

Sex(male/ female;n) 8/7 4/9 0,25

Stabletime after
polio(year)(mean+SD)

37,07+6,93 38,35+15,65 0,52

Walkingaid (yes) 4 3 0,40

Short-term effectsof aerobicexerciseon functional capacity, fatigue, andquality of life in patientswith PPS
Oncu J, Durmaz B, KarapolatH. ClinicalRehabilitation2009;23:155-163



6,05

GROUP I (n=15) GROUP II (n=13) Between
groups
p valuePreE PostE P value PreE PostE P value

pVO2 17.20+3,32 21,19+4,02 0,001 20,97+5,94 19,52+5,54 0,001 < 0,001

FSS   (total) 4,46+1,27 2,77+0,70 0,001 4,76+1,03 4,03+0,71 0,003 0,002

FIS-cognitive 29,14+14,61 10,64+9,00 0,001 35,43+15,98 12,57+8,02 0,001 0,401

FIS-physical 17,36+6,05 9,14+5,33 0,001 15,71+6,80 16,07+6,56 0,777 <0,001

FIS-
psychosocial

22,26+9,59 15,50+7,96 0,001 23,50+11,20 24,92+11,63 0,623 <0,001

FIS-Total 68,64+28,84 34,92+20,42 0,001 75,07+31,48 54,85+23,49 0,002 <0,001

NHP-Energy 61,14+21,08 17,14+11,25 0,002 58,97+30,24 44,68+24,58 0,026 0,002

NHP-Pain 34,98+23,17 28,33+1,97 0,041 46,88+33,47 22,00+27,87 0,008 0,701

NHP-Sleep 8,04+26,67 4,34+16,24 0,180 14,73+30,08 10,08+26,53 0,317 0,190

NHP-
Emotional
reaction

42,53+22,37 18,42+16,96 0,011 35,34+20,64 21,93+20,79 0,042 0,482

NHP-Social
isolation

43,03+21,05 18,14+25,98 0,003 40,70+34,01 29,06+36,52 0,066 0,106

NHP-Physical
mobility

39,18+10,34 21,90+9,39 0,001 45,22+16,14 23,24+14,21 0,008 0,982

NHP-Total 208,90+75,05 88,29+65,28 0,001 241,86+85,10 151,06+89,10 0,002 0,021

19,9% 
increase

7,25% 
decrease



CONCLUSION;

·After an 8-wk programme; improvement was seen 
on fatigue and QoL parameters in both groups

·TƴŎǊŜŀǎŜ ƛƴ ŀŜǊƻōƛŎ ŎŀǇŀŎƛǘȅ ǿŀǎ ǎŜŜƴ ƛƴ ƻƴƭȅ 
hospital group; even decrease was observed in 
home-exercise group

·A decrease in fatigue in both groups but more 
prominent in hospital group was observed

Short-term effectsof aerobicexerciseon functional capacity, fatigue, andquality of life in patientswith PPS
Oncu J, Durmaz B, KarapolatH. ClinicalRehabilitation2009;23:155-163


