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52. Rehabilitation

Howard A Rusk, J Herbert Dietz

Principles of Rehabilitation

Rehabilitation is a dynamic concept and active program in contrast to ordinary
convalescent in which the patient is left to rest through a period of time while nature takes
its course. The initial goals of rehabilitation are the elimination, reduction, or circumvention
of disability, while the ultimate goal is the reestablishment of the patient as a functional
individual in his environment. Following severe trauma or surgical treatment, there is an
increased nitrogen loss in peripheral skeletal muscles, the principal nitrogen donor, resulting
in a decrease in muscle mass. Since much of physical therapy is directed toward reeducation
of muscle, nitrogen intake during this phase is important.

As early as 1893, Emil Ries demonstrated that early ambulation of postoperative
patients reduced the complications during convalescence and speeded the return to
preoperative work status. This has been reevaluated in the light of modern science by John
H Powers, who confirmed the value of early ambulation.

Surgical procedures and trauma may result in primary and secondary disabilities.
Primary disability is a direct result, while secondary disability arises from restrictions and
conditions which evolve in the course of treatment and convalescence. Primary disabilities
include loss of limb, sensory perception, motor function, or communication; restriction in
cardiopulmonary reserve; impaired vision; or alterations in organ function. Secondary
disabilities include muscle atrophy, joint contraction, osteoporosis, urinary calculi,
phlebothrombosis, pneumonia, decubitus ulcers, and psychologic deterioration.

Techniques of Rehabilitation

Rehabilitation begins at the earliest possible opportunity, at times in the preoperative
period, and continues throughout the entire convalescence until maximal benefit is achieved.
Treatment measures should be directed toward appropriate care for any disability, as soon as
recognized, and toward the prevention of potential disability, whenever possible.
Rehabilitation of the patient is conducted by a team which may include physicians, surgeons,
psychiatrists, nurses, physical therapists, social workers, orthotists or prosthetists, and
volunteers.

Basic techniques include (1) physical therapy, (2) occupational therapy, (3) training
in activities of daily living (ADL), (4) application of mechanical devices including splints,
braces, prostheses, and ortheses, (5) educational, vocational, and psychosocial services.
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Physical Therapy

Exercises and Muscle Reeducation

1. Objectives of exercise:

a. Power. Exercises for power are based on maximal active effort with few
repetitions and are especially helpful where atrophy is the result of disease.

b. Endurance. Exercises for endurance are designed to increase tolerance. They
are based on submaximal effort with many repetitions and are especially useful following a
period of convalescence.

c. Coordination. Exercises for coordination are designed to develop an efficient
pattern of function. They are based on the principle that practice and repetition lead to
precision in performance.

d. Range of motion. Exercises designed for maintaining or increasing range of
motion are of value whenever there is limitation or potential limitation of normal range from
any cause.

e. Speed. Exercises for speed are designed to shorten activity time. Speed is
attained by frequent repetition of functional activities during the final phase of the
rehabilitation program.

2. Types of exercise:

a. Passive. Exercise accomplished by the therapist or apparatus with no active
participation by the patient. The main purpose is to prevent contractures by maintaining the
normal range of joint motion.

b. Active assistive. Exercise accomplished by active voluntary movement by
the patient with the assistance of the therapist or mechanical device. This is the first step in
a program of muscle reeducation. The use of mechanical or hydrotherapeutic modalities is
often prescribed during this phase of treatment.

c. Active. Free exercise accomplished by the patient without either assistance
or resistance.

d. Resistive active. Exercise accomplished by the patient against added
resistance, either manual on the part of the therapist or by the use of mechanical resistance.
Resistive exercises are usually given when a muscle is rated "good" to "normal". The major
effect of any resistive exercise program is the development of strength, and the exercises must
be graduated to the patient's tolerance.

e. Stretching. Exercises accomplished by applied force, either vigorous and of
short duration or moderate and prolonged. The therapeutic use of stretching is designed to
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restore the normal range of motion where limitation of this range is due to loss of elasticity
of the soft tissue.

f. Functional. Exercises that are the foundation for a training program in
functional performance. They may be done in the patient's bed, on an exercise mat, on a
training apparatus unit, on parallel bars, or on crutches and include techniques of ambulation.

g. Special exercises. Included are breathing exercises which are useful to
correct or minimize respiratory function deficit, eliminate secretions, improve alveolar
ventilation, and maintain a clear airway. The patient is taught to put forth repeated slow and
gentle maximal effort during inspiration and to utilize the diaphragm to full extent.
Strengthening exercises for the abdominal muscles are of help in the presence of restrictive
or obstructive lung disease. When the patient requires the assistance of a respiratory, he can
be taught to perform glossopharyngeal breathing for use during periods when he must be off
the respirator. The patient who has been given a tracheostomy should be instructed in
adequate "huffing" to clear secretions.

Ambulation

Training in adequate ambulation with or without supportive devices such as crutches,
walker, or canes and with or without bracing is part of physical therapy. Ambulation training
is necessary for patients with neuromuscular dysfunction, including ataxia, and for those who
have lost the use of a leg, either temporarily due to injury or local surgery or permanently due
to amputation.

Heat

Heat may be used to relieve pain, increase circulation, or increase the local metabolic
activity. The physiologic effects of hear are most applicable in lesions affecting the
musculoskeletal system such as bursitis, arthritis, myositis, tenosynovitis, tendinitis, fractures,
dislocations, contusions, sprains, and strains. Externally applied heat causes vasodilatation and
an increase in circulation. Sedation, relief of pain, and reduction in muscular tension may also
result.

Heat is not used in acute inflammation or acute trauma until the initial reaction has
subsided. Obstructed venous or arterial circulation present definite contraindications, and heat
must be cautiously applied when the circulation is even partially impaired. The increase in
circulation and capillary engorgement associated with heat therapy creates a tendency toward
the formation of edema. Heat is contraindicated in the presence of noninflammatory edema.
Special precautions should be taken when sensation is absent or impaired and when an infant
or psychotic patient is unable to report the onset of unpleasant sensation of heat. The
therapeutic application of heat usually involves radiant, conductive, or conversive
mechanisms.

Superficial Heat. The increase in temperature is maximal in the skin, with no
significant rise in temperature occurring beyond 1 to 2 cm depth of tissue. Most sources of
superficial heat require from 20 to 30 minutes to produce the desired effect. Commonly used
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means of therapeutic application include luminous or nonluminous radiation and various forms
of dry or moist heat. Effects are superficial and topical or reflex.

Infrared Radiation. A simple and safe device for applying infrared radiation to fairly
large areas, such as the back or both thighs, is the luminous heat "baker". The baker consists
of several luminous bulbs mounted in the center of a semicircular metal reflector on
adjustable legs. The intensity can be varied by changing the distance from the lamp to the
skin. The patient should feel comfortably warm, and at the end of the treatment period, the
skin should be warm, pink, and moist.

Hydrotherapy. Heat given by immersion in warmed water has some advantages over
radiant heat. The buoyancy of the water provides gentle support without hindering movement.

Whirlpool Bath. The usual temperature ranges from 102 to 104°F except where there
is an impairment of circulation, in which case the water temperature should not exceed 100°F.
It is indicated principally for the treatment of extremities and can be used where there are
open wounds and denervated areas. One disadvantage is that the immersed extremity is
dependent and edema may develop.

Whirlpool provides heat, gentle massage, relief of pain, muscular relaxation, and
assists in debridement. When used with a large tub, it is useful in the treatment of burns and
decubitus and other ulcers, and in facilitating performance of range of joint motion exercises.

Hubbard Tank. All of the body except the head and neck is immersed in heated water
at a temperature of 98 to 104°F. The water is usually agitated gently like the whirlpool. It
provides a means of giving heat and gentle exercise and is especially useful where disease
or disability affects many joints of the body or where burns, ulcerations, or denervated areas
exist.

Hot Packs. These are effective in the relief of tenderness and muscle spasm, for
localized areas, and for reflex vasodilation in the lower extremities from lumbar region
application.

Paraffin. Application is especially useful in localized or chronic joint diseases such
as arthritis.

Deep Heat. Deep heat sources include ultrasound, microwave, and ultra-short-wave
diathermy. The most effective agent for heating of periarticular tissues is ultrasound, and
because of its characteristics it is safe to use in the presence of implanted metallic pin, plates,
or prostheses. Muscle heating is obtained through use of microwave or short-wave diathermy.

Deep heat is contraindicated when there is a bleeding tendency, over a pregnant uterus,
and over a fracture site before callus has formed. Microwave therapy should not be used over
superficial accumulations of fluid and should be applied cautiously over growing or
superficial bones, over eyes and testes, and when metal is present in the area. Ultrasound is
contraindicated in or about the brain, eyes, ears, nasal sinuses, heart, reproductive organs, and
epiphyses of growing bones. It should be used with caution over large nerves.
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Cold Therapy. Ice bags, cold-water bags, and cold compresses are used to minimize
the initial reaction of tissues to local traumatic injuries such as contusions and sprains. It has
been suggested that the beneficial effects of ethyl chloride spray for painful joints and
muscles are due to direct and reflex effects of the change in tissue temperature produced by
the spray. Induced hypothermia and refrigeration anesthesia for surgical purposes are widely
used, but these phases of cold therapy are not within the scope of this chapter.

Ultraviolet. Decubitus ulcers and some indolent ulcers respond favorably to ultraviolet,
especially with the use of cold quartz mercury lamps. Ulcers resulting from Raynaud's
disease, thromboangiitis obliterans, and chronic varicosities do not respond. Specific
contraindications to this therapy are photogenic diseases of the skin, such as pellagra, lupus
erythematosus, hydroa aestivale, and xeroderma pigmentosum. Certain antibiotics and other
medications result in a photosensitivity which also contraindicates ultraviolet therapy. It has
been suggested that ultraviolet should not be used in patients with hyperthyroidism, diabetes,
advanced cachexia or inanition, nephritis, or myocarditis.

Electrotherapy

A variety of currents can be used to stimulate motor and sensory nerves. The
interrupted direct and the faradic currents are used mainly for electrodiagnosis. Interrupted
direct current may also be used for stimulation of denervated muscles. The therapeutic
objective of stimulation for temporarily denervated muscles is to maintain the muscle in as
normal a state as possible during the period of nerve recovery. Conduction deficit without
denervation (neurapraxia) is usually a temporary condition but may last for several weeks, and
stimulation during this period may be of definite benefit. The best results have been obtained
with frequent brief periods of stimulation; 25 to 50 contractions a session, four times a day,
can be performed by the patient with his own portable battery unit, when he is properly
instructed.

Massage

Manual massage exerts the effect of direct displacement of fluid in vascular and
lymphatic channels. There is also direct and reflex dilation of the smaller vessels leading to
an increase in rate of flow and interchange of substances between bloodstream and tissue
cells. Lymphatic flow is assisted and edema is reduced. Mechanical stretching and disruption
of connective tissue fibers can be effectively accomplished by the friction type of massage
where undesirable fibrosis has occurred in subcutaneous and superficial muscle layers. Light
stroking massage results in relaxation of involuntary muscular contraction.

Pain threshold can be increased by slowly increasing stimuli to the central nervous
system beginning with light stroking movement and slowly increasing the intensity of the
massage. Massage may be used to assist in the accommodation of tissue to pressure, for
example, the preparation of an amputation stump prior to the use of a prosthesis. The effect
is obtained by progressing from gentle kneading and tapping to firm pounding and weight
bearing. Massage will not prevent atrophy or loss of strength due to inactivity or denervation,
nor will it increase muscular strength. Only active exercise will strengthen muscles. Even the
most vigorous massage will not reduce local deposition of fat.
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Massage is indicated where the following effects are sought: (1) relief of pain, (2)
relaxation of muscle tension, (3) improvement of circulation, (4) reduction of induration or
edema, and (5) stretching of adhesions. Local application of heat is commonly used prior to
massage, because it enhances the desired effects. Both heat and massage are frequently used
prior to active or passive exercise, because the combined effects enable a patient to get
maximal benefit from the exercise.

Contraindications for massage include (1) acute inflammation, since massage may
result in systemic spread; (2) skin lesions; (3) malignant tumors; (4) acute circulatory
disturbances such as phlebitis, thrombosis, or lymphangitis.

Occupational Therapy

Occupational therapy has been described as functional (physical or kinetic), vocational
(prevocational therapy or work adjustment), and supportive (psychiatric or diversional). The
goals of therapy are (1) to assist in the increase of range of motion of affected joints, (2) to
assist in the increase of muscle strength, and (3) to develop motor coordination, skills, and
work tolerance.

Functions of the upper extremities are concentrated upon. Training is given also to
patients with upper extremity prostheses or orthoses in the proper use of the particular device
and its application to the activities of daily living and of work.

The purposes of vocationally oriented occupational therapy are (1) prevocational
evaluation for the patient who has never had a vocation or vocational objective; (2) a
vocational exploration utilizing present physical capacities for the patient who may need to
consider changing vocations because of his disability; (3) work adjustment for the patient
needing to regain lost work skills, habits, or tolerance; and (4) development of skills for the
patient who is considering a further academic career.

Activities of Daily Living

The purpose of an ADL program is to train the patient to perform his maximum in the
daily activities inherent in his life. The degree to which a patient can carry out these activities
determines his level of independence. There are three functional abilities required: (1) self-
care, (2) mobility, and (3) communication. Activities in daily living are divided into the
following groups: (1) bed activities, (2) wheelchair activities, (3) self-care activities, (4)
miscellaneous hand activities, (5) ambulation and elevation activities, (6) traveling activities,
and (7) kitchen and household activities.

Orthotics and Prosthetics

This is a field of knowledge relating to orthopedic devices which are either static or
dynamic in character. Static units provide support and correction and dynamic units actively
aid or provide elements of function. These devices can be helpful in promoting self-
sufficiency for the patient with permanent, severe disability. They may be directed toward
providing positioning and support for extremities, increasing the function of permanently
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weakened muscles, replacing the function of muscles, and assisting in the control of
incoordination.

Splints and Braces. These control the action of specific joints to prevent or decrease
motion, provide support, maintain position, and prevent contracture. Splints and braces may
be used for flaccidity, spasticity, incoordination, contracture, or protection from pain and
trauma. Splints may be classified as (1) static, those designed to support the involved
segment, to prevent contracture, and to protect a painful, weakened, or injured part, and (2)
dynamic, those designed to add active mechanical assistance to therapeutic exercise and
functional use.

Management of Psychiatric Problems

Emotional and motivational attitudes can have a decisive effect on the outcome of the
rehabilitation process. In about 50 percent of adults with physical disability such factors are
of major importance. In children the figures run considerably higher, approximately 75
percent. Important problems which frequently need psychiatric assistance are management of
persistent pain and drug addiction, and sexual problems.

Physical disability may be accompanied by pain. Since pain can inhibit activities and
lead to interpersonal difficulties, its proper management may determine the success or failure
of rehabilitation. Pain produces emotional changes even in well-adjusted individuals. It is not
a static condition but changes with circumstances. It tends to be exaggerated at night because
of fear, aloneness, and absence of diverting interests. Patients vary in their threshold to painful
stimuli, and certain disabilities present special problems. In the paraplegic patients, pain below
the level of the cord lesion is common and can be quite severe, despite total sensory loss
below the test level.

Successful management of pain requires accurate medical diagnosis, as well as analysis
of psychologic, emotional, and socioeconomic factors. Measures for relief include adequate
counseling, the use of nonnarcotic drugs, physical therapy, radiation therapy, anesthetic block,
and surgical procedures. Inquiry into the presence of possible sources of painful reaction to
life situations should be considered. If methods are properly employed, narcotics can be
avoided, and the disabling problem of addiction can be obviated.

In physically disabled persons, sexual function may be interfered with in two ways:
(1) local anatomic injury or neurologic deficit, which may make normal sexual functioning
impossible, and (2) psychologic changes resulting from the disability, such as doubts about
adequacy and attractiveness. A serious problem for both male and female patients is loss of
control of bladder and bowel function. When assistance in care is needed from husband or
wife, additional sexual problems may result. The presence of a colostomy or the absence of
a uterus or breast may cause anxiety and distaste. Maturity and understanding increase
adjustive capacity.

Social Service

The social worker should meet with the patient and his family as soon as feasible
following his admission. The interview has many purposes: (1) to give the patient and his
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family information and understanding regarding the services that are available to him, (2) to
evaluate from the patient's social history his environmental resources and his abilities to
utilize the services, (3) to refer the patient and his family to the appropriate resource, outside
the hospital, for alleviating environmental problems.

In permitting the patient to adjust to interpersonal relations and relative independence,
vocational evaluation and counseling may be employed. Returning the patient to his home
environment as a fully functioning member may necessitate preparation of special home
programs.

Vocational Rehabilitation

Vocational rehabilitation assistance should be sought for any patient whose residual
disability limits his capacity to return to his previous occupational activity or potential.

Directly or through the medical social worker, the patient can be referred to the State
Vocational Rehabilitation Service counselor for evaluation, guidance, and eligible financial
support for definitive treatment, rehabilitation therapy, and any indicated training or retraining
for work. This includes driver training for the handicapped driver and provision of needed
controls for the car.

Rehabilitation of Patients With Specific Problems

Musculoskeletal Problems

Programs are directed at the goals of efficient function with painless and free motion,
good alignment and posture, and adequate coordinated muscular control. Deformities are
prevented by immobilizing affected parts in optimal position, supervising bed posture, and
avoiding unnecessary fixation of the joints. The function of uninvolved parts should be
maintained, and this may involve electrical stimulation of the muscles which patients cannot
move. Mobilization is carried out as early as possible without jeopardizing healing. This
program will retard atrophy, prevent permanent scar formation, preserve joint range of motion,
stimulate reciprocal muscle function, and reduce the extent of the disability. Pain should be
relieved before performing any therapeutic exercises. The patient's weaknesses should be
protected by avoiding activities for which he does not have the required strength and by using
splints and braces when needed.

Involved muscles are treated specifically with selective exercise, while involved joints
are treated extremely gently, avoiding force motions and combining complete rest with short
periods of motion of the painful joints. The plan is carried out as early as possible. Limited
weight bearing may be achieved in deep water in a therapeutic pool or using parallel bars, a
walker, or crutches.

Fractures

Following reduction of a fracture, immobilization at the site of fracture is required
until healing of the injured bone occurs. During the period of required immobilization, the
major goal of rehabilitation is directed toward the prevention of osteoporosis, atrophy of
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muscles, contracture of ligaments, and edema of soft tissue. Immobilization should be limited
to include only the joints proximal and distal to the fracture site. All other joints in the
involved extremity should be permitted free motion and carried through their full range at
least once daily. With time, this activity should increase.

As soon as possible after cast application, active exercises should be carried out at
levels proximal and distal to the immobilized area. Pain should be minimal, and severe pain
represents an indication for investigation of the cast or fracture position. At all times, the use
of narcotics should be minimized.

Control of swelling and edema is particularly important during the first 5 to 7 days
of treatment. Elevation of the involved areas should be started immediately postoperatively
and maintained for prolonged periods of time. Application of intermittent massage may relieve
the discomfort, aid circulation, and reduce edema.

Isometric exercises are effective, especially when extremities cannot be actively
moved. They are of great potential value because of their widespread applicability, but their
effective use requires careful planning and explanation to the patient. These should be
followed, after termination of immobilization, by active exercise through full range of motion.
In the lower extremity, isometric quadriceps exercises are directed at preventing loss of
stability of the knee. In the upper extremities, attention is particularly directed toward hand
function and prevention of contracture of the fingers. In all these situations rehabilitation
should be initiated within 24 hours after treatment of the injury, sequentially employing
passive motion, isometric exercises, and active exercises.

Immediately following cast removal, active exercises should be started with direction
toward return of full joint range of motion.

Joint Disabilities

Traumatic Arthritis. Joint damage may result from a single major trauma, such as
a fracture extending into the joint space, but more commonly it follows from repeated small
traumas. The latter may be related to occupational stresses, joint instability, postural
derangement, or torn ligaments. The arthritic joint has a decrease in functional efficiency and
range of motion, and movement may be associated with pain and swelling.

Treatment of the traumatic arthritic joint should be directed toward (1) elimination of
any residual etiologic factor, (2) relief of pain, (3) therapeutic exercises, and (4) protection
of the joint against further wearing. The latter is attained only by reducing the amount of
physical work or weight imposed on the damaged joint structure. Definitive therapy includes
physical activity, therapeutic exercises to build periarticular muscle power and the dependent
joint stability to a maximum, and transfer of stress to other uninvolved joints through the use
of such measures as shoe lifts, stabilizing supports, crutches, canes, braces, and energy-saving
devices.

Infectious Arthritis. In the acute active phase of the infection, the objectives of
physical medicine are analgesia and the maintenance of motion of the involved joint to
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prevent deformity. Heat applied locally is usually indicated, and warm, moist heat in the
forms of compresses or packs is generally best tolerated. In the less acute phase, hydrotherapy
in the form of whirlpool baths or the Hubbard tank may be used more effectively to permit
early active exercising. Even in the acute phase of a specific infectious arthritis, the involved
joint should be carried passively through normal range of motion at least once a day to
prevent capsular and tendinous tightening and the development of deformity. Pain sedation
with non-narcotic medications and intermittent rest periods should spell the exercise or
movement efforts. As the process subsides, an active exercise program should be initiated to
maintain normal range of motion and to prevent muscle atrophy.

Following the eradication of the infection, the problem of physical rehabilitation is
contingent upon the degree of muscle weakness which has resulted, the range of motion
which may have been lost, and the extent of structural intraarticular damage produced by the
infection. The first two conditions should be actively treated with stretching and range-of-
motion exercises and progressive resistive exercises. Active range-of-motion exercises or use
may prevent intraarticular damage from causing increasing range restrictions.

Amputations

In the USA, more than 75 percent of lower extremity amputations are performed in
treatment for peripheral vascular disease problems on individuals over the age of sixty. Since
many people in this age group fail to achieve even the minimal standards of success with the
use of prosthesis, it is necessary to be selective in the planning of rehabilitation programs.
Most of the failures can be directly attributed to medical factors such as (1) coexisting
cardiovascular disease or advanced peripheral vascular disease in the unamputated extremity,
(2) personal factors such as lack of insight, motivation, or opportunity in the use of a
prosthesis, or (3) the prosthesis itself, which may be ill-conceived or improperly prescribed
for the patient's individual needs.

Successful physical and vocational rehabilitation is dependent upon (1) the reason for
the amputation, (2) general health and the presence or absence of other disabilities, (3)
characteristics of the amputation stump, (4) personal characteristics of the individual, (5)
preparation for function, (6) prescription for the prosthesis, (7) the quality of training with the
prosthesis and the nature of rehabilitation facilities available to the patient. Rehabilitation of
the amputee is achieved through the following progressive procedures:

Preliminary Orientation. The patient and his family should be informed in general
terms regarding the future procedures and estimated timetable.

Surgery. The amputation stump in most cases is the key to determining whether or
not the patient will be successful in developing skill with a prosthesis. The surgeon is
responsible for creating a stump which tapers from above downward and in which all the
tissues have been treated in such a manner that the patient can be fitted with conventional
prosthetic equipment, leading to a high degree of function.

Each of the tissues encountered in the amputation can be responsible for creating a
problem formidable enough to interfere with good function. Flexion contractures are often
created by closing amputation stumps with the proximal joint in acute flexion. No tension
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should exist in the skin closure. Skin flaps which are tightly stretched across the end of the
stump remain painful and often break down under conditions of function. The fascia should
be used as a barrier between the deep tissues and the skin flaps, so that the skin flaps remain
freely movable over the end of the stump. The muscles must be anchored down to, and in
some instances in the form of myofascial flaps across, the end of the bone, so that they
provide good control and do not retract upon movement of the stump. Such myodesis or
myoplasty is particularly mandatory when immediate postoperative application of a prosthesis
is planned for the above- or below-knee amputee. The bone requires accurate cutting without
piling up the periosteum at the end, since this inevitably will result in the development of
exostosis, which may create pain with the use of the prosthesis.

Hemostasis during and after surgical procedures is an extremely important factor. The
accumulation of hematoma under the skin flaps not only may jeopardize healing of the wound
but may eventually result in a hard, painful scar which can interfere with comfort. Nerves
should be pulled down and cut as high as possible, so that they are not incorporated in the
scar at the end of the stump. All severed nerves form neuromas, but when a neuroma is in
the scar or low in the stump where it may be compressed against the solid wall of a
prosthesis, it can become extremely painful and may preclude the possibility of the amputee's
developing tolerance for weight bearing. The postoperative dressing is related to hemostasis,
and if an efficient compressive dressing or the cast for an immediate prosthesis cannot be
applied, drainage should be employed.

The degree of function achieved with a prosthesis is directly proportional to the
amount of the functioning limb remaining. In the upper extremity, the general principle holds
of saving as much bone length as possible.

Standard sites of amputations are recognized. In the upper extremity, the most
proximal amputation is the interscapulothoracic or forequarter amputation. The fit and use of
a functional prosthesis in such amputations are rarely successful. Below that level there are
standard amputations of disarticulation at the shoulder, above-elbow or below-elbow
amputations, disarticulation at the wrist, and partial-hand amputations. Amputations of
individual digits, especially through the thumb and index finger, may require special surgical
reconstructive procedures following the initial surgical procedure. Finger and thumb stumps
may be built out and webbed spaces deepened to improve ultimate hand function.

In the lower extremity, the standard amputations are the hemipelvectomy, hip
disarticulation, above-knee and below-knee amputations, Syme amputation, and partial foot
amputations. Amputations within 2 in immediately above or below the knee are undesirable.
When amputating above the knee it is preferable to sever the bone not closer than 4 in from
the knee joint. This makes it possible to use conventional prosthetic equipment, whereas if
the amputation is performed closer to the knee joint, there may be asymmetry of the position
and function of the normal and prosthetic knee joints. Very short stumps of less than 2 in
below the knee do not provide the patient with anatomic knee function.

Because of the appearance of the prosthesis, the Syme amputation is frequently
unacceptable to women. However, it is a good amputation for men. Partial foot amputations
result in a complicated weight-bearing stump and have the tendency to break down,
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particularly following trauma. They are seldom selected, and amputation is more often
performed at a Syme level.

Successful translumbar amputation (hemicorporectomy) has been performed by
disarticulation at the L4-L5 or L5-S1 levels, with prosthetic replacement and rehabilitation to
complete independence including ability to drive a car.

Stump and Preprosthetic Stage. The muscles of the amputation stump and the
remaining limb should be strengthened. It is necessary to make sure that all the joints can be
carried through their full range of motion with control. The patient's ability to balance
independently on the remaining leg should also be noted. Training should be given with
crutches for standing and balance and eventual ambulation on the remaining limb. It is
necessary that the patient achieve a safe, stable, and secure crutch-walking gait without pain
in the calf of the remaining leg and without the development of dyspnea from effort. The
patient's posture on the remaining leg and the stability of his pelvis are very important to
develop and control. Excessive weight is a serious problem and requires a positive approach.

Immediate postoperative or early postoperative (within 14 days) application of a lower
extremity prosthesis provides excellent concomitant stump conditioning and shaping. The snug
cast and early partial weight bearing are positive forces and increase control, utilize
proprioception, and limit phantom sensations.

When techniques for the early application of the prosthesis are not used, the stump
requires conditioning, shaping, shrinkage, and a full range of motion in the proximal joints.
Conditioning of the stump is achieved by a graded program of exercise: at first gentle active,
later assistive, and finally resistive exercises. For midthigh amputations it is important to
make sure that there is no flexion or abduction contracture at the hip and that all the muscles
controlling the amputation stump and the leverage of the stump are strong and reliable.
Shrinkage of the tissues and shaping of the stump are accomplished by means of proper
wrapping with elastic bandages and/or use of elastic stump-shrinking socks.

Wrapping of the proximal mass of tissues is as important as wrapping the distal
tissues, since the anatomic points of fitting are proximal rather than distal and these will
shrink rapidly with the use of prosthesis and should be prepared prior to the application of
the prosthesis. Most patients are unable to apply the bandage properly by themselves. The
repeated encircling of the limb with turns of elastic bandage can actually constitute a
tourniquet. Bandaging should be tight, with exertion of pressure only distad. The proximal
turns should be relatively loosely applied, as they are used only to hold the wrapping in place.
Elastic stump-shrinking socks are preferred. These have a predetermined degree of
compression necessary for shaping and shrinkage of the stump and are far superior to
bandaging by an inexperienced patient or attendant. Wrapping or shrinker socks must be
carried high on the stump to eliminate formation of bulging flesh at the top.

Personal Characteristics of the Amputee. Throughout the management of the patient,
his personal characteristics require understanding. His type of employment should be
considered. The age of the patient is an important factor, and his insight, understanding,
ability to cooperate, and motivation require detailed attention and a positive approach. When
personality problems present themselves, investigation of the psychologic factors associated
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with this difficulty is essential, if the patient does not emerge from this state voluntarily by
gaining confidence.

Prescription for a Prosthesis. The prescription is based upon individual needs.
Components prescribed should provide the degree of function and stability needed. Patients
with good potentials are given prescriptions which allow unobstructed use of all joints in
conventional alignment. Others will need limited function components and added assistive
devices.

Training. Training is a graded procedure and should begin by making the patient
familiar with the prosthesis. He then learns to care for the prosthesis and keep it clean, to
utilize and wash stump stocks, to maintain good hygienic care of the skin, and to avoid
stresses on the remaining limb. The achievement of skill requires practice and effort, and the
patient should be informed of the need for his participation in the training program. When the
prescription for the prosthesis is made, some estimate of the expected achievements of the
patient should be established. It is obvious that not all patients reach a safe, acceptable level
of function. The classifications of function are important to recognize, and each patient should
be informed as to his potential and his individual goal.

Class 1 - full restoration. This indicates that the invidual has been functionally
restored and trained with his prosthesis. Despite his physical handicap, he is able to function
maximally. Few people attain such an objective.

Class 2 - partial restoration. The patient who achieves this level of function, when
trained with a proper artificial limb, will be able to work. He may possibly have to make
changes in his job. He lives a normal life, may dance or even play golf, but he has very
definite limitations in nonessential areas.

Class 3 - self-care plus. While people in this class are disabled and have physical
limitations, they are capable of doing everything for themselves in terms of their personal
needs. Many are able to work at jobs that do not require much standing and walking. They
give up competitive sports and long walking, but they are still able to maintain a satisfactory
degree of function, which permits them to live without modification of their normal standards.
They may require fairly frequent services of the prosthetist to keep the prosthesis in a
satisfactory serviceable condition.

Class 4 - self-care minus. People in this category are better off with a prosthesis than
they are without one. Their best achievement, however, falls somewhat short of taking care
of all their needs. They require the help of another person. They have frequent difficulty in
maintaining comfort in the artificial limb. People in this class may be quire functional for
short periods and may have a tolerance of several hours of the use of the prosthesis but
cannot wear it all day. Others may be quite functional all day but are uncomfortable and need
to remove the prosthesis from time to time.

Class 5 - cosmetic plus. Amputees in this group are better off with a prosthesis than
without one, but the difference is quite small. They do little more than they would without
the prosthesis, but for personal reasons and appearance the prosthesis serves a definite
function. Also in this class are people for whom the prosthesis serves one single function of
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personal import, such as getting in and out of a car, or standing when changing from one
chair to another, or possibly going to the bathroom unassisted.

Class 6 - not feasible. There are some patients for whom no clear objective, not even
a cosmetic one, justifies the prescription of a prosthesis. In these instances, the patient should
be trained to do as much as he can for himself from a wheelchair.

When prescribing a prosthesis for an amputee, it must be understood that the various
medical and psychologic problems which affect amputees may detract from their potential
function. The amputee suffers from a summation of problems which affect him. If several
factors unrelated to each other each interfere with function, he will not achieve a great degree
of skill. For example, a patient without motivation and short, above-knee stump with a flexion
contracture has three unrelated problems, each of which, on its own, will interfere with
function. Awareness of problems which interfere with function will help establish the class
in which each patient falls when the prosthesis is prescribed. Establishment of the goal is
important, since this determines the extent of training. In addition, it is possible to tell the
patient in advance how far he may expect to go, so that he does not hope to achieve more
than is possible.

Immediate and Early Prosthetic Fitting. Efforts can frequently be directed toward
fitting patients with temporary prostheses in the operating room. This is preceded by
myoplasty or myodesis in the closure of the amputation stump so that all opposing muscle
groups are firmly anchored to opposing fascia or to the end of the bone and the amputation
stump is shaped in the operating room to accommodate a total contact socket for weight
bearing, quadrilateral for the above-knee and patellar tendon-bearing for the below-knee
procedure. This has been highly satisfactory for early weight bearing. It does not jeopardize
the healing of the wound and is considered by many to enhance healing. Fitting with
temporary prostheses in the operating room has resulted in readiness of the patient to wear
a permanent prosthesis at between 4 and 6 weeks following major amputation above or below
the knee, and a return to work within 2 months.

Another concept is that of early fitting, when only the elastic plaster of paris
compressive dressing is applied postoperatively. In the normal uncomplicated case, the
dressing and sutures are removed after about 2 weeks, and the patient is measured then for
a temporary prosthesis. Conditioning, shaping, and shrinking of the amputation stump are
accomplished in the ensuing 3 or 4 weeks with the use of the temporary prosthesis.
Thereafter, the patient can be fitted with a permanent prosthesis.

Upper Extremity Amputations. Excellent prostheses are now available for patients
with upper extremity amputations at any level. These prostheses consists of plastic laminated
sockets made from corrected plaster casts of the amputation stumps. They are harnessed by
means of a split figure-of-eight strap, one end of which suspends the prosthesis while the
other end operates a cable within a housing. The cable in turn activates the functional terminal
device, which may consist of one of the available split hooks or a functional hand. Cosmetic
hands are also obtainable and are interchangeable with the other terminal devices. It is more
difficult to fit patients with certain partial hand amputations where only part of the palm
remains, since there is no satisfactory functional equipment for such an amputation. Whenever
such a part of a hand is left, if no practical function is achieved below the wrist, it may then
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be better to disarticulate at the wrist, making it possible to use commercially available
prosthetic equipment.

Application of immediate postoperative prosthesis to the upper extremity is limited.
Experience has been gained in both below-elbow and above-elbow techniques, however, and
the plaster dressing can be fitted with a terminal device with shoulder harness. Rehabilitation
is speeded, especially in the case of the double amputee.

Amputations in Children. Some children are ready to use upper extremity prostheses
before three years of age. Most children learn rapidly and well. The objective for the young
child is the achievement of complete physical rehabilitation by the time he enters school. In
the management of children who have had an extremity removed because of a malignant
tumor, it is generally agreed that the restored function and cosmesis afforded by prosthetic
fitting are of practical and psychologic value to both the child and his parents. Data from
recent studies indicate that a significant percentage of amputees with malignant tumors
survive for 1 to 5 years postoperatively and wear prostheses successfully for 1 year and
longer. The majority of these patients are full-time users of their prostheses. If there is no
evidence of metastasis and the stump is suitable for fitting, a limb should be provided at the
earliest possible date.

The Hand

Rehabilitation of the patient with a poorly functioning hand requires the closest
collaboration between the disciplines of surgery and rehabilitation. The benefits of active and
passive exercise, heat, massage, and related techniques may not be optimal unless superficial
scars, densely adherent tendons, and nerve injuries are repaired. Maximal surgical benefit to
the patient will not accrue, in many instances, unless rehabilitation measures are also supplied.

Tendons and Tendon Transfers. Freshly lacerated tendons are frequently repaired
within the early hours after injury. Should the fear of infection or the loss of superficial
tissues dictate delay in repair, such repair may well be postponed for several months. During
this time, physiotherapeutic efforts designed to maintain the mobility of the joints and the
integrity of the muscles are instituted. Whenever the repair of the involved tendons is carried
out, whether early or late, immobilization for about 3 weeks is usually mandatory for the
development of firm union at the suture lines. The position of the hand during immobilization
will depend in great part upon the nature of the surgical repair, but in general the principle
to be followed is to avoid tension at the suture line while keeping the joints, as nearly as
possible, in the neutral position of function. Optimal position for immobilization of the hand
is in slight dorsiflexion at the wrist, flexion at the metacarpophalangeal joints, minimal
flexions of the fingers, and moderate abduction and slight flexion of the thumb. After
termination of immobilization, progressive and intensive efforts must be directed toward the
reestablishment of function.

In general, the period of rehabilitation following tendon transfer is longer than that
following tendon repair or tendon grafting. This is because of (1) the problem of reeducation
of the muscles to perform unaccustomed tasks, (2) the usual loss of one grade of power in
the muscle of the transferred tendon, and (3) the generally more extensive disability in the
patient requiring the tendon transfer.
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Posttraumatic Back Pain

Pain in the back may result from single or multiple incidence of external violence,
from a pathologic condition of an intervertebral disc, from neoplasm, from excessive effort,
and from cumulative prolonged stress and strain. It may develop without apparent cause,
perhaps from emotional stress or instability. It is necessary to determine the cause before
appropriate treatment can be given.

In the majority of cases of acute strain or sprain of a ligament, the pathologic
condition will spontaneously resolve when the local tissue damage has healed. Acute injuries
of the back, without damage to the bony structures, usually heal spontaneously under
protected conditions of rest and support. When a patient fails to respond to therapy and pain
becomes prolonged, detailed reexamination should be performed.

When a positive diagnosis of protruded intervertebral disc has been made, the
treatment should be conservative at first, since a significant percent of cases can be brought
under satisfactory control without surgical intervention. If recurrences of pain are frequent or
insufficient relief follows conservative treatment, then surgical measures should be considered.
Most authorities agree that the best results following surgical treatment are obtained in the
patients operated on fairly early. Because of the secondary changes in muscles, posture,
habits, and emotional reactions with passage of time, it may be too late for surgical
procedures to relieve more than a small part of the complex problem after a case has become
chronic.

In general, a patient who has suffered recent back trauma should be placed at rest,
muscular spasm released, range of motion of the trunk restored, weight bearing gradually
introduced, tolerance to activities developed according to individual needs, and continuous
reassurance given to prevent excessive concern. The relief of pain during the treatment period
must be achieved in order to permit the patient to cooperate.

The patient should be kept at rest on a firm mattress, preferably on one under which
a bed board has been placed. Sedative and analgesic drugs should be used to control pain.
Active setting exercises for the gluteal, abdominal, and back muscles should be begun as soon
as they can be tolerated. Non-weight-bearing stretching exercises in the bed are sometimes
effective in relieving tension from spasm. The use of muscle-relaxant drugs during the acute
or chronic stage has not proved effective. When symptoms begin to subside, the use of local
heat by means of moist hot packs, tub bath, or Hubbard tank should follow. Focal pain may
be relieved by ultrasound application. As the symptoms permit, passive stretching of tight
muscles should be attempted. Exercises for 20 minutes in a Hubbard therapeutic tank with the
water at 100°F are frequently followed by rapid improvement in range of motion.
Occasionally, walking in the deep end of a therapeutic pool restores coordination and
elasticity of muscles.

When the patient is capable of resuming activities on a progressive basis, it may be
useful to protect the back from the stresses of movement and to support body weight by the
use of reinforced belts or braces. The "chair back" and Knight-Taylor types of braces provide
best support of the thoracic and upper lumbar spine, and a lumbar corset or belt is best for
midlumbar and lower lumbar regions (where motion is actually aggravated by the application
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of a long back brace). The patient should be kept on a sustained program of exercises of
increasing intensity, designed to rebalance the supporting musculature of the trunk and pelvis,
while he is wearing these supports. The brace or belt may be removed later, when the patient
has a muscular corset of his own sufficient to handle the stresses. If symptoms have been
severe and the patient's usual work is strenuous, it may be advisable to discuss a change in
occupation in order to avoid recurrence under working condition. If the patient fails to
respond to these methods and chronic back pain persists, he may develop numerous
psychogenic superimposed symptoms which complicate the picture. Such patients should
obtain the supportive therapy of professional personnel such as psychologists, social workers,
vocational counselors, and psychiatrists, when necessary. Chronic or recurrent backache is one
of the most frequent symptoms of psychologic and emotional disturbances.

Diseases of the Nervous System

Facial Paralysis

Although facial paralysis is usually due to idiopathic Bell's palsy, it may be the result
of tumor, abscess, or cyst, or a consequence of head and parotid trauma or surgical treatment.
The majority of patients with a benign process exhibit spontaneous improvement within 6
weeks after the onset of the paralysis.

Initial treatment is primarily symptomatic and includes local application of warmth to
the involved muscles, attention to eye hygiene, and protective glasses or a patch. Gentle
perioral and periorbital massage several times daily in front of a mirror is prescribed. The
massage should be begun at the medial and inferior margins of mouth or eye, gradually
stroking upward with a circular motion in the direction of the muscle fibers. Attempts at
volitional movement should be made or practiced regularly with the aid of a mirror. The
therapeutic use of electrical stimulation is controversial and is usually not recommended
beyond the acute stage. It is considered to be of little value when volitional movement has
returned. Facial splints and supports of many types have been designed to prevent stretching
and asymmetry. A simple one extends over the ear on the affected side and hooks into the
angle of the mouth.

There frequently will be transient synkinetic movement of the platysma or other facial
musculature, which may distress the patient. Mild sedation and reassurance are commonly all
that is required in managing the patient. If there is no improvement within 2 weeks after the
onset of the paralysis, electrodiagnostic studies may prove invaluable in prognosticating
recovery or permanence of denervation. If no recovery is seen in 6 weeks, surgical
intervention should be considered.

Peripheral Neuropathy

Peripheral neuropathy may be caused by nerve trauma including complete division,
crushing, stretching, and pressure. Although the disability is primarily due to the resultant
muscle paralysis, superimposed contractures and trophic changes complicate the situation.
Proper rehabilitation procedures instituted early can do much to prevent or to correct
problems.
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Following traumatic interruption of a nerve, suture is essential. Proper subsequent
treatment requires an accurate diagnosis of the involved nerve and the extent of the pathologic
condition, and knowledge of the motor ramifications. Electrodiagnostic testing techniques are
invaluable for this purpose, but the examination is best deferred for 2 or 3 weeks, to allow
for possible Wallerian degeneration and permit detection of denervation potentials and
measure nerve conduction velocity change. In occasional instances, nerve blocks are of
diagnostic value, and, in specific instances, surgical exploration may be necessary.

Periodic retesting is necessary in many cases to determine the prognosis. Serial
changes in the electrical studies frequently presage obvious clinical improvement. Return of
function may be measured clinically by the development and progression of Tinel's sign,
alteration in the extent and character of the sensory deficit, retrogression of the vasomotor
signs, and gradual return of motor function.

The rehabilitation program for the patient with peripheral nerve involvement must
frequently be of long duration, in view of the fact that regeneration occurs from the proximal
portion of the nerve and is considered to occur at an average of 1.5 mm/day. The initial
approaches are preventive. Passive motions are utilized to prevent joint contractures and the
development of adhesions between tendons and their sheaths. These exercises and massage
may frequently retard but cannot prevent reduction in muscle volume and tone. Electrical
stimulation is also useful for this purpose but in no way appears to influence the rate of
neuron regeneration. Special splints, slings, cases, or braces may be needed to prevent
stretching of the muscle by the intact antagonist or by gravity. If these are used, they should
be so designed as to allow daily passive movements of the involved joints. Attempts to
stimulate the circulation of the involved part consist of gentle massage, the cautious
administration of heat with padded hot packs or warm baths, with or without whirlpool.

When voluntary motion begins to return, the program is supplemented by intensive
muscle reeducation procedures. At first these are performed with gravity eliminated, but they
are gradually increased until progressive resistive exercises are employed. Causalgia is a
commonly occurring symptom which is frequently very difficult to treat. The limb may have
to be carefully protected from inclement weather and minor trauma by adequate padding and
support. Moist heat and gentle massage may be applied. Despite the discomfort, the
importance of passive motion must be emphasized in instructions to the patient, and it should
be carried out regularly if at all possible. Nerve block to determine the presence of a neuroma
may be considered. Psychotherapy may be indicated. Sympathetic block, followed, if
successful, by preganglionic sympathectomy, may be needed to relieve causalgic pain.

Specific Peripheral Neuropathies. The long thoracic nerve may be involved by direct
injury, surgical procedure, or sudden stretching; the result is paralysis of the serratus anterior
muscle. Occasionally this is bilateral. With the lack of scapular fixation it is difficult or
impossible for the patient to raise his arm above the horizontal level. In selected patients, it
has been possible to stabilize the scapula and restore a great deal of arm function by the use
of a special brace, designed with bilateral firm scapular plates and firmly affixed breast plate.
The axillary nerve may be involved by injuries or lesions in the region of the neck of the
humerus. During treatment the arm is splinted in a shoulder-abducted position while the usual
program for peripheral nerve lesions is instituted. The musculocutaneous nerve is seldom
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involved alone, but it may be injured by direct trauma or dislocation of the head of the
humerus. The forearm should be supported by a sling during treatment.

The radial nerve is commonly damaged by injuries to the humerus, dislocations in the
axilla, or a crutch or other pressures (abduction and pressure on the operating table,
malpositioning). A splint providing for extension of the wrist and of the fingers with moderate
metacarpophalangeal flexion is essential. Spring and elastic extensions for the fingers,
extending over the dorsum of the hand and fixed to a rigid wrist support, or a spring-assisted
bar to extend the proximal phalanges of the fingers are used to provide active motion at the
metacarpophalangeal joints.

The median nerve is most commonly injured in civilian life by lacerations of the wrist.
In some cases the ulnar nerve may also be damaged. A splint to keep the thumb in a position
of abduction and opposition is recommended. Causalgia may be a serious problem and
hamper rehabilitation. The ulnar nerve may be involved as the result of injuries in the region
of the elbow. A splint designed to posture the hand in a position of flexion at the
metacarpophalangeal joints with extension of the interphalangeal (IP) joints is of value.

The femoral nerve, although vulnerable to many pathological processes, is most
commonly involved with fractures of the pelvis. The resulting weakness of the quadriceps can
be compensated for in many individuals by the use of elastic devices running from the waist
or upper thigh to the anterior margin of the lower leg, by special knee braces with spring
action to retard knee flexion, or by a long leg brace, depending on the degree of weakness.

The sciatic nerve terminates as the common peroneal and tibial nerves. It and its many
branches are very susceptible to injury, and one of the complicating features is associated
causalgia. The common peroneal nerve is frequently injured by trauma involving the upper
end of the fibula. Compression bandages also represent common causes. Usually the peroneal
muscles are more involved than the anterior tibial group. In addition to providing range of
motion, it is necessary to prevent and compensate for foot drop and equinovarus deformity.
If the patient is bedridden, the foot may be supported by the use of a posterior molded splint
or a footboard. In ambulatory patients, the use of a high-topped shoe is frequently all that is
necessary to correct a slight foot drop. In others, a posterior spring brace, inserted into the
shoe heel or attached to a foot plate, is needed to provide support. Occasionally, it is
necessary to use a short leg brace with either a spring or a 90° plantar flexion stop at the
ankle. The tibial nerve is less commonly involved. Care must be taken to prevent the common
tendency toward the formation of trophic ulcers. Paralysis of the triceps surae muscles creates
gait difficulties and calcaneus deformity of the foot. Short leg braces with stirrup attachment
and 90° dorsiflexion stop are needed.

Paraplegia or Quadriplegia

The patient with paraplegia or quadriplegia needs a coordinated program designed (1)
to prevent decubitus ulcers, (2) to maintain range of motion, (3) to prevent contractures, (4)
to improve the power of those muscles which are intact, (5) to strengthen weakened muscles
to their maximal capacity, (6) to establish a satisfactory bowel and bladder program, and (7)
to reestablish independent in activities of daily living.
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Any paralyzed patient, either operative or nonoperative, should, at the onset, be kept
in an extended neutral position. This may be on an ordinary hospital bed with a foam rubber
mattress or on a Stryker frame. Special nursing care, with particular attention to nutrition, skin
care, and posture, is mandatory.

Skin Care. The patient must be turned at least every 2 hours, day and night, in order
to prevent decubitus ulcers. Nurses should inspect the skin carefully over the following
pressure points: sacrum, trochanters, iliac crests, ischial tuberosities, knees, and heels. As the
patient is turned, these areas should be cleansed very carefully with soap and water, dried
gently, and massaged lightly, and a bland oil or neutral ointment should be applied.

Control of Decubitus Ulcers. This requires adequate relief of local pressure by
application of surrounding polyurethane foam pads or use of alternating pressure mattresses
or pads, multiple bolsters, flotation pads or beds, Stryker frames, or Circle beds. Adequate
debridement of slough and frequent changes of dry, soft, sterile dressings aid control or
healing. Various dressings from sugar to dried plasma or red cells have been used with
success. Hyperbaric oxygen may be beneficial to healing, and application of mild electric
currents to ulcer surfaces has aided infection control and granulation.

Maintenance of Range of Motion. All joints of the affected extremities should be
taken through a complete range of motion twice daily. Patients who have residual muscle
power but with some weakness should be encouraged to carry through their range of motion
actively, as far as possible, and the therapist should then assist the patient or complete the
range of motion with passive movement. These patients are prone to develop short heel cords
with subsequent equinus deformity. To prevent this, bedclothes should not be pulled down
tightly over the foot of the bed. The patient's feet must be kept at right angles to the legs at
all times, either by means of a footboard and pillow or sandbag support, or by a carefully
padded posterior splint.

Therapeutic Exercise. Muscle-strengthening exercises should emphasize conditioning
the shoulder depressor, including the latissimus dorsi, and the triceps brachii. These are the
muscles which the patient with paraplegia must utilize in order to walk with braces and
crutches. Exercises for these muscle groups should be started early and increased in intensity
as rapidly as possible.

Contractures. Prevention of contractures is fundamental. To neglect this preventive
procedure may delay rehabilitation by weeks or even months. Special care must be given to
the hip and knee joints, where flexion contractures are most prone to occur. These can be
prevented by full range-of-motion exercises performed passively twice daily and periods of
lying on the abdomen. Prolonged sitting should be avoided. A tilt table can be used to elevate
the patient with hips and knees kept in extension. Severe spasticity may be relieved by
intramuscular or perineural injection of dilute phenol solution.

Drugs. Habit-forming narcotics should be avoided, except when absolutely necessary
during postoperative periods. Most paraplegic pain can be controlled with a mild analgesic.
Persistent pain which is not relieved by these drugs may require neurosurgical or orthopedic
intervention. It is virtually impossible to rehabilitate the paralyzed patient who has become
addicted to drugs.
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Early Standing. Quadriplegic or paraplegic patients should be put in a standing
position by means of a tilt-board as soon as possible. Usually this can be accomplished 10
days to 2 weeks following surgical treatment, depending on the clinical condition of the
patient. Patients without cord transection, with a hope of return of muscle function but with
spine injury that remains unstable, must be carefully protected to avoid further cord damage.
Here, it is best to be conservative and withhold tilting.

In the absence of abdominal muscle function, the use of a Scultetus binder or canvas
corset with stays is recommended during tilting. At the onset the angle of inclination is
usually 20 to 30°. The angle of inclination and length of time that the patient can stand are
increased rapidly, so that at the end of 2 to 3 weeks the patient should have reestablished
circulatory equilibrium and be able to stand in a vertical position for a minimum of 1 hour
daily.

It has been pointed out that an hour of standing each day will help retard osteoporosis
in the lower extremities and decrease the incidence of urinary calculi and genitourinary
infection, which are frequent causes of death in patients with paraplegia and quadriplegia.
Circulation and nutrition, as well as morale, are also aided by keeping the patient in an
upright position for several hours each day. When maximal physiologic response has been
obtained, plastic repair of decubitus ulcers should be performed.

Bladder and bowel care and training for all paraplegic and quadriplegic patients
involves careful initial urologic evaluation, appropriate handling of catheter drainage and
irrigation, and training in autonomous or automatic reflex emptying. Adequate fluid intake and
control of infection are necessary. Bowel training is less complex and usually requires added
glycerine suppositories, occasional enemas, stimulant medications by mouth or rectally, and
regular digital stimulation as well as removal of scybala or impaction. Neurogenic uropathy
is discussed in detail below.

Upon completion of definitive medical and surgical treatment, the rehabilitation
program becomes the primary therapeutic regimen. A full day's program, usually extending
from 4 to 6 hours, is indicated. General conditioning exercises performed on the mat should
be stressed for 2 to 3 hours daily if the physical condition of the patient is satisfactory.
Exercises should be designed to strengthen the muscle groups of the upper extremities,
particularly the shoulder depressors and triceps brachii, and the abdominal and trunk muscle
groups. The patient is also taught sitting balance. Short sawed-off crutches or wooden blocks
may be used to practice push-ups on the mat while sitting. These exercises are designed to
prepare the patient for training in transfers, in activities of daily living, and form ambulation
with braces and crutches where feasible.

Braces. Patients with lesions at the T10 level and above are usually given double-bar
long leg braces with a pelvic band and a Knight spinal attachment for back support. These
braces are fitted with sliding box-type locks at the hip and knee joints. The ankle joints
should have stirrup attachments to the shoes with a 90° posterior ankle stop. Patients with
lesions from T10 to L1 are given double-bar long leg braces with a pelvic band, and those with
lesions below L1, depending upon the specific functioning muscle groups around the hips, are
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given ordinary long leg braces. It is better, at first, to prescribe too much bracing than too
little.

Activities of Daily Living. The program in activities of daily living includes training
in bed, toilet, eating, dressing and undressing, hand, wheelchair, elevation, walking, climbing,
and traveling activities.

All quadriplegic and paraplegic patients have emotional and social problems as well
as physical disability. Each patient should be seen as early as possible by the social service
worker and, when indicated, by the psychologist. As the patient becomes more proficient in
his activities of daily living, more and more emphasis should be placed on vocational testing,
counseling, and training.

Quadriplegia. Most of these patients have lesions at the C6 or C7 level or above. The
patient with traumatic quadriplegia resulting from a cervical fracture or dislocation requires
immediate skeletal traction, which is continued for approximately 8 weeks. It may be
necessary to provide some type of neck support for 2 to 4 months following removal of
traction, particularly if cervical laminectomy has been required.

Extremities should be carried through a complete range of motion of all joints twice
daily. Extreme care must be taken by the therapist to protect the vertebral traction. Little can
be done at this time toward strengthening the remaining muscles. Modified isometric exercises
may be started with care. After the patient is released from traction, gradually placing him
in a standing position by means of a tiltboard is initiated. Again, as with the patient with
paraplegia, standing an hour or more a day with the use of the tiltboard helps prevent urinary
infection and calculi. The majority of patients with quadriplegia are not braced for
ambulation.

These patients usually need the care of an attendant. Electric devices are available
which can be controlled with the pressure of a shoulder, by one functional muscle in the
forearm or elbow, by the touch of the chin or the teeth, by breath impulse, and also by
reflected light from the corneas of the eyes to the control units. These devices will operate
electric wheelchairs, feeder arm supports, special telephones, and other mechanisms.

Neurogenic Uropathy

Urinary tract complications and infections (see Chap 40) are the most frequent causes
of death in quadriplegic and paraplegic patients. In the beginning, there is stasis which is
readily followed by infection. Subsequent to infection, calculus formation, renal obstruction,
and gradual loss of renal function ensue as part of the vicious cycle.

Following traumatic lesions of the spinal cord with the stage of spinal shock and also
with lower motor neuron lesions involving the posterior sacral roots, the bladder immediately
becomes atonic. The detrusor reflex is abolished, and the sensation of fullness is absent. As
mechanical pressure overcomes the forces of external urethral resistance, small amounts of
urine are emptied periodically. In contrast, lesions affecting both afferent and efferent limbs
of the reflex arc leave the bladder completely autonomous and capable of exerting expulsive
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force by myoneural activity of the vesical ganglionic plexuses within the wall. Emptying is
by overflow dribbling only.

In quadriplegic and paraplegic patients with upper motor neuron lesions, spastic reflex
bladder occurs following the stage of spinal shock. Bladder capacity in these patients is small,
and variable amounts of urine are passed without warning. Occasionally, erection, fullness in
the head, and autonomic reactions such as transient hypertension, flushing, or sweating may
precede involuntary evacuation of the bladder. In addition, spasticity of the external sphincter
may cause interruption of the stream at any point.

The uninhibited neurogenic bladder rarely follows traumatic lesions of the cord and
is more commonly associated with acquired lesions of the cerebral cortex as an
accompaniment of hemiplegia from tumor or following craniotomy. In this situation, sensation
is intact, and there is usually great urgency coupled with an inability to control sphincter
contraction with resultant incontinence.

Management. Treatment of the flaccid bladder is by catheterization adhering strictly
to the principles of catheter management outlined in Chap 40. In these patients, a low-grade
infection is almost always present, and chemotherapy is directed at preventing acute episodes
of urinary tract infections rather than eliminating the low-grade infection. The atonic stage
may last for a period of several weeks depending on the level of spinal lesion. Cystometric
examination helps define the status of detrusor activity.

Urinary tract complications which are encountered in quadriplegics and paraplegics
include cystitis, acute pyelonephritis, formation of calculi, hydronephrosis, and epididymitis.
Complications require immediate treatment and control, as urinary tract problems are
generally the most serious and dangerous which the patient has to face.

Bladder Training Program. In the urologic rehabilitation of the patient with
quadriplegia or paraplegia, efforts are directed toward achieving complete or nearly complete
evacuation of the bladder. This goal is rarely attained in the paraplegic patient, particularly
in those individuals with spastic reflex activity of upper motor neuron lesions. The surgical
conversion of upper into lower motor neuron lesions usually results in more predictable
bladder function. Even though sensation of bladder fullness is seldom present, the patient may
aid emptying by straining and Credé maneuvers performed at regular intervals. The
functionally adequate spastic reflex bladder has an unpredictable action, and a majority of
patients require some type of external collection apparatus. A variety of surgical procedures
have been employed and are directed at the elimination of obstruction and consequent residual
urine. These include transurethral resection of bladder neck or prostate, pudendal neurectomy,
sacral rhizotomy, spinal cordectomy, and intrathecal alcohol injection.

Transurethral resection is best applied in patients with lower motor neuron lesions in
whom voiding is accomplished by straining and Credé maneuvers but where an obstructive
outlet pathologic condition is found. Pudendal neurectomy is used in patients with upper
motor neuron lesions, particularly at the cervical and upper thoracic levels, to effect relaxation
of muscles of the pelvic floor and the external urinary sphincter. The potential efficacy of this
procedure can be tested by local anesthetic block of the pudendal nerves.
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Anterior and posterior sacral rhizotomy converts an upper motor neuron lesion into
a lower motor neuron lesion and may be indicated in paraplegic and quadriplegic patients with
severe peripheral spasticity and a spastic reflex bladder. Preliminary sacral nerve blocks can
be used to determine the potential value of this procedure. Spinal cordectomy or the
intraspinal injection of alcohol represent relatively radical procedures to create a more
completely autonomous bladder and are indicated only where no motor function return in the
lower extremities can be expected.

Pulmonary and Cardiovascular Procedures

The goals of therapy include (1) improvement in ventilation by techniques of proper
breathing and coughing; (2) prevention of postural deformity with maintenance of the strength
of neck, shoulder girdle, and upper extremity musculature and range of joint motion; (3)
facilitation of bronchopulmonary drainage by postural exercises and coughing. Humidification,
bronchodilators, and mucolytic agents, intermittent positive-pressure breathing (IPPB)
machines, and incentive spirometers are frequently employed and directed at these aims.

During surgical procedures, muscles may be divided or stretched causing resultant
dysfunction, progressive structural scoliosis, and alteration in should girdle mobility. The
position of the patient during the operative procedure may be attended by unintentional
trauma to the subclavian portion of the brachial plexus, resulting in palsy of one of its
branches or of the radial, median, or ulnar nerves.

Rehabilitation of patients undergoing thoracic surgical procedures is initiated
preoperatively and continued during the postoperative period. The object of preoperative
therapy is to educate the patient with a program of breathing exercises and instruction in
coughing which are pertinent to adequate ventilation and maintenance of a clear airway.
Preoperative training includes deep breathing with pursed-lip expiratory phase, diaphragmatic
breathing, and regional costal breathing. Postoperative the instructions are continued as
appropriate, and assistance is given by splinting the chest with hand support. Range-of-motion
activity of the shoulder arm and hand on the side operated on are encouraged, as well as
frequent change of position while in bed, both to prevent limitation and to promote stimuli
to cough.

Radical Mastectomy

Rehabilitation is directed toward aiding psychologic adjustment, restoring external
appearance, and maintaining good function of the ipsilateral arm and shoulder. The patient
frequently experiences disappointment and depression from the loss of a symbol of feminity
and anxiety regarding her future. She is therefore in need of support and encouragement from
members of the family, her physicians, and the members of the hospital team. Early return
to normal activity affords a significant psychologic boost. Shortly after the wound is healed,
a suitable prosthesis should be provided for the patient. A variety of uncomplicated prostheses
are available and can usually be obtained in the larger department stores. The nurse, the
physical therapist, and the medical social worker can act with teamwork to counsel and
instruct the patient. The surgeon's office nurse can afford prime help to the patient both pre-
and postoperatively. The American Cancer Society's "Reach to Recovery" program is widely
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available to provide trained volunteers, who are mastectomy patients themselves, to help and
instruct patients in the hospital and at home.

In order to prevent adhesions about the shoulder joint, a routine exercise schedule
should be instituted in the immediate postoperative period, with emphasis on elevation and
abduction of the arm coupled with active exercises of the arm, forearm, and hand.

Postmastectomy lymphedema in the ipsilateral extremity frequently causes concern.
It varies markedly among patients and the areas involved. Slight swelling may occur in the
immediate postoperative period and then subside. Swelling which occurs weeks or months
postoperatively is more likely to be persistent or progressive and may cause disability in
addition to disfigurement. Prevention is more effective than treatment. Each patient should
be instructed carefully in prevention of injury, burns, and infection, during her work or
recreation. No injections or venipuncture should be allowed in the arm on the side operated
on. Advice should be given covering proper positioning and avoidance of exposure to
sunburn, to heat or to hot water, and to the stress of prolonged vigorous work with the arm
on the mastectomized side. The patient should be made aware of the need for immediate
attention to the slightest sign of infection in a local site.

Once edema occurs and persists, treatment can be less than satisfactory. Use of elastic
sleeves and daily, repeated application of intermittent compression by air sleeve, salt-free
diets, diuretics, mechanical massaging, and intermittent compression have all been used with
varying effect. These patients are susceptible to recurrent attacks of cellulitis of the arm,
requiring antibiotic therapy. Recently, the insertion of an omental pedicle graft into the axilla
has afforded relief in a few patients.

Colostomy and Ileostomy

The formation of a colostomy is associated with a variety of problems requiring
adjustment. Concern over leakage, noisy expulsion of gas, and the presence of odor results
in anxiety. Care of the colostomy usually requires the establishment of a routine. Dietary
changes may be required. Impotence occurs in 50 percent of male patients following
abdominal perineal resection of the rectum.

Rehabilitation should begin in the preoperative period when the surgical procedure and
the immediate and long-term function of the colostomy is described. Initial postoperative care
of the colostomy is carried out by a nurse and is directed at avoiding massive evacuation or
soiling. It is frequently preferable immediately to employ and maintain cover of the stoma
with a disposable plastic collecting bag. During the patient's postoperative hospitalization, he
should be instructed in self-care, using either the irrigation or nonirrigation technique. Most
patients are more readily managed by irrigation, using a regular enema administered via
catheter and bulb syringe. Commercial kits are available. A daily routine enema at any which
is preferable for the give patient should be established and adhered to. In many patients, a
small gauze pad is all that is required to cover the colostomy, but some patients gain a sense
of security by wearing a disposable plastic bag. The nonirrigation technique is not widely
used but may have merit where toilet facilities are not satisfactory or when regulation has not
been accomplished with the irrigation method. Assistance may be obtained from "stomal care"
clinics and colostomy clubs, which are widespread. The colostomy may require occasional
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or regular digital dilation. In general, the patient with a well-regulated colostomy may carry
out all activities without concern.

In contrast to the colostomy, the ileostomy requires a collecting appliance. The
location of the stoma should be determined with consideration for the appliance to be used
and prior to performing the abdominal incision, which distorts the abdominal wall. A variety
of satisfactory appliances are available. These are secured to the anterior abdominal wall so
that there is no leakage. Ileostomy clubs offer help or counseling to the patient. A well-fitted
ileostomy appliance should permit the patient normal and unimpeded activities.

Maxillofacial Surgery

Surgical treatment for tumors of the face and mouth may be attended by severe
cosmetic problems. Impairment of mastication may result in nutritional deficiency. Resection
of the tongue may be followed by difficulties with speech and swallowing. Enucleation of the
eye creates a reduction in the total field of vision, changes in accuracy of depth perception,
and cosmetic needs for prosthetic replacement, as well. Care should begin in the preoperative
period and should include counseling of the patient and family and careful oral hygiene and
dental preparatory care. The anticipated ultimate cosmetic and functional results should be
defined, and if staged procedures are to be carried out, a description and timing should be
outlined.

Temporary and permanent maxillofacial prostheses may play a significant role in
rehabilitation by lessening the disfigurement and restoring function. Reconstructive surgical
procedures may be needed to improve appearance and function. Speech therapy can assist
most patients in overcoming the major portion of this disability. Frequently, the most difficult
problem is the disfigurement itself. Efforts with the patient, his family, and associates are
directed toward preventing the patient from assuming an attitude of social withdrawal.
Prostheses, prosthodontic procedures, and plastic reconstructive surgery help according to
individual indications.

Laryngectomy

While hemilaryngectomy and radiation therapy may result in effective phonation, total
laryngectomy is followed by total loss of speech. These is also frequently a temporary loss
of the sense of taste, which returns as the patient is reeducated to speak. Speech instruction
should be initiated by trained therapists shortly after discharge from the hospital. Esophageal
voice training, which is successful in up to 80 percent of cases, is more satisfactory than a
prosthesis appliance as far as articulation, intelligibility, and phonation are concerned. Patient
"clubs", such as "Lost Chord" and "New Voice" societies, are very helpful in promoting
confidence and motivation. When esophageal speech is unsuccessful, the patient may resort
to electronic devices such as an artificial larynx. There also are surgical procedures, such as
devised by Asai, with construction of a skin tube from tracheostomy to pharynx, which will
vibrate to produce sound when the tracheotomy is covered, and by Taub, to utilize a
pharyngostomy to carry the sound created by a reed apparatus applied to the tracheostomy.
These have worked well, but in contrast to esophageal speech, they immobilize one of the
patient's hands during speech. In care of the permanent tracheostomy, tubes, gauze pads, tape
for covering, plastic stoma protectors for showering, disposable bibs, and portable suction
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apparatus with catheters are employed. The patient should avoid exposure to fumes and dust,
and small boating is usually contraindicated.

Radical Neck Dissection

Extensive radical neck dissection may result in shoulder disability in addition to
cosmetic defect. Disability is related to section of the spinal accessory nerve, which results
in paralysis of the trapezius muscle and a dropped, painful shoulder with rotation of the
scapula. Support of the arm and shoulder in a sling or on a padded roll or bar hand rest may
be helpful. Exercises are used to promote fixation of the scapula by the rhomboid and serratus
anterior muscles, so that the scapula is stabilized during shoulder activities. The results of
these maneuvers are frequently discouraging. A nerve graft may be used to replace the
excised segment of the accessory nerve, and electromyographic testing of the trapezius will
determine return of innervation. In the interim, supportive passive motion and electrical
stimulation of the trapezius are useful.


