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Abstract

Post-poliomyelitis syndrome or post-polio syndrome (PPS) is the commonly accepted term to describe the
neuromuscular symptoms that may develop many years after acute paralytic poliomyelitis. The
prevalence estimates of late onset neuromuscular symptoms in prior polio patients vary between 25 and
74%. PPS patients are diagnosed on the basis of a confirmed history of paralytic poliomyelitis, followed by
partial to fairly complete neurological recovery and functional stability for at least 15 years. After this
recovery period, new or increased muscle weakness or abnormal muscle fatigability (decreased
endurance), with or without generalized fatigue, muscle atrophy, or muscle and joint pain, appear usually
gradually. PPS diagnosis is made by exclusion. Laboratory tests are used to show evidence of prior polio
and to exclude other diseases: electromyography (EMG) displays signs of reinnervation and denervation
both in symptomatic and non-symptomatic muscles. Muscle biopsy findings include type-grouping of
muscle fibres as the result of reinnervation, and hypertrophy of muscle fibres as a compensation for the
loss of muscle fibres. No curative treatment is available for PPS. Management is preferably
multidisciplinary and aims both at reducing muscle overuse and rebalancing muscular capacities and
demands. It consists of exercise, assistive devices and life style changes. The etiology of PPS is still
unclear. It is currently hypothesized that muscle fibres undergo denervation again due to distal
degeneration of axons of enlarged motor units.
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Disease name and synonyms
Post-poliomyelitis  syndrome or Post-polio

describe late onset symptoms ("Post-
poliomyelitis  progressive atrophy" (PPMA),

syndrome (PPS) is the commonly accepted term
to describe the neuromuscular symptoms, which
may develop many years after acute paralytic
poliomyelitis. Several other terms are used to
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"Post-poliomyelitis muscle dysfunction” (PPMD),
"Late effects of polio" and "late onset polio
sequelae”) but are not synonymous (see under
diagnostic criteria/definition).
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Diagnostic criteria/Definition

Post-polio syndrome

The diagnostic criteria have been revised after
an international meeting held in May 2000 by the
March of Dimes Birth Defects Foundation[1] and
are based on:

1) A confirmed history of paralytic poliomyelitis
characterized by an acute illness with fever and
a usually asymmetrically distributed, flaccid
paresis of a varying number of muscle groups.
Evidence of motor neuron loss on neurological
examination with signs of residual weakness,
atrophy, loss of tendon reflexes and intact
sensation. Signs of denervation or reinnervation
on electromyography (see laboratory criteria).

2) A period of partially to fairly complete
neurological recovery after acute paralytic
poliomyelitis followed by neurological and
functional stability for at least 15 years.

3) New or increased muscle weakness or
abnormal muscle fatigability (decreased
endurance), with or without generalized fatigue,
muscle atrophy, or muscle and joint pain.

4) Symptoms usually have a gradual, but
sometimes a sudden onset and should persist
for at least one year.

5) No other medical diagnosis to explain the
symptoms (see under differential diagnosis).
There is insufficient basis to classify sub-types of
PPS, such as "post-poliomyelitis progressive
atrophy".

Post-poliomyelitis
(PPMA)

PPMA was intended to classify cases in which
strength loss and new atrophy was objectified
with serial examinations. However, the ability to
detect individual changes in strength is limited[2]
given the fact that the rate of decline in muscle
strength is slow and has only been found in
studies with a long term follow-up.[3]

progressive atrophy

Post-poliomyelitis muscle
(PPMD)

The term was defined in a Workshop of the
European Neuromuscular Center in 1994.[4]
PPMD refers to local signs of muscle dysfunction
that include new or increased muscle weakness
and/or muscle atrophy, and/or muscle pain
and/or muscle fatigue. The rationale for this is
that within an individual one or more muscles
may be symptomatic while other muscles are
not.

dysfunction

"Late effects of polio" and "late onset polio
sequelae"

These terms are less specific and refer to the
many new symptoms that patients with a history
of polio may experience.[5] These symptoms
may implicate new motor-unit dysfunction or may
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result from secondary medical conditions related
to the polio residuals such as compression
neuropathies after years of crutch walking or
degenerative  arthritis due to long-term
(compensatory) overload of hypoplastic and/or
deformed joints.

Laboratory criteria

Laboratory tests (electromyography, muscle
biopsy) should show evidence of prior polio and
may be indicated to exclude other disorders.
Evidence of prior polio may not only be found in
muscles with residual paresis and in muscles
which had clinically recovered, but also in
muscles that were never thought to be affected.
However, with laboratory tests, PPS cannot be
distinguished  from stable  neuromuscular
functioning following polio.[6].

Electromyography (EMG)

EMG shows signs of reinnervation as well as
signs of denervation, although to a much lesser
extent, both in symptomatic and non-
symptomatic muscles. No signs of
polyneuropathy should be found.

Muscle biopsy

Muscle biopsy findings include type-grouping of
muscle fibres as the result of reinnervation, and
hypertrophy of muscle fibres as a compensation
for the loss of muscle fibres. Sometimes there is
apparent type | muscle fibre predominance.
Isolated small, angular muscle fibres as a sign of
acute denervation may be found while group
atrophy, representing the loss of complete motor
neurons, is unusual.[6-8]

Differential diagnosis

The diagnosis of PPS is made by exclusion.
Other possible causes should be thoroughly
eliminated. Some neurological conditions that
may be confused with PPS are:

-Progressive spinal muscular atrophy,
-Amyotrophic lateral sclerosis (Amyotrophic
lateral sclerosis),

-Inclusion body myositis,

-Compression neuropathy,

-Radiculopathy and spinal stenosis.

Therefore the diagnosis of PPS should be made
by a neurologist with neuromuscular expertise.
Other conditions that should be excluded are
orthopedic disorders such as degenerative joint
diseases and general disorders such as anemia
and thyroid dysfunction.

Prevalence

The estimates of the prevalence of late onset
neuromuscular symptoms in prior polio patients
vary between 25 and 74% due to differences in
study populations, the definition of symptoms,
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and the methods of assessment either with
questionnaires or by examination.[9-14].

Three population-based studies have
demonstrated that the prevalence of new
symptoms is high. Windebank et al [11]
examined a sample of 50 prior polio patients.
New muscle weakness was reported by 22
subjects and new neuromuscular complaints by
32 subjects. In a study with mailed
questionnaires, 35% of the 551 respondents
noticed new muscle weakness and 78% at least
one new neuromuscular symptom at an interval
of 32-39 years after the acute polio.[12] Ivanyi et
al.[14] found 39 years after the 1956 Dutch polio
epidemic that 58% of the 260 respondents
reported new weakness and 64% increasing
neuromuscular symptoms.

Recently, the specificity of the symptoms of PPS
has been debated since they were also found in
a general population sample.[15;16] However,
given the odds ratio's (9.6 for new muscle
weakness and 11.1 for fatigue in subjects with
polio residuals compared with a general
population sample)[16] the prevalence of late
onset neuromuscular symptoms of polio has
probably only been slightly overrated in
questionnaire studies of population based
samples.

Risk indicators

Several risk indicators for the development of
post-polio syndrome have been identified, such
as the severity of the initial polio paresis, the
degree of recovery from the acute polio, the
extent of residual impairments, the age at acute
polio, the number of years since polio, age, and
female gender.[11;12;14;17;18]

Severity of acute polio and residual paresis
These risk indicators are related to the number
of motor neurons that were lost and the
subsequent degree of adaptation resulting in
increased motor unit size. The risk to develop
post-polio syndrome increased when subjects
had more severe residual paresis after recovery
from acute polio.[12] PPS symptoms have also
been found among individuals with full
(subjective) recovery from the acute polio and
even among cases who had suffered from non-
paralytic polio.[12;14;16;19] However, the
prevalence of PPS in these individuals is much
lower than in individuals with polio residuals.

Time interval and age

The time interval since polio was found to be a
risk factor for PPS.[12] The role of aging itself
seems limited since most PPS patients are in
their forties, an age range in which normally a
loss of motor neurons is not yet supposed to
occur.[20] However, muscle fibers may be lost at
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an earlier age, and more rapidly, due to
premature metabolic exhaustion of motor
neurons.[21] It is known that the severity of the
acute polio paresis increases, and the capacity
to recover declines, with increasing age at onset
of acute polio.[22;23] Therefore, age at onset of
polio may be a risk factor since individuals, who
contracted polio at an older age, had recovered
to a lesser extent and thus had a muscle
capacity, which was more restricted ever since
the acute polio.

Female gender

In most studies of hospital populations, PPS
patients were predominantly women.[24-26]
Female gender was found to be a risk indicator
for PPS by Ramlow et al.[12] but this finding was
not confirmed in the study of Ivanyi et al.[14]
Perhaps, in women the relatively smaller muscle
mass and greater increase in weight with aging,
a factor that has also been found to play a role in
PPS,[27] leads more readily to a disturbed
balance between capacity and demands than in
men. It may well be that the impact of the new
symptoms on functioning is greater in women
than in men or, alternatively, that women are
more willing to seek medical attention for their
complaints.

Clinical description

PPS patients usually experience new or
increased symptoms 30 to 40 years after the
acute polio. Muscle weakness, fatigue, muscle
and joint pain and loss of endurance and
decreasing activity levels with regard to walking
and climbing stairs were the most common
complaints in the early studies describing the
new neuromuscular complaints.[24-26;28] The
symptoms develop gradually over time, although
in some cases the onset of new symptoms may
have been sudden, especially following a period
of inactivity, trauma, and surgery or after
vigorous activity.[1] Muscle weakness usually
occurs in limbs or trunk, but may rarely also
develop in swallowing or respiratory muscles.
[29;30]

Rate of strength loss

The decline in muscle strength is usually slow.
Studies with a follow up of 3 years or less failed
to demonstrate strength loss.[31-33] In longer
term studies the decline in strength was
estimated at 1-2% per year.[3;27;34]

Overuse and cardiorespiratory conditioning

The symptoms of PPS such as muscle pain,
increased fatigue after physical activity and
delayed recovery following physical activity may
signify that muscles are overused in conducting
ordinary daily life activities.[35;36] Support for
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such a chronic overuse of muscles in former
polio subjects has been found in studies showing
elevated activities of serum creatine kinase that
were related to the distance walked during the
previous day,[37] and in studies showing a type |
fibore predominance in lower leg muscles
supposedly due to fibre type transformation from
chronic overload.[38;39] Also, PPS subjects
have been found to recover slower from fatiguing
exercise than stable polio subjects.[40;41]
Another factor that is said to contribute to the
symptoms is a poor cardiorespiratory
condition.[42-44] However, the cardiorespiratory
condition of polio subjects was not worse than
that of healthy, comparably active subjects.[45]
In this study it appeared that the reduced
submaximal performance capacity of the polio
subjects was strongly correlated with the limited
available muscle capacity and that movement
economy was diminished compared with the
control subjects. Lower concentrations of some
oxidative enzymes in muscles of polio subjects
have also been reported while other oxidative
enzymes were within normal ranges.[8;39;46]
The clinical significance of these findings has
been debated.[47]

Abilities and handicaps

Growing restrictions to perform activities was
mainly found for physical abilities such as
walking, climbing stairs, and transfers.[11-
13;24;26-28] In a recent study, physical
functioning declined little over a 6-year
period.[48] In agreement with the concept of
overuse was the finding that the extent of
paresis was the only prognostic factor for a
decline in functioning. A significant increase in
handicap severity for the categories mobility,
occupation and social integration was found in
PPS subjects over a period of 4-5 years, while in
non-PPS subjects the handicap severity
remained unchanged.[49]

Management including treatment

No curative treatment is available for PPS.
Management of PPS is preferably
multidisciplinary in order to restore the balance
between decreasing capacities and demands.

Pharmacological treatment

At present no medication for PPS symptoms is
available. Pyridostigmine is the only drug that
has been investigated in randomised double-
blinded trials.[50;51] In a multicenter study,
pyridostigmine was found not to be effective.[50]
In selected patients with proven neuromuscular
transmission defects, pyridostigmine did not
reduce fatigue, although a limited beneficial
effect on physical performance was found.[51]
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Multidisciplinary management

To reduce overuse and rebalance the capacities
and demands, conservative management
consists of 3 essential components: exercise,
assistive devices, and life style changes.
Therefore, PPS patients are best treated within a
multidisciplinary, specialized rehabilitation
setting. Since individuals show considerable
differences in polio residua, treatment is
individually adjusted and should be preceded by
a thorough customised medical and functional
evaluation.

Exercise

Exercise can optimise cardiorespiratory fitness
and may add to the patient's sense of well-
being.[52-54] Exercise should be non-fatiguing
and performed at submaximal levels to avoid
overloading of the limited muscle capacity.
Exercise can improve muscle strength especially
in case of disuse and muscle groups that are
only  moderately  affected.[55] Intensive
strengthening exercises are not generally
recommended, although they may occasionally
be indicated. Functional training may also be
useful to improve the efficiency of ambulation.

Orthoses and assistive devices

Braces may be helpful to support weak muscles
and to stabilize (painful) joints. The condition of
existing, often old braces should be careful
examined and judged whether they are still
adequate, based on biochemical evaluation of
walking abnormalities.[56;57]. Assistive devices
comprise crutches, the use of a wheelchair,
motorized scooters and home adaptations such
as elevators, seating devices in the kitchen or
shower. All of these devices should be
individually indicated.

Life style changes

Pacing of activities and taking rest intervals are
of major importance to relieve symptoms. It has
for instance been shown that upper extremity
complaints often result from overuse of shoulder
and arm muscles.[58] Usually PPS patients have
successfully been learned to deny their
symptoms from child on to achieve a normal
life.[59] Therefore, PPS patients may have great
difficulty with adapting their life style to their
decreasing abilities and psychological support
may be indicated.

Etiology

The etiology of PPS is still unclear. It is currently
hypothesized that muscle fibres undergo
denervation again due to distal degeneration of
axons of enlarged motor units.[60] Probably, the
large motor units never really stabilize following
the recovery from the acute poliomyelitis. There
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is evidence for an initially balanced, but ongoing
denervation and reinnervation of muscle
fibers.[61;62] With time the balance cannot be
maintained and denervation gets the overhand
supposedly  from  premature  aging  of
metabolically exhausted motor neurons.[60] A
reduction in size of enlarged motor units was
also found in prospective follow-up studies with
macro-EMG.[63;64] McComas et al [21]
performed motor unit number estimation in prior
poliomyelitis patients with a 2-year interval. They
found a decreasing size of motor units after 2
years and also that the rate of motor unit loss
was twice that occurring in healthy subjects aged
above 60 years. Other factors that may
contribute to the new muscle weakness are
neuromuscular transmission defects [65] and an
impaired ability to activate the muscles.[66;67]

Diagnostic methods

Careful history taking and physical examination
are essential for the diagnosis of PPS. In
addition to investigations indicated to exclude
other medical conditions, muscle imaging (CT or
MRI) and pulmonary functions tests may provide
useful information:

Muscle imaging

The measurement range of manual muscle
testing has an upper limit. Therefore, a
considerable loss of muscle strength can be
missed during physical examination. Beasley
showed that polio subjects with only 55% of the
muscle strength values of healthy subjects had
manual muscle testing results of normal
strength. [68] Fatty infiltration of muscles and
atrophy can be visualized with computed
tomography or magnetic resonance imaging,
even in muscles that were considered to be
unaffected during the acute polio, and thus
provide additional information about the
available muscle capacity.[67;69]

Pulmonary function tests

Sleep complaints, morning headache, severe
daytime fatigue or drowsiness may point to
respiratory insufficiency. These problems are
mostly seen if the respiratory muscles were
affected at the time of acute polio, which often
resulted in severe residual paresis of trunk
muscles with kyphoscoliosis. A sleep apnea
syndrome may also be present. Therefore, these
complaints require a careful evaluation of
respiratory function. Sleep registrations may be
indicated as well as repeated over-night
examinations of blood gasses to identify an
increase in arterial carbon dioxide tension.[70]
Some PPS patients may require (non-invasive)
nightly ventilatory support.[71]
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Unresolved questions

A better understanding of the cause of the
degeneration of motor units is needed and may
provide new clues for pharmacological
interventions.

Multidisciplinary rehabilitation programs need to
be developed further and evaluated; the role of
exercise in maintaining the available muscle
capacity should be further investigated.

References

1. Post-poliosyndrome: identifying best practices
in diagnosis & care. White Plains, NY, March of
Dimes, 2001.

2. Nollet F, Beelen A. Strength assessment in
postpolio syndrome: validity of a hand-held
dynamometer in detecting change. Arch Phys
Med Rehabil. 1999. 80:1316-1323.

3. Grimby G, Stalberg E, Sandberg A, Stibrant
SK. An 8-year longitudinal study of muscle
strength, muscle fiber size, and dynamic
electromyogram in individuals with late polio.
Muscle Nerve. 1998. 21:1428-1437.

4. Borg K. Post-polio muscle dysfunction 29th
ENMC workshop 14-16 October 1994, Naarden,
the Netherlands. Neuromuscul Disord. 1996.
6:75-80.

5. Gawne AC, Halstead LS. Post-polio
syndrome:  Pathophysiology and clinical
management. Crit Rev Phys Rehabil Med 1995.
7:147-188.

6. Cashman NR, Maselli RA, Wollman RL, Roos
R, Simon R, Antel JP. Late denervation in
patients with antecedent paralytic poliomyelitis.
N Engl J Med. 1987. 317:7-12.

7. Dalakas MC. Morphologic changes in the
muscles of patients with postpoliomyelitis
neuromuscular symptoms. Neurology. 1988.
38:99-104.

8. Grimby G, Einarsson G, Hedberg M,
Aniansson A. Muscle adaptive changes in post-
polio subjects. Scand J Rehabil Med. 1989.
21:19-26.

9. Speier JL, Owen RR, Knapp M, Canine JK.
Occurrence of post-polio sequelae in an
epidemic population. In: Halstead LS, Wiechers
DO, editors. Research and clinical aspects of the
late effects of poliomyelitis. White Plains (NY):
March of Dimes Birth Defects Foundation. 1987.
p39-48.

10. Einarsson G, Grimby G. Disability and
handicap in late poliomyelitis. Scand J Rehabil
Med. 1990. 22:113-121.

11. 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.

12. Ramlow J, Alexander M, LaPorte R,
Kaufmann C, Kuller L. Epidemiology of the post-


http://www.orpha.net/

orphanet

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

13. Lonnberg F. Late onset polio sequelae in
Denmark. Results of a nationwide survey of
3,607 polio survivors. Scand J Rehabil Med.
1993. S28:1-32.

14. lvanyi B, Nollet F, Redekop WK, de Haan R,
Wohlgemuht M, van Wijngaarden JK, de Visser
M. Late onset polio sequelae: disabilities and
handicaps in a population- based cohort of the
1956 poliomyelitis outbreak in The Netherlands.
Arch Phys Med Rehabil. 1999. 80:687-690.

15. Aurlien D, Strandjord RE, Hegland O. The
postpolio syndrome--a critical comment to the
diagnosis. Acta Neurol Scand. 1999. 100:76-80.
16. Rekand T, Albrektsen G, Langeland N, Aarli
JA. Risk of symptoms related to late effects of
poliomyelitis. Acta Neurol Scand. 2000. 101:153-
158.

17. 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.

18. Trojan DA, Cashman NR, Shapiro S, Tansey
CM, Esdaile JM. Predictive factors for post-
poliomyelitis syndrome. Arch Phys Med Rehabil.
1994. 75:770-777.

19. Bruno RL. Paralytic vs. "nonparalytic" polio:
distinction without a difference? Am J Phys Med
Rehabil. 2000. 79:4-12.

20. Campbell MJ, McComas AJ, Petito F.
Physiological changes in ageing muscles. J
Neurol Neurosurg Psychiatry. 1973. 36:174-182.
21. McComas AJ, Quartly C, Griggs RC. Early
and late losses of motor units after poliomyelitis.
Brain 1997. 120:1415-1421.

22. Morens DA, Pallansch MA, Moore M.
Polioviruses and other enteroviruses. In: Belshe
RB, ed. Textbook of Human Virology. London:
Mosby. 1990. p427-497.

23. Weinstein L. Influence of age and sex on
susceptibility and clinical manifestations in
poliomyelitis. N Engl J Med. 1957. 257:47-52.
24. Halstead LS, Rossi CD. New problems in old
polio patients: results of a survey of 539 polio
survivors. Orthopedics 1985; 8: 845-850.

25. Cosgrove JL, Alexander MA, Kitts EL, Swan
BE, Klein MJ, Bauer RE. Late effects of
poliomyelitis. Arch Phys Med Rehabil. 1987.
68:4-7.

26. Agre JC, Rodriquez AA, Sperling KB.
Symptoms and clinical impressions of patients
seen in a postpolio clinic. Arch Phys Med
Rehabil. 1989. 70:367-370.

27. Agre JC, Grimby G, Rodriquez AA,
Einarsson G, Swiggum ER, Franke TM. A
comparison of symptoms between Swedish and
American post-polio individuals and assessment

Nollet F. Post-polio syndrome. Orphanet Encyclopedia. March 2004.

http://www.orpha.net/data/patho/GB/uk-PP.pdf

of lower limb strength--a four-year cohort study.
Scand J Rehabil Med. 1995. 27:183-192.

28. Nollet F, Beelen A, Prins MH, de Visser M,
Sargeant AJ, Lankhorst GJ, de Jong BA.
Disability and functional assessment in former
polio patients with and without postpolio
syndrome. Arch Phys Med Rehabil. 1999.
80:136-143.

29. Dysphagia in postpolio patients: a
videofluorographic follow-up study. Ivanyi B,
Phoa SS, de Visser M.Dysphagia 1994. 9: 96-
98.

30. Sleep complaints in postpolio syndrome. van
Kralingen KW, Ivanyi B, van Keimpema AR,
Venmans BJ, de Visser M, Postmus PE. Arch
Phys Med Rehabil. 1996. 77: 609-611.

31. Agre JC, Rodriquez AA. Neuromuscular
function in polio survivors at one-year follow-up.
Arch Phys Med Rehabil. 1991. 72:7-10.

32. Munin MC, Jaweed MM, Staas WE, Jr.,
Satinsky AR, Gutierez G, Herbison GJ.
Postpoliomyelitis muscle weakness: a
prospective study of quadriceps strength. Arch
Phys Med Rehabil. 1991. 72:729-733.

33. Ivanyi B, Nelemans PJ, de Jongh R,
Ongerboer d, V, de Visser M. Muscle strength in
postpolio patients: a prospective follow-up study.
Muscle Nerve. 1996. 19:738-742.

34. Dalakas MC, Elder G, Hallett M, Ravits J,
Baker M, Papadopoulos N, Albrecht P, Sever J.
A long-term follow-up study of patients with post-
poliomyelitis neuromuscular symptoms. N Engl J
Med. 1986. 314:959-963.

35. Bennett RL, Knowlton GC. Overwork
weakness in partially denervated skeletal
muscle. Clin Orthop. 1958. 12:22-29.

36. Perry J, Barnes G, Gronley JK. The
Postpolio syndrome:an overuse phenomenon.
Clin Orthop. 1988. 233:145-162.

37. Waring WP, McLaurin TM. Correlation of
creatine kinase and gait measurement in the
postpolio population. Arch Phys Med Rehabil.
1992. 73:447-450.

38. Borg K, Borg J, Edstrom L, Grimby L. Effects
of excessive use of remaining muscle fibers in
prior polio and LV lesion. Muscle Nerve. 1988.
11:1219-1230.

39. Borg K, Borg J, Dhoot G, Edstrom L, Grimby
L, Thornell LE. Motoneuron firing and isomyosin
type of muscle fibres in prior polio. J Neurol
Neurosurg Psychiatry. 1989. 52:1141-1148.

40. Rodriquez AA, Agre JC. Electrophysiologic
study of the quadriceps muscles during fatiguing
exercise and recovery: a comparison of
symptomatic and asymptomatic postpolio
patients and controls. Arch Phys Med Rehabil.
1991. 72:993-997.

41. Agre JC, Rodriquez AA, Franke TM.
Subjective recovery time after exhausting


http://www.orpha.net/

orphanet

muscular activity in postpolio and control
subjects. Am J Phys Med Rehabil. 1998. 77:140-
144,

42. Owen RR, Jones D. Polio residuals clinic:
conditioning exercise program. Orthopedics.
1985. 8:882-883.

43. Dean E, Ross J. Movement energetics of
individuals with a history of poliomyelitis. Arch
Phys Med Rehabil. 1993. 74:478-483.

44. Stanghelle JK, Festvag L, Aksnes AK.
Pulmonary function and symptom-limited
exercise stress testing in subjects with late
sequelae of poliomyelitis. Scand J Rehabil Med.
1993. 25:125-129.

45. Nollet F, Beelen A, Sargeant AJ, de Visser
M, Lankhorst GJ, de Jong BA. Submaximal
exercise capacity and maximal power output in
polio subjects. Arch Phys Med Rehabil. 2001.
82:1678-1685.

46. Borg K, Henriksson J. Prior poliomyelitis-
reduced capillary supply and metabolic enzyme
content in hypertrophic slow-twitch (type )
muscle fibres. J Neurol Neurosurg Psychiatry.
1991. 54:236-240.

47. Nordgren B, Falck B, Stalberg E, Ronquist
G, Waldenstrom A, Ahlstrom H, Hemmingson A.
Postpolio muscular dysfunction: relationships
between muscle energy metabolism, subjective
symptoms, magnetic resonance imaging,
electromyography, and muscle strength. Muscle
Nerve. 1997. 20:1341-1351.

48. Nollet F, Beelen A, Twisk JW, Lankhorst GJ,
de Visser M. Perceived health and physical
functioning in postpoliomyelitis syndrome: a six-
year prospective follow-up study. Arch Phys Med
Rehabil. 2003. 84:1048-1056.

49. Grimby G, Jonsson AL. Disability in
poliomyelitis sequelae. Phys Ther. 1994. 74:415-
424,

50. Trojan DA, Collet JP, Shapiro S, Jubelt B,
Miller RG, Agre JC, Munsat TL, Hollander,
Tandan R, Granger C, Robinson A, Finch L,
Ducruet T, Cashman NR. A multicenter,
randomized, double-blinded trial of
pyridostigmine in postpolio syndrome.
Neurology. 1999. 53:1225-1233.

51. Horemans HLD, Nollet F, Beelen A, Drost G,
Stegeman DF, Zwarts MJ, Bussmann JBJ, de
Visser M, Lankhorst GJ. Pyridostigmine in
postpolio syndrome: no decline in fatigue and
limited functional improvement. J Neurol
Neurosurg Psychiatry. 2003. 74:1655-1661.

52. Jones DR, Speier J, Canine K, Owen R, Stull
GA. Cardiorespiratory responses to aerobic
training by patients with postpoliomyelitis
sequelae. JAMA. 1989. 261:3255-3258.

Nollet F. Post-polio syndrome. Orphanet Encyclopedia. March 2004.

http://www.orpha.net/data/patho/GB/uk-PP.pdf

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

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

55. Chan KM, Amirjani N, Sumrain M, Clarke A,
Strohschein FJ. Randomized controlled trial of
strength training in post-polio patients. Muscle
Nerve. 2003. 27:332-338.

56. Steinfeldt F, Seifert W, Gunther KP. Modern
carbon fibre orthoses in the management of
polio patients--a critical evaluation of the
functional aspects. Z Orthop lhre Grenzgeb.
2003. 141:357-361.

57. Perry J, Clark D. Biomechanical
abnormalities of post-polio patients and the
implications for orthotic management. Neur
Rehabilitation. 1997. 8:119-138.

58. Klein MG, Whyte J, Keenan MA, Esquenazi
A, Polansky M. The relation between lower
extremity strength and shoulder overuse
symptoms: a model based on polio survivors.
Arch Phys Med Rehabil. 2000. 81:789-795.

59. Maynard FM, Roller S. Recognizing typical
coping styles of polio survivors can improve re-
rehabilitation. A commentary. Am J Phys Med
Rehabil. 1991. 70:70-72.

60. Wiechers DO, Hubbell SL. Late changes in
the motor unit after acute poliomyelitis. Muscle
Nerve. 1981. 4:524-528.

61. Ravits J, Hallett M, Baker M, Nilsson J,
Dalakas MC. Clinical and electromyographic
studies of postpoliomyelitis muscular atrophy.
Muscle Nerve. 1990. 13:667-674.

62. Wiechers DO. New concepts of the
reinnervated motor unit revealed by vaccine-
associated poliomyelitis. Muscle Nerve. 1988.
11:356-364.

63. Ivanyi B, Ongerboer de Visser BW,
Nelemans PJ, de Visser M. Macro EMG follow-
up study in post-poliomyelitis patients. J
Neurology. 1994. 242:37-40.

64. Stalberg E, Grimby G. Dynamic
electromyography and muscle biopsy changes in
a 4-year follow-up: Study of patients with a
history of polio. Muscle Nerve. 1995. 18:699-
707.

65. Trojan DA, Gendron D, Cashman NR.
Stimulation frequency-dependent neuromuscular
junction transmission defects in patients with
prior poliomyelitis. J Neurol Sc. 1993. 118:150-
157.

66. Allen GM, Gandevia SC, Neering IR, Hickie
I, Jones R, Middleton J. Muscle performance,
voluntary activation and perceived effort in
normal subjects and patients with prior
poliomyelitis. Brain. 1994. 117:661-670.


http://www.orpha.net/

orphanet

67. Beelen A, Nollet F, de Visser M, de Jong BA,
Lankhorst GJ, Sargeant AJ. Quadriceps muscle
strength and voluntary activation after polio.
Muscle Nerve. 2003. 28:218-226.

68. Beasley WC. Quantative muscle testing:
Principles and applications to research and
clinical services. Arch Phys Med Rehabil. 1961.
42:398-425.

69. lvanyi B, Redekop W, de Jongh R, de Visser
M. Computed tomographic study of the skeletal
musculature of the lower body in 45 postpolio
patients. Muscle Nerve. 1998. 21:540-542.

70. Midgren B. Lung function and clinical
outcome in postpolio patients: a prospective
cohort study during 11 years. Eur Resp J. 1997.
10:146-149.

71. Van Kesteren RG, Kampelmacher MJ,
Dullemond-Westland AC, van Leyden LW,
Verwey-van den Oudenrijn LP, Douze JM.
Favorable results of nocturnal nasal positive-
pressure ventilation in 64 patients with
neuromuscular disorders; 5-year experience.
Ned Tijdschr Geneeskd. 1994. 138:1864-1868.

Nollet F. Post-polio syndrome. Orphanet Encyclopedia. March 2004.

http://www.orpha.net/data/patho/GB/uk-PP.pdf



http://www.orpha.net/

	Abstract
	Keywords
	Disease name and synonyms
	Diagnostic criteria/Definition
	Differential diagnosis
	Prevalence
	Risk indicators
	Clinical description
	Management including treatment
	Etiology
	Diagnostic methods
	Unresolved questions
	References

