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The post-polio syndrome (PPS) is the term initially coined by patients to describe the various new manifestations that occur in them many years after their acute poliomyelitis. Although new muscle weakness as a late Sequelae of poliomyelitis was initially recognized by Charcot and others in 1875, only in last 15 years has a large "epidemic" of cases occurred. These numerous cases relate to the epidemics of poliomyelitis during the first half of this century. 

Since my last in-depth review of this topic, recent advances have centered on the pathophysiology, etiology, and treatment of the muscle weakness. I will concentrate on recent developments in these areas but will outline all aspects of the PPS briefly. For details about topics mentioned here, including systematic manifestations, sympathetic involvement, upper motor neuron (UMN) signs in poliomyelitis and PPS, epidemiology, muscle biopsy findings, etiologic hypotheses, and symptomatic treatment and management; the reader is referred to the review by Jubelt and Cashman. 

CLINICAL MANIFESTATIONS 

DEFINITION OF THE SYNDROME 

PPS is composed of manifestations that can be classified as systemic, musculoskeletal, or neurologic. PPS includes any new manifestations that occur as late sequelae of poliomyelitis. Because the systemic manifestations are nonspecific, the syndrome itself can be hard to diagnose unless the musculoskeletal or neurologic component also exists. The most common systemic and overall manifestation is fatigue. 

The musculoskeletal manifestations include symptoms occurring because of prolonged overstress of joints, ligaments, and tendons due to the long-term residual weakness. This results in prominent joint and muscle pain (Table 1). The most common neurologic manifestation is new weakness sometimes accompanied by atrophy, accounting for term "post-polio progressive muscular atrophy" (PPMA) (Table 1). The criteria for PPMA used by most investigators and clinicians in the field were first described by Mulder et al in 1972. These criteria include: (1) a credible history of poliomyelitis. (2) partial recovery of function, (3) a minimum 10-year period of stabilization after recovery, and (4) the subsequent development of progressive muscular weakness. 

SYSTEMIC MANIFESTIONS 

Fatigue is clearly the most prominent systemic manifestation, occurring in about 75% of cases (Table 1). Fatigue is described as a disabling generalized exhaustion following minimal activity. Because of this characteristic, it has sometimes been referred to as the "polio wall"; a sudden generalized exhaustion after brief physical activity. Fatigue has also been described by patients as "tiredness", "lack of energy", "lack of desire to do things", "heavy sensation of the muscles", "increasing physical weakness", and "increasing loss of strength during exercise". Thus, the fatigue in PPS can be either generalized or muscular. Fatigue can also affect mental as well as physical function. 

When the fatigue is severe, patients find it difficult to concentrate and collect their thoughts, appearing confused at times. Fatigue may be improved by decreasing physical activity, pacing ones activities, and taking frequent naps and rest periods. The fatigue of PPS appears to Respond well to sleep in contrast to the fatigue of the chronic fatigue syndrome. The fatigue of PPS responds better to sleep than just rest, but frequent rest periods are also helpful. The pathophysiology of fatigue is not clear. Bruno have hypothesized that it is due to damage to the reticular activating system, whereas others have related it diffuse deterioration of the motor unit at the neuromuscular junction. A small minority of PPS patients actually have muscle strength fatigability as classically occurs in myasthenia gravis and has been reported in amyotrophic lateral sclerosis (ALS). There are a number of medications that can be used to treat the generalized fatigue (see later). The muscle strength fatigability as well as generalized fatigue at times will respond to anticholinesterase medications. 

Other systemic symptoms much less frequently reported include increased sleep requirements, dizziness, cold intolerance, and psychological stresses (ref. 4,6). Many PPS patients complain of cold intolerance (ref. 6). They report worsening symptoms, including increasing fatigue and weakness, when exposed to cold temperatures, and color changes (cyanosis to blanching) Of the affected extremity (ref. 18). These symptoms may relate to sympathetic intermediolateral column damage during the acute poliomyelitis (ref. 19), since postpolio patients have decreased sympathetic responses to stress (ref. 4). Psychologic symptoms, related to the reoccurrence of a supposedly old, resolved problem and to the stresses of the required major changes in life style, can be overwhelming at times (ref. 20, 21). 

MUSCULOSKELETAL MANIFESTATIONS 

Pain, arising from joint instabilities, is the primary musculoskeletal problem. This can occur without new weakness. The long-term overstress of joints because of residual weakness eventually results in joint deterioration. Progressive scoliosis, poor posture, unusual mechanics because of deformed joints, uneven limb size, tendon transfers, and failing joint fusions all contribute to the joint pain. Pain may also arise from tendons that have been overstressed because of joint deformities or because of long-standing weak muscles. These joint problems frequently lead to loss of mobility and return to using old assistive devices (ref. 22). 

NEUROLOGIC MANIFESTATIONS 

PPMA is the most common neurologic problem (Table 1). The criteria for PPMA were reviewed earlier. Despite the term "atrophy", new progressive weakness is the main component of PPMA, occurring in the majority of PPS patients (ref. 6, 23) (Table 1). The progressive weakness probably relates to a disintegration of the lower motor neuron unit (ref. 24, 25). New atrophy, which does not seem to occur as an isolated manifestation, appears in fewer than half of patients with new weakness (ref. 6, 26). The weakness can occur in muscles that clinically were previously affected (and have partially or fully recovered) or were unaffected. 

Human electromyographic (ref. 27) (EMG) and animal studies (ref. 28, 29) indicate that clinically unaffected muscles are often involved subclinically during acute poliomyelitis. Previously affected muscles are more likely than unaffected muscles to become weak (ref. 6) (Table 1), and the more severe the original paralysis, with at least some recovery, the more likely those previously affected muscles are to become weak later. Therefore the distribution of the new weakness appears to correlate with the severity of paralysis at the time of the acute poliomyelitis, the amount of recovery and, and thus the number of surviving motor neurons (ref. 24, 30, 31). The new weakness is usually asymmetrical. It may be proximal or distal and patchy. 

Several other manifestations may occur in PPMA patients. It is now clear that a small number may have UMN signs (ref. 4). These include increased deep tendon reflexes, Babinski signs, and rarely, increased tone. Of 180 PPS patients, we found UMN signs in 15 (8,3%); seven of them had myelography or magnetic resonance imaging to exclude cord compression (ref. 4). It is interesting to note that this percentage is very similar to the frequency of UMN signs seen acute poliomyelitis (ref.4). 

Muscle pain (myalgia), which occurs in the majority of patients (ref. 6, 7, 23) (Table 1), appears to be due overuse of weak muscles. Similar muscle pain occurs in muscles weakened by other neuromuscular diseases (ref. 4). It is a soreness or aching feeling that occurs with minimal exercise. In a small number of patients there may also be actual muscle tenderness on palpation. Rest, supportive measures (braces, splints), and anti-inflammatory medications may be helpful. 

PPMA may also involve specific muscle groups as an isolated manifestation or as part of more generalized weakness. These specific manifestations have included respiratory insufficiency, bulbar muscle weakness and sleep apnea. Progressive respiratory insufficiency occurs primarily in patients with severe residual respiratory impairment with minimal reserve (ref. 32, 33). In analogy to PPMA involving the extremities, respiratory failure is more likely to occur in patients who required respiratory support during the acute disease (more severe disease) and contracted polio when older than 10 years of age (ref. 32). 

PPS patients with chronic respiratory failure lose an average of 1.9% of vital capacity per year (ref. 34). Respiratory insufficiency is usually due to respiratory muscle weakness but occasionally to central hypoventilation because of residual damage from bulbar poliomyelitis (ref. 35). Other factors such as scoliosis, pulmonary disease, or cardiac disease may contribute to the problem. Initially, respiratory failure may begin with nocturnal alveolar hypoventilation, and patients may require only nighttime respiratory support. Patients already on nighttime support may become totally ventilator dependent (ref. 37). 

Bulbar muscle weakness is now also a recognized component of PPMA (ref. 38, 39). Dysphagia is the most common bulbar problem. Residual dysphagia occurs in 10 to 20% of polio survivors (ref. 39). Postpolio dysphagia is due primarily to pharyngeal and laryngeal muscle weakness. However, local pharyngeal or esophageal disease must be excluded. Patients complain of food sticking. Swallowing is slow or difficult, often with coughing and choking (ref. 39). Video-fluoroscopic studies may reveal impaired tongue movements, delayed pharyngeal constriction, pooling in the valleculae or pyriform sinuses, and, rarely, aspiration, which is usually mild (ref. 38). Infrequently, other bulbar muscles, such as vocal cords and facial muscles may also become weaker in PPS (ref. 40). Dysarthria has also been reported (ref. 4). 

Sleep apnea is common problem in postpolio patients. It may be central, obstructive, or mixed (ref. 41, 42). Most patients with central sleep apnea have had bulbar polio; some of them required ventilatory support (ref. 41). It is probable that residual reticular formation dysfunction predisposes to central sleep apnea. Obstructive sleep apnea would appear to be related to pharyngeal muscle weakness, obesity, and musculoskeletal deformities (ref. 42). Obviously respiratory muscle weakness can contribute to sleep apnea (ref. 43). 

A number of other neuromuscular problems that may occur in postpolio patients, with or without PPMA, were reviewed previously (ref. 4). They include fasciculations and cramps without weakness, muscle pseudohypertrophy, and tingling paresthesias. Compressive radiculopathies and mononeuropathies may occur as secondary musculoskeletal complications (ref. 4, 44). 

EPIDEMIOLOGY 

PPMA was first recognized by Charcot and others in 1875 (ref. 1-3). Between 1875 and 1975 about 200 cases were reported (ref. 4, 45). Since 1975, at least several thousand cases have reported (ref. 4, 6,7) 

FREQUENCY 

The incidence and prevalence of PPS and PPMA are unknown. Codd (ref. 23) found that 22.4% of patients with previous poliomyelitis developed new symptoms. A more recent study from the same group found that 64% had new symptoms (PPS) (Ref. 46). 

The 1987 National Health Interview Survey estimated that there are 1.63 million people in the United States who survived acute poliomyelitis, and about half of these survivors are reporting new late effects (PPS). A large number of cases are presently occurring because of the epidemics of poliomyelitis that occurred in the United States in the 1940s and 1950s (ref. 4). 

TIME OF ONSET 

The delay between acute poliomyelitis and onset of PPS (and PPMA) has ranged from 8 to 71 years in various series (ref. 4). The more severe the acute polio, the earlier new symptoms are likely to occur (ref.9). In varius series the average interval is around 35 years (ref. 4, 9). 

RISK FACTORS 

Several risk factors predispose to the development of late effects. One of those factors is the severity of the original paralysis. Another is the age at which acute polio occurs. When acute poliomyelitis occurs in adolescents and adults, the disease is more severe, and these patients are more likely to develop PPS. Another risk factor, along with the severity of acute disease, is the amount of recovery. The greater the recovery, the more likely PPMA is to occur. This fact suggests that the reinnervating sprouts are unable to maintained 30 to 40 years later. 

COURSE OF POSTPOLIO PROGRESSIVE MUSCULAR ATROPHY 

It is hard to measure the course of many PPS manifestations, but new weakness lends itself to objective analysis. Mulder (ref. 8) reported continuous progression of their patients during the 12 years of follow-up. Dalakas (ref. 49), using Medical Research Council (MRC) grading, noted a course of either stepwise or steadily progression of weakness at an average rate of only 1% per year. 

LABORATORY STUDIES 

Routine blood tests, including erythrocyte sedimentation rate, are normal. Muscle enzymes may be increased, usually to a mild degree. In one study, increased creatine kinase was more likely to occur in PPMA patients. Markedly elevated values probably relate to significant muscle overuse. In most series, routine cerebrospinal fluid (CSF) parameters have been normal, although a mildly elevated protein has been found. 

ELECTROMYOGRAPHY 

In our 1987 review, Cashman and I analyzed 26 EMG studies performed in patients with previous poliomyelitis. From these studies, we concluded, as have many others, that in most conventional (concentric needle) EMG studies of patients with old polio, enlarged (both amplitude and duration) and polyphasic motor unit potentials (MUPs) and decreased interference patterns occur in patients with and without new weakness (Table 2). 

These signs of chronic denervation and reinnervation can be seen not only in muscles with or without new weakness when they are tested years after the acute polio, but also in muscles that were not involved clinically during the acute disease. Signs of new denervation (fibrillations and positive waves) were seen in a minority of patients with new weakness (0 to 45%) but also in a variable number controls (postpolio patients without new weakness). In general, the denervation is of only a mild degree (Table 2). 

Spontaneous fasiculations are seen more frequently than acute denervation. Nerve conduction velocities (NCV) are normal. Single fiber EMG (SFEMG) reveals increased fiber density (enlarged motor unit) and neuromuscular transmission defects manifested by increased jitter and neuromuscular blocking (Table 2). In these studies, the number of motor units with abnormal jitter and neuromuscular blocking correlated positively with years since the acute polio. Conventional EMG and SFEMG studies do not discriminate postpolio patients with new weakness from asymptomatic patients. The study by Wiechers (ref. 54), which was the single macro-EMG study analyzed at that time, revealed that the number of large reinnervated motor units decreased with time since recovery from the acute disease. 

>From more recent studies, it now appears that the enlarged motor units develop via sprouting after acute poliomyelitis may never fully stabilize. There may be continuous denervation and reinnervation, manifested by acute denervation on EMG, that becomes more prominent later in life as reinnervation becomes less efficient. PPMA is the end of spectrum of abnormalities existing in all post-poliomyelitis patients. Similar to clinical studies suggesting that good recovery is major risk factor for PPMA are SFEMG studies revealing a positive correlation between increased jitter and fiber density. This finding suggests that muscles with the most enlarged motor units as a result of sprouting (most recovery) are more likely to become unstable later in life. 

Other recent studies suggest that spontaneous activity and jitter and blocking are more frequent in symptomatic muscles. Also, macro MUP amplitudes are smaller in postpolio muscles with new weakness but not in postpolio muscles with normal strength or in those that are weak but stable. This last finding has not as yet been verified. 

Despite the fact that EMG studies cannot be used to diagnose PPMA (because asymptomatic muscles have the same findings), these studies have contributed greatly to our understanding of the pathophysiology of the neuromuscular junction dysfunction after acute poliomyelitis. It is possible that macro-EMG amplitude measurements may turn out to be diagnostic tool, but further experimental studies are needed. However, EMG studies are important to exclude other diagnoses and to determine the extent of the acute polio. 

MUSCLE BIOPSIES 

Biopsy findings in patients with old poliomyelitis include evidence of chronic denervation and reinnervation as well as active denervation. Signs of chronic denervation and reinnervation include fiber type grouping and group atrophy as well. Group atrophy is rare in PPS compared with ALS. A sign of active denervation is the presence of small angulated fibers indicative of terminal sprout denervation. A more recent finding that supports acute denervation is expression of neural cell adhesion molecules on the surface of muscle fibers. Unfortunately, evidence of both chronic denervation and reinnervation and acute denervation has been seen in both symptomatic and asymptomatic postpolio patients. Muscle biopsies cannot clearly distinguish between the two groups. 

Dalakas (ref. 61), in a biopsy study, found that muscles originally affected that had partially recovered had a variable degree of chronic and acute neurogenic atrophy (fiber-type grouping, some group atrophy, and angluated fibers) combined with secondary myopathic features. Muscles originally affected that had fully recovered showed signs of both chronic fiber-type grouping and recent denervation (angulated fibers) but fewer secondary myopathic features. Muscles that were originally spared clinically but were newly symptomatic had signs of chronic denervation and reinnervation and recent denervation. 

However, secondary myopathic features were minimal or absent. Asymptomatic postpolio patients had signs of chronic denervation and reinnervation but no signs of acute denervation or myopathic changes. These findings need to be confirmed. The significance of classic myopathic features and lymphocytic infiltrates remains unclear. 

ETIOLOGY 

Jubelt and Cashman (ref. 4) outlined nine possible mechanisms and causes for development of PPMA (Table 3). In the subsequent 6 years, enough information has accumulated that the possibilities can probably now be narrowed to three or four. Normal aging alone cannot explain the development of PPMA and presumably PPS. The loss of anterior horn cells and motor units with normal aging does not become prominent until after the age of 60 years. In other mammals, it has been shown that terminal sprouting also becomes impaired with aging. 

Sprouting is no longer able to keep up with the normal loss of terminal fibers that occurs throughout life as a remodeling of that neuromuscular junction. The age at which this occurs in humans is unknown. However, muscle biopsy studies have not revealed a significant increase in small-angulated fibers until after the age of 70 years. What appears to be more important than chronological age is the interval from acute polio until the onset of symptoms, an interval that averages 30 to 40 years. 

It would seem unlikely that a primary myopathic problem is the cause of PPMA. As already noted, classic myopathic features have been seen on muscle biopsies, but these appear to be secondary changes. Also, myopathic features are not seen on EMG studies. However, in a recent anterior tibial muscle biopsy study of postpolio patients, reduced capillary density and decreased oxidative and glycolytic enzymes were found in type I fibers, which predominated in these muscles. I still think these changes are secondary, and what follows is a discussion of more likely possibilities. PREMATURE EXHAUSTION OF NEW SPROUTS DEVELOPING AFTER ACUTE POLIOMYELITIS AND OF THEIR MOTOR NEURONS DUE TO EXCESSIVE METABOLIC DEMAND 

As reviewed earlier, EMG and muscle biopsy studies have clarified the pathophysiology of PPMA. The enlarged motor units that develop via sprouting after the acute polio may never fully stabilize. SFEMG studies have revealed that the most enlarged motor units are more likely to become unstable in life, and with increasing years since the acute polio, neuromuscular transmission becomes more unstable (increased jitter) and neuromuscular transmission blocking is more likely to occur. 

Recent studies, although not yet confirmed, have suggested that spontaneous activity and jitter and blocking are more frequent in symptomatic muscles. Those data are supported by muscle biopsy studies, also not confirmed, that describe an increasing number of angulated fibers occurring over time with the eventual emergence of group atrophy. These SFEMG and muscle biopsy studies suggest that first there is disintegration of the new terminal sprouts that formed after the acute infection (appearance of angulated fibers), followed by axonal branch degeneration (small group atrophy), and eventually degeneration of the motor neuron soma (large group atrophy). 

It frequently has been hypothesized that the increased metabolic demand of an increased motor unit territory will result in premature exhaustion and death of the motor neuron. Even though there are no studies examining the cell soma to prove this hypothesis, the electrophysiologic and muscle biopsy data appear to be consistent. Premature exhaustion of the cell soma could occur for a number of reasons. Premature exhaustion might also be enhanced because the previous poliovirus infection of motor neurons might cause residual damage. 

CHRONIC PERSISTENT POLIOVIRUS INFECTION 

Poliovirus and other picornaviruses have been shown to persist in the central nervous system of animals and cause delayed or chronic disease. Poliovirus and other enteroviruses can also persist in immunodeficient children. More recent studies in tissue culture have revealed that poliovirus mutants can persist without killing the host cell. Support for this hypothesis was enhanced by findings of Sharie (ref. 66) demonstrating poliovirus-sensitized cells in the CSF of postpolio patients. 

My collaborators and I have been unable to find poliovirus antibodies in the CSF of postpolio patients (using an exquisitely sensitive enzyme-linked immunosorbent assay technique), and neither have others. Conclusive virus isolation, histochemical or hybridization studies have not as yet been reported, using spinal cord tissues. However, CSF specimens recently examined for the presence of poliovirus RNA by polymerase chain reaction and probe detection were negative. 

AN IMMUNE-MEDIATED DISEASE 

The strongest support for a possible inflammatory or immune-mediated mechanism for PPMA comes from the findings of Pezeshkpour and DALAKAS (ref. 71) of inflammation in the spinal cords of seven postpolio patients. The inflammation consisted of both perivascular and parenchymal lymphocytic infiltrates as well as active gliosis and neuronal degeneration. All of these changes were more prominent in the three patients with PPMA. Other findings that support this hypothesis are the presence of oligoclonal bands in the CSF and activated T cells in the peripheral blood. My collaborators and I have not found oligoconal bands in these patients. 

MANAGEMENT 

Because many postpolio problems such as fatigue, pain, and weakness can be caused by many different diseases, the consideration of the differential diagnosis and the exclusion of other diseases is a very important aspect in the management of PPS and PPMA. This differential diagnosis has previously been discussed in detail. 

Until recently, the management of PPS and PPMA has relied on supportive care and symptomatic treatment without possibilities of alerting disease progression. 

This supportive and symptomatic management is outlined in Table 4. It is based primarily on empirical observations and subjective reports rather than objective analysis. Since the review by Jubelt and Cashman (ref. 4), there have been only a few studies attempting to gather objective evidence to support this empirical method of management. Agre and Rodriquez (ref. 10) have demonstrated that pacing of physical activities with work-rest programs can decrease local muscle fatigue, increase work capacity, and result in recovery of strength in symptomatic postpolio patients. 

Jones and colleagues (ref. 75) have demonstrated that methods of aerobic exercise can be altered so that postpolio patients can obtain cardiorespiratory training without untoward effects on extremity function. In attempt to improve neuromuscular dysfunction and weakness, Trojan, Gendron and Cashman (ref. 17) found that those patients who have impaired SFEMG jitter that improves with intravenous edrophonium also improved in strength with oral anticholinesterase medications. 

Most of the recent experimental treatment studies, however, have addressed the role of exercise in altering the progression of PPMA. A number of studies suggest that exhaustive strengthening exercises of partially denervated muscles may result in overwork and progressive weakness. Excessive exercise in combination with too few motor neurons will result in progressive damage. Similar results have been found in studies in animals with extensively denervated muscles. 

Several studies evaluating the effects of exercise in postpolio patients have now been reported. Feldman and Soskoline (ref. 77) analyzed the effect of nonfatiguing exercises in six postpolio patients over a 3-month period. In those patients, 14 muscles had improved strength, 17 muscles maintained strength, and one muscle had decreased strength. The studies by Einarsson and Grimby (ref. 78) and Einarsson (ref. 79) analyzed the effects of a 6-week, isometric-isokinetic, nonfatiguing strengthening program at 6 and 12 months after training in 12 postpolio patients. These patients had 4/5 strength (MRC grading) of the quadriceps muscle, which subsequently had a 29% increase in isokinetic strength with exercise. 

Fillyaw (ref. 80) studied the effect of nonfatiguing resistance exercises in 17 PPS patients for up 2 years. Strength was significantly increased in the exercised compared with the contralateral unexercised muscle in the same patient. Will this exercise eventually lead to permanent improvement and stability of muscle strength or to deterioration? Despite the encouraging results just mentioned, the long-term effect of strength training programs for postpolio patients is unknown. The studies do suggest, however, that significant short-term improvement in muscle strength can occur with a nonfatiguing exercise program (submaximal strength, short-duration repetitions). 

SUMMARY 

The PPS is now a well-recognized entity encompassing the late manifestations that occur because of previous poliomyelitis. Common signs and symptoms include fatigue, cold intolerance, joint deteriorations with pain, and prominent neurologic problems that include new weakness, muscle pain, atrophy, respiratory insufficiency, dysphagia, and sleep apnea. It is estimated that there are 1.63 million polio survivors in the United States and half of them will develop PPS. PPS and PPMA usually begin 30 to 40 years after the acute illness and are very slowly progressive. The etiology is unclear, although premature exhaustion of new sprouts that develop after acute poliomyelitis and their motor neurons appears most likely. Less likely is a persistent poliovirus infection or an immune-mediated problem. Treatment is primarily supportive, although nonfatiguing-strengthening exercise may improve strength over the short term. The long-term effects of this type of exercise remain to be clarified. 

Table 1. Most Common New Late manifestations of Poliomyelitis in Patients Referred to Postpolio Clinics 

Houston Madison Syracuse
Health Problem (n = 132) (n = 79) (n = 100)
Fatigue 89% 86% 83%
Joint pain 71% 77% 72%
Muscle pain 71% 86% 74%
Weakness Previously affected Muscles 69% 80% 88%
Previously unaffected muscles 50% 53% 61%
Total - 87% 95%
Atrophy 28% 39% 59%
Cold intolerance 29% 56% 49%
Respiratory insufficiency - 39% 42%
Dysphagia - 30% 27%

Adapted from Halstead and Rossi (ref. 6). All patients met criteria for PPS.
Adapted from Agre (ref. 7). All patients had histories and examinations compatible with diagnosis of previous poliomyelitis. First 100 patients with histories and examinations compatible with diagnosis of previous poliomyelitis. &Total percent of patients with new weakness. 

Table 2. Electromyography in Postpolio Patients* 

Standard (concentric needle) EMG 

Evidence of old, remote, or chronic denervation in >90% of patients, with increased duration of amplitude of MUP (often >10 mV) and decreased interference pattern 

Evidence of new or ongoing denervation 0 to 45% in various series, with spontaneous activity (fasciculations, fibrillations, and positive waves) at a low level (1+) 

Does not discriminate symptomatic from asymptomatic postpolio patients 

SFMG 

Increased fiber density (very high) in 90% of patients Increasing percent with abnormal jitter with increasing years since polio Neuromuscular blocking Does not discriminate symptomatic from asymptomatic 

Macro-EMG 

Increased amplitude
Amplitude may drop with progressive weakness
May discriminate symptomatic from asymptomatic postpolio patients

*See text for references 

Table 3. Possible Etiology of Post-Poliomyelitis 

Progressive Muscular Atrophy
Chronic poliovirus infection
Death of remaining motor neurons with normal aging, coupled with the previous loss from poliomyelitis
Premature aging of cells permanently damaged by poliovirus
Premature aging of remaining normal motor neurons due to an increased metabolic demand (increased motor unit size following poliomyelitis)
Loss of individual muscle fibers per reinnervated motor unit with advancing age in large reinnervated motor units that developed after polio
Predisposition to motor neuron degeneration because of the glial, vascular, and lymphatic changes caused by poliovirus
Poliomyelitis-induced vulnerability of motor neurons to secondary insults
Genetic predisposition of motor neurons to both poliomyelitis and premature degeneration
An immune-mediated syndrome

Table 4. Treatment of the Postpolio Syndrome* 

Medical problems
Respiratory insufficiency or failure: administer Pneumovax and influenza vaccines, eliminate smoking, treat obstructive disease, and assist ventilation
Treat secondary cardiac failure
Treat other complicating medical problems: anemia, thyroid disease, obesity, and others
Excessive fatigue
Institute energy conservation measures
Provide pharmacological treatment: amantadine, pyridostigmine, amitriptyline, and pemoline
Sleep disturbances
Support respiratory insufficiency
Treat sleep apnea
Musculoskeletal pain and joint instabilities
Decrease mechanical stress on joints and muscles with life-style changes: weight loss, decrease in activities causing overwork, return to using assistive devices (including orthoses, wheelchairs, and adaptive equipment)
Prescribe anti-inflammatory medications, heat, and massage
Evaluate and infrequently, surgically repair orthopedic disease
Muscle weakness-stable or progressive (PPMA)
Avoid overwork of weakened muscle
Follow creatine kinase?
Decrease stress on muscles and joints
Institute stretching exercises
Prescribe nonfatiguing (submaximal, short-duration) strengthening exercises
Institute cardiopulmonary conditioning
Supportive psychological counseling
Aid adjustment to second disability
Encourage adjustment to required life-style changes

*See text for references 
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Several studies evaluating the effects of exercise in postpolio patients have now been reported. Feldman and Soskoline (ref. 77) analyzed the effect of nonfatiguing exercises in six postpolio patients over a 3-month period. In those patients, 14 muscles had improved strength, 17 muscles maintained strength, and one muscle had decreased strength. The studies by Einarsson and Grimby (ref. 78) and Einarsson (ref. 79) analyzed the effects of a 6-week, isometric-isokinetic, nonfatiguing strengthening program at 6 and 12 months after training in 12 postpolio patients. These patients had 4/5 strength (MRC grading) of the quadriceps muscle, which subsequently had a 29% increase in isokinetic strength with exercise. 

Fillyaw (ref. 80) studied the effect of nonfatiguing resistance exercises in 17 PPS patients for up 2 years. Strength was significantly increased in the exercised compared with the contralateral unexercised muscle in the same patient. Will this exercise eventually lead to permanent improvement and stability of muscle strength or to deterioration? Despite the encouraging results just mentioned, the long-term effect of strength training programs for postpolio patients is unknown. The studies do suggest, however, that significant short-term improvement in muscle strength can occur with a nonfatiguing exercise program (submaximal strength, short-duration repetitions).

