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The principles of amputee rehabilitation, from preamputation to reinte-
gration into the work force and community, are reviewed. The authors
discuss exercise techniques, training programs, and environmental
modifications that have been found to be helpful in the rehabilitation of
the amputee. The exercise programs presented here are divided into
four main components: flexibility, muscle strength, cardiovascular train-
ing, and balance and gait. The programs include interventions by the
physical, occupational, and recreational therapist under the supervision
and guidance of a physician. (J Am Podiatr Med Assoc 91(1): 13-22,

2001)

In the fairly recent past, patients who had undergone
amputation received artificial limbs, but found that
little attention was paid to rehabilitation training or
other special needs. In the last two decades, with the
advent of specialized treatment teams and better
prosthetic devices, the prospects for the amputee,
old and young alike, have improved.

Amputations are performed for a variety of reasons.
Among adults, the most frequent causes of amputation
are arteriosclerotic occlusive disease and complica-
tions of diabetes mellitus, followed by trauma and
malignancies.! Comorbidity is usually present in the
elderly amputee; this may involve such conditions as
hypertension, peripheral neuropathy, nicotinism, re-
duced vision, balance and flexibility problems, and
deconditioning. Lower-limb amputees are usually in
the 51- to 69-year-old age bracket, although they
range from children with congenital limb deficiencies
to patients in late life. In children, the primary causes
of limb amputation are congenital limb deficiencies,
trauma, and malignancies.

More amputations are done at the transtibial level
than at any other level. In some highly specialized re-
habilitation facilities, upper-limb amputation may ac-
count for up to 30% of all patients served.

Limb amputation should not be viewed as a fail-
ure but as a way of enabling the patient to function at
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a higher level. The importance of approaching ampu-
tation with a positive, constructive frame of mind
cannot be overemphasized.

Stages of Rehabilitation

Rehabilitation after limb amputation can be divided
into nine discrete periods of evaluation and interven-
tion (Table 1). Each phase involves specific evalua-
tion items and treatment goals and objectives. The
stages of amputation rehabilitation and the types of
interventions to be used can be delineated according
to the specific rehabilitation goals.!

Optimally, rehabilitation of the amputee begins
prior to the amputation and should be provided by a
specialized treatment team. Communication among
the team members, the patient, and family members
is essential. The team needs information to develop a
treatment plan. From the team, the patient should
learn what to expect after surgery and rehabilitation.
In providing this information, the treatment team will
take into account the patient’s physical and medical
status, level of amputation, premorbid lifestyle, and
cognition and will help the patient set realistic short-
and long-term goals. The information given by the
team should include the implications of amputation
and the phenomenon of phantom sensation.2

Preprosthetic Phase

The preprosthetic stage of rehabilitation begins with
the surgical closure of the wound and culminates in
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Table 1. Phases of Amputee Rehabilitation

Phase

Hallmarks

1. Preoperative

Medical and body condition assessment, patient education, surgical-level discussion,

functional expectations, phantom limb discussion

2. Amputation surgery/dressing

Residual-limb length determination, myoplastic closure, soft-tissue coverage, nerve

handling, rigid dressing application, limb reconstruction

3. Acute postsurgical
discussion

4. Preprosthetic
of control

5. Prosthetic prescription/fabrication
6. Prosthetic training
7. Community integration

Wound healing, pain control, proximal body motion, emotional support, phantom limb
Residual-limb shaping, shrinking, increasing muscle strength, restoring patient’s sense

Team consensus on prosthetic prescription
Prosthetic management and training to increase wearing time and functional use
Resumption of family and community roles; regaining emotional equilibrium; developing

healthy coping strategies, recreational activities

8. Vocational rehabilitation

9. Follow-up

Assessment and training for vocational activities, assessment of further education
needs or job modification

Lifelong prosthetic, functional, and medical assessment; emotional support

suture removal and wound healing. The patient who
has undergone a lower-limb amputation may become
deconditioned and will probably be depressed. A pre-
prosthetic rehabilitation program must be initiated
as soon as possible. The physician should expect pa-
tients to attain high functional levels and should help
them attain this goal, especially if the amputation is
seen as a reconstructive procedure that is intended
to remove the burden of pain and open wounds.
Thus all patients should participate in a program of
multidisciplinary rehabilitation care.! 3

The goals at this stage are pain control, mainte-
nance of range of motion and strength, and promo-
tion of wound healing. To prepare for this stage, pa-
tients should, whenever possible, be placed in a
cardiopulmonary conditioning program before the
amputation. As soon as the patient is medically sta-
ble after the amputation, general endurance and
strengthening exercises should be implemented; the
exercises should emphasize the muscles that stabi-
lize the proximal muscles and the avoidance of joint
contractures. In this stage, rehabilitation interven-
tions to improve balance are also initiated. Strength-
ening of upper-limb musculature is essential for
wheelchair propulsion, transfers, and ambulation
with crutches or a walker.

A rigid dressing as proposed by Burgess et al* or a
removable rigid dressing as proposed by Wu et al®
can be used to help control pain and aid residual
limb maturation in the transtibial amputee. Many
centers use elastic compressive dressings as an alter-
native.? A skin-desensitization program that includes
gentle tapping, massage, and soft-tissue and scar mo-
bilization and lubrication is recommended.
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For the lower-limb amputee, such devices as the
Universal Below-the-Knee Bicycle Attachment (Allied
Orthotic/Prosthetics, Philadelphia, Pennsylvania),’
the Versa-Climber (Heart Rate Inc, Costa Mesa, Cali-
fornia), or a modified stationary bicycle ergometer
could be used to assist in strengthening and en-
durance exercises. This type of exercise allows for
cardiovascular training that uses large lower-limb
muscles with controlled weightbearing while wound
healing occurs.

A preparatory or training prosthesis should be
used at this stage. This promotes residual limb matu-
ration and acts as a short-term gait-training tool
while permitting progression in physical fitness and
exercise. In most instances, the prosthetic compo-
nents are of simple design. All unilateral lower-limb
amputees should be taught to ambulate safely with-
out a prosthesis but using bilateral crutches; this skill
is needed because there may be occasions when the
artificial limb will not be used.

Most amputees will need upper-limb support for
balance in the preparatory prosthesis-fitting stage.
For the unilateral amputee, a cane or single crutch
held on the side opposite to the amputated limb
should suffice. Some patients with comorbidity will
need a wheeled or reciprocating walker or two
crutches during ambulation. Gait training should
start on flat surfaces with emphasis initially on tech-
nique and style and then on velocity, and should then
progress to uneven surfaces and elevations as toler-
ated. Weight-shifting training using stepping tech-
niques and a balance board should be encouraged.

In addition to the involved limb, the remaining
limbs must be evaluated as to range of motion,
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strength, sensation, coordination, skin integrity, vas-
cularity, and deformities. In the patient whose ampu-
tation is due to ischemia related to atherosclerosis or
diabetes mellitus, similar arterial insufficiency in-
volving the cardiac and cerebral vessels should be
suspected. The cardiac and pulmonary status is eval-
uated by means of clinical parameters such as heart
rate, blood pressure, respiratory rate, and, if neces-
sary, finger oximetry to assess the patient’s ability to
tolerate the rigors of a rehabilitation and exercise
program. Telemetry cardiac monitoring or stress
testing has not proved sensitive enough to identify
patients at risk. Nutritional status has a considerable
impact on wound healing and strength and should be
carefully monitored. Cognitive and psychological
evaluations are very important, as are the patient’s
willingness and ability to acquire new knowledge and
to participate in a variety of new activities in the re-
habilitation program. The presence of comorbidities,
such as diabetic retinopathy, peripheral polyneu-
ropathy, nephropathy, and degenerative joint dis-
ease, may also influence rehabilitation outcomes.™

Trunk balance and strength must not be neglect-
ed. Sitting balance, bed mobility, and transfers are fa-
cilitated by strong, flexible back and abdominal rota-
tors, flexors, and extensors and hip extensors.
Patients are often not eager to perform the upper-
limb exercises that promote the strength and range
of motion required for self-care activities. However,
they need to be reminded that arms provide the
power needed to propel a wheelchair and use walk-
ing aids. In particular, shoulder stabilizers, adduc-
tors, and depressors, elbow extensors, wrist stabiliz-
ers, and hand-grasp strength are of prime importance
for supporting the body for transfers and the use of
walking aids.

The importance of lower-limb exercise is obvious.
For the unilateral lower-limb amputee, the remaining
limb temporarily becomes the sole support limb.
Stance-phase stability requires adequate strength in
the hip extensors and abductors, knee extensors, and
plantar flexors. Swing-phase limb advancement and
clearance require adequate hip flexor and ankle
strength. Frequently, the remaining limb can develop
symptoms consistent with overuse.

Lower-limb contractures are a common complica-
tion in amputees.!® Contractures can significantly im-
pair future mobility and compromise the integrity of
the nonamputated limb. Unfortunately, often the po-
sitions that promote comfort also promote contrac-
tures. The transfemoral amputee frequently develops
contractures of the hip flexors, abductors, and exter-
nal rotators. The transtibial amputee may develop
hip and knee flexion contractures. Contractures of
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intact-limb hip flexors, knee flexors, and plantar flex-
ors often result from prolonged bed rest in the com-
fortable semi-Fowler position. If soft-tissue contrac-
ture results in an equinus posture, the normal
weightbearing posture of the foot is compromised,
with a reduction of forces on the heel and rearfoot
and pressure concentration on the forefoot. The in-
creased pressure on the forefoot can lead to local
pain and tissue breakdown, particularly significant in
the presence of peripheral neuropathy or arterioscle-
rotic occlusive disease.

Several factors may contribute to contractures, in-
cluding preoperative positioning, surgical technique,
pain, and limited mobility; these may be related to is-
chemia, skin grafts, delayed wound healing, infec-
tion, or trauma that may have led to the amputation.
Treatment of contractures may include heating
modalities, prolonged passive stretch, spring-loaded
orthoses, serial casting, nerve blocks, or soft-tissue
surgery.l? To avoid contractures, patients are in-
structed to move limbs frequently through the full
range of motion and to avoid prolonged postures of
comfort. Periods of lying prone should be included in
the exercise program for lower-limb amputees. A
posterior splint or a rigid dressing may help prevent
knee flexion contractures in the transtibial amputee.
For the transtibial amputee, contractures are readily
averted through the use of an immediate postopera-
tive rigid dressing.*® The rigid dressing extends prox-
imally, enclosing the knee, preventing it from flexing
and promoting extension at the hip.

The lower-limb amputee’s outlook brightens con-
siderably with the discovery of not being confined to
bed. Bed mobility exercises include rolling from side
to side and sitting up; these allow the patient to get
into a position without help and prevent the skin
breakdown caused by sustained pressure. Indepen-
dence in transfers and functional mobility are ex-
tremely important. Transfer training allows patients
to expand their world beyond their bed and room. In
some cases, patients may use a front-on/back-off slid-
ing board or stand (squat) pivot transfers to move
from one surface to another.

Ambulation training without the prosthesis is very
important. Initially, this training addresses standing
balance and tolerance. Once the patient can manage
standing, then ambulation (hopping) using the paral-
lel bars can begin if the remaining foot is in good
condition. As balance, strength, and endurance im-
prove, the patient may advance to a walker and then
to crutch walking. In addition to allowing greater mo-
bility, these activities improve lower- and upper-limb
strength and range of motion and remind the patient
that bipedal walking will start soon.
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Returning to bipedal ambulation is the stated goal
of most lower-limb amputees. Amputees often feel
that only by returning to ambulation can they resume
their previous lifestyles, roles, activities, and social-
ization.!! The ability to walk again is an important
transition for the amputee. The clinician begins reha-
bilitation with the preparatory prosthesis by explain-
ing to the patient how the prosthesis fits, where
weight is borne, where and why discomfort may
occur in the socket, and how adjustments can be
made. It is useful to remind patients that to walk,
they must be able to use some pressure-tolerant por-
tion of the residual limb to support their weight.
Pressure is to be expected in certain areas; this may
be uncomfortable at first but should not be painful.

Gait training begins with weightbearing and
weight-shifting activities, with the parallel bars used
for upper-limb support. The patient gradually pro-
gresses to ambulation in the parallel bars. Gait devia-
tions frequently develop because of the patient’s ea-
gerness to begin walking. The patient should be
encouraged to use proper technique, including equal
step length and appropriate weight shifting. As pa-
tients establish a consistent gait pattern and maintain
good form, they advance from the parallel bars to
crutches and then to unilateral support. Once patients
are comfortable with level surfaces, they progress to
stairs, curbs, and ramps, as well as uneven terrain.
Stairs are often a concern for the amputee. While
walking up and down stairs may not be possible at
this early stage, many individuals use a “bumping”
technique to ascend or descend. Patients should also
learn safe techniques for transfers, including transfers
to and from the floor.12 Many amputees initially use a
box or low stool as a step between the floor and the
wheelchair or a standing posture.

Exercises for the Amputee

The exercise programs and goals are derived from
physical, occupational, and recreational therapies,
with physician guidance and supervision. The exer-
cise program for the amputee focuses on four main
components of exercise: flexibility, muscle strength,
cardiovascular training, and balance.

Flexibility

Adequate lower-extremity flexibility following an am-
putation is critical to residual limb preparation for
prosthetic use given the need to avoid postoperative
contractures.!% 13 Initially, bed mobility exercises
should be geared toward independent achievement
of the prone position. Lying prone for extended peri-
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ods can deliver a prolonged, low-load stretch to the
hip flexors.!* Knee flexion contractures can also be
prevented by adding resistance to the residual limb
in the prone position. Prone-lying programs should
begin with a maximally tolerated period of comfort-
able stretch and increase consistently each day.

Positioning programs should be supplemented
with self-stretches that the patient can perform in ad-
dition to therapy. The traditional Thomas test posi-
tion (Fig. 1) for the hip flexors and extensors and
long sitting hamstring self-stretches are easy and ef-
fective. Each stretch should be performed bilaterally
for 30 seconds with at least five repetitions for each
extremity.!? If a patient’s techniques are deemed cor-
rect, three to five sessions should be performed inde-
pendently throughout the day.

With regard to the intact limb, adequate range of
motion at the ankle, as well as at the hip and knee, is
required. Loss of available dorsiflexion can cause
problems for the patient who has vascular disease
and peripheral neuropathy as increased stress is
placed on the plantar structures. This may lead to
foot deformities, which can further increase the risk
of foot breakdown. Daily stretches of the gastrocne-
mius soleus complex can be done with towel pulls
while sitting on a surface that lets the knee stay ex-
tended or while standing with an appropriate shoe
and upper-limb support for balance.

Muscle Strength

Exercises to strengthen the amputated extremity
should immediately focus on neuromuscular reedu-
cation of the muscles traumatized by surgery. In ad-
dition to functioning as primary movers, these mus-
cle groups play a major role in force distribution at
the socket-limb interface. Kegel et al' recommend
electromyogram biofeedback for volitional firing of

Figure 1. The Thomas test position stretches the hip
flexors and strengthens the hip flexors and extensors.
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the residual muscles. A transtibial amputee should
receive a focus on the gastrocnemius soleus group,
as well as on the peroneal and pretibial muscles. For
the transfemoral amputee, residual hamstring,
quadricep, adductor, and abductor muscle groups
should all receive periods of training. When postop-
erative swelling diminishes, neuromuscular electrical
stimulation can be considered for persistent prob-
lems with residual muscular firing patterns.!”

By the end of postoperative week 1, a patient can
begin a total-body strengthening program designed
specifically for proximal stability and distal mobility.
Open- and closed-chain therapeutic exercises can
use the overload principle as a goal for strengthen-
ing.!® The DeLorme protocol can be followed, with
three sets each of ten repetitions performed at 50%,
75%, and 100% of a one-repetition maximum strength
test.! 20 The lower-extremity regimen should include
exercises for the surrounding hip muscles, with par-
ticular attention to the hip abductor and hip extensor
groups for pelvic stabilization.! 2! Quadricep and
hamstring strength of the transtibial residual limb
plays a crucial role in knee stability, which will be
needed when a prosthetic device is used.2! 2 Tradi-
tional open-chain exercises can easily be modified
into closed-chain exercises that are more specific to
muscular performance during gait (Fig. 2).23

Cardiovascular Conditioning

It is imperative that cardiovascular conditioning be
initiated as early as possible in the postoperative
phase. Whenever possible, patients are placed in a
cardiovascular conditioning program before the am-
putation. Amputees must improve their aerobic fit-
ness levels to meet the increased energy demands as-
sociated with prosthetic ambulation as depicted in
Figure 3.3.2425
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Figure 2. Closed-chain hip and pelvic exercise.
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Figure 3. Energy expenditure during ambulation with
different levels of lower-limb amputation.

Cardiovascular training should begin with low-im-
pact aerobic activities for periods of time commensu-
rate with the patient’s level of fitness. Accepted for-
mulas can be used to establish a target heart rate
range on the basis of the following basic fitness prin-
ciples: low-to-moderate intensity maintains 50% to
65% of maximum heart rate; moderate-to-high intensi-
ty maintains 65% to 85% of maximum heart rate.$ 26 27
Exercise sessions should ideally begin as 10 minutes
of continuous activity, with the goal of working up to
30 to 40 minutes of continuous aerobic activity.2® If
10 minutes cannot be initially achieved, shorter exer-
cise periods at increased frequency can be used ef-
fectively.®

The use of ambulation to improve cardiopulmo-
nary endurance is well established. Unfortunately,
for the recent lower-extremity amputee, upper-ex-
tremity aerobic conditioning may be the only choice.?
This may be the case when severe postoperative
pain, limited functional mobility, and wound protec-
tion prohibit lower-extremity involvement.

Alternative exercise techniques include the use of
the upper-body ergometer, which requires the patient
to perform clockwise or counterclockwise arm revo-
lutions on a cam-shaft device similar to a bicycle
wheel mechanism.*® The Versa-Climber requires an
up-and-down climbing motion on a vertically orient-
ed device; it can involve one or both lower limbs
and/or upper limbs.
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As the patient’s endurance and residual limb tis-
sue tolerance improve, aerobic conditioning can
begin to involve the intact lower extremity with the
use of a Kinetron II (Cybex, Chattanooga, Tennessee),
the traditional stationary bicycle, and, if available, a
stationary bicycle that allows for both upper- and
lower-extremity participation training (eg, Airdyne
Ergometer, Schwinn, Boulder, Colorado).3! 32 Re-
search has shown that stationary bicycling takes less
of a toll on the cardiovascular system, with the cost
of exercise significantly lower as compared with the
upper-body ergometer.” Patients who can perform
safe transfers and who have an intact uninvolved leg
and foot are good candidates for using a stationary
bicycle. A device developed at the authors’ facility by
one of them (A.E.) can accommodate the early use of
the residual limb during stationary bicycling. The Uni-
versal Below-the-Knee Bicycle Attachment permits
early endurance exercise with controlled weightbear-
ing through the amputated limb by means of a sta-
tionary bicycle and a modified adjustable bicycle—
residual limb interface. The device was clinically
tested in a group of 12 unilateral below-the-knee am-
putees and two bilateral below-the-knee amputees in
the early postoperative period.® The subjects were
able to pedal without residual limb or systemic com-
plications during this testing, and cardiac and respi-
ratory responses necessary for conditioning were
present. The subjects appeared to derive both physi-
ologic and psychological benefit from training with
the device. To protect the intact foot while partici-
pating in aerobic exercise, a patient must use an ap-
propriate, well-fitting shoe that accommodates all de-
formity and provides protection, especially to the
insensate foot.

A typical low-to-moderate-intensity exercise pro-
gram using little or no resistance can begin with 10
minutes at 30 to 40 rpm, with the goal of gradually
working up to 30 to 40 minutes. For moderate-to-
high-intensity exercise, a regimen begins with a 30-
minute session at 40 to 90 rpm and progresses to 40
minutes. Resistance upgrades can be made thereafter.

Balance

The unilateral lower-extremity amputee must devel-
op adequate single-leg stance balance and stability to
ensure safe, functional mobility without the use of a
prosthesis, as well as to prepare for gait training.*
For the intact limb itself, the patient can be retrained
in proper ankle and hip balance strategies through
simple unilateral lower-extremity standing progres-
sions. These begin with bilateral upper-extremity
support and progress to unsupported unilateral
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standing balance. Dynamic upper-extremity move-
ments, within and out of the base of support, are a
more advanced challenge. Early weightbearing activ-
ities can reduce complaints of residual and phantom
limb pain, as well as prepare the residual limb for
prosthetic use.2 12 Preprosthetic bilateral amputees
can gain trunk stability through challenging sitting
balance exercises performed on a bolster or a thera-
peutic ball.

Prosthetic Training

During this phase of rehabilitation, patients are ex-
pected to have their prostheses prescribed and fabri-
cated. After the patient receives a prosthesis, fre-
quent monitoring of the skin allows for prompt
corrections of socket-fit problems and prevents skin
breakdown. Skin checks are done more frequently
for the first-time prosthesis user and for the patient
with delicate or insensate skin. Initially, it may be
necessary to check the skin every 10 to 15 minutes or
after every one or two walks. Once the patient and
clinical staff are comfortable with the socket fit, the
frequency of skin monitoring decreases. Monitoring
of the intact foot must also take place daily and
should become a lifelong practice to prevent compli-
cations from the increased stresses imposed with am-
bulation. Particular attention should be given to bony
prominences, the area in between toes, and the heel.

Tolerance of prosthetic use gradually increases
over the first several weeks. Some patients can wear
the prosthesis for only 1 to 3 hours per day during the
first week of gait training. This time gradually in-
creases until the prosthesis is worn during all waking
hours. Throughout the rehabilitation process, the pa-
tient should become well versed in skin care. The pa-
tient should learn the necessary steps to achieve vol-
ume adjustment to the prosthesis to accommodate
normal swelling, noting signs of appropriate weight-
bearing and watching for evidence of skin irritation
or breakdown. When the prosthesis is not worn, the
patient wears a stump shrinker or an elastic compres-
sion bandage to prevent residual limb edema and
provide volume containment.? 5

Treadmill use should be considered for cardiovas-
cular conditioning when the patient can maintain a
self-selected speed of ambulation of approximately 1
mph. The main advantage of this activity is en-
durance training in the specific context of ambula-
tion.?* 3% Other features include the ability to easily
modify speed and inclination. Because of the in-
creased duration of weightbearing by the residual
limb, walking programs should start conservatively
and progress gradually to 30 to 40 minutes per ses-
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sion.? Most patients exercising at the low-to-moder-
ate levels of intensity achieve the desired target heart
rate range. For patients who do not, or for patients
who can tolerate moderate-to-high levels of intensity,
speeds should be increased by 0.2 to 0.4 mph until a
more appropriate heart rate is achieved. Another
way to increase intensity, as well as change the envi-
ronmental context, is by inclining the platform by
0.5° at a time until a manageable hill is found. Fre-
quent monitoring of the sound foot is imperative, as
high traction and friction are prime conditions for
the development of skin breakdown, particularly in
the heel and toes of the insensate foot.?¢ One cannot
overemphasize the need to select appropriate foot-
wear as part of the preventive-care program neces-
sary for the amputee.

As long as the amputee has an intact, matured in-
cision, swimming may be an alternative form of aero-
bic training.?

Flexibility

At this point, the patient should be independently fol-
lowing the self-stretch program learned during the
period after surgery. Many patients neglect stretch-
ing once they begin walking again; therefore, the clin-
ician must emphasize strict adherence to this pro-
gram. In addition to the recumbent stretches, a
weightbearing stretch program, incorporating the
prosthesis, can be initiated. When these stretching
techniques are abandoned after prosthetic fitting and
training, hip and knee flexion contractures may de-
velop. Hip stretching should include a long stretch
with the patient positioned in single-leg kneeling and
then leaning forward, allowing the kneeling limb to
go into a position of hip extension. An erect ham-
string stretch can be accomplished by placing one
extremity forward of the other and then bending the
trunk toward the limb, maintaining lumbar lordosis.
Ankle dorsiflexion of the intact limb can be main-
tained through the traditional heel-cord stretch,
which has the target leg in a position of hip and knee
extension with the foot kept flat on the ground. A
slightly forward body lean stretches the gastrocne-
mius soleus complex. Modifying this stretch by al-
lowing the heel to rise and the toes to flex will
stretch the arch and other plantar structures.

Muscle Strength and Endurance

Muscle strength and endurance during the prosthetic
training phase may be more demanding. The goal is
to achieve sufficient muscular force and endurance
from the lower extremities to support prolonged pe-
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riods of gait.”? The approach begins with pregait ac-
tivities centered on acceptance of weightbearing by
the residual limb.2

The ability of the residual limb to accept sufficient
weight during the single-leg stance phase of gait forms
the foundation of effective prosthetic ambulation. A
pregait program starts in the safety of the parallel
bars under the close supervision of the therapist.
After the patient is taught what an equilibrated base
of support is, training in initial weight-shifting skills
can begin. Shifting weight from anterior to posterior
(from the toes to the heels), from side to side, and
circumducting over the lower extremities should be
done with the pelvis remaining at neutral tilt and ro-
tation (Fig. 4).22 In a normal gait and stride position,
the patient is instructed to transfer body weight from
the toes of the extended limb to the heel of the oppo-
site leg. This activity practices the fundamental
weight transfer necessary for gait, progressing to
both lower extremities and then to activities of
weightbearing by the prosthetic limb. The authors as
well as others!? 23 37 recommend the use of steps of
varying heights starting at a height of 2 to 4 inches
for intact limb stepping. This encourages pro-
nounced residual limb weightbearing through an ex-
aggerated single-leg support period. This activity al-
lows transfemoral amputees to receive concentrated
pelvic stabilization training through the hip abduc-
tors’ firing the residual limb into the lateral wall of
the socket. Heel raises to strengthen the plantar flex-
ors and toe raises for the dorsiflexors should be done
with diminishing upper-extremity support.

Figure 4. Weight shifting with a ball.
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Balance and Coordination

In the early stages of prosthetic training, patients will
feel insecure when trying to balance without upper-
extremity support. They will often flail their arms
like a tightrope walker regaining balance. This may
be related to loss of the direct proprioceptive input
and sensory feedback from the foot. Other possible
causes may be an inadequate or improper hip bal-
ance reaction on the prosthetic side.'2 A balance pro-
gram geared to maximizing available proprioception
and retraining hip reactions is the logical approach to
address these deficits.

Balance training continues with purposefully per-
turbing the patients out of their base of support and
then manually cueing their hips into properly coun-
tering this motion.?® Retraining balance reactions for
bilateral lower-extremity amputees may be more dif-
ficult in the static, unsupported posture. Lower-ex-
tremity amputees may find retraining in this posture
harder than performing dynamic reactions, owing to
their need to use compensatory trunk movements to
offset severe sensory and proprioceptive losses.

The Active Ambulator

The active amputee has a myriad of choices for
recreational activity, and numerous publications de-
tail recreational activities for the amputee.?* 3% 40 The
members of the amputee’s clinical team have espe-
cially interdependent roles when they are attempting
to train the patient for recreational activities. The
therapeutic-recreation therapist interviews patients
to determine their recreational interests and explains
the specific physical demands inherent in the chosen
sport to the team members in the other disciplines.
The physical and occupational therapists help the pa-
tient achieve the requisite conditioning for the vari-
ous components. In addition, the team physician
should evaluate the patient to give medical clearance
for the desired activity and, in conjunction with the
prosthetist, determine possible prosthetic compo-
nents, adjustments, and adaptations. Once all basic
physical and adaptive needs are met, the recreational
therapist begins the sports-specific training, with
other clinicians acting as consultants.

Activities of low-to-moderate intensity that are
popular with amputees include gardening, walking,
golfing, bicycling, and swimming.?* Swimming, in
particular, is an attractive recreational activity*’
owing to the relatively low stress imposed on the
joints, its accessibility, and, for the unilateral am-
putee, the lack of a need for specialized equipment. A
kickboard can be an excellent adjunct training tool
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for lower-extremity strengthening prior to stroke
training.?® Individuals using a swim prosthesis will
have the advantage of involving their residual limb
musculature more, but will not necessarily improve
their swimming proficiency. If a swimming fin can be
attached to the utility prosthesis, there is greater
propensity for success with the crawl stroke.?*

For the amputee seeking moderate-to-high activity
levels, there are many choices, including running,
aerobic dance, weightlifting, water and downbhill ski-
ing, and racquet and team sports, to name just a
few.3+ 40 Primary wheelchair users, as well as the am-
bulatory amputee, can participate in racquet sports,
particularly tennis or basketball. Those who choose
to exercise with their prosthesis must have a proper
socket fit and suspension because of the significant
increase in friction experienced during sports.® Spe-
cial prosthetic devices** and socket interfaces need
to be considered prior to sport-specific instruction.
Once again, properly fitting footwear is essential for
the intact limb, especially for individuals who have
vascular disease.

Community Reintegration and
Vocational Rehabilitation

Community reintegration and vocational rehabilita-
tion are closely linked. On the basis of residual func-
tional capacity, patients may be able to return to
their previous line of work. In many cases, because
of the events surrounding the limb loss or the inabili-
ty to return to a physically demanding job, patients
may choose a different line of work. For safety rea-
sons, some activity limitations may be imposed when
the patient returns to work. Examples of such limita-
tions might be avoiding the following: unprotected
walking or climbing to heights exceeding 4 feet; lift-
ing or transporting more than 40 pounds for the
transtibial-level amputee or 25 pounds for the trans-
femoral level; and working around moving vehicles
or on uneven surfaces while carrying objects. For
some amputees, jobs that require crawling, running,
or jumping may be undesirable and, when possible,
alternative work should be considered. In the au-
thors’ experience, it is advisable to have a work pro-
gram that starts with job simulation off site and then
progresses to work on the job with close supervision.
It is important to the successful reintegration of the
amputee that the return to work take place gradually,
with time and workload increasing over several
weeks and the clinical staff being available for coun-
seling and consultation. Early return to work when
this is safe and possible is advisable. A good system
to foster community reintegration is the “day rehabil-
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itation program,” in which the patient participates in
rehabilitation for 3 hours a day 5 days a week, or for
6 hours a day 2 to 3 days a week; this allows the re-
turn to part-time modified work, sports, and social
activities when the patient is not in therapy.

Long-Term Follow-up

The patient who has successfully completed a reha-
bilitation program should be seen for follow-up by
one of the team members at least every 3 months for
the first 18 months. Physician follow-up every 6
months is recommended. These scheduled visits may
need to be more frequent and include other members
of the team if the patient is having difficulties with
prosthetic fitting, the residual limb, specific activi-
ties, or psychosocial adjustment.
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