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PREFACE
On May 19-20, 2000, the March of Dimes Birth Defects

Foundation (March of Dimes), in collaboration with the

Roosevelt Warm Springs Institute for Rehabilitation, held

an international conference on post-polio syndrome

(PPS) in Warm Springs, Ga. The purpose of the confer-

ence was to review current information on the syn-

drome’s causes and promote information exchange on

best practices regarding diagnosis, treatment and man-

agement of PPS. The two-day conference convened many

of the world’s leading experts on various aspects of PPS,

including causes; diagnostic criteria; features of the disor-

der, including neurological, musculo-skeletal and respira-

tory problems; and treatments such as physiotherapy,

occupational therapy, coping skills and nutrition. This

report derives from that conference.

BACKGROUND
PPS is a disorder of the nervous system that appears in

many survivors of paralytic polio, usually 15 years or

more after the original illness. However, most people

who had polio do not develop PPS. The main symptoms

of PPS are new progressive muscle weakness, severe

fatigue and pain in muscles and joints. Some patients

develop potentially life-threatening difficulties with

breathing and swallowing.

PPS first came to wide attention in the medical com-

munity during the 1980s—three decades after the worst

polio epidemics in the United States, which struck more

than 50,000 people in 1952 alone. All told, up to

250,000 U.S. polio survivors may have PPS.

While increasing numbers of post-polio patients have

been showing up in doctors’ offices and medical clinics

throughout the United States and other countries of the

world, few physicians and relevant allied health profes-

sionals have adequate knowledge of the syndrome or of

best clinical practices for diagnosis and treatment. Three

conferences on PPS have been held to date—in 1984,

1986 and 1994—but these focused largely on identifying

research needs. There has, therefore, been a need for
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examination of current clinical practices, with the goal of

developing guidelines on how best to diagnose, treat and

rehabilitate persons with PPS.

THE ROLE OF THE MARCH OF DIMES
The March of Dimes was founded in 1938 to combat

epidemic polio in the United States, and its mission was

realized by the early 1960s with development and wide-

spread use of the Salk and Sabin vaccines. With polio

rapidly dwindling as a public health threat in the United

States, the March of Dimes changed the focus of its mis-

sion to improving the health of babies by preventing

birth defects and infant mortality.

Although its mission had changed, the March of

Dimes continued to be engaged in some polio-related

issues. From 1986 to 1992, the Foundation was involved

in a number of post-polio activities, including the pub-

lishing of public health information sheets on polio and

post-polio syndrome. In 1999, in response to a growing

number of contacts from polio survivors who reported

that they were experiencing obstacles in the diagnosis

and care of their fatigue, pain, weakness and other prob-

lems associated with PPS, the Foundation convened an

international steering committee, chaired by Lewis P.

Rowland, MD, Professor of Neurology at the Columbia

University College of Physicians and Surgeons, to address

an issue of critical importance to polio survivors:  the

need to improve knowledge among medical care pro-

viders and polio survivors of best practices in diagnosis

and clinical management of PPS.

ACTIVITIES OF THE STEERING COMMITTEE
The steering committee, which included leading re-

searchers in the fields of PPS, neurology, rehabilitation

medicine, pulmonary medicine, virology, psychology and

other disciplines, as well as individuals living with PPS,

held its initial meeting in October 1999 in New York, to

develop the agenda and identify speakers for the May

conference. In addition, the committee provided an
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opportunity for individuals not physically present at the

meeting to call in with data, perspectives, and other

information on PPS that they wished the committee to

consider. Callers included polio survivors with PPS, and

medical and allied health care providers, among others.

In reviewing the data presented in May 2000 at Warm

Springs, the steering committee recognized that there was

little in the way of new evidence on PPS diagnosis, treat-

ment and rehabilitation published since the 1994 confer-

ence and that major gaps in knowledge persist. It con-

cluded, therefore, that in addition to providing guidelines

on how best to diagnose, treat and rehabilitate persons

with PPS, the committee could best serve the PPS com-

munity by offering recommendations on research that

might address some of the persistent gaps in knowledge.

The committee has also recommended institutional

mechanisms—i.e., the establishment of comprehensive

post-polio centers—to concentrate clinical expertise and

help stimulate collaborative research in PPS.

CONFERENCE REPORTS AND DISSEMINATION
Two reports were drafted by the steering committee. The

first—this report for medical care providers—offers best

practices in diagnosis and care. In addition to this

Preface, the report contains chapters on pathogenesis,

diagnosis, clinical management, recommendations for

establishment of comprehensive post-polio centers and

recommendations for research. Appendix A directs the

interested reader to key summaries and research reports. 

The second report is a patient brochure that provides

similar information in layman’s language. The brochure

is designed to update patients and other interested lay

readers on current best practices in the diagnosis and

clinical management of PPS and to facilitate communica-

tion between patients and medical care providers. 

As for report dissemination, the March of Dimes 

is working with the International Polio Network,

a St. Louis-based organization that assists and coordi-

nates information for post-polio support groups, to 

distribute the reports to polio survivors and their health

care providers nationwide and abroad.
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The March of Dimes is also collaborating with the

Ontario March of Dimes, a member organization of the

Easter Seals/March of Dimes National Council of

Canada, in the distribution of the reports in Canada. The

committee thanks both these organizations for their

invaluable help and support. In addition, the March of

Dimes will distribute the reports through professional

organizations, schools, and agencies in both the public

and private sectors associated with the care of polio sur-

vivors. To obtain copies, see the inside front cover.

Finally, and importantly, the American Academy of

Neurology, in cooperation with the American Academy

of Physical Medicine and Rehabilitation and several

allied health care professional organizations, will develop

independent joint practice guidelines for PPS in 2001.

These practice guidelines will be informed by and coordi-

nated with the recommendations of this report.

PATHOGENESIS
Post-polio syndrome (PPS) is a variable combination of

new progressive muscle weakness and other symptoms in

survivors of paralytic poliomyelitis, with onset usually at

least 15 years after the acute illness. 

Acute paralytic poliomyelitis results from poliovirus

invasion of brainstem and spinal cord motor neurons,

and is primarily a disease of the motor unit (defined as a

motor neuron and all the muscle fibers that it inner-

vates). More diffuse nervous system involvement with

encephalitis can also occur in the acute attack. Motor

neuron death causes denervation of muscle fibers with

resultant  weakness. Recovery of muscular force after

acute polio occurs by recovery of some neurons and

sprouting from remaining motor axons, and by muscle

fiber hypertrophy in innervated muscle. Axonal sprout-

ing can produce reinnervation of locally denervated 

muscle fibers, restoring the ability to produce muscle

fiber contraction. The resulting motor units can be up 

to 8 times normal size.

The etiology of PPS is still unclear. The most widely

accepted hypothesis, proposed by Wiechers and Hubbell,

8
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attributes PPS to a distal degeneration of enlarged post-

polio motor units. The surviving motor neurons inner-

vate many more muscle fibers than normal, and may be

unable to sustain this greatly increased metabolic de-

mand indefinitely. Terminal axonal sprouts may degener-

ate, producing denervation of muscle fibers. Some of

these denervated muscle fibers may become reinnervated

by neighboring axons, causing a continuous “remodel-

ing” process, but some may become permanently dener-

vated, and thus produce permanent increased weakness.

This distal motor unit degeneration can also produce

neuromuscular junction transmission defects, which may

be a cause of muscular fatigue in PPS.

Possible contributing factors to the development of

PPS may be the normal aging process, and overuse or

disuse of muscles. The aging process produces a progres-

sive motor neuron loss in polio survivors, which can con-

tribute to the onset of PPS.

. 

DIAGNOSIS

CRITERIA FOR POST-POLIO SYNDROME
1. Prior paralytic poliomyelitis with evidence of motor

neuron loss, as confirmed by history of the acute paralyt-

ic illness, signs of residual weakness and atrophy of mus-

cles 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 trau-

ma  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 orthopedic

9
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problems as causes of symptoms.

CLASSIFICATION OF PPS SUB-TYPES
The diagnostic criteria include diverse signs and symp-

toms. Sub-types of PPS have been proposed, but confer-

ence members found insufficient basis for specific 

classification.

EVALUATION OF THE PATIENT
If the above criteria for PPS are met, there is usually little

diagnostic difficulty.

If the new symptoms are less specific, there may be

diagnostic uncertainty. Less specific symptoms include

generalized fatigue, myalgia, aches and pains, exercise

intolerance and cold intolerance. These symptoms are

subjective and therefore difficult to evaluate in patients

with or without prior paralytic poliomyelitis. For these

patients, evaluation should include a general medical

workup for coincident hypothyroidism, polymyalgia

rheumatica or other systemic diseases. For patients with

unequivocal exercise intolerance, mitochondrial or meta-

bolic myopathy may be considered. Because symptoms

are subjective, psychological problems are possible. For

those with muscle pain and fatigue, fibromyalgia is a

popular but controversial diagnosis. For patients with

prominent fatigue as the main manifestation, sleep-

disordered breathing  with consequent daytime somno-

lence may be considered, and spirometry and sleep 

studies may be in order. Fatigue can be a consequence of

serious disability from muscle weakness and atrophy, but

it is also often a manifestation of depression.

PPS patients may be more susceptible than others to

neurological problems originating in the spine when

there is scoliosis or paravertebral muscle weakness.

Among the neurological disorders that may be confused

with PPS are adult spinal muscular atrophy, amyotrophic

lateral sclerosis, cauda equina syndrome, cervical steno-

sis, chronic inflammatory demyelinating polyneuropathy,

diabetic neuropathy, entrapment neuropathy, heavy
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metal toxicity, inflammatory myopathy, multifocal motor

conduction block, multiple sclerosis, myasthenia gravis,

Parkinson disease, peripheral neuropathy, radiculopathy,

spinal cord tumor and, notably, spinal stenosis. If a neu-

rologist is available, consultation is in order.

Diagnostic problems arise if there are unusual late

symptoms such as dysphagia or respiratory insufficiency,

but these symptoms appear in some patients deemed to

have PPS, especially if breathing and swallowing were

affected in the acute earlier attack.

Some clinicians with experience in PPS have identified

patients who lack a clear history of paralytic poliomyelitis,

have little residual atrophy, but have  progressive new

weakness and evidence of diffuse denervation on EMG.

This syndrome is uncommon and must be differentiated

from spinal muscular atrophy.

The progressive weakness in PPS is sometimes accom-

panied by wasting and even fasciculations. This combi-

nation may be considered PPS if there is no progression

or very slow progression, but even patients with old

poliomyelitis can later have motor neuron disease. In

such cases, therefore, neurological consultation is

mandatory. Helpful examinations include EMG, CSF

examination, brain and cord MRI, as well as magnetic

stimulation of the motor cortex and magnetic resonance

spectroscopy for evidence of upper motor neuron 

dysfunction.

If new weakness is focal, the differential diagnosis in-

cludes radiculopathy, and appropriate imaging is helpful.

For difficult diagnostic problems, it is reasonable to

consult  a neurologist or other specialist with expertise

with PPS. The development of regional PPS centers, rec-

ommended by the committee in Chapter 4, would facili-

tate such consultation. 

MANAGEMENT
Best practices in care for people with PPS are still evolv-

ing. Many symptoms of PPS seem to result from motor

unit degeneration, or motor neuron attrition or dysfunc-

tion, combined with normal aging. Because both of these

11
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aspects of PPS change over time, treatment regimens are

adjusted to stages of the condition. Although there is no

specific treatment for PPS, most patients benefit from a

management program.

An interdisciplinary approach to management, with a

team of physicians and allied health care personnel, is

appropriate for many PPS patients because they often

have a wide variety of problems.

The team may include a primary care physician,

physiatrist, neurologist, and physical and occupational

therapists. Consultants may include a pulmonologist,

speech pathologist, psychiatrist or psychologist, orthope-

dist, rheumatologist, dietician, orthotist, nurse and 

respiratory therapist. Management should be symptom

specific. 

Management should also address conditions, such as

osteoporosis or pressure palsies, that may occur more

commonly in people with previous paralytic poliomyelitis

than in the general population.

MANAGEMENT OF WEAKNESS
Managing weakness in PPS includes various strategies:

judicious exercise (see below), avoidance of muscle 

overuse (exertion to the point of muscle pain and fatigue),

weight reduction, bracing weakened muscles, and assis-

tive devices such as crutches, manual wheelchairs, elec-

tric wheelchairs, and motorized scooters.

Orthoses and assistive devices can also be useful in

managing pain, joint deformities, and gait difficulties.

Appropriate programs can be arranged in facilities for

rehabilitation medicine.

MANAGEMENT OF FATIGUE
Excessive fatigue is an elusive symptom of diverse causes.

Because it is heterogeneous in origin, subjective in

nature, and influenced by psychological factors, there

have been many different recommendations for manage-

ment. None of these has been formally tested in con-

trolled trials.

Among the recommendations for control of excessive
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fatigue in PPS are energy conservation techniques,

lifestyle changes, pacing of activities, regular rest periods

during the day and improvement of sleep by relaxation

techniques and medications. These include antihista-

mines, valerian, melatonin, amitriptyline, L-tryptophan

and gabapentin. Noninvasive ventilation at night may

alleviate fatigue in patients with underventilation.

However, none of these interventions has been evaluated

by rigorous clinical trial.

Some recommendations emerge from common sense

and general rehabilitation experience. For instance, 

energy conservation techniques include discontinuing

unnecessary energy-consuming activities, such as making

a bed. Seating and work station arrangements should be

optimized. Individuals can take advantage of special

parking privileges, sit instead of stand, move items or

supplies to make them more accessible (such as having

the washer and drier on the first floor rather than in 

the basement), and use an electric scooter for longer 

distances.

Lifestyle changes include changing to a more seden-

tary job, or working fewer hours, and discontinuing

selected activities. Regular naps or rest periods during

the day, especially in the early afternoon, can help in

managing general fatigue, and should be encouraged for

patients with significant fatigue.

Pacing (regular rest periods during activity) is useful

in managing focal (not general) muscle fatigue in PPS.

Some experts recommend use of a formal rating scale by

which patients can monitor their exertion (see an exam-

ple in Appendix B) to help avoid fatigue.

EXERCISE AND MUSCLE OVERUSE
Almost everyone can benefit from some form of exercise.

To be safe and effective, exercise programs for PPS must

be cautiously customized to each person’s needs, residual

strength of individual muscles, and symptom patterns.

For many individuals, the level of exercise may be noth-

ing more strenuous than gentle stretching or various

types of yoga. For others, it may be more vigorous, even

including some forms of aerobic training.
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There is no proof from prospective clinical studies

that “muscle overuse” increases or creates persistent

muscle weakness. Many physiatrists teach patients to

avoid muscle overuse, manifest as aching upon exertion.

Patients are advised that this is a warning sign, and that

they should not exert themselves to this point. This may

require reduction in activities, pacing, and education

about energy conservation techniques. Problems with

mobility and pain are addressed to be certain that the

patient is safe and comfortable. After the patient has

learned to monitor and manage weakness and fatigue, an

individualized exercise program is started. However,

additional exercise should be completely avoided in

patients who are too weak and fatigued, and are already

spending most of their energy simply performing activi-

ties of daily living.

When starting an exercise program, patients should

be monitored to ensure that exercises are done correctly,

and that there are no adverse effects. After patients

understand the exercise program, and can monitor them-

selves, less frequent follow-up is necessary.

MANAGEMENT OF PAIN
Pain in post-polio patients can be due to diverse causes,

including joint and soft tissue abnormalities, muscle

abnormalities, and pressure injuries of nerves in the arms

and legs, including crutch injuries to the brachial plexus

and carpal tunnel syndrome. Treatment depends upon

the cause of pain.

Overuse is thought to be a common cause of pain in

post-polio patients. The location of pain depends upon

the patterns of motion and occurs more frequently in the

legs and low back in patients who are still walking. Pain

affects the arms more often in patients who use wheel-

chairs or crutches.

Some patients describe “post-polio muscle pain” as 

an aching sensation similar to that experienced at the

time of acute polio, usually occurring late in the day.

Patients may also experience muscle pain with activity,

or muscle cramps. Management includes lifestyle

changes, reduction of activity, pacing, stretching, and use

14



of ice or moist heat and assistive devices. Fibromyalgia is

a controversial diagnosis, whose treatment can include

amitryptiline, cyclobenzaprine, fluoxetine, aerobic exer-

cise and other measures. Analgesics can be given but

benzodiazepines and opiates should be avoided.

Joint and soft tissue pain can be due to osteoarthritis,

tendonitis, bursitis, ligamentous strain secondary to joint

deformities and previous surgical joint fusions (arthrode-

ses). Osteoarthritis of the hand and wrist occurs com-

monly in post-polio patients, more frequently in patients

over age 50, and is usually associated with leg weakness,

locomotor disability, and high usage of assistive devices. 

Many of the causes of pain are treatable with modifi-

cation of extremity use, physical therapy, strengthening

(when possible), orthoses to control joint deformities and

difficulties with previous joint fusions, assistive devices,

nonsteroidal anti-inflammatory drugs, acetaminophen

and, rarely, steroid injection, or surgery. These decisions

warrant the attention of a specialist. 

Superimposed neurological disorders occur commonly

in post-polio patients, and can be a cause of pain. Use of

assistive devices is a major risk factor for carpal tunnel

syndrome. Spinal stenosis is another cause of back and

leg pain. Treatments for carpal tunnel syndrome include

splinting, use of pads on canes or crutches to place the

wrist in a more neutral position and increase the weight-

bearing surface of the hand, steroid injection and carpal

tunnel release. For patients with low back pain, lum-

bosacral orthoses, shoe lifts, back or pelvic supports,

non-steroidal anti-inflammatory drugs and physical ther-

apy are options, before surgery is contemplated. Spinal

stenosis can be treated with exercise, use of a cane or

other walking device, transcutaneous electrical nerve

stimulation (TENS), lumbosacral orthoses, epidural

steroids and, in some cases, surgery.

MANAGEMENT OF RESPIRATORY PROBLEMS
Respiratory problems in PPS occur mainly in those who

required ventilation at the time of acute poliomyelitis,

but may also occur in those who did not recognize earli-

er respiratory involvement.
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Respiratory muscle weakness is the main cause of 

respiratory insufficiency in post-polio patients. However,

other contributing or causal factors include central

hypoventilation due to previous damage from bulbar

polio, scoliosis, kyphosis, sleep-disordered breathing,

obesity, other lung diseases, smoking and heart disease.

Any contributing factors to respiratory problems that

can be reversed should be eliminated or treated. All

patients with respiratory dysfunction should receive

pneumococcal vaccine and yearly influenza vaccinations.

Ventilatory assistance may help those with hypoventila-

tion or sleep-disordered breathing. Non-invasive methods

are preferred because of better tolerance and lower com-

plication rates. Supplemental oxygen should usually be

used only for acutely ill hypoxemic patients with intrinsic

lung disease, after alveolar ventilation and airway secre-

tions have been optimally managed with respiratory

muscle aids.

Sleep-disordered breathing, common in post-polio

patients, should be identified and treated. Untreated

sleep apnea can eventually result in cardiopulmonary

failure.

Glossopharyngeal breathing, sometimes called “frog

breathing,” is a method of projecting boluses of air into

the lungs by using the tongue and pharyngeal muscles,

and can be taught to ventilator-dependent patients to

allow periods of ventilator-free breathing.

MANAGEMENT OF DYSPHAGIA
Symptoms of difficulties in swallowing (dysphagia)

include complaints that food fails to pass down the

throat or esophagus, coughing or choking during eating

and  taking longer to eat meals. Dysphagia can occur

without a history of previous bulbar polio.

The most common cause of dysphagia is weakness 

of pharyngeal or laryngeal muscles, but other disorders,

such as structural lesions not related to polio, may cause

or contribute to the problem. Management can include

changing or restricting the diet to “safe” substances, such

as purees and thickened liquids (usually when the need 

is determined by videofluoroscopy); use of special 
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breathing techniques; use of special swallowing tech-

niques (such as turning the head to one side while 

swallowing); and avoiding eating when fatigued, or 

taking larger meals earlier in the day and smaller 

meals later.

MANAGEMENT OF PSYCHOSOCIAL DIFFICULTIES
PPS patients may have great difficulty in adjusting to this

second, unexpected disability. In addition, because polio

is now considered to be a conquered and largely forgot-

ten disease, patients may have difficulties due to general

lack of knowledge among physicians about the disease

and its late consequences.

Individuals with PPS seem not to have higher levels of

depression than the general population. However, when

depression occurs, its recognition and evaluation can be

complicated by post-polio symptoms, such as fatigue,

that overlap with those of depression. Also, depression

compounds fatigue, pain, and lifestyle management, and

so is an important primary disorder that should be rou-

tinely considered in PPS patients.

Fatigue is commonly reported by people with PPS. It

is attributed to overuse or overexertion, but is also a

common symtom of depression. Increased fatigue after

reduced activity raises the possibility of depression, and

so should be investigated.

Treatment of psychosocial difficulties related to PPS

can be accomplished with an interdisciplinary approach

that includes a post-polio mutual support group, psy-

chologist, social worker and psychiatrist, as necessary.

DRUG THERAPY
As in other aspects of PPS management, there has been

little formal evaluation of drug therapy. Although certain

medications have been reported to be helpful for primary

symptoms of PPS, rigorous studies are required. These

should include randomized, placebo-controlled, double-

blinded studies designed with adequate power and dis-

ease-specific, responsive outcome measures. Adequate

power requires multicenter trials. This purpose may best
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be served by establishment of comprehensive post-polio

centers, as recommended below.

Various medications have common or rare adverse

effects that mimic new or worsening PPS symptoms such

as weakness or fatigue. Such symptoms should therefore

be assessed with attention to medications that a patient

is taking, by prescription or otherwise.

NUTRITION
Except for weight control, no specific nutritional inter-

vention is recommended.

Any limitation of physical activity is likely to lead to

excessive weight gain. This can cause or aggravate fea-

tures of PPS in at least two ways. It can invite fatigue

and thereby further reduce physical activity, and so 

result in muscle atrophy from disuse. It also can lead to

damage of skeletal structures, especially in a context of

muscle weakness or easy fatigability. Diminished

weight-bearing exercise is also a major risk factor for

low bone density, with consequent limb fractures and

compression of vertebrae. As in the general population,

weight control by polio survivors is difficult, but of 

special importance that may call for professional nutri-

tional consultation.

RECOMMENDATIONS FOR ESTABLISHMENT 
OF COMPREHENSIVE POST-POLIO CENTERS
The committee recommends creation of regional cen-

ters with comprehensive expertise in all aspects of PPS.

It is desirable that each center be a physically unified

facility. Where that is not possible, a “virtual” center

should be created, comprising closely coordinated 

activities and active outreach among a network of ap-

propriate other health care facilities and professionals

within a region.

Chief components of each center should be services

to patients and their families, teaching, research, and

cooperation with other centers.

4
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SERVICES
Centers are likely to be organized and led by a neurologist

or a specialist in rehabilitation medicine. In some locales,

an orthopedist may take the lead. All necessary specialties

should be represented. Consultation should be available

for orthopedics, respiratory medicine, psychiatry and 

pain management. Allied health professionals would 

provide expertise in physical and occupational therapy,

orthotics, psychology, speech pathology, nursing, respira-

tory therapy, nutrition, social work, swallowing and

assisted technologies (wheelchair and seating clinic).

Diagnostic facilities include EMG; pulmonary function

testing; sleep and swallowing studies; a blood laboratory;

and radiologic capabilities for magnetic resonance imag-

ing, computed tomography and X ray. Patients should

have ready access to educational materials and instruc-

tion. Buildings and facilities should be fully accessible to

the disabled.

TEACHING
Centers could be responsible for training physicians and

other health care workers in the management of PPS,

could educate patients as well as other physicians and

health care workers, and could develop support groups 

to address the concerns of their patients.

Curricula and training in relevant medical specialties,

including but not limited to neurology, orthopedics, physi-

atry and geriatrics, should be targeted for inclusion of

specific information on PPS. This requires active partici-

pation by relevant professional societies.

RESEARCH
Centers should be actively engaged in research, publishing

their results.

COOPERATION
Cooperation among the centers could be facilitated by 



20

a central administration that would make public the 

number, location and activities of the several centers,

including research in progress.

RECOMMENDATIONS FOR RESEARCH
In reviewing the evidence for this report, the committee

recognized that there remain significant gaps in knowl-

edge and understanding of the epidemiology, pathogene-

sis, diagnosis and optimal management of PPS, all of

which need intensified research. The following recom-

mendations for research are designed to help fill these

gaps. 

DIAGNOSTIC CRITERIA AND NOMENCLATURE
Because there is no biomarker for PPS, diagnostic criteria

and nomenclature must be standardized, with a valida-

tion study to ensure inter-rater consistency, as a next step

toward defining PPS and its clinical subgroups, and as a

prerequisite for further research. It is necessary to make

measurements and develop normative data, specific to

polio survivors, of progressive weakness, fatigability,

quality of life, and similar objective and subjective aspects

of PPS. Definition of a post-polio muscular atrophy

(PPMA) subgroup requires study. For study purposes,

there need to be established consistent ways to separate

neurological from musculoskeletal disabilities.

EPIDEMIOLOGY AND HEALTH SERVICES RESEARCH
The impact of PPS on individuals and society is largely

unmeasured. This fact hinders assessment of needs for

resource allocation. To address this problem, the commit-

tee recommends the following actions:

• Analyze in depth and publish analysis of the Polio

Survivor Data Set from the 1994-5 National Household

Interview Survey (data made available by the National

Center for Health Statistics). 

• Study the total costs of PPS to the national economy.

• Conduct a population-based study of the quality of care

5
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and quality of life among polio survivors generally and

PPS patients in particular.

• Assess unmet health care needs of polio survivors, with

emphasis on patients’ perceptions of those needs.

• Evaluate PPS informational needs of practicing health

care professionals.

• Evaluate international disparities in reported prevalence

of PPS—for example, the very low rates reported in

India, Italy and France. Such cross-cultural studies are

needed to ascertain the true prevalence and costs of 

PPS globally.

PATHOPHYSIOLOGY
The committee recommends creation of a tissue bank for

autopsy specimens of PPS spinal cord and other tissues.

Volunteer patients could be educated about the value of

their medical histories and findings on examination, and

about the importance of information from postmortem

examination. Instruction for the handling of tissues could

be provided by a central administration. International

collaboration in tissue banking is highly desirable.

Transgenic mice have been created that express the

human cellular poliovirus receptor and thus are suscepti-

ble to paralytic poliovirus infection. Long-surviving 

animals should be explored as a possible model of PPS.

MANAGEMENT

Evaluating Interventions
PPS-specific, responsive, reliable and valid measures

should be developed to assess disease progression and

effectiveness of interventions. When validated, these

should be widely disseminated and considered a standard

of care.

There is need for rigorous, multicenter appropriately

controlled assessment of the efficacy of interventions

now in use for PPS patients—i.e., of individualized, inter-

disciplinary rehabilitation programs, and of the individ-

ual components of rehabilitation programs, such as exer-



cise, pacing, energy conservation, orthoses and use of

assistive devices. These studies should include data on

cost-effectiveness of specific interventions, as a basis for

gaining approval by third-party payers. 

Effective treatment is an important goal. Evaluations

should include multicenter, doubleblind, controlled trials.

Agents that might be evaluated include riluzole, neu-

rotrophic factors, stem cells, modafinil, pyridostigmine

and other agents.

Psychosocial Issues
The relationship between psychological disturbances and

PPS is neither well-understood nor appreciated.

Depression, sleep disturbances and diminished cognitive

functions have been reported by PPS patients and deserve

careful examination. The committee recommends that

the following be undertaken in a sufficient sample of PPS

patients:

• A rigorous evaluation of the role of depression and its

relationship to fatigue.

• A rigorous evaluation of the role of sleep disturbances

as a factor in fatigue.

• A systematic assessment of cognitive functions such as

attention and memory.
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Appendix B
BORG RATING OF PERCEIVED EXERTION

To avoid excessive muscular and general fatigue, patients

can monitor their perception of fatigue by using the Borg

Rating of Perceived Exertion (RPE). This scale is a useful

measure of effort, and therefore an aid in limiting exer-

cise in PPS and other conditions. To prevent excessive

fatigue, injury and overuse syndromes, PPS patients

should end their activities at an RPE level of 14 or lower.

(There are other scales for assessment of fatigue that may

be equally useful in management of PPS patients.)

06
07 VERY, VERY EASY

08
09 VERY EASY

10
11 FAIRLY EASY

12 
13 SOMEWHAT DIFFICULT

14
15 DIFFICULT

16
17 VERY DIFFICULT

18
19 VERY, VERY DIFFICULT
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