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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. 

References 
1. Cosgrovc JL, Alexander MA, Kitts EL, Swan BE, Klein MJ, Bauer RE: Late effects of 

poliomyelitis. Arch Phys Med Rehabil 1987;68:4 7. 

2. Dalakas MC, Elder G, Hallett M, Ravits J, Baker M, Papadopoulos NM, et al.: A long-term 

follow up study of patients with post poliomyelitis neuromuscular symptoms. N Engl J Med 

1986;314:959-963. 

3. Halstead LS, Rossi DC: New problems in old polio patients: Results of a survey of 539 polio 

survivors. Orthopedics 1985;8:845-850. 

4. Halstead LS, Wiechers DO, Rossi CD: Late effects of poliomyelitis: a national survey. In: 

Halstead LS, Wiechers DO, editors. Late effects of poliomyelitis. Miami: Symposia Foundation, 

1985:11-31. 

5. Diard C, Ravaud JF, Held JP: French survey of postpolio sequelae. Am J Phys Med Rehab 

1994;73:264-267. 

6. Lonnberg F: Late onset polio sequelae in Denmark. Presentation and results of a national-wide 

survey of 3.607 polio survivors. Scand J Rehab Med Suppl 1993;28:7-15. 

7. Ramlow J, Alexander M, LaPorte R, Kaufman C, Kuller L: Epidemiology of the post-polio 

syndrome. Am J Epidemiol 1992;136:769-786. 

8. Windebank AJ, Litchy WJ, Daube JR, Kurland LT, Codd MB, Iverson R: Late effects of paralytic 

poliomyelitis in Olmsted County, Minnesota. Neurology 1991;41:501-507. 

9. Einarsson G, Grimby G: Disability and handicap in late poliomyelitis. Scand J Rehab Med 

1990;22:113-121. 

10. International Classification of Impairments, Disabilities and Handicaps; Annual of classification 

relating to the consequence of disease, World Health Organization, Geneva, 1980. 



66-postpolio syndrome 

11. Ivanyi B, Nelemans PJ, de Jongh R, Ongeboer de Visser BW, de Visser M: Muscle strength in 

postpolio patients: A prospective follow-up study. Muscle & Nerve 1996;19:738-742. 

12. Perry J, Barnes G, Gronley JK: The postpolio syndrome: an overuse phenomenon. Clin Orth Rel 

Res 1988;233:145-62. 

13. Klingman J, Chui H, Corgiat M, Perry J: Functional recovery. A major risk factor for the 

development of postpoliomyelitis muscular atrophy. Arch Neurol 1988;45:645-647. 

14. Trojan DA, Cashman NR, Shapiro S, Tansey CM, Esdaile JM: Predictive factors for post-

poliomyelitis syndrome. Arch Phys Med Rehabil 1994;75:770-777. 

15. Lonnberg F, Madsen M: Late onset polio sequelae in Denmark. Risk indicators of late onset polio 

sequelae. Results of a national-wide survey of 3,607 polio survivors. Scand J Rehab Med Suppl 

1993;28:17-23. 


