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PHYSICAL THERAPY FOR THE POST-POLIO PATIENT 

Approximately 1.63 million American Polio survivors are now experiencing a new onset of neuromuscular symptoms following an average fifteen years of stability. Thirty—five to eighty percent or the patients that contracted acute paralytic Poliomyelitis are now presenting with non—disuse weakness, fatigue, pain, and are being diagnosed with Post—Polio Syndrome, (PPS). A number of reasons for this decline in function have been hypothesized including disuse weakness, non—disuse weakness, overuse weakness, weight gain, and. destruction of anterior horn cells. Recent studies by Agree have shown that judicious exercise via appropriate rehabilitation programs developed by physical therapists (PT’s) can improve muscl, strength, cardic-respiratory fitness, endurance, efficiency of ambulation and decreased pain in PPS patients. 

The aggressive physical rehabilitation techniques that the PPS patient responded very successfully to in their initial acute state, (i.e.: ‘no pain, no gain” philosophy), is actually contraindicated for PPS patients experiencing an onset of new conditions that often follow illness, injury or weight gain. 

Frequently PPS patients present themselves to the physician and physical therapist with the primary complaint of new weakness, fatigue, obesity and pain. These manifestations are secondary to the primary diagnosis of PPS. PT’S receive referrals for the treatment of these PT’s patients with or without the diagnosis of PPS from neurologists, internists, physiatrists, rheumatologists, family ‘practitioners, neurosurgeons and orthopedists. Taking a thorough past medical history and performing a complete musculoskeletal evaluation is imperative in order to outline a safe rehabilitation that allows a PPS patient to return to optimal function. PT’s initially assess the PPS patient’s musculoskeletal. status including gait analysis, manual muscle testing, posture, joint range of motion, ligamentous stability, cardiovascular endurance, and muscle tone. Isokinetic muscle testing of the affected muscle should be performed in order to develop an obiective baseline for extremity strength. 

PT’s then develop and manage the PPS patient’s exercise program i.n order to reach the goals of maximal fitness, teaching the patient to discern the difference between exertional and disease fatigue. Regular follow-up isokinetic strength testing can document that PPS patients are not causing strength loss by over—zealous rehabilitation or use of the Polio affected musculature. Increased strength should be attained while maintaining decreased levels of discomfort and fatigue via pain modulation techniques. PT’s implement the pain modulation techniques most appropriate for the coexisting conditions such as joint instabilities, chronic sprains, chronic strains, arthritis and the 10.5% of PPS patients that meet the criteria for the additional diaqnosis of Fibroiuyalgia, (FMS). An additional 10% of the PPS patients have been diagnosed with borderline FNS f or a 20.5% total of PPS patients that present with FMG symptoms. PT’s also develop strategies for work modification with correct ergonomic implementation so as to increase vocational efficiency and decrease pain. PT’s can demonstrate the physio1ogical components of PPS patients’ pain, stiffness and fatique with the use of surface electromyography and thermography. 

A statistical summary of the clinical characteristics of PPS patients that physical therapy can address is as follows: 

1) Fatigue: 89%.
2) Pain in muscle or joint: 86%.
3) New weakness: 62%, in previously symptomatic (69%), or asymptomatic (50%) muscles
4) New atorphy of muscles: 28%.
5) Difficulties with ADLS: 78%.
a) Walking: 64%.
b) Climbing stairs: 61%.
c) Dressing; 17%.
6) Sleep disorders: 92*.
7) Cold intolerance: 29%.
8) Irritable bladder syndrome or incontinence: 8%.

PT’s must address the foro-mentioned clinical symptoms when evaluating the PPS patient’s musculoskeletal status. Pain modulation would be initially addressed, then progression to strengthening and endurance. Therapies most commonly use are as follows: 

I. PAIN MODULATION:
Patient’s are assisted with and instructed in how to have control of their pain by:

A) HEAT AND COLD:
1) Heat: Heat is used extensively in the management of pain control and can take the form of moist hot packs, electrical heating pads, (thermaphores), jacuzzi, hot water or a warm pool. Heat and cold can decrease pain by increasing circulation and relaxing muscle and joint structures.
2) Ultrasound: Ultrasound is another beneficial type of heat which consists of high frequency sound waves that are transmitted via a small sound head to the muscles, ligaments and fascia. The sound waves cause a vibration of the muscle cells which subsequently increase circulation and relaxation.
3) Cold: Ice is also used occasionally for pain control, particularly in the event of an acute exacerbation of an overuse syndrome or joint inflammation. Crushed ice, cold packs and ice packs produce numbness superficially and deep heating of core tissues, subsequently decreasing pain in some patients.

B) ELECTRICAL MODALITIES:
Equipment using electrical current also provides pain control for Lb. PPS patient. These modalities can include high-voltage galvanic stimulation, interferential current stimulation, micro-amp stimulation and TENS. Electrical current increases circulation, facilitates muscle relaxation, and decreases pain.

C) PHYSIOLOGICAL QUIETING OR BIOFEEDBACK: These techniques can be beneficial for the PPS patient. with sleep disorders, cold intolerance, urinary incontinence, increased muscle tone in affected or non affected muscles, and social or psychological problems resulting from long—term disability and denial. 


1) Sleep disorder correction Some strategies to improve sleep can be diminution of noise via audio tapes, elimination of light via black—out shades or masks, and cessation of eating or—vigorous activity three hours prior to retirement. 


2) P.T.’s work with physiological management techniques targeted at the autonomic system by using biofeedback to assess muscle tone, strength and temperature. Surface electromyography, (sENG), thermography, EMG rectal sensors and EMG vaginal sensors can objectify weakness and dysfunction. These same measurement tools can then display objective information about body temperature. (circulation to the muscles), muscle tension, (sEMG), heart rate and emotional response. This allows information that is at an unconscious level to be made conscious via visual and auditory readings. Biofeedback gives fast, accurate audio or visual information about body signals normally ignored or not consciously perceived.
a) Thcrmography: Thermography measures temperature. PPS patients’ limbs may be cold and cold exposure produces weakness. Dr. Warren Anderson feels this is due to the involvement of the anteromedial. lateral column of the spinal cord, resulting in vasoparesis, venous pooliny, and excess heat loss. This dysfunction can be altered with thermography and hand warming techniques.
b) Surface electromyography, (sENG), of skeletal muscles:
Surface ENG measures muscle tone in microvolts. Resting level muscle activity during standing, sitting and even reclining, can be higher in PPS patients’ unaffected muscles because of their need to compensate for affected motors. This higher resting level means that PPS patients’ muscles need more oxygen and nutrients, subsequently creating more waste products than normal. This aberration can be addressed by sEMG biofeedback, teaching the muscles to contract at a different resting level. Additionally, the 10 to 20.5% of the PPS patients with FMS have a higher “resting idle” than non-FMS patients. PPS/FMS patients’ muscles continue to repeat previously engaged-in activity even though there is no external demonstration of that muscle activity. For example, the forearm muscles of a non—FMS person writing for several minutes would be highly active in a specific pattern and then would quiet at rest while the PPS/FNS patient’s muscles would mimic the writing pattern at a somewhat decreased amplitude even though motion would not be occurring. 


3) Electromyography,EMG,OfPelvic Floormuscles:
Electromyography, (EMG), Of Pelvic Floor Muscles: PPS patients with pelvic £loor dysfunction, which would include urinary or fecal incontinence, can be assisted via pelvic floor muscle reeducation with ENG vaginal and ENG rectal sensors. The EMG sensors evaluate resting level of the pelvic floor muscles, pelvic floor muscle strength and pelvic floor muscle control in microvolts. These evaluation and treatment techniques can allow PPS patient. to learn how to achieve a more normal physiological baseline for pelvic floor musculature and reverse, if not eliminate, when incontinence is secondary to muscle weakness, incontinence. Correct Kegel exercises can be taught and measured with this technique. 


D) Breathing: The diaphragm, which is the major breathing muscle is also affected in the 10-20.5% of the PPS patients with underlying FMS. The diaphragm is also affected in the additional 22% of the PPS patients with dysphagia, (difficulty with eating or swallowing). Teaching diaphraginatic breathing is important for pain reduction, improvement in activities of daily living, and increasing endurance for exercise. Inhale - through the nose and exhale through the mouth or nose to reverse the affect of hyperventilation. -

E) MASSAGE:
1) Soft tissue massage: Massage is used for pain relief, improved circulation, relaxation of muscles and removal of waste products. Massage is to be gentle, not increasing the PPS patient’s perception of pain.
2) Acupressure: Direct pressure with your thumb and index finger without needles to acupressuxe points facilitates the release of endorphins and enkephalins.
3) Craniosacral and myofascial release: These are other physical therapy techniques triat can be quite beneficial. in both reducing pain and correcting musculoskeletal a symmetry.

F) MOBILIZATION AND MANIPULATION: Mobilization and occasionally manipulation is used to adjust joints or vertebrae in order to restore symmatry. These techniques, particularly mobilization, can be beneficial in the reduction of pain and muscle tension, thereby increasing circulation in the PPS patient. Spinal alignment by manipulation is temporary when muscle tightness and spasm is present. A spinal stabilization exercise program is imperative to strengthen spinal muscles and augment a proper, (neutral), posture. 

II. STRENGTHENING AND ENDURANCE; A) EXERCISE: As pain, fatigue and sleep disturbance improve then fitness, strength and endurance become a priority. Some of the. physiological benefits of physical exercise include:
* Reduction in heart rate and blood pressure.
* Improved physical work capacity in skeletal and cardiac muscles.
* Improved muscular endurance.
* Increased myocardial vascularity.
* Reduced blood coagulability.
* Reduced adipose tissue.
* Increased cellulular sensitivity to insulin.
* Favorable changes in blood lipids.

The adverse effects of limiting physical exercise are:
* Deterioration in cardiovascular efficiency.
* Reduction in muscular strength and endurance. Reduction in flexibility.
* Metabolic disturbances.
* Difficulty in maintaining normal body weight.
* Disturbs sympathetic nervous system activity.
* Possible emotional disturbances. 


P.T.’s develop progressive exercise programs to improve joint and muscle flexibility, muscle strength, and cardiovascular, (heart and lung), fitness. The potential damage that can be caused by over fatigue must be made clear to all patients, especially to highly motivated individuals. Traditional training programs are not appropriate, nor are standard time lines for measurable outcomes. Again, the patient should be taught how to discern between exertional and disease fatigue. Aerobic and strenqthening exercise should be terminated immediately when the patient experiences fatigue, often described by individuals as a sensation of “twitching”. Fatigue and a higher 2) at 11. Other strengthening devices include large elastic bands, (Thera—Band or surgical tubing). The resistance can be varied by shortening or lengthening these bands. Exercise on a Pilates Reformer, (a non-weightbearing shuttle), is a very effective tool for PPS patients that improves strength in a partial gravity eliminated position while maintaining overall symmetry. Exercise on the reformer is an excellent adjunct to a spinal stabilization program. Stabilization exercises are necessary for PPS patients since spinal asymmetry and poor posture as a result of fatigue, ataxia, deconditioning and depression are prevalent. Once endurance has increased to 10 repetitions, progressing 1-2 repetitions at a time without fatigue or increased residual soreness, then increased weight of 1/4 to 1/2 pounds may be added. Exercising in a warm pool further increases circulation, decreases the negative effects of gravity and improves muscle relaxation. Alternating daily activities to include energy conservation, work, rest and fun cycles in conjunction with vocational goals of the P1’S patient are important. 


3) Cardiovascular conditioning: Resting heart rate prior to beginning aerobic exercise needs to be under 1OObpm, (preferably 55-65bpm). Initiate aerobic exercise at a frequency of 3 times per week at a goal of 20-30 minutes per day which should be considered a maintenance dose. For non-exercising and painful PPS patients, 2 minute warm-ups of general exercise and breathing, followed by 3 minutes of moderate exercise that increases heart rate towards the prescribed target hear rate, (60-70.% of maximum), followed by two minutes of cool—down is an initial way to incorporate aerobic activity. 

Aerobic exercises can be walking, biking, swimming, using a NordicTrack, stair-5tepper, upper body ergometer, or use of an Aqua—Jogger in a pool. Again, there should be no significant increase of pain during or at the completion of exercise. Ager reports that 60% of PPS patients acknowledge recent weight gain which significantly hinders both current and future abilities to function. Weight loss will be a difficult task to undergo until 15—30 minutes of aerobic activity per session can be tolerated. 


4) Gait training: Gait training and analysis includes appropriate muscle strengthening and is necessary if the PPS patient’s lower quadrants have been affected. For example, a loss of strength in a calf muscle results in the overuse of the same quadriceps or hip extensor muscle group, (usually the inferior part of the gluteus maximus or biceps femoris), an equinus contracture, and hyper—extension of the knee. Most PPS patients use more than one method of substitution which makes gait analysis even more complicated.. This puts subsequent increased demand on non-affected joints, ligaments and muscl.es, resulting in overuse injuries and ligamentous strains. Appropriate strengthening, lifestyle modification and bracing should be addressed.


COMMON QUESTIONS TO ASK A PHYSICAL THERAPIST: 


1) Will it hurt? The initial evaluation of the PPS patient, (the first 1-3 sessions), will produce increased soreness as a result of being tested in extreme ranges of motion, particularly isokinetically. The PPS patient should begin feeling relief of the increased aching pain after three sessions, however. 

2) How much will it hurt? Increased aching pain from the first 1-3 sessions of physical therapy should not last for more than 12—24 hours post treatment and then never for more than 4-6 hours post treatment thereafter. 

3) When will I feel bettor? Expect improvement in 6-20 weeks versus 1—6 weeks for the non-PPS patient. Innervation of muscles in patient with PPS may differ from limb to limb or even within the same limb because of the segmental nature of the initial Polio virile infection. Consequently, compensatory efforts of neighboring muscles varies within the same limb. Age, amount of originally affected musculature, (clincially and subjectively), weight, and level of conditioning all affect the Length of time before improvement is measured. 

4) What is disease fatigue? Researchers know that the Polio infection affected more than the anterior horn cells. Even anterior horn cell damage is largely sub-clinical due to the residual capacity of unaffected and surviving neurons to compensate. Dr. Warren Anderson feels that the increased metabolic burden on surviving anterior horn cells occurs because they have to direct more muscle fibers to contract more often with more vigorous contractions which leads to anterior horn cell fatigue, metabolic injury, perhaps even death. Fatigued anterior horn cells may be unable to continuc to support as many muscle fibers, the collateral sprouts to some muscle fibers will degenerate, and the strength of these muscle fibers will be lost to the motor unit. This is the rationale for establishing objective motor strength and endurance via isokinetic testing for baseline strength prior to strengthening. 

5) How do I know if I am doing too much if I don’t get fatigued? Again, fatigue should not be increased over your base level 4—6 hours post exercise or the following day. 

6) How does weight gain affect PPS patients? Sixty percent of the PPS population report weight gain. This increase in the mechanical load affects every aspect of the PPS patients’ current and future strength, endurance and subsequent pain levels. 

7) Describe the worst case PPS Scenario you have treated/helped. A PPS patient using a scooter with multiple overuse problems secondary to cervical and lumbar apophyseal joint compression. 

8) Describe the mildest PPS patient you treated. I treated a patient who presented with cervical pain and right upper extremity radiculopathy, (radiating pain and weakness), that had affected her left upper extremity, who did not report having had Polio as a child. Manual muscle testing revealed that the “uninvolved”, non—dominant left upper extremity was moderately weaker than the “involved”, dominant right upper extremity with the radiculopatliy. This means that th. right upper extremity pain and weakness secondary to the right C5—6 nerve root compression was the primary complaint. It is also not unusual---- for a non—dominant extremity, the left, to be weaker than a dominint, in this case the right, extremity. however, the patient’s left upper extremity was also weaker as a result of her previous Polio experience and the proper precautions were put into place when developing her rehabilitation program. It can be hypothesized that the right 05-6 nerve root compression could have occurred secondary to overuse while compensating for the left upper extremity. 

9) How long will I be in this type of a routine? For a lifetime with many modifications of your program. 

10) How Goes emotional stress affect a PPS patient? This question has a two part answer. In addition to the anterior horn cell and muscle fiber fatigue that PPS patient’s experience, Dr. Anderson states that a working definition for central fatigue is “increased mental effort necessary to perform a fixed amount of muscle contraction”. Central fatigue is characterized by problems with attention and cognition. Bruno et al indicates that 61% of PPS patients feel their fatigue was exacerbated by emotional stress. The same researchers in a different survey found that between 70-% and 96% of PPS patients complain of problems with concentration, memory, attention, word finding, and clear thinking. If a PPS patient experiences central fatigue, then situations which were previously non—stressful become increasingly stressful as coping resources are diminished. Kuehn et al found that coping resources decrease further as the quantity and severity of sy-mptoms increase in any type of patient and this is certainly true in the PPS patient. This is when “normal life events” can then become increasingly stressful and the PPS patient’s central nervous system will respond with “fight or flight" chemicals, (Testosterone and adrenaline), rather than quieting chemicals. This relates back to the description of a high “resting idle” in the PPS patient with FMS. Normal daily events can then activate the biochemicals meant only for short periods of high stress. This constant activation of stress chemicals is destructive to the body over a long term. Circulation of the muscles is decreased and muscles ache from lack of oxygen and accumulation of waste products. Breathing rate can increase, becoming shallow and irregular, so that the PPS patient will complain of shortness of breath and low endurance during aerobic activities. This is where physiological quieting techniques are beneficial. 

11.) In the process of recovering from Polio some have learned to do things by adapting different muscles to Go the job. Is this a correct thing to do? It is the overuse of joints, muscles, or ligaments as a result of this adaptation that ‘will often bring a PPS patient to a physical therapist’s attention not because of the primary diagnosis of PPS but because of the secondary overuse complication. A physical therapist’s job is to assist the patient in maximizing strength, endurance and symmetry while minimizing overuse of compensatory structures. 

12) In light of PPS patients do you recommend frequent rest time during the activity and why? It has been shown that PPS patients have less strength and ability to recover strength after exhausting exercise. James C. Ager of the University of Wisconsin Madison Medical School performed a study documenting that rest breaks were beneficial for patients with PPS. The hypothesis its that the deficit in strength recovery is attributed to excessive local muscle fatigue. Isokinetic and isometric tests were done studying work capacity. .Work is the product of torque times the endurance kind is meauured isokinetically by PT’s. His research indicated that with rest breaks the subjects experienced less local muscle fatigue isokinetically and psychophysiologically and had performed an average of 237% more isometric work. lie concluded that interspersing rest and activity can result in significant reduction in local muscle fatigue and improved strength recovery with greater amounts of work performed by patients with PPS. 

l3) What is your success rate? One hundred percent of my PPS patients have improved in their ability to function physiologically and vocationally. The degree to which they improve is something different altogether, though. I have always had the fortune of treating PPS patients that were partially or fully compliant. Another recent study by James C. Ager reported the effect of compliance, which means the degree to which PPS patients complied with clinically recommended interventions, (such as prescribed exercise programs, lifestyle changes, weight loss, decrease in work hours, aerobic conditioning, and use of orthotics), reduced the patient’s complaints of weakness, fatigue, muscle pain and joint pain. At the end of a two-year follow—up period 100% of the "compliers” noted an improvement or resolution to their complaints of weakness, fatigue and muscle pain. Ninety-four percent of the compliers noted an improvement or resolution in their complaints of joint pain. In the partial compliers seventy—nine. percent noted resolution or improvement in their complaints of weakness, sixty-eight percent noted resolution or improvement in their complaints of fatigue, ninety-one percent noted resoluLion or improvement in their complaints of muscle pain and eighty—seven percent noted resolution or improvement in their complaints of joint pain. In the non-compliers, on the other hand, 100% noted no change or an increase in weakness, fatigue or joint pain), 86% reported no change or increased muscle pain. During the two year period of follow—up compliers were not found to lose strength whereas the partial compliers lost strength by an annual rate of 1.3% and non— compliers lost strength at an annual rate of 2.0%. It was concluded that compliance with clinical recommendations significantly reduced symptomatology in PPS and also appeared to reduce the loss of strength over time. 

In conclusion, it has been shown That appropriate rehabilitation can improve muscle strength, cardiovascular fitness, respiratory fitness, efficiency of ambulation and decreased pain in P?S patients. It may also add to the patient’s sense of well being. It’s benefits appear to occur when patients follow a physical therapist’s exercise regimen which heaps them avoid overuse problems. In particular, PPS patients should avoid activities that cause increased muscle or joint pain or excessive fatigue either durinq or following their exercise program. Initially it is prudent to have a physical therapist monitor the performance of exercise 2—3 times per week addressing any pain modulation techniques that are appropriate. PT’s can re—evaluate PPS patients over months and years, thereby tracking that same individual’s progress. Reenforcement in terms of teaching the PPS patient new pain management and strengthening skills as his or her tolerance improves can be provided during those regular re—evaluations. The PT must understand that the PPS patient’s need f or optimal strength, range of motion, endurance and rest is critical. Compliance with PT’S clinical rccommendations have been shown to significantly reduce the PPS patient’s complaints of fatigue, weakness, muscle and joint pain, as well as possibly reducing the rate of strength decline. PT’s should be able to work in conjunction with the PPS patient to establish mutual goals arrived at with the understanding that the goa1s may be revisited at different times and altered in the future. Physical therapy provides PPS patients with relief from symptoms, objectively increasing their strength and endurance, allowing them the subsequent ability to lead more productive and active lifestyles.

