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Introduction
This chapter highlights the significance of and need for physical rehabilitation in the prevention 
and management of impairments caused by leprosy. The information provided will help health 
care workers identify and understand the vital components required to rehabilitate leprosy-af-
fected patients. In addition, recent technological advances in the field of rehabilitation and their 
use in preventing impairments are discussed in detail, enabling readers to enhance the function-
ality of existing devices in a cost-effective manner.

The primary goal of physical rehabilitation is to restore an individual to maximal physical well-
being. However, rehabilitation is not limited to the physical but rather extends to the whole indi-
vidual. To achieve such holistic rehabilitation, the primary goal should be reversing the physical 
impairments caused by leprosy, while the secondary goal should be customizing lifestyle modifi-
cations for the individual patients, their families, and their communities. Rehabilitation of a lep-
rosy-affected individual should start at diagnosis and continue until the patient is able to return 
to an active normal life.

The physical rehabilitation of the leprosy-affected can be classified into the following categories: 
(1) Identifying nerve function impairment (NFI), (2) Monitoring impairments, and (3) Preventing 
further deterioration of impairments.
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Identifying Nerve Function 
Impairment
NEUROPATHY IN LEPROSY
The consensus report of the 2007 international workshop on neuropathology in leprosy (see 
Chapter 9.1) identifies three mechanisms of nerve damage (see Chapter 9.2). Nerve damage 
could be due to the direct effects of the bacilli, immune-mediated and inflammatory responses, 
or mechanical trauma and intercellular edema (1). The superficial nerve trunks are commonly af-
fected in neuritis, as the lower temperature in proximal areas allows sustained growth of the lep-
rosy bacilli (2). (See Chapter 2.5 for a detailed discussion of the neural manifestations of leprosy.)

Assessment of neuritis

Patients presenting with neuritis should be regularly monitored for nerve function impairment 
(NFI). For effective monitoring, assessments need to be carried out regularly on patients. Ideally, 
such assessments are done

1.	 Before the start of anti-leprosy treatment

2.	 During anti-leprosy treatment (every month when patient comes in for multi-drug therapy 
[MDT])

3.	 While on a steroid course for reversing the impairment (every fourteen days)

4.	 At the end of anti-leprosy treatment

Primary impairments in leprosy occur as a direct result of damage to the nerves. The various 
types of primary impairments may be defined as a loss or abnormality of a body part (structure), 
a body function (physiological function), or a mental function (psychological function). A list of 
the primary impairments that commonly occur in leprosy, along with the nerve that is damaged, 
is provided in Table 1.

Nerve palpation

Palpation of the nerves needs to be performed to examine the size and tenderness of the nerves. 
The pulp of the health worker’s fingers is used to palpate the nerve along its course. While pal-
pating, the health worker needs to look for signs of tenderness, thickening, and abscess. Nerves 
that are routinely palpated during diagnosis and follow up of the disease are the greater auricular, 
ulnar, median, radial, common peroneal, and posterior tibial nerves (1).
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TABLE 1 Primary impairments in leprosy

Nerve Damaged Primary Impairment
Face
Facial Nerve Lagophthalmos
Trigeminal nerve Corneal anesthesia
Hand
Ulnar nerve Ulnar clawing
Median nerve Ape thumb deformity
Ulnar and Median Nerve Palmar anesthesia
Ulnar and Median Nerve Total clawing
Radial nerve Wrist drop / Finger drop
Feet
Lateral popliteal nerve Foot drop
Posterior tibial nerve Claw toes
Posterior tibial nerve Plantar anesthesia

Sensory testing

In leprosy, sensory loss can include all of the different modalities, including pain, temperature, 
light touch, and pressure (2). Sensory testing is commonly performed with Semmes-Weinstein 
graded monofilaments (3, 4, 5, 6), allowing health workers to diagnose and monitor the prog-
ress of the disease. The generally accepted monofilament for testing the threshold of protective 
sensation is 2 gm for the hand and 10 gm for the foot (7, 8). Sensory testing can be further re-
fined at referral centers using graded monofilaments. Under field conditions, a ballpoint pen is 
sometimes used to test sensation. Studies have shown that testing with a ballpoint pen might be 
capable of detecting the deterioration of sensation but might not be able to detect minor changes 
in the deterioration of sensation (9, 10, 11).

Testing to determine the presence of sensation is performed on ten points in the hand (Figure 
1A). The thenar eminence, thumb, and index fingers are tested to check the median nerve func-
tion. The little finger as well as the hypothenar eminence are tested to check the ulnar nerve 
function. Similarly, ten points in the foot are tested to diagnose damage to the posterior tibial 
nerve (Figure 1B). The test sites include the pressure-prone forefoot area, the lateral border of 
the foot, and the heel.

Motor testing

Motor testing is the grading of muscle power. Muscle power is graded using the Medical Research 
Council (MRC) scale used in research institutions and referral hospitals (see Table 2; Table 6).
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In a field setting, the health worker may categorize the muscle power using a simple scale based 
on whether the muscle is Strong ‘S’, Weak ‘W’, or Paralyzed ‘P’. If the muscle is completely para-
lyzed, then it is graded as paralyzed ‘P’. If the patient is able to perform minimal movement or 
function against minimal resistance, then the muscle is graded as weak ‘W’. If the patient is able 
to perform full movement against gravity and is able to withstand maximal pressure, then the 
muscle is graded as strong ‘S’.

TABLE 2 MRC grading scale grades muscles from 0–5

Grade 0 – No contraction
Grade 1 – Perceptible flicker of contraction over the muscle
Grade 2 – Visible movement at the joint but not full range
Grade 3 – Full range of movement against gravity
Grade 4 – Strong contraction against movement but not normal
Grade 5 – Normal

Facial nerve. The orbiculari occuli (see Chapter 3.1) are tested to diagnose NFI of the facial nerve. 
The patient is asked to close the eye as if asleep. If a gap is present, it is measured using a com-
mon ruler (scale) in millimeters. If a gap is not present, the patient is asked to close the eyes tight-
ly. The examiner then gently exerts pressure and tries to separate the eyelid. The muscle power is 
graded as per the strength of the muscle. A demonstration of facial assessment is available at the 
following link: https://www.youtube.com/watch?v=fVEu8LSKpEQ

Ulnar nerve. The abductor digiti minimi muscle is tested to diagnose NFI of the ulnar nerve. This 
muscle is tested with the patient’s hand placed flat and the palm facing up. When the little finger 
is moved out, resistance is applied from the medical aspect in the proximal segment of the finger. 
The muscle is graded based on the presence or absence of muscle power, according to the MRC 
scale.

FIG 1 Points for Assessing Sensation in the Hands and Feet.



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

	 S e c t i o n  4    R e h a b i l i t a t i o n  a n d  S o c i a l  A s p e c t s 	 5

Median nerve. The abductor pollicis brevis (APB) as well as the opponens pollicis muscle are 
tested to diagnose NFI of the median nerve. APB is tested with the patient’s hand placed flat and 
the palm facing up. The patient is instructed to use the thumb to touch the opposing fingers. Re-
sistance is applied over the first metacarpal area. The muscle is graded based on the presence or 
absence of muscle power, according to the MRC scale.

Radial nerve. The wrist extensors are tested together to diagnose NFI of the radial nerve. The 
patient is told to extend the wrist from the neutral position. Resistance can be applied over the 
dorsum, against the movement. The muscle is graded based on the presence or absence of mus-
cle power, according to the MRC scale. A demonstration of hand assessment is available at the 
following link: https://www.youtube.com/watch?v=GUnZnYM75Po

Lateral popliteal nerve. The ankle dorsiflexors are tested together to diagnose NFI of the lateral 
popliteal nerve. The patient is seated with the foot held by the examiner. The patient is then told 
to dorsiflex the foot. Resistance can be applied over the dorsum of the foot, against the move-
ment. The muscle is graded based on the presence or absence of muscle power, according to the 
MRC scale. A demonstration of foot assessment is available at the following link: https://www.
youtube.com/watch?v=6k0Qjv7gvLY

If the muscles are paralyzed because of nerve damage, they can be exercised passively. If the 
muscles are only weak, not paralyzed, active exercises are recommended to strengthen the mus-
cles. Electrical stimulation can also be applied to weak or paralyzed muscles to activate the neu-
romuscular junction. The muscle as well as the nerve can be stimulated to obtain the desired 
effect. Exercises and electrical stimulation of muscles can help in maintaining muscle tone and 
preventing atrophy.

PRIMARY IMPAIRMENTS
Lagophthalmos and corneal anesthesia. NFI of the facial nerve may lead to the paralysis of the 
orbicularis oculi muscle (see Chapter 3.1). The affected patient may lose the ability to close the 
eye, exposing the conjunctiva and cornea (Figure 2). The sensory branch of the trigeminal nerve 
supplies the conjunctiva, cornea, and part of the facial skin. Impairment of the trigeminal nerve 
can cause a loss of sensation over the cornea, and corneal anesthesia can lead to the loss of the 
blink reflex.

Clawing of fingers. NFI of the ulnar nerve leads to paralysis of the third and fourth lumbricals. All 
of the interossei muscles are also paralyzed. The paralysis causes the little and ring fingers to claw. 
Clawing of the medial two fingers is referred to as an “ulnar claw”. Involvement of both the ulnar 
and median nerves causes total clawing (Figure 3), which happens when all four lumbricals and 
the interossei are paralyzed. The paralysis of muscles is accompanied by metacarpophalangeal 
(MCP) joints extension, which is caused by extensor digitorum communis and extensor indicis 
(the finger extensors). Passive insufficiency causes the interphalangeal joints to become flexed, 
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FIG 2 Lagopthalmus (Facial Nerve Paralysis).

FIG 3 Clawing of Fingers (Ulnar Nerve 
Paralysis). 

FIG 4 Adducted Thumb (Median Nerve Pa-
ralysis).

leaving the fingers clawed. The loss of the hypothenar muscles in ulnar nerve paralysis reverses 
the distal palmar arch, leading to the loss of the grasp function.
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Ape thumb deformity. NFI of the median nerve leads to thenar muscle paralysis. Opposition and 
abduction movement of the thumb are lost, leading to the characteristic ‘ape thumb deformity’ 
(Figure 4). In isolated median nerve palsy, the abductor brevis and the opponens are non-func-
tional with flexor pollicis brevis partially supplied by the ulnar nerve. Thus, the pinch function is 
not affected in an isolated median nerve paralysis. However, pinching is affected in a combined 
ulnar-median paralysis and is commonly seen in leprosy-affected patients.

Wrist drop. NFI of the radial nerve rarely occurs in isolation. Instead, the radial nerve is usually 
damaged along with the median and ulnar nerves, leading to triple nerve paralysis. The clawing 
of fingers is not significantly visible in a triple nerve paralysis, as the extensors are not capable of 
hyperextending the MCP joints. The power grip is usually lost in radial nerve palsy. This loss oc-
curs because the flexors of the fingers work in a shortened position and the grasp functions are 
restricted by the loss of the finger extensors.

Sensory loss over palm. When the sensory fibers of the ulnar nerve are damaged, loss of sensa-
tion over the palm is limited to the ring and little fingers. The loss of sensation could cover the 
lateral aspect of the hand, if the median nerve is affected. If both of these nerves are damaged, 
the palm usually loses sensation completely.

Foot drop. NFI of the deep branch of the lateral popliteal (common peroneal) nerve leads to pa-
ralysis of the tibialis anterior, extensor hallucis longus, extensor digitorum longus, and peroneus 
tertius muscles. The peroneus longus and brevis are affected if the superficial branch is affected, 
leading to the loss of ankle dorsiflexion, foot eversion, and toe extension. An inability to dorsiflex 
the foot leads to foot drop deformity (Figure 5A).

FIG 5 Foot Impairments.

A.	 Foot drop (lateral popliteal nerve paralysis)

B.	 Claw toes (posterior tibial nerve paralysis)
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Claw toes. NFI of the posterior tibial nerve causes the intrinsic muscles of the foot to be para-
lyzed. The extensors of the metatarsophalangeal joint pull the joint into extension which, coupled 
with the flexion of the toes, leads to clawing of the toes (Figure 5B).

Plantar anesthesia. Loss of sensation over the plantar aspect of the foot occurs due to NFI of the 
posterior tibial nerve. Based on the extent of damage to the nerve, there could be a partial or 
complete loss of sensation.

Autonomic dysfunction. NFI of any of the nerves affected in leprosy may cause loss of sweating 
over the areas supplied by the nerve, leading to dry skin.

SECONDARY IMPAIRMENTS
Neglecting the primary impairments can result in secondary impairments. A list of the secondary 
impairments commonly occurring in leprosy is provided in Table 3.

TABLE 3 Secondary impairments in leprosy

Secondary Impairment
Stiff joints
Joint contractures
Ulcers 
Shortening 
Disintegration of the bones
Exposure keratitis, corneal ulcer, and corneal opacity

Stiff joints. An inability to move a joint though its full available range leads to stiff joints. Muscle 
paralysis, which is a primary impairment, prevents a patient from actively moving the joint. If the 
joints are not passively moved through the full range of motion available, the lack of movement 
can cause stiff joints.

Joint contractures. Stiff joints need to be stretched to improve mobility. If stiff joints are ignored, 
contractures can develop. Common contractures that occur in leprosy are interphalangeal joint 
contracture, which results when claw hands are ignored. Thumb web contracture develops when 
ape thumb deformity is ignored. Tendo-achilles contracture develops when foot drop is ignored 
and no exercises are performed.

Ulcers. Ulcers develop because of skin breakdown over the palm of the hand or plantar aspect of 
the foot. Sensory loss, deformity, and dryness of skin can be the underlying causes of ulceration. 
Skin breakdown may occur due to shearing stress, continuous pressure, thermal injuries, or sharp 
injuries.
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Shortening. Shortening can occur due to the loss of soft tissue and bone. Repeated ulceration can 
lead to such shortening of the toes and fingers. Surgical removal of dead tissue, subsequent to an 
ulcer, may also cause shortening. (See Chapter 2.4 for additional information.)

Joint disintegration. In leprosy, hyperemia, in association with chronic ulceration and infection 
of the bone, leads to osteopenia of the bone. Osteopenia predisposes the bones to fractures, 
which further exacerbate hyperemia, which worsens the cycle of destruction. “Neurological Bone 
Disorganization” is usually accompanied by painlessness and warmth in the joint area. A boggy 
swelling in the joint can occur and crepitus can be felt when the joint is gently moved. Such swell-
ing and instability in a joint is also termed neuroarthropathy. Patients with neuropathy should be 
taught to suspect and treat early joint disintegration by looking for “hot spots” in swollen joints. 
(See Chapter 4.2 for additional information.)

Exposure keratitis, corneal ulcer, and corneal opacity. In an eye with lagophthalmos or corneal 
anesthesia, the patient does not blink. Exposure of the eye to dust can cause exposure keratitis. A 
corneal ulcer can occur if a dry eye is rubbed, which, if left untreated, may lead to corneal opacity 
as well as blindness. (The consequences of these eye impairments have been further elaborated 
in Chapter 3.1.)

Other impairments. Impairments in lepromatous leprosy occur because of the direct infiltration 
of the bacteria into the skin. This infiltration can cause impairments such as leonine facies, pen-
dulous earlobes, madarosis, gynecomastia, and nose collapse. The major consequences of these 
changes are cosmetic and often result in stigma. (See Chapter 4.5 for a discussion of the stigma 
experienced by leprosy patients.)

Monitoring Impairments
GRADING IMPAIRMENTS

WHO grading

The progression of an impairment over a period of time can be effectively monitored using the 
World Health Organization (WHO) disability grading system. The WHO system can also be utilized 
as an epidemiological indicator, which helps to effectively report on the impairment status in 
a specified geographical area. Studies have shown that the intra- and inter-observer reliability 
of the WHO grading system is good when performed by health workers with minimal training 
(12, 13). These operational guidelines have improved the understanding and definition of impair-
ments, as they help health workers grade impairments effectively (14).
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The WHO grading system has separate components for hands, feet, and eyes. Therefore, hands, 
feet, and eyes are graded separately based on the impairments present. The scale has a maxi-
mum score of two and a minimum score of zero, as shown in Tables 4A and 4B.

TABLE 4A WHO disability grading for hands and feet

WHO Grade for Hands and Feet
0 Absence of anesthesia and absence of any visible impairments in the hands and 

feet
1 Presence of anesthesia and absence of visible impairments in the hands and feet
2 Presence of visible impairment in the hands and/or feet

TABLE 4B WHO disability grading for eyes

WHO Grade for Eyes
0 No eye problems due to leprosy and no visual loss
1 Eye problems due to leprosy but vision not affected 

(Vision is 6/60 or better; can count finger at 6 meters)
2 Severe impairment to vision 

(Vision is worse than 6/60; cannot count fingers at 6 meters)

The WHO grading system has been a very effective and widely used tool in grading impairments 
and assessing the effectiveness of control programs for identifying patients earlier in the course 
of the disease. However, it has not been as useful in measuring improvements in individual pa-
tients. A recently conducted study using the Delphi technique has helped to clarify the WHO 
system and to develop simple guidelines for health workers based on the consensus of the panel 
of experts (15).

EHF scoring

The Eye, Hand, and Feet (EHF) scoring system was developed to more readily document the pro-
gression of impairments in individual patients. Studies have shown that the EHF score is very 
sensitive in identifying impairments from leprosy (16, 17). The EHF score calculates the sum of 
the individual WHO scores for each eye, hand, and foot. For example, the maximum EHF score in 
a patient with grade 2 disabilities in both eyes, both hands, and both feet would be 12, or the sum 
of the maximum score of 2 for each eye, hand, and foot.

The examples in Tables 5A and 5B demonstrate the sensitivity of the EHF tool in monitoring impair-
ments in patients affected by leprosy. In the example, the improvement in the impairment status 
is well illustrated by the EHF scoring. The EHF score has improved from 9 in the pre-intervention 
phase to 6 in the post-intervention phase. However, the basic WHO score would not have been 
as informative, as the grade would have been “2” in both the pre- and post-intervention phases.
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TABLE 5A Pre-intervention

E H F
R L R L R L

0 0
1 1
2 2 2 2 2 EHF

2 0 1 2 2 2 9
WHO Score = 2
EHF Score = 9

TABLE 5B Post-intervention

E H F
R L R L R L

0 0 0
1 1 1
2 2 2 EHF

2 0 0 1 1 2 6
WHO Score = 2
EHF Score = 6

ACTIVITY LIMITATIONS
Loss of manual dexterity. The paralysis of hand 
muscles causes a loss of manual dexterity. Mul-
tiple deformities, often seen in those affected 
by leprosy, will cause an extreme loss of manual 
dexterity (Figures 6A, 6B, 6C). Subjective and ob-
jective outcome measurement tools, such as the 
Michigan Outcome Questionnaire (18) and the 
Musculoskeletal Function Assessment (18, 19), 
have been developed to assess the functional 
outcomes of hand impairments. In leprosy, a 
tool with 20 questions, the SALSA (Screening of 
Activity Limitation and Safety Awareness Score), 
is commonly used to help identify patients’ per-
ceptions of their functional ability to use their 
hands, feet, and eyes (20, 21).

Locomotion limitations. The presence of foot 
deformities causes problems in locomotion. The 
patient may have gait abnormalities or may not 
be able to walk. Deformities such as foot drop 
can cause a high stepping gait, leading to postur-
al abnormalities and imbalance. Foot drop and 
anesthesia further increase the risk of develop-
ing plantar ulcers.

Visual impairments. Visual impairments can 
lead to an inability to perform self-care, person-
ally groom, or maintain good hygiene, as well as 
interfere with employment and many daily ac-
tivities.

FIG 6 Loss of Manual Dexterity.

A & B	Grasp functions

C	 Pinch functions
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OCCUPATIONAL THERAPY
Leprosy may affect an individual’s performance of the activities of daily living (ADL) as well as of 
work- and leisure-related activities. For example, an affected person may have trouble carrying 
out essential ADL tasks required for self-care and self-maintenance, such as personal hygiene, 
brushing, bathing, feeding, and dressing. The limitations experienced when performing these ac-
tivities lead the person to depend on others and restrict his or her social participation. The goal of 
occupational therapy is to enhance or enable meaningful participation in the ADL and work- and 
leisure-related activities that are important to the clients served.

In the process of rehabilitation, an occupational therapist uses assistive technology/devices to 
compensate for the leprosy-affected person’s impairments, with the goal of increasing, maintain-
ing, or improving functional skills. Adaptive devices have been found to increase the affected per-
son’s sense of satisfaction and independence in carrying out routine activities and participating 
in social activities (22).

Assistive technology/devices. Assistive devices should be adapted to a client’s daily routine and 
context. For example, mittens can be provided (gloves made of soft cloth) to protect anesthetic 
hands from heat-related injuries during cooking. Often, the tools used or suggested by clients 
are padded with soft materials to protect hands from pressure injuries, such as utensils, sick-
les, spades, hammers, screw drivers, and so on. For ADL, padding spoons, forks, toothbrushes, 
shaving razors, combs, etc., enhances the self-maintenance activity. Padding not only protects 
hands from pressure injuries but also enables better grip while using tools (23). Clients need to 
be trained on the use of adaptive devices in their daily routines to ensure that they use the tools.

Loss of digits on hands due to repeated injuries and absorption is a common complication in 
leprosy-affected people with long-term impairments. As a result, their functional abilities to per-
form their daily activities are compromised. Grip aids are a kind of adaptive device that is cus-
tomized to enhance the ability of the hands to hold objects such as pens, spoons, shaving razors, 
etc. Modulan® material is commonly used to make custom grip aids (24). Aids such as cosmetic 
prostheses that use latex rubber for absorbed digits are simple and cost effective (25). However 
the effects of cosmetic prostheses need to be scientifically studied to understand their role in 
reducing stigma due to leprosy.

The assistive devices most commonly used to compensate for impairments caused by leprosy 
are shown in Table A1 (Appendix 1). Each device is listed with a picture, indications, and a brief 
description. Although adaptive devices improve a client’s functional ability, level of self-esteem, 
sense of independence, and degree of social participation, they may invoke stigma when used 
outside the home environment (23). Therefore, appropriate counseling should be given in con-
junction with the devices.

Special training. Along with the adaptive devices, special training can be offered to leprosy-af-
fected individuals. For example, they can be taught compensation techniques for using anesthetic 
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hands in their daily routines. This training can be provided effectively in a group session. For cook-
ing activities, clients can be taught how to cook while protecting their affected limbs. Initially, the 
therapist demonstrates the technique and then supervises as the client practices an actual cook-
ing activity over multiple sessions. Special training can also be provided for different occupational 
groups, such as farmers, carpenters, mechanics, tailors, and so on.

Tendon transfer surgery. Motor impairments may lead to paralysis and compromise hand func-
tions such as grasp, pinch, and prehension. The lost movements can be restored to some extent 
with tendon transfer surgeries. Unfortunately, not all paralyzed hands will benefit from tendon 
transfer procedures due to contractures, absorption of digits, availability of tendons to transfer, 
the client’s ability to undergo a re-education process, and various other reasons. In these circum-
stances, the use of adaptive devices can facilitate the functional ability of the hand. As described 
above, padding tools used by the clients will enhance the grasp and, thereby, the functional abil-
ity of the hand.

Vocational and diversional activities. The occupational therapist uses vocational activities to di-
vert as well as to enhance the skill level of clients. Individuals affected by leprosy often stay in hos-
pitals for long periods of time to care for complications such as wounds, deformity corrections, 
and reactions. Activities such as greeting card making, candle making, carpentry, and tailoring 
can be used as diversional activities. These activities not only keep patients engaged during their 
hospital stays but also enhance the skills needed for their livelihoods (26).

COMMUNITY-BASED REHABILITATION
Institutionally based rehabilitation is an integral, key component in providing the holistic reha-
bilitation of a patient. However, health workers need to make a conscious effort to focus on the 
aspects of rehabilitation that will effectively integrate a leprosy-affected patient back into the 
community. (Chapter 4.4 provides further details on community-based rehabilitation for leprosy-
affected individuals.)

Preventing Further Deterioration of 
Impairments
Some of the impairments in leprosy are irreversible because of late diagnosis, late treatment, 
and the severity of causative factors, as in reactions. Such impairments will persist and cannot be 
completely reversed. The goal of the rehabilitation team should be to prevent any new impair-
ment or the worsening of a primary impairment to a secondary impairment.
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EXERCISES
Muscle weakness of lesser duration will recover with appropriate exercise and a course of ste-
roids. For paralysis of a longer duration, exercises might only help in maintaining the muscle tone 
and bulk. Table 6 gives a guideline on the exercises recommended for various grades of muscle 
strength.

TABLE 6 Exercise guidelines

MRC Grading ‘S’ ‘W’ ‘P’ Score Exercise Prescription
0 ‘P’ – Paralyzed Passive Exercise
1

‘W’ – Weak

2 Active and

Active Assisted

3

4 Active 
5 ‘S’ – Strong Active Resisted

There are different types of exercises. The most commonly recommended are listed in Table A2 
(Appendix 2).

SPLINTING
Splints are supportive devices that are primarily used to immobilize a part of the body. Splints are 
classified into dynamic splints and static splints. Static splints immobilize a joint so as to prevent 
movement in the area that is immobilized. Dynamic splints allow specific movements that help in 
maintaining some functions, while other areas are immobilized.

Most of the materials used to make splints are low cost, but comfortable, materials. Metal, bam-
boo, and coconut shells were commonly used in the past. Thermoplastics and plaster of Paris are 
now commonly used to make different kinds of splints.

Splints for neuritis

Ulnar neuritis slab. This splint is indicated in the case of acute ulnar neuritis, or when there is ul-
nar nerve tenderness. The purpose of the splint is to relieve pain and to provide rest and warmth 
to the affected nerve. The splint also helps support the weak and paralyzed muscles supplied by 
the nerve. It can also help to prevent contractures. The ulnar neuritis slab extends from the back 
of the elbow to the palmar crease, if the fingers are not included. The slab helps to maintain the 
elbow in flexion of about 60 degrees, providing adequate rest to the nerve.
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Posterior slab / Functional foot slab. This splint is indicated for patients with posterior tibial 
neuritis or lateral popliteal neuritis, as well as for those with a swollen foot or leg caused by a 
reaction. Other indications include an infected or neuropathic foot. It is also used as a supportive 
device for patients with foot drop or tibialis anterior weakness. This splint is also indicated after 
reconstructive surgery to correct foot drop, helping to protect the transferred tendon, the tibialis 
posterior. The splint maintains the foot in the functional position, which allows damaged tissues 
to heal. The splint also helps to support the anterior foot muscles, prevents Tendo Achilles (TA) 
contracture, and enhances nerve healing. This splint extends from the mid-calf region to the tip 
of the toes.

Palmar slab / Anterior slab / Median neuritis slab. This splint is indicated for patients with me-
dian neuritis, whether or not muscle weakness exists. The purpose of the splint is to provide rest 
and warmth to the median nerve, allowing it to heal and regenerate. The splint also supports the 
weak muscles and helps prevent thumb web contracture (if the thumb is included). The splint 
extends from the upper 2/3rd of the forearm to the palmar crease. Usually the thumb is excluded 
from the splint, unless the thumb needs to be in a functional position or thumb web contracture 
needs to be prevented.

Cock up slab. This splint is indicated when there is radial nerve damage associated with paraly-
sis or weakness of the wrist extensors. The purpose of the splint is to stretch and maintain the 
extensors in their optimal position, thus preventing wrist joint contracture from excessive wrist 
flexion. The splint extends from the upper 2/3rd of the forearm to the palmar crease. The wrist 
is maintained in extension. The fingers are included in the splint if they are paralyzed; if not, they 
are excluded.

Splints for deformity correction / maintenance of joints in optimal position

Cylindrical splint. This splint is indicated when there is interphalangeal joint stiffness or contrac-
ture, as well as if there are finger wounds and cracks. The purpose of the splint is to prevent con-
tracture, correct existing contracture, and provide rest or encourage healing. The splint extends 
from the tip to the base of the finger. Wound healing cylindrical splints can have a window over 
the wound.

Thumb web spica / tuck-in splint. This splint is indicated when there is thumb web contracture. 
The purpose of the splint is to prevent and treat thumb web contracture, such as by maintaining 
the thumb in an abducted position. The splint is also used to protect the transferred tendon after 
reconstructive surgery to correct ape thumb deformity.

Functional slab for hand. This splint is indicated when a patient has a reaction or wound infection 
that causes swelling in the hand. The splint helps to rest the hand in a functional position, as well 
as relieves pain and assists in healing. The splint is applied with the metacarpophalangeal joint 
at 45 degrees, the proximal interphalangeal joints at 25 degrees, and the distal interphalangeal 
joint at 15 degrees.
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Splints for pre- and post-operative phases of reconstructive surgery

Lumbrical slab. A lumbrical slab is indicated when there is a need to maintain the hand in the 
lumbrical position after surgery. The primary purpose of the splint is to protect the transferred 
tendons post-operatively. Finger loops are provided to maintain the position of the metacarpo-
phalangeal joint in flexion. This splint is also useful in reducing swelling and promoting healing.

Non-weight bearing cast. A non-weight bearing cast is indicated after Tibialis Posterior Transfer 
(TPT) surgery. It is also used to heal simple ulcers. The patient is not allowed to bear weight on 
this cast, but instead must use crutches for locomotion. The cast extends from the neck of fibula 
to the tip of the toes, with the ankle joint maintained at 90 degrees of dorsiflexion.

Offloading measures for plantar ulcers

Below Knee (BK) cast with Bohler Iron. Most hospitals treating leprosy patients use a Bohler 
Iron in the walking cast. The Bohler Iron helps transmit weight and pressure to the calf area, 
preventing weight bearing on the foot. This technique helps ulcers heal more quickly. This cast is 
indicated in the presence of a simple heel ulcer in a foot, whether or not the foot is deformed. If 
an ulcer needs dressing, a window can be left in the cast over the ulcer area to enable dressings. 
This cast extends from the neck of the fibula to the tip of the toes.

Molded Double Rocker Shoe (MDRS) / Boot. This name is a misnomer, as there is no proper 
rocker, but the cast provides an effect similar to that of a rocker. This cast, which is shaped like a 
boot, can be used to heal plantar ulcers on the forefoot. An MDRS is contraindicated in the pres-
ence of foot drop, stiff claw toes, or heel ulcers. The cast is applied below the malleoli, but covers 
the entire foot, just like a boot.

TENDON TRANSFER SURGERIES
Tendon transfer procedures are performed to regain near normal function and appearance due 
to existing impairments. Effective pre-counseling and strict adherence to rehabilitation protocols 
are key for patients to have a satisfactory post-operative result (22). The tendon transfer proce-
dures are well elaborated in Chapter 4.2.

The balancing of forces which is re-established through reconstructive surgery depends on the se-
lection of an appropriate tendon for the transfer procedure. Pre-existing secondary impairments 
and their multifactorial dimensions need to be considered when selecting and re-educating an 
appropriate muscle for transfer (27). The selection and modification of the appropriate rehabilita-
tion protocol for pre- and post-tendon transfer surgery determines, in a major way, the patient’s 
adaptability to functional activities after the surgery.
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Pre-operative plan

Patient profile. The profile of a patient, including age, sex, occupation, and functional dominance 
of the extremities, establishes some of the key parameters in determining post-operative results. 
The patient’s expectations, apart from the motivation or need for surgery, are vital in selecting 
and isolating an appropriate muscle for the tendon transfer.

Assessments. The status of muscle power before surgery plays a vital role in determining the 
effective post-operative functioning of the graft. An assessment of the muscle to be transferred 
using MRC grading (Table 2) provides surgeons and therapists with information necessary to plan 
for the surgery. Individual muscle assessments of the hands and feet supplied by the affected 
nerves, and their joint angles, are essential for understanding and maintaining their normal me-
chanics during tendon transfer surgery.

The identification of an appropriate muscle, with good muscle power, suitable for the transfer 
is vital for a successful surgery. The rehabilitation team should also be conscious of whether the 
transferred muscle acts in cohesion with other muscles to perform specific movements. The in-
dividual muscle tests should always be complemented by other assessments. The Rotterdam In-
trinsic Hand Myometer (RIHM) is one of the devices that can help test the intrinsic muscles of the 
hand (28). Furthermore, the matrix recently developed by Govindasamy et al. in India can help 
the rehabilitation team make better decisions when selecting tendon transfer procedures for 
ulnar and median nerve paralysis. The matrix can also help decide the ideal tendons that can be 
transferred for the correction of these long-standing deformities (29).

Post-operative plan

Post-operatively, the effectiveness of the surgery is assessed based on improvements in the joint 
contracture angles and in the functionality of the hands and feet (30). Thus, the patient’s dai-
ly functions and post-operative expectations need to be considered when selecting the donor 
muscle. The assessment will also motivate the patient to set post-operative targets for ADL, even 
before the surgery. Appendix 3 provides detailed pre- and post-operative assessments for the 
hands, feet, and eyes (Tables A3A, A3B, A3C, respectively) that are necessary for the continuous 
and effective monitoring of a patient’s progress.

Pre- and post-operative rehabilitation

The rehabilitation team should involve the patient in the surgical planning sessions, which will 
have a positive effect on the post-operative results. Group therapy sessions for patients waiting 
to undergo reconstructive surgery can help motivate the patient and facilitate a positive out-
come. Appendix 4 overviews pre- and post-operative physical rehabilitation protocols for patients 
undergoing tendon transfer surgeries (Table 4A). An emphasis on a customized functional reori-
entation protocol in accordance with the patient’s profession would be an ideal and effective 
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approach to post-operative rehabilitation. However, due to a paucity of time and funds, many 
functional rehabilitation protocols are limited to those given in the appendix. An improvement in 
the SALSA scale score would help determine an improvement in functions after the surgery.

SELF-CARE

Principles of self-care for eyes, hands, and feet

Every patient with a leprosy-related impairment needs to be educated about self-care. The edu-
cation needs to be participatory and problem based. Each patient will have a different lifestyle, 
and self care needs to be modified to suit that lifestyle. Effective self-care interventions or life-
style modifications adopted by the patients will help reduce their impairments (31, 32).

Self-care of eyes

Impaired corneal sensation. Corneal sensory loss is caused by damage of the trigeminal nerve. If 
care is not taken, red eye can occur, which will further decrease vision. ‘Think Blink’ is one of the 
best methods of preventing such complications. The patient is taught to deliberately close the 
eye at regular intervals. If the patient remembers to blink every few minutes, the risk of corneal 
damage can be reduced.

The following list provides guidance on the self-care of lagophthalmos (see Chapter 3.1):

•	 Wear protective eyeglasses 
to help prevent dust and 
insects from damaging the 
eye and to prevent dryness 
on the surface of the eye.

•	 Cover the head during 
sleep with a clean bed 
sheet or towel, and wear a 
wide-brimmed hat (Figure 
7) or cover the eye with any 
available cloth during the 
day, to prevent damage to 
the eye from foreign par-
ticles and insects.

FIG 7 Covering the Eye.
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•	 Perform passive eye exer-
cises to maintain muscle 
tone and prevent atrophy.

•	 Wash the eye with clean 
water at least twice a day to 
flush out dirt and to prevent 
dryness.

•	 Inspect the eye in a mirror 
to help the early detection 
of redness or injury (Figure 
8).

•	 Avoid rubbing the eye at all 
costs, as it can compound 
damage.

In addition, the affected person can be taught a simple test for visual acuity, counting fingers at a 
distance of 6 meters, so that refractive issues can be addressed in a timely manner.

Self-care of hands and feet

The following list provides guidance on the self-care of hands and feet:

•	 Use thick cloth or gloves for insulation when handling hot objects to protect insensate 
hands. Use tools with wooden or rubber-covered handles to help prevent injury.

•	 Use grip aids and splints to protect hands.

•	 Wear appropriate footwear to protect insensate feet.

•	 Use appropriate footwear to help prevent plantar ulcers.

•	 Soak a palm or sole with sensory loss for 20 minutes in cool clean water to make the skin 
supple. Then rub off the hard skin with a scrapper stone, which keeps the skin soft. Oil the 
wet skin to help retain moisture and prevent dryness.

•	 Include inspecting as well as soaking, scraping, and oiling in the self-care routine to help 
the early detection of issues.

•	 Inspect the anaesthetic area for injuries, or even red spots, swelling, and cracks and take 
adequate precautions to prevent the wound from becoming bigger.

FIG 8 Daily Inspection of the Eye.
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•	 Treat simple wounds at home by bandaging with a clean cloth. A wound area on the hand 
should be rested; one on the foot should be offloaded. Immediately report any signs of 
infection to the physician for further management.

•	 Make lifestyle modifications to protect the hands and feet from being injured.

Self-care groups

A self-care group is a group of leprosy-affected patients, and even their family members, who 
meet to discuss various aspects of self-care. Often the group practices self-care as a team, help-
ing each other out. The problems faced by individuals in self-care are discussed and solutions 
found. The group is usually a cohesive unit and the discussions help the patients broaden their 
knowledge about self-care. The expected outcome of self-care groups is to obtain feedback from 
various group members and change attitudes regarding self-care. The goal is to reduce existing 
impairments and prevent new ones from occurring.

Footwear

Feet that have sensory loss are at a high risk of thermal and repetitive pressure injuries, as well 
as injuries from sharp objects. Therefore, the care and protection of the foot should be accorded 
the highest priority. Patients with existing secondary impairments, such as shortening, plantar 
ulcers, or deformed feet, require specialized footwear. Specialized footwear provides a rocker 
effect while walking and redistributes pressure over a large surface area during weight bearing, 
thus reducing the risk of further impairments.

The use of appropriate footwear helps protect the foot, but the footwear needs to be affordable 
and acceptable to the client. Footwear for leprosy-affected individuals needs to cover the foot 
and protect it from external pressure. It should have adequate padding on the sole, which helps 
redistribute weight and increase the surface area for weight bearing. The footwear should be 
rigid, to avoid shearing stress on the foot, but molded to the contours of the foot. Footwear made 
of Micro Cellular Rubber (MCR) is considered to be the most appropriate because the micro cells 
in the rubber cushion the feet. MCR also helps redistribute pressure and provides adequate pro-
tection from external pressure. If special footwear is not available, any appropriate local footwear 
that can adequately protect feet can be used. Footwear should be changed at least once a year to 
maintain its quality and effectiveness in protecting the feet.

Patient resistance to wearing protective footwear is a common issue faced by many health work-
ers. Also, protective footwear usually does not suit the cosmetic desires of patients. Health edu-
cation plays an important role in improving patient compliance. A recently conducted study in 
an urban leprosy center demonstrated the need for more footwear designs (33). In any leprosy 
control program, if the footwear is customized to locally accepted designs and fashion, the rate 
of compliance will improve.
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Ideal footwear. Simple footwear consists of a soft insole, hard outer sole, a heel counter, ad-
justable uppers, and a back strap. Molded footwear is prescribed for those with deformed feet. 
Footwear should fit correctly because loose or tight shoes can cause ulcers. The shoes should not 
contain any nails; rather, they should be pasted. A heel counter in the shoes benefits the patient 
as it helps keep the foot in position.

An assessment of the foot is necessary before footwear is prescribed. The size and type of the 
foot need to be noted. The presence or absence of deformities plays a major role in the decision 
to provide a specific type of footwear. Table 7 lists the common types of footwear and orthoses 
that can be prescribed to patients with anesthetic feet.

TABLE 7 Recommended footwear for patients with anesthetic feet

Foot Assessment Prescribe Footwear and Orthoses
No deformities MCR footwear or any appropriate footwear
Claw toes and forefoot scarring MCR footwear with a metatarsal pad
Pronated subtalar joint MCR footwear with a tarsal cradle
Hyper pronated subtalar joint MCR footwear with a hatti pad
Supinated subtalar joint MCR footwear with a heel cup or tarsal 

platform
Ulcer on the metatarsal head on a 
supinated foot 

MCR footwear with a plantar metatarsal 
pad

Ulcer on the metatarsal head on a pronated 
subtalar joint 

MCR footwear with a plantar metatarsal 
pad and a tarsal cradle

Neuro arthropathy Fixed Ankle Brace
Shortened and scarred foot Patellar Tendon Bearing Brace

Functional and accommodative orthoses should not be fabricated or provided until after a de-
tailed foot biomechanical assessment. The position of the subtalar joint and the functions of 
other joints in the foot allow the identification of normal and abnormal foot functions (34). The 
fabrication of an appropriate foot orthosis will complement the management of plantar ulcers 
(35). The efficacy of using an orthosis for leprosy patients has been well established by Cross et 
al. (35).

TECHNOLOGICAL ADVANCES

Changing scenario and challenges in leprosy rehabilitation

Though technology has aided in the rehabilitation of people with impairments across the globe, 
leprosy-affected patients have not received a great deal of benefit from the technological boom. 
The translation of technological advances to rehabilitation in leprosy-affected persons has faced 



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

2 2 	 P a r t  I    C l i n i c a l  S c i e n c e s

several challenges over the years. A lack of funding and a surfeit of complacency in adapting the 
technology to benefit leprosy-affected patients are two of the challenges that leprosy programs 
face in implementing these technologies. Given the technological advancements and the avail-
ability of low-cost technology, leprosy health workers need to adapt these advancements and 
adopt them in their health programs. In a rapidly growing economy, leprosy-affected patients also 
should be provided with rehabilitation plans customized to their needs within a shorter span of 
time.

Technological advancements

The advancements in technology have provided health workers with an array of options for reha-
bilitating physically challenged people using assistive devices. Technologically driven methods for 
fabricating assistive devices have helped the physically challenged lead independent and eman-
cipated lives, allowing them to overcome the challenges initially caused by their impairments. 
Technology has also brought a paradigm shift, making health care more appropriate and more 
affordable. The widespread availability of and easy accessibility to technology has greatly contrib-
uted to breaking the physical barriers faced by the physically challenged, helping them become 
functionally independent and productive over a short span of time (36, 37, 38). Technology has 
also enabled the customization of assistive devices and reduced the time required for their fab-
rication.

Numerous studies have found that involving users in the fabrication of technologically advanced 
devices would help improve user adherence to those devices. In one study, Phillips established 
that user adherence to devices would improve if those devices supported psychological and so-
cial independence as well as improved physical functioning (39). In another study, Bradley and 
Dunlop emphasized that users need to be involved in the design process so that devices can be 
more effective, especially if a human-computer interface is included (40).

In addition to the lacunae in considering the user’s opinion in the design process, the stigma of 
using assistive devices is considered to be one of the key factors in users’ abandonment of those 
devices (41, 42). This issue is particularly applicable to patients with leprosy, who use assistive 
devices to protect themselves and to facilitate their self-care and other daily activities (43, 44). 
In their work, Fatima et al. have highlighted the need to design assistive devices that facilitate 
inclusiveness and thereby reduce stigma (45). (See Chapter 4.5 for additional information on 
overcoming the stigma of leprosy.)

New technology has also helped develop models and simulation techniques for understanding 
the effects of plantar stresses in causing foot impairments (Figure 9A) (46, 47, 48, 49, 50, 51). 
Analysis of the peak plantar pressures have facilitated the computer-aided design and fabrication 
techniques for foot orthosis. Techniques have been developed and adopted to design and correct 
foot impairments for patients living in remote places (52, 53, 54).
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Cost-effective tactile sen-
sors have also been used 
to design and develop bio-
feedback systems that can 
help prevent peak palmar 
and plantar pressures (Fig-
ure 9B) (55). The use of ad-
vanced computer technol-
ogies has helped to identify 
and provide feedback on 
the progression of ulcer 
care in leprosy (56). Fur-
thermore, mobile-based 
technology has helped 
patients in a resource-lim-
ited setting access health 
care from the comfort of 
their homes. For example, 
the Leprosy Alert and Re-
sponse Network System 
(LEARNS) in the Philippines 
and an urban leprosy proj-
ect in Kolkata have utilized 
mobile-based technology 
for the early detection of 
leprosy and the preven-
tion and management of 
impairments from leprosy 
(57).

Developing newer designs 
through reverse engineer-
ing would further help 
to retain and refine the 
functionality of devices. A 
framework that involves 
caregivers and patients af-
fected by leprosy in the design and development process would help improve their adherence to 
and use of assistive devices. In the near future, advanced technologies such as virtual reality and 
artificial intelligence could also be integrated into the fabrication of assistive devices.

FIG 9 Foot Assessment.

A	 Plantar stress assessment

B	 Palmar pressure assessment
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Appendix 1
TABLE A1 Common adaptive / assistive devices used in leprosy

Name of the device Indication Brief description
Adapted spoon Those with no grasp 

due to absorbed digits 
or complete paralysis 
of hand muscles

Device is made of a spoon at-
tached to an aluminum cuff to 
facilitate the retention of the 
spoon in the hand while eating. 
This device can be adopted for a 
toothbrush and a comb.

Built-up spoon Those with some grasp 
but inability to hold 
thin items such as a 
spoon or toothbrush 
during function move-
ment

Soft material is padded around 
the spoon handle to facilitate 
grip for those with poor hand 
grasp. The same modifications 
can be done for a toothbrush, 
pen, shaving razors, and comb.

Nail cutting device Those with deformi-
ties; clawed fingers and 
thumb paralysis

Nail cutter is attached to stable 
base and cutter handle is broad-
ened to facilitate easy cutting of 
nail.

Soap holder Those with paralyzed 
fingers and thumb or 
absorbed digits with 
difficulty in grasp

Soap is fixed into an aluminum 
holder, which is attached to a 
stable cuff around the palm to 
facilitate the retention of the 
soap in the hand. This device is 
rarely used.
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TABLE A1 (cont’d)

Button hook Those with difficulty in 
fine motor activity due 
to paralysis and/or loss 
of sensation

A hook is fixed to a soft handle 
to facilitate buttoning, which is 
very challenging for those with 
thumb paralysis.

Writing aid Those with poor pre-
hension (tripod) func-
tion with some pinch 
power

A soft rubber grip slips onto a 
pen or pencil to facilitate grip 
while writing.

Grip aids Those with absorbed 
digits with some grasp/
prehension function

Made of a special material that 
takes the shape of the contact 
surface of the fingers to facilitate 
easy grasp.

Universal cuff Those with poor or no 
grasp due to absorbed 
digits or paralysis of 
muscles of the hand

Those without fingers 
or loss of grasp

This device consists of a nylon 
or leather cuff around the palm 
with a pocket to insert a spoon, 
toothbrush, comb, etc. 

Zipper puller Those with poor pre-
hension function

This device consists of a hook 
with a ring at one end to facili-
tate pulling a zipper.
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TABLE A3B Pre- and post-operative assessment protocol of tendon transfer surgeries of 
feet

Lateral Popliteal Nerve
Pre-Operative 
Assessment

Post-Operative 
Assessment

Muscle Assessment Tibialis anterior
Tibialis posterior
Extensor Hallucis longus
Extensor digitorum longus

Infection
Stitch abscess
Swelling
Adhesion
Loose tension
Tendon slipping
Pain

Sensation Sensory areas of the lateral popliteal 
and posterior tibial nerve

Angle Measurements Ankle at rest
With Knee Extended

•	 Active Dorsi / plantar flexion
•	 Passive Dorsi / plantar flexion

With Knee Flexed (90º)
•	 Active Dorsi / plantar flexion
•	 Passive Dorsi / plantar flexion

Inversion and eversion at dorsiflexion
Inversion and eversion at plantar flexion

Functional Assessment Navicular Height
Gait (123 pattern)
Whether able to walk short / long distances, run, climb 
stairs, and squat
SALSA Scale score
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TABLE A3C Pre- and post-operative assessment protocol of tendon transfer surgeries of 
eye

Eye
Pre-Operative Assessment Post-Operative Assessment

Muscle Assessment Functioning of orbiculari oc-
culi

Functioning of the trans-
ferred tendon “temporalis 
muscle”

Sensory assessment Corneal Sensation – Blink
Lid gap in light closure (in mil-
limeters)
Lid gap in tight closure (in 
millimeters)
Vision (Snellen’s E-Chart)

Lid gap in light closure (in mil-
limeters)
Lid gap in tight closure (in 
millimeters)
Vision (Snellen’s E-Chart)

Other assessments Ectropion
Entropion
Watering of the eye
Corneal Ulcer

Ectropion
Entropion
Watering of the eye
Corneal Ulcer



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

3 2 	 P a r t  I    C l i n i c a l  S c i e n c e s

A
pp

en
di

x 
4

TA
BL

E 
4A

 S
ur

gi
ca

l r
eh

ab
ili

ta
tio

n 
pr

ot
oc

ol
s

Su
rg

ic
al

 
Pr

oc
ed

ur
e

Pr
e-

O
pe

ra
tiv

e 
Re

ha
bi

lit
ati

on
 

Po
st

-O
pe

ra
tiv

e 
Re

ha
bi

lit
ati

on
 

1s
t W

ee
k 

2n
d 

W
ee

k 
3r

d 
W

ee
k 

4t
h 

W
ee

k 
Ex

te
ns

or
 to

 
Fl

ex
or

 4
 T

ai
l 

Tr
an

sf
er

 (E
F4

T)

To
 g

ai
n 

iso
la

tio
n 

an
d 

fu
ll 

st
re

ng
th

 o
f E

CR
L,

 su
pp

or
t 

ha
nd

 in
 p

ro
na

tio
n 

an
d 

pr
ac

-
tic

e 
w

ris
t e

xt
en

sio
n 

w
ith

ou
t 

al
lo

w
in

g 
fin

ge
r o

r t
hu

m
b 

m
ov

em
en

t.
To

 st
re

ng
th

en
 E

CR
L,

 d
o 

sa
m

e 
ac

tio
n 

ag
ai

ns
t r

es
is-

ta
nc

e.
 

Is
ol

at
e 

an
d 

do
 

w
ris

t e
xt

en
sio

n 
w

ith
 ra

di
al

 d
ev

ia
-

tio
n,

 lo
ok

in
g 

fo
r 

M
CP

 jo
in

t fl
ex

io
n 

an
d 

PI
P 

ex
te

ns
io

n 
in

 a
ll 

fin
ge

rs
.

U
se

 c
yl

in
dr

ic
al

 
sp

lin
ts

 fo
r fi

ng
er

 
ex

te
ns

io
n 

an
d 

lu
m

br
ic

al
 sl

ab
 to

 
re

du
ce

 sw
el

lin
g.

As
se

ss
 a

t e
nd

 o
f 

1s
t w

ee
k.

M
CP

 e
xt

en
sio

n
As

se
ss

 a
t e

nd
 o

f 
2n

d 
w

ee
k.

St
ar

t M
CP

 a
nd

 P
IP

 
jo

in
t fl

ex
io

n.
As

se
ss

 a
t e

nd
 o

f 
3r

d 
w

ee
k.

Pe
rfo

rm
 fu

nc
tio

n-
al

 a
cti

vi
tie

s:
•	

Gr
as

pi
ng

 la
rg

e 
pr

og
re

ss
in

g 
to

 
sm

al
le

r o
bj

ec
ts

•	
Gr

as
pi

ng
 li

gh
t 

pr
og

re
ss

in
g 

to
 

he
av

ie
r o

bj
ec

ts
•	

Pi
ck

in
g 

up
 

be
an

s w
ith

 
fin

ge
rs

 a
nd

 
th

um
b 

in
 lu

m
-

br
ic

al
 p

os
iti

on
As

se
ss

 a
t e

nd
 o

f 
4t

h 
w

ee
k.

Ex
te

ns
or

 to
 

Ex
te

ns
or

 4
 T

ai
l 

tr
an

sf
er

 

Po
st

-o
pe

ra
tiv

e 
ex

er
ci

se
s a

re
 sa

m
e 

as
 E

F4
T,

 e
xc

ep
t t

oo
 m

uc
h 

fu
ll 

w
ris

t fl
ex

io
n 

sh
ou

ld
 b

e 
av

oi
de

d 
in

 p
os

t-o
pe

ra
tiv

e 
pe

rio
d.

Pa
lm

ar
is 

Lo
ng

us
 

4 
Ta

il 
Tr

an
sf

er
 

Is
ol

at
e 

PL
 b

y 
w

ris
t fl

ex
io

n 
an

d 
ha

nd
 c

up
pi

ng
.

Su
bl

im
us

 
Tr

an
sf

er
 

As
k 

pa
tie

nt
 to

 fl
ex

 P
IP

 jo
in

t 
of

 o
nl

y 
lo

ng
 fi

ng
er

; a
ll 

ot
he

r 
fin

ge
rs

 sh
ou

ld
 b

e 
re

la
xe

d.
 

M
CP

 o
f l

on
g 

fin
ge

r s
ho

ul
d

Po
st

-o
pe

ra
tiv

e 
ex

er
ci

se
s a

re
 sa

m
e 

as
 a

bo
ve

 su
rg

er
ie

s e
xc

ep
t c

ar
e 

m
us

t b
e 

ta
ke

n 
fo

r “
ch

ec
k-

re
in

” 
an

d 
“s

ub
lim

us
-m

in
us

” 
de

fo
rm

iti
es

.



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

	 S e c t i o n  4    R e h a b i l i t a t i o n  a n d  S o c i a l  A s p e c t s 	 3 3

TA
BL

E 
4A

 (c
on

t’d
)

Su
rg

ic
al

 
Pr

oc
ed

ur
e

Pr
e-

O
pe

ra
tiv

e 
Re

ha
bi

lit
ati

on
Po

st
-O

pe
ra

tiv
e 

Re
ha

bi
lit

ati
on

1s
t w

ee
k

2n
d 

w
ee

k
3r

d 
w

ee
k

4t
h 

w
ee

k
be

 fl
at

 a
nd

 D
IP

 jo
in

t m
us

t 
be

 re
la

xe
d.

La
ss

o 
Pr

oc
ed

ur
e 

As
k 

pa
tie

nt
 to

 fl
ex

 P
IP

 jo
in

t 
of

 o
nl

y 
lo

ng
 fi

ng
er

; a
ll 

ot
he

r 
fin

ge
rs

 sh
ou

ld
 b

e 
re

la
xe

d.
 

M
CP

 o
f l

on
g 

fin
ge

r s
ho

ul
d 

be
 fl

at
 a

nd
 D

IP
 jo

in
t m

us
t 

be
 re

la
xe

d.
 

Pe
rfo

rm
 is

ol
ati

on
 

ex
er

ci
se

s o
f t

ra
ns

-
fe

r (
FD

S 
of

 lo
ng

 
fin

ge
r)

.
Fl

ex
 a

nd
 e

xt
en

d 
PI

P 
an

d 
DI

P 
jo

in
ts

 
w

hi
le

 m
ai

nt
ai

ni
ng

 
M

CP
 jo

in
t i

n 
55

°.
U

se
 P

O
P 

sla
b 

w
he

n 
no

t e
xe

rc
is-

in
g.

As
se

ss
 a

t e
nd

 o
f 

1s
t w

ee
k.

 

Fl
ex

 a
nd

 e
xt

en
d 

PI
P 

an
d 

DI
P 

jo
in

ts
 

w
hi

le
 m

ai
nt

ai
ni

ng
 

M
CP

 jo
in

t i
n 

55
°.

As
se

ss
 a

t e
nd

 o
f 

2n
d 

w
ee

k.
 

Pe
rfo

rm
 c

oo
rd

in
a-

tio
n 

ex
er

ci
se

s.
Pe

rfo
rm

 m
or

e 
ex

-
te

ns
io

ns
 o

f M
CP

 
jo

in
ts

.
Ch

an
ge

 sl
ab

 to
 

on
e 

w
ith

 M
CP

 
jo

in
ts

 in
 3

0°
 e

x-
te

ns
io

n.
As

se
ss

 a
t e

nd
 o

f 
3r

d 
w

ee
k.

Pe
rfo

rm
 fu

nc
tio

n-
al

 a
cti

vi
tie

s:
•	

Gr
as

pi
ng

 la
rg

e 
pr

og
re

ss
in

g 
to

 
sm

al
le

r o
bj

ec
ts

•	
Gr

as
pi

ng
 li

gh
t 

pr
og

re
ss

in
g 

to
 

he
av

ie
r o

bj
ec

ts
•	

Pi
ck

in
g 

up
 

be
an

s w
ith

 
fin

ge
rs

 a
nd

 
th

um
b 

in
 lu

m
-

br
ic

al
 p

os
iti

on
As

se
ss

 a
t e

nd
 o

f 
4t

h 
w

ee
k.

Su
bl

im
us

 
Tr

an
sf

er
 

As
k 

pa
tie

nt
 to

 fl
ex

 P
IP

 jo
in

t 
of

 o
nl

y 
lo

ng
 fi

ng
er

; a
ll 

ot
he

r 
fin

ge
rs

 sh
ou

ld
 b

e 
re

la
xe

d.
 

M
CP

 o
f l

on
g 

fin
ge

r s
ho

ul
d 

be
 fl

at
 a

nd
 D

IP
 jo

in
t m

us
t 

be
 re

la
xe

d.
 

Pe
rfo

rm
 is

ol
ati

on
 

ex
er

ci
se

s o
f t

ra
ns

-
fe

r (
FD

S 
of

 lo
ng

 
fin

ge
r)

.
Lo

ok
 fo

r M
CP

 
jo

in
t fl

ex
io

n 
an

d 
PI

P 
ex

te
ns

io
n 

in
 

al
l fi

ng
er

s.
Im

m
ob

ili
ze

 IP

Pe
rfo

rm
 M

CP
 

ex
te

ns
io

n.
As

se
ss

 a
t e

nd
 o

f 
2n

d 
w

ee
k.

St
ar

t M
CP

 a
nd

 P
IP

 
jo

in
t fl

ex
io

n.
As

se
ss

 a
t e

nd
 o

f 
3r

d 
w

ee
k.

 

Pe
rfo

rm
 fu

nc
tio

n-
al

 a
cti

vi
tie

s:
•	

Gr
as

pi
ng

 la
rg

e 
pr

og
re

ss
in

g 
to

 
sm

al
le

r o
bj

ec
ts

•	
Gr

as
pi

ng
 li

gh
t 

pr
og

re
ss

in
g 

to
 

he
av

ie
r o

bj
ec

ts
•	

Pi
ck

in
g 

up



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

3 4 	 P a r t  I    C l i n i c a l  S c i e n c e s

TA
BL

E 
4A

 (c
on

t’d
)

Su
rg

ic
al

 
Pr

oc
ed

ur
e

Pr
e-

O
pe

ra
tiv

e 
Re

ha
bi

lit
ati

on
Po

st
-O

pe
ra

tiv
e 

Re
ha

bi
lit

ati
on

1s
t w

ee
k

2n
d 

w
ee

k
3r

d 
w

ee
k

4t
h 

w
ee

k

jo
in

ts
 u

sin
g 

PO
P 

cy
lin

dr
ic

al
 sp

lin
ts

.
As

se
ss

 a
t e

nd
 o

f 
1s

t w
ee

k.

	
be

an
s w

ith
 

fin
ge

rs
 a

nd
 

th
um

b 
in

 lu
m

-
br

ic
al

 p
os

iti
on

As
se

ss
 a

t e
nd

 o
f 

4t
h 

w
ee

k.
O

pp
on

en
s 

Re
pl

ac
em

en
t 

To
 g

ai
n 

iso
la

tio
n 

an
d 

fu
ll 

st
re

ng
th

 o
f r

in
g 

fin
ge

r F
DS

, 
su

pp
or

t h
an

d 
in

 su
pi

na
tio

n 
an

d 
pr

ac
tic

e 
PI

P 
fle

xi
on

 o
f 

th
at

 fi
ng

er
. D

IP
 jo

in
t a

nd
 a

ll 
ot

he
r fi

ng
er

s m
us

t r
em

ai
n 

re
la

xe
d.

 T
hu

m
b 

w
eb

 a
ng

le
 

sh
ou

ld
 b

e 
40

°. 

Tr
y 

ol
d 

ac
tio

n 
of

 
PI

P 
fle

xi
on

 o
f r

in
g 

fin
ge

r a
nd

 w
at

ch
 

fo
r n

ew
 a

cti
on

 o
f 

th
um

b 
ab

du
cti

on
 

/ r
ot

ati
on

.
M

ak
e 

su
re

 w
hi

le
 

do
in

g 
ex

er
ci

se
s 

th
at

:
•	

O
th

er
 fi

ng
er

s 
an

d 
rin

g 
fin

ge
r 

DI
P 

jo
in

ts
 a

re
 

re
la

xe
d

•	
Th

er
e 

is 
no

 
th

um
b 

tip
 fl

ex
-

io
n 

as
 tr

an
sf

er
 

is 
us

ed
•	

M
CP

 jo
in

t 
do

es
 n

ot
 h

yp
er

 
ex

te
nd

To
 st

re
ng

th
en

 
tr

an
sf

er
re

d 
m

us
cl

e:
•	

In
cr

ea
se

 
am

ou
nt

 o
f 

ex
er

ci
se

.
•	

Pr
ov

id
e 

le
ss

 
su

pp
or

t f
or

 
ha

nd
 b

y 
ch

an
g-

in
g 

po
siti

on
.

•	
Pe

rfo
rm

 a
cti

on
 

ag
ai

ns
t g

ra
vi

ty
. 

To
 im

pr
ov

e 
co

or
-

di
na

tio
n 

of
 tr

an
s-

fe
rr

ed
 m

us
cl

e:
•	

Te
ac

h 
it 

to
 

w
or

k 
to

ge
th

er
 

w
ith

 fi
ng

er
s f

or
 

pi
nc

h 
fu

nc
tio

n.
•	

Ex
pe

ct
 in

-
cr

ea
se

d 
RO

M
.

•	
Di

sc
ar

d 
PO

P 
as

 
go

od
 c

on
tr

ol
 is

 
ga

in
ed

.
•	

Co
nti

nu
e 

an
-

te
rio

r s
la

b 
at

 
ni

gh
t.

To
 tr

ai
n 

fu
nc

tio
na

l 
us

e 
of

 tr
an

sf
er

re
d 

m
us

cl
e,

 a
cti

vi
tie

s 
m

ay
 in

cl
ud

e
•	

Pi
ck

in
g 

up
 

la
rg

e 
ob

je
ct

s,
 

pr
og

re
ss

in
g 

to
 

sm
al

le
r o

ne
s.

•	
Ga

m
es

 su
ch

 a
s 

lu
do

, W
riti

ng
•	

Ac
tiv

iti
es

 o
f 

da
ily

 li
vi

ng
, e

s-
pe

ci
al

ly
 th

os
e 

re
la

te
d 

to
 p

a-
tie

nt
’s 

ne
ed

s 



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

	 S e c t i o n  4    R e h a b i l i t a t i o n  a n d  S o c i a l  A s p e c t s 	 3 5

TA
BL

E 
4A

 (c
on

t’d
)

Su
rg

ic
al

 
Pr

oc
ed

ur
e

Pr
e-

O
pe

ra
tiv

e 
Re

ha
bi

lit
ati

on
Po

st
-O

pe
ra

tiv
e 

Re
ha

bi
lit

ati
on

1s
t w

ee
k

2n
d 

w
ee

k
3r

d 
w

ee
k

4t
h 

w
ee

k

•	
	Ch

ec
k 

th
at

 re
in

 
de

fo
rm

ity
 d

oe
s 

no
t d

ev
el

op
 in

 
rin

g 
fin

ge
r

Ap
pl

y 
th

um
b 

sp
ic

a 
PO

P 
or

 c
yl

in
-

de
r P

O
P 

to
 th

um
b 

al
on

g 
w

ith
 a

nt
e-

rio
r s

la
b 

to
 h

ol
d 

it 
in

 a
bd

uc
tio

n 
/ o

p-
po

siti
on

 b
et

w
ee

n 
tr

ea
tm

en
ts

.
Tr

ip
le

 N
er

ve
 

Pa
lsy

 C
or

re
cti

on
 

– 
Re

st
or

ati
on

 o
f 

w
ris

t a
nd

 fi
ng

er
 

ex
te

ns
io

n
•	

Re
st

or
a-

tio
n 

of
 w

ris
t 

ex
te

ns
io

n 
– 

Tr
an

sf
er

 
of

 P
ro

na
to

r 
Te

re
s t

o 
EC

RB
•	

Re
st

or
ati

on
 

of
 fi

ng
er

 a
nd

 
th

um
b 

ex
te

n-
sio

n 
– 

FC
R

Pe
rfo

rm
 is

ol
at

ed
 c

on
tr

ac
-

tio
n 

of
 P

ro
na

to
r T

er
es

 (i
.e

., 
Pr

on
ati

on
 o

f f
or

ea
rm

 w
ith

 
al

l o
th

er
 m

us
cl

es
 re

la
xe

d)
.

Pe
rfo

rm
 is

ol
at

ed
 c

on
tr

ac
-

tio
n 

of
 F

CR
 (i

.e
., 

Fl
ex

io
n 

of
 

w
ris

t j
oi

nt
 in

to
 ra

di
al

 d
ev

ia
-

tio
n,

 w
ith

 o
th

er
 m

us
cl

es
 

re
la

xe
d)

. 

Pa
tie

nt
 d

oe
s 

ge
nt

le
 e

xe
rc

ise
s 

as
 ta

ug
ht

 p
re

-
op

er
ati

ve
ly.

W
at

ch
 fo

r w
ris

t 
ex

te
ns

io
n 

by
 

gr
aft

 w
he

n 
do

in
g 

pr
on

ati
on

 a
nd

 e
x-

te
ns

io
n 

of
 fi

ng
er

s 
an

d 
th

um
b 

an
d 

w
he

n 
do

in
g 

w
ris

t 
fle

xi
on

.
Ap

pl
y 

po
st

-
op

er
ati

ve
 a

nt
er

io
r 

sla
b 

w
he

n 
no

t 

Pe
rfo

rm
 sa

m
e 

ex
-

er
ci

se
s,

 b
ut

 m
or

e 
st

ro
ng

ly,
 c

ha
ng

e 
po

siti
on

s,
 h

ol
d 

fo
r 

lo
ng

er
 ti

m
e.

 

If 
go

od
 c

on
tr

ol
 

of
 g

ra
ft,

 st
ar

t 
ge

nt
le

 fl
ex

io
n 

of
 

w
ris

t, 
fin

ge
rs

, a
nd

 
th

um
b 

an
d 

su
pi

-
na

tio
n 

an
d 

ex
te

n-
sio

n 
of

 e
lb

ow
. 

Co
nti

nu
e 

ex
er

-
ci

se
s

St
ar

t f
un

cti
on

al
 

ac
tiv

iti
es

 a
s p

os
-

sib
le

 to
 p

re
pa

re
 

fo
r l

um
br

ic
al

 a
nd

 
op

po
ne

ns
 o

pe
ra

-
tio

n.
 



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

3 6 	 P a r t  I    C l i n i c a l  S c i e n c e s

TA
BL

E 
4A

 (c
on

t’d
)

Su
rg

ic
al

 
Pr

oc
ed

ur
e

Pr
e-

O
pe

ra
tiv

e 
Re

ha
bi

lit
ati

on
Po

st
-O

pe
ra

tiv
e 

Re
ha

bi
lit

ati
on

1s
t w

ee
k

2n
d 

w
ee

k
3r

d 
w

ee
k

4t
h 

w
ee

k
•	

	Tr
an

sf
er

 to
 

ED
C 

an
d 

EP
L

ex
er

ci
sin

g.

Te
m

po
ra

lis
 

M
us

cl
e 

Tr
an

sf
er

 
(T

M
T)

 

As
se

ss
:

•	
Fa

ce
 m

us
cl

es
, e

sp
ec

ia
lly

 
or

bi
cu

la
ris

 o
cc

ul
i

•	
Co

rn
ea

l s
en

sa
tio

n
•	

In
te

r l
id

 w
id

th
 o

f L
ag

-
op

ht
ha

lm
os

 –
 li

gh
t a

nd
 

tig
ht

 c
lo

su
re

•	
St

re
ng

th
 o

f T
em

po
ra

lis
 

m
us

cl
e

•	
O

th
er

 a
ss

es
sm

en
ts

 a
s 

fo
r o

th
er

 su
rg

er
y

•	
An

y 
ey

e 
co

m
pl

ic
ati

on
s,

 
i.e

., 
in

fla
m

m
ati

on
, u

lc
er

.
Pe

rfo
rm

 is
ol

at
ed

 c
on

tr
ac

-
tio

n 
of

 te
m

po
ra

lis
 m

us
cl

es
, 

i.e
., 

bi
tin

g.
Pe

rfo
rm

 b
iti

ng
 e

xe
rc

ise
s o

n 
a 

ha
rd

 su
bs

ta
nc

e,
 e

.g
., 

a 
pi

ec
e 

of
 ru

bb
er

 o
r c

he
w

in
g 

gu
m

, t
o 

st
re

ng
th

en
 te

m
po

-
ra

lis
 m

us
cl

e.

Li
qu

id
 d

ie
t 

Se
m

i-s
ol

id
 d

ie
t 

N
or

m
al

 d
ie

t
St

ar
t b

iti
ng

 e
xe

r-
ci

se
s a

nd
 m

ea
su

re
 

in
te

r l
id

 w
id

th
 

w
he

n 
ex

er
ci

sin
g.

Lo
ng

er
 e

xe
rc

ise
 

se
ss

io
ns

Ho
ld

 c
on

tr
ac

tio
n 

fo
r l

on
ge

r ti
m

e
Bi

te
 o

n 
a 

ha
rd

 
su

bs
ta

nc
e

Ti
bi

al
is 

Po
st

er
io

r 
Tr

an
sf

er
 (T

PT
)

Ga
in

 is
ol

ati
on

 o
f T

ib
ia

lis
 

Po
st

er
io

r.
To

 is
ol

at
e 

tr
an

s-
fe

rr
ed

 m
us

cl
e:

To
 st

re
ng

th
en

 
tr

an
sf

er
re

d
To

 im
pr

ov
e 

co
or

-
di

na
tio

n 
of

Ga
in

 fu
ll 

w
ei

gh
t 

be
ar

in
g 

by



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

	 S e c t i o n  4    R e h a b i l i t a t i o n  a n d  S o c i a l  A s p e c t s 	 3 7

TA
BL

E 
4A

 (c
on

t’d
)

Su
rg

ic
al

 
Pr

oc
ed

ur
e

Pr
e-

O
pe

ra
tiv

e 
Re

ha
bi

lit
ati

on
Po

st
-O

pe
ra

tiv
e 

Re
ha

bi
lit

ati
on

1s
t w

ee
k

2n
d 

w
ee

k
3r

d 
w

ee
k

4t
h 

w
ee

k
St

re
ng

th
en

 T
ib

ia
lis

 P
os

te
-

rio
r b

y 
sitti

ng
 w

ith
 a

ffe
ct

ed
 

fo
ot

 su
pp

or
te

d 
on

 o
pp

os
ite

 
kn

ee
 a

nd
 p

ra
cti

ci
ng

 in
ve

r-
sio

n.
Re

sis
ta

nc
e 

m
ay

 b
e 

gi
ve

n 
to

 
m

ed
ia

l s
id

e 
of

 fo
ot

.

•	
Re

m
in

d 
pa

tie
nt

 
of

 p
re

-o
pe

ra
-

tiv
e 

ex
er

ci
se

s.
•	

As
 p

ati
en

t t
rie

s 
to

 d
o 

“o
ld

” 
ac

tio
n 

of
 in

ve
r-

sio
n,

 w
at

ch
 fo

r 
“n

ew
” 

ac
tio

n 
of

 d
or

sifl
ex

io
n 

(e
xe

rc
ise

 in
 

sa
m

e 
po

siti
on

 
as

 p
re

-o
pe

r-
ati

ve
). 

M
ov

e-
m

en
t m

ay
 b

e 
a 

fli
ck

er
 a

t fi
rs

t.
•	

Pe
rfo

rm
 e

xe
r-

ci
se

 w
ith

 g
ra

v-
ity

 e
lim

in
at

ed
.

To
 p

re
ve

nt
 d

am
-

ag
e 

or
 m

isu
se

 
of

 tr
an

sf
er

re
d 

te
nd

on
, p

ro
vi

de
 

ba
ck

 sl
ab

.

m
us

cl
e:

•	
In

cr
ea

se
 

am
ou

nt
 o

f 
ex

er
ci

se
.

•	
Si

t w
ith

 le
g 

ha
ng

in
g 

do
w

n 
so

 th
at

 m
us

cl
e 

is 
w

or
ki

ng
 

ag
ai

ns
t g

ra
vi

ty
.

tr
an

sf
er

re
d 

m
us

-
cl

e 
w

ith
 a

ss
oc

i-
at

ed
 le

g 
m

us
cl

es
:

•	
Pe

rfo
rm

 p
ar

tia
l 

w
ei

gh
t-b

ea
rin

g 
ex

er
ci

se
s o

n 
pa

ra
lle

l b
ar

s 
fa

ci
ng

 a
 m

irr
or

.
•	

Tr
an

sf
er

 o
f 

w
ei

gh
t t

ha
t 

w
ou

ld
 b

e 
pr

ac
-

tic
ed

 o
n 

pa
ra

l-
le

l b
ar

 w
ou

ld
 

be
 si

de
-t

o-
sid

e 
tr

an
sf

er
en

ce
 

of
 w

ei
gh

t a
nd

 
he

el
-to

-t
oe

 
tr

an
sf

er
en

ce
 o

f 
w

ei
gh

t 

de
cr

ea
sin

g,
 th

en
 

re
m

ov
in

g,
 su

pp
or

t 
of

 p
ar

al
le

l b
ar

s,
 

cr
ut

ch
es

, e
tc

.
En

co
ur

ag
e 

w
al

k-
in

g 
in

 a
ll 

sit
ua

-
tio

ns
, p

ro
gr

es
sin

g 
to

:
•	

Ro
ug

h 
gr

ou
nd

, 
slo

pe
s,

 st
ep

s
•	

Lo
ng

er
 d

is-
ta

nc
es

•	
Ha

nd
 b

al
l 

ga
m

es
 w

hi
ch

 
di

st
ra

ct
 p

a-
tie

nt
’s 

att
en

-
tio

n 
fr

om
 fe

et

* 
EC

RL
 =

 E
xt

en
so

r C
ar

pi
 R

ad
ia

lis
 L

on
gu

s;
 M

CP
 =

 M
et

ac
ar

po
 P

ha
la

ng
ea

l; 
PI

P 
= 

Pr
ox

im
al

 In
te

rp
ha

la
ng

ea
l; 

DI
P 

= 
Di

st
al

 In
te

r-
ph

al
an

ge
al

; R
O

M
 =

 R
an

ge
 o

f m
oti

on
; P

O
P 

= 
Pl

as
te

r o
f P

ar
is

; F
DS

 =
 F

le
xo

r D
ig

ito
ru

m
 S

ub
lim

us
; I

P 
= 

In
te

rp
ha

la
ng

ea
l; 

FC
R 

= 
Fl

ex
or

 C
ar

pi
 R

ad
ia

lu
s;

 E
DC

 =
 E

xt
en

so
r D

ig
ito

ru
m

 C
om

m
un

is
; E

PL
 =

 E
xt

en
so

r P
ol

lic
is

 L
on

gu
s



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

3 8 	 P a r t  I    C l i n i c a l  S c i e n c e s

References
1.	 van Brakel WH, Saunderson P, Shetty V, Brandsma JW, Post E, Jellema R, McKnight J. 

2007. International workshop on neuropathology in leprosy – consensus report. Lepr 
Rev 78:416–433.

2.	 Brand PW. 1959. Temperature variation and leprosy deformity. Int J Lepr 27:1–7.

3.	 Becx-Bleumink M, Berhe D. 1992. Occurrence of reactions, their diagnosis and man-
agement in leprosy patients treated with multidrug therapy; experience in the leprosy 
control program of the All Africa Leprosy and Rehabilitation Training Center (ALERT) in 
Ethiopia. Int J Lepr Other Mycobact Dis 60:173–184.

4.	 Malaviya GN. 2003. Review: sensory perception in leprosy-neurophysiological corre-
lates. Int J Lepr Other Mycobact Dis 71(2):119–124.

5.	 Bell-Krotoski JA. 1990. “Pocket filaments” and specifications for the Semmes-Wein-
stein monofilaments. J Hand Ther 3:26–31.

6.	 Naafs B, Dagne T. 1977. Sensory testing: a sensitive method in the follow-up of nerve 
involvement. Int J Lepr Other Mycobact Dis 45:364–368.

7.	 Bell-Krotoski JA, Buford WL Jr. 1997. The force/time relationship of clinically used 
sensory testing instruments. J Hand Ther 10:297–309.

8.	 Anderson AM, Van Brakel WH. 1998. Age specific normal thresholds for sensibility 
testing with monofilaments in a Nepali population. Int J Lepr Other Mycobact Dis 
66:69A.

9.	 Birke JA, Brandsma JW, Schreuders TAR, Piefer A. 2000. Sensory testing with mono-
filaments in Hansen’s disease and normal control subjects. Int J Lepr Other Mycobact 
Dis 68:291–298.

10.	 Kuipers M, Schreuders T. 1994. The predictive value of sensation testing in the devel-
opment of neuropathic ulceration on the hands of leprosy patients. Lepr Rev 65:253–
261.

11.	 Hammond CJ, Klenerman P. 1988. Protective sensation in the foot in leprosy. Lepr 
Rev 59:347–354.

12.	 Brandsma WA, Larsen M, Richard C, Ebenezer M. 2004. Inter-rater reliability of WHO 
disability grading. Lepr Rev 75:131–134.



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

	 S e c t i o n  4    R e h a b i l i t a t i o n  a n d  S o c i a l  A s p e c t s 	 3 9

13.	 Nienhuis WA, van Brakel WH, Butlin CR, van der Werf TS. 2004. Measuring impair-
ment caused by leprosy: inter-tester reliability of the WHO disability grading. Lepr Rev 
75:221–232.

14.	 Brandsma JW, van Brakel WH. 2003. WHO disability grading: operational definitions. 
Lepr Rev 74:366–373.

15.	 Cross H, Arief F, Beise K, Brandsma W, Chukwu JN, Ebenso J, Grossi MADF, Kawuma 
HJ, Lehman L, Mani S, Paul SK, Piefer A, van Brakel W, Li J. 2014. A Delphi exercise 
to refine the WHO three-point disability grading system for leprosy, and to develop 
guidelines to promote greater accuracy and reliability of WHO disability recording. 
Lepr Rev 85:18–28.

16.	 Meima A, Saunderson PR, Gebre S, Desta K, Habberma JD. 2001. Dynamics of im-
pairment during and after treatment: the AMFES cohort. Lepr Rev 72:158–170.

17.	 Saunderson PR, Gebre S, Desta K, Byass P, Lockwood DN. 2000. The pattern of the 
leprosy related neuropathy in the AMFES patients in Ethiopia: definitions, incidence, 
risk factors and outcome. Lepr Rev 71:285–308.

18.	 Chung K, Pillsbury M, Hayward M. 1997. Reliability and validity testing of Michigan 
Hand Outcomes Questionnaire. Paper presented in at the 52nd Annual Meeting of 
American Society for Surgery of the Hand, September 13, 1997.

19.	 Martin DP, Engelberg R, Agel J, Swiontkowski MF. 1997. Comparison of the Muscu-
loskeletal Function Assessment Questionnaire with the Short Form-36, the Western 
Ontario and McMaster Universities Osteoarthritis Index, and the Sickness Impact 
Profile health-status measures. J Bone Joint Surg Am 79:1323–1335.

20.	 Aben-Attar CYUP, Lima SS, Ishak R, Vallinoto ACR. 2017. Assessment of the sensory 
and physical limitations imposed by leprosy in a Brazilian Amazon population. Rev Soc 
Bras Med Trop 50(2):223–228.

21.	 Ibikunle PO, Olapido SE, Chukwu JN, Odole AC, Okeke AI. 2015. Establishing the reli-
ability and construct validity of the Igbo version of Screening Activity Limitation and 
Safety Awareness scale in persons with Hansen disease. Lepr Rev 86(3):220–228.

22.	 Muniz L da S, Amaral IGS, Dias T da S, Rodrigues JL. 2016. The influence of assistive 
technology on occupational performance and satisfaction of leprosy patients with 
grade 2 disabilities. Rev Soc Bras Med Trop 49(5):644–647.

23.	 Borg J, Larsson S. 2009. Assistive devices for people affected by leprosy: underutilised 
facilitators of functioning? Lepr Rev 80(1):13–21.



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

4 0 	 P a r t  I    C l i n i c a l  S c i e n c e s

24.	 Yawalkar S, Shah A, Ganapati R, Yan LB, Zhang GC, Chen H, Westmacott K, Oster-
walder W. 1992. Modulan grip-aids for leprosy patients. Int J Lepr Other Mycobact Dis 
60(2):250–254.

25.	 Manivannan G, Karthikeyan G, Das P, Babu G. 2015. Cost effective cosmetic prosthe-
sis for lost digits. Lepr Rev 86(1):117–123.

26.	 Mehta JM. 1976. Occupational therapy in leprosy. Int J Lepr Other Mycobact Dis 
44(3):359–365.

27.	 John AS, Kumar DV, Rao PS. 2005. Patients’ perceptions of reconstructive surgery in 
leprosy. Lepr Rev 76(1):48–54.

28.	 Schreuders TA, Roebroeck ME, Jaquet JB, Hovius SE, Stam HJ. 2004. Measuring the 
strength of the intrinsic muscles of the hand in patients with ulnar and median nerve 
injuries: reliability of the Rotterdam Intrinsic Hand Myometer (RIHM). J Hand Surg Am 
29(2):318–324.

29.	 Govindasamy K, Das P, Paul VJ, Kumar J. 2015. Selection criteria for reconstructive 
surgery to correct mobile hand deformities in leprosy. Lepr Rev 86:278–282.

30.	 Schwarz R, Brandsma W. 2004. Functional anatomy and assessment of the hand, p 
39–46. In Schwarz R, Brandsma W (eds), Surgical reconstruction and rehabilitation in 
leprosy and other neuropathies. Ekta Books, Kathmandu, Nepal.

31.	 Cross H, Newcombe L. 2001. An intensive self-care training programme reduces ad-
missions for the treatment of plantar ulcers. Lepr Rev 72:276–284.

32.	 Mathew J, Antony P, Ethiraj T, Krishnamurthy P. 1999. Management of simple plantar 
ulcers by home based self-care. Indian J Lepr 71:173–187.

33.	 Gupta P, Karthikeyan, Nathan RJ. 2017. Footwear for the person with an anesthetic 
foot: what options are available? Lepr Rev 88:265–269.

34.	 Schwarz R, Brandsma W. 2004. Biomechanical Assessment of the Foot. In Schwarz 
R, Brandsma W (eds), Surgical reconstruction and rehabilitation in leprosy and other 
neuropathies. Ekta Books, Kathmandu, Nepal.

35.	 Cross H, Sane S, Dey A, Kulkami VN. 1995. The efficacy of podiatric orthoses as an 
adjunct to the treatment of plantar ulceration in leprosy. Lepr Rev 66:144–157.

36.	 Lancioni GE, Mantini M. 1999. A corrective-feedback system for helping a person 
with multiple disabilities during indoor travel. Percept Mot Skills 88:1291–1295.



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

	 S e c t i o n  4    R e h a b i l i t a t i o n  a n d  S o c i a l  A s p e c t s 	 4 1

37.	 Lancioni GE, Oliva D, Bracalente S. 1995. An acoustic orientation system to promote 
independent indoor travel in blind persons with severe mental retardation. Percept 
Mot Skills 80:747–754.

38.	 Holburn S, Nguyen D, Vietze PM. 2004. Computer assisted learning for adults with 
profound multiple disabilities. Behav Interv 19:25–37.

39.	 Phillips B, Zhao H. 1993. Predictors of assistive technology abandonment. Assist Tech-
nol 5:36–45.

40.	 Bradley N, Dunlop M. 2008. Navigation AT: context-aware computing, p 231–260. 
In Hersh MA, Johnson MA (eds), Assistive technology for visually impaired and blind 
people. Springer Verlag, London, England. 978-1-84628-866-1.

41.	 Kintsch A, DePaula R. 2002. A framework for the adoption of assistive technology. 
Proceedings of SWAAAC 2002: Supporting Learning Through Assistive Technology. 
Center for Lifelong Learning and Design, University of Colorado at Boulder, Boulder, 
CO. http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.124.3726&rep=rep1&
type=pdf

42.	 Parette P, Scherer M. 2004. Assistive technology use and stigma. Educ Train Dev Dis-
abil 39(3):217–226.

43.	 ALM, WHO, ILEP. 2006. Consensus statement on prevention of disability. Consensus 
Development Conference on Prevention of Disability, September 13–16, 2006, Water-
front Hotel, Cebu City, Philippines.

44.	 Kulkarni VN, Antia NH, Mehta JM. 1990. Newer designs in foot-wear for leprosy pa-
tients. Indian J Lepr 62:483–487.

45.	 Maia FB, Teixeira ER, Silva GV, Gomes MK. 2016. The use of assistive technology to 
promote care of the self and social inclusion in patients with sequels of leprosy. PLoS 
Negl Trop Dis 10(4):e0004644. doi:10.1371/journal.pntd.0004644

46.	 Ledoux WR, Blevins JJ. 2007. The compressive material properties of the plantar soft 
tissue. J Biomech 40:2975–2981.

47.	 Gefen A, Megido-Ravid M, Itzchak Y. 2001. In vivo biomechanical behavior of the hu-
man heel pad during the stance phase of gait. J Biomech 34:1661–1665.

48.	 Miller-Young JE, Duncan NA, Baroud G. 2002. Material properties of the human cal-
caneal fat pad in compression: experiment and theory. J Biomech 35:1523–1531.

49.	 Gefen A. 2001. Simulations of foot stability during gait characteristic of ankle dorsi-
flexor weakness in the elderly. IEEE Trans Neural Syst Rehabil Eng 9(4):333–337.



The In te rna t iona l  Tex tbook  o f  Leprosy Phys ica l  Rehab i l i ta t ion

4 2 	 P a r t  I    C l i n i c a l  S c i e n c e s

50.	 Charanya G, Patil KM, Thomas VJ, Narayanamurthy VB, Parivalavan R, Visvanath 
K. 2004. Standing foot pressure image analysis for variations in foot sole soft tissue 
properties and levels of diabetic neuropathy. ITBM-RBM 25:23–33.

51.	 Morag E, Cavanagh PR. 1999. Structural and functional predictors of regional peak 
pressures under the foot during walking. J Biomech 32:359–370.

52.	 Paul SK, Sivarasu S, Mathew L. 2012. Customized foot orthosis development 
by 3D reconstruction of the CT images. Engineering 4:692–695. doi:10.4236/
eng.2012.410088.

53.	 Paul SK, Vijayakumar R, Sivarasu S. 2014. Customized insole fabrication for foot de-
formities in leprosy patients. J Med Device 8(2):020950. doi:10.1115/1.4027065.

54.	 Paul S, Vijayakumar R, Mathew L, Sivarasu S. 2016. Finite element model-based 
evaluation of tissue stress variations to fabricate corrective orthosis in feet with neu-
tral subtalar joint. Prosthet Orthot Int 41:157–163. doi:10.1177/0309364616631344.

55.	 Paul MSK, Vijayakumar R, Sivarasu S. 2015. Palmar pressure thresholds in grasp and 
pinch functions – analysis on patients with peripheral nerve damage, p 107–109. In 
Goh J, Lim C (eds), 7th WACBE World Congress on Bioengineering 2015. IFMBE Pro-
ceedings, vol 52. Springer International.

56.	 Shah P, Mahajan S, Nageswaran S, Paul SK, Ebenezer M. 2017. Non-con-
tact ulcer area calculation system for neuropathic foot ulcer. Foot Ankle Surg 
pii:S1268–7731(17)31272-9. doi:http://dx.doi.org/10.1016/j.fas.2017.07.1125.

57.	 Lal V, Das S, Pal S, Dhali SR, Sarkar A, Srinivas G. 2017. Improving quality of care us-
ing mobile technology: experiences from the Urban Leprosy Project in Kolkata, India. 
Lepr Rev 88:270–273.


