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Background: Most patients with polio recover from
the initial infection, but develop muscle weakness,
pain and fatigue after 15–40 years, a condition
called post-polio syndrome. Although poliovirus
has been almost eliminated, 12–20 million people
worldwide still have polio sequelae. The pain is described mainly as nociceptive, but some patients
experience neuropathic pain. The aim of this study
was to further characterize post-polio pain.
Patients and methods: A total of 20 patients with
post-polio syndrome participated in the study. Physical examination was performed, and questionnaires containing pain drawing and visual analogue
scales (VAS) for pain intensity during rest and motion and VAS for fatigue were completed. A walk test
was performed to evaluate physical performance.
Results: Pain intensity was high (42/100 on the
VAS at rest and 62/100 while moving). The pain
was localized in both joints and muscles. Pain in
the muscles was of “deep aching” character, included “muscle cramps” and was located mainly in
polio-weakened limbs.
Conclusion: Muscle pain in patients with post-polio
syndrome does not fulfil the criteria for either nociceptive or neuropathic pain; thus, it is suggested
that the pain is termed “post-polio muscular pain”.
The intensity of post-polio muscular pain is higher
while moving, but does not influence physical function, and is separate from fatigue.
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P

oliomyelitis, often called polio, is caused by an enteroviral infection transmitted faeco-orally; for example,

LAY ABSTRACT
Most polio patients recover from the initial infection,
but develop muscle weakness, pain and fatigue after
15–40 years, a condition called Post-Polio Syndrome.
Though the poliovirus has almost been eliminated, 1220 million people worldwide still have polio-sequelae.
The pain is mainly described as nociceptive, but some
patients experience neuropathic pain. This study was
undertaken to further characterize post-polio pain.
We examined 20 Post-polio patients and found that
the pain was localised in both joints and muscles. The
pain in the muscles was of ‘deep aching’ character,
included ‘muscle cramps’ and was mainly located in
polio-weakened limbs. The intensity of the pain is higher while moving but does not influence the physical
function. To know more about the characteristics of
the pain perceived gives better possibilities for treatment and rehabilitation

via contaminated food or water. Polio is considered a
paediatric disease, as it mainly affects children under the
age of 5 years. Appproximately 1 out of 100 infections
leads to paralysis due to affection of the anterior horn cells
in the spinal cord. Among paralysed patients, 5–10% will
experience hypoventilation due to paralysed respiratory
muscles, which can lead to death (1–3). In 1955 a poliovirus vaccine became available, and polio has since been
eradicated from most countries worldwide, and is now
endemic only in Afghanistan and Pakistan (4).
Most people survive the acute phase of poliomyelitis,
but many have persistent neurological dysfunction. After
a period of at least 15 years, increasing symptoms may
occur, including increased muscle weakness and atrophy,
joint and muscle pain and fatigue. This condition is known
as post-polio syndrome (PPS). The March of Dimes has
formulated the most commonly used criteria for PPS,
which are listed in Table I (1).
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Table I Criteria for Post-Polio Syndrome (PPS) as formulated by
‘The March of Dimes’ (1)
1. Prior paralytic poliomyelitis with evidence of motor neuron loss, as
confirmed by history of the acute paralytic illness, signs of residual
weakness and atrophy of muscles on neurologic examination, and signs
of denervation on electromyography (EMG).
2. A period of partial or complete functional recovery after acute paralytic
poliomyelitis, followed by an interval (usually 15 years or more) of stable
neurologic function.
3. Gradual or sudden onset of progressive and persistent new muscle
weakness or abnormal muscle fatigability (decreased endurance), with
or without generalized fatigue, muscle atrophy, or muscle and joint pain.
(Sudden onset may follow a period of inactivity, or trauma or surgery.)
Less commonly, symptoms attributed to PPS include new problems with
breathing or swallowing.
4. Symptoms persist for at least a year.
5. Exclusion of other neurologic, medical and orthopaedic problems as
causes of symptoms

Worldwide, 12–20 million people have sequelae of poliomyelitis, according to Post-Polio Health International
(5). In Sweden PPS is one of the most common neuromuscular disorders and it is one of the most prevalent motor
neurone disorders in the USA. The underlying mechanism of PPS is not fully understood (6). However, it is
known that ongoing denervation of motor units occurs,
compensated by reinnervation. This mechanism reaches
an endpoint at which reinnervation is not possible and
thus uncompensated denervation results in a decrease in
muscle tissue, followed by muscle weakness (5). Other
causes, such as a persistent virus or immunological mechanisms, have also been suggested (7).
Since acute polio is decreasing (8), most physicians
never encounter a case of polio and thus often lack the
experience to diagnose it and its long-term pathology.
PPS is a relatively newly recognized disorder with a
wide range of possible presenting symptoms, and thus its
diagnosis and management are challenging (1).
One of the most common symptoms in PPS is pain
(9). In a study of 126 patients with PPS, muscle pain
was found in two-thirds of patients (10). Pain is defined
as: “An unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or
described in terms of such damage” (11). Pain can occur
as a physiological response to tissue damage and inflammation, called nociceptive pain, as it is derived from nociceptors. Nociceptors are high-threshold sensory receptors
of the peripheral somatosensory nervous system, which
is capable of transducing and encoding noxious stimuli
(12). Another type of pain is neuropathic pain, which is
a direct consequence of a lesion or disease affecting the
somatosensory system (13). In contrast to nociceptive
pain, neuropathic pain can be described as non-beneficial
(14). In PPS the pain has been described as of “deep aching” character, similar to that experienced during acute
paralytic poliomyelitis, usually occurring later in the day
(9), but other types of pain have also been found (15).
The pain intensity is high and most often located in parts
of the body that were affected by polio (5). However, the
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quality of life (QoL) is not affected by the pain intensity
(16). Recent studies have described PPS pain as mainly of
nociceptive character, which should indicate that there is
tissue damage (6). On the other hand, polio is an infection
affecting the motor part of the nervous system. The pain
could thus be expected to originate from overuse of weakened muscles, or secondary conditions, such as arthritis
or ruptured tendons. Since the polio infection affects the
anterior horn cells, i.e. the motor part of the nervous system, no neuropathic pain is anticipated. Taking this into
account the appellation of pain in PPS is uncertain. The
aim of this study was to further characterize PPS pain.
PATIENTS AND METHODS
A cross-sectional study design was used. A total of 20 patients
were recruited from the post-polio outpatient clinic at Danderyd
University Hospital, Stockholm, Sweden. All patients fulfilled
the criteria for PPS according to the March of Dimes (Table
I). The diagnosis had also been confirmed previously by neurophysiology. The study recruited all patients who had been in
contact with the post-polio outpatient clinic within the last 2
years, who had presented with pain, and who did not have any
exclusion criteria. Exclusion criteria were: patients without
pain, age over 74 years, wheelchair users, and patients with
other diseases clearly causing the pain.
The patients were contacted by phone and asked if they would
like to participate in the study. If they agreed, they were sent
a letter with information about the study and questionnaires.
In order to obtain a clear description and characterization of
the pain in PPS, the patients completed a pain drawing, evaluating 9 different types of pain, on which they marked both
localization and quality of pain. The questionnaire also included
information about the population’s demographic characteristics
(Table II).
An experienced neurologist (KB) performed physical examination of the patients, including a neurological examination.
Muscle weakness, atrophy, and tendon reflexes were evaluated.
Sensory testing was performed to evaluate sensory function in
the extremities, including pain, temperature, vibration and cold
intolerance. The medical records were examined to determine
the location of acute polio weakness.
Scales and inventories
Two visual analogue scales for pain (VAS-pain) were created
as a 100-mm lines for assessing the current subjective pain
intensity experienced at rest and while moving (where 0 mm
represented “no pain” and 100 mm the “worst imaginable
pain”) (17, 18).
A visual analogue scale fatigue (VAS-fatigue) was created
to evaluate the fatigue experienced on a100-mm horizontal
line (where 0 mm represented “not tired at all” and 100 mm
“extremely tired”) (19).
A pain drawing was used to differentiate between the different qualities of pain. A picture of the body was constructed,
on which the participant could indicate the pain experienced in
a specific part of the body. This information was categorized
according to location of acute polio weakness, determined
from the patient’s reports, and the different qualities were
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Table II. Demographics and symptoms of the 20 patients with
post-polio syndrome (PPS)
Characteristics

Table III. Sensibility impairment for temperature, pain and
vibration in the 20 patients with post-polio syndrome (PPS)

Values
n (%)

Sex
Male
Female
Age, median (Q1–Q3)
Age at polio infection, median (Q1–Q3)
Age PPS onset, median (Q1–Q3)
Interval polio-PPS, median (Q1–Q3)
Year of polio infection

5 (25)
15 (75)
64 (61–69)
2.5 (1–5)
43.5 (38–49)
41 (35–44)

1949

2

1950

2

1952

1

1953

9

1955

2

1956

1

1958

1

1969

1

1974
BMI, median (Q1–Q3)
Country of polio infection
Sweden
Europe
Other
Marital state
Married

1
26.3 (23.0–30.3)
16 (80)
2 (10)
2 (10)
16 (80)

Single

2 (10)

Divorced

1 (5)

Boy-friend/girl-friend
Education, highest level
Gymnasium
University
Other
Working
Yes (5 men/8 women)
No
First symptom

1 (5)
6 (30)
12 (60)
2 (10)
13 (65)
7 (35)

Pain

3 (15)

Fatigue

3 (15)

Weakness

3 (15)

Pain and fatigue

6 (30)

Weakness and fatigue

4 (20)

Weakness pain and fatigue

1 (5)

PPS: post-polio syndrome; BMI: body mass index.

assessed.
The six-minute walk test (6MWT) was used to measure exercise tolerance (20). During the 6MWT patients are asked to
walk as far as possible during 6 min, according to the guidelines
of the American Thoracic Society (ATS) (21). The 6MWT has
been frequently used for clinical and research purposes, as well
as for PPS research (22, 23).
Statistical analysis
The statistical programme SPSS (IBM SPSS Statistics 21) was
used to calculate median values and 25th and 75th percentiles for
VAS-pain intensity, VAS-fatigue and the 6MWT. Correlations
were analysed using Spearman’s test, as fewer than 30 patients
were included in the study (24).
Ethics
Ethics approval was obtained from the regional Ethical Review
Board in Stockholm, Sweden (Dnr 2014/1509-31).
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Sensory dysfunction
No sensory dysfunction
Total
Missing

Temperature,
n

At least one
Pain, Vibration, sensory
n
n
dysfunction, n

17
1
18
2

14
3
17
3

5
10
15
5

19
1
20
0

n: number of patients.

RESULTS
Pain
A total of 20 patients (15 women and 5 men) completed the
study. Sixteen patients were born in Sweden. All of the men
were working and 8 of the women were working. Almost
half of the patients had had acute polio in 1953. A completeoverview of the demographic data is shown in Table II.
The median VAS for pain intensity at rest was 42 mm
(range 25–63 mm) and for pain intensity while moving
was 65 mm (range 55–88 mm). The median VAS for fatigue was 62 mm (range 35–72 mm). The median 6MWT
was 358 m (range 246–414 m) (n = 19).
Nineteen patients had sensory dysfunction, 11 of whom
reported cold intolerance. Data on sensibility impairment
for temperature, pain and vibration are shown in Table
III.
Ten patients had muscle weakness caused by polio
infection in early life, in the left leg, and experienced pain
in the same leg (Table IV). Eleven patients had weakness
in the right leg and experienced pain in the same leg. One
patient had weakness in the left arm and experienced pain
in the same arm, and 3 patients had weakness in the right
arm and experienced pain in the same arm (Table IV).
Fifteen patients also reported having pain in the torso,
which was of “deep aching” character in 12 of the patients.
Quality of pain
Fifteen patients reported limb pain and pain in the joints
(Table V). All except 1 patient reported muscle pain in
the polio-weakened limb. The most commonly reported

Table IV. Muscle weakness and pain location of the 20 patients
with post-polio syndrome (PPS). Pain location collected from
questionnaires and polio-weakened limb determined from medical
records and physical examination.
Location of pain
Location of muscle weakness Left leg, Right leg, Left arm, Right arm,
in polio-weakened limb
n = 13
n = 15
n=7
n=8
Left leg, n = 13
Right leg, n = 14
Left arm, n = 1
Right arm, n = 5

10
9
1
3

10
11
1
4

4
5
1
2

6
5
1
3

n: number of patients.
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Table V. Pain in 15 of the 20 patients with post-polio syndrome (PPS)

Limb

Joint

Deep aching
Muscle cramps
Stabbing
Pricking
Throbbing
Tender
Burning
Numbness
Deep aching
Muscle cramps
Stabbing
Pricking
Throbbing
Tender
Burning
Numbness

Polio-weakened limbs

Non-polio-weakened limbs

Pain
No pain,
character, n n

Pain character,
n

No pain, n

9
9
4
3
1
0
3
1
3
2
4
2
2
0
4
4

6
1
2
2
0
0
2
4
1
1
5
1
0
1
2
1

14
19
18
18
20
20
18
16
19
19
15
19
20
19
18
19

11
11
16
17
19
20
17
19
17
18
16
18
18
20
16
16

n: number of patients.

quality of limb pain by 9 of the 14 patients was “deep
aching” pain and “’muscle cramps” (Table V). Nine
patients had limb pain in the non-polio-weakened limb.
Joint pain was more often found in the polio-weakened
limb (Table V). In the patients with joint pain in the
polio-weakened limb, the quality of pain was evenly
distributed regarding character. The diagnosis of polio
in the weakened limbs was confirmed previously by
neurophysiological examination.
Correlations
The VAS score for pain at rest correlated moderately with
age at onset of PPS (r=0.548, n = 20, p = 0.012). None of
the results of the VAS scales for pain intensity correlated
with the outcome of VAS fatigue, 6MWT or body mass
index (BMI).
DISCUSSION
The aim of this study was to further characterize PPS pain.
The results show that pain is common in PPS, which corroborates the results of earlier studies (6, 9, 16, 25–27).
The mean pain intensity was high and increased while
moving, in accordance with the results of an earlier study
(16). Pain was most often described as “deep aching”, as
also described in an earlier study by Widar & Ahlstrom
(15). This pain and “muscle cramps” were mostly localized in the limbs with muscle weakness caused by polio.
Thus, this “’deep aching” pain is suggested to originate
from polio-weakened muscles, which is further supported
by the common perception of “muscle cramps”. However,
joint pain was as equally present as muscle pain. This
contradicts earlier data from the study by Widar & Ahlstrom (25), in which the pain was described as located
mainly in the joints. In the current study, patients had
pain in multiple locations, which is in accordance with
earlier studies (15, 25).
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The pain in PPS was more often present in the polioweakened limb. The “deep aching” pain combined with
“muscle cramps” are not usual characteristics of a nociceptive pain. This might be due to overuse or inactivity,
or secondarily to deformities due to weak muscles. Since
nociceptive pain is caused by damage to body tissue (28),
this could mean that the pain starts as nociceptive, even if
its characteristics are unusual. Neuropathic pain is defined
as pain caused by a lesion or disease of the somatosensory
nervous system (29). Even though the patients often
had sensory dysfunction, this did not clearly correlate
with innervation of a peripheral nerve. Furthermore, the
quality of the pain is not typical for neuropathic pain.
The pain appears in a part of the body with a recovered
motor-nerve injury, not a sensory-nerve injury. Thus, it
should not be neuropathic pain, in the classic sense or
definition. Other possibilities are that the close proximity
of the anterior and posterior horn cells in the spinal cord
has a secondary effect on the sensory system, or that the
atrophy and structural changes in the polio limbs result in
secondary damage to sensory nerves. Hence, one cannot
fully exclude that the pain of the patients with PPS might
have a neuropathic component. Werhagen & Borg (16)
described neuropathic pain in 10% of patients with PPS.
This pain was of another type than the one described in
the current patients. Thus, the pain is neither convincingly nociceptive nor neuropathic, but may be due to
a combination and/or a disturbed pain modulation. The
background for this is unclear and further research is
necessary to evaluate the character and origin of this pain.
It is suggested that the deep aching pain in combination
with muscle cramps, as described in this study and other
studies (15, 25) and located in the polio-weakened limb
is specific to PPS. We therefore suggest naming the pain
“post-polio muscular pain” (PPMP). Melin and co-workers
(30) showed a high level of prostaglandin enzymes in
blood vessels in muscular tissue, which could indicate a
systemic infection and explain the deep aching pain found
in the muscles. Future studies for achieving analgesia by
treatment with prostaglandin blockers (for example nonsteroidal anti-inflammatory drugs; NSAIDs) is of great
interest. If achieved, it indicates a peripheral cause of the
pain. Treatment with intravenous Ig (IvIg) has been shown
to have an effect on pain in PPS (31). IvIg was given in
doses high enough to cross the blood–brain barrier on the
assumption that the inflammatory process in PPS was localized in the central nervous system (CNS), due to findings
of increased cytokine level in the cerebrospinal fluid (22).
However, if the pain is peripheral, one would not need high
doses of IvIg in order to achieve analgesia.
No statistically significant correlations between VAS
pain intensity and 6MWT scores were found, suggesting
that, although the patients experienced high pain intensity,
it did not affect their physical performance. Measurement
of the intensity of pain while moving and at rest showed
that patients experienced more pain while moving. This
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is in accordance with a previous study in which patients
with PPS experienced high pain intensity, but did not have
decreased activity or QoL (16). In addition, no correlation
was found between VAS-fatigue and pain intensity scores.
This corresponds to the results of a study by Östlund et al.
(27), which found that pain and fatigue were not strongly
correlated, but is in conflict with data from a study by
Sheth et al. (32) indicating a weak correlation between
fatigue and pain. Further research is needed on this topic.
In the study by Werhagen & Borg (6), the age at which
primary polio infection occurred was important for developing pain. However, the current study found that the
age of developing PPS, not the age of polio infection,
correlated mildly with the pain (r=0.548). The reason
for this is unclear; it is possible that older patients may
have developed effective coping strategies for the pain.
It was possible to assess the quality of pain by using
the pain drawings. This method of describing the pain
is different and more qualitative than data from earlier
studies (15, 25, 26). From the interview and physical
examination, the pain was not considered neuropathic.
On the other hand, the pain drawings showed that some
of the patients reported pain characteristics that might be
of a neuropathic type. In addition, the intensity of pain
was measured as a total perceived pain, and the intensity
of pain may differ in different locations, as shown by data
from a study by Stoelb (26). Thus, the methods used in
the study may not be sensitive enough to determine the
full character of the pain. In the study by Werhagen &
Borg (6) 10% of patients reported neuropathic pain due to
other neurological conditions; for example, compression
neuropathies or disc hernias. The patients in the current
study did not report this. However, the patients in the current study may not be representative of the entire group
of patients with PPS, since they were all able to walk;
hence this is a limitation of the current study.
This study focussed on the quality of pain; however, a
great number of patients had sensory dysfunction, mainly
decreased sensibility to temperature. It is not known why
these patients have sensory dysfunction, as the region affected should be limited to the motor part of the nervous
system. Other conditions, such as polyneuropathy, might
be considered. In order to analyse sensibility impairment
more thoroughly, one should perform sensory examination by means of semi-quantitative methods (17, 33).
Further limitations of the current study are the small
number of patients. The results should therefore be confirmed in larger studies. In addition, the patients were
recruited from the outpatient clinic, which might result
in the study patients having more severe pain than the
average post-polio patient.
In conclusion, pain in PPS is mostly of deep aching
character and muscle cramps, localized in the polioweakened limb. This type of pain seems to be specific
to PPS. It is suggested that this pain is termed post-polio
muscular pain (PPMP). Future studies should aim to
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characterize PPMP and to analyse the influence of motor
and sensory dysfunction on the pain.
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