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It is indeed a privilege to be asked to write a foreword to a book that has been defi-
nitely needed for a long time. Departing from formats of other physiotherapy texts,
Dr Lisa Harvey has centred all pertinent therapeutic approaches around spinal cord
injury (SCI) and explains how they should be applied to this unique population,
considering all aspects of the post-impairment physiological changes.

Dr Harvey’s impressive research and contributions to the literature, as well as her
accomplishments as a teacher in the dissemination of knowledge, have prepared her
well to write this text. Clear and concise explanations are augmented with numerous
illustrations, making the learning of physiotherapy principles, as applied to SCI, easy
for students and therapists new to SCI alike.

While relating all sections back to the basic concepts of the World Health
Organization’s international classification of function, disability and health (ICF),
Dr Harvey continually reminds the reader of the importance of relating all mobility
tasks to functions that are attainable and relevant to each person within his/her envi-
ronmental and personal circumstances.

The students, as well as trained therapists, seeking to refresh or expand their
knowledge of SCI, will especially benefit from the chapters on learning of motor tasks,
since so much of SCI rehab relies on the learning capacity of the patient/consumer.
Likewise, Dr Harvey’s clear explanations on gait, the contribution of the key muscle
groups during normal gait and the orthoses which substitute for their functions
when those muscles are weakened, contain information that must be mastered. Simi-
larly, her treatment of the concepts involved in strength training and wheelchair pre-
scription are as easy to read as they are illuminating.

Chapters on pain, and the respiratory and cardiac aspects that pertain to the SCI
population, provide therapists with knowledge that will allow them to contribute 
to patient management in these challenging areas, while also imparting sufficient
information about how the more medically-oriented issues are addressed by the
physicians.

I must say I have enjoyed reading this opus which provides ample evidence of 
Dr Harvey’s teaching skills, dedication to the scientific approach aimed at evidence-
based treatment and leads me to say she is a role model for all therapists, particularly
those inclined towards an academic career.

William H. Donovan, MD

Clinical Professor and Chair, Physical Medicine 
and Rehabilitation 

The University of Texas Health Science Centre at Houston

Medical Director, Memorial Hermann/The Institute for 
Rehabilitation and Research (TIRR)

President, the International Spinal Cord Society

Foreword William H. Donovan



The aim of this book is to equip readers with a theoretical framework to manage people with spinal cord injury. It
is intended for students and junior physiotherapists with little or no experience in the area of spinal cord injury but
with a general understanding of the principles of physiotherapy. There are also sections which will be of interest to
senior clinicians, especially those keen to explore the evidence base of different interventions.

When writing this book, I tried to take myself back to my early career. I tried to remember the feeling of inadequacy
when I was first expected to train a person with C6 tetraplegia to transfer and the anxiety I felt when late one night I
was asked to manage a critically ill person with tetraplegia who was unable to clear his own chest secretions. I have con-
sidered the challenge for physiotherapists faced with the management of these patients and why it is difficult to trans-
fer general principles of physiotherapy to this specific group. I have also tried to remember all those questions that
came to my mind as a junior physiotherapist, to many of which there are still no clear answers. Then, as now, I had
questions about the relative effectiveness of different interventions and about long-held assumptions of what physio-
therapists should and should not do.

There are three important influences on this book. The first is evidence-based practice. The move towards 
evidence-based practice has changed physiotherapy. We can no longer accept as fact all beliefs about physiotherapy
management of people with spinal cord injury which have been passed down through the years. The demand for
high quality evidence to support our work is appropriate because good evidence optimizes patient outcomes and
reduces the costs of rehabilitation. Good evidence also heightens job satisfaction for physiotherapists because it pro-
vides unequivocal evidence that their work is important and effective and their interventions make a clear difference
to their patients’ quality of life. However, the push for evidence-based practice raises practical problems of what to
do in the face of clinical scenarios where there is little or no evidence to guide us. It also introduces ambiguity and
uncertainty. Ours is still a young profession and in many areas we are yet to clearly distinguish between effective 
and non-effective interventions. This is a challenge but it also makes the profession a dynamic and exciting one to
belong to.

A second major influence on this book is the International Classification of Functioning, Disability and Health
(ICF). The ICF was adopted by the World Health Organization as a universally accepted language. It is also useful
for providing a framework for the physiotherapy management of people with spinal cord injury and it underpins
the problem-solving approach advocated in this book. Goals of treatment are identified in terms of ‘activity limita-
tions’ and ‘participation restrictions’ after taking into account ‘contextual’ and ‘environmental’ factors. Physio-
therapy-specific goals are largely directed at patients’ ability to perform functional motor tasks so they are classified
within the mobility domain of ICF. Difficulties performing motor tasks are analysed in terms of impairments and
impairments are largely defined within the neuromusculoskeletal and movement-related domains of ICF. The key
impairments are lack of strength, skill, fitness and joint mobility, as well as pain and compromised respiratory func-
tion. Patient outcomes can be measured at the activity limitation and participation restriction level or at the impair-
ment level. The ICF encourages physiotherapists to ensure that treatments are driven by the contribution of
impairments to activity limitations and participation restrictions, not by impairments alone.

The third influence on this book is theories about motor learning and motor control. Often patients with spinal
cord injury have difficulties mastering important mobility tasks because they lack skill. That is, they do not know
how to transfer, roll, walk or manoeuvre a wheelchair with their newly acquired patterns of paralysis. They need to
learn to appropriately activate non-paralysed muscles for purposeful movement. The motor tasks are novel and
need to be learnt. The physiotherapist’s role is to facilitate the learning process and act as ‘coach’. To do this effec-
tively, physiotherapists need to understand how patients learn motor tasks and how the environment can be struc-
tured to optimize learning. These and other issues related to the effective teaching of motor tasks are emphasized
throughout the book.

When writing this book, I needed to make decisions about what to include and exclude. Medical, surgical, psycho-
social and nursing issues have only been covered briefly in one chapter, in enough detail for a junior physiotherapist.

Preface
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Hopefully this strategy will enable readers to appreciate issues related to the broader management of people with
spinal cord injury but not at the risk of diverting attention to issues which are not the prime focus of physiotherapy.
There are many good books on these topics which interested readers are encouraged to consult.

Initially when writing the book I tried to avoid the term ‘patient’ and instead refer to ‘people’ or ‘individuals’
with spinal cord injury. The term ‘patient’ implies illness, passivity and dependence, so it is less than ideal. However,
the alternate terminology was so clumsy and confusing I relented and used the word ‘patient’ through most of the
book, except in titles and the beginning sections of chapters.

My hope is that this book will be of practical use to readers and will help them develop the problem-solving
skills necessary to manage patients with all types of spinal cord injury. I also hope that it will inspire young and
junior physiotherapists working in the area of spinal cord injuries to embrace evidence-based physiotherapy within
an ICF and motor learning framework. Hopefully, this next generation of physiotherapists will critically reflect on
their practice to further develop the physiotherapy care of people with spinal cord injury.
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HGO hip guidance orthosis
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RGO reciprocating gait orthosis
RM repetition maximum
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Tv tidal volume
VC vital capacity
WB wheelbase
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CHAPTER

Background information

1
CHAPTER

The spinal cord travels within the vertebral canal of the spine and is vital for con-
veying and integrating sensory and motor information between the brain and
somatic and visceral structures. A spinal cord injury impairs motor, sensory and
autonomic functions, the implications of which are profound and lead to an array
of secondary impairments.

The term ‘spinal cord injury’ is used to refer to neurological damage of the spinal
cord following trauma. In most developed countries, the incidence of spinal cord
injury is between 10 and 80 cases per million per year.1,2 Approximately half of all
spinal cord injuries occur in people aged under 30 years.3–6 The typical person with
spinal cord injury is male, aged between 15 and 25 years; only about 15% of spinal
cord injuries affect females and only 18% affect people over 45 years.3 Obvious
exceptions to these demographics occur in natural disasters. For example, in the
Pakistan earthquakes of 2005 the majority of spinal cord injuries (estimated to be
over 1500) were in young women and children.

The most common causes of spinal cord injury are motor vehicle and motor-bike
accidents, followed by falls.3,7 Work-related injuries are also common, as are injuries
from sport and water-based activities. In some countries the incidence of spinal cord
injury from gun, stab or war-related injuries is high. Spinal cord lesions can also be
due to disease, infection and congenital defect.

Over 55% of all spinal cord injuries are cervical; the remainder are approximately
equally divided between thoracic, lumbar and sacral levels.8,9 The most common
level of injury is C5, followed by C4, C6 and T12, in that order.10 A spinal cord injury
in the cervical region affects all four limbs, resulting in tetraplegia (also called quadri-
plegia). Spinal cord injuries in the thoracic, lumbar or sacral region affect the lower
limbs and result in paraplegia. Most spinal cord injuries do not involve transection 
or severing of the spinal cord.11,12 Rather, the cord remains intact and the neurological
damage is due to secondary vascular and pathogenic events, including oedema,
inflammation and changes to the blood–spinal cord barrier.13,14

The extent of damage to the spinal cord is highly variable and, consequently, a
spinal cord injury can prevent the transmission of all or just some neural messages
across the site of the lesion.9 In some patients the only sign that part of the spinal cord
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Motor, sensory and autonomic pathways4

has been preserved is very slight movement or sensation below the level of the injury.
For other patients there may be extensive preservation of motor and sensory pathways
enabling them to walk almost normally. Partial preservation of the spinal cord is more
common following cervical, lumbar and sacral injuries than thoracic injuries. It is also
more common today than 20 years ago because of advances in retrieval, emergency
and acute management reducing secondary neural damage (see Figure 1.1).15

Motor, sensory and autonomic pathways

The vertebral column consists of seven cervical, 12 thoracic, five lumbar, five sacral
and four coccygeal vertebrae, although the sacral and coccygeal vertebrae are fused.
Emerging from the spinal cord are 31 pairs of anterior and posterior nerve roots:
eight cervical, 12 thoracic, five lumbar, five sacral and one coccygeal. At each level an
anterior (ventral) pair of nerve roots carries motor nerves and a posterior (dorsal)
pair of nerve roots carries sensory nerves. The anterior and posterior roots join to
form two spinal nerves, one on either side of the spine, which then exit the vertebral
canal through the intervertebral foramina. Once outside the intervertebral foramina
they form peripheral nerves.16

While there are eight pairs of cervical spinal nerves there are only seven cervical
vertebrae. This disparity occurs because the first pair of cervical spinal nerves exits
above the first cervical vertebra just below the skull. However, the eighth pair of cer-
vical spinal nerves exits below the last cervical vertebra (see Figure 1.2).17

Motor pathways
Upper and lower motor neurons connect the motor cortex and muscles. The upper
motor neurons originate within the motor cortex and then travel down the spinal
cord within the corticospinal tracts. These tracts are also called pyramidal tracts.
Approximately 85% of upper motor neurons cross over to the contralateral side in
the brainstem and then travel within the lateral corticospinal tract. The other 15%
cross within the spinal cord at the level they terminate and are carried within the
medial corticospinal tract. The cervical upper motor neurons are centrally located
within the corticospinal tract and the lumbar and sacral neurons are peripherally
located (see Figure 1.3). This explains patterns of neurological loss seen with certain
types of incomplete spinal cord injuries where the peripheral rim of the spinal cord

People with spinal cord injury
(US prevalence: 650–900 per million)

52% tetraplegia
(C1–C8)

48% paraplegia
(T1–S5)

20% complete
(ASIA A)

27% complete
(ASIA A)

9%
ASIA B

5%
ASIA C

18%
ASIA D

6%
ASIA B

4%
ASIA C

12%
ASIA D

32% incomplete
(ASIA B,C,D)

21% incomplete
(ASIA B,C,D)

Figure 1.1 Prevalence of
different types of spinal
cord injuries in developed
countries. Prevalence refers
to the number of people
living with SCI. Reproduced
from Martin Ginis KA, 
Hicks AL: Exercise research
issues in the spinal cord
injured population. Exerc
Sport Sci Rev 2005; 33:
49–53, with permission of
Lippincott Williams &
Wilkins.
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Figure 1.2 The spinal
cord, illustrating relationship
between vertebrae and
nerve roots. Reproduced
from Parent A: Carpenter’s
Human Neuroanatomy, 9th
edn. Baltimore, Williams &
Wilkins, 1996, with
permission of Lippincott
Williams & Wilkins.
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of the spinal cord illustrating
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The ASIA assessment of neurological deficit6

is undamaged (see p. 11). There are also other complex motor pathways contained
within the extrapyramidal system.

The upper motor neurons synapse in the spinal cord with anterior horn cells of
lower motor neurons, usually via interneurons. The anterior horn cells are the cell
bodies of the lower motor neurons and are located in the grey matter of the spinal
cord. Axons project from the cell bodies of lower motor neurons to form the anterior
nerve roots before mixing with the posterior sensory nerve roots to form spinal nerves.

In the cervical region the spinal nerves are short and exit the vertebral canal
almost immediately after forming. However, this is not the case further down the
spine where the spinal nerves travel progressively longer distances within the verte-
bral canal before exiting. This is particularly apparent in the cauda equina which
consists solely of lumbar, sacral and coccygeal spinal nerves. That is, it consists solely
of lower motor neurons. The cell bodies of the lower motor neurons of the cauda
equina are positioned within the conus, located at approximately the L1 vertebral
body. However, even above the conus, spinal nerves travel down within the vertebral
canal before exiting. Consequently, the anterior horn cells of lower motor neurons
are often positioned at a higher level in the vertebral canal than where they exit.

Sensory pathways
There are many sensory tracts and pathways carrying different types of sensory infor-
mation from the periphery to the cerebral cortex. The key ones are the lateral and
anterior spinothalamic tracts and the gracile and cuneate tracts within the posterior
columns. The spinothalamic tracts sit within the dorsal horn of the spinal cord. Most
of the fibres cross at or near the level they enter the spinal cord. The lateral spinothal-
amic tract carries information about pain and temperature, and the anterior spinothal-
amic tract carries information about crude touch. The gracile and cuneate tracts carry
information about proprioception and light touch. The gracile tract is positioned
medially and predominantly carries sensory fibres from the lower body while the
cuneate tract is positioned laterally and predominantly carries fibres from the upper
body. The fibres within the gracile and cuneate tracts cross in the brainstem.

Autonomic pathways
The spinal cord not only carries motor and sensory nerves but also autonomic nerves
(see Figure 1.4). Sympathetic nerves exit the vertebral canal via thoraco-lumbar
spinal nerves, and parasympathetic nerves exit via sacral spinal nerves. Consequently,
patients with cervical lesions lose supraspinal control of the entire sympathetic ner-
vous system18 and of the sacral part of the parasympathetic nervous system. Patients
with thoracic, lumbar or sacral lesions lose varying amounts of supraspinal control
of the sympathetic and parasympathetic nervous system as determined by the level
of the lesion. Some parasympathetic fibres are carried within cranial nerves and are
unaffected by spinal cord injury.

The ASIA assessment of neurological deficit

Spinal cord injuries are classified according to The American Spinal Injury
Association (ASIA) classification system.19 The classification is based on a standard-
ized motor and sensory assessment (see Figure 1.5). It is used to define two motor,
two sensory and one neurological level. It is also used to classify injuries as either
complete (ASIA A) or incomplete (ASIA B, C, D or E).
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The ASIA motor level
A motor assessment is used to define two motor levels: one for the right and one for
the left side of the body. An ASIA motor assessment involves testing the strength of
ten key muscles. Each key muscle group represents one myotome between C5 and
T1, and between L2 and S1 (see Table 1.1).

Each muscle is tested for strength on the original six-point manual muscle testing
scale where:

0 � no muscle contraction
1 � a flicker of muscle contraction
2 � full range of motion with gravity eliminated
3 � full range of motion against gravity
4 � full range of motion with added resistance
5 � normal strength

The main difference between an ASIA motor assessment and a standard manual
muscle test20 (see Chapter 8) is that the ASIA test is performed with patients in the
supine position. This position is used because it is important to standardize the test-
ing position and often recently injured patients cannot be moved from the supine
position. Limb positions are manipulated to vary the effects of gravity (e.g. testing
the iliopsoas muscle for a grade 2/5 involves asking the patient to flex the hip from

Sympathetic nervous system Parasympathetic nervous system

Adrenal
medulla

Heart
Small intestine
Large intestine
Kidneys
Liver
Lungs
Pancreas
Stomach

Bladder
Bowel
Sexual organs

C1
C2
C3
C4
C5
C6
C7
C8
T1
T2
T3
T4
T5
T6
T7
T8

T9

T10

T11

T12

L1

L2

L3

L4

L5

S5
S4
S3
S2
S1

C1
C2
C3
C4
C5
C6
C7
C8
T1
T2
T3
T4
T5
T6
T7
T8

T9

T10

T11

T12

L1

L2

L3

L4

L5

S5
S4
S3
S2
S1

Figure 1.4 Schematic
representation of the
autonomic nervous system.
Reproduced from Parent A:
Carpenter’s Human
Neuroanatomy, 9th edn.
Baltimore, Williams &
Wilkins, 1996, with
permission of Lippincott
Williams & Wilkins.



The ASIA assessment of neurological deficit8

an externally rotated position; see Table 1.2 for some general rules about ASIA motor
testing). In addition, there are a few complexities in the ASIA motor assessment. For
example, grade 1/5 strength in the upper limbs is tested in the gravity-eliminated
position whereas in the lower limbs it is tested in the anti-gravity position, except in
the case of the plantarflexor muscles (see Table 1.2).

The ASIA motor level for each side of the body is determined by the most caudal
(distal) key muscle that has at least grade 3/5 (anti-gravity) strength provided all key
muscles above have grade 5/5 (normal) strength. The motor level for the right side of
the body may be different from the left. There are no specified ASIA muscles for the
thoracic segments of the spinal cord. Consequently, the motor level of patients with
thoracic paraplegia (lower limb paralysis but no upper limb weakness) is assumed to
correspond with their ASIA sensory level.

It is possible to sum the motor scores of the five key ASIA upper limb muscles on
both sides of the body and express the total with respect to a maximum possible
score of 50. The same can be done for the lower limbs.21
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Figure 1.5 ASIA
assessment form. (From
American Spinal Injury
Association: International
Standards for Neurological
Classification of Spinal Cord
Injury, revised 2006,19 with
permission of American
Spinal Cord Injury
Association, Chicago, IL.)

TABLE 1.1 ASIA muscles

C5 Elbow flexors L2 Hip flexors

C6 Wrist extensors L3 Knee extensors

C7 Elbow extensors L4 Ankle dorsiflexors

C8 Finger flexors (middle finger) L5 Long toe extensors

T1 Little finger abductors S1 Ankle plantarflexors
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The ASIA sensory level
A sensory assessment is used to define two sensory levels: one for the right and one
for the left side of the body. An ASIA sensory assessment involves testing light touch
and pinprick sensation in 28 key points on each side of the body. Each point 
represents one dermatome (see Figure 1.5). For example, a precise spot over the 
back of the hand and just distal to the metacarpophalangeal (MCP) joint of the third
digit represents the C7 dermatome. A three-point scale is used for light touch and
pinprick where normal sensation is given a score of 2, abnormal (i.e. heightened or
reduced) sensation is given a score of 1, and absent sensation is given a score of 0
(see Table 1.3).

The ASIA sensory level for each side of the body is determined by the most caudal
(distal) key point that has grade 2/2 for pinprick and light touch, provided all key
points above are also grade 2/2. Like the motor assessment, the sensory level for the
right side of the body may be different from the left. It is also possible to sum the
scores for light touch and pinprick of all 28 dermatomes on each side of the body.
The total possible score is 224.

The ASIA neurological level
The ASIA motor and sensory assessment is also used to depict one overall neurologi-
cal level.19 This is relatively straightforward in patients who have the same motor and

TABLE 1.2 Ten rules for ASIA motor testing

1 Test for a grade 3/5 first, then test up or down depending on findings

2 Only downgrade strength if due to neurological deficit. Patients unable to
fully cooperate due to pain should not be downgraded

3 Do not test if the patient has a serious contracture (50% or more loss of 
joint mobility), severe pain or severe spasticity (mark as not testable)

4 Test for a grade 1/5 in the upper limbs with the body segment in its 
gravity-eliminated position

5 Test for a grade 1/5 in the lower limbs with the body segment in its 
anti-gravity position (except when testing the plantarflexor muscles)

6 Test for a grade 4/5 in the upper and lower limbs with the body segment 
in the anti-gravity position (except when testing T1 and SI muscles)

7 Do not use half marks, pluses or minuses

8 Test for grade 2/5, 3/5, 4/5 or 5/5 by asking the patient to move all the 
way through range. Grade 4/5 and 5/5 should be tested with resistance 
applied throughout range

9 Ensure that the patient is not performing trick movements (e.g. ensure grade 
3/5 elbow extension occurs without the shoulder dropping into extension)

10 Modify testing positions if the patient has loss of extensibility in 
underlying muscles that span two or more joints (e.g. finger flexion can 
be tested with the wrist flexed if the patient has shortening of the 
extrinsic finger flexor muscles)
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sensory levels on both sides of the body. In this situation, the neurological level 
corresponds with the motor and sensory levels. However, in patients who have
asymmetrical lesions, the highest motor or sensory level on either side of the body is
used to define the neurological level of the lesion. For instance, a patient with a right
sensory level of C5 but bilateral motor and left sensory levels of C6 has an overall
neurological level of C5.

The ASIA Impairment Scale
Spinal cord injuries are classified as complete (ASIA A) or incomplete (ASIA B, C, D
and E). The distinction between different ASIA impairments is made on the basis of:

1. Motor function in S4–S5. This is reflected by the ability to voluntarily contract
the anal sphincter.

2. Sensory function in S4–S5. This is reflected by appreciation of deep anal
pressure or preservation of either light touch or pinprick sensation in the
perianal area.

3. Strength in muscles below the motor and neurological level.

The importance of the S4–S5 segments is linked to prognosis. Its preservation is a
strong predictor of neurological recovery.22 Likewise preservation of pinprick sensa-
tion anywhere on the body helps predict motor recovery (this is thought to be due
to the proximity of the spinothalamic and corticospinal tracts).23

The definition of each ASIA impairment is:

ASIA A: no motor or sensory function in S4–S5.
ASIA B: preservation of sensory function in S4–S5.

TABLE 1.3 Definitions of ASIA sensory scores for pinprick and light touch

Grade 0
Light touch the patient cannot consistently distinguish between being touched and not touched with a light 

cotton bud
Pinprick the patient cannot consistently distinguish between being touched with the sharp end of a safety 

pin and touched with the blunt end of a safety pin

Grade 1
Light touch the patient can consistently distinguish between being touched and not touched with a light 

cotton bud but light touch feels different from light touch on the face (this comparison is tested 
at each dermatome)

Pinprick the patient can consistently distinguish between being touched with the sharp end of a safety pin 
and touched with the blunt end of a safety pin BUT the sharp side of the pin feels different from 
the sharp side of the pin on the face (this comparison is tested at each dermatome)

Grade 2
Light touch the patient can consistently distinguish between being touched and not touched with a light 

cotton bud AND light touch feels the same as light touch on the face (this comparison is tested at
each dermatome)

Pinprick the patient can consistently distinguish between being touched with the sharp end of a safety pin 
and touched with the blunt end of a safety pin and the sharp side of the pin feels the same as the 
sharp side of the pin on the face (this comparison is tested at each dermatome)
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ASIA C: preservation of sensory function in S4–S5 provided there is also motor
function more than three levels below the motor level OR just preservation of
motor function in S4–S5. In addition, less than grade 3/5 strength (i.e. grades
0/5–2/5) in more than half the key muscles below the neurological level.
ASIA D: preservation of sensory function in S4–S5 provided there is also motor
function more than three levels below the motor level OR preservation of motor
function in S4–S5. In addition, grade 3/5 or more strength (i.e. grades 3/5–5/5)
in at least half the key muscles below the neurological level.
ASIA E: normal motor and sensory function.

ASIA A lesions can also have zones of partial preservation reflecting some preserva-
tion of motor or sensory function below the neurological level. This is recorded by
noting the lowest segment with some sensory or motor function. Importantly, how-
ever, if there is motor or sensory function in S4–S5 the lesion is no longer complete
but rather incomplete.

Common patterns of neurological loss with incomplete lesions

There are some common patterns of neurological loss with incomplete spinal cord
injury. These are:

Sacral sparing. Sacral sparing occurs when the peripheral rim of the spinal cord is
preserved. This can happen in vascular injuries when the small radicular arteries sup-
plying the outer rim of the spinal cord are preserved. Consequently, motor and sens-
ory pathways to the sacral segments remain intact and the patient retains sacral
sensation, voluntary anal control and, possibly, toe movement (see Figure 1.3).

Brown-Sequard lesion. Brown-Sequard lesions occur when one side of the spinal
cord is damaged (i.e. lateral hemi-section). They are usually due to penetrating
injuries such as gunshot or knife injuries and account for only 2–4% of all spinal cord
injuries. The consequence of damage to half the spinal cord is loss of proprioception
and motor function on the same side as the injury and loss of pain and temperature
sensation on the opposite side. The pattern of neurological loss is due to the crossing
of different motor and sensory pathways within the spinal cord (see p. 4–6). For
example, most fibres carrying pain and sensation cross at or near the level they enter
the spinal cord. In contrast, fibres carrying motor and proprioception cross in the
brainstem.

Central cord lesion. Central cord lesions commonly occur following hyperextension
injuries of the cervical spine in older people with cervical spondylosis. The hyperexten-
sion injury causes compression, hypoxia and haemorrhage of the central grey matter of
the cord, although the peripheral rim of the spinal cord remains intact. Typically, a
patient with a cervical central cord lesion has more severe paralysis of the upper limbs
than of the lower limbs. This is because the cervical motor tracts are centrally located
while the lumbar and sacral tracts are more peripheral (see Figure 1.3). Quite often a
mixed lesion occurs combining features of central cord and Brown-Sequard lesions.

Anterior cervical cord syndrome. This syndrome is usually associated with a flexion
injury that damages the anterior two-thirds of the spinal cord. Most often it is caused
by vascular insult to the anterior vertebral artery, leaving the two posterior vertebral
arteries intact. Consequently, the posterior columns are undamaged. Typically, a
patient with anterior cervical cord syndrome has preservation of light touch and pro-
prioception but not motor function, pain or temperature sensation below the level of
the lesion.
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Upper and lower motor neuron lesions

Injuries above the conus are predominantly upper motor neuron lesions. Spinal 
cord-mediated reflexes remain intact and consequently the lesion results in a spastic
paralysis. The exceptions are spinal cord injuries which are associated with extensive
ischaemic damage. In these types of injuries the anterior horn cells of lower motor
neurons are damaged over many segments and sometimes down the entire length 
of the spinal cord. Similarly, it is common for the anterior horn cells of lower motor
neurons to be damaged at the site of the injury.24,25 In this latter scenario, the patient
has quite specific and isolated damage of the lower motor neurons associated with
the level of the injury although the spinal cord injury is predominantly an upper
motor neuron lesion. For example, a patient with a motor C6 level may have lower
motor neuron damage of the C7 and/or C8 myotomes but upper motor neuron
damage of all other myotomes below the level of the lesion. The lesion is largely an
upper motor neuron lesion although the patient has a flaccid paralysis of one or two
myotomes.

Injuries involving the cauda equina are lower motor neuron lesions. The main
implication of lower motor neuron lesions is the loss of spinal cord-mediated reflexes.
Damage to lower motor neurons results in a flaccid paralysis. Injuries at the conus can
involve both upper and lower motor neurons and result in a ‘mixed’ lesion.

The type of motor neuron lesion (upper or lower) has implications for spasticity
and bladder, bowel and sexual functions (each discussed later in this chapter). It also
has implications for the potential use of therapeutic electrical stimulation because
effective electrical stimulation requires intact lower motor neurons. Electrical simu-
lation cannot be easily used to stimulate the leg muscles of patients with cauda
equina injuries.

Prognosis

Most neurological recovery occurs within the first 2 months after injury although
recovery may continue for up to 1 year and occasionally after this.26–29 In patients
with complete lesions (i.e. ASIA A), the probability of extensive neurological recov-
ery is low.30 One study indicated that only 6% of patients initially diagnosed with a
complete lesion had a motor incomplete lesion 1 year later.31 However, patients with
complete lesions often regain one neurological level in the months after injury. For
example, an individual presenting with C5 tetraplegia at the time of injury may pre-
sent with C6 tetraplegia 3 months later. Motor recovery following an incomplete lesion
is more common. Approximately 50% of patients initially diagnosed with ASIA B 
or C lesions improve over the first few months by one ASIA level (i.e. from ASIA B to
ASIA C, or from ASIA C to ASIA D). It is less common for patients with ASIA D to
fully recover (i.e. to ASIA E).29,32

It is difficult to predict patients’ ability to walk at the time of injury but the best
estimates indicate that very few patients with ASIA A lesions at the time of injury
ultimately ambulate with or without assistance, 30–45% of patients with ASIA B
lesion ambulate for at least short distances and most patients with ASIA C and D
lesions become community ambulators.33–35 Patients with Brown-Sequard or cervical
central cord syndrome have a reasonably good prognosis for walking but not if they
are elderly (see Chapter 6).33,36
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Impairments associated with spinal cord injury

Vertebral damage and instability
Traumatic spinal cord injuries may or may not be associated with structural damage
and instability of the vertebral column. At the time of injury, all effort is directed 
at minimizing further spinal cord injury, managing associated impairments and
optimizing neurological recovery. If there is no vertebral instability or damage (as
can occur following ischaemic injuries) patients are generally mobilized within a
few days of injury provided they are medically stable. However, when there is insta-
bility of the vertebral column, the management is quite different.

Instability of the vertebral column is generally managed in one of two ways. The
first approach is conservative and involves immobilizing the spine for a period of
6–12 weeks. Sometimes this is done with extensive bracing such as can be provided
with a halo-thoracic jacket and patients are mobilized in a wheelchair relatively
soon after injury. More commonly, patients are confined to bed for 6–12 weeks.
During this period the spine is immobilized with skeletal traction (for cervical
lesions) or with some type of pillow wedge (for thoracic, lumbar and sacral lesions).
There are tight restrictions placed on therapies which may cause movement at the
injury site, and patients are turned and moved only under strict medical supervision.
The precise limitations on therapies, such as passive movements and stretches, vary
from hospital to hospital depending on medical protocols.37 For example, some
hospitals limit hamstring stretches for 2 weeks, and others for 3 months. Similarly,
some hospitals place tight restrictions on shoulder movements in people with cervical
lesions and others encourage movement from the time of injury. The prolonged
bedrest associated with conservative management can cause respiratory complica-
tions (see Chapter 11) and pressure ulcers, promote disuse weakness (see Chapter 8)
and encourage contractures (see Chapter 9).

Once the spine is deemed stable, the patient is mobilized in a wheelchair, often
with a spinal orthosis38 which is worn for a further few months (see Figure 1.6).

The second and more common approach to the management of vertebral dam-
age and instability is surgical. Typically, vertebrae are realigned and fixated with or
without spinal decompression. There are many different surgical options.39,40

Patients managed surgically are often permitted to mobilize much more rapidly
than those managed conservatively, sometimes within a week or so of surgery. They
may or may not require some type of bracing once mobilized (see Figure 1.7). The
main implication of this approach for physiotherapy management is that patients
are confined to bed for a shorter period, and so experience fewer complications asso-
ciated with immobilization. On the other hand, anaesthesia depresses respiratory
function, increasing risk of respiratory compromise in the days after surgery (see
Chapter 11).

Spinal shock
Immediately after the onset of a spinal cord injury, patients develop a condition
called spinal shock.13,41 As the name implies, the spinal cord has an acute reaction to
the injury and there is a temporary loss of spinal cord-mediated reflexes below the
level of the lesion.13 The extent of disruption to reflexes is variable. The precise defin-
ition and duration of spinal shock is debated because different reflexes are lost for
varying lengths of time and there is not one reflex used to define spinal shock. For
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Figure 1.7 Typical brace
used to mobilize a patient
with tetraplegia following
surgical stabilization of the
cervical spine.

Figure 1.6 Typical brace
used for thoracic injury.
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instance, reflexes around the ankle, such as the delayed plantar response, are often
only lost for 1–6 hours after injury, while those associated with bladder and bowel
function can be lost for many months.41 Some clinicians define spinal shock solely
by the absence of deep tendon reflexes42 (typically lost for several weeks) while others
define it by the loss of the bulbocavernosus reflex (a reflex associated with anal 
function which is typically lost for 1–3 days).43 For a long time it was believed that
caudal reflexes returned before cephalad ones, with the bulbocavernosus reflex (S4
to S5) being one of the first to return.13 However, this has been disputed.44 It is now
generally agreed that spinal shock gradually resolves in a series of stages lasting from
a few days to a few months.41

As spinal shock resolves patients with upper motor neuron lesions gradually
develop spasticity. The development of spasticity is not solely due to the resolution of
spinal shock but may also be due to associated neurophysiological and physical
changes.13,41 The development of spasticity has important implications for physiother-
apy management and especially for the management of contractures (see Chapter 9).

Paralytic ileus
The development of a paralytic ileus is associated with spinal shock. Like spinal
shock, this condition presents immediately after injury and can last from a few days
to a few weeks. The main consequence of a paralytic ileus is that food cannot be
digested and, if untreated, patients develop abdominal distension and may vomit.
The distended abdomen increases the work of breathing, and vomiting heightens the
risk of aspiration pneumonia (see Chapter 11). Typical management includes ‘nil by
mouth’. A nasogastric tube is inserted to regularly aspirate stomach contents (the tube
is not for feeding). Nutrition and fluids are provided intravenously.

Deep venous thrombosis and pulmonary embolus
Patients are particularly vulnerable to deep venous thromboses during the first 2
weeks after injury. During this period the dislodgement of deep venous thromboses is
one of the leading causes of death.45–50 Deep venous thromboses are caused by sta-
sis of blood within the venous system that results from paralysis and lack of move-
ment. The stasis is exacerbated by bedrest and lack of vasomotor control in people
with lesions involving the sympathetic nervous system.47,51 Deep venous throm-
boses are particularly common in the veins of the calf but potentially more danger-
ous in the veins of the thigh and groin. The signs of deep venous thromboses are low
grade fever and localized swelling, warmth and discolouration.46 Pain may be pre-
sent in patients with intact sensation. Definitive diagnoses are based on the results
of impedance plethysmography, ultrasound or venography.46

The dislodgement of deep venous thromboses can result in pulmonary emboli,
which are life-threatening. The presence of emboli is characterized by any number 
of the following symptoms: loss of consciousness, shortness of breath, hypoxia,
sweating, haemoptysis, tachycardia, confusion or chest pain. Sometimes the first
sign of an embolus is respiratory or cardiac arrest.46 Deep venous thromboses are
particularly likely to be dislodged when patients are moved for routine care or when
patients’ limbs are moved during passive movements. Therefore, if deep venous
thromboses are suspected or diagnosed, movement of the patient should be kept to
a minimum and passive movements of the legs should cease.52

To prevent deep venous thromboses during the period immediately after injury,
patients are routinely placed on anticoagulation medication,47,53,54 provided with
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tight-fitting stockings, regularly screened for deep venous thromboses, and mobil-
ized as soon as feasible. External pneumatic compression devices46,54–56 and elec-
trical stimulation have also been advocated.47 For a long time it was believed that
passive movements prevented deep venous thromboses, although this is now dis-
puted46 (see Ref. 57 for clinical guidelines on prevention of thromboembolism).
Deep venous thromboses and pulmonary emboli are treated with thrombolytic
agents or low molecular weight heparin, e.g. enoxaparin.58

Spasticity
Spasticity is present in up to 80% of patients with spinal cord injury.59 It is only pre-
sent in patients with intact lower motor neurons so is not present in patients with
cauda equina injuries. Spasticity is more troublesome for patients with incomplete
rather than complete lesions,60 and tends to gradually increase over the first year
before it plateaus. The increase may be due to neural sprouting or changes in the sen-
sitivity of neural receptors. Spasticity can be elicited with many stimuli but stretch
and touch are the most common.61 Sudden increases in spasticity are usually indica-
tive of illness or injury, or an over-distended bladder or bowel.59 Many tests62,63 are
used to quantify spasticity but the two most widely used are the Tardieu Scale64 and
the Modified Ashworth Scale65–67 (see Table 1.4). The usefulness of these and other
tests of spasticity is widely debated.68,69

The neurophysiology of spasticity is complex and not fully understood (see Refs
59, 68, 70, 71 for comprehensive overviews). It can have many different features but
the two key ones are an abnormal and velocity-dependent increase in resistance to
stretch.70 Spinal cord injury changes the excitability of the tonic and phasic stretch
reflexes, which are controlled by the balance of excitatory and inhibitory inputs onto
alpha motor neurons. These inputs arise from a large number of segmental and
descending neural circuits. There are many theories about precisely how and to what
extent these circuits are disrupted, and which disruption is most important.72 Until

TABLE 1.4 Modified Ashworth Scale

0 No increase in muscle tone

1 Slight increase in muscle tone, manifested by a catch and release or by 
minimal resistance at the end of range of motion when the affected 
part(s) is moved in flexion or extension

1� Slight increase in muscle tone, manifested by a catch, followed by
minimal resistance throughout the remainder (less than half) of the 
range of motion

2 More marked increase in muscle tone through most of the range of 
motion but affected part(s) easily moved

3 Considerable increase in muscle tone, passive movement difficult

4 Affected part(s) rigid in flexion or extension

Reproduced from Bohannon RW, Andrews AW: Interrater reliability of hand-held
dynamometry. Phys Ther 1987; 67:931–933, with permission of the American
Physical Therapy Association.
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recently it was believed that spasticity primarily resulted from unchecked hyperac-
tivity of gamma motor neurons, driving intrafusal muscle fibres and increasing
reflex facilitation of alpha motor neurons. However, the importance of gamma
motor activity has been disputed,61 and spasticity is now believed to be due primar-
ily to a direct increase in the excitability of the alpha motor neurons. This may be
related to enhanced sensitivity of the alpha motor neurons.13,61 The increased
excitability of the alpha motor neurons is also thought to be due to a loss in the nor-
mal dampening effects of the descending fibres of the corticospinal tract. With less
dampening, the alpha motor neurons are more excitable and responsive to sensory
inputs. The alpha motor neurons of antagonistic muscles are also easily excited
because there is a loss of activity in the cells which are responsible for reciprocal
inhibition (i.e. Renshaw cells).

Spasticity is primarily managed with pharmacological agents.73 There are two main
categories of drugs, some acting predominantly within the central nervous system (e.g.
baclofen, diazepam, gabapentin, clonidine, tizanidine) and others acting peripherally,
either within the muscle or at the neuromuscular junction (e.g. dantrolene and
Botulinum toxin). Severe spasticity is sometimes managed by administering drugs
directly to the spinal cord (i.e. intrathecally).

The main implications of spasticity are that it predisposes patients to pain, con-
tractures and pressure ulcers, and makes movement and hygiene difficult.59,61,68 For
some patients, spasticity limits function and quality of life.74 Physiotherapy inter-
ventions such as hydrotherapy, stretch, heat, TENS, cold, electrical stimulation, 
therapeutic exercise techniques, passive movements, standing and vibration may pro-
vide transient relief from spasticity, but there is no evidence that any of these inter-
ventions produce lasting reductions in spasticity.73,75 In addition, the application of
heat can cause burns and therefore should only be used with extreme caution in
patients who lack sensation.

Autonomic dysreflexia
Autonomic dysreflexia is an exaggerated reflex response of the sympathetic nervous
system to noxious stimuli. It is seen in patients with total or profound loss of supra-
spinal sympathetic control (see p. 6). Typically, patients with lesions above T6 are
most vulnerable. It can occur at any time throughout patients’ lives but not before
spinal shock has resolved.52,76–79

Stimuli which typically precipitate autonomic dysreflexia include blocked
catheters, over-distended bladders or bowels, fractures, pressure ulcers or ingrown
toenails. However, any stimulus normally associated with pain or discomfort can
cause autonomic dysreflexia. Sometimes even something as mild as a stretch of the
hamstring muscles can aggravate symptoms in already vulnerable patients. These
stimuli directly excite neurons in the isolated sympathetic chain. Without supra-
spinal control to dampen the reflex sympathetic response, the sympathetic nervous
system makes an exaggerated and unchecked reflex response. This causes widespread
vasoconstriction below the level of the lesion with associated increases in blood
pressure, headache, sweating, flushing and, initially, tachycardia. The increased
blood pressure is sensed by the carotid and aortic baroreceptors. This information is
transmitted to the brain via cranial nerves IX and X.52 Homeostatic mechanisms act
to combat the increase in blood pressure by increasing cranial nerve X activity (i.e.
parasympathetic activity). Heart rate response is variable as it is determined by the
balance between the accelerating effect of the sympathetic nervous system and the
dampening effect of the vagal nerve.76 However, patients consistently become
flushed in the face and neck but white below the lesion level, and complain of 
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nausea, anxiety, blurred vision and headache.77 All these responses can occur rapidly
(i.e. in minutes), although in some patients they can develop over a few days.

Patients with lesions above T6 are most susceptible to autonomic dysreflexia
because the large splanchnic blood vessels are supplied by sympathetic fibres carried
within T6 to T10 nerve roots. Unchecked vasoconstriction of the splanchnic blood ves-
sels in response to noxious stimuli can cause a marked increase in blood pressure.
The primary concern with autonomic dysreflexia is the associated sudden increase in
intracerebral blood pressure. If sufficiently high and untreated it can cause cere-
brovascular accident or death.

Patients who present with any symptoms of autonomic dysreflexia need to be
immediately assessed. Initially, blood pressure needs to be taken, remembering that
systolic blood pressure for patients with spinal cord injury is typically 90–110 mm
Hg. A sudden increase in systolic blood pressure of more than 20 mm Hg is usually
indicative of autonomic dysreflexia. Treatment involves identifying and removing
the source of noxious stimuli, loosening tight stockings and abdominal binders,
lowering the legs and elevating the head. The supine position should be avoided if
possible because it increases intracerebral blood pressure. Medical assistance must
be immediately sought so blood pressure-relieving medication can be administered
if necessary. Typically, nifedipine and nitrates are used.52,80 Further information
about management of autonomic dysreflexia is available in clinical guidelines.79,81

Postural hypotension
Postural hypotension is typically a problem for patients with lesions above T6. It is
due to a loss of supraspinal control of the sympathetic nervous system and the result-
ant inability to regulate blood pressure. It is exacerbated by poor venous return sec-
ondary to lower limb paralysis and the loss of the lower limb ‘muscle pump’ (see
Chapter 12).18,52,82,83

Postural hypotension predominantly occurs when patients move from lying to
sitting. Without leg movement or a capacity to increase sympathetic activity, blood
remains pooled in the legs and abdomen, and blood pressure drops. This causes 
the patient to feel faint and to lose consciousness. The immediate treatment is to lie
the patient down and raise the feet or tilt the wheelchair backwards. Graduated com-
pression stockings and abdominal binders may help maintain blood pressure
although evidence of their effectiveness is conflicting.84

Postural hypotension is particularly pronounced when patients first mobilize
after injury, especially if there has been an extended period of prior bedrest. For this
reason mobilization needs to be implemented slowly. For the first few days the
patient may just tolerate sitting up in bed. Subsequently, the patient may then be sat
out of bed in a reclined wheelchair with the legs elevated. Over time patients ‘accli-
matize’ and better tolerate the transition from lying to sitting; this is thought to be
due to an increased tolerance to feelings of lightheadedness with lower blood pressure.
Alternatively, blood pressure may be better maintained because of the additional
release of circulating catecholamines and hormones (i.e. antidiuretic hormones 
and hormones associated with the renin–angiotensin–aldosterone system),85–88 or
because of increases in sensitivity to these hormones.

Bladder, bowel and sexual function
Spinal cord injury commonly affects bladder, bowel and sexual function. One of the
most comprehensive studies in this area found that 81% of people with spinal cord
injury had impaired bladder function and 63% had impaired bowel function 1 year
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post injury.3 While the control of these three bodily functions is complex, they all
rely on coordinated activity between the sympathetic and parasympathetic nervous
system as well as skeletal muscle control via the S2–S4 nerve roots. Injuries below 
the conus result in a flaccid paralysis of skeletal muscles associated with bladder,
bowel and sexual function, and loss of the sacral part of parasympathetic spinal
cord-mediated reflexes. In contrast, injuries above the conus result in a spastic para-
lysis of the bladder, bowel and sexual skeletal muscles with retention of sacral
reflexes. The site of the lesion therefore has important implications for management
and function.89

Bladder management
Bladder drainage can be managed in several different ways. Most patients with some
hand function perform intermittent catheterization. This requires the patient (or the
patient’s carer) to temporarily introduce a catheter into the bladder every 3–6 hours.
The catheter is removed once the bladder is drained. Intermittent catheterization is
preferred over other options because it is associated with lower rates of infection90

and is aesthetically more acceptable (i.e. it does not require use of external leg bags
to collect urine).91 In males, external drainage sheaths can be used to ensure contin-
ence. These are like condoms that cover the penis and are attached to leg bags. 
There is no equivalent device for females so sanitary pads are often used.91 Patients
who are unable to intermittently catheterize typically have an indwelling catheter.
The catheter is initially inserted via the urethra but ultimately is often inserted surgic-
ally through the suprapubic abdominal wall.92 Some patients rely on reflex empty-
ing of the bladder: voiding is elicited by either tapping over the bladder or manually
stimulating the perineal region. This technique can be assisted by manual overpres-
sure on the bladder provided there is no risk of urine tracking up to the kidneys.93

Patients with spinal cord injury have an increased susceptibility to bladder
stones, kidney stones and urinary tract infections, all contributing to an increased
risk of late-life kidney failure.93,94 All these potential problems are managed and
monitored by controlling fluid intake, optimizing medication and by regularly
reviewing kidney and bladder function. Urinary incontinence can be an ongoing
problem for some patients.93,95

Bowel management
Bowel management is an important and often time-consuming issue for people with
spinal cord injury. Patients with lower motor neuron lesions tend to have more
problems with incontinence because they have flaccid paralysis of the anal sphinc-
ter96 and loss of associated spinal cord-mediated reflexes.97–99 In contrast, patients
with upper motor neuron lesions can take advantage of remaining bowel reflexes.

Bowels can be managed in a variety of ways, but key strategies include a high-
fibre diet, adequate fluid intake and a regular routine for bowel emptying. Other
options include oral and/or anal medication, digital stimulation or manual evacu-
ation.98,100 Often bowel regimes are initially difficult to establish and faecal incontin-
ence or constipation can be a problem.101–104 It is not unusual for bowel accidents to
be precipitated by exercise.

Sexuality
When people think of spinal cord injuries and sexuality, they most commonly think
of the physical aspects of sex. Spinal cord injury clearly affects sexual intercourse and
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the associated physical sexual responses in both males and females.105,106 Patients with
upper motor neuron lesions retain reflexive but not psychogenic responses, patients
with lower motor neuron lesions lose reflexive but may retain psychogenic responses,
and all retain the ability for non-genital sexual arousal (see Figure 1.8).69,106–109

Spinal cord injury can affect male fertility by impairing ejaculation and reducing
semen quality. However semen, if required, can often be obtained with vibration
and electro-ejaculation techniques. More sophisticated techniques are being increas-
ingly used for fertilization. Female fertility and menstruation are largely unchanged
by spinal cord injury but pregnancies are associated with increased risks.110 Females
generally cease menstruating for 1–3 months following injury. Studies of men with
spinal cord injury have found that genital sensation, erectile function and capacity
for orgasm are not strong predictors of sexual satisfaction nor behaviour.111 The
stronger predictors are perceptions of partners’ satisfaction with the sexual relation-
ship,111 intimacy of relationships and willingness for sexual experimentation.112

Spinal cord injuries have implications not only for patients’ experiences of sexual
intercourse but also for males’ and females’ sexuality. That is, spinal cord injury
affects how people perceive their own maleness or femaleness.113 For example, a spinal
cord injury may affect a male’s ability to earn money for the family, play sport with
the kids, drink beer with the mates or pump iron at the gym. Some men perceive that
the inability to readily engage in these types of activities undermines their maleness.
In the same way, a female may perceive that her femininity has been adversely affected
by her difficulty wearing fashion shoes, making up her face, looking after her children
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or going to nightclubs. The issues are complex and management often involves 
reappraisal of preconceived ideas about the expression of both sex and sexuality.

Most rehabilitation teams have psychologists, social workers, nurses or medical
personnel specifically trained to counsel patients on sex and sexuality. Ongoing sex-
ual support and education post-discharge are particularly important.112,114 Physio-
therapists need a general understanding of these issues so they can be appropriately
supportive and knowledgeable when these issues are raised during therapy sessions.
However, it is not normally the physiotherapist’s role to provide counselling or
detailed information on these issues.

Osteoporosis
Osteoporosis is a common long-term complication of spinal cord injury which pre-
disposes individuals to fractures.115–117 Over a lifetime patients may experience a
25–50% reduction in bone mineral content of the lower limbs with most bone min-
eral loss occurring in the first year following injury.115–124 It has been assumed that
bone mineral loss is primarily due to the lack of weight bearing and axial load-
ing.125,126 However, it is now believed that bone mineral loss is due to multiple fac-
tors involving metabolic, endocrine, neural and vascular changes associated with
spinal cord injury.116,120–122,127–129

Bone loss is primarily managed with pharmacological agents (i.e. bisphospho-
nates). Early standing130,131 and electrical stimulation programmes132–134 are also
advocated, although their effectiveness is yet to be clearly demonstrated.122,135,136

Heterotopic ossification
Heterotopic ossification, also called ectopic ossification and myositis ossificans,
refers to the formation of bone outside the skeletal system, and occurs below the
level of the injury, typically around the hips, knees, elbows and shoulders.137–140 It
occurs in up to 50% of adults with spinal cord injury.140 Presentation is usually
within the first few months after injury but can be many years later.137,138,140–142 If
severe, it restricts joint mobility and impedes function.137

The first clinical signs of heterotopic ossification are swelling and reduced range
of motion, with or without fever, spasticity and pain.138–140 A number of these clin-
ical signs are similar to those of fracture and deep venous thrombosis.139 A definitive
diagnosis of heterotopic ossification is usually made on the basis of ultrasound, CT
scan or bone scan, although blood tests may also give some indication.138–140

The cause of heterotopic ossification is not known139,140 but it has been observed
after repeated and aggressive passive movements of immobilized joints in ani-
mals.143,144 Partly for this reason it is often attributed to excessively enthusiastic physio-
therapy,145 although a causal relationship between physiotherapy and heterotopic
ossification has not been demonstrated. While doubt remains, it would be prudent to
avoid aggressive manual therapy interventions.146 It is unclear whether stretches and
passive movements should cease altogether during the acute inflammatory stage of
heterotopic ossification, although some low quality evidence suggests that gentle pas-
sive movements maintain range of motion during this stage.146,147

Heterotopic ossification is managed with varying degrees of success through drug
therapy.138–140 Occasionally, surgery is used to remove excessive bone but this is not
without risk and can exacerbate the condition.138 For these reasons, surgery is only
performed once heterotopic ossification has stabilized (typically 1–2 years after
onset) and primarily in situations where function and quality of life are adversely
affected138 or where there is resulting nerve compression.140
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Skin management

Pressure ulcers are one of the commonest and most troubling complications of
spinal cord injury.148–150 They can occur at any time and are a source of frustration
and disruption to patients’ lives and rehabilitation.151 In the long term, they can pre-
vent individuals from successfully holding jobs and they can adversely affect quality
of life. They can also increase spasticity and pain, and predispose to autonomic dys-
reflexia and contracture. In severe cases, pressure ulcers develop into large wounds
which become infected, leading to osteomyelitis and other serious medical compli-
cations which may be fatal. In some developing countries with limited resources,
life-threatening pressure ulcers are a constant threat.

Causes of pressure ulcers
Pressure ulcers are due to necrosis of soft tissues. The necrosis occurs when blood
supply is compromised by the compression of small arteries and capillaries between
internal bony prominences and external hard surfaces.152 For example, the tissues
overlying the ischial tuberosities are compressed when sitting on a wooden stool.
Prolonged compression disrupts blood supply, causing necrosis.151 Normally, in
able-bodied individuals, destructive pressures are associated with discomfort and
pain which precipitates a voluntary change of posture. This relieves and redistributes
pressure. However, with absent or impaired sensation, people with spinal cord
injury have no warning mechanism to indicate a need for change of posture so pres-
sure can continue unrelieved.

Constant unrelieved pressure and excessive frictional or shearing forces are par-
ticularly problematic.153 The tissues most vulnerable are those overlying the heel,
head of fibula, greater trocanter of femur, ischial tuberosity, sacrum, inferior tip of
scapula, olecranon and the back of the head.154 Other factors contributing to the
development of pressure ulcers include spasticity, bladder or bowel incontinence,
age, loss of supraspinal sympathetic control, poor circulation, tight clothing,
oedema, infection and poor nutrition.151,152,155

The first sign of excessive pressure is not skin breakdown, but redness that does
not blanch with localized pressure.156 This indicates damage to underlying tissues,
which are more vulnerable to pressure than skin. Consequently, underlying tissues
are the first to be damaged and the last to be repaired. Skin breakdown is a later sign
of a pressure ulcer and usually indicates more sinister underlying soft tissue destruc-
tion. During recovery from a pressure ulcer the skin repairs first. It is important not
to assume that because an open wound has covered with new skin, the underlying
tissues have healed.151

Prevention of pressure ulcers
The key to pressure management is prevention.151 Prevention requires a multi-
faceted and interdisciplinary approach involving education, good nutrition, 
anti-spasticity medication and strategies to ensure regular changes in position.
Perhaps more importantly, prevention involves the appropriate prescription of 
pressure-relieving equipment such as bed mattresses, wheelchair cushions and
wheelchairs.
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Regular change in position
Recently-injured patients confined to bed are initially turned every 2 hours.151 The
frequency of turning is gradually decreased but depends on many factors, including
the type of mattress upon which the patient is lying and susceptibility to skin prob-
lems. Once patients start to sit in their wheelchairs, they need to relieve pressure
from under the ischial tuberosities at least once every 15–30 minutes.152,157 Some
evidence indicates that the lift should be sustained for approximately 2 minutes.158

The frequency and length of pressure relief can often be decreased over time, but
only in conjunction with careful monitoring. There are many different ways pressure
can be relieved when sitting. A vertical lift that clears the buttocks from the seat is the
most commonly used method by those with sufficient upper limb strength (see
Chapter 3, Figures 3.8 and 3.9). Patients unable to perform a vertical lift can relieve
pressure by regularly leaning forwards or sidewards, or, if necessary, by resting for-
wards with their arms on a table.159 Patients with high levels of tetraplegia sitting in
power wheelchairs can redistribute pressure by regularly changing the tilt of their
wheelchairs and elevating the feet (see Chapter 13).153,157,160,161

Patient, staff and family education
Education of patients, staff and families is an important aspect of pressure care man-
agement.151,152 All must be made aware of the appropriate use and maintenance of
pressure-relieving equipment. A common mistake is to place a wheelchair cushion
upside down or around the wrong way. This usually reduces the pressure-relieving
qualities of the cushion.

Skin needs to be checked daily and, initially, more regularly if trialling new equip-
ment.151 Patients need to be aware of the first signs of skin damage. They also should
know how to appropriately manage problems when they arise. Adequate pressure
relief is particularly important when sitting in cars or on commodes or other hard
surfaces. Similarly, pressure from orthoses, splints, straps or casts can be a problem
and these need careful monitoring. Medical sheepskin overlays can be used to relieve
shearing forces although they should not be used on top of most pressure-relieving
cushions or mattresses.

Pressure-relieving equipment
Pressure-relieving equipment is important for effective skin management. Its pre-
scription is sometimes the responsibility of physiotherapists but more often occupa-
tional therapists. A brief outline of some of the key issues is provided below and in
Chapter 13, but therapists prescribing this type of equipment would be well advised
to seek additional information and training.162–165 Prescription of pressure-relieving
equipment is something which requires careful consideration with deleterious 
consequences for patients if it is done poorly.

Equipment that has provided adequate pressure protection during hospitaliza-
tion may prove to be insufficient when patients return home. This is partly because
patients regularly change position as part of therapy and nursing care programmes
when in hospital but may not change position as frequently on discharge. Skin prob-
lems at home can be avoided by trialling pressure-relieving equipment under condi-
tions that closely mimic the home situation. For example, patients unlikely to turn
at night when home need to trial bed mattresses under the same conditions while in
hospital. If in doubt, it is better to err on the side of caution and prescribe overpro-
tective equipment.

Bed mattresses. There are many different varieties of pressure-relieving mattresses.
Mattresses may be either foam-, air- or water-based. The more expensive ones use
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power to cycle air through different chambers, systematically alternating pressure. 
A recent Cochrane systematic review concluded that in people at high risk of develop-
ing pressure ulcers, foam mattresses designed for relieving pressure are superior to
standard hospital mattresses.156 The merits of more elaborate and expensive mat-
tresses have not been scientifically validated, although most clinicians consider
them superior to foam mattresses.

Wheelchair seating. Poor seating is a common cause of pressure. Soft tissues that are
weight bearing or in contact with the wheelchair, especially those overlying the ischial
tuberosities, are most vulnerable to the destructive pressures associated with prolonged
sitting. These pressures are influenced by factors such as height of the footplates, tilt of
the pelvis, tilt of the wheelchair and length of the seat. For example, footplates which
are too high shift weight posteriorly, concentrating pressure over the ischial tuberosities.
A posteriorly rotated pelvis turns the sacrum into a weight-bearing area, increasing sus-
ceptibility to sacral pressure ulcers.166 A seat which is too short distributes the weight of
the thighs over a smaller surface area, increasing pressure. All these issues need to be
considered when prescribing wheelchairs159,161,162,167 (see Chapter 13 for more details).

Patients with deformities present complex seating problems because correction
of deformities invariably requires the application of pressure. Most solutions involve
dissipating pressure over wide areas, preferably through soft tissues that do not over-
lie bony prominences.

Wheelchair cushions. There has been growing commercialization of wheelchair
cushions and there are now hundreds of different types on the market.168 Most are
air-, foam- or gel-based, and designed for specific purposes (see Chapter 13). The
most important pressure-relieving quality of a cushion is its ability to minimize
pressures in the soft tissues overlying the ischial tuberosities. These pressures can be
measured with either simple or sophisticated equipment designed to measure skin
interface pressures.153,168–170 However, there is not one critical pressure, below which
patients are safe from skin damage and above which they are not. It depends on
many factors, including the length of time that pressure remains unrelieved.171 As a
general rule, however, peak pressures over vulnerable sites should be kept well below
60 mm Hg.153,168,172,173

Treatment of pressure ulcers
Not surprisingly, the treatment of pressure ulcers includes strategies to minimize pres-
sure.151,152 These must be instigated with the first signs of destructive pressure, and
may include confinement to bed, adjustment of a wheelchair or cushion, remoulding
of a hand splint, realignment of an orthosis, or education. If a severe pressure ulcer
develops, hospitalization may be required for many months, with or without accom-
panying surgery. For further details, interested readers are directed to clinical practice
guidelines on the treatment and prevention of pressure ulcers.151,152,157

Psychological well-being

The psychological implications of spinal cord injury are profound.174–179 Some of the
common emotions experienced immediately after injury include anger, grief, despon-
dency, denial, depression and apathy.180,181 Factors found to be associated with patients’
psychological reactions include coping skills, pre-morbid personality, family support,
substance abuse, extent of permanent paralysis and home situation.174,179,180,182 Some
studies put the rate of depression in the first 2 years following spinal cord injury as high
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as 38%,83 although most place it between 15% and 23%.184–186 The incidence of ongo-
ing depression appears to be strongly linked to restrictions in participation.180,187

Suicide rates are higher amongst people with spinal cord injury than in the general pop-
ulation.188–190 However, these statistics mask the proportion of people with spinal cord
injury who go on to live happy and fulfilling lives. Health care workers often underesti-
mate the long-term satisfaction with life following spinal cord injury.191,192

Psychological distress impacts on patients’ ability to cooperate with physiother-
apy programmes, especially when the distress is associated with poor sleep, appetite
and energy. In particular, psychological distress can lead to passivity, self-neglect,
poor drive and motivation, and low adherence. Not surprisingly, patients with
depressive symptoms achieve poorer outcomes than their non-depressed counter-
parts. However, psychological distress is not always associated with poor adherence.
It can present as unbridled determination and drive for success in physiotherapy.
Sometimes this is expressed by unrealistic goals, especially those that are gait-
orientated (e.g. “I am going to walk at any cost”). Alternatively, it can be expressed
by preoccupation with physiotherapy and unrealistic demands for intensive atten-
tion from therapists. These issues are best managed through a coordinated team
response under the leadership of a clinical psychologist (see Refs 179, 193, 194 for
more details on management of depression following spinal cord injury).

Family and friends
Families and friends of people with spinal cord injury are often overlooked by health
professionals.195 However, the practical and psychological implications for parents, sib-
lings, children or friends can be multifaceted.195 Family members, particularly spouses,
are often the primary providers of physical and emotional support.196 The marital sta-
tus of a patient with spinal cord injury is the strongest predictor of long-term psycho-
logical adjustment and quality of life,197,198 although divorce is common.176 Family
members often become responsible for providing a range of care services. This can
cause them considerable stress, burnout, resentment and depression.195,196

In the early days after injury physiotherapists can assist members of the family and
friends by involving them as much as possible in patients’ programmes. Family and
friends often welcome the opportunity to assist in real and tangible ways. This can be
achieved by requesting them to help patients with practice activities, positioning and
stretching programmes, and helping monitor skin integrity, either within or outside
formal therapy sessions. Of course, patients must be happy to have family and friends
involved in this way; patient consent for family involvement should not be assumed.

Spinal cord injury and traumatic brain injury

It is estimated that up to 40–50% of people with spinal cord injury have a co-morbid
traumatic brain injury.199–201 Although traumatic brain injury is often mild, more
serious injuries can be associated with cognitive impairments such as poor insight,
problem-solving, attention and memory. Not surprisingly, patients with a dual diag-
nosis of spinal cord injury and traumatic brain injury often achieve lower levels of
independence than those with spinal cord injury alone.202 Physiotherapists need to
ensure their treatment programmes are appropriately designed to cater for patients
with co-morbid traumatic brain injuries. They also need to be aware that often the
effects of mild traumatic brain injury are overlooked due to the more obvious
deficits of the spinal cord injury.
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Aging with spinal cord injury

Only 50 years ago 80% of people died within 3 years of sustaining a spinal cord
injury. Today, the life expectancy of people with paraplegia is similar to that of their
able-bodied counterparts, although the life expectancy of people with tetraplegia is
reduced by 10%. In addition, a larger number of people incurring spinal cord injury
later in life are surviving.203 The implications are that for the first time there is a
growing prevalence of people aging with spinal cord injury.203,204

The ‘normal’ aging process combined with the long-term deleterious impli-
cations of spinal cord injury compromises general health and increases dis-
ability.52,205,206 Painful musculoskeletal conditions are particularly problematic. If
severe, these problems compromise independence and necessitate greater assistance
from others, modification of existing home and work environments, and revision of
equipment, aids and orthoses.

Elderly people with long-standing spinal cord injury are particularly vulnerable to
health problems. These may be related to skin problems, decreased mobility and poor
nutrition. Chronic renal failure from a lifetime of compromised bladder function
and cardiovascular disease are also common (see Chapter 12).18,52,203,205,207 The most
obvious implication is the increased need for physical assistance and care.206,208,209

In all, an aging population of people with spinal cord injury presents substantial
challenges to health care systems trying to meet this population’s increasing physi-
cal, social and psychological needs.
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CHAPTER

A framework for physiotherapy
management

2
CHAPTER

The overall purpose of physiotherapy for patients with spinal cord injury is to improve
health-related quality of life. This is achieved by improving patients’ ability to partici-
pate in activities of daily life. The barriers to participation which are amenable to physio-
therapy interventions are impairments that are directly or indirectly related to motor
and sensory loss. Impairments prevent individuals from performing activities such as
walking, pushing a wheelchair and rolling in bed. During the acute phase, immedi-
ately after injury when patients are restricted to bed, the key impairments physio-
therapists can prevent or treat are pain, poor respiratory function, loss of joint mobility
and weakness (see Chapters 8–11). Once patients commence rehabilitation physio-
therapists can also address impairments related to poor skill and fitness (see Chapters
7 and 12).

It is possible to define the role and purpose of physiotherapy for patients with
spinal cord injury within the framework of the International Classification of
Functioning, Disability and Health (ICF). The ICF was introduced by the World Health
Organization in 20011 and is a revised version of the International Classification of
Impairment, Disability and Handicap.2 The ICF defines components of health from
the perspective of the body, the individual and society (see Figure 2.1). One of its 
primary purposes is to provide unified and standard language for those working in the
area of disability.1,3

The ICF can be used to articulate the goals and purpose of physiotherapy for
patients with spinal cord injury. For example, the health condition is spinal cord
injury. An associated impairment is poor strength. Poor strength directly impacts on
the ability to perform activities such as walking and moving. This in turn has impli-
cations for participation, such as working, engaging in family life and participating
in community activities. Impairments, activity limitations and participation restric-
tions are all affected by environmental and personal factors, such as support from
family and employers, access to appropriate equipment, financial situation and cop-
ing mechanisms. In the ICF framework, such environmental and personal influences
are termed contextual factors.
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The ICF framework can also be used to describe the process involved in formu-
lating a physiotherapy programme. The process involves five steps:

Step one: assessing impairments, activity limitations and participation restrictions
Step two: setting goals with respect to activity limitations and participation

restrictions
Step three: identifying key impairments
Step four: identifying and administering treatments
Step five: measuring outcomes

Each of these steps is described in this chapter and provides the framework for
formulating physiotherapy programmes. The focus is primarily on patients under-
going rehabilitation. In the period immediately after injury when patients are
restricted to bed it is not feasible to assess activity limitations and participation
restrictions, and it may not be appropriate to set goals in these domains.

Step one: assessing impairments, activity limitations and
participation restrictions

Assessment is the first step in devising an appropriate physiotherapy programme.
The assessment forms the basis of the goal-setting process. It identifies participation
restrictions, activity limitations, and impairments.

Initially, various sources need to be used to extract details such as age, cause of
injury, time since injury, neurological status, orthopaedic status, other injuries and
complications, socio-economic background, medical and surgical management since
injury, prior medical history, family support, employment status and living arrange-
ments. These provide key insights into patients’ problems, and help direct the sub-
sequent physical assessment.

Assessing activity limitations and participation restrictions
There are several well-accepted assessment tools used to measure activity limitations
and participation restrictions,4,5 including the Functional Independence Measure
(FIM®),6–8 Spinal Cord Independence Measure,9–11 and Quadriplegic Index of

Health condition

Activity limitations Participation restrictions

Personal factorsEnvironmental factors

Impairments

Figure 2.1 The ICF
framework. Reproduced
with permission from World
Health Organization:
International Classification
of Functioning, Disability
and Health: ICF short
version. Geneva, World
Health Organization, 2001.
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Function12–14 (see Table 2.1). They all measure independence across a range of
domains, reflecting different aspects of activity limitations and participation restric-
tions. For example, they assess ability to dress, maintain continence, mobilize, trans-
fer and feed. Some have been specifically designed for patients with spinal cord
injury, and others are intended for use across all disabilities.

More physiotherapy-specific assessments of activity limitations and participation
restrictions quantify different aspects of mobility and motor function. For example,
some assess the ability to walk (e.g. the WISCI, 10 m Walk Test, the Motor Assessment
Scale, 6-minute Walk Test, Timed Up and Go), ability to use the hands (e.g. the Grasp
and Release test, Sollerman test, Carroll test, Jebsen test) and ability to mobilize in a
wheelchair15,16 (see Table 2.1). There is as yet no consensus on the most appropriate
tests, and currently physiotherapists tend to use a battery of different assessments,
including non-standardized, subjective assessments of the way patients move.

TABLE 2.1 Assessment tools for measuring activity limitations and participation restrictions

Brief description

General
Functional Independence The FIM assesses activity limitations. It contains 18 items across six domains: 
Measure (FIM®)65,66 self-care, sphincter control, transfers, locomotion, communication and social 

cognition. Each item is scored on a seven-point ordinal scale ranging from 
total assistance (one) to complete independence (seven).

Spinal Cord Independence The SCIM was developed specifically for patients with spinal cord injury and 
Measures (SCIM)9,10 contains 16 items covering self-care (four items), respiration and sphincter 

management (four items), and mobility (eight items). The original SCIM was
modified in 200167 and more recently a questionnaire version has been devised.

Barthel Index68–72 The Barthel Index contains 15 self-care, bladder and bowel, and mobility 
items. Transfers and mobility items (both wheelchair and ambulation) 
encompass 30%, and toileting and bathing a further 10% of the total score.

Craig Handicap and The CHART was specifically designed for patients with spinal cord injury to 
Reporting Technique measure community integration. It consists of 27 items which cover five 
(CHART)73–78 domains: physical independence (three questions), mobility (nine questions),

occupation (seven questions), social integration (six questions) and
economic self-sufficiency (two questions). Each item is assessed on a
behavioural criteria (i.e. hours out of bed). It is administered via interview or
questionnaire.

Clinical Outcomes Variable The COVS consists of 13 items scored on a seven-point scale and measures 
Scale (COVS)79,80 mobility in activities such as rolling, lying to sitting, sitting balance, transfers,

ambulation, wheelchair mobility and arm function. Lower scores reflect
poorer levels of mobility. Although originally developed for a general
rehabilitation population, COVS discriminates across lesion level, injury
completeness and walking status in patients with spinal cord injury.

PULSES69,81 The PULSES assesses activity limitation and participation restriction of those
with chronic illness and covers six domains: physical condition (P), upper
limb function (U), lower limb function (L), sensation (S), excretory function (E)
and support factors (S). The scoring for each item ranges from one
(independent) to four (fully dependent).

(continued)
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TABLE 2.1 (continued)

Brief description

Quadriplegic Index of The QIF was specifically designed for patients with tetraplegia. It contains 
Function (QIF)14 10 items, three of which encompass mobility (transfers 8%, wheelchair

mobility 14% and bed activities 10%). Each item is scored on a five-point
scale. There is a shorter form of the original QIF.

The Katz Index of ADL82 The Katz Index of ADL assesses independence in six activities including 
bathing, dressing, toileting, transferring, continence and feeding. Each
activity is scored on a two-point scale, and summated into an overall score
(represented by letters from A to G). There are no mobility items.

SF-36® Health Survey83,84 The SF-36 measures health-related quality of life in eight domains (physical 
functioning, role limitations due to physical problems, bodily pain, general
health, vitality, social functioning, role limitations due to emotional problems,
mental health). These can be summarized into two measures (physical and
mental). The SF-36 has been used in patients with spinal cord injury.85–88

Sickness Impact Profile (SIP-136)89 The SIP-136 is a generic measure of the impact of disability on physical 
status and emotional well-being. It is administered via a 136-item
questionnaire which requires ‘yes’ or ‘no’ responses. It has 12 domains
including mobility and ambulation items. A shorter version (68 items) is also
available.90 It has three main domains including a physical domain which
assesses ambulation, mobility and body care.

Canadian Occupational The COPM was designed to assess patients’ perspectives about 
Performance Measure changes in activity limitations and participation restrictions. The COPM is 
(COPM)91–94 administered in a semi-structured interview where patients are required to 

identify specific activity limitations and participation restrictions. Patients use
a 10-point scale to rate each identified problem with respect to importance,
performance and satisfaction. The COPM is primarily used to monitor change.

The Physical Activity Recall The PARA-SCI is a self-report measure of physical activity. It was designed 
Assessment for People with for patients with spinal cord injury and is administered via a semi-structured 
Spinal Cord Injury (PARA-SCI)95,96 interview. The time spent on all physical activities related to leisure and daily 

living is recorded. Each activity is graded for intensity.

Valutazione Funzionale The VFM questionnaire was developed specifically for patients with spinal cord 
Mielolesi (VFM)97,98 injury to assess activity limitations. It covers bed mobility, eating, transfers, 

wheelchair use, grooming and bathing, dressing and social and vocational skills.

The Tufts Assessment of Motor The TAMP was developed to measure gross and fine motor performance of 
Performance (TAMP)99–101 the upper and lower limbs. It consists of 105 tasks grouped into 31 domains 

including fine hand function and independence with dressing, mobility,
transfers and wheelchair skills. Each item is rated on a seven-point scale.

Needs Assessment The NAC was designed specifically for patients with spinal cord injury to 
Checklist (NAC)28 measure the success of rehabilitation. It consists of 199 items grouped into 

nine domains including activities of daily living, skin management, bladder
management, bowel management, mobility, wheelchair and equipment,
community preparation, discharge coordination and psychological issues. It
does not differentiate between the ability to direct others to help and the
ability to independently perform activities.

(continued)
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TABLE 2.1 (continued)

Brief description

Gait-related
Walking Index for Spinal Cord The WISCI was developed specifically for patients with spinal cord injury. 
Injury (WISCI)102–104 It measures ability to walk 10 m and need for physical assistance, orthoses

and walking aids on an incremental scale ranging from zero (unable to stand
or walk) to 20 (ambulates without orthoses, aids or physical assistance).

The Spinal Cord Injury Functional The SCI-FAI is an observational gait assessment which uses an ordinal scale 
Ambulation Inventory to rate nine different aspects of walking. It includes a 2-minute walk test.
(SCI-FAI)105

The Walking Mobility Scale106–108 The Walking Mobility Scale is a five-point scale that classifies ability to walk
into the following categories: physiological ambulators, limited household 
ambulators, independent household ambulators, limited community
ambulators and independent community ambulators.

Timed Up and Go109,110 The Timed Up and Go test measures the time taken to stand up from a 
chair, walk 3 m, turn around and walk back to sit down on the chair. No
physical assistance is given.

10 m Walk Test65,111,112 The 10 m Walk Test measures speed of walking (m.sec�1). Patients are 
instructed to walk 14 m at their preferred speed but time is only recorded 
for the middle 10 m.

6-minute Walk Test65,113 The 6-minute Walk Test is a measure of endurance. Patients are instructed to 
walk as far as possible in 6 minutes, taking rests whenever required. The
distance covered and the number of rests required are recorded.

Functional Standing Test (FST)114 The FST measures patients’ ability to reach while standing. It consists of 
20 items requiring manipulation and lifting of different objects. Orthoses can
be worn and the tasks are done as quickly as possible. Some of the tasks are
from the Jebsen Test of Hand Function.115

Modified Benzel Classification116 The Modified Benzel Classification is a seven-point scale that classifies 
patients according to both neurological and ambulatory status. Neurological
classification is based on ASIA and ambulatory classification is crudely based
on key gait parameters including ability to walk 25–250 feet (� 7–75 m).

Upper limb function
Capabilities of Upper Extremity The CUE is a measure of upper limb function. It was specifically designed for 
Instrument (CUE)117 patients with tetraplegia and is administered via a self-report questionnaire. 

Patients rate their ability to perform 32 different tasks on a seven-point scale.

The Tetraplegic Hand Activity The THAQ was designed to measure patients’ perceptions about their hand 
Questionnaire (THAQ)118 and upper limb function. Patients are required to rate 153 motor tasks 

according to their ability to perform the task (four-point scale), need for an
aid (four-point scale) and importance of the task (three point scale).

The Common Object Test (COT)119 The COT was designed to evaluate the usefulness of neuroprostheses. Patients 
are required to perform 14 motor tasks. Each task is divided into its sub-tasks
and scored on a six-point scale according to the amount of assistance required.

Grasp and Release Test (GRT)120 The GRT is a test of hand function. It was initially designed to evaluate the 
usefulness of neuroprostheses in patients with C5 and C6 tetraplegia. 

(continued)
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Assessing impairments
The physical assessment also includes an assessment of impairments. These are simi-
lar to standard assessments used by physiotherapists in other populations. They
include assessments of strength, sensation, respiratory function, cardiovascular fit-
ness and pain. Details of how to assess impairments in patients with spinal cord
injury can be found in subsequent chapters (see Chapters 8–12).

Step two: setting goals

Benefits of goals
Goal setting is an important aspect of a comprehensive physiotherapy and rehabili-
tation programme.17–28 The process needs to be patient-centred. Initially, a few 
key goals of rehabilitation are articulated by the patient and negotiated with the

Step two: setting goals

TABLE 2.1 (continued)

Brief description

The test requires patients to use either a palmar or lateral grasp to
manipulate six different objects. Patients are assessed on the speed at which
they can complete the tasks as well as their success rate.

Wheelchair mobility
Quebec User Evaluation of The QUEST is a 12-item questionnaire which assesses patients’ satisfaction 
Satisfaction with Assistive with assistive technology, including wheelchairs. Each item is rated on a 
Technology (QUEST)121,122 six-point scale ranging from ‘not at all satisfied’ to ‘very satisfied’. Eight 

items relate to the device and four items to service provision.

Modified Functional Reach The mFRT assesses patients’ ability to reach forward while seated. The 
Test (mFRT)123 maximal distance reached following three trials is recorded.

Timed Motor Test (TMT)124 The TMT was designed for children with spinal cord injury. It consists of six 
items and children are assessed on the time taken to complete each task.
The tasks include putting on clothing, transferring and manoeuvring a
manual wheelchair.

Five Additional Mobility and The 5-AML was specifically designed for patients who are wheelchair-dependent.
Locomotor Items (5-AML)125,126 It contains five items assessing patients’ ability to transfer, move about a bed

and mobilize in a manual wheelchair. It is used in conjunction with the FIM.

Wheelchair Circuit Test (WCT)127 The WCT contains nine items and assesses different aspects of wheelchair
mobility and the ability to transfer and walk. Three items require propelling a
wheelchair on a treadmill.

Wheelchair Skills Test The WST is a 57-item test to assess ability to mobilize in a manual wheelchair.
(WST)15,128,129 It includes simple tasks such as applying brakes, and complex tasks such

transferring and ascending kerbs. Each item is scored on a three-point scale
reflecting competency and safety. A questionnaire version is also available.130
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multi-disciplinary team.17,19,22,23,25,29–33 These goals should be expressed in terms 
of participation restrictions.20,25 For example, a key goal of rehabilitation might be
to return to work or school. Physiotherapy-specific goals then need to be identified 
and linked to each participation restriction goal. The physiotherapy-specific goals
should be functional and purposeful activities as defined within the activity limita-
tion and participation restriction domains of ICF and, specifically, within the ICF
sub-domains of mobility, self-care and domestic life. These sub-domains include
tasks such as pushing a manual wheelchair, rolling in bed, moving from lying to 
sitting, eating, drinking, looking after one’s health, and pursuing recreation and
leisure interests (see Ref. 34 for examples of ways to articulate functional goals
appropriate for patients with spinal cord injury). Physiotherapy-specific goals 
are formulated in conjunction with the patient and other team members who share
responsibility for their attainment. Both short- and long-term goals need to be
set.24,25 These may include goals to be achieved within a week or goals to be achieved
over 6 months. In addition, specific goals (or targets) should be set as part of each
treatment session25 (see Chapter 7).

Goals are important for several reasons.24 They ensure that the expectations of
patients and staff are similar and realistic, and provide clear indications of what every-
one is expected to achieve.26 If compiled in an appropriate way, they actively engage
patients in their own rehabilitation plan, empowering them and ensuring that their
wishes and expectations are met.26 Without goals, rehabilitation programmes can
lack direction, and patients can feel like the passive recipients of mystical interven-
tions.19,22,23,30,35 Goals also help focus the rehabilitation team on the individual
needs of patients, and provide team members with common objectives.24 Perhaps
most importantly, goals provide a source of motivation and enhance adherence.

Goals are also used to monitor the success of therapy and to identify problems.
Goals achieved indicate success and goals not achieved indicate failure. Failure may be
due to any number of reasons which need exploring. For example, a patient may fail
to achieve a goal because of medical complications or because equipment fails to
arrive, factors which may be difficult to avoid. Failure to achieve goals may reflect poor
therapy attendance. Alternatively, failure may indicate unrealistic goals which need
revising. A risk of excessive reliance on goals to measure success is that it encourages
the selection of non-challenging goals which have a high likelihood of success.27

Guidelines to setting goals
Goals should be SMART. That is, they should be: Specific, Measurable, Attainable,
Realistic and Timebound.36 Physiotherapy-related goals need to be based on 
predictions of future independence, taking into account contextual factors such as
patients’ and families’ perspectives, priorities and personal ambitions.19,35,37 Other
factors which influence outcome include access to products, technology and sup-
port, and personal attributes such as age, personality and anthropometrical charac-
teristics.37–43 Clearly, however, the strongest predictor of future independence is
neurological status.32,44,45 Neurological status determines the strength of muscles
which in turn largely determines patients’ ability to move.

A simplistic summary of levels of innervation for key upper and lower limb muscles
is provided in Table 2.2 (for more details see Tables A1 and A2 in the Appendix). The
summary is simplistic because muscles have been grouped together even though dif-
ferent muscles and parts of the same muscle often receive innervation from different
spinal nerve roots. For example, the pectoralis muscles consist of pectoralis minor
and the sternocostal and clavicular parts of pectoralis major. These muscles receive
innervation from C5 to T1.46
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For some patients, particularly those with motor complete lesions without zones
of partial preservation, it is relatively simple to look at the extent of paralysis and
identify the optimal levels of independence which patients can hope to attain.32,47–49

For instance, patients with complete T12 paraplegia and paralysis of the lower limbs
have the potential to independently dress and transfer. In contrast, patients with
complete C4 tetraplegia do not. However, this type of information can only be used
as a starting point. Not only will outcomes be affected by contextual and other fac-
tors, but also by individual variations in neurological status. Often patients with the
same ASIA classification have subtle but important differences in strength. For
instance, a patient with C6 tetraplegia and grade 4/5 strength in the wrist extensor
muscles will generally attain a higher level of function than a patient with the same
level of tetraplegia but grade 3/5 strength in the wrist extensor muscles.50 This is not
only due to the implications of wrist extensor strength for function, but also due to
the fact that wrist extensor strength is usually indicative of strength in other muscles
which are primarily innervated at the C6 level, such as the latissimus dorsi and 
pectoralis muscles. Weakness in either of these shoulder girdle muscles has deleteri-
ous implications for function.51

TABLE 2.2 The levels at which muscles receive sufficient innervation to enable
reasonable movement46

C4 Diaphragm
C5 Shoulder Flexors

Abductors
Elbow Flexors*

C6 Shoulder Extensors
Adductors

Wrist Extensors*
C7 Elbow Extensors*

Wrist Flexors
Finger Extensors
Thumb Abductors and adductors

C8 Finger Flexors*
Thumb Flexors and extensors

T1 Finger Abductors*
Adductors

T1–T12 Intercostals, abdominals and trunk
L2 Hip Flexors*

Adductors
L3 Knee Extensors*
L4 Hip Abductors

Ankle Dorsiflexors*
L5 Hip Extensors

Toe Extensors*
S1 Knee Flexors

Ankle Plantarflexors*
S2 Toe Flexors

The ASIA muscles are asterisked (see Appendix for more details).
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Setting goals for patients with complete lesions
This section provides a brief overview of typical outcomes attained by patients with
ASIA complete lesions and no zones of partial preservation.32,52 A summary is pro-
vided in Table 2.3.

C1–C3 tetraplegia
Patients with C2 and above tetraplegia have total paralysis of the diaphragm and
other respiratory muscles and consequently are ventilator-dependent. Patients with
C3 tetraplegia retain a small amount of diaphragm function but not usually enough
to breathe spontaneously (see Chapter 11).53 All have paralysis of upper and lower
limbs and trunk muscles but are able to move their heads. They are fully dependent

TABLE 2.3 Typical level of independence attained by patients with ASIA complete spinal cord injury

C1–C3 C4 C5 C6 C7–C8 Thoracic Lumbar
tetraplegia tetraplegia tetraplegia tetraplegia tetraplegia paraplegia and

sacral 
paraplegia

Unassisted 
no yes yes yes yes yes yes

ventilation

Push manual 
no no limited limited yes yes yes

wheelchair

Hand to mouth
no no yes yes yes yes yes

activities

Self-feeding no no limited yes yes yes yes

Hand 
no no no

limited limited 
yes yes

function (tenodesis) (tenodesis)

Driving64 no no no yes yes yes yes

Rolling no no limited yes yes yes yes

Horizontal
no no limited yes yes yes yes

transfer

Lying to sitting no no limited yes yes yes yes

Floor to 
no no no limited limited yes yes

wheelchair

Standing in
no no no no limited yes yesparallel bars 

with orthoses

Walking with 
no no no no no limited yesorthoses 

and aids
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on others for all motor tasks and personal care activities. They mobilize in chin-
control power wheelchairs and can use head-, mouth- or voice-activated technology
(see Figure 2.2).

C4 tetraplegia
Patients with C4 tetraplegia have partial paralysis of the diaphragm and total paraly-
sis of all four limbs and trunk muscles. They retain a small amount of voluntary 
control around the shoulders and have good strength in the rhomboid muscles but
still mobilize in a chin-control power wheelchair. They can breathe independently
but in all other respects their activity limitations are similar to those of patients with
C1–C3 tetraplegia.

C5 tetraplegia
Patients with C5 tetraplegia have partial paralysis of the upper limbs but full paraly-
sis of the trunk and lower limb muscles. They have good strength of the deltoid and

Figure 2.2 Patients with
C1–C3 tetraplegia mobilize
in chin-control wheelchairs
and use head-, mouth- or
voice-activated technology.
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biceps muscles, but poor strength of other shoulder muscles. They have no function
in the triceps muscles or any muscles about the wrist or hand. Despite this, they can
use a hand-control power wheelchair with the hand passively rested on or secured to
the joystick (see Chapter 13). They are unable to perform gross motor tasks such 
as transferring, rolling or moving from lying to sitting and require assistance for
most personal care activities. They can, however, take their hands to their mouth,
head and face. They can use the upper limbs to perform simple tasks provided no
fine hand control is required and the appliance or utensil is attached to the hand
with a splint. Upper limb function is usually possible with splints to stabilize the
paralysed wrist. For example, a keyboard can be used with a typing stick attached to
the hand and a steering wheel of a car can be turned with adaptations to the wheel
(see Chapter 5).54

C6 tetraplegia
There is a large functional difference between patients with C5 and C6 tetraplegia.
This is due to the preservation of the pectoralis, serratus anterior, latissimus dorsi
and wrist extensor muscles. The latissimus dorsi muscle, in combination with the
pectoralis and serratus anterior muscles, enables weight bearing through the upper
limbs. This provides the potential to lift body weight and transfer (see Chapter 3).
The latissimus dorsi muscle also provides some trunk stability.55 Although not nor-
mally considered a trunk muscle, the latissimus dorsi becomes important in the
absence of other trunk muscles. Preservation of the pectoralis muscles makes it possible
to roll over in bed and provides stability around the shoulder when weight bearing.
Serratus anterior is also important for scapula stability.

Patients with C6 tetraplegia have the potential to live independently, provided
they are adequately equipped and set up. Some can transfer, roll, move from lying to
sitting, dress, bathe and attend to personal hygiene, although all these motor tasks
are time-consuming and difficult to master. Patients with C6 tetraplegia mobilize in
a manual wheelchair, but most also use a power wheelchair. Voluntary control of the
wrist extensor muscles provides crude grasp (tenodesis grip; see Chapter 5). This
makes it possible to hold objects between the index finger and thumb, or in the palm
of the hand, despite paralysis of the finger and thumb flexor muscles.

C7 tetraplegia
Patients with C7 tetraplegia typically attain higher levels of independence than those
with C6 tetraplegia because of the function provided by the triceps, wrist flexor and
finger extensor muscles. The triceps muscles are particularly important because they
increase the ability to bear weight through a flexed elbow. The triceps muscles also
enable patients to carry and hold objects above their heads. Patients with C7
tetraplegia still have paralysis of the finger and thumb flexor muscles so, despite the
ability to extend the fingers, they rely on a tenodesis grip for hand function.

C8 tetraplegia
Patients with lesions at C8 have finger and thumb flexor activity, and therefore can
actively grasp and release objects. Consequently, hand function is superior to that of
patients who rely on a tenodesis grip. Greater strength in the triceps and shoulder
muscles enables these patients to more easily attain independence than those with
lesions at C6 and C7.
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T1 paraplegia
Patients with lesions at T1 have near-normal hand function, although they retain
some weakness in the intrinsic and lumbrical muscles affecting fine hand control.
They still have extensive paralysis of the trunk muscles and therefore, like those with
higher lesions, have difficulty sitting unsupported (see Chapter 3).

Thoracic paraplegia
Patients with thoracic paraplegia have full upper limb movement, varying degrees of
paralysis of the trunk and total paralysis of the legs. They are predominantly wheel-
chair-dependent, although some can walk short distances with extensive bracing 
and walking aids (see Chapter 6). Patients with high thoracic paraplegia have more
extensive paralysis of the trunk muscles than those with lower thoracic paraplegia,
primarily affecting their ability to sit unsupported and master complex transfers.

Lumbar and sacral paraplegia
Patients with lumbar and sacral paraplegia have varying extents of paralysis of the lower
limbs and do not commonly have complete lesions. Most can walk with or without
aids and orthoses although some remain wheelchair-dependent (see Chapter 6).

Setting goals for patients with incomplete lesions
Outcomes for patients with zones of partial preservation, or ASIA C or D incomplete
lesions, are less predictable. In these patients, patterns of neurological loss are
diverse,45,56,57 the extent of possible neurological recovery is unclear,32,45,56,58–60 and
consequently accurate and detailed predictions of motor function are difficult.61–63

Knowledge about levels of independence attainable by patients with complete
spinal cord injury is used as a starting reference then modified depending on indi-
vidual circumstances and neurological status. Some degree of intuition, developed
with experience, is needed to generate goals that are realistic and appropriate.

Step three: identifying key impairments

Once goals of treatment are defined in terms of activity limitations and participation
restrictions, it is then necessary to determine which impairments prevent the attain-
ment of each goal. That is, key impairments need to be linked to specific activity
restrictions and participation limitations. Identification and treatment of impairments
without linking them to activity limitations and participation restrictions risks wasting
time, money and resources on impairments which are of little consequence. For
example, limited hamstring extensibility is an important impairment for some but
not all patients. Unless limited hamstring extensibility is linked to activity and par-
ticipation goals, physiotherapists might be tempted to direct therapeutic attention at
increasing the extensibility of the hamstring muscles in some patients unnecessarily
(see Chapter 9).

The process of linking impairments to activity restrictions and participation limita-
tions is the same, regardless of whether one is trying to determine the impairments
which prevent a patient with incomplete paraplegia from walking, a patient with C6
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tetraplegia from rolling, or a patient with T4 paraplegia from transferring. Each motor
task is analysed with respect to sub-tasks. For instance, analysis of transferring between
a bed and wheelchair for a patient with C6 tetraplegia is done in relation to the sub-
tasks of positioning the legs on the bed, moving forward in the wheelchair and trans-
ferring between surfaces (see Table 3.8, p. 71). The underlying reasons for the inability
to perform any of these sub-tasks need to be identified and expressed in terms of
impairments which are responsive to physiotherapy interventions.

The analysis of motor tasks needs to be done within a realistic framework. For
instance, the identification of key impairments preventing a patient with incomplete
paralysis from walking needs to be done within the context of how that particular
patient can best hope to walk (see Chapter 6). Clearly, someone with paralysis of 
the quadriceps muscles will not walk in the same way as someone with full strength
in the quadriceps muscles. Consequently, gait needs to be analysed with respect to
the best gait pattern that can be hoped for, not with respect to the normal kinematics
and kinetics of gait for an able-bodied individual. This same principle applies across
all mobility tasks and, consequently, physiotherapists require a good understanding
of how patients with different patterns of paralysis move (see Chapters 3–6).

Only impairments which are amenable to physiotherapy interventions are of real
interest. For example, there is little point linking the inability of a patient with para-
plegia to get from the floor back into the wheelchair with permanent paralysis of the
legs because this will not guide treatment. A far more helpful analysis would be to
link the inability to vertically transfer with insufficient upper limb strength because
this is an impairment which can be addressed with an appropriately targeted
strength-training programme (see Chapter 8).

Step four: identifying and administering treatments

Six key impairments are responsive to physiotherapy intervention and commonly
impose activity restrictions and participation limitations. These are largely contained
within the Neuromusculoskeletal and Movement-Related Functions domains of ICF.
They include:

• poor skill (see Chapter 7)
• poor strength (see Chapter 8)
• poor joint mobility (see Chapter 9)
• pain (see Chapter 10)
• poor respiratory function (see Chapter 11)
• poor cardiovascular fitness (see Chapter 12)

Some interventions administered by physiotherapists are directed at preventing,
rather than treating, impairments, activity limitation and participation restrictions.
In addition, physiotherapists are often responsible for prescribing mobility equip-
ment such as wheelchairs and cushions. These issues will be discussed throughout
subsequent chapters.

Step five: measuring outcomes

Measurement of outcomes is an integral part of any physiotherapy programme. It
determines whether the type and extent of physiotherapy intervention should con-
tinue, stop or change (see Chapter 14). Outcomes are best expressed in terms of 
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initial goals and, in particular, with respect to activity limitations and participation
restrictions. The assessment tools used in the initial examination can be used for this
purpose (see p. 36). Alternatively, outcomes can be measured with respect to patient-
articulated goals using tools such as the Canadian Outcome Performance Measure
(see Table 2.1). Reassessment at the impairment level often provides more sensitive
measures of change. Such reassessments are also useful for confirming whether the
initial analysis was correct. For example, if an inability to transfer was deemed to 
be the consequence of poor strength in the shoulder adductor muscles, then improve-
ments in shoulder adductor strength should be accompanied by improvements in the
ability to transfer. Measurements which demonstrate an increase in shoulder adduc-
tor strength alone are of little relevance if there is no accompanying measurement to
demonstrate a change in ability to perform some purposeful motor task.

While there is a temptation to use increasingly sophisticated tools to assess out-
comes, there is little to be gained from using expensive technology to detect minus-
cule changes in impairment or function if the changes are of little clinical relevance.
Likewise, there is little to be gained from assessments if they do not influence the
clinical decision-making process. For instance, while three-dimensional gait analysis
can provide detailed information about angular velocity of the ankle during ter-
minal swing, this information is only useful to clinicians if physiotherapy interven-
tions are sophisticated enough to be able to specifically address terminal velocity of
the ankle during swing.

Physiotherapy as part of the multi-disciplinary team

Physiotherapists are members of a multi-disciplinary team, and the overall success
of any rehabilitation programme depends on the contribution of all team members.
Development of physical independence will be of little avail if patients do not have
appropriate accommodation or financial support on discharge home. In the same
way, the success of a physiotherapy programme will be undermined if patients
return home incontinent or psychologically distressed. The success of rehabilitation
is dependent on team members working closely together to ensure continuity and
consistency in their individual therapeutic approaches.24 For example, occupational
therapists, nursing staff and physiotherapists are all involved with the day-to-day
physical aspects of patients’ care. New motor tasks learnt in physiotherapy need to
be appropriately practised and reinforced outside formal physiotherapy sessions
(see Chapter 7). However, motor tasks need to be taught and reinforced in the 
same way by all health professions. The application of different treatment approaches
to inconsistent goals by different team members can be confusing, frustrating and
counter-productive for patients. Inconsistencies of this kind are avoided by close team-
work and clear role delineations.
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CHAPTER

Transfers and bed mobility of
people with lower limb paralysis

3
CHAPTER

This chapter describes how people who are wheelchair dependent transfer and move
about in bed. It is not feasible to describe all the ways that people with different levels
of spinal cord injuries transfer and move. Instead, the approach taken here is to
describe the most common strategies used by people with C6 tetraplegia and thor-
acic paraplegia. People with C6 tetraplegia and thoracic paraplegia utilize strategies
adopted by most people with spinal cord injury. People with C6 tetraplegia are of
particular interest because paralysis of the triceps muscles has important implica-
tions for movement and because C6 is a common level of spinal cord injury.

The key mobility tasks are sitting unsupported, rolling, moving from lying to sit-
ting and transferring. The most common way of performing each task is described in
terms of sub-tasks. Sub-tasks can be thought of as critical steps. The text is supple-
mented by video clips freely available at www.physiotherapyexercises.com.

Sitting unsupported

Sitting unsupported is important because it is an integral part of transferring and
dressing.1–4 It is also used when reaching and grasping for objects while sitting on
the front edge of a commode, toilet or wheelchair.5 For example, reaching for some-
thing in a high cupboard requires moving to the front edge of the wheelchair and
reaching upwards and laterally.

The seated position is not inherently stable. It is even less stable when reaching
or using the hands to grasp, manipulate and lift objects. Reaching forwards or side-
ways displaces the centre of mass, causing a tendency to fall. In able-bodied people
the tendency to fall is counteracted by trunk and leg muscle activity. Appropriate
muscle activity occurs subconsciously in response to proprioceptive feedback about
body position. However, patients with spinal cord injury have limited proprioception
and are unable to use the legs and trunk to maintain an upright position. Instead, they
must adopt alternate strategies.

One strategy is to use upper limb muscles to help stabilize the trunk in an upright
position.1,5,6 The muscles capable of providing trunk stability are the latissimus dorsi,
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pectoralis and serratus anterior muscles. All these muscles have insertions on the
trunk or scapula, and while not normally considered postural muscles, they can take
on this role in patients with trunk paralysis. Their importance helps explain why
patients with C6 tetraplegia attain a higher level of independence than those with C5
tetraplegia (see Chapter 2). Patients with C6 tetraplegia have reasonable strength in
these shoulder muscles but patients with C5 tetraplegia do not. Consequently,
patients with C5 tetraplegia have great difficulty sitting unsupported and cannot
normally perform associated mobility tasks.

Patients with thoracic paraplegia and C6 tetraplegia also use compensatory pos-
tural adjustments to sit unsupported.1,3,7,8 Small postural adjustments are normally
used by able-bodied people during performance of seated tasks. For example, when
reaching sideways in sitting, able-bodied people laterally flex the trunk and neck
away from the direction in which they are reaching. This minimizes sideway dis-
placement of the centre of mass. Patients with spinal cord injury exaggerate postural
adjustments to compensate for the loss of leg and trunk muscles. Thus to reach side-
ways with one arm they abduct the contralateral arm (see Figure 3.1). Similarly, to
reach forwards with one arm they reach backwards behind the body with the other
arm while at the same time extending the neck.

Compensatory postural adjustments do not occur spontaneously. Not surprisingly,
patients with spinal cord injury and extensive paralysis of the trunk muscles initially
have difficulty sitting unsupported. Patients with C6 tetraplegia have added difficul-
ties because not only do they have extensive leg and trunk paralysis, but they also
have upper limb weakness affecting their ability to ‘catch’ themselves when falling. For
example, paralysis of the triceps muscles limits the ability to rapidly extend a pro-
tective arm and paralysis of the hand muscles prevents grasping stable objects to pre-
vent a fall. With time and practice most learn compensatory postural adjustments
enabling unsupported sitting.

Patients with spinal cord injury and extensive trunk paralysis usually find it 
easier to sit with the knees extended (see Figure 3.2). This is because the paralysed

Figure 3.1 A patient with
C6 tetraplegia sitting
unsupported with the knees
flexed. When reaching to
the left the patient makes
compensatory postural
adjustments with the 
right arm.
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hamstring muscles generate passive tension when the knees are extended. In turn,
passive tension in the hamstring muscles generates hip extensor torques which pre-
vent the trunk falling forwards.9 Patients will not fall backwards provided they are
leaning far enough forward to position the centre of mass of the trunk anterior to the
hip joints. This strategy for sitting is dependent on appropriate extensibility in the
hamstring muscles. If the hamstring muscles are inextensible the hips cannot flex suf-
ficiently to position the trunk’s centre of mass anterior to the hip joints. Consequently,
the patient falls backwards. On the other hand if the hamstring muscles are highly
extensible they do not constrain a forward fall (see Figure 3.3). Needless to say, the
hamstring muscles can do nothing to prevent a sideways fall.

The paralysed hamstring muscles do not generate passive tension when the knees
are flexed. Consequently, they cannot help maintain an upright sitting position when
sitting over the side of a bed or on the front edge of a wheelchair (see Figure 3.1). 
It is therefore more difficult to sit over the side of a bed or on the front edge of 
a wheelchair than it is to sit in long sitting. In addition, some surfaces are more dif-
ficult to sit upon than others.3,10 For example, cushions which are very compliant

Figure 3.2 A patient with
C6 tetraplegia sitting
unsupported with the knees
extended. In this position
passive tension in the
paralysed hamstring
muscles helps maintain the
trunk in an upright position.
The patient is leaning
forwards to position the
centre of mass of the trunk
(circle) anterior to the hip
joints. This prevents a
backwards fall.

Figure 3.3 The paralysed
hamstring muscles cannot
prevent a forward fall if they
are highly extensible.
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(i.e. those filled with gel, air or fluid) are more difficult to sit on unsupported than
relatively firm surfaces (see Chapter 13).3

Rolling

Rolling is used to dress and change position at night. It is also a prerequisite for get-
ting from lying to sitting.

Able-bodied people roll by placing the leading arm across the body and using
trunk and leg muscles to initiate rotation of the body. Patients with thoracic paraplegia
and C6 tetraplegia cannot use trunk and leg muscles, so instead rely solely on the
head and upper limbs to roll. They roll by rapidly swinging the arms across the body
(see Table 3.1). This generates angular momentum which is transferred to the paral-
ysed lower segments of the body, facilitating rotation. The position of the legs and
head influence the ease of rolling. Most patients have less difficulty rolling if the
ankles are crossed and the head is lifted off the bed. Rolling is also easier if the trunk
is slightly stiff with loss of passive rotation.

Patients with C6 tetraplegia have added difficulties rolling because paralysis of
the triceps muscles limits their ability to maintain elbow extension. Without appro-
priate strategies, the elbows flex as the arms move across the body and patients may
hit themselves in the face. This is avoided by externally rotating the shoulders, min-
imizing shoulder flexion, and performing the whole task with sufficient speed to
ensure the elbows have little opportunity to flex. Contrary to what some may intui-
tively think it is not possible to roll with the elbows fully flexed. The shortened upper

TABLE 3.1 A patient with C6 tetraplegia rolling onto the side (some practice strategies are described)

Sub-task Practice strategies 

Practice of this sub-task
can be made easier if:

1. Pre-swing:
The head and both arms
are rotated away from the
direction of the roll.

• a small weight is placed
in the hands

• elbow extension splints
are used

2. Swing:
The head and both arms are
thrown across the body.

• a pillow is placed
behind the trunk

• the ankles are crossed
• the leading hip is sup-

ported in 45° flexion
• elbow extension

splints are used

Figure 3.4a

Figure 3.4b
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limbs cannot generate sufficient angular momentum to roll the body, and hand 
position limits arm swing.

Patients unable to roll in bed can use bed rails or loops attached to the side of the
bed to pull themselves from side to side. Alternatively, they must rely on assistance
from others.

Lying to long sitting

The ability to move from lying to long sitting is an essential part of dressing and
transferring. However, the widespread use of electric beds which move patients into
sitting has lessened the importance of attaining independence with this task.

Two strategies are used to move from lying to sitting. One involves rolling on to
the side and then sitting up from a side-lying position (see Tables 3.2 and 3.3). This

TABLE 3.2 A patient with paraplegia moving from lying to sitting (some practice strategies are described)

Sub-task Practice strategies 

Practice of this sub-task
can be made easier if:

1. Rolling onto the side:
see Table 3.1.

• see Table 3.1

2. Lifting the upper trunk off
the bed:
The left arm is horizontally
abducted and weight is
borne through both hands.

• a pillow is placed
under the chest

• the sub-task is prac-
tised in reverse

Figure 3.5a

Figure 3.5b

Figure 3.5c

3. Moving into the upright
position:
The elbows are extended.

• a pillow is placed under
the chest

• the sub-task is prac-
tised in reverse
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TABLE 3.3 A patient with C6 tetraplegia moving from lying to sitting (some practice strategies are described)

Sub-task Practice strategies 

Practice of this sub-task
can be made easier if:

1. Rolling onto the side:
see Table 3.1.

• see Table 3.1

2. Lifting the upper trunk off
the bed:
The left arm is horizontally
abducted and weight is
borne through the left
elbow.

• a pillow is placed
under the chest

• the sub-task is prac-
tised in reverse

Figure 3.6a

Figure 3.6b

Figure 3.6c

3. Supporting the upper trunk:
The right hand is placed on
the bed to help prevent a
forward collapse of the
trunk. Alternatively, both
elbows are placed on the
bed. (The top arm can
bear some weight even
though the elbow is flexed
and the triceps muscles are
paralysed.)

• a pillow is placed under
the chest

Figure 3.6d

4. Positioning the top hand
under the leg:
The right wrist is extended
and hooked behind the right
knee.

• a pillow or block is
placed under the
left elbow (see 
p. 140, Figure 7.1b)

(continued)
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approach is cumbersome but relatively easy. Paralysis of the triceps muscles adds
complexity because it limits the ability to push down through the hands to lift the
body. Patients with C6 tetraplegia overcome this problem by maintaining the side-
lying position and ‘walking’ one or both elbows around the body towards the knees
(see Table 3.3, Figure 3.6e). From this position, the top arm is hooked under the top
leg to pull up into sitting.

Another strategy for moving from lying to sitting involves using the upper arms
to push directly into sitting from the supine position (see Figure 3.7). Patients with
paraplegia place the hands behind the body. They then push down through the
hands and use elbow extension to lift the trunk. Paralysis of the abdominal muscles
makes it difficult to initially position the hands behind the body. Patients with C6
tetraplegia can also move directly from the supine position into sitting; however, a
different technique is used which requires awkward positioning of the shoulders.
Consequently, few patients master the technique and it often causes shoulder pain.
It is therefore probably best avoided.

TABLE 3.3 (continued)

Sub-task Practice strategies

Practice of this sub-task
can be made easier if:

5. Shuffling the bottom
elbow around the body:
The right arm is adducted
with the wrist anchored
behind the knee. This
momentarily removes
weight from the left elbow.
At this instant the left
elbow is shuffled a small
distance towards the feet.
This procedure is repeated
several times to ‘walk’ the
left elbow up towards the
knees.
(see p. 139, Figure 7.1 for
a variation of this sub-task)

• a pillow or block is
placed under the left
elbow (see p. 140,
Figure 7.1b)

• the sub-task is prac-
tised in reverse

6. Moving into the upright
position:
The right arm is adducted
with the wrist anchored
behind the knee. The left
arm is abducted. The action
at both arms pulls/pushes
the trunk into the midline.

• a pillow or block is
placed under the left
elbow (see p. 140,
Figure 7.1b)

• the sub-task is prac-
tised in reverse

Figure 3.6e

Figure 3.6f
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Vertical lift

The ability to vertically lift is an important task for patients to master early.11 Vertical
lifts are used to relieve pressure, transfer, dress, and move about the bed. Patients
need to be able to lift while sitting in bed with the knees extended and while sitting
in their wheelchairs with their knees flexed (see Tables 3.4–3.6). Lifting with the
knees extended is often easier because patients can use the paralysed hamstring muscles
to help maintain an upright position.

To vertically lift, the hands are placed next to the hips, usually on the seating 
surface but occasionally on adjacent surfaces. The patient then pushes down through
the hands to lift the trunk on the stabilized arms. There are three components to
the lift: elbow extension, shoulder depression and shoulder flexion.12 Once the
elbows are extended, further lift is achieved by depressing the scapulas on the
trunk and by inclining the trunk forwards on the fixed shoulders (see Figure
3.10c).13 The vertical lift is controlled by the latissimus dorsi, anterior deltoid,
pectoralis major and lower trapezius muscles.13–15 The glenohumeral joint is stabi-
lized in adduction throughout the lift by the shoulder adductors and rotator cuff
muscles.12,14–16

Patients with C6 tetraplegia and paralysis of the triceps muscles have the added
difficulty of preventing elbow collapse while lifting. They overcome this problem by
externally rotating the shoulders, supinating the forearms and placing the elbows in
a hyper-extended position. This upper limb position places the trunk’s centre of
mass posterior to the elbow joint. In turn, this creates a tendency for the elbows to
extend under the weight of the body even though the triceps muscles are paralysed.
Elbow collapse is also prevented by contraction of the anterior deltoid muscles.
These muscles generate torques which rotate the shoulders into flexion. Shoulder
flexion can extend the elbows if the forearms are stabilized. Stability in the forearms
is achieved by wrist flexor torques generated as patients lean forwards. The wrist
flexor torques originate from the stretch of the paralysed wrist flexor muscles and
other soft tissues spanning the front of the wrists.15,17–21 In this way, elbow extension
is a product of the torques generated by the trunk’s centre of mass, the active con-
traction of the shoulder flexor muscles and the passive stretch of the structures

Figure 3.7 A patient with
thoracic paraplegia moving
directly into sitting from the
supine position.
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spanning the front of the wrist. This is sometimes called ‘passive’ elbow extension
because elbow extension is not due to the direct action of the triceps muscles (see
Figure 3.11).

It is often stated that patients with paralysis of the triceps muscles can only bear
weight through the upper limbs if the elbows are hyper-extended. However, this is
not correct. While it is true that patients with paralysis of the triceps muscles tend to
lift with their elbows hyper-extended, and that they are unable to bear large amounts
of body weight through a flexed elbow, they can bear some weight through a flexed
elbow.17 That is, they can push through the hands even if the elbows are slightly
flexed. Elbow collapse is prevented as described above. A similar strategy is used in

TABLE 3.4 A patient with paraplegia lifting in a wheelchair (some practice strategies are described)

Sub-task Practice strategies 

Practice of this sub-task
can be made easier if:

1. Positioning the hands:
The hands are placed on
the apex of the back
wheels.

2. Lifting the body:
The elbows are extended
and the shoulders adducted
and depressed.

• the vertical position of
the back wheels is
adjusted to optimize
elbow position

• the thickness of the
cushion is adjusted to
optimize elbow position

Figure 3.8a

Figure 3.8b
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other tasks which involve bearing small amounts of weight through flexed elbows
(for example, see Figure 3.6c).

Some believe that vertical lifting is easier for patients with long arms and short
trunks. However, the importance of the relative length of the arms and trunk may be
overstated.22,23 Patients with short arms and long bodies compensate by leaning well
forward when lifting with the knees extended.13,24

TABLE 3.5 A patient with C6 tetraplegia lifting in a wheelchair (some practice strategies are described)

Sub-tasks Practice strategies 

Practice of this sub-task
can be made easier if:

1. Positioning the hands:
One hand is placed on the
apex of the wheel and the
other on the seat.

• the width of the seat is
increased so the hand
can be easily posi-
tioned next to the hips
(between the wheel
and the seat)

2. Lifting the body:
The shoulders are
adducted and depressed.
The elbows are ‘passively’
extended (see p. 68 and
Figure 3.11).

• the vertical position of
the back wheels is
adjusted to optimize
elbow position

• the thickness of the
cushion is adjusted to
optimize elbow position

• the cushion is firm (this
prevents the hands
sinking into the cush-
ion when lifting)

Figure 3.9a

Figure 3.9b
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TABLE 3.6 A patient with C6 tetraplegia lifting on a plinth (some practice strategies are described)

Sub-task Practice strategies 

Practice of this sub-task
can be made easier if:

1. Positioning the hands:
The hands are placed next
to and in front of the hips.

• elbow extension splints
are used to help pre-
vent elbow collapse

• very high blocks are
placed under the arms
and the patient lifts
through fully flexed
elbows (see p. 142,
Figure 7.2c)

• small blocks are placed
under the hands or
under the buttocks
(depending on the ratio
of arms and trunk
lengths; see p. 147,
Figure 7.6)

2. Lifting the body:
The shoulders are
depressed. The elbows are
‘passively’ extended (see
p. 68 and Figure 3.11).

As above

Figure 3.10a

Figure 3.10b

Figure 3.10c

3. Rotating the trunk:
The trunk is rotated
forwards about the wrists
and shoulders.

• The feet are stabilized
to prevent a forward
slide
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Transfers

The term ‘transfer’ refers to movement between surfaces while maintaining a seated
upright position. It includes moving to and from wheelchair, car, toilet, bath, com-
mode and bed. Generally transfers onto lower surfaces are easier than transfers onto
higher surfaces.

A range of strategies are used to transfer.11,22,25 Key strategies to move between a
wheelchair and bed are described below.

Transfers to and from a bed can be performed with the legs up (see Table 3.8) or
down (see Table 3.7) or with one leg up and one leg down. There are advantages and
disadvantages of each approach. The main advantage of transferring with the legs up
is that the extended knees increase passive tension in the paralysed hamstring muscles,
helping to maintain the trunk in an upright position (see pp. 58–59). Transferring
with the legs up when moving in and out of bed also avoids the need to lift or lower
the legs when precariously perched on the edge of the bed. Instead, the legs are lifted
or lowered when patients are sitting supported in the wheelchair. The disadvantage
of transferring with the legs up is that it makes moving forwards and backwards 
difficult. For example, when transferring out of a wheelchair into bed, it is difficult
to move forwards during the transfer because the feet dig into the mattress. Similarly,
when transferring into the wheelchair it is difficult to move the buttocks back into
the wheelchair because the feet drag on the mattress.

Transferring with the legs down can be done either with the feet on the footplates
of the wheelchair or positioned on the floor. Some prefer the feet on the floor because
it better enables weight to be borne through the legs (see Figure 3.12d). It does, how-
ever, create an increased tendency to slide off the front edge of the wheelchair (see
Figure 3.12c). If the feet remain on the footplates care needs to be taken to ensure
the wheelchair does not tip forwards when patients sit on the front edge of the seat.
The likelihood of a forward tip can be minimized by rotating the front castors for-
wards (see Chapter 13, Figure 13.10). The castors will naturally rotate forwards if
prior to transferring the wheelchair is reversed into position.26

There are two strategies commonly used to lift laterally between surfaces.11,22 The
first strategy involves inclining the trunk forwards and rotating the trunk about the

Figure 3.11 A patient with
C6 tetraplegia prevents
elbow collapse by externally
rotating the shoulders and
placing the elbows in a
hyper-extended position.
This upper limb position
places the trunk’s centre of
mass (circle) posterior to the
elbow joints. Shoulder and
wrist flexor torques also
help stabilize the elbow.
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TABLE 3.7 A patient with paraplegia transferring from wheelchair to bed with the legs down and using the
rotatory strategy (some practice strategies are described)

Sub-task Practice strategies 

Practice of this sub-task
can be made easier if:

1. Moving to the front edge
of the wheelchair:
The elbows are extended
and the shoulders
adducted and depressed
to vertically lift the body
(see Table 3.4). The
shoulders are then
extended to push the
trunk and legs forwards on
the seat.

• a firm cushion is used
(this prevents the but-
tocks from sinking into
the cushion)

• the back of the wheel-
chair is raised so gravity
assists the forward
movement

• the cushion cover and
the patient’s lower limb
clothing are slippery

• the feet are placed on
the ground (this
increases the tendency
to slide forwards)

• the vertical position of
the back wheels is
adjusted to optimize
elbow position

• the thickness of the
cushion is adjusted 
to optimize elbow 
position

2. Positioning the feet on the
floor:
The left arm lifts the right
leg onto the ground. The
right arm is used to hold
the trunk upright.
The mirror of this
procedure is used to
position the left leg on the
floor.

Figure 3.12a

Figure 3.12b

(continued)
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3. Positioning the hands:
The right hand is placed
on the bed and the left
hand on the front corner 
of the wheelchair.

• the wheelchair is pos-
itioned as close as pos-
sible to the bed

• the bed is slightly lower
than the wheelchair

• additional beds are
placed in front and to
the side of the patient
(this decreases the fear
of falling)

4. Lifting and shifting the body
onto the bed:
The elbows are extended
and the shoulders adducted
and depressed to vertically
lift the body (see Table 3.4).
The right shoulder is
adducted and the left
shoulder is abducted to
laterally shift the body.

• the wheelchair is posi-
tioned as close as 
possible to the bed

• the bed is slightly
lower than the wheel-
chair

• the cushion is firm (this
prevents the hands
sinking into the cush-
ion when lifting)

• a slideboard is used

Figure 3.12c

Figure 3.12d

Figure 3.12e

5. Lifting the legs onto the bed:
Weight is borne through the
right elbow while the left arm
is used to lift each leg onto
the bed.

• the feet are placed on a
raised stool to decrease
the height the legs
need to be lifted

• a strap is used to help
lift the legs

TABLE 3.7 (continued)

Sub-task Practice strategies

Practice of this sub-task
can be made easier if:
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2. Lifting the first leg onto
the bed:
The left arm is hooked
around the back of the
wheelchair to prevent a
forward fall. The right arm
is used to lift the leg onto
the bed. The leg is held
with a wrist extension
hook.

Figure 3.13b
(continued)

• the feet are placed on a
raised stool to decrease
the height the legs need
to be lifted

• a strap is used to help lift
the legs

shoulders. This is called the rotatory strategy. With the rotatory strategy, the head goes
down and the buttocks go up (see Table 3.7). One advantage of this strategy is that
weight can be borne through the paralysed legs (see Figure 3.12d). In the second
strategy, the patient maintains a more upright position while moving laterally (see
Figure 3.13d). This is called the translatory strategy.11,22 The translatory strategy 
is more commonly adopted by patients with poor shoulder strength and limited
ability to rotate the trunk about the shoulders.

Both the rotatory and translatory strategies require generation of large torques by
the pectoralis, latissimus dorsi, serratus anterior muscles and the anterior deltoid

1. Moving to the front edge
of the wheelchair:
The head and trunk are
extended over the back of
the wheelchair. The hands
are pushed in behind the
back. The hips are levered
forwards by external
rotation of the shoulders
and extension of the
wrists. The sides and top
of the backrest are used
as a fulcrum.

• a firm cushion is used (this
prevents the buttocks from
sinking into the cushion)

• the back of the wheelchair
is raised so gravity assists
the forward movement

• the cushion cover and the
patient’s lower limb cloth-
ing are slippery

• the feet are placed on the
ground (this increases the
tendency to slide forwards)

• the backrest of the wheel-
chair is loweredFigure 3.13a

TABLE 3.8 A patient with C6 tetraplegia moving laterally from wheelchair to bed with the legs up using the
translatory strategy (some practice strategies are described)

Sub-task Practice strategies 

Practice of this sub-task
can be made easier if:
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4. Positioning the hands:
The left hand is placed
on the bed and the
right hand on the apex
of the far wheel.
Passive stretch of the
hamstring muscles
prevents a forward fall.

5. Lifting and shifting the
body onto the bed:
The shoulders are
externally rotated and
depressed and the
elbows are ‘passively’
extended to vertically lift
the body (see p. 68 and
Figure 3.11). The left
shoulder is adducted
and the right shoulder is
abducted to shift the
body laterally.

• the wheelchair is positioned as
close as possible to the bed

• the bed is slightly lower than
the wheelchair

• additional beds are placed to
the front and to the side of the
patient (this decreases the fear
of falling)

• the cushion is firm (this pre-
vents the hands sinking into 
the cushion when lifting)

• a slideboard is used
• a slide sheet or slideboard is

placed under the feet
• the shoes are removed and a

slide sheet or slideboard is
placed under the feet

• the wheelchair is positioned as
close as possible to the bed

• the bed is slightly lower than
the wheelchair

• additional beds are placed to
the front and to the side of the
patient (this decreases the fear
of falling)

Figure 3.13d

Figure 3.13e

Figure 3.13c

3. Lifting the second leg
onto the bed:
As above.

As above

TABLE 3.8 (continued)

Sub-task Practice strategies 

Practice of this sub-task
can be made easier if:
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muscles.14 Surprisingly, during lateral transfers the biceps muscles of patients with
paraplegia are more active than the triceps muscles, despite the clear need for elbow
extension. This underscores the importance of the biceps muscle, along with the
anterior deltoid and pectoralis muscles, for generating shoulder flexor torques to
extend the elbow and rotate the trunk.13,15,20,21

A critical aspect of transfers is ensuring that the buttocks do not touch the back
wheels of the wheelchair when moving laterally. Repeated knocking and scraping of
the buttocks on the wheel can cause skin damage and, ultimately, pressure ulcers. To
avoid skin damage it is important patients transfer on and off the front edge of the
wheelchair (see Figure 3.12c). Skin can also be damaged if patients repeatedly land
heavily at the end of transfers or drop their feet onto hard surfaces (e.g. metal foot-
plates). Patients should practise controlling both these aspects of transfers.

Slideboards can be used to bridge the gap between transfer surfaces (see
Figure 3.14). They are used by patients with limited ability to lift upwards and side-
ways and can be used either for training purposes or for long-term use. It is best if the
slideboard is positioned on an angle between the two transfer surfaces. This encour-
ages patients to rotate around as they move sidewards. It also discourages patients
from sliding off the back edge of the slideboard and scraping their buttocks on the
wheel. Patients often struggle with positioning slideboards under the buttocks
because this requires shifting weight while at the same time manipulating the slide-
board. The task of positioning the slideboard is best done when sitting supported in

Figure 3.14 Slideboards
can be used to bridge the
gap between transfer
surfaces. The slideboard is
positioned on an angle
between the two transfer
surfaces and the patient
rotates around as moving
sidewards. This ensures
patients do not slide off the
back edge of the slideboard
and scrape their buttocks on
the wheel.
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the back of the wheelchair. However, patients then need to ensure that the slide-
board does not move forwards out of position as they move forwards in the wheel-
chair. This can be avoided by placing one hand on the slideboard when moving
forwards.

Paralysis of the triceps muscles makes transferring difficult for patients with C6
tetraplegia. These patients cannot lift their entire body weight through flexed elbows.
Consequently, full weight bearing is done through hyper-extended elbows. This limits
options for hand placement and makes transferring onto higher surfaces particularly
difficult.

The limited hand function of patients with C6 tetraplegia also makes transfers
difficult. They cannot easily use their hands to lift and move their legs. Nor can they
grasp parts of the wheelchair to hold themselves upright. A passive tenodesis grip is
not strong enough to hold and lift a leg. Consequently, rather than grasping the leg
with a tenodesis grip, patients with C6 tetraplegia actively extend the wrist to create
a ‘hook’ with the back of the hand. The hook is used to cradle the leg so that it can
be lifted (see Figure 3.13b). Similarly, the elbow is commonly hooked onto the back
of the wheelchair while leaning forwards (see Figure 3.13b).

Vertical transfers

Vertical transfers involve lifting the body from the ground to a wheelchair (or lower-
ing the body from a chair to the ground). Only some patients with paraplegia and
the exceptional patient with C6 tetraplegia master this transfer. However, the ability
to transfer between floor and wheelchair has important functional implications. It
enables patients to get back into their wheelchairs following a fall (this is particu-
larly important for patients likely to participate in wheelchair sports). It also enables
patientsto get on and off the ground for specific work or leisure activities (for example,
at picnics).

The most common way of moving from the floor to the wheelchair is with
the wheelchair initially positioned to the side of the patient (see Table 3.9). One
hand is positioned up on the front corner of the seat and the other on the ground
beside the hips. The lift upwards and sidewards requires the generation of large
torques about the shoulder. Less commonly, patients transfer from the floor to the
wheelchair with the wheelchair initially positioned behind them. This latter strategy
requires very awkward positioning of the shoulders (see Chapter 8, Figure 8.1).
Moving from the wheelchair to the floor is done with the same techniques but in
reverse.

Other factors which influence the ability to perform 
mobility tasks

Many factors influence the ease of mastering mobility tasks. The most obvious is body
weight: heavier patients have more difficulty lifting themselves than lighter patients.
In patients with extensive paralysis less obvious factors take on an important role.
For instance, the extensibility of the hamstring muscles is an important determinant
of patients’ ability to sit unsupported with the knees extended (see p. 59).

Sometimes patients require extremely good extensibility over and above that
required by able-bodied individuals. For example, a patient with C6 tetraplegia requires
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TABLE 3.9 A patient with paraplegia moving from the floor to wheelchair using the side approach (some practice
strategies are described)

Sub-task Practice strategies

Practice of this sub-task
can be made easier if:

1. Positioning the legs:
The body is positioned at
right angles to the chair.
The hips and knees are fully
flexed and the feet are
positioned alongside the
foot plates.

• a strap is placed
around the ankles
and/or knees

• the wheelchair is
secured to prevent it
rolling away

2. Positioning the hands:
The right hand is placed on
the front corner of the seat.
The left hand is placed on
the ground next to the hips.
(The right forearm needs to
be perpendicular to the
ground.)

(continued )

Figure 3.15b

• the height of the wheel-
chair seat is lowered

• the patient sits on a
step

• a block is placed under
the right hand

Figure 3.15c

3. Lifting and rotating the
body onto the wheelchair:
The right arm is adducted
to pull the body laterally.
The left arm is abducted
and depressed to lift and
move the body laterally.

• the height of the seat is
lowered

• the patient sits on a
step

• a block is placed under
the left hand

• the cushion is removed
• the sub-task is prac-

tised in reverse

Figure 3.15a
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very good extensibility in the back to get into the awkward side-lying position
required to move from lying to sitting (see Table 3.3). Even slight back stiffness that
would normally have no functional consequence can prevent patients mastering this
skill. Paradoxically, back stiffness can assist rolling.27

Spasticity can assist or hinder performance of mobility tasks. A clear example in
which spasticity assists task performance can be seen in patients with C6 tetraplegia
transferring between a wheelchair and bed. Often the most difficult aspect of this
transfer is getting the legs up onto the bed (see Figure 3.13b). Some patients overcome
this problem by tapping the quadriceps muscles to elicit a leg extension spasm. As the
leg extends under the influence of the spasm the patient swivels the leg onto the bed,
overcoming the necessity to physically lift the leg with weakened arms. In contrast
even small torques generated by spasticity can sometimes hinder task performance,
especially in patients with little potential to counteract any adverse effects of
unwanted spasticity.

TABLE 3.9 (continued)

Sub-task Practice strategies 

Practice of this sub-task
can be made easier if:

4. Positioning the buttocks on
the wheelchair:
The right elbow is flexed to
further pull the body
laterally. The left arm is
further abducted and
depressed to lift and push
the buttocks onto the
wheelchair.

• the height of the seat
is lowered

• a block is placed under
the left hand

• the cushion is removed
• the sub-task is prac-

tised in reverse

Figure 3.15e

Figure 3.15d

5. Moving into the upright
position:
The right hand holds onto
the wheelchair and pulls
the body into an upright
position. The left hand is
moved up from the
ground.

• a block is placed under
the bottom hand

• the sub-task is prac-
tised in reverse
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4
CHAPTER

Wheelchair mobility is fundamental to the independence of people who are unable
to walk. This chapter describes ways of mobilizing with power and manual wheel-
chairs. It also provides details of how people in manual wheelchairs negotiate obs-
tacles such as kerbs, ramps, grassy slopes and stairs.

Neurological loss is an important determinant of wheelchair mobility. The level
of wheelchair mobility typically attained by people with tetraplegia and paraplegia
can be summarized as follows:

People with C1–C4 tetraplegia. People with C1–C4 tetraplegia use a chin-control or
mouth-operated power wheelchair. Most also use manual wheelchairs pushed by
others when going to places where they are likely to need lifting up and down stairs,
or if the wheelchair needs to be stowed in the boot of a car.

People with C5 tetraplegia. People with C5 tetraplegia primarily use a hand-control
power wheelchair. They can push a manual wheelchair on flat smooth surfaces but
require assistance elsewhere.

People with C6–C8 tetraplegia. Most people with C6–C8 tetraplegia primarily use
a manual wheelchair. Few attain advanced levels of wheelchair mobility and most
require assistance to negotiate awkward terrains. Some may, at least initially, have
difficulty performing apparently simple tasks such as turning the wheelchair. Those
with C8 tetraplegia attain a higher level of mobility than those with C6 tetraplegia
because of superior hand and upper limb function. Nearly all use a power wheel-
chair when traversing long distances or uneven and difficult terrains.

People with paraplegia. Most people with paraplegia rely solely on a manual
wheelchair. They attain more advanced levels of wheelchair mobility than people
with low levels of tetraplegia, and most can negotiate ramps and uneven ground
with practice. Some that are young and agile can negotiate stairs, kerbs and grassy
slopes, and can perform other difficult manouvres.1,2
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Mobilizing with power wheelchairs

Patients dependent on power wheelchairs can readily negotiate flat ground and
most ramps, but not other obstacles. Driving a power wheelchair requires practice
especially for patients with C1–C4 tetraplegia who use chin- or mouth-control
mechanisms. Patients with C5 tetraplegia who are capable of using hand-control
mechanisms generally have less difficulty learning to control power wheelchairs,
although poor shoulder strength can make control difficult.

There are many types of mouth-, chin- and hand-control mechanisms which can
be triggered in different ways.3 Control mechanisms can be electronically programmed
to vary power-related features of the wheelchair including sensitivity, acceleration,
cut-out and speed (see Chapter 13).4

Patients need to practise driving their wheelchairs on the types of terrains they
are likely to encounter. This is important not only because it provides context-
specific learning of mouth-, chin- or hand-control mechanisms, but also because it
provides an opportunity to learn which environmental situations can and cannot be
safely negotiated. For instance, wheelchairs can topple during negotiation of highly
cambered surfaces or while descending and ascending steep grassy slopes. Initially
patients need to practise in a safe environment such as a basketball court or physio-
therapy gymnasium. Patients can then progress to more difficult environments.

Initially close supervision may be necessary when negotiating difficult terrains. The
physiotherapist may need to stand alongside the wheelchair ready to stabilize it if neces-
sary. Most power wheelchairs have ‘kill’ switches for training purposes. These are con-
trolled by the physiotherapist and when activated instantly cut power to the wheelchair.

The ability to control an electrical wheelchair also relies on correct positioning in
the wheelchair. Patients with high levels of tetraplegia do not have the ability to
reposition themselves and consequently are dependent on how others position
them. Subtle changes in position, especially a change in the alignment of the arms
or heads with respect to the control mechanism, can render a patient incapable of
driving the wheelchair. Changes in position may occur if patients slide forwards on
their cushions or if they are jolted or knocked while traversing bumpy ground. The
trunk can also be pitched forwards when descending steep slopes.5 Chest or arm
straps and moulded backrests can be used to help maintain an appropriate position.
The tilt of the wheelchair and the angle of the backrest can also be manipulated to
place patients in a less vertical and more stable position (see Chapter 13).

Mobilizing with manual wheelchairs

When patients first sit in manual wheelchairs they need to be taught basic skills such as
how to apply and release the brakes, remove the arm rests and footplates, and turn the
wheelchair. They can practise manoeuvring and reversing in tight spaces and negotiat-
ing around obstacles. There are also some simple tricks patients can be taught which are
particularly important for those with tetraplegia and limited upper limb strength.1 For
example, an arm placed on the wall can be used to help turn a corner (see Figure 4.1).

The wheelstand as the basis of advanced mobility
The wheelstand (also called a ‘wheelie’) is the basis of advanced wheelchair mobil-
ity.3 It involves rotating the wheelchair on its back axle so the front castors lift up off
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the ground (see Figure 4.2). The ability to perform this manoeuvre enables patients
to descend grassy slopes, negotiate kerbs and small obstacles, and turn in tight spaces.

Training advanced wheelchair skills requires appropriate supervision to ensure
patient safety. Physiotherapists must anticipate how patients may fall and position
themselves appropriately to intervene if necessary. For example, patients are most
likely to fall backwards when learning to descend a kerb backwards, and they are
most likely to fall forwards when learning to ascend a kerb forwards. In both scen-
arios, physiotherapists need to stand at the kerb anticipating how the patient is most
likely to fall and ready to provide assistance if necessary. Therapists need to guard
against potential falls without interfering with the patient’s attempts at performing
the wheelchair skill. A spotter training strap can be used for this purpose.6,7 The strap
is attached to the under-frame of the wheelchair (see Figure 4.3). The physiotherapist
holds one end of the strap, pulling on it if the wheelchair rotates too far backwards.
This returns the wheelchair onto its four wheels, averting a backward fall. The physio-
therapist still needs to stand close to the wheelchair so the weight of a backward-
tipping wheelchair can be shared between the strap and the physiotherapist’s thigh.
The spotter training strap can also be used when patients practise controlling a

Figure 4.1 An arm placed
on the wall can be used to
turn a corner.



Mobilizing with manual wheelchairs82

(a)
WB 

Figure 4.2 The amount of
tilt required to perform a
wheelstand depends on the
location of the wheelchair’s
rear axle (i.e. the wheelbase,
WB). If the axle is located
posteriorly, as in (a), the
front castors need to lift well
off the ground to attain the
balanced position. In
contrast, if the axle is
located more anteriorly, as
in (b), the front castors only
need to just lift off the
ground.

(b)
WB 
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wheelchair down a slope. In this instance the strap is used as a breaking device in
case the patient loses control of the wheelchair.

Sometimes ‘anti-tip’ bars are used to prevent the wheelchair toppling backwards
(see Chapter 13, Figure 13.15). Anti-tip bars can prevent injury but they cannot be
used while performing advanced wheelchair skills. For this reason ‘anti-tip’ bars
need to be temporarily removed or rotated out of position during training sessions.
Once patients develop sufficient wheelchairs skills ‘anti-tip’ bars can be permanently
removed.

Moving into a wheelstand
A wheelchair can be moved into a wheelstand by exploiting the wheelchair’s inertia.
When the wheelchair accelerates forwards its inertia tends to rotate the wheelchair
about the axes of its stationary back wheels, lifting the front castors off the ground.2,3,6,8

Initially patients find it easiest to perform wheelstands by rolling the wheelchair
backwards and then applying a small, quick forward push on the wheel rims. It takes
some practice to tip the wheelchair up to the balance point, yet not tip the wheelchair
over backwards. With practice, and provided the wheelchair is sufficiently ‘tippy’, a
forward ‘flick’ of the wheels is all that is required. Skilled users can apply the ‘flick’
and tip the wheelchair into a wheelstand as the wheelchair is moving forwards.

The ability to move into a wheelstand while moving forwards is important for
more advanced wheelchair skills. For example, this is an essential component of get-
ting up and over kerbs (see Figure 4.9).1

Figure 4.3 A spotter
training strap. This can be
used to prevent a
backwards fall in patients
learning to perform
wheelstands.7
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Maintaining a wheelstand
To maintain a balanced wheelstand, the centre of mass of the wheelchair and patient
needs to sit precisely over the point of contact between the back wheels and ground,
and therefore over the back axle.6,8 If the centre of mass falls either anterior or pos-
terior to this point, the wheelchair will tend to rotate away from the balanced pos-
ition. If the wheelchair rotates forwards without a response from the patient the front
castors will return to the ground and usually no harm will be done. However, if the
wheelchair rotates backwards without a response from the patient, the wheelchair
will fall backwards with the risk of injury. Patients can keep the centre of mass over
the axles, and therefore maintain the balanced position, by rotating the back wheels.
Rotation repositions the wheels under the combined centre of mass. For example, a
forward fall is avoided by pushing on the back wheels and a backwards fall is
avoided by pulling on the back wheels.1,8 The balanced position is maintained by
continuously making such adjustments. Without these adjustments, it is almost
impossible to stay in a balanced wheelstand for more than a few seconds.

There are two quite different strategies used to maintain a balanced position. The
first strategy, typically used by unskilled patients, involves merely responding to devi-
ations from the balance point. As patients starts to fall forwards they push forwards
on the rims and as they start to fall backwards they pull backwards on the rims.
Novices typically make unnecessarily large responses, overcompensating and caus-
ing a fall in the opposite direction.

A second strategy is adopted by more skilled patients. It involves continuously but
subtly rotating the wheelchair backwards and forwards around the balance point.6,8

It is speculated that this makes it easier to balance because the point at which the
back wheels contact the ground constantly moves, creating a dynamic and large base
of support.6,8 A more convincing explanation might be that patients use forces
through the hands to monitor the tendency of the wheelchair to rotate out of the
balanced position. This may be a more sensitive way of detecting early signs of mov-
ing out of the balanced position than relying on vision or the sense of falling.

What determines the ease of getting into a
wheelstand?
The characteristics of the wheelchair determine how easy or hard it is to perform a
wheelstand (see Chapter 13). In some wheelchairs, the front castors only just need
to lift off the ground to attain a balanced wheelstand position (see Figure 4.2b). That
is, only a small arc of rotation is required and it is relatively easy to move into a
wheelstand position. In other wheelchairs, large arcs of rotation are required and a
wheelstand position is more difficult to attain and is dependent on the front castors
lifting well off the ground (see Figure 4.2a).

The arc of rotation is primarily determined by the length of the wheelbase. That
is, the distance between the front and back wheels.9 If the wheelbase is long, the
weight of the wheelchair and patient sits well in front of the back wheels and a large
arc of rotation is required to attain a balanced wheelstand position. In contrast, if
the wheelbase is short, weight is shifted posteriorly and only a small arc of rotation
is required. In most adjustable wheelchairs, the wheelbase can be changed by mov-
ing the back wheels on the wheelchair frame.3,10,11 The further forwards the back
wheels are positioned, the ‘tippier’ the wheelchair and the easier it is to get into a
balanced wheelstand position (see Chapter 13).

The weight of the patient and wheelchair, as well as the distribution of weight, are
also important. Lots of weight sitting well anterior of the back wheels makes it diffi-
cult to get into a wheelstand regardless of the wheelbase. For this reason it is difficult
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to perform wheelstands in heavy hospital wheelchairs with footplates positioned
away from the body and it is relatively easy to perform wheelstands in lightweight
sports wheelchairs with footplates tucked under the body, even if the wheelbases are
identical. Similarly a bag of personal belongings carried on the back of a wheelchair
will increase its ‘tippiness’. The weight distribution can also be altered by changing
the inclination of the seat. For example, tilting the back of the seat downwards shifts
weight posteriorly, making it easier to get into a wheelstand position.

While on the one hand ‘tippy’ wheelchairs are easy to rotate, on the other hand,
they are dangerous if patients are unable to control them and are at risk of inadvert-
ently flipping them over backwards. This is most likely to happen when pushing up
steep slopes or performing sudden manoeuvres (see Chapter 13). The appropriate
amount of wheelchair ‘tippiness’ depends on patients’ wheelchair skills and their
ability to lean forwards when pushing up inclines. Recently-injured patients can
rarely manage ‘tippy’ wheelchairs. Instead they require stable wheelchairs with the
back wheels positioned posteriorly on the frame. As patients’ wheelchair skills
improve they can trial increasingly ‘tippy’ wheelchairs until they find the amount of
‘tippiness’ that suits their lifestyle and needs.

Descending stairs and kerbs

Descending a kerb backwards
Kerbs can be descended either forwards or backwards, although it is generally easier
to descend kerbs backwards. The wheelchair needs to be aligned symmetrically at the
edge of the kerb. Patients then push backwards over the kerb while leaning forwards
(see Figure 4.4).

Descending stairs backwards
Descending stairs is one of the simplest wheelchair skills to master because it is not
dependent on a wheelstand. However, it is frightening and requires good upper limb
strength. Stairs need to be descended backwards with a rail. Initially patients align
themselves symmetrically at the top of the stairs. One hand holds the rail and the
other hand holds the rim of the wheel. Both hands are used to lower the wheelchair
down the steps (see Figure 4.5).

Descending a kerb forwards
Descending kerbs forwards requires more skill. Patients need to move into a wheel-
stand position on the top edge of the kerb. This position is maintained while rolling
forwards over the kerb (see Figure 4.6). Novices tend to move out of the wheelstand
prior to dropping the back wheels over the kerb. This drops the front of the wheel-
chair and throws the patient forwards.

Descending stairs forwards
Skilled patients can descend a couple of stairs forwards without a rail. The technique
is the same as descending a kerb but it is associated with considerable risk and not
generally encouraged (see Figure 4.7).
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Figure 4.5 Descending a
flight of stairs backwards.

Figure 4.4 Moving down a
kerb backwards.
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Figure 4.6 Descending a
kerb forwards.

Figure 4.7 Descending a
couple of stairs forwards.
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Ascending kerbs
This skill can be performed either with or without the help of a street pole (see
Figures 4.8 and 4.9). To ascend a kerb with a street pole patients need to initially per-
form a wheelstand to get the front castors up on the kerb. One hand is placed on the
pole and the other hand on the back wheel. The hand on the pole is used to pull the
wheelchair upwards and the hand on the wheel is used to push the wheelchair for-
wards. Done together, the wheelchair moves up and over the kerb.

Getting up a kerb without a street pole is one of the more advanced wheelchair
skills. It requires approaching the kerb with speed and moving into a wheelstand
just prior to the kerb without stopping. Momentum is used to lift the wheelchair
over the kerb. The height of the wheelstand needs to be sufficient for the front cas-
tors to clear the kerb and the front castors need to land down on the top of the kerb
before the back wheels hit.1 At this point the patient leans forwards and continues to
push up and over the kerb. If the patient fails to lift the front castors up high enough
to clear the kerb, the wheelchair will come to a sudden stop and the patient will be
thrown forwards.

Descending grassy slopes in a wheelstand position
Steep grassy slopes need to be descended in a wheelstand (see Figure 4.10). If
patients attempt to roll down grassy slopes on all four wheels the front castors will

Figure 4.8 Ascending a
kerb with a street pole.
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Figure 4.9 Ascending a
kerb without a street pole.

Figure 4.10 Descending a
grassy slope.
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dig into the grass and the wheelchair will come to a sudden stop, toppling the
patient forwards out of the wheelchair. The technique used to descend grassy slopes
is often also used to descend concrete slopes.

Providing assistance for people in manual wheelchairs

Unbeknown to most, there is skill involved in assisting patients in manual wheel-
chairs. It is therefore important that carers are appropriately trained and educated.

Most obstacles are negotiated with the wheelchair held in the wheelstand pos-
ition. For this reason ‘anti-tip bars’ often need to be temporarily removed or rotated
out of position (see Figure 13.5). Carers need to be particularly careful not to inad-
vertently tip patients out of their wheelchairs. This is most likely to happen when
guiding wheelchairs down steep slopes. The footplates can hit the ground at the
transition between the slope and level ground, bringing the wheelchair to an unex-
pected halt and throwing the patient forwards. Patients most vulnerable are those
unable to use their hands to hold themselves in the wheelchair.

To descend stairs, the wheelchair is turned around so the patient descends back-
wards (see Figure 4.11).2 Two or three assistants are required; one (or two) at the
back and one at the front. The wheelchair is lowered down each step in a slow and
controlled way. A similar technique is used to descend kerbs.

To ascend a flight of stairs, the wheelchair is pulled backwards up the steps (see
Figure 4.12). Again, two or three assistants are required. Initially, the wheelchair
needs to be rotated onto its back wheels. The wheelchair is then pulled up each step,

Figure 4.11 Assisting a
patient in a manual
wheelchair down a flight
of stairs.
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Figure 4.12 Assisting a
patient in a manual
wheelchair up a flight of
stairs.

Figure 4.13 Assisting a
patient in a manual
wheelchair up a kerb.
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one at a time, while maintaining the wheelstand position. If possible, patients
should assist by pulling on the wheels.

To ascend kerbs, the wheelchair is pushed forwards up and over the kerb. Initially,
the wheelchair is tipped on its back wheels, so that the front castors can clear the
kerb. Then the assistant pushes and lifts the back wheels up and over the kerb (see
Figure 4.13). It is important that the assistant does not try to jolt the back wheels up
the kerb. If jolting fails to get the wheelchair up the kerb, the wheelchair will come
to a sudden halt, thrusting the patient forwards.
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Loss of hand function is often more important to people with tetraplegia than loss of
lower limb function and the inability to walk.1,2 This reflects the importance of hand
function for independence. The purpose of this chapter is to describe how people
with different patterns of paralysis use their hands and to outline some of the splints
and adaptive equipment commonly prescribed. The use of surgery and electrical
stimulation to improve hand function will also be discussed.

The same generic framework advocated for devising physiotherapy programmes
in Chapter 2 can be used for hand management. Initially, goals of treatment are
negotiated with the patient. Goals need to also be set in conjunction with occupa-
tional therapists and other team members who share responsibility for their attain-
ment. Goals are expressed with respect to activity limitations such as taking a spoon
to the mouth and using a keyboard. Goals can also be expressed with respect to par-
ticipation restrictions such as dining out with friends or returning to work. Once
realistic goals are defined, impairments preventing the attainment of each goal are
identified but only with respect to impairments which physiotherapy can address.
These typically include poor strength, joint mobility and skill.

The hand function of patients with tetraplegia is primarily limited by neurological
status (see Appendix). Below is a summary of the hand function typically attained by
a patient with different ASIA motor complete lesions.

Hand function and principles of therapy

C4 and above tetraplegia
Patients with C4 and higher levels of tetraplegia have no upper limb function.

Therapy for these patients is directed at preventing contractures. It is important to
prevent contractures because they can be unsightly and create problems with hygiene
and personal care. Contractures of the hand are probably best avoided with prolonged
stretch and regular passive movements (see Chapter 9). Prolonged stretch can be
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administered with splints. In patients without contractures, the appropriate type of splint
is determined by the type of contractures patients are most likely to develop. For exam-
ple, patients with total paralysis of the hands commonly develop metacarpophalangeal
(MCP) joint hyper-extension and interphalangeal (IP) joint flexion contractures.
Therefore the appropriate splint is one which immobilizes these joints in a stretched
position, namely MCP joint flexion and IP joint extension (see Figure 5.1). A less aggres-
sive ‘functional’ splint which places the hand in a neutral position does not stretch these
joints and is probably less effective for preventing these types of contractures. In patients
with existing contractures, the appropriate type of splint is determined on a case-by-case
basis but the splint needs to provide a substantial stretch to affected joints.

C5 tetraplegia
Patients with C5 tetraplegia have anti-gravity strength in their biceps muscles. Often,
but not always, they have sufficient strength in their deltoids and other shoulder 
muscles to lift a hand to the face. However, these patients have paralysis of all wrist and
hand muscles and consequently are unable to grasp objects. Instead, objects can be
manipulated by clamping them between the wrists (see Figure 5.2), balancing them
on an upturned hand (see Figure 5.3) or using orthoses which attach objects to the
hand (see Figure 5.4). Splints are commonly used to support the wrist (see Figure 5.5).

Poor shoulder strength and passive joint mobility commonly limit the hand
function of patients with C5 tetraplegia. In addition, hand function is limited by
lack of skill, particularly in patients soon after spinal cord injury. That is, patients 
do not know how to use their paralysed hands in purposeful ways. Therapy is there-
fore directed at each of these three impairments using the principles outlined in
Chapters 7–9.

An important additional aspect of hand management for these patients is the
provision of appropriate aids, splints and orthoses (some examples of commonly
prescribed hands splints are provided in Figures 5.3–5.5). This is generally the
responsibility of occupational therapists. Hand function of some patients can also
be improved with surgery or electrical stimulation (see p. 104).

C6 and C7 tetraplegia
Patients with C6 and C7 tetraplegia have reasonable shoulder strength and can read-
ily bring the hand to the mouth. They have paralysis of all finger and thumb flexor

Figure 5.1 A splint which
flexes the MCP and extends
the IP joints of the fingers
can be used to prevent
MCP hyper-extension
contractures and IP flexion
contractures. Alternatively, it
can be used to promote a
tenodesis grip in patients
with C6 tetraplegia. The
thumb can be held against
the index finger with tape or
a thumb piece incorporated
into the splint.
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Figure 5.3 A patient with
C5 tetraplegia balances
objects on an upturned hand.

Figure 5.2 A patient with
C5 tetraplegia clamps an
object between the wrists.
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(a)

(b)

Figure 5.4 (a) A splint
which enables patients with
C5 tetraplegia to feed. 
(b) It has a fork attached 
to it and it stabilizes the
wrist. (Images reproduced
with permission from
www.spinalis.se/tips;
Spinalis, Karolinska Hospital,
Sweden, 2006.)

Figure 5.5 A splint to
support the wrist of patients
with C5 tetraplegia.
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Figure 5.6 Patients with
C6 tetraplegia commonly
use small splints to write.

muscles but they retain good strength in their wrist extensor muscles. Those with C7
tetraplegia also have some strength in their wrist flexor and finger extensor muscles.
Most patients with C6 and C7 tetraplegia rely on a tenodesis grip for crude hand
function (see below). Hand splints, aids, electrical stimulation and surgery are other
important aspects of overall hand management (see Figures 5.6 and 5.7).3

C8 tetraplegia
Patients with C8 tetraplegia have some strength, but not full strength, in their finger and
thumb flexor muscles. They therefore do not use a tenodesis grip. They do, however,
have paralysis of their intrinsic hand muscles. Consequently, they have limited fine
hand control. Therapy is primarily directed at strengthening finger and thumb flexor

Figure 5.7 Patients with
C6 tetraplegia commonly
use palmar bands to attach
utensils such as typing 
sticks to the hand. (Image
reproduced with permission
from www.spinalis.se/tips;
Spinalis, Karolinska Hospital,
Sweden, 2006.)
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muscles, preventing contractures and practising hand activities. Hand orthoses, aids,
electrical stimulation and surgery are also aspects of hand management for these
patients.

Tenodesis grip

A tenodesis grip is a method of grasping used by patients with C6 and C7 tetraplegia
who have paralysis of finger and thumb flexor muscles but active wrist extension. The
tenodesis grip relies on passive tension generated in the paralysed extrinsic finger and
thumb flexor muscles (flexor digitorum superficialis, flexor digitorum profundus and
flexor pollicis longus) with wrist extension.3–8 The open hand is placed around an
object with the wrist flexed. The wrist is then actively extended, increasing the passive
tension in the paralysed finger and thumb flexor muscles and pulling the fingers and
thumb into flexion. In this way, objects can be grasped between the paralysed thumb
and index finger or in the palm of the hand (see Figures 5.8 and 5.9). A tenodesis grip
provides crude but nonetheless useful hand function.7 Some patients can enhance
the effectiveness of their tenodesis grip by eliciting spasm in the extrinsic thumb and
finger flexor muscles with wrist extension.

The tenodesis grip can be used to grasp objects between the thumb and index fin-
ger using either a lateral key or pincer grip. In the lateral key grip the pad of the thumb
contacts the side of the index finger (see Figure 5.8b) and in the pincer grip the tip of
the thumb contacts the tip of the index finger (see Figure 5.9b). The type of grip

(a)Figure 5.8 A tenodesis
grip (lateral key grasp). 
(a) The fingers and thumb
passively open when the
wrist falls into flexion. 
(b) Active wrist extension
generates passive tension 
in the extrinsic finger and
thumb flexor fingers, flexing
the fingers and thumb.

(b)

(a)Figure 5.9 A palmar 
(a) and pincer (b) tenodesis
grip. The fingers passively
flex as the wrist extends,
enabling objects to be held
in the palm of the hand.

(b)
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attained is primarily determined by the extensibility of the thumb adductor muscles.
A pincer grip is attained if the thumb adductors are extensible and a lateral key grip  is
attained if the thumb adductors are inextensible. The point of contact between the
thumb and index finger also depends to a lesser degree on the relative lengths of the
thumb and index finger, and the extensibility of the extrinsic finger flexor muscles.3,4

A lateral key grip is generally considered easier to achieve because it requires less
precision to ensure the thumb hits the side of the index finger. Provided the thumb
hits anywhere along the medial aspect of the finger, some type of grip will be attained.
In contrast, a pincer grip is reliant on the thumb meeting the index finger at precisely
the tip of the finger. If there is slight overstretching of the thumb adductor muscles,
the thumb will miss its target. When a pincer grip can be attained it provides better
fine control than a lateral key grip; however, it is less powerful than a lateral key grip.
Sometimes it is advantageous to promote a pincer grip in one hand and a lateral key
grip in the other.

While the tenodesis grip is primarily used by patients with C6 and C7 tetraplegia,
some patients with C5 tetraplegia can also use a crude type of tenodesis grip. Patients
with C5 tetraplegia have paralysis of the wrist extensor muscles so they cannot actively
extend the wrist to close the hand. They may, however, be able to use forearm
supination to manipulate the position of the wrist. With the forearm in pronation,
gravity pulls the wrist into flexion. With supination, gravity pulls the wrist into exten-
sion. Thus manipulation of the forearm can be used to change wrist position which
in turn opens and closes the hand. This type of grip is sometimes called a passive ten-
odesis grip because wrist position is passively manipulated by forearm rotation.
However, the terminology is not ideal because it implies that the tenodesis grip of
patients with C6 and C7 tetraplegia is active and hence due to something more than
the passive mechanical properties of the hand.

The passive tenodesis grip of people with C5 tetraplegia is of limited functional
use and most patients gain superior upper limb function from splints which stabilize
the wrist (see Figure 5.5). A passive tenodesis grip cannot be used in conjunction
with these splints because the splints prevent passive wrist extension. However,
strategies appropriate for promoting a tenodesis grip in patients with C6 and C7
tetraplegia are also appropriate for promoting a passive tenodesis grip in people with
C5 tetraplegia.

Splinting and taping to promote a tenodesis grip
The effectiveness of a tenodesis grip is often compromised because of excessive
extensibility in the extrinsic thumb and finger flexor muscles. When these muscles
are too extensible, wrist extension produces only weak thumb and finger flexion.
The best way to increase the ‘strength’ of the tenodesis grip is to induce shortening
(i.e. decrease extensibility) of the extrinsic thumb and finger flexors.

Splinting and taping are widely used to encourage loss of extensibility in the
extrinsic finger and thumb flexor muscles and promote a tenodesis grip. However, it
remains unclear whether either intervention can decrease the passive extensibility of
the extrinsic finger and thumb flexor muscles and improve hand function.8,9 This
controversy is discussed in more detail below.

Splinting and taping programmes to promote a tenodesis grip may need to be
withheld if patients are likely to have hand surgery. Often the effectiveness of hand
surgery relies on good extensibility in the finger and thumb flexor muscles. However,
the difficulty with this approach is that often the decision about hand surgery is not
made until 1 or 2 years after injury. Consequently, it is not always clear which patients
will and will not ultimately be suitable candidates. In addition, some patients suit-
able for hand surgery do not elect to have it (see p. 104 for further discussion).2 The
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dilemma for therapists is whether they should compromise hand function by with-
holding strategies designed to promote a tenodesis grip on the basis that patients may
have hand surgery in the future.

A theoretical basis for splints designed to promote a
tenodesis grip
Animal studies have convincingly shown that immobilization of muscles at short
lengths induces shortening (see Chapter 9). On this basis, it has been argued that the
best way to promote a tenodesis grip is with a splinting or taping regime which
immobilizes the extrinsic finger and thumb flexor muscles in their shortened posi-
tions. To achieve this, one of two splinting regimens is probably best adopted. The
more conservative approach is to splint the hand in a relatively neutral position with the
MCP joints fully flexed, the IP and wrist joints extended and the thumb flexed against
the side of the index finger (see Figure 5.1). This type of splint immobilizes the extrin-
sic finger and thumb flexor muscles in a relatively shortened position but discourages
extension contractures of the MCP joints and flexion contractures of the IP joints.

A second more aggressive approach is to flex the MCP and proximal IP joints of the fin-
gers with the thumb positioned against the side of the index finger. This is typically
done by applying tape across the back of the fingers and thumb (see Figure 5.10). The
wrist is held in an extended position with a splint. The flexed position of the fingers
places the extrinsic finger flexor muscles in a shortened position. However, it also sub-
stantially increases the risk of undesirable flexion contractures of the proximal IP joints.
If this second approach is used, the hand needs to be carefully monitored and patients
should spend at least some time of each day with the proximal IP joints in full exten-
sion. In addition, passive movements to the proximal IP joints should be regularly
administered. Whenever the IP joints are extended, the wrist and MCP joints need to be
flexed to avoid stretch of the extrinsic finger flexor muscles (see Figure 5.11).

The thumb requires special consideration. While it is important to maintain full
passive mobility of the finger IP joints, this is not the case for the thumb. It is bene-
ficial to hand function if the thumb IP joint becomes stiff in extension. This ensures
that the pad of the thumb pushes against the side of the index finger rather than
curls under the finger (see Figure 5.12). Therapists can facilitate the development of

Figure 5.10 Wrist splints
with tape applied across 
the back of the fingers and
thumb are used to promote
a tenodesis grip.
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(a)

(b)

Figure 5.11 Passive
movements of the fingers
need to be performed with
the wrist held in flexion to
avoid excessive stretch on
the extrinsic finger flexor
muscles.

Figure 5.12 Flexion of the
thumb IP joint causes it to
curl under rather than
contact the side of the index
finger.
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Figure 5.13 A simple way
of encouraging stiffness of 
the thumb IP joint is to
immobilize the thumb in
extension with tape.

stiffness (i.e. contracture) in the thumb IP joint by splinting the joint in extension
for prolonged periods of time (see Figure 5.13). This can be easily done with tape.
Of course, care needs to be taken to ensure taping does not restrict circulation or
cause a pressure ulcer. A more permanent and effective solution is surgical stabil-
ization of the thumb IP joint (see discussion on surgical options below).

How long to wear splints designed to promote a
tenodesis grip?
Splints need to be worn for long enough to have the desired therapeutic effects with-
out unnecessarily impeding independence. Some therapists believe that the rapid
facilitation of an effective tenodesis grip warrants short-term restriction of function
imposed by an aggressive splinting regime. A more compromising approach is to
apply splints only at night so the hands can be used during the day.

The length of time required to achieve an effective tenodesis grip is variable. It
probably depends on many factors such as pattern of denervation and presence of
spasticity and oedema. Changes in muscle extensibility may occur at differing rates
within the same hand. For example, a patient may have sufficient loss of extensibility
in the extrinsic finger flexor muscles but not thumb flexor muscles. Even within the
extrinsic finger flexor muscles, the medial component of these muscles may have suf-
ficient loss of extensibility before the lateral component, resulting in good passive
flexion of the index and middle fingers but not the ring and little fingers.3 These fac-
tors should be considered and splinting individualized to the needs of each patient.
For example, if the extrinsic finger flexor muscles have optimal extensibility but the
extrinsic thumb flexor muscles do not, then a splint which continues to immobilize
the thumb but not the fingers is appropriate.9 Such a splint may incorporate a thumb
loop connected to a wrist band, immobilizing the carpometacarpal and MCP joints
of the thumb in flexion (see Figure 5.14). Similarly if the medial components of the
extrinsic finger flexor muscles have optimal extensibility but the lateral components
do not, a splint that just incorporates the ring and little fingers may be indicated.

Interim results from animal studies suggest that regular use of electrical stimula-
tion may hasten shortening of the finger and thumb flexor muscles. However, the
clinical efficacy of this type of intervention has not yet been established.

A word of caution
It is important to avoid excessive loss of extensibility in the finger or thumb flexor
muscles because this will be detrimental to hand function. As soon as an effective
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tenodesis grip is attained, therapeutic intervention may need to be directed at main-
taining rather than reducing muscle extensibility. This may or may not require regu-
lar use of splints.

Some patients are at risk of excessive loss of extensibility of the finger or thumb
flexor muscles. They include those patients with incomplete spinal cord injury
resulting in paralysis of the finger extensor but not finger flexor muscles and patients
with marked spasticity in the finger flexor muscles. It is inappropriate to splint the
hands of these patients to encourage loss of extensibility. Instead, these patients may
need different types of splints designed to maintain or even increase extensibility of
the finger and thumb flexor muscles (e.g. some may benefit from a splint which
immobilizes the MCP and IP joints in extension). This highlights the importance of
anticipating and predicting losses of extensibility, individualizing therapy to patients’
needs, monitoring change and understanding the implications of loss of extensibility
for function. These issues are discussed in more detail in Chapter 9.

A tenodesis grip should not be promoted in patients with incomplete injuries
unless it is clear that they are not going to regain active movement of the finger and
thumb flexor muscles (see Chapter 1 for time frame). It is important that normal
extensibility and full range of motion is maintained in all muscles and joints.

Flexor-hinge splints
Flexor-hinge splints mechanically supplement the tenodesis grip of patients with C6
and C7 tetraplegia.10 These splints enclose the wrist and hand and mechanically guide
the tips of the index and second fingers into contact with the tip of the thumb when
the wrist is actively extended (see Figure 5.15).3 The fingers and thumbs are mechani-
cally pulled into extension when the wrist flexes. Such splints are said to ‘train’ a ten-
odesis grip, although this terminology may be inappropriate because it implies that
the action of the fingers and thumb with wrist extension depends primarily on some-
thing other than the passive mechanical properties of the hand. This would seem
unlikely. It is possible that flexor-hinge splints protect the extrinsic thumb flexor and
extrinsic finger flexor muscles from stretch, thereby helping to reduce extensibility.
Regardless of the underlying mechanisms of action, some patients with C6 and C7
tetraplegia find flexor-hinge splints provide superior hand function and routinely use

Figure 5.14 A thumb loop
to hold the extrinsic thumb
flexor muscle in a shortened
position.
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them. Most, however, find the splints bulky, expensive and cosmetically unappealing.
For these reasons they are less commonly used today than 20 years ago.

Reconstructive surgery and electrical stimulation

Many surgical procedures are used to improve the hand and upper limb function of
people with tetraplegia.11 Moberg,12 a Swedish hand surgeon, is generally considered

(a)
Figure 5.15 A flexor-
hinge splint. The splint
opens the hand when the
wrist is flexed (a) and closes
the hand when the wrist is
extended (b).

(b)
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the pioneer in this field. He devised widely used procedures to improve the lateral key
grip of patients with C6 tetraplegia. These procedures typically involve arthrodesis of
the thumb IP joint and surgical tenodesis of the extrinsic thumb flexor and extrinsic
finger flexor muscles. Over the last 10 years an increasing number of sophisticated
surgical procedures to improve hand function have been introduced.13 Tendon trans-
fers from non-paralysed muscles to paralysed muscles are particularly common. These
procedures enable a non-paralysed muscle to pull on the tendon of a paralysed muscle.
The two most common tendon transfers are from the non-paralysed deltoid muscle
to the paralysed triceps muscle or from the non-paralysed brachioradialis muscle to
the paralysed extensor carpi radialis muscle, providing active elbow and wrist 
extension respectively. Tendon transfers can also be used to provide or strengthen 
the lateral key grip of patients with C6 and C7 tetraplegia. The tendon of the non-
paralysed extensor carpi radialis longus muscle is transferred to the paralysed flexor
digitorum profundus muscle, and the tendon of non-paralysed brachioradialis is
transferred to paralysed flexor pollicis longus muscle.

Electrical stimulation can be used to stimulate paralysed muscles of the hand and
upper limb. It is primarily used in people with C5 or C6 tetraplegia to provide finger
and thumb movement for grasp and release.11,14–16 Stimulation can be applied with sur-
face or implanted electrodes and is usually controlled by patients’ voluntary wrist or
shoulder movements. Some electrical stimulation systems are incorporated into gloves
or splints which stimulate key muscles.14,17–19 More sophisticated devices are surgically
implanted, providing more refined hand function.17,20,21 Reconstructive surgery is com-
monly used to augment the effects of electrical stimulation. Physiotherapy involves
training patients to use these devices and working with other team members to opti-
mize stimulation parameters.

Despite the apparent success of reconstructive surgery and electrical stimulation
for hand function, only a small percentage of patients opt for these interventions.22

There may be numerous reasons for this, but ease of use and social acceptance would
appear to be key factors.16 It may also be that patients are reluctant to opt for 
invasive interventions which are associated with hospitalization and long periods of
recovery.
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CHAPTER

Standing and walking with lower
limb paralysis

6
CHAPTER

Approximately 50% of people with spinal cord injury walk.1–6 For some, walking is
their primary form of mobility and for others it is used only for therapeutic pur-
poses, or only for specific tasks which require being upright. Neurological status is
the strongest predictor of walking. The level of ambulation typically attained can be
summarized as follows:

People with tetraplegia. People with tetraplegia and total paralysis of the lower
limbs (i.e. ASIA A or B) can stand with frames, tilt tables or standing wheelchairs.
The primary purpose for standing is to obtain the therapeutic benefits associated
with being upright and weight bearing through the legs (p. 109).

People with thoracic paraplegia. People with thoracic paraplegia and total paralysis
of the lower limbs (i.e. ASIA A or B) can ambulate with walking aids on level ground
provided they have good upper limb strength and extensive orthotic support. Gait is
slow and the energy cost of walking is high.7–10 These people usually find it difficult
to perform associated tasks such as walking up and down slopes, negotiating steps
and uneven terrain, putting the orthoses on and off, and turning in tight
spaces.6,8,11–13 The reliance on walking aids is particularly limiting because it largely
prevents the use of the hands when upright for tasks such as cooking and carrying
bags.14 In addition, some do not like the appearance and bulkiness of the orthoses.
For all these reasons, most people with thoracic paraplegia and total paralysis of the
lower limbs stand only for exercise or specific purposes (e.g. while teaching).7,14–24

Few people with thoracic paraplegia walk as their primary form of mobility.
People with motor incomplete lesions and lumbosacral paraplegia. Most people with

motor incomplete lesions (i.e. ASIA C, D or E) and lumbosacral paraplegia can walk
for at least limited distances. The usefulness of walking largely depends on the extent
of paralysis because this determines the need for orthoses and aids, and the speed
and energy cost of walking.25 As a guiding rule, people with composite ASIA lower
extremity motor scores less than 20/50 generally use wheelchairs as their primary
form of mobility.19,25 They may, however, walk around the home or exercise with
orthoses and aids.26,27 Walking is only a realistic and functional alternative to a
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wheelchair if people have at least sufficient strength in one leg to avoid the need for
bilateral splinting of the ankles and knees with knee–ankle–foot orthoses.4,19,28

People with ASIA lower extremity motor scores more than 20/50 generally attain the
capacity for community ambulation and are capable of walking at reasonable speeds
(e.g. 1.0 m.sec�1; this compares to a comfortable walking speed of between 1.0 and
1.7 m.sec�1 for able-bodied individuals). The ability to hitch and control the pelvis
increases the likelihood of attaining a functional level of ambulation.4,6 People with
incomplete tetraplegia who are dependent on walking aids generally require more
strength in their lower extremities than those with paraplegia in order to adequately
compensate for their upper limb weakness.26

Any degree of lower limb paralysis clearly makes walking more difficult than nor-
mal. The more extensive the paralysis the more difficult walking becomes and the
more likely success will be limited by upper limb weakness, lack of proprioception,
excessive weight, or presence of spasticity or contracture.6,29,30

People may be able to walk effectively in one context but not in another. For
example, a person who is capable of walking unencumbered across the floor of a
physiotherapy gymnasium will not necessarily be able to carry bags from a super-
market to a car park. Effective walking depends on attaining some level of auto-
maticity so that attention can be simultaneously directed at other activities while
upright.31,32 It also depends on the ability to ascend slopes, stand up from sitting,
and negotiate stairs and uneven ground.13,33 People eventually tend to choose the
most practical and functional way of moving about in the community and they will
not opt to walk unless it is as efficient, fast and functional as getting about in a
wheelchair. Some are surprised to find that, in many environments, a wheelchair is
an efficient form of transport. Of course some environments, such as rugged and
mountainous places in developing countries, have such poor wheelchair accessibil-
ity that walking provides the only option for mobility.

There are and always will be people who defy the odds and attain remarkable 
levels of upright mobility despite severe paralysis and dependency on extensive orthotic
support and aids. Children generally attain a higher level of upright mobility than
adults although it is not clear whether this is solely due to the biomechanical advan-
tages of being a child34,35 or the extensive support provided by children’s schools,
parents and therapists.7,23,36

The remainder of this chapter summarizes how people with different patterns of
paralysis stand and walk.

Standing for therapeutic purposes

All patients, even those with total paralysis of the lower limbs, can be provided with
equipment which enables them to stand.

The most convenient way of enabling patients with tetraplegia to stand is with a
tilt table. Alternatively, electronic standing wheelchairs and frames can be used.37,38

The patient is strapped to the tilt table, standing chair or frame to prevent knee, hip
and trunk flexion (see Figure 6.1). Patients with thoracic paraplegia and good upper
limb strength can stand in relatively simple frames which block knee flexion. A strap
behind the hip prevents hip flexion (see Figure 6.2). They can also use knee exten-
sion splints and pull up into standing between parallel bars (see Figure 6.3). At
home, appropriately placed benches or sinks can be used.

Patients can stand without a strap behind the hips provided they push down
through the hands to hold the body upright. Alternatively, they can lean backwards
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Figure 6.1 Standing with a tilt table. Figure 6.2 Standing in a standing frame. The wedge
placed under the feet provides an additional stretch to
the ankle plantarflexor muscles.

Figure 6.3 Standing in
parallel bars using knee
extension splints.
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and hyper-extend the lumbar spine. This posture creates a passive hip extension
torque that keeps the trunk upright despite paralysis of the hip extensor muscles (see
p. 113).

Most patients, regardless of the extent of paralysis, want the opportunity to stand
during the initial rehabilitation period. The desire to stand is understandable and, if
possible, should be met. At this time, when patients are coming to terms with their
paralysis and its implications for mobility, it can be helpful to stand. Standing pro-
vides a practical understanding of the complexities of upright mobility and can sat-
isfy patients’ needs for ‘at least giving it [standing] a go.’

The decision about whether to continue standing after the initial rehabilitation
phase is more complex. Some authorities recommended that patients stand for at
least 20 minutes, three to five times a week, on an ongoing basis. It is often claimed
that regular standing improves psychological status,39,40 renal function41 and bone
density.17,42–46 It is also said to help spasticity,47,48 orthostatic hypotension49 and
joint range of motion.6,17,50–52 While there is a good theoretical basis to believe that
standing has all these beneficial effects, sound evidence is lacking.37,53 Most work
directed at quantifying the benefits of regular standing has been carried out in chil-
dren6,54 or is inconclusive.55,56 The important question as to whether possible bene-
fits justify the inconvenience, effort and cost is yet to be answered.23 Possibly, to reap
therapeutic benefits, patients need to stand more frequently and for longer periods
than is generally recommended.

Walking with thoracic paraplegia

Two types of orthoses enable patients with thoracic paraplegia and total paralysis of
the lower limbs to walk. They are knee–ankle–foot orthoses and hip–knee–ankle–foot
orthoses. Both enable either a reciprocal or jumping gait pattern. Walking aids such
as elbow crutches or a frame are essential. Elbow crutches are more versatile than a
frame but require a higher level of skill and upright stability.

Bilateral knee–ankle–foot orthoses
Bilateral knee–ankle–foot orthoses provide the cheapest and simplest way to enable
patients with thoracic paraplegia to walk. There are various types of knee–ankle–foot
orthoses but most incorporate double metal uprights bars and plastic moulded calf
and thigh sections (see Figure 6.4).57 They all stabilize the knee in full extension and
ankle in 5–10° dorsiflexion.6 Different types of knee joints can be used. Most can be
unlocked so the knee can be flexed when sitting.57,58

Knee–ankle–foot orthoses only compensate for paralysis around the ankle and
knee. They provide no stability around the hip or trunk, nor do they provide assist-
ance for hip flexion during swing. They do not stop the pelvis from tilting down-
wards on the unweighted swing leg. This, combined with fact that the knee is held in
extension, makes foot clearance during swing difficult. To overcome problems of
foot clearance patients exert downward forces through crutches to ‘hitch’ (elevate)
the pelvis on the swing leg or depress the shoulders.26,59 Foot clearance during swing
is particularly problematic when walking up slopes or stairs.
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Walking with knee–ankle–foot orthoses
Bilateral knee–ankle–foot orthoses can be used to walk with either a jumping or recip-
rocal gait pattern. Both strategies rely on forces exerted through walking aids. The
legs move in response to these forces. It is important to remember that, unlike par-
allel bars which are fixed to the ground, patients cannot pull up through walking
aids. They can only push down or laterally.

The jumping gait pattern (see Table 6.1) involves placing both crutches in front
of the feet and then swinging both legs through simultaneously15,60 by extending the
shoulders. If the feet are moved up to the crutches the gait is called a ‘swing-to’ pat-
tern. Alternatively, if the feet are moved past the crutches the gait is called a ‘swing-
through’ pattern.61 Both swing patterns are physically demanding17,19,26 but provide
a quick way of getting around (up to 1.8 m.sec�1 in children62). In contrast, the recip-
rocal gait pattern involves moving the feet forwards one at a time. Each leg is swung
forwards by elevating the pelvis on the swing side and circumducting the leg (i.e. 
hip abduction and external rotation combined with pelvic elevation). One crutch 

Figure 6.4 A double
metal upright
knee–ankle–foot
orthosis.
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Figure 6.5a

Figure 6.5b

Figure 6.5c

TABLE 6.1 A patient with thoracic paraplegia walking with a swing-through gait pattern using bilateral
knee–ankle–foot orthoses60

Sub-tasks

1. Positioning crutches in front of the body:
The hips are ‘passively’ extended to momentarily maintain 
hip extension while the crutches are moved forward.

2. Leaning forwards and weight bearing through crutches:
The shoulders are depressed and the elbows are extended 
to lift the feet.

3. The feet are lifted and moved past the crutches:
The shoulders are depressed and extended, and the elbows
are extended to move the feet up and past the crutches.
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is placed in front of the body while the opposite foot is moved forwards. This is a 
relatively slow way to ambulate.

While the two gait patterns look very different they share important features. With
both gait patterns it is necessary to maintain hip extension during stance. Hip exten-
sion can be maintained by pushing down through the hands into crutches. However,
this strategy of maintaining hip extension is strenuous and causes discomfort in the
hands. In addition, it is important that patients can maintain hip extension without
using the hands at least momentarily so they can lift and reposition the crutches to
move forwards.

Hip extension can be maintained without using the hands by leaning the trunk
backwards and extending the lumbar spine. This positions the centre of mass of the
trunk and head behind the hips, creating a torque which passively extends the hips
(see Figure 6.6). Excessive hip extension is prevented by the soft tissues spanning the
front of the hips. If the centre of mass of the trunk and head moves anterior to the
hips with the crutches off the ground, the hips will rapidly flex. The feet can only
remain flat on the ground when patients lean backwards if the ankles are dorsi-
flexed. For this reason the ankles of knee–ankle–foot orthoses are commonly fixed
in 5–10° dorsiflexion.58 Slight modifications to ankle position can make a substan-
tial difference to the ease of standing.58

Moving from sit to stand with knee–ankle–foot
orthoses
It is difficult to get from sitting to standing with knee–ankle–foot orthoses (see Table
6.2). Most patients place the hands behind the body and lift up into standing with

Figure 6.6 Hip extension
can be maintained when
walking with paralysis of the
hip extensor muscles and
bilateral knee–ankle–foot
orthoses by positioning the
centre of mass of the trunk
and head (circle) behind the
hip joint.
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TABLE 6.2 A patient with thoracic paraplegia moving from sitting to standing using bilateral knee–ankle–foot 
orthoses

Sub-tasks

1. Positioning the crutches:
The crutches are positioned as far posteriorly as possible. 
The patient leans forwards and bears weight through the 
upper limbs.

2. Lifting into standing:
Shoulder depression, shoulder extension and elbow 
extension are used to lift the body into standing.

3. Positioning the crutches in front of the body:
The crutches are repositioned in front of the body.

Figure 6.7a

Figure 6.7b

Figure 6.7c
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the knee joints locked in extension. The centre of mass must initially move forwards
over the feet. However, the feet cannot be tucked under the chair because the knees
are extended. Consequently, the centre of mass needs to move much further forward
than it would otherwise if the knees were flexed. The centre of mass cannot be
moved sufficiently forward through hip flexion alone. Instead the centre of mass is
moved forwards by pushing backwards and downwards through crutches or the
arms of a chair. Not surprisingly, patients require good upper limb strength.

There are other strategies which can be used to stand up. For example, some
patients find it easier to stand up using the armrests of a chair, rotating in to face the
chair as they stand. In this latter technique, patients end up facing the chair in a semi-
standing position before grasping walking aids to move into an upright position.63 It
is also possible to stand up with the knee joints unlocked. This requires very good
upper limb strength to lift the body into standing. Weight cannot be borne through
the feet until the knee joints are locked. A special type of ratchet joint can be built
into orthotic knee joints to prevent knee collapse and enable weight to be borne
through a flexed knee.6 These type of joints are not widely used because they are
expensive and add weight and complexity to orthoses. Electrical stimulation of the
quadriceps and hip extensor muscles can overcome some of these problems and
help patients move from sitting to standing.64

Hip–knee–ankle–foot orthoses
Hip–knee–ankle–foot orthoses are bilateral knee–ankle–foot orthoses joined
together with hip joints.6 The orthotic hip joints can be placed between the legs or
connected laterally to a pelvic or lumbar band or a lumbosacral corset. Orthoses
which include extensive trunk bracing are sometimes referred to as trunk–hip–knee–
ankle–foot orthoses.36

By joining two knee–ankle–foot orthoses together, hip–knee–ankle–foot
orthoses substitute for paralysis of the hip abductor muscles and provide medio-
lateral stability during stance. In addition, they prevent the pelvis from tilting down-
wards on the unweighted swing leg. This assists foot clearance during swing and
reduces the need for the upper limbs to lift the swing leg. However, the torques tend-
ing to tilt the pelvis downwards during swing are large, especially in heavy patients.
To resist these torques, hip–knee–ankle–foot orthoses need good lateral rigid-
ity.5,34,35,65–67 If the orthosis is insufficiently rigid, swing leg clearance is difficult.

The three most common types of hip–knee–ankle–foot orthoses are the hip guid-
ance orthosis (HGO; see Figure 6.8), the reciprocating gait orthosis (RGO; see Figure
6.9) and the medial-linkage orthosis (MLO; see Figure 6.10).6,11,24,64,65,68–75 Various
types of hip and knee joints can be used in all three orthoses.7,65,73,76–78 A summary
of each is given below.

The hip guidance orthosis
The hip guidance orthosis, also called the ParaWalker, was first introduced for children
with spina bifida in the 1970s (see Figure 6.8).79 It consists of two knee–ankle–foot
orthoses attached to a rigid body brace with laterally placed hip joints. The hip joints
are low friction and restrict flexion and extension, although they can be released to
enable sitting. During the swing phase of gait, the leg flexes like a pendulum. That is,
hip flexion is achieved solely by the effects of gravity on the unweighted leg. Gravity
will only act to flex the hip when the leg is extended with the mass of the leg behind
the hip joint.80
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The reciprocating gait orthosis
The reciprocating gait orthosis joins two knee–ankle–foot orthoses to a trunk corset
with laterally placed joints (see Figure 6.9). A key feature of the reciprocating gait
orthosis is the coupling together of the hip joints, preventing bilateral hip flexion in
stance. The hip mechanism was designed so hip extension on one leg could assist hip
flexion on the other leg when stepping. However, the effectiveness of this mechanism
may be overstated.81 The hip joints can be unlocked to flex simultaneously.10,82,83

This is important for sitting.
Early versions of reciprocating gait orthoses coupled the two hip joints together

with cables.84 The cables were attached under high tension so that forces from 
extension in one leg were transmitted to flexion of the other. In more recent years a
pivot bar has replaced the cables.85 The pivot bar is positioned centrally and at the
back of the corset in the lumbar region.80 Reciprocating gait orthoses incorporating
pivot bars are called isocentric reciprocating gait orthoses. A variation is the advanced
reciprocating gait orthosis.65

Figure 6.8 A hip guidance orthosis.

Figure 6.9 A reciprocating gait
orthosis.
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The medial-linkage orthosis
The medial linkage orthosis, also known as the walkabout orthosis, has a hinge-like
joint positioned between the legs (see Figure 6.10). The joint limits hip flexion and
extension but does not mechanically assist either. Instead, gravity flexes the hip and
moves the unweighted leg forward. Hip extension is achieved by leaning the trunk
backwards and extending the lumbar spine (see Figure 6.6). Consequently, even
slight loss of passive hip extension can be a problem, increasing patients’ reliance on
their upper limbs to hold the trunk upright. The medial-linkage orthosis is aestheti-
cally more appealing than other types of hip–knee–ankle–foot orthoses but it pro-
vides a slower and more energy-consuming gait.10,11,71,72,86,87

Walking with hip–knee–ankle–foot orthoses
Typically, patients use a reciprocal gait pattern with either crutches or a
frame.24,65,68,73,74,81,83,88,89 There are various strategies used to walk depending on the

Figure 6.10
A medial-linkage
orthosis.
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type of orthosis and walking aid, and extent of trunk paralysis; however, the under-
lying principles of all strategies are similar. Initially, weight needs to be shifted from
the back leg forwards and laterally onto the front leg. This is achieved by pushing the
body forwards and laterally through a posteriorly-placed walking aid (see Figure
6.11). Further unweighting of the back leg is achieved by shoulder depression and
pelvic hitch. Once all weight is removed from the back leg, it can be moved forwards
either in response to gravity or in response to trunk extension.81,90

Moving from the floor or a seated position into standing with hip–knee–
ankle–foot orthoses is done in a similar way to standing up with knee–ankle–foot
orthoses (see Table 6.2). However, the additional weight and bulk of hip–knee–
ankle–foot orthoses makes both these tasks particularly difficult and most patients
require assistance.7,8,70

Walking with partial paralysis of the lower limbs

The discussion until now has concentrated on standing and walking in patients with
total paralysis of the lower limbs. The situation is more complex in patients with par-
tial paralysis of the lower limbs where some muscle groups are paralysed and others
are not. For example, some patients with lumbar paraplegia have paralysis around
the ankle but retain strength in the quadriceps, and hip flexor and adductor muscles
(see Table 2.2, p. 42). The pattern of lower limb paralysis with lumbar paraplegia is

Figure 6.11 A patient with
thoracic paraplegia walking
with a hip–knee–ankle–foot
orthosis. Initially weight
needs to be shifted onto the
front foot. This is achieved
by pushing the body
forwards and laterally
through a posteriorly-placed
walking aid.



Chapter 6: Standing and walking with lower limb paralysis ■ SECTION 2 119

highly variable because few patients have complete lesions and muscles are innerv-
ated from many spinal nerve roots.

The next section outlines the effects of different patterns of isolated lower limb
paralysis on the reciprocal gait pattern and some of the more commonly prescribed
orthoses.

Paralysis around the ankle

Paralysis of the dorsiflexor muscles (L4, L5, S1)
The dorsiflexor muscles are primarily responsible for maintaining dorsiflexion dur-
ing swing and lowering the foot into plantarflexion at heel strike.61,91,92 Paralysis of
the dorsiflexor muscles results in excessive plantarflexion during swing and lack of
dorsiflexion at heel strike.61,68,93 This is commonly called ‘foot-drop’, although foot-
drop also occurs when there is excessive spasticity or contracture in the plantarflexor
muscles.

To avoid dragging the toes along the ground during swing, patients increase hip
and knee flexion (see Figure 6.12)93 or hitch the pelvis.92 Alternatively, they cir-
cumduct the entire leg or plantarflex the ankle of the other foot.92 The precise strat-
egy adopted depends on the strength and mobility at other joints.92 For example,

Figure 6.12 Walking with
isolated paralysis of the
dorsiflexor muscles requires
excessive hip and knee
flexion to clear the toes.
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patients will be unable to plantarflex the contralateral ankle if they have weakness in
the plantarflexor muscles of the contralateral leg.

Paralysis of the plantarflexor muscles (L5, S1, S2)
The plantarflexor muscles are primarily active during stance, initially acting eccentric-
ally to control the forward rotation of the tibia over the fixed foot, then acting con-
centrically to power push-off.61,94–101 Without control of tibial rotation during mid
stance, patients typically move into excessive dorsiflexion. The extent of dorsiflexion
is determined by the extensibility of the paralysed plantarflexor muscles (see Figure
6.13).97,101,102 Excessive dorsiflexion necessitates knee and hip flexion to keep the
centre of mass over the base of support (sometimes this is called a ‘crouch’
gait).100,101,103,104 In turn, large knee and hip extensor torques are required to prevent
collapse.59,93,105–107 Alternatively, patients avoid the need to use the plantarflexor
muscles by remaining plantarflexed throughout stance (see Figure 6.14).59,61,92,95

Thus the knee hyper-extends and the hip remains flexed.108 Of course, patients can
avoid both scenarios by pushing down through their hands into walking aids and
holding themselves upright. Gait then appears more normal, but it is nonetheless
physically demanding.26,95 The lack of push-off limits hip extension at the end of
stance and decreases step length.61,98

Ankle–foot orthoses (AFO)
There are many ankle–foot orthoses (AFO).80,109 All restrain ankle motion.36,58,109,110

Some stabilize the ankle in a fixed position, others allow movement within a certain
range and still others assist or resist movement into dorsiflexion or plantarflexion. A
patient with isolated paralysis of the dorsiflexor muscles needs only a lightweight

Figure 6.13 The
plantarflexor muscles
are required at mid
stance to prevent
excessive forward
rotation of the tibia
on the fixed foot.
Without the ability to
restrain the forward
rotation of the tibia
some patients
collapse into
excessive dorsiflexion.
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orthosis to resist the small torques tending to plantarflex the ankle during swing. In
contrast, a patient with paralysis of the plantarflexor muscles needs a heavy duty
orthosis to resist the large torques tending to rotate the tibia over the fixed foot dur-
ing stance.95,111

Posterior leaf spring AFO
The posterior leaf spring AFO is a type of dorsiflexion-assist AFO (see Figure 6.15). It
is made from thin, light, thermoplastic material and worn inside a shoe. As the name
implies, it assists dorsiflexion. It is primarily used in patients with isolated paralysis
of the dorsiflexor muscles. The narrow strip of plastic behind the ankle gives flexibil-
ity, allowing the tibia to move over the fixed foot during stance. However, when the
foot is off the ground the plastic recoils, preventing foot-drop. Leaf spring AFOs are
commercially available in different sizes, or can be individually made by orthotists.57

Plastic solid AFO
The plastic solid AFO is also made from thermoplastic material (see Figure 6.16). It
provides superior mediolateral stability to the lighter posterior leaf spring AFO.57 In

Figure 6.14
Some patients with
isolated paralysis
of the plantarflexor
muscles avoid
dorsiflexion 
during mid stance.
The knee hyper-
extends to keep
the trunk’s centre
of mass (circle)
over the ankle
joint.
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addition, it not only prevents plantarflexion during swing but also prevents excessive
rotation of the tibia over the fixed foot during stance. For this reason it is typically
used for patients with paralysis of the dorsiflexor and plantarflexor muscles. In order
to stabilize the ankle joint in this way the orthosis is made from heavy duty thermo-
plastic material which wraps anterior to the ankle joint.101,110,112–114 The thickness of
the plastic and the trimline of the orthosis around the ankle primarily determines its
ability to resist collapse and excessive dorsiflexion during stance.115 Often carbon
composite inserts are used to reinforce the ankle.116 Modifications to the base of
shoes can be used to cushion heel strike and help move the weight from the back of
the foot to the front of the foot during stance.110,116

Hinged solid plastic AFO
The hinged solid plastic AFO incorporates ankle joints (see Figure 6.17).57 There are
many different types of ankle joints. One type assists dorsiflexion. It incorporates
steel springs which compress during stance but rebound during swing. In this way, it
enables dorsiflexion during stance but prevents plantarflexion during swing. Other
types of joints include plastic overlap joints and posterior stop joints.14,57

Toe-off AFO
The toe-off AFO is made from resin (see Figure 6.18).117 It prevents foot-drop but
also assists with the push-off phase of gait. It works on the principle of storing elas-
tic energy for release at the end of stance. In this way, it is similar to the polyfibre feet
of below-knee prostheses.118

Double metal upright AFO
The double metal upright AFO provides maximal control of the ankle. It is used in
patients with paralysis of the dorsiflexor muscles and severe spasticity or contracture

Figure 6.16 A plastic solid AFO
appropriate for paralysis of dorsiflexor
and plantarflexor muscles.Figure 6.15 A posterior leaf spring

AFO appropriate for paralysis of the
dorsiflexor muscles.
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pulling the foot into plantarflexion and/or inversion (see Figure 6.19). It consists of
metal uprights which are attached into lace-up shoes. Different types of joints are
used to prevent plantarflexion and/or assist dorsiflexion. The need for lace-up shoes
and its poor cosmesis prevents its wider use. However, the double metal stirrup AFO
better accommodates oedema and is associated with less risk of skin breakdown
than a thermoplastic orthosis.58

Implications of an AFO on gait and gait-related
activities
All types of ankle–foot orthoses, even a light leaf spring AFO for isolated paralysis of
the dorsiflexor muscles, affect gait.

An AFO which blocks plantarflexion necessitates additional knee flexion at heel
strike to get the foot flat on the ground. This requires large knee extensor torques to
prevent knee collapse.59,93,116,119 The effect of an AFO on the knee at heel strike is
exacerbated when walking up or down slopes (see Figure 6.20). Placing an AFO in a
less dorsiflexed position reduces knee flexion at heel strike. Occasionally the ankle
joint is intentionally positioned in some plantarflexion (this type of AFO is called a
floor reaction AFO). This helps stabilize the knee in extension and is used for

Figure 6.17 A hinged solid ankle–foot orthosis
which allows dorsiflexion but limits plantarflexion. It is
appropriate for paralysis of the dorsiflexor muscles.

Figure 6.18 A toe-off AFO appropriate for paralysis
of the dorsiflexor muscles. It also assists with the
push-off phase of gait.
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Figure 6.19 A double metal
upright AFO appropriate for
paralysis of the dorsiflexor
muscles and severe spasticity
or contracture pulling the foot
into plantarflexion and/or
inversion.

patients with weakness of the quadriceps muscles.57,120–122 However, the more plan-
tarflexed the ankle the more difficulty patients have with clearing the toes during
swing.101,116 Foot clearance can be helped by a heel raise on the opposite side,
although clearly bilateral heel raises will not alleviate a bilateral problem with foot
clearance.58,123

An AFO which blocks dorsiflexion has important implications for performance
of gait-related tasks which rely on placing the foot in a fully dorsiflexed position. For
example, moving from sit to stand relies on positioning the feet under the body with
the ankles dorsiflexed. If the ankles are fixed at 90°, the only way to get the feet flat
on the ground is by placing them further away from the body. This makes it difficult
to get the centre of mass over the feet, a biomechanical prerequisite for standing
up.124 Patients therefore need to push down through the hands to initially shift
weight over the feet.

Paralysis around the knee

Paralysis of the quadriceps muscles (L2, L3, L4)
The role of the quadriceps muscles during gait is clear.61,91,94 These muscles prevent
flexion of the knee during stance. After initial heel contact and during the early
stages of weight acceptance, they work eccentrically to allow some knee flexion
(yield).92 Once maximal yield is attained, they contract concentrically to straighten
the knee. The quadriceps muscles need to generate large extensor torques in order to
resist the tendency for knee collapse. Generally, patients unable to stand one-legged
through a flexed knee have insufficient quadriceps strength to prevent knee collapse
during the stance phase of gait. Consequently, they adopt a compensatory strategy.
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(a)
Figure 6.20 Walking down
a slope with a plastic solid
AFO blocking plantarflexion.
Considerable knee flexion is
required to get the foot flat
on the ground.

(b)
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Either they push through their hands onto crutches or parallel bars, or they position
the knee in hyper-extension. Knee hyper-extension necessitates ankle plantarflexion
and hip flexion (see Figure 6.14).61,68,92 Importantly, knee hyper-extension positions
the centre of mass of the upper leg and body anterior to the knee joint, stabilizing the
knee in extension. The more hyper-extended the knee, the more stable the joint will
be. Knee hyper-extension can compensate for insufficient strength of the quadriceps
muscles, so efforts to prevent hyper-extension without increasing strength of the
quadriceps will be of little avail.

Isolated paralysis of the quadriceps muscles is rarely seen in patients with spinal
cord injury, and usually patients with paralysis in the quadriceps muscles also have
paralysis around the ankles (see Appendix). Knee–ankle–foot orthoses are therefore
required to stabilize the knee in extension and fixate the ankle (see Figure 6.4).

Paralysis of hamstrings (L5, S1, S2)
The effects of paralysis of the hamstring muscles on gait are often underestimated
and overlooked. The hamstring muscles primarily act eccentrically to prevent the
knee from accelerating into uncontrolled hyper-extension at the end of swing and
again at mid-terminal stance.26,61,91 They also act concentrically at the end of stance
to move the knee into flexion in preparation for swing. The hamstring muscles con-
tribute little to knee flexion during swing provided patients walk at a reasonable
speed.68 Instead, knee flexion is primarily the result of inertia and the rapid move-
ment of the hip into flexion at the beginning of swing.26,125–129

A common indication of hamstring weakness (or paralysis) is knee hyper-
extension at the beginning or end of stance.68,102,130 The gastrocnemius muscles can
substitute for the action of the hamstring muscles about the knee but generally
patients with poor hamstring strength also have poor strength in the gastrocnemius
muscles. Instructing patients to avoid knee hyper-extension without addressing the
underlying problem of hamstring muscle weakness will merely encourage patients
to walk in a crouched position with increased knee and hip flexion (see Figure 6.13).
This strategy avoids the need to recruit the hamstring muscles. Alternatively, knee
hyper-extension can be prevented by exerting more force through the hands.

Knee splints to prevent hyper-extension
Patients with paralysis of the hamstring muscles may experience rapid and forceful
hyper-extension in mid to late stance phase. If this is repeated often over many years
it produces genu recurvatum (a knee hyper-extension deformity). Genu recurvatum
is undesirable because it is unsightly and may be associated with chronic knee
pain.130–133 However, the cause–effect relationship between genu recurvatum and
knee pain has been questioned.130

Various splints mechanically block knee hyper-extension (see Figure 6.21).58

Some of these splints have been developed for orthopaedic problems but they are
being increasingly used in patients with paralysis of the hamstring muscles. It is also
possible to prevent knee hyper-extension with an AFO which fixes the foot in 5°
dorsiflexion.133,134 This prevents the tibia from rotating backwards on the fixed foot,
thereby helping to hold the knee in a slightly flexed position.

Paralysis around the hip

Paralysis of hip flexors (L1, L2, L3)
The hip flexor muscles flex the hip during swing. They are particularly important for
initiating swing91 when walking at slow speeds. Without adequate hip flexion during
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swing, knee flexion is more dependent on hamstring muscle activity.59 Patients with
paralysis of the hip flexor muscles attempt to advance the swing leg by either exter-
nally rotating the hip and using hip adductor muscles as hip flexors or by circum-
ducting the leg.59,61 The effects of hip flexor muscle paralysis on gait are particularly
evident when walking up stairs or slopes, which requires lifting the leg.

There is no simple orthosis for the management of isolated paralysis of the hip
flexor muscles. While the hip guidance and reciprocating gait orthoses mechanically
assist hip flexion (see p. 115), neither is prescribed solely for this purpose. Rather
they are prescribed for patients with extensive bilateral lower limb paralysis who also
require orthotic support around the knees and ankles.

Paralysis of hip extensors (L5, S1, S2)
The hip extensor muscles are primarily active during the beginning of stance and are
used to prevent hip flexion.61,91,92 Patients with paralysis of the hip extensor muscles
avoid the need to actively generate hip extensor torques by hyper-extending the hips.

Figure 6.21 A knee
brace preventing
knee hyper-extension
for patients with
paralysis of the
hamstring muscles.
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Hip hyper-extension is achieved by dorsiflexing the ankle, extending the knee and
hyper-extending the lumbar spine (see Figure 6.6).61,92 This body position places the
trunk’s centre of mass behind the hip joint and generates a passive hip extension
torque. If patients are unable to attain this position, they push down through the
hands to prevent hip flexion.

There is no simple orthosis for the management of isolated paralysis of the hip
extensor muscles. While the hip guidance and reciprocating gait orthoses mechanic-
ally prevent hip flexion, neither is used solely for this purpose. Instead they are used
for patients with extensive bilateral lower limb paralysis (see p. 115).

Paralysis of hip abductors (L4, L5, S1, S1, S2)
Paralysis of the hip abductor muscles is evident during stance on the affected leg.
The hip abductor muscles are responsible for controlling lateral translation of the
pelvis and keeping the pelvis horizontal during single-leg support.61,92 Without 
adequate hip abductor strength, the pelvis tilts down on the side of the swing leg.
Tilting of the pelvis can be avoided by pushing down through walking aids on the
swing side or leaning laterally over the standing (and affected) leg.92,102,107,135

There is no simple orthosis for the management of isolated paralysis of the hip
abductor muscles. Hip–knee–ankle–foot orthoses substitute for paralysis of the hip
abductor muscles; however, they are primarily prescribed for patients with extensive
bilateral lower limb paralysis (see p. 115).

Electrical stimulation

Over the last 20 years, attention has been directed at the use of lower limb electrical
stimulation to facilitate gait in people with complete or partial paralysis of the lower
limbs. Electrical stimulation is used either alone or in combination with
orthoses.6,8,9,34,83 Typically, key muscles, such as the quadriceps, hip extensors, dor-
siflexor or hamstring muscles are stimulated.6,8,35,67,82,136 Simpler systems which
solely stimulate the peroneal nerve to initiate mass flexion of the limb during swing
are also used.6,137–139 Alternatively, electrical stimulation is used to specifically target
foot-drop in patients with paralysis of the dorsiflexor muscles.140 Sometimes elec-
trical stimulation is solely used to help patients get from sit to stand.

Electrical stimulation can be applied cutaneously141,142 but with advanced tech-
nology the electrodes are being increasingly applied percutaneously (i.e. the elec-
trodes are surgically implanted and directly attached to either nerves or muscles; the
leads exit through the skin).143–145 More recently entire electrical stimulation sys-
tems have been implanted, although these systems have only been used in a small
number of patients.6,143,146

There are several technical limitations which make widespread use of electrical
stimulation difficult. One of the biggest problems of electrical stimulation for gait is
muscle fatigue. Fatigue occurs both because the paralysed muscles are deconditioned
and because stimulation preferentially activates fatigable motor units. Fatigue can 
be substantially reduced with training and with sophisticated programming of 
the stimulation parameters which incorporates cyclic switching between key pos-
tural muscles. However, fatigue remains a problem.137,147 There are also challenges
ensuring the gait systems can adjust and respond to different environmental cir-
cumstances142 and are sufficiently versatile to cope with everyday activities.13,136 For
these reasons gait driven by electrical stimulation is still primarily used for research
purposes.6,148
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CHAPTER

Training motor tasks

7
CHAPTER

Often patients with spinal cord injury are unable to perform motor tasks because
they lack skill. That is, they do not know how to move optimally with their newly
acquired paralysis. For example, rolling in bed is initially difficult for a patient with
high-level paraplegia. An inability to roll is rarely due to lack of upper limb strength
or poor joint range of motion; more often it is due to an inability to swing the arms
rapidly across the body while lifting the head.1 The task is novel and must be learnt.
Some motor tasks are within themselves novel, such as performing a wheelstand.2,3

They also must be learnt.
The learning of novel motor tasks by patients with spinal cord injury is analogous

to an able-bodied person learning an unfamiliar sport such as tennis, golf or swim-
ming. The patient, like the sports person, is unable to roll in bed or perform a wheel-
stand because the task requires novel patterns of muscle activation. Physiotherapists
can help patients master novel motor tasks in much the same way as sports coaches
can help athletes learn new sporting skills.

Motor control and motor learning

The importance of training motor tasks for patients with neurological disabilities was
first advocated by Carr and Shepherd as part of their ‘Motor Relearning Approach’,4–7

and later by Shumway-Cook and Woollacott in their ‘Task-Oriented Approach’ (also
called the ‘Systems Approach’).8 These approaches are based on theories about motor
control and motor learning and primarily developed for the physical rehabilitation of
patients with stroke and brain impairments.5–7,9–14

The mechanisms underlying motor control and the acquisition of motor tasks are
complex and not fully understood. A range of paradigms, each with their own the-
ories, have been used to explain motor control and motor learning.6,8,15–18 Two key
theories which have influenced neurological physiotherapy are Bernstein’s ‘motor
schema theory’19 and Fitts and Posner’s three key stages of motor learning.20 These the-
ories have primarily evolved from research with able-bodied individuals and athletes,
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but arguably are equally applicable to patients with spinal cord injury. They are
important because they help explain how patients with spinal cord injury learn
motor tasks and how physiotherapists can best facilitate the learning process.

The ‘motor schema theory’ is based on the premise that control strategies are matched
to the specific context of motor tasks. There are an infinite number of contexts for the
performance of motor tasks, so it is not possible to learn separate motor strategies for
all the possible contexts. Instead, it is proposed that motor tasks are largely controlled
by motor schemas.16–18 Motor schemas provide a background programme or code
which dictates the timing, order and force of muscle contractions. They are like basic
building blocks which dictate the general rules for movement. Once motor schemas
are set down, motor tasks can be performed with a certain degree of automaticity.21

This enables people to perform motor tasks while concentrating on other mental or
physical activities. It also explains the skilled performer’s ability to perform a motor
task very rapidly when there is little time to rely on feedback mechanisms. Motor
schemas can be modulated to accommodate variations in speed or the precise way
motor tasks are performed. Patients with spinal cord injury are initially unable to per-
form novel motor tasks because they do not have the necessary motor schemas. New
motor schemas are required to code how, when and in what way non-paralysed mus-
cles need to contract for purposeful movement.

Fitts and Posner20 proposed that motor tasks are learnt in three key stages. These are:
1. Cognitive stage. During this time people attain a general understanding and

‘cognitive’ map of the overall motor task. People use trial and error to gain an
approximation of the motor sequencing. Attempts at movement are associated
with excessive effort and unnecessary muscle contractions. Visual feedback and
other sensory cues are particularly important during this stage.

2. Associative stage. Refinement of the motor task occurs at this point.
The movement is performed in a more consistent way and unnecessary
movements are progressively eliminated. People are increasingly attentive to
proprioceptive cues which refine how movements are performed

3. Autonomous stage. In this stage movement becomes more automated, requiring
less effort and concentration. There is little error and little unnecessary
associated movements. The skill can now be successfully performed in
varied environments and does not require ongoing practice to maintain
competency.

Principles of effective motor task training

The training of motor tasks in patients with spinal cord injury relies on physiother-
apists’ problem-solving skills and their understanding of how patients with different
patterns of paralysis move (see Chapters 3–6). Initially, physiotherapists need to iden-
tify the motor tasks which patients can hope to master (such as rolling, sitting unsup-
ported, moving from lying to sitting, transferring or walking; see Chapter 2). This is
formally done through the goal planning process. Patients are asked to perform these
tasks and their attempts at each motor task are then analysed. The aim of the analysis
is to identify which sub-tasks patients can and cannot perform, and determine the rea-
son why patients cannot perform specific sub-tasks. The reason for failure to perform
a sub-task needs to be expressed in terms of one or more impairments (usually lack of
skill, strength, joint mobility or fitness). When lack of skill is the primary impairment,
physiotherapists need to teach patients appropriate movement strategies. This chapter
focuses on how physiotherapists can train important motor tasks which need to be
learned by patients with spinal cord injury.
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The importance of practice
A key feature of learning motor tasks is intense, well structured and active practice
which is task- and context-specific.4–8 Task- and context-specific practice implies
practise of precisely the task which needs to be learned. For example, patients with
the potential to stand need to actively and intensely practise standing6 and patients
with the potential to transfer need to practise transferring.

The practice of motor tasks, such as walking or transferring, can be difficult for
patients who are at the early stages of rehabilitation and are unable to successfully
perform any aspect of the task. There are two solutions. One is to provide sufficient
manual assistance, supports or aids to make completion of the task possible. For
example, a patient with insufficient strength in the knee extensor muscles can practise
walking with overhead suspension, robotics, electrical stimulation or orthoses.
Alternatively, a physiotherapist can manually support the knee in extension during
stance. The second solution is to devise training drills which are ‘similar but simpler’.

The ‘similar but simpler’ approach
The ‘similar but simpler’ approach requires breaking complex motor tasks into sub-
tasks and practising each individually, if necessary in a simplified way.6 Sub-tasks are
progressively made more difficult as patients master them. Sub-tasks are then practised
in an appropriate sequence until the whole task is mastered.

For example, a patient with C6 tetraplegia may be unable to move from lying to
sitting because of an inability to bear and shift weight through the elbows in an awk-
ward side-lying position: an essential sub-task of moving from lying to sitting (see
Figure 7.1a). The patient may benefit from practising bearing and shifting weight in
the same awkward position but with the elbows supported on a higher adjacent bed
(see Figure 7.1b). Alternatively the patient may benefit from practising bearing and
shifting weight in a prone position (see Figure 7.1c). In both instances the patient
practises a motor task which is similar but simpler to the original sub-task. If
patients are in the very early days of rehabilitation and unable to do either of these
exercises, they might practise an even simpler variation, such as sitting in a wheel-
chair leaning through elbows placed on high adjacent beds (see Figure 7.2b). The

(a)

Figure 7.1 A patient with
C6 tetraplegia unable to
move from lying to sitting (a)
may benefit from practising
a ‘similar but simpler’ task,
as seen in (b) or (c).
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height of the bed can be adjusted to increase difficulty. These exercises are directed at
improving patients’ ability to bear weight through the elbows because this is an
essential sub-task of moving from lying to sitting.

If the same patient was unable to transfer due to an inability to lift and shift
weight forwards and laterally (see Figure 7.2a), therapy would consist of simplified
drills and exercises to address this specific sub-task of transferring. For instance, the
patient could practise lifting through fully extended elbows while sitting on a plinth.
Small blocks could be placed under the hands if this made the task easier for the

(b)

(c)

Figure 7.1 Continued
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(a)

Figure 7.2 A patient with
C6 tetraplegia unable to
transfer between a
wheelchair and bed (a) may
benefit from practising a
‘similar but simpler’ task, as
seen in (b) and (c).

(b)
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(c)

Figure 7.2 Continued

patient (see Figure 7.6). A slippery board or sheet could be placed under the legs to
promote a forward slide. The patient could practise with the knees extended to min-
imize the likelihood of a backwards fall but then progress to lifting with the knees
flexed (i.e. sitting over the edge of the plinth). Initially the patient may require trunk
support but with progress this can be withdrawn. Some patients may be unable to
do any of these exercises, and instead may benefit from practising something as sim-
ple as lifting body weight through flexed elbows while either sitting in a wheelchair
(see Figure 7.2b) or sitting on a plinth (see Figure 7.2c).

A similar process is followed for patients with more advanced skills. For instance,
a patient with thoracic paraplegia unable to perform difficult transfers in community
settings might benefit from practising a similar but easier transfer between two physio-
therapy plinths (see Figure 7.3). The transfer training concentrates on the particular
sub-task which the patient is having difficulty with.

The principles are the same for training other motor tasks such as gait, moving
from sitting to standing, or upper limb function for patients with different types of
spinal cord injuries. For instance, a patient learning to walk with a reciprocating gait
orthosis who is unable to swing the leg may benefit from practising the swing motion
while standing one-legged on a block with the swing leg free to move. A patient learn-
ing to get from sitting to standing may benefit from initially learning to stand from a
higher chair. Training of tenodesis grip might start with lifting and holding large light
objects, and then progress to lifting and manipulating small heavy objects.

Regardless of what task is being trained, physiotherapists need to work backwards
from the functional goal. Physiotherapists must identify the sub-tasks which patients are
unable to perform and then devise similar but simpler ways of practising these sub-tasks.

Experienced physiotherapists have a large repertoire of appropriate drills and
exercises for all the sub-tasks comprising the various motor tasks patients need to
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learn. They draw on this repertoire to provide patients with varied, interesting and
effective training programmes appropriate for patients’ stages of learning and rehabili-
tation. Examples of ways to simplify sub-tasks for training can be found throughout
the tables in Chapter 3. Readers are also directed to a website developed by the
author and her colleagues: www.physiotherapyexercises.com. This website describes
hundreds of ways to simplify motor tasks. Alternatively, with a little imagination,
physiotherapists can devise their own unique training drills.

Progression
Training needs to be appropriately progressed. This is achieved by articulating goals for
each therapy session (see Chapter 2). The goals may be for very modest increments in
performance, but nonetheless must be clearly defined. As soon as a goal is consistently
attained, a new goal is set. The new goal may be to perform the same task in a slightly
different situation, at a slightly faster pace, or while performing concurrent tasks.21,22

Concurrent tasks might be physical or cognitive. For instance, gait training could
progress to walking while carrying shopping bags or reciting numbers.21 Initially, the
patient might practise in the fairly constrained and close environment of the physio-
therapy gymnasium then progress to practising in a more complex and changing 
community environment with its inherent distractions. Goals should be written and
their achievement recorded.

Practice outside formal therapy sessions
Complex motor tasks cannot be learnt without repetitious practice.6,23,24 Surprisingly,
however, only two randomized controlled trials have looked at the effectiveness of

Figure 7.3 A patient with
thoracic paraplegia having
difficulty with horizontal
transfers may benefit from
practising this sub-task in a
simplified way.
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practice and training in people with spinal cord injury. Both studies looked at the
effectiveness of a wheelchair skills training programme, and demonstrated the effect-
iveness of structured and repetitious practice for the acquisition of wheelchair
skills.25,26

Practice needs to be performed during therapy sessions but also, wherever pos-
sible, practice should be performed in patients’ own time. Practice out of therapy time
should be structured with the same care as practice in therapy time. Importantly, prac-
tice outside formal therapy needs to be monitored. For example, an ambulating
patient who is asked to practise stepping outside therapy should be required to record
either the number of steps or the time spent on this activity. Commercially available
step counters can be used for this purpose. Physiotherapists need to review written
records of practice, and provide feedback on the quantity and quality of practice to
reinforce the belief that practice is important. Personalized exercise booklets provide
an excellent way of structuring and monitoring practice, both within and outside formal
therapy sessions (see Figure 7.4). The website at www.physiotherapyexercises.com
can be used to generate professional looking customized exercise booklets.

One of the biggest challenges in designing effective training programmes is
ensuring they maintain interest and motivation. This can be achieved by providing a
variety of exercises, setting clear and attainable goals, and progressing task difficulty
as performance improves. A particularly useful strategy for maximizing interest and
motivation is to provide group sessions in which patients of similar ability practise
together.11 This also serves to reduce demands on physiotherapists’ time.

Other members of the rehabilitation team can encourage and promote practice
outside formal therapy sessions. For instance, patients capable of transferring into
bed can practise this transfer with nursing staff when getting in and out of bed each
day. Patients capable of walking can walk to the bathroom and dining room as part

Mon Tue Wed Thu Fri

Mon Tue Wed Thu Fri

Mon Tue Wed Thu Fri

Mon Tue Wed Thu Fri

Exercise booklet
for

(Client name)

Compiled by:
(Therapist’s name)

Date:

Figure 7.4 A training
booklet to encourage 
and monitor practice.
Booklets like this can be
compiled using freely
available software at www.
physiotherapyexercises.com.
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of their daily routines. Such reinforcement of practice outside formal therapy ses-
sions relies on good team communication, an effective goal planning process and an
appreciation by all team members of the importance of a coordinated and consistent
approach to rehabilitation. It also depends on good staffing levels and staff who are
well trained in appropriate manual handling skills to ensure their own as well as
their patients’ safety.

Effective training methods
Motor learning can be enhanced by effective use of instructions, demonstrations and
feedback.

Instructions
Instructions need to be tailored to the stage of learning and the patients’ cognitive
abilities. During the early stages of learning, instructions need to be general and tar-
geted at the overall goal. For example, instructions appropriate for a patient’s initial
attempts at transferring might outline the overall purpose of the task and one or two
key strategies to prevent skin damage and injury (see Chapter 3). As some overall
ability to transfer is developed, instructions can become more specific. Instructions
might include suggestions for positioning of the hands or for timing of the lift.
Instructions need to be articulated according to patients’ education and understand-
ing of the task. Some will benefit from understanding the intricacies of movement
and being cued to increase their awareness of internal feedback systems. For example,
they might find it helpful to think about the position of the head in relation to the
hips, or the amount of shoulder depression and trunk forward lean associated with
a successful transfer. Others will be better served by the provision of external cues
based on vision. For example, they might look down between their legs to ensure
they have moved far enough forward in the wheelchair prior to transferring. (If 
the patient has moved far enough forward they should not be able to see the seat
between their thighs.)

Demonstration
A demonstration of the task can provide patients with a clear idea of what they are try-
ing to achieve. Sometimes the demonstration can be performed by the physiotherapist.
Alternatively, video footage may be helpful, especially footage showing skilled per-
formers’ early attempts at movement, and their improvements over time. As patients
develop competency they may benefit from viewing video footage played in slow
motion. They can be cued to look at specific aspects of the movement. Patients may also
benefit from seeing footage of motor tasks performed in slightly different ways. This,
with appropriate guidance from a physiotherapist, may prompt them to experiment
with different movement strategies. Video footage of people with spinal cord injury per-
forming a range of motor tasks can be found at www.physiotherapyexercises.com.
Physiotherapists may find it useful to compile their own video libraries for demonstra-
tion purposes.

Feedback
If practice is to be effective, the learner must receive feedback. Feedback may com-
prise details about the success of task performance (knowledge of results) or details
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about how well the movement is performed (knowledge of performance).7 Often
knowledge of results is readily available: patients will know whether they have or
have not succeeded in their overall attempts at task performance provided it is clear
to them what constitutes success and failure. For example, the success of transferring
may be evident from the ability to get from a chair to a bed. However, knowledge of
performance may be less readily available: when the task is not performed success-
fully patients might not know why they failed. Knowledge of performance helps
patients develop strategies to correct errors and improve subsequent attempts at task
performance. Patients learn to move by making and then correcting errors.7

The role of the physiotherapist is to provide both knowledge of results and know-
ledge of performance. The feedback needs to be well timed, accurate and in appropriate
detail for the stage of learning. It can be provided in various ways, including with the
use of video footage, mirrors, electromyography,27–29 scales and positional feedback dis-
plays,30,31 but most commonly it is provided in the form of verbal feedback from the
physiotherapist.

Initially, verbal feedback needs to be directed at ensuring patients have knowledge
of results. That is, awareness of when attempts at movement are and are not successful.
With progress, feedback can become more specific. Feedback can be directed at
knowledge of performance and, specifically, at the critical aspects of the movement
which need to change.7 However, feedback which is too detailed merely serves to
confuse patients. Novice learners of motor tasks have difficulties concentrating on
more than one aspect of performance at a time. For this reason physiotherapists
need to determine the key problem and restrict feedback to this issue. Invariably this
means ignoring other less critical problems for a later stage. Feedback needs to be
provided soon after attempts at movement and followed up with immediate prac-
tice. Patients should be encouraged to reflect on why attempts at movement either
succeeded or failed.

It is important to distinguish between verbal feedback aimed at improving perform-
ance and verbal encouragement aimed at motivating patients to persist with prac-
tice. Clearly, verbal encouragement is important and patients should be supported in
their efforts. However, encouragement should not be confused with feedback. If the
performance was not good, then patients should not be misled by praise for effort.
Patients quickly learn to ignore repeated, effusive praise which becomes meaningless
and does little to improve performance. On the other hand, constant criticism based
on unrealistic expectations will undermine motivation.32 An appropriate balance
between the two extremes can be more easily achieved by setting realistic goals for
each treatment session. Goals should be challenging yet achievable. During the early
stages of learning, when successful task performance may be very difficult, goals can
be set in terms of frequencies. For example, an appropriate goal for the early stage of
learning might be to perform 10% of all attempts correctly. Alternatively, a goal may
be to perform one small aspect of the whole task in a particular way.

Feedback can be provided with video footage. In this way, patients can view their
own attempts at movement. Alternatively, more simple ways of providing feedback
can be used. For example, a patient with C6 tetraplegia who is learning to shift and
bear weight through one shoulder while prone can be given feedback by reaching for
an object with one hand (see Figure 7.5). Instant feedback about ability to shift
weight is provided by success in reaching for the object. For patients unable to lift
their body weight in sitting, feedback can be provided with scales or an inflated
blood pressure cuff under the hands (see Figure 7.6). Alternatively, a biofeedback
device which generates noise or light with weight can be used. In all scenarios the
patient receives instant feedback about the ability to shift body weight.

Electrical stimulation can also be used as a means of providing feedback and helping
patients to learn appropriate muscle recruitment patterns.33–36 The stimulation of spe-
cific muscles at the appropriate phase of movement provides feedback and additional
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cues for successful performance. For instance, stimulation of the dorsiflexor muscles
during swing can help a patient learn to recruit these muscles actively during this
phase of gait. Similarly, electromyographic biofeedback can be used to encourage
appropriate activation of muscles.28 Alternatively, specific devices which provide

Figure 7.5 A patient with
C6 tetraplegia learning to
shift and bear weight
through one shoulder while
prone will receive instant
feedback about success by
attempting to reach for a
target. Bathroom scales 
or a blood pressure cuff
positioned under the
weight-bearing arm can 
also be used to provide
immediate feedback.

Figure 7.6 A pair of
bathroom scales placed
under the hands can
provide feedback about
success of lifting.
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auditory feedback about the position of joints can be used.31 In all scenarios, the
patient receives some type of feedback to improve the ability to appropriately recruit
muscles for purposeful movement.

Balance
Effective movement requires the body’s centre of mass to remain over the base of
support. This is achieved by activating specific muscles at the right time, both before
and during task performance. The postural adjustments required during particular
motor tasks are specific to that task.6,7,37 Appropriate postural adjustments prevent
falling. When a task is performed without falling we say the patient is balanced.

Balance is a particular problem for patients with spinal cord injury because paraly-
sis can render the usual postural adjustments impossible. Patients with spinal cord
injury need to learn to make new postural adjustments to prevent falling while per-
forming everyday motor tasks. Much of the training of motor tasks involves learning
appropriate postural adjustments to perform motor tasks without falling.

The use of the term ‘balance’ is, however, problematic because it implies that bal-
ance is a discrete motor task. Yet it is not possible to separate balance from the suc-
cessful performance of motor tasks. They are one and the same thing.6,7,37 This has
important implications for training. It suggests that balance should not be taught
out of context of functional motor tasks. For example, if a patient with thoracic para-
plegia has difficulty staying upright when repositioning the hands during a transfer
manoeuvre then the patient needs to practise staying upright while transferring (see
Figure 7.7). There may be little value in practising ‘sitting balance’ outside of the

Figure 7.7 A patient with
T4 paraplegia having
difficulty maintaining an
upright position while
repositioning the hands
during transfers may benefit
from practising repositioning
the hands in a ‘similar but
simpler’ task while sitting on
the edge of a plinth.
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context of transfers, for example by catching and throwing a ball in sitting. Throwing
and catching a ball may require quite different postural adjustments to those required
while transferring.

Treadmill training with body weight support. A way of
providing intensive practice

It is difficult to provide task- and context-specific practice of stepping and walking
for patients with the potential to walk but with extensive lower limb weakness.
Ideally, practice needs to involve stepping and walking in an upright and weight-
bearing position. However, this may be difficult for patients with significant lower
limb paralysis because often they require extensive physical assistance to remain
upright and move their legs. Providing this assistance can be strenuous for physio-
therapists and can cause injury to patients and therapists.

One relatively simple way to reduce the effort and risk of practice is to use orthoses
or walking aids. For example, if a patient with an incomplete lesion is having diffi-
culty walking because of knee collapse during stance, a knee extension orthosis can be
used (see Chapter 6). However, walking with an orthosis does not require the use of
the same muscles as walking without an orthosis. It would therefore be better if
patients could practise without an orthosis in a way which does not depend on exces-
sive manual assistance from physiotherapists.

Overhead suspension with partial body weight support can be used to avoid
orthoses and provide a more normal walking pattern without the need for physio-
therapists to physically hold patients upright. It provides a way of enabling very dis-
abled patients to engage in intensive gait practice using a relatively normal walking
pattern.38,39 Electrical stimulation40 and robotics41,42 can be used to drive the legs.
Alternatively, there are gait training devices incorporating motor-driven footplates
which move the legs backwards and forwards on the spot in standing.43–46 The rela-
tive effectiveness of these different interventions is unclear, although presumably
interventions which closely mimic gait and encourage active recruitment of muscles
are more likely to have lasting therapeutic effects than interventions which do not.

Walking with partial body weight support can be done overground or on a tread-
mill (see Figure 7.8).47–51 Overground walking is achieved with a mobile suspension
system which moves as the patient walks. These systems generally provide less sta-
bility because the entire apparatus moves with the patient in any direction. Some
patients will be unable to walk in a straight line with overground suspension unless
a physiotherapist guides the apparatus. In contrast, the treadmill suspension system
is fixed in place over the belt of the treadmill so there is usually no need to control
the direction in which the patient walks. The speed and incline of the treadmill can
be changed to accommodate a patient’s skill level.

There are advantages and disadvantages of treadmill and overground walking but
one clear difference is the opportunity for practice. Treadmill walking reduces reliance
of more independent walkers on physiotherapists, thus increasing the opportunity
for practice.52 It also provides a means of encouraging patients to walk faster and with
a more appropriate inter-limb coordination.53 Some argue that treadmill walking
helps ensure that patients fully extend the hips at the end of stance,48 although oth-
ers argue that the hip extension provided by the treadmill is passive and does not
encourage active recruitment of the hip extensor muscles.54

Treadmill walking may have an additional and important benefit over other types
of gait training devices. Accumulating evidence indicates that some sensory aspect
associated with stepping on a treadmill triggers a spinal cord-mediated stepping
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Figure 7.8 A patient with
incomplete tetraplegia
walking on a treadmill with
overhead suspension and
manual assistance from a
physiotherapist.

response54–57 and that this response is trainable.39,58–63 Some believe that tread-
mill walking can improve neurological recovery in people with spinal cord
injury.47,48,54,59,61,63–65

There is little doubt that, in animals, stepping is orchestrated within the spinal
cord. The spinal cord networks which control stepping have been referred to as cen-
tral pattern generators. As early as 1906, Sherrington was able to elicit coordinated
rhythmic movements in the hind limbs of animals with complete transections of the
spinal cord.66 Since this time, similar types of cyclical motor response, such as scratch-
ing and paw shaking, have been demonstrated in animals with transections of the
spinal cord.67,68 Central pattern generators for walking have also been demonstrated
in infants and people with spinal cord injury.56,57 Technically, these cannot be called
reflexes as they are too complex and involve rhythmic and reciprocal activation of
many muscles. However, in other respects, they are similar to reflexes because once
triggered they can be generated without input from higher centres. Central pattern
generators provide spinal cord integrated coding for certain complex but repetitive
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motor behaviours. This coding is normally modulated by input from higher centres
and sensory feedback from muscle and cutaneous receptors.57

In animals, central pattern generators can be trained with treadmill walking.
Studies of cats have shown that they can regain the ability to step independently with
their hind limbs on a treadmill even if the spinal cord is completely transected.69 The
ability to step is, however, only regained after intensive stepping on a treadmill, ini-
tially with body weight support and maximal assistance but ultimately without support
or assistance. It is believed that some aspect of cyclic walking provides a sufficiently
strong sensory stimulus to the spinal cord to stimulate neural rearrangement within
the spared spinal networks. This enables the cat to ultimately step independently
with the hind limbs on the treadmill, even though there is no input from higher
centres. These findings in animals underpin the current intense interest in the potential
therapeutic role of gait training with treadmills in people with spinal cord injury.69–71

Perhaps the same neural adaptations demonstrated in cats in response to cyclic
walking on a treadmill can also be triggered in people with spinal cord injury. At this
stage, attention has primarily been directed at using treadmill training for people
with incomplete lesions and some potential to walk, not for people with complete
spinal cord injury.

Single case studies and uncontrolled clinical trials in people with incomplete
spinal cord injury provide some evidence of physiological benefits of intense treadmill
walking with overhead suspension.48,54,72–82 However, the results of these studies need
to be interpreted with caution, both because they lack the rigorous control of ran-
domized trials and because it is not clear what mechanisms cause the observed out-
comes.83 These studies do not necessarily indicate that central pattern generators have
been trained39,58,61 because it is possible that treadmill training has a peripheral
strengthening effect on already innervated muscle fibres.84 The benefits of treadmill
walking on neural growth and regeneration of the damaged spinal cord are yet to be
demonstrated.58

Studies of the physiological effects of treadmill training are interesting but they do
not tell us whether the intervention is of clinical benefit. Proof of clinical benefit
requires rigorously designed clinical trials to tell us if treadmill training improves the
ability of people with spinal cord injury to walk more than simpler methods of gait
training. One large randomized controlled trial involving 146 patients with recent
but incomplete spinal cord injury compared treadmill training with conventional
gait training methods. Conventional gait training consisted of standing and stepping
practice with orthoses, aids, manual assistance and, if necessary, parallel bars.60

Importantly, all patients in both groups received the same overall time on gait-related
activities. Treadmill training did not produce consistently better outcomes than con-
ventional training. These results are in keeping with a Cochrane systematic review
which summarized the results of randomized controlled trials in people following
stroke.85 Similar conclusions have been drawn by others.86,87 These results imply
there is nothing therapeutically unique about treadmill gait training.88 Treadmill
training is probably no more or less effective than other ways of providing intensive
task- and context-specific practice to patients with the potential to walk.39,83
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CHAPTER

Strength training

8
CHAPTER

Poor strength is the first impairment which comes to mind when people think of spinal
cord injury. This reflects the importance of strength for mobility and independence.

In people with spinal cord injury, the performance of motor tasks can be limited
by the strength of completely paralysed, partially paralysed or non-paralysed muscles. For
example, a patient with thoracic paraplegia may be unable to transfer from floor to
wheelchair because of complete paralysis of the lower limbs and poor strength in the
upper limbs (see Figure 8.1). The obvious impairment in this case is paralysis of the
lower limbs. However, paradoxically paralysis of lower limb muscles is of little
immediate interest to physiotherapists because strengthening programmes cannot
induce neurological repair following complete spinal cord injury. Instead, physio-
therapists are primarily interested in the strength of the neurally intact upper limb
muscles, notably the triceps and latissimus dorsi muscles. These upper limb muscles
are not directly affected by spinal cord injury nor are they necessarily any weaker
than the upper limb muscles of most able-bodied individuals. However, ‘normal’
upper limb strength is typically not sufficient to lift the entire body weight off the
floor. To master this motor task, patients need to develop strength over and above
that typically required by able-bodied individuals. Upper limb strength may be an
even greater problem in patients who are deconditioned from extended periods of
prior bedrest or who are overweight. The appropriate intervention is a strengthening
programme which specifically targets the ability of the triceps and latissimus dorsi
muscles to generate force.

Often the performance of motor tasks is limited by strength of partially paralysed
muscles.1 For example, a patient with C6 tetraplegia may have partial paralysis of the
pectoralis muscles due to damage of some, but not all, motor neurons innervating
the pectoralis muscles. Weakness of the pectoralis muscles may limit shoulder hori-
zontal adduction and hence prevent rolling in bed (see Chapter 3). Likewise, a
patient with incomplete paraplegia may have partial paralysis of the tibialis anterior
muscles, and therefore may be unable to hold the ankle dorsiflexed during the swing
phase of gait. In these examples, the appropriate intervention is a strengthening pro-
gramme for the partially paralysed muscles.
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The performance of motor tasks can also be limited by muscle power. Power refers
to the amount of work done over a specified period of time.2 For example, lifting a
set weight rapidly requires more muscle power than lifting the same weight slowly.
Muscle power is important for motor tasks which need to be done at high speed. In
the able-bodied population, the vertical jump is commonly provided as a good
example of a task requiring high levels of lower limb power.3 There are comparable
tasks for patients with spinal cord injury where large forces need to be generated at
high speeds.2 For instance, pushing a manual wheelchair up a slope or jumping up
steps with bilateral knee–ankle–foot orthoses requires upper limb power.

Motor tasks can also be limited by muscle endurance. Muscle endurance refers to the
ability of muscles to generate force over extended periods of time. For example, a
patient with incomplete paraplegia may have sufficient lower limb strength to walk
about the physiotherapy gymnasium but insufficient muscle endurance to walk about
a shopping centre.

Small changes in strength, power and endurance can have important implications
for the ability to perform motor tasks, particularly in patients with tetraplegia. For
example, a small increase in the strength of the shoulder flexor muscles of a patient
with C5 tetraplegia can make the difference between attaining and not attaining inde-
pendence with feeding (see Chapter 5, Figure 5.3). A subtle increase in wrist extensor
strength of a patient with C6 tetraplegia can make the difference between useful and
very limited hand function.4 Similarly, small changes in lower limb strength can have
implications even for very weak patients unable to walk. The ability to move the legs
even slightly can make it easier to transfer.

The broad aims and approaches to physiotherapy are similar regardless of whether
the problem is one of strength, power or endurance and regardless of whether the prob-
lem is with partially paralysed or non-paralysed muscles. In all cases, the focus of train-
ing is driven by an analysis of task performance (see Chapter 2). This determines which
muscles are targeted and how training is best structured.

Figure 8.1 Transfer from
floor to wheelchair for 
a patient with thoracic
paraplegia. Patients are
often unable to perform this
task because of insufficient
strength in the triceps and
latissimus dorsi muscles.
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Assessment of strength

Strength can be measured in several ways. Some methods are quick and easy while
others are more time-consuming and require elaborate equipment. All reflect the
ability of muscles to maximally generate force and all have differing levels of relia-
bility, sensitivity and validity. Brief discussions of the most common ways to assess
strength are provided below. The appropriate type of assessment depends on the
purpose of the assessment as well as the strength and mobility of the patient.

Manual muscle test
Manual muscle tests have traditionally been used by physiotherapists to measure
strength of patients with spinal cord injury. There are numerous variations in the way
manual muscles tests are performed.5 One type of manual muscle test rates strength of
individual muscles (e.g. the brachioradialis and brachialis)6 and another rates strength
of muscle groups (e.g. the elbow flexor muscles).7 Strength is usually assessed on either
a six-point8 or 11-point scoring system, although there are variations on these systems.6

For example, the original six-point scoring system is sometimes used with transitional
grades (‘plus’ and ‘minus’ grades). Some physiotherapists replace the numeric scales
with descriptors such as ‘trace’, ‘poor’, ‘fair’, ‘good’ and ‘normal’ (see Table 8.1). To add
further confusion, sometimes grade 4/5 and 5/5 strength is tested with resistance
applied as patients move through full range of motion,8 and at other times these higher
grades are tested with resistance applied during an isometric contraction.6 A range of
testing positions are used, and these are documented in several classic texts which
describe manual muscle test protocols.8,9 The manual muscle test used as part of the
ASIA assessment is yet another variation. The ASIA assessment uses the six-point scale
but all testing is conducted with the patient in the supine position.10 In the ASIA assess-
ment only 10 muscles representing the C5 to T1 and L2 to S1 myotomes are tested
(see Chapter 1 for details).

The results of manual muscle tests correlate broadly with more objective meas-
ures of strength.11,12 For example, patients with grade 4/5 strength attain higher
dynamometric measures of isometric strength than patients with grade 3/5 strength.
However, this conceals an important limitation of manual muscle tests identified
over 50 years ago,13 namely their poor sensitivity. This is particularly apparent with
grade 4/5 and 5/5 strength.4,14–20 Grades 4/5 and 5/5 encompass a much wider
range of strengths than that encompassed by grades 0/5 to 3/5. Consequently, two
patients with grade 4/5 strength can have clinically important differences in strength.
As a result, manual muscle tests are of limited use for testing strength of stronger
patients.17 Manual muscle tests also have limited use in patients with marked spas-
ticity.19 It is often difficult to distinguish between voluntary strength and spasticity,
especially if spasticity is elicited with attempts at movement during testing.

Despite some of the inherent problems of manual muscle tests, they are still 
useful for broadly identifying neurological weakness and detecting marked neuro-
logical deterioration or improvement. This is particularly important for acutely-
injured patients when it is important to monitor the effects of interventions such as
surgical decompressions. Manual muscle tests are also useful because the results are
readily interpretable by all, including patients.

The frequency with which manual muscle tests are performed is often determined
by hospital protocols. Muscle tests may need to be done daily, or sometimes even sev-
eral times a day if a patient’s neurological status is rapidly changing. However, once
neurological status has stabilized manual muscle tests can be done less frequently.
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For example, after the acute phase, it may be appropriate to perform manual muscle
tests every 3–4 weeks and thereafter every 3–4 months. Once patients have been dis-
charged from rehabilitation, manual muscle tests are performed less frequently and
primarily used to monitor neurological status and detect neurological complications
such as syringomyelia.21 Syringomyelia can occur many years after injury and lead to
loss of strength, typically in the myotomes immediately above the level of the injury.

One repetition maximum
Strength can by assessed by determining the ‘one repetition maximum’ (1 RM).22,23

This test is appropriate for muscle groups with grade 4/5 and 5/5 strength. One 
repetition maximum refers to the maximum weight a patient can lift through an

TABLE 8.1 Different ways of scoring results of manual muscle test

Descriptive 6-point 11-point Definition
scoring scoring scoring
system system system

Normal N 5 10 Full available ROM, against gravity, strong manual 
resistance

Good plus G� 4� 9 Full available ROM, against gravity, nearly strong 
manual resistance

Good G 4 8 Full available ROM, against gravity, moderate manual 
resistance

Good minus G� 4� 7 Full available ROM, against gravity, nearly moderate 
manual resistance

Fair plus F� 3� 6 Full available ROM, against gravity, slight manual 
resistance

Fair F 3 5 Full available ROM, against gravity, no resistance

Fair minus F� 3� 4 At least 50% ROM, against gravity, no resistance

Poor plus P� 2� 3 Full available ROM, gravity eliminated, slight 
manual resistance

Poor P 2 2 Full available ROM, gravity eliminated, no resistance

Poor minus P� 2� 1 At least 50% ROM, gravity eliminated, no resistance

Trace plus T� 1� Minimal observable motion (less than 50% ROM), 
gravity minimized, no resistance

Trace T 1 T No observable motion, palpable muscle contraction, 
no resistance

Zero 0 0 0 No observable or palpable muscle contraction

From White DJ: Musculoskeletal assessment. In O’Sullivan SB, Schmitz TJ (eds): Physical Rehabilitation: Assessment and
Treatment, 5th edition. Philadelphia, FA Davis, 2007, Table 6.6, p. 181, with permission.



entire range of motion against gravity. The physiotherapist initially estimates a weight
which the patient will only just be able to lift. The patient attempts to lift that weight.
If the weight can be lifted two or more times it is less than the true 1 RM. If it cannot
be lifted at all with a maximum effort it is greater than the 1 RM. Testing involves
adjusting the weight until it can be lifted but not more than once. This weight is the
1 RM. It is important that patients receive sufficient rest between each attempt to
avoid fatigue.23,24 Testing the 1 RM of multiple muscles can be time-consuming and
may need to be done over two or more occasions.

To determine the 1 RM of most upper and lower limb muscles, the weight is secured
to the wrist or ankle, commonly with wrap-around velcro weights (see Figure 8.2a).
For the upper limbs, a dumbbell can be held in the hand if patients have sufficient grasp
(see Figure 8.2b). Alternatively, a weight and pulley system can be used (see Figure 8.2c).
When using a weight and pulley system to assess 1 RM it is important to ensure the
line of pull is reproducible on subsequent tests; this is best done by ensuring that the
line of pull is perpendicular to the limb when halfway through range of motion. The
weight a patient can lift using a weight and pulley system does not correspond with
the weight a patient can lift using a dumbbell because the same weight generates a
different torque when lifted in the two ways.

A ‘modified’ 1 RM can be used to measure strength in muscles with grade 3/5 or
less strength. Instead of lifting a weight against gravity, the patient moves a weight
horizontally. The limb is supported using slideboards or overhead suspension (see
Figure 8.6). Alternatively, devices can be used which counteract the weight of limbs,
enabling very weak patients to move in anti-gravity positions (see Figure 8.7).

Hand-held myometers
Strength can also be measured with hand-held myometers. Myometers are small
portable devices used to test isometric strength (see Figure 8.3).4,14,15,25,26 There are
mechanical and electronic versions. All provide measures of force, not torque.
Reliability is dependent on replicating the position of the patient, the position of the
myometer and the angle at which the force is directed through the myometer.25–31

Myometers are more difficult to use in stronger patients because physiotherapists
cannot always provide adequate resistance and stabilization especially when testing
the larger lower limb muscles.16,30,32 Hand-held myometers are useful for testing
strength in patients confined to bed, although it is not always possible to test all 

(a)

Figure 8.2 Examples 
of ways to test and train
strength for the hamstring
muscles using a velcro wrap-
around sandbag weight (a),
the shoulder flexors using 
a dumbbell weight (b), the
shoulder adductor muscles
using weights and pulleys (c),
the shoulder abductor
muscles using equipment (d),
and the shoulder adductor
and elbow extensor muscles
using a high bed (e).
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(b)

(c)

Figure 8.2 Continued
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(d)

(e)

Figure 8.2 Continued
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muscles. For example, it is not possible to test the strength of the hip extensor mus-
cles in patients restricted to the supine position.

Isokinetic dynamometers
Isokinetic dynamometers measure torque during dynamic (concentric or eccentric)
contractions at a constant angular velocity.16,32,33 They are not commonly used in

Figure 8.3 Use of an
electronic hand-held
myometer to test isometric
strength of the elbow flexor
muscles.
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spinal cord injury units because the equipment is expensive, not easy to adjust when
testing many muscle groups, and not appropriate for patients with profound weak-
ness or patients restricted to bed.2,16

Neurally intact muscles

Most of what is known about strength training of neurally intact muscles comes
from studies in healthy able-bodied individuals. These studies indicate that training
typically increases strength by approximately 2% per week.34,35 Gains in strength are
greater during the early stages of training, especially in previously deconditioned
individuals. However, strength continues to improve over extended periods of time
if training is sustained. Males and females of all ages benefit in a similar way from
strength training.34,36,37

Training increases muscle fibre cross-sectional area and leads to muscle hyper-
trophy. These changes are well correlated with increases in strength. Training also
induces other morphological and histochemical changes. For example, it changes
the protein content of muscles, increases the density of capillaries and prompts fibre
type conversion.22,38–40 Improvements in strength with training may also be due to
better motor unit synchronization, firing and recruitment.41–51 Evidence to support
these types of neural adaptations come from studies demonstrating increases in
strength of untrained limbs in response to imagined training49 or training of con-
tralateral limbs.44–46,52 At least with short-term training it is thought that increases in
strength are not due primarily to muscle hypertrophy. Instead increases in strength
have been attributed to improvements in synchronization, firing and recruitment of
motor units.46 These neural adaptations may be due to changes within the spinal
and supraspinal sensorimotor networks.43,45,46,52

Progressive resistance training
Strength is best improved with progressive resistance training. The key aspects of
progressive resistance training are resistance, repetition and progression.53 The optimal
resistance is equivalent to an 8–12 repetition maximum (RM). This means that if
training involves lifting dead weights the weight needs to be adjusted so that after 8–12
lifts the patient cannot possibly lift the weight again.54,55 This weight is normally
equivalent to about 60–80% of a 1 RM.41,55,56 In a training session the patient should
repeatedly lift this weight 8–12 times. Typically, the patient would then rest for 1–3
minutes before repeating the process a second and third time. The whole process
should be repeated two to three times a week.41,57 As the patient gets stronger the
weight is increased (that is, training is ‘progressed’). The patient should not be able
to lift the weight more than 8–12 times.

These principles of progressive resistance training can be applied to most types of
strengthening programmes, regardless of whether the exercise involves lifting weights,
using isokinetic strengthening equipment, pulling on theraband22 or practising motor
tasks (see Figure 8.2).

There is considerable debate and research around subtle questions relating to
optimal protocols for progressive resistance training.22,53–55,58–61 For instance, while
most advocate multiple sets within a training session, one review argues that there is
now sufficient evidence to indicate that one set is equally effective.61 Some evidence
suggests that training with long rests between sets (3 minutes) is superior to training
with shorter rests (40 seconds), that eccentric strengthening is superior to concentric
strengthening41,62,63 and that varying the load between sessions is better than fixing
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the load.64,65 Similarly, there is some evidence that the speed at which the weight is
lifted may be important.53,60,66,67 These controversies have not yet been resolved, but
there remains broad agreement that regular, progressive high-resistance exercise is
needed to increase strength. Such programmes continue to be recommended by the
American College of Sports Medicine.57

Specificity of training
The effects of progressive resistance training are specific to the way training is per-
formed. That is, strength training will be most effective when it closely mimics the way
muscles are required to generate torque. This includes mimicking factors such as the
need for co-contraction, the position of the joint, the type (i.e. eccentric, concentric or
isometric) and speed of contraction.41,68 For this reason strength training for a particu-
lar functional task is best done as far as possible within the context of that specific
motor task. For instance, upper limb strength training aimed at increasing the ability
of patients with paraplegia to get from the floor into a wheelchair could involve lifting
upwards and backwards from a small stool positioned in front of the wheelchair or
lifting sideways between two stools (see Figure 8.4a,b). Weaker patients can practise
lifting their body weight in long-sitting, with or without externally applied resis-
tance.69 As the patient becomes stronger strength training can be performed during
practice of the whole task. That is, by moving between the floor and wheelchair.
Strengthening in this way helps ensure that training targets the right muscles and
involves muscle contractions at the speeds and muscle lengths required for the motor
task.41,68 For example, it strengthens muscles used for stabilization which might other-
wise be neglected in a training programme consisting solely of lifting weights.

It is important that training done within the context of motor tasks involves con-
tracting muscles against sufficient resistance to induce a training effect. For example,
if training involves lifting from blocks, the height of the blocks should be adjusted
so that the patient can perform between 8 and 12 repetitions of the lift but no more.
Sometimes it is difficult to adhere to these principles because patients are limited by
factors such as their ability to maintain an upright position. If it is not possible to
control training intensity within the context of motor tasks, strength training is
probably best done using strengthening equipment such as dead weights.

Training muscle power and endurance
Progressive resistance strength training has carry-over effects on muscle power and
endurance.40 All are closely related. However, to further target power, training needs
to involve speed with an emphasis on ‘explosive’ power rather than just generation
of high forces. To achieve speed, lighter loads are required (i.e. 30–60% 1 RM).
Power training can also be done within the context of motor tasks. For example, a
programme aimed at increasing upper limb power for wheelchair propulsion might
consist of pushing up inclines as quickly as possible with extra weight placed on the
wheelchair.2 Similarly a programme to improve a patient’s ability to lift themselves
upstairs with knee–ankle–foot orthoses might consist of repeated rapid shoulder
depression exercises in standing within the parallel bars (see Figure 8.5). Resistance
can be applied by attaching weights to the ankles. Alternatively, arm ergometers can
be used to train general upper limb power (see Chapter 12, Figure 12.1). For example,
patients can cycle against a fixed load as fast as possible in 30-second bouts.70

Progressive resistance training also has carry-over effects on endurance.22 However,
to further target endurance, training needs to place a sustained demand on muscles.
This requires low to moderate resistance with high repetitions (20 or more) and
minimal time for recovery between sets (less than 1 minute if doing 10–15 repetitions,
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(a)

(b)

Figure 8.4 Two different
ways of performing strength
training to improve the
ability to move between
floor and wheelchair: lifting
up backwards from a stool
positioned in front of the
wheelchair (a), and lifting
between two low stools (b).
It is important that the tasks
provide resistance
equivalent to 8–12 RM.
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and 1–3 minutes if doing 15–20 repetitions). The repetitions are done at high training
velocities (i.e. 180° per sec).22 In general, endurance exercise is likely to be most effect-
ive when the exercise closely resembles the task which is to be trained.

Effective strength, endurance and power training requires considerable exertion and
discomfort. It cannot be easily done by patients without supervision unless patients
have had prior strength training experience. The challenge for physiotherapists is to
motivate patients to exercise against sufficient resistance to optimize the training
effect. Patients are most likely to maintain motivation if training is varied and has an
enjoyable and social aspect. Strength training within group settings is particularly
useful for this purpose. Motivation is also improved by setting SMART goals and
ensuring progress is monitored and recorded (see Chapter 2).

Sometimes it may be necessary to compromise the quality of strength-training pro-
grammes to ensure adherence.54,71,72 Programmes with a few carefully selected exercises
which are continued will achieve a better outcome than more comprehensive and
demanding programmes which are abandoned. Patients may also reap some benefit if
they train less frequently than three times a week73 or with fewer than three sets,53,71 or
perhaps even if they train with lighter loads.41,53,58,71,74,75 However, the optimal strength-
ening programmes involve multiple sets of regular high-resistance exercise.

Strength training for partially paralysed muscles

While a lot is known about strength training for non-paralysed muscles, the same
cannot be said for training of partially paralysed muscles following spinal cord injury.

Figure 8.5 Muscle power
of the upper limbs can be
increased by practising
repeated lifts in quick
succession within parallel
bars. Weights can be
attached to the ankles to
add resistance.



Chapter 8: Strength training ■ SECTION 3 167

There are few clinical trials in this area,73,76–79 and few involving patients with other
neurological disabilities.18,80–94 Evidence about the carry-over effects of strength
training on mobility are as yet inconclusive.18,94,95

It is generally assumed that the most effective way to increase strength in partially
paralysed muscles is by adopting the same principles of progressive resistance train-
ing which are recommended for non-paralysed muscles. Exercises for muscles with
grade 2/5 strength are done in gravity-eliminated positions. The easiest way to do
this is to exercise in a horizontal plane. For example, the biceps muscles can be
trained in side-lying with slings to support the arm (see Figure 8.6a). From this posi-
tion patients flex the elbow horizontally through range. Similarly, patients with
grade 2/5 strength in their hamstring muscles can flex the knee while lying on their
sides with a slideboard between their legs (see Figure 8.6b). In these examples the
only resistance to movement is provided by the passive properties of the joints and
the friction of the slideboard. As soon as patients can move through range 8–12
times with gravity eliminated then patient position is changed and the limb is lifted
against gravity. The resistance can be gradually increased by progressively rotating the
plane of the movement away from the horizontal. Alternatively, it is possible to use
specifically designed devices which enable strength training for the very weak in anti-
gravity positions (see Figure 8.7). However, in practice it is difficult, with very weak
muscles, to set the resistance to an 8–12 RM training load. The closest possible
approximations need to be used.

Strength training for patients with partial paralysis can also be done within the
context of motor tasks. For example, patients with partial paralysis of the lower
limbs and difficulty standing can perform squats while standing on a sliding tilt

(a)

Figure 8.6 Strengthening
exercises for the elbow
flexor muscles using an
overhead cage and slings (a)
and for the knee flexor
muscles using a slideboard
(b) appropriate for patients
with grade 2/5 or less
strength.
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(b)

Figure 8.6 Continued

Figure 8.7 A simple wheel
device can be used to test
and train strength of the
wrist extensor muscles in
patients with less than grade
3/5 strength. Weights (B) are
hung from a wheel (A) to
apply a resistive torque.
A counterweight (C) is used
to eliminate the torque due
to the mass of the wrist and
hand device. These devices
are not commercially
available but can be readily
made at hospital-based
workshops.
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table (see Figure 8.8). Resistance can be changed by adjusting the tilt of the table or
adding weights to the sliding mechanism. In this way, most of the muscles respon-
sible for upright standing are trained at the one time.

Strength training for patients with flickers of movement
Strength training is more difficult in patients who are extremely weak (less than grade
2/5) with little or no ability to move through range. Assistive devices need to be used
to help patients move through range or strength training needs to be restricted to iso-
metric contractions. For these patients, EMG feedback can be used to provide patients
and physiotherapists with feedback and encouragement. Some commercially avail-
able EMG feedback devices can be used to structure training sessions with timed
phases of effort and relaxation. These devices can also be used to ensure patients con-
tract to a pre-selected minimum effort with auditory feedback about success.

Alternatively, there may be merit in encouraging patients to use mental practice
and motor imagery.96 The two are slightly different, involving systematic and repeated
cognitive practice or imagery of an activity without movement.96–99 The benefits for
people with spinal cord injury are speculative but there is strong evidence that
repeated and intense mental rehearsal improves task performance in high-level ath-
letes and possibly also in patients with various types of neurological disabil-
ities.96,99–102 Patients with profound weakness following spinal cord injury probably
adopt cognitive strategies without prompting in an attempt to encourage neurological
recovery. It is not clear whether this type of practice is of therapeutic benefit.

Figure 8.8 Strength
training for patients with
partial paralysis of the lower
limbs can be carried out
using sliding tilt tables.
Patients perform squats
with the tilt of the table
adjusted so they can 
only just perform 8–12
repetitions before requiring
a rest. The resistance can
be adjusted by varying the
tilt of the table or adding
weights to the sliding
mechanism.
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The use of electrical stimulation to increase voluntary strength
Electrical stimulation has long been advocated as a way of inducing hypertrophy in
paralysed muscles and increasing stimulated strength.103–105 Increasing ‘strength’ in
fully paralysed muscles may be beneficial if electrical stimulation can subsequently be
used for purposeful tasks. For example, electrical stimulation can be used to provide
crude hand function to patients with tetraplegia (see Chapter 5).106–110 Similarly, elec-
trical stimulation continues to be used to develop sophisticated ways of enabling 
people with full lower limb paralysis to walk111 and cycle.105 Electrical stimulation 
is sometimes used to induce hypertrophy and improve blood flow.105,112–114 Improved
blood flow, particularly in the gluteal area, may reduce the incidence of pressure
ulcers.115,116

Electrical stimulation is also used as a means of increasing voluntary strength of
partially paralysed muscles.117 Despite the widespread use of electrical stimulation for
this purpose, few clinical trials have been directed at ascertaining whether electrical
stimulation alone or in combination with any type of progressive resistance training
increases voluntary strength of partially paralysed muscles more than voluntary exer-
cise alone.117–120 A recent systematic review identified just three clinical trials in people
with spinal cord injury117–119 but none were of sufficient quality to guide clinical 
practice.121 A few clinical trials in people following stroke122–126 demonstrate small
increases in strength with electrical stimulation but it is unclear whether these results
can be extrapolated to people with spinal cord injury. In the absence of clear evidence,
and given the time-consuming nature of administering electrical stimulation, it is
probably prudent to concentrate therapeutic effort on voluntary strength training
interventions alone. If electrical stimulation is to be used, then it is probably best if it
is applied in conjunction with voluntary strength training and appropriate resistance
to ensure patients adhere to the principles of progressive resistance training.104,127

Avoiding injury and other complications

For a long time progressive resistance training was avoided in patients with neuro-
logically-induced weakness and concurrent spasticity. It was believed that perform-
ing exercises against resistance increased spasticity.128 This concern primarily arose
from the work of Bobath in the area of stroke rehabilitation.83,129 She believed
strengthening exercises reinforced abnormal ‘movement patterns’. While this issue
has not been specifically investigated in patients with spasticity following spinal
cord injury, there is evidence from patients with other types of neurological disabil-
ities to indicate that initial concerns about possible deleterious effects of progressive
resistance training on spasticity are probably unfounded.18,33,83,92,94,95

Strengthening programmes may need to be modified, at least initially, for frail
and elderly patients or patients with little prior exposure to physical activity and
exercise. It may be necessary to gradually increase the intensity of training to an opti-
mal level in order to provide a period of gradual adjustment and to avoid injuries.55

However, studies in untrained able-bodied individuals indicate that progressive
resistance training is not associated with a high incidence of injuries, so the gradual
exposure to high-resistance training may be unnecessarily conservative.36,37

A possible cause for concern arises when training muscles whose antagonists are
completely paralysed, as is a common scenario in the shoulder muscles of people
with tetraplegia (see Appendix). Some physiotherapists believe that extreme imbal-
ances in the strength of agonist and antagonist muscles predispose patients to injury.
If there are clear differences in strength of agonists and antagonists it is advisable to
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increase training intensity over a more prolonged period of time and to closely moni-
tor patients for the development of pain (see Chapter 10).

Training programmes that include unaccustomed eccentric contractions will usu-
ally induce muscle soreness in the first couple of weeks of training. Patients are more
likely to tolerate this soreness if they have been informed that this is a normal
response to strength training prior to commencement.

Strength training for general well-being

This chapter has considered how strength training can improve performance of motor
tasks. This is consistent with the problem-solving approach advocated throughout
this book. During the initial rehabilitation of patients with spinal cord injury it is
appropriate to concentrate on identifying the impairments preventing purposeful
movement. However, progressive resistance training may also have important bene-
fits for the sense of general well-being and quality of life, irrespective of any changes
in mobility or independence. Long-term progressive resistance training programmes
performed in group settings may be particularly beneficial. It has been shown that
9 months of a community-based progressive resistance training for people with
spinal cord injury reduced pain and increased quality of life, perceived health, and
satisfaction with physical function.73 The particularly interesting aspect of this study
was that the participants only trained twice a week. More generic evidence comes
from studies of strength-training programmes for other populations, including the
frail and elderly.84,130–133 Studies in these populations indicate that strengthening
programmes have beneficial effects on mood, pain and life satisfaction. There is no
reason to believe that people with spinal cord injury would not attain similar benefits.
It is on this basis that strengthening programmes for community patients with
spinal cord injury are advocated.

Some of the barriers which prevent people with spinal cord injury engaging in
community strengthening programmes include limited time, access to appropriate
equipment, assistance from appropriately qualified staff and transport to and from
facilities, as well as limited access to ongoing programme advice and support.134,135

Physiotherapists should advocate for the removal of these barriers and encourage
community-based strengthening programmes (see Chapter 12, p. 237).
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Contracture management
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CHAPTER

Contractures, or loss of joint mobility, are a common complication of spinal cord
injury (see Figures 9.1 and 9.2).1–5 Neurally mediated contractures are due to spas-
ticity (see Chapter 1)6–11 and non-neurally mediated contractures are due to struc-
tural changes in soft tissues overlying joints.

Contractures are undesirable for several reasons but primarily because they pre-
vent the performance of motor tasks.2,12–14 For example, hip flexor contractures can
impede walking in patients with paraplegia (see Figure 9.1). However, contractures
also create unsightly deformities and are thought to predispose patients to pressure
ulcers, pain and sleep disturbances.1–3,13,15–17

Subtle losses of extensibility in muscles acting across two joints are common
sequelae of spinal cord injury but do not always result in disfiguring and obvious con-
tracture. Such losses of extensibility can, however, have important implications for
function. For example, even a modest loss of extensibility in the hamstring muscles
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Figure 9.1 A hip flexion
contracture in the left leg of
a patient with paraplegia.
This type of contracture can
impede walking, especially
if the patient also has
paralysis of the hip extensor
muscles.
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can prevent a patient with C6 tetraplegia from sitting unsupported on a bed with the
knees extended (see Figure 3.2, p. 59). Similarly, a small loss of extensibility in the gas-
trocnemius muscles can limit the gait of a patient with the potential to walk.

Contractures, like other impairments, need to be linked to activity and participa-
tion goals during the goal planning process (see Chapter 2). In the above examples, hip
flexor contractures would be linked to walking-related goals and loss of hamstring
muscle extensibility would be linked to sitting-related goals. The linking of contractures
to activity and participation goals ensures that interventions are concentrated where
they really matter. It is also important during the goal planning process to anticipate
contractures which may develop in the future, and which may ultimately limit activity
and participation, so strategies can be put in place to prevent them.

Assessment

Measurements of passive joint range of motion are used to quantify the severity of
contractures. A baseline assessment of all joints is required to identify existing prob-
lems and monitor change over time. These measurements are typically done with a
goniometer. To identify the loss of extensibility in muscles crossing two joints, it is
important to ensure appropriate positioning of the second joint. For example, meas-
urements of hip flexion with the knee flexed reflect the extensibility of the tissues on
the extensor aspect of the hip and measurements of hip flexion with the knee
extended specifically reflect the extensibility of the hamstring muscles. Similarly,
measurements of wrist extension with the fingers extended reflect the extensibility of
the extrinsic finger flexor muscles.18

Joint angle is a direct function of the torque applied to a joint (usually through the
hands of therapists, and sometimes from the weight of a limb). Joint range of motion
measured with a larger torque will be greater than joint range of motion measured with
a smaller one.19 Consequently, if comparisons are to be made of repeated measures, it

Figure 9.2 Patients with
C6 tetraplegia can develop
contractures of elbow
flexors, wrist extensors and
thumb adductor muscles.
These types of contractures
limit function and are
unsightly.
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is important that the same torque is applied on each occasion. It is often difficult for
therapists to manually apply a consistent torque when testing joint range of motion,
especially when measurements are taken weeks or months apart. In this situation,
changes in joint range of motion are not necessarily indicative of underlying changes in
tissue extensibility. There are various devices which can be used to standardize torque
to overcome this problem.18,20–22 The use of these devices is warranted when accurate
measurements are important (e.g. to determine the effectiveness of costly, time-
consuming, inconvenient or surgical interventions).

It is useful to try and distinguish between neurally mediated and non-neurally
mediated contractures because treatment may differ.23 For example, anti-spasticity
medication is appropriate for management of neurally but not non-neurally mediated
contractures. In practice, however, contractures are often due to both factors and a dis-
tinction between the relative importance of each factor is difficult. A contracture is likely
to have a neurally mediated component if there are signs of spasticity such as clonus 
or a velocity-dependent increase in resistance to stretch. Measurements of joint range 
of motion are more reproducible when spasticity is not a key feature. Spasticity can 
be dampened by measuring joint range of motion after a sustained 2- or 3-minute
stretch. However, the only definite way to determine the contribution of neurally
mediated factors to a contracture is to measure passive joint range of motion when
spasticity is pharmacologically blocked (e.g. when patients are anaesthetized). There
are standardized measures of spasticity, although their clinical usefulness is disputed
(see Chapter 1).

Treatment and prevention of contractures

Stretch and passive movements
Stretch and passive movements have become the cornerstone of physiotherapy man-
agement directed at the treatment and prevention of contractures in patients with
spinal cord injury.24–28 In many spinal cord injury units it has become accepted practice
for therapists to routinely administer between 2 and 10 minutes of passive movements
and stretch a day to each affected joint of each patient, particularly patients confined to
bed in the period immediately following injury.25,29 These types of interventions are
labour intensive and can equate to an hour of treatment per patient per day.

While clinical lore supports the efficacy of passive movements and stretch, the sci-
ence is less convincing. There is still much uncertainty about whether these interven-
tions are truly effective and, if they are, how long stretches need to be maintained and
how frequently passive movements need to be administered. The optimal stretch
torque is also unknown although one study, at least, indicates that therapists have dif-
fering ideas of what constitutes a therapeutic stretch.30 Some therapists apply stretches
to the hamstring muscles of patients with spinal cord injury well in excess of that which
would be tolerated by able-bodied people with normal sensation. It is also unclear
whether passive movements and stretch primarily target the neurally mediated or non-
neurally mediated determinants of contractures. Definitive answers to these questions
are unknown but some of the current controversies are outlined in the next section.

Evidence from animal studies
The use of passive movements and stretch-based interventions to treat and prevent
contractures is usually justified by animal studies.31–33 Animal studies indicate that
soft tissues undergo deleterious changes in response to prolonged immobilization,
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especially immobilization in shortened positions.34–36 For example, 10 days immobil-
ization of the ankles of rabbits in a plantarflexed position (the shortened position of
the plantarflexor muscles) results in approximately a 10% reduction in resting length
of soleus muscle–tendon units,36 which produces functionally significant loss of 
ankle joint mobility. Muscle shortening is associated with decreases in the number 
of sarcomeres,34,35,37 changes in the extent and arrangement of collagen38,39

and concentration of glycosaminoglycans,40 and decreases in tendon resting
length.5,31,34–36,38,41–50 These deleterious structural and morphological changes asso-
ciated with immobilization can be prevented36or reversed34 by prolonged and uninter-
rupted stretch. In animals, prolonged stretch is typically applied with plaster casts for
many days. Stretch is believed to provide a sufficiently strong stimulus to trigger
appropriate remodelling of soft tissues. Similar findings have been found in dener-
vated muscles, although the response appears to be slower.51–53

While animal studies show that continuous and uninterrupted stretch can pre-
vent or reverse deleterious soft tissue adaptations associated with immobilization,
the effectiveness of short periods of stretch are less clear.43,54 Most of what is known
about the effects of short periods of stretch comes from one important study in mice,
which found that just 15 minutes of stretch each day partly prevented loss of sar-
comeres in the plantarflexor muscles of ankles immobilized in a shortened position,
and 30 minutes of stretch were sufficient to completely prevent loss of sarcomeres.54

The effectiveness of less than 15 minutes of stretch a day, such as typically adminis-
tered in the clinical setting, is unknown. The results of animal studies need to be
interpreted with caution because animal muscles respond to stimuli such as stretch
more rapidly than human muscles. A 15-minute stretch which prevents loss of sar-
comeres in the plantarflexor muscles of small animals will not necessarily produce
the same effects in humans with spinal cord injury.

Evidence from clinical trials
A large number of trials have examined the effects of stretch on tissue extensibility in
various populations. Most of these trials have been carried out in able-bodied indi-
viduals.55,56 Two methodological issues limit the usefulness of many trials. First,
most trials measure the effects of stretch soon after the last stretch intervention.
Measurements at this time reflect the transient effects of stretch due to viscous deform-
ation.57–61 They do not provide good evidence of the lasting effects of stretch on
tissue extensibility and remodelling31 essential for the treatment and prevention of
contracture. A second limitation is that most trials do not standardize the torque
used to measure joint range of motion. They are therefore unable to differentiate
between underlying changes in tissue extensibility and changes in patients’ tolerance
to uncomfortable stretch when sensation is present.62,63

A few randomized trials of the effects of stretch have been conducted in patients
with spinal cord injury.27,64–67 All involved the application of 30 minutes of stretch
three to five times a week over a 4-week or 3-month period to either the plan-
tarflexor,64,66 shoulder27, thumb67 or hamstring muscles65 of patients with spinal
cord injury. In four of the five studies outcomes were measured using standardized
torques at least 1 day after the application of the last stretch. All five studies showed
that regular stretch had little or no effect on joint range of motion. These results are
consistent with randomized controlled trials in patients with other types of neuro-
logical disabilities68–73 and indicate that therapists’ confidence about the effective-
ness of stretch is not yet justified.

One possible interpretation of the negative findings is that stretches adminis-
tered by physiotherapists offer no added benefits over good routine care typically
involving anti-spasticity medication and regular change of position. Alternatively, it
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may be that the benefits of regular stretch are not seen until they have been applied
for months if not years. Therefore it would be premature to suggest that stretches be
abandoned. However, stretches administered for a few minutes a day are unlikely to
be therapeutically worthwhile. Instead, stretches should be sustained for as long as
practically feasible and for at least 20 minutes a day.

Ways of administering sustained stretches
If stretches are to be sustained for more than a few minutes a day, they cannot be
applied manually by therapists. Instead, stretches need to be applied with positioning,
splinting74 and standing75 programmes. These programmes should be incorporated
into patients’ daily routines and continued after discharge. Often only simple strategies
are needed, especially if stretches are instigated before contractures have developed
(see section below on Preventing and anticipating contractures). For example, the
shoulder extensor, hamstring, hip internal and hip extensor muscles can all easily be
stretched by placing the arms or legs on stools or tables (see Figures 9.3–9.6).

More sustained stretches can be applied with serial casts to immobilize joints in
their stretched positions. The casts are reapplied every few days to maintain the
stretch. Serial casts should only be considered for severe and disabling contractures
because they can impede independence, be uncomfortable and are time-consuming
to apply. They are also associated with a substantial risk of skin breakdown.70,76

Patients also need to be educated about methods of self-administering stretches.
For example, the hip internal rotator muscles can be stretched by sitting with one
foot on the opposite leg (see Figure 9.7). Patients with lower levels of tetraplegia can

Figure 9.3 Sitting with the
arms supported on high
tables is a way of applying a
sustained stretch to the
shoulder extensor muscles.
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Figure 9.4 Sitting with the
legs up on a chair and a
strap around the feet is a
way of applying a sustained
stretch to the hamstring and
plantarflexor muscles. 

Figure 9.5 Sitting with the
legs in a ‘frog’ position is a
way of applying a sustained
stretch to the adductor and
internal rotator muscles of
the hip. 
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Figure 9.6 Sitting with the
legs flexed up towards the
chest is a way of applying a
sustained stretch to the
soleus and hip extensor
muscles. 

Figure 9.7 Sitting with one
leg on the opposite knee is
a way of self-administering
sustained stretch to the hip
internal rotator muscles. 
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self-stretch the interphalangeal joints (IP) of the fingers into extension while sitting
in a wheelchair by using the rim of the wheel as a pivot bar (see Figure 9.8).
Similarly, they can stretch the metacarpophalangeal (MCP) joints of the hand into
flexion by appropriately placing the hand on a hard surface (see Figure 9.9). All
these types of strategies can be incorporated into patients’ lives with minimal incon-
venience and reliance on others. For similar stretch ideas, readers are referred to
www.physiotherapyexercises.com.

Passive movements
It is not known whether passive movements confer additional benefits to stretches.
Some have claimed that repetitive passive movements are important for preventing
intra-articular adhesions and immobilization-induced deterioration of joint cartilage,
although there is little support for this proposition from randomized trials in
humans. Until further work is done in this area, it is probably prudent to administer
as many passive movements as feasible to selected joints rather than a few passive

Figure 9.8 Patients can
use the rim of the wheelchair
to self-administer sustained
stretch into extension of the
interphalangeal joints of the
fingers. 

Figure 9.9 Patients can
self-administer sustained
stretch into flexion of the
metacarpophalangeal joints
of the fingers. 
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movements to every joint. Precisely how many passive movements are required is not
known but it would seem unlikely that less than 5 minutes of passive movements to
a joint each day would be therapeutic. Physiotherapists must assess the effectiveness
of the passive movements they provide to gain guidance on this issue.

Passive movements should be concentrated on joints most vulnerable to contrac-
ture and pain and most likely to influence future independence. These include the
small joints of the hand, especially for those with C5 and below levels of tetraplegia
and the complex joints of the shoulder and scapulo-thoracic girdle, especially in
those vulnerable to shoulder pain (see Chapter 10). Elsewhere, therapeutic effort is
probably better directed at prolonged stretches which can be administered for pro-
longed periods of time.

The touch and regular contact with empathetic therapists during the provision of
passive movements may provide psychological comfort to patients in the early days
after injury. This aspect of overall well-being should not be underestimated. The effect-
iveness of passive movements for other purposes, such as the treatment and preven-
tion of oedema and poor circulation, is more contentious.28,77

Preventing and anticipating contractures

It is widely believed that contractures can be more readily prevented than treated, and
that maintaining tissue extensibility requires a less intensive stretch programme than
increasing extensibility. Although the validity of these beliefs has not yet been sub-
stantiated, therapists are well advised to concentrate on preventing contractures, espe-
cially if this can be done with positioning strategies which involve minimal
inconvenience to patients. For example, sleeping and sitting with the feet supported at
90° discourages plantarflexor contractures and is easily implemented (see Figure 9.10).

Factors that predispose patients to contractures
The skill of preventing contractures lies largely in accurately predicting them.78 At-risk
soft tissues are those habitually held in shortened positions. Fortunately, it is possible
to predict susceptible soft tissues by looking at factors such as the pattern of innerv-
ation, pain, oedema, and the position in which patients spend the majority of each
day.79 For example, patients with C5 and C6 tetraplegia are susceptible to elbow flex-
ion contractures (see Figure 9.2).4,15 These patients have paralysis of the triceps but
not biceps muscles. Consequently, they tend to sit and lie with the elbows flexed. The
problem is exacerbated if they are nursed in a supine position for extended periods of
time. In this position it is difficult for patients with paralysis of the triceps muscles to
extend the elbows passively once flexed. A simple positioning programme to prevent
elbow flexion contractures may include placing a small weight on the wrist to hold
the elbow in an extended position (see Figure 9.11).

Similarly, patients with C4 and above tetraplegia often develop pronation con-
tractures. These patients commonly lie and sit with their forearms pronated, encour-
aging forearm contractures. Pronation contractures can be avoided by ensuring
patients spend time with the forearms supinated (see Figure 9.12). Minor modifica-
tions to the armrests of wheelchairs may be required but otherwise this is a simple
positioning and stretching protocol to implement provided it is started early. In con-
trast, once passive supination is lost it is difficult to effectively stretch the forearm and
often cumbersome splints are required.80

Patients confined to bed tend to lose hip and shoulder passive abduction. This is
simply avoided by ensuring the shoulders1 and legs are abducted rather than
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adducted for at least part of each day (see Figures 9.13 and 9.14). Similarly, ankles
need to be supported to prevent plantarflexion contractures (see Figure 9.10). This
requires staff education, but minimal equipment.

Patterns of paralysis and position are not the only factors determining suscepti-
bility to contractures. Pain is also important. Pain increases the tendency to contract

Figure 9.10 Lying with
feet supported at 90° is a
way of applying a sustained
stretch to the plantarflexor
muscles. The heels are free
from the mattress to prevent
pressure ulcers.

Figure 9.11 Placing a
small weight on the wrist is
a way of applying a
sustained stretch to the
elbow flexor muscles. 
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non-paralysed muscles which in turn increases the time muscles spend in shortened
positions. This is particularly problematic if the antagonist muscles are paralysed. For
example, patients with C5 tetraplegia and shoulder pain are more likely to hold their
shoulders adducted and internally rotated. Prolonged immobilization in this pos-
ition leads to contractures of the shoulder adductor and internal rotator muscles.

Independence with activities of daily living reduces susceptibility to contractures.
For instance, a patient with C6 tetraplegia who transfers independently throughout the
day extends the elbows while bearing weight through the upper limbs (see Chapter 3,
Table 3.8)14,15,81 and is therefore less likely to develop elbow flexion contractures than
a more dependent patient with the same neurological loss.

The pattern and extent of spasticity also influences susceptibility to contractures.11

Spasticity not only directly influences the extensibility of muscles (i.e. contributes to

Figure 9.12 Sitting with
the arms in supination is a
way of applying a sustained
stretch to the elbow
pronator muscles. 

Figure 9.13 Lying with the
arms in abduction is a way
of applying a sustained
stretch to the shoulder
adductor muscles. 



Prioritizing treatments: a touch of reality188

Figure 9.14 Lying with an
abduction wedge between
the legs is a way of applying
a sustained stretch to the
hip adductor muscles.

neurally mediated contractures, as discussed above), but it also increases the time
which muscles and surrounding soft tissues spend in shortened positions.6,9,82,83 For
example, spasticity of elbow flexor muscles increases the time the elbow spends
flexed so it predisposes patients to non-neurally mediated elbow flexion contrac-
tures. Paradoxically, spasticity can also prevent contractures. Patients otherwise sus-
ceptible to elbow flexion contractures can benefit from regular and strong elbow
extensor spasticity because the spasticity can act to minimize the length of time the
elbow spends in a flexed position (this pattern of spasticity is more common in
patients with C5 than C6 tetraplegia; see p. 12 for explanation).

Prioritizing treatments: a touch of reality

Ideally, full passive range would be maintained in all joints of all patients through-
out their lives. However, this is rarely achieved in patients with extensive paralysis.
For example, often over the years and despite best intentions, those with lower limb
paralysis lose passive dorsiflexion around the ankle and those with tetraplegia lose
passive extension of the IP joints of the hand. The difficulty of maintaining full
range of motion in all joints of all patients throughout their lives underpins the
importance of prioritizing treatments so therapeutic attention is concentrated where
it truly matters. Prioritization requires an understanding of the implications of
losses of extensibility on function. The implications vary with the level and type of
spinal cord injury. Thus, while almost all contractures are undesirable and would
ideally be avoided, slight loss of extensibility has more deleterious implications in
some soft tissues and for some patients than others. Clearly, this is where therapeutic
attention should be concentrated.79
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For example, slight loss of extensibility in the soft tissues spanning the flexor
aspect of the elbow has few functional implications for patients with C5 tetraplegia
because these patients are unable to bear weight through the upper limbs. However,
the same loss can prevent patients with C6 tetraplegia from attaining independence
with transfers (see Chapter 3).4,14,15,81 Similarly, slight loss of extensibility in soft tis-
sues spanning the plantar aspect of the ankle (e.g. the soleus muscle) has few func-
tional implications for wheelchair-dependent patients with high levels of tetraplegia
but marked implications for patients with the potential to walk. Likewise, hamstring
extensibility is important for those who will sit unsupported on a bed with the legs
in front of them while dressing and transferring, but less important for those who
will not sit independently (see Chapter 3). Concentrated effort should be directed at
preventing loss of extensibility where such loss will limit function and quality of 
life. Prioritization is easiest if contractures are linked to activity and participation 
goals.

Non-stretch-based modalities
A range of non-stretch-based modalities have been advocated for the treatment and
prevention of contractures. These include manual pressure, joint compression, slow
rolling or rocking, slow spinning, heat, cold, electrical stimulation, biofeedback,
tone inhibitory casts, hydrotherapy, TENS and vibration, as well as therapeutic and
Bobath exercise techniques. Some of these interventions may have transient effects
on the neural and non-neural determinants of joint mobility, but none are likely to
induce lasting changes in joint range of motion.84,85

Reducing muscle extensibility

Sometimes therapy is directed not at increasing extensibility but decreasing it. For
example, excessive extensibility of the paralysed extrinsic finger and thumb flexor
muscles is deleterious for the hand function of patients with C6 and C7 tetraplegia
(see Chapter 5).86–90 Similiarly, excessive extensibility in the hamstring muscles is
undesirable for wheelchair-dependent patients reliant on its passive tension to prevent
a forwards fall when sitting (see Figure 3.3). In both scenarios, treatment is directed at
reducing muscle extensibility. Reductions in extensibility are presumably best achieved
by avoiding activities that place muscles in a stretched position. For example, to induce
shortening in the hamstring muscles patients need to avoid sitting unsupported with
the knees extended. Similarly, to induce shortening in the extrinsic finger flexor muscles
patients should not sit weight bearing through an outstretched hand. The effectiveness
of more aggressive interventions that immobilize muscles in shortened positions for
prolonged periods of time is not known; however, at least one clinical trial suggests
that it may be more difficult for therapists to induce shortening in muscles than com-
monly assumed.91
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Pain is a common complication of spinal cord injury which not only limits ability
to perform motor tasks, but also has important implications for quality of life, well-
being and general feelings of happiness.1–6 Physiotherapy is one component of a
comprehensive pain management programme which typically involves pharmaco-
logical, surgical, psychological and behavioural interventions.

There are many different types of pain which occur in association with spinal cord
injury, and the characteristics, patterns of presentation, intensity and location are
highly variable. Some types of pain present at the time of spinal cord injury while
other types of pain have a more insidious onset and can present years later and
involve many different areas of the body. In some circumstances pain resolves quickly
with minimal intervention but at other times it appears unresponsive to any interven-
tion, and evolves into a chronic problem adversely affecting all aspects of patients’
lives.

Pain associated with spinal cord injury can be categorized as either nociceptive or
neuropathic (see Table 10.1).7,8 Neuropathic pain arises from primary lesions of the
nervous system and the associated neural dysfunction, while nociceptive pain origin-
ates from musculoskeletal or visceral structures. Our understanding of the under-
lying causes of neuropathic and nociceptive pain in patients with spinal cord injury
is limited. There is some evidence to suggest that changes within the central nervous
system following spinal cord injury lead to a heightened sensitivity (or neuronal
excitability) and this contributes to the development of pain. Pain may have its ori-
gins at the receptor level or may be due to abnormal firing of neurons in the central
nervous system either as a result of increased excitability through receptor changes or
disruption of normal local and descending pain inhibitory pathways.6 However,
most studies looking at prevalence and causative factors use cross-sectional rather
than longitudinal designs, making even the identification of key prognostic factors
problematic.6 The few more recent longitudinal studies have primarily looked at
predictors of pain during the first 1–2 years after injury.4
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Assessment

The first and most important purpose of a pain assessment is to ensure that there is
no reason for serious concern (e.g. fractures, infections, tumours, syringomyelia9).
If in any doubt, patients should be assessed by a medical specialist. Symptoms
which may indicate the need for further medical investigation include deterioration
in motor, sensory, bladder or bowel function, recent loss of weight, deterioration in
‘balance’, raised temperature and night sweats. Aspects of the history which may sug-
gest a more sinister underlying cause of pain include history of acute trauma, use of
corticosteroids and history of cancer.10 It is also important to remember that patients
with spinal cord injury are typically osteoporotic, and even minor physical injuries
can cause fractures (see p. 21).

The assessment of pain relies on patient self-report about the characteristics of
their pain, associated symptoms, activity limitations and participation restrictions
(see Table 10.2).

The common measures used to quantify pain intensity are the visual analogue
scale11 and the numerical rating scale.12 Pain drawings can be used to identify the
distribution of pain,13 and the McGill Pain Questionnaire14 can be used to assess the
quality of the pain. There are also various questionnaire-based assessments for neuro-
pathic pain.15 Other symptoms, such as reduced joint mobility, can be assessed
using standard assessments of impairments (as outlined in previous chapters).

A pain assessment also needs to determine the implications of pain on activity limi-
tations and participation restrictions. This is not only important for understanding the
implications of pain on different aspects of patients’ lives, but also for establishing a
baseline measure upon which change can be monitored. This is particularly important
in patients with chronic pain. Often interventions do not change the characteristics of

TABLE 10.1 Classification of pain associated with spinal cord injury proposed by the Spinal Cord Injury Pain Task
Force of the International Association of the Study of Pain8

Broad type Broad system Specific structures/pathology

Nociceptive Musculoskeletal Bone, joint, muscle trauma or inflammation
Mechanical instability
Muscle spasm
Secondary overuse syndromes

Visceral Renal calculus, bowel, sphincter dysfunction, etc.
Dysreflexic headache

Neuropathic Above-level Compressive mononeuropathies
Complex regional pain syndromes

At-level Nerve compression (including cauda equina)
Syringomyelia
Spinal cord trauma/ischaemia (transitional zone, etc.)
Dual level cord and root trauma (double lesion syndrome)

Below-level Spinal cord trauma/ischaemia

Reproduced from Siddall P, Yezierski RP, Loeser JD: Pain following spinal cord injury: clinical features, prevalence, and taxonomy.
Technical Corner Newsletter of the International Association for the Study of Pain 2000; 3:3–7, with permission of The International
Association for the Study of Pain.
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pain but rather change pain-related behaviours and coping mechanisms.16 These
changes can be captured in measures of activity limitations and participation restric-
tions such as the Functional Independence Measure, Quadriplegic Index of Function,
Spinal Cord Independence Measure or Barthell (see Chapter 2). An assessment spe-
cific to shoulder pain in patients with spinal cord injury is The Wheelchair User’s
Shoulder Pain Index.17 This quantifies implications of shoulder pain on different
aspects of patients’ mobility and life.

It is often also helpful for physiotherapists to consider the biopsychosocial dimen-
sion of pain, including the contribution of psychological, social and behavioural 
factors.18,19 Examples of measures which capture some of these dimensions of 
pain include the Pain Self-Efficacy Questionnaire,20 the Fear-avoidance Beliefs
Questionnaire,21 the SF-3622 and the Multidimensional Pain Inventory.15,23

Neuropathic pain

Neuropathic pain is a term used to encompass many different syndromes of pain, and
includes pain due to compressive mononeuropathies, nerve root compression and
syringomyelia, as well as spinal cord trauma. The pain can be above, at, or below the
level of the lesion. Typically, neuropathic pain is described as burning, electric or stab-
bing pain, difficult to alleviate by activity or change of position. It is commonly asso-
ciated with increased sensitivity to touch or any other type of physical contact.
Sometimes this type of pain occurs in two to four dermatomes between areas of no
sensation and areas of normal sensation (at-level neuropathic pain). In this case, the
neuropathic pain commonly presents soon after injury, and is bilateral and circumfer-
ential. Alternatively, the pain can be felt more diffusely in areas without sensation
below the level of the lesion (below-level neuropathic pain). Other terms used to
describe this latter type of pain are central dysaesthesias syndrome, dysaesthetic pain,
central pain or phantom pain.

Neuropathic pain is difficult to treat, and is largely managed pharmacologically,
although the small number of clinical trials in this area have generated conflicting
results.6,24 There is some limited evidence to suggest that physiotherapy-type inter-
ventions designed to desensitize the affected dermatomes may be useful. TENS is also
widely advocated, but currently without good evidence. Perhaps the largest role for
physiotherapy, in patients with this type of pain, is encouraging graded exercise and
activity to minimize secondary impairments and activity limitations. It is particularly
important to ensure patients do not develop secondary contractures from holding
limbs in protected positions (see Chapter 9).

TABLE 10.2 The assessment of  pain includes patient’s self-report of the characteristics of their pain and associated
symptoms

• presenting complaint • history of pain • quality of symptoms
• related medical history • intensity of pain • other symptoms (i.e. numbness,
• previous and current interventions • frequency of pain limited range, joint instability, 

(including medication use) • distribution of pain paraesthesia, allodynia and 
• mechanism of onset • duration of pain hyperalgesia)
• implications for participation • quality of pain • location of symptoms
• aggravating and easing factors • behaviour of symptoms
• social factors (work, family support,

recreation)
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Nociceptive pain

Nociceptive pain can be due to trauma, disease or inflammation of musculoskeletal or
visceral structures. Physiotherapy interventions used to manage nociceptive pain
include exercise, massage, stretch, re-education and guided return to activity.25 A recent
Swedish study indicated that 63% of patients with spinal cord injury-related pain tried
one or other of these types of pain-relieving interventions.25 Below is a summary of
some of the more common musculoskeletal problems seen in patients with spinal
cord injury (readers interested in pain from visceral origins are directed to Ref. 26).

Back or neck pain associated with initial injury
Back and neck pain are common immediately after injury, and particularly in patients
with extensive disruption to bony and ligamentous structures of the spine. This type of
pain can be due to mechanical instability or the direct effects of extensive soft tissue
trauma. It is typically managed with immobilization, pain-relieving medication
and/or surgery. Medical staff determine when patients can mobilize after injury, but
within these guidelines physiotherapists need to encourage activity to prevent sec-
ondary disablement. The use of hot packs with or without gentle superficial massage
once patients have mobilized may provide some temporary pain relief and will often
provide general comfort. However, therapists need to obtain medical clearance if there
is any risk that their interventions will cause movement at the injury site and hot packs
should not be applied to areas with impaired sensation.

Chronic back or neck pain
If back or neck pain persists for more than 3 months without any apparent under-
lying cause and develops into chronic pain, then it may be appropriate to use the exist-
ing clinical guidelines on the management of chronic neck and back pain advocated
for the able-bodied population but modified in an appropriate way.27–31 These
guidelines are based on high quality evidence and recommend minimal use of pas-
sive interventions, such as massage, electrotherapeutic agents or manual therapies,
but rather appropriate, graded and supported return to active exercise and ‘normal’
activity, combined with reassurance about good prognosis. These guidelines do not
recommend continued, ongoing and detailed physiotherapy-type assessments,
unless there is reason to be concerned. They also highlight the futility of trying to
make a precise diagnosis on the source of musculoskeletal pain and emphasize the
importance of early efforts at minimizing fear, providing reassurance and encour-
aging graded return to activity.32 While these guidelines have not been systematically
evaluated in patients with spinal cord injury, they would seem a reasonable starting
point in the absence of more specific and relevant research. At least one clinical trial
indicates the benefits of encouraging activity and exercise for relieving chronic pain
in patients with spinal cord injury.33

Shoulder pain in patients with high levels of tetraplegia
Shoulder pain is common in patients with C5 and above tetraplegia. It is more com-
mon and intense in the first year after injury, with some estimating the incidence as
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high as 85%.34 In patients with established tetraplegia the incidence is between 45
and 60%.35–37

Possible causes
Shoulder pain in patients with high-level tetraplegia has many features in common
with the shoulder pain experienced by patients with stroke. Both groups of patients
have extensive paralysis around the shoulder, with or without loss of sensation.
Therefore it is arguably pertinent to examine not only what is known about shoul-
der pain of patients with spinal cord injury, but also what is known about shoulder
pain of those following stroke.

There are many different theories about the possible causes of shoulder pain in
patients with tetraplegia (and stroke) including subluxation, poor physical handling
by carers, prolonged sitting and lying, and limited change of shoulder position.
Typically, small studies look at the relationship between shoulder pain and some of
these factors.34,38,39 However, a theoretical argument about the importance of each
factor can be mounted and, without large-scale prognostic studies, it is not known
which of these factors is most important and where therapeutic attention is best
directed.

Subluxation
Shoulder pain may be due to overstretching of the delicate soft tissues around the
glenohumeral joint secondary to inferior subluxation. Any tendency for subluxation
may be increased by downward and medial rotation of the bottom tip of the scapula.
In turn, medial rotation of the scapula may be precipitated by paralysis of the serra-
tus anterior muscles and loss of extensibility in the rhomboid muscles. Dropping of
the inferior lip of the glenoid fossa diminishes the scapula’s ability to support and
protect the head of the humerus against distracting forces. The tendency for inferior
subluxation may be further aggravated through poor physical handling from thera-
pists and carers. These and other theories about the relationship between shoulder
subluxation and pain have been widely discussed since 1957,40 but they are still
speculative and contentious.41–43

Recent attention has been directed at determining the most effective way to treat
and prevent shoulder subluxation, although most of the clinical trials in this area
have been with patients following stroke, not spinal cord injury.42,44 Some studies
indicate that shoulder support reduces subluxation45 but does not decrease pain,
while others show a treatment effect on pain but not subluxation.42 A recent
Cochrane systematic review concluded that, in patients with stroke, there is insuffi-
cient evidence to indicate whether supportive devices prevent subluxation, although
they may delay the onset of shoulder pain.46 Regardless, therapists are well advised to
ensure that the arm troughs of wheelchairs are appropriately adjusted to provide
shoulder support. Shoulder support can also be provided with pillows, strapping, lap
boards, slings or shoulder harnesses (see Figure 10.1).42,45,47

Regular electrical stimulation of the deltoid and supraspinatus muscles may also
help prevent subluxation and pain. However, this has only been demonstrated in
patients following stroke.44,48–50 In stroke patients the electrical stimulation may be
acting as a training stimulus, helping patients regain control and strength around the
shoulder. Patients with tetraplegia have a poorer prognosis for motor recovery and
therefore may not respond as well to the intervention. The very time-consuming
nature of administering electrical stimulation may also restrict its usefulness.

Patients with some remaining voluntary motor power in the deltoid and
supraspinatus muscles may benefit from strengthening exercises (see Chapter 8).
Improvements in strength, however, will be limited by the extent of paralysis. The
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effectiveness of subtle increases in the strength of very weak patients (e.g. grade 1/5 or
2/5 motor power) for alleviating shoulder subluxation and pain is not known.

Repeated soft tissue trauma with physical handling
Shoulder pain may be due to physical handling of the paralysed arm by carers and
therapists.43 Paralysis around the shoulder prevents patients from protecting their
shoulders when they are moved by others. Paralysis also prevents the normal scapulo-
humeral movement which may be important for preventing impingement of the
supraspinatus tendon between the humeral head and acromion. Consequently,
repeated movement and/or pulling of the shoulders by others may cause impinge-
ment or other forms of soft tissue trauma.43

Susceptibility to impingement or trauma may be increased with secondary losses
of joint range of motion, or if the scapula is not free to passively move. For example,

Figure 10.1 The arms of
patients with no or limited
upper limb function need to
be supported to help
prevent shoulder pain. Arm
troughs appropriately fitted
and adjusted to the
wheelchair can be used for
this purpose.
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if carers dress a lying patient by raising the arm above the head without enabling the
scapula to move passively, they may damage the capsule of the glenohumeral joint
or cause impingement of the supraspinatus tendon. Patients with loss of passive
scapula rotation and glenohumeral flexion may be particularly vulnerable. Similarly,
if carers pull on the upper limbs during a transfer, or when moving a patient from
lying to sitting, they may apply a large distracting force which the patient is unable
to oppose. This may cause soft tissue trauma.

The most appropriate intervention is education for patients, carers, therapists and
families. In particular, patients need to be aware of the care others need to take with
their shoulders. In this way, patients can reinforce the education programmes of staff
and carers. The use of electrical hoists for transfers would anecdotally appear to have
reduced the incidence of shoulder pain. In addition, effective prevention of contrac-
tures around the shoulder may be important.51 This involves regular change of
shoulder position and sustained stretch (see Chapter 9).

Upper and lower limb musculoskeletal pain associated with
overuse

There are two common types of musculoskeletal limb pain. One is the pain seen in
recently injured patients due to repeated and unaccustomed exercise. For example,
patients with recently acquired C6 tetraplegia can experience wrist pain following
extensive wheelchair or transfer mobility training, or during weight bearing in sitting
(see Chapter 3, Figure 3.11).52 This particular activity places large torques and com-
pression forces on a fully extended wrist.52 Wrist pain from such activities appears to
be especially common in patients with coexisting loss of passive wrist extension. The
key to management of this type of musculoskeletal pain is rest and if necessary
immobilization with splints. Once the acute pain has subsided, patients need to be
gradually accustomed to exercise. For example, they can practise bearing less weight
through a less extended wrist (achieved by placing a sandbag under the heel of the
hand).

The second type of musculoskeletal limb pain seen in patients with spinal cord
injury is from years of chronic overuse. This type of pain is particularly common in
shoulders, elbows, wrists, hips and knees, and is associated with the excessive loads
and stresses these joints bear over many years. Shoulder6,35,38,53–58 and wrist
joints37,59 are vulnerable to the ongoing stresses of transferring, propelling a wheel-
chair17,59–62 or using walking aids. Some studies have suggested that shoulder pain is
as high as 30–50% in patients with established paraplegia35,57,63,64 and perhaps even
higher in patients with tetraplegia.35,36,54,65 Similar problems are seen around the
elbow, especially in wheelchair-dependent patients with paralysis of the triceps muscles.
The lower limb joints are also vulnerable to overuse type injuries in ambulating
patients with limited lower limb strength.

The underlying pathology of overuse syndromes is widely debated. In the shoul-
der it is often attributed to impingement of soft tissues within the subacromial space
with movement.36,53,54,58,66–70 Impingement may be precipitated by a reduced sub-
acromial space associated with anatomical abnormalities or certain movements.
Some types of repetitive movement which expose soft tissues to continual friction
within the subacromial space may also be problematic.

Theories about the underlying causes of shoulder and overuse syndromes have led
to work examining the biomechanics and ergonomics of different functional activities
such as pushing a wheelchair,62 relieving pressure, transferring,53 and some simple,
everyday tasks such as combing the hair.56 Others have looked at the possible benefits
of different supportive devices, including wrist splints for wheelchair propulsion.59
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Recently, attention has been directed at the possible importance of preventative exer-
cises and stretches, especially strengthening exercises for the shoulder external rotator
muscles, to restore the ‘balance’ between the strength of agonists and antagonists in
patients with tetraplegia and partial paralysis of the shoulder muscles.35,69,71 Stretches
for the internal rotator cuff muscles of the shoulder are also widely prescribed. There
are many different interventions advocated for pain associated with overuse. These
are primarily based on theories about the causes of pain rather than the results of
clinical trials and their effectiveness remains unclear. However, it is reasonably unam-
biguous that ultrasound is not useful for most musculoskeletal problems.72–75

The most appropriate management of musculoskeletal pain associated with
overuse is, as the name implies, avoiding overuse, and decreasing repetitive and strenu-
ous activities.76 In addition, patients need to avoid shoulder movements which may
aggravate impingement of the supraspinatus tendon (i.e. activities which involve the
hand being lifted above the head). Patients need to be provided with sensible lifestyle
advice about ways of minimizing stress on joints and soft-tissue structures.76 This
might include advice about limiting the number of transfers performed within a day,
optimizing the way a wheelchair is propelled, minimizing the complexity of transfers,
rearranging the home or work environment or reducing the amount of walking or
wheelchair propulsion.61,76 Some of these changes will require new equipment or
alterations to home and work environments. For example, an ambulating patient
might require a manual wheelchair or more extensive lower limb bracing and a
patient with thoracic paraplegia might require a power wheelchair for some occa-
sions. Not unreasonably, patients will be unwilling to make lifestyle changes which
compromise independence in order to prevent a potential complication which may
occur tomorrow. It is also important that advice about strategies to minimize likeli-
hood of shoulder pain does not inadvertently discourage physical activity, as physical
activity is important for general well-being (see Chapter 12).

Complex regional pain syndromes
Complex regional pain syndromes are usually categorized as a form of neuropathic
pain but are a common cause of shoulder and arm pain worthy of mention. The
terms complex regional pain syndromes I and II replace the old terms reflex sympa-
thetic dystrophy and causalgia.77 Complex regional pain syndromes are character-
ized by pain with associated autonomic symptoms in the affected limb such as
changes in temperature, colour and sweating. Treatment is often difficult and
although some patients respond to sympathetic blockade, most do not and treat-
ment often relies on analgesia, sometimes in combination with antidepressants and
anticonvulsants. Graded return to activity and desensitization programmes are also
an important aspect of overall management.78

Role of psychosocial factors in chronic pain

Psychological, social and environmental factors play a key role in either magnifying or
diminishing perceptions of pain.6 This relationship has been well explored in chronic
back and neck pain in the able-bodied population. In patients with spinal cord injury,
psychosocial factors can predict more than 50% of the variance in chronic pain follow-
ing spinal cord injury, and often psychosocial factors are better predictors of the 
severity of chronic pain than physical factors alone.79,80 In particular, psychological
stress (e.g. depression, anxiety, anger) has been associated with an increased risk of
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pain.4 No association has been reported between pain and race, education or percep-
tions of the cause of spinal cord injury.4 The importance of psychosocial factors high-
lights the importance of psychologists’ involvement in the management of complex
pain problems. Physiotherapists need to ensure that their interventions, assessments
and approach are complementary to an integrated behavioural and psychological-
based pain management programme.
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Respiratory complications are a common cause of morbidity and mortality in patients
with spinal cord injury.1–21 They occur throughout patients’ lives and are a leading
cause of hospitalization. Patients are particularly susceptible to respiratory complica-
tions in the first few weeks after spinal cord injury. At this time, respiratory complica-
tions are the second leading cause of death.2,21 The common respiratory complications
are hypoventilation, atelectasis, secretion retention and pneumonia.2,22,23 Each leads
to a mismatch between ventilation and perfusion, resulting in hypoxaemia and, if
untreated, respiratory failure.10,15,24 Not surprisingly, patients with tetraplegia are
particularly vulnerable.1,2,21

The respiratory function of patients with spinal cord injury is primarily determined
by neurological status (see Table 11.1 for level of innervations of the key respiratory
muscles)25 and can be summarized as follows:

C1 and C2 tetraplegia. Patients with lesions at C1 and C2 have total paralysis of
the diaphragm, intercostals and abdominal muscles and are therefore ventilatory-
dependent. They, however, retain some voluntary control of accessory respiratory
muscles such as the sternocleidomastoid muscles. These muscles receive innervation
from cranial nerves and contribute to respiration in a small way, although they have
little functional importance in patients with such high levels of tetraplegia requiring
mechanical ventilation.26

C3 tetraplegia. Patients with lesions at C3 have marked but not total paralysis of
the diaphragm. They have some voluntary control of the scalene muscles which
assist respiration. Most, however, require long-term mechanical ventilation.27

C4 tetraplegia. Patients with lesions at C4 have partial paralysis of the diaphragm
and total paralysis of the intercostal and abdominal muscles. Most can breathe inde-
pendently, typically after short periods of invasive mechanical ventilation following
injury. They have little ability to cough and a vital capacity less than one third of pre-
dicted.23,28 They have minimal expiratory reserve.

C5–C8 tetraplegia. Patients with lesions at C5–C8 have full voluntary control of
the diaphragm, partial voluntary control of the scalene and pectoralis muscles and
full paralysis of the intercostal and abdominal muscles. They have a poor cough and
a vital capacity of between one third and one half of predicted.23,28 The pectoralis
muscles are significant because they contribute to expiration.29–31
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Thoracic paraplegia. Patients with thoracic paraplegia have full voluntary control
of the diaphragm, scalene and pectoralis muscles but varying amounts of paralysis
of the intercostal and abdominal muscles. Some have a normal vital capacity23,28 but
a weak cough. It is not until the lesion is below T12 that respiratory function can be
deemed normal.32

The direct and indirect effects of respiratory muscle weakness

Patients with spinal cord injury have a restrictive pattern of breathing with marked
reductions in all lung volumes and capacities (except residual volume; see Table 11.2
and Figure 11.1).11,12,15,18,19,26,28,33–46 Expiratory flow and peak cough flow rates are
also adversely affected. All these changes are due to the direct and indirect effects of
respiratory muscle weakness. They explain patients’ heightened susceptibility to
hypoventilation, atelectasis, secretion retention and pneumonia.

The majority of this chapter focuses on patients with C4–C8 tetraplegia capable
of breathing independently. Patients with thoracic paraplegia have similar respira-
tory problems although less pronounced. The respiratory management of patients
with C1–C3 tetraplegia is briefly covered at the end of the chapter.

Tidal volume, vital capacity and total lung capacity
In the laboratory, respiratory muscle strength is quantified by measuring mouth or
pleural pressures during maximal static inspiratory and expiratory efforts, respect-
ively.9,47,48 Not surprisingly, there is a marked reduction in maximal inspiratory and
expiratory pressures of patients with tetraplegia reflecting respiratory muscle weak-
ness.9,33,35,47–51 Poor inspiratory and expiratory muscle strength directly limits vital
capacity, total lung capacity and their determinants.9,10,16 Tidal volume is also
reduced but this is compensated for by an increase in respiratory rate.

The decreases in lung parameters are greater than expected from muscle weakness
alone.10,33,48 For example, it has been calculated that the direct effects of inspiratory
muscle weakness explain some, but not all, of the observed loss in total lung capac-
ity.47 This disparity is due to the indirect effects of respiratory muscle weakness and,
in particular, the effects of respiratory muscle weakness on pulmonary and rib cage
compliance.9,10,33,47,49

TABLE 11.1 Levels of innervation for the sternocleidomastoid, diaphragm, scalene,
pectoralis, intercostal and abdominal muscles

Cranial nerve XI Sternocleidomastoid

C3–C5 Diaphragm

C3–C8 Scalene

C5–T1 Pectoralis

T1–T11 Intercostals

T6–T12 Abdominals

See Appendix 1 for more details.25
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TABLE 11.2 Definition of lung volumes, capacities and flows

Parameter Definition

Tidal volume The volume of air inspired (or expired) in a quiet breath40,46

Vital capacity The volume of air expired after a maximal inspiration41–43

Inspiratory capacity The volume of air inspired after a normal expiration42,43

Inspiratory reserve The maximum volume of air inspired after a tidal volume inhalation46

Expiratory reserve The maximum volume of air expired after a tidal volume exhalation46

Total lung capacity The total volume of air contained in the lungs at maximal inspiration41–43

Residual volume The volume of air remaining in the lungs after a maximal expiration41–43

Closing capacity The volume of air trapped by the closure of airways on expiration after a
maximal inspiration41,43

Functional residual capacity The volume of air remaining in the lungs after a normal expiration41–43

Peak expiratory flow rate The maximal flow rate generated on expiration after a maximal inspiration42

Peak cough flow rate The maximal flow rate generated during a cough after a maximal
inspiration45,77 Under normal circumstances, peak cough flow rates are higher
than peak expiratory flow rates44,45

Forced expiratory volume The volume of air expelled in the first second of a maximal forced expiration
in 1 second (FEV1) after a maximal inspiration40,46

Figure 11.1 A schematic representation of the effects of respiratory muscle
weakness on lung volumes and capacities in patients with C5–C8 tetraplegia. Patients
with C4 tetraplegia have similar reductions in lung volumes and capacities but
minimal expiratory reserve. (Abbreviations: TLC — total lung capacity; IRV —
inspiratory reserve volume; Tv — tidal volume; ER — expiratory reserve; RV —
residual volume; VC — vital capacity; FRC — functional residual capacity.) Copyright
1985 from The Thorax by Roussos C, Macklem P (eds). Reproduced by permission of
Routledge/Taylor & Francis Group, LLC.
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Pulmonary compliance reflects lung stiffness. It is reduced by approximately 30%
in people with tetraplegia.20,33,52,53 Decreases in pulmonary compliance are undesir-
able because as pulmonary compliance decreases it becomes more difficult to inflate
the lungs. This is a problem for patients already having difficulty inflating the lungs
due to inspiratory muscle weakness. Decreases in pulmonary compliance are typic-
ally attributed to chronic atelectasis.54,55 Chronic atelectasis directly increases the
surface tension of alveoli. It also leads to a reduction in surfactant. Both factors
adversely affect the distensibility of alveoli.56,57 However, decreases in pulmonary
compliance may also be due to changes in the elasticity of lung tissue.58 Not sur-
prisingly, while pulmonary compliance is always reduced in patients with tetra-
plegia, it is further reduced during periods of acute respiratory illness characterized
by secretion retention and atelectasis.9,10,47,48,59

Rib cage compliance reflects the stiffness of the rib cage and its resistance to move-
ment during respiration.20,35,49 It is decreased in people with tetraplegia, exacerbating
losses in lung volumes.10,35,49 The decrease in rib cage compliance occurs over time sec-
ondary to poor rib cage expansion. Rib cage expansion is limited because of respira-
tory muscle paralysis and because patients are physically inactive.35,49 Without regular
expansion and movement of the rib cage, the thoracovertebral and costosternal joints
become stiff.10,29,35,49 Rib cage expansion may also be limited by spasticity although
the link between spasticity and rib cage compliance is disputed.10,33,35,49,58,60

The direct and indirect effects of respiratory muscle weakness on tidal volume,
vital capacity, total lung capacity, and pulmonary and rib cage compliance are unde-
sirable for many reasons (see Figure 11.2). If severe, they lead to hypoventilation
characterized by carbon dioxide retention and hypoxaemia.32,61 In addition, they
lead to poorly ventilated areas of the lung which are highly susceptible to atelectasis.

↓ Peak cough
flow and VC ↓ FRC

↓ CV:FRC

↑ Atelectasis

↓ Cough
effectiveness

↑ Secretions

Pneumonia

Respiratory muscle weakness

Respiratory
failure

↑ Ventilation:
perfusion
mismatch

Hypoxaemia

↓ Rib cage
compliance

↓ Tidal volume,
VC and TLC

Hypoventilation

Carbon dioxide
retention

↓ Pulmonary
compliance

Figure 11.2 The direct and
indirect effects of respiratory
muscle weakness.
(Abbreviations: VC — vital
capacity; FRC — functional
residual capacity; CV —
closing volume; TLC — total
lung capacity.)
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Atelectasis decreases pulmonary compliance, creating a snowball effect where the
effects of atelectasis on pulmonary compliance causes further atelectasis. Atelectasis
is also due to other factors such as decreases in functional residual capacity and
secretion retention (see below). Atelectasis is common and can cause bacterial over-
growth leading to pneumonia,2 pleural effusion and empyema (infection within a
pleural effusion).22,23

Functional residual capacity
Functional residual capacity is also reduced in patients with tetraplegia, especially
during periods of acute respiratory illness.9,12,20,33–36,47–49,62 Functional residual
capacity is the volume of air in the lungs after a normal relaxed expiration and is
determined by the balance between the tendency of the lungs to recoil inwards and
the chest wall to pull outwards.10,33,47,48,60,63 Decreases in functional residual cap-
acity are primarily due to decreases in the outward pull of the chest wall. Changes in
chest wall recoil occur over time in people with tetraplegia and are due to patients’
inability to regularly expand the chest wall to large lung volumes (see discussion
above).9,33,47–49,60 During periods of acute respiratory illness reductions in func-
tional residual capacity are common and due to underlying lung pathology.

Reductions in functional residual capacity predispose patients to atelectasis. If
closing capacity is higher than functional residual capacity, the alveoli in dependent
regions of the lung collapse on expiration. This occurs during normal tidal breathing,
trapping air and precipitating atelectasis.41

Expiratory flow rates
Respiratory muscle weakness directly affects the ability to forcibly expire and gener-
ate high expiratory flow rates. This is reflected by marked reductions in forced expir-
atory volume in 1 second, maximal expiratory flow rate and peak cough flow.4,10,13

These reductions are primarily due to the direct effects of abdominal and intercostal
muscle weakness.

A forced expiration is dependent on generating high intrathoracic positive
pressures.64 In able-bodied individuals, these are generated when the abdominal
muscles contract and pull the abdominal contents inwards and upwards, thereby
increasing intrathoracic positive pressures and decreasing lung volumes.65 The
intrathoracic positive pressures are further increased by the action of the intercostal
muscles on the rib cage. Without intercostal and abdominal muscle activity, large
positive intrathoracic pressures cannot be generated and, consequently, expiration is
largely passive and dependent on the elastic recoil of the lungs. Forced expiration is
further restricted by poor inspiration. Without large volumes of air in the lungs at
the commencement of expiration, the ability to generate high expiratory flow rates
is further reduced.5,8,10,13,15,17,26,29,30,36,44,64,66–70

The inability to forcibly expire prevents an effective cough. High flow rates are
required to generate turbulent air flow through the trachea and large bronchi.64,69,71–74

This in turn creates shear forces on the walls of the airways which entrain secretions
and move them up to the pharynx.71,75 Typically, in able-bodied individuals, flow rates
of between 6 and 20 l.sec�1 are generated during coughing,44,64 although peak flow
rates as low as 2.7 l.sec�1 can help move secretions within the airways.44,68,73,76 As a
general rule patients unable to generate maximal expiratory flow rates of at least 4.5
l.sec�1 and with vital capacity less than 1.5 l during health will be unable to generate
the critical flow rates required during periods of acute respiratory illness.44,73,77
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Without an effective cough, patients are highly susceptible to secretion retention.
The accumulation of secretions and in particular secretion plugging causes atelecta-
sis.5,17,30,44,66 Secretions also contribute to decreases in pulmonary compliance.
Secretions act as a direct physical barrier to the ventilation of distal regions of the lungs
and increase the risk of pneumonia.5,10,17,30,44,66,72,74 Secretions are a noted problem
during acute respiratory illnesses when secretion production is increased.69,78 The loss
of sympathetic supraspinal control and the resultant unchecked parasympathetic
activity also increases the production of secretions.2 Patients with C5 and below
tetraplegia are less vulnerable to problems associated with sputum retention than
patients with C4 tetraplegia because they retain voluntary control of the clavicular
portion of the pectoralis muscles.30,79 In the absence of intercostals and abdominal
muscles, the pectoralis muscles play an important role in assisting cough and forced
expiration.29–31

Residual volume
Residual volume is the only lung volume that is not decreased with respiratory muscle
weakness. Residual volume is the amount of air left in the lungs at the end of a max-
imal expiration and is typically increased due to the inability to forcibly expire and
remove air from the lungs.10,34,47,80 However, residual volume can be unchanged
despite expiratory muscle weakness.33,48 This occurs if there is a corresponding
decrease in the tendency for the chest wall to recoil out to functional residual capacity.
Residual volume is determined by competing factors: the strength of the expiratory
muscles and the inwards pull of the lungs tending to decrease residual volume, and the
outward pull of the chest wall tending to increase residual volume.10,20,47,60 Increases
in residual volume are not associated with increases in total lung capacity.

Rib cage distortion
There are several patterns of rib cage distortion seen during breathing in patients with
tetraplegia.58,81 The precise pattern is determined by factors such as the level of the
lesion, strength of accessory respiratory muscles, rib cage compliance and extent of
spasticity. Some patients demonstrate paradoxical breathing where the negative
intrathoracic pressures associated with inspiration ‘suck’ the upper ribs inwards. This
phenomenon is paradoxical because in able-bodied individuals the upper ribs move up
and outwards during inspiration in response to intercostal muscle activity. Patients
with lesions at and below C5 have less pronounced upper rib cage indrawing because
of preserved function in the scalene and other respiratory accessory muscles.58 Rib cage
indrawing is less pronounced in the lower ribs because they are ‘pulled’ outwards by
the direct action of the diaphragm.

Respiratory complications in the period immediately
after injury

While patients with tetraplegia are always susceptible to respiratory complications,
they are far more susceptible in the period immediately after injury.5,8,10,12 The rea-
sons for this are outlined below.
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Prolonged bedrest
Prolonged bedrest is often required for the management of vertebral instability but
it has a dampening effect on respiratory function.82–84 In particular, it decreases
functional residual capacity16 and vital capacity, promotes atelectasis and increases
susceptibility to pneumonia. While the period of bedrest can often be reduced if
vertebral instability is managed surgically, this approach exposes patients to the
respiratory risks associated with anaesthesia.82,84–88 Often, medical staff weigh up
the relative respiratory risk of conservative versus surgical management after taking
into account all aspects of patients’ care.

Pain and sedation
Pain and sedation decreases patients’ ability and willingness to take deep breaths,
cough and cooperate with therapy.15

Aspiration
Patients with recent tetraplegia are at increased risk of aspiration and subsequent
pneumonia, particularly if they are elderly and have recently undergone anterior cer-
vical spine surgery.23 Aspiration is also common in those susceptible to vomiting,
especially if they are nursed in the supine position and unable to turn the head.

Paralytic ileus
The respiratory function of patients with recently-acquired tetraplegia is further
compromised by the associated paralytic ileus. Paralytic ileus is a condition in which
the gastrointestinal system temporarily ceases to function (see Chapter 1).82,84 The
condition develops within the first 48 hours after injury and can usually last for a
few days.82,84 The development of a paralytic ileus increases the risk of pulmonary
complications because it distends the abdomen.4 Abdominal distension is undesir-
able because it impedes the movement of the diaphragm, increases the work of
breathing and heightens susceptibility to basal atelectasis.4,22 In addition, a paralytic
ileus predisposes patients to vomiting which can cause aspiration.4

Respiratory muscle fatigue
Immediately after injury the remaining non-paralysed respiratory muscles must com-
pensate for the loss of other important respiratory muscles. This is a sudden change
in function and the remaining non-paralysed respiratory muscles are not sufficiently
adapted to perform the additional work of breathing.16,22,31,50,89 With time, non-
paralysed respiratory muscles adapt and are better able to compensate for the loss of
other respiratory muscles.90 That is, there is an improvement in respiratory muscle
strength and endurance.90,91 The respiratory training effect which occurs in the early
days and weeks after injury is accompanied by a gradual increase in vital capacity. For
example, vital capacity can almost double in patients with C4–C6 tetraplegia over the
first 3 months.15 Improvements in vital capacity are also due to other factors, includ-
ing neurological recovery.2
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Associated respiratory injuries
Injuries severe enough to cause vertebral damage often also cause other injuries. The
common injuries seen with spinal cord injuries which have respiratory implications are
fractured ribs (with or without haemo/pneumothoraces), head injuries and abdominal
injuries.23 Patients who sustain injuries during water-related activities often also
develop aspiration pneumonias secondary to inhaling water at the time of injury.4

Pulmonary emboli and pleural effusions are also common complications which may
or may not be a direct consequence of associated chest injuries.

Some of the other key factors which increase a patient’s risk of respiratory com-
plications are increased age, excessive weight, history of substance abuse, history of
smoking and past history of respiratory problems.22 Patients deemed at high risk of
respiratory complications need to be carefully monitored for both respiratory and
neurological deterioration, particularly in the early days after injury and particularly
in those with C6 and above tetraplegia.

Assessment of respiratory function

The respiratory assessment of patients with tetraplegia is not dissimilar to the
respiratory assessments of other types of patients and includes an assessment of
factors such as:

• level of distress and/or anxiety
• ease of breathing
• shortness of breath
• alertness
• pattern of breathing
• effectiveness of cough
• respiratory rate
• breath sounds
• body temperature
• pulse rate
• need for additional oxygen
• volume and tenacity of secretions
• vital capacity
• forced expiratory volume in 1 second
• arterial blood gases
• oxygen saturation
• end-tidal CO2

22

• X-ray changes

It is also important to ascertain the extent of respiratory muscle weakness. This can
be gauged from patients’ overall neurological status. For example, upper and lower limb
paralysis consistent with complete C5 tetraplegia (and no zones of partial preservation)
suggests profound respiratory muscle paralysis. In contrast, incomplete C5 motor paral-
ysis with extensive lower limb movement suggests preservation of intercostal and
abdominal muscles. A more direct assessment of respiratory muscle weakness can be
attained by measuring (forced) vital capacity. This is a key parameter to measure
because it strongly correlates with other lung volumes and reflects patients’ ability to
ventilate and cough.23,92 It also provides a sensitive and easy way to detect early and
subtle changes in respiratory function. Vital capacity should be tested at least every 8
hours in patients deemed at high respiratory risk, and hourly in patients who are on the
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verge of requiring mechanical ventilation.22 A vital capacity of less than 1 l is of concern
and in some patients indicative of the need for mechanical ventilation.1,22

In the early days after injury it is not unusual for the level of the lesion to tem-
porarily ascend one or two segments with the effects of spinal cord oedema.1,22 This
can increase the extent of respiratory muscle paralysis with notable effects on respira-
tory function. Often only a slight deterioration in respiratory function is required to
tip the balance between managing with and without invasive mechanical ventilation.
The tip can occur rapidly and if undetected leads to respiratory failure.

Treatment options

The treatment and prevention of respiratory complications in patients with tetra-
plegia is of paramount importance, and few would dispute the potential life-saving
effects of physiotherapy. However, the efficacy of different respiratory techniques has
not been well researched and there are few clinical trials to guide the decision-making
process.22,23,93–95 The lack of research in this area is partly due to the ethical problems
of performing trials involving respiratory treatments which have long become
accepted standard practice. However, it is also due to the inherent difficulties of per-
forming respiratory trials in patients with tetraplegia (see Chapter 14).93

In the absence of clinical trials, decisions about respiratory management need to
be based, wherever possible, on the results of studies from other patient populations
and preferably on the results of clinical trials including patients with neuromuscular
weakness (i.e. muscle dystrophy or multiple sclerosis). However, even in these patient
populations there is a paucity of good quality evidence and uncertainty about the
broad applicability of these results to patients with tetraplegia. Below is an overview
of current practice and the evidence which underpins it. Most of the treatment
options are for patients with the ability to breathe spontaneously and not for patients
requiring invasive mechanical ventilation.

Physiotherapy is primarily aimed at assisting the removal of secretions and improv-
ing ventilation. The techniques commonly used to assist the removal of secretions
include assisted cough, percussion, vibrations, shaking, suctioning and gravity assisted
drainage. The techniques commonly used to increase ventilation include positioning
for ventilation, breathing exercises, inspiratory muscle training and non-invasive posi-
tive airway pressure support. A brief description of each is provided below.

Assisted cough
An assisted cough is the main technique used by physiotherapists to help clear secre-
tions in patients with respiratory muscle weakness.2,94 An assisted cough can increase
peak expiratory flow rates by up to seven-fold.72,75,96 The technique requires therap-
ists to use the palms of their hands to apply a sudden and forceful overpressure to
the chest or abdominal wall as the patient attempts to voluntarily cough.61,65,97,98

Chest wall overpressure can be applied anteriorly or at the costophrenic angles. One
or two therapists can be used to perform an assisted cough (see Figure 11.3). The
external pressure substitutes for the paralysed intercostal and abdominal muscles.
Patients may benefit from nebulized saline to help moisten secretions prior to cough-
ing. Bronchodilators may also be helpful. These counteract the bronchoconstricting
effects of unchecked parasympathetic activity.

An assisted cough is difficult to administer effectively in obese patients71,72,74,96

and care needs to be taken when treating children or patients with stiff or distorted
chest walls. In addition, direct pressure should not be applied over the abdomen in
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patients who have just eaten61 or who may have internal injuries. Importantly, vig-
orous assisted coughs need to be used cautiously in patients with unstable and
recent tetraplegia. In these patients, advice should be sought from the treating med-
ical officer. The neck of patients with recent cervical injuries should be stabilized
during assisted coughs. This can be done either manually by a suitably qualified per-
son or with appropriate bracing.

The effectiveness of an assisted cough can be enhanced by mechanically inflating
the lungs prior to each cough (see section below on non-invasive positive airway
pressure support). With a large initial lung volume it is possible to generate higher
expiratory flow rates during the subsequent cough.4,61,71,94 The cough can also be
augmented by mechanical in-exsufflators (see Figure 11.4).44,69,71,73,74,99 These
devices apply a gradually increasing positive pressure to the airways during inspir-
ation (up to 40 cm H2O).61,100 The pressure then suddenly changes to a large negative
pressure which stimulates and augments coughing. Mechanical in-exsufflators can
increase peak cough flow rates by approximately three times.68,72 While there has
been a recent resurgence in mechanical in-exsufflators, similar devices were widely
used during the 1940 poliomyelitis epidemic.74,101

The effectiveness of an assisted cough can also be improved with electrical stimu-
lation of the intercostal and abdominal muscles65,75,102–104 or magnetic stimulation
of the thoracic nerve roots innervating these muscles.104,105 These augment stimu-
lated and non-stimulated cough. Patients may also attain long-term benefit from

(a) (b)

Figure 11.3 Four different ways of applying an assisted cough. Some techniques require one physiotherapist and
others two.
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strengthening the clavicular portion of the pectoralis muscles using the principles of
progressive resistance training (see Chapter 8).31 These muscles, while not usually
considered important respiratory muscles, take on a key role during expiration and
cough in patients with paralysis of the intercostals and abdominal muscles.30,79

Coughing is unlikely to be enhanced by the use of abdominal binders.106

Percussion, vibration and shaking
Percussion, vibration and shaking of the chest wall are used to improve secretion
clearance. All these interventions can potentially move the spine. For this reason they
should be used cautiously in acutely-injured patients and only with medical
approval. The evidence base supporting the use of percussion, vibration and shaking
in people with tetraplegia is poor.40,74,94 The best support for these interventions
comes from recent clinical trials involving children with cystic fibrosis94,107 and
patients with bronchiectasis.108 These trials indicate modest short-term effects. The
applicability of these trials to patients with tetraplegia is unknown.

Suctioning
Suctioning is used to move secretions from the trachea. However, this is an unpleas-
ant and invasive technique which should only be used when other interventions 
fail. In non-intubated patients access to the upper airways is gained by either the

(c) (d)

Figure 11.3 Continued
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oropharanx or nasopharanx. If repeated suctioning is required, then minitra-
cheostomies can be used.109 These provide direct tracheal access and are a more com-
fortable and effective way of suctioning secretions. Minitracheostomies cannot,
however, be used for other purposes (e.g. to provide invasive ventilation).

Suctioning can elicit a vagal reflex response which can cause a cardiac arrest.4 This
is due to loss of supraspinal control of the sympathetic nervous system and is precipi-
tated by hypoxia. It is an unusual complication of suctioning which is best avoided
with pre-oxygenation.110 Atropine should be readily available as an additional safety
precaution (this is administered intravenously).

Positioning
The effect of body position on respiratory function is complex because it influences
both ventilation and perfusion.111 The effects of position on ventilation also depend
on the underlying pathology. However, it is generally desirable to regularly change
the position of patients if medically possible and some positions can improve venti-
lation to specific areas of the lung. Gravity can also be used to help move secretions
up the airways although the classic postural drainage positions, once the ‘bread and

Figure 11.4 Mechanical
in-exsufflator.
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butter’ of respiratory physiotherapists, are less commonly used in patients with
tetraplegia.94,112 Clearly, acutely-injured patients should never be moved without
prior medical clearance.

In other patient populations, respiratory function is usually improved by sitting
patients out of bed as soon as feasible. However, moving patients with tetraplegia from
the supine to sitting position will not always assist ventilation, although it may help
ventilate specific parts of the lung. This is because of the deleterious effects of gravity
on vital capacity in patients with respiratory muscle weakness.28,34 Normally, the
diaphragm maintains its high arched position in sitting. This is due to the intrinsic
activity of the abdominal muscles which maintain abdominal pressure, pushing the
abdominal contents up and under the diaphragm. However, in patients with tetra-
plegia and paralysis of the abdominal muscles there is no corresponding way of main-
taining abdominal pressure. Not only do these patients have no ability to contract
their abdominal muscles, but the paralysed abdominal muscles lengthen and become
very compliant with time (hence they develop the typical ‘quad pop belly’).64 Without
abdominal pressure under the diaphragm it drops into a flattened position with the
effects of gravity. The flattened position of the diaphragm places it in a less mechan-
ically advantageous position, adversely affecting its length–tension relationship and
its ability to expand the lower ribs.34 Consequently, residual volume is increased and
vital capacity is decreased. Total lung capacity is also increased despite concurrent
increases in residual volume.

Abdominal binders help maintain vital capacity when patients move from lying to
sitting.113,114 They act like tight elastic corsets substituting for paralysis of the abdomi-
nal muscles and maintaining abdominal pressure.114,115 Abdominal binders also help
prevent venous pooling, thereby improving venous return and possibly assisting lung
perfusion.

Inspiratory muscle training
Inspiratory muscle training is used to increase the strength and/or endurance of
remaining non-paralysed (or partially paralysed) inspiratory muscles.16,89–91,116–126

Hand-held devices which incorporate one-way valves are typically used. The valves
allow unimpeded expiration but provide resistance to inspiration via small diameter
tubes or mesh. Some valves control inspiratory flow while others control inspiratory
pressure. Less commonly, inspiratory muscle training is done by placing weights on
the abdomen.91,126

Like any strength and endurance training programme, the key parameter is
overload (see Chapter 8).90 A typical inspiratory training protocol requires patients
to generate additional inspiratory pressures for 15–30 minutes, two to three 
times a day.90,122,125,127 The optimal inspiratory pressures are not known, although
excessive pressures may cause respiratory muscle fatigue and hypercapnia.95 The 
response to strength and endurance training is reversible, implying that the effects 
of training will cease once training stops unless normal breathing and activities 
can be expected to maintain the gains.90 While the rationale for inspiratory muscle
training is strong, the results from the small number of clinical trials in the area are
inconclusive.89,91,116,120,123,127

Non-invasive positive airway pressure support
Non-invasive positive airway pressure support is used to provide positive airway
pressure during inspiration and/or expiration. As the name implies it is administered
non-invasively (i.e. not through intubation tubes associated with invasive mechanical
ventilation). There are different types of non-invasive positive airway pressure support
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but the three most widely used types are continuous positive airway pressure, bi-level
positive airway pressure and intermittent positive pressure breathing. Typically, the
pressure is delivered through tight-fitting nasal or oronasal masks. Alternatively, it is
delivered through a mouthpiece or through soft rubber or silicone pledgets sitting in
the nostrils. Most types of non-invasive positive airway pressure support are used in
patients capable of breathing spontaneously. However, occasionally, non-invasive
positive airway pressure support is used to ventilate patients with paralysis of the
diaphragm who are unable (or barely able) to ventilate. Non-invasive positive air-
way pressure support can cause aspiration if delivered through tight-fitting masks in
patients unable to remove them and at risk of vomiting.

Continuous positive airway pressure
Continuous positive airway pressure (CPAP) is used to administer low levels of pres-
sure throughout the respiratory cycle. Typically, pressures of between 5 and 10 cm
H2O are used (higher pressures are occasionally used in patients with complex
underlying respiratory disease74). The pressures are maintained through devices
which provide a constant stream of compressed air. The expiratory pressures are par-
ticularly beneficial. They are transmitted throughout the airways helping to splint
the airways open during expiration. In this way the expiratory pressures maintain
functional residual capacity above closing capacity, preventing airway collapse.128

They also facilitate collateral ventilation, increasing gas pressure behind secre-
tions.129 The low levels of inspiratory pressure assist tidal volume.

Continuous positive airway pressure is primarily used to treat acute episodes of
atelectasis, respiratory distress and secretion retention, and to wean patients from inva-
sive mechanical ventilation.74,94,130 However, continuous positive airway pressure is also
widely used to manage sleep apnoea. Sleep apnoea is a common problem in patients
with tetraplegia, especially if they are elderly and overweight.22,131,132 The expiratory
pressures help splint the upper airways open during sleep preventing obstruction.

Bi-level positive airway pressure support
Bi-level positive airway pressure support is used to provide different levels of positive
inspiratory and expiratory pressure support during the respiratory cycle.133 The expira-
tory pressures are typically low and used to splint the airways open during expiration
(as above). The inspiratory pressures can be varied and are used to augment tidal
volume. However, it is the difference between the inspiratory and expiratory pres-
sures which determines the precise effect of bi-level positive airway pressure support
on tidal volume. Bi-level positive airway pressure support is used for the same rea-
sons as continuous positive airway pressure but with the added benefit of providing
extra assistance for inspiration if needed.

Bi-level positive airway pressure support is administered through pressure-lim-
ited intensive care-type ventilators or ‘bi-level’ devices (e.g. BiPAP® machines).
Inspiratory airflow continues until a pre-set pressure is reached. Inspiratory flow is
typically triggered by patients’ spontaneous attempts at inspiration while expiration
is passive and commences once the inspiratory airflow finishes. Pressure during
expiration is maintained with a constant airflow during expiration.

The settings of most ventilators and ‘bi-level’ devices can be adjusted to deter-
mine variables such as:

• how quickly peak pressures (or volumes) are reached;
• whether additional breaths are delivered if patients fail to make a minimum

number of spontaneous breaths; and
• how quickly inspiratory pressures (or volumes) drop off at the end of each

breath.
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‘Bi-level’ devices, rather than pressure-limited intensive care-type ventilators, are
increasingly used in patients with tetraplegia because they are relatively cheap, light,
portable and easy to use.61 However, they do not always enable the administration of
additional oxygen or very high inspiratory pressures, and they have limited adjust-
ability.61 In addition, most do not have alarm systems essential for very disabled
patients reliant on them for ventilation.

Intermittent positive pressure breathing
Intermittent positive pressure breathing is used to provide large breaths to patients
who are breathing spontaneously.2,134 Large inspiratory pressures are administered,
typically with an intensive care-type ventilator through a mouth piece. The delivery
of airflow is triggered by patients’ inspiration. Intermittent positive pressure breath-
ing was widely used 20 years ago as a treatment modality by physiotherapists but is
less commonly used today.135

The regular expansion of the lungs with intermittent positive pressure breathing
may have lasting beneficial effects on pulmonary and chest wall compliance and
may help to treat and prevent atelectasis, hypoventilation and secretion retention
(see Figure 11.2). However, no clinical trials have been done in this area and its last-
ing effectiveness is unclear.134,136,137 Presumably, however, any beneficial effects on
pulmonary and chest wall compliance are reliant on its regular application over a
sustained period of time.61 Intermittent positive pressure breathing is also used to aug-
ment coughing in much the same way as in-exsufflators but without the added bene-
fit of large negative pressures during expiration. Intermittent positive pressure
breathing is applied on a breath-by-breath basis with each attempt at coughing (see
discussion above). Interestingly, intermittent positive pressure breathing is not an
effective way of administering aerosols but can be used to provide humidification.49,61

An equivalent but less precise way of providing patients with deep breaths is by inflat-
ing the lungs manually with a resuscitation bag and mouthpiece (or face mask).

Non-invasive ventilation
Non-invasive positive airway pressure support can be used to ventilate patients. If used
in this way, it is called non-invasive ventilation. High inspiratory pressures (up to 40 cm
H2O) with or without expiratory pressures are administered through intensive care-
type ventilators or ‘bi-level’ devices. Non-invasive ventilation is used in patients with
profound respiratory muscle weakness and/or fatigue unable to maintain adequate
ventilation.61,137 It is commonly used as an interim measure to get patients through
acute episodes of respiratory distress and avoid the need for mechanical invasive ven-
tilation. In these patients it is used either intermittently or continuously throughout
the day. It is also used by some patients on an ongoing basis to provide sustained
periods of respiratory rest each day and to prevent respiratory complications.138–140

In these patients it is typically used at night while sleeping.

Ventilation for patients with C1–C3 tetraplegia

Invasive mechanical ventilation
Most patients with lesions at C1–C3 are managed with invasive mechanical ventila-
tion via tracheostomy. The life expectancy of these, and other patients requiring
long-term invasive mechanical ventilation, is reduced with 25% of patients surviving
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the first year and 17% surviving 15 years.141 Not surprisingly, respiratory complica-
tions are the leading cause of their death.141 This is due to increased susceptibility to
pneumonia, atelectasis and secretion retention.141

Patients with high levels of tetraplegia requiring long-term ventilation have many
nursing, social, vocational and psychological needs. They require portable ventila-
tors and suction units which can be attached to their wheelchairs. They also require
warning systems and secondary back-up equipment in case the primary ventilator
fails. These patients cannot be left unattended and personnel responsible for their
care require extensive training on all aspects of respiratory management.

A less obvious implication of invasive mechanical ventilation is its deleterious
effects on speech. Speech is possible by deflating the cuff of the tracheal tube and
increasing tidal volume.142 However, patients lose the ability to control and time
expiration. Both these factors are important precursors to the natural speech pattern.
For this reason speech becomes dependent on the fixed and passive phases of expi-
ration. In addition, they have little ability to change the quality or volume of their
speech, and invariably patients run out of breath before they have finished a sen-
tence or phrase. The typical speech pattern of a ventilated patient with tetraplegia is
soft and inappropriately disrupted with each inspiration. This adversely affects the
spontaneity of their speech and verbal communication with others.

Diaphragmatic pacing
The ventilation of some patients with C1 or C2 tetraplegia can be managed with
diaphragmatic pacing, where ventilation is controlled by cyclic electrical stimulation
of the phrenic nerve. In these patients the electrodes are surgically implanted but
controlled by an external device.65,103,143–146 Most patients using phrenic nerve stimu-
lation continue to require a tracheostomy for the removal of secretions and use
mechanical ventilation at night. The success of diaphragmatic pacing depends on an
intact phrenic nerve which is responsive to electrical stimulation. Consequently, most
patients with C3 tetraplegia and damage to the anterior horn cells of the diaphragm
are unsuitable for diaphragmatic pacing.

Non-invasive negative ventilation
Artificial ventilation can also be provided by generating negative pressures around
the thorax with body ventilators such as the iron lung.147,148 The iron lung is a shell
which encompasses the trunk and expands the lungs during inspiration by generat-
ing an external negative pressure over the thorax. These devices were primarily used
to manage the poliomyelitis epidemic which left thousands with chronic respiratory
muscle paralysis. Today, negative ventilatory support systems are rarely used. This is
for several reasons, including their tendency to cause upper airway collapse.148

Glossopharyngeal breathing
Glossopharyngeal breathing, also called ‘frog breathing’, is a technique used by
patients with severe respiratory muscle paralysis.40 The tongue and pharyngeal
muscles are used to generate a repeated wave-like action of the tongue which moves
it up and down against the palate. Each cyclic movement of the tongue forces up to
150 ml of air into the trachea. The glottis closes each time the tongue is lowered to
prevent escape of air. If this action is quickly repeated many times over without escape
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of air, an inspiratory breath of approximately 500 ml can be achieved. Expiration is
then passive.61,149

Glossopharyngeal breathing is used by some ventilated patients to enable them
to be removed from the ventilator for short periods of time. This can be useful when
patients are being moved about (e.g. when being transferred from the bed to the
wheelchair). It is also used by some non-ventilated patients to augment coughing.
Glossopharyngeal breathing is, however, a difficult technique to master and for ther-
apists to teach. It cannot be used for sustained periods of time.
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Poor cardiovascular fitness is an impairment which commonly prevents patients with
spinal cord injury from performing motor tasks.1–4 The performance of motor tasks
with paralysis is often an inefficient way of moving5 and is physically demanding.6,7

For example, ambulating with partial paralysis of the lower limbs is associated with
a greater oxygen cost than walking as an able-bodied individual.8 Similarly, pushing
a wheelchair up a slope is physically strenuous. The added physical stress of moving
with paralysis is particularly pronounced in the early days after injury when patients
have not yet mastered efficient ways of moving.1 At this time, patients may also be
deconditioned from extended periods of bedrest9 and may still be recovering from
the effects of associated chest or lung injuries.

The importance of cardiovascular fitness is sometimes only apparent when
patients participate in real life activities. For example, patients may be able to walk
or propel their wheelchairs quite easily in the physiotherapy gymnasium but may
experience difficulties going to a park with family and friends. Mobilizing outdoors
generally requires more cardiovascular fitness than mobilizing about a physiotherapy
gymnasium.

Cardiovascular fitness is also important for good long-term health and quality of
life.2,10–12 Poor cardiovascular fitness predisposes patients to cardiovascular disease,
a leading cause of death in patients with spinal cord injury.13–16 Seventeen per cent
of patients with established spinal cord injury develop ischaemic heart disease
(compared to 7% in the general community)13 and 50% die of cardiovascular-related
diseases.17 The high rate of cardiovascular-related disease is due to sedentary lifestyles18

and the high incidence of obesity,19,20 glucose intolerance,21 diabetes22 and smok-
ing.10,23–26 It is also due to deleterious changes in lipid profiles including decreases
in the concentration of high density lipoprotein-cholesterol (this is the type of chol-
esterol which helps prevent cardiovascular disease).19,22,27 Regular and ongoing 
exercise decreases the incidence of cardiovascular-related disease in the able-bodied
population and is believed to be equally important for patients with spinal cord
injury.5,23 Patients are probably most likely to regularly exercise in the community if
fitness-training programmes are an integral part of the rehabilitation process and if
patients have access to appropriate opportunities and facilities.
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Fitness-training programmes need to be based on appropriate exercise testing and
prescription. Both pose unique problems in people with spinal cord injury, especially
those with high thoracic and cervical lesions. These patients have marked or complete
loss of supraspinal sympathetic control (see Chapter 1). The sympathetic nerves inner-
vate the smooth muscles of arteries, veins and airways, as well as the heart and adrenal
medullae.4 They are important for cardiac, respiratory, thermoregulatory and meta-
bolic responses to exercise.20 Circulating catecholamines can mimic sympathetic activ-
ity but their effects are delayed and often less pronounced.4,28

There are still many unanswered questions about different aspects of cardiovascular
fitness training and testing for patients with spinal cord injury24,39 and few random-
ized controlled trials to provide definitive answers.12,29–32 Most of what is known
comes from quasi-experimental trials,33,34 cross-sectional studies,35–37 knowledge
about the short-term effects of exercise in patients with spinal cord injury, and the
generic benefits of exercise for other patient and able-bodied populations.6,11,35–39

The important trial examining the effectiveness of cardiovascular fitness training for
preventing cardiovascular-related disease in patients with spinal cord injury is yet to
be done. With these limitations in mind, the purpose of this chapter is to outline the
effects of spinal cord injury on patients’ responses to exercise and to provide guide-
lines for exercise testing and prescription. This chapter focuses on patients who are
wheelchair-dependent with sufficient upper limb strength to actively exercise (i.e.
patients with lesions between C5 and T12). However, regular exercise is also impor-
tant for ambulating patients and the underlying principles of exercise testing and
training are the same.

Assessment of cardiovascular fitness

The assessment of cardiovascular fitness is important for setting exercise programmes
and monitoring response to training. Strenuous exercise can precipitate adverse
cardiovascular events and for this reason usual care and precautions need to be
followed. A medical specialist should assess elderly patients and those at high risk of
cardiovascular disease before they engage in strenuous physical activity.

Assessments of cardiovascular fitness need to be done under reproducible test situ-
ations. Factors such as the wheelchair, cushion, trunk constraint and the position of
the patient all need to be standardized. It is particularly important that the wheelchair
is standardized for tests involving wheelchair propulsion. Different wheelchairs are
associated with different mechanical efficiencies.

There are three main ways to assess cardiovascular fitness.40 Each is summarized
below.

Peak oxygen consumption tests
The most accurate way to assess cardiovascular fitness is with a peak oxygen con-
sumption (V

.
O2peak) test.8,20,41 The V

.
O2peak test measures the maximal capacity of the

body to deliver oxygen from the lungs to the mitochondria of exercising muscles.42

The test can be performed with any type of exercise, although ideally with exercise
incorporating as much available muscle mass as possible. It is typically performed
with patients rotating arm ergometers, or propelling wheelchairs on treadmills or
ergometers.20,40,43,44 Expired gases are collected during the test through a mouthpiece
connected to a gas analysis system.45,46 Results are expressed as either the greatest
absolute (l.min�1) or relative (ml.kg�1.min�1) rate of oxygen consumption.46
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The V
.
O2peak test requires patients to exercise at gradually increasing intensities

until exhaustion. Short rests of between 20 and 30 seconds are sometimes provided
between each increment.11,47,48 For example, an arm ergometer test in a patient with
paraplegia might start at 30 watts (W) and then increase by 10–15 W every 2 min-
utes.11,49,50 The maximal power output these patients are likely to achieve is between
50 W and 100 W. The equivalent test for a patient with tetraplegia might start at 5 W
or less, and increase by between 2.5 W and 10 W, depending on the level of fitness
and spinal cord injury. The maximal power output a patient with tetraplegia is likely
to attain ranges from 10 W to 50 W.45 The power output of an arm ergometer can be
adjusted by changing the externally applied resistance and cranking velocity.
Cranking velocities between 30 and 90 rpm are commonly used.

The V
.
O2peak test is equivalent to the V

.
O2max test in able-bodied people. The different

terminology is used to reflect the lower maximal rate of oxygen consumption with
arm versus leg exercise.11 Arm exercise is associated with a lower maximal rate of oxygen
consumption because of the lower demand for oxygen from the smaller exercising
upper limb muscles and the circulatory implications of arm exercise (see pp.
231–234 for details).

The V
.
O2peak test is the most accurate way of measuring cardiovascular fitness in

patients with spinal cord injury but is not commonly used in spinal cord injury units
because it is unnecessarily complex for the needs of clinicians. It has been included
here because it is the ‘gold standard’ and the basis for understanding the exercise
response of patients with spinal cord injury.

Submaximal exercise tests
Cardiovascular fitness is most commonly assessed in wheelchair-dependent patients
with submaximal arm tests. Expired gases can be collected with portable and easy-to-
use expired gas analysis systems although it is more common in spinal cord injury
units to just measure heart rate.41 Submaximal arm tests are performed in a similar
way to maximal arm tests but are terminated before exhaustion. Different testing
protocols are used. A commonly used protocol includes three 7-minute bouts of
exercise at 40%, 60% and 80% of predicted maximal exercise capacity. For example,
a patient with paraplegia and a high level of fitness might exercise at 40 W, 60 W and
80 W. Patients with lower levels of cardiovascular fitness and patients with tetraplegia
would exercise at three lower power outputs (e.g. 20 W, 30 W and 40 W).

In able-bodied individuals, submaximal tests with expired gas analysis are used
to estimate V

.
O2max. Estimations are based on the assumption that there is a linear

relationship between oxygen consumption and heart rate.46,55,56 Oxygen consump-
tion data are extrapolated to the point which corresponds with predicted maximal
heart rate. The same process can be used to predict maximal power output because
there is also a linear relationship between oxygen consumption and power output.45

It is, however, more difficulty to estimate V
.
O2peak from submaximal arms tests, espe-

cially in patients with spinal cord injury and loss of supraspinal sympathetic control.55

Formulae for predicting V
.
O2peak from the results of submaximal tests have been

proposed but are yet to be validated.11,43,57,58

The results of submaximal tests which solely rely on heart rate are primarily used
to monitor the response of patients to training.51 For example, improvements in car-
diovascular fitness are indicated by a decrease in heart rate at the same power output
with training. It is also possible to gauge improvements in fitness by patients’ percep-
tions of exertion. The Borg exertion scale is widely used for this purpose (see Table
12.1).41,52–54 Improvements in fitness are indicated by lower levels of perceived exer-
tion with exercise at the same power output.
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Field exercise tests
Cardiovascular fitness can also be assessed by measuring the distance walked, pushed,
cycled or swam over a set time period.51 Alternatively, instead of measuring the dis-
tance covered in a set time, the distance can be standardized and the time taken to
cover the distance measured. The more standardized tests include the 6- and 12-minute
wheelchair propulsion tests.3,59,60 In these tests, patients are required to push their
wheelchairs as far and as fast as possible in 6 or 12 minutes over flat ground.
Variations can be used where the speed of pushing and/or incline are gradually
increased.61 V

.
O2peak can be estimated from the 12-minute wheelchair propulsion test

(see Table 12.2).59,60

TABLE 12.1 Borg scale of exertion

6 no exertion at all 14

7 extremely light 15 hard (heavy)

8 16

9 very light 17 very hard

10 18

11 light 19 extremely hard

12 20 maximal exertion

13 somewhat hard

After References 52 and 53 with permission of Borg Products USA, Inc.

TABLE 12.2 Guidelines to estimating fitness from distance pushed in a
manual wheelchair over 12 minutes

Fitness level Distance (km) V
.
O2peak (ml.kg�1.min�1)

Poor �1 �7.7

Below average 1–1.39 7.7–4.5

Fair 1.4–2.1 14.6–29.1

Good 2.2–2.5 29.2–36.2

Excellent �2.5 �36.3

Reprinted from Archives of Physical Medicine and Rehabilitation, Vol 71, Franklin
BA, Swaantek KI, Grais SL et al, Field test estimation of maximal oxygen
consumption in wheelchair users, pp 574–578. Copyright 1990, with permission
from the American Congress of Rehabilitation Medicine and the American
Academy of Physical Medicine and Rehabilitation.
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The response of people with spinal cord injury to exercise

The response of patients with spinal cord injury to exercise is influenced by the extent
and level of neurological involvement. Patients with the ability to ambulate respond
to exercise in a similar way as their able-bodied counterparts. In contrast, the
response to exercise of wheelchair-dependent patients with complete upper thoracic
paraplegia or tetraplegia is quite different. Their exercise response is adversely affected
by three main factors, namely, reliance on arm exercise, lower limb paralysis and loss
of supraspinal sympathetic nervous control.4,20 Each of these three factors adversely
effect cardiac output and arterio-venous oxygen difference (a-v–O2 difference): the two
determinants of V

.
O2peak (see Table 12.3).

The relationship between cardiac output, arterio-venous oxygen difference and
V
.
O2peak can be summarized by Fick’s principle:

V
.
O2peak � cardiac output � (a-v–O2 difference)

where: cardiac output � heart rate � stroke volume.
Cardiac output is the ‘central’ determinant of V

.
O2peak and the a-v–O2 difference is

the ‘peripheral’ determinant. The next section outlines the implications of spinal
cord injury and arm exercise on cardiac output and a-v–O2 difference.

Cardiac output
Maximal cardiac output is reduced in patients with spinal cord injury. This is pre-
dominantly due to a decrease in maximal stroke volume but also due to a decrease
in maximal heart rate.14,48

Fitness training typically increases maximal cardiac output in able-bodied indi-
viduals and patients with lower levels of spinal cord injury capable of exercising with
larger muscle masses. However, in wheelchair-dependent patients with spinal cord
injury, and especially in those with tetraplegia, arm exercise does not commonly
place a sufficient demand on the heart to prompt a central training effect on cardiac
output unless patients are very deconditioned.48 The exercising muscles are too small
and the body’s demand for oxygen too low to stress and hence train the heart.4,5,62,63

Heart rate
The balance between sympathetic and parasympathetic activity determines heart rate.
Sympathetic control to the heart is via T1–T4 nerve roots, while parasympathetic

TABLE 12.3 Key determinants of heart rate, stroke volume and a-v–O2 difference

Heart rate Stroke volume a-v–O2 difference

Sympathetic nervous system Venous return Size of exercising muscle mass
Parasympathetic nervous system After-load Ability of muscles to extract oxygen:
Circulating noradrenalin Contractility – capillarization
Intrinsic heart rhythm Blood volume – number of mitochondria

– blood flow through exercising muscles
– oxidative enzyme activity
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control is via the vagal nerve.20,48 Sympathetic activity increases and parasympathetic
activity decreases heart rate.4,20,48 Without input from either source, the heart will
beat at approximately 70–80 beats.min�1. This is due to the intrinsic firing rate of the
sinoatrial node in the heart.

Patients with lesions above T1 have complete loss of supraspinal sympathetic con-
trol to the heart. Consequently, heart rate is primarily increased by the withdrawal of
excitatory input from the vagal nerve.4,20,64 Circulating humoral factors such as cat-
echolamines can further increase heart rate65,66 but there is a time lag between their
release and effect. The maximal heart rate of patients with lesions above T1 can be as
low as 110–130 beats.min�1.4,49 In contrast, the maximal heart rate of able-bodied
individuals is approximately 200 beats.min�1 depending on age.

Unlike able-bodied individuals, fitness training may increase maximal heart rate
in patients with spinal cord injury.41 The mechanisms underlying this possible train-
ing effect are not well understood, but may be due to changes in the body’s ability to
release and respond to circulating humoral factors. Alternatively, it may be due to the
local effects of training on the arm muscles. Training delays the onset of muscle fatigue
during maximal exercise testing. Consequently, trained patients can exert themselves
more than untrained patients placing a greater demand on the body for oxygen. This
demand is met by an increase in heart rate.41

Stroke volume
Patients with spinal cord injury have a lower maximal stroke volume.48,67 The decrease
in stroke volume is primarily due to the loss of supraspinal sympathetic control and
the implications of arm exercise. Both have deleterious effects on the two primary
determinants of stroke volume, namely venous return (also called pre-load) and
contractility.

Venous return
Normally, 65–70% of the body’s total blood volume sits within the venous system. In
able-bodied individuals, at least half of this blood volume is redistributed from 
inactive tissues to working muscles during exercise.48,68 However, in patients with spinal
cord injury this blood volume stays largely pooled within the venous system.34,69,70

Venous pooling is due to the loss of the lower limb and intra-thoracic muscle pumps
secondary to abdominal and lower limb muscle paralysis. It is also due to loss of
supraspinal sympathetic control.

Venous return is important because it determines end-diastolic filling. That is, the
amount of blood which returns to the ventricles for subsequent redistribution. In
turn, end-diastolic filling dictates stroke volume by the Frank-Starling mechanism.69

A poor venous return limits stroke volume which in turn limits cardiac output and
V
.
O2peak.

Venous return and stroke volume can be improved with lower limb elevation56,69

and electrical stimulation.50,71 Leg stockings and binders do not make a notable
difference to venous return during exercise.69

Contractility
Contractility refers to the heart’s ability to contract the cardiac muscles and forcibly
expel blood. In able-bodied individuals, sympathetic activity is the most important
and direct determinant of contractility. Without sympathetic activity, contractility
and hence stroke volume is reduced.
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After-load and blood volume
After-load and blood volume also determine stroke volume (see Table 12.3).46 The
effects of spinal cord injury on these two factors are not well understood, although
exercising blood pressure is lower than normal in patients with tetraplegia4 and
blood volume may be reduced.72

Arterio-venous oxygen difference
The a-v–O2 difference is the peripheral determinant of V

.
O2peak. It reflects the ability

to extract and utilize oxygen and is expressed as the difference in the oxygen content
of blood entering and leaving the pulmonary arteries (a-v–O2 difference). There are
two key factors determining the a-v–O2 difference. They are the size of the exercising 
muscle mass and the ability of muscles to extract oxygen. Both are adversely affected
by spinal cord injury but not to the same extent as cardiac output.

Fitness training improves the a-v–O2 difference in people with spinal cord injury,
delaying the onset of muscle fatigue. This is particularly important for patients with
tetraplegia and little active muscle mass. Their ability to maximally exercise is primarily
limited by muscle fatigue. If muscle fatigue can be delayed, V

.
O2peak can be increased.5

Size of the exercising muscle mass
The most important determinant of the a-v–O2 difference is the size of the exercising
muscle mass. Patients with tetraplegia and partial paralysis of the upper limbs have a
smaller active muscle mass than their paraplegic counterparts. Their ability to actively
utilize their upper limbs during exercise is capped by neurological involvement.4,20,49

Exercise in small muscles is associated with a lower a-v–O2 difference than exercise in
large muscles because there is less opportunity, need and ability to extract and utilize
oxygen.4,20 It is partly for this reason that, even in able-bodied individuals, V

.
O2peak

with arm exercise is approximately 70% of V
.
O2max with leg exercise.8,45,47

Fitness training in patients with spinal cord injury induces muscle hypertrophy,
thereby increasing muscle mass and the a-v–O2 difference.

Ability of muscles to extract oxygen
The ability of muscles to extract oxygen is also an important determinant of the a-v–O2

difference and hence V
.
O2peak. Oxygen extraction is determined by factors including

the size and type of muscle fibres, the density of capillaries, the regulation of blood
flow, the size and number of mitochondria and the type of metabolism.8 These factors
are relatively unaffected by the implications of spinal cord injury, although the loss
of supraspinal sympathetic control adversely affects the ability to redirect blood
from non-essential organs to exercising muscles.48 Sympathetic activity with exercise
in able-bodied individuals causes vasoconstriction in non-essential organs. This
increases blood flow to exercising muscles. Without sympathetic activity, the blood
flow to exercising muscles is restricted. This is partially counteracted in patients with
spinal cord injury by the local vasodilating effects within muscles by factors such as
changes in pH, metabolites, temperature and interstitial fluid. However, local vaso-
dilation without compensatory vasoconstriction elsewhere can be problematic caus-
ing exercise-induced hypotension.4

Fitness training increases the ability of muscles to extract oxygen in all patients,
including those with higher levels of spinal cord injury. This training effect is one of the
key factors increasing V

.
O2peak in patients with spinal cord injury. A better ability to

extract oxygen delays the onset of local muscle fatigue and increases maximal exercise
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capacity. This training response is due to an increase in the concentration of mitochon-
dria and myoglobia, better utilization of free fatty acids (rather than carbohydrates),
increased capillary density, better glycogen storage and increased capacity for glycogen
synthesis.4 Associated with these changes is a decreased accumulation of lactic acid,
especially at the commencement of exercise when there is an interim, but high, reliance
on the anaerobic system. This is particularly relevant because build-up of lactic acid and
its associated local feelings of muscle soreness and fatigue are important limiting factors
when exercising with small muscle masses.4,5,45,73

Exercise prescription

The key parameters for exercise prescription are frequency, intensity and duration.43,74

The generic guidelines, set down by the American College of Sports Medicine for
people with disabilities, recommend at least 20 minutes of exercise three to five times
a week at an intensity which corresponds with 50–80% of maximal exercise capacity
(i.e. V

.
O2peak).43,74,75 This is equivalent to working at 70–85% of maximal heart rate.47

These guidelines are similar to exercise protocols recommended specifically for patients
with spinal cord injury,18,43,49,76,77 although the reliance on heart rate for exercise
prescription is clearly problematic for patients with loss of supraspinal sympathetic
control.56 Importantly, as patients improve, exercise intensity needs to increase so
patients continue to work at 50–80% of their maximal exercise capacity.

Setting the intensity
The results of submaximal tests can be used to estimate a power output which cor-
responds with 50–80% of maximal exercise capacity. However, this is only helpful if
training is done on ergometers which measure power output. Alternatively, portable
heart rate monitors can be used to get an indication of exercise intensity, although
with less certainty in patients with loss of supraspinal sympathetic control.58

Arguably, the most appropriate way to determine exercise intensity in the clinical
situation is to rely on patients’ perceptions of exertion. Patients are encouraged to
exercise at an intensity which corresponds with 12–16 on the 20-point Borg scale of
perceived exertion. Portable heart rate monitors can then be used to determine the
relationship between heart rate and Borg levels of exertion. In this way, both can be
used interchangeably to indicate exercise intensity.

Selecting the type of exercise
The appropriate type of exercise will depend on many factors and in particular
whether power output needs to be monitored. However, training effects are quite
specific to the way patients exercise.47 So training on arm ergometers will improve
patients’ exercise capacity when performing this type of exercise but the benefits will
not be fully transferable to other forms of exercise (see Figure 12.1). For this reason
exercise involving wheelchair propulsion is usually most appropriate during the ini-
tial rehabilitation phase when the aim of treatment is to improve a patient’s ability
to mobilize in a wheekchair. Pushing a wheelchair around a hospital, rather than as
part of a structured and physically demanding programme, is not normally of suffi-
cient intensity to attain a training effect.1,20,24,48,78 The exception is in the early days
after injury when patients are very deconditioned.

Continuous or short-interval training programmes can be used.49,79 Some would
argue that interval training and its effects on the anaerobic system better match the
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physical demands placed on patients with spinal cord injury during their normal
daily routines, although a combination of the two is arguably most appropriate.

It is important to design exercise programmes which promote patient adherence.
Patient adherence will be improved if exercise programmes are varied, interesting,
structured and monitored. Exercises performed within group settings are most likely
to maintain patients’ interest and motivation. Programmes which consist of rotating
arm ergometers at a fixed velocity and resistance for 20 minutes a day with minimal
supervision are unlikely to be continued. Rather, programmes need to be broken up
with rapid low-resistance bouts mixed with slower and more sustained high-resistance
bouts. One day patients might use an arm ergometer, the next day they might push
their wheelchair around a circuit. Wheelchair mobility can be varied by pushing on
the flat, pushing up and down ramps, pushing forwards, pushing backwards, push-
ing in a standard wheelchair and pushing in a racing wheelchair. Exercise intensity
can be monitored and progress recorded with the use of stopwatches, portable heart
rate monitors and the Borg exertion scale.

Figure 12.1 Training with
an arm ergometer while the
legs are passively moved.



Exercise prescription236

The practice of motor tasks can also be used to train cardiovascular fitness during the
early phases of rehabilitation. For instance, repeated but physically demanding practice
of transfers within a set time frame can be useful for this purpose (e.g. the patient
performs repeated transfers within a series of 3-minute bouts, each bout separated by a
short rest). Alternatively, ambulating patients can practise aspects of their gait while
training cardiovascular fitness. For example, a patient can practise sit to stand from a
low chair repeatedly. The emphasis is placed on a high number of repetitions within 
a set time frame. Again portable heart rate monitors can be used to ensure patients work
at a minimum predetermined heart rate for a sufficiently long period of time. This
type of fitness training is less precise than other forms of fitness training but arguably
provides patients with functional fitness appropriate for activities of daily living.
Training fitness in this way is also often more acceptable to patients.

Exercise which is part of recreational and sporting pursuits is more likely to be
continued throughout patients’ lives. Swimming, boxing, wheelchair racing, wheel-
chair basketball or rugby are all increasingly popular and are a good way to enable
wheelchair-dependent patients to engage in regular physical activity.43,80 However,
initially patients need information and exposure to the range of exercises and recre-
ational activities appropriate for their level of disability and interest.81 This type of
assistance is commonly provided by recreational therapists within spinal cord injury
units. The same form of assistance also needs to be provided for patients living in the
community. There are numerous sporting organizations for the disabled in most
countries which provide assistance in this area.

Incorporating electrical stimulation
Electrical stimulation can be used to help patients with spinal cord injury exercise. 
A hybrid cycle ergometer can be used where the arms and legs cycle together but the
paralysed legs are driven by electrical stimulation. The primary advantage of electric-
ally stimulating the legs is that it enables exercise with a large muscle mass.4,20 This,
combined with improved venous return from the cyclic contraction and movement
of the paralysed legs,50,71 leads to a greater stroke volume,50,71 V

.
O2max

50,82 and a better
central training effect than arm exercise alone.20,82,83 Electrical stimulation also has
additional neural, metabolic, vascular and endocrine effects, and increases the stimu-
lated ‘strength’ of paralysed muscles.84–89 There is also initial evidence to indicate
that it prevents bone loss.90,91

Despite initial evidence supporting the benefits of hybrid exercise, it is not yet part
of most patients’ routine and ongoing care. Instead it is primarily used for research
purposes. This is partly because hybrid exercise requires expensive equipment92 and
is time-consuming to set up. Often patients need to travel to specialized clinics to par-
ticipate in hybrid-exercise programmes. Hybrid exercise is unlikely to be more widely
used or advocated until high quality clinical trials provide convincing evidence that
the long-term benefits justify the associated cost, time and commitment.

Considering the needs of the frail and elderly
Initially patients may be unable to exercise at an optimal training intensity for
20 minutes at a time. This may be because of the effects of local muscle fatigue, age,
musculoskeletal pain, general deconditioning or merely limited tolerance to the
discomfort and effort associated with exercise. In these patients, the intensity and
frequency of exercise may need to be gradually built up over many weeks, if not
months.51 These patients may also better tolerate programmes consisting largely of
interval rather than continuous training. Overzealous prescription of exercise in the
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early days after injury may be counter-productive and only serve to discourage
patients from good long-term exercise habits.

Maintaining thermoregulation
Patients with spinal cord injury have a limited ability to dissipate heat with exer-
cise.93,94 This is primarily due to disruption of the sympathetic nervous system and the
resultant limited ability to sweat and redirect blood flow to the skin.95,96 Patients will
not necessarily sense an increase in temperature with strenuous exercise but any eleva-
tion in core body temperature needs to be avoided. This is best achieved by not exer-
cising in hot conditions and ensuring adequate hydration and appropriate clothing.97

Exercise in the community

Ongoing regular exercise is not only important for cardiovascular health43,81,98 but also
for general well-being. Regular exercise promotes social integration and satisfaction
with life.20,32,98–100 It reduces anxiety,101 pain and depression,29,102,103 and increases self-
esteem and efficacy.104 It may also reduce the incidence of urinary tract infections, and
helps prevent pressure ulcers, osteoporosis, respiratory infections and spasticity.2,3,37,105

Some of these and other generic benefits of regular exercise have been well established
in other patient groups106 and in the able-bodied community.101

Just as it is difficult to encourage regular exercise in the able-bodied population,
it is also difficult to encourage regular exercise in patients with spinal cord injury.107

The long-term exercise habits of patients with spinal cord injury are closely related
to their pre-injury exercise habits98,108 and innate motivation.107 In addition, there
are real and perceived barriers preventing patients exercising in the community.
These include cost, time and difficulties accessing transport, appropriate facilities
and assistance.1,12,102,107,109,110

The challenge for health care providers is to remove barriers and promote healthy
lifestyles. This firstly requires widespread education which not only addresses the
importance of exercise but also encourages good diet and the cessation of smoking.111

Secondly, resources and support need to be directed at enabling patients to easily
and cheaply access community-based exercise programmes. A variety of different
programmes need to be provided to cater for patients’ different lifestyles and exercise
choices. Exercise opportunities should, where possible, be provided in patients’ local
communities, preferably within the context of an enjoyable sport or recreational
activity which is likely to be continued. Alternatively, patients can exercise at home.
Importantly, exercise programmes need to be realistic, appreciating that patients
with spinal cord injury have many demands on their time. They are not only being
encouraged to perform exercises to address cardiovascular fitness but are also being
encouraged to stand (see Chapter 6), perform strengthening exercises (see Chapter 8),
wear splints, stretch (see Chapter 9) and use electrical stimulation. It is perhaps not
realistic to expect patients to devote more than a few hours a week to all these aspects
of their long-term physical health. The future challenge for researchers is to determine
which aspects are most important and cost-effective.
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Wheelchair seating
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CHAPTER

Appropriate wheelchair seating is an integral aspect of the overall management of
people with spinal cord injury. It not only determines patients’ mobility but also has
implications for skin, posture, pain and contracture management.

Over recent years a highly commercialized industry has evolved around mobility
and seating equipment for the disabled. Consequently, there are hundreds of different
types of cushions, wheelchairs, backrests and accessories, making selection of appro-
priate equipment increasingly complex. In specialized spinal units, wheelchair seat-
ing and prescription is predominantly done by seating teams comprising engineers,
technicians, physiotherapists and occupational therapists. These teams are solely
devoted and specifically trained for wheelchair prescription, and have an in-depth
knowledge of locally available products and pressure management. Typically, com-
mercial products are used but then individually modified to suit patients’ specific
needs and to minimize the deleterious effects of pressure.

This chapter outlines some of the key features of wheelchairs and cushions which
need to be considered when this equipment is selected and adjusted for patients. The
first section provides an overview of wheelchair cushions with particular emphasis on
the effects of upright sitting on pressure distribution. The second section summar-
izes different types of wheelchairs and the effects of wheelchair set-up on mobility,
stability and pressure. Those who require more information are well advised to refer
to the excellent books solely devoted to this topic.1–3

Wheelchair cushions

It is important that patients sit on appropriate cushions to prevent pressure ulcers.
A poorly fitted, maintained or prescribed cushion or a cushion placed upside down
or around the wrong way can cause debilitating pressure ulcers necessitating months
of bedrest. The soft tissues overlying the ischial tuberosities are most vulnerable to
damage from sitting and cushions are primarily designed to protect these areas (see
Chapter 1 for discussion on causes and management of pressure ulcers).
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Most of the commercially-available cushions are air-, foam- or gel-based (see
Figure 13.1a–c).4 A recent Cochrane systematic review found insufficient evidence to
recommend one type of cushion over another, suggesting that decisions about
appropriate cushions for patients need to be based on rationale and clinical reason-
ing and cannot yet be based on good quality evidence.5 Often a cushion which pro-
vides adequate pressure relief for one patient will be inappropriate for another. This
is partly because the pressure-relieving features of cushions are influenced by many
factors, including the wheelchair and its set-up, and patients’ mobility, skin integrity,
nutrition and weight. Cushions need to be prescribed on a case-by-case basis after
examining their effects on pressure distribution.

The pressure-relieving qualities of cushions need to be assessed every time a new
cushion is trialled. This can be done using simple or sophisticated equipment to
measure skin-interface pressures.4,6–8 These pressures are measured with patients sit-
ting on their cushions in their wheelchairs. However, there is not one critical pressure
below which patients will be safe from skin damage and above which they will not.
The appropriate pressure is determined by patients’ susceptibility to pressure ulcers
and their ability to relieve pressure.2 However, as a general rule, peak pressures over
vulnerable sites should be kept well below 60 mm Hg.4,7,9,10

The pressure-relieving qualities of cushions should also be assessed by examining
skin integrity immediately after patients return to bed following a period of sitting
in their wheelchairs. When a new cushion is trialled, patients should only sit for
between 30 minutes and 1 hour. The length of time spent sitting can be gradually
increased but the skin should continue to be checked after patients return to bed and
always checked at least once a day. If the skin looks red and does not blanch with
localized pressure, the cushion is not providing adequate protection.5 Either the
cushion needs to be modified or changed, or the length of time spent sitting needs
to be reduced. Alternatively, pressure needs to be more effectively or frequently
relieved when sitting, or the set-up of the wheelchair needs to be changed.

(a)Figure 13.1 Most cushions
are air- (a), foam- (b) or
gel-based (c).

(b) (c)
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Air-based cushions
Air-based cushions relieve pressure by distributing air from pockets of high pressure
to pockets of low pressure. In this way, they mould to the shape of patients and dis-
tribute pressure over a larger surface area.5 The ischial tuberosities should submerge
into the cushion but should not press hard up against the seat of the wheelchair. The
effectiveness of air-based cushions is dependent on appropriate inflation. An under-
inflated cushion provides little or no protection because the ischial tuberosities bury
through the cushion onto the hard seat of the wheelchair. An over-inflated cushion
prevents submersion and mimics the effects of sitting on a hard seat. Therapists can
use their fingers to crudely check the inflation of air-based cushions by ensuring there
is enough room to slide two fingers between the ischial tuberosities and seat.
Insufficient space for the fingers indicates that the cushion is under-inflated.

Some air-based cushions are power operated, cycling air between different com-
partments. They constantly vary pressure, avoiding long periods of high pressure in
any one spot.5 These types of cushions are primarily used for patients in power
wheelchairs with ongoing pressure problems.

Gel-based cushions
Gel-based cushions work on a similar principle to air-based cushions. They dissipate
pressure by allowing gel to move from areas of high pressure to areas of low pressure.
Most have a contoured foam base upon which the gel sits.4 The foam base has a 
specially-designed hollow or ‘well’ for the ischial tuberosities (see Figure 13.2). This
helps ensure that most pressure is borne by the soft tissues over the lateral aspect of
the thighs, leaving the ischial tuberosities free to submerge within the gel-filled well.
Needless to say, if the well is too wide both the lateral thighs and ischial tuberosities
fall into it with a high risk of the ischial tuberosities burying through the gel, pressing
up hard against the base of the cushion or wheelchair.

Figure 13.2 The ischial
tuberosities sit in a well
filled with gel. The lateral
thigh bears weight through
the firmer outer rim of the
cushion.
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It is a common mistake to prescribe obese patients cushions with inappropriately
wide wells. It is wrongly assumed that all obese patients have broad bony pelvises.
These patients need to be prescribed cushions according to the width of their
pelvises, not according to the width of their hips or the size of their wheelchairs.
Often these patients require cushions with narrow wells individually modified to
accommodate excessive adipose tissue around the hips.

Foam-based cushions
Foam-based cushions also redistribute pressure. Their effectiveness is dependent on
the compressibility of the foam and the cut of the cushion. Some cushions use two
or more types of foam, typically with firmer foam under the lateral aspect of the thighs
and more compressible foam under the ischial tuberosities. This encourages more
weight to be borne through the thighs and less weight through the vulnerable ischial
tuberosities.

Foam-based cushions can be cut and contoured to meet the individual needs of
patients but this is best done by trained seating specialists. Technology is also available
to cut and shape foam-based cushions from plaster moulds of patients. This technology
provides individualized and sophisticated seating solutions but often requires a
commitment to expense without an opportunity to trial the cushion first. If the cush-
ion is not effective, money is wasted. For this reason foam-based cushions cut and
shaped from plaster moulds of patients are primarily used for particularly difficult
seating and postural problems.

Other considerations

Ease of maintenance
The choice of an appropriate cushion is not only dictated by its pressure-relieving
qualities but also by its ease of maintenance and its durability. For example, air-based
cushions need to be regularly checked for correct inflation. Air-based cushions are also
vulnerable to puncture, rendering them immediately useless until repaired. Air-based
cushions are therefore not generally recommended for non-compliant patients, those
with little hand function or carer support, or those in situations where punctures are a
substantial risk. In contrast, gel- and foam-based cushions require little maintenance.
It is, however, important that users of gel-based cushions ensure that the gel is evenly
distributed prior to sitting on the cushion. Those living in cold climates also need to
ensure that gel-based cushions are not stored in subzero temperatures.

All cushions require replacing. For example, foam-based cushions can require
replacing every year because the foam compresses with time, decreasing its pressure-
relieving qualities. Gel- and air-based cushions generally last longer, sometimes for
several years.

Effect on seating stability, mobility and posture
The choice of an appropriate cushion is also determined by its effect on stability,
mobility and posture.11 Some patients feel unstable on air-based cushions and pre-
fer the rigidity provided by foam- or gel-based cushions. More rigid cushions are also
easier to transfer from because the cushion does not compress under the hands and
patients do not lose height on the vertical lift of the transfer. Transferring from cushions
with deep wells can be difficult if patients struggle to get their buttocks up and out
of the well.
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Cushions also influence seating posture.11 For example, foam can be strategically
placed on cushions to prevent legs falling into abduction or sweeping to one side.
Similarly, foam can be used to lift one side of the pelvis for patients with a tendency
to sit asymmetrically. However, it can be difficult to attain optimal seating posture
while also ensuring sufficient pressure protection, especially in patients with deform-
ities and complex seating and skin problems. To improve seating posture it is often
necessary to increase pressure over vulnerable bony prominences. The solution is the
best possible seating posture which provides adequate pressure protection. It is
advisable to compromise on posture before compromising on pressure protection.
Foam- and gel-based cushions generally provide greater potential to correct posture
but air-based cushions provide greater skin protection.

Weight
Air- and foam-based cushions are lighter than gel-based cushions. This can be a con-
sideration for patients doing a lot of wheelchair pushing or needing to regularly lift
their cushions in and out of cars.

Cost considerations
The cost of cushions is variable but foam-based cushions are usually the cheapest. The
cost can be prohibitive, particularly for those in developing countries and those with
limited financial resources. In third world countries, cushions can be cheaply made
with a sharp knife, an appropriate piece of foam and some initial training.2,12,13

Alternatively, bicycle inner-tubes can be bound together to create an air-based cushion.1

Cushions made in this way are not ideal but they provide some skin protection and are
a better option than sitting directly on the hard base of a wheelchair.

Manual wheelchairs

Like cushions, there are hundreds of different types of wheelchairs. Large inter-
national companies supply wheelchairs to the majority of countries with ongoing cus-
tomer support. There are also local manufacturers of wheelchairs in most countries.
All wheelchairs come with an array of different features and accessories which need
to be considered. Some features are critical and determine safety, comfort, pressure
distribution and manoeuvrability, while others are less important and may reflect
personal preference.

Wheelchair prescription not only involves finding the appropriate product but
also ensuring it is appropriately fitted and set up for the patient. For example, a
poorly fitted wheelchair which is too narrow for a patient can cause skin breakdown,
and an excessively ‘tippy’ wheelchair can cause a backward fall (see Chapter 4).
Most wheelchairs have substantial adjustability, although highly specialized sports
wheelchairs do not.

Ideally, the set-up of a wheelchair should enable patients to sit comfortably with
weight borne through the buttocks and thighs. Sitting posture should be as ‘normal’ as
possible. The wheelchair set-up should provide sufficient upright stability to enable
patients to sit without needing to grasp the wheelchair or rest the elbows on armrests
to prop themselves upright. Those with upper limb function should also be able to
raise their arms without toppling forwards and propel themselves up a slope without
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tipping the wheelchair backwards. If patients are unable to sit or move in these ways,
it is usually indicative that their wheelchairs are inappropriately set up for them.

Inevitably wheelchair set-up is a compromise between providing optimal mobility,
stability, skin protection and posture. Therapists and patients need to trial different
set-ups until the best solution is reached. Sometimes appropriate seating cannot be
achieved with the adjustability provided in commercial products. This is particularly
common in patients with complex seating needs and spinal deformities. Often these
patients require sophisticated custom-made seating systems, a service which can
only be provided with appropriate technical and engineering support.

The optimal set-up of a wheelchair often changes over the first year following
injury as patients’ function and mobility changes. For example, with time and better
wheelchair control it may be appropriate to move the back wheels forwards, increase
the tilt of the seat or position the wheels higher on the frame (the effects of all these
changes are discussed below). For this reason it is often advisable for patients’ first
wheelchairs to be highly adjustable. Alternatively, the prescription of first wheelchairs
can be delayed until mobility and function have stabilized and patients have a better
understanding of what they want and need. If there are no financial constraints then a
first wheelchair can be prescribed or provided on loan soon after injury and a second
and better suited wheelchair can be provided 6–12 months later.

Below is an overview of some of the key issues which need to be considered for
fitting, setting up and choosing a manual wheelchair. Several generic issues are
equally relevant to power wheelchairs and will be briefly discussed at the end of the
chapter.1–3,14,15

Type of frame
There are two types of wheelchair frames, rigid (see Figure 13.3a) or folding (see
Figure 13.3b). Rigid frames are primarily prescribed for active patients. They are gen-
erally lighter, sturdier, more adjustable and easier to push. Folding fames are better
suited to ambulating patients because the footrests can be lifted when standing up.
Folding frames are also used by patients who rely on car hoists to stow their wheel-
chairs on the roofs of cars. However, folding frames are more likely to break and do
not always provide a comfortable ride. Some wheelchairs are fitted with suspension
to provide a smoother ride; however, suspension is expensive and increases the
weight of the wheelchair.

Seat
The seat of a wheelchair can be either flexible (sling) or rigid. Most manual wheel-
chairs have sling seats because they are lighter and enable the wheelchair to be read-
ily collapsed. However, sling seats often sag with time and, depending on the rigidity
of the cushion, can create skin and postural problems. This problem can be overcome
by placing a rigid but removable base on a sling seat. Alternatively, the tension of
some sling seats can be adjusted, with similar mechanisms used to change the tension
of sling backrests (see Figure 13.7).

Seat-to-floor height
The seat-to-floor height determines the overall height of the wheelchair (see Figure
13.4). The back of the seat is usually lower than the front of the seat; consequently,
the seat-to-floor height at the rear of the wheelchair is usually less than the seat-to-
floor height at the front of the wheelchair. Seat-to-floor height is varied primarily to
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(a)
Figure 13.3 A rigid (a) and
folding (b) framed
wheelchair.

(b)
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accommodate heel-to-knee length and to ensure adequate footplate clearance. Taller
patients generally require higher seats. However, if the seat is too high, patients are
unable to get their knees under tables. They may also have problems with head clear-
ance when sitting in wheelchair-accessible vans. A high seat is also less stable than a

Seat depth

Hanger angle

Wheelbase

Backrest
height

Rear seat-to
-floor height

Front seat-to
-floor height

(a)

Figure 13.4 Key features
of a wheelchair essential for
ensuring appropriate fit.2

Seat width

Camber

Footplate
clearance(b)
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low seat, increasing the risk of tipping. In contrast, if patients are short and the seat
is low, they cannot comfortably rest and use their arms on the top of a table. A seat
which is inappropriately low for a patient raises the knees, concentrating pressure
under the pelvis. Patients propelling wheelchairs with their feet require a low seat to
enable the feet to touch the ground.

The seat-to-floor distance can be changed by moving the back wheels on the
wheelchair frame. To increase the seat-to-floor distance the back wheels are positioned
low on the frame (see Figure 13.5a), and to decrease the seat-to-floor distance the
back wheels are positioned high on the frame (see Figure 13.5b).

Different systems are used to change the vertical position of the back wheels on
the frame. All systems rely on providing a range of strategically placed holes for the
axle of the back wheels (see Figure 13.6a,b). However, changing the position of the
back wheels changes other characteristics of the wheelchair, including the slope of 
its seat (i.e. rake) and slope of its backrest (i.e. recline; see Figure 13.5b). The rake of
the seat and recline of the backrest can, however, be maintained when changing the
position of the back wheels if the length of the front castors is appropriately adjusted.
The position of the back wheels also affects the angle of the front castor forks. The
front castor forks should always be vertical to ensure the castors sit squarely on the
ground (see section on front castors).

The position of the back wheels on the frame of a wheelchair also determines the
proportion of the wheels sitting above the seat. If the back wheels are placed high on

(a)
Figure 13.5 The back
wheels can be placed low
(a) or high (b) on the frame
of the wheelchair. This
changes the seat-to-floor
distance, the rake of the
seat and recline of the
backrest. The vertical
position of the back wheels
determines how far above
the seat the top of the
wheels protrude. This has
implications for transferring
and for propulsion.
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the frame, then a large proportion of each wheel sits above the seat (see Figure
13.5b). This has implications for wheelchair propulsion because it changes the dis-
tance between patients’ shoulders and the top of the wheels; patients push with the
shoulders more extended and the elbows more flexed. The position of the back
wheels also has implications for transfers. If the wheels extend well above the seat,
they can obstruct patients’ attempts at moving sidewards. The opposite effect is
achieved by placing the wheels low on the frame of a wheelchair. This reduces the
amount of wheel sitting above the seat and increases the distance between the shoul-
ders and wheels (see Figure 13.5a). Some of these effects of wheel position can by
manipulated by changing the thickness of cushions and/or size of the back wheels.
For example, a particularly tall patient can be sat on a thick cushion and be provided
with extra large wheels.

Seat depth
The depth of the seat is determined by the length of the thighs (see Figure 13.4).
At least 3 or 4 cm should be allowed between the end of the seat and back of the knees.
If the seat is too deep for a patient, the front edge pushes up hard against the back of
the knees. This can cause compression of the blood vessels and nerves in the popliteal
fossa and encourage patients to slide forwards on the seat. If the depth of the seat is
too shallow, there will be a large space between the front edge of the seat and the back

(b)
Figure 13.5 Continued
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of the knees. This is undesirable because it reduces the area under the thighs available
for pressure distribution and encourages unwanted movement of the legs.

Seat width
The width of the seat is determined by the width of the hips (see Figure 13.4). Not
surprisingly, larger patients require wider seats. If the seat is particularly wide, access
through doorways and within tight spaces can be difficult. Excessive width also places
the wheels further apart, necessitating more shoulder abduction when propelling
the wheelchair. However, if the seat is too narrow for a patient, it makes it difficult for
patients to get in and out of the wheelchair. In addition, the lateral aspects of the
hips can rub the inside of the back wheels, causing damage to skin or clothing.

If possible, a few extra centimetres should be provided each side of the hips. This
enables patients to easily position their hands onto the lateral edges of the cushion
when lifting their body weight. It also protects clothing from dirt thrown up from
the back wheels. Side guards attached to the outside of the seat can be used to help
protect clothing, although they can be inconvenient to remove when transferring or
folding the wheelchair (see Figure 13.9).

It is not advisable to prescribe a tight-fitting wheelchair if a patient’s weight is
fluctuating. Weight changes are particularly common in previously large patients
who lose a lot of weight in the period immediately after injury. These patients often
return to their original weight over time. Patients with high levels of tetraplegia also
commonly gain weight. It is advisable either to prescribe a slightly wider wheelchair
to accommodate potential weight gain or alternatively delay wheelchair prescription
until weight has stabilized.

(a)

Figure 13.6 There are different systems for adjusting the position of the back wheels on the frame of a wheelchair.
The wheels attach to plates (a) or brackets (b), which can be moved on the frame of the wheelchair.

(b)
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Seat rake
Wheelchairs typically have an inclined seat with the back of the seat sloping downwards
(see Figure 13.5b). This is called ‘rake’ and is determined by the difference between the
distance to the ground at the front and rear of the seat (see Figure 13.4).

Rake is important for posture and balance. If the seat is horizontal (see Figure 13.5a),
the pelvis tends to slide forwards creating shearing forces under the ischial tuberosities
as the patient slides. It also leads to a slumped sitting position with posterior pelvic
rotation which can increase pressure on the sacrum. The slumped position can also
cause skin problems over the ischial tuberosities, especially if patients are sitting on
cushions with wells (see Figure 13.2). The rotated position of the pelvis can press the
ischial tuberosities hard against the front lip of the cushion well. Patients tend to
slide on horizontal seats because there is less tissue under the distal thighs than under
the buttocks and consequently the thighs do not sit vertically. This tilts the pelvis
posteriorly, encouraging forward slide.

Rake not only has implications for the tendency to slide but also for the rolling
resistance and ‘tippiness’ of a wheelchair. If the rake is increased, weight is moved
posteriorly off the front castors and over the back wheels. This makes it easier to get
into a wheelstand position and easier to propel the wheelchair. While this may be
advantageous for some, patients with limited function cannot control a ‘tippy’ wheel-
chair and may topple over backwards, especially when pushing up slopes. Therefore,
the amount of rake is dictated by patients’ wheelchair skills and, in particular, their
ability to control a wheelstand and lean forwards when pushing up slopes. Excessive
rake also makes it difficult to move forwards in the wheelchair when transferring.
This is a consideration for those struggling with transfers. Some of the beneficial
effects of rake can be mimicked by placing a foam wedge under the front lip of the
cushion or by using an appropriately contoured cushion.

Backrest
Most wheelchairs are supplied with a soft fabric backrest. The tautness and shape of
the backrest influences seating posture. The tension in some backrests can be adjusted
with velcro straps (see Figure 13.7). Decreasing the tautness of the backrest enables
it to wrap laterally around the patient’s trunk, providing some trunk stability.
Selective adjustment of tension up and down the backrest can also help control pelvic
and lumbar position.

There are commercially available backrests which can be used instead of the
backrests supplied with most wheelchairs (see Figure 13.8). These provide greater
adjustability and are particularly useful for patients with complex seating needs. 
For example, some backrests wrap well around the trunk, helping to hold patients
upright. Others can be angled or contoured to accommodate kyphotic or lordotic
areas of the spine. These types of backrests do, however, add complexity when folding
or collapsing a wheelchair, as well as extra weight and cost.

Backrest width
Most wheelchairs are supplied with backrests matching the width of the seat. This is
not always appropriate. For example, patients with particularly broad shoulders but
small hips require a narrow seat but a wide backrest. If provided with a backrest
which matches the narrow hips, it will be too small, causing pressure and skin prob-
lems. In contrast, some patients, particularly women, have wide hips but narrow
shoulders. A backrest the same width as the seat for these patients will be excessively
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Figure 13.7 The tautness
of some fabric backrests can
be adjusted with velcro
straps. A similar system can
be used to adjust the
tautness of sling seats.

Figure 13.8 A commercially
available backrest can be
fitted to a wheelchair to
provide lateral trunk support.
The backrest is high and
appropriate for most patients
with tetraplegia.



Manual wheelchairs258

wide and fail to provide trunk support. If the backrest is too wide it also limits arm
movement, making wheelchair propulsion difficult.

Backrest height
The optimal height of the backrest is not only determined by patients’ height but also
by the level of the spinal cord injury. Patients with tetraplegia require higher backrests
than those with paraplegia (see Figures 13.8 and 13.9). High backrests are essential for
ensuring patients do not fall backwards out of their wheelchairs. Falling backwards is
most likely to happen when ascending steep slopes. As a general rule patients with
trunk paralysis require a backrest which extends just above the inferior tip of the
scapula. However, if the backrest is unnecessarily high it can interfere with propelling
the wheelchair. High backrests prevent patients placing their hands at the back of 
the wheel when commencing each stroke. A high backrest can also impede the ability
of patients with C6 tetraplegia to move forwards in their wheelchairs and hook their
arms around the backrests for support (see Chapter 3, Table 3.8). It is advisable to
experiment with backrests of different heights, observing effects on posture, function
and stability. The thickness of the cushion also influences the effective height of a 
backrest.

Figure 13.9 A wheelchair
appropriate for a patient
with thoracic paraplegia.
The backrest is low and the
wheels placed on the front
of the frame. The wheelchair
is also fitted with side
guards to protect clothing
from dirt thrown up from the
wheels.
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Backrest inclination
Patients with extensive paralysis of the trunk cannot sit in a wheelchair with a verti-
cal back, regardless of whether the seat is or is not horizontal. They do not have the
ability to remain upright and therefore need the backrest to be reclined. However, a
reclined backrest encourages forward sliding on the seat. This problem is overcome
by introducing rake. That is, by dropping the back of the seat down and reducing the
rear seat-to-floor height. The angle of the backrest can be measured with respect to
the seat or with respect to the horizontal. The two measurements are only the same
when the seat is horizontal. The disparity between these two measurements is often
a source of confusion to the unwary.

A reclined backrest shifts pressure from under the ischial tuberosities to under
the back. This can be advantageous provided the pressure is not excessive and pro-
vided the backrest is appropriate. However, it is not advisable to tilt the backrest too
much because this encourages patients to flex the neck and upper trunk so as to see
and use their hands in front of them.

Distance between the front castors and back wheels
The distance between the front castors and back wheels is called the ‘wheelbase’. It deter-
mines a wheelchair’s rolling resistance, turning circle and ‘tippiness’ (see Chapter 4).
The distance can be adjusted by moving the back wheels forwards or backwards on
the frame. These adjustments can be made using similar systems which enable the
back wheels to be raised or lowered (see Figure 13.6).

By moving the back wheels forwards, the distance between the back wheels and
front castors is reduced, providing a tighter turning circle (see Figure 13.9). This
adjustment also moves weight from the front castors to the back wheels, decreasing
overall rolling resistance and making it easier to push the wheelchair. However, it
also increases the wheelchair’s ‘tippiness’. That is, the wheelchair will more readily
rotate backwards into a wheelstand position (see Chapter 4). This may or may not
be advantageous depending on whether patients can or cannot control ‘tippiness’.
More disabled patients generally cannot, and therefore require their back wheels
positioned posteriorly for stability (see Figure 13.3). This increases the stability of
the wheelchair but also increases the weight borne through the front castors, making
propulsion more difficult. (Large castors provide a partial solution to this problem
as discussed in the next section.)

Front castors
The front castors of wheelchairs are usually solid although some are pneumatic. They
come in different sizes ranging from 5 to 19.8 cm (see Figures 13.3 and 13.9). The size
of the castor has important implications for the manoeuvrability of the wheelchair
and ease of pushing. Small castors have less contact area with the floor and therefore
provide a tighter turning circle. However, small castors offer more resistance to rolling,
increasing the effort associated with pushing a wheelchair. The effect of castor size on
wheelchair propulsion is only important if large amounts of weight are borne through
the front castors. If only small amounts of weight sit over the front castors, then the
size will have minimal influence on the ease of propelling a wheelchair. However, if
large amounts of weight are borne through the front castors then the size of the front
castors will be an important consideration, particularly for very disabled patients with
some but limited ability to propel a wheelchair. If using large castors it is important to
ensure they do not rub the back of patients’ heels when the castors rotate.
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While most active patients opt for smaller castors because they provide improved
manoeuvrability, there is a downside. Notably, small castors dig into soft ground
and get caught in cracks. In addition, they transmit bumps up through the seat, pro-
viding a rougher ride. More skilled patients overcome most of these problems by
performing small wheelstands to lift the front castors over uneven or bumpy ground.
Alternatively, castors with suspension are used to provide some buffering, although
the suspension increases weight.

The stem of the castor and its housing should be perpendicular to the floor
(see Figure 13.10). If they are not, the castors will vibrate and wheelchair propulsion
will be more difficult. Most changes to the set-up of a wheelchair tip the stem of the
castor from its vertical position. This needs to be corrected.

Back wheels
The standard size of back wheels is 60 cm (or 24 in). There are two types of
back wheels, solid or pneumatic. Solid wheels do not puncture and require very little

(a)

Figure 13.10 The stems of
the castors (a) need to be
perpendicular to the floor,
otherwise they vibrate and
the wheelchair is more
difficult to push.
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maintenance. However, they are heavy, bury into soft surfaces and transmit bumps
up through the seat, providing a rougher ride. In contrast, pneumatic wheels are
easier to push and manoeuvre and provide a smoother ride. However, they require
higher maintenance and are vulnerable to puncture. They are not generally recom-
mended if patients are unable to fix punctures and have limited carer support.
Wheelchairs can be fitted with high tread tyres, particularly useful for patients living
in rural areas.

There are different types of pushrims but the most common are aluminium, plastic
or rubber coated (see Figures 13.11–13.13). More capable patients generally prefer alu-
minium pushrims because they do not burn their hands when controlling wheelchairs
down steep slopes and they are more durable. However, more disabled patients 
without hand grasp usually opt for plastic- or rubber-coated pushrims. When used in
conjunction with textured gloves, patients can better control the wheels (see Figure
13.11). Knobs (also called capstans) are sometimes placed on pushrims so patients
can wedge their hands behind them to rotate the wheels, negating the need to grasp

Figure 13.11 Textured
gloves used in conjunction
with a rubberized pushrim
help patients with limited
hand function push. The
tyre is solid.
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Figure 13.12 A plastic
pushrim with knobs (also
called capstans) appropriate
for patients with C5
tetraplegia. Spoke guards
are used to prevent the
paralysed hand from injury.
The tyre is solid.

Figure 13.13 An
aluminium pushrim. The tyre
is solid.
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the rims (see Figure 13.12). Often patients with tetraplegia require spoke guards. These
are plastic shields which sit over the outside of the spokes, preventing the paralysed
fingers from injury (see Figure 13.12).

Wheels can be either fixed or removable. Clearly, those which can be quickly and
easily removed are more convenient but they are also more expensive. There are special
types of release mechanisms for patients with limited hand function.

Wheel camber
The back wheels of a wheelchair can be either vertical or cambered (see Figure 13.4).
Cambered wheels are tilted with more distance between the bottoms of the two
wheels than the top. The main advantages of cambered wheels are that they provide
greater lateral stability and make it easier to turn. However, they also increase the
width of wheelchairs, making them more difficult to manoeuvre in tight spaces and
get through narrow doorways.

Brakes
Most patients require brakes to stabilize the wheelchair when transferring. However,
more able patients often discard them because they get in the way of pushing. There
are different types of brakes. The two most common varieties are push/pull and scissor
brakes (see Figure 13.14a–c). The push/pull brakes are typically positioned within
an easy arm reach, high on the frame of the wheelchair. Patients with limited arm
function may, however, require extra extensions on the brakes to avoid the need to
lean forwards when applying them (see Figure 13.14c). The extensions also increase
the leverage arm, making the application of the brakes easier. More capable patients
often prefer scissor-type brakes placed out of the way and low on the frame of wheel-
chairs. Brakes positioned low on the frame of wheelchairs are only appropriate if
patients can reach down and independently apply them. The position of brakes needs
to be adjusted every time the position of the back wheels is changed. If this is not
done, the brakes will be ineffectual or impossible to apply.

Special types of brakes, called grade-aids, can be used to help more disabled
patients push up slopes (see Figure 13.14c). When engaged, they only allow the back
wheels to rotate in one direction, preventing wheelchairs rolling backwards while
pushing up slopes.

Anti-tip bars
Anti-tip bars are supplied as options with most wheelchairs to help prevent them
toppling over backwards (see Figure 13.15). They are small wheels located at the
back of the wheelchair several centimetres above the ground. If the wheelchair tips
backwards the small wheels hit the ground and prop the wheelchair up. Anti-tip bars
cannot be solely relied upon to prevent wheelchairs toppling backwards. For exam-
ple, they may be ineffectual when pushing up steep slopes. Occasionally severe and
sudden spasticity in the hip extensor muscles tips the wheelchair backwards regard-
less of anti-tip bars.

Footplates and leg rests
Footplates can be either rigid, fold-up or swing-away (see Figure 13.3a,b). Some 
are detachable (see Figure 13.16) and others are not (see Figure 13.9). The type of
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footplate is primarily determined by whether patients can or cannot stand up from
the wheelchair. If patients can stand up, then they require footplates which can be
lifted up or swung away. If patients cannot stand up then the choice is less impor-
tant. Needless to say folding wheelchairs require folding or swing-away footplates.
In addition to the footplates, there are different types of leg rests. Some can be ele-
vated to manage postural hypotension and lower limb oedema, although these types
of leg rests add weight and length to the wheelchair.

(a)

(b) (c)

Figure 13.14 Push/pull (a
and c) and scissor brakes (b).
Grade-aids and brake
extensions can be fitted to
brakes for more disabled
patients (a). The grade-aids
prevent rolling backwards
down a hill and the brake
extensions make it easier to
apply the brakes. Sometimes
the brakes are fitted low on
the frame of a wheelchair to
prevent them interfering with
propulsion (c).
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Leg rest length
The length of leg rests is determined by the length of the lower leg (i.e. distance
between the knees and base of foot; see Figure 13.4). However, the length of the leg
rest is also influenced by the thickness of the cushion. Patients sitting on thicker
cushions require shorter leg rests than patients sitting on thinner cushions. The
length needs to be appropriate to ensure a small amount of weight is borne through
the feet. The feet should sit flat on the footplates with the ankles in a neutral position.
This needs to be assessed when patients are wearing shoes sitting on their own cush-
ions. In tall patients it is not always appropriate merely to adjust the length of the leg
rests. This alone can cause the footplates to hit the ground. Instead, the frame of
the wheelchair needs to be raised or the patient needs to sit on a thicker cushion
(see section on Seat-to-floor height).

If the length of the leg rests is too short the feet will bear too much weight, lifting 
the knees and throwing excessive weight back onto the ischial tuberosities. In contrast,
if the length of the leg rests is too long, the feet will be unsupported with no weight
borne through them and the ankles will fall into plantarflexion. This is undesirable
because it increases the tendency for ankle plantarflexion contractures and for the feet
to come off the footplates.

Figure 13.15 Anti-tip bars
are attached to the back of
wheelchairs to prevent them
toppling over backwards.
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Footplate position
The hanger angle determines how far in front of the wheelchair the footplates sit, the
overall length of a wheelchair and the angle of the knees (see Figure 13.4). There has
been an increasing tendency to place the knees in more flexion with the legs tucked
under the body. The main advantage of a tucked knee position is that it decreases the
overall length of the wheelchair, improving its manoeuvrability. However, the tucked
knee position exacerbates spasticity in some patients. Most taller patients also prefer
more knee extension because it provides a way of attaining extra footplate clearance
without raising the height of the seat.

Armrests
Manual wheelchairs can be supplied with armrests, although most active users find
they interfere with mobility and do not have them. However, patients with high
levels of tetraplegia require arm rests to support the upper limbs (see Figure 13.16).
Armrests can consist of horizontal rubberized bars to support the elbows or can be
extensive moulded forearm trays with inbuilt splinting for the hand. Some swing
away, while others lift entirely off the wheelchair. Patients with reasonable or good
arm movement may only require short armrests which primarily support the elbows.
The main advantage of shorter armrests is they enable patients to position the

Figure 13.16 A wheelchair
appropriate for a patient with
C4 tetraplegia. The backrest
is high and moulded to
provide trunk stability. The
seat is tilted down at the
back and the backrest is
reclined. The whole frame of
the wheelchair can also be
tilted as one. In addition the
wheelchair is fitted with arm-
and headrests. The
footplates and armrests are
removable.
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wheelchair at a table front on. For patients with limited arm function but the poten-
tial to transfer, it is important to ensure that patients can remove the armrests inde-
pendently. Special easy release options may be required.

The armrests should be positioned so the elbows are supported at 60° and 
shoulders are level. The position of armrests need to change if patients move onto
thicker or thinner cushions. If the armrests are too low, the elbows fall into more
extension and the shoulders drop. Alternatively, patients slide forwards on the seat
to attain a more comfortable position for the arms. In contrast, if the armrests are too
high the elbows will be excessively flexed and the shoulders elevated.

Headrest
Patients with high levels of tetraplegia require headrests especially if their wheel-
chairs tilt (see Figure 13.16). It is important that the headrest sits at the back of the
head without thrusting the neck into flexion. Headrests are also highly recom-
mended, and in some countries compulsory, when travelling in a wheelchair within
a vehicle.

Power wheelchairs

Selecting an appropriate power wheelchair is equally, if not more, complex than select-
ing a manual wheelchair with just as many options and product choices. Power wheel-
chairs need to be fitted and appropriately set up for patients. However, most of the
general principles applicable for manual wheelchair prescription, which have already
been discussed, are the same for power wheelchairs. For example, considerations when
determining seat and backrest width, footplate length, hanger angle, backrest height
and seat depth are the same for all types of wheelchairs. In addition, tilting the backrest
and seat of a power wheelchair has the same effect on seating posture and pressure
management for a power wheelchair as for a manual wheelchair. Most power wheel-
chairs have large heavy motors positioned in front of the back wheels, which prevent
the wheelchair from tipping backwards.

Some power wheelchairs are primarily designed for indoor use and are light and
small, with little power and tight turning circles. They also have smaller wheels with
less tread. Other power wheelchairs are designed for outdoor use and are bigger,
heavier, more powerful and highly stable. They tend to have larger wheels at the back
with more tread for friction. They also often incorporate more sophisticated seating
systems. Power wheelchairs are either middle or rear wheel drive (see Figures 13.17
and 13.18). Mid-wheel drive wheelchairs provide good manoeuvrability and are
most commonly prescribed for all-round use. Rear-wheel power wheelchairs are,
however, easier to control in difficult terrains.

Like manual wheelchairs some power wheelchairs are highly adjustable with lots
of moving parts and others are not. Power wheelchairs appropriate for people with
high levels of tetraplegia generally have a backrest which can be tilted either manually
or electronically. More sophisticated (and expensive) chairs also have ‘tilt-in-space’
features which rotate the whole wheelchair frame as one in space. This achieves a
similar effect as dropping the seat and reclining the back together. This feature is
commonly recommended as a way of relieving pressure from under the ischial
tuberosities. Some wheelchairs also have leg rests which can be raised manually or
electronically.
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Control mechanisms
There are different systems available which enable patients to drive power wheelchairs.
Most incorporate a joystick which is controlled by either the hand or chin. There are
three different electronic set-ups underpinning the way joysticks control the move-
ment of the wheelchair. One type incorporates microswitches enabling patients to
control the direction but not the speed of the wheelchair with movement of the joy-
stick. Moving the joystick moves the wheelchair but the speed is fixed. Patients nom-
inate between two or three different settings with pre-selected speeds. In contrast,
the second type of joystick uses proportional control mechanisms where movement of
the joystick controls both the direction and speed of movement. A larger movement
of the joystick moves the wheelchair faster. A third type of control uses an ‘on–off’
mechanism. Once forward movement is precipitated, the wheelchair continues to
move forwards until a stop switch is activated.

The electronic circuitry of a power wheelchair can be programmed to suit the
needs of patients. Some of the features which can be changed include the rate of
acceleration and deceleration, turning speed, sensitivity of the joystick to movement,
and top speed. Most have two or three pre-set channels which patients select
depending on whether they are in- or outside. Switches are required to turn the wheel-
chair on and off. More sophisticated wheelchairs also require switches to elevate the
leg rests, tilt the wheelchair in space, recline the wheelchair and raise the wheelchair.
Patients with limited or no hand function require large switches which can be acti-
vated with arm or head movement (see Figure 13.19). Often control mechanisms
and joysticks need to be modified to enable very weak patients to control them (see
Figure 13.20).

Figure 13.17 A mid-wheel drive power
wheelchair.

Figure 13.18 A rear-wheel drive power wheelchair.
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Sitting in vehicles

Sitting in vans, buses, trains or planes is problematic for patients with little trunk
control. They can fall from a supported upright position with even small jolts, turns
or stops. For this reason chest safety belts are essential. If patients remain in their
wheelchairs while travelling, the wheelchair needs to be secured to the vehicle.16

A

Figure 13.19 Large
switches can be strategically
placed on wheelchairs
enabling patients to use
gross movements, rather
than fine hand movement,
to turn switches on and off.
In this example, the
wheelchair is driven with a
hand-control joystick but its
different features are turned
on and off using a large
switch (A).
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Evidence-based physiotherapy

14
CHAPTER

The movement towards evidence-based practice has changed physiotherapy. It is no
longer acceptable to unquestioningly adopt the beliefs about physiotherapy man-
agement of people with spinal cord injury which have been passed down through
the years. Instead, we are encouraged to challenge long-held beliefs and to critically
appraise the evidence underpinning them.

The desire to base practice on high quality clinical research is both promising and
problematic. On the one hand, evidence-based practice has the potential to improve
patient outcomes. It also increases job satisfaction for clinicians knowing that what
they do each day is clearly effective. On the other hand, research evidence is always
limited, both in quantity and quality. This means that we are often faced with clini-
cal scenarios for which there is little or no evidence to guide practice. Transparency
about the state of current evidence leads to ambiguity and complexity which is par-
ticularly confusing for junior physiotherapists. Junior physiotherapists faced with
the day-to-day management of people with spinal cord injury want clear guidance of
what to do when. It is difficult to provide this type of guidance in the presence of real
uncertainty.

Ideally, most decisions about management would be based on evidence-based
clinical practice guidelines. Evidence-based clinical practice guidelines are recom-
mendations for practice based on a transparent assessment of the available evidence
including, where possible, randomized controlled trials and systematic reviews (see
Table 14.1).1–3

Recommendations for clinical practice should take into account patients’ priori-
ties and perspectives. Most importantly, there needs to be careful consideration of
whether the effects of interventions justify the time, cost and inconvenience associ-
ated with providing them. Interventions which are expensive, inconvenient, uncom-
fortable and time-consuming should only be considered if they make a substantial
and clear difference to patients’ lives. A balance needs to be achieved between
encouraging patients to devote time, money and effort to therapeutic interventions
which may have small benefits, and encouraging patients to spend their time partic-
ipating in the broader aspects of life (e.g. returning to work, participating in family
life, and engaging in social, sporting and community activities).
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A search of the Cochrane4 and physiotherapy-specific5 databases in 2006 retrieved
36 randomized controlled trials,6–41 three systematic reviews42–44 and four sets of
clinical guidelines45–48 directly relevant to physiotherapy management of people with
spinal cord injury (there are additional trials,41,49–68 systematic reviews69–77 and clin-
ical guidelines78–81 but they are not directly relevant to physiotherapy). Unfortu-
nately, most trials involving patients with spinal cord injury are inconclusive (i.e.
statistically underpowered) so few provide high quality evidence about the efficacy 
of physiotherapy practice. This problem is reflected in clinical guidelines. The few
physiotherapy-specific recommendations contained within existing guidelines are
generally based on low quality evidence.

Evidence-based practice is not only about treatment effectiveness. The goal-
setting process also requires high quality physiotherapy-specific research. Ideally,
physiotherapy goals would be based on algorithms which predict the probability of
patients with different neurological presentations and attributes mastering different
motor tasks, given individual environmental and personal circumstances. Such algo-
rithms can be derived from cohort studies which follow representative samples of
patients over time.46,82–88 The most notable cohort studies use data collected for a
large USA-based registry of spinal cord injuries [the American Uniform Data System
for Medical Rehabilitation (UDSMR)].89,90 While the results of these, and similar
studies, are helpful for physiotherapists trying to set realistic and attainable goals for
patients, most studies rely on global measures of activity limitations86,91–96 captured
in assessments such as the Functional Independence Measure®.87,88,97,98 These mea-
sures primarily reflect the ability to perform a few key motor tasks, but do not pro-
vide sufficient or detailed information across the wide range of motor tasks which
physiotherapists are responsible for addressing, and which people with spinal cord
injury need to master. The widespread use of the Functional Independence Measure®
to reflect the mobility of wheelchair-dependent patients is particularly problematic.
It has poor sensitivity in this domain and fails to distinguish between those with dif-
ferent levels of wheelchair mobility.87,99

No doubt physiotherapy-related research will continue to grow. The increasing
number of clinical trials and systematic reviews in the area of spinal cord injuries

TABLE 14.1 Recommendations within clinical guidelines are rated from A to D according to the level of evidence
supporting them

A consistent level 1 studies
B consistent level 2 or 3 studies or extrapolations from level 1 studies
C level 4 studies or extrapolations from level 2 or 3 studies
D level 5 evidence or troublingly inconsistent or inconclusive studies of any level

where:

Level 1 studies systematic review (with homogeneity) of randomized controlled trials, or
individual randomized controlled trial (with narrow confidence interval)

Level 2 studies systematic review (with homogeneity) of cohort studies, or individual cohort study (including 
low quality randomized controlled trial; e.g. �80% follow-up), or ‘outcomes’ research

Level 3 studies systematic review (with homogeneity) of case-control studies, or individual case-control study
Level 4 studies case-series (and poor quality cohort and case-control studies)
Level 5 studies expert opinion without explicit critical appraisal, or based on physiology, bench research or 

first principles

After www.cebm.net109 with permission of the Oxford Centre for Evidence-Based Medicine.
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will make possible the compilation of evidence-based clinical guidelines in the
future. Perhaps emerging trials will challenge some aspects of current clinical prac-
tice, as is currently happening with contracture management (see Chapter 9).
However, there are and always will be difficulties completing randomized controlled
trials involving people with spinal cord injury. The most obvious difficulty is the
small number of potential participants.100–103 Less obvious difficulties are the lack of
research-trained physiotherapists working in the area of spinal cord injuries and the
difficulties attracting financial support to investigate the effectiveness of interven-
tions which have long since become standard practice. Clinical decisions will there-
fore continue to be made on the basis of lower quality evidence than perhaps hoped
for. Sometimes, results of research involving other patient groups will provide the
best available estimate of treatment effects. For example, randomized controlled tri-
als indicating the effectiveness of strength training in patients with peripheral neu-
ropathies, multiple sclerosis, stroke or traumatic brain injury may provide the best
evidence about the effectiveness of strength training in patients with partial paraly-
sis following spinal cord injury (see Chapter 8).

The challenge for the physiotherapy profession is to critically reflect on what it
does and work towards providing high quality evidence to support current practice
as well as new and emerging therapies. When new evidence does emerge, the chal-
lenge is to respond to the results of clinical trials in a sensible and informed way and
to change practice where appropriate.104
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Appendix

TABLE A1 Innervation of upper limb muscles

Joint Movement Muscle C3 C4 C5 C6 C7 C8 T1

Scapula Elevation Upper trapezius
Levator scapulae

Depression Lower trapezius
Retraction Middle trapezius

Rhomboids

Shoulder Protraction Serratus anterior
Flexion Anterior deltoid

Pectoralis major 
(clavicular head)
Pectoralis major 
(sternocostal head)
Coracobrachialis

Extension Posterior deltoid
Infraspinatus
Teres minor
Teres major
Latissimus dorsi

Abduction Middle deltoid
Supraspinatus

Adduction Pectoralis major 
(sternocostal head)
Latissimus dorsi
Coracobrachialis

(continued)
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TABLE A1 (continued )

Joint Movement Muscle C3 C4 C5 C6 C7 C8 T1

Horizontal abduction Posterior deltoid
Horizontal adduction Pectoralis major 

(clavicular head)
Pectoralis minor
Anterior deltoid

Medial rotation Subscapularis
Teres major
Latissimus dorsi
Anterior deltoid

Lateral rotation Infraspinatus
Teres minor
Posterior deltoid

Elbow Flexion Biceps brachii
Brachialis
Brachioradialis

Extension Triceps
Supination Biceps brachii

Supinator
Pronation Pronator quadratus

Pronator teres

Wrist Flexion Flexor carpi radialis
Palmaris longus
Flexor carpi ulnaris

Extension Extensor carpi radialis longus
Extensor carpi radialis brevis
Extensor carpi ulnaris

Radial deviation Extensor carpi radialis longus
Extensor carpi radialis brevis
Flexor carpi radialis

Ulnar deviation Extensor carpi ulnaris
Flexor carpi ulnaris

Fingers Flexion (MCP/PIP) Flexor digitorum superficialis
Flexion (DIP) Flexor digitorum profundus

Dorsal interossei
Palmar interossei

Flexion (MCP) Flexor digiti minimi brevis
Extension (MCP/ Extensor digitorum
PIP/DIP) Extensor indicis

Extensor digiti minimi
Extension (PIP/DIP) Lumbricals
Abduction Dorsal interossei

Abductor digiti minimi
Adduction Palmar interossei
Opposition Opponens digiti minimi

(continued)
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TABLE A1 (continued )

Joint Movement Muscle C3 C4 C5 C6 C7 C8 T1

Thumb Flexion (IP) Flexor pollicis longus
Flexion/rotation (MCP) Flexor pollicis brevis
Extension (MCP) Extensor pollicis brevis
Extension (IP) Extensor pollicis longus
Abduction Abductor pollicis longus
Abduction/rotation Abductor pollicis brevis
Adduction/rotation Adductor pollicis
Adduction/flexion (IP) Palmar interossei
Opposition Opponens pollicis

The spinal nerve roots which predominantly innervate a muscle are indicated with heavy shading. (Abbreviations: DIP � distal
interphalangeal joint; IP � interphalangeal joint; MCP � metacarpophalangeal joint; PIP � proximal interphalangeal joint.)
Adapted from Reference 1 with permission of Elsevier.

TABLE A2 Innervation of lower limb muscles

Joint Movement Muscle L1 L2 L3 L4 L5 S1 S2 S3

Hip Flexion Psoas major
Iliacus
Pectineus
Rectus femoris
Adductor longus
Sartorius

Extension Gluteus maximus
Adductor magnus
Semimembranosus
Semitendinosus
Biceps femoris

Medical rotation Iliacus
Gluteus medius and 
minimus
Tensor fasciae latae

Lateral rotation Superior and inferior 
gemelli
Quadratus femoris
Piriformis
Obturator internus
Obturator externus
Sartorius

Adduction Gracilis
Adductor longus and magnus
Adductor brevis
Pectineus

(continued)
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Reference
1. Williams PL, Bannister LH, Berry MM et al: Gray’s Anatomy, 38th edn. New York,

Churchill Livingstone, 1995.

TABLE A2 (continued )

Joint Movement Muscle L1 L2 L3 L4 L5 S1 S2 S3

Abduction Tensor fasciae latae
Gluteus medius and minimus
Piriformis

Knee Flexion Semimembranosus
Semitendinosus
Biceps femoris
Gastrocnemius

Extension Rectus femoris
Vastus lateralis
Vastus intermedius
Vastus medialis

Ankle Dorsiflexion Tibialis anterior
Extensor digitorum longus
Extensor hallucis longus
Peroneus tertius

Plantarflexion Gastrocnemius
Soleus
Flexor digitorum longus
Flexor hallucis longus
Peroneus longus
Tibialis posterior

Inversion Tibialis anterior
Tibialis posterior

Eversion Peroneus longus, 
tertius, brevis

Toes Flexion Flexor digitorum longus
Flexor hallucis longus
Flexor hallucis brevis
Flexor digitorum brevis
Flexor digitorum accessorius
Flexor digiti minimi brevis
Abductor hallucis
Abductor digiti minimi
Lumbricals

Extension Extensor digitorum longus
Extensor hallucis longus
Extensor digitorum brevis

Abduction Abductor hallucis
Abductor digiti minimi
Dorsal interossei

Adduction Plantar interossei
Adductor hallucis

The spinal nerve roots which predominantly innervate a muscle are indicated with heavy shading. Adapted from Reference 1 with
permission of Elsevier.



A
abdominal binders, 217
abdominal distension, 211
abdominal muscle paralysis, 63
aetiology, 3
after-load, 233
aging, 26
air-based cushions, 246, 247
American Spinal Injury Association

(ASIA) assessment, 6–11, 157
form, 8
impairment scale, 10–11
manual muscle test, 157
motor level, 7–9, 9
neurological level, 9–10
sensory level, 9, 10

American Uniform Data System for
Medical Rehabilitation (UDSMR),
276

ankle–foot orthoses (AFO), 120–124
downward slope, 125
gait-related activities, 123–124

ankle muscle innervation, 286
ankle paralysis, walking and, 119–124

AFO and see ankle–foot orthoses
(AFO)

dorsiflexor muscle paralysis, 119,
119–120

plantarflexor muscle paralysis, 120,
120, 121

anterior cervical cord syndrome, 11
anterior horn cells, 6, 12
anti-tip bars, 83, 90, 263, 265
arm ergometers, 234, 235
arm rests, 266–267
arm troughs, 198
arterio-venous oxygen difference, 233–234
ASIA classification see American Spinal

Injury Association (ASIA)
assessment

aspiration, 211
assisted cough, 213–214, 213–215
associative stage, training tasks, 138

atelectasis, 208–209
autonomic dysreflexia, 17–18
autonomic pathways, 6, 7
autonomous stage, training tasks, 138

B
backrests, 256–259

height, 258
inclination, 259
sling type, 250, 257
width, 256–258

back wheels, wheelchairs, 253–254, 255,
260–263

balance, 148, 148–149
Barthel Index, 37
bed mattresses, 23–24
bed mobility, 57–76
bicep muscles, 73, 94
bi-level positive airway pressure support,

218–219
bladder function, 18, 19
blood pressure, 17–18
blood volume, 233
body weight, lift and transfer, 45
Borg exertion scale, 229, 230
bowel function, 18, 19
braces, 14
brakes, 263
Brown-Sequard lesion, 11
bulbocavernosus reflex, 15

C
C1–C3 tetraplegia

hand function, 93–94
independence attained, 43, 43–44
mobilization, 44
ventilation, 219–221
wheelchair mobility, 44, 44, 79

C4 tetraplegia
contractures, 185

Index

Page numbers in bold refer to tables. Page numbers in italics refer to figures.

Notes: as spinal cord injuries are the subject of this book, all entries refer to this, unless
otherwise stated.
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C4 tetraplegia (continued)
hand function, 93–94
independence attained, 43, 44
respiratory function, 205
wheelchair mobility, 79

C5 tetraplegia
contractures, 185
hand function, 94, 95
independence attained, 43, 44–45
respiratory function, 205
wheelchair mobility, 79

C6 tetraplegia
contractures, 185
hand function, 94–96, 97
independence attained, 43, 45
respiratory function, 205
transfer and mobility strategies, 57

rolling, 60, 60
unsupported sitting, 58, 58, 59
vertical lift, 64–65, 66, 67, 68
wheel chair mobility, 79

C7 tetraplegia
hand function, 94–96
independence attained, 43, 45
respiratory function, 205
wheel chair mobility, 79

C8 tetraplegia
hand function, 97–98
independence attained, 43, 45
respiratory function, 205
wheel chair mobility, 79

Canadian Occupational Performance
Measure (COPM), 38

Capabilities of Upper Extremity
Instruments (CUE), 39

cardiac output, 231, 231–233
cardiovascular fitness, 227

assessment, 228–231
field exercise tests, 230, 230
peak oxygen consumption tests,

228–229, 231
submaximal exercise tests, 229, 

230
training see cardiovascular fitness

training
see also exercise

cardiovascular fitness training, 227–237
exercise in the community, 237
exercise prescription, 234–237
importance, 227
principles, 228
responses, 231–234
see also exercise

catheterization, 19
cauda equina lesions, 12
central cord lesion, 11
central pattern generators, 150–151

chin-controlled wheelchairs, 44
classification see American Spinal Injury

Association (ASIA) assessment
Clinical Outcomes Variable Scale

(COVS), 37
cognitive stage, training tasks, 138
Common Object Test (COT), 39
comorbid brain injury, 25
complete lesions

goal planning/setting, 43, 43–46
paraplegia see paraplegia
tetraplegia see tetraplegia
see also specific lesion level

complex regional pain syndrome, 200
continuous positive airway pressure

(CPAP), 218
contractility (cardiac), 232
contracture management, 277
contractures, 177, 177–189, 178, 185

anticipation, 185–188
assessment, 178–179
causes, 177
differentiation, 179
effects of, 177–178
goal planning, 178
predisposing factors, 185–188
prevention, 93–94, 100, 185–188
spasticity, 188
treatment, 179–185

non-stretch-based modalities, 189
prioritizing, 188–189
stretch and passive movements see

stretch and passive movements
see also specific types/locations

conus, 12
corticospinal tracts, 5
cough, assisted, 213–214, 213–215
Craig Handicap and Reporting Technique

(CHART), 37
cross section (spinal cord), 5
‘crouch’ gait, 120
cuneate tract, 6
cutlery, adapted, 96
cycle ergometer, 236

D
deep tendon reflex, spinal shock, 15
deep vein thrombosis, 15–16
definitions, 3–4
deltoid muscles, 197
depression, 24–25
dermatomes, 9
diaphragm

function, 43
innervation level, 206
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diaphragmatic pacing, 220
dorsiflexion, ankle–foot orthoses, 124
dorsiflexor muscle paralysis, 119,

119–120
double metal upright AFO, 122–123, 

124

E
ectopic ossification, 21
elbow collapse, 64–65, 68
elbow muscles

flexors
contracture, 178
stretches, 186

innervation, 284
pronator, stretches, 187

elderly
exercise prescription, 236–237
spinal cord injuries and, 25

electrical stimulation
assisted cough, 214
exercise, 236
hand function, 104–105
motor task training, 146–148
muscle fatigue, 128
partially paralysed muscles, 170
voluntary strength, 170
walking and standing, 128

electromyographic (EMG) feedback, 169
endurance (muscle), 164
environmental factors, 243–271

see also wheelchair(s)
epidemiology, 3, 4
evidence-based physiotherapy, 275–277,

276
exercise

adherence to, 235
community-based, 237
prescription, 234–237

elderly, 236–237
electrical stimulation and, 236
frail, 236–237
intensity, 234
thermoregulation and, 237
type, selection, 234–236

recreational, 236
spinal cord injuries and responses to,

231, 231–234
arterio-venous oxygen difference,

233–234
cardiac output, 231–233

testing, 228–231
see also cardiovascular fitness

expiratory flow rates, 209–210
external drainage sheaths, 19

F
family, psychological well-being and, 25
field exercise tests, 230, 230
finger muscles

extensor, 103
flexor, 189
innervation, 284

fitness-training programmes, 228
Five Additional Mobility and Locomotor

Items (5-AML), 40
flexor-hinge splints, 103–104, 104
foam-based cushions, 246, 248
folding wheelchair frames, 250, 251
footplates, 251, 263–266, 265
forced expirations, 209
friends, psychological well-being and, 25
‘frog breathing,’ 220–221
‘frog’ position, 182
front castors, wheelchairs, 259–260, 260
Functional Independence Measure

(FIM®), 37, 276
functional residual capacity, 209
Functional Standing Test (FST), 39

G
gait-related activities, 123–124

assessment tools, 39
gait training, 143, 151
gel-based cushions, 246, 247–248
glossopharyngeal breathing, 220–221
goal planning/setting, 35, 40–46, 276

benefits, 40–41
complete lesions, 43, 43–46

see also specific lesion levels
contracture management, 178
guidelines, 41–42, 42

gracile tract, 6
grade-aids, 263, 264
Grasp and Release Test (GRT), 39–40

H
hamstring muscles

excessive extensibility, 189
paralysis, 126
unsupported sitting, 59, 59

hand function, 93–105
C4 (and above) tetraplegia, 93–94
C5 tetraplegia, 94, 95, 96
C6 tetraplegia, 94–96, 97
C7 tetraplegia, 94–96
C8 tetraplegia, 97–98
electrical stimulation, 104–105
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hand function (continued)
feeding equipment, 96
reconstructive surgery, 104–105
therapy principles, 93–98
see also splints/splinting

hand-held myometers, 159, 162, 162
hanger angle, 266
headrests, 267
heart rate, 231, 231–232
heterotopic ossification, 21
hinged solid plastic AFO, 122, 123
hip extension, 113, 113
hip flexion contracture, 177
hip guidance orthosis, 115, 116
hip–knee–ankle–foot orthoses, 115–119,

118
types, 115–117, 116, 117
walking using, 117–118, 118

hip muscles
abductor paralysis, 128
extensor paralysis, 127–128
flexor paralysis, 126–127
innervation, 285–286

hip paralysis, walking and, 126–128
hip extensor paralysis, 127–128
hip flexor paralysis, 126–127

hip stretches, 182–183, 188
hybrid exercise, 236

I
impairment(s), 13–21

activity restrictions, links, 46
assessment, 40, 46–47

ASIA scale, 10–11
physiotherapy, 40
see also specific tests/measures

autonomic dysreflexia, 17–18
bladder dysfunction, 18, 19
bowel dysfunction, 18, 19
cardiovascular, 227
contractures see contractures
DVT and pulmonary embolism, 15–16
heterotopic ossification, 21
management, 135–242

cardiovascular fitness see
cardiovascular fitness training

contracture management see
contractures

motor task training see motor task
training

pain see pain management
respiratory see respiratory

management
strength training see strength training

osteoporosis, 21
paralytic ileus, 15, 211
physiotherapy identification of, 46–47
postural hypotension, 18
sexual dysfunction, 18, 19–21, 20
spasticity see spasticity
spinal shock, 13, 15
vertebral, 13

incomplete lesions
goals, 46
neurological loss patterns, 11
standing and walking, 107, 118–128

ankle paralysis see ankle paralysis,
walking and

hip paralysis see hip paralysis,
walking and

knee paralysis see knee paralysis,
walking and

independence, 42, 43
indwelling catheter, 19
innervation levels, 41, 42
inspiratory muscle training, 217
intermittent catheterization, 19
intermittent positive pressure breathing,

219
International Classification of

Functioning, Disability and
Health (ICF), 35, 36, 36–48

interphalangeal (IP) joints
flexion, 94, 94, 101
sustained stretches, 184
tenodesis grip, 100, 101, 102

intrathoracic positive pressures, 209
invasive mechanical ventilation, 

219–220
ischial tuberosities

air-based cushions, 247
foam-based cushions, 248
gel-based cushions, 247, 247
pressure relief, 23
seat rake, 256

isokinetic dynamometers, 162–163

J
joint angle, 178
joysticks, 268, 269, 270
jumping gait pattern, 111, 112

K
Katz Index of ADL, 38
kerbs see wheelchair mobility
kidney failure, 19
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knee–ankle–foot orthoses (bilateral),
110–115, 111

sitting to standing, 113–115, 114
walking with, 111–115, 112, 113

knee extension, unsupported sitting, 58
unsupported sitting, 59

knee hyper-extension, 126, 127
knee muscle innervation, 286
knee paralysis, walking and, 124–126

hamstring paralysis, 126
quadriceps paralysis, 124–126

knee splints, 126
knowledge of performance, 146

L
lateral key grip, 98–99
lateral trunk support, 257
latissimus dorsi muscle, 45
leg rests, 263–266, 265, 266
life expectancy, 26
long-term ventilation, 220
lower limb innervation, 285–286
lower limb paralysis

standing and walking, 107–128
strength training, 155
transfers and mobility, 57–76

influencing factors (mobility), 74–76
lying to long sitting, 61–63, 61–63, 64
rolling, 60, 60–61
sitting unsupported, 57–60, 58, 59
transfers, 68–74
transfer strategies, 69–70, 71–72, 73
vertical lift, 64–66, 65, 66, 67, 68
vertical transfers, 74, 75–76

lower motor neurons, 6
lesions, 12

lumbar paraplegia, 43, 46
lumbosacral paraplegia, 43, 46, 107–108
lungs

compliance, 208, 210
mechanical inflation, 214
pulmonary embolism, 15–16
secretions, 210

suctioning, 215–216
see also respiratory function

lying to long sitting
lower limb paralysis, 61–63, 61–63, 64
tricep muscle paralysis, 63

M
male fertility, 20
manual muscle test, 157–158, 158

manual wheelchairs
arm rests, 266–267
back wheels, 260–263
brakes, 263
footplates, 251, 263–266, 266
front castors, 259–260, 260
headrests, 267
leg rests, 263–266, 265, 266
pushrims, 261, 261, 262
seat depth, 252, 254–255
seat rake, 252, 253, 256
seat-to-floor height, 250–254, 252, 253
seat width, 255
side guards, 258
spoke guards, 262, 263
wheel camber, 252, 263
see also backrests; wheelchair cushions

marital status, 25
mattresses, 23–24
mechanical in-exsufflator, 214, 216
medial-linkage orthosis, 117, 117
metacarpophalangeal (MCP) joints

hyper-extension, 94, 94, 100
sustained stretches, 184

mid-drive wheelchairs, 267, 268
minitracheostomies, 216
mobility

bed mobility and transfers, 57–76
see also transfers; specific

strategies/techniques
muscle strength and, 155, 156

see also strength training
tasks, 74–76
wheelchairs see wheelchair mobility
see also sitting; standing; walking

Modified Ashworth Scale, 16, 16
Modified Benzel Classification, 39
Modified Functional Reach Test 

(mFRT), 40
‘modified’ one repetition maximum, 

159
motor control, 137–138
motor imagery, 169
motor learning, 137–138

see also motor task training
motor neurons, 4, 6, 12
motor pathways, 4, 5, 6

assessment, 7–9, 9
motor control, 137–138
motor learning, 137–138

‘Motor Relearning Approach,’ 137
motor schema theory, 137–138
motor task analysis, 57–133

hand function see hand function
realistic framework for, 47
standing see standing
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motor task analysis (continued)
transfers see transfers
walking see walking
wheelchair mobility see wheelchair

mobility
see also motor task training; specific tasks

motor task training, 137–151
control, 137–138
electrical stimulation, 146–148
goals, 146
learning, 137–138
methods, 145–148

demonstration, 145
feedback, 145–148
instructions, 145
‘similar but simpler’ approaches,

139–140, 139–143, 141–142
motivation maintenance, 144
novel, learning of, 137
practice, importance of, 139–145

outside formal therapy sessions,
143–145

training booklets, 144, 144
principles, 138–149
progression, 143
stages, 138
treadmill training, 149–151

movement restrictions, 13
muscle endurance, 156
muscle fatigue, 128

respiratory muscles see respiratory
muscles

muscle shortening, 180
muscle strength

assessment see strength assessment
training/improvement see strength

training
transfers/mobilty and, 155, 156

myometers, hand-held, 159, 162, 162
myositis ossificans, 21

N
Needs Assessment Checklist (NAC), 38
nerve roots, 4, 5
neurological assessment see American

Spinal Injury Association (ASIA)
assessment

neurological losses, 11
neuromuscular weakness, respiration, 213
neuropathic pain, 193, 194, 195
nociceptive pain, 193, 194, 196–200

back, 196
complex regional pain syndromes, 200
management

analgesics, 196

electrical stimulation, 197
immobilization, 196
lifestyle interventions, 200
physical supports, 197, 198
physiotherapy interventions, 196
surgery, 196

neck, 196
overuse limb pain, 199–200
shoulder see shoulder pain

non-invasive negative ventilation, 220
non-invasive positive airway pressure

support, 217–219
non-invasive ventilation, 219

O
one repetition maximum (1RM) test,

158–159, 159–161
orthoses see specific types
osteoporosis, 21
overhead suspension, 149, 150
overuse syndromes, 199–200

P
pain

assessment, 194–195, 195
intensity measures, 194

chronic
back/neck, 196
overuse syndromes, 199–200
psychosocial factors, 200–201

classification, 193, 194
management see pain management
neuropathic, 193, 194, 195
nociceptive see nociceptive pain
see also specific regions

pain management, 193–201
neuropathic pain, 195
nociceptive pain, 196–200
psychosocial factors, 200–201
respiratory, 211
see also specific methods

palmar bands, 97
palmar tenodesis grip, 98
paradoxical breathing, 210
parallel bars, 109, 164, 166
paralytic ileus, 15, 211
paraplegia

definition, 3
goal planning/setting, 46
life expectancy, 26
standing and walking, 107
transfer and mobility strategies
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lying to long sitting, 61, 61–63, 63, 64
vertical lift, 64, 65
wheelchair mobility, 79

see also specific lesion levels
parasympathetic nerves, 6
ParaWalker, 115, 116
partially paralysed muscles

electrical stimulation, 170
motor tasks, 155
strength training, 166–170, 167–168,

169
passive joint range of motion, 178–179
passive movements, 184–185

animal studies, 179–180
clinical trials, 180–181

passive tenodesis grip, 99
peak flow cough, 209
peak oxygen consumption tests,

228–229, 231
percussion, 215
The Physical Activity Recall Assessment

for People with Spinal Cord Injury
(PARA-SCI), 38

physiotherapy, 35–48
activity limitations, 36–40

assessment tools, 36–37, 37–40
evidence-based, 275–277
goals, 35, 40–46

benefits, 40–41
complete lesions, 43, 43–46
guidelines, 41–42, 42
incomplete lesions, 46
significance, 41
see also goal planning/setting

impairment
assessment, 40
identification, 46–47

multi-disciplinary team, 48
outcome measurements, 47–48
participation restrictions, 36–40, 37–40

assessment tools, 36–37
purpose, 35
recommendations, 275, 276
respiratory management, 213
treatment identification, 47
see also specific techniques

pincer tenodesis grip, 98, 98–99
plantarflexor muscles

paralysis, 120, 120, 121
stretches for, 182, 186

plastic solid AFO, 121–122, 122
pneumatic front castors, 259
position changes, pressure sore

prevention, 23
positioning, respiratory management,

216–217
posterior leaf spring AFO, 121, 122

postural adjustments, balance, 148
postural hypotension, 18
power wheelchairs, 80, 267–268, 268

circuitry variations, 268
control mechanisms, 268
joysticks, 270

pressure-relieving equipment, 23–24
pressure ulcers, 22–24

causes, 22
early signs, 22
education, 23
prevention, 22–24
treatment, 24

prevalence, 3, 4
prognosis, 12
progressive resistance training, 163–166,

165, 166
general well-being, 171
muscle power and endurance,

164–166
specificity, 164

prolonged bedrest, respiratory
complications, 211

psychological well-being, 24–25
psychosocial factors, chronic pain,

200–201
pulmonary compliance, 208

secretions, 210
pulmonary embolism, 15–16
PULSES, 37
pushrims, 261, 261, 262

Q
quadricep muscle paralysis, 124–126
quadriplegia see tetraplegia
Quadriplegic Index of Function (QIF), 38
Quebec User Evaluation of Satisfaction

with Assistive Technology
(QUEST), 40

R
range of motion, 178–179
rear-wheel drive wheelchairs, 267, 268
reciprocating gait orthosis, 116, 116
reflux voiding, 19
residual volume, 210
respiratory complications

C1 tetraplegia, 205
C2 tetraplegia, 205
C3 tetraplegia, 205
immediate post-injury, 210–212
muscle weakness, 206–210, 207, 

208, 211
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respiratory function, 205
assessment, 212–213
expiratory flow rates, 209–210
functional residual capacity, 209
lesion level effects, 206
pulmonary compliance and, 208, 210
residual volume, 210
rib cage compliance and, 208
rib cage distortion, 210
tidal volume, 206–209, 207, 207
total lung capacity, 206–209, 207, 207
vital capacity, 206–209, 207, 207

respiratory management, 205–221
assessment of function, 212–213
positioning, 216–217
treatment options, 213–219

assisted cough, 213–215, 214–215
bi-level positive airway pressure,

218–219
continuous positive airway pressure,

218
intermittent positive pressure

breathing, 219
muscle training, 217
non-invasive positive airway

pressure, 217–218
non-invasive ventilation, 219
percussion, vibration, shaking, 215
positioning, 216–217
suctioning, 215–216

ventilation in C1–C3 tetraplegia,
219–221

respiratory muscles
fatigue, 206–210, 207, 207, 208, 211
innervation levels, 206

rib cage
compliance, 208
distortion, 210
expansion, 208

rigid frame wheelchairs, 250, 251
rolling, 60, 60–61

S
sacral paraplegia, 43, 46
sacral pressure ulcers, 24
sacral sparing, 11
scales, motor task training, 147
scapula muscle innervation, 283
seat depth, 252, 254–255
seat rake, 252, 253, 256
seat-to-floor height, 250–254, 252
seat width, 255
secretions, lung, 210, 215–216
sensory pathways, 5, 6

assessment, 9, 10

serial casts, 181
sexual function, 18, 19–21, 20
sexuality, 20
SF-36® Health Survey, 38
shaking (chest), 215
shoulder

muscle innervation, 283–284
pain see shoulder pain
stretches, 181, 187
support, 197, 198
weight bearing, 146, 147

shoulder adductor stretches, 187
shoulder extensor stretches, 181
shoulder pain, 196–199

soft tissue trauma, physical handling,
198–199

subluxation, 197–198
Sickness Impact Profile (SIP-136), 38
side guards, 255, 258
‘similar but simpler’ approach, 139–140,

139–143, 141–142
sitting

lying to long sitting
lower limb paralysis, 61–63, 61–63,

64
tricep muscle paralysis, 63

to standing, knee–ankle–foot orthoses,
113–115, 114

unsupported, 57–60, 58
in vehicles, 269

6 m Walk Test, 39
skin management, 22–24

see also pressure ulcers
sleep apnoea, 218
slideboards, 73, 73

strength training and, 167, 168
sliding tilt tables, strength training, 167,

169, 169
sling backrests, 250, 257
slings, strength training and, 167, 167
SMART, goal setting, 41
solid front castors, 259
spasticity, 16–17, 76

classification, 16, 16
contractures, 188
management, 17
neurophysiology, 16–17

Spinal Cord Independence Measures
(SCIM), 37

The Spinal Cord Injury Functional
Ambulation Inventory (SCI-FA),
39

spinal orthosis, 13, 14
spinal pathways, 4–6, 5
spinal shock, 13, 15
spinothalamic tracts, 5, 6
splints/splinting
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hand function and
C4 (and above) tetraplegia, 94, 94
C5 tetraplegia, 95, 96
C6 tetraplegia, 97, 97
flexor-hinge splints, 103–104, 104
tenodesis grip promotion, 99–103,

100, 101, 102
wrist splints, 100

knee splints, 126
spoke guards, 262, 263
spotter training strap, 81, 83
stairs see wheelchair mobility
standing

duration, 110
electrical stimulation, 128
lower limb paralysis, 107–128
therapeutic, 108–110

equipment, 108, 109
see also walking

standing frame, 109
strength assessment, 157–163

hand-held myometers, 159, 162, 162
isokinetic dynamometers, 162–163
manual muscle test, 157–158, 158
one repetition maximum (1RM) test,

158–159, 159–161
wheel devices, 168

strengthening exercises, subluxation, 197
strength training, 155–171, 277

agonist, antagonist muscle imbalances,
170

complications, 170–171
electrical stimulation see electrical

stimulation
flickers of movement, 169
general well-being, 171
injury avoidance, 170–171
neurally intact muscles, 163–166
partially paralysed muscles, 166–170,

167–168, 169
progressive resistance see progressive

resistance training
see also strength assessment; specific

methods/devices
stretch and passive movements, 179–185

animal studies, 179–180
clinical trials, 180–181
contracture prevention, 186, 187, 188
sustained stretch see sustained stretches

stroke volume, 231, 232–233
subluxation, 197–198
submaximal exercise tests, 229, 230
suctioning (airway), 215–216
suicide, 25
supraspinatus muscles

overuse, 200
subluxation prevention, 197

sustained stretches, 181–184
elbow flexor muscles, 186
elbow pronator muscles, 187
hamstring muscles, 182
hip

adductor muscles, 182, 188
extensor muscles, 183
internal rotator muscles, 182, 183

interphalangeal joints of finger, 184
metacarpophalangeal joints of fingers,

184
plantarflexor muscles, 182, 186
shoulder adductor muscles, 187
shoulder extensor muscles, 181
soleus muscles, 183

swing through pattern, 111, 112
sympathetic nerves, 6

T
T1 paraplegia, independence attained, 46
‘Task-oriented Approach,’ 137
10 m Walk Test, 39
ten repetition maximum, 163, 167
tendon transfers, 105
tenodesis grip, 98, 98–104

motor task training, 142
splinting and taping, 99–103

duration of wear, 102
tetraplegia

definition, 3
goal planning/setting, 43, 43–45
hand function see hand function
life expectancy, 26
shoulder pain, 196–199
standing and walking, 107
see also specific lesion levels

Tetraplegic Hand Activity Questionnaire
(THAQ), 39

thermoregulation, 237
thoracic paraplegia

independence attained, 43, 46
lying to long sitting transfer, 64
respiratory function, 206
‘similar but simpler’ approach, 142, 143
standing and, 107
strength training, 155, 156
transfer strategies, 57

muscle strength and, 155, 156
walking and, 107, 110–118

bilateral knee–ankle–foot orthosis,
110–115, 111, 112, 113

hip–ankle–foot orthosis, 115–119,
116, 117, 118

see also specific orthoses
wheelchairs, appropriate, 258
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thumb
adductor contracture, 178
extensor muscles, 103
flexor muscles, excessive extensibility, 189
muscle innervation, 284
tenodesis grip promotion, 100, 102, 102

thumb loop, 102, 103
tidal volume, 206–209, 207
‘tilt-in-space,’ 267
tilt table, 109, 167, 169, 169
Timed Motor Test (TMT), 40
Timed Up and Go, 39
toe-off AFO, 122, 123
toes, muscle innervation, 286
total lung capacity, 206–209, 207
transfers, 57–76, 68–74

bicep muscles, 73
definition, 68
leg position, 68
lower limb paralysis, 57–76
muscle strength and, 155, 156

see also strength training
rotary strategy, 69–70, 71
strategies, 68
translatory strategy, 71, 71–72
tricep muscle paralysis, 74
wheelchair, 73, 73, 74, 75–76
see also specific tasks/strategies

traumatic brain injury comorbidity, 25
treadmill training, 149–151
tricep paralysis

lying to long sitting, 63
transfers, 74
vertical lift, 64–65

Tufts Assessment of Motor Performance
(TAMP), 38

12-minute wheelchair propulsion test,
230, 230

U
upper limb(s)

functional assessment, 39–40
muscle innervation, 283–285
strength, 155

upper motor neurons, 4, 6
lesions, 12

V
Valutazione Funzionale Meilolesi (VFM),

38
venous return, 232
verbal encouragement, 146
verbal feedback, 146
vertebrae, 4, 5

vertebral column, 4, 5
damage, 13
instability, 13
orthoses, 13, 14

see also specific types
vertical lift, 23

lower limb paralysis, 64–66, 65, 66, 67,
68

tricep muscle paralysis, 64–65
vertical transfers, lower limb paralysis, 74
vibration (chest), 215
vital capacity, 206–209, 207
VO2 max, 229
VO2peak test, 228–229, 231
voluntary strength, electrical stimulation,

170

W
walking, 107–128

electrical stimulation, 128
lower limb paralysis, 107–128
orthoses

ankle–foot orthoses see ankle–foot
orthoses (AFO)

hip–knee–ankle–foot see
hip–knee–ankle–foot orthoses

knee–ankle–foot orthoses see
knee–ankle–foot orthoses
(bilateral)

partial lower limb paralysis, 118–128
thoracic paraplegia, 110–118
see also standing

Walking Index for Spinal Cord Injury
(WISCI), 39

The Walking Mobility Scale, 39
walk tests, 39
wheel camber, 252, 263
wheelchair(s)

back wheels, 253–254, 255, 260–263
frame types, 250, 251
front castors and back wheels, distance

between, 259
manual see manual wheelchairs
powered see power wheelchairs
seating, 24, 245–270

backrest see backrests
cushions see wheelchair cushions
manual wheelchairs, 249–267
power wheelchairs, 267–268
seat, 250–256
sitting in vehicles, 269

set-up, 249–250
‘tippiness,’ 259
transfer to, 73, 73, 74, 75–76
see also wheelchair mobility
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Wheelchair Circuit Test (WCT), 40
wheelchair cushions, 24, 245–249, 246

assessment, 246
cost, 249
maintenance, 248
posture, 248–249
prescriptions, 246, 249
stability, 248–249
weight, 249

wheelchair mobility, 79–92
assessment tools, 40
assistance, 90–92
corners, 80, 81
kerbs

ascending, 88, 88, 89
ascending forwards, 90
descending backwards, 85, 86
descending forwards, 85, 87

manual chairs, 80–90
power chairs, 80
stairs

ascending, 90, 91

descending backwards, 85, 86, 90, 90
descending forwards, 85, 87
wheelstands see wheelstands

Wheelchair Skills Test (WST), 40
‘wheelie’ see wheelstands
wheelstands, 80–85

ease, 84–85
grassy slopes, 88–90, 89
maintaining, 84
moving onto, 83
tilt required, 82

wrist extensor contracture, 178
wrist muscle innervation, 284
wrist pain, 199
wrist splints, 100

Z
zones of partial preservation, 11
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