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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. 
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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. 
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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 



24-postpolio syndrome 

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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