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P o s t p o l i o Syndrome 
clinical and epidemiological studies 

+ HET WITGELE KRUIS } 

Barbara Ivanyi 





Stellingen 

behorende bij het proefschrift 

Postpolio Syndrome 

Clinical and epidemiological studies 

van 

Barbara Ivanyi 

I 

Het niet kunnen meten van nieuwe spierzwakte sluit de diagnose postpolio syndroom 

niet uit (dit proefschrift). 

II 

Het gebruik van de term postpoliomyelitis muscular atrophy is achterhaald (dit 

proefschrift). 

Ill 

Middels anamnese en lichamelijk onderzoek worden restverschijnselen van 

doorgemaakte poliomyelitis onvoldoende in kaart gebracht (dit proefschrift). 

IV 

Bij het postpolio syndroom treden moeheid en pijn eerder op dan nieuwe spierzwakte 

(dit proefschrift). 

V 

Het polio-eradicatie programma dient geen solistisch programma te zijn, maar moet 

bijdragen aan versterking van de infrastructuur op het gebied van de 

volksgezondheid (World Health Assembly). 



VI 

De samenwerking tussen revalidatie-instellingen en de Vereniging Spierziekten 

Nederland komt ten goede aan patiënten met een neuromusculaire aandoening 

(Revalidata nr. 85, 1998). 

VII 

Dat de mens dankzij de evolutie niet op vier voeten hoeft te lopen, betekent niet dat 

hij de hele dag op vier poten moet blijven zitten. 

VIII 

Reclamespotjes voor vrij verkrijgbare medicamenten moeten vergezeld gaan van het 

onderschrift: Gebruik van medicijnen kan schadelijk zijn voor uw gezondheid. 

IX 

Slechts wanneer het effect van Viagra beoordeeld wordt in termen van stoornissen, 

beperkingen en handicaps kijkt men verder dan het corpus cavernosum lang is. 

X 

Inenten is geen plicht maar een voorrecht. 

XI 

De poging tot politieke hervorming is niet de oorzaak geweest van het ontwaken van 

de maatschappij - die was eerder het uiteindelijk resultaat van dat ontwaken (Havel). 

XII 

De grootste waarde van een stelling is dat zijn stelligheid om nuancering vraagt. 
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Preface 

In januari 1991 heeft Prof. dr. Marianne de Visser mij gevraagd om het onderzoek naar 
late gevolgen van polio (kinderverlamming) voort te zetten dat Lizzy Brewster anderhalf 
jaar tevoren met groot enthousiasme is begonnen. Helaas heeft zij zich door onvoorziene 
omstandigheden uit dit onderzoek moeten terugtrekken. In februari ben ik begonnen, twee 
jaar later werd het project dat is gesubsidieerd door het Prinses Beatrix Fonds met nog 
een jaar verlengd en kwam ook de toestemming van de Inspectie voor de 
Gezondheidszorg om hun gegevens, benodigd voor het epidemiologische deel van het 
onderzoek, te mogen gebruiken. Doordat ik gaandeweg het onderzoek steeds meer 
geïnteresseerd raakte in de gezichtspunten die met name vanuit revalidatie geneeskunde 
stammen heb ik uiteindelijk gekozen om als vervolgopleiding de revalidatie geneeskunde 
te kiezen. In juli 1995 werd ik assistent in opleiding tot revalidatiearts in het Academisch 
Ziekenhuis in Groningen met als opleider Prof. W.H. Eisma. Tijdens mijn opleiding heb 
ik de laatste onderzoek gegevens kunnen verwerken en mijn proefschrift kunnen 
afwerken. 
Vele mensen hebben mij, direct en indirect, gesteund in al die jaren en hebben zo 
bijgedragen tot het tot stand komen van dit proefschrift. Graag wil ik hun allen bedanken. 
In de eerste plaats de patiënten. Dit onderzoek zou niet plaats gevonden hebben zonder 
hun bereidheid en inzet. Telkens hebben zij de tijd en moeite genomen voor het invullen 
van enquêtes, reizen naar het ziekenhuis en het ondergaan van onderzoeken. 
Promotor Prof. dr. M. de Visser, Marianne, met veel geduld heb je mijn vorderingen 
afgewacht en was jouw enthousiasme steeds een stimulans voor mij. Daarnaast heb je mij 
de mogelijkheid geboden voor de deelname aan twee internationale congressen, in 
Denemarken en in Argentinië, waar ik veel kennis heb opgedaan. Zeer hartelijk dank 
voor je begeleiding en persoonlijke aandacht. 
Promotor, Prof. dr. B.W. Ongerboer de Visser, Bram, ook jij hebt veel tijd besteed aan 
het doornemen en bediscussiëren van de verschillende publikaties. Mijn dank voor jouw 
hulp en belangstelling. 
Prof. W.H. Eisma, mijn huidige opleider, wil ik bedanken voor de ruimte en stimulans 
die ik tijdens mijn opleiding kreeg voor het verrichten van wetenschappelijk onderzoek. 
Veel dank aan mijn medeauteurs: Rob de Haan, Rob de Jongh, Klaas van Kralingen, 
Patty Nelemans, Frans Nollet, Saffire Phoa, Ken Redekop, Marielle Wohlgemuht, Jan 
van Wijngaarden. Zonder jullie bijdrage was dit werk niet mogelijk, en zeker minder 
leuk. 
Els van der Linden en Prof. dr. Rob de Haan voor hun hulp bij de methodologische opzet 
van onze studie. 
De heer H. Houtters van de Inspectie voor de Gezondheidszorg voor zijn hulp bij het 
bewerken van de patiënt gegevens. 
Al mijn collega's en stafleden van de afdeling revalidatie en neurologie voor hun 
belangstelling. 



Phiny Hageman, mijn oom Juraj Ivanyi en Jan Geertzen voor hun hulp met het 

Nederlands en Engels. 
De diagnosewerkgroep Postpolio van de Vereniging Spierziekten Nederland, met name de 
heer Y. Poortman en mevrouw H. Sanders, voor hun steun aan ons onderzoek. 
Karin, al jaren delen wij veel van eikaars vreugde en verdriet. Marleen, sinds het 
begintijd van mijn opleiding in Groningen heb ik in jou een vriendin gevonden en gingen 
onze gesprekken maar zelden over ons werk. Vereerd en dankbaar ben ik dat jullie mij 
terzijde willen staan. 
Mijn broer Pavel, mijn schoonzuster Pauline en alle vriendinnen en vrienden voor hun 

vriendschap, betrokkenheid, steun en gezelligheid. 
Lieve Reuben mijn zonnetje in huis, jij geeft mijn leven een bijzondere gloed en warmte. 
Het is dankzij mijn ouders dat mijn interesse voor het exacte is gewekt en gevoed. 
Zonder hun durf om een nieuw leven in Nederland te beginnen zou mijn leven anders zijn 
gelopen. Maar van het grootste belang is hun liefde en grote betrokkenheid bij alles wat 

ik doe. Maminko a tatinku, velkou pusu! 

Op een van mijn zoektochten in de oude archieven van de regionale inspecties van 
volksgezondheid vond ik een poster uit de jaren vijftig die ik nu uitgekozen heb voor de 
omslag van dit proefschrift. Hoe groot het belang van onderzoek naar late gevolgen van 
polio ook moge zijn, voorkomen is uiteraard altijd beter dan genezen. De wereldwijde 
actie om polio rond het jaar 2000 de wereld uit te helpen is dan ook van het allergrootste 
belang. 
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Poliomyelitis anterior acuta (polio) is a highly communicable disease resulting from 
infection by poliovirus. A large majority of infected patients are either asymptomatic or 
display mild systemic symptoms. Approximately 1 % of the affected patients present with 
a variable degree of paralysis (paralytic poliomyelitis). The muscle weakness is usually 
asymmetric and mainly affects the extremities. Bulbar weakness has been recorded in 
about 10-15% of the patients with paralytic poliomyelitis. In the spinal cord, neurons in 
the anterior horns are specifically affected. Therefore, paralysis in polio has the specific 
features of anterior horn disease, including muscle flaccid paralysis and atrophy, areflexia 
and fasciculations. Mortality in paralytic poliomyelitis is due to respiratory failure and its 
rate is estimated to be between 5-10 percent. 

Before vaccination against polio, children were the main victims during the polio 
outbreaks. In countries where vaccination is common, small outbreaks can occur among 
community groups that do not practice immunization. Unvaccinated children and adults 
are then equally affected. 
There is considerable recovery of muscle strength after the acute stage in most cases and 
many patients recover without residual paresis. The neurons that had only partially been 
damaged can regain their function. There are two mechanisms to compensate for the 
permanent loss of neurons. (1) Distal branching of axons of intact motor neurons 
(collateral sprouting)16; (2) Compensatory hypertrophy of the non-denervated muscle 
fibres. 

Motor functions of patients with residual paresis can be improved in the subsequent years 
by additional operations, such as muscle transpositions and by the use of orthotic devices 
and adaptive measures. Patients reach after some years a period of stability. However, 
decades after paralytic poliomyelitis, polio survivors may experience new neuromuscular 
complaints. These complaints include new or increasing muscle weakness, muscle 
atrophy, muscle cramps, muscle and joint pains, fasciculations, fatigue, diminished 
endurance and increase of disabilities81115. Anecdotal reports on so-called late onset polio 
sequelae have been published since the beginning of this century. However increased 
interest for the late sequelae arose in the United States since 1980, when large groups of 
polio survivors of the outbreaks in the 1940-1960 period started to report new 
neuromuscular complaints. Major differences in the prevalence of the late onset polio 
sequelae, varying between 25 to 85 percent, have been reported in different studies. 
These differences could be attributed to differences in the selection of the study 
populations3'6811, but there is controversy also about the clinical manifestations. Dalakas 
who was the first to draw attention on the deterioration of polio survivors claimed, that 
there are two distinctive groups of patients2. The first is manifesting new progressive 
muscle weakness and atrophy while the second has new neuromuscular complaints other 
than new muscle weakness. For the patients with confirmed new progressive muscle 
weakness, he introduced the term "progressive postpoliomyelitis muscular atrophy". 
However, distinction between patients with or without progressive muscle weakness is not 
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as clear as suggested by Dalakas, because the reported decrease in muscle strength can 
not always be confirmed by muscle strength assessment1'9. Ongoing research is concerned 
with the occurrence, rate of progression and assessment of the new muscle weakness in 
postpolio patients. The term "postpolio syndrome" is now more widely used to classify a 
complex of new neuromuscular symptoms in polio survivors5. 
Considerable research effort has been addressed toward finding diagnostic tools capable of 
distinguishing polio survivors with stable neuromuscular conditions from those with the 
postpolio syndrome4,7,12. However, no diagnostic tests have yet been found for the reliable 
diagnosis of the postpolio syndrome. 

The initial search for pathogenetic mechanisms of the late polio sequelae and the new 
muscle weakness was in the field of neurology"". However, questions arose gradually 
about the subsequent disabilities and handicaps resulting from the new clinical complaints. 
Consequently, these aspects attracted the attention from workers in the field of rehabili
tation medicine. Researchers in this discipline shed new light also on the possible etiology 
of the late complaints putting forward the concept of overuse of muscles, ligaments and 
joints10. Nevertheless, the pathogenesis remains unsolved. It is conceivable that several 
factors contribute to the development of the postpolio syndrome. 

This thesis clearly parallels the lines of investigation which evolved during recent years. 
In the first part (chapters 2 and 3) of the thesis, emphasis is on the neurological aspects of 
late polio sequelae, including new muscle weakness and diagnostic methods, whereas the 
last part (chapter 4) deals with disabilities and handicaps. 
The main objectives of this study have been: 

to evaluate the new neuromuscular complaints in polio survivors (chapters 2a, 2b, 

2c and 4); 
to estimate the extent of progression of new muscle weakness in patients with 

postpolio syndrome (chapter 2a); 
to evaluate diagnostic tests which may distinguish between polio survivors with 
stable neuromuscular conditions and patients with postpolio syndrome (chapters 3a 

and 3b); 
to determine the level of impairments, disabilities and handicaps in a 
representative cohort of Dutch polio survivors (chapter 4). 

A prospective clinical study on the presentation of late neuromuscular complaints and on 
the time-course of new muscle weakness development in polio survivors is presented in 
chapter 2a. Chapters 2b and 2c concentrate on dysphagia and sleep complaints in 
postpolio patients. Chapter 3 investigates the value of two diagnostic measures i.e., macro 
electromyography and computed tomography of the skeletal muscles, as diagnostic tools 
for postpolio syndrome. Chapter 4 focuses on the epidemiology of late polio sequelae in 
The Netherlands, namely on the prevalence of the new neuromuscular symptoms and the 
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present level of impairments, disabilities and handicaps in a representative sample of 
Dutch polio survivors of the last polio outbreak before vaccination against polio. Chapter 
5 presents a general discussion of the results of this study, viewed against the background 
knowledge from the literature and the prospects for future research on late sequelae of 
polio. 
A summary in English and Dutch concludes this thesis. 
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Symptoms and signs in postpolio syndrome 



8-postpolio syndrome 



Chapter 2a 

Muscle strength in postpolio patients 
A prospective follow-up study 

Barbara Ivanyi, MD 
Patty J. Nelemans, MD, PhD 

Rob de Jongh, PhD 
Bram W. Ongerboer de Visser, MD, PhD 

Marianne de Visser, MD, PhD 

Published in 
Muscle & Nerve 19:738-742,1996 

Abstract 
Forty-three former polio patients now complaining of new progressive muscle weakness 
(symptomatic patients) plus 13 former polio patients without new neuromuscular 
complaints were included in the study. 
The symptomatic patients reported high frequencies of other neuromuscular complaints 
and a decline in their functional level. Most frequent complaints were general fatigue, low 
back ache and muscle pain (97.7%, 86% and 79.1%, respectively) and a decline in the 
ability to walk (80%). 
In a prospective follow-up averaging 2.1 years, the muscle strength of 26 muscles in all 
four limbs of each patient was assessed by manual muscle testing and was also measured 
isometrically using a handheld dynamometer. During the follow up period, we did not find 
a significant decrease in muscle strength in the symptomatic patients as compared to 
patients without new neuromuscular complaints. 



10-postpolio syndrome 



chapter 2a: muscle strength in postpolio-11 

Introduction 
Large groups of former polio patients experience new neuromuscular complaints decades 
after acute paralytic poliomyelitis (APP)12'1617. The symptoms these patients consistently 
describe encompass new progressive muscle weakness, excessive fatigue, diminished 
functional capacity, and muscle and joint pain4-s>9-10-12-16-17. When other causes of 
progressive neuromuscular symptoms are excluded, this complex of symptoms is 
described as postpolio syndrome (PPS)8. 

The progression of the new muscle weakness in PPS is reported to be slow1'5,7. However, 
only few research data obtained by valid and reliable measures of muscle strength in PPS 
patients have been presented as yet to indicate the rate of progression of the new muscle 
weakness. 
In the present study we evaluated 43 former polio patients now complaining of new 
progressive muscle weakness plus 13 former polio patients without new neuromuscular 
complaints. The purpose of this prospective study was to evaluate the new complaints and 
to estimate the extent of progression of the muscle weakness assessed by manual muscle 
testing (MMT) and dynamometric measurements over a mean follow-up period of 2.1 
years. 

Methods 
Subjects 
After publicizing our research project to colleagues, regional newspapers and the 
association of patients with neuromuscular diseases (Vi Spierziekten Nederland), 93 
former polio patients with new neuromuscular complaints consulted our out-patient clinic 
from January 1989 to June 1990. 

Thirty-six patients did not fulfill the inclusion criteria (Table 1) and 14 patients were 
excluded during follow-up: 4 had missed the first myometry, 2 had moved out of the 
area, 3 withdrew on their own initiative, 4 showed inadequate cooperation and in 1 
complaints disappeared during follow-up. Finally, 43 former polio patients with 
complaints of new progressive muscle weakness in at least one extremity were included in 
the study and comprised the "symptomatic" postpolio patient group. 
Thirteen former polio patients without new neuromuscular complaints served as a control 
group. They will be referred to as "asymptomatic" postpolio patients. These patients met 
the same inclusion criteria as the symptomatic postpolio patients but had no complaints of 
new muscle weakness. 
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Table 1. 

Inclusion criteria 

1. evidence of prior poliomyelitis, 

history of an acute febrile illness, followed by paresis of one or more limbs, 

partial recovery of function, 

residual muscle weakness, atrophy and hypo- or areflexia with normal sensation in at least 

one limb, 

2. functional stability for at least 10 years, 

3. complaints of new muscle weakness, 

4. age less than 61 years at the initial visit, 

5. no other relevant disorders. 

Clinical Evaluation and Laboratory Studies 
All the patients were requested to complete an extensive questionnaire investigating 
aspects of acute poliomyelitis, the stable period following recovery and their present 
health condition. Functional level following maximal recovery from APP and functional 
level at the present time were assessed using questions relating to 17 daily life activities. 
A total score of 0 represented maximal function, whereas a total score of 59 was assigned 
to a patient unable to perform any of the activities. 

In order to meet the inclusion criteria, the evaluation of each patient included an extensive 
medical history, nerve conduction studies, conventional needle electromyography (EMG), 
and standard blood tests. 

Neuromuscular Evaluation 
Muscle strength was assessed by MMT based on the Medical Research Council's (MRC) 
rating13. Muscle strength was also measured isometrically using a handheld dynamometer. 
We used the dynamometer and measuring technique previously described by Van der 
Ploeg15. Thirteen muscles were tested in the upper and lower extremities: shoulder ab-
and adductors, elbow flexors and extensors, wrist flexors and extensors, hip ab- and 
adductors, hip flexors, knee flexors and extensors and foot dorsiflexors and 
plantarflexors. The strength of wrist flexors and foot plantarflexors was only assessed 
based on the MRC rating. 

After the initial evaluation, muscle strength was assessed in all symptomatic postpolio 
patients once every 6 months. The mean total duration of the follow-up was 776 days 
(range 357-1070). The muscle strength of the asymptomatic postpolio patient group was 
assessed twice with a mean duration of follow up of 563 days (range 199-754). 

Statistical analysis 
Results for the MRC measurements were expressed as median values of the various 
muscles. Furthermore, the 25th percentile MRC values were evaluated. It is conceivable 
that a progressive loss of muscle strength occurs only in a small subgroup of patients, and 
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a difference in 25th percentile scores gives a better reflection of a change in a small 
subgroup than a difference between median scores. 
The results of the measurements of muscle strength by dynamometry were expressed as 
mean values of the various muscles. Furthermore, analyses were performed on 
dynamometric sum scores. The dynamometric sum score was obtained by adding up the 
dynamometric muscle strength values of the various muscles in each patient. 
In order to evaluate the change in muscle strength, the differences between initial and 
final measurements were compared both within and between the two patient groups. 
Student t-tests and two sample Wilcoxon tests were used to compare variables between the 
two groups. Signed rank tests were performed to test the change in muscle strength within 
the patient groups. Statistical significance for all analyses was defined as p < 0.05. 

Results 
Base-line characteristics 
The symptomatic group included relatively more women (male/female ratio in sympto
matic and asymptomatic patients was 0.6 and 0.9, respectively). Mean age and mean age 
at acute polio was slightly higher in the symptomatic group as compared to the 
asymptomatic group (45.9 and 42.3 and 4.4 and 3 years, respectively). There was no 
difference between the symptomatic and asymptomatic postpolio patients in the mean 
number of the extremities that were involved during APP (2.1 and 2 in symptomatic and 
asymptomatic patients, respectively). The symptomatic postpolio patients had lower 
functional capacity after maximal recovery of APP (mean total score in symptomatic and 
asymptomatic patients was 9.5 and 4.5, respectively). 

Mean age at the time of the appearance of new complaints was 33.8 years (range 20 to 
47), the mean interval between acute poliomyelitis and late complaints being 29.4 years 
(range 13 to 41). 

New complaints 
The frequency of the different new complaints is summarized in Table 2. Most frequently 
reported were general fatigue, low back ache and muscle pain (97.7%, 86% and 79.1%, 
respectively). All the symptomatic postpolio patients complained of new muscle 
weakness, as this item was an inclusion criterion. 



14-postpolio syndrome 

Table 2. 

Frequencies of selected new health problems among 43 prior polio patients complaining of late progressive 

muscle weakness. 

General fatigue 97.7% 

Pain 

lower back 

muscles 

joints 

neck 

Fasciculations 

Muscle cramps 

Paresthesia 

Increased falling 

Hypoesthesia 

Atrophy 

arms 

legs 

Forty of the 43 patients had noticed a decrease in their functional capacity after the onset 
of the new complaints. The mean number of activities that had become more difficult was 
8 (range 2-17) of the 17 daily activities that were investigated. Decreases in ability to 
walk, to stand and to climb stairs, were most frequently reported by 80%, 70% and 
67.5% of the patients, respectively. 

Mean age at the time of the appearance of new weakness was 38 years (range 20 to 49), 
the mean interval between acute polio and late progression of muscle weakness being 33.7 
years (range 18 to 46). Mean duration of the new muscle weakness at the onset of our 
study was 8 years. 

New weakness concerned most frequently 1 or 2 extremities, but generalized weakness in 
the extremities was reported by 21% of the patients. There was no preference for upper 
or lower extremities (Table 3). 

Table 3. 
Distribution of complaints of the new muscle weakness in 43 postpolio syndrome patients. 

86.0% 

79.1% 

66.7% 

66.7% 

69.8% 

58.1% 

58.1% 

47.6% 

37.2% 

23.3% 

23.3% 

No. of patients 

No. of affected Upper Lower 

extremities extremity extremity Both Total 

1 7 9 0 37% 

2 3 3 5 26% 

3 0 0 7 16% 

4 0 0 9 21% 

Total 23% 28% 49% 
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New weakness affected 95 of the total of 172 extremities in the 43 patients. According to 
the patients' reports 49 (51.6%) of the affected extremities had been involved during 
APP, but had regained their strength after recovery while 16 (16.8%) of the affected 
extremities had been involved during APP, but had remained weak. Thirty (31.6%) of the 
presently affected extremities had not been affected during APP. 

Laboratory and EMG studies 
None of the patients showed abnormalities on blood tests. 
On EMG most of the examined muscles showed signs of reinnervation, such as high-
voltaged and polyphasic motor unit action potentials of long duration. Reinnervation could 
also be found in muscles with normal strength on manual muscle testing. In 6 
symptomatic postpolio patients we also found signs of recent denervation, i.e., fibrilla
tions and/or positive sharp waves. Thirty extremities were claimed to have new weakness 
without being involved during APP. EMG was performed in 24 of these extremities and 
in 20 signs of reinnervation were found indicating prior involvement of these extremities. 

Manual muscle testing 
Many of the examined muscles were of normal strength. The median muscle strength 
values of the various muscles on initial and final measurements were all normal. 
The initial 25th percentile values of the symptomatic postpolio patients were slightly but 
not significantly lower than those of the asymptomatic postpolio patients (two-sample 
Wilcoxon test). In both patient groups the 25th percentile values at the final measurements 
were mostly equal to or slightly higher than those at the initial measurement and no 
significant difference was found (signed rank test). 

Dynamometry 
The results of mean dynamometric strength of the various muscles are shown in Table 4. 
At the initial measurements the muscles of the symptomatic postpolio patients were 
consistently weaker than those of the asymptomatic postpolio patients. But statistically the 
difference was only significant for 8 of the 22 examined muscles. In the symptomatic 
postpolio patients group, 10 of the 22 examined muscles were significantly stronger at the 
final measurement. In the asymptomatic postpolio patients, 1 of the 22 examined muscle 
groups was significantly weaker at the final measurements. 
The mean initial dynamometric sum score of the symptomatic postpolio patient group was 
significantly lower than that of the asymptomatic postpolio patient group (p=0.0051). In 
the symptomatic postpolio patients the final sum scores were significantly higher than the 
initial sum scores (p=0.0003). In the asymptomatic postpolio patients the difference 
between final and initial sum scores was not significant. 
The data obtained from the evaluation of the muscle strength between the initial and final 
assessments in the symptomatic patients did not provide any additional value. 
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Table 4. 

The mean dynamometric muscle strength of the various muscle groups. 

Muscle strength3 

Symptomatic patients Asymptomatic patients 

Muscle group Initial Final Diff» Initial Final Diff 

Shoulder abductors0 125' 160 36f 180 188 8 
Shoulder abductors'1 131e 156 24' 167 188 21 
Shoulder adductors 138e 149 7 180 181 8 
Shoulder adductors 143 151 7 154 177 30 
Elbow flexors 175 167 -8 208 185 -20 
Elbow flexors 170E 165 -5 223 190 -30' 
Elbow extensors 122e 120 1 146 138 -2 
Elbow extensors 127 117 -9 141 141 -1 
Wrist extensors 125 139 19f 147 153 13 
Wrist extensors 129e 143 14f 163 155 -3 
Hip flexors 152 182 30r 180 174 -6 
Hip flexors 147 178 31' 169 182 13 

Hip abductors 127 146 19' 158 152 -2 
Hip abductors 122e 147 23' 167 156 -6 
Hip adductors 130 143 5 154 139 -8 

Hip adductors 125e 134 9 170 149 -18 

Knee flexors 152 149 -4 186 146 -51 
Knee flexors 151 145 -5 190 161 -26 

Knee extensors 165 165 -4 182 172 -14 

Knee extensors 164 160 1 184 166 -23 

Foot dorsiflexors 135 171 33' 159 190 29 
Foot dorsiflexors 138 170 37' 163 177 8 

' measured with a hand-held dynamometer, expressed in newtons 
b the mean difference between final and initial measurements 
c left side 
d right side 
e significant lower value than in the asymptomatic postpolio patients (p < 0.05) 

' statistically significant difference between the final and initial measurements 
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Discussion 
Dalakas et al. have described the new muscle weakness in PPS patients as focal, 
asymmetric, and accompanied by muscle wasting6. In contrast, in our patients the 
reported new muscle weakness mostly affected more than one extremity and 21% of the 
patients even complained of generalized weakness in all 4 limbs. In addition, concomitant 
muscle wasting was reported less frequently by our patients. 
Other neuromuscular complaints, such as fatigue and pain, usually preceded the new 
muscle weakness by a few years. This should be kept in mind when confronted with 
postpolio patients who have new neuromuscular complaints but do not report new muscle 
weakness. 
Many of the extremities in which new weakness was reported had shown a good recovery 
of the strength after APP. This would support the hypothesis that the extent of recovery 
correlates with the occurrence of the late weakness as stated by Klingman et aln . 
In the past one had been puzzled by reports of new weakness affecting muscles that had 
not been weakened during APP314. Likewise, in our patients 32% of the extremities 
reported to have new muscle weakness were not recalled to have been involved during 
APP. However, reinnervation seen on EMG of many of these muscles suggests 
involvement during APP. Involvement during APP may have been brief or subclinical and 
therefore not recalled by the patient or the parents. 
At present little is known about the rate of progression of the new muscle weakness in 
patients with PPS2. In a study evaluating muscle strength in PPS patients by MMT using 
MRC sum scores, the decrease in the muscle strength was estimated to be 1% per year, 
but as MRC grading is a qualitative ordinal scale, quantitation of the strength by MRC 
sum scores is of restricted value5. In our study both MMT and dynamometric 
measurements were used to evaluate the muscle strength in PPS patients. Over a period 
averaging 2.1 years no significant change was found in the MRC strength of the different 
muscles and also on dynamometry neither separate evaluation of the different muscles nor 
evaluation of the dynamometric sum scores showed any significant decrease in muscle 
strength, despite our patients' complaints of increasing muscle weakness. 
Muscle weakness in PPS is usually not symmetrical and involves different muscles among 
the various patients while many muscles retain normal strength. In our study 45% of the 
extremities were not reported as having new muscle weakness. However, these 
extremities were also included in our measurements. The high number of muscles of 
normal strength may well be masking small decrease in strength of a single muscle when 
sum scores of the different muscle groups are obtained or when mean muscle strength is 
calculated for a group of patients. Grimby et al. seem to meet this problem in their study 
by evaluating the strength of only knee flexors and extensors in PPS patients with affected 
lower limbs, thus reducing the number of muscles of normal strength as a confounding 
factor7. In their patients a 20% reduction of strength over a 4-5-year period was found. 
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In conclusion, our study does not show a generalized decline in muscle strength in PPS 
patients over a 2-year period, despite the patients' complaints of increasing and 
widespread muscle weakness. Decrease in strength of single muscles may be present but 
its detection by MMT or even isometric strength measurements is hampered by stable 
muscle strength in the majority of the muscles. 
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Abstract 
In patients with a history of acute paralytic poliomyelitis (APP), late progressive muscle 
weakness may arise, known as the progressive postpoliomyelitis muscular atrophy 
(PPMA). In 43 patients with PPMA, 8 were evaluated for recent or late progressive 
dysphagia. The mean interval between APP and onset of swallow symptoms was 27.1 
years (range 23-45); the mean age of the patients was 45.4 years (range 35-52). Initial 
videofluorography showed signs of slight-to-moderate oropharyngeal dysfunction in six 
patients (delayed swallow reflex, diminished peristalsis of constrictor pharyngeus muscle, 
diminished laryngeal elevation, retention of bolus). In two patients no abnormalities were 
found. Seven patients were reexamined after 12-36 months (mean 18). All reported 
subjective progression of symptoms. Videofluorography showed minor progression of 
dysfunction in one patient and unchanged findings in six. No signs of aspiration were 
found either clinically or by video. We conclude that patients with PPMA complaining of 
late dysphagia, do not show a significant loss in oropharyngeal Junction on 1-3 years 
follow-up. 
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Introduction 
Dysphagia, due to involvement of the bulbar neurons, has been recorded in about 10-15% 
of patients during acute paralytic poliomyelitis (APP)1. Patients with prior poliomyelitis 
may experience muscle function deterioration decades after recovery from the acute 
disease, a condition referred to as progressive postpoliomyelitis muscular atrophy 
(PPMA)2. Besides new weakness affecting the limbs, new symptoms involving the 
muscles of the oropharynx may also occur. Questionnaire surveys among post-polio 
patients reveal new swallowing problems in 18-22% of the patients34. However, the 
severity and progression of the complaints are not sufficiently described. 
Videofluorography is an important tool for the evaluation of oropharyngeal function, with 
an acceptable degree of interobserver variability5. Several videofluorographic studies 
described oropharyngeal dysfunction in postpolio patients with complaints of recent or 
progressive dysphagia6'10. So far, only one study included videofluorographic follow-up 
showing progression of oropharyngeal dysfunction in four PPMA patients9. 
We have undertaken a prospective study with repeated fluorography in PPMA patients 
with dysphagia to evaluate the progression of bulbar muscle dysfunction. 

Patients and methods 
Forty-three consecutive patients, 26 females and 17 males, average age 46.3 years (range 
33-60), with a history of APP and recent development of progressive muscle weakness 
were followed for two years in an extensive study on late effects of APP. The patients 
fulfilled the clinical criteria for PPMA as defined by Dalakas et al.2-11: 

1. history of an acute febrile illness, followed by paresis of one or more limbs, 

2. partial recovery of function, 

3. residual muscle weakness, atrophy and hypo- or areflexia in at least one limb but with normal 

sensation, 

4. functional stability for at least 10 years, 

5. new muscular weakness in one or more extremities, 

6. age less than 61 years at the initial visit. 

Patients with other medical, neurologic, psychiatric or orthopedic illnesses that could 
explain the new symptoms, and patients with a family history for neuromuscular disease 
were excluded. Late dysphagia or involvement of bulbar muscles at the time of the 
original attack of polio was not a consideration in selection of patients. 
On first visit, history was taken and the patient's response to an extensive questionnaire 
was reviewed. General and neurological physical examination was performed. Eight of 
the 43 patients (4 males and 4 females) reported recent or late progressive dysphagia and 
were enrolled in the present study. The age at the time of first evaluation ranged from 35 
to 52 years (mean 45.4). Interval from APP to the first evaluation was 31 to 47 years 
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(mean 40.0). In these 8 patients initial videofluorography was performed. Seven patients 
were seen for a videofluorographic follow up after 12-36 months (mean 18.3). One 
patient refused the follow up videofluorography. All patients were living at home and 
none of them needed assistance for feeding or respiratory functions. None of the patients 
had sought medical attention for their swallowing difficulties. Stable dysphagia after 
maximal recovery from APP was reported by one patient in whom no videofluorographic 
evaluation was carried out. 
Single videofluorographic examination was also performed in 6 polio survivors (4 males, 
2 females) with stable neuromuscular conditions. They fulfilled the same selection criteria 
as the PPMA patients but had no deterioration in the function of extremity muscles and 
no complaints of recent dysphagia. Two of these patients reported dysphagia during APP 
but recovered. One was artificially ventilated for a brief period. The age of these 6 
patients ranged from 35 to 51 years (mean 40.5). Interval from APP was 33 to 46 years 
(mean 36.8). 

Videofluorography 
The oropharyngeal swallow act was visualized using a modified barium swallow and 
fluorography. At least three fixed boluses of 5 and 10 ml barium were administered. 
Patients were sitting in an upright position and mechanical support was given for chin and 
head. The studies were recorded on videotape (Sony U-matic VO 5800 PS) for frame-by-
frame analysis. All tapes were evaluated by the same radiologist (S.P.), experienced with 
this technique and blinded to the clinical status of the patients. 

Results 
Clinical features 
Medical records pertaining to the acute illness and recovery period were not available. 
We had to rely on individual recall of the patients. Three patients reported dysphagia 
during APP and one of these was artificially ventilated. Two patients did not recover 
completely from their original swallowing difficulties, retaining slight dysphagia. They 
reported deterioration years after a period of stability. One patient recovered completely 
but dysphagia reappeared later. Dysphagia was also reported by 5 patients who did not 
have or did not recall overt bulbar involvement in the acute disease phase. The mean 
interval between APP and onset of new swallowing difficulties was 27.1 years (range 23-
45), mean duration of dysphagia at the onset of the study was 7.8 years (range 2-15). 
Dysphagia was described as "food getting caught high in the throat" or as "lump in the 
throat". Two patients also described nocturnal awakings with choking. Choking at meals 
was reported by 4 patients but none of them developed complications such as aspiration 
pneumonia. None of the patients reported weight loss due to dysphagia. Four patients had 
to adjust their diet. During the follow-up period, all patients reported worsening of their 
dysphagia, however, without appearance of new specific symptoms. Neurologic 
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examination of cranial nerves showed minor abnormalities in 2 patients, slight palatal 
asymmetry in 1 and right facial paresis in another. 

Video fluorography 
Videofluoroscopic results of the symptomatic postpolio patients are summarized in Table 
1. On the initial videofluorography, 6 out of 8 patients showed signs of slight-to-moderate 
oropharyngeal dysfunction. In 2 patients, the examination was normal. However, 
videofluorography in these 2 patients did show enlargement of the lingual tonsillae, which 
we assume to be unrelated to their poliomyelitis. Seven patients were seen for 
fluorographic follow-up and all except one showed unchanged findings. Patient No. 3 
refused a follow-up videofluorography. One patient showed very slight changes on the 
repeat study (patient No. 6). The swallow initiation was delayed until the bolus reached 
the piriform sinus, whereas on the initial examination, the swallow was initiated when the 
bolus reached the vallecula. Also, the amount of bolus retention in the vallecula was 
slightly increased. 

None of the patients showed abnormal tongue or palatal movements or signs of nasal 
reflux. Laryngeal penetration or aspiration was not observed. No signs of esophageal 
disease (hiatal hernia, reflux, or spasm) were present. In the 6 polio survivors with stable 
neuromuscular conditions, the videofluorographic examination showed no abnormalities. 

Table 1. 

Videofluorographic findings in 8 patients with PPMA. 

Patient no. Videofluoroscopy of barium swallow 

1 No abnormalities" 

2 No abnormalities3 

3 Delayed swallow reflexb 

4 Delayed swallow reflex 

5 Diminished laryngeal elevation 

6 Delayed swallow reflex 

Retention valleculae 

7 Delayed swallow reflex 

Diminished peristalsis of pharyngeal 

constrictor muscle 

8 Delayed swallow reflex 

Diminished peristalsis of pharyngeal 

constrictor muscle 

Diminished epiglottic tilting 

Retention valleculae and piriform sinus 

1 enlarged lingual tonsillae 
' bolus reaching vallecula before initiation of swallow reflex 
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Discussion 
New swallowing difficulties are reported by approximately 1/5 of PPMA patients and are 
more frequent in patients with bulbar dysfunction at the time of APP3. In PPMA, the best 
predictors of new symptoms are the extent of original involvement and that of functional 
recovery12. This is nicely illustrated by Buchholz and Jones who investigated 13 prior 
polio patients with dysphagia, 11 of whom had recall of their acute illness7. Nine of these 
patients originally had had severe bulbar dysfunction with tube feeding, tracheotomy 
and/or mechanical ventilation and 2 had had mild dysphagia. On maximal recovery 11 
patients had mild dysphagia and the remaining 2 had regained normal swallowing 
function. Late progression was reported by 9 patients and entailed not only increasing 
severity of dysphagia but also onset of new complications, including aspiration 
pneumonia. On videofluorography, several abnormalities were found, including laryngeal 
penetration in over 1/2 the cases. 

In our patients, new swallowing difficulties were relatively mild as were the observed 
videofluorographic abnormalities. During follow-up, they report only slight worsening of 
dysphagia. As our patients were found among 43 consecutive PPMA patients who were 
not selected on the basis of previous bulbar involvement, their clinical picture is likely to 
be more representative of the overall PPMA population. 
The prevalence of videofluorographic abnormalities among the general population of 
polio survivors is unknown. We did not detect any abnormalities in 6 stable polio 
survivors who had been submitted to the same selection procedures as our PPMA 
patients. There was also no difference between the two groups as far as bulbar 
involvement during APP is concerned, i.e., 2 of 6 in the control group against 3 of 8 in 
the PPMA group. Admittedly, this sample size is too small to draw definite conclusions. 
Abnormalities observed on single videofluorographic examination of PPMA patients may, 
to a large extent, just reflect residual bulbar dysfunction, existing from the time of 
maximal recovery of APP. In PPMA patients complaining of late progressive dysphagia, 
serial videofluorography is needed to evaluate whether new weakness of bulbar muscles is 
superimposed on the residual dysfunction similar to the progressive weakness of the 
skeletal muscles. 

On repeat videofluorography after 12-36 months (mean 18.3), we could not find 
progression of oropharyngeal dysfunction in 6 of 7 PPMA patients despite their opinion 
that they had noticed worsening of their swallowing difficulties. A similar discrepancy is 
also found with regard to muscle function of the extremities in a prospective study carried 
out by Marwick's group13. The changes we found in 1 of the patients are insufficient 
proof of late progression of bulbar muscle weakness. A longer follow-up may be needed 
to show more significant changes. Still, one has to bear in mind that in patients left with 
more severe dysfunction after APP, even slight additional progression may cause 
decompensation of their swallowing performance. 
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Abstract 
Objective: This study evaluated the prevalence of sleep-related and sleep-disordered 
breathing (SDB)-related complaints in a group of postpolio patients compared with healthy 

controls. 
Design: A questionnaire, consisting of the validated Sleep Wake Experience List (SWEL), 

and a list of questions pertaining to sleep-disordered breathing (SDB), was mailed to a 

group of 43 postpolio patients. 
Participants: The patient group consisted of 43 former polio patients who had been 
evaluated at a neuromuscular disease clinic in a tertiary referral center for new 
complaints of new progressive muscle weakness. The patients were requested to select two 
healthy controls from their neighborhood who also filled out a questionnaire. 
Results: In the group of postpolio patients the frequency of tiredness on waking up and 
during the day, headache on waking up, daytime sleepiness, and restless legs was 
significantly higher compared with the control group. Complaints specifically related to 
SDB, such as apneas and snoring, were not mentioned significantly more often by the 

postpolio patients. 
Conclusion: Up to half of the postpolio patients report complaints of disordered sleep, 
which is likely to influence daytime functioning. Further studies, including sleep studies 
into SDB and restless legs, are necessary to elucidate the causes for these complaints. 
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Introduction 
In survivors of acute paralytic poliomyelitis, new complaints occurring decades after the 
acute illness are coined by the term postpolio syndrome (PPS). The syndrome 
encompasses general complaints such as fatigue, cold intolerance, and increased sleep 
requirements, as well as musculoskeletal manifestations such as muscle and joint pains, 
neurologic manifestations such as progressive weakness and atrophy, and sleep disordered 
breathing (SDB) such as sleep apnea1. In a large proportion of polio survivors, 
manifestations of PPS have been described1. Sleep disordered breathing has been reported 
in PPS and can occur as obstructive or central sleep apnea and central hypoventilation14. 
The prevalence of SDB in PPS is as yet unknown although in one study "sleep 
disturbances" were found in 31% of PPS patients examined by questionnaire5. Since the 
prevalence of sleep-related complaints in the general population has been reported to be as 
high as 30 to 50%, a specific relation between PPS and sleep disturbances has not yet 
been established. 

The purpose of our study was to study the prevalence of complaints about sleep, with 
special attention to sleep-disordered breathing, in a group of well-defined postpolio 
patients compared to healthy controls. 

Methods 
Patients 
A group of 43 former polio patients complaining of new progressive muscle weakness 
was evaluated for new neuromuscular complaints and new muscle weakness. These 
patients were self-referred to the neuromuscular outpatient clinic after extensive 
advertising for a research project on new muscle weakness. Patients fulfilled the 
following inclusion criteria: 

1. evidence of prior poliomyelitis with residual muscle weakness in at least one limb, 

2. functional stability for at least 10 years, 

3. complaints of new progressive muscle weakness, 

4. age less than 61 years, 

5. no presence of other relevant disorders. 

No patients used respiratory support. The same patient group was approached to complete 
a self-administered questionnaire concerning sleep-related problems. We will refer to 
them as postpolio patients. In a letter accompanying the questionnaire each patient was 
requested to select two healthy controls from their neighborhood, family, or friends, of 
about the same age and sex and without a history of polio. The controls remained 
anonymous. Demographic data from patients and controls were obtained. 
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Questionnaire 

The questionnaire consisted of two parts, both in Dutch. The first part of the 
questionnaire contained 15 questions belonging to the Sleep Wake Experience List 
(SWEL)6. The SWEL has been developed to study chronic (covering a 3-months period) 
sleep-related complaints during a 24-hour period. The sleep problems studied included: 
initiating sleep, maintaining sleep, early morning awakening, difficulty in waking up, 
tiredness on waking up, and sleepiness during the day. Both the occurrence and severity 
of the complaints were assessed, except for daytime sleepiness. Sleepiness questions could 
only be answered by the frequency of their occurrence. The occurrence items could be 
answered as "never", "seldom", "sometimes", "often" or "always". The severity items 
could be answered as "not at all", "a little", "rather severe", "severe" or "very severe". 
Scoring was based on answering affirmative to the items "rather severe" to "very severe" 
among the severity items and the items "often" and "always" among the occurrence items. 
The reliability of the SWEL as a screening instrument has been shown to be average to 
high (kappa ranging from 52.3% to 90.3%) for various sleep complaints in a clinical 
validation study7. 

The second part of the questionnaire consisted of 18 questions related specifically to 
sleep-disordered breathing and its consequences for daytime functioning as used by sleep 
clinics to evaluate patients for SDB (SDB list, translated in English, table 1). Questions 
1,5,6, and 8 to 14 are 5-item questions scored in the same way as the "frequency" 
questions of the SWEL. Questions 2,3 and 7 were "yes", "no" or "do not know" 
answers. "Yes" was scored positive. Question 4, asking specifically for sleepiness in 
boring situations, had 7 options of which the last 3 were scored as positive. Besides the 
above questions the patients and controls were asked to give an indication of the time 
normally going to bed, time falling asleep, and time waking up. The time between falling 
asleep and waking up was used for calculating sleep duration. 

Statistics 

The results of the answers to the SWEL questions were scored as outlined6. The 
frequency and its confidence limits of each of the six problems were determined for 
patient and control group. For the other 17 questions the frequency and its confidence 
limits for positive answers in each group were determined. A p value of <.05 was 
considered significant. Age and sleep duration were tested by t-test. 
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Table 1. 

Questions asked with reference to sleep-disordered breathing. 

1. Do you use a sleeping pill? 

2. Do you suffer from hypertension? 

3. Do you snore? 

4. Are you sleepy during daytime? 

5. Were apneas observed during sleep? 

6. Do you use alcohol? 

7. Did you cause a car accident during the past 3 years whereby sleepiness played a role? 

8. Do you wake up refreshed? 

9. Do you wake up tired or with headache? 

10. Are you tired? 

11. Do you have difficulty in concentrating during the day? 

12. Do you wake up at night due to breathlessness? 

13. Do you suffer from restless legs at night? 

14. Are you depressed? 

Results 
Out of 43 questionnaires mailed to the postpolio patients, 38 -were returned (88%) 
accompanied by 74 questionnaires filled out by control persons. A few questionnaires had 
not been answered completely by respondents (Table 3 and 4). 
The results of the questionnaire are delineated in Table 2 (clinical characteristics), 3 
(SWEL list) and 4 (SDB list). Sex distribution and age did not differ between groups 
(Table 2). Estimated sleeping time was significantly longer in the postpolio patients 
(p<.001) (Table 2). In the group of postpolio patients the frequency of tiredness in the 
morning (SWEL, SDB), daytime sleepiness (SWEL), daytime tiredness (SDB), headache 
on waking up (SDB) and restless legs (SDB) was significantly higher as compared with 
the control group (Table 3 and 4). The proportion of complaints specifically referring to 
sleep-disordered breathing, such as snoring and apneas, was not found to be significantly 
different between the patient and control groups, although postpolio patients had higher 
scores for all 14 questions of the SDB list. Daytime sleepiness as a problem was found to 
be significantly different between patients and controls in the SWEL test but not in the 
SDB part of the questionnaire. The 12 patients answering both sleepiness questions in the 
affirmative are not the same patients. When numbers answering one or both sleepiness 
questions in the affirmative are added, a statistically siginificant difference remains 
between patients and controls (postpolio patients 19/38, 50%, CI 33.4-66.6; controls 
10/73, 13.6%, CI 6.77-23.8; p<.05). 
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Table 2. 

Results of Clinical Characteristics Questionnaire. 

Postpolio patients 

Mean (SD) 

Controls 

Mean (SD) 

Age (year) 48.3 (7.3) 46.1 (8.3) NS 
Sleep duration (min) 465 (72) 424 (49) «C.OOl 
Male/female (n) 15/22 32/39 NS 

Table 3. 

Results of SWEL questionnaire. 

Postpolic i patients Controls 

(n=38) (n=73) 
Positive ; answers 95% CI Positive answers 95% CI P 

Initiating sleep 8% 1.7-21.3 3% 0.3-9.6 NS 
Maintaining sleep 13% 4.4-28.0 5% 1.5-13.4 NS 
Early morning awakening 13% 4.4-28.0 3% 0.3-9.6 NS 
Difficulty in waking up 26% 13.4-43.1 7% 2.3-15.3 NS 
Tiredness on waking up 47% 31.0-64.2 5% 1.5-13.4 <.05 
Daytime sleepiness 32% 17.5-48.7 4% 0.9-11.5 <.05 
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Table 4. 

Results of SDB questionnaire. 

Postpolio patients Controls 

(n = 38) (n=73) 

Positive Positive 

answers 95% CI answers 95% CI P 

Sleeping pill 11% 2.9-24.8 0% 0.0-4.9 NS 

Hypertension 11% 3.0-25.4 7% 2.2-15.1 NS 

Snoring 61% 43.7-76.0 44% 32.2-55.6 NS 

Daytime sleepiness 32% 17.5-48.7 11% 6.0-23.0 NS 

Apneas 6% 0.8-20.8 3% 0.4-10.7 NS 

Alcohol 24% 11.4-40.2 19% 10.9-30.1 NS 

Car accident 8% 1.7-21.9 0% 0.0-5.1 NS 

Not refreshed on waking up 58% 40.8-73.7 8% 3.1-17.0 <.05 

Tired/headache on waking up 39% 24.0-56.6 7% 2.3-15.3 <.05 

Tired 79% 62.7-90.5 8% 3.1-17.0 <.05 

Concentration problem 24% 11.4-40.2 5% 1.5-13.4 NS 

Breathlessness at night 5% 0.1-13.8 1% 0.0-7.3 NS 

Restless legs 25% 11.4-40.2 3% ' 0.3-9.6 <.05 

Depressed 13% 4.4-28.1 1% 0.0-7.3 NS 

Discussion 
In this study, postpolio patients complained of daytime sleepiness, tiredness and headache 
on waking up, daytime tiredness and restless legs more frequently than controls. Daytime 
sleepiness as a complaint is only statistically different between patients and controls when 
asking for frequency of occurrence (SWEL). When asked for situations with a tendency to 
induce sleepiness (SDB) the difference is not significant between patients and controls. 
When asking for sleepiness, questions should include both items of frequency and 
situations inducing sleepiness. 
The frequency of other complaints related to sleep is not different from controls. Specific 
complaints related to sleep apnea, such as snoring and apneas, and a related item such as 
the history of hypertension, do not occur more frequently in the postpolio patients. As the 
sensitivity of sleep apnea questionnaires is at most 70%, this result does not rule out sleep 
apnea in PPS patients or in the control population8. 
One of the reasons we do not find a higher prevalence of SDB-related complaints in our 
PPS population as compared to, for example, the population in the study by Steljes et 
al.3, might be the lack of patients on respiratory support in our group. Although not 
specifically measured in our study, the results of the two studies may also be different 
because of a difference in severity of residual weakness. To determine with certainty the 
prevalence of sleep-disordered breathing in this population, all patients and control 
subjects should undergo sleep studies. 
Our method of questioning patients and self-selected controls enables us to asses 
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objectively the frequency of complaints in the studied population. As the frequency of 
sleep complaints is high in the general population, calculating frequencies of sleep 
complaints only in a patient group, as done by Cosgrove and coworkers5, does not 
contribute to the understanding of the relationship between PPS and sleep. 
The validity of the method of self-selected controls and self-referral of patients can be 
questioned. Self-selection of controls may cause a bias towards controls with an interest in 
or actually having sleep complaints. This may result in underestimation of the difference 
between patients and controls. As regards the self-referred postpolio patients, an 
inclination towards positive answers might be seen. 

Our results show that the PPS group mainly suffers from general complaints such as 
sleepiness, tiredness, and headache as reported by others5'9"12. These nonspecific 
manifestations of PPS can be a result of both musculoskeletal and neurologic sides of the 
syndrome, as well as sleep-disordered breathing, both causing disrupted sleep. A recent 
report associated possible lesions in the reticular activating system with postpolio 
fatigue13. More specifically related to disrupted sleep is daytime sleepiness. In post polio 
syndrome, both musculoskeletal problems, eg, muscle and joint pain, as well as sleep 
apnea and nocturnal hypoventilation, can lead to disrupted sleep and hypersomnolence. 
The higher prevalence of the complaint of restless legs deserves further study. This 
condition has an unknown etiology. In the majority of the cases no cause is found, but it 
can be caused by a variety of neurogenic disorders and may well be associated with 
fasciculations in PPS patients. 

There is no good explanation for the higher estimated sleep duration in PPS patients. No 
difference was found in the use of sleeping pills. Possibly the daytime tiredness associated 
with ambulation and work, with new muscle weakness, results in longer sleep duration 
but apparently lesser sleep quality. 

In summary, this study shows that up to half of this group of prior polio patients with 
new muscle weakness have sleep complaints in comparison to controls. No apnea-related 
complaints were detected except for daytime sleepiness. Sleep studies in patients and in 
control subjects are needed to demonstrate whether sleepiness and daytime tiredness are -
notwithstanding the results of our questionnaire - related to the occurrence of sleep apnea 
or to phenomena such as restless legs in postpolio patients. 
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Abstract 

We investigated the muscle strength and motor unit (MU) territory of five patients with 
postpolio syndrome (PPS); six stable patients with prior poliomyelitis, and five healthy 
volunteers. The MU territory was assessed by measuring amplitudes of motor unit 
potentials (MUPs) recorded by the macro EMG technique. The investigations were 
repeated after 11 to 20 months (mean 15.6). The macro MUP amplitudes in both patient 
groups were markedly increased (P=0.02). However, no statistical difference was found 
between the two groups in the initial amplitude values. Macro MUP amplitudes obtained 
on repeated examinations did not differ significantly from the initial macro MUP 
amplitudes in any of the three groups. In three individual PPS patients, a decline in 
muscle strength on the follow-up study was documented, providing the diagnosis 
postpoliomyelitis muscular atrophy (PPMA). The three PPMA patients had the highest 
initial macro MUP amplitudes. Two of them showed a decrease in macro MUP amplitudes 
on follow up. These findings suggest that a later breakdown of oversized MU may play a 
role in the pathogenesis of PPMA. 



38-postpolio syndrome 



chapter 3a: macro EMG in posrpolio-39 

Introduction 
Postpolio syndrome (PPS) is a late complication of acute paralytic poliomyelitis (APP)6. 
After a long period of functional stability patients may develop a new and slowly 
progressive muscle weakness, atrophy, excessive fatigue, muscle and joint pain, and 
diminished functional capacity. When the reported decline in muscle strength is confirmed 
by serial muscle strength assessment, the condition is called postpoliomyelitis muscular 
atrophy (PPMA)3,4. 

The pathogenesis of PPMA is still unknown. In APP, recovery in strength is due to 
reinnervation of the denervated muscle fibers produced mainly by collateral sprouting of 
terminal axons of surviving motor units (MUs). Consequently, the size of the remaining 
MUs may be enlarged516'17. After recovery, many of these enlarged MUs never stabilize 
and remain in a state of remodelling. Disintegration of the reinnervating sprouts balanced 
by new collateral sprouting causes a continuous process of denervation and reinnervation 
4'515. It has been suggested that PPMA may develop when reinnervation finally fails and 
denervation takes over, resulting in decreasing MU size and muscle strength28. 
So far, routine electrophysiological and morphological techniques do not differentiate 
newly weakened muscles from previously affected but stable muscles1'9,10'12,14. Since 
macro EMG provides information about the size of the MU territory, it may be of greater 
value to investigate PPS and PPMA. Stâlberg found markedly increased MU potentials 
(MUPs), recorded with the macro EMG technique, in polio survivors14. In a 2-year 
follow up study Lange et al. described one PPMA patient with an objective decrease in 
muscle strength accompanied by a decrease in macro MUP amplitude8. 
We have undertaken a prospective study with repeated macro EMG examinations in stable 
patients with prior poliomyelitis and PPS patients. The purpose of the study was to 
evaluate whether decreasing MUP amplitudes are found in PPS patients. If decreasing 
MUP amplitudes were found in PPS patients, then macro EMG may be a tool to 
distinguish between PPS and stable polio patients, and to provide more insight in the 
pathophysiology of PPS and PPMA. 

Patients and methods 
Eleven patients who fulfilled the following criteria were studied: 

1. evidence for prior poliomyelitis (history of an acute febrile illness, followed by paresis of one or 

more limbs; partial recovery of function; residual muscle weakness, atrophy and hypo- or areflexia 

in at least one limb but with normal sensation), 

2. functional stability for at least 15 years, 

3. age less than 61 years at the initial visit. 

None of the patients had another relevant disorder or a family history for neuromuscular 
disease. 
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Five of the 11 patients complained of new muscle weakness and those five comprised the 
PPS group. The PPS patients (4 males and 1 female) were aged 39 to 54 years (mean 
46.8) and had a history of APP 34 to 47 years (mean 39.6) ago and complaints of new 
muscular weakness in one or more extremities 24 to 42 years (mean 31.8) after APP. The 
duration of new weakness at the onset of the study was 4 to 10 years (mean 7.8), with a 
history of slow progression over the years. The age at APP ranged from 2 to 16 years 
(mean 6.8). 

The remaining six patients had experienced no weakness, fatigability, or muscle atrophy, 
and served as a control group. The six stable postpoliomyelitis patients (3 females and 3 
males) were aged 35 to 60 years (mean 46.7) and had APP 34 to 51 years (mean 43.2) 
previously. The age at APP ranged from 1 to 9 years (mean 4.4). The two groups were 
fairly matched for the severity of their original and residual involvement. 
A third group consisted of five healthy volunteers, aged 31 to 35 years (mean 33.3). 

Neuromuscular Evaluation 
On the initial visit an extensive history was taken and a neurologic examination was 
performed. Muscle strength of the major muscle groups of the four extremities was 
assessed based on the Medical Research Council (MRC) rating11. This was repeated in all 
11 patients at the end of the follow-up period. All patients also underwent conventional 
needle EMG and nerve conduction studies by standard methods. 

Macro EMG studies 
Macro EMG recordings were made from the biceps brachii muscle in two PPS patients 
and five stable postpolio patients and from the tibialis anterior muscle in three PPS 
patients and one stable postpolio patient. We used the macro EMG recording techniques 
described by Stâlberg13. Median macro MUP peak to peak values are referred to as the 
macro MUP amplitude. 
In all the patients the muscle studied by macro EMG was chosen from an extremity 
affected during APP. These muscles were characterized by residual weakness or signs of 
reinnervation on EMG. In the group of PPS patients the muscle in question was from the 
newly affected extremity. Macro EMG recording of the same muscle was repeated in all 
patients after 11 to 20 months (mean 15.6). 
In five healthy volunteers two follow-up macro EMG recordings were made from the 
biceps brachii and/or the tibialis anterior muscles. The macro EMG recordings were made 
with a week's interval. 
All recordings were performed by the same electrophysiologist (B.O.d.V.) experienced 
with this technique. He did not know which of the postpolio patients had complaints of 
new muscle weakness. 
Normal macro MUP amplitudes differ according to age and muscle13. To enable 
comparison of different muscles in different age groups, we express the median macro 
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MUP amplitudes as its ratio of the upper limit of normal in the specific age group. The 
calculated ratio is referred to as the corrected macro MUP value. A ratio value higher 
than 1 was considered as abnormal. 

Statistics 
The distribution of the macro MUP amplitudes was described by the median and range. 
Differences between the initial and repeated measurements within the subject groups were 
analyzed by the Wilcoxon signed rank test. Differences between the different groups were 
analyzed by the Mann-Whitney U test. Statistical significance was defined at the p < .05 
level. 

Results 
Clinical evaluation 
Results from clinical examinations are summarized in Table 1. On the MRC scale, the 
median strength of the selected muscles was 5 (range 3 to 5) for PPS patients and 5 
(range 4 to 5) for stable postpolio patients. All PPS patients described a functional decline 
in muscle strength in one or more extremities. In three PPS patients we found an 
objective decline in muscle strength over the follow-up period. This confirmed the 
diagnosis of PPMA. In one of the patients, (no. 1) the strength of the tibialis anterior 
muscle in which the macro EMG was performed, decreased 1 MRC grade, from 5 to 4. 
In the other two patients (nos. 4 and 5) the strength of wrist extension decreased 1 MRC 
grade, from 4 to 3 and from 5 to 4, respectively. The macro EMG was performed in the 
biceps brachii muscle of the same extremity. 

The remaining two PPS patients had no objective decrease in muscle strength despite their 
subjective experience of new muscle weakness. 
The stable postpolio patients did not report any functional deterioration on follow up 
visits, nor could we find any objective decrease in muscle strength. 

EMG findings 
Conventional needle EMG showed signs of reinnervation in the majority of the 
investigated muscles in both PPS and stable postpolio patients. Signs of denervation were 
found in one of the two PPS patients (no.2) who had no objective decrease in muscle 
strength. 

Macro EMG findings 
The results of macro EMG recordings are summarized in the Table 1. The median values 
of the initial corrected macro MUP amplitude in PPS patients, stable postpolio patients 
and healthy volunteers were 7.5 (range 0.9 to 15.7), 1.15 (range 0.6 to 2.3) and 0.5 
(range 0.4 to 1.0), respectively. 
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The initial macro MUP amplitudes in the PPS and stable postpolio patient group were 
significantly increased compared with those seen in healthy volunteers (p = .02 for both 
comparisons). However, the PPS and stable postpolio patient group did not differ 
significantly in the initial macro MUPs. 

At the repeated measurements the median value of the corrected macro MUP amplitude in 
the PPS patients decreased from 7.5 to 4 (range 1.2-10.9). In stable postpolio patients and 
healthy volunteers, a small increase of the median value of the corrected macro MUP 
amplitude was observed at the repeated measurement, from 1.15 to 1.55 (range 0.6-3.7) 
and from 0.5 to 0.7 (range 0.5-0.8), respectively. Statistically, the macro MUP 
amplitudes obtained on the repeated examinations did not differ significantly from the 
initial macro MUP amplitudes in any of the three groups. 

Correlations between clinical and macro EMG findings 
The three PPM A patients (nos. 1, 4 and 5) had the highest initial macro MUP 
amplitudes. Their values were nearly 10, 8 and 16 times, respectively, above the upper 
normal limit. 
The largest decrease of macro MUP amplitudes seen on the repeated examination was 

found in two PPMA patients with the highest initial median macro' EMG amplitudes 

(Figure 1). 

Figure 1. 

Macro EMG data in follow-up study. 

Amplitude 

PPS Stable polio controls Healthy volunteers 

' corrected macro motor unit potential amplitude, expressed as ratio of upper limit of normal for given age 

and muscle. A ratio > 1.0 is considered abnormal. 



chapter 3a: macro EMG in poslpolio-43 

Table 1. 

Muscle strength and macro motor unit potential (MUP) amplitude values on initial and repeat study in five 

postpolio syndrome patients (PPS), six stable postpolio patients and five healthy volunteers. 

Pt Muscleb Muscle strength' Macro MUP Corrected 
noa amplitude 

(MV) 

macro MUP 

amplitude11 

1st exam 2nd exam 1st exam 2nd exam 1st exam 2nd exam 

1 1 5 4 3371 1309 10.2 4.0 
2 1 5 5 327 463 0.9 1.2 
3 2 5 5 209 207 1.2 1.2 
4 2 4 4' 1354 1349 7.5 7.5 
5 2 3 3e 2833 1958 15.7 10.9 
6 4 4 209 238 0.6 0.6 
7 5 5 388 281 1.2 0.9 
8 4 + 4 + 874 1400 2.3 3.7 
9 5 5 485 772 1.5 2.3 
10 5 5 270 536 1.0 2.1 
11 2 5 5 196 176 1.1 1.0 
12 5 5 115 118 0.4 0.5 
13 5 5 141 138 0.5 0.5 
14 5 5 244 206 0.9 0.8 
15 5 5 132 219 0.5 0.8 
16 2 5 5 184 127 1.0 0.7 

patients 1-5: PPS patients; patients 6-11: stable postpolio patients; patients 12-16: healthy volunteers 

1 : anterior tibialis muscle; 2: biceps brachii muscle 

assessment based on Medical Research Council (MRC)" rating of the dorsal extension of the foot, for 

tibialis anterior muscle and of flexion of the underarm in supine patient, for biceps brachii muscle 

expressed as ratio of upper limit of normal for given age and muscle. A ratio >1.0 is considered 

abnormal 

strength decreased 1 MRC grade in an other muscle of the same extremity 

Discussion 
Macro MUP amplitudes obtained on the initial and repeated examinations did not differ 
significantly in PPS patients and stable postpolio patients. So, macro EMG does not seem 
to be a tool with which to distinguish between PPS patients and stable postpolio patients. 
Given the absence of any definitive or pathognomonic tests for PPS distinction between 
PPS and stable postpolio patients based on history of new muscle weakness may be 
misleading. Subjective worsening of muscle strength noticed by former polio patients is 
not always reflected by objective assessment of strength10. We found a similar discrepancy 
in two of our patients. On the other hand, PPM A applies to those patients with prior 
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poliomyelitis who have objective evidence of new muscle weakness. In three of our 
patients a decline in muscle strength over the follow-up period was documented, 
providing the diagnosis PPM A. 

Considering the macro EMG results of these three patients, we found that they had the 
highest initial macro MUPs. Furthermore, two PPM A patients showing the highest initial 
macro MUP amplitudes also had the largest decrease in amplitudes at the repeated macro 
EMG examinations. Since high macro MUP amplitudes reflect extensive reinnervation, 
these findings indicate that a higher grade of reinnervation predispose to later 
deterioration. This suggestion may be supported by observations reported by Cashman et 
al.1 They found a positive correlation between fibre-type grouping on muscle biopsy, 
indicative of past reinnervation, and findings of ongoing denervation on single-fibre 
electromyography in five PPS and five stable postpolio patients. Since, the extent of 
reinnervation defines the extent of recovery of the muscle strength after APP, our 
suggestion is clinically supported by the findings of Klingman et al.7 They found a 
correlation between degree of recovery of muscle strength after APP and the risk of 
developing PPM A. 

With respect to the decrease of the macro MUPs that we have seen in PPMA patients we 
suggest that in the process of remodelling a MU by denervation and reinnervation there is 
a critical size of MU enlargement above which denervation prevails. Breakdown of the 
distal sprouts can no longer be compensated for by new collateral sprouting. This results 
in a diminution of the MU size until a new balance is reached. One could speculate that 
the same amplitude decrease that appears in highvoltage initial macro MUP may reflect a 
greater loss of innervated muscle fibres in comparison with the decrease seen in a MUP 
of a smaller size. Consequently, a more significant decrease in the muscle strength will 
occur. 

As there are no indications for destruction of the motor neurons in PPMA, a breakdown 
of all MUs is not expected. Indeed the muscle strength decrease in PPMA patients is very 
slow and does not lead to the same extent of paresis found during APP or during 
amyotrophic lateral sclerosis. 

The finding of a decrease in initially markedly increased macro MUP amplitudes in two 
of our three PPMA patients supports the hypothesis that late gradual breakdown of 
oversized MUs may play a role in the pathogenesis of PPMA. 
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Abstract 
Muscle computed tomography (CT) and muscle strength assessment of the pelvic girdle 
and leg muscles were performed in 32 postpolio patients experiencing new muscle 
weakness, and in 13 postpolio patients with stable neuromuscular condition. 
Muscles of the postpolio patients experiencing new muscle weakness showed significantly 
more CT scan abnormalities as compared to the stable postpolio patients. No other 
features discriminative of symptomatic postpolio patients were found. 
In individual patients muscle CT scan evaluation is a useful adjunct to muscle strength 
assessment. 
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Introduction 
Decades after recovery of acute paralytic poliomyelitis (APP) postpolio patients may 
experience progressive neuromuscular symptoms including new muscle weakness. When 
other causes are excluded, this complex of symptoms is designated postpolio syndrome 
(PPS)23. 
The use of computed tomography (CT) of the skeletal musculature enables us to map the 
muscle areas affected by disease. Although CT scanning is not diagnostic in itself, in 
some neuromuscular diseases more or less distinctive patterns can be recognized9. 
Until now, CT scan patterns in postpolio patients are not well documented and no 
attempts have been made to investigate possible CT scan differences as a diagnostic 
means between PPS patients and stable postpolio patients1'6,7. 
In this study, CT scan findings in PPS and stable postpolio patients are described. In 
addition, correlations between CT data and muscle strength measurements are 

investigated. 

Methods 
Forty-five self-referred former polio patients with residual muscle weakness in at least 
one limb were enrolled in our study. The patients' recruitment and the inclusion criteria 
are described in a previous study4. 
Thirty-two patients (11 males and 21 females) aged 33 to 59 years (mean 47.2) 
complained of new progressive muscle weakness in one or both lower limbs and 
comprised the symptomatic patient group. The remaining thirteen patients (6 males and 7 
females) aged 35 to 60 years (mean 42.3) reported a stable neuromuscular condition since 
recovery of APP and were designated the asymptomatic patient group. 

CT scan 
Muscle CT scans (Siemens Somatom Plus) were performed according to a standardized 
protocol8, including 24 muscles at the lumbar region, pelvic girdle, thighs and lower 

limbs. 
The CT scans were inspected by an experienced observer (MdV), unaware of patient's 
muscle strength and presence or absence of new neuromuscular symptoms. Muscle 
density was judged as normal or decreased in attenuation. Muscle size was judged as 
normal, decreased (atrophic) or increased (hypertrophic). 

Neuromuscular evaluation 
Muscle strength was assessed by manual muscle testing (MMT) based on Medical 
Research Council (MRC) rating5. 
The 24 individual muscles assessed by CT scan constitute 7 compound muscle groups of 
common function suited for muscle strength assessment: hip ab- and adductors, hip 
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flexors, knee flexors and extensors, and foot dorsi- and plantar flexors. The strength of 
these seven compound muscle groups was tested bilaterally. 
Muscle groups with MRC strength grade 0 and 1 were referred to as paralytic. Muscle 
groups with MRC strength grade 5 were referred to as normal. 

Statistical analysis 

Chi-square and Wilcoxon rank-sum tests were used to compare variables between the two 
patient groups. Statistical significance for all analyses was defined as p < 0.05. 

Results 
Muscle strength 
There was no significant difference between the strength of the various muscle groups of 
the symptomatic and asymptomatic patients. 

Both in the symptomatic and asymptomatic patients the muscles of the lower leg were 
weaker than muscles of the pelvic girdle and thigh (Table 1). 

Tablet . 

The 25th percentile muscle strength values of the muscles of pelvic girdle and legs in 45 postpolio patients. 

Muscle group (n= 

hip flexorsb 5 
hip flexors0 4 

hip abductors 5 

hip abductors 4 

hip adductors 5 

hip adductors 5 

knee flexors 3.5d 

knee flexors 4 

knee extensors 3.5" 

knee extensors 4.5e 

foot dorsiflexors 4 

foot dorsiflexors 3.5d 

foot plantarflexors 4 

foot plantarflexors 3 

Muscle strength3 

Symptomatic Asymptomatic 

patients patients 

(n=13) Pf 

5 0.773 
5 0.758 
5 0.936 
5 0.368 
5 0.915 
5 0.763 
4 0.675 
4 0.658 
4 0.675 
4 0.846 
3.5° 0.699 
4 0.746 
4.5C 0.247 
3.5d 0.587 

a assessment based on the Medical Research Council grading5 

b left side, 'right side 
d median value of 3 and 4 
c median value of 4 and 5 

' significance levels are given for differences between symptomatic and asymptomatic patients 
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CT scan findings 
In both patient groups, CT scan assessment of 3.5% of the muscles was hindered by 
interference with bony structures. In 96.5% of the muscles, CT scan assessment was 
reliable. The results are given in Table 2. Muscles with normal CT scan appearance were 
significantly more frequent in the asymptomatic patients as compared to the symptomatic 
patients (66% and 59.4%, respectively; p = 0.005). Decrease in attenuation was found 
significantly more frequent in symptomatic patients (10.9% and 6.6%, respectively; p = 
0.003). 

Both in the symptomatic and asymptomatic patients the muscles of the lower leg showed 
significantly more CT scan abnormalities than muscles of the pelvic girdle and lower 
lumbar region and thigh (50.7%, 39% and 25.1%, respectively; p < 0.0001). 
Affected and well-preserved muscle groups were intermingled and the abnormalities were 
asymmetrically distributed (data not shown). 

Comparison of muscle strength with radiological findings 
CT scan abnormalities were found in 33.8% of the compound muscles with normal 
strength on MMT. The abnormalities were found in some of the constituent muscles of 
the compound muscle or in all the constituent muscles (28.8% and 5%, respectively). 
CT scan abnormalities in all the constituent muscles were found in 91,7% of the paralytic 
compound muscles. The remaining paralytic muscles had no CT abnormalities (8.3%). 

Table 2. 

CT scan findings of the skeletal musculature of the lower body in 32 symptomatic and 13 asymptomatic 

postpolio patients. 

Symptomatic Asymptomatic 

CT scan findings patients patients Pa 

normal 59.4% 66% 0.005 

atrophy and 

decrease in attenuation 27.8% 24.6% 0.114 

decrease in attenuation 10.9% 6.6% 0.003 

atrophy 1.5% 2.5% 0.136 

hypertrophy 0.4% 0.3% 0.809 

1 significance levels are given for differences between symptomatic and asymptomatic patients 
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Discussion 
CT scanning in postpolio patients is not diagnostic in itself, since atrophy and decreased 
attenuation can also be found in other neuromuscular diseases. However, the pattern of 
involvement described in the present study viewed against the background of the clinical 
context is characteristic. 
Significantly more CT scan abnormalities were found in the symptomatic patient group, 
whereas there was no significant difference in muscle strength between the symptomatic 
and asymptomatic patients. One could speculate that this is due to a more severe 
involvement during the acute paralytic poliomyelitis, resulting in higher susceptibility to 
later deterioration. Specific CT scan features, to discriminate between symptomatic and 
asymptomatic patients, were not found. 
CT scan abnormalities were seen in approximately one third of the compound muscles of 
normal strength, mostly in some of the constituent muscles. These are functionally 
integrated, so weakness of part of the compound muscle may not manifest itself in a 
reduced overall function. Besides, muscle weakness can go undetected when synergic 
muscles are preserved or even hypertrophic. 
Because a normal CT appearance of weak muscles was rare, we can assume that the 
existence of muscle weakness could be questioned when it is not confirmed by CT 
abnormalities. 
We conclude that muscle CT scan evaluation does not contribute to a distinction between 
PPS and a stable neuromuscular condition in the individual postpolio patient. However, 
this investigative tool is valuable in the assessment of the neuromuscular status because it 
provides information about the skeletal muscles in addition to manual muscle testing. 
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Abstract 
Objective: This study investigates the prevalence of new neuromuscular symptoms, 
disabilities and handicaps in a group of polio survivors. 

Design: A self-constructed health questionnaire was mailed to 350 polio survivors. The 
questionnaire consisted of questions about presence of neuromuscular complaints and level 
of disabilities and handicaps during stable period following recovery from polio and at 
present. 
Participants: A sample of 350 subjects, derived from the 1784 registered cases during the 
1956 polio outbreak in the Netherlands. 

Results: There were 260 respondents (response rate was 74%), 27 of whom denied or did 
not recall having had paralytic poliomyelitis. The remaining 233 subjects comprised the 
study group (mean age 44.0 years, range 39-77, SD 6.3). The frequency of all 
neuromuscular complaints at present time was significantly higher than that during the 
stable period following polio. Fifty-eight percent of the cases reported an increase in 
muscle weakness when compared with their muscle strength during the stable period. 
Fifty-six percent of the cases reported an increase in disabilities, mainly a restriction in 
gait functions. Fifty-three percent of the cases reported increased handicaps with regard to 
occupation and social integration and there was an increased need for adaptive measures 
and devices. 
Conclusions: Nearly 60% of a sample of Dutch survivors of the 1956 polio outbreak 
experience late onset polio sequelae resulting in an increase of their disabilities and 
handicaps. 
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Introduction 
A wide range of new neuromuscular complaints, designated late onset polio sequelae, has 
been described in polio survivors14. Studies on the prevalence of late onset polio sequelae 
in polio survivors present conflicting data, varying from 25 to 85 %1,5"8. However, results 
are often biased by the selection of the study population. Data on disabilities and 
handicaps resulting from the occurrence of the new neuromuscular complaints are rare7,9. 
There are approximately 13.000 survivors from previous polio outbreaks in the 
Netherlands. During the past years, these individuals have voiced their concern about 
reports of increasing impairments and disabilities among polio survivors. Population-based 
surveys of late onset polio sequelae in Dutch polio survivors have not yet been 
performed. Therefore no data are available on impairments, disabilities and handicaps in 
this population. 

Every suspected case of polio in the Netherlands must be notified to the Inspectorate for 
Health Care of the Ministry of Health. The last large polio outbreak in the Netherlands 
occurred in 1956 before the introduction of the polio vaccines. Due to this registration 
system it was possible to compose a population based cohort of the survivors from the 
1956 poliomyelitis outbreak. 

The objectives of this study were (i) to determine the prevalence of the late onset polio 
sequelae in a representative sample of the survivors from the 1956 polio outbreak in the 
Netherlands, (ii) to investigate the present day level of impairments, disabilities and 
handicaps in this cohort and (iii) to find possible risk indicators reflecting the complaints 
on increasing muscle weakness. 

Methods 
During the 1956 polio outbreak, 1784 cases were registered as having paralytic 
poliomyelitis. We tried to trace as many of the registered cases as possible. 
Unfortunately, most files had been destroyed. Only lists containing names of cases 
registered in two provinces of the Netherlands (Limburg and Noord Brabant) between 
May and December 1956 were still available encompassing 564 cases. Of the 564 cases 
23 had died due to the polio infection or for other reasons in the following years. The 
addresses of 191 persons could not be traced. The remaining 350 persons received a 
mailed questionnaire. This self-constructed health questionnaire consisted of questions 
about impairments (neuromuscular complaints and site and severity of paresis), disabilities 
and handicaps (Appendix). The terms "disability" and "handicap" are defined in the 
International Classification of Impairments, Disabilities and Handicaps10. 
Paralytic poliomyelitis has a characteristic time course. The acute-onset muscle weakness 
is followed by a period of recovery. When maximal recovery is reached, some patients 
are left with a certain degree of residual paresis. Usually, relative stability for a period of 
several decades may follow, whereafter some patients will begin to experience new 
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deterioration. Therefore, our questionnaire covered different time periods, including onset 
of acute poliomyelitis, maximal recovery from polio, the stable period and the present 
situation. To get a reliable estimate of the health conditions during the stable period, we 
asked about health conditions in 1975. By that time all subjects had reached adulthood (19 
years or older) making recollection more reliable. All questions were posed in a YES/NO 
format. Answers to some of the questions were omitted by some of the respondents. 
Hence, the percentage values were calculated on the basis of the total number of cases 
that had answered a given question. The frequency of present neuromuscular complaints 
was compared with the frequency of these complaints during the stable period in order to 
determine the prevalence of the late onset polio sequelae. 

Statistics and data analysis 
The statistical tests used were the Chi-square test, Fisher exact test and Wilcoxon test. 
For descriptive purposes, a p value of < 0.05 was considered as statistically significant. 
Possible risk indicators for complaints of increasing muscle weakness were examined 
individually using bivariate analysis. The following indicators were analyzed: gender, 
age, presence and severity of muscle weakness at the time of maximal recovery from 
polio and during the stable period, presence of disabilities in 1975 and presence of 
neuromuscular complaints in 1975. The severity of muscle weakness was expressed as the 
number of extremities affected by muscle weakness. The combined predictive value of the 
risk indicators was analyzed using stepwise multiple logistic regression. The contribution 
of each indicator, when the other indicators were taken into account, is described by an 
odds ratio with its 95% confidence limits. SAS statistical software (version 6.10) was 
used. 

Results 
Study population 
The traced cases included 350 persons with a mean age of 44.6 years (range 39-79, SD 
7.0) and male/female ratio of 1.3. 
The total response rate of the traced cases was 74%. The female response rate was 79% 
compared with 70% among the males. Response rate among the cases younger than 10 
years at onset of polio was 75% compared with 69% among cases older than 10 years at 
onset of polio. 
Of the 260 responders to the questionnaire 19 denied and 8 could not recall having had 
paralytic poliomyelitis. The study population comprised the remaining 233 cases of 
paralytic polio with a mean age of 44.0 years (range 39-77, SD 6.3) and a male/female 

ratio of 1.0. 
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Conditions at the onset of acute poliomyelitis, after maximal recovery from polio and 
during the stable period 
The reported site of muscle weakness at the onset of polio, after maximal recovery from 
polio and during the stable period is shown in Table 1. 
Muscle weakness in one or both legs was the most frequently reported presentation at the 
onset of polio (74%). Ten percent of the cases reported muscle weakness in all four 
extremities at polio onset. After maximal recovery of the polio, 32% of the cases reported 
no residual muscle weakness. When residual weakness of the extremities was present, one 
or both legs were the most frequent sites of involvement (46%), with residual weakness 
in all four extremities in only 1% of the cases. During the stable period the reported 
muscle weakness did not show an increase as compared to muscle weakness at maximal 
recovery from the polio. 

Table 1. 
Reported severity and site of muscle weakness in the study population. 

At onset of polio At maximal Stable period 

(n=223) recovery (n=230) 

Muscle weakness (n = 224) 

severity of weakness8 

no extremity weaknessb 15% 44% 50% 

1 extremity 33% 38% 35% 

2 extremities 41% 15% 12% 

3 extremities 1% 2% 2% 

4 extremities 10% 1% 1% 

site of weakness' 

one or both legs 74% 46% 42% 

one or both arms 38% 19% 17% 

trunk muscles 28% 15% 16% 

facial or swallow muscles 14% 9% 8% 

respiratory muscles 9% 5% 5% 

' expressed as number of extremities with muscle weakness, categorized in mutually exclusive groups. 
b includes patients with no muscle weakness and patients with weakness of facial, swallow, respiratory and 

trunk muscles only. 
c not mutually exclusive groups. 

The frequencies of neuromuscular complaints during the stable period are given in Table 
2. The neuromuscular complaints listed here were present at frequencies ranging between 
11 and 21 per cent. Fatigue was the most frequent complaint (21%). 
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The frequencies of disabilities and the use of adaptive measures and devices during the 
stable period are given in Table 3. Difficulties with running were the most frequent 
disability during the stable period following acute polio (43%). Forty-three percent of the 
cases were using devices, mostly orthopedic shoes and braces (23% and 16%, 
respectively). 

Conditions at present 
Present neuromuscular complaints are summarized in Table 2. The frequencies of the 
neuromuscular complaints listed here varied from 22 to 44%. The most frequent 
complaint was fatigue (44%). The frequencies of all complaints listed were significantly 
higher as compared to the stable period (range in p values 0.001 to 0.004). Only 22% of 
the cases had none of the complaints listed here, while during the stable period 42% of 
the cases had none of the complaints. In addition, 64% of the cases having complaints 
stated that those complaints had increased since the stable period. 

Nineteen cases (8%) gave no information about their present muscle strength. Of the 
remaining 214 cases 58% reported an increase in muscle weakness compared to the stable 
period. The most frequent sites of increased muscle weakness were one or both legs and 
trunk muscles (63% and 62% of cases complaining of increased muscle .weakness, 
respectively). Seventeen percent reported increased bulbar weakness. 
We also asked for the presence of new muscle atrophy, but 30% did not answer this 
question. Of the responders to this question 30% reported new muscle atrophy. 
Fifty-six percent of the cases reported an increase in disabilities as compared to the stable 
period. The frequency of increased disabilities and handicaps is given in Table 4. 
Problems with running exercise increased in 39% of cases. The other two most increased 
disabilities listed here were difficulty with walking and climbing stairs (32% and 31%, 
respectively). Fifty-three percent of the cases reported increased handicaps with regard to 
occupation and social integration. Most frequently housekeeping and sport activities had 
to be given up or reduced (29% and 28%, respectively). Eight percent of the cases had to 
give up their job. With regard to mobility and physical independence there was an 
increased need for adaptive measures and devices. Most frequent were some new adaptive 
measures in the house (12%). Use of devices that were not needed during the stable 
period was not very frequent (2-7%). However, 6% of the cases who were still walking 
during the stable period were at present using a wheelchair. Five percent used the same 
devices as during the stable period but more often. 

Forty-nine percent of the study population had consulted their general practitioner about 
their increasing complaints and disabilities, 31% a medical specialist and 38% a 
physiotherapist. 



Stable period Present 

(n = 208) (n=233) 

21% 44% 
19% 24% 

16% 22% 

18% 38% 
16% 34% 
12% 33% 

11% 28% 
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Table 2. 

Frequency (%) of neuromuscular complaints during the stable period following acute poliomyelitis and at 
present. 

Neuromuscular complaints 

Fatigue 

Muscle twitches 

Muscle cramps 

Pain 

back 

muscles 

joints 

neck 

Table 3. 

Frequency (%) of disabilities and use of adaptive measures and devices during the stable period following 

acute poliomyelitis. 

Disabilities (n = 227) 

running 43 % 

climbing stairs 24% 

walking 22% 

reaching out 13% 

rising from a chair 6% 

Adaptive measures (n = 225) 

in the car 10% 

in house 3 % 

at work 2% 

Devices (n = 224) 

orthopedic shoes 23% 

braces 16% 

crutches 6% 

spinal jacket brace 5% 

cane 4% 

wheelchair 3 % 
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Table 4. 
Recent increase in disabilities and handicaps in the study population. 

Increased disabilities (n=232) 

running 39% 

climbing stairs 31% 

walking 32% 

reaching out 16% 

rising from a chair 17% 

Decrease or omission of activities (n=233) 

work 23% 

house keeping 29% 

family life 11% 

sport 28% 

hobby 14% 

New adaptive measures (n = 228) 

in the car 6% 

in house 12% 

at work 7% 

New devices (n = 228) 

orthopedic shoes 7% 

braces 2% 

crutches 3% 

spinal jacket brace 3% 

cane 4% 

wheelchair 6% 

Risk indicators 
Complaints of increased muscle weakness were univariately associated with increasing age 
and the presence of disabilities and neuromuscular complaints during the stable period as 
indicated in Table 5. Gender, presence and extent of paresis after maximal recovery from 
polio were not associated with the complaints of increased muscle weakness. Logistic 
regression analyses of the analyzed risk indicators showed that the presence of neuromus
cular complaints during the stable period was the strongest indicator for the subsequent 
development of increased muscle weakness (odds ratio 4.68, 95% confidence limits 2.50-
8.76, p < 0.001). When this indicator was taken into account only current age appeared 
as an other independent risk indicator (odds ratio (per year increase) 1.09, 95% 
confidence limits 1.01-1.19, p = 0.03). 
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Table 5. 
Possible risk indicators of complaints of increased muscle weakness in postpolio patients analyzed by 

bivariate analysis. 

95% 

confidence 

Complaints2 Odds ratio limits P 

Age 

(per year increase) 1.10 (1.02-1.18) 0.009 

Gender 

women 57.6% 

men 57.2% 1.01 (0.59-1.75) NS 

Residual weakness at 

recovery from polio 

weakness 59.5% 

no weakness 50.7% 0.70 (0.78-2.63) NS 

Severity of weakness at 

recovery from polio 

0 extremities 57.6% 1.00 

1 extremity 53.8% 0.86 (0.35-2.10) NS 

2 extremities 71.8% 1.87 (0.63-5.60) NS 

3 extremities 75.0% 2.20 (0.20-24.09) NS 

4 extremities 66.6% 1.47 (0.12-18.29) NS 

Disabilities during stable 

period 

restrictions 65.2% 

no restrictions 47.3% 2.09 (1.20-3.65) 0.009 

Neuromuscular complaints 

during stable period 

complaints 70.5% 

no complaints 32.1% 5.06 (2.73-9.40) < 0.001 

1 complaints of increased muscle weakness 
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Discussion 
Previous studies on postpolio patients may have given the impression that neuromuscular 
complaints are only present as late onset polio sequelae. Our study shows that various 
neuromuscular complaints such as fatigue, pain, muscle cramps and fasciculations are 
already present during the stable period after recovery from polio. In contrast, increasing 
muscle weakness has not been reported during the stable period. In a previous prospective 
follow-up study of postpolio patients we found that neuromuscular complaints preceded 
new muscle weakness by several years". 

The early occurrence of neuromuscular complaints in polio survivors may be indicative of 
overuse. Many polio survivors function at the upper limits of their physical capacities to 
satisfy their vocational and home demands. Several authors point out that chronic overuse 
may play a role in the pathogenesis of the late polio sequelae12. This is corroborated by 
our finding that the presence of neuromuscular complaints during the stable period 
following polio is the strongest risk indicator of the late complaints of increased muscle 
weakness. 

The patients showed an increase in impairments, disabilities and handicaps when the 
stable period was compared with the current situation. The main new impairments are 
increasing muscle weakness, fatigue and pain, resulting in increasing disabilities, 
especially concerning gait functions. In that respect our findings are in concordance with 
other studies on late sequelae of polio, but there are differences in the prevalence of 
neuromuscular complaints between the different population based studies6'7. This may be 
due to differences in the selection and composition of the different study populations. 
Differences between the self-made questionnaires may also have played a role. Therefore, 
data from the different studies apply only to polio patients represented by the tested study 
population. For better comparison, future studies should use disease-specific validated 
scales for assessment of impairments and disabilities in polio patients. 
It was claimed by Ramlow that despite increasing neuromuscular complaints and 
disabilities, no major new handicaps as indicated by increased use of devices or 
occupational disability were found7. Eight percent of the patients had occupational 
disability, 5% was about to use a wheelchair and 7% needed new ambulatory aids. Our 
data are more extensive and give a less optimistic picture of the new handicaps as 
indicated by decrease or omission of several activities, mainly housekeeping, sports and 
work (29%, 28% and 23%, respectively). One has to bear in mind that differences in 
handicaps as indicated by occupational disability, new adaptive measures and devices 
between the various countries may be substantially influenced by economic and social 
factors. In the Netherlands the costs of new adaptive measures and devices are mainly 
covered by medical insurance and occupational disabilities due to illness are fairly 
accepted by the society. This may have contributed to the relatively high number of 
disabled persons using adaptive measures and devices and diminishing their work 
activities. 
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Several studies document various factors associated with increased risk of the new health 
problems in polio survivors37'8131415. Conclusions concerning etiological factors of the 
late polio sequelae are often made based on the identification of risk indicators. These 
conclusions are only speculative, but can point in certain directions that can be further 
explored in search of the etiology of the late polio sequelae. Current age and presence of 
neuromuscular complaints during the stable period following acute polio were identified 
as risk indicators of complaints of increased muscle weakness in our study. Therefore, we 
advocate further research on the effect of aging and physical activity on the 
neuromuscular system that has been compromised by poliomyelitis. 

Conclusion 
Nearly 60% of a sample of Dutch survivors of the 1956 polio outbreak experience 
increasing neuromuscular complaints including muscle weakness. New handicaps as 
indicated by increased need for new adaptive measures and devices and occupational 
disability are also found. However the findings regarding the increased use of adaptive 
measures and devices and occupational disability may only be reflective of Dutch polio 
survivors since these are influenced by the economic and social factors of each specific 
country. 
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Postpolio syndrome 

Pathogenesis 
The pathogenesis of postpolio syndrome has as yet not been elucidated. Although this was 
not the objective of this thesis, we have found some support for two of the currently 
proposed theories. It is hypothesized that new muscle weakness in postpolio patients is 
due to the failure of an ongoing process of remodeling the size of the motor units. 
Reinnervation is needed to compensate for the loss of motor neurons caused by the acute 
polio infection. Motor neurons gradually become oversized due to reinnervation. These 
large motor neurons eventually cannot meet the metabolic demands of the reinnervated 
muscle fibers and result in the breakdown of terminal nerve branches. It has been 
suggested, that new muscle weakness may develop when reinnervation finally fails and 
denervation takes over, resulting in decreasing motor unit size2,7. The results of our 
macro EMG study support this theory as they show greatly enlarged motor units in polio 
survivors and a decrease in the motor unit size over time in patients with increasing 
muscle weakness. Nevertheless, studies with larger numbers of patients are needed before 
final conclusions can be made. The question still remains what precisely causes this late 
decompensation. Another theory focuses on the chronic overuse in polio survivors that 
may cause the postpolio syndrome9. This theory is supported by our epidemiological data. 
The presence of neuromuscular complaints during the stable period after recovery from 
polio is a risk indicator of the late complaints of increased muscle weakness. These early 
neuromuscular complaints may be indicative of early overuse, causing the later 
decompensation. However, the conclusions on pathogenesis, based on these 
epidemiological data are merely speculative. Further research on the effects of physical 
activity on the neuromuscular system compromised by a previous polio infection is 
warranted. Development of animal models affected by polio may open avenues to study 
the pathophysiology of compensatory mechanisms following acute polio and the 
subsequent decompensation. 

Diagnostic measures 
In the early studies on postpolio patients, EMG and muscle biopsy findings were thought 
to be specific for the postpolio syndrome4. However, this opinion was abandoned when 
polio survivors with stable neuromuscular conditions were investigated. Thus, 
conventional electrophysiological examination and morphology of the skeletal muscles 
failed to differentiate between postpolio patients and polio survivors with stable 
neuromuscular conditions110. Hence, these tests are not specific for the postpolio 
syndrome but are indicative of previous polio infection and of the compensatory 
mechanisms that occur during the recovery period from polio. 
In this thesis we have examined the value of macro EMG and computed tomography of 
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the skeletal muscles as diagnostic means for the postpolio syndrome. One can conclude 
from the results, that macro EMG could be a diagnostic tool for postpolio patients, 
though further studies with larger patient numbers are still needed. When designing future 
studies, one has to consider that different muscles in each patient can show different 
macro EMG findings, depending on the extent of the damage during the acute polio, 
following compensatory mechanisms and the superimposed changes due to late 
deterioration. Macro EMG technique causes some discomfort to the patients, therefore 
only a limited number of muscles can be examined in each patient. Recently a non
invasive multi-electrode surface EMG technique was described to obtain information 
about the motor unit size allowing more extensive examination of each patient". 
From the results of the computed tomography study we conclude that computed 
tomography is not a satisfactory diagnostic tool for the postpolio syndrome. However, 
this investigative tool appeared to be valuable in the clinical setting for the assessment of 
the neuromuscular status in individual patients. Computed tomography may show fatty 
changes in currently symptomatic muscles, which show normal strength and had been 
considered as unaffected during the acute polio period. 

New muscle weakness 
The presence of progressive muscle weakness is considered essential for the diagnosis of 
the postpolio syndrome6. Nevertheless, new muscle weakness is a difficult concept in this 
context. Complaints about progressive muscle weakness in postpolio patients can not 
always be confirmed by muscle strength assessment. We must realize, that the new 
muscle weakness is superimposed onto residual weakness that has been present since the 
acute polio. Therefore, unlike in healthy persons, the sole presence of paresis is not 
sufficient to support the diagnosis postpolio syndrome. Progression of the muscle 
weakness must be confirmed by serial muscle strength assessments. In case there is slow 
progression of the new muscle weakness, a long term follow-up is needed. The 
distribution of muscle weakness differs in every patient and therefore it is difficult to 
assess the rate of the overall progression of muscle weakness in a group of postpolio 
patients. In the published studies, the duration of the follow-up and the methods to 
calculate the overall muscle strength in a group of postpolio patients show great 
differences amounting to estimates of the rate of progression of the new muscle weakness 
of about 1% per year and to 20% reduction over a 4-5 year period3,5. Some authors still 
question the progressive nature of the muscle weakness in the postpolio syndrome8. To 
resolve the present controversy, we advocate future studies involving larger patient 
numbers and a longer follow-up period than in our present study which had an average 
follow-up of only 2.1 years. However, detection of new muscle weakness in single 
muscles will be hampered by stable muscle strength in the majority of the muscles. 
Therefore, we conclude that there is not enough ground to claim at present that the 
diagnosis postpolio syndrome must be confirmed by new muscle weakness on serial 
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muscle strength measurements. In the clinical setting, postpolio syndrome can only be 
referred to as a complex of new neuromuscular complaints and symptoms in survivors of 
acute polio. The use of the term postpoliomyelitis muscular atrophy suggesting a clinical 
picture distinctive of postpolio syndrome is unfounded. 

Epidemiology 
The epidemiological results given in this thesis are the first data on the late onset polio 
sequelae in the Netherlands. We show that postpolio syndrome is a frequent cause of 
increasing disabilities and handicaps in polio survivors. We therefore advocate more 
research into preventive and therapeutic measures for postpolio syndrome and more 
attention within the field of rehabilitation medicine for polio survivors. 
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Summary 

Postpolio Syndrome: clinical and epidemiological studies. 

Poliomyelitis anterior acuta (polio) is a viral disease with an asymptomatic or mild course 
in most of the affected patients. In a minority of the patients the virus invades the nervous 
system. When this results in muscle weakness the term paralytic poliomyelitis is used. 
Paralytic poliomyelitis has a characteristic course. Acute onset with subsequent muscle 
weakness is followed by a two-year period of recovery of muscle strength. When 
maximal recovery is reached, some patients are still left with residual paresis. Usually a 
period of relative stability of several decades follows, whereafter some patients may 
experience new neuromuscular complaints. When other causes of progressive 
neuromuscular symptoms have been excluded, this complex of symptoms is called 
"postpolio syndrome". The complaints mainly concern new or increasing muscle 
weakness, decrease in muscle size, muscle cramps, muscle and joint pains, involuntary 
'twitches' of muscles, fatigue, diminished stamina and increase of disabilities. 
This thesis focusses on several aspects of the postpolio syndrome that are still a matter of 
debate. The main objectives of this study are discussed in chapter 1. 
We investigated: (1) the clinical features of the postpolio syndrome, i.e., the occurrence 
of the new neuromuscular complaints and the extent of progression of new muscle 
weakness; (2) the diagnostic means to distinguish postpolio patients from polio survivors 
with stable neuromuscular conditions; (3) the prevalence of new neuromuscular 
complaints resulting in an impaired function in Dutch polio survivors. 

In chapter 2 the clinical features of the postpolio syndrome are described. 
In chapter 2a we present the results of a prospective clinical study on the presentation of 
late neuromuscular complaints and on the time-course of new muscle weakness 
development in postpolio patients. 
In this study 43 self-referred postpolio patients and 13 polio survivors with stable 
neuromuscular conditions were included. All patients completed an extensive 
questionnaire investigating aspects of acute poliomyelitis, the stable period following 
recovery, and their present health conditions. Their functional levels were assessed using 
questions related to 17 daily life activities. The muscle strength of 26 muscles in all four 
limbs of each patient was assessed by manual muscle testing and was also measured 
isometrically using a handheld dynamometer over a mean follow-up period of 2.1 years. 
The mean interval between acute poliomyelitis and complaints of new muscle weakness 
was 33.7 years (range 18-46). Other neuromuscular complaints such as fatigue and pain 
usually preceded the complaints of new muscle weakness by a few years. Most frequent 
complaints were general fatigue, low back ache and muscle pain (97.7%, 86% and 
79.1%, respectively). Decrease in the ability to walk, to stand, and to climb stairs were 
the most frequently reported restrictions in daily life activities (80%, 70%, and 67.5%, 
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respectively). New weakness in more than one limb was reported in 63% of the patients. 
New muscle weakness was also experienced in limbs (32%) of which the patients could 
not recall whether those had been involved during acute polio. During the follow up-
period, we did not find a significant decrease in muscle strength in the symptomatic 
patients as compared to patients without new neuromuscular complaints, despite the 
patients' complaints of increasing muscle weakness. 

We argued that the detection of new muscle weakness of single muscles in postpolio 
patients may be hampered by stable muscle strength in the majority of the muscles and is 
perhaps also impaired by the lack of sensitivity of the measures of assessment. 
In chapter 2b a study on dysphagia in postpolio patients is described. 
New muscle weakness in postpolio patients may involve bulbar muscles resulting in 
dysphagia. In postpolio patients, prevalence, severity and progression of new swallowing 
problems are as yet not sufficiently documented. In the original cohort of the 43 postpolio 
patients described above, 8 patients (4 men and 4 women, mean age 45.4 years) 
complained of dysphagia and became subject of this study. 

In 6 patients dysphagia was a newly reported symptom as they had had no swallowing 
difficulties after recovery from acute polio. In 2 patients some swallowing difficulties 
remained after acute polio and now these patients reported deterioration years after a 
period of stability. The mean interval between acute polio and onset of new swallowing 
difficulties was 27.1 years, (range 23-45 years). The symptoms were relatively mild, no 
one reported complications as aspiration pneumonia. Patients were followed for 12-36 
months (mean 18 months). During the follow-up period all patients reported slight 
worsening of dysphagia. Videofluorography, a tool to evaluate oropharyngeal function, 
was performed at the start of the study in all patients and at the follow-up examination in 
7 of them. Initial videofluorography showed signs of slight to moderate oropharyngeal 
dysfunction in 6 patients. The follow-up fluorography showed unaltered findings in 6 
patients and slight deterioration in 1 patient. 

The prevalence of new swallowing difficulties in postpolio syndrome patients in our 
cohort study was 18.6%. The swallowing difficulties and the videofluorographic 
abnormalities were milder than reported in earlier studies. We did not find a significant 
loss in oropharyngeal function on videofluorography on 1-3 years follow-up. 
In chapter 2c a study on sleep complaints in postpolio patients is described. 
Several studies point out the occurrence of sleep complaints in postpolio patients. Since 
sleep-related complaints are also frequent in the general population we argued that these 
symptoms might not be related to the postpolio syndrome. 

Therefore, we have undertaken a study to determine the prevalence of sleep complaints 
and complaints of sleep-disordered breathing in our cohort of the 43 postpolio patients 
described above. The patients received a mailed questionnaire consisting of the validated 
Sleep Wake Experience List and a list of 18 questions related to sleep-disordered 
breathing. The patients were requested to select two age and gender matched healthy 
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controls from their neighborhood, family or friends who also filled out the questionnaire. 
The response rate was 88%. The frequency of sleep-related complaints such as tiredness 
on waking up and during the day, headache on waking up, daytime sleepiness and restless 
legs, was significantly higher in the postpolio patients group as compared to the controls. 
Estimated sleeping time was significantly longer in postpolio patients. However, there 
was no significant difference in the frequency of the complaints specifically related to 
sleep-disordered breathing between the postpolio patients and the controls. 
This study shows that sleep complaints are more frequent in postpolio patients than in the 
general population. These results confirm that sleep complaints constitute a part of the 
symptom complex of the postpolio syndrome although as yet there is no satisfactory 
explanation for this relationship. 

Conventional electrophysiological and morphological techniques do not differentiate 
between postpolio patients and polio survivors with stable neuromuscular conditions. 
Chapter 3 concerns the value of two other diagnostic measures in postpolio syndrome. 
In chapter 3a the value of macro electromyography (EMG) as diagnostic tool for 
postpolio syndrome is investigated. 
In polio survivors the territory of the remaining motor units may be increased as a result 
of collateral sprouting, a mechanism that compensates for the loss of motor units in acute 
polio. A decrease in motor unit size in postpolio patients may indicate a decompensation 
of this compensatory mechanism causing new muscle weakness. Macro EMG provides 
information about the size of the motor unit territory and may therefore be a tool to 
diagnose postpolio syndrome. We investigated the motor unit area of 5 patients with 
postpolio syndrome, of 6 stable patients with prior poliomyelitis, and of 5 healthy 
volunteers. The motor unit territory was assessed by measuring amplitudes of motor unit 
potentials recorded by the macro EMG techniques. Patients were followed for 11 to 20 
months (mean 15.6). 
The median macro MUP amplitudes in both patient groups were markedly increased 
(p=0.02). There was no significant difference in the initial and the repeated amplitude 
values between the two patient groups. During the follow-up a decline in muscle strength 
was documented in 3 individual postpolio syndrome patients. These three patients had 
significantly increased initial median macro MUP amplitudes compared to stable polio 
patients (p=0.04), indicating a higher degree of reinnervation. On follow-up, two of these 
three patients showed a decrease in median macro MUP amplitudes. 
These findings suggest that in due course, breakdown of the oversized motor unit may 
play a role in the pathogenesis of the postpolio syndrome. Macro EMG follow-up 
examinations seem to be a promising diagnostic tool in postpolio syndrome. However, 
further research with larger patient and control groups is needed. 

In chapter 3b the value of computed tomography (CT) of the skeletal muscles in 
postpolio patients is investigated. This technique enables us to map the muscle areas in 
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which replacement by fat has taken place. Patients whose complaints of new muscle 
weakness involved one or both lower limbs were selected from the original cohort. The 
CT scan evaluation included 24 muscles at the lumbar region, pelvic girdle and lower 
limbs. Muscle strength of the lower limbs was assessed by manual muscle testing. Thirty-
two postpolio patients aged 33 to 59 years (mean 47.2 years) complained of new muscle 
weakness and comprised the symptomatic patients group. Thirteen polio survivors with 
stable neuromuscular conditions aged 35 to 60 years (mean 42.3 years) comprised the 
asymptomatic patients group. 

Significantly more CT scan abnormalities were found in the symptomatic patient group, 
whereas no significant difference in muscle strength between the symptomatic and 
asymptomatic patients occurred. However, we found no specific CT scan features to 
discriminate between symptomatic and asymptomatic patients. Thus, CT scanning of the 
skeletal musculature has proven not to be a diagnostic tool for postpolio syndrome. 
However, this investigative tool appeared to be valuable in the assessment of the 
neuromuscular status in individual patients. CT scan abnormalities were found in 33.8% 
of the compound muscles with normal strength on manual muscle testing. Therefore, it 
provides information about the skeletal muscles in addition to manual muscle testing and 
may contribute to seeking an explanation for the experience of new muscle weakness in 
an apparently 'healthy' extremity. 

In chapter 4 a study on epidemiology of late polio sequelae in the Netherlands is 
described. 
New neuromuscular complaints among polio survivors have been reported by others with 
a frequency of 25-85% but most of these data were derived from biased studies. Besides, 
there are only few data on the disabilities and handicaps resulting from the new 
complaints. Population-based surveys of late onset polio sequelae in Dutch polio survivors 
have not yet been performed. 

In 1995 we mailed a questionnaire to a sample (350 subjects) of 1784 registered cases of 
paralytic poliomyelitis from the 1956 polio outbreak in the Netherlands. The questionnaire 
consisted of questions about neuromuscular complaints, disabilities and handicaps during 
the stable period following recovery from acute polio and at present. 
The response rate was 74% (233 subjects, mean age 44 years, range 39-77). The 
frequency of all neuromuscular complaints was significantly higher than during the stable 
period following recovery of polio (range p-values 0.001 to 0.004). Fifty-six percent of 
the cases reported an increase in functional restrictions such as running, walking and 
climbing stairs, and there was an increased need for adaptive measures and devices. Fifty-
eight percent of the cases reported an increase in muscle weakness. 

Risk factors for increased muscle weakness were the neuromuscular complaints during the 
stable period and the current age. 
From this study we conclude that nearly 60% of a more or less representative sample of 
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Dutch survivors of the 1956 polio outbreak experience increasing neuromuscular 
complaints, including muscle weakness. New handicaps are present, as indicated by 
increased need for new adaptive measures and devices and by occupational disability. 

Chapter 5 presents a general discussion of the results of this study, their implications for 
the present state of knowledge about postpolio syndrome and the prospects for future 
research. 
Many questions about the postpolio syndrome still remain unresolved. However we are 
presently facing a group of patients with increasing, disabilities and handicaps who are 
looking for medical help. Given the high frequency of postpolio syndrome in polio 
survivors more research is needed to unravel its pathogenesis and to find a cure. In the 
meantime, it is of utmost importance to recognize the symptoms of postpolio and to offer 
those suffering from this disease recommendations tailored to their needs, which often 
implicates a drastic change in life style. 
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Samenvatting 

Postpolio Syndroom: klinische en epidemiologische studies. 

Poliomyelitis anterior acuta (polio) is een virusziekte. Bij de meeste patiënten verloopt 
deze ongemerkt, of uit zich als een licht "griepje". Bij een minderheid van de patiënten 
dringt het virus het zenuwstelsel binnen. Wanneer hierbij verlammingsverschijnselen 
optreden, spreekt men van paralytische poliomyelitis. 
Paralytische poliomyelitis heeft een karakteristiek verloop. Het acute begin met 
daaropvolgende spierzwakte wordt gevolgd door een periode van ongeveer twee jaar 
waarin een zekere mate van herstel van de spierkracht optreedt. Als het maximale herstel 
is bereikt, blijft bij sommige patiënten nog een resterende spierzwakte bestaan. 
Gewoonlijk volgt een stabiele periode die tientallen jaren duurt, waarna sommige 
patiënten nieuwe neuromusculaire klachten ontwikkelen. Wanneer andere oorzaken van 
neuromusculaire klachten zijn uitgesloten, wordt dit complex van symptomen het 
"postpolio syndroom" genoemd. Het betreft onder meer klachten van nieuwe of 
toenemende spierzwakte, afname van spieromvang, spierkrampen, spier- en gewrichtspijn, 
onwillekeurige spierschokjes, vermoeidheid, verminderd uithoudingsvermogen en 
toenemende beperkingen. 

Dit proefschrift concentreert zich op verschillende aspecten van het postpolio syndroom 
waarover nog geen eenstemmigheid bestaat. 
De doelstellingen van dit proefschrift worden beschreven in hoofdstuk 1. 
Ons onderzoek heeft zich gericht op: 1) de klinische kenmerken van het postpolio 
syndroom: d.w.z. de frequentie van voorkomen van de neuromusculaire klachten en de 
mate van progressie van nieuwe spierzwakte; 2) diagnostische methoden om postpolio 
patiënten te onderscheiden van oud-polio patiënten zonder nieuwe neuromusculaire 
klachten; 3) de prevalentie van nieuwe neuromusculaire klachten, beperkingen en 
handicaps onder Nederlandse polio patiënten. 

In hoofdstuk 2 worden de symptomen en verschijnselen van het postpolio syndroom 

beschreven. 
In hoofdstuk 2a worden de resultaten vermeld van een prospectieve studie naar de 
klinische presentatie van late neuromusculaire klachten en het verloop van de nieuwe 
spierzwakte bij postpolio patiënten. 
In deze studie zijn 43 symptomatische postpolio patiënten en 13 oud-polio patiënten 
zonder nieuwe neuromusculaire klachten betrokken, die zich zelf bij ons hadden 
aangemeld. Alle patiënten vulde een uitvoerige vragenlijst in met vragen over de acute 
periode van de poliomyelitis, de stabiele periode na het maximale herstel en hun huidige 
gezondheidstoestand. Hun functionele niveau is vastgesteld door middel van vragen 
betreffende 17 activiteiten van het dagelijks leven. De spierkracht van 26 spieren 
verspreid over alle vier de ledematen van elke patiënt is vastgesteld door een manueel 
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spierkracht onderzoek en ook kwantitatief (isometrisch) gemeten met een hand-
dynamometer. De gemiddelde duur van het vervolgonderzoek bedroeg 2.1 jaar. 
Het gemiddelde interval tussen de acute poliomyelitis en klachten over nieuwe 
spierzwakte was 33.7 jaar (spreiding 18-46 jaar). Andere neuromusculaire klachten, zoals 
vermoeidheid en pijn werden meestal een paar jaar voor het optreden van nieuwe 
spierzwakte gemeld. De meest voorkomende klachten waren algemene vermoeidheid, lage 
rugpijn en spierpijn (respectievelijk 97.7%, 80% en 79.1%). Toename van problemen 
met lopen, staan en traplopen was de meest gerapporteerde beperking. 
Nieuwe spierzwakte in meer dan een extremiteit werd gemeld door 63% van de patiënten. 
Nieuwe spierzwakte is ook gevonden in 32% van de ledematen waarvan de patiënten zich 
niet konden herinneren of deze gedurende de acute polio aangedaan waren. Gedurende de 
vervolg studies vonden wij geen significante afname in spierkracht in de symptomatische 
patiënten vergeleken met oud-polio patiënten zonder nieuwe neuromusculaire klachten, 
ondanks het feit dat de symptomatische patiënten wel over toenemende spierzwakte 
klaagden. 

Wij veronderstellen, dat het meten van nieuwe spierzwakte in enkele spieren bij postpolio 
patiënten belemmerd wordt door het feit dat spierkracht in de meeste spieren stabiel blijft. 
In hoofdstuk 2b wordt een onderzoek naar slikklachten bij postpolio patiënten 
beschreven. Nieuwe spierzwakte bij postpolio patiënten kan ook bulbaire spieren 
betreffen, hetgeen slikklachten ten gevolge heeft. Bij postpolio patiënten zijn het 
voorkomen, de ernst en de progressie van nieuwe slikklachten tot nu toe onvoldoende 
gedocumenteerd. In het oorspronkelijke cohort van 43 postpolio patiënten die hierboven 
zijn beschreven, klaagden 8 patiënten (4 mannen en 4 vrouwen, gemiddelde leeftijd 45.4 
jaar) over slikklachten. Zij zijn in het onderhavige onderzoek betrokken. Voor 6 patiënten 
vormden de slikklachten een nieuw symptoom, terwijl zij geen slikklachten meer hadden 
na het herstel van de polio. Twee patiënten hadden slikklachten sinds het doormaken van 
de polio en meldden nu een toename van slikklachten na een jarenlange stabiele periode. 
Het gemiddelde interval tussen acute polio en het begin van nieuwe slikklachten was 27.1 
jaar (spreiding 23-45 jaar). De symptomen waren niet ernstig, niemand meldde 
complicaties zoals een aspiratie pneumonie. De patiënten werden 12-36 maanden vervolgd 
(gemiddeld 18 maanden). Gedurende de vervolgperiode vermeldden alle patiënten een 
geringe toename van de slikklachten. Videofluorografie, een methode om de 
orofaryngeale functie te meten, werd bij alle patiënten uitgevoerd aan het begin van de 
studie en bij zeven van hen tijdens het vervolgonderzoek. De initiële videofluorografie 
toonde tekenen van lichte tot matige orofaryngeale dysfunctie bij 6 patiënten en geen 
afwijkingen bij 2 patiënten. De vervolg-fluorografie liet bij 6 patiënten geen verandering 
zien en een geringe achteruitgang bij 1 patiënt. 

De prevalentie van nieuwe slikklachten bij patiënten met het postpolio syndroom in deze 
studie was 18.6%. De slikklachten en de videofluorografische afwijkingen waren minder 
ernstig dan in een eerdere studie werd vermeld. Wij vonden met videofluorografie geen 
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significant verlies van orofaryngeale functie gedurende 1-3 jaar follow-up. 
In hoofdstuk 2c wordt een onderzoek naar slaapklachten bij postpolio patiënten 

beschreven. 
Verschillende studies wijzen op het voorkomen van slaapklachten bij postpolio patiënten. 
Omdat aan slaap gerelateerde klachten ook frequent voorkomen in de algemene bevolking, 
meenden wij dat deze symptomen wellicht niet gerelateerd zouden zijn aan het postpolio 
syndroom. Derhalve werd het voorkomen van slaapklachten en klachten van slaap-apnoe 
in ons cohort van de bovenbeschreven 43 postpolio patiënten onderzocht. De patiënten 
ontvingen per post een vragenlijst bestaande uit de gevalideerde slaap-waak ervaringslijst 
en een lijst van 18 vragen die betrekking hadden op slaap-apnoe. Er werd aan de 
patiënten verzocht om twee gezonde controle personen overeenkomend in geslacht en 
leeftijd in hun omgeving, familie of vriendenkring te selecteren, die ook de vragenlijst 
zouden willen invullen. 
De respons was 88%. De frequentie van slaap-gerelateerde klachten zoals vermoeidheid 
bij het ontwaken, slaperig zijn gedurende de dag en "restless legs", was significant hoger 
in de postpolio groep vergeleken met de controles. De geschatte slaaptijd was significant 
langer in de postpolio patiënten. Er was echter geen significant verschil tussen postpolio 
patiënten en controles in de frequentie van de klachten die specifiek verband hielden met 

slaap-apnoe. 
Deze studie toont aan dat slaapklachten meer voorkomen in postpolio patiënten dan in de 
gemiddelde bevolking. Deze resultaten bevestigen dat slaapklachten een onderdeel vormen 
van het symptomen complex van het postpolio syndroom. Waarom er een relatie bestaat 
tussen postpolio syndroom en slaapklachten is echter nog onduidelijk. 

Conventionele electrofysiologische en morfologische technieken maken geen onderscheid 
tussen postpolio patiënten en oud-polio patiënten zonder nieuwe neuromusculaire klachten. 
In hoofdstuk 3 worden twee andere diagnostische methoden besproken. 
In hoofdstuk 3a wordt een studie naar de diagnostische waarde van macro 
electromyografie (EMG) bij het postpolio syndroom beschreven. Bij oud-polio patiënten is 
de grootte van de overblijvende motor units toegenomen door vorming van nieuwe 
eindtakjes uit intacte axonen (collatérale sprouting). Dit is een mechanisme dat het verlies 
van geinnerveerde spiervezels in de motor units door de acute polio compenseert. Een 
afname in grootte van de motor unit in postpolio patiënten kan wijzen op een afname of te 
gronde gaan van dit compenserend mechanisme hetgeen nieuwe spierzwakte veroorzaakt. 
Macro EMG verschaft informatie over de grootte van de motor unit en kan daarom een 
middel zijn om de ontwikkeling van het postpolio syndroom te diagnostiseren. 
De grootte van de motor units is bij 5 patiënten met postpolio syndroom, 6 met stabiele 
polio restverschijnselen en 5 gezonde vrijwilligers gemeten. De grootte van de motor 
units werd vastgesteld door het meten van de motor unit potentialen (MUP) middels de 
macro EMG techniek. Bij de onderzochte patiënten is na 11 tot 20 maanden (gemiddeld 
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15.6 maanden) een vervolg onderzoek verricht. 

De mediane macro MUP amplitudes bleken bij de postpolio patiënten en stabiele oud-
polio patiënten aanmerkelijk verhoogd vergeleken met de controle personen (p = 0.002). 
De initiële en vervolg amplitudo's toonden geen significant verschil tussen de postpolio 
patiënten en stabiele oud-polio patiënten. Gedurende de vervolgstudie werd een afname in 
spierkracht vastgesteld bij 3 individuele postpolio patiënten. Deze patiënten hadden een 
significant hogere initiële mediane macro MUP amplitudes vergeleken met stabiele oud-
polio patiënten (p=0.004), hetgeen op een hogere mate van reinnervatie wijst. Twee van 
deze drie patiënten vertoonden een afname in mediane macro MUP amplitudo's tijdens de 
vervolgstudie. 

Deze bevindingen suggereren dat de geleidelijke afbraak van de sterk vergrote motor units 
een rol kan spelen in de Pathogenese van het postpolio syndroom. Macro EMG onderzoek 
lijkt een veelbelovende diagnostisch middel om het postpolio syndroom vast te stellen. 
Verder onderzoek bij grotere groepen van patiënten en controle personen is echter 
noodzakelijk. 

Hoofdstuk 3b beschrijft een studie naar de diagnostische waarde van computer 
tomografie (CT) van de skeletmusculatuur bij patiënten met postpolio syndroom. 
Deze techniek stelt ons in staat om nauwkeurig in kaart te brengen welke spieren 
gedeeltelijk of geheel door vetweefsel zijn vervangen. Patiënten met klachten van 
spierzwakte in een of beide onderste ledematen zijn vanuit het oorspronkelijke cohort 
geselecteerd. De evaluatie van de CT scan omvatte 24 spieren in de lumbale streek, de 
bekkengordel en de onderste ledematen. De spierkracht van de onderste ledematen werd 
manueel bepaald. Aan de studie namen 32 postpolio patiënten van 33 tot 59 jaar 
(gemiddeld 47.2 jaar) deel. Dertien oud-polio patiënten van 35 tot 60 jaar (gemiddeld 
42.3 jaar) zonder nieuwe neuromusculaire klachten vormden de asymptomatische 
patiëntengroep. 

Er werden significant meer CT scan afwijkingen gevonden in de symptomatische 
patiëntengroep, terwijl er geen significant verschil was in spierkracht tussen de 
symptomatische en de asymptomatische patiënten. Wij vonden echter geen specifieke CT 
scan kenmerken die onderscheid zouden kunnen maken nassen symptomatische en 
asymptomatische patiënten. De CT scan van de skeletspieren is blijkbaar geen middel om 
het postpolio syndroom te diagnostiseren. Het bleek echter waardevol voor het vaststellen 
van de musculaire status bij de individuele polio patiënt. CT scan afwijkingen werden 
gevonden in 33.8% van de spieren die een normale kracht hadden bij manueel spierkracht 
onderzoek. De CT scan geeft dus aanvullende informatie over de skeletspieren en kan 
bijdragen tot de verklaring voor de aangegeven nieuwe spierzwakte in een ogenschijnlijk 
"gezonde" extremiteit. 

In hoofdstuk 4 wordt een epidemiologische studie beschreven naar de late gevolgen van 
polio in Nederland. 
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In de literatuur worden nieuwe neuromusculaire klachten bij oud-polio patiënten gemeld 
met een frequentie van 25-85%. Deze ruime spreiding wordt waarschijnlijk verklaard 
door verschillen in de selectie van de patiënten in de verschillende studies. Bovendien zijn 
er slechts weinig gegevens over de beperkingen en handicaps tengevolge van de nieuwe 
klachten. Bevolkingsonderzoek bij polio slachtoffers naar de late gevolgen van polio is in 
Nederland niet eerder uitgevoerd. 

In 1995 verzonden wij een vragenlijst aan een steekproef (350 personen) van de 1784 
geregistreerde gevallen van paralytische poliomyelitis van de polio epidemie van 1956 in 
Nederland. De vragenlijst bevatte vragen over neuromusculaire klachten, beperkingen en 
handicaps gedurende de stabiele periode na het herstel van acute polio en de huidige 
toestand. 

Het responspercentage was 74% (233 personen, gemiddelde leeftijd 44 jaar, spreiding 
39-77 jaar). De frequentie van huidige neuromusculaire klachten was significant hoger 
dan gedurende de stabiele periode van de polio (p-waarden van 0.001 tot 0.004). Zes en 
vijftig procent van de ondervraagden vermeldde een toename van de beperkingen zoals 
problemen met rennen, lopen en traplopen en er was een toenemende behoefte aan 
aanpassingen en hulpmiddelen. Acht en vijftig procent van de ondervraagden klaagden 
bovendien over toename van spierzwakte. 

Risicofactoren voor toegenomen spierzwakte was de aanwezigheid de neuromusculaire 
klachten gedurende de stabiele periode en de huidige leeftijd. 
Wij concludeerden uit dit onderzoek dat bijna 60% van een min of meer representatieve 
steekproef van Nederlandse overlevenden van de polio epidemie van 1956 toenemende 
neuromusculaire klachten ervaart, waaronder spierzwakte. Nieuwe handicaps treden op, 
zoals wordt aangegeven door een toenemende behoefte aan aanpassingen en hulpmiddelen 
en door beroepsinvaliditeit. 

In hoofdstuk 5, de algemene discussie, worden de resultaten van deze studie, de 
implicaties ervan voor de huidige kennis van het postpolio syndroom en suggesties voor 
toekomstig onderzoek besproken. 

Vele vragen over het postpolio syndroom blijven nog onopgelost. Zowel revalidatieartsen 
als neurologen worden echter regelmatig geconsulteerd door een groep patiënten met 
toenemende beperkingen en handicaps. Gezien de hoge frequentie van het postpolio 
syndroom is meer onderzoek vereist om de Pathogenese te ontrafelen en om een rationele 
therapie te kunnen bieden. Zolang er hierover nog geen uitstel bestaat is het van belang 
het symptomen complex te (h)erkennen en adviezen te geven die vaak neerkomen op een 
verandering in leefwijze van de patiënt. 
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questionnaire-89 

Formulier 
nummer: 

ONDERZOEK NAAR KLACHTEN BIJ PERSONEN DIE POLIO HEBBEN 
DOORGEMAAKT. 

ACADEMISCH MEDISCH CENTRUM TE AMSTERDAM 
IN SAMENWERKING MET HET 

MINISTERIE VAN VOLKSGEZONDHEID, WELZIJN EN SPORT. 
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Toelichting bij het invullen van de vragenlijst. 

In deze vragenlijst komen de volgende onderwerpen aan de orde: 

Gegevens over uw vroegere polio-infectie (blz 2). 

Gevolgen van de polio en eventuele nieuwe klachten in 1975 (blz 3). 

Uw huidige gezondheid (blz 9). 

Problemenlijst (blz 15). 

Wij verzoeken u bij het invullen van de vragen het rondje aan te kruisen dat het beste uw antwoord 

weergeeft. Bij sommige vragen mag u meer dan één antwoord aankruisen. In dat geval wordt dat duidelijk 

aangegeven. 

Wij verzoeken u vriendelijk niets te veranderen aan de reeds voorgedrukte antwoorden. 

Aan het einde van de vragenlijst is er ruimte open gelaten voor eventuele aanvullende opmerkingen. 
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GEGEVENS OVER UW VROEGERE POLIO-INFECTIE 

1. Heeft u vroeger polio-infectie met verlammingsverschijnselen gehad? 

O ja 

O nee (ga door naar vraag 27) 
O weet ik niet meer (ga door naar vraag 27) 

2. Was u tijdens de polio-infectie opgenomen in een ziekenhuis? 

O ja 

O nee 

O weet ik niet meer 

3. Werd u tijdens de polio-infectie beademt in een zogenaamde ijzeren long of op een poliomat? 

O ja 

O nee 

O weet ik niet meer 

4. Welke spieren waren verlamd / verzwakt tijdens de polio-infectie? 

(u mag meer dan één antwoord aankruisen) 

O weet ik niet meer 

O de spieren van de linker arm 

O de spieren van de rechter arm 

O de spieren van het linker been 

O de spieren van het rechter been 

O de rug, borst, buik, of nekspieren 

O de spieren in het gezicht 

O de spieren van de tong en de keel (moeite met spreken, kauwen en/of slikken) 

O de ademhalingsspieren (moeite met ademhaling / kortademigheid) 

5. Welke spieren zijn na de polio-infectie verlamd / verzwakt gebleven? 

(u mag meer dan één antwoord aankruisen) 

O weet ik niet meer 

O geen, alle spieren zijn hersteld 

O de spieren van de linker arm 

O de spieren van de rechter arm 

O de spieren van het linker been 

O de spieren van het rechter been 

O de rug, borst, buik, of nekspieren 

O de spieren in het gezicht 

O de spieren van de tong en de keel (moeite met spreken, kauwen en/of slikken) 

O de ademhalingsspieren (moeite met ademhaling / kortademigheid) 
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GEVOLGEN VAN DE POLIO EN EVENTUELE NIEUWE KLACHTEN IN 1975 

Let op: de vragen 6-26 gaan over de gevolgen die de polio op uw latere functioneren heeft gehad. Als 
tijdstip voor dat latere functioneren hebben we het jaar 1975 gekozen. 

Ga dus nu in uw gedachte terug naar het jaar 1975 

Om uzelf te helpen die periode wal duidelijker voor de geest te halen, zou u bijvoorbeeld kunnen denken 

aan de volgende onderwerpen: Hoe oud was u in 1975? Waar woonde u toen? Was u in 1975 bezig met 

een studie of opleiding? Wal voor werk deed u in die tijd? 

6. Welke spieren waren in 1975 ten gevolge van de polio verlamd / verzwakt? 

(u mag meer dan één antwoord aankruisen) 

O geen, alle spieren waren hersteld 

O de spieren van de linker arm 

O de spieren van de rechter arm 

O de spieren van het linker been 

O de spieren van het rechter been 

O de rug, borst, buik, of nekspieren 

O de spieren in het gelaat 

O de spieren van de tong en keel (moeite met spreken, kauwen en/of slikken) 

O de ademhalingsspieren (moeite met ademhaling / kortademigheid) 

7. Had U in 1975 ten gevolge van de polio moeite met één of meer van de onderstaande activiteiten? (u 

mag meer dan één antwoord aankruisen) 

O lopen 

O hardlopen 

O traplopen 

O in en uit een stoel komen 

O met de armen boven het hoofd reiken 

O ik had geen moeite met bovenstaande activiteiten 

8. Welke operaties heeft u tot en met het jaar 1975 ten gevolge van de polio moeten ondergaan? (u mag 

meer dan één antwoord aankruisen) 

O geen 

O weet ik niet meer 

O groeiremming benen 

O "vastzetten" van een gewricht 

O andere ingrepen, namelijk (vul zelf in) 
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Welke aanpassingen heeft u tot en met het jaar 1975 ten gevolge van de polio nodig gehad? (u mag 

meer dan één antwoord aankruisen) 

O aanpassingen in mijn woning 

O aanpassingen op mijn werkplek 

O aanpassingen aan mijn auto 

O ik had geen aanpassingen nodig 

10. Welke hulpmiddelen heeft u tot en met het jaar 1975 ten gevolge van de polio nodig gehad? (u mag 

meer dan één antwoord aankruisen) 

O ik had geen hulpmiddel nodig 

O weet ik niet meer 

O beademingsapparaat 

O orthopedische schoenen 

O een stok 

O krukken 

O beugels 

O een korset 

O een rolstoel 

O andere hulpmiddelen, namelijk (vul zelf in) 

11. Had u in 1975 één of meer van de onderstaande klachten? 

(u mag meer dan één antwoord aankruisen) 

O moeheid 

O spierkrampen 

O spierpijn 

O gewrichtspijn 

O nekpijn 

O rugpijn 

O kleine onwillekeurige spiertrekkinkjes 

O koude minder goed kunnen verdragen 

O nee, ik had geen van de genoemde klachten 

O weet ik niet meer 
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Hieronder staat een aantal dagelijkse activiteiten weergegeven. 
Geef aan in welke mate de gevolgen van de polio u in 1975 in deze activiteiten beperkten. 
Let wel: Het gaat hier dus over uw functioneren in 1975! 

12. Hoe vaak bereidde u in 1975 warme maaltijden? 

(« mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per week) 

O regelmatig (1 tot 2 keer per week) 

O vaak (bijna dagelijks) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

13. Hoe vaak deed u in 1975 de afwas? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per week) 

O regelmatig (1 tot 2 keer per week) 

O vaak (bijna dagelijks) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

14. Hoe vaak deed u in 1975 de was? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

15. Hoe vaak deed u in 1975 licht huishoudelijk werk (bijvoorbeeld afstoffen, stofzuigen)? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 
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16. Hoe vaak deed u in 1975 zwaar huishoudelijk werk (bijvoorbeeld ramen lappen, dweilen, schrobben)? 

(K mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

17. Hoe vaak deed u in 1975 zelf de boodschappen? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

18. Hoe vaak ging u in 1975 bij iemand op bezoek? 

(« mag slechts één antwoord aankruisen) 

O nooit 
O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

19. Hoe vaak wandelde u in 1975 meer dan 15 minuten buiten? 

(u mag slechts één antwoord aankruisen) 

O nooit 
O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 
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20.Hoe vaak was u in 1975 actief bezig met een hobby (bijvoorbeeld spelletjes, breien, schilderen; het gaat 

bij deze vraag niet om televisie kijken)? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tol 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

21. Hoe vaak reed u in 1975 zelf auto of reisde u met het openbaar vervoer? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

22. Hoe vaak maakte u in 1975 voor uw plezier uitstapjes of tochtjes (dat wil zeggen per bus, trein of 

auto)? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

23. Hoe vaak tuinierde u in 1975 (bijvoorbeeld wieden, gras maaien, snoeien)? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O ik deed licht werk (af en toe wieden, gras maaien) 

O ik deed matig zwaar werk (regelmatig wieden, gras maaien) 

O ik deed al het nodige werk (inclusief spitten) 

O niet op mij van toepassing, ik had geen tuin 

O weet ik niet meer 
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24. Hoe vaak verrichtte u in 1975 onderhoud aan uw huis en/of auto? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O ik deed licht werk (kleine reparaties) 

O ik deed matig zwaar werk (schilderen, routine onderhoud auto) 

O ik deed al het nodige werk 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 

25. Hoe vaak las u in 1975 een boek? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (één boek in het halfjaar) 

O regelmatig (één boek in de 2 weken tot een halfjaar) 

O vaak (meer dan één boek in de 2 weken) 

O deze vraag is niet op mij van toepassing, want ik houd niet van lezen 

O weet ik niet meer 

26. Hoe vaak verrichtte u in 1975 betaald werk? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 10 uur per week) 

O regelmatig (10 tot 30 uur per week) 

O vaak (meer dan 30 uur per week) 

O deze vraag is niet op mij van toepassing 

O weet ik niet meer 



98-postpolio syndrome 

VRAGEN OVER UW HUIDIGE GEZONDHEID 

Let op: de vragen 27-50 gaan over uw huidige toestand! 

27. Heeft u nu één of meer van de onderstaande klachten? 

(u mag meer dan één antwoord aankruisen) 

O moeheid 

O spierkrampen 

O spierpijn 

O gewrichtspijn 

O nekpijn 

O rugpijn 

O moeite met slikken, kauwen en/of spreken 

O moeite met ademhaling / kortademigheid 

O kleine onwillekeurige spiertrekkinkjes 

O koude minder goed verdragen 

O nee, ik heb geen van de genoemde klachten (ga door naar vraag 29) 

28. Zijn deze klachten sinds 1975 toegenomen? 

O ja 

O nee 

O weet ik niet 

29. Welke spieren zijn ten opzichte van 1975 zwakker geworden? 

(u mag meer dan één antwoord aankruisen) 

O de spieren van de linker arm 

O de spieren van de rechter arm 

O de spieren van het linker been 

O de spieren van het rechter been 

O de borstspieren, rugspieren, buik, of nekspieren 

O de spieren in het gezicht 

O de spieren van de tong en de keel (moeite met spreken, kauwen cn/of slikken) 

O de ademhalingsspieren (moeite met ademhaling, kortademigheid) 

O geen van de genoemde spieren zijn zwakker geworden 

O weet ik niet 
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30. Welke spieren zijn ten opzichte van 1975 dunner geworden? 

(u mag meer dan één antwoord aankruisen) 

O de spieren van de linker arm 

O de spieren van de rechter arm 

O de spieren van het linker been 

O de spieren van het rechter been 

O de borstspieren, rugspieren, buik of nekspieren 

O de spieren in het gezicht 

O geen van de genoemde spieren zijn dunner geworden 

O weet ik niet 

31. Heeft u ten opzichte van 1975 meer moeite gekregen met één of meer van de onderstaande 

activiteiten? 

(u mag meer dan één antwoord aankruisen) 

O lopen 

O hardlopen 

O traplopen 

O in en uit een stoel komen 

O met de armen boven het hoofd reiken 

O nee, ik heb niet meer moeite gekregen met bovenstaande activiteiten 

32. Heeft u i.v.m. de klachten zoals genoemd in de vragen 27 tot en met 30 contact gezocht met (u mag 

meer dan één antwoord aankruisen) 

O huisarts 
O medisch specialist (b.v. een neuroloog of revalidatiearts) 

O fysiotherapeut 
O nee, ik heb geen contact gezocht met deze hulpverleners 

33. Heeft u aanpassingen moeten laten aanbrengen die u in 1975 nog niet nodig had? 

(u mag meer dan één antwoord aankruisen) 

O ja, aanpassingen in mijn woning 

O ja, aanpassingen op mijn werkplek 

O ja, aanpassingen aan mijn auto 

O nee, ik heb dezelfde aanpassingen als in 1975 

O nee, ik heb geen aanpassingen nodig 



100-postpolio syndrome 

34. Welke activiteiten heeft u ten opzichte van 1975 moeten verminderen of stoppen? 

(u mag meer dan één antwoord aankruisen) 

O verminderen van gezinsactiviteiten 

O verminderen van sportbeoefening 

O stoppen van sportbeoefening 

O verminderen van hobbybeoefening 

O stoppen van hobbybeoefening 

O minder uren betaald werken verrichten 

O minder zwaar werk verrichten, dat betaald wordt 

O stoppen met betaald werk 

O minder uren vrijwilligerswerk verrichten 

O minder zwaar vrijwilligerswerk verrichten 

O stoppen met vrijwilligerswerk 

O minder uren huishoudelijk werk of klussen in en om het huis verrichten 

O minder zwaar huishoudelijk werk of klussen in en om het huis verrichten 

O stoppen met huishoudelijk werk of klussen in en om het huis 

O nee, ik heb geen van de genoemde activiteiten moeten verminderen of stoppen 

35. Gebruikt u nu hulpmiddelen die u in 1975 nog niet nodig had? 

O ja, ik gebruik nu hulpmiddelen die ik in 1975 nog niet nodig had namelijk, (u mag meer dan één 

antwoord aankruisen) 

O beademingsapparaat 

O orthopedische schoenen 

O een stok 

O krukken 

O beugels 

O een korset 

O een rolstoel 

O andere hulpmiddelen, namelijk {vul zelf in) 

O ik gebruik dezelfde hulpmiddelen als in 1975, maar vaker dan in 1975 

O ik gebruik dezelfde hulpmiddelen even vaak als in 1975 

O ik gebruik geen hulpmiddelen 



questionnaire-101 

Hieronder staat weer een aantal activiteiten weergegeven. 
Geef aan in welke mate de gevolgen van de polio u nu in deze activiteiten beperken. 

Let wel: Het gaat hier dus over uw huidige functioneren! 

36. Hoc vaak bereidt u warme maaltijden? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per week) 

O regelmatig (1 tot 2 keer per week) 

O vaak (bijna dagelijks) 

O deze vraag is niet op mij van toepassing 

37. Hoe vaak doet u de afwas? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per week) 

O regelmatig (1 tot 2 keer per week) 

O vaak (bijna dagelijks) 

O deze vraag is niet op mij van toepassing 

38. Hoe vaak doet u de was? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

39. Hoe vaak doet u licht huishoudelijk werk (bijvoorbeeld afstoffen, stofzuigen)? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 



102-postpolio syndrome 

40. Hoe vaak doet u zwaar huishoudelijk werk (bijvoorbeeld ramen lappen, dweilen, schrobben)? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

41. Hoe vaak doet u zelf de boodschappen? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

42. Hoe vaak gaat u bij iemand op bezoek? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

43. Hoe vaak wandelt u meer dan 15 minuten buiten? 

(K mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

44. Hoe vaak houdt u zich actief bezig met een hobby (bijvoorbeeld spelletjes, breien, schilderen; het gaat 

bij deze vraag niet om televisie kijken)? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 



questionnaire-103 

45. Hoe vaak rijdt u zelf auto / reist u met het openbaar vervoer? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

46. Hoe vaak maakt u voor uw plezier uitstapjes of tochtjes (dat wil zeggen per bus, trein of auto)? (M 

mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 1 keer per maand) 

O regelmatig (1 tot 3 keer per maand) 

O vaak (minstens 1 keer per week) 

O deze vraag is niet op mij van toepassing 

47. Hoe vaak tuiniert u (bijv. wieden, gras maaien, snoeien)? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O ik doe licht werk (af en toe wieden, gras maaien) 

O ik doe matig zwaar werk (regelmatig wieden, gras maaien) 

O ik doe al het nodige werk (inclusief spitten) 

O niet op mij van toepassing, ik heb geen tuin 

48. Hoe vaak verricht u onderhoud aan uw huis en/of auto? 

(u mag slechts één antwoord aankruisen) 

O nooit 

O ik doe licht werk (kleine reparaties) 

O ik doe matig zwaar werk (schilderen, routine onderhoud auto) 

O ik doe al het nodige werk 

O deze vraag is niet op mij van toepassing 

49. Hoe vaak leest u een boek? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (één boek in het halfjaar) 

O regelmatig (één boek in de 2 weken tot een halfjaar) 

O vaak (meer dan één boek in de 2 weken) 

O deze vraag is niet op mij van toepassing, want ik houd niet van lezen 



104-postpolio syndrome 

50. Hoe vaak verricht u betaald werk? (u mag slechts één antwoord aankruisen) 

O nooit 

O soms (minder dan 10 uur per week) 

O regelmatig (10 tot 30 uur per week) 

O vaak (meer dan 30 uur per week) 

O deze vraag is niet op mij van toepassing 






