
INTRODUCTION
Physical rehabilitation can be defined as the
process assisting persons who are limited 
or restricted in their individual range of activi-
ties to achieve an optimal level of functional
ability. The rehabilitation process includes the
socio-economic and mental aspects of the 
person’s limitations and restrictions. However,
for the special purpose of this book and its
focus on the rehabilitation of individuls with
neuropathic limbs, the present chapter will
concentrate on the physical and functional
aspects of rehabilitation.

Neuropathic limbs present a complex situa-
tion of impairment and resulting disabilities,
which cause limitations and restrictions.3,34 In
most of the cases, this will result in a lifelong
process of rehabilitative interventions, includ-
ing ongoing activities for the prevention of 
further impairment and disability.26,27

However, an awareness of the person’s self-
understanding is critical to the rehabilitation
success. Therefore, one should not forget that
the person has the right of choice and is an
essential contributor to the rehabilitation pro-
cess.20,35

In contrast to the classic therapeutic model,
emphasizing diagnosis and treatment, physical
rehabilitation comprises of multiple simultane-
ous interventions addressing both the cause
and the secondary effects of the disease.
Comprehensive rehabilitation therefore
requires certain components such as defining
specific potentials, plans, and goals and
involves an interdisciplinary process, as shown
in Table 1.15,20,31

Table 1: Components of physical rehabilita-
tion.

n A unique plan, formulated by an inter-
disciplinary team, with the participation
of the individual.

n Goals derived and prioritized through
an interdisciplinary process.

n Full participation of the individual 
person.

n Improvement of the individual’s func-
tional potential.

n Reduction of the individual’s impair-
ments and activity limitations.

Based on these components, the various
aspects of rehabilitation of neuropathic limbs
will be described with experience and evidence
based recommendations.

Definitions
The terminology in the field of rehabilitation
has been confusing for a long time. Recently,
the new WHO Classification of Functioning,
Disability and Health (ICF) has been published
and helps to clarify the various terms used in
the rehabilitation process. As a member of the
WHO classifications, ICF describes health and
health-related domains as body functions and
structures, activities and participation.17,18,24

These definitions are listed in Table 2 and will
be referred to in this chapter.
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Table 2: WHO definitions

In the context of health: 

n Body structures are anatomical parts of
the body such as organs, limbs and their
components.

n Body functions are the physiological
functions of body systems (including
psychological functions).

n Impairments are problems in function or
structure such as significant deviation or
loss.

n Activity is the execution of a task or
action by an individual.

n Activity limitations are difficulties an
individual may have in executing activi-
ties.

n Participation restrictions are problems
an individual may experience in
involvement in life situations.

n Environmental factors make up the
physical, social and attitudinal environ-
ment in which people live.

n Disability is the 'umbrella' term for
impairments, activity limitations and
participation restrictions.

Phases of rehabilitation
Comprehensive rehabilitation requires knowl-
edge of the individual’s personal life situation,
roles, and aims. Therefore, the first phase of
rehabilitation focuses on the individual exami-
nation, assessment, and additional measure-
ments, if required. The impairments and activi-
ty limitations as well as their restricting effects
on the person are assessed and quantified. The
person’s unique characteristics that allow for
adaptive capacity or compensation are identi-
fied and targeted for specific therapeutic inter-
ventions.20,31

The second phase of rehabilitation empha-
sizes treatment to arrest the process causing
further impairment and preventing secondary
impairments. This is the phase of medical and

surgical interventions such as the long-term
use of anti-inflammatory drugs to reduce the
impact of the inflammation and destruction, or
corrective surgery such as tendon transfers to
enable the affected limbs to perform move-
ments that were lost due to the disease.26,27

The third phase focuses on the enhance-
ment of physical performance, which is usually
at the time of post-operative treatment and
exercises. Physiotherapy can prevent further
shortening of tendons, ligaments and atrophy
of muscles and improve function through
strengthening exercises and re-education and
facilitation of functional movements.3,34

In the following phase of rehabilitation
there is a focus on total personal adaptive tech-
niques to minimize the final limitations. This
can be the identification of “trick movements”
to improve the performance of tasks or the
strengthening of pinch and grip function to
train “survival skills” or systematic exercises to
improve certain activities of daily living.
During this time prevocational assessments can
take place.6

The last phase of rehabilitation directs
efforts toward environmental enhancement to
reduce limitations and restrictions.20,29

Provision of adaptive tools, prosthesis and
orthoses as well as modification of the individ-
ual’s environment belong to this phase. A
wheelchair can be an option as well as simple
grip devices or braces. If appropriate, the
whole environment can be adapted according
to the individual needs. Examples are the
building of a ramp instead of steps or the pro-
vision of an elevator and the modification of
doorways, toilets and bathrooms, which allow
a better performance for those otherwise
restricted in their participation in daily
life.12,28,35

The various phases and interactions of reha-
bilitation processes as well as their implications
for the individual can be illustrated by case
studies, such as the one presented below.
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The rehabilitation team
It remains a challenge for health professionals
to work in a team approach for the benefit of
patients. However, rehabilitation comprises
many different aspects including type and pro-
cess of disease, primary and secondary impair-
ments, various functional levels and special
individual needs. These, in most of the cases,
cannot be managed by one specialty alone or
handled by individual professionals separately.
Especially working with people affected by
neuropathic limbs, a team approach is crucial
to successful rehabilitation of the individual
(Fig. 24-1).3,4,15,34

A health care team can be defined as a
group of health professionals, each possessing
particular expertise, who have a common pur-
pose and goal (Fig. 24.2).23,31 The common pur-
pose and goal of the rehabilitation team is the
comprehensive medical and social rehabilita-
tion of persons affected by disability. There is
an organized division of work within the
group. While all members share responsibility
for the patient’s well being, each individual is
also responsible for making and implementing
decisions in their own specific area within the
framework of the whole plan. The members
meet together to communicate, collaborate,
and consolidate knowledge. From these meet-
ings plans are made, actions determined,
future decisions influenced, and results evalu-

Rehabilitation 345

A 35 year old, female multi-bacillary (MB) lep-
rosy case is referred after 6 month of multiple
drug therapy (MDT) for treatment of reversal
leprosy reaction (type 1) and nerve function
impairment (NFI). Physical examination, skin
smear and voluntary muscle test (VMT) as
well as sensory testing (ST) are done. Because
of new nerve function impairment a steroid
course is started. Taking into account the loss
of protective sensation a self-care training and
protective footwear are prescribed at this
stage.

The same patient is referred again after one
year for reconstructive surgery of a bilateral
lagophthalmos and a mobile clawing of the
right hand as there was only partial response
to the steroid treatment. Furthermore, there
are now socio-economic problems because of
activity limitations and the social stigma. A
team meeting is conducted, goals are set, and
interventions planned. Accordingly, pre-oper-
ative exercises for the right hand are started
and a socio-economic assessment is done.
Secondly, after 5 days, an intrinsic replace-
ment for the right hand is performed and dur-
ing the immobilization period a temporalis
muscle transfer for both eyes is completed.
After post-operative physio-therapy, occupa-
tional therapy is started including a pre-voca-
tional assessment and counseling. With pro-
gressing function of both, the right hand’s grip
and pinch movement and bilateral eye clo-
sure, the patient is discharged after a hospital-
ization period of 6 weeks only.

The patient comes back for follow up after
3 month and shows good functional outcomes
with no lid-gap any more and good grip and
pinch function of the right hand. After a recent
home assessment, the social worker has initi-
ated tailoring classes and linked the client to a
self-help group in her area. Asked about her
opinion, the client is satisfied with the inter-
ventions so far and optimistic regarding the
outcome of the rehabilitation process.

CASE STUDY

Figure 24-1 The rehabilitation team.
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ated. The ideal health care team is the interdis-
ciplinary one wherein members of different
disciplines are involved in formal and informal
arrangements that produce integrated perfor-
mance and service delivery.23,31

Translated into the rehabilitation setting, the
ideal rehabilitation team is the interdisciplinary
team of professionals working in the various
areas of the rehabilitation field being formally
and informally connected through arrange-
ments that maximize performance and out-
come of the rehabilitation process.

Figure 24-2 Potential members of the rehabili-
tation team.

The formal structure of rehabilitation team
meetings comprises three main parts and
issues. First, defining the individual’s rehabili-
tation potential. This potential is based on the
functional ability of the individual but includes
the aspects of possible improvement through
various interventions. It is more or less the real-
istic question of what could be achieved
through medical treatment, surgery, physio-
therapy, occupational therapy, orthopaedic
devices, counselling and socio-economic sup-
port for the affected individual. The second
part is the setting of the individual’s rehabilita-
tion goal. Goal means the functional outcome
or level of participation one aims for. It is
important though, to discuss the individual
potential and goal with the individual patient
to elicit their opinion on the process and espe-
cially on the goal and outcome. Having 
determined the potential and goal, it is then
essential to create an individual and specific

rehabilitation plan.15,20,31 Practically speaking,
taking into account rehabilitation potential,
rehabilitation goal and the patient’s perspec-
tive, which interventions will be done, at what
point of time and by whom?

Functional potential
Functional outcome measurements provide a
baseline against which changes in function can
be measured and monitored over time. These
data are useful in determining the effectiveness
of a particular intervention, such as surgery,
physiotherapy or mobility devices.10,12,20

In the context of rehabilitation, functional
assessment has typically been applied to mea-
suring what an individual is able to do for him-
self or herself, most commonly in self-care
(activities of daily living, ADL) and mobility.
Other areas of function frequently assessed
include homemaking skills (cooking, cleaning,
and laundry) and related instrumental skills,
also referred to as community survival skills
(telephone, managing finances, shopping). An
activity scale used in our setting (GPAS) is
based on 40 standardized questions, which
measure the functional ability in our context.
Most other functional assessment scales
include an indicator of level of function, or
degree of assistance needed to complete a par-
ticular task. The need for physical assistance
ranges from indicators such as “care-taker”
and “minimal assist” to “moderate assist” and
“maximal assist” (Table 3).12,32

However, measuring rehabilitation poten-
tial means more. Apart from assessing impair-
ment and limitations, it also includes the
future: “What can be achieved with the
assessed functional ability taking into account
additional conservative and operative inter-
ventions?” It needs the special gift or ability of
starting a process, and at the same time, having
the result already in mind, in order to coordi-
nate the process efficiently. It also requires an
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updated knowledge on possible rehabilitative
interventions and a combined assessment of
various professionals. The aim is nothing less
than the optimal level of functional outcome
according to the existing limitation and envi-
ronment.

Interdisciplinary goal setting and planning
In the interdisciplinary approach, each distinct
profession evaluates the person separately and
interacts together at team meetings, where
assessments, short-term and long-term goals
are shared. The goals of each discipline are
coordinated into a unified plan through the
interaction of the team. The whole outcome
therefore is more than the sum of the compo-
nent parts. In our context, a team consisting of
a surgeon, a physician, a physiotherapist, a
nurse, an occupational therapist and an ortho-
tist, will run assessment clinics. Decisions from
these clinics determine the type of interven-
tions to be performed, the sequence of the var-
ious activities, and the specific time frame for
the individual rehabilitation process.4,15

Protocols with fixed time frames for certain
procedures are helpful,5 but should not be seen
as the ultimate basis for the rehabilitation plan-
ning. If, for example, several interventions
need to be planned, prepared and performed at
the same time, one needs a good deal of man-
agement skills and common sense to provide
the best quality of care in the shortest period of
time. In the day to day management of a case,
the physician and nurses have to be aware of
the indications and contra-indications for the
various interventions in order to guide the
patient accordingly through all related medical
and nursing procedures.

Timing for surgery is ideally done by the
surgeon himself. But neuropathic limbs often
present with conditions, where medical inter-
ventions, such as steroid treatment in leprosy
reactions, are required first in order to prevent
deterioration of the condition. The planning for

surgical interventions should also include con-
sideration of the self-care needs of patients. It is
no good planning interventions for both hands
at the same time, when the patient will be
immobilized for 3 weeks after the operation
and might therefore be unable to perform even
the simplest activities of daily living. The sur-
geon will also consider other, perhaps conser-
vative, alternatives to surgical interventions
and find ways to consult the physiotherapist,
occupational therapist, and orthotist, who can
be quite innovative in these cases.3,34

It is well known that apart from the surgical
procedure itself, physiotherapy and occupa-
tional therapy are the most important compo-
nents of reconstructive interventions. There is
no functional ability after a tendon transfer
without pre- and post-operative exercises and
re-education of muscle activities. The transfer
of movements into usual settings and activities
as well as successful application of the new
activities into the vocational environment, is
the challenge of occupational therapy. Without
these techniques there is anatomical correction
but no functional gain.

Orthoses and prostheses can replace func-
tions that are impossible to achieve through
other conservative or operative interventions.
In the final phase of rehabilitation these adap-
tive devices should be considered and applied.

In summary, the interdisciplinary team
approach is an exciting challenge and provides
a comprehensive pathway for the rehabilitation
of persons having neuropathic limbs.15,23,31

Self-care and self-help: the participatory
approach
People with neuropathic limbs are often limit-
ed in their activities of daily living. Deformities
and disability also lead to psychosocial prob-
lems. Affected persons may not be able to get a
job or may even quit their job due to the nega-
tive attitude of others against the disease or
deformity. In this way the whole family may
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suffer.
Prevention of impairment and disability is

therefore of utmost importance to people with
peripheral neuropathies and neuropathic
limbs. It has also become clear that institutional
activities alone are not sufficient to prevent fur-
ther disabilities for such risk groups. Our own
hospital data has shown that many admissions
could have been prevented by simple but time-
ly care at home. Sensory and motor impair-
ments are often life-long and therefore need an
approach that is sustainable over a long period
of time and minimises social disruption due to
long hospitalization. The strategy that is wide-
ly believed to be most effective is known as
self-care.11,21,33

Self care is based on the principle of trans-
ferring the prevention activities from the health
professionals to the individual. It involves
training individuals to be responsible for look-
ing after their own affected body parts. This
requires a transfer of knowledge, skills and
motivation, which cannot be achieved by
health education alone. It requires teaching as
well as practice in a setting similar to the home
situation. In such a setting people can learn to
anticipate and overcome difficulties, using
appropriate solutions under supervision and
without risk of deterioration.

There have been very encouraging reports
on the positive effect of self help groups in
African and Asian communities. The World
Health Organisation (WHO) encourages and
supports community mobilisation and so
called community based rehabilitation (CBR)
programmes, since the overwhelming needs of
those affected by disabilities and participation
restrictions around the world cannot be met by
institutions, programmes, and organisations
only.

It has also been shown that self-help groups
are a very successful tool for the reintegration
of persons affected by leprosy into the commu-
nity and for the continuing prevention of fur-

ther impairment. Apart from the reduction of
foot ulcerations, qualitative outcomes include
increased confidence to participate in society,
restored dignity and self-respect and a sense of
belonging to the community.2,11

The role of assistive devices
A wide range of assistive devices are available
to improve performance of the so called “com-
munity survival skills” or activities of daily liv-
ing when there is a lasting impairment, which
cannot be cured completely. In most cases sim-
ple devices improving grip function are suffi-
cient to overcome activity limitations. These
are foam padding for combs, cutlery and pens,
which improve the grip function by simply
increasing the contact area between hand and
tool and decrease  pressure through materials
such as foam (Fig. 24-3). Special designed scis-
sors can replace intrinsic function of the hand
by integrating a spring or a plastic loop into the
scissors, which then automatically will open
after every cut (Fig. 24-4). Cutting boards are
used to keep things fixed in place when cutting
work needs to be done with a single hand only.
For situations with severe deformity, such as
complete loss of digits, the wrist cuff is helpful
(Fig. 24-5 a-b). The pinch function, i.e. for writ-
ing, can be improved by simple writing aids as
shown in the illustrations. Functional outcome
assessment should take into account the avail-
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FIGURE 24-3 Comb enveloped in microcellular
rubber.



ability of assistive devices. Furthermore, in the
process of planning surgical interventions one
is advised to consider seriously whether the
functional benefit of the operation really
improves the functional ability more than the
use of a simple assistive device.

Orthoses
Orthoses and braces, as external devices
applied to certain body parts, provide support,
improve function, correct flexible deformities,
and prevent progression of fixed deformities. A
temporary orthosis is referred to as a splint.

Orthoses can be constructed from metal, plas-
tic, leather or any combination of theses basic
materials. Thermosetting materials develop a
permanent shape when heat and pressure is
applied.29 For the prevention of further impair-
ment and disability in neuropathic limbs,
orthoses can play a major role. Apart from
healing plantar ulcerations by immobilizing
the involved feet, ankle foot orthoses (AFO) or
patella tendon bearing braces (PTB) can be uti-
lized for advanced stages of the neuropathic
foot, when bone disintegration is imminent

(Fig. 24-6).11,8,34 Furthermore, protective
footwear using micro-cellular rubber (MCR)
inlays, can prevent plantar ulceration and relat-
ed impairments.3,34 Different types of braces
and orthoses can also be used to compensate
limited ability or lost function. These devices
are manufactured in our setting using high
density polyethylene (HDPE) pipes that are
heat moulded onto a plaster last. High density
foam rubber covers the interior parts to pro-
vide adequate comfort. The resultant devices
are rigid but lightweight, provide stability and
protection, and costs of material are normally
less than those for plaster bandages.8
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FIGURE 24-4 Scissors ‘padded’ and with a
spring device to facilitate opening.

FIGURE 24-5 Wrist cuff as a writing aid (a) and an eating aid (b).

(a) (b)



Physical modalities
Physical modalities that use physical energy
for their therapeutic effect include thermother-
apy (heat and cold), hydrotherapy, electrother-
apy, light therapy (ultraviolet and laser), trac-
tion, and massage. Effects of general applica-
tion of heat include relief of pain and muscle
spasm, reduction of joint stiffness, and increase
in joint range of motion.3,30,34 Superficial heat-
ing agents, such as paraffin or wax, are used in
our setting to heat joints with relatively little
tissue covering (hand and foot). Electrotherapy,
the therapeutic use of electricity, can be used to
transcutaneously stimulate nerves or muscles
with surface electrodes. Its physiologic effects
include muscle group contraction, which can
increase joint range of motion (ROM), re-edu-
cate muscles, retard muscle atrophy and
increase muscle strength. Its use in neuropathic
limbs is limited due to the risk of electrochemi-
cal burns in skin with decreased sensation.20,30

The systematic effect of massage by means of
rhythmically applied pressure and stretching
of soft tissues can either be mechanical (lym-
phatic drainage, breaking of adhesion and soft-
ening scars) or reflexive (vasodilatation, relax-
ation and sedative effects). The “laying of

hands” also has psychological effects and can
promote a sense of well-being.29

Vocational assessment and guidance

For some patients it is impossible to resume
their old profession, and retraining and voca-
tional guidance are needed. Retraining should
take into consideration the impairments and
disabilities of the patient, including anaesthe-
sia, so that in performing work there is no
increase of impairment. Vocational guidance
should consider the opportunities in the soci-
ety and other local factors. It is no good train-
ing a person in a skill for which there is no
opening, nor for a type of work that caste or
ethnic group forbids. Direct client assistance
and long-term interventions include also the
risk of dependency on a specific programme or
organisation. This does often prevent a sustain-
able income. Socio-economic interventions
should therefore be carried out carefully and in
a participatory approach including  clients and
their families in the decision making process as
early as possible. Assistance should be offered
after an extensive socio-economic assessment
only, including a home visit. It has been shown
however, that micro business skills training for
people with disabilities provide opportunities
for reintegration and income generation with-
out creating too much dependency on the insti-
tution.6,9,14

Outcome assessments
A number of functional assessment instru-
ments have been developed over the last sever-
al decades, beginning with Rankin in 1957.
These measurements vary in their purpose,
scope, detail, and often the type of setting for
which they were developed. The Barthel Index
(1965) is one of the best known and most fre-
quently used functional assessment scales. It
has been extensively studied, showing its high
degrees of validity, reliability and sensitivity to
changes in function over time, and its use
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FIGURE 24-6 Modified patella bearing prosthesis.



across many types of physical disability. It has
been used in our setting since 1997, but mainly
for disabilities not related to leprosy. The origi-
nal Barthel Index rates 10 aspects of function
with a score ranging from 0 (dependent) to 100
(independent) (Table 3). The most commonly
used instrument today is the Functional
Independence Measure (FIM) consisting of 18
categories of function, each scored on a scale
from 1 to 7. The FIM incorporates components
of the Barthel Index but is more sensitive and
inclusive.10,12,20,28,29

Converted Score:
0-20      Total dependence
21-60    Severe dependence 
61-90    Moderate dependence
91-99    Minimal
100       Independent of assistance from 
             others.

Quality of life
Quality of life has become a slogan for assess-
ing the outcome of all types of diseases and

related treatment. High ranked items for a
good quality of life (QoL) include health care,
faith in God, spouse, family, emotional sup-
port, friends, home, standard of living, children
and family health.28 Several factors that modu-
late QoL are influenced by interventions such
as counselling. The techniques, which promote
healthy coping, include discussion of different
perceptions, stress management and guidance
in changing perceptions to being useful and
experiencing ways of enjoying life. Family
members play a critical role in promoting such

behaviour change and should be included in
interventions to facilitate healthy coping. Since
depression and social support are the two most
important predictors of QOL they must be
addressed in the rehabilitation process. Other
variables such as optimism, cognitive appraisal
of the significance of disability, coping skills
and family functioning are also predictive of
QOL. A high score for activities of daily living
(ADL) on discharge is another variable indicat-
ing good QOL. It has been suggested recently
that it is better to talk about health related
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TABLE 3: Categories of the modified Barthel Index.11

                                          1                 2                     3                   4                     5
                                       1QA\       Attempts        Moderate       Minimal              Full
                                                       task but             help              help          independent
                                                        unsafe           required       required

Personal hygiene               0                 1                     3                   4                     5

Bathing self                        0                 1                     3                   4                     5

Feeding                              0                 2                     5                   8                    10

Toilet                                  0                 2                     5                   8                    10

Stair climbing                     0                 2                     5                   8                    10

Dressing                             0                 2                     5                   8                    10

Bowel control                     0                 2                     5                   8                    10

Bladder control                   0                 2                     5                   8                    10

Ambulation                         0                 3                     8                  12                   15

Chair/bed transfers            0                 3                     8                  12                   15
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QoL.1 Table 4 shows an example for a health
related QoL assessment instrument.

TABLE 4: Dimensions of Quality of life (EQ-
5D self-classifier)22

n Mobility (no problem, some problems,
confined to bed)

n Self-Care (no problem, some problems,
unable for self-care)

n Usual Activities (no problems, some
problems, unable to perform)

n Pain / Discomfort (no pain, moderate
pain, extreme pain or discomfort)

n Anxiety / Depression (not anxious,
moderately anxious, extremely anxious)

Patient satisfaction
Patient satisfaction appears to be influenced by
numerous demographic and socio-economic
factors, such as age, gender, race, social and
educational level. All these are considered to
affect the degree of satisfaction. In general,
older patients tend to demand less and to be
more satisfied with the services received. It
should be acknowledged however, that the
relationship between physical health and satis-
faction with medical attention varies according
to whether an individual’s physical health is
self-evaluated or whether it is medically evalu-
ated.7

Summary
Rehabilitation is a process of combined actions
rather than a single intervention. The rehabili-
tation process itself is divided in separate phas-
es, which can be monitored and evaluated by
certain instruments. Actions for rehabilitation
are carried out by teams rather than by inde-
pendent individuals and goal setting and plan-
ning are ideally also done in an interdisci-
plinary approach. The person affected by dis-

ability or activity limitation should actively
participate and become the owner of the indi-
vidual process as soon as possible and as much
as possible under the given circumstances. In
some cases rehabilitation can become a life-
long process and continuing interventions are
necessary. In other cases a single rehabilitative
procedure can make a life-changing difference.
However, medical interventions and social
reintegration may eventually lead to the adap-
tation of a new fulfilling role for the individual
in family and society. Evaluation of the individ-
ual’s quality of life and satisfaction are needed
to define the final outcome of the rehabilita-
tion. With the full commitment to reach the
optimal level of functional ability for the indi-
vidual, rehabilitation can be quite a challenge
but also a rewarding process for all involved.
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