
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Postpolio syndrome: Clinical and epidemiological studies

Ivanyi, B.

Publication date
1999

Link to publication

Citation for published version (APA):
Ivanyi, B. (1999). Postpolio syndrome: Clinical and epidemiological studies. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/postpolio-syndrome-clinical-and-epidemiological-studies(1742dc94-5ad1-4796-9cf9-35ab0cd99720).html


Chapter 3 

Diagnostic tests in postpolio syndrome 



36-postpolio syndrome 



Chapter 3a 

Macro EMG follow-up study in postpolio patients 

Barbara Ivanyi, MD 
Bram W. Ongerboer de Visser, MD, PhD 

Marianne de Visser, MD, PhD 

Published in 
J Neurol 242:37-40,1994 

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. 
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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. 
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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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