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Introduction

CECILY PARTRIDGE

The purpose of this book, the second in the series, is to enable those with an interest
in physiotherapy to keep up to date with recent research relating to the profession,
and in particular to provide information about the current bases of evidence for treat-
ments frequently used for common conditions. The first book was restricted to the
evidence-base for physiotherapy for neurological conditions; this one also deals with
other conditions treated by physiotherapists, including respiratory, musculoskeletal,
surgical, orthopaedic, post-operative and pain problems.

The book will be of interest to a wide range of physiotherapists, both undergradu-
ate and post-graduate, to those who refer their patients for physiotherapy, and to
administrators and others who commission physiotherapy services.

Each chapter starts with a Case Report of a real patient. This format was adopted
to encourage dialogue between clinicians and researchers and stress the relevance of
research to practice. A gap is often evident between the two but it is essential for
the advancement of the profession that research both is, and is seen as, relevant to
practice.

The authors of the chapters were selected as specialists in their own fields and as
having both clinical and research expertise. Brief biographies are given to provide
some idea of their very wide range of experience and specialisation. To ensure some
consistency, authors were asked to follow the style of the previous book. Essentially
they were asked to use the patient in the Case Report as a starting point to describe the
treatment approaches they would prescribe, then to ask clinically relevant questions
as a way of citing the current evidence-base for the treatment.

To enable the reader to estimate the strength of the evidence presented, authors were
asked to rate the references they cited on the scale provided. This was adapted for
physiotherapy from those first presented by Sackett et al. (2000). The original medical
scales were not considered appropriate for physiotherapy because the randomised
controlled trial (RCT) is widely regarded as the gold standard in medical research
but has not yet been demonstrated as such in physiotherapy. In most evaluations
of medical treatment there is a clear diagnosis ratified by clear criteria and usually
supported by laboratory tests; the treatment can be administered in pre-specified
doses; medication for the control group can be indistinguishable from the active
preparation; and results can again be confirmed by the use of well validated tests. In
many areas of physiotherapy the diagnosis is often unclear, as can be seen from the

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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case reports; interventions may be adapted to suit the individual, and cannot therefore
be pre-specified; and in addition, outcomes are often behaviourally defined. These all
mitigate against using the RCT as the gold standard in physiotherapy. Some authors
also question its status in medicine. Goodman (1998, 1999) maintained that ‘most
RCTs are conducted on unrepresentative populations of heterogeneous patients and
interpretation of results is usually far from straightforward’.

The three broad categories of the scale are given below:

A Based on the results of sound research, citing the results clearly, often a clinical trial,
but to include single case study design. Also sound qualitative research, for example
exploring patients’ mood states or opinions.

B Laboratory based investigations in, for example, biomechanics, or neurophysiology
where results help to inform practice but have not been evaluated in the treatment of
patients.

C Statements provided by authority figures. Also citations from textbooks and consensus
statements.

Reviews were marked as R. References without any letter did not fit any of these
categories. Where, infrequently, unpublished PhDs were cited they were labelled as
A/R.

The authors themselves assigned the reference categories using these criteria.
Though the term ‘evidence-based practice’ is currently widely used, key to devel-
oping sound practice is the collaboration between researchers and clinicians to try to
ensure researchers are tackling clinically relevant questions. One of the strengths of
this book is the overt linking of practice to research, with authors having both research
and clinical experience.

REFERENCES

Goodman NW (1998) Anaesthesia and evidence based medicine. Anaesthesia 53: 353–68.
Goodman NW (1999) Who will challenge evidence based medicine? Journal of the Royal

College of Physicians 33: 249–51.
Sackett DL, Straus SE, Richardson WS, Rosenberg W, Haynes RB (2000) Evidence Based

Medicine. How to practice and teach EBM (2 edn) Edinburgh: Churchill Livingstone,
pp. 3–4.
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1 Physiotherapy and the Adult with
Non-Cystic Fibrosis Bronchiectasis

JENNIFER A. PRYOR

INTRODUCTION

Bronchiectasis is defined as ‘abnormal chronic dilatation of one or more bronchi’

(Wilson 2003 C). The face of bronchiectasis is changing (Greenstone 2002 C). It

used to be characterised by large volumes of purulent sputum, but today may also

be characterised by a persistent and irritating non-productive cough. With the in-

creasing use of antibiotics in the treatment of pulmonary infections in childhood,

many patients with bronchiectasis have an underlying disease that predisposes them

to chronic or recurrent infection, for example cystic fibrosis, immunodeficiency in-

cluding HIV, primary ciliary dyskinesia, allergic bronchopulmonary aspergillosis and

Mycobacterium avium complex (Rosen 2006 C). Diagnosis was by plain chest radio-

graph, with the extent of the disease assessed by bronchography (injection of contrast

into the bronchial airway), but this was an invasive and unpleasant procedure. Today

high-resolution computed tomography (thin slices taken through both lungs) allows

identification of thickened bronchial walls, bronchial dilatation and ring opacities

containing air-fluid levels (Copley et al. 2002 C) (see Figure 1.1).

This chapter will present two cases with diagnoses of bronchiectasis, referred for

‘chest physiotherapy’, one with severe bronchiectasis and one with mild bronchiec-

tasis. Both patients had significant problems.

CASE REPORT I

Mrs AH, aged 58, presented with a chronic cough productive of copious amounts

of purulent sputum and fatigue. Mrs AH’s high-resolution computed tomography

showed extensive bronchiectasis in both lower lobes associated with patchy consol-

idation and mucus plugging. The distribution was thought to be typical for a post-

pertussis syndrome as the cause of her bronchiectasis. Her full lung function studies

indicated severe airflow limitation with three-quarters of a litre of gas trapping and

marked reduction in spirometric indices. Her gas transfer coefficient was ‘reasonably’

well preserved. End capillary carbon dioxide was at the upper limit of normal and there

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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Figure 1.1. High-resolution computed tomography (CT) through the lower lobes, showing the
classic signet ring sign (dilated bronchus with adjacent pulmonary artery of normal size) seen
in established bronchiectasis.

was evidence of mild hypoxaemia. Haematological and biochemical indices showed

mild microcytosis with no significant anaemia or abnormality in immunoglobulins.

Her sputum cultured Pseudomonas aeruginosa. On auscultation there were coarse

crackles throughout both lung fields.

Mrs AH’s medical management included the introduction of an aggressive cyclical

antibiotic regimen to reduce the bacterial load and an inhaled corticosteroid was

introduced to suppress airway inflammation. She had received physiotherapy for her

chest, in the form of airway clearance, in the Middle East. This had comprised the

head-down tilt position with chest clapping from an assistant, and coughing when

secretions reached the upper airways. The physiotherapist visited twice a week, no

airway clearance was undertaken in between times and there was no encouragement

to undertake a programme of physical exercise.

QUESTION 1

Which airway clearance regimen should be recommended for an adult with bronchiec-
tasis?

A search for the evidence for airway clearance in bronchiectasis was under-

taken in February 2006 using the key words ‘physiotherapy’ or ‘physical therapy’
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and ‘bronchiectasis’. This revealed nothing on the Cochrane database but using

‘bronchiectasis’ alone, two systematic reviews of interest were identified: ‘Bron-

chopulmonary hygiene physical therapy for chronic obstructive pulmonary disease

and bronchiectasis’ (Jones & Rowe 2006 R) and ‘Physical training for bronchiec-

tasis’ (Bradley et al. 2006 R). Jones and Rowe identified seven trials, which were

said to be small and not generally of high quality. The authors said that in most

comparisons, bronchial hygiene physical therapy produced no significant effects on

pulmonary function, apart from clearing sputum. They concluded that there was not

enough evidence to show whether there are benefits from chest physiotherapy to re-

move secretions from the lungs of people with chronic obstructive pulmonary disease

or bronchiectasis.

The key word ‘bronchiectasis’ was used in the PEDro physiotherapy evidence

database and identified 16 studies, 14 in English. Ten of these studies related to air-

way clearance and two to exercise. This database is one of the most efficient ways for

the busy clinician to access some of the evidence, but not all clinical trials of relevance

are included and it is therefore important to be aware of related publications in the

field which can be accessed via Medline, Embase and the Cumulative Index to Nurs-

ing and Allied Health Literature (CINAHL). A systematic review requires evidence

from randomised controlled trials and few have been undertaken in cardiorespiratory

physiotherapy. This does not mean the evidence from other types of trial is invalid, but

rather it means that valid ‘low-grade’ evidence, which may be of clinical significance,

will probably not have been included in any systematic review.

The reviews on airway clearance do not address the physiological benefits of the

removal of excess purulent secretions from the airways. Hypothetically, airway clear-

ance techniques can decrease mucus plugging and aid in removing secretions con-

taining inflammatory cells and by-products, thus decreasing damage to epithelia. In

addition, movement and removal of bronchial secretions containing bacteria, espe-

cially Pseudomonas, may decrease local inflammatory responses and delay the change

of Pseudomonas to mucoid morphology (Lapin C (2006) Personal communication C).

Clinical expertise would support the practice of using an airway clearance technique

in people with chronic sputum production and it is important to remember the defini-

tion of evidence by Sackett et al. (1996 C), that is, the integration of clinical expertise

and the best available evidence from systematic research.

There are several airway clearance techniques which have been shown to aid the

mobilisation and clearance of excess mucus from the airways. These include postural

drainage and percussion (the regimen Mrs AH had been using, with assistance, in the

Middle East) (Pryor et al. 1979 A), the active cycle of breathing techniques (Pryor

et al. 1979 A; Thompson & Thompson 1968 A), autogenic drainage (Schöni 1989, C),

positive expiratory pressure (Falk et al. 1984 A), oscillating positive expiratory pres-

sure (Cegla et al. 1997 A; Konstan et al. 1994 A), high frequency chest wall oscillation

(Warwick & Hansen 1991 A), intrapercussive pulmonary ventilation (Newhouse et al.

1998 A; Varekojis et al. 2003 A) and resistive inspiratory manoeuvres (Chatham et al.

2004 A; Patterson et al. 2004 A). Over 27 years ago, postural drainage and percussion

was shown to be less effective than the active cycle of breathing techniques (Pryor

et al. 1979 A) and yet it is still practised in many countries.
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Many of the airway clearance studies have been undertaken in people with cystic

fibrosis. Extrapolation to people with non-cystic fibrosis bronchiectasis must be with

caution, but it is likely that the regimens of the active cycle of breathing techniques,

autogenic drainage, positive expiratory pressure, oscillating positive expiratory pres-

sure and high frequency chest wall oscillation are equally effective (Accurso et al.

2004 A; Patterson et al. 2005 A; Pryor 2005 A; Thompson et al. 2002 A). The choice

of regimen may be one of personal preference, but this is likely to be influenced by

the knowledge and experience of the physiotherapist. It is also likely that adherence

to treatment will be increased if the airway clearance regimen is one which appeals

to the patient and if they have been involved in the selection process. What is as yet

unknown is whether a change of regimen, at intervals, will increase adherence to

treatment.

Many countries use the sitting position for airway clearance. A study by Cecins

et al. (1999 A), in people with bronchiectasis associated and not associated with

cystic fibrosis, concluded that the side-lying position was as effective as the head-down

tipped position and was preferred by the patients. Cystic fibrosis, in the early stages, is a

disease which primarily affects the upper lobes bilaterally (Tomashefski et al. 1986 B).

Bronchiectasis not associated with cystic fibrosis often presents with a middle and/or

lower lobe distribution, indicative of a childhood viral infection. Generalised changes

suggest an underlying host defence defect and an upper lobe unilateral problem, either

post-tuberculosis or allergic bronchopulmonary aspergillosis (Greenstone 2002 C).

The sitting position may be effective for people with cystic fibrosis, but this is not

necessarily the best position for people with bronchiectasis not associated with cystic

fibrosis and affecting the middle and/or lower lobes. In the individual patient, it is not

difficult to solve this clinical problem. The patient should begin by using the selected

airway clearance regimen in the sitting position. When the patient and the therapist

have decided that continuing the treatment will not result in further expectoration of

sputum, side lying with positioning for the affected segments should be tried. If more

sputum is mobilised and cleared this will indicate there is benefit in using a side lying

(lower lobes) or side lying 1/4 turn from supine (middle zones) position.

Traditionally the emphasis for the use of gravity assisted positioning has been on

the drainage of secretions (Ewart 1901 C). Wong et al. (1977 A), using radionu-

clide imaging techniques in patients with cystic fibrosis, demonstrated that an ab-

normal tracheal mucus clearance approached normal when the patients were placed

in a 25 degree head-down tipped position. More recent work, using inhaled radio-

labelled particles, found during postural drainage in people with cystic fibrosis that

mucus clearance was greater from the dependent lung than from the uppermost lung

(Lannefors & Wollmer 1992 A). This suggests that in mucus clearance the effect

of the increase in regional lung ventilation may be greater than the direct effect of

gravity.

An abscess cavity is likely to drain more effectively when the opening of the

cavity points downwards, but today many people with bronchiectasis have only minor

dilatation of the airway walls and the movement of mucus along these bronchiectatic

airways may be better facilitated by the increase in airflow in the dependent lung than
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by the drainage effects of gravity in the uppermost lung, which were useful in the past.

Theory would therefore indicate a patient with minimal right lower lobe bronchiectatic

changes should be positioned in right side lying first, to increase ventilation, and then

changed to left side lying.

Airflow is essential for airway clearance (Lapin 2002 B). There are similarities

across most of the airway clearance regimens. All except autogenic drainage include

the forced expiratory manoeuvre of huffing (Thompson & Thompson 1968 A), which

increases expiratory flow, and this is now recognised as the most effective component

of airway clearance (van der Schans 1997 B). Autogenic drainage utilises an unforced

manoeuvre to augment expiratory flow (Schöni 1989 B), and the increase in expiratory

flow of both the huff and an autogenic drainage breath should reduce the viscosity of

mucus. This can be explained by its thixotropic property (Selsby & Jones 1990 B).

The movement of secretions along the airways is said to be by either slug or annular

flow (Lapin 2002 B; Selsby & Jones 1990 B). In addition, with the forced expiratory

manoeuvre of the huff there is an oscillation of the airway walls (Freitag et al. 1989 B)

which should further help to loosen secretions from them. Most of the regimens

include a technique to increase lung volume and this is said to increase airflow via

the collateral ventilatory channels (Macklem 1971 B), allowing air to flow behind

secretions and to assist in mobilising them.

To return to Mrs AH, it was ethical to introduce an airway clearance regimen

independent of an assistant to give her the opportunity to take responsibility for her

management, and one which had been shown to be more effective than that of postural

drainage and percussion. The two regimens not only independent of an assistant but

also independent of a device are the active cycle of breathing techniques and autogenic

drainage. The therapist’s selection of one or other is probably influenced by their

familiarity with the regimens.

For Mrs AH the active cycle of breathing techniques was chosen. The physiology

behind the techniques of the active cycle of breathing was explained to Mrs AH. This

included the loosening effect of the thoracic expansion exercises, utilising collateral

ventilation to get the air in behind the mucus; the rest periods of breathing control; and

the squeezing up of the excess bronchial secretions, from the choke points proximal

to the equal pressure points, with huffing (the forced expiration technique (Pryor et al.

1979 A)). The techniques were practised with effect, initially in the sitting position

and then in alternate side lying as the change in posture led to an increase in audible

crackles from the airways. It was not long before Mrs AH developed an appreciation

of how short or long a huff was required, dependent on the position of secretions

within the airways, and a moderately copious amount of purulent secretions was

expectorated. Mrs AH expressed her disappointment that she had not received any

chest clapping and initially was not enthusiastic about continuing the regimen twice

daily herself.

Self-chest clapping, in the stable clinical state, has not been shown to increase

the expectoration of sputum (Webber et al. 1985 A). It could be argued that Mrs

AH was not in a stable clinical state, but it was important to introduce a regimen

which she could continue on her return to the Middle East and the introduction of
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self-chest clapping was likely to increase the work involved and detract from effective

huffing.

Mrs AH returned for reassessment the following week. She had conscientiously

undertaken the airway clearance regimen twice a day. Her sputum had decreased in

purulence and quantity and she said that she was feeling much better and had more

energy. The improvement is likely to have been owing to the combination of the

medical management and adherence to an effective self-airway clearance regimen.

Additional techniques which may increase airway clearance in people with

bronchiectasis include the nebulisation of normal saline and hypertonic saline

(Kellett et al. 2005 A), humidification (Conway et al. 1992 A) and adrenoceptor ag-

onists (Sutton et al. 1988 A). These, used together with airway clearance techniques,

may enhance mucus clearance. Dornase alfa has not been shown to be of benefit

in non-cystic fibrosis bronchiectasis and may lead to a reduction in lung function

(Wills et al. 1996 A). Oral mucolytics, combined with antibiotics, may help sputum

production and clearance (Crockett et al. 2006 A).

QUESTION 2

What is the evidence for physical training in an adult with bronchiectasis?
The fatigue experienced by Mrs AH is a characteristic of chronic chest infection

and is usually associated with a decrease in exercise capacity together with increasing

breathlessness on exertion, leading to a vicious cycle of increasing inactivity. Bradley,

Moran and Greenstone (2006 R), in their systematic review on physical training for

bronchiectasis, identified only two reports suggesting some benefits from inspiratory

muscle training on exercise capacity, quality of life and respiratory muscle function.

They concluded that further research is needed to assess the benefits of other types

of physical training and pulmonary rehabilitation in bronchiectasis.

Much of the research in pulmonary rehabilitation has been in people with chronic

obstructive pulmonary disease but people with bronchiectasis whose quality of life

has been reduced by chronic breathlessness may also benefit (British Thoracic So-

ciety Standards of Care Subcommittee 2001 A). Newall et al. (2005 A), in people

with bronchiectasis, compared pulmonary rehabilitation plus sham inspiratory mus-

cle training, pulmonary rehabilitation with targeted inspiratory muscle training, and a

control group with no intervention. They concluded that exercise training (pulmonary

rehabilitation) improved exercise capacity in this group of patients and that inspiratory

muscle training conferred no additional benefit.

Access to a full pulmonary rehabilitation programme is not always available and

the vicious cycle of increasing inactivity can be broken by the simple progressive stair

climbing programme designed by McGavin et al. (1977 A) and modified by Webber

for use on the flat (Pryor 2004 C; Webber 1980 C). As Mrs AH was to return to her

own country, which was different from that in which she was receiving treatment,

the McGavin programme on the stairs was selected. The programme encourages the

patient to exercise to breathless, in a defined and short period of time (eight weeks),

with the understanding that breathlessness in this context is uncomfortable but not

harmful. In between this daily exercise, breathlessness on exertion can be lessened
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by the introduction of breathing control (Rose 1999 A) to minimise the work of

breathing. Positions which encourage the use of breathing control are said to be

effective by altering the length tension status of the diaphragm, but the evidence is

controversial (Gosselink et al. 1995 A) and it is important to assess and reassess the

outcomes in the individual patient.

OUTCOME MEASUREMENTS

Outcome measurements for Case I could include: sputum volume or weight, sputum

purulence (Miller 1963 C) (but sputum purulence is also likely to be affected by

the antibiotic regimen), a field exercise test to measure exercise capacity (six-minute

walking test (Butland et al. 1982 A) or shuttle walking test (Singh et al. 1992 A)) in

association with a Borg scale (Borg 1982 A) of breathlessness and limb fatigue, and

lung function.

CASE REPORT II

Mr SB, aged 30, presented with an irritating non-productive cough of 12 months, with

each episode of coughing lasting for several minutes at a time, and being particularly

troublesome at night on lying down. His partner had moved to a separate bedroom as

she was unable to sleep with the persistent coughing. Stress, a change in air temper-

ature and a change in posture could all precipitate bouts of coughing. Mr SB was a

life-long non-smoker. There was no abnormality on his plain chest radiograph, and he

had been given several courses of antibiotics and asthma management (British Thor-

acic Society & Scottish Intercollegiate Guidelines Network 2005), including inhaled

sympathomimetic bronchodilators and inhaled corticosteroids, without effect. There

was no evidence of a post-nasal drip or gastro-oesophageal reflux. He was finally

referred to a specialist respiratory physician. High-resolution computed tomography

revealed some changes in the right middle zone which just met the diagnostic criteria

for bronchiectasis. His full lung function studies and gas transfer coefficient were all

within the normal ranges. End capillary carbon dioxide was normal, and haemato-

logical and biochemical indices were normal with no immunoglobulin abnormality.

His sputum culture was reported as ‘No significant bacterial growth’ and his chest

was clear on auscultation, with normal breath sounds and no added sounds. The

cause of his bronchiectasis was unknown, but may have been related to an episode of

pneumonia in childhood. He was referred for physiotherapy.

QUESTION 1

Which is the evidence-based airway clearance regimen for an adult with bronchiec-
tasis?

The literature search was as for Case I, but most of the subjects in the studies were

expectorating sputum. Mr SB was not expectorating any sputum.
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From previous clinical experience, the active cycle of breathing techniques was

introduced with positioning for the right middle lobe. The first position was that of

right side lying 1/4 turn from supine to increase ventilation to the right middle zone.

Mr SB’s huff was initially dry sounding and non-productive, but with the breathing

exercises it became moist sounding and Mr SB said that he could feel mucus coming

up into the back of his throat, which he was aware of swallowing. The exercises were

continued in left side lying 1/4 turn from supine with similar results. The treatment

time was about 15 minutes shared between the two positions, twice daily, and each

session concluded with one or two huffs combined with breathing control in the sitting

position.

Two days later, Mr SB was no longer complaining of a cough. The ongoing pro-

gramme was a short daily check, in the sitting position, using the active cycle of

breathing techniques. In the presence of any audible crackles on huffing, Mr SB was

to progress to the side lying positions and to increase the time for treatment. He

was also to follow this regimen if he thought he was getting, or if he developed, a

chest infection. An alternative airway clearance regimen to that of the active cycle of

breathing techniques could have been used dependent on the therapist’s knowledge

and expertise, and patient preference.

Using the forced expiration technique of the active cycle of breathing techniques,

patients can be taught to recognise early crackles on huffing as a sign of excess

mucus in the airways. The forced expiratory manoeuvre of huffing can be explained

using the concept of the equal pressure point (West 1997 B). The equal pressure

point (EPP) is the point where the pressure within the airway is equal to the pressure

surrounding the airway. The airway downstream of the equal pressure point, towards

the mouth, is compressed. This dynamic compression is an important mechanism

which determines the efficacy of cough (Macklem 1974 B) and also applies to the

forced expiratory manoeuvre of the huff. Proximal to the equal pressure point is the

choke point (Dawson & Elliott 1977 B; Selsby & Jones 1990 C) and it is from this

point, up towards the mouth, that there is a squeezing effect on the airway owing to

the higher pressure outside the airway.

The positions of the equal pressure points are dependent on lung volume (West

1997 B). During normal tidal breathing and at a high lung volume, for example a

spontaneous cough, the equal pressure points are said to be at the level of the carina

or larger bronchi (Mead et al. 1967 B). As lung volume decreases, the equal pres-

sure points move peripherally, allowing progressively deeper parts of the airways to

be cleared. Without the need for a stethoscope, excess bronchial secretions produce

audible coarse crackles during huffing. Crackles which occur with high lung volume

huffing represent secretions in the larger proximal upper airways. If they occur with

huffing at low lung volumes, secretions are likely to be in the smaller more peripheral

airways and can be mobilised from bronchiectatic lung segments to non-bronchiectatic

lung segments, where the normal mucociliary escalator should be effective in the

cephalad movement of bronchial secretions.

Mr SB was not complaining of any increase in shortness of breath on exertion and

was attending the gymnasium at his work place five days a week.
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OUTCOME MEASUREMENTS

With computed tomography, bronchiectasis can be identified before the patient has

developed a productive cough and the amount of sputum expectorated may not be

an appropriate outcome measure for the effectiveness of treatment in these patients.

Outcome measurements for Case II could include a visual analogue scale of cough

or a valid and reliable cough-specific health-related quality of life instrument (Irwin

et al. 2006 A).

COMMENT

The evidence and, in particular, systematic reviews alone are not yet able to an-

swer many clinical questions in cardiorespiratory physiotherapy. The randomised

controlled trial is not necessarily the best research methodology for clinical research

questions in physiotherapy, but usually only research using the randomised controlled

trial is considered for inclusion in systematic reviews. Recently the Cochrane Reviews

have included the generic inverse variance method for meta-analysis of data from

cross-over trials and data from parallel-designed trials, but even with these included

the systematic review data for physiotherapy in bronchiectasis is limited.

Physiotherapy, rather than being ‘evidence-based practice’, should be ‘practice-

based evidence’ (Lewis E (2004) Personal communication C), where the clinician

generates the research questions for the researcher. This approach will lead more

quickly to effective patient management and patient benefit. If the current approach

to evidence-based practice, which has not itself been validated, is to continue, many

physiotherapy techniques will be lost, not because they are ineffective but either

because the randomised controlled trial has not been undertaken or because the right

measurement tool has not been used or is not yet available. Future generations of

physiotherapists must be very cautious in their interpretation of the evidence and take

into consideration not only A grade evidence but also C grade evidence, of clinical

experience and expertise.
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2 Coordinated Management
of a Patient in ICU
with Cardiorespiratory Failure

ELIZABETH DEAN

INTRODUCTION

This ICU case exemplifies a vital role for physiotherapy and the evidence-based

rationale for comprehensive patient management in the absence of mucous retention.

Physiotherapy was designed to optimise long-term as well as short-term outcomes

of Mrs KJ’s comprehensive interdisciplinary care in the presence of the diseases of

civilisation (see recent review Dean 2006a R; World Health Organisation 1997 R),

and enable her return to a full life in the community, potentially at a higher level than

prior to this episode of illness.

Mrs KJ is a 65 year old East Indian woman who immigrated to the UK with her

husband 15 years ago. She is a retired librarian but continues to volunteer at the local

library. She and her husband own an apartment in a medium-sized city in the north of

England. They have family members living nearby who are highly supportive. Mrs KJ

and her husband are active members of their temple, and are close to their extended

family. Overall, their lifestyle is sedentary.

HISTORY OF ONSET OF PRESENT CONDITION AND OTHER
RELEVANT PRE-EXISTING PATHOLOGY

On her way home from the library, Mrs KJ became short of breath on climbing

the steps of her apartment building. Her husband called 999, and she was taken

to the local emergency room. She reported no chest pain. Her nail bed colour was

dusky. She expectorated small amounts of clear secretions tinged with bright red

blood. Supplemental O2 was administered by nasal prongs at 3 L/min. A sedative

and anxiolytic agent were administered to relax her. Her temperature remained at

38 ◦C, respiratory rate (RR) was 35 breaths/min, heart rate (HR) 120 beats/min, and

blood pressure (BP) 160/74 mm Hg. Her arterial blood gases (ABGs) were marginal

and a decision was made not to intubate. Her gases deteriorated overnight how-

ever, which necessitated intubation and mechanical ventilation (assist control set at
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12 breaths/min) with 60 % O2 administered. A diagnosis of cardiorespiratory failure

was made when the PaO2 fell below 60 mm Hg and the PaCO2 rose above 50 mm

Hg (Shoemaker 1999 R).

The physiotherapist assessed Mrs KJ the morning after admission. She was resting

comfortably.

Vital signs: temperature – 38 ◦C (slightly elevated); RR rest − 22 breaths/min;

HR rest − 108 beats/min; BP rest − 155/98 mm Hg; ECG − normal sinus rhythm

with occasional unifocal premature ventricular contractions (PVCs), and no apparent

distress or pain other than when she was lying in one position for an extended period.

Although Mrs KJ was oriented, her arousal was reduced. She was able to pur-

posefully and voluntarily move all limbs and change her body position with minimal

assistance.

Inspection: moderately hyperinflated chest wall with reduced chest wall mobility.

Cough: moderately strong and nonproductive.

Auscultation: distant breath sounds throughout; end expiratory crackles consistent

with congestive heart failure, and wheezing consistent with bronchospasm.

Heart sounds: compared with those reported on admission, heart sounds were

consistent with resolving CHF; muffled heart sounds.

Extremities: cool to the touch, with evidence of healed abrasions on both legs.

Urinary output: within normal limits.

QUESTION 1

Why does risk factor assessment such as that outlined below need to be included
in the physiotherapy assessment of all patients, including those in the ICU, in the
contemporary health care milieu?

MAIN DIAGNOSES, AND TYPES AND EXTENT OF IMPAIRMENT
AND DISABILITY

Mrs KJ’s risk factors for heart disease, stroke, and diabetes were ‘above average’ to

‘high’ (Harvard University, School of Public Health 2006 R; Janssen et al. 2004 A).

She was 15 kg overweight with abdominal obesity. She quit smoking six years ago.

Primary diagnoses include acute respiratory dysfunction secondary to CHF and a his-

tory of coronary artery disease (CAD); severity New York Heart Association (NYHA)

Classification III (New York Heart Association 2006 R). Co-morbidity included hy-

pertension (Stage 2) (American Heart Association 2002 R), obesity (Class 1) (Expert

Panel 1998 R) and non insulin dependent diabetes mellitus (NIDDM) (American

Diabetes Association 2006 R). Her pulmonary function assessed two years ago was

consistent with moderately severe chronic obstructive lung disease. Based on family

report, Mrs KJ’s aerobic capacity was low (American College of Sports Medicine

2006 R; McGavin et al. 1978 A). Normal values are based on general population

norms for people living in Western countries, with no appropriate culturally-specific

norms available for Mrs KJ’s immigrant group.
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DETAILED DESCRIPTION OF PATIENT’S PRESENTING
SYMPTOMS AND PROBLEMS

Physiotherapy Diagnosis: impaired O2 transport with incapacity to maintain adequate

blood gases and gas exchange without ventilatory support and supplemental O2. Her

capacity to engage in her activities of daily living (ADLs) and socially participate has

been severely compromised over the past two years, and particularly the past several

weeks.

Analysis of O2 demands (during this episode of ICU care):� Breathlessness on minimal exertion (but remains on assist control mechanical ven-

tilation; initiating all breaths herself compared with when she was first mechanically

ventilated).� Myocardial demands to meet increased systemic O2 demands.� Respiratory demands increased, due to increased RR to help increase gas exchange.� Metabolic demands increased due to slighted elevated temperature.� Anxiety (but remains controlled with medication).� Demands to meet needs of increased body weight.� Demands of healing and recovery.

QUESTION 2

The World Health Organisation’s International Classification of Function includes
additional levels of assessment for physiotherapists, including in the ICU. How does
this affect your assessment and management of Mrs KJ?

RESULT OF PHYSICAL EXAMINATION AND LABORATORY TESTS
AND INVESTIGATIONS

The findings are classified according to the International Classification of Function

(World Health Organisation, 2002 R), namely, social participation (handicap), activ-

ities (disability), and structure and function (impairment).

Social participation (history from husband and family)

Mrs KJ has a supportive husband and family. A health-related quality of life question-

naire modified for use in acute settings, Short Form-36, (Ambrosino 2002 A; Short

Form-36 2000 R) was completed by proxy (Hoffhuis et al. 2003 A), that is, by her

husband, with Mrs KJ’s consent. The initial score reflected her functional capacity

prior to this illness episode. The questionnaire has also been adapted for use with

people of East Indian descent to maximise its validity in this population. Her scores

(23/50 on the physical health scale and 32/50 on the mental health scale) serve as an

outcome measure, hence, a guide for Mrs KJ’s eventual return to her family and com-

munity life, and to an improved quality of life. Although she has reduced her social

activities over the past year, Mrs KJ has maintained her activities and responsibilities

as wife and homemaker, and continues to serve as a volunteer librarian three mornings
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a week. She enjoys having her three grandchildren over to her home, but has been

finding it exhausting over the past two months. She is a regular visitor to a friend with

a disability. She did serve as a volunteer in the office at her temple but discontinued

last year because she felt it was too much.

Activities (composite activities based on history with family and analysis of
activities prior to this episode of illness)

For health reasons, Mrs KJ’s social and recreational activities have become progres-

sively restricted, for example, she is less able to get back and forth to visit her daughter

and family, and to get to the temple and the library.

Structure and function

Blood work: on an FIO2 of 50 % (reduced with progressive improvement in ABGs

since admission) while mechanically ventilated – PaO2 85 mm Hg, PaCO2 47 mm

Hg, pH 7.42, HCO3 30 mEq/L and SaO2 94 %.

X-rays and scans: chest X-ray – chest wall hyperinflation. The classic butterfly sign

of CHF was present, and this pattern has shown progressive clearing with the admin-

istration of diuretic therapy since admission. Microatelectasis is apparent centrally

and in the bases.

QUESTION 3

Why does the physiotherapist need to consider oxygen transport as a whole, rather
than focusing on airway clearance?

The steps in the O2 transport pathway include the airways and lungs, the pulmonary

circulation, the blood, the heart and its electromechanical coupling, the peripheral

circulation, and O2 extraction at the tissue and muscle levels. O2 transport is a function

of Mrs KJ’s capacity to meet her O2 demand given her capacity to supply O2. One

or more steps in the O2 transport pathway can be impaired and/or threatened by

four primary factors (Dean 1994 R): recumbency and restricted mobility; extrinsic

factors related to her care (for example, side effects of pharmacologic agents); intrinsic

factors related to the patient (for example, obesity and sedentary lifestyle); and the

patient’s underlying pathophysiology. Initially the patient is medically stabilised,

which supports healing and repair, and regaining of homeostasis with optimal rest

and sleep periods. Inotropic support, sedation to reduce arousal and undue metabolic

demand, and diuretics were administered.

PHYSIOTHERAPY GOALS

Mrs KJ is limited by arthritic pain and deconditioning, combined with the effects

of atherosclerosis, ischemic heart disease rendering her heart hypoeffective as a

pump, and emphysematous lung changes secondary to COPD impairing respiratory

mechanics and gas exchange. This latter acute episode, resulting from CHF, has
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worsened her gas exchange to the point of needing supplemental O2 and ventilatory

support. The physiotherapist needs to ensure recumbency and bed rest are minimised

to limit further aerobic compromise, deconditioning and complications (Allen et al.

1999 R; Bolton 2001 R; Saltin et al. 1998 A). This is judiciously balanced with

Mrs KJ’s requirements for rest. The short-term goals need to address Mrs KJ’s

life-threatening priorities related to O2 transport and prevention of complications

(Dantzker 1991 R; Dantzker et al. 1991 R). However, this is the first component of

the continuum of physiotherapy, with a view to Mrs KJ’s achieving a higher level of

health than prior to this episode of illness, in the months to come.

Short-term goals and strategies� Prevent O2 transport deficits and systemic complications including neuropathies,

myopathies, and skin breakdown due to recumbency, restricted mobility and reduced

psychosocial wellbeing.� Optimise O2 transport (from airways and lungs to the tissue level, including optimis-

ing oxidative enzymes at the muscle tissue level to augment O2 transport secondary

to improved O2 extraction at this level).� Minimise undue work of breathing and work of the heart.� Stabilise hemodynamic status.� Optimise cardiac output.� Optimise sympathetic nervous system activity, with a view to helping reduce in-

otropic medication.� Commensurate with patient’s level of understanding and readiness, reinforce pos-

itive health choices and behaviours including living in a smoke-free environment,

optimising nutrition, weight control, physical activity, a modified exercise pro-

gramme, and sleep and stress management.� Reduce anxiety and promote physical comfort (generally and specifically re-

lated to being mechanically ventilated); enable Mrs KJ to communicate when

ventilated.� Identify readiness to wean with the team, and participate in the weaning process

and post-weaning period to maximise weaning success and minimise risk of re-

intubation.� Work toward replacing invasive with noninvasive mechanical ventilation to min-

imise risk of failure to wean, a risk in people with COPD.� Involve the family from the outset to optimise psychosocial support and recovery

rate (Jones et al. 1994 R).

Intensive care unit (days one to five)

Days One and Two. Although her arousal is reduced, Mrs KJ is alert and oriented. She

has been medicated to help reduce myocardial work and the work of breathing, and

metabolism overall (Weissman et al. 1984 A; Weissman et al. 1989 A; Weissman &

Kemper 1993 A; Weissman et al. 1994 A). The nursing staff has instituted a two-

hourly turning regimen to help reduce multisystem complications associated with bed
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Table 2.1. Hemodynamic effects of specific body positions

Position Effects

Upright Caudal displacement of fluid shifts in the body (Blomqvist & Stone 1963 R;
Gauer & Thron 1965 R; Sandler 1986 R).

Compensatory increase in heart rate.
↓ Myocardial work (Langou et al. 1977 A; Levine & Lown 1952 A).
↑ Peripheral vascular resistance.
↑ Threshold for anginal pain (Prakash et al. 1973 R).
Compression of the viscera on the dependent hemidiaphragm (Lange et al.

1988 A).

Side lying ↑ End diastolic ventricular pressure on the dependent side (Lange et al.
1988 A).

Optimal ventilation to perfusion matching in the upper one-third of each
lung in side lying (Kaneko et al. 1966 A).

PaO2 greater in side lying than supine (Clauss et al. 1968 A).
Arterial blood gases improved in patients with unilateral lung disease with

unaffected lung down (Remolina 1981 A; Sonneblick et al. 1983 A).
Enhanced mucociliary transport.
Cardiac compression and reduced compliance of adjacent lung field

(Lange et al. 1988 A).

Left ↑ Cardiac compression.

Right Potentially less cardiac compression.

Prone Potentially ↑ cardiac compression and improved gas exchange (Chatte et al.
1997 A).

Supine Cephalic displacement of fluid shifts in the body (Blomqvist & Stone
1963 A).

↑ Preload and afterload of the right side of the heart.
↓ Left ventricular volume and preload (Prefaut & Engel 1981 A).
Cephalic displacement of the abdominal viscera (Barach & Beck 1954 A).
Pulmonary arteriovenous shunt (Ray et al. 1974 A).

Note: for further references see reviews Dean 2006c R; Doering 1993 R.

rest, including decreased insulin sensitivity (Mikines et al. 1991 A), compounding her

existing problem, and prevent critical illness polyneuropathy and myopathy (Bolton

2001 R; Heaton 1999 R; Kollef 1999 A). The ICU team’s plan is to observe her

progress and hemodynamic stability for 48 hours, and then consider weaning from

mechanical ventilation. Although mobilisation is not indicated at this time, the physio-

therapist is regularly assessing the patient to determine when a window of opportunity

arises for body positioning to be instituted to address her O2 transport deficits.

Tables 2.1 and 2.2 show the pulmonary and hemodynamic effects of some com-

mon body positions. Understanding the hemodynamic consequences as well as

the pulmonary effects of different body positions, including perturbation of the

distribution of ventilation (Jones & Dean 2004 A; Kim et al. 2002 A), is critical to

using body positioning discriminately for its beneficial effects, and understanding

adverse effects. Initially, the goal is to get this patient ‘upright and moving’, given
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Table 2.2. Pulmonary effects of specific body positions

Position Effects

Upright ↑ Lung volumes and flow rates (Svanberg 1957 A).
Optimal length tension ratio of the respiratory muscles (Druz &

Sharp 1991A; Sharp et al. 1980 A).

Side lying Anteroposterior excursion accentuated at the expense of laterocostal
expansion of the dependent side.

Alveolar volume favoured to the non dependent lung.
Ventilation and perfusion favoured in the dependent lung.
Functional residual capacity midway between sitting and supine.
In bilateral lung disease, arterial blood gases worse in right side lying

and better in left side lying (Zack et al. 1974 A).
Improved arterial blood gases, tidal volume and lung compliance

(Douglas et al. 1977 A; Gillespie & Rehder 1987A; Ibanez et al.
1981 A; Langer et al. 1988 A; Wagaman et al. 1979 A).

Prone Prone abdomen free superior to prone abdomen restricted (in
neonates) (Mellins 1974 A).

Improves ventilatory function (V/Q) and efficiency in patient with
lung injury (Shickinohe et al. 1991 A).

Supine Visceral compression of the hemidiaphragms, reduces lung volumes
(Svanberg 1957 A).

↓ Functional residual capacity, increase airway closure (Hsu & Hickey
1976 A; Sjostrand 1951 A).
Lung volume effects are accentuated with ageing (Langer et al. 1988 A).
↑ Closing volume of the dependent airways (Leblanc et al. 1970 A).
↑ Airway resistance.
↓ Lung compliance (Sasaki et al. 1977 A).
↓ Intrathoracic volume and ↑ intrathoracic pressure.
Chest wall compression in the anteroposterior plane and limited chest

wall excursion (Behrakis et al. 1983 A; Craig et al. 1971 A; Don
et al. 1971 A).

Altered respiratory muscle function (Roussos et al. 1976 A).

Head down and
forward leaning

In patients with flattened diaphragms, head down can augment
diaphragmatic function and reduce shortness of breath (Barach &
Beck 1954 A; De Troyer 1983 A).

Note: for further references see review in Dean 2006c R.

that recumbency will contribute to reduced blood volume and potential for thrombus

formation (Convertino 1992 A).

QUESTION 4

Body position and mobilisation are powerful tools to counter bed rest deconditioning
as well as address oxygen transport deficits. What factors determine the use of body
positioning vs. mobilisation, as well as their joint use in any given treatment for
Mrs KJ?
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Based on this literature and Mrs KJ’s assessment, a decision can be made regarding

the optimal body position in terms of reducing undue metabolic demands by improving

gas exchange (Dean 1985 R; Dean & Ross 1992 A). A given body position can be

maintained for as long as gas exchange is being optimised, but this does not usually

exceed two hours. Timing of intervention is crucial. Changing body position and

maintaining a given body position can have positive or negative effects, so the patient

must be closely monitored (Dean 2006c R). Extreme body position changes, if well

tolerated, are preferable in that they better simulate the normal gravitational stressors

on the cardiopulmonary unit (Piehl & Brown 1976 A). This information can also be

used as a basis for clinical decision making in a subsequent treatment.

At ward rounds, the physiotherapist raises two concerns: one, the opiate being

used to reduce Mrs KJ’s O2 consumption is reducing her arousal and capacity to

cooperate with assessment and potential intervention. Two, Mrs KJ’s body position is

not ideal for her treatment. The physiotherapist proposes to gravitationally challenge

Mrs KJ first with legs non dependent and then progress to dependent. The team

supports the decision to try another medication that is associated with less grogginess,

and to observe how she responds hemodynamically, specifically in terms of HR,

BP, cardiac output, and ECG, to being positioned upright. The physiotherapist also

queries whether noninvasive ventilation, for example, nasal ventilation, may be of

more benefit (Bott et al. 1993 A; Kramer et al. 1995 A; Ram et al. 2003 R) and more

cost effective (Plant et al. 2003 A).

Day Three. Mrs KJ’s chest X-ray shows bilateral basal atelectasis; L side > R side.

There is no evidence of mucous retention. Her urinary output remains acceptable.

QUESTION 5

What parameters and factors does the physiotherapist need to consider to guide the
prescription of mobilisation for Mrs KJ?

Days Four and Five. Mrs KJ is instructed in general relaxation, relaxed breathing,

and supported coughing (huffing to minimise increasing intrathoracic pressure), to

reduce undue energy expenditure during progressive mobilisation with ongoing mon-

itoring (Dean & Ross 1992 A). Conventional so-called diaphragmatic breathing has

been questioned in that it has been associated with reduced breathing efficiency in pa-

tients with COPD (Gosselink et al. 1995 A). Table 2.3 shows evidence for mobilisation

as the single most important ICU intervention, and its major benefits on priming and

conditioning O2 transport. Detailed monitoring and the basis for progressing mobi-

lisation for patients in the ICU with primary cardiopulmonary dysfunction have been

reviewed in detail elsewhere (Dean & Perme 2006 R; Holten 1972 A; Wenger 1982 R;

Wong 2000A; Yohannes & Connelly 2003 A). Much like aerobic conditioning for

people in health, such conditioning is needed in those with threats and deficits to O2

transport. However, the mobilisation or exercise parameters (type of mobilisation,

intensity, duration, frequency and course) need to be modified (American College of
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Table 2.3. Acute effects of mobilisation (Dean 2006b R)

Pulmonary System
↑ Regional ventilation
↑ Regional perfusion
↑ Regional diffusion
↑ Zone 2 (for example, area of ventilation perfusion matching)
↑ Tidal volume
Alters breathing frequency
↑ Minute ventilation
↑ Efficiency of respiratory mechanics
↓ Airflow resistance
↑ Flow rates
↑ Strength and quality of a cough
↑ Mucociliary transport and airway clearance
↑ Distribution and function of pulmonary immune factors

Cardiovascular System
Hemodynamic effects:

↑ Venous return
↑ Stroke volume
↑ Heart rate
↑ Myocardial contractility
↑ Stroke volume, heart rate and cardiac output
↑ Coronary perfusion

Hematologic effects:
Stimulates ↑ in circulating blood volume
Stimulates reduced coagulation and platelet aggregability
Peripheral circulatory effects
↓ Peripheral vascular resistance
↑ Peripheral blood flow
↑ Peripheral tissue oxygen extraction
↑ Circulatory transit times
↓ Circulatory stasis

Lymphatic System
↑ Pulmonary lymphatic flow
↑ Pulmonary lymphatic drainage

Neurological System
↑ Drive to breathe
↑ Arousal
↑ Cerebral electrical activity
↑ Stimulus to breathe
↑ Sympathetic stimulation
Primes postural control and reflexes

Neuromuscular System
↑ Regional blood flow
↑ Oxygen extraction

Musculoskeletal System
Stimulates osteogenesis
Strengthens connective tissue

Endocrine System
↑ Release, distribution, and degradation of catecholamines
Stimulates endorphin production

(Continued )

25
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Table 2.3. Acute effects of mobilisation (Dean 2006b R) (Continued )

Genitourinary System
↑ Glomerular filtration
↑ Urinary output (Foley catheter drainage)
↓ Renal stasis

Gastrointestinal System
↑ Gut motility
↓ Gastrointestinal transit time
↓ Constipation

Integumentary System
↑ Cutaneous circulation for thermoregulation

Sports Medicine 2006 R; Dean 2006b R). Equipment such as a rollator is used to

maximise ventilation, gas exchange and aerobic capacity (Probst et al. 2003 A).

Type of mobilisation – progressive exercise, including sitting up in bed, legs de-

pendent; standing and shifting weight; transfer to chair; chair exercises; and walking

with the ventilator.

Intensity – HR below HRrest plus 20 beats/min.

Duration – interval mobilisation or exercise protocols are used to avoid inappropri-

ate exercise responses, and promote rest and recovery during the mobilisation period.

Frequency – as often as can be tolerated safely; the more acutely ill the patient, the

less intense and shorter the sessions, but the greater the frequency.

Course – progressive mobilisation continues until the patient is discharged from

the ICU. Her care is seamlessly assumed by a physiotherapist on the ward, and then

in the community.

In the earlier phases of ICU care, body positioning is used to simulate the normal

physiologic body position of being ‘upright and moving’. However, to initiate mobi-

lisation the patient needs to be relatively hemodynamically stable, both for safety and

to ensure that she has the hemodynamic reserve capacity to respond to the exercise

load. Thus, mobilisation is initiated slowly and progressively with close hemodynamic

monitoring. Both mobilisation and body position changes are performed gradually to

ensure pre-set criteria related to her hemodynamic stability are not exceeded.

Mrs KJ tolerates sitting up (erect) with feet over the bed (supported), with one

person assisting, for 10 minutes in the morning and 20 minutes in the afternoon. Her

HR and BP remain within acceptable levels (10 to 15 % of baseline, returning quickly

to resting levels within a few minutes of cessation of movement). She is progressed

to standing in the evening, with weight shifting from one foot to the other, and sits in

the bedside chair for one hour. This activity is progressed slowly and with no breath

holding or heavy gasping. Similarly, HR, BP and RR remain within 15 % of baseline

levels. No dysrhythmias, including PVCs, are observed. Chair exercises are conducted

at the beginning and at the end of this time for 15 and 20 minutes respectively. Smooth
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coordinated movements are encouraged, with vital signs remaining within safe and

therapeutic levels. She is able to perform: arm elevations (full range of motion), three

sets of 10 repetitions; left and right side flexion (15 times); and trunk rotation (15 times

to each side). This programme of moderate intensity is performed with coordinated

deep breathing and coughing manoeuvres. Breathing control facilitates venous return

and cardiac output, primes sympathetic nervous stimulation of the peripheral blood

vessels, and stimulates surfactant production and distribution secondary to stretching

the lung parenchyma. She is encouraged however to avoid exhaling below end-resting

tidal volume to minimise closure of the dependent airways. Coughing (huffing with

glottis open to minimise excessive hemodynamic response) is encouraged every five

minutes or as required. Coughing requires a large inspiratory volume followed by

increased flow rates. Due to the monotonous pattern of tidal ventilation on mechanical

ventilation, ‘more normal’ mucociliary transport is thereby facilitated.

Days Six and Seven. Mrs KJ is transferred to a bedside chair several times during the

day under the supervision of the physiotherapist. With each attempt, the reduced level

of physical support is recorded as this is an important outcome of physiotherapy. She

is continuously monitored throughout treatments to ensure the interventions are both

safe and therapeutic. No more than six PVCs/min. are acceptable during treatment

(Dubin 2000 R) and the intensity of treatment is titrated to her self-reported tolerance,

and to maintain HR with 20 bpm and BP within 20 to 30 mm Hg of systolic BP. On

transferring, she stands erect and shifts her weight from side to side for three minutes

with increasingly less support from the physiotherapist. She sits in the bedside chair

for one hour in the morning and for two hours in the afternoon. Chair exercises,

coordinated with breathing control, include forward flexion and extension, left and

right lateral bending, and left and right trunk rotation. Lower extremity exercises

include alternate lifting left and right knees, and left and right control knee flexion

and extension. Upper extremity exercises include shoulder flexion and extension, and

abduction and adduction. Note: erect body postures are encouraged to maximise her

pulmonary function and respiratory muscle contraction.

QUESTION 6

What is physiotherapy’s role in weaning a patient from mechanical ventilation and
what monitoring needs to be incorporated to ensure this is performed safely and at
the right time?

Day Eight. Mobilisation, including walking such as that prescribed for Mrs KJ,

has long been proposed as a means of facilitating weaning from mechanical ventila-

tion (Burns & Jones 1975 A). With a progressive mobilisation programme prescribed

within safe and therapeutic limits, Mrs KJ’s aerobic capacity and gas exchange are

showing signs of being more efficient. Her ABGs have remained within acceptable

limits and stable for 72 hours. Mechanical ventilation is limited as much as possible

for all patients and particularly for those with COPD given their abnormal drive to
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breathe. However, because respiratory muscle fatigue is a cause of respiratory failure

in people with COPD (Macklem & Roussos 1977 A), such fatigue needs to be ruled

out in Mrs KJ. Established evidence-based guidelines for extubation are implemented

to maximise its success (MacIntyre et al. 2001 R). Morning vs later extubations with

the patient alert and upright may be associated with improved outcomes including

reduced risk of re-intubation. The physiotherapist participates in the weaning and

ensures that Mrs KJ does not desaturate during the procedure. Breathing control and

huffing are encouraged immediately post extubation and every two to three hours,

coordinated with her mobilisation programme. She remains on O2 by mask for the

remainder of the day and then this is replaced with nasal prongs. The physiother-

apist follows her closely throughout the day to ensure her arterial saturation (assessed

with pulse oximetry) and blood gases remain at acceptable levels, and that her vital

signs and breathing rate are also within acceptable levels. She shows no signs of

unusual breathlessness, chest discomfort or other distress. Optimal resting body posi-

tions for people with stable COPD that augment the respiratory mechanics efficiency,

have been proposed to be more physiologic than attempting to reduce the work of

breathing with breathing exercises (Jones et al. 2003 A). Thus, as Mrs KJ’s condition

becomes less acute, body positioning in conjunction with increasing her mobilisa-

tion level is exploited to improve breathing efficiency and sustained reduced work of

breathing.

Her transfer to chair and standing weight-transferring exercises are well tolerated,

and monitored closely to ensure there is no deterioration. She tolerates two hours in

the bed-side chair in the morning and three hours in the afternoon. She completes

her exercise programme with no signs of unusual distress or desaturation. Mrs KJ

is receiving O2 by nasal prongs at 2 L/min. Exercise termination criteria include

desaturation to 90 %, HR increase more than 20 beats greater than resting HR, or

BP increase greater than 20 mm Hg, or any abnormal change in ECG. If any one of

these occurs, Mrs KJ rests. With increasing levels of exercise stress, caution continues

to be observed (monitoring and supplemental O2 adjustment) given the inconsistent

findings on exercise-induced desaturation in patients with severe COPD and ECG

changes (Jones et al. 2006 A).

QUESTION 7

What is the justification for the physiotherapist including lifestyle recommendations
and follow-up in this ICU case?

Day Nine. A component of Mrs KJ’s comprehensive programme is risk factor

assessment so that risk factor modification interventions can be prescribed with a view

to reducing each of her modifiable risk factors. Internationally recognised standards

for cardiac rehabilitation Phase I include education about lifestyle (nutrition, weight

control, physical activity and structured exercise), energy conservation, sleep and

stress management, and medications. Smoking cessation recommendations are also

a component of health education in Phase I. Although Mrs KJ has not smoked for
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many years, she is in contact with second hand smoke in the family, and this warrants

being addressed.

In Phase I, the patient is progressed through incremental levels of physical activity

and exercise with increasing metabolic demand (Cardiac Rehabilitation 1998 R). The

discharge goal is to have the patient safely walk up and down one flight of stairs with

vital signs and perceived exertion within acceptable levels for that individual. The

indications and side effects of Mrs KJ’s medications have been discussed with herself

and her family, and have also been written down. In addition, means of ensuring

adherence with their administration are discussed with Mrs KJ by various members

of the team. The physiotherapist in the community will work closely with the GP

and community nurse, to ensure medication is reduced as indicated, commensurate

with Mrs KJ’s weight loss and improved physical work capacity. She will be followed

closely to ensure that the transition to home and community is seamless.

Air quality – Mrs KJ has compromised ventilatory reserve, thus minimising ventil-

atory stress is a priority. She lives in an urban area, so is exposed to poor air quality.

Her son-in-law smokes but has been considering quitting.

Nutrition – the nutritionist will conduct a seven-day eating record; Mrs KJ’s eating

patterns prior to this episode of care are recorded to establish a baseline.

Weight control (self-monitoring) – the nutritionist and physiotherapist will mon-

itor. The nutritionist has designed a balanced, nutritious weight loss programme that

considers Mrs KJ’s ethnic preferences. The physiotherapist discusses with the nutri-

tionist and Mrs KJ the metabolic demands of each day’s physical activity and exercise

programme, in preparation for her discharge.

Physical activity and exercise – these are progressed. Distance walked three times

daily, including number and duration of rests, is recorded. Strength training includes

1 lb weights in each hand, and 2 lb weights attached to each ankle, for her chair

exercise programme; five repetitions of three of each exercise for each upper and

lower extremity muscle group.

Stress management and sleep quality – patients in ICUs have poor quality sleep

(Peruzzi 2005 R; Walder et al. 2000 A), thus the team coordinates each member’s

time with Mrs KJ to promote optimal sleep, minimising sleep disruptions, particularly

through the night.

Day 10. Mrs KJ is transferred to the general ward for reassessment and discharge

planning with the interdisciplinary team. Pre-discharge risk factors for the diseases of

civilisation, including ischemic heart disease (risk of another event), stroke, diabetes

and cancer are assessed based on established questionnaires, and an education plan

is developed with the team, including the physiotherapist.

Day 12. The physiotherapist and other team members, including the social worker

and occupational therapist, meet with Mrs KJ and close family members to discuss

Mrs KJ’s discharge plan. Her home has been adapted and was viewed as safe by a

public health occupational therapist this past year.

The six minute walk (SMW) test is administered (McGavin et al. 1978 A; Noonan

& Dean 2000 R).

Day 13. The SMW test is repeated to ensure that the results were valid and reliable.
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QUESTION 8

What cultural factors need to be considered to modify lifestyle recommendations?
Give the rationale.

Day 14. The physiotherapist completes the final discharge assessment for the com-

munity team and outlines the follow-up that needs to be instituted to ensure that Mrs

KJ’s short-term goals are sustained, and that the long-term goals are being instituted

with a view to maximising her functional capacity and social participation, minimis-

ing her health risk factors (Hu et al. 2004 A) and the need for medical or potentially

surgical intervention, and minimising her medication.

Mrs KJ’s native culture needs to be considered as an important factor in her care

with respect to her health beliefs and behaviours, and beliefs about her condition

and self-efficacy regarding its life-long management. Indian culture is distinct from

Western culture in that it is collectivistic vs individualistic, tends to respect people

in positions of authority, and is considered high vs low context (Hofstede 1980 R;

Singelis et al. 1995 R). In a practical sense, her orientation and goals relate to her

family rather than her personal interests. She is eager to resume her responsibilities

as wife and grandmother, and activities associated with community service in general

(through library work and her work at the temple). She respects the knowledge of her

interdisciplinary health care team, and their interest in designing a life-long health

programme for her. She is receptive to their recommendations. She is also interested

in the traditional health care practices of Ayurvedic medicine practised in India and

would like to integrate them into her programme. Yoga and meditation may have

health benefits (Oken et al. 2006 A), and some benefits specifically related to the

control of hypertension and blood glucose when coupled with exercise.

In terms of health education, explicit information may be more effective than

generalisations given India is considered a high context culture compared with the

West. The degree to which Mrs KJ’s world view reflects that of a high context culture

needs to be established. She is cautioned about using traditional herbal remedies at

this time given that her management during this episode of care has been Western.

Should traditional remedies have interest for her, she should discuss this with both

her GP and traditional practitioner to avoid confounding the effects of two medical

approaches and risking potential adverse interactions and side effects.

Mrs KJ’s learning needs are assessed. Although she is proficient in speaking, read-

ing and writing English, her culture needs to be considered in the design of the health

programme if she is to adhere long-term and derive life-long benefit. With respect to

her learning style, Mrs KJ prefers to write things down in her own words, so that they

make sense to her. She wants to be involved with developing record sheets for her

medications, her nutritional plan and weight loss regimen, and her physical activity

and exercise programmes. These are formatted in a way consistent with what appears

logical and convenient to her. She is pleased to adhere to the programme, and to report

back to the physiotherapist and other team members in the next two weeks. She is

highly responsive to the idea of reporting back to the physiotherapist, and having an

opportunity to consult with a health professional if any untoward changes occur. The

physiotherapist reinforces medication teaching by the discharging nurse to ensure
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Mrs KJ takes the prescribed medications and understands the potential consequences

of not doing so. In addition, Mrs KJ has learned how to use the glucometer that her

husband has purchased on the recommendation of the team, and has been keeping

a log book of her diet, physical activity, and blood sugar levels in the three days

prior to discharge. She is to maintain the log book and present it at her physiotherapy

follow-up visits, and to her physician and community nurse.

One of the most important components of Mrs KJ’s discharge plan will be the

progressive exercise programme that was initiated on day two of her ICU stay. Now

she is stable, the parameters for her flexibility, aerobic and strength programmes

are prescribed based on assessment-based needs at discharge, and are progressed

based on re-testing. Consideration was given to including inspiratory muscle training

(Scherer et al. 2000 A). Given Mrs KJ is medically stable and interested in lifestyle

modification, a decision was made to monitor inspiratory muscle strength and use

this as one of the outcome measures over the next three months.

Her exercise plan is designed to exploit the well-established long-term multisys-

tem benefits (see Table 2.4). Achieving these benefits requires progressive training,

through which she will develop both central and peripheral, and metabolic adaptations

(Braith & Vincent 1999 A; Expert Panel 1998 R; Hoppeler & Fluck 2003 A). Consid-

eration is also given to the sustainability of her programme (Lennon et al. 2004 A).

Long-term and preventive goals and strategies:� Optimal health through optimal diet (nutrition and weight control) (Ornish 1998 A;

Ornish et al. 1998 A) and physical activity (Sato 2000 R).� ↓ Cardiac symptoms.� ↓ Shortness of breath.� Secondary prevention of heart disease, acute exacerbation of pulmonary dysfunc-

tion, hypertension, and type 2 diabetes.� Promotion of life-long health behaviours (with follow-up and reassessment in four

weeks) including:

– Smoke-free environment and heart and lung health.

– Optimal nutrition.

– Optimal weight control.

– Regular physical activity.

– Prescribed exercise programmes:� Flexibility – body positioning monitoring – erect standing position taught, and

optimal biomechanics during sitting and lying. Mrs KJ performs several selected

yoga exercises for 15 minutes in the morning and evening. The exercises were

specifically chosen by the physiotherapist, with Mrs KJ’s agreement, to focus

on upper extremity, chest wall and spinal flexibility. She was cautioned to repeat

these exercises slowly several times without straining. She was instructed in

breathing control and how to coordinate breathing with each exercise.� Aerobic training – physical activity – Mrs KJ was instructed in ways to progress-

ively increase her daily activity with the use of a pedometer. From a baseline

established on her last day in hospital, the physiotherapist instructed her to

begin with 700 steps a day, and progress 100 steps each week until the follow-up
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Table 2.4. Long-term or chronic effects of exercise (Dean 2006b R)

Cardiopulmonary System
↓ Submaximal minute ventilation
↑ Respiratory muscle strength and endurance
↑ Collateral ventilation
↑ Pulmonary vascularisation
↓ Rating of perceived exertion or breathlessness at submaximal work rates

Cardiovascular System
↑ Myocardial muscle mass
↑ Myocardial efficiency
Exercise-induced bradycardia
↑ Stroke volume at rest and submaximal work rates
↓ Resting heart rate and blood pressure
↓ Submaximal heart rate, blood pressure and rate pressure product
↓ Submaximal perceived exertion and breathlessness
↑ Efficiency of thermoregulation
↓ Orthostatic intolerance when performed in the upright position

Hematologic System
↑ Circulating blood volume
↑ Number of red blood cells
Optimises hematocrit
Optimises cholesterol
↓ Blood lipids

Central Nervous System
↑ Sense of well-being
↑ Concentration

Neuromuscular System
Enhance neuromotor control
↑ Efficiency of postural reflexes associated with type of exercise
↑ Efficiency of reflex control
↑ Movement efficiency and economy

Musculoskeletal System
↑ Muscle vascularisation
↑ Myoglobin
↑ Muscle metabolic enzymes
↑ Glycogen storage capacity
↑ Biomechanical efficiency
↑ Movement economy
Muscle hypertrophy
↑ Muscle strength and endurance
↑ Ligament tensile strength
Maintains bone density

Endocrine System
↑ Efficiency of hormone production and degradation to support exercise

↑ Insulin sensitivity

Immunological System
↑ Resistance to infection

Integumentary System
↑ Efficiency of skin as a heat exchanger
↑ Sweating efficiency

32
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reassessment. Intensity: 3–5 on the Borg scale (0, or no breathlessness at all,

to 10, or maximal breathlessness) (Borg 1998 R). Over 9,999 steps a day is

consistent with an active lifestyle and health benefits (Tudor-Locke & Bassett

2004 A). Between 7,500 and 9,999 is consistent with a somewhat active lifestyle,

which provides a goal for Mrs KJ.� Aerobic training – prescribed exercise programme – Mrs KJ was instructed in a

walk-rest programme: beginning with five to ten minutes of walking followed by

two minutes rest (3 cycles) in the morning and afternoon for two weeks (initially

with her husband), and then progressing to 15–20 minutes over the following

two weeks. Intensity: 3–5 on the Borg scale (0, or no breathlessness at all, to

10, or maximal breathlessness) (Borg 1998 R). She will be then reassessed.� Strength training – weeks one and two: morning and afternoon; three sets of

three repetitions of 1 lb weights in each hand for controlled shoulder flexion and

extension, and abduction and adduction, and of 2–3 lb weights on each ankle

for controlled knee extension and flexion. Breathing control and no straining.

Breathlessness scale should remain below 2–3; weeks three and four: progress

repetitions to three sets of five repetitions.

– Optimal sleep – optimise quality and quantity of her night’s sleep. Avoid tea or

coffee or other caffeinated beverages in the evening. Recommend engaging in

quiet activities after 8 pm. Develop a bedtime routine.

– Stress management – Mrs KJ will enroll in a weekly yoga (beginners) and medi-

tation class with her husband, and practise every day.� Optimise health of her husband and potentially extended family, as well as herself.� Follow-up plan: Mrs KJ to be followed by community physiotherapist, who will

advise her on appropriate community resources available to her, including those

with East Indian clients and culturally-appropriate programmes.� Review of home accessibility and safety including access, rugs and carpets, bath-

room accessibility (including toilet and bath access), stairs, cupboard and storage

organisation, and access to the items she needs.� Home help to be arranged for the short-term until both Mrs KJ and her husband are

able to assume their home management responsibilities.� Review of home and community accessibility, and capacity to be mobile in her

community (for example, visit her daughter and family, go to the shops, to the

library, and access her own home).� Arrange for periodic follow-up (with the first follow-up in one month) and provision

of contact number if she runs into difficulty between physiotherapy visits.� Reduce risk factor for acute episodes of heart disease and lung disease (risk cat-

egory rated as high for both), and reduce risk categories for stroke, diabetes, and

osteoporosis.� Minimise the need for invasive intervention including visits to her doctor.� Minimise the need for medications (work with her GP so medications can be min-

imised as much as possible as Mrs KJ demonstrates specific health benefits from

her life-long health programme, for example, normalised BP and blood sugar, and

reduced work of breathing).



JWBK139-02 JWBK139-Partridge January 8, 2007 9:22 Char Count= 0

34 RECENT ADVANCES IN PHYSIOTHERAPY

QUESTION 9

Consider the stages of behaviour change below. How would you rate Mrs KJ’s stage
and what factors would you consider to shift her to a higher level of readiness?

Mrs KJ’s activity levels, and her readiness to change with respect to her nutrition

and weight loss, are assessed (Prochaska & DiClemente 1982 R). The stages of change

include:� Pre-contemplative (not ready to change at this time).� Contemplative (thinking about changing one or more health behaviours).� Preparation (preparing to institute a change by one or more identifiable actions).� Action (actively engaging in the health behaviour change).� Maintenance (health behaviour changes have been well established, and have be-

come a way of life).� Mrs KJ is at the Preparation stage in terms of readiness to change in the primary

health categories: air quality, nutrition, weight loss, physical activity, structured

exercise, sleep and stress reduction. She is motivated by her role in the family, and

being able to contribute to her community.

CONCLUSION

This case illustrates an integrated evidence-based physiotherapy management

approach, in conjunction with team members, aimed at preventing and resolving

Mrs KJ’s life-threatening O2 transport risks and deficits. The case then exemplifies

integrated physiotherapy care along the continuum from acute medically-unstable to

chronic medically-stable and the return of Mrs KJ to the community with an optimal

quality of life. From the outset, the physiotherapist considers Mrs KJ’s needs at home

and in the community, and the requirements for her eventual return to optimal social

participation. Mrs KJ has serious life-threatening conditions (heart and lung disease

combined, and hypertension) in addition to obesity and glucose intolerance. With

integrated physiotherapy management and early discharge, a life-long health plan

can be designed in conjunction with her interests and needs. Such a plan increases

the probability of Mrs KJ achieving and sustaining an optimal level of health, and

preventing or delaying further episodes of serious illness, which have the potential

for being less severe and with faster recovery. Being committed to the exploitation of

noninvasive care to the highest degree possible, the physiotherapist aims to reduce the

need for invasive care as much as possible, or at least reduce Mrs KJ’s need for med-

ication and invasive procedures in the short- and long-term. Reducing her need to visit

her doctor, be admitted to hospital, or for medication are important physiotherapy out-

comes. The GP and physiotherapist need to work together to ensure that noninvasive

care is being exploited maximally in the interest of the patient’s short- and long-term

health. Medications, for example, that impact Mrs KJ’s functional capacity need to

be appropriate and optimally beneficial. If she adheres to the medication regimen,
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the medications should have maximal benefit with minimal side effects or risks. The

noninvasive practices of physiotherapy warrant being exploited in the ICU, which is

high-tech, highly invasive, and costly. Particularly in this setting, invasive care and

noninvasive care need to complement each other, to minimise unnecessarily invasive

care (procedures and medications) and its risks. This is achieved with coordinated

team work and respect for the contribution of each member of the ICU team. The

team needs to consider the quality of a patient’s life after the ICU episode from the

outset.

Finally, although Mrs KJ’s health programme may appear ambitious, small im-

provements in Mrs KJ’s physiologic capacity can translate into large functional im-

provements and reduced demands on the health care system. These benefits will have

a significant impact on her life-long health and wellbeing in a way that medication

alone cannot.
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3 Abdominal Surgery: The Evidence
for Physiotherapy Intervention

LINDA DENEHY AND LAURA BROWNING

OVERVIEW

The objective of this chapter is to present the evidence for the physiotherapy manage-

ment of a patient having major abdominal surgery using a case based scenario. The

evidence for the physiotherapy management of Mr C, a 69 year old male undergoing

upper abdominal surgery (UAS) presented in the case below, will be discussed by

posing seven important clinical questions. Upper abdominal surgery is defined as

surgery involving ‘an incision above or extending above the umbilicus’ (Celli et al.

1984 A). This case represents a common scenario encountered on surgical wards in

public and larger private hospitals worldwide.

CASE REPORT

69 year old male.

Presented to the out-patient clinic with rectal bleeding and loss of weight (7kg in

2 months).

Investigations revealed colon cancer located at the hepatic flexure.

PAST MEDICAL HISTORY

Mild Chronic Obstructive Pulmonary Disease diagnosed three years ago.

Rectal polyps.

Gout.

SOCIAL HISTORY

Ex smoker – previously smoked one packet of cigarettes daily for 45 years, quit three

years ago.

Lives with wife in two-storey home.

Retired bank manager.

Social drinker.

Plays golf twice weekly.

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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PHYSICAL FUNCTION

Shortness of breath climbing hills and stairs.

Exercise tolerance approximately 1 km.

Distance reduced with exacerbations of gout.

Nil gait aids required.

RESPIRATORY HISTORY

Morning cough with small amounts of white sputum.

FEV1/FVC: 65 %.

FEV1:67 % predicted.

CXR: hyper inflated lung fields, no focal consolidation.

MEDICATIONS

Tiotropium Bromide 10 mcg via Handihaler once daily.

Salbutamol MDI as required.

Symbicort Turbuhaler once daily.

PRE-OPERATIVE ASSESSMENT

BMI 28.5.

Slightly barrel shaped chest and reduced chest expansion.

Reduced breath sounds with occasional expiratory wheeze.

Strong, dry, non-productive cough.

Oxyhaemoglobin Saturation (SpO2) 96 % on room air.

OPERATIVE HISTORY

Extended right hemicolectomy via midline laparotomy.

Anaesthetic duration 180 minutes.

American Society of Anaesthetists Score 3 (American Society of Anaesthesiologists

1963).

On return from theatre: stable condition, temperature 37.2 ◦C, pulse rate 90, blood

pressure 110/70, oxygen therapy via Hudson mask 6 L/minute, SpO2 = 96 %.

Analgesia: morphine PCA 1mg with five minute lockout interval.

INTRODUCTION

Post-operative pulmonary complications (PPC) were first identified as early as 1910

by Pasteur, who postulated that active collapse of the lung resulted from a deficiency

of respiratory power (Pasteur 1910 C). Perioperative physiotherapy treatment has

played a significant role in minimising the adverse effects of anaesthesia and surgery
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on the respiratory system for more than 50 years. The physiotherapy techniques

applied during treatment aim to counteract adverse pulmonary changes such as low

lung volumes, atelectasis and secretion retention (Stiller et al. 1994 A).

Recent advances in both surgical and pain management, the evolution of new

forms of perioperative physiotherapy techniques and a reduction in the incidence of

clinically significant PPC have provided the stimuli for a re-evaluation of the role of

physiotherapy in all forms of major surgery. In most Western hospitals physiotherapy

services are provided to major surgical units, where physiotherapists commonly treat

patients both pre- and post-operatively. However, service provision varies widely in

response to external influences such as surgeon preferences and implementation of

change to practice in response to recent or new evidence.

QUESTION 1

Will provision of physiotherapy treatment for Mr C reduce his risk of developing a
post-operative pulmonary complication?

There are three strands of knowledge it is necessary to consider in answering

this question: basic science, published evidence from high quality clinical trials, and

knowledge generated from professional practice (Herbert et al. 2005 C). The first two

will be discussed in detail and the third only briefly.

BASIC SCIENCE

Alterations in pulmonary function are an expected intraoperative and post-operative

finding, especially following UAS (Craig 1981 R; Durreuil et al. 1987 A; Ford et al.

1993 R). The characteristic post-operative abnormality is a restrictive ventilatory pat-

tern with reductions in vital capacity (VC) and functional residual capacity (FRC)

(Meyers et al. 1975 A). The post-operative breathing pattern is shallow, with an

increased rate of respiration (Duggan & Kavanagh 2005 R). Reductions in FRC

have been demonstrated immediately upon induction of general anaesthesia (Wahba

1991 R) and may affect airway calibre, airway closure, lung compliance and gas

exchange, leading to atelectasis (Nunn 1990 R). The relationship of FRC with the

closing capacity of the lungs (CC) explains the significance of perioperative reduc-

tions in FRC. If the CC exceeds the FRC then dependent lung regions under-ventilate,

resulting in ventilation/perfusion mismatch and hypoxaemia (Craig 1981 R). Closing

capacity increases with the loss of elastic lung tissue that occurs with increasing age

and in chronic lung disease (Fairshter & Williams 1987 R). In combination with these

increases in CC, any factor which at the same time reduces FRC will significantly

affect the relationship between the two volumes, such that dependent airway closure

occurs, resulting in atelectasis. Furthermore, mucociliary clearance is adversely af-

fected by the reduction in lung volumes, causing reduced cough effectiveness. During

surgery, the introduction of anaesthetic gases also impairs mucociliary clearance by

depressing mucociliary flow (Konrad et al. 1995 B).
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In view of the physiological changes occurring in the respiratory system as a result

of UAS, two basic theories have been proposed to explain the pathogenesis of PPC:

regional hypoventilation and blockage of airways by mucus. Advocates of the mucus

blockade theory contend that the primary cause of atelectasis is the absorption of alve-

olar air distal to a mucus plug in the proximal airway, causing eventual collapse unless

fresh air enters through collateral channels (Gamsu et al. 1976 R; Marini 1984 R).

These authors, and others (Forbes 1976 A; Lansing & Jamieson 1963 R) suggest

that the cumulative effect of the perioperative process presents a significant insult to

mucociliary clearance. The second basic process thought to cause PPC is regional

hypoventilation. There are several physiological factors which may contribute to alve-

olar closure; these relate to reductions in FRC and an altered relationship between

FRC and CC, together with marked diaphragmatic dysfunction post-operatively as

discussed above. The precise sequence and relative contribution of each of the two

mechanisms for developing PPC is still unclear. Other risk factors which may pre-

dispose to increased risk of mucus plugging are a history of smoking, weak cough,

prolonged intubation, presence of a nasogastric tube and prolonged post-operative

atelectasis (Smith & Ellis 2000 R).

The physiological changes occurring in the lungs after major surgery and the

proposed theories of pathogenesis of PPC provide empirical support for the use of

physiotherapy intervention to counteract these changes and reduce Mr C’s risks of

developing a PPC. Further support is provided by randomised controlled trials that

compare physiotherapy treatment as a total entity to no treatment.

EVIDENCE FROM CLINICAL TRIALS

An extensive database search of the literature was undertaken using MEDLINE,

CINAHL, ISI Web of Science, PEDro and Evidence Based Medicine Reviews

(Cochrane, DARE). The search terms entered included ‘pulmonary complications’,

‘atelectasis’, ‘pneumonia and surgery’, ‘respiratory therapy’, ‘chest physiotherapy’,

‘chest physical therapy’, ‘breathing exercises’, ‘early mobilisation’, ‘early ambula-

tion’, ‘continuous positive airway pressure’ (CPAP), ‘incentive spirometry’ (IS) and

‘positive expiratory pressure’ (PEP).

Six randomised controlled trials provide level 1b to 2b evidence (Sackett et al.

2000 C) for the effectiveness of physiotherapy in preventing PPC following UAS

when compared to no treatment. A summary of these trials is given in Table 3.1.

The methodological quality of each of the trials was assessed using the PEDro scale

(Centre for Evidence-Based Physiotherapy 2006 C). Absolute risk reduction (includ-

ing confidence intervals) and number needed to treat (NNT) have been calculated

from the dichotomous PPC data supplied in the articles (Herbert 2000 R). Five of the

trials provide moderate quality evidence (Celli et al. 1984 A; Chumillas et al. 1998

A; Condie et al. 1993 A; Morran et al. 1983 A; Olsen et al. 1997 A) with a PEDro

score greater than 5/10. Only three of these trials present convincing evidence that
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physiotherapy treatment reduces the incidence of PPC following UAS (Celli et al.

1984 A; Morran et al. 1983 A; Olsen et al. 1997 A).

Morran and co-workers (1983 A) monitored breathing exercises, vibration and

coughing for two or more days after surgery in 102 subjects, comparing a group

receiving physiotherapy treatment with a no treatment group. It was stated that

both groups received encouragement from nursing and medical staff to take deep

breaths and cough. The primary outcome measure was incidence of PPC. The authors

concluded that routine prophylactic physiotherapy reduced the frequency of post-

operative chest infection. On average, one respiratory complication was prevented in

every four treated patients, that is, the NNT was four.

In this study there was good baseline equivalence between groups, however there

is no discussion of the method of randomisation, inclusion or exclusion criteria or

patient withdrawals. While the criteria used for diagnosis of PPC were reflective of

a clinically relevant complication according to other reports (O’Donohue 1992 R),

there was no indication of who made the final diagnosis of PPC. Furthermore, there is

no reference to the position of the patients during treatment, whether treatments were

administered pre-operatively as well as post-operatively or if and when patients were

mobilised. In a clinical trial such as this, encouragement from staff for both groups of

patients to deep breathe and cough is to be expected and is difficult to control (Morran

et al. 1983 A). These methodological problems are common to other earlier studies

examining the role of physiotherapy in UAS and explain why the PEDro score is 5/10.

The following year, a study by Celli and co-workers (1984 A) demonstrated a

dramatic reduction in PPC and a reduced hospital length of stay (LOS) in subjects

receiving physiotherapy treatment. Subjects were allocated to one of four groups

receiving either: intermittent positive pressure breathing (IPPB), IS, deep breathing

exercises (DBE), or no intervention. LOS was reduced in all treatment groups, how-

ever the only significant reduction occurred in the group receiving IS. The authors

concluded that this study supports the use of physiotherapy treatment over no treat-

ment in reducing the incidence of PPC. The definition of PPC was clinically based

and the NNT was also four. While the methods of this study were better documented

than those of Morran and co-workers (1983 A) (it received a PEDro score of 6/10), the

authors failed to document the patient mobility level and method of pain management,

both potential confounding factors.

A more recent large clinical study of 368 Swedish patients provides strong evidence

for the role of physiotherapy in reducing PPC when compared to a no treatment control

group (Olsen et al. 1997 A). The treatment group received pre- and post-operative

physiotherapy consisting of PEP mask therapy. The method was well described and

potential confounding variables such as ambulation were measured or controlled.

27 % of patients in the control group, compared with only 7 % in the treatment group,

developed a clinically relevant PPC. The NNT was found to be five, with tight confid-

ence intervals.

The remaining three randomised controlled trials do not provide conclusive evid-

ence due to a variety of methodological flaws. Chumillas and colleagues (1998 A)

in their study of 81 subjects undergoing UAS, reported a difference of 12 % in the
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incidence of PPC between subjects receiving physiotherapy treatment and controls.

While the NNT was eight in this study, the confidence intervals were wide (−4 to 29).

This no doubt reflects the fact that the sample size was too small given the relatively

low risk of subjects and the low incidence of PPC in their cohort.

Condie and colleagues (1993 A) investigated the value of routine provision of

post-operative deep breathing exercises, huff and cough in 330 subjects, who were

non-smokers undergoing elective UAS. Subjects were described as having a low risk

of developing PPC, and those with chronic respiratory disease were excluded. Inspec-

tion of the sample characteristics indicates that a large proportion of lower abdominal

surgery (LAS) patients were included in the study. The definition of UAS was ques-

tionable, with surgery involving an incision with more than 50 % of the wound above

the umbilicus being classed as UAS, and surgery with more than 50 % of the wound

below the umbilicus being LAS. To improve interpretation of the data, we inspected

the specific type of operation performed, rather than the incision classification. When

gynaecological surgery and hernia repairs were removed, a sample of 130 subjects

remained. Both groups received pre-operative education. The incidence of PPC in

the group receiving supervised post-operative physiotherapy was 8.2 %, while in the

group not receiving post-operative physiotherapy it was 17.4 %. Although there ap-

pears to be a difference in the incidence of PPC, the result was not significant. It is

questionable whether the sample size was sufficient to detect significant differences

in a low risk sample such as this.

The study by Roukema and co-workers (1988 A) was of poor quality (PEDro score

of 1/10) and will not be considered in this discussion.

Based on these randomised clinical trials, the provision of physiotherapy treatment

to reduce the incidence of PPC in patients having UAS will on average prevent one

respiratory complication in every four or five patients treated.

A further variable in the studies under discussion is the subjects’ level of risk for

the development of PPC. Several patient risk factors have been associated with an

increased incidence of PPC, however to date no highly sensitive and specific published

risk screening model is available for use by clinicians in the UAS population.

Risks factors associated with the development of PPC have been studied extensively

and a summary of the common risk scoring systems found in the studies already

discussed is shown in Table 3.2. Chumillas and colleagues (1998 A) based their

scoring on the work of Torrington and Henderson (1988 A). Hall and co-workers

(1991 A) and Brooks-Brunn (1997 R) have also contributed to the body of literature

searching for a valid risk factor model; their studies are also included in Table 3.2.

Olsen and colleagues (1997 A) found a significantly greater incidence of PPC in

the subjects they classified as high risk. In the treatment group 15 %, and in the control

group 51 % of subjects defined as high risk developed a PPC. This indicates a NNT of

three, compared with five for all patients. Chumillas and co-workers (1998 A) found

a greater incidence of PPC in their high risk subject group, however there were no

significant differences in PPC between control and treatment groups in any of the risk

categories. While these results and professional experience support the notion that

increased risk may lead to an increased incidence of PPC, the risk assessments used in
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Table 3.2. Risk scoring systems presented chronologically

Sample Population Predictive
Author/Year Size Studied Risk Model Ability

Torrington &
Henderson 1988

1,476 UAS & LAS Spirometry
Age >65 yr
BMI >150 %
Surgery location
Pulmonary history

43 %

(Points assigned for each
risk, high risk >7
points)

Hall et al. 1991 1,000 UAS ASA >1 88 %
Age >59 yr
(Both criteria present)

Brooks-Brunn 1997 400 UAS & LAS Age >60 yr 79 %
BMI >27 %
Impaired cognitive

function
History of cancer
Smoking in last 8 weeks
Abdominal incision
(System not described)

Olsen et al. 1997 368 UAS Age >50 yr 51 %
Smoking history
BMI >30 %
Pulmonary disease

requiring medication
Reduced ventilatory

function
(Need age plus at least

one of other)

Brooks-Brunn 1998 276 UAS & LAS Abdominal incision 77 %
Incision length >30 cm
Angina
ASA >3
(System not described)

ASA: American society of anaesthesiologists score; BMI: Body mass index; LAS: Lower abdominal surgery; UAS:
Upper abdominal surgery.

these studies have not been validated. The risk assessment model used by Olsen and

colleagues (1997 A) demonstrated poor sensitivity and predictive ability (sensitivity

38 %, predictive ability 51 %) (Scholes 2005 A/R).

To allow clinicians to make appropriate and valid assessments about which risk

factors are most predictive of PPC, a sensitive and specific multivariate risk model with

good clinical utility is required. In a prospective study of 1,055 subjects, age, a positive

cough test, presence of a perioperative nasogastric tube, and duration of anaesthesia

greater than 2.5 hours were found to be independently associated with increased



JWBK139-03 JWBK139-Partridge January 8, 2007 9:42 Char Count= 0

ABDOMINAL SURGERY: THE EVIDENCE FOR PHYSIOTHERAPY 53

risk of PPC (McAlister et al. 2005 A). Scholes and colleagues (2006 A) developed

and piloted a weighted risk prediction model for the development of PPC in 272

subjects undergoing UAS. The risk factors producing the most sensitive and specific

model were: surgical category, anaesthetic duration greater than 180 minutes, presence

of respiratory co-morbidity, history of smoking, and self-reported V02 maximum

(determined by administering a short functional questionnaire outlined by Rankin

et al. (1996 A)). The model predicted 82 % of subjects who developed a PPC and

found that high risk subjects were 8.4 times more likely to develop a PPC than

low risk subjects. This model is superior in its predictive ability to the previously

published models summarised in Table 3.2. Assessment of the risk of developing

PPC is important for the physiotherapist as it allows prioritised respiratory care for

high risk subjects and more appropriate use of scarce resources in physiotherapy

staffing.

Applying the basic premise of this model (without the calculations) and that of

McAlister and co-workers (2005 A), Mr C possesses several of the risk factors as

outlined below and therefore should be considered a high risk candidate for developing

PPC:

Duration of surgery: 180 minutes

History of smoking

Respiratory co-morbidity

UAS – colorectal surgery

Does This Justify Treatment of Mr C?

Three randomised controlled trials of moderate quality (PEDro score >5) examining

a total of 451 subjects provide evidence supporting the treatment of Mr C. Only a

small proportion of physiotherapy clinical trials are of high quality as blinding of sub-

jects and therapists is often impossible, therefore a PEDro score of five represents the

standard quality of published trials (Herbert et al. 2005 C). The three trials presented

were conducted between 1983 and 1997 and represent subjects and procedures from

three different Western countries (Sweden, the United States and the United King-

dom). The demographic profile and treatment methods used in these trials broadly

relate to the case of Mr C.

Four published literature reviews – three systematic and one narrative – provide

further evidence to support the use of physiotherapy techniques in preventing PPC

following UAS (Lawrence et al. 2005 R; Overend et al. 2001 R; Thomas & McIntosh

1994 R; and Olsen 2000 R). A summary of these reviews is provided in Table 3.3.

Systematic reviews provide combined evidence from several trials using systematic

and explicit methodology and therefore offer the highest level of evidence, whereas

narrative reviews may introduce bias in interpretation.

In a recently published abstract, Lawrence and colleagues (2005 R) systematically

reviewed the effects of surgical, medical and physiotherapy interventions on PPC

prevention in non-cardiopulmonary surgery. The results of this review indicate that
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there is good evidence to support the use of physiotherapy techniques in preventing

PPC. The remaining reviews will be discussed later in this chapter.

A group of experienced cardiorespiratory physiotherapists working in Australia

indicated that prevention of one PPC in every 20 treatments was the minimal clinically

worthwhile number (Herbert 2000 R). This represents a NNT of 20.

On the basis of this research, the evidence from clinical trials supports the role of

physiotherapy treatment for Mr C. Additional knowledge of risk factors for developing

PPC further supports the provision of physiotherapy treatment in this case.

PROFESSIONAL PRACTICE

The cost effectiveness of providing physiotherapy resources to UAS populations

based upon this philosophy has not yet been documented. Additionally, the influence

of other contextual factors such as cultural influences and hospital policies are not

considered in this evidence (Herbert et al. 2005 C). The influence of professional

practice knowledge gained from reflection on the day to day treatment of similar

patients assists physiotherapists in their complex clinical reasoning processes. This

knowledge allows physiotherapists to integrate patient preferences and professional

and basic science knowledge with evidence from clinical trials to ensure treatment is

relevant to each particular clinical situation (Herbert et al. 2005 C). It is this third strand

of knowledge that integrates the clinical decision making processes with the available

evidence to ensure the most appropriate evidence-based decisions are reached.

QUESTION 2

How are post-operative pulmonary complications defined in the literature?
Despite a significant volume of research, the precise definition of a PPC, its

causative factors and the true incidence of PPC in surgical populations remain un-

known. Pulmonary complications documented in the literature include atelectasis,

hypoxaemia and pneumonia (Ali et al. 1974; Brooks-Brunn 1995b R; Craig 1981 R).

Less commonly, pulmonary embolus, pleural effusion and pneumothorax are reported

(Ridley 1998 C). Of these, pulmonary atelectasis is the most commonly reported res-

piratory complication (O’Donohue 1985 C).

The incidence of PPC is a function of the diagnostic criteria used. As a result of

the differing criteria used to define a PPC and failure to further identify a clinically

significant PPC, the incidence reported in the literature varies considerably. It has been

reported to be between 5 and 75 % (Dilworth & White 1992 A). The incidence of

atelectasis measured using chest radiography has been reported to be approximately

70 %, however, clinically significant PPC develop in few of these patients (Denehy

2002 A/R; Jenkins et al. 1990 A; O’Donohue 1985 C). Bourn and Jenkins (1992 R)

describe post-operative atelectasis as ‘the rule rather than the exception’; this view is

supported in other literature (Platell & Hall 1997 R). In more recent studies where a

multi-criteria outcome has been used, the reported incidence of PPC was as low as



JWBK139-03 JWBK139-Partridge January 8, 2007 9:42 Char Count= 0

56 RECENT ADVANCES IN PHYSIOTHERAPY

Table 3.4. An example of a definition of a clinically significant PPC using multiple
outcome measures (Scholes 2005 A/R)

PPC diagnosis was confirmed when four or more of the following signs and symptoms
were present:� Chest radiograph report of collapse/consolidation.� Raised temperature >38 ◦C on two or more consecutive days.� SpO2 <90 % on room air on two consecutive days.� Production of yellow or green sputum which is different to any in pre-operative

assessment.� An otherwise unexplained white cell count > 11 × 109/L, or prescription of an
antibiotic specific for respiratory infection.� Physician diagnosis of chest infection.� Presence of infection on sputum culture report.� Abnormal breath sounds on auscultation which differ from any in pre-operative
assessment.

5–20 % (Brooks-Brunn 1997 A; Hall et al. 1996b A; Jenkins et al. 1989 A; Mackay

et al. 2005 A; Stiller et al. 1995 A).

More recent papers attempt to define a PPC with reference to the clinical signific-

ance of the problem, which includes consideration of both hospital and patient costs.

O’Donohue (1992 R) defines a PPC as ‘a pulmonary abnormality that produces iden-

tifiable disease or dysfunction that is clinically significant and adversely affects the

clinical course’. However, specific outcome criteria which accurately describe clinic-

ally relevant complications remain elusive. Studies using a combination of multiple

outcome measures rather than single variables may more accurately define a clinically

significant PPC. The definition of a PPC employed in research conducted by Scholes

(2005 A/R) provides an example of this and is displayed in Table 3.4.

Having established that physiotherapy treatment of Mr C is required, a further

clinical question arises.

QUESTION 3

Which physiotherapy technique is most effective in reducing the risk of PPC?
There are several well recognised physiotherapy techniques employed in the treat-

ment of patients undergoing UAS. A large body of literature exists comparing the

efficacy of one technique with another in the prevention of PPC. The majority of early

research conducted poorly controls for confounding variables such as patient mobil-

isation, adherence to treatment protocols and pain levels (Hallbook et al. 1984 A;

Thomas & McIntosh 1994 R).

The physiotherapy techniques examined in the literature include pre-operative edu-

cation, deep breathing strategies, IS, PEP, CPAP, IPPB and early mobilisation. A

summary of the research is presented in Table 3.5. It can be seen from the variable

results of these comparative studies, which generally provide level 3 evidence
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Table 3.5. Comparative physiotherapy research in patients following UAS,
presented chronologically

Sample Outcome
Author/Year Interventions Size Variables Conclusions

Jung et al.
1980

IS
IPPB

126 PPC, CXR No differences

Morran 1983 Control
DBE

102 PPC, CXR, ABG DBE superior to
no treatment

Stock et al.
1984

CPAP
IS
DBE

63 PPC, CXR, PFT CPAP superior
to both IS and
DBEX

Celli 1984 Control
IPPB
IS
DBE

172 PPC, CXR All treatments
superior to no
treatment

Hallbrook
et al. 1984

Pre-op DBE
DBE, cough, PD
DBE, cough, PD &

bronchodilator

137 ABG, CXR No differences

Ricksten 1986 IS
CPAP
PEP

45 [A-a] 02 diff,
FVC

PEP and CPAP
superior to IS

Schwieger
1986

Control
IS

40 CXR, ABG, PFT No differences

Roukema
1988

Control
IS

153 CXR, ABG DBE superior to
no treatment

Hall et al.
1991

IS
DBE

876 PPC, CXR,
PaO2 LOS

No differences

Christensen
1991

DBE
DBE & PEP
DBE & IR-PEP

365 PPC, PFT, LOS No differences

Condie et al.
1993

DBE pre-op
DBE, pre- and

post-op.

330 PPC No differences

Hall et al.
1996

Low risk group:
IS, DBE
High risk group:
IS, IS & Physio

456 PPC, CXR, ABG Low risk:
DBE and cough

superior to IS
High risk:

IS superior to
IS and physio

Chumillas
1998

Control
Physio with DBE

81 PPC, CXR,
ABG, FVC

Physio superior
to no
treatment

Olsen 1997 Control
PEP or IR-PEP

368 PPC, SpO2, FVC Pre-op physio
superior to no
treatment

(Continued )
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Table 3.5. (Continued )

Sample Outcome
Author/year Interventions size variables Conclusions

Denehy 2001 DBE
CPAP 15 min
CPAP 30 min

50 PPC, CXR,
SpO2

No difference

Mackay 2005 Early mobilisation 56 PPC No difference
Early mobilisation

& DBE

[A-a] 02 diff: Alveolar-arterial oxygen difference; ABG: Arterial blood gases; CPAP: Continuous positive airway pres-
sure; CXR: Chest radiograph; DBE: Deep breathing exercises; IPPB: Intermittent positive pressure breathing; IS:
Incentive spirometry; IR-PEP: Inspiratory resistance positive expiratory pressure; LOS: Length of post-operative
hospital stay; PaO2: Partial pressure of arterial oxygen; PD: Postural drainage; PEP: Positive expiratory pres-
sure; PFT: Pulmonary function tests, Physio: Physiotherapy; Post-op: Post-operative; Pre-op: Pre-operative; SpO2:
Oxyhaemoglobin saturation.

(National Health and Medical Research Council 1999 C), that no particular physio-

therapy technique appears to be more effective than the others in preventing PPC.

This is supported by a meta-analysis and a systematic review (Thomas & McIntosh

1994 R) concluding that there were no significant differences in the incidence of PPC

using either IS, DBE or IPPB. Furthermore they found that IS and DBE were both

more effective than no treatment. A second, more recent systematic review examined

the effect of IS in preventing PPC (Overend et al. 2001 R). The authors found that

the balance of evidence from the best available studies (10 out of 46 studies) failed to

support the use of IS for decreasing the incidence of PPC following UAS. Both these

systematic reviews examined the use of incentive spirometry, however state conflicting

conclusions.

Comparisons of pre-operative treatment, CPAP, PEP and early mobilisation have

not been the subject of a systematic review to date and will be discussed separately

below.

PRE-OPERATIVE TREATMENT

Pre-operative instruction alone was as effective as pre- and post-operative physio-

therapy in minimising the incidence of PPC in 48 low risk subjects following chole-

cystectomy (Bourn et al. 1991 A). This result has recently been supported in a study

of 102 subjects randomly allocated to receive either pre-operative treatment alone

or both pre- and post-operative physiotherapy treatment (Denehy 2002 A/R). The

authors found no significant difference in the incidence of PPC between the groups.

The subjects comprised approximately 60 % having colorectal surgery and 30 % hep-

atobiliary surgery. A benefit of pre-operative management is that it allows assessment

of risk factors for developing PPC and allows clinicians to plan and allocate staffing
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resources. Further research into the treatment benefits of pre-operative physiotherapy

alone is warranted.

CPAP

The effects of CPAP application on lung volumes are well documented in the literature.

These include an increase in VC (Lindner et al. 1987 A), a reduction in respiratory

rate (Putensen et al. 1993 A), reduced minute ventilation (MV) (Kesten & Rebuck

1990 A) and increased FRC (Andersen et al. 1980 A; Lindner et al. 1987 A; Putensen

et al. 1993 A; Stock et al. 1985 A). This increase in FRC leads to a reduction in

shunt, improved Sp02 and lung compliance, and a decrease in the work of breathing

(Dehaven et al. 1985 A; Nunn 1993 C; Williamson & Modell 1982 A).

The application of CPAP following UAS has been demonstrated to increase FRC

when compared with other forms of respiratory prophylaxis (Lindner et al. 1987 A;

Stock et al. 1985 A). However, no benefits were reported by Carlsson and co-workers

(1981 A) when studying a similar patient population.

There is also support for the improvement of atelectasis with CPAP application

after UAS (Andersen et al. 1980 A; Duncan et al. 1987 A; Stock et al. 1985 A;

Williamson & Modell 1982 A). However, the incidence of PPC does not appear to

be influenced by the dosage and frequency of application of CPAP in these compar-

ative studies. CPAP appears to be effective in improving lung volumes more quickly

than voluntary inspiratory manoeuvres, but this may not have important clinical rami-

fications (O’Donohue 1992 R). In a study of 50 subjects having UAS, Denehy and

colleagues (2001 A) found no significant difference in FRC, PPC or LOS between

subjects receiving physiotherapy (comprising deep breathing exercises and early mo-

bilisation) and those receiving CPAP. The sample size in this study was small however,

and significant results were not obtained.

In a sample of 209 UAS patients admitted to intensive care with acute hypoxaemia,

the application of CPAP has been demonstrated to reduce the requirement for in-

tubation and the incidence of severe complications (Squadrone et al. 2005 A). The

use of CPAP in intensive care units is generally considered to be a medical inter-

vention and therefore physiotherapists may not be involved in the decision making

process.

PEP MASK

Physiotherapy treatment with the PEP mask was pioneered in Denmark (Falk et al.

1984 A). The research evidence examining the efficacy of PEP mask physiotherapy is

conflicting and has primarily been conducted in patients with chronic sputum produc-

tion. The effect of adding PEP to conventional physiotherapy was assessed in a study

of 71 patients following elective UAS (Campbell et al. 1986 A). The incidence of PPC

was found to be 31 % in the group receiving conventional physiotherapy treatment

and 22 % in the group receiving physiotherapy plus PEP treatment. The PEP device
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used in this study is now commonly known as ‘bubble’ PEP, with positive expiratory

pressure maintained by the height of a column of water in a plastic bottle. In this study,

a manometer was not added to the PEP circuit, therefore it is unknown if sufficient

positive pressures were maintained during treatment. Several other methodological

flaws also limit generalisability of the findings of this study.

In a comparison of PEP mask physiotherapy with CPAP and IS, Ricksten and

colleagues (1986 A) concluded that PEP and CPAP were significantly more effective

than IS in maintaining post-operative gas exchange and lung volumes, and lowering

the incidence of atelectasis in 43 patients undergoing elective UAS. The results from

this well controlled study suggest that both post-operative CPAP and PEP may be

equally effective in PPC prophylaxis. The physiological mechanisms responsible for

the effectiveness of PEP are thought to work by lung recruitment through collateral

channels, however few studies have investigated the effects of PEP on physiological

parameters (Van Hengstrum et al. 1991 A).

Olsen and colleagues compared PEP and inspiratory resistance PEP to no treatment

and as previously discussed, demonstrated a significantly reduced incidence of PPC in

treatment groups (Olsen et al. 1997 A). In a second study, the same author compared

PEP with CPAP in 70 subjects undergoing thoracoabdominal surgery (Olsen et al.

2002 A). The application of CPAP for three days followed by PEP therapy decreased

the risk of reintubation when compared to PEP therapy alone.

While the use of PEP in the management of patients undergoing UAS has been

supported in these studies, the extent of its use in UAS in clinical practice has not

been examined. Comparison of PEP therapy with other more simple techniques such

as deep breathing exercises may be warranted.

POSITIONING AND MOBILISATION

Upright positioning and mobilisation are frequently utilised by physiotherapists in

the post-operative treatment of impaired ventilation. It has been well established

that upright positioning is superior to the supine position in improving pulmonary

function. Nielsen and colleagues (2003 R) in their systematic review concluded that

in the post-operative period, upright positioning significantly improves FRC, Sp02

and PaO2, and reduces PaCO2.. In the literature, upright positioning encompasses

sitting, standing and even ambulation. It is yet to be established whether one of these

positions is superior in its effects on post-operative pulmonary function. A trend

for an increase in minute ventilation due to augmentation of both tidal volume and

respiratory rate when progressing from sitting to standing to marching on the spot has

been demonstrated (Orfanos et al. 1999 A; Zafiropoulos et al. 2004 A). However, it

appears these differences are not significant, and direct comparisons involving large

samples of patients have not been undertaken.

Early mobilisation is an important and widely practised component of post-

operative patient care following UAS. Its benefits were first reported in the 1940s,

when early mobilisation was observed to hasten post-operative recovery of strength
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and morale, reduce pressure on hospital beds and nursing services, and most import-

antly, reduce the incidence of post-operative pulmonary and vascular complications

without adverse effects (Brieger 1983 R).

In many hospitals, physiotherapists play a major role in the early instigation of

patient mobilisation following UAS. A recent survey of Australian physiotherapists

working in major public hospitals found that 92 % of respondents ‘always’ include

mobilisation in their post-operative treatment of UAS patients, with the remainder of

respondents including mobilisation ‘often’ (Browning 2005 A). Physiotherapists re-

ported the main reasons for the use of mobilisation to be the optimisation of ventilation

and prevention of PPC.

Questions have been raised about the appropriateness of physiotherapy interven-

tions involving mobilisation (Dean & Ross 1992 R). It is common practice for physio-

therapists to assist patients in mobilising with little use of structured programmes or

objective measures. Little attention has been given to the intensity of mobilisation

and its effect on pulmonary function. It has been suggested that pulmonary function

may be improved through the use of structured mobilisation programmes of sufficient

intensity (Orfanos et al. 1999 A), but this is yet to be formally investigated.

In a number of randomised trials demonstrating that post-operative physiotherapy

is effective in reducing the incidence of PPC, early mobilisation has been included

in the physiotherapy treatment regimen (Celli et al. 1984 A; Olsen et al. 1997 A;

Roukema et al. 1988 A). It is unknown whether techniques such as deep breathing

exercises or the early mobilisation included in these interventions were responsible

for the reduction in PPC.

In a recently published trial, the addition of deep breathing exercises to a physio-

therapist directed programme of early mobilisation was found to have no additional

effect on reducing the incidence of PPC in 52 open abdominal surgery patients

(Mackay et al. 2005 A). Similar results have been obtained in research involving

open heart surgical patients (Brasher et al. 2003 A; Jenkins et al. 1990 A; Stiller et al.

1994 A).

Upright positioning and early mobilisation play an important role in the recovery

of pulmonary function and prevention of PPC following UAS. Due to advances in

analgesia and post-operative care, mobilisation can be achieved earlier and at a greater

intensity and frequency.

As they appear equally efficacious, any of the physiotherapy techniques discussed

above may be employed in the physiotherapy management of Mr C. With a physio-

therapist already on staff, it may be more cost effective to utilise the therapist’s manual

skills, rather than purchase equipment or choose complicated techniques that may take

longer to implement.

Therefore, in the case of Mr C, deep breathing exercises, upright positioning

and early mobilisation were the post-operative interventions administered. Pre-

operatively, instruction and an assessment of risk factors for the development of

PPC were also performed.
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QUESTION 4

How should these post-operative physiotherapy techniques be administered?

DEEP BREATHING EXERCISES

In normal lungs, regular large breaths to total lung capacity (TLC) are essential

to maintain inflation. A study by Ferris and Pollard (1960 A) concluded that five

consecutive breaths to TLC are necessary to effectively inflate alveoli. In a study of

excised lungs from dogs, it was shown that inflated alveoli collapse after one hour

when shallow breaths are taken (Anthonisen 1964 B). The aim of a deep breath is

to produce a large and sustained increase in transpulmonary pressure which distends

the lungs and reinflates collapsed lung units (Duggan & Kavanagh 2005 R).

A sustained maximal inspiration (SMI) mimics a sigh or yawn and also aims

to increase transpulmonary pressure (Bakow 1977 R). Sustained maximal inspira-

tions have been reported to redistribute gas into areas of low lung compliance, thus

enhancing lung expansion through interdependence using collateral ventilation path-

ways (Marshall & Widdicombe 1961 A; Menkes 1977 R; O’Donohue 1992 R; Terry

et al. 1978 A). It may also allow time for alveoli with slow time constants to fill.

The addition of a three second SMI at TLC has been recommended in the literature

(Bakow 1977 R; Terry et al. 1978 A).

If regional ventilation is reduced as a result of secretion plugging, the re-expansion

of collapsed alveoli may allow air to move behind the secretions and assist their

removal using forced expiration techniques (Menkes and Traystman 1977 R; Pryor

1991 C).

Based on this research from nearly 40 years ago, the common treatment regimen

used for breathing exercises is five deep breaths, with a three second SMI, once every

waking hour (Bartlett et al. 1973 R; Platell & Hall 1997 R).

In the systematic review conducted by Thomas and McIntosh (1994 R), the

regimen of breathing exercises was found to be reasonably uniform across the re-

viewed studies. This indicates that the treatment regimen discussed above, which

was based upon physiological principles and developed in the 1960s, is still com-

mon in clinical practice today. The lack of current research evidence to support the

method of implementation of breathing exercises means that this technique may

be used sub-maximally by physiotherapists and this in turn may reduce treatment

efficacy.

There is a paucity of literature evaluating different methods of applying breath-

ing strategies by physiotherapists. It is unclear whether it is more effective to teach

deep breathing exercises by encouraging greater abdominal excursion or facilitat-

ing bilateral costal (bucket handle) movement, or whether just asking the patient

for a maximal inspiration is sufficient. The results of Blaney and colleague (Blaney

& Sawyer 1997 A) demonstrate a significant increase in diaphragmatic excursion

with a ‘hands on’ approach to breathing exercises following surgery. In this study,
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verbal instruction alone was compared with two tactile or ‘hands on’ breathing

techniques.

MOBILISATION

Despite the frequent inclusion of mobilisation as a component of physiotherapy treat-

ment in the literature, an examination of its optimal prescription in the post-operative

period is yet to be undertaken. As stated by Dean and Ross (1992 R), ‘the classic un-

structured low intensity hallway ambulation is not considered a potential therapeutic

intervention and does not constitute an effective use of the therapists’ expertise and

time’. Therefore, when mobilisation is administered as a post-operative physiotherapy

technique, a structured approach is recommended.

Mackay and colleagues (2005 A), in their randomised trial, administered a stand-

ardised programme of early mobilisation in 52 subjects following UAS. As part of the

programme, subjects were encouraged to achieve one or more progressive mobility

goals and to walk at a speed where they were taking deeper breaths with an intensity

of at least 6/10 according to the modified Borg scale (Borg 1982 R). Interventions

were administered three times daily on post-operative days one and two, twice daily

on days three and four, and then daily until the patient was independently mobile.

As all subjects participating in the study received this standardised intervention, it

is not possible to compare the benefits of this programme with other mobilisation

regimens.

The patient’s capacity for mobilisation in the early post-operative period needs

to be considered. Post-operative care pathways, which include high quantities of

mobilisation, have been reported in recent surgical literature. These pathways report

mobilisation of up to 60 metres five times daily, commencing on the first post-operative

day (Delaney et al. 2001 A). These studies show that high quantities of mobilisation

are possible following UAS, however they conflict with recent research conducted by

Browning and colleagues (2006 A). In this study, the quantity of upright mobilisation

achieved in the early post-operative period following UAS was measured. The sample

of 50 subjects from a tertiary Australian hospital achieved median upright mobilisation

times of 3.2, 7.6, 13.4 and 34.4 minutes on the first to fourth post-operative days

respectively. These values were lower than expected and indicate that low quantities of

post-operative upright mobilisation are currently being achieved. Structured pathways

or mobilisation programmes did not form part of the post-operative care of the patients

examined. A significant finding of this study was that the quantity of time spent upright

was found to be a significant predictor of hospital LOS (p < 0.001), with patients who

were more active likely to require shorter admission times. Therefore, increasing the

quantity of mobilisation may have a positive effect on improving significant outcomes

such as post-operative LOS.

In the early post-operative period, UAS patients can be considered as acutely un-

well, therefore care must be taken with the administration of intensive mobilisation.

Guidelines for the safe implementation of mobilisation in acutely unwell patients have
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been published (Stiller & Phillips 2003 R). According to these guidelines, monitoring

of physiological responses to mobilisation is necessary.

In the case of Mr C, a structured approach to mobilisation was taken. A mobilisation

programme was administered twice daily for the first three post-operative days by

the physiotherapist, and thereafter by a physiotherapy assistant. The modified Borg

scale was used to describe optimal intensity during mobilisation. Measurements of

heart rate, blood pressure, oxygen saturation and pain were taken before and after

intervention to assess the patient’s physiological response to exercise.

It is recognised that this approach to mobilisation requires a significant time com-

mitment from the therapist. In addition to examining the benefits of a structured

intensive mobilisation programme, future research should consider whether this can

be competently administered by other health care workers.

QUESTION 5

Is physical function impaired following UAS? How can this be minimised?
With advances in anaesthesia, surgical techniques and perioperative care, together

with the aging population, it is becoming more common for elderly patients to success-

fully undergo major surgery. Not only are these patients at a higher risk of developing

PPC (Brooks-Brunn 1995a R), but they are also at risk of a significant decline in

physical function. A large study examining functional recovery of patients aged over

60 years following UAS found that at six months post-surgery, return to pre-operative

levels was not achieved by 39 % of patients in the timed up and go test, 58 % of patients

in the functional reach test, and 52 % of patients in a grip strength test (Lawrence

et al. 2004 A). The mean time for recovery of activities of daily living in this sample

was three months, and for recovery of instrumental activities of daily living it was six

months. This study confirms that physical disability post major abdominal surgery

persists for many months post hospital discharge.

In a study of coronary artery bypass patients comparing a high frequency to a low

frequency physiotherapy mobilisation programme, it was found that subjects in the

high frequency group achieved functional milestones such as sitting in a chair and

walking in the ward earlier (van der Peijl et al. 2004 A).

Early mobilisation plays a role in minimising the weakness and debility experienced

by many patients following major surgery. In a group of patients undergoing elective

colorectal surgery, Henriksen and colleagues (2002 A) compared enforced mobilisa-

tion, pre-operative education and optimal analgesia (intervention group) to standard

care (control group). The intervention group spent a significantly greater proportion

of time sitting out of bed and ambulating, and recorded significantly less reduction in

knee extension strength at seven days and one month. Two months following surgery,

strength was 15 % greater than pre-operative values.

Although early mobilisation forms part of routine post-operative nursing care in

many hospitals throughout the world, the addition of intensive mobilisation, which

is often instigated by physiotherapists, appears to have a positive effect on the return
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of physical function following UAS. The extent of this effect, both in the immediate

post-operative period and post hospital discharge has yet to be formally investigated.

QUESTION 6

What evidence is there to support prophylactic physiotherapy intervention in other
surgical populations?

Following any major surgical procedure, the pathophysiological effects of anaes-

thesia and the perioperative process are similar. For cardiac, thoracic and oesophageal

surgery, different factors may influence post-operative outcomes when compared with

UAS, but to date only the role of physiotherapy in cardiac surgery has been studied

extensively.

From the evidence presented it is clear that some form of physiotherapy interven-

tion is necessary following UAS to prevent PPC occurring in approximately one of

every four to five patients treated. However, following cardiac surgery, the evidence

obtained from a large body of research clearly challenges the continued traditional

necessity for prophylactic physiotherapy intervention. Stiller and colleagues (1994 A)

found no difference in the incidence of PPC between a group of cardiac surgery pa-

tients receiving physiotherapy and a group receiving no physiotherapy intervention.

A recent systematic review concluded that there is no clear evidence that prophylac-

tic respiratory physiotherapy reduces the incidence of PPC following cardiac surgery

(Pasquina et al. 2003 A).

Physiotherapy for thoracic surgical patients has been strongly advocated in several

studies, yet little supporting evidence in the form of randomised clinical trials exists.

There is no study that uses a no treatment control in the thoracic surgery literature.

This no doubt reflects the premise that these patients are at high risk of developing

PPC and therefore it would be unethical to withhold treatment. One study evaluated

the efficacy of post-operative physiotherapy using IS compared with DBE (Gosselink

et al. 2000 A). No significant difference in the incidence of PPC between the two

treatment groups was demonstrated. The incidence of PPC was 8 % in the 40 subjects

who underwent thoracic surgery. These results are in contrast to those of Wang and co-

workers (1999 A) who found the incidence of PPC was 32.5 % in subjects undergoing

lung resection. This study did not mention if any form of post-operative physiotherapy

was instituted.

In the study by Gosselink and colleagues (2000 A), a subgroup of 27 subjects having

transthoracic resection of the oesophagus had a PPC incidence of 19 % suggesting

that this group is at higher risk of developing PPC. Ingwersen and colleagues (1993 A)

compared the use of CPAP, PEP and inspiratory resistance PEP in a subgroup of 59

subjects having pulmonary resection and found no significant differences between

the three treatment interventions in the incidence of PPC.

The literature pertaining to the role of physiotherapy for patients having thoracic

and oesophageal surgery is inconclusive. A randomised clinical trial examining phys-

iotherapy intervention is much needed in these patient populations.
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QUESTION 7

What do we expect to see in surgery in the future? How will this affect physiothera-
pists?

Recent surgical literature has focussed on the implementation of fast track or multi-

modal clinical pathways. These pathways aim to accelerate recovery, reduce morbidity

and significantly decrease hospital LOS through the use of optimal pain relief, re-

gional anaesthesia, minimally invasive surgery, early enteral nutrition and enforced

early mobilisation (Fearon et al. 2005 R). Early mobilisation described in these path-

ways typically involves commencement of mobilisation on the day of surgery, and

encouragement of patients to commence ambulating one circuit of the ward up to five

times on the first post-operative day and to sit out of bed for as long as 12 hours daily

(Delaney et al. 2001 A). Reductions in LOS to as little as two days have been demon-

strated with multi-modal clinical pathways post open and laparoscopic colorectal

surgery (Andersen & Kehlet 2005 A; Bardram et al. 1995 A; Basse et al. 2004 A;

Kehlet & Mogensen 1999 A; Moiniche et al. 1994 A). Unfortunately, physiotherapy

has little mention in this literature to date and it is unclear if any form of physiotherapy

intervention is administered.

In many hospitals throughout the world, surgery that was previously performed via

a large incision is now more commonly performed laparoscopically. It has been well

established in the literature that laparoscopic cholecystectomy is associated with a

low incidence of PPC (Hall et al. 1996a A), and in Australia routine physiotherapy

intervention is not administered to this patient group. A narrative literature review

conducted by Olsen et al. (1999 A) concluded that routine prophylactic chest physio-

therapy is not necessary after laparoscopic upper gastro-intestinal surgery such as

fundoplication and vertical banded gastroplasty. The efficacy of physiotherapy in

other forms of laparoscopic surgery such as colorectal surgery has not been invest-

igated. A recent survey found that 58 % of physiotherapists in Australian hospitals

where laparoscopic colorectal surgery is performed routinely assess and treat these

patients post-operatively (Browning 2005 A). Future research examining the need for

physiotherapy in this patient group is recommended.

A priority for the health care system is the reduction of waiting list times for elect-

ive surgery. A proposed method of reducing morbidity pre- and post-surgery, and

accelerating post-operative recovery is the use of progressive exercise prehabilita-

tion programmes (Carli & Zavorsky 2005 R). Although prehabilitation is common

in orthopaedic surgery, similar programmes have not yet been investigated in the

abdominal surgery population.

CONCLUSION

With shortages in physiotherapy throughout Australia and in many other parts of

the world, the need for routine physiotherapy intervention for patients both before
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and after major surgery will become increasingly questioned. The use of outcome

measures to justify the benefits of physiotherapy interventions will be increasingly

more popular. Alternatively, roles which do not require a qualified physiotherapist to

perform them may be assigned to other health care workers.

There are many opportunities for research examining the role of the physiotherapist

in patients undergoing abdominal surgery and it is certain that the outcomes of such

research together with the technological advances in surgery and pain management

will define our practice in the future.
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4 Practice and Feedback for Training
Reach-to-Grasp in a Patient
with Stroke

PAULETTE M. VAN VLIET AND KATHERINE DURHAM

CASE REPORT

BACKGROUND

Mrs PJ was a 67 year old woman who lived with her husband in a two-storey house.
At the time of the stroke, she was independent in self-care. Her husband was well and
had retired from work. She had a daughter who was a regular visitor, lived nearby
and was willing to assist in her mother’s rehabilitation.

MAIN DIAGNOSIS

A CAT scan within the first few weeks after the stroke revealed ‘a wedge shaped low
attenuation in the right parietal lobe, consistent with an infarct. There was a focal area
of high attenuation in the right basal ganglia with a little low attenuation just anterior
to this, which could indicate a small intracerebral haemorrhage, without significant
midline shift or mass effect. There were cerebral atrophic changes consistent with the
patient’s age.’

PREVIOUS MEDICAL HISTORY

Prior to the stroke, the patient had angina, hypertension, coronary artery bypass graft
and chronic obstructive airways disease. No previous stroke had occurred.

PRESENTING SYMPTOMS ON ADMISSION

Mrs PJ was admitted to hospital with dysarthria and weakness in her left upper and
lower limbs. She also had a left facial weakness, dysphagia and decreased sensa-
tion. There was no unilateral spatial neglect or dysphasia and her visual fields were
normal.

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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Table 4.1. Assessment results

Assessment Tool Result

Rivermead Motor Assessment
(arm section) (Lincoln &
Leadbitter 1979)

Cumulative score of 8 (highest level of performance
‘Pick up a piece of paper from table in front and
release five times’).

Modified Ashworth scale
(Bohannon & Smith 1987)

Wrist flexors = 1, Finger flexors = 0, Elbow flexors =
1 (1 = ‘Slight increase in tone, manifested by a
catch and release or by minimal resistance at the
end of range of motion when the affected part is
moved in flexion or extension’, 0 = ‘no increase in
tone’).

Short-Form McGill Pain
Questionnaire (Melzack 1987)

2, i.e. discomforting, describing pain on lateral upper
arm when performing shoulder forward flexion.

Extended Activities of Daily
Living scale (Nouri & Lincoln
1987)

Mobility = 7/18, Kitchen = 11/15, Domestic = 4/15,
Household = 6/18. Particular upper limb activities
which the patient was unable to complete on this
scale included washing up, making a hot snack,
doing the housework, using the affected arm to
feed herself, and writing.

Rey figure copy for spatial
perception (Rey 1959)

26 out of maximum 36.

Star cancellation for neglect
(Wilson et al. 1985)

50 out of maximum of 54.

Nottingham Sensory
Assessment (Jackson &
Crow 1991)

Tactile sensation fingers and hand: light touch =
normal, pressure = normal, Kineaesthesis =
normal, Two-point discrimination fingertips =
impaired (2 points detected but at distance
>3 mm).

ASSESSMENT SIX MONTHS AFTER THE STROKE

At the time of the case report, six months had elapsed since the stroke. Mrs PJ remained
in hospital for four months. She was now receiving out-patient physiotherapy treat-
ment for her arm twice a week. The assessments shown in Table 4.1 were performed.

ANALYSIS

Detailed assessment of upper limb activities

After joint goal setting with the patient (Blair 1995 A; Blair et al. 1996 A), it was
decided to assess in detail two functional movements of the left arm: 1 reaching for
an object in front, and 2 using a fork. Mrs PJ’s dominant hand was her left but she
also used a fork in the left hand. The analysis involved:

(a) analysis of invariant kinematic features of the movement (compared to normal
performance).

(b) identification of kinematic deviations from normal.
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(c) tests of the performance of individual components of the movement (including
ability to elicit the correct movement, and endurance and strength capacity).

(d) tests of length of individual muscles.
(e) tests of joint mobility.
(f) investigation of other contributing factors such as pain.
(g) identification of the main problem(s) preventing normal performance of the move-

ment.

The analysis has its roots in the seminal work of Carr and Shepherd (2003a C).
Visual observation was used for (a) and (b) above. The findings of the assessment are
summarised in Tables 4.2 and 4.3.

In addition, there were problems with timing. The opening of the hand was delayed
relative to the beginning of the transport of the hand to the object. These two events
normally begin together as part of a coordinated motor schema in which there is
coupling of key temporal events in the grasp and transport components of reach-to-
grasp (Hoff & Arbib 1993 B).

To improve the accuracy of the observations above, videotape analysis (Van Vliet
1988) or a motion analysis system could be used. The following analysis of using a
fork compares the patient’s performance to how she was accustomed to using a fork
prior to the stroke. It should be acknowledged that there are variations in the way a
fork can be used and that a fork may not be the usual eating implement for many
people.

Clinical reasoning process used in the analysis

Collaborative reasoning with the patient was used to decide on the activities to target
in rehabilitation (Higgs & Jones 2000 C). Encouraging the patient to share respons-
ibility for their recovery may improve outcomes after stroke (Partridge & Johnston
1989 A). During and following a process of cue identification (for example, kin-
ematic features) and cue interpretation (for example, how these relate to kinematic
deviations), multiple hypotheses were formed by inductive reasoning, concerning the
possible causes of the absent or reduced kinematic features. Deductive reasoning
was then used, where hypotheses were tested as described above and the results of
these tests were compared to the initial hypotheses via backward reasoning (Higgs &
Jones 2000 C). The knowledge base used in this process includes knowledge of
the biomechanics of reaching and manipulation and also of the cortical control of
reaching, from behavioural and neurophysiological studies. Examples of how this
knowledge was used are described in the following sections.

Reaching for a cup – example of clinical reasoning

The patient had difficulty elevating the arm sufficiently. Decreased forward flexion
was chosen as a main problem to investigate because based on the observation above,
more compensatory strategies were caused as a result of this than other decreased
kinematic features (see Table 4.1). In terms of muscle force, this is likely to be due to
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decreased force generation in the shoulder flexors (especially anterior deltoid as the
prime mover (Basmajian 1976 B)), decreased force generation in muscles protracting
and laterally rotating the scapula (especially serratus anterior and trapezius, which
act as a force couple for scapula setting and movement (Mottram 1997 C), and/or
decreased force generation in the rotator cuff (which forms a force couple with deltoid
to maintain the position of the head of humerus in the glenoid cavity (Nordin &
Frankel 2001 B)) (especially infraspinatus and teres minor, which ensure full range
of elevation by external rotation of the humerus).

Each of these components was tested separately and it was found that Mrs PJ had
90◦ active forward flexion, 25◦ active external rotation (50◦ passive) and 50 % active
range of protraction compared to the other side (80 % passive range). Pain was a
limiting factor for forward flexion and external rotation. Further tests showed that
the rhomboid, teres major, subscapularis and latissimus dorsi muscles were tight, and
the glenohumeral joint was stiff compared to the other side when accessory joint
mobilisations were performed.

Further investigation of the shoulder pain was performed. This included a subject-
ive and objective examination (Hengeveld & Banks 2005 C). The objective exam-
ination included passive and active range of motion; strength tests for specific muscles
(Cole et al. 1988 C) (for example, supraspinatus, biceps, teres minor, infraspinatus,
subscapularis); accessory movements of the gleno-humeral, acromioclavicular and
sternoclavicular joints; palpation for swelling, wasting and tenderness; and specific
tests for subacromial impingement (Neer 1972 B), instability (subluxation and an-
terior and posterior stability (Hawkins & Mohtadi 1991 B)), labral tears (Mimori
et al. 1999 B) and adhesive capsulitis. The subjective findings revealed a gradual
onset of pain as elevation recovered after the stroke, and no recollection of a partic-
ular event that caused the initial onset of the pain. Objective tests provoked pain on
active and passive external rotation, flexion and abduction and internal rotation whilst
in 60◦ abduction (maximum active range; ‘empty can’ test), and found weakness of
external rotators compared to internal rotators, positive Neer impingement sign, and
restricted passive elevation when the scapula was prevented from moving. There was
no joint instability. It was concluded that a major cause of pain derived from subacro-
mial impingement, involving the supraspinatus tendon and possibly the subacromial
bursa. The limited passive range of movement when the scapula was stabilised and
the time that had elapsed since the stroke without full active range of movement, also
suggested adhesive capsulitis.

The following treatment goals were formed for the problem of decreased forward
flexion:

� Improve force generation of teres minor and infraspinatus, anterior deltoid, serratus
anterior and trapezius.� Improve the coordination of transport and grasp components at the beginning of
the reach.� Lengthen teres major, subscapularis, latissimus dorsi and rhomboids.� Reduce shoulder pain.
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Although all these aims are important, the initial priority was to regain external
rotation, because this was the most limited, and left as it was would prevent the force
couple of rotator cuff and deltoid from working efficiently for forward flexion. It was
also likely to be connected with the shoulder pain (Joynt 1992 A; Kumar et al. 1990
A). Achievement of the first and third goals above was expected to reduce shoulder
pain. Additional accessory joint mobilisation were to be employed as necessary to
reduce pain and stiffness (Hengeveld & Banks 2005 C).

By a similar process of inductive and deductive reasoning, it was decided that
another main problem to address in reach-to-grasp was the decreased abduction and
rotation of the CMC joint of the thumb.

The main problems with using the fork were reduced conjunct rotation of the index
finger to grasp the fork, and decreased extension and abduction of the index finger to
place it on top of the fork. Henceforth the discussion will concentrate on training for
the reach-to-grasp movement, however the upper limb practice schedule would also
include practice to improve use of the fork.

As a prerequisite for practising these activities, synergic muscular activity will
also normally occur in other parts of the body to enable forward flexion. Preparatory
and ongoing adjustments are normally made to stabilise the trunk. The transversus
abdominus is activated in anticipation of any movement to increase intra-abdominal
pressure, particularly shoulder flexion (Hodges & Richardson 1999 B), and therefore
the function of this muscle was assessed. The transversus abdominus was isolated (by
locating the anterior superior iliac spine, sliding the hand in and down, and then asking
the patient to cough), aiming to dissociate it from the internal obliques where possible.
This initially was assessed in crook lying and then in sitting. Mrs PJ was able to activate
this muscle and dissociate it from internal obliques. If training was necessary, this
would begin in crook lying, then progress to more functional positions and tasks. For
example, a progression would be to work the core muscles in sitting, with the arms
supported on a high table, and work on pelvis dissociation. This requires the trunk to be
the stable reference point and to achieve this requires the activation of the abdominal
stabilisers. Bilateral dysfunction may be common after CVA and therefore muscles
providing core stability on both sides (transversus abdominus, rectus abdominus,
external and internal obliques, and erector spinae muscles) (Creswell et al. 1994 B)
should be assessed. The sternocleidomastoid and cervical extensor muscles at the
neck also demonstrate feedforward activation during rapid unilateral and bilateral
upper limb flexion to oppose the reactive forces during arm movements and achieve
stability for the visual and vestibular systems during movement (Falla et al. 2004 B).
As far as possible, these mechanisms were assessed.

TRAINING OF REACH-TO-GRASP

The plan for training will now be described. The focus will be on how practice
would be structured and how feedback would be delivered to the patient. This is
a proposed training schedule, based on available evidence and knowledge of the
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patient’s problems. Meaningful medium-term goals (Van Vliet et al. 1995 B) (for
example, 1 week) for training, which relate to treatment goals mentioned earlier and
are challenging and achievable, would be set. These would be decided upon jointly
by the therapist and patient (Blair 1995 A; Blair et al. 1996 A). The goals would relate
to each of the above mentioned movement problems and be expressed in quantitative
terms as much as possible to reduce subjectivity, so that any change was clear to both
therapist and patient. The achievement of goals would be evaluated by goal attainment
scaling (Reid & Chesson 1998 A).

PRACTICE

Content of practice

Active participation should be encouraged with Mrs PJ. A study using transcranial
magnetic stimulation (TMS) in healthy subjects has shown that after 30 minutes of
training wrist flexion and extension, motor performance improved to a greater extent
when the training was active than when it was passive (Lotze et al. 2003 B). In another
study using TMS in patients with stroke, Hummelsheim showed that active contraction
of a muscle led to a larger amplitude and shorter latency of electromyographic output
than in more passive methods such as tapping on or weight bearing on the affected
arm (Hummelsheim et al. 1995 A).

Whole practice for discrete tasks such as reaching for a cup is better than part
practice, because the action is planned in advance in an open loop manner via a motor
programme (Hoff & Arbib 1993 B; Schmidt & Wrisberg 2000 C). If only part of the
movement is practised, a different motor programme may be utilised, and so transfer
of learning to performance of the whole skill may not naturally occur. The trans-
port and grasp components of reaching are temporally linked at the beginning of the
movement and at the time of maximum aperture (Castiello et al. 1993b B; Gentilucci
et al. 1991 B), so whole task practice will allow activation of temporally linked central
commands for arm and hand. However, after stroke there may be insufficient force gen-
eration in muscles, preventing performance of the whole task, so part practice may be
necessary. In that case, the therapist needs to follow part practice with whole task prac-
tice in the same session to enable transfer of learning. Mrs PJ’s practice contains both
whole and part practice. An additional reason to include whole practice is that Mrs PJ’s
ability to store learned ‘chunks’, which it has been suggested is necessary for efficient
sequence processing, may be impaired as her lesion affects areas of the brain involved
in chunking (dominant parietal lobe and basal ganglia) (Kennerley et al. 2003 B).

The training exercises are task-specific since this has been shown to be effective
for stroke patients (Blennerhassett & Dite 2004 A; Platz et al. 2001 A; Winstein
et al. 2004 A). The task-specific approach is supported by cortical mapping studies
using transcranial magnetic stimulation, which have demonstrated that the functional
organisation of somatosensory cortex may change dynamically according to task
requirements by switching between pre-existing maps as necessary (Braun et al.
2001 B). Cortical maps in the primary motor cortex also differ between people with
different levels of skill (Tyc et al. 2005 B). Training has been shown to be specific
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to joint angle (Sale & MacDougall 1981 B), body position (Rasch & Morehouse
1957 B), and type and speed of contraction (Rutherford 1988 B). Where part practice
is used, the practise still has some specificity to the task, for example, external rotation
is practised with some forward flexion, since these occur together in reach-to-grasp.

Mental practice would be introduced during periods when actual exercise was
precluded by pain, fatigue, or illness. It would not be included otherwise because Mrs
PJ was able to attempt all the required movements. Although further mental practice
might augment exercise time, Mrs PJ was unlikely to comply with additional practice
time. Mental practice can elicit cortical activity in the same brain areas as actual
performance (Jeannerod 1994 B) and has been found to improve arm movement in
two controlled studies (Dijkermann et al. 2004 A; Page et al. 2005 A).

Evidence that both arms are constrained to behave as coordinated units during
bilateral performance of the upper limbs (Castiello et al. 1993a B; Tuller et al. 1982 C)
suggests that bilateral simultaneous practice might drive the activity of the hemiplegic
arm by employing undamaged parts of the brain. It could be that by coupling the non-
affected with the affected limb, the undamaged hemisphere generates a ‘template’
for action that facilitates the reorganisation of neural networks within the affected
hemisphere. If so, this could be useful in the cognitive stage of learning, when the
patient is creating a correct internal representation of the activity (van Wijk F, Personal
communication). Several studies provide evidence of improvement from bilateral
training after stroke (Cunningham et al. 2002 A; Mudie & Matyas 1996 A; Whitall
et al. 2000 A) and another has found that hemiparetic patients demonstrate a temporal
coupling between the arms when moving simultaneously (Waller et al. 2006 B). In
some cases, cortical reorganisation has resulted from repetitive bilateral training with
rhythmic auditory cueing (Luft et al. 2004 A). Therefore a bilateral task has been
included.

Attentional focus of practice

Instruction and feedback about a task can either induce an internal focus (IF) or an
external focus (EF) of attention. IF feedback is that which directs attention towards
the body’s movements whereas EF feedback directs the attention to the effects of the
movement on the environment (Magill 2003 C). Evidence in healthy subjects shows
that EF instruction and feedback induces more effective motor learning (Shea & Wulf
1999 B; Wulf & Weigelt 1997 B; Wulf et al. 1998 B; Wulf et al. 1999 B; Wulf et al.
2001b B; Zachry et al. 2005 B). This evidence supports the use of EF for both novice
and skilled tasks and has been found in both the laboratory setting and in practical
applications. Zachry et al. (2005 B) also found EF increased movement economy,
whereas Wulf and Weigelt (1997 B) found that IF degraded learning.

It is unclear however, whether the results from research in healthy subjects can
be transferred into the neurologically impaired. To date the evidence suggests EF
instructions are more effective in patients with stroke in reaching tasks (Fasoli et al.
2002 A) and EF feedback is more effective in patients with Parkinson’s disease
where balance was trained (Landers et al. 2005 A). Conversely, there is evidence that
IF feedback is effective for training postural control following stroke (McNevin &
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Wulf 2003a A). It is interesting to note however that the previous study (McNevin &
Wulf 2002 A), which examined a similar task set up, found that EF improved static
balance whereas IF compromised learning. In another study which examined a dual
task, walking with a tray, in Parkinson’s disease, Canning (2005 A) showed that
directing the attention to the object, the tray, was more beneficial and enhanced motor
performance.

Overall the evidence for the use of EF feedback in healthy subjects is compelling.
Although McNevin and Wulf (McNevin et al. 2003a A) provide contrary evidence
that IF is best, it is conceivable that the benefits of each type of attentional focus
feedback may depend upon the stage of recovery. As Mrs PJ was in the later stages
of her rehabilitation, encouraging an external focus of attention, particularly whilst
providing task instructions, was to be recommended.

The evidence from healthy subjects also demonstrates that increasing the distance
of external attention focus enhances learning (McNevin et al. 2003 B). With Mrs
PJ, focus in the reaching tasks would be encouraged either towards the cup or the
placement of the cup, whichever was furthest away. It is interesting to note that Wulf,
Shea and Park (Wulf et al. 2001a B) found that where subjects were given a choice
between IF and EF, EF was chosen more frequently, and those who chose EF were
more effective in retention tests than those who chose IF.

Specific exercises

The specific exercises are described below. On some of these, a specific number of
repetitions will be requested, as in the second exercise, ‘drawing arc’. Figures 4.1 to
4.4 illustrate some of the exercises.

Moving cup out (for external rotation)

Start position: sitting, forearm in sagittal plane and resting on edge of table at side,
elbow at 90◦, Mrs PJ holds a cup.

Method: colourful stickers on the table represent targets to which to move the cup.
These are placed at between 30◦ and 80◦ from the sagittal plane in the direction of
external rotation (initial attempts at 30◦ (5◦ more than current range) and gradually
increased to 80◦ – normal range of other arm).

Instruction: ‘I would like you to move the cup to the blue sticker.’

Drawing arc (for external rotation with forward flexion)

Start position: standing, flip chart in front, holding marker pen, shoulder in 60◦ un-
supported forward flexion. A parabolic arc is drawn on the paper, from a position
of internal rotation to external rotation of the shoulder.

Instruction: ‘I would like you to draw five arcs from the cross on the right to the cross
on the left’ (towards the left, position stickers to encourage maintenance of forward
flexion and external rotation in a pain free and achievable range).
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Figure 4.1. Moving cup out exercise.

Figure 4.2. Drawing arc exercise in standing.
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Figure 4.3. Sliding down broom exercise.

Figure 4.4. Moving tray exercise.
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Starting off (for coordination of grasp and transport at start of reach)

Start position: sitting, sticker in front of hand on table.
Instruction: ‘As you reach towards the cup, ensure your hand is open by the time you

pass the sticker.’

Sliding down broom handle (for forward flexion)

Start position: sitting, holding vertical broom handle in front, shoulder initially at 80◦.
Method: the hand slides down the handle slowly (eccentric control of anterior deltoid).

The handle may be gripped when necessary to control the speed of the movement.
Instruction: ‘Starting at the first sticker, slide the hand down to the second sticker.’

Getting ready to reach (scapular setting)

Method: all practice tasks need to start from a biomechanically advantageous position.
For this I would encourage scapular setting, ensuring the scapular sat on the ribcage
and that this position was maintained during reaching. This was achieved by using
mirrors both in front of and behind Mrs PJ to show the position of the scapula.

Moving cup forward (protraction)

Start position: sitting, arm resting in front on high table at 90◦ flexion, elbow extended,
holding cup. Target (colourful sticker) is placed to encourage between 50 and 100 %
full passive range of protraction, starting at 60 %.

Instruction: ‘I would like you to place the cup beyond the sticker.’

Reaching to cup (whole task practice)

Instruction: ‘I would like you to reach towards the cup.’

Holding ball (for abduction and conjunct rotation of thumb)

Start position: holding ball 9 cm diameter, with thumb on top of ball.
Method: moves thumb around to side of ball opposite to fingers, with thumb pad in

contact with ball at end position.
Instruction: ‘I would like you to move your thumb around the ball towards the table,

keeping good contact throughout.’

Reaching to can (whole task practice)

Method: wearing a small wrap around splint (made from thermoplastic material) to
hold thumb in palmar abduction (Carr & Shepherd 2003a C), Mrs PJ reaches to
grasp can. The splint is small enough to allow flexion of the interphalangeal joints of
thumb and index finger. The can is wide to encourage maximum thumb abduction.

Instruction: ‘I would like you to reach to the can.’
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Moving tray (bilateral with auditory cueing)

Start position: standing, holding tray on worktop in front with both hands. Husband
stands in front beyond tray.

Instruction: ‘Give the tray to your husband. Then take it back. Keep in time with the
metronome. Give the tray on the first click. Take it back on the next click.’

Specific stretches

Teres major and subscapularis would be stretched by placing the shoulder in a position
of external rotation, as described by Ada et al. (2005 A), where Mrs PJ was supine,
head and shoulders supported with pillows, with the shoulder at 45◦ abduction and in
external rotation. The maximum passive range was 50◦, so a modified position (Ada
et al. used the stretch preventatively, so maximum range was greater than in Mrs PJ)
would be maintained by tying the end of a crepe bandage around the hand and loosely
attaching the other end to the head of the bed, with a pillow under the forearm.
A stretch for latissimus dorsi requires the arm to be held in a position of flexion,
abduction and external rotation. If shoulder pain allowed, the arm would be placed
in this position in supine, with gravity maintaining the stretch. Rhomboid major and
minor would be stretched by positioning the arm in protraction, while resting on a
table at a height of 80◦ flexion. A marker would indicate where the hand should be
if the shoulder was in maximum protraction, and the patient would note if the hand
moved and either correct the position herself or alert the therapist or assistant. An
air splint might be needed to keep the elbow straight. Adductor pollicus would be
stretched with the use of the small wrap around splint mentioned above.

Ada et al. ( 2005 A) have shown that 30 minutes of stretch in external rotation, five
days a week for four weeks was sufficient to reduce the development of contractures
in upper limbs which did not yet show signs of contracture. The time would need to
be increased for Mrs PJ, as she already had considerable loss of range of movement.
Forty-five minutes was the maximum time that could be practically managed, so the
external rotation stretch would be maintained for this length of time. The stretch for
latissimus dorsi would be maintained for 30 minutes, because longer might lead to
shoulder discomfort. The two stretches in supine would be carried out at separate
times of the day. In the case of adductor pollicus, the stretching time could occur
during the practice exercises and during the rhomboid stretch. Several short 20 second
stretches would also be given to the internal rotators by the therapist, prior to practice
of external rotation, to decrease stiffness of the muscle (Vattanasilp et al. 2000 A).
Mobilisations would also be used to reduce stiffness of the carpal bones of the wrist.
Mrs PJ’s husband would be shown how to set up the stretches at home and how to do
the 20 second stretches to internal rotators.

Scheduling of practice

Because the tasks being practised were discrete rather than continuous, learning
was not expected to be adversely affected by fatigue, so the practice could be
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massed (practice time > rest time) rather than distributed (rest time > practice time)
(Schmidt & Wrisberg 2000 C). The one-to-one practice session with the therapist
would therefore be carried out in one continuous session, unless the patient’s fitness
levels or shoulder pain prevented this.

Practice aims to cause not just a change in performance (observable behaviour)
(Magill 2007 C), but to bring about learning (a relatively permanent improvement
in performance) (Magill 2007 C). The amount of practice to achieve learning is
uncertain but it is probable that many hundreds of repetitions are necessary. Studies
of exercise for the upper limb after stroke that have demonstrated a positive outcome
show that a minimum of between 30 and 40 minutes of practice of functional tasks
(Feys et al. 2004 A; Platz et al. 2001 A; Sunderland et al. 1992 A; Winstein et al. 2004
A) or strengthening exercises (Butefisch et al. 1995 A; Hummelsheim et al. 1996 A;
Hummelsheim et al. 1997 A) per day for several weeks can be sufficient to make
significant gains compared to control subjects. Given that the patient was attending
out-patient therapy, the one-to-one sessions with the physiotherapist were likely to be
two 45 minute long sessions. These sessions would be extended by attendance at an
upper limb practice group for 30 minutes on one day of attendance. Practising with
at least one other person, as in a group, can be motivating, increase the feeling of
responsibility, and encourage the setting of harder goals, and in healthy people has
been shown to be better for learning than practising alone (McNevin et al. 2000 B).
A semi-supervised stretch session for shortened muscles would also occur on each
day of attendance. In semi-supervision, the physiotherapist sets up the position then
works with another patient, coming back to check intermittently on the position. The
amount of practice would also be increased by self-directed practice at home for
30 minutes on each day of the week. Mrs PJ’s husband or daughter would assist with
the setting up of each exercise.

To make the home practice more interesting, the possibility of using imaginative
virtual reality computer games would be investigated. One option would be for Mrs
PJ to wear a glove in which amplitude, speed and fractionation of movement are
monitored with infrared sensors. Visual and auditory feedback are delivered online
via a personal computer. One and a half hours of this type of training per day for two
weeks has been found to have good effects (Jack et al. 2001 A; Merians et al. 2002 A).
Another possibility would be to use robotic training devices for the hand (Hesse et
al. 2005 A) or shoulder and elbow (Aisen et al. 1997 A; Volpe et al. 2000 A). One
randomised controlled study found that practice of supination/pronation and wrist
extension/flexion in a robotic device (comprising 800 repetitions over 20 minutes
each working day, for six weeks) in addition to the usual in-patient physiotherapy,
resulted in a better impairment and motor power outcome than electrical stimulation
delivered over the same period of time. The total practice of upper limb tasks would
be between 30 minutes and two hours per day, plus time spent in stretch positions.

The intensity and number of repetitions would be considered in the light of whether
the aim of the immediate practice was to promote motor learning, improve en-
durance of a particular muscle/combination of muscles, or improve strength of a
muscle/combination of muscles. Mrs PJ clearly had learning requirements, but would
also have atrophic muscles (Ryan et al. 2002 A) and was likely to have had a gradual
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change to faster contractile motor unit properties (Gracies 2005 R) and therefore
could have decreased strength and endurance. A functional repetition maximum (RM)
would be determined to increase strength, using the exercise of lifting a heavy object
by forward flexion in sitting (within pain free range) (Carr & Shepherd 2003b C).
Between three and nine RM is sufficient to induce strength gains (Berger 1962 B), so
to start with six RM would be used, that is, the weight Mrs PJ can lift six times and
no more. Strength training may be carried out without adverse effects on muscle tone
(Patten et al. 2004 R). Endurance can be increased by using low contraction force and
sustaining and repeating the exercise (Richardson & Jull 1995 C), so active shoulder
flexion movements in sitting while holding a lighter object, to a range between 30◦ and
70◦ forward flexion, holding for 10 seconds at end point, would be carried out.

Blocked practice would be used for a short time in the very early stages of training, to
allow Mrs PJ to understand the requirements of the task (Landin & Herbert 1997 B).
This would be followed by random practice, where exercises for forward flexion,
abduction of the thumb, and using the fork would be practised in a random order,
minimising consecutive repetitions of any one task (Schmidt & Wrisberg 2000 C).
Random practice has been found to be superior to blocked practice for stroke patients
learning a functional upper limb task involving reaching (Hanlon 1996 A). Table 4.4
shows how the order of exercises could potentially be constructed, though the actual
order would be adjusted to performance. The schedule is subject to change according
to the therapist’s continued problem solving once practice has begun. The table does
not list exercises for using the fork but these would be added into blocked and random
practice sessions.

Practice at home would be organised to ensure the best chance of success. Firstly,
the performance of the practice exercise(s) would be checked at the end of the one-
to-one session with the therapist. A practice workbook would be issued to Mrs PJ,
containing instructions for the exercise and tables to complete indicating the number
of repetitions performed. A Polaroid might be pasted in the book to illustrate the
desired movement. Key kinematic deviations to avoid, for example trunk flexion
compensating for lack of forward flexion and elbow extension (Cirstea & Levin
2000 A), would be recorded with the exercise in the book. A check would be made to
ensure Mrs PJ had the appropriate equipment/objects at home to do the exercise. Mrs
PJ’s performance would be checked with the therapist first thing next training session.

Variation of practice

Upper limb function involves many different goal-movement combinations, and even
reaching in front itself may be performed under many varying conditions. It is imposs-
ible to practise every single version of the reach sufficiently, so the learner must act
as a problem solver, working out the appropriate movement for each new situation.
Therefore, the exercises described above would be varied in one or more movement
parameter to enable Mrs PJ to practise these problem solving skills. Such parameters
could include movement speed, direction, or amplitude, and the object to be grasped,
the immediate environment, or the final goal of the movement (for example, a cup
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could be grasped in order to move it or to drink from it). One example of how some
of the above exercises would be varied is given below. The variations are chosen to
enhance the desired performance of the movement rather than making performance
less than normal or causing greater abnormal kinematic deviations. Variation would
be introduced when the patient demonstrated that they could perform the required
movement.

Moving cup out

At the end of the movement, the cup is released, which gives practice of abduction of
the thumb.

Drawing arc

The starting position is in standing, with shoulder in 90◦ forward flexion (position
and amplitude variation).

Starting off

An increase in speed or reach is requested, which will cause a higher correlation
between grasp and transport components at the start of the movement in healthy
subjects (Van Vliet 1998). Patients with parietal lesions (like Mrs PJ), in contrast,
lack these higher correlations with faster movements (Van Vliet & Sheridan, sub-
mitted A). The hand will usually open wider for faster movements, to compensate
for increased spatial variability. Patients with parietal stroke have demonstrated
an ability to do this also, but they open wider than healthy subjects (Van Vliet
& Sheridan, submitted A). Increasing the speed will allow practice of both these
aspects of reaching.

Sliding down broom handle

Slide hand up the broom handle, gripping the handle to pause the flexion when
necessary (type of muscle contraction, eccentric, has changed to concentric, more
difficult but more task-specific). Alternatively, perform in standing.

Getting ready to reach

Scapular setting can be incorporated into all the tasks described, at the start and end
of each as required. Should difficulties be found in particular tasks, for example
at the end of the forward flexion range, the principles of muscle imbalance can be
adopted to identify which specific muscles are underactive, and exercises can be
provided to specifically train that muscle in the range where the problem has been
identified.
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Moving cup forward

Arm is lifted slightly off table while cup is moved forward, which combines activation
of anterior deltoid with serratus anterior and trapezius.

Reaching to cup

The cup is placed to require slight shoulder abduction (direction variation).

Reaching to can

The size of the object is varied (all large sizes) to allow practice of the ability to adjust
the motor programme for different sizes of object. Patients with parietal stroke have
demonstrated an ability to adjust grasp size in one study (Van Vliet & Sheridan,
submitted A), although patients with a lesion of the intraparietal sulcus show a poor
control of grasp aperture (Binkofsky et al. 1998 A).

FEEDBACK

Content of feedback

Studies have shown that patients with unilateral stroke are able to learn new motor
skills (Hanlon 1996 A; Winstein et al. 1999 A), therefore Mrs PJ was expected
to be able to learn as a result of practice. Her intrinsic feedback processes, which
normally help to formulate the internal representation of the movement goal a person
is trying to achieve, may have been compromised as a result of the stroke. Spatial
perception and two-point discrimination were measurably impaired at assessment.
Extrinsic feedback was therefore important for Mrs PJ. Boyd and Winstein (2001 A)
have shown that implicit motor learning (learning perceptual motor skills by physical
practice without conscious awareness) can be impaired in patients with stroke and
so provision of knowledge of results (KR) may allow explicit memory (knowledge
of facts, events and episodes) to assist motor learning (Winstein et al. 2005 A). Mrs
PJ may also benefit from knowledge of performance (KP – ‘information about the
movement characteristics that led to the performance outcome’ (Magill 2007 C)),
since she does not have temporal lobe damage (such patients’ implicit learning will
be particularly affected (Boyd & Winstein 2001 A)).

Several of the prescribed practice tasks have inherent KR, for example, the patient
will see when she has reached the target in ‘moving cup out’. Other examples are
‘drawing arc’, ‘moving cup forward’ and ‘moving tray’. When this occurs, additional
KR may be redundant. Platz et al. (2001 A) examined the effect of KR in stroke
subjects who were randomised into three groups and underwent a three-week training
programme of upper limb tasks. The first group received the training with KR, the
second without KR and the third did not have training. Although the training itself
produced significant results compared to no training, when performance was measured
at the end of the three weeks, there was no substantial extra effect for KR. The tasks
chosen had inherent information about the movement outcome, for example hitting
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targets with a stylus and placing objects on top of other objects, so that additional
KR, which took the form of bar diagrams on a computer screen, did not enhance
learning further. This is a similar result to a study of healthy volunteers where extra
verbal KR was redundant when outcome information was inherent in a task (Beukers
et al. 1992 B). When Mrs PJ practised this type of task, KR would not be given about
movement outcome. It would however be given about the quality of the movement
performance, especially in early attempts. For example, her arm could potentially have
abducted in the exercise ‘moving cup out’, so she would need feedback about this
compensatory strategy. The feedback about the arm abduction would not necessarily
focus on the body part, as an external focus of attention could be induced.

Feedback would be given verbally, and visual feedback via video would be used
occasionally, with cues to direct Mrs PJ’s attention to specific errors initially, when she
was in the early stages of learning a task (Kernodle & Carlton 1992 B; Rothstein &
Arnold 1976 B). This would work well with the exercises ‘reaching to cup’ and
‘reaching to can’, where cues could be used to direct attention to errors such as using
excessive shoulder abduction or internal rotation. Feedback would be prescriptive
(Schmidt & Wrisberg 2000 C), describing the errors and suggesting how to correct
them, rather than descriptive (Kernodle & Carlton 1992 B), just describing the errors.
For example: ‘instead of moving your arm sideways, try to put more effort into moving
your arm forwards’.

Attentional focus

Attentional focus can be directed either through the use of the environment or verb-
ally. Where feedback about the outcome of the task (KR) can be obtained from
the environment, this induces an external focus of attention whilst using intrinsic
feedback mechanisms. For example ‘moving cup out’, ‘drawing an arc’, ‘starting
off’, ‘sliding down the broom’, ‘moving cup forward’ all involve stickers which pro-
vide information about whether the task was achieved. Additional verbal feedback
can be provided about the quality of the performance. By doing so, Mrs PJ would
benefit from gaining additional information that could be used to adapt the motor
programme and might be motivational (Schmidt & Wrisberg 2000 C). For example,
for the task of drawing the arc with speed variation, the feedback could be, ‘that was
a little slow’. This could be followed with an instruction such as, ‘for the next five
movements I would like you to draw the arc more quickly’, which reintroduces an
external focus of attention. For the ‘moving cup forward’ task, to gain shoulder pro-
traction, the feedback could be, ‘in the last movement your shoulder did not come far
enough forwards’, and this again should be followed up by providing an external focus
instruction.

Where possible, attentional is best focused towards the task objects.
In the tasks where KR is not explicit, words can be used to communicate the

outcome of the movement (EF) or the quality of the performance (IF). This would be
useful for the whole part practice tasks and perhaps the scapular setting task, where
KR may be difficult to see independently. The choice of whether to use EF or IF
feedback would depend upon how well the movement pattern was performed.
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Scheduling of feedback

Verbal feedback would not be given while the task was actually being performed.
Numerous studies in healthy subjects have shown that although concurrent feedback
may enhance performance during practice, in retention or transfer tests performance
is usually worse compared to conditions where feedback was provided after the
movement was completed (Park et al. 2000 B; Schmidt & Wulf 1997 B; VanderLinden
et al. 1993 B; Winstein et al. 1996 B). To the authors’ knowledge, there are no studies
comparing concurrent feedback with feedback after the movement in patients with
stroke, so it is uncertain as to whether this finding in healthy subjects is also true
for stroke subjects. The tasks practised in some of the studies with healthy subjects
are similar to the tasks being practised here, however (Schmidt and Wulf, 1997 B;
Winstein et al. 1996 B), so the findings are being cautiously applied. Similarly, because
feedback that is delayed for several seconds after the movement is completed is
demonstrably better than feedback given immediately after the movement in healthy
subjects (Swinnen et al. 1990 B), the feedback given to Mrs PJ would be delayed for
a few seconds. The explanation for these results is that both concurrent feedback and
feedback immediately after the movement may prevent spontaneous error estimations,
and encourage a dependency on extrinsic feedback (Van Vliet & Wulf 2006 R).
Regarding concurrent feedback, an exception would be made for practice using virtual
reality computer games, which typically include on-line feedback as part of the design.

Mrs PJ would not receive feedback on every attempt of a task, in order to encourage
self-evaluation via the patient’s own intrinsic feedback processes and greater move-
ment stability (Salmoni et al. 1984 B; Schmidt 1991 B). Two studies of stroke patients
and one of brain-injured patients demonstrate that a reduced feedback frequency can
lead to better retention of a task. The two most relevant studies to this case, in which
the subjects were learning an arm lever positioning task (Winstein et al. 1999 A) and
a linear arm positioning task (Thomas & Harro 1996 B), found that feedback on 60 %
of attempts led to better consistency of performance than feedback on 100 % (in the
first study), and better movement accuracy with either 33 % or 67 % compared to
100 % (in the second).

Summary, average or bandwidth feedback would be used to reduce feedback fre-
quency. In summary and average feedback the learner is given feedback about a set
of trials (for example, five) after the set is completed. Where summary feedback
involves feedback about every trial, average feedback refers to the average perfor-
mance on that set of trials. Bandwidth feedback is given only when performance
error exceeds a certain tolerance level (Schmidt & Wrisberg 2000 C). There are two
papers showing support for these in brain-injured and stroke patients. One study
by Croce, Horvat and Roswal (1996 A), using a coincidence timing task, provides
some evidence for the effectiveness of summary and average feedback in individuals
with traumatic brain injury. Compared to groups that received no feedback (control)
or feedback after every trial, both summary and average feedback groups performed
more effectively on an immediate retention test, and the summary feedback group was
most accurate on a 24 hour retention test. A quasi-randomised study has examined the
effect of kinematic feedback via electrogoniometry for the purpose of limiting knee
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hyperextension (Morris et al. 1992 A). Peak knee hyperextension was improved more
than in the control group after a four week training period. The patients only received
feedback if the knee was extended past the 0◦ position (bandwidth feedback), but
there was no comparison to non-bandwidth feedback.

Several examples are now given of how summary, average and bandwidth feedback
would be used with the prescribed exercises. Bandwidth feedback could be used for
the ‘starting off’ exercise. The therapist would use visual observation to judge whether
the hand opening had begun before the hand had moved forward a distance of 5 cm.
If the therapist said nothing, the patient would know that their performance was
adequate. The 5 cm distance could be reduced to encourage the temporal coupling to
be tighter. Average feedback could be used for ‘holding ball’. A tape measure would
be used to ascertain the distance moved around the ball on each attempt. After 10
attempts, an average distance score would be communicated to the patient. Summary
feedback would work well for ‘sliding down broom handle’. The initial goal would
be to increase the time taken to slide down to a certain point from the start position,
in order to increase eccentric work of the shoulder flexors. A target time would be
set, and at the end of a set of attempts, the number of attempts which took at least the
target time would be communicated to the patient.

Wulf and Shea (2002 B; 2004 B; Wulf et al. 2002 B) caution that the learning
of relatively complex skills might not benefit from, and might even be degraded
by increasing the demands imposed on the learner by, for example, reducing the
frequency of feedback. Some of the tasks above might be seen as complex for a
stroke patient (although they are easy enough for a healthy person), so the response
of Mrs PJ to the reduced feedback frequency would be closely monitored, and the
frequency increased if necessary.

PRACTICE AND FEEDBACK IN LATER STAGES OF LEARNING

Once Mrs PJ could perform a skill as required, and showed some consistency of
performance, random and varied practice would be introduced. An example of the
timing of this introduction is shown in Table 4.4.

Feedback could become more precise (Gentile 1987 C), for example, she could
receive feedback on the number of degrees of movement in ‘moving cup out’ or the
number of millimetres moved in ‘holding ball’. The frequency of feedback could
be further reduced and when summary feedback was used, the number of attempts
before feedback was given could be increased (Guadagnoli et al. 1996 B; Schmidt
et al. 1990 B; Yao et al. 1994 B). If video was used in the later stages, self-evaluation
would be encouraged as this works better for more experienced learners (Herbert et al.
1998 B).
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5 Improving Walking After Stroke
Using a Treadmill

LOUISE ADA AND CATHERINE M. DEAN

CASE REPORT I

BACKGROUND

Mrs PG is 65 and lives with her husband, who is still working part time. She woke
up not being able to speak coherently and not being able to move the right side of
her body. The ambulance was called and she was admitted to hospital. It is now
Day Six.

MEDICAL STATUS

Diagnosed having had a stroke. Conscious. On blood pressure lowering medication.

IMPAIRMENTS

Weakness – severe in most lower limb muscles and all upper limb muscles.
Incoordination – unable to be assessed due to severe weakness.
Spasticity – no spasticity – Tardieu scale score X = 0 at V3 (fast velocity) during

ankle dorsiflexion and elbow extension.
Sensation – normal.
Language – expressive aphasia so she understands 90 % but can only communicate

about 40 % of what she wants to say.
Cognition – normal.
Perception – normal.

ACTIVITY LIMITATIONS

Standing – cannot stand independently, needs help from one person.
Walking – cannot walk independently, needs substantial help from two people.
Use of upper limb – no voluntary movement at any joint.

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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QUESTION 1

Should treadmill training with body weight support (BWS) be used to retrain walking?
The first step in answering this question is to decide on the outcomes of interest.

Given that Mrs PG is non-ambulatory, whether or not treadmill training with BWS is
effective at establishing walking will be of prime interest. Furthermore, the quality
of the walking produced by the training will be of interest. There are numerous
outcome measures which evaluate walking, ranging from performance-based tests
(such as the 10-m Walk Test (Wade 1992)) to ordinal scales (such as Item 5 of the
Motor Assessment Scale for Stroke (Carr et al. 1985)). The most commonly used
measure in clinical trials is the 10-m Walk Test, probably because it is simple to carry
out, reliable, and yields continuous data. Furthermore, the most common parameter
reported is walking speed and, while not measuring quality of walking directly, it
nevertheless reflects qualitative gait parameters such as step length and cadence. This
relationship is described in the equation:

Speed = stride length × cadence

120

Therefore, proportion of patients walking and the 10-m Walk Test are probably the
best measures reflecting the outcomes of interest.

The next step in answering the question is to look for evidence of whether treadmill
training improves the proportion of people walking independently, or the quality of
walking. Considering the highest levels of evidence first, there are two systematic
reviews assessing the efficacy of treadmill training with BWS after stroke. The ef-
ficacy of treadmill training with BWS was considered in a review by Van Peppen
and colleagues (2004 A). They concluded that treadmill training with BWS does not
improve walking speed or ability although it does appear to improve walking en-
durance. However, most of the participants in the trials included in this review were
already walking and so this finding is of limited use in answering the question. The
efficacy of treadmill training with BWS was also considered in a Cochrane review by
Moseley and colleagues (2005 A). They did separate their analyses into those who
were non-ambulatory versus those who were ambulatory. They report that there is
no greater risk of being non-ambulatory or a dependent walker if treadmill training
with BWS is used than if other more conventional interventions are used (RR 1.1,
95 % CI 0.9 to 1.3). This finding was based on 178 participants in five randomised
trials (da Cunha Filho et al. 2002, Kosak et al. 2000, Nilsson et al. 2001, Scheidtmann
et al. 1999, Werner et al. 2002 A). Furthermore, walking speed was no different as
a result of the interventions (WMD –0.01 m/s, 95 % CI –0.08 to 0.06). This finding
was based on 148 participants in four randomised trials (da Cunha Filho et al. 2002;
Kosak et al. 2000; Nilsson et al. 2001; Werner et al. 2002 A). The more conventional
therapy used in these trials was always exactly matched for frequency and duration
and was usually carried out for 20–45 minutes, five days a week. Two trials used a
motor learning approach (da Cunha Filho et al. 2002; Nilsson et al. 2001 A), while
one trial used a neurophysiologic approach (Scheidtmann et al. 1999), one used an
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orthopaedic approach (Kosak et al. 2000 A), and one used another walking device
(Werner et al. 2002 A).

Given that treadmill walking with BWS is no more or less effective than the same
amount of conventional therapy, the decision of whether to undertake it with Mrs PG
will have to be made on other factors. Such factors are the efficient use of staff time,
the amount of practice likely to be undertaken during overground walking versus
treadmill walking, and Occupational Health and Safety. At the moment, it takes two
therapists to help Mrs PG practise the whole task of walking overground. While this
was controlled in the randomised trials, it is unlikely two staff members will be free
to help her for very long in ordinary clinical practice. Walking on the treadmill with
BWS means that she may only need the help of one therapist to move her affected leg
forward in swing phase, even if it takes two people to assist her onto the treadmill. It
is likely to be easier to move Mrs PG’s leg during swing when she is in one place on
a treadmill than to support it during swing and stance while she is trying to progress
overground (since it does not matter if the knee flexes during stance, as the body is
supported). Treadmill walking with partial weight support via an overhead harness
provides the opportunity to complete larger amounts of walking practice, for example,
even if patients only walk for five minutes at a slow speed of 0.2 m/s supported on
a treadmill, they will ‘walk’ 60 m (Crompton et al. 1999 C). It is likely, therefore,
that Mrs PG will undertake more practice of the whole task of walking if she does
treadmill training with BWS.

Taking into account all the evidence, treadmill training with BWS should be an
intervention capable of establishing walking in Mrs PG.

QUESTION 2

How should treadmill training with BWS be applied to improve the likelihood of the
patient becoming ambulatory with good quality of walking?

To answer this question, observational studies of treadmill and overground walk-
ing after stroke can be examined. These studies compare walking overground with
walking on a treadmill with BWS in stroke patients who are just walking or walking
with difficulty (Chen et al. 2005a, 2005b; Hassid et al. 1997; Hesse et al. 1997 A).
One of the common findings is that by adding BWS, the symmetry of walking is
improved, due to the increased time the affected leg spends in single stance phase.
However, there may be a limit to how much support should be given. Hesse and col-
leagues (1997 A) compared 0, 15, 30, 45 and 60 % BWS. They found that over 30 %
BWS resulted in markedly abnormal muscle activity in six lower limb muscles they
examined. This has resulted in a maximum of 30 % BWS becoming something akin
to an industry standard. Perhaps the most useful information comes from Chen and
colleagues (2005a, 2005b A), who systematically varied BWS, speed of treadmill,
stiffness of the support harness, and support from a handrail. They found that different
factors were helpful in different aspects of walking. For example, increasing BWS
combined with support from a handrail produced the most symmetrical walking in
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terms of time spent in single stance phase, whereas increasing speed increased energy
at toe-off. Increasing the stiffness of the support harness increased energy cost during
swing phase, which may be both good and bad. Sullivan and colleagues (2002 A)
carried out a randomised trial comparing three treadmill speeds during training with
BWS for patients who could walk but walked slowly. They found that the fastest
treadmill speed increased final overground walking speed by 0.13 m/s (p = 0.02)
more than the two slower speeds.

It makes sense to examine how the treadmill training with BWS was carried out
for the non-ambulatory participants in the randomised trials used in the Cochrane
review (da Cunha Filho et al. 2002; Kosak et al. 2000; Nilsson et al. 2001; Werner
et al. 2002 A). The training was carried out for 20–45 minutes every weekday. All
studies report manipulating BWS and treadmill speed to progress training. Initial BWS
varied from 10–100 % across trials. Number of therapists assisting, whether support
from a handrail was allowed, whether shoes were worn, and whether the ankle was
splinted, were reported variably across trials. Perhaps the most specific information
on the interaction between treadmill speed and BWS comes from da Cunha Filho and
colleagues (2002 A). They report that BWS was started at 30 % and decreased until
knee flexion during stance was no more than 15◦. When normal step length could be
taken consistently, the speed of the treadmill was increased incrementally, by 0.01 m/s
at a time.

We have gained some additional insights into training non-ambulatory people after
stroke through carrying out a large, multicentre randomised trial which is expected to
be finished in mid 2007 (http://www.clinicaltrials.gov Identifier NCT00167531 C).
Our experience during this trial suggests that attention should be directed to several
areas – support of the patient, method of therapist assistance, and progression of
training. If the patient is severely disabled, it is more efficient to apply the harness in
lying, transfer them to the treadmill by wheelchair, and use the automatic lift function
to lift them into standing, than to put the harness on in sitting and get them to stand up
by themselves. If the affected arm has no voluntary muscle activity, use a firm sling
to support it, but if there is some activity, put the hand to the handrail using a bandage
or a weightlifting splint (see Figure 5.1). We have found metronomes to be useful
in enhancing rhythmical stepping and thereby directing step length; for example,
slowing the metronome down will result in alternate feet staying on the ‘ground’ for
longer. The most difficult job for the therapist is to lift the affected leg through during
swing phase (Figure 5.2a). When the leg is very weak, a length of theraband can be
tied from the front of the shoe to the front bar of the treadmill, which will serve to pull
the leg forward when the weight is released (Figure 5.2c). Alternately, the affected
foot can be placed in a pillow slip and twisted at the front (Figure 5.2b) so that the foot
can be lifted from the toe, thereby enhancing dorsiflexion of the ankle. The therapist
can sit on a chair turned backwards, which will support the trunk, making lifting
the affected leg easier. It is important that the therapist assists the leg only in swing
phase, and encourages the patient to extend their lower limb during stance, allowing
the BWS to prevent the patient collapsing. To progress the training, when step length
is consistently normal, we increase the speed until step length is compromised. When
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Figure 5.1. Using a splint to support the affected hand on the hand rail.

the knee can be held straight during stance phase, we reduce the BWS. We have found
that an easy transition is made to overground walking when the patient can walk on
the treadmill at 0.5 m/s with ≤ 10 % BWS.

PLAN: TO ESTABLISH GOOD QUALITY WALKING IN MRS PG

A specific intervention plan, based on the above evidence, to carry out treadmill
training with BWS for Mrs PG using a treadmill and overgound BWS system, is
outlined below:

Gain medical clearance and consent to participate in exercise programme

Consult with Mrs PG’s treating doctor to organise medical clearance to participate in
treadmill walking training with BWS. Put harness on in lying and make sure Mrs PG
is wearing shoes. Apply triangular sling to affected arm. Wheel Mrs PG onto treadmill
in a wheelchair. Use the automatic lift function to lift her into standing. Given that
Mrs PG has communication problems, modified safety procedures will have to be put
in place. Attach safety strap, have relative or aide standing by emergency stop switch
and teach Mrs PG a signal to indicate that the treadmill should be stopped.

Initial treadmill and BWS programme

To begin with, do not run the treadmill. Allow Mrs PG to hang on to a handrail.
Increase BWS to 30 % in standing and make sure knee of affected leg is bent no more
than 15 degrees. If it is, increase BWS. Put Mrs PG’s affected foot in a pillow slip



JWBK139-05 JWBK139-Partridge January 8, 2007 17:14 Char Count= 0

IMPROVING WALKING AFTER STROKE USING A TREADMILL 113

(a) (b)

(c)

Figure 5.2. Using a) custom-made splint, b) pillowcase, and c) theraband to assist with lifting
the affected leg forward during swing phase.
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and twist at the front. Turn on a metronome at a frequency which matches the highest
cadence that Mrs PG can manage. Sit on a low stool and help Mrs PG to walk on
the spot in time with the rhythm by using the right hand to flex the knee and the left
hand to lift the twisted part of the pillowcase. Then turn the treadmill on as slowly as
possible. Mrs PG should keep walking in time with the metronome – the metronome
frequency and the treadmill speed will determine her step length. Lift the affected leg
forward during swing phase but encourage Mrs PG to extend her lower limb during
stance and allow the BWS to hold her up. Count steps for encouragement and take a
rest every two minutes at first.

Progressing treadmill and BWS programme

Increase step length by slowing down the metronome. When step length is increased,
increase the speed until step length is compromised. When Mrs PG can straighten her
knee from the 15 degrees, reduce the BWS. Continue to alternate these two strategies
until she is walking at 0.5 m/s with ≤ 10 % BWS. At this stage begin to do overground
walking with BWS.

Overground and BWS programme

Lock the wheels of the support frame so that it will only run in one direction. Put
markers on the floor to increase step length and constrain step width. Apply only the
trunk/pelvis part of harness, firmly. Push the support frame as Mrs PG walks forwards
and then backwards overground. Progress by loosening the vertical support straps,
getting Mrs PG to push the frame herself, and increasing step length and decreasing
step width (see Figure 5.3).

Monitoring progression and enhancing compliance

At the beginning, record the number of steps to provide encouragement. Then, as
ability improves, record distance covered on treadmill, highest speed and lowest
amount of BWS – graph to provide motivation to improve. Record distance, step
length and width during overground walking with BWS. As independent walking
overground is possible, use 10-m Walk Test at the same time every week to monitor
progress. As well as timing over the 10-m, count the number of steps and calculate
average step length and cadence.

CASE REPORT II

BACKGROUND

Mr IB is 70 and lives alone. He has a very supportive daughter nearby, although she
is busy bringing up four children. He suffered a stroke two years ago. Recently he has
felt that his walking has deteriorated, and has approached a physiotherapy ambulatory
care service for help.
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Figure 5.3. Using a portable system to practise overground walking. Harness is for safety
only. Markers on the floor encourage a long step length and narrow step width (refers to Case
Report II).

MEDICAL STATUS

On blood pressure lowering medication.

IMPAIRMENTS

Weakness – moderately strong in lower limb muscles.
Incoordination – slight problem with incoordination in both upper limb and lower

limb.
Spasticity – mild spasticity – Tardieu scale score X = 1 at V3 (fast velocity) during

ankle dorsiflexion and X = 2 during elbow extension.
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Contracture – loss of 10◦ ankle dorsiflexion.
Sensation – tactile and kinaesthetic sensation moderately impaired.
Language – normal.
Cognition – slight memory loss.
Perception – normal.

ACTIVITY LIMITATIONS

Standing – can stand with feet together and look over both shoulders without falling
or having to take a step, but uses arms.

Walking – can walk independently, but very slowly and carefully at 0.6 m/s and 190 m
in six min.

Use of upper limb – can use for support but not manipulation of objects (mostly due
to loss of sensation).

QUESTION 1

Should treadmill training be used to improve community ambulation?
The first step in answering this question is to ascertain which of the commonly used

walking outcome measures is the best indicator of community ambulation. There are
numerous outcome measures which evaluate walking, ranging from performance
based tests such as the 10-m Walk Test or 6-min. Walk Test, to ordinal scales such as
Item 5 of the Motor Assessment Scale for Stroke, to self-reported questionnaires such
as the Walking Impairment Questionnaire (Regensteiner et al. 1990). One commonly
used performance based test is the 6-min. Walk Test, in which the distance covered in
six minutes is recorded. The 6-min. Walk Test measures sustained effort and therefore
reflects walking capacity, which is an essential component of community ambulation.
Moreover, the 6-min. Walk Test has well documented standardised procedures and
instructions, and there is normative data for persons aged between 40 and 80 years
(Enright & Sherill 1998). Previous research has highlighted the shortcomings of using
the 10-m Walk Test to predict walking capacity. Dean and colleagues (2001) measured
10-m Walk and 6-min. Walk Tests on healthy subjects and individuals after stroke, and
found that using performance on the 10-m Walk Test to predict that on 6-min. Walk
Test resulted in an overestimation of walking capacity. Therefore, of the commonly
used walking outcome measures, the 6-min. Walk Test is likely to be the best predictor
of community ambulation.

The next step is to look for evidence of whether treadmill training improves per-
formance on the 6-min. Walk Test. Considering the highest levels of evidence first,
there are two systematic reviews assessing the efficacy of treadmill training after
stroke. Moseley and colleagues (2005 A) have completed a Cochrane review and
reported the results of the review were not conclusive. There were no statistically sig-
nificant differences between treadmill training, with or without body weight support,
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and other interventions on walking speed or dependence. Secondary analysis indic-
ated that among people with stroke who could walk independently at the start of
treatment, treadmill training may improve walking speed. Moseley and colleagues
reported that the methodological quality of studies was poor and few studies reported
6-min. Walk Test. The efficacy of treadmill training with and without body weight
support was also considered in a review by Van Peppen and colleagues (2004 A).
They concluded that treadmill training with body weight support improved walk-
ing endurance and treadmill training without body weight support improved walking
ability as measured on the Functional Ambulation Category (Wade 1992). One of the
difficulties in analysing the data from these reviews is the difference in study design
and methodological quality. Studies have included ambulatory and non-ambulatory
individuals, acute and chronic individuals, and provided treadmill training with or
without body weight support as well as other interventions. For example, the studies
included in the Van Peppen review included individuals very early after stroke (10
days) as well as individuals 26 months after stroke.

Given that the evidence from the systematic reviews was in general supportive of
treadmill training, the next step in answering our question is to examine the trials
whose participants most closely reflect the characteristics of Mr IB, that is, someone
who walks independently at about half the speed of his age-matched counterparts,
two years after a stroke. Two randomised trials which examined individuals who
were ambulatory after chronic stroke fit this criterion. Ada and colleagues (2003 A)
examined the effect of a four week treadmill and overground walking programme,
consisting of three 30 minute sessions a week, compared to a placebo of low intensity
home exercises. Macko and colleagues (2005 A) examined the effect of six months of
three 40 minute progressive aerobic (60–70 % heart rate reserve) treadmill sessions
per week, compared to six months of three 35 minute sessions of supervised stretching,
and five minutes of low intensity (30–40 % heart rate reserve) treadmill walking, per
week. Both studies found a significant effect on walking capacity measured using
the 6-min. Walk Test. The between-group effect size reported by Ada and colleagues
immediately following the four week programme was 86 m (95 % CI 44 to 128), and
three months later was 30 m (95 % CI 0 to 60). Macko and colleagues reported a
between group effect of 43 m (p = 0.02). Ada and colleagues also reported a greater
increase in walking speed and step length with treadmill and overground walking
training compared with the sham intervention.

In addition to the trials that match Mr IB’s characteristics, there is more evidence
(although at a weaker level) which suggests treadmill walking may be a useful in-
tervention to improve both the speed and capacity of walking in such patients. In
uncontrolled trials of chronic stroke patients, treadmill walking has been associated
with increases in strength (Smith et al. 1998, 1999 A), decreases in energy expendi-
ture (Macko et al. 1997, 2001 A), as well as increases in walking speed and quality
(Silver et al. 2000 A).

Taking into account all the evidence, treadmill training should be an intervention
capable of improving Mr IB’s community ambulation.
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QUESTION 2

How should treadmill training be applied to improve community ambulation?
The most logical approach to answering this question is to examine how the in-

tervention was implemented in the two trials which provided evidence that treadmill
walking was effective in improving six minute distance (Ada et al. 2003; Macko
et al. 2005 A). Macko and colleagues’ training programme was six months, 10–40
minute sessions, three times a week. The sessions were characterised by progressive
increases in duration (five minutes per session every two weeks) and in aerobic in-
tensity (5 % Heart Rate Reserve every two weeks, achieved by increasing the speed
of the treadmill). Training speed increased from 0.48 ± 0.3 m/s at baseline to 0.75 ±
0.3 m/s at six months, and training duration increased from 12 ± 6 minutes to 41 ±
10 minutes at six months.

Ada and colleagues implemented a training programme three times a week for
only four weeks. The training sessions comprised 30 minutes of walking, which
took about 45 minutes to accomplish. Each session consisted of both treadmill and
overground walking, with the proportion of treadmill walking decreasing by 10 %
each week, from 80 % in Week One to 50 % in Week Four. Subjects received individual
training from a physical therapist; however, there was some opportunity for social
interaction since two subjects were trained concurrently. The programme was carried
out in a community setting and transport was provided if necessary. The treadmill
walking component was structured to increase step length, speed, balance, fitness, and
automaticity. To increase step length, the treadmill was run at a comfortable speed
and instructions such as ‘walk as slowly as possible’ or ‘take as few steps as possible’
were used. When a normal step length was observed, the speed of the treadmill
was increased (until step length was compromised). When maximum speed was
achieved, balance was challenged by reducing the degree of hand support, and fitness
encouraged by increasing the incline of the treadmill, thereby increasing workload.
Finally, automaticity was promoted by presenting the subjects with a concurrent
cognitive task (Canning et al. 2006 A; Paul et al. 2005). The cognitive task consisted
of matching the word ‘red’ with the response ‘yes’, or the word ‘blue’ with the
response ‘no’ (Bowen et al. 2001 A).

The overground walking component aimed to reinforce improvements in walking
pattern and speed achieved on the treadmill. To reinforce the increased step length,
visual cues were used in the form of non-slip footprints, which were laid at intervals
normal for that subject’s height. As step length approximated normal, subjects were
encouraged to walk faster and were timed for feedback. Step width was reduced and
balance challenged by forcing subjects to walk within one floor tile or walk along
a line forwards, sideways and backwards. Workload was increased by introducing
stairs and slopes to overground walking practice, and automaticity was promoted
by the introduction of dual tasks. Subjects walked continuously around an outdoor
circuit, which included curbs, slopes, stairs and rough terrain, while conversing with
the trainer.
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The immediate improvement in walking capacity measured by the 6-min. Walk
Test was greater in the Ada and colleagues study than in Macko and colleagues.
As described above there were differences in the programmes, which may account
for these results. Macko and colleagues only used treadmill training, with increas-
ing speed and session duration, whereas Ada and colleagues’ programme involved
treadmill and overground walking, focusing not only on fitness but also on quality
and automaticity of walking. There is other evidence to suggest that the content of a
treadmill walking programme is important in determining effectiveness. For exam-
ple, Pohl and colleagues (2002 A) have shown the importance of manipulating the
speed of the treadmill to achieve increases in overground walking speed. However,
it has been shown that stroke patients generally achieve higher walking velocities by
increasing their cadence rather than step length (Wagenaar et al. 1992 A). We there-
fore suggest that treadmill training programmes should include overground walking
components where increases in walking speed and step length are encouraged. The
improvements in walking capacity were not maintained in the Ada and colleagues
study, which suggests that the one month duration was insufficient and that treadmill
programmes should be of longer duration, such as the six months used by Macko and
colleagues.

Based on the strategies implemented by Macko and colleagues and Ada and col-
leagues, we would recommend a treadmill and overground programme of 30 to 40
minutes three times a week for four to six months, with training aimed to increase
speed, step length, aerobic intensity and automaticity.

PLAN: TO IMPROVE MR IB’S COMMUNITY AMBULATION

A specific intervention plan for Mr IB, based on the above evidence, is outlined below:

Gain medical clearance and consent to participate in exercise programme

Consult with Mr IB’s treating doctor to organise medical clearance or stress test (as per
ASCM guidelines) to participate in a treadmill and overground walking programme
aimed at improving walking capacity and aerobic fitness.

Clinical facility: supervised treadmill overground walking programme focused
on improving step length

Arrange for Mr IB to attend ambulatory care/out-patient setting three times a week for
two weeks. Negotiate with his daughter to provide transport or organise community
transport. At the initial session, determine if other impairments are interfering with
walking and if so recommend treatment or adaptation. Mr IB’s impaired sensation
may be a reason he cannot walk backwards, since in this situation he has no peripheral
vision of his feet. Commence a supervised treadmill and overground walking pro-
gramme focusing on increasing step length and then increasing speed and step length.
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Include a warm up, involving stretches of the calf and hip flexor muscles against a
wall, before Mr IB gets on treadmill.

Local gym: treadmill training focusing on aerobic training

Consult with Mr IB and his daughter to find a local gym with a treadmill which Mr
IB can access without relying on her for transport. Use a heart rate monitor (pulse
monitor on treadmill) and aim to build up to training at 60–70 % of heart rate reserve
for 30–40 minutes, three days a week for 8–12 weeks. Involve a personal trainer if
Mr IB can afford it, and have the trainer monitor frequency, intensity and duration
as well as encourage long steps. Therapist to call Mr IB one to two days a week to
monitor the programme and enhance compliance.

Clinical facility: supervised treadmill and overground programme
focused on automaticity

Arrange for Mr IB’s daughter to bring him into the ambulatory care setting three days
a week for two weeks. In these sessions, work on automaticity by introducing dual
tasks, both on the treadmill and on an outdoor circuit with slopes, curbs and gutters.

Home visit

Devise a maintenance programme which Mr IB is contracted to complete. It should
involve walking in his own community, for example, to the shops, around the block,
accessing public transport. It may include continued attendance at the gym.

Monitoring progression and enhancing compliance

Organise regular weekly phone calls to discuss and progress monitoring programme.
Institute formal reviews either in the community or at the facility to measure his
walking using the 6 min. Walk Test every one to two months and progress his pro-
gramme accordingly. In addition, a maintenance programme needs to be instituted
and regularly reviewed to ensure that gains in walking capacity and improvements in
physical activity are maintained over the long term.

CONCLUSION

In this chapter we have presented two cases in which treadmill training has been
considered as an intervention to improve walking after stroke. We have highlighted
the fact that the challenge for clinicians is to determine the most appropriate in-
tervention in light of current high level evidence (systematic reviews, randomised
controlled trials), weaker evidence (uncontrolled trials), observational studies, clini-
cal experience and common sense. We argue that, while there is no conclusive high
level evidence that treadmill training is effective, for other reasons treadmill training
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is worthy of implementation, and have given practical advice about how to imple-
ment treadmill training, both to establish walking in a non-ambulatory patient and to
improve ambulation in a person residing in the community. The intervention plans
reflect a balance between current evidence, clinical experience and common sense. It
is essential they are regularly reviewed and updated as new evidence comes to light.
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6 Treatment of the Upper Limb
Following Stroke: A Critical
Evaluation of Constraint Induced
Movement Therapy

MARTINE NADLER

BACKGROUND

In this chapter I am going to consider the role of constraint induced movement therapy
in the treatment of Mr BB, a 46 year old, right handed furniture salesman who
suffered a stroke two years ago. Prior to his stroke, he was fully independent and
was a keen badminton player, night-clubber and salsa dancer. He lived alone in a first
floor flat and although he had little family leaving nearby, he had a circle of close
friends.

DIAGNOSIS

Mr BB presented in dramatic fashion, suffering a sudden onset left hemiplegia. In-
vestigation showed that this stroke was caused by a large right hemisphere cortical
haemorrhage from the rupture of an arterio-venous malformation (AVM). The AVM
was treated by surgical clipping. His symptoms were so severe that he remained in
a specialist neuroscience centre for over six months and then needed six months of
out-patient physiotherapy. In the early stages, when he was sufficiently medically
stable to tolerate therapy, he had no sitting balance and pushed to the left. In addition
to the marked physical impairments which proved such a challenge to therapy, he
also had neglect of the left side. However, the paralysis was thought to be, and was
treated as, the dominant feature. The arm was included in physiotherapy treatment,
but at that stage it had little measurable effect.

Mr BB was discharged after a year. At his best, he was walking independently
without aids. However, he needed an ankle foot orthosis for a persisting left foot-
drop. He was unable to use his left hand at all and it hung limply by his side while
walking.

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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SUBJECTIVE REPORT TWO YEARS AFTER STROKE

Over the year following discharge (and second year following stroke) Mr BB returned
to full-time work. He adapted his work tasks to allow them to be accomplished using
just the right hand. However, he could do no tasks (for example heavy lifting) that
required both hands. He also adapted his lifestyle and although totally reliant on his
right hand, he was fully independent. With the help of a specialist mobility centre, he
even learnt to drive an automatic car, with a steering wheel knob adaptation enabling
him to steer with one hand.

Mr BB was a highly motivated individual and keen to improve the use of his stroke
affected arm. He was fed up of having to rely on only one arm. He considered his left
arm a ‘useless limp object’ and worried that it adversely affected his appearance and
hindered his dancing. His goal was for his arm to look more normal when walking
and dancing and to have some useful function back.

OBJECTIVE EXAMINATION TWO YEARS AFTER STROKE

Mr BB’s clinical picture was highly unusual. All the main muscles of his left stroke
arm and shoulder were severely atrophied and the arm hung limply by his side, but in
spite of this he was able to produce excellent selective movements of the fingers and
thumb. For example, he could rapidly tap his thumb to each of his fingers in turn. The
identification of these fractionated finger movements was very important because it
indicated that there was significant corticospinal tract innervation to these muscles.
The corticospinal tract is the most important motor tract, connecting the motor cortex
via the anterior horn cells in the spinal cord to the peripheral muscles. It is the only
tract that enables fine finger movements to be carried out. If the corticospinal tract
is still innervating as far distally as the fingers it is very likely that more proximal
innervation of the arm muscles is present, even if not used. Our hypothesis was that the
dyspraxia that Mr BB had exhibited from the start was now the major factor restricting
the use of his left arm. He should theoretically be able to activate the proximal muscles
of the upper limb.

For this discussion I shall define dyspraxia as the inability to execute previously
learnt motor patterns.

SUMMARY

Following recovery from the stroke, Mr BB was walking independently and wore an
ankle foot orthosis (AFO) on the left leg. His left upper limb had no useful activity.
There was atrophy visible in all the muscle groups. Weakness was demonstrable in all
groups but sensation was normal throughout. There was active wrist extension to the
neutral position. He had a full active range of selective finger extension and flexion,
and selective grasp and release.
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ASSESSMENT AND OUTCOME MEASUREMENTS

MEASUREMENT OF FUNCTIONAL UPPER LIMB ACTIVITY

There are many assessment tools available. Some of the more popular in clinical
practice are the Motor Assessment Scale (Carr et al. 1985), Action Research Arm
Test (Lyle 1981) and Motricity Index (Demeurisse et al. 1980). A comprehensive
overview of these and other measurement tools is contained in Wade (1992).

MEASUREMENT OF MUSCLE WEAKNESS

The muscle weakness following stroke can be graded using the MRC Oxford Scale of
muscle strength, or measured using a hand-held myometer. This instrument measures
the maximum isometric muscle strength in a standardised position (Bohannon 1989).

MEASUREMENT OF JOINT RANGE

Active and passive ranges of upper limb joint movement should be measured with a
goniometer.

MEASUREMENT OF LOWER LIMB FUNCTION

Having a non-functioning arm may impact on the quality and speed of walking. This is
because the stroke arm acts as a dead weight, dragging on and changing the alignment
of the trunk and making it more difficult to balance on the stroke leg. Therefore it
is important to measure the walking ability. The self-paced 10 metre timed walk
(Bradstater et al. 1983) is a good tool for this purpose.

GENERAL PRINCIPLES OF TREATMENT

Mr BB had clearly adapted extremely well to using his sound right upper limb to
compensate for the deficits in the left stroke hand. However, examination revealed
that he had some recovery of the left stroke hand but failed to utilise this potential.
Taub and colleagues have hypothesised that a proportion of the motor deficits in the
upper limb which persist after stroke may result from learned behaviour, which they
call ‘learned non-use’. The process may be summarised as follows. In the initial stages
after a stroke, the patient is unable to use the stroke affected upper limb due to the
neural damage. If the patient finds use of the stroke hand futile, he adapts and learns
not to try to use it. Instead he learns to compensate, relying on the healthy hand to
function. Later, there may be some recovery in the stroke hand but by then, the patient
has learned not to use it. Thus, recovery is masked by ‘learned non-use’ (Taub et al.
1993 A; Taub et al. 2002 R).
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Constraint induced movement therapy (CIMT) is a therapeutic approach which
combines intensive training of the stroke affected upper limb with the wearing of a
restraint (for example a sling or a mitten) on the non-stroke arm. The rationale is
that by combining these two elements (intensive practice and restraint), the learned
non-use may be reversed and the full potential of the upper limb function realised,
with sustained functional improvement.

WHAT DOES CONSTRAINT INDUCED MOVEMENT
THERAPY INVOLVE?

Traditionally, CIMT involves six to seven hours of behavioural shaping therapy, with
a therapist providing individual input to a patient, every weekday for two consecutive
weeks. Out of therapy, the patient wears a restraint on the sound side for 90 % of their
waking hours.

Behavioural shaping is an approach developed from the field of neuropsychology
and is:

. . . a training method in which a desired motor or behavioural objective is approached in
small steps by “successive approximations” so that the amount of improvement required
for successful performance at each step is always small. Taub & Wolf 1997 R.

This intensive CIMT input has been shown to provide lasting improvement in stroke
upper limb function up to two years post-study (Kunkel et al. 1999 A; Miltner et al.
1999 A; Taub et al. 1993 A). This was measured using the Wolf Motor Function
Test, which measures limb movement, and the Motor Activity Log (including Actual
Amount of Use Test and Quality of Movement), which measures how much the patient
uses their stroke limb for a series of tasks in ‘real life’ during the day. Delivering
the same quantity of CIMT over a longer time frame (for example, three hours of
behavioural shaping during weekdays over four weeks) showed similar functional
improvement (Dettmers et al. 2005 A). Sterr et al. (2002 A) have tested patients
undergoing three hours of behavioural shaping per day, compared to six hours per
day, for a fortnight. In their small randomised controlled trial (n = 15), both groups
showed significantly improved arm function, but effects were greater in the group
who underwent six hours daily than in those who underwent three hours daily (Sterr
et al. 2002 A).

Behavioural shaping is not part of a typical physiotherapy treatment repertoire,
although physiotherapists may informally use similar principles. For example, they
adapt their treatment so that the patient practises activities which are achievable with
a little assistance. Practising tasks which are too easy is unlikely to promote motor
learning or improve function and, conversely, very difficult tasks fail to improve
function due to lack of motivation.

The CIMT protocol as outlined by Taub’s group is a costly use of resources, with
one therapist treating an individual patient for six to seven hours a day. In order to
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identify how practical this approach would be, a survey was carried out in the USA.
Results showed that 68 % of patients with stroke reported that they would not like
to participate in the standard CIMT protocol. Of those who would participate, two
thirds said that they were unlikely to adhere to the protocol. In addition, over 60 %
of therapists surveyed felt that non-compliance would be a problem, and the majority
felt that there was a lack of resources or facilities (Page et al. 2002 A).

QUESTION 1

Is a constraint induced movement therapy approach appropriate for Mr BB?
The inclusion criteria are that patients can actively produce 20 degrees of wrist

extension and 10 degrees of finger extension (stroke side), can walk safely without a
walking aid, lack cognitive impairment, and are more than a year post-stroke. Mr BB
fits these inclusion criteria.

However, Mr BB was unable to have CIMT delivered according to this strict pro-
tocol because the physiotherapist did not have the specialist training in behavioural
shaping and there were inadequate resources to deliver this intensity of treatment in
the current NHS climate.

QUESTION 2

Can a modified constraint induced movement therapy be used to improve stroke upper
limb function?

A very valuable lesson from CIMT is the importance of repeated practice and
intensive use of the stroke upper limb. The CIMT programme may be modified in
four ways. Firstly, rather than strictly adhering to behavioural shaping principles,
practice of specific activities of daily living or components of these using his stroke
hand could be included. Secondly, treatment could be given in a group setting. Thirdly,
time spent in group therapy could be reduced, with the patient undertaking to practice
specific tasks set for him in his own time. Fourthly, restraint could be used during
therapy time alone.

The evidence for modified CIMT comes from a number of studies. The largest was
a randomised controlled trial of 66 patients (Van der Lee et al. 1999 A). In this study,
all patients were treated in groups of four, supervised by one to two therapists per
group. The experimental group of patients received forced use treatment (ADL type
activities) for two weeks (six hours per day) and wore a restraint on the non-stroke
side in therapy sessions, keeping a log of how much it was worn during waking hours.
The control group had equally intensive input (without restraint), which comprised
bi-manual training for the same time period using the neurodevelopmental technique.
One week after the intervention, results showed small but significant improvement
in the experimental group compared to the control group for the Action Research
Arm Test (dexterity measure) and for the Motor Activity Log (Actual Amount of Use
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Test) post-treatment. However, at one year follow-up, significant differences were
only apparent in the Action Research Arm Test. On closer analysis, the subgroups
that benefited most from forced use were patients with hemi-neglect and sensory
problems (Van der Lee et al. 1999 A).

This amount of input may still be difficult to deliver with current resources. A small
study (n = 6) tested a different modified form of CIMT. 30 minutes of physiotherapy
combined with 30 minutes of occupational therapy three times a week for 10 weeks,
combined with five hours of task practice with restraint a day at home, produced
functional improvement on the Fugl-Meyer, Wolf Motor Function Test and the Action
Research Arm Test (Page et al. 2001 A). Improvements were not noted in the patients
who underwent conventional treatment or had no treatment at all. In another study,
Johansen-Berg et al. (2002 A) gave a small group of chronic stroke patients (n = 7)
a 30 minute programme of graded exercises to be carried out twice daily for two
weeks while wearing a restraint on the healthy upper limb; either a sling or a
mitten depending on whether the healthy arm was needed for balance. Results
showed improvements in grip strength in the affected hand (Johansen-Berg et al.
2002 A).

Therefore, I would explore the possibility of treating Mr BB with a modified form of
CIMT, depending on local resources. I would encourage him to take leave from work
and treat him in a group setting daily for two weeks. In this group setting, activities
could be carried out using a circuit format, where participants spend 10 minutes on
each task before rotating to the next one, as suggested by van der Lee (1999 A).
Examples could include ADL type activities, such as hanging clothes, opening pegs,
opening jars or tupperwares, and cutting fruit or vegetables. At the same time, I would
recommend that Mr BB wear a mitten on his healthy hand to discourage its use and
focus attention on learning to reuse the stroke hand. Given the muscle weakness and
atrophy, tasks might initially need to be carried out with gravity neutralised before
progressing to exercises against gravity.

As his treating physiotherapist, I would recommend Mr BB undertake five hours
of daily practice at home to reinforce the use of the stroke affected upper limb. In
order to maintain motivation and to access previous motor patterns I would dis-
cuss goals and tailor treatment accordingly, taking into account his occupation and
leisure interests. I would not recommend his wearing a restraint on his healthy hand,
both for safety reasons and because many functional tasks require the use of both
hands.

Thus, for Mr BB task practice might include holding a tape measure with both
hands. He could practise throwing a shuttlecock with his stroke hand to serve with his
right hand. He could start dancing with a partner using both hands. Given his plans to
return to studying, practising using a computer keyboard with both hands would be
useful. He could also try to hold the steering wheel of the car with his affected hand
while using his healthy hand to steer. Texting messages on his mobile phone would
recruit and refine thumb activity. The use of visual markers (for example, a red dot
on his glass, toothbrush, tap, shower control) could serve as a cue reminding him to
use his left stroke hand.
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QUESTION 3

Is there any evidence to suggest that neurophysiological changes accompany clinical
improvements?

A number of studies have used transcranial magnetic stimulation (TMS), delivered
to the motor cortex before and after chronic stroke patients underwent CIMT, using the
Taub et al. (1993 A) protocol. Liepert et al. (1998 A) have shown that, after two weeks
of CIMT, the number of active cortical sites and the area representation of the abduc-
tor pollicis brevis thumb muscle were increased and shifted on the stroke-affected
hemisphere. These cortical map changes were shown to accompany functional im-
provement (Liepert et al. 2000 A) and occurred after CIMT was carried out in addition
to, rather than after, conventional therapy alone (Liepert et al. 2001 A). The authors
hypothesised these cortical representation changes were due to increased cortical ex-
citability. This may result from decreased activity of local inhibitory interneurones,
unmasking of existing synaptic connections, and/or increased strength of existing
connections. These findings are supported by Wittenberg et al. (2003 A), who used
positron emission tomography to show more normal activation of the affected primary
sensorimotor cortex during movement of the affected hand, which they hypothesised
was due to more efficient recruitment of neurons. Using functional magnetic reson-
ance imaging, increased activation of the damaged pre-motor cortex correlated with
improved grip strength of the paretic hand (Johansen-Berg et al. 2002 A). It is unclear
whether the changes were due to wearing a restraint or to the intensive practice.

CRITICAL EVALUATION OF THE EVIDENCE

There is some evidence to suggest that CIMT or modified CIMT may be beneficial in
the rehabilitation of upper limb function following stroke. However, the most dramatic
changes have been reported in studies which are uncontrolled single or multiple case
series (Dettmers et al. 2005A; Kunkel et al. 1999 A; Miltner et al. 1999 A), rather
than in a randomised controlled trial. This may exaggerate the treatment effect and
fail to compare CIMT intervention with a control. In a review, van der Lee (2001 R)
considered that the evidence for the effectiveness of CIMT was somewhat limited
and concluded that it was simply the intensity of treatment delivered which was
responsible for the functional improvement, rather than the use of a restraint. The
author concluded that CIMT may not be a different treatment as such but simply
‘more of the same’.
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7.1 An Introduction to Current
Concepts of Pain

LESTER JONES

PAIN: A DEFINITION

Human pain is complex. It is a multi-dimensional subjective experience that can be

described as a perceptual response to all types of stimuli that threaten the person’s

homeostasis (Gifford 1998 C; Moseley 2003 C; Henderson et al. 2005 R). While pain

has also been described as a ‘multiple system output’ (Moseley 2003 C, p. 130), the

definition of pain that is presented here was developed by the International Association

for the Study of Pain (IASP). It states that: ‘Pain is an unpleasant sensory and emotional

experience associated with actual or potential tissue damage, or described in terms of

such damage’ (Merskey & Bogduk 1994 C, p. 210).

It will be valuable, for Chapters 7.1–7.3 focusing on pain, to consider this definition

in detail.

SENSORY COMPONENT

The first point to consider is quite unexciting: sensory processes are involved in the

perception of pain. This is nothing new. However, it is worth highlighting the term

nociception. Nociception describes the recognition of noxious1 stimuli by specific

sensory receptors (for example, nociceptors) and in turn the transmission of nerve

impulses to the central nervous system (for reviews, see Basbaum et al. 2005 R; Galea

2002 R). That is, it is a sensory physiological process that could be interpreted as the

sensory component of pain.

The second, more interesting point is that pain has a sensory component, that is, it

is not entirely sensory. Importantly then, nociception is not pain. This challenges the

traditional emphasis on tissue damage, inflammation processes and disease processes

in explaining pain.

1 Noxious stimuli are stimuli that are causing, or potentially could cause, tissue damage.

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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EMOTIONAL COMPONENT

According to the definition, there is also an emotional component to pain. It is easy

to establish a relationship between emotion and pain. Anyone who has stubbed a toe

or jammed a finger will recall the anger, distress or fear that was associated with their

pain perception – perhaps, they will reflect, disproportionately so.

The definition does not entail a mere relationship between pain and emotions, but

that pain actually has an emotional component. That is, whenever someone feels pain,

their emotional state is playing a part (Klaber Moffett 2000 C; Price 2000 R). Linton

(2005 A) identifies distress and pain catastrophising2 as strong predictors of onset

of back pain, possibly mediated by anxiety. This recognises the interdependence of

cognitive and emotional factors, and suggests it may be more accurate to consider a

cognitive-emotional component, rather than simply an emotional one. This is rein-

forced by evidence that education can have an effect on anxiety and post-operative

pain (Carr & Goudas 1998 R). A person’s perception of their own pain is therefore

influenced by both a sensory component and an emotional-cognitive component, and

physiotherapists need to strive to understand and manage both.

It may be helpful in understanding the cognitive-emotional component to consider

that depression, and other negative emotional states, can lead to a person feeling

globally vulnerable. As a result, the processing of all types of potentially threatening

stimulation detected by the various receptors of the body is prioritised. The nervous

system becomes hyperresponsive or hypervigilant;3 nociceptive processes become

sensitised, with an increased responsiveness to non-noxious sensory stimuli and re-

duced activation thresholds at nociceptors (Flor et al. 2004 A; Mitchell et al. 2000 R;

Villemure & Bushnell 2002 R). This enables low level stimuli to create activity in the

nociceptive system (for example, touch can cause pain). Links between depression

and pain (Williams et al. 2006 R) and anxiety and pain (Linton 2005 R) seem well

established. It could be that the person who perceives themself as vulnerable, is pre-

disposed to pain. In contrast, if the person can be made to feel less vulnerable, then

the state of the nervous system will be normalised, and the likelihood of feeling pain

may be reduced.

A more focused increase in nervous system responsiveness may apply when par-

ticular parts of the body are perceived as vulnerable. Fear of damage, re-injury or

increased pain may provide the emotional stimulus here, leading to the belief that a

particular part of the body is under threat. All incoming information from intero and

exteroceptors located in, or relating to, the body parts that are perceived as vulnerable

would therefore be potentially threatening. This could result in more attention from

the central nervous system, due to the need for action: protection or escape (Crombez

2 Pain catastrophising can be defined as a response to pain in which a person dwells on, or magnifies the

potential for, the negative consequences of their pain. It may include statements about inability to cope

with pain.
3 Hypervigilance can be considered to be a partly automatic response, where the brain attends to information

relating to a threat or fear, regardless of (and potentially competing with) the task the person is occupied

with (Crombez et al. 2005 R).
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et al. 2005 R). The combination of perceived threat and perceived need to act may be

fundamental to a person’s perception of their pain (Moseley 2003 C). As such, consid-

eration of emotional factors, and the associated cognitions relating to vulnerability, is

likely to be important in the assessment and treatment of pain. Recognising that pain

isn’t just associated with emotions but is in part emotional, is not only the first step

in accepting the IASP definition, but the first step in understanding the complexities

of human pain.

PAIN IS AN EXPERIENCE

Pain is described as a ‘sensory and emotional experience’ (Merskey & Bogduk 1994,

p. 210). The use of the word ‘experience’ reinforces the perceptual nature of pain

and identifies it as personal and therefore individual. This reflects the fact that pain –

like other perceptions – is influenced by current context, past experiences, and ex-

pectations, including motor planning (Schuchert 2004 C). In evaluating attention and

learning, both linked to the pain experience, Schuchert suggests that ‘motor planning

is in effect before the processing of a stimulus is complete, such that the anticipation

of an action response actually assists and shapes the processing of a stimulus’ (p. 160).

If this widely held view is true, patients may demonstrate more pain behaviour when

they are engaged in a consultation about their pain, or when attempting activity they

perceive as pain-provoking. When they are doing something away from that context,

their pain and related behaviour lessens because the anticipation of pain is reduced.

In the past, this mismatch of behaviour may have been interpreted as malingering.

Hopefully physiotherapists no longer make this reasoning error, but recognise that a

person’s pain experience can vary in different environments and contexts.

The physiotherapist also needs to remember that when a patient reports pain they

may not necessarily be able to, or willing to, describe their pain experience (Bendelow

2000 C; Keefe et al. 2000 A; Williams et al. 2000 A). A person’s report of pain is

only an indication of their sensory and emotional experience, and reflects cognitive

factors such as beliefs about pain and perceived threat, as well as communication

abilities. The accuracy of the description of the pain experience is also limited by

the accuracy of the person’s internal model of their own body – the so-called body

schema or virtual body (Moseley 2003a C) held within the brain. The virtual body

is susceptible to distortions; for example, phantom limbs in amputees. Despite the

potential for inaccuracies, the report of pain is often the only reasonable indicator that

is accessible when making health care management decisions. As such, this subjective

information needs careful evaluation before it is used to drive treatment planning.

PAIN AND TISSUE DAMAGE

It is common to relate pain to tissue damage. The IASP definition incorporates this

well-held belief but adds that pain does not require actual tissue damage, but may

simply be associated with a description of tissue damage. The somewhat controversial

point that can be drawn from this is that pain can exist even when there is no evidence
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of tissue damage. The logical conclusion is to suggest a psychological origin to the

pain (psychogenic), which does not involve the sensory system.

However, this must be qualified. First, despite well developed strategies for identi-

fying tissue pathology, there is no guarantee that investigations can target all potential

sensory triggers. This was one of the conclusions of a review looking into the cause

of tendon pain (Khan et al. 1999 R). Second, damage to neural structures may cause

ectopic impulses that lead to a persistent input promoting centrally-mediated pain

(McMahon 2002 R). Third, the potential for emotions and cognitions to alter the

sensitivity of the nervous system appears to be extremely powerful (Benedetti et al.

2003 A; Graceley et al. 2004 A; Petrovic & Ingvar 2002 R; Price 2000 R). Therefore,

it is important to consider the impact of psychological factors on the sensitivity of

the nervous system – making possible the involvement of sensory stimuli not related

to tissue damage – before concluding that the pain experience is being caused by

psychological factors alone.

The familiar perception, itch, can be used as an example of the ability of the brain

to integrate psychological and sensory components in perception. Similar to pain, it

is associated with nociceptive stimuli (Magerl 1996 C). Ask a person if they have

an itch somewhere and the person’s nervous system begins scanning the inputs it

is receiving (vigilance). Inevitably an itch is found. Further, if someone talks about

something that causes itch (for example, mosquitoes, head lice) then the brain of the

receiver of that information will become alert to this sensation and again an itch will

often be detected. The sensation is not being created, it is already there. So itch would

appear to be mediated by central processes.

The perceptions of itch and pain may be influenced by the ability of the brain

to selectively respond to sensory information. That is, the vigilance of the nervous

system, a mediator of attention (Eccleston & Crombez 2005 C), can fluctuate. This

affects the sensitivity of the nervous system to nociceptive information. Because of

this, distracting a person from their pain with other attention-demanding activities

can be an effective but transient strategy for reducing pain (Eccleston & Crombez

2005 C; Villemure & Bushnell 2002 R).

Understanding of the multiple processes involved in the perception of pain is incom-

plete. However, there have been some multidimensional models developed (Gifford

1998 C; Melzack 1999 C). Moseley (2003 C), extending Melzack’s neuromatrix

model, emphasises the role of perceived danger on the activity of a ‘pain neuroma-

trix’ (p. 131). On this view, the pain neuromatrix, a network of cortical mechanisms

and processors, can be activated in response to a perceived threat (perceived tissue

damage) to produce an attention-demanding perceptual response (pain) and simultan-

eously prepare a motor output to reconcile the danger. Here pain is a warning sign,

created by the central nervous system when the person or a body part is under threat,

and not a sign of tissue damage per se. If Moseley is correct, and taking into account

the potential individuality and changeability of the pain neuromatrix, then the com-

plexity of the neurophysiology of pain becomes apparent. In any case, in situations

where no tissue pathology has been identified, or where the evidence of psychological

contribution is high, the patient’s report of pain must not be downgraded; it is real
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Figure 7.1.1. Influences on pain perception. Receptive input will be perceived as threatening
due to pre-determined genetic influences on the nervous system or due to existing beliefs or
emotions. As well as nociceptive input, visual input (e.g. blood; missing limb; bandage), aud-
itory (e.g. audible cracks and clicks; being told you have a ‘crumbling spine’ or ‘wear and tear’),
proprioceptive (e.g. feelings of tightness; instability; weakness or incoordination; distorted
‘virtual’ body) and tactile (e.g. feeling deformity or altered temperature) input could also
potentially be interpreted as threatening. Where the individual identifies a particular (‘virtual’)
body part to be vulnerable or under threat, the nervous system may become hypervigilant to
all receptive input relating to the body part, for example its sensitivity will be heightened.
It is therefore suggested a specific combination of threatening receptive input and perceived
vulnerability might trigger the individual pain neuromatrix with or without evidence of tissue
damage. Threat value is the result of conscious and sub-conscious interpretation of input, and
perceived vulnerability refers to a concept of self (whole body or part of body).

and must be legitimised (Salmon 2000 C). The perception of pain without evidence

of tissue damage may be caused by undefined or missed tissue pathology, or by a

nervous system made hypersensitive by internal beliefs and emotions.

COMPANION DEFINITION

In light of this interpretation of the IASP definition, the following statement is pro-

posed as a companion definition:

Pain is a perception created by the brain in response to threatening receptive in-

put (nociceptive, visual, auditory, proprioceptive, tactile) and the internal beliefs and
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emotions drawn from past learning. It is influenced by the structure and state of the

nervous system from past and present experiences (for example, genetics, neuroplas-

ticity, sensitivity), and associated with the priming of motor responses (preparation of

action to avoid threat) and a heightened vigilance to the vulnerable part of the virtual

body.

A visual representation is presented in Figure 7.1.1.
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7.2 Non-Specific Arm Pain

LESTER JONES

CASE REPORT

BACKGROUND

Miss NS is a 25 year old woman and lives alone. Her parents, whom she regularly

visits, live four hours’ drive away. She works as an administrative assistant in a

busy human resources department for a large newspaper. The nature of the work has

changed over the last six months, with greater emphasis on keyboarding tasks, and

generally she feels the workload has increased. She feels that her manager is not

always sympathetic to staff concerns about stress and workload.

She developed pain in her right elbow region that was exacerbated with note-taking

and keyboarding. A work station assessment was carried out, with some modifications

and advice given, but symptoms persisted and she was seen by the occupational health

doctor at her workplace. He referred her to her general practitioner (GP) in order to

organise physiotherapy. A private physiotherapy appointment was made four weeks

after initial onset of symptoms.

The two colleagues with whom she works most closely have had similar symptoms

across the previous 18 months and one had surgery in an attempt to resolve the

problem.

Miss NS is considering looking for another job as a result of the workplace stress

and her work-related symptoms.

MEDICAL DIAGNOSIS

She was referred to her GP by the occupational health doctor with diagnosis/label of

‘tennis elbow’.

She was referred to physiotherapy by her GP with diagnosis/label of ‘tendinitis’ or

‘RSI’.

ASSESSMENT

Initial presentation to physiotherapy� Pain spreading proximally and distally in right arm.

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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tasks affected; modifies rather than avoids activity.� No time off work.� NSAID no effect.� Wears an elasticised tubular bandage on right forearm/elbow.

On examination� Right arm resting on lap and no automatic gesturing.� Tenderness with palpation over and around common extensor insertion and into

bulk of wrist extensors.� Increased muscle tone in right forearm, upper and middle trapezius muscles and

right pectoral muscles.� Palpation of right arm elicits a discomfort that is difficult for Miss NS to describe

but is unpleasant.� Joint movement (quality and range):

– Right elbow – reduced speed and guarding, especially with extension; pain with

extension but full range of movement (FRoM).

– Right shoulder – reduced speed in elevation; no pain but stiffness, especially at

end of range (FRoM).

– Cervical spine – some discomfort with flexion and also with lateral flexion to left

and stiffness end of range (FRoM).� Muscle extensibility: reduced in right wrist extensors, right elbow flexors, right

pectoral muscles, cervico-scapular muscles.� Neurodynamic upper limb test: range of elbow extension is reduced (right vs left)

with radial nerve bias, wrist flexed, and cervical spine laterally flexed to contralateral

side.

INTRODUCTION

A patient presenting with elbow pain can pose many challenges to the physiotherapist.

In part, this may be due to the lack of clear aetiology in many circumstances. Also,

due to the complexity of the human pain experience, a biopsychosocial approach to

management is indicated. This chapter will explore this approach, using the multi-

dimensional definition of pain given in Chapter 7.1, in response to the information

provided in the case study.

ASSESSMENT FINDINGS

QUESTION 1

What are the components contributing to Miss NS’s arm pain?
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MULTIPLE COMPONENTS OF PAIN

As a starting point, it makes sense to review Miss NS’s assessment, in order to identify

the mechanisms underlying her pain. To support this discussion a search of the liter-

ature was performed, focusing on upper limb work related musculoskeletal disorders

(WRMD), repetitive strain injury, non-specific arm pain, and lateral epicondylalgia

(and variants in terminology: tennis elbow, and lateral epicondylitis (Waugh 2005 C)).

There will be a comment about the relevance of labels such as ‘acute’ and ‘chronic’

pain, and about the use of the Yellow Flags approach to psychosocial assessment.

Threatening receptive input

Evidence of tissue damage would provide support for a nociceptive mechanism con-

tributing to Miss NS’s report of pain. However, from the assessment findings there

is no convincing evidence of tissue damage. There has been some speculation about

the repetitious action of keyboarding causing microtrauma and inflammation, but the

existence of such microtrauma is not supported by the literature, as no inflammatory

component has been identified (Awerbuch 2004 C; Davis 1999 R; Helliwell & Taylor

2004 R; Ireland 1998 R; Mitchell et al. 2000 R). While palpation findings in Miss NS

indicated a focal area of exquisite tenderness, without other signs of an inflammation

response it would be a broad assumption to conclude there was or had been a tissue

injury. The fact that NSAIDs had no effect on symptoms reinforces this interpretation.

While unable to identify a nociceptive trigger related to tissue damage, there may

still be a sensory component. As well as being tender, muscles were noted as having

increased tone. Potentially this could cause pressure on surrounding tissues or on

the muscle fibres themselves. If the pressure caused an excessive distortion of the

tissues then the threshold required to trigger the mechanical nociceptors might have

been reached. This is more likely to occur when the nervous system is in a sensitised

state and when the activity of the muscles is at its greatest (such as in keyboarding

or note taking). The increased blood flow increases the volume of the muscle, res-

ulting in greater pressure on surrounding tissues. Indeed the pressure may create

ischaemia (Helliwell & Taylor 2004 R) or a compartment-type syndrome (Pritchard

et al. 2005 A). This increased muscle activity and resultant pressure might explain

the loss of free movement of nerves, as noted in patients with non-specific arm pain

(Greening et al. 2005 A). This can lead to neuropathic sensitivity in response to

deformation or compression of neural tissue. Miss NS’s response to neurodynamic

testing might be indicative of this.

Muscle fatigue and delayed onset muscle soreness (DOMS) might also be consid-

ered as nociceptive inputs for Miss NS’s perception of pain, but the mechanisms, at

least for experimentally induced DOMS, appear to be distinguishable from pain in

patients with lateral epicondylalgia (Slater et al. 2005 A).

State and structure of the nervous system

When considering potential influences on the sensitivity of the central nervous system

it is necessary to include activity-dependent neuroplasticity. Repetitious or persistent
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neural activity patterns are likely to lead to cortical reorganisation, including enlarged

or blurred representations (both motor and sensory) (Flor 2003 R; Robertson et al.

2003 C), which can lead to problems with motor control, and possibly to pain in

stressful situations (for example, under excessive workload demands). Repetitious

stimulation was found to exacerbate and prolong responses to noxious stimuli in a

study comparing patients with arm pain and healthy controls (Montoya et al. 2005 A).

The evidence from this study suggests that the enhanced responses are mainly evident

in sensitised nervous systems, but there is some indication that repetition may lead

to reduced thresholds in normal limbs. This is supported by research showing that

continuing with repetitive work of more than 25 hours per week is a factor in poor

prognosis (Waugh et al. 2004 A).

Finally, the reduced spontaneous activity demonstrated by Miss NS may be import-

ant. The sensory, proprioceptive, and visual inputs associated with lack of movement,

and even the wearing of the elasticised tubular bandage, may be considered to be

threatening receptive input, if the brain interprets them as signs of danger, damage

or vulnerability. This depends to a large degree on Miss NS’s prior experiences and

learning. The state and structure of the nervous system will be influenced by these

previous experiences and modified by both threatening receptive stimuli and internal

beliefs and emotions. Some of this will be explored further in 7.3.

Internal beliefs and emotions

There is a close interdependence between beliefs and other cognitions and emotions,

so it is not sensible to discuss them separately. High perceived stress levels, low mood,

distress and anxiety, unhelpful thoughts about the cause of pain, a passive coping style

(including catastrophising) and fear avoidance have all been identified as important

risk factors for the development of a chronic pain problem (Overmeer et al. 2004 A).

Research into work-related upper limb pain also suggests that many of these factors

may be involved in the onset of pain (Awerbuch 2004 R; Helliwell & Taylor 2004 R;

Spence & Kennedy 1989 A). While cognitive and emotional issues are not commonly

considered until a problem becomes chronic, the number of factors contributing in

the acute stage can lead to a complexity that demands a multi-dimensional approach

from the outset.

The usefulness of the terms ‘acute’ and ‘chronic’ pain must therefore be questioned.

The assumption is that the longer someone has pain, the more disability he/she will

have. However, this is untrue. There are patients living with chronic pain demonstrat-

ing low use of health resources (Elliott et al. 1999 A), working effectively despite pain

(Blyth et al. 2003 A), and with low levels of disability (Blyth et al. 2003 A). Level of

disability is not so much an issue of chronicity as one of complexity. A person who

has had pain for a long time may be well adjusted to it and not be disabled by it at

all; this is what pain management programmes strive for. Equally, people can present

with a new pain (for example, simple indigestion perceived as cardiac pain) and be

very disabled. Of course, where an individual does not adapt well to an ongoing pain

condition, disability will reflect cognitive and behavioural responses to the pain (as

outlined above), which, if unchecked, can be expected to become more complex with
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time. So not only can these factors influence the perception of pain, but when seen as

maladaptive responses to persistent pain, they can be the main influence on level of

disability.

The literature does attempt to define chronic pain. One author review suggests pre-

sentations of lateral epicondylalgia that last longer than four to six weeks should be

described as chronic (Vincenzino et al. 2002 C). However, this does not correspond

with the slightly ambiguous IASP definition of chronic pain cited recently in Van

Leeuwen et al. (2006 A), which states chronic pain is ‘. . . pain experienced every

day for three months over a six month period’ (p. 161). Further, a study examining

the influence of symptom duration on prognosis, suggested that three years was a

more distinguishing time frame (Dunn & Croft 2006 A). This lack of clarity and the

increasing support for psychological interventions in the early stages of pain (Linton

2005 R; Pincus et al. 2002 A; Sullivan & Stanish 2003 A) imply that health profes-

sionals should always consider all the contributing components and mechanisms of

pain (such as its complexity) from the outset, regardless of chronicity.

Therefore, in order to assess Miss NS’s pain it is important to assess the psycholog-

ical and social influences from the first contact. That is, a biopsychosocial assessment

is essential. Miss NS is seeking physiotherapy at a private practice without ready

access to a multi-disciplinary team, but this does not preclude the therapist from pro-

viding a biopsychosocial assessment. Indeed there is some appropriate information

provided in the assessment summary.

The importance of this information might be made clearer by mapping it against

the categories described in the Yellow Flags approach (Kendall et al. 1997 C). This

approach was developed for the psychosocial assessment of patients with acute low

back pain and aims to identify risk of long-term disability and, in turn, behavioural

treatment targets that might prevent long-term problems (Watson & Kendall 2000 C).

It focuses on the impact of pain rather than on the cognitive-emotional component of

the perception of pain, but it would be surprising if there was no overlap. In order to

identify these factors, a standard questionnaire could be applied, or the assessment

interview could focus on the key factors, including attitudes and beliefs about pain,

behaviours, compensation issues, diagnostic and treatment issues, emotions, family,

and work (Watson & Kendall 2000 C).

If the Yellow Flags approach (see Table 7.2.1) is used to interpret the information

Miss NS has provided – and it seems to be increasingly applied to all patients with

painful conditions, not just those with low back pain (Bope et al. 2004 C; Brox 2003 C;

Turner & Dworkin 2004 R) – then some clear treatment targets arise. Certainly,

she appears to have some unhelpful beliefs about tissue damage and views work-

related activities as injurious. This view is extending to activities of personal care and

threatens her independence. It is possible that these beliefs lead her to be more vigilant

of her arm posture and movement, heightening the sensitivity of the nervous system

through attentional focus. With regard to behaviour, she has remained working and

living independently and persists in tasks despite pain (including driving to parents’

house). However, her quality of movement and the wearing of the elastic bandage

need to be addressed. There are no compensation issues but work clearly has its
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Table 7.2.1. Summary of psychosocial factors predictive of poor outcome (yellow flags),
with examples from the current case

Psychosocial Factors Examples

Attitudes and Beliefs Belief that pain is harmful.
Behaviours Excessive reliance on use of elastic bandage.
Compensation Not evident.
Diagnosis and Treatment Issues Multiple diagnoses.
Emotions Pain-related fear.
Family Potential for reduced social support (for example,

lives alone).
Work Management unsupportive in current work

environment.

problems, as she is feeling stressed and unsupported to the point of looking for an

alternate job. From the information provided it is not clear if issues relating to family,

such as their role in reinforcing attitudes and beliefs or behaviour, are significant. It

is also unclear if Miss NS has any emotional contributors, although anxiety could

be inferred and it would not be surprising if her mood was low. Finally, her referral

to physiotherapy involved three possible diagnoses or labels. This potentially causes

confusion, especially when a non-tennis playing patient is told they have ‘tennis

elbow’. The other two labels of tendinitis and repetitive strain injury are unlikely and

misleading, respectively.

Before these labels are addressed, a note of warning: anecdotal reports from the

clinical environment suggest that the Yellow Flags approach is being applied unhelp-

fully. Rather than being used as a meaningful part of assessment that is helpful in

identifying treatment targets and guiding treatment selection, it is being used as a label

itself (for example, the patient is ‘full of yellow flags’, or worse, ‘a Yellow Flagger’).

In the past, ‘supratentorial’ and ‘psychosomatic’ have likewise been used to identify

patients with presentations that do not neatly fit into a tissue-based model of care.

Those guilty of this would do well to read Main and Waddell’s (1998 C) guiding

comments about the misuse of Waddell’s signs of maladaptive pain behaviour.

DIAGNOSIS

QUESTION 2

What is an appropriate label for Miss NS’s arm pain?
Miss NS has been presented with three diagnoses or labels for her condition: ‘tennis

elbow’, ‘tendinitis’, and ‘repetitive strain injury’. This section will explore the latter

two and presumes ‘tennis elbow’ is unhelpful to both health professionals and patients

alike.
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TENDINITIS VERSUS TENDINOPATHY

The image of an inflamed tendon after excessive repetitive movement is a seductive

one. It is easy to conceive a structure moving repetitively reaching some limit where

the structure will begin to breakdown. An assumption of overuse may follow. However,

there is a risk when we create a model of what is going on, that we substitute the actual

structures with familiar non-organic structures, or make assumptions about the nature

of the tissues and processes involved. For example, the concept of wear and tear does

not fit the structures internal to the body. Despite common assumptions, our joints do

not wear out like a shoe. Research into the pathogenesis of joint degeneration points

to a history of injury and an inadequacy of active repair processes, rather than a simple

attribution to workload. ‘Wear and inadequate repair’ might be a more appropriate

description, although patients may still be discouraged from performing beneficial

weight-bearing exercise for their degenerative arthritis (McCarthy et al. 2004 R).

The evidence for tendon damage in common tendon pain supports the notion that

processes other than tissue injury are involved. The research literature outlines an

interesting search for the mechanism of pain in tendinopathy, and inflammation ap-

pears to be ruled out (Khan et al. 1999 R). Therefore, clinicians are advised strongly

to avoid referring to tendon pain as tendinitis unless they have confirming histologi-

cal evidence. Recent findings of abnormal vascularisation and malalignment of fibres

(Khan et al. 1999 R) and overload of tensile tissues (Hamilton & Purdam 2005 C) are

the current favoured hypotheses, although the nociceptive mechanisms (the sensory

component of the pain neuromatrix) remain undetermined or unproven. Sensitivity

of the nervous system seems to have been neglected in these discussions of tendon

pain, as has the role of the cognitive and emotional dimensions of pain. Interestingly

however, the most effective treatment is the use of high load eccentric contractions,

resulting in reduced pain and return to function (Alfredson et al. 1998 A; Cook et

al. 2000 C). Similar treatment has been promoted in the exquisitely painful Complex

Regional Pain Syndrome Type 1 (Watson & Carlson 1987 A). An interpretation of

these surprising outcomes is that by promoting an unguarded forceful movement, the

clinician sends a message to the patient that their body is not vulnerable. Further, the

inputs and outputs of the nervous system are normalised, which encourages less vigil-

ance of somatosensory and nociceptor information. Maybe this treatment approach

demonstrates neuroplastic desensitisation (or learning), rather than a tissue healing

process. The role of neuroplasticity and sensitisation of the nervous system may be a

key feature in the report of tendon pain.

REPETITIVE STRAIN INJURY TO NON SPECIFIC ARM PAIN

The second label to consider is ‘repetitive strain injury’. According to Helliwell and

Taylor (2004 R), the common sufferer of repetitive strain injury is ‘a female office or

production line worker, conscientious in her job, who develops forearm pain after a

change in work practice, additional demands, or pressure from supervisors’ (p. 438).

They also describe a diffuse arm pain that can spread to shoulder and neck regions,
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with work tasks the main factor in exacerbation. Miss NS fits these descriptors well.

However, the creation of the term ‘repetitive strain injury’ has been attributed to a

trade union spokesperson (Awerbuch 2004 R) and would appear to be an inaccurate

description of the pathological processes involved; not that they are well understood

(Awerbuch 2004 R; Davis 1999 R; Helliwell & Taylor 2004 R; Macfarlane et al.

2000 A). Indeed, the inappropriateness of this label is highlighted by the action

of the Royal Australasian College of Physicians, discouraging its use since 1986

(Helliwell & Taylor 2004 R).

Suggestions of new labels for this condition include ‘non-specific diffuse forearm

pain’ (Helliwell & Taylor 2004 R) and the more general ‘non-specific arm pain’

(Greening et al. 2005 A), which are in line with the diagnosis by exclusion of ‘lumbar

spine pain of no known origin’ (Merskey & Bogduk 1994 C), commonly described

as ‘non-specific low back pain’ (NSLBP). As with NSLBP, the ‘non-specific arm

pain’ label may not be that helpful for patients, but recognises the inadequacy of a

tissue-based paradigm in painful conditions (Gifford 1998 C).

To assist with Miss NS’s management, a label or working diagnosis that excludes

an inflammatory process or specific structure (such as a tendon), and focuses instead

on the perception of pain, would be appropriate. ‘Non-specific diffuse forearm pain’ is

limited by its anatomical location, which does not match with Miss NS’s description

of her pain. Therefore, the preferred diagnosis would be ‘non-specific arm pain’.

This is not an uncommon label to select, as was demonstrated in the development of

epidemiological criteria for upper limb soft-tissue disorders (Helliwell et al. 2003 A).

Using consecutive new cases and evaluation criteria consisting of 30 variables, the

findings demonstrate that non-specific upper limb disorder was more than twice as

prevalent as any tissue-specific diagnostic group (for example, inflammatory arthritis;

lateral epicondylitis; shoulder tendinitis).

While the ‘non-specific arm pain’ label might be the health professional’s pref-

erence, there is one more factor that needs consideration and that is the benefit, or

otherwise, of giving a patient a new label for their condition. Kouyanou et al. (1998 A)

warn that explanations that do not indicate a source of pain can lead the patient to

believe their pain is imaginary. Persisting with the label ‘repetitive strain injury’ may

be more meaningful (if misleading) and at least will allow for potentially informative

personal research into the condition. As stated previously, Miss NS’s presentation

fits the definition, even if the term does not match the pathogenesis. Whatever term

is chosen, education about the condition is essential and should be the focus of the

initial intervention.

TREATMENT

QUESTION 3

What is the best treatment for non-specific arm pain?
In response to Miss NS’s biopsychosocial assessment, a brief problem list might

be constructed as in Table 7.2.2. Please note that this representation does not allow
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Table 7.2.2. Identified key treatment targets for physiotherapy from biopsychosocial
assessment

Threatening Receptive
Stimuli

Increased muscle tone and guarding posture (including
right upper limb and cervicoscapular muscles).

Sensory, proprioceptive and visual input interpreted as
damaged or vulnerable limb.

Internal Beliefs and
Emotions

Concerns and distress about tissue injury and prognosis.
Workplace stress and anxiety.

State and Structure of
Nervous System

Sensitised due to above factors.
Abnormal afferent and efferent activity due to reduced

movement.

for the interaction of factors or the potential impact of treatments on all aspects of the

individual.

‘HANDS ON’ VERSUS ‘HANDS OFF’

Influenced by the uncertain dichotomy of ‘acute’ and ‘chronic’ pain is the equally

worrisome ‘hands on’ and ‘hands off’ with regards to treatment. Klaber Moffett

and Mannion (2005 R) raise this as a treatment quandary for physiotherapists when

managing patients with low back pain. However, it is doubtful that this dualism

will promote the effective management of patients with multi-dimensional problems

(Spence & Kennedy 1989 A). Creating treatment targets in response to a biopsychoso-

cial assessment is a strong basis for dealing with the range of individual presentations

likely to occur. It should also ensure a patient-centred approach. A decision made

on the simple reasoning that someone has either an acute or chronic pain is likely in

many cases to be misguided and ineffective.

EVIDENCE FOR TREATMENT

It is recommended that treatments are evidence-based. According to Sackett et al.

(2000 C), an evidence-based approach comprises best research evidence, clinical

experience and patient expectation.

The research evidence to support physical interventions in presentations similar to

Miss NS’s is scant. A recent systematic review of physical interventions for lateral el-

bow pain reported a lack of evidence for long-term effectiveness (Bisset et al. 2005 R),

although several investigators conclude there is some support for the inclusion of

manual therapy on the cervical spine (Paungmali et al. 2004 A; Vincenzino 2003 R).

Cochrane reviews searching for evidence to support the use of deep transverse friction

massage in ‘tendonitis’ (Brosseau et al. 2002 R) or use of orthotic devices in ‘tennis

elbow’ (Struijs et al. 2002 R) concluded there was no definite support for either. Also,

a Cochrane review of biopsychosocial management for upper limb pain identified

just two appropriate studies (Karjalainen et al. 2000 R). Notably, the criteria for the
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review excluded the possibility that such management could be undertaken by a solo

practitioner (Karjalainen et al. 2000 R). Evidence does support the use of cognitive

behavioural therapy (CBT) for the management of chronic pain conditions (Klaber

Moffett & Mannion 2005 R; Spence 1989 A; Spence & Kennedy 1989 A; Sullivan &

Stanish 2003 A), but the majority is from research on low back pain. Finally, physical

exercise has been shown to be of some benefit to people with fibromyalgia (Busch

et al. 2002 R; Da Costa et al. 2005 A), which, according to Helliwell and Taylor

(2004 R), is similar in nature to the non-specific arm pain as reported by Miss NS.

Certainly, the evidence from the literature on tendinopathy suggests it may be worth

exploring whether there is a role for eccentric loaded exercise.

Physical therapy

There is research that suggests manual therapy is a popular choice of treatment

(Greenfield & Webster 2002 A). The conclusions of this survey, investigating physio-

therapist treatment selection for chronic lateral epicondylitis, state a large number of

physiotherapists (approximately 40 % of sample) used manipulation, of the elbow,

only when other treatments had failed. Manipulation of the cervical spine has some

support in the literature (Cleland et al. 2004 A) but its use risks reinforcing a passive

coping approach, as well as potentially re-focusing Miss NS’s health anxiety. The

most popular treatments were progressive stretching, progressive strengthening, and

deep transverse friction (Greenfield & Webster 2002 A). Regarding Miss NS’s reduced

movement and activity and increased muscle tone, these strategies may be beneficial

in promoting relaxation and increased blood flow. Given the need to incorporate best

evidence and the emphasis on actively involving the patient in cognitive-behavioural

interventions, it would seem best to incorporate the stretching and strengthening into

a home exercise programme and avoid deep transverse friction, which lacks research

support.

This is not to say that performing assisted stretches or applying massage would

always be detrimental. With the right emphasis, such a session might be educational

for the patient in terms of the vigour with which techniques can be safely applied,

the demonstration of appropriate end-feel, and if done well, the promotion of the

physiotherapist as a movement facilitator, rather than a healer. There should also be

some beneficial tissue effects, including normalising of the experience of the nervous

system.

Cognitive-behavioural interventions

Education

Moseley (2003b A) used an educational intervention on chronic low back pain patients

and demonstrated that simple physical outcome measures can be changed in response

to cognitive changes. A key feature of this was improvement in catastrophising score.

No formal measure of catastrophising was reported in Miss NS’s assessment, but
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it is possible that she believes that using her painful arm will result in a need for

surgery, as happened to one of her colleagues. Effective education would address

these concerns and is arguably the best evidence-based intervention for non-specific

upper limb pain. Physiotherapists are well placed to provide such education, which,

delivered in conjunction with exercise, can be used to directly challenge the patient’s

beliefs about activity and damage.

Active versus passive treatment

Miss NS’s treatment plan needs to be further modified by the clinician’s expertise

and her own expectations. The former is obviously difficult to describe meaningfully

here as each physiotherapist has an individual experience, knowledge and skills set.

However, individualising the treatment plan will be the focus of the remainder of this

chapter.

As the primary goal of treatment of non-specific pain is to promote and encourage

return to normal activity (Harding & Watson 2000 C; Harding & Williams 1998 C;

Klaber Moffett & Mannion 2005 R), it is essential to select treatments that support

this. So-called ‘hands on’ treatments might still be applied in a manner that promotes

patient activity. However, they would need to be adjuncts to more active strategies

and be supported by education of the patient. In providing treatment that is delivered

entirely by the therapist (such as manual therapy), there is a risk of promoting a

dependent relationship. Such a treatment approach takes responsibility away from the

patient and can lower self-efficacy for self-management and promote the unhelpful

attitude of waiting for the pain to be taken away (Nicholas & Sharp 1999 C).

In contrast, by giving Miss NS an active role in her treatment, there will be positive

effects both physically and psychologically. A first step will be to clearly report the

assessment findings so that a meaningful discussion can be pursued. This should begin

with a statement confirming the legitimacy of Miss NS’s pain report. Next inform her

about the results of the physical examination, which did not identify any reliable

sign of tissue injury but did identify movement anomalies associated with guarding

behaviour. This establishes a rationale for movement rather than immobility.

Facilitating problem solving

Through discussion of these findings the physiotherapist can help address unhelpful

beliefs. Education about the research into non-specific arm pain, which concludes

that symptoms are not directly related to intensity or quantity of repetition, will be

helpful in adapting Miss NS’s beliefs about work. Also, informing her that there is no

evidence of tissue damage in many similar cases will encourage her to question her

belief about limiting activity and her fear of a worsening prognosis. Highlighting the

strongly implicated role of workplace stress is also essential and will prompt Miss

NS to assess and address this.

The discussion should also aim to raise awareness of the plastic nature of the nervous

system and how it can respond to inactivity and guarding by cortical reorganisation and
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increased sensitivity (Flor 2003 R; Robertson et al. 2003 R). This level of discussion

about the neurophysiology of pain is supported in the low back pain literature (Moseley

2003b A). In order for the discussion to be most effective, the physiotherapist needs

to avoid simply giving information and instead assist Miss NS in raising her own

questions and forming her own conclusions.

Using behaviour to challenge beliefs

This may not all happen in one session, and indeed it would be unrealistic to think

that such a discussion will be powerful enough to change beliefs entirely. Therefore,

the physiotherapist should encourage Miss NS to test her own hypotheses using

behavioural experiments. For example, by clarifying the role of an elastic tubular

bandage (the control of swelling) and pointing out its potential negative influence on

movement and hypervigilance, the therapist will encourage Miss NS to question its

value when no swelling is present. In response to this, she may decide on a strategy to

reduce the wearing of the bandage herself. If the strategy is successful, the realisation

that her original belief was unhelpful will be reinforced. If the strategy she uses is

unsuccessful – or if she cannot think of a strategy – then collaborative goal setting will

enable a realistic plan for her to reduce and terminate its use (Arnetz et al. 2004 A).

Essentially, while education and discussion may provide the prompt to try and change

unhelpful beliefs, successfully performing a behaviour that is incompatible with the

unhelpful belief will actually cause the belief to change (Prochaska et al. 1992 R).

Summary of treatment

An appropriate treatment approach for Miss NS would consist of information sharing

and discussion, independent and/or collaborative goal setting, strategies to promote

normal upper limb and cervical posture and movement, normalising nervous system

experiences, and addressing workplace stress. Treatment should focus on actively

involving Miss NS, promoting self-management and providing opportunities for her

to use her own problem solving skills, especially in the workplace, where she is likely

to be intimately aware of potential stressors. Ideally, the aim of treatment will be to

integrate physical outcomes relating to movement with psychological outcomes (im-

proved self-efficacy and coping), and with socio-environmental outcomes (reduction

in workplace stressors). Thus, threatening receptive inputs, unhelpful beliefs and neg-

ative emotions can all be modified, and concurrently the state of the nervous system

will be normalised.

This intervention reflects conclusions by Stephenson (2002 C). He proposes a new

paradigm for physiotherapy, where psychological and social factors are not seen as

‘confounding variables’, but are rated and addressed equally with more traditional

physical targets (p. 254). In line with this, follow-up sessions should include reviewing

goals, reviewing beliefs and attitudes, and implementing strategies to match change

in physical performance (Moseley 2003a C).
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CONCLUDING REMARKS

Bishop and Foster (2005 A) suggest physiotherapists may be under-confident or have

limited knowledge and skills to apply a biopsychosocial approach. It has also been

found that physiotherapists need to develop collaborative goal-setting skills (Gladwell

2006 C; Parry 2004 A). It is important that physiotherapists develop these areas in

order to effectively employ a patient-centred approach to care. This would seem most

important when patients present with pain that does not have a clear nociceptive

component. Consideration of other threatening receptive input is required, along with

attention to unhelpful beliefs and negative emotions. Further, neglecting these factors

in any individual, even in the early stages of an injury, may detrimentally affect

the eventual outcome (Stephenson 2002 C). Where the physiotherapist identifies

problems beyond his or her scope of skills and knowledge, a clinical psychologist

should be involved – earlier, not later, if possible.

In addition, physiotherapists must work to understand their own beliefs about pain

and nervous system sensitivity, and the influence of these beliefs on their commun-

ication (Daykin 2006 C). This reflective approach will reduce the risk of misinterpreta-

tion of a patient’s pain report and promote therapeutic alliance. It is also important to

highlight the fact that reflection, rather than training, might alert physiotherapists to a

range of unrecognised skills they have in this area. Most physiotherapists already, per-

haps unconsciously, employ strategies that directly or indirectly influence cognitions

and emotions in order to engage, motivate and educate patients. Arguably, there is a

case for re-labelling, re-interpreting and refining these strategies, rather than having

to learn something new.

People can problem solve, thought-challenge and adopt new behaviours independ-

ently, without professional guidance (Prochaska et al. 1992 R). Sometimes patients

may simply need appropriate information and a supported opportunity to initiate

this. As physiotherapists, we need to ensure we are promoting and not inhibiting

this independent patient-centred approach. It would seem that many patients with

non-specific pain conditions benefit from interventions that promote independence.

Approaches and interactions which depend on the therapist may interfere with this

and in some cases be considered iatrogenic.

NOTE

While the following term and definition may seem facetious, it highlights a concern

that when a clinician is faced with complexity beyond their knowledge and skills, the

perceived obligation to do something may prevail:

Threatment – the menacing behaviour of a health professional who feels compelled to

do something to a patient even though it is not in the patient’s best interest. (Roland &

Jones, personal communication).
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7.3 Recurrent Lumbar Pain after
Failed Spinal Surgery

LESTER JONES AND AUDREY WANG

CASE REPORT

BACKGROUND

Mr CP is a 30 year old man living with his fiancée. He has recently started work as a

trainee solicitor in a small law practice. His workplace activities include keyboarding,

use of a computer-mouse, the carrying and filing of legal paperwork, and meeting

clients. While it is a new job, he is settling in well and looking forward to his new

career.

He has a two year history of back pain and has had both invasive and non-invasive

treatments to try to resolve it: a partial lumbar discectomy, which he took some time

to recover from; a nerve block; and manipulation of ‘facet joints’ by a physiotherapist,

which he reported as most effective. Following this treatment he was relatively pain

free. He gradually returned to his sporting activities including gym, social rugby

and football, and reported being unrestricted during these activities. However, during

one game of football he felt discomfort and some stiffness in his back. He played

on but the next day he noticed a dramatic increase in back stiffness. Believing that

he had damaged the same or an adjacent lumbar disc, he reduced all unnecessary

activity, especially anything that involved bending and twisting. He attended a private

physiotherapy clinic for assessment 12 weeks after this game.

Mr CP says that because of pain he has to push himself at work sometimes, as it is

a busy practice. He also reports leaving work early on occasions, often when sitting

becomes too uncomfortable, and he has even had to take some days off due to periods

of increased pain. At the time of physiotherapy assessment, he had accumulated a

total of 12 days off work, including five days off for an unrelated chest infection. His

work has an official policy of reviewing employees’ performances if they take more

than 15 days off work. He is a little worried about it but states that his boss has been

supportive of him up to this time.

Mr CP has an upcoming performance appraisal, as part of a career structure, and the

firm requires evidence of active participation in billing clients. He is concerned that

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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his reduced attendance will affect his capacity to do this, and also his job promotion

prospects.

While work is largely unaffected, he has stopped all sporting activities and devel-

oped an increasingly dependent role in activities at home.

MEDICAL DIAGNOSIS

None available.

ASSESSMENT

Initial presentation to physiotherapy� Reports symptoms identical to those felt prior to partial discectomy.� New job includes health insurance. Plans to use this to pay for MRI to review disc

integrity.� Some time off work.� Wants review/opinion by physiotherapist.� Walking tolerance is unaffected but sitting tolerance is reduced.� Movement involving bending and twisting is painful.� Avoidant of all activities that will put his ‘disc’ at risk.� No dysaesthesias or referred pain.

On examination� No obvious restriction in gait or stand-to-sit-to-stand.� Back and upper limb muscles well developed and no sign of wasting.� Balance and co-ordination of limbs appears normal.� Palpation.� Increased muscle tone around lumbar region bilaterally.� Diffuse tenderness reported upper to mid lumbar.� Joint movement (quality and range of physiological):

– Lumbar spine – reduced speed and guarding, with flexion and then deviation into

left lateral flexion/rotation from 40 degrees; reduced speed and guarding into

rotation to left and right; all movement greater than 3/4 range.� Joint movement (quality and range of accessory):

– Lumbar spine – generally stiff, especially middle and lower region, and painful

end of range (central and unilateral).� Muscle extensibility:

– Reduced in erector spinae.

– Reduced in gluteals, right more so than left.

– Reduced in hip flexors.� Neurological tests for sensation and reflexes normal. Passive straight leg raise re-

stricted: 30 degrees right, 65 degrees left.
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INTRODUCTION

A biopsychosocial approach conceptualises the person’s pain experience as having the

potential to be influenced by a number of factors. These factors include attitudes and

beliefs, amount of psychological distress, illness behaviour, and social environment.

This approach is increasingly recommended for managing both acute and chronic low

back pain and preventing the transition between the two (Airaksinen et al. 2005 R;

Burton et al. 2004 R; Kendall et al. 1997 C; Klaber Moffett & Mannion 2005 R; van

Tulder et al. 2004 R).

The way a patient perceives their physical injury potentially has as much influence

as the injury itself in determining either a full recovery or subsequent development of

chronic disability. This may be particularly pertinent when pain recurs or persists. A

patient might say ‘Oh, I have developed a new back problem,’ when in fact this is the

third episode of a pre-existing back problem. It will be important to take a step back

and view the bigger picture. A recurrence of pain at the site of an old injury should not

be treated in the same way as an acute injury. Concepts such as central sensitisation

and cortical reorganisation should be incorporated into clinical reasoning, especially

if pain or tenderness are the only signs of tissue damage that are present. Terms such

as ‘acute-on-chronic’ perhaps reflect a reasoning error that pain can only occur in

response to more tissue damage.

Performing a biopsychosocial assessment may uncover fears and unhelpful beliefs,

or social difficulties that contribute to a heightened sensitivity of the nervous system.

Obviously, when these fears, beliefs and difficulties have a serious impact on an

individual, social work and psychology professionals should be involved. Increasingly

however, in less serious cases, physiotherapists are attending to these non-physical

factors with the aim of promoting self-management and reducing long-term disability.

The information provided on Mr CP suggests that a physiotherapist could take such

a route in his management.

ASSESSMENT FINDINGS

QUESTION 1

What are the components contributing to Mr CP’s low back pain?
According to European guidelines, the priority for assessment is to exclude non-

spinal pathology, serious spinal pathology and nerve root pain (van Tulder et al.

2004 R). It can reasonably be established with the limited information provided that

Mr CP’s back pain is of a non-serious, non-specific type.

MULTIPLE COMPONENTS OF PAIN

It is sensible to start with a review of Mr CP’s assessment, in order to identify the

mechanisms underlying his pain.
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Research evidence supporting this discussion was obtained by searching the liter-

ature, with a focus on low back pain and failed back surgery syndrome, as well as

fear avoidance behaviour in chronic pain conditions.

The important role of neuroplasticity in altering nervous system sensitivity will

be introduced here. Consideration of psychosocial factors will expand beyond the

yellow flags described in Chapter 7.2 to include occupational factors: blue flags and

black flags. A review of issues associated with fear avoidance behaviour in patients

with low back pain will be presented as well.

Complex not chronic pain

‘Chronicity’, as discussed in Chapter 7.2, may not be an informative label for either

the patient’s abilities or for treatment selection. Noting the complexity of the patient’s

presentation is much more valuable.

In Mr CP’s case there are a number of factors that might lead us to consider his

pain as complex. First, he is certain it is a recurrence of previous symptoms and he

believes he has damaged the intervertebral disc. Second, he has negative expectations

about outcome. The initial injury had a big impact on his life, requiring surgery and

additional rehabilitation. He anticipates a similar prognosis with this recurrence and

is very concerned about causing more damage. Already it is impacting on normal

movement and his new job and home life. Third, the physiological component of

pain is unlikely to be straightforward. Notably, it is 12 weeks since these symptoms

recurred, which for an otherwise healthy person provides adequate time for healing

and repair of most tissue damage, and resolution of inflammation processes. Therefore

it is very likely that the predominant nociceptive influence is the lowering of thresholds

via central nervous system sensitivity. A thorough physical examination, including

examination for red flags, and a review of psychosocial risk factors for long-term back

pain (yellow flags) are essential to managing this complex presentation effectively.

Threatening receptive input

Mr CP reports a previous history of intervertebral disc damage and surgery. Due to

the time elapsed since the recurrence of back symptoms, it would seem reasonable to

believe that any tissue damage and resultant inflammation would be resolved by now.

Therefore simple, local mechanical and chemical nociception are unlikely to be key

in his perception of pain. This presumes he does not have any concurrent pathology

that might delay healing, such as diabetes. It also presumes that he has not re-injured

tissue in the last 12 weeks. His description of limited activity and movement makes

re-injury unlikely.

It is possible some disc material or loose body is interfering with or compressing

joint structures or nerve tissue (Miller et al. 2005 C), but from the assessment infor-

mation there is no need to be concerned about spinal or nerve root involvement, and

no reason to jump to this conclusion.
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It is necessary to look for other triggers. The modified proprioceptive and visual

sensory input Mr CP’s brain is receiving as a result of his guarded movement may be

being interpreted as a sign that something is wrong or is damaged. In essence, such

input may be being treated as threatening receptive input. If he perceives his back to

be vulnerable then his nervous system could already be sensitised (see below), and

his individual pain neuromatrix (Moseley 2003 C) more susceptible to activation by

these normally non-noxious sensory inputs.

The state and structure of the nervous system

Neuroplasticity, implicit in learning, is an adaptive process responding to meaningful

sensory input and behaviourally-relevant activity (Flor 2003 R). Repetition, attention,

and the difficulty of a task have been reported as influences on the excitatory and

structural changes involved in neuroplasticity (Classen & Cohen 2003 C). Central and

peripheral neuroplasticity can promote nervous system sensitivity to pain. Excitatory

changes occur in response to tissue damage, via chemically-mediated changes to

nociceptive thresholds, by activating neurons that are dormant prior to injury, and

by making changes in inhibition centrally (for example NMDA receptor). Persistent

pain conditions appear to be associated with structural re-organisation in the cortex.

This potentially can result in a pain ‘memory trace’, which can be activated in the

absence of peripheral stimuli (Flor 2003 R, p. 67). Although the mechanisms for this

are not clear (Moseley 2006 C), it is unlikely to be simply that the patient has had

pain for a long time. For example, Robertson, Theoret and Pascual-Leone (2003 C)

hypothesise that high sensory demand can lead to faulty processing of sensory-motor

information, leading to this pain sensitivity. This reinforces the need to consider

the complex causes of pain, including maladaptive learning experiences, rather than

focusing on chronicity.

It is possible that Mr CP’s nervous system is undergoing both excitatory and struc-

tural changes. Neuroplasticity is activity dependent, so Mr CP’s relative inactivity

may have led the nervous system to respond by modifying synapses or reducing the

potency of corticomotor patterns for unused movement. In addition there is likely to

be a contribution to nervous system sensitivity from Mr CP’s beliefs and emotions.

If he is very concerned about re-injury then the attention or vigilance to sensory in-

formation relating to his back will be heightened. Based on Flor’s (2003 R) work,

this can drive cortical reorganisation such that somatosensory representation of the

back is enlarged, leading to increased reactivity to tactile, or other non-noxious but

potentially threatening stimuli. (This may underpin the pain and behaviour seen in

patients who show a high fear of pain. Passive or ‘hands on’ treatments that target the

painful area may also reinforce a maladaptive neuroplasticity.)

Mr CP’s nervous system might already have been sensitised from the insult of

the initial injury and/or the partial discectomy, especially given no resolution of the

pain was immediate and his activity was restricted for some prolonged time after the

surgery. His lumbar region would have been his focus, and attention to that region

was reinforced by the hands on treatment he was receiving. This focus may have
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heightened the response of his primary somatosensory and primary motor cortex to

threatening receptive stimuli, via altered cortical representations.

A recent prospective investigation identified that a combination of physical (work

postures and activities) and psychosocial (fear related to pain) factors best predicted

those who developed disabling low back pain (van Nieuwenhuyse et al. 2006 A).

The physical factors involved in work were measured by response to standard items,

rather than observation of work practice. It might be argued that those who rated

these items highly had an already heightened attention to particular work postures. A

hypervigilant nervous system – resulting from heightened attention – may be predis-

posed to triggering brain activity that leads to a perception of pain (activation of pain

neuromatrix: see Chapter 7.2).

In other words, the nervous systems of individuals with fears about pain and tissue

injury may be more alert to potentially vulnerable postures and more sensitive in

reacting to sensory stimuli. The result is a primed nervous system that is more likely

to create the perception of pain.

Internal beliefs and emotions

Fear avoidance behaviour

A strong body of literature supports the role of pain-related fear in subsequent disabil-

ity in patients with low back pain (de Jong et al. 2005 A; Peters et al. 2005 A; Storheim

et al. 2005 A; Swinkels-Meewisse et al. 2006 A; van Nieuwenhuyse et al. 2006 A;

Vlaeyen & Linton 2000 R; Vlaeyen et al. 2002 A; von Korff et al. 2005 A). There is

some evidence that in acute or sub-acute presentations, pain-related fear may not be a

valuable predictor (Sieben et al. 2005 A) or a valuable treatment target (Jellema et al.

2005 A). However, the authors of these studies propose methodological explanations

for their failure to identify the importance of pain-related fear.

Fear-avoidance behaviour is well represented by a model developed by Vlaeyen and

colleagues, based on Letham’s model (Vlaeyen & Linton 2000 R) (see Figure 7.3.1).

While self-efficacy for self-management of pain is not represented on the model, it

could be expected to feature in both the ‘vicious’ cycle of fear-avoidance (low self-

efficacy) and the path to recovery (high self-efficacy) (Ashgari & Nicholas 2001 A).

Recently, low self-efficacy has been associated with a vulnerable personality-type

that may be predisposed to passive coping styles (Ashgari & Nicholas 2006 A). This

would include avoidance and catastrophising as per the model.

Fear of re-injury is a significant issue in Mr CP’s presentation. His belief about

the nature of his condition (disc lesion) is likely not only to guide his behaviour

but also to lead to cognitive and emotional sequelae. As a result, assessment and

treatment decisions can be derived from the aforementioned model (see Figures 7.3.2a,

7.3.2b). The coping strategies that Mr CP has adopted in response to the recurrent

episode of pain need to be evaluated as either helpful confronting (active) strategies

or unhelpful avoiding (passive) strategies. Coping style has been shown to be an

important determinant of level of participation (Burton et al. 1995 A; Linton 2005 A;



JWBK139-07 JWBK139-Partridge January 8, 2007 10:50 Char Count= 0

RECURRENT LUMBAR PAIN AFTER FAILED SPINAL SURGERY 165

PAIN EXPERIENCE

INJURY

PAIN CATASTROPHISING

PAIN-RELATED FEAR
 

AVOIDANCE
HYPERVIGILANCE

DISUSE
DEPRESSION
DISABILITY

NEGATIVE AFFECTIVITY
THREATENING ILLNESS INFORMATION

RECOVERY

CONFRONTATION

NO FEAR

Figure 7.3.1. The ‘fear’ avoidance model (Vlaeyen & Linton R 2000, p. 329). Reproduced by
kind permission of the International Association for the Study of Pain.

van Tulder et al. 2004 R). From the information provided, Mr CP appears to use a

passive approach.

Catastrophising

Research places great emphasis on the role of catastrophising in the pain experi-

ence (Moseley 2004 A; Peters et al. 2005 A; Sullivan et al. 2004 A; Vlaeyen et al.

2002 A). Mr CP would appear to be catastrophising about the impact pain will have

on his functioning. Sullivan et al. (2006 B) suggest the role of catastrophising as a

communication of the need for assistance from others. Therefore it can be seen as a

passive coping strategy that Mr CP is using, possibly as he feels unable to self-manage

his problem. Linton (2005 A) links catastrophising with distress, and both with the

broader concept of anxiety. In that case, Mr CP’s catastrophising could be interpreted

as his anxiety about his current predicament, and not just a misconception.

Self-efficacy for self-management

Mr CP’s previous management for his initial injury needs to be well documented, and

the outcomes made clear. Interview should include determining his belief about the

effectiveness of past treatments and finding out what his preferences are for managing

his current problem.
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Pain Experience 
‘My back is painful 
when I bend or twist 
or sit for too long.’ 

Pain Catastrophising 
He thinks that pain is a sign 
that his disc is damaged and 
he will have to stop all activity 
and even have surgery. 

Disability/Disuse 
He stopped all sporting 
activities, is increasingly 
dependent at home. 

Avoidance/Hypervigilance 
He avoids bending, twisting 
and prolonged sitting. 

Pain-Related Fear 
Every time he feels pain 
he is afraid more damage 
is occurring to his discs. 

Low Self-Efficacy 
Not confident about self-
managing pain. 
‘I want a review by the 
physiotherapist and an MRI.’ 

Figure 7.3.2a. Representation of how Mr CP’s fear can lead to disability. This vicious cycle
contributes to his pain experience and affects his ability to remain at work. The proposed
treatment strategies will result in him being less avoidant and fearful of his back pain. His
knowledge and problem solving skills will be enhanced and allow him to challenge his initial
belief that he needs more treatment and investigations.

The passive treatments he describes have potentially contributed to a dependency

on medical interventions and a disregard for self-management strategies. It would

be of value to compare Mr CP’s outcome expectations for treatments he has sought

previously with his expectations for the results of managing his pain himself. If he

is convinced that he has a damaged disc and that the only viable treatment is further

surgery then he will be reluctant to engage in any other treatment, especially if he

views it as potentially harmful. It is also important to ascertain how confident he is

in performing self-management strategies. This is a self-efficacy belief and will be
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High Self-Efficacy/Confrontation  
‘I don’t need an MRI because my 
tissues have gone through the healing 
process.’ 

Recovery 
‘I have started the sports I used to enjoy.’ 
‘I am more reliable at work.’ 

No Fear 
‘My pain is not because of a new problem 
with my discs or other damage.’ 

Figure 7.3.2b. Confrontation of fear and eventual recovery. The fact that Mr CP is questioning
his unhelpful thoughts, is educated about his back pain, and is trying things out, means that he
can challenge his unhelpful beliefs about his body being vulnerable.

influenced by his beliefs about the capabilities of his body, his belief about the nature

of his condition, and his ability to do things despite the pain. Therefore assessment

needs to address these issues, identifying any unhelpful beliefs about diagnosis and

treatment and also any beliefs about his inability to perform the required tasks. Mr CP’s

behaviour appears to be associated with a low level of outcome expectation for self-

management and a low level of self-efficacy for self-management, as reflected by his

passive and avoidant coping style.

From yellow to blue to black flags

Research into condition-failed back surgery, where the patient has a poor outcome

from surgery (Miller et al. 2005 A), reinforces the need to evaluate patients carefully,

and especially for psychosocial factors known to influence outcome. Clinicians using

manual therapies are also advised to screen for these factors, including using the

Yellow Flag approach (Watson & Kendall 2000 C). Where the continuance of work

or the return to work are important, assessment of blue and black flags are also

indicated. These flags are associated specifically with occupational factors that may

present as possible barriers to return to work (see Table 7.3.1).

Blue flags are concerned with perceptions related to work. Black flags relate to

objective work characteristics. Blue flags are factors that are perceived by the worker
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Table 7.3.1. Examples of the Yellow, Blue and Black Flags assessment approach to
Mr CP’s case

Yellow Flags Concern that pain is sign of disc damage.
Expectation that surgery or manipulation will provide quick cure.
Expectation that activities that cause an increase in pain should

be avoided.
Increasing dependence with domestic tasks.

Blue Flags Concern that employer will not continue to be supportive due to
his absence from work.

Pressure to push himself harder in response to busyness at work.
Expectation that workload will have to increase, although already

very busy, if he is to climb career ladder.
Black Flags Sickness absence management policy at work.

Official work policy of reviewing performance if employees take
more than 15 days’ sick leave.

to be preventing them from returning to or continuing with work (Main & Burton

2000 C; Sowden 2006 C). Examples of what a worker might say include ‘They expect

me to work full time hours or not at all’, and ‘My employer doesn’t believe me when

I say I am in pain’. One identified blue flag in Mr CP’s case is the concern that the

initial support given by his boss may not continue. Also, he has indicated that he

feels pressured at work and verbalises this through statements such as ‘They ask me

to take on more cases every time I am at work’ and ‘They expect me to stay back

most days’. Due to the nature of his work, which includes a large amount of time in

sitting, he feels that he is beginning to struggle to fulfil his duties. While he identifies

a biological component for his inability to stay at work, saying ‘Disc pain doesn’t

allow me to sit for long’, there may be a component related to his expectation of the

amount of work required of him, and what he perceives others expect of him in terms

of work performance.

This is important to clarify during the assessment process. It may require some dis-

cussion in order for Mr CP to acknowledge the potential for multiple components, and

engage in the pursuit and identification of psychosocial factors. In short, assessment

can – perhaps should – be educational.

Black flags affect all workers equally. They include workplace policies and na-

tionally established policies. Some examples of black flags are sickness policy; the

role of occupational health in enforcing sickness policy; restricted duties; wage re-

imbursement rate (Main & Burton 2000 C). The place where Mr CP works has an

official policy of reviewing an employee’s performance after 15 days of sickness ab-

sence. This procedure is standard for any employee at his firm. This may result in him

having a poor work record, being dismissed, or being in some other way penalised,

for example missing a job promotion. This in turn may affect Mr CP’s progress with

rehabilitation and consequently set back his final goal of reducing work absence and

improving quality of life.
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A worse scenario for Mr CP is that his work absences become more frequent and

of longer duration. Research identifies fear of re-injury, independent of pain severity,

as a factor in long-term sick leave (Gheldof et al. 2005 A). Prognosis for those who

are off work, or having difficulty returning to normal duties, for longer than 12 weeks

are not encouraging (Airaksinen et al. 2005 R; Vendrig 1999 A). While the basis of

this statement relies heavily on information from patients with workplace injuries,

it highlights the importance of addressing Mr CP’s pain management in the context

of the work setting, to reduce any risks of long absence. The physiotherapist should

involve themself in this, but where workplace negotiations become complicated a

workplace specialist should also be involved.

DIAGNOSIS

QUESTION 2

What is an appropriate label for Mr CP’s low back pain?

IMAGING

As mentioned in Chapter 7.2, traditionally there has been an emphasis on tissue

damage when considering an individual’s pain and how to treat it. In particular,

an individual’s report of pain has been used as the main determinant in invasive

treatments, including surgery and neurotomy. In Mr CP’s case, he is hopeful that an

MRI scan will help identify or diagnose a structural cause of his pain.

A number of studies since the mid 1990s have questioned the value of this. An

investigation, using magnetic resonance imaging (MRI), into the structural integrity

of intervertebral discs in asymptomatic subjects revealed that 56 % of the sample had

disc lesions (Jensen et al. 1994 A). Further, four subjects were described as having

disc protrusions, and one subject a disc extrusion. Yet these individuals were pain free.

While there was no follow-up to see if these subjects developed pain later, the study

demonstrates that despite the presence of identifiable tissue damage there is often

no pain. One study which did follow up subjects (average follow-up was five years)

found similar structural changes in asymptomatic subjects (Boos et al. 2000 A). While

some back pain was reported in this group at follow-up, psychological factors and

the nature of work were better predictors of medical consultation, than MRI findings.

A more recent study demonstrated that there was no correlation between vertebral

stress fracture or pars interarticularis defects, and pain or return to cricket (Millson

et al. 2004 A). This included an example where pain persisted despite evidence of

healing. Further, a recent study concluded that plain radiographs for low back pain add

little value to therapeutic interventions, rarely detect serious pathology, and expose

patients to radiation unnecessarily (van den Bosch et al. 2004). In any case, Ehrlich

(2003 R) concludes that for disc pathology identified by imaging, invasive treatment

commonly is ineffective. MRI for low back pain was found not to benefit treatment
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planning, and informing patients of the results may lead to greater worry (Modic et al.

2005).

Apart from patient preference, there is no support for Mr CP’s request for an MRI

scan (van Tulder et al. 2004 R), which is unlikely to diagnose the cause of the pain.

PASSIVE STRAIGHT LEG RAISE (PSLR)

Mr CP’s PSLR was limited and asymmetrical. PSLR, and its variants, Lasegue’s

test and sign, has been considered a valuable predictor of disc herniation. However,

Rebain, Baxter and McDonough (2002 R) undertook a systematic review of the

use of PSLR in low back pain and found a need to clarify the role of psychosocial

influences and muscle activity on the test. It was reported that psychological factors

were not considered in any studies using the test. This greatly undermines its value

as a diagnostic tool, given the potential for psychological factors to influence nervous

system sensitivity and pain perception. There are elements of anxiety and distress in

Mr CP’s presentation which are likely to affect the specificity of the PSLR.

FAILED BACK SURGERY SYNDROME (FBSS) VERSUS NON-SPECIFIC
LOW BACK PAIN (NSLBP)

While Mr CP’s presentation could be considered NSLBP, the role of prior surgery

in enhancing nervous system sensitivity may be better acknowledged with the FBSS

label. Merksey and Bogduk (1994 C) insist in the IASP taxonomy that if surgery has

been performed then it becomes the primary focus of the diagnostic label, rather than

the pre-surgery diagnosis. So while Mr CP reports a disc pathology as the primary

cause of symptoms (as well as ‘facet joint’), FBSS or lumbar pain after failed surgery

would be supported by current literature (Miller et al. 2005 A; Skaf et al. 2005 A).

TREATMENT

QUESTION 3

What is the best treatment for pain-related fear?
In response to Mr CP’s biopsychosocial assessment, a brief problem list might be

constructed, as in Table 7.3.2. Please note that this representation does not allow for

the interactions of factors, or the potential impact of treatments on all aspects of the

individual.

EVIDENCE FOR TREATMENT

The recent European Guidelines for acute NSLBP (van Tulder et al. 2004 R), chronic

NSLBP (Airaksinen et al. 2005 R), and prevention in low back pain (Burton et al.
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Table 7.3.2. Identified key treatment targets for physiotherapy from Mr CP’s
biopsychosocial assessment

Threatening
Receptive Stimuli

Increased muscle tone in response to palpation examination.
Sensory, proprioceptive and visual input interpreted as

damaged or vulnerable lumbar spine.
Internal Beliefs and

Emotions
Concerns and distress about disc injury and prognosis.
Pain-related fear.

State and Structure of
Nervous System

Sensitised due to above factors.
Abnormal afferent and efferent activity due to reduced

movement.

2004 R) provide evidence-based recommendations which will be considered in this

section. Interestingly, there has been increasing support for the use of biopsychoso-

cial interventions from initial contact in primary care (Grotle et al. 2005 A; Linton

2005 A; Pincus et al. 2002), which potentially blurs any distinction between ‘acute’

and ‘chronic’ pain management. As such, reference will be made to all three guide-

lines. It is important to recognise that those individuals who do not manage their acute

pain well are likely to develop complex responses, including physical, neurological

and psychological factors, and leading to reduced activity and distress, among other

things. Those who do manage acute pain well, even if it persists to chronic pain, are

unlikely to have the myriad of repercussions.

In terms of failed back surgery syndrome, there is some evidence that further

surgery can help in select patients (Skaf et al. 2005). This will not be pursued in this

section; instead it will be assumed that there is no identifiable tissue pathology.

BIOPSYCHOSOCIAL INTERVENTIONS

Physical therapy

There is some support for trialling manipulative therapy (including mobilisations)

with Mr CP (Airaksinen et al. 2005 R; van Tulder et al. 2004 R). The physiotherapist

should have a clear rationale for selecting this technique as it may lead to further

undermining of a self-management approach.

Supervised exercise therapy is recommended by the ‘chronic’ guidelines, although

no recommendations regarding specific exercises are made (Airaksinen et al. 2005 R).

Given Mr CP’s apparent concern about movement, supervised exercise may be valu-

able in providing support and encouragement. However, the context of his treatment

(private clinic) would suggest other strategies, including a well-defined home exer-

cise programme, may be more appropriate. The focus of this would be re-establishing

normal range and movement, and therefore retraining the nervous system with regard

to normal sensorimotor responses and safe limits.
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Cognitive-behavioural interventions

Education and thought challenging

Education is recommended by the European guidelines (Airaksinen et al. 2005 A;

Burton et al. 2004 R; van Tulder et al. 2004 R).

As stated before, the education process begins informally during assessment and

should be part of the first meeting with Mr CP. This will help him to be informed for

discussion of treatment goals. Open and collaborative education strategies are more

likely to be empowering than a didactic approach.

Education has much support in the literature but the type of education is crucial.

Education that targets patients’ beliefs and emphasises behaviour change (Burton et

al. 1999 A), aims to reduce the fear associated with pain (de Jong et al. 2005 A)

and provides information about neurophysiology of pain (Moseley 2003 A, 2004 A),

has better outcomes than education focusing on anatomical information about back

structure, stability and back care. One session of appropriate education, including that

by a physiotherapist, has repeatedly been shown to be effective (de Jong et al. 2005

A; Frost et al. 2004 A; Klaber Moffett et al. 2005 A; Moseley 2004 A). Notably in

a number of these studies, researchers were specially trained in communication and

use of cognitive-behavioural principles, or education was provided in a one-to-one

context. Therefore a patient-centred approach to communication may optimise the

value of education.

Presented in a non-threatening way, education would begin the essential process

of thought-challenging and reconceptualisation. Mr CP should be allowed and en-

couraged to ask himself questions about his beliefs and behaviours related to pain.

By challenging thoughts relating pain to disc damage, he will begin to consider chal-

lenging the behaviours associated with these thoughts, such as fear-avoidance (de

Jong et al. 2005 A). Thought-challenging may need to be flagged as a useful coping

strategy for moments of increased pain and distress.

It is also essential that when Mr CP challenges his beliefs he can consider a different

explanation of his symptoms. In this way, he will understand how his nervous system

can become sensitised and how mildly noxious stimuli or even non-noxious receptive

information can thus be perceived as dangerous. Hopefully Mr CP will start some

behavioural experiments, of his own accord, to confirm or deny this. If not, the

physiotherapist may need to facilitate this; this is commonly achieved through a

structured exercise programme or goal-setting task.

Graded exposure

While graded activity is mentioned as part of the multidisciplinary treatments in the

guidelines, graded exposure is not specifically mentioned (Airaksinen et al. 2005 A;

Burton et al. 2004 R; van Tulder et al. 2004 R).

Low back pain patients who score highly on the Fear-Avoidance Beliefs Ques-

tionnaire have been treated successfully using exposure therapy in the clinical and

work or home settings (de Jong et al. 2005 A; Vlaeyen et al. 2002 A). Essentially
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this involves a hierarchy of activities or experiences – which might include visual

imagery – that are ranked by the patient in the order of increasing fear or threat. The

patient is then exposed to each level of the hierarchy, starting at the lowest. Com-

mon examples identified as fear-provoking activities in patients with pain are lifting

a weight, bending forwards, being bumped by another person. Vlaeyen et al. (2002

A) determined that it is the graded exposure that is important in achieving change,

and not just the graded activity that physiotherapists commonly prescribe.

On reflection, it is probably valuable for physiotherapists to reinterpret the out-

comes of graded activity in order to recognise the potential for cognitive benefits,

including supporting reconceptualisation, improving self-efficacy, and reducing fear.

Also, by refining the approach to incorporate graded exposure strategies (such as a

fear hierarchy), the intervention may be more effective. Importantly, graded exposure

is usually performed in conjunction with clinical psychologists and caution must be

taken to ensure the patient does not become more distressed. Physiotherapists need

to be aware of their training needs and when it is appropriate to refer a person on to

a clinical psychologist.

In Mr CP’s case it would be expected that activities involving bending and twisting

would feature highly on a fear hierarchy. Sitting for a prolonged period may feature in

any graded exposure set in the workplace. He may need help to plan a hierarchical list

of relevant fear-related activities. The physiotherapist may want to facilitate reflection

of the process, particularly of how Mr CP feels after successfully meeting a challenge

and of how success at the task relates to his predictions for the tasks. This may bring

out evidence that Mr CP can use to challenge future unhelpful predictions of what

might happen. Reflection will also help with designing a plan for the next exposure

level on the hierarchy.

Goal-setting

Where a developing process is part of attainment of a treatment goal, structured

goal-setting may be valuable. The patient may wish to do this independently or in

collaboration with the physiotherapist (Klaber Moffett et al. 2006 C). However, des-

pite evidence supporting the positive impact of goal-setting in physiotherapy (Arnetz

et al. 2004 A), there is also evidence that physiotherapists do not do this well (Parry

2004 A) or fail to develop a shared level of understanding with the patient that would

enable them to do this effectively (Daykin & Richardson 2004 A). To be effective in

the collaboration, physiotherapists need to be able to provide guidance on evidence-

based decision making. Such guidance has also been shown to be lacking (Bishop &

Foster 2005 A).

Reflection

For Mr CP, goal-setting should incorporate reflection on the evaluation of past perfor-

mances. Evidence of the levels of activity that his body is capable of, coping strategies

that he has used previously to good effect, and his intimate knowledge of daily routines
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and home and work environments will be important features to consider. Reflections

in preparation for goal-setting may provide useful insights into his method of coping

in different contexts and situations.

Time-contingent, not pain-contingent

Use of quotas as a guide to activity is mentioned as part of graded activity/exercise

in the guidelines (Airaksinen et al. 2005 A).

Mr CP obviously enjoys sports but is unable to participate at the level he desires.

Also, his sitting tolerance is proving an issue at work. Improvement in his participation

would benefit from a planned approach to pacing-up activity. Goal-setting should

reflect a repetition- or time-contingent (such as a quota), not pain-contingent, approach

to activity (Harding & Watson 2000 C). Correct baseline setting is essential. It should

reflect a level of what Mr CP feels he can do regularly (Harding & Williams 1998 C).

The starting baseline setting should emphasise a manageable level of activity, given

that he will potentially be quite low skilled at managing his pain. Although Mr CP will

be encouraged to do things despite pain, it is essential that he feels in control of it. That

is, gritting teeth and pushing through the pain may only increase anxiety and raise

nervous system sensitivity. Use of strategies such as relaxation, thought-challenging,

and a planned gradual increase in activity level, will allow him to improve self-efficacy

for self-management and perform activity despite pain, and without distress.

Structured planning to improve his sitting tolerance would be specifically beneficial,

as this is obviously causing him some concern and may have a big impact on how he

feels about and interacts with his workplace. There are time-contingent desensitisation

strategies he could use to pace up his sitting tolerance (for example, using a timer),

but he may find it inappropriate to implement these in some work situations (such

as during a meeting with clients). Again, developing skill in a range of strategies

will allow him to use what is effective in a given situation. This might even include

self-talk such as ‘I know this will make me sore but it is important I make a good

impression’. However, this is unlikely to be helpful if it is associated with increased

emotional distress.

Medium- and long-term goals

Once his confidence with the more immediate goals or initial levels of the fear hier-

archy is increased, Mr CP may want to focus on what medium- and long-term goals

he has to plan for. It may be important to set periods of time to allow reflection on

progress, the skills already developed, and his achievements.

He may be worried that his absences from work will cause him to be viewed

negatively in his performance appraisal. This could be true; however, he reported his

boss was supportive. He could be in a position to work cooperatively with his boss,

who may be able to help him stay at work for longer and work towards his promotion.

He may want to initiate these types of negotiations in a meeting with his boss. This
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is potentially where a case manager or health care professional who is a workplace

specialist could facilitate a workplace plan.

Flare-up or set-back plan

It is quite normal to experience fluctuations in the level of chronic pain. Mr CP

may initially look to his physiotherapist to provide reassurance that this is normal.

However, encouragement in self-management and self-reassurance is an important

skill that he himself needs to develop.

It is also expected that there will be instances, extraordinary to these fluctuations

common to persistent pain, when Mr CP will experience prolonged and increased

levels of distress and pain. As part of managing these episodes, it is useful to have a well

developed flare-up or set-back plan. Mr CP’s flare-up plan might consist of a statement

about remembering to do the strategies he has used effectively. It might include

performing extra relaxation strategies or dedicating time to thought-challenging and

reflection on helpful versus unhelpful coping strategies (for example catastrophising).

It may also involve some activity management. Activity management usually does

not require starting back at square one. It may mean not pacing-up for a period of

time, consolidating the activity levels that he was managing before the flare up, or

pacing-up at a slower rate.

Summary of treatment

Nociceptive triggers have not been identified and so were not specifically discussed

in treatment. It is possible that something has not been identified and special attention

should always be paid to following up on signs of serious pathology. However, it

is important to recognise that pain may not have a nociceptive trigger and that the

patient’s emotions and beliefs and the sensitivity of the nervous system are equally

important in the patient’s report of pain.

By considering and addressing threatening receptive input, educating to modify

beliefs and reduce distress, and normalising the experience of the nervous system,

it is hoped that Mr CP will be more confident about managing painful episodes and

even have a reduction in pain.

CONCLUDING REMARKS

Human pain is complex and demands complex solutions. The employment of

cognitive-behavioural principles as outlined here directs management to be patient-

centred, with an emphasis on self-management. Some patients may not be ready to

participate in this way. However, by creating an open and non-threatening dialogue,

the patients will be able to reflect on their beliefs and plan appropriate remediation

of the problems they identify (Trede 2000 A).
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While patients will look to physiotherapists to provide quality and expert opinion,

it is just as important and much more empowering for patients to learn and employ the

skills for self-management, rather than being told what to do. By taking this approach,

the physiotherapist will create a treatment context that enables the patient to problem

solve and safely explore their physical abilities. It gives the patient the opportunity to

take control and explore the strategies that will best help them manage pain at home

and in their work environment. The patient can take responsibility for some of the

problem solving and therefore reduce the complexity of the challenge of pain.
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8 Evidence for Exercise and
Self-Management Interventions
for Lower Limb Osteoarthritis

NICOLA WALSH

CASE REPORT

BACKGROUND

Mrs S is a 62 year old female who lives with her husband in a semi-detached house with
a large garden. They both retired two years ago, and now lead a relatively sedentary
lifestyle, although they enjoy gardening and looking after their three grandchildren,
who live locally. Mrs S has been experiencing intermittent pain in her right knee for
approximately seven years, but has noticed a gradual increase in intensity over the last
18 months, including occasional discomfort in her left hip and knee; she is otherwise
fit and well. She is now using her car more, as walking for more than twenty minutes
aggravates the pain in her knees. She also reports stiffness in her hip and knee joints
on waking, which resolves within 10–15 minutes of rising.

PREVIOUS MANAGEMENT

Mrs S has consulted her general practitioner (GP) several times for this problem, and
was originally given paracetamol for pain relief and advised to lose weight; following
a further GP consultation, she was also prescribed a non-steroidal anti-inflammatory
drug. She has since been referred to physiotherapy, treated with acupuncture and
given quadriceps exercises to perform at home on a daily basis. Although Mrs S
initially noticed some relief in her pain following acupuncture, her pain has returned
and is gradually worsening. Adherence to her exercise schedule has diminished, as
she noticed minimal improvement in her symptoms and found the exercises boring,
so stopped after one month. She has now been re-referred to physiotherapy.

CURRENT MEDICATION� Paracetamol (2 twice daily).� Glucosamine Sulphate (1000 mg daily).� Rofecoxib (stopped medication 6 months ago).

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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MAIN DIAGNOSIS� Primary osteoarthritis of the right knee (Kellgren-Lawrence Grade 2).� Left hip and knee X-ray – NAD.

OBJECTIVE FINDINGS� No structural deformity or instability of lower limb joints.� Overweight (patient reports 7 kg weight increase over last 2 1/2 years).� Normal gait pattern (c/o discomfort in right knee when standing from chair).� Reduced quadriceps strength on right side.� Decreased flexion in left and right knees (c/o end range stiffness).� Full range of movement in both hips (c/o anterior ‘tightness’ on extension of left
hip).

BASELINE ASSESSMENT OUTCOME MEASURES� WOMAC = 19.� Aggregate Functional Performance Time (AFPT) = 47.9 s.� Self-efficacy for exercise = 63.

AGREED PROBLEM LIST� Walking distance reduced due to discomfort.� Muscle weakness in right leg.� Stiffness in both knee joints.� Tightness around left hip.� Recent weight gain.

AIMS OF TREATMENT� Increase comfortable walking distance.� Improve lower limb function.� Reduce pain.� Provide patient with strategies to self-manage condition and encourage exercise
adherence in the long-term.� Encourage weight-loss.

TREATMENT PLAN� Lower limb exercise and self-management OA class.� Home exercise programme.
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SIX WEEKS POST-INTERVENTION ASSESSMENT
OUTCOME MEASURES

WOMAC = 17.
AFPT = 38.4 s.
Self-efficacy = 73.

SIX MONTHS POST-INTERVENTION ASSESSMENT
OUTCOME MEASURES

WOMAC = 10.
AFPT = 36.1 s.
Self-efficacy = 69.

18 MONTHS POST-INTERVENTION ASSESSMENT
OUTCOME MEASURES

WOMAC = 14.
AFPT = 38.7 s.
Self-efficacy = 70.

INTRODUCTION

Osteoarthritis (OA) is the most common cause of pain, disability and functional
impairment in the over-50 population, and increases in prevalence with age (Roddy
et al. 2004 C). It is estimated that between 10 and 25 % of the post-retirement
population experiences OA symptoms in the hip or knee joints alone (Petersson &
Croft 1996 B), and there is a likelihood that these figures will increase as the size
and longevity of this societal group expands. In addition, many people (recent figures
suggest up to 8.5 million people in the UK) report symptoms of chronic joint pain
with no formal diagnosis of OA, so the condition is even more prevalent than the
figures suggest (Arthritis Care 2004 B).

The World Health Organisation (1997 C) cites OA as the fourth most prevalent
disease amongst women in the developed world, and the eighth amongst males, es-
tablishing it as a considerable concern and burden to individuals, society and world
health care systems. Economically, OA places huge financial demands on government
and public spending. It is estimated that an annual societal cost of approximately £5.5
billion is incurred as a result of OA and chronic joint pain, including such factors as
drug prescriptions; primary and secondary care conservative and surgical interven-
tions; and lost revenue due to absence from work (Arthritis Research Campaign 2004
B; Hoffman et al. 1996 B; March & Bachmeier 1997 B). It is probable that there
are considerable hidden costs that would escalate this figure further, for example,
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inclusion of iatrogenic pathology, and unpaid social support from family and friends
(Leardini et al. 2004 B; Solomon et al. 2003 B).

The majority of patients with OA are managed within the community or prim-
ary care setting, often by their GP with simple analgesics and non-steroidal anti-
inflammatory drugs (NSAID) (Peat et al. 2001 R), with less than 5 % progressing
onto surgical intervention in secondary care (Walker-Bone et al. 2000 R). Although
these medications relieve pain and have some impact on function (Superio-Cabuslay
et al. 1996 A), they fail to address the underlying physical dysfunction in mus-
cles and joints. In addition, drug interventions are costly (Leardini et al. 2004 B;
Solomon et al. 2003 B) and often unpopular with patients (Chard et al. 2000 R;
Tallon et al. 2000 B), and, as recent evidence suggests, prolonged NSAID use as-
sociated with co-morbid conditions common in older people, can induce serious or
life-threatening side-effects (Hippisley-Cox & Coupland 2005 B; Hippisley-Cox et al.
2005 B). This evidence has resulted in withdrawal of several ubiquitously prescribed
drugs from the market (Medicines and Healthcare products Regulatory Agency
2005 C).

Non-pharmacological treatment options still remain the cornerstone of primary
care management, and international evidence-based guidelines strongly endorse the
early use of exercise, weight loss and self-management/educational interventions for
OA (American College of Rheumatology 2000 C; Jordan et al. 2003 R; Roddy et al.
2004 C).

Physiotherapy should underpin primary care management strategies, but consid-
ered and selective use of particular treatment modalities, and careful consideration of
evidence of effectiveness, are essential if physiotherapy departments, which experi-
ence considerable time and financial constraints, are to adequately meet the demands
of the increasing OA population.

In this chapter, I will briefly outline the pathological processes of OA in order to
justify treatment selection, and then present contemporary best evidence to support
physiotherapeutic interventions for the condition, in relation to clinical questions.

PATHOLOGY AND PRESENTATION

OA affects the synovial joint units of the musculoskeletal system, resulting in pain,
sensorimotor dysfunction, decreased range of movement, and later stage deformity.
Although pathological changes present in the hands and spine, OA is primarily bur-
densome for the individual and places the most extreme demands on health services
when found in the hip and knee joints (Picavet & Hazes 2003 B).

OA is categorised into a primary and a secondary disorder, with the latter emanating
from previous injury or biomechanical insult to the joint (Brandt et al. 1986 C). Causes
of primary OA are more elusive, and although contemporary research attempts to
identify genetic disorder and predisposition (Uitterlinden et al. 2000 B) or muscle
dysfunction resulting in inadequate joint protection (Hurley 1999 C), the precise
mechanism remains unknown. It should however be considered an active joint process,
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rather than simple ‘wear and tear’ as a result of aging (which it was traditionally held
to be; this is now considered outdated and inappropriate).

The cartilage is predominantly vulnerable in OA, with disease processes resulting
in softening, flaking, erosion, and ultimate disintegration of the collagenous matrix
(Sandy & Verscahren 2001 B). However, articular cartilage is aneural, so cannot be
responsible for the pain experienced in the early stages of the disease (Felson 2005
B). Concomitant changes in the bone, leading to sclerotic lesions and periarticular
osteophytic formation, may indeed have a greater impact on pain levels and contribute
to the malalignment deformities seen in the latter stages of the disease (Felson et al.
2003 B).

QUESTION 1

Which physiotherapy management strategies are beneficial for lower limb OA?
From a physiotherapy perspective, the changes in muscles are of primary interest,

as they are rendered weak and susceptible to premature fatigue, but are plastic and
therefore responsive to active intervention (Fisher & Prendergast 1997 B). Whether
weakness results from arthrogenous muscle inhibition (Hurley & Newham 1993 B)
or disuse atrophy associated with fear avoidance (Dekker et al. 1992 R), there is
evidence implicating muscle tissue in the disease process.

The predominant complaints among patients with OA are of pain and loss of
function (Peat et al. 2001 R), and as such, management strategies must focus on both
the underlying physical and psychosocial dysfunctions that result in these problems.

Traditional understanding and physical treatments of OA were based on the premise
that pathological changes impaired normal mechanical joint function, giving rise to
pain and disability, and that those interventions which corrected such dysfunctions
would ameliorate patient symptoms (Hurley & Newham 1993 B). This approach is
embedded within the biomedical model of ill health and pain perception (Keefe et al.
2003 C), and provides a feasible explanation for the role of sensorimotor dysfunc-
tion in disease pathogenesis (Hurley 1999 C). However, it fails to account for the
individual’s comprehension and beliefs regarding their condition, emotions, previ-
ous experience, and a variety of other psychological sequelae that impact upon pain
responses (Turk 1996 C).

A wider biopsychosocial model of ill health integrates the underlying pathology
and physical dysfunction with the complex internal traits and external factors that
influence pain perception, disease impact, and treatment response (Hurley et al. 2003
B; Jones et al. 2002 B). Indeed, it may also contribute to our understanding of the
frequently cited incongruity between severity of radiographic OA and patient reported
symptoms (Creamer et al. 1999 A), and disparity in success of, and response and
adherence to, treatments (Hurley et al. 2003 B).

Mrs S had already undergone a course of physiotherapy involving acupuncture
and a quadriceps home exercise regimen, with the former eliciting some short-term
benefit, and the latter producing no self-reported improvements. Treatment strategies
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such as acupuncture, electrotherapy and manual therapy, each of which has a poor
evidence-base in OA (Hurley & Walsh 2001 R) and may encourage patient reliance
and passivity, coupled with advice and instruction to exercise at home, are a com-
mon approach to patient management (Walsh & Hurley 2005 B). However, effective
treatment for OA involves active strategies that are patient controlled, encourage in-
dependence and long-term adherence, and have a strong evidence-base (Clarke 1999
R).

Therefore, the chosen treatment approach for Mrs S was an exercise and self-
management class, integrating lower limb exercise with educational sessions that
utilised active coping strategies for pain control, and discussed activity planning
and overcoming barriers to exercise. The proposed aims of treatment were to en-
courage increased function and activity levels, improve but not eradicate pain, and
promote long-term exercise adherence (full programme details can be found at
www.kcl.ac.uk/gppc/escape).

QUESTION 2

Which type of exercise is most beneficial for lower limb OA?
Mrs S presented with reduced quadriceps strength bilaterally, with associated de-

creased range of knee joint movement, in addition to full range at her hips, but
subjective joint ‘tightness’. No structural malalignment or ligamentous laxity was
noted. Walking was her predominant functional problem.

The evidence for the role of exercise in rehabilitation of OA is compelling, partic-
ularly for the knee joint, for which the majority of contemporary research has been
undertaken. Although exercise is simple, accessible and cost-effective, careful con-
sideration should be afforded to specificity, type and intensity, depending on local
biomechanical factors (Sharma 2003 B). The documented benefits of exercise for hip
OA are based on a very small number of underpowered studies and expert consensus
opinion (Roddy et al. 2004 C), and the assumption that hip and knee joints affected
by OA will respond in a similar manner. It is possible (although unlikely) that this
is an inappropriate supposition, as latterly it has been speculated that hip OA and
knee OA are site-specific sub-sets of the condition (Dennison & Cooper 2003 C).
A recent meta-analysis of therapeutic exercise (strengthening and aerobic) for hip
and knee OA demonstrated a combined effect size of 0.46 (95 % CI 0.35, 0.57) for
improvements in self-reported pain, and an effect of 0.33 (95 % CI 0.23, 0.43) for
self-reported physical function (Fransen et al. 2002 A). Although these effects may
be deemed moderate, benefits may in fact be greater, as studies that used active con-
trol groups were included, which could dilute treatment effects. In addition, there
was considerable heterogeneity within the studies – group and individual format, and
aerobic and strengthening exercises – therefore it is very difficult to ascertain precise
benefits.

In a subsequent analysis with disaggregated data for knee OA, aerobic exercise
resulted in an effect size of 0.52 (95 % CI 0.34, 0.7) for pain and 0.46 (95 % CI
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0.25, 0.67) for self-reported disability; and strengthening exercise demonstrated a
0.32 (95 % CI 0.23, 0.42) effect for pain and 0.32 (95 % CI 0.23, 0.41) for disability
(Roddy et al. 2005 A).

The exercise class undertaken by Mrs S consisted of a variety of lower limb (par-
ticularly quadriceps) sub-maximal strengthening exercises: knee and hip range of
movement; balance; and aerobic activities, lasting for 35–40 minutes, twice weekly.
She was also provided with a mutually agreed home exercise programme tailored to
her specific goal of increasing walking distance.

STRENGTHENING EXERCISE

Strengthening exercises for knee OA particularly focus on the quadriceps muscle
group, due to the selective weakness commonly noted in patients with both clinical and
radiographic degenerative changes (Slemenda et al. 1997 B) and the clear association
between muscle weakness and decreased function (McAlindon et al. 1993 B). The
role of the quadriceps group in knee function is to provide movement, support and
sensorimotor feedback, and assist in load attenuation on contact (Hurley 1999 C).
Therefore, the implicit assumption has been that rehabilitation of this muscle group
will ameliorate these roles, thus enhancing the protective function over the degenerate
joint.

The provision of strengthening exercises for knee OA was previously considered
a standard ‘prescription’ irrespective of stage, extent, or the local joint environment.
However, a recent study has questioned the viability of this approach, specifically
in patients with malaligned or ligamentously lax joints (Sharma et al. 2003 B). This
study notes that increased quadriceps strength at baseline is associated with greater
(radiographic) progression in tibiofemoral degeneration, irrespective of alignment
alterations. The authors suggest therefore that increasing quadriceps strength may
affect force distribution around the knee joint, particularly the medial compartment
in varus, and lateral compartment in valgus alignments (Sharma 2003 B), and is not
optimal for the heterogeneous OA population. But there is no strong direct evid-
ence at present to suggest that strengthening regimens increase the susceptibility of
malaligned joints, and further large cohort, longitudinal studies will be necessary to
confirm these postulations.

Hip muscle strengthening may also contribute to improvements in knee joint func-
tion relating to dynamic pelvic stability and foot angulation during gait (Hurwitz et al.
2002 B). A study by Yamada et al. (2001 B) found an increase in hip adductor strength
in the presence of knee OA, which increased with disease severity. The authors pos-
tulated a theory that increased adductor strength reduced knee adduction moments,
and was therefore actively employed by patients to reduce varus forces. As with other
biomechanical studies however, further work is required to determine applicability to
clinical practice.

There is good evidence to suggest strengthening exercises, particularly of the
quadriceps, have a beneficial effect on pain and function in knee OA (Pelland et al.
2004 A). Further work clarifying the long-term effects on differing sub-sets of OA is
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necessary, to determine whether increased strength alters biomechanical factors that
can positively and negatively impact on disease progression.

AEROBIC EXERCISE

Aerobic activity, particularly walking, is commonly incorporated into rehabilitation
programmes for knee and to a lesser extent hip OA, both for its joint specific efficacy
and its generic cardiovascular benefits (Bennell & Hinman 2005 R). A variety of
exercises, including supervised walking (Kovar et al. 1992 A) and pedometer driven
regimens (Talbot et al. 2003 A), have demonstrated benefits to pain and function. A
recent meta-analysis reviewing the effects of aerobic activities (walking, jogging in
water, T’ai Chi) in OA found clinically significant benefits for pain, and concluded aer-
obic activity was particularly effective for long-term functional outcomes (Brosseau
et al. 2004 A). This suggests that adherence to exercise regimens is enhanced with
activities that are more enjoyable and functionally orientated.

Walking is frequently encouraged in patients with lower limb OA, but physiother-
apists should consider the manner in which it is prescribed, and indeed the desired
functional outcome. Improving walking time and distance is appropriate, whereas
increasing walking speed may be a detrimental aim for many patients. The evidence
suggests that free speed walking is most appropriate, whereas higher rates may induce
inappropriate forces around the knee, specifically in the presence of malalignment
or reduced joint position sense (Hewett et al. 1998 B). Free speed walking in pa-
tients with hip OA induces minimal increase in contact pressures at the articulating
surfaces, and considerably less than that caused by isometric muscle contraction or
single-leg standing (Tackson et al. 1997 B). Further reductions in impact loading and
joint reaction forces can be achieved through provision of shock absorbing insoles
(Brouwer et al. 2005 A) or walking aids (Mendelson et al. 1998 B).

EXERCISE SUMMARY

It is probable that a combination of strengthening and aerobic exercise regimens is
most beneficial for lower limb OA, but there is an increasing awareness of the need for
specific biomechanical considerations for identified sub-groups. It is unlikely that a
homogenous set of exercises will produce maximum benefit in a heterogeneous popu-
lation, although this is unfortunately inherent in most research protocols and possibly
in clinical practice. Alternative strategies that include specific motor-patterning or
perturbation training may also warrant further research, particularly in the presence
of functional instability.

In addition to the disparity in exercise type, there is considerable variation in intens-
ity and duration of exercise trials. Many studies have impracticable and unreasonable
intervention times (Messier et al. 2004 A; van Baar et al. 1998 A), which fail to
translate into clinical practice, and may be unmanageable for patients in the longer-
term. An exercise regimen that has sufficient time to allow patients to experience the
benefits of exercise, to develop self-efficacy and confidence in their ability to exercise,
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whilst remaining clinically implementable, is preferable. Guidelines regarding exer-
cise participation for general health and well-being suggest at least 30 minutes of light
to moderate activity per day on most days of the week (Department of Health 2004 C).
This figure may be cumulative, for example three short bouts of ten minutes, which
is beneficial for many people with lower limb OA, who frequently find prolonged
activity uncomfortable.

QUESTION 3

Can self-management programmes improve pain and function in patients with lower
limb OA?

Possibly the most challenging aspect of exercise regimens is sustaining long-term
adherence amongst patients once professionally supervised sessions have ceased.
There is consistent research evidence to suggest that patients fail to comply with pre-
scribed drug regimens (Haynes et al. 1996 A), and further support from the exercise
literature to imply this is a generic problem (Ettinger et al. 1997 A; O’Reilly et al.
1999 A). Although this was traditionally considered a failure to accept and follow
advice, contemporary thought suggests that adherence is in fact a complex, conscious
reasoned process depending on preferences, beliefs, understanding, and experiences
(Adams et al. 1997 B; Britten 1996 C). As such, researchers and clinicians should
be mindful of the considerable psychosocial issues that influence patient decisions
regarding treatments, and develop interventions that consider decision making and
provide strategies to overcome adherence difficulties. In addition, establishing a ha-
bitual exercise behaviour is predictive of continued participation, and should therefore
constitute an integral part of the management process (Rejeski et al. 1997 A).

This is the context in which self-management education programmes have been
developed, to enable patients with chronic pain to acquire skills necessary to live
functionally active lives. Prior to each exercise class, Mrs S participated in approx-
imately 25–30 minutes’ group discussion and self-management sessions led by a
physiotherapist. The programme was based on self-efficacy theories, similar to the
Arthritis Self-Management Programme, and consisted of sessions on: exercise ac-
tion plans; management of diet and analgesia; ice, heat and relaxation as alternative
methods of pain control; mood and pain perception; and overcoming barriers to ex-
ercise. Each session was supplemented with written information, which the patient
was encouraged to file and refer to in the future (Hurley & Walsh 2005 C).

Patient education and self-management interventions are generally ill-defined terms
that constitute an array of programmes for OA. Their purpose is to provide a patient
with the skills and confidence to live a ‘normal’ life with their condition (Lorig
2003 C). Traditional physiotherapy approaches to patient education consisted of
information delivery (generally regarding the pathological processes and beneficial
effects of exercise) with minimal consideration of individual patient concerns, disease
perceptions, condition beliefs and lifestyle changes. However, contemporary research
suggests that it is necessary to engage patients in a rehabilitation partnership with the
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professional, and successful programmes need to build on self-efficacy and teaching
the patient how to manage their problem (Lorig 2003 C; Rejeski et al. 1998 B).

Much of the research regarding multiple component education regimens has derived
from the six week Arthritis Self-Management Programme (ASMP) developed by
Lorig and Holman (1993 R). Originally designed as a lay-led programme in the USA,
ASMP comprises a two hour session weekly for six weeks, delivered in a community
setting to groups of 10–15 participants. Content includes activity planning, activity-
rest cycling, relaxation techniques, and managing setbacks in progress (Lorig & Fries
1995 C). Studies of this programme in the UK demonstrate significant improvements
in patients’ health beliefs, implementation of exercise and healthy eating lifestyles,
and psychological well-being (Barlow et al. 1999 A, 2000 A).

Whilst exercise demonstrates moderate effects on pain and function in OA, self-
management interventions induce only small effect sizes. A meta-analysis of self-
management education programmes for OA and rheumatoid arthritis (RA) produced
pooled effect sizes of 0.12 for pain and 0.07 for disability (Warsi et al. 2003 A).
The included studies were heterogeneous, both in content (self-efficacy and cognitive
behavioural therapy approaches) and diagnosis (OA and RA), therefore beneficial
effects on a particular sub-group with a specific approach may have been substantially
diluted.

Mrs S had previously attended physiotherapy and was provided with knee exercises,
which she stopped doing as she found them tedious and experienced little benefit.
At the start of this period of rehabilitation, her self-efficacy for exercise score was
moderate, but she expressed concern regarding exercise and activity, as walking in
particular increased her knee pain and induced some hip discomfort. She had become
less active as she thought this might be detrimental to her joint condition.

SELF-EFFICACY AND OSTEOARTHRITIS

The theory of self-efficacy postulated by Bandura (1977 B) considers an individual’s
beliefs regarding their ability to achieve personal goals and objectives, based on any
previous experience of the task, the perceived benefits of the outcome, and their
mastery of the necessary skills. In relation to OA, this translates into the capacity
to self-manage or control various facets of the disease process, including functional
capabilities, pain, and mood (Barlow 2001 B). There is a close relationship between
self-efficacy, control, and helplessness. Although helplessness results in a consistent
and general belief of diminished control, self-efficacy is task-specific and so can
vary greatly within an individual (Hurley et al. 2003 B). As such it is necessary to
target particular activities in order to maximise confidence and belief in performance
abilities, allowing patients to experience the tangible, meaningful benefits of activity.

Previous research has established the important role of self-efficacy in OA. One
study identified self-efficacy as an independent predictor of activity restriction in
patients with knee OA (Rejeski 1996 A), while further research established that
performance-related self-efficacy prospectively relates to functional decline in sub-
jects with knee pain (Rejeski 2001 B). A recent study (n = 316) revealed that exercise,
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and exercise combined with diet interventions, increased self-efficacy for walking in
subjects with knee OA, although only the combined intervention group reported an in-
crease in self-efficacy for stair-climbing (Focht et al. 2005 A). These authors postulate
that subjects require the intensity of the combined intervention in order to influence
beliefs regarding their ability to undertake more demanding activities.

The complex interactions between self-efficacy and other psychosocial traits have a
significant influence on an individual’s belief regarding their ability to exercise, and on
the health beliefs they attach to activity. Of particular importance is their understanding
regarding the course and prognosis of their disease, as this can significantly impact on
efficacy of interventions (Main & Watson 2002 B). Inappropriate health beliefs and
anxiety can lead to fear avoidance and further joint degeneration, whereas correction
of this behaviour can reduce depression and catastrophising, and encourage activity
participation (Keefe et al. 1996 C).

FEAR AVOIDANCE

A commonly held belief amongst many OA patients is that the disease is an inevitable
consequence of aging, with a relentless progression of joint degeneration that is
exacerbated by activity. Consequently, erroneous beliefs create associations between
exercise and harm – fear avoidance, a behaviour that results in further joint symptoms
(Dekker 1992 R) (see Figure 8.1).

It is therefore a requirement of rehabilitation regimens that they challenge a pa-
tient’s beliefs regarding their disease, not from a purely theoretical standpoint, but

PAIN

JOINT UNIT CHANGES DISEASE BELIEFS

(reduced muscle function, stiffness etc.) (anxiety, fear, lack of control)

BEHAVIOURAL CHANGES

(activity avoidance, prolonged rest)

Figure 8.1. Interactions between pathology, health beliefs and behaviour in OA (adapted from
Hurley et al. 2003 B).
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by allowing them to experience the benefits of exercise and activity, increasing con-
fidence and reinstating active coping mechanisms (Hurley et al. 2003 B). Integrated
interventions that consist of patient self-management education and a participative
exercise element are becoming increasingly prevalent.

QUESTION 4

Do combined exercise and self-management interventions improve pain and func-
tional outcomes in lower limb OA?

Rehabilitation programmes that combine exercise regimens with patient educa-
tion, self-management and coping strategies should maximise the benefits from both
physical and educational approaches, and improve long-term adherence to activity
and overall management of lower limb osteoarthritis.

The evidence suggests that combined interventions reduce pain (effect size 0.44;
95 % CI 0.70, 0.17) and increase function (effect size 0.27; 95 % CI 0.53, 0.002) in
patients with lower limb OA (Walsh et al. 2006 A). However, these findings are based
on a relatively small number of heterogeneous studies whose clinical applicability
and practicability should be considered when judging the clinical implications.

Limited physiotherapy resources and an expanding elderly population render many
of the integrated interventions proposed in research studies unmanageable, due to the
time, logistic and financial constraints faced by clinical departments. The majority of
programmes last for at least eight weeks (Fransen et al. 2001A; Hughes et al. 2004
A; Kuptniratsaikul et al. 2002 A), whilst one study continued physiotherapy and
self-management input for 18 months (Messier et al. 2004). A study conducted by
Hopman-Rock et al. (2000 A) of a clinically practicable intervention (2 hours a week
for six weeks) combining group exercise and pain management sessions demonstrated
clinically meaningful benefits six months post-intervention, and has since been im-
plemented on a wider scale with equally successful outcomes (de Jong et al. 2004 A).
Mrs S followed a twice weekly group programme for six weeks, each session lasting
approximately one hour (Hurley & Walsh 2005 C). This regimen formed the interven-
tion for a large RCT (n = 418), which showed beneficial effects on pain and function
six months post-intervention (Hurley et al. 2005 A). Of note was the comparable
effectiveness of group and individual interventions in this study, demonstrating both
clinical- and cost-effectiveness. Combined exercise and self-management interven-
tions are designed to promote long-term adherence to lifestyle changes and symptom
control, and should therefore have lasting benefits. Most research studies provide
limited follow-up however, and those that do extend their follow-up period report
loss of short-term benefits without continued input (Quilty et al. 2003 A; van Baar
et al. 2001 A). This raises questions regarding the long-term efficacy of combined
interventions, within the current model of NHS care.

At present, following discharge, patients are left to manage their condition inde-
pendently, with no planned follow-up. Clinically, this frequently leads to re-referrals,
and as research demonstrates, results in reduced benefits of the initial intervention.
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Innovative models of care may be necessary to improve the long-term efficacy of
combined interventions, and manage the chronicity, changing nature, and concerns
of patients with OA to greater effect.

A recent study looking at patient initiated consultations in rheumatoid arthritis
(RA) demonstrated increased clinical- and cost-effectiveness in patients who sought
medical/paramedical appointments when necessary, as compared with those who
attended standard review appointments (Hewlett et al. 2005 A). Current management
strategies do not accord the same importance to OA as to RA. A review of long-term
medical and allied health professional management of the condition may be necessary
to maximise the benefits derived from self-management interventions.

At six months post-intervention, Mrs S claimed to have taken fewer analgesics, and
visited the GP less, so had improved the cost-efficiency of her management; disease
specific and functional performance outcome measures had also remained stable.
After a further 12 months however, her outcome measures had started to regress
(although she still demonstrated improvements from baseline), indicating a decline
in her functional condition.

QUESTION 5

For lower limb OA, can treatment efficacy be adequately measured?
Determining the effectiveness of any intervention is dependent on the outcome

measures used, and the sensitivity of those measures to recognising improvements
in the patient’s condition (Chartered Society of Physiotherapy 2001 C). A survey of
physiotherapy departments in the UK demonstrated that almost half of respondents
failed to evaluate the outcome of their interventions (Walsh & Hurley 2005 B). Without
evaluating what we do, we have no way of knowing whether we are safe, effective
and efficient, and using our scant resources appropriately.

The integration of self-management interventions into standard physiotherapy
treatments may require clinicians to familiarise themselves with measurement tools
that elicit information from the psychosocial domain, rather than just the physical
measures that are commonly utilised in physiotherapy (Walsh & Hurley 2005 B).
Exercise self-efficacy measures (Bandura 1977 B) provide information on patients’
beliefs regarding their ability to self-manage, while scales such as the Hospital Anxiety
and Depression Scale (Zigmond & Snaith 1983 A) may provide an insight into the
impact of the disease on patient mood status.

A disease-specific measure such as the Western Ontario and MacMaster
Osteoarthritis (WOMAC) Index (Bellamy 1988 A) is frequently utilised in re-
search studies, and provides information regarding pain, stiffness, and functional
ability. It is easily administered and has demonstrated good validity and reliabil-
ity. Used in conjunction with psychosocial measures and a functional outcome such
as the Aggregate Functional Performance Time or Aggregate Locomotor Function
(McCarthy & Oldham 2004 A), a comprehensive overview of the patient status and
the efficacy of interventions can be established.
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There are many disease-specific, generic, or patient generated outcome measures
that are easy to apply, valid, and reliable, which would provide valuable information
regarding practice. Clinical governance is reliant on outcome data to monitor success
of treatment and appropriate use of resources, which makes outcome evaluation a
requirement, not an option.

PRACTICE IMPLICATIONS

Many physiotherapy interventions lack sound scientific research to support their ef-
ficacy. Treatment regimens are often based on personal preference or experience,
and weak empirical evidence, with efficacy determined on an individual basis in the
clinical context.

For lower limb osteoarthritis however, there is a body of research of acceptable
quality to support the use of exercise and self-management in improving pain and
function. The greater challenge exists in integrating research findings into practice
and encouraging clinicians to adopt these strategies as standard, in favour of other
common modalities such as manual and electrotherapies, which may have significant
placebo effects and be popular with patients and therapists, but have poor evidence
of clinical efficacy.

In addition, maintaining the long-term benefits of combined interventions may
require innovation in models of care, to ensure clinical- and cost-effective manage-
ment, and further financial commitment to appropriate community facilities, in order
to support therapeutic exercise for the older population.

Osteoarthritis is very common, and its prevalence will increase as the growing
elderly population lives longer, placing further demands on an already financially
stretched health service. As such, it is imperative that resources are utilised appropri-
ately, to support interventions that demonstrate both clinical- and cost-effectiveness,
and encourage patients to take responsibility for managing their own chronic condi-
tion.

CLINICAL BOTTOM LINE� Good evidence exists to support the use of exercise and self-management strategies
to treat lower limb osteoarthritis.� Use of appropriate, functionally orientated outcome measures is essential for clin-
ical governance and to determine the effectiveness of any intervention.� Combined exercise and self-management programmes improve pain and function
in the short-term, but clinical benefits are lost if patients do not adhere to lifestyle
changes.� Maintaining adherence to exercise and activity remains a challenge, and current
service delivery and models of care may be insufficient long-term management
strategies.
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9 Using Evidence-Based Practice for
Upper Extremity Musculoskeletal
Disorders

JOY C. MACDERMID

INTRODUCTION

‘Musculoskeletal (MSK) disorder’ is a broad term encompassing a variety of disor-

ders that affect the MSK system. In this chapter we focus on gradual onset upper

extremity disorders (UED) and present two cases that represent common pathologic

processes: tendinopathy and compressive neuropathy. The multifactorial nature of

UED is becoming increasingly apparent as causation crosses psychological, phys-

ical, and environmental factors (Aaras et al. 2001 A; Baker et al. 1999 A; Bongers

et al. 2002 R; de Jonge et al. 2000 A; Devereux et al. 2002 A; Feuerstein et al. 2000 A;

Feuerstein et al. 2004 A; Himmelstein et al. 1995 A; Huang et al. 2003 A; Johansson &

Rubenowitz 1994 A; Lundberg 2002 B; Novak & Mackinnon 2002 A; Warren 2001

A). This spectrum of disease and the multifactorial nature of its causation creates

a profound barrier to accurate classification, which hampers progress on defining

the epidemiology, causation, prognosis, and optimal management of MSK disorders

(Van Eerd et al. 2003 R). Variation between studies in terms of spectrum of disease

contributes to variability in results and conclusions and may, in part, explain some of

the conflicting results in published literature. This has been mentioned as a limitation

in numerous MSK studies. Clinicians who use evidence-based practice to optimise

the quality of care for UED must be prepared to deal with resulting uncertainty.

The basic principles of evidence-based practice are covered elsewhere, but it is

worthwhile considering how to apply these principles in UED (Sackett et al. 2000 C).

The basic steps are as described in this series and in other chapters. However, defin-

ing an appropriate clinical question is challenging in UED because of the uncertainty

around the cause, diagnosis, and severity of many of the problems. Clinical questions

regarding UED can be derived using clinical experience and a patient-centered ap-

proach. First identify the diagnosis and/or impairments that are causing disability or

limiting participation in meaningful life roles, and then use the patient’s goals to de-

rive clinical questions that have meaning to both patient and therapist. It is especially

important to understand the theoretical and biological bases of these clinical questions

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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in order to deal with the uncertainty inherent in UED. In cases where clinical data is

absent, it is important to have a strong biological and theoretical foundation for the

treatment principles involved.

CASE REPORT I

Mr AE is a 46 year old male who works in an automobile manufacturing plant. During

the initial interview, he stated that he has right elbow pain when he moves his arm.

This pain sometimes goes down the arm and is usually ‘achy’ after activity or at the

end of the day, but occasionally a ‘sharper pain’ occurs with certain movements. These

include using tools at work, wringing out a wet towel, and carrying a heavy pot. On

further questioning, Mr AE said he hurt the elbow 10 days ago while turning a ‘tight

bolt’. He noticed right lateral elbow pain following this task, but was able to continue

his entire shift. He reported having had similar difficulty on other occasions, but

these tended to resolve in several days. This time he noticed the discomfort continued

over his entire shift. While the pain was better the next morning, it continued to

be aggravated by many activities that required the use of his elbow or wrist on the

following day, and persisted for a week. At that point, he went to his family physician,

who prescribed naproxen (250 mg twice daily) and referred him to physiotherapy.

Other than this problem, he is in good health. His DASH score is 30.

PERTINENT FINDINGS ON PHYSICAL EXAMINATION� Palpation: mild tenderness at the lateral aspect of the right elbow.� Joint Motion:

– AROM:� Left elbow full (5◦ hyperextension to 145◦ flexion) and pain free.� Right elbow full (5◦ hyperextension to 143◦ flexion) and pain free.� Left and right superior radio-ulnar joint full (supination 90◦, pronation 83◦) and

pain free.

– PROM:� Left and right elbow full and pain free; normal end-feels.

– Combined Movements: full extension with full pronation reproduces pain at el-

bow; other combined movements are full range and pain free.� Static Muscle Testing:

– Resisted elbow flexion and extension; pain free; normal power.

– Resisted pronation and supination; pain free; normal power.

– Resisted wrist extension (with elbow extended); painful; weak on right.

– Resisted wrist flexion is pain free with elbow in all positions; normal power.� Measured Strength:

– Left: elbow extension 110 N; elbow flexion 134 N; maximum grip 34 kg; pain-free

grip 34 kg.

– Right: elbow extension 117 N; elbow flexion 143 N; maximum grip 33 kg; pain-

free grip 21 kg.
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204 RECENT ADVANCES IN PHYSIOTHERAPY� Stability: pain free and good stability on medial and lateral stress.� Sensation: normal – light touch.

QUESTION 1

What is the best approach for successful conservative management of this patient’s
problem (tennis elbow)?

First, we used our knowledge of this condition to develop appropriate questions.

Lateral epicondylosis (LE) is a common disorder in workers who perform repetitive

forearm motions with gripping. Repetitive activity contributes to degenerative changes

of the tendon, particularly at its insertion. Recently, the role of degenerative changes

has been emphasised (Kraushaar & Nirschl 1999 R), although clinical experience tells

us that a small subgroup of patients with acute cases of tennis elbow may fit more of

an inflammatory model. Members of this subgroup are likely to be different (Wuori et

al. 1998 A) in pathology, prognosis and, therefore, should be approached differently.

Our patient has a subacute or episodic aggravation of ongoing LE and likely has

some degenerative changes. Our first question was general in nature. We wanted to

identify a basic approach to management of lateral epicondylosis. We searched the

literature and found two clinical practice guidelines (MacDermid 2004 A), but both

were uninformative and low quality, so they were discarded. The next step was to

search for a relevant systematic review and we found that there have been a number

published that address the effectiveness of various treatments for lateral epicondylosis,

creating a good starting point to get an overview of the most evidence-based approach.

In 1996, Assendelft et al. (1996 R) looked at the effectiveness of corticosteroid

injections for lateral epicondylitis. This review found that at that time, no conclusive

reports could be made on the effectiveness of the injections. This was due to the

serious methodological flaws found in the studies. In 2002, Smidt et al. (2002a R)

conducted another systematic review on the effectiveness of corticosteroid injections

for lateral epicondylitis. This review found that corticosteroid injections had a positive

short-term effect; however, due to the lack of high-quality studies, it was not possible

to draw definitive conclusions.

In 1999, van der Windt et al. (1999 R) looked at the treatment effects of ultrasound

therapy for musculoskeletal disorders. Thirty-eight studies were included in this re-

view, but only six of these looked at lateral epicondylitis. The review concluded that

there was little evidence to support the use of ultrasound therapy in the treatment of

musculoskeletal disorders.

In 2002, Struijs et al. (2002 R) conducted a systematic review looking at the ef-

fects of orthotic devices for lateral epicondylitis. This study found that no definitive

conclusions on orthotics could be made due to the methodological flaws present in

the studies reviewed. A more recent review of orthotic devices was performed in

2004 (Borkholder et al. 2004 R). The authors conducted an exhaustive review of the

literature, as well as a detailed analysis of the content and quality of available articles.

For accurate comparison and consistency of terminology, splints described in the in-

cluded articles were first classified according to the ASHT Splint Classification, and
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then according to their inherent material properties. Six splints in five classification

categories were identified. Discussion of the results from the 11 studies that met min-

imum quality criteria was organised according to splint category and further separated

into strength, pain, and load applied sections. This review identified one Sackett level

1b study and ten Sackett level 2b studies that offered early positive, but not conclusive,

support for the effectiveness of splinting lateral epicondylitis. Limitations were noted

in the way structure, fit, placement, and programmes of use were described, as well

as in study quality. No specific type of orthotic was identified as being superior.

In 2001, Bernstein (2001 R) conducted a review to determine how effective sur-

gical and injection therapy was in the management of chronic pain. This review found

that local triamcinolone injection is effective for the relief of pain due to lateral epi-

condylitis (level 2). It was also found that there was limited evidence of effectiveness

(level 3) for local glycosaminoglycan polyphosphate injection for lateral epicondyli-

tis. Again, a lack of methodologically sound studies for surgery and injection therapies

was noted.

In 2001, Mior (2001 R) looked at the effects of exercise in the treatment of chronic

pain. This review only included one study looking at the upper extremity. This study

found positive effects for exercise in the treatment of chronic lateral epicondylitis and

for specific soft tissue shoulder disorders. However, due to the poor methodological

quality of the study (level 3), definitive conclusions were not possible.

A review conducted in 2003 by Smidt et al. (2003 R) looked at the effectiveness of

‘physiotherapy’ for lateral epicondylitis. The study included twenty-three randomised

controlled trials (RCTs) and found that two of the studies that compared ultrasound to

a placebo ultrasound demonstrated statistically significant and clinically relevant dif-

ferences in favor of ultrasound. There was, however, insufficient evidence to demon-

strate either benefit or lack of effect for laser therapy, electrotherapy, exercises, and

mobilisation techniques for lateral epicondylitis.

The most recent systematic review was conducted by ourselves (Trudel et al. 2004

R). A total of 209 studies were located, however, only 31 of these met the study inclu-

sion criteria. Each of the articles was randomly allocated to reviewers and critically

appraised using a structured critical appraisal tool with 23 items. Treatment recom-

mendations were based on this rating and Sackett’s level of evidence. We determined

that level 2b evidence exists to support a number of treatments, including acupunc-

ture, exercise therapy, manipulations and mobilisations, ultrasound, phonophoresis,

Rebox, and ionisation with diclofenac. Each of these treatments had outcomes in-

cluding either pain relief or improvement in function. There was also at least level 2b

evidence showing laser therapy and pulsed electromagnetic field therapy are ineffect-

ive in the management of this condition.

Although this would suggest a promising slate of potential elements to a rehab-

ilitation programme for our patient, there were noteworthy limitations in reviewed

studies that indicated we should proceed with some scepticism. Many of the studies

failed to provide adequate follow-up or blinding procedures, and used neither sample

nor power calculations, nor sample size justification. The use of standardised outcome

measures was another area of particular deficit. Recruitment strategies were often

not described, making it difficult to generalise results; furthermore, the size and
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significance of effects were often absent. In addition, acute and chronic cases were

rarely considered separately, either through stratification of sampling or in statistical

analyses. A lack of clear descriptions of the techniques, dosages, and progressions,

or of training and experience requirements, made it difficult for us to extract clear

descriptions of the interventions used, even when reading the primary studies. Finally,

despite the fact our patient has a work-relatedness problem, few studies address

secondary prevention. The role for modification of workplace or recreation exposures

was poorly studied. Therefore, when constructing the optimal treatment approach, we

had to deal with uncertainty.

Despite this uncertainty, certain common elements appeared across the reviews.

An active approach that includes exercise and education on self-management appears

essential. For specific exercises, it may be necessary to delve into theoretical grounds

and lower-quality studies as few studies are specific about the type, intensity, or dura-

tion of exercise. Rules for progressing exercise are rarely mentioned. However, we

know that the size of the tendon is proportional to the size of the muscle, so muscle

strengthening should increase tendon size and, hence, the ability of the tendon to resist

the stresses of applied force. Progression of exercise should maximise tendon strength

and functional endurance without increasing pain and potentially contributing to ten-

don pathology. Some modalities, such as ultrasound, have been shown to have positive

effects (Binder et al. 1985 A; Lundeberg et al. 1988 A). It is noteworthy that some stud-

ies that have reported positive effects have applied ultrasound for 10 minutes (1 Mhz),

so the specific parameters used should be matched to the original articles where pos-

sible. Acupuncture has shown positive short-term effects, but effects beyond 72 hours

have not been identified. Our view on the use of modalities for pain relief is that they

may be useful if they assist in achieving the core element of the programme (exercise,

education, activity modification), but in isolation are not ‘rehabilitation’. Given the

pain scores reported by our patient and his use of anti-inflammatories, we believed

we might be able to achieve our treatment objectives without a large emphasis on

pain control. An orthosis might be useful, but no particular one has been identified as

superior. Thus, either trial and error, theoretical or experiential approaches, or prac-

tical considerations would determine which device was selected. Outcome measures

and patient feedback would be used to address the efficacy of specific orthotics for

this particular patient. My particular rationale for selecting an orthotic is to choose a

wrist cock-up splint where I feel that the tendons are inflammed or irritable and need

rest, and to trial a counterforce type brace in more chronic or episodic cases as it may

have an unloading effect without hampering function. This is an example of using

level 5 evidence to make clinical decisions where clinical data is absent.

QUESTION 2

Which outcome measures used to monitor outcomes of tennis elbow rehabilitation
might be useful for this patient?

We reviewed the outcomes used by clinical studies on tennis elbow and summarised

our findings in table format to look for common measures and conceptual themes. The
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full table is available from the author. These data illustrated that even within clinical

research studies, there is little consensus on the use of standardised outcome measures

and a number of non-standardised measures continue to be used. Nevertheless, it was

evident that some core constructs were being evaluated – pain, muscle strength, and

function. We reviewed the literature (and used our clinical knowledge of the research

on outcome measures) to try to identify an approach to core outcome measures for

tennis elbow. We decided to differentiate short-term and long-term outcome constructs

that were clinically relevant.

Based on this review, we proposed a strategy for evaluation of our patient, and

of future patients with this condition, that includes the relevant concepts and viable

options for measurement.

Outcomes� Pain Relief (self-reported using either the Patient-Rated Tennis Elbow Evaluation

(PRTEE) (MacDermid 2005 C; Newcomer et al. 2005 A; Overend et al. 1999 A),

Pain-Free Function Questionnaire (Stratford et al. 1987 A), or a Visual Analogue

Scale (VAS) or Numeric Pain Rating scale).� Patient Function (using Patient-Rated Tennis Elbow Evaluation (PRTEE) (MacDer-

mid 2005 C; Newcomer et al 2005A; Overend et al. 1999 A) or Disabilities of the

Arm, Shoulder, Hand (DASH) (Beaton et al. 2001 A; Solway et al. 2002 C)).� Muscle Function:

– Functional grip – pain-free grip strength.

– Tendon integrity – wrist extensor strength (depending on equipment availability).

– Endurance for activity (a standardised test has yet to be described, so not a viable

option at this time).

Long-term outcomes� Reoccurrence of Symptoms:

– Pain/function (using Patient-Rated Forearm Scale (MacDermid 2005 C; New-

comer et al. 2005 A; Overend et al.1999 A).

– Requirement of additional treatment.� Work Outcomes (measured by lost time, the Work subscale of the DASH (Beaton

et al. 2001 A; Solway et al. 2002 C), or a scale similar to the Work Limitation

Questionnaire (WLQ) (Lerner et al. 2001 A; Lerner et al. 2002 A), which describes

difficulty at work).� Resumption of Valued Regular Recreational Activity.

Self-report scales designed specifically for patients with lateral epicondylitis are avail-

able and are likely to be most responsive to changes in LE symptoms (Newcomer

et al. 2005 A; Stratford et al. 1993 A). The Patient-Rated Tennis Elbow Evaluation

(PRTEE) has pain and function (specific and usual activity) subscales, which are

weighted equally to provide a global score (range 0–100; 100 worst) (MacDermid

2005 C). The Pain-Free Function Questionnaire is a pain scale that focuses on pain
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with activity (Stratford et al. 1987 A). Both were developed with items specific to

lateral epicondylitis. Other self-report measures with sound psychometric properties,

such as the Disabilities of the Arm, Shoulder and Hand (DASH), the Numeric Rating

Scale for pain (Ferraz et al. 1990 A; Jaeschke et al. 1990 A; Scudds 2001 R), or

the McGill Pain Questionnaire (Melzack 1975 A, 1987 A) might also contribute to a

more comprehensive comparison of treatment interventions, but are less specific to the

condition. However, as head-to-head evaluations of these different outcome measures

have not yet been performed, their relative measurement properties are unknown. In

terms of measuring physical impairments, both ROM and strength measures have

been studied (Pienimaki et al. 2002 A; Smidt et al. 2002b A; Stratford et al. 1993 A).

Pain-free grip (measured with the elbow extended) has been shown to be reliable,

valid, and responsive in this patient population (Smidt et al. 2002b A; Stratford et al.

1987 A; Wuori et al.1998 A; Overend et al. 1998). Pain threshold can be measured by

algometry, although this may be less reliable than other physical measures (Smidt et al.

2002b A). Based on our case and the importance of work outcomes, we chose pain-free

grip, the PRTEE, and the WLQ as outcomes to monitor the impact of our programme.

QUESTION 3

What is the optimal method for assessing strength with this problem?
We found that pain-free grip was commonly used in outcome studies, and there were

studies suggesting it is better than other indicators, notably maximum grip strength,

in detecting change over time (Stratford et al. 1993 A). The intraclass correlation

coefficients (ICCs) for the pain-free grip strength and maximum grip strength were

0.97 and 0.98 respectively, indicating excellent reliability (Smidt et al. 2002b R;

Stratford et al. 1989 A) in this patient population. Pain-free grip measurement uses a

different methodology to that recommended by the ASHT (Fess 1992 C) for maximum

grip strength testing, and the following variations are to be incorporated: 1. the elbow is

fully extended (not at 90 degrees), and 2. the patient is asked to grip as hard as they can

without causing pain. In my own (level 5) clinical experience, I have found comparing

the maximum and pain-free grip strength to be informative, although little research has

specifically addressed whether the gap between maximum and pain-free grip strength

is a useful measure of tissue irritability. As I find no literature supporting or refuting

that premise, I remain sceptical, but am not yet prepared to reject the comparison.

QUESTION 4

What factors modify the prognosis for recovery and return to work following tennis
elbow?

Searching for ‘prognosis’, ‘rehabilitation’, and ‘lateral epicondylitis’ (or tennis el-

bow), we identified two relevant studies. A systematic review conducted by Hudak

et al. (1996 R) was unable to reach clear conclusions because estimates of duration

were only available from weaker studies with longer follow-up times; significant
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subject heterogeneity existed and this prevented a determination of a usual clinical

course. There was limited evidence that site of pathology might influence outcomes

(Hudak et al. 1996 R). A more recent study evaluated prognosis in 83 patients at-

tending an eight week physiotherapy programme for management of unilateral lateral

epicondylitis. The final prognostic model for pain and disability, measured using the

DASH scores, included the baseline DASH score, sex (female), and self-reported

nerve symptoms. A sub-analysis indicated that women were more likely than men to

have work-related onsets, repetitive keyboarding jobs, and cervical joint signs. Among

women, these factors were associated with higher final DASH and VAS scores. While

the data were not all directly applicable to our male patient, this study suggested we

should examine for nerve symptoms and consider work issues. His initial DASH score

of 30 was favourable as it was about 20 points less than in patients with other upper

extremity disorders who were unable to return to work (Beaton et al. 2001 A). While

not specific to lateral epicondylitis, early intervention that addresses both physical

and psychosocial stressors at work has been suggested as necessary in UED (Feuer-

stein et al. 2000 A; Feuerstein et al. 2004 A; Himmelstein et al. 1995 A; Huang et al.

2002 A; Shaw et al. 2001 A).

CASE REPORT II

Mrs CT is a 56 year old, right-handed female who works as an accounting clerk. She

self-referred to the clinic. During the initial interview, she stated that she has tingling

in her fingers (right hand) that is worse at night and has been present for three months.

She wakes two to three times each night with this problem, which resolves when she

shakes her hand. This is very similar to her experience when she was pregnant (20

years ago). That episode receded with the birth of her baby. She has some achy pain

that is hard to localise, and the days when she is required to sort through files seem

to make things worse. Other than this problem, she is in good health.

PERTINENT FINDINGS ON PHYSICAL EXAMINATION� Joint Motion: wrist and hand within normal limits.� Static Muscle Testing: resisted thumb abduction – pain free; normal power.� Measured Strength:

– Left: maximum grip 34 kg; tripod pinch 4 kg.

– Right: maximum grip 23 kg; tripod pinch 4.5 kg.� Sensation: Semmes-Weinstein Monofilament testing (SWMF) R D3 = 3.22; L D3 =
2.83; R D5 = 2.83.� Special Tests:

– Wrist flexion test: positive in 15 seconds on right; negative on left.

– Tinel’s test: positive on right; negative on left.

– Allen’s test: negative both sides.

– Cervical compression test: negative.

– Cervical quadrant tests: negative both sides.
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Carpal tunnel syndrome (CTS) has the highest prevalence of all forms of compression

neuropathy (Atroshi et al. 1999 A; Stevens et al. 1988 A; Zakaria 2004 A). The

median nerve is susceptible to pressure as it passes, with the flexor tendons, through

the carpal tunnel in a space defined by the concave arch of the carpus and enclosed

by the transverse carpal ligament (TCL) (Mesgarzadeh et al. 1989 A; Rotman &

Donovan 2002 C). The palmar wrist crease corresponds to the proximal border of

the TCL and the TCL attaches medially to the pisiform and hamate and laterally

to the scaphoid tuberosity and trapezium. The median nerve normally enters the

carpal tunnel in the midline or slightly radial to it. The thenar branch most commonly

separates from the median nerve distal to the transverse carpal ligament, but can

branch off within the carpal tunnel. Sensory branches supply the radial 3 1/2 digits.

However, the cutaneous skin of the palm is supplied by the palmar sensory cutaneous

branch of the median nerve, which arises, on average, 6 cm proximal to the TCL and,

therefore, should not be affected in CTS.

Nerve fibres have layers of connective tissue. The extensibility of these layers is

critical to nerve gliding. It has been demonstrated that the median nerve will move

up to 9.6 mm with flexion and slightly less with wrist extension (Tuzuner et al. 2004

A; Wright et al. 1996 A). Chronic compression is thought to cause fibrosis, which

will inhibit nerve gliding. Injury/scarring of the mesoneurium will cause the nerve to

adhere to surrounding tissue. This may result in traction of the nerve during movement,

as the nerve attempts to glide from this fixed position.

The pathophysiology of nerve compression, and how it relates to evaluation and

treatment, has been well described by MacKinnon (2002 B). The pathophysiology of

Grade 1 nerve injury (neuropraxia) involves conduction block and may be associated

with some segmental areas of demyelination. The axon is not injured and does not

undergo regeneration. A Grade 2 nerve injury (axonotmesis) involves injury to the

axon itself. The nerve will have lost some fibres and be in a process of nerve repair.

Despite these changes, this injury also has potential to recover completely. A Grade 3

injury has both loss of axons and some degree of scar tissue in the endoneurium. Pa-

tients with such an injury will have constant numbness and observable thenar atrophy.

These patients have severe carpal tunnel syndrome and complete recovery may not be

achievable. Grades 4 and 5 involve complete scarring or transaction of the nerve and

do not apply to CTS. Understanding the factors that contribute to increased pressure in

the carpal tunnel, including the anatomy, posture, size of enclosed structures (tendon,

nerve), and vascular components of pressure, is fundamental to defining treatment

programmes. The severity of the compression determines which diagnostic tests are

most likely to be positive, which treatments will be effective, and relates to overall

prognosis.

QUESTION 1

What clinical tests are useful for diagnosis of carpal tunnel syndrome?
Two systematic reviews have been conducted on clinical diagnostic tests for CTS

(MacDermid & Wessel 2004 R; Massy-Westropp et al. 2000 R). Our study was more
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recent, exceeded the 21 papers reported upon in a previous systematic review (Massy-

Westropp et al. 2000 R), and used rigorous search and appraisal methods. Thus, we

relied on this review to provide an overview of the numerous studies that present con-

flicting results on test validity. The controversy over the value of clinical tests was not

surprising when we realised that the majority of studies failed to report on the diagnosis

of the subjects without CTS or on the reliability of the diagnostic tests (MacDermid &

Wessel 2004 R). Furthermore, few studies indicated whether the testers were blinded

to the gold standard results, and less than half described non-cases representing the

spectrum of patients who would normally present for differential diagnosis. Only 15

studies (Atroshi et al. A; Breidenbach & McCabe 1997 A; Bland 2000 A; Cherniack

et al. 1996 A; Fertl et al.1998 A; Ghavanini & Haghighat 1998 A; Gunnarsson et al.

1997 A; Karl et al. 2001 A; Kaul et al. 2000 A; Kaul et al. 2001 A; Kuhlman &

Hennessey 1997 A; MacDermid et al. 1994 A; MacDermid et al. 1997 A; Pagel et al.

2002 A; Pryse-Phillips 1984 A; Walters & Rice 2002 A) had quality scores indicating

that eight or more key quality indicators were met (out of 12).

Given the variety of diagnostic tests for CTS, the large number of studies, and

the widely disparate results, it was difficult to make firm conclusions on the value

of specific tests. Therefore, we classified tests into three groups: ‘Unable to Make

Recommendations’, ‘Not Useful’, and ‘Potentially Useful’, in our review of clinical

diagnosis of CTS. Potentially useful tests included Phalen’s, Tinel’s, Carpal Com-

pression (CC), Wrist Extension, CC + Wrist Flexion, Flick Sign, Gilliat Tethered

Median Nerve, Hand Diagram, Fist (Lumbrical Provocation), Static 2-point, Ab-

ductor Pollicus Brevis (APB) Strength, APB atrophy, Current Perception threshold,

Semmes-Weinstein monofilament, Vibration Threshold Testing (with tuning fork or

vibrometer). We also used a simplistic ‘meta-analysis’ strategy, in which we com-

bined estimated sensitivity and specificity reported for individual tests across studies

weighted by sample size. While our meta-analysis strategy was simplistic, we felt

it was necessary to provide more stable estimates, particularly on test sensitivity.

For example, it is difficult to make decisions based on the numerous studies evalu-

ating Phalen’s (wrist flexion) test, given that sensitivity ranges from 10 % to 91 %

(MacDermid 1991 R). The sensitivity of 68 % achieved over 3,000 cases provides

relatively strong evidence that this test is useful, although false negatives can be an-

ticipated. A previous review (Massy-Westropp et al. 2000 R) suggested that 2-point

discrimination is specific but not sensitive; we were able to confirm these characteris-

tics. Across six studies and over 500 patients, specificity was 95 %, while sensitivity

was only 24 %.

Given the number of tests, we refer the reader to our tables in the systematic review

(MacDermid & Wessel 2004 R) and subsequent narrative review (MacDermid &

Doherty 2004 R), where we describe our results in detail. We were able to sort

out which tests were more sensitive and which more specific, allowing us to make

recommendations on how particular test results might be interpreted. We devised a

summary of which test results (+ or − ) provide strong (++) or weak (+) evidence

to support a diagnosis of CTS. We also indicated test results that have no effect on

the expected correct clinical diagnosis (0), and others that reduce the probability of

CTS being the correct diagnosis (see Table 9.1). This example illustrates where a
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Table 9.1. Steps towards a conclusive clinical diagnosis: the influence of different test
outcomes on likelihood of CTS.

Define the Nature of the Symptoms

++ + 0 − −−
Paresthesia,

numbness and
pain.

Focal swelling just
proximal to
wrist crease.

Waking at night
with Paresthesia.

Hand swelling.
Symptoms

relieved by
flicking of
wrists.

Paresthesia
with activity
or position.

Pain
aggravated
by movement
or position.

Pain only.

Define Location of Sensory Complaints

++ + 0 − −−
D1–D3 included. Symptoms in 1

or more
radial digits.

Diffuse
including
hand.

D5 involved. Symptoms follow
dermatome
(implicates neck).

Ring-splitting.
Exclusion of D5.
Exclusion of palm.

Include palm
(implicates
forearm).

Radiate
proximal
to wrist.

Extend into forearm
(implicates
forearm).

D5 only (implicates
ulnar nerve).

Sensory Examination

++ + 0 − −−
Abnormal

threshold
(vibration,
SWMF, current
perception) in
D1–D3 with
Normal D5.

Abnormal
threshold in
at least 1 of
D1–D3.

Normal
2-point in
digits.

Abnormal
threshold D5
(ulnar nerve +).

Normal
threshold
in D1–D3.

Abnormal 2-
point D1–D3.

Motor Examination

++ + 0 − −−
Weak abduction

of thumb.
Decreased grip

strength, grip
endurance.

Proximal/thenar
weakness (+
forearm, neck
or disuse
atrophy).

Proximal atrophy
(neck/brachial
plexus).Atrophy of

thenar bulk. Normal thenar
bulk.

Abnormal reflexes
(neck).
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Table 9.1. (Continued )

Special Tests

++ + 0 − −−
Wrist flexion + Percussion− Wrist flexion or

Carpal
Compression−

Carpal
compression
and wrist
flexion−

Carpal
compression+

Nerve
percussion +

Response to Night Splints

++ + 0 − −−
Reduced

symptoms.
No reduction in

symptoms.

systematic review (MacDermid & Wessel 2004 R) and a narrative review based on

a systematic review (MacDermid & Doherty 2004 R) can be helpful in reaching

useful conclusions where evidence is overwhelming because of its depth and lack of

clarity.

QUESTION 2

What is the best approach for successful conservative management in carpal tunnel
syndrome?

We used a systematic review to devise an overall approach to CTS. The best avail-

able evidence to date shows significant benefits (Grade B recommendations) from

splinting, ultrasound, nerve gliding exercises, carpal bone mobilisation, magnetic

therapy, and yoga for people with CTS. The evidence also indicates that the effects

of ultrasound or magnetic therapy depend on specific treatment parameters; pulsed,

deep ultrasound or prolonged magnetic therapy is effective, while continuous, superfi-

cial ultrasound or brief single-session magnetic therapy is not. There is some evidence

(Grade C recommendation) to support the use of laser therapy and various combined

therapies. However, results from acupuncture research are inconclusive (Grade D).

The detailed summary of these studies is published elsewhere (Muller et al. 2004 R),

so the reader can compare studies to assess similarity to our patient.

The results of our systematic review (Muller et al. 2004 R) suggest that there

are many conservative physiotherapy interventions that could be used in the treat-

ment of CTS. An earlier review also concluded that there is evidence for significant

short-term benefit from oral steroids, splinting, ultrasound, yoga (a type that emphas-

ises movement), and carpal bone mobilisation (O’Connor et al. 2003 A), although
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another review suggested that steroid injection may have a larger impact (Gerrit-

sen et al. 2001 R). Evidence-based practice combines the results of research trials

with the unique presentation and needs of the individual patient. Choosing interven-

tions that have proven effective in subjects who present similarly to the patient in

question will likely improve the potential for a positive outcome. Our patient was a

female with a previous history of CTS that responded to splinting. Given the sup-

port for splinting in the literature, we would proceed with night splinting (wrist in

neutral) and provide gliding exercises and education on activity modification. As

improvement in symptoms is expected within three to six weeks, we would review

whether other interventions were necessary at three weeks. At this time carpal bone

mobilisation might be added to the programme – if the therapist had the required

skill.

In reviewing the literature we noted that a novel splint was reported to be effective

(Manente et al. 2001 A), but felt that evidence was too preliminary to proceed with

that option as a first line choice. We decided that if our splinting programme was not

as successful, we might consider it as a second attempt. Given our lack of certainty,

we could use an N of 1 trial design (Cook 1996 A; Mahon et al. 1996 A; Rodnick 2006

C) to evaluate the use of this splint for this particular patient. We might have used a

similar approach in our previous problem to determine which orthotic was best suited

to our tennis elbow patient. N of 1 trials offer a rigorous method for dealing with

uncertainty in individual patients, as different treatment components can be evaluated

in terms of their effectiveness for a single patient.

QUESTION 3

Which self-report outcome measure would be most useful for detecting change in
carpal tunnel symptoms following treatment?

We decided that because CTS is a syndrome characterised by specific symptoms, a

change in these symptoms would be a useful clinical indicator of success. While we

found in our search a variety of functional scales, we were attracted to the Symptom

Severity Scale (SSS) described by Levine et al. (1993 A) as it clearly focused on the

primary symptoms our patient was experiencing. Our concern was – Is this measure
reliable and valid, particularly in comparison to other potential scales that emphasise
hand function? We searched the literature for mentions of the scale (noting the various

names that are used in the literature, including Symptom Severity Scale, Boston Carpal

Tunnel Scale, Brigham and Women’s, and Levine’s). We found a number of articles

that address reliability, validity, and responsiveness, and all agree that the SSS is at

least as responsive, if not more responsive than comparative measures, and that it has

high reliability (Amadio et al. 1996 A; Atroshi et al. 1998 A; Bessette et al. 1998 A;

Gay et al. 2003 A).

In our review of the literature, we also found a table describing scores for patients

who proceeded to surgery following conservative management as compared to those

who did not, and retrieved this information. We compared scores reported in other
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Figure 9.1. CSSS reported by a cohort of patients treated with 12 weeks of night-splinting,
comparing the scores of those who were successful with conservative management with those
who proceeded to have a carpal tunnel release (*) (>6-month post-op scores for surgical group).
Statistically significant (p < 0.05) difference between the group that had surgery and the group
that did not at every time point. Data adapted from that reported by others (Boyd et al. 2005 A).

studies with our patient’s score at baseline and follow-up, to assess severity and

response to treatment (see Figure 9.1).

QUESTION 4

Does a positive Tinel’s score on the Symptom Severity Scale have prognostic value?
Based on our knowledge of the pathophysiology of nerve compression (Mackinnon

2002 B), we had reason to believe that a positive Tinel’s test might indicate more severe

CTS, for example, axonoteomesis. If this was true then response to splinting might

be slower or less successful. In searching the literature, we found that it had been

confirmed in clinical studies that Tinel’s was more likely to be positive in later stages

of compression (Novak et al. 1992 A). We also found a study that evaluated prognosis

to three weeks of splinting when combined with steroid injection (Gelberman et al.

1980 A). This study reported that patients that initially had mild symptoms of less

than one year’s duration, normal sensibility, normal thenar strength and mass, and one

or two millisecond prolongations of either distal median motor or sensory latencies,

had the most satisfactory responses to injections and splinting. Patients with severe

symptoms of more than one year’s duration, findings of atrophy and weakness, and

distal motor latencies of more than six milliseconds or absent sensory responses, had

the poorest response to injections and experienced a high rate of relapse (Gelberman

et al. 1980 A). A similar study conducted on 50 ‘hands’ in 34 patients, followed
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patients for 18 months after steroid injection with splinting (Stahl et al. 1996 A).

Conservative therapy was effective in 82 % of hands after eight weeks, but symptoms

tended to recur so that by the end of a year only 20 % remained asymptomatic.

Failure of conservative therapy was predicted by long duration of symptoms, older

age, permanent paresthesia, 2-point discrimination threshold above 6 mm, positive

Phalen’s test within 30 seconds, and long motor and sensory distal latency. Other

studies have shown that some benefit in reduced symptoms exists for workers, even

if median nerve changes are evident – although relief will not be complete (Werner

et al. 2005 A). Finally, our clinicians conducted a study looking at the impact of SSS

on likelihood to proceed to surgery following conservative management, and found

that patients who proceeded to surgery were characterised by having higher SSS and a

failure to improve within the first six weeks (Boyd et al. 2005 A) (see Figure 9.1). Our

patient’s score of 3.0 was consistent with response to conservative management. We

concluded that our patient has some risk of failure to respond to our initial treatment

programme. Risk factors included a positive Tinel’s, a positive wrist flexion test in less

than 30 seconds, recurrence of symptoms, and a moderate to high SSS. We decided

to conduct a more detailed job analysis to mitigate risk as much as possible, and

to follow her at both three and six weeks to re-evaluate response to treatment. We

informed her that if the splint did not completely resolve her symptoms, it was still

likely to improve them; however, it might be necessary to try other treatments and to

re-evaluate the need for surgery in the future.

CONCLUSION

These examples do not provide a comprehensive view of UED. They do show the

approach to delivering evidence-based management of two common UEDs. As the

therapist continues to use this approach across different cases and conditions, prin-

ciples emerge, and clarity on the ideal approach for many UEDs will crystallise. This

is the difference between ‘20 years of practice and one year of practice repeated 20

times’. An ongoing process of using the best and latest knowledge to support the

treatment choices made, and an associated valid process for evaluating the impact of

those choices, will provide a foundation for enhanced expertise in managing UED.
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10 Physiotherapy Rehabilitation
Following Primary Total Knee
Arthroplasty

JUSTINE NAYLOR, ALISON HARMER AND RICHARD WALKER

CASE REPORT

Mrs JM, a 70 year old female, presented pre-operatively with severe tri-compartmental
osteoarthritis (OA) of her right knee. On examination, she was obese (Body Mass
Index (BMI) 30.8), walked with a varus thrust and a marked limp on the right, and
used a walking stick. Her gait, lower limb strength, and range of motion (ROM)
profiles were as follows:� Gait speed:

– Timed up-and-go (TUG) – 15 seconds.
– Timed 15-m walk – 21 seconds (0.71 m/s).
– 6-min. Walk Test (6 MWT), 322m, limited by knee pain (right > left).� Isometric strength at 90◦:
– Knee extensors: Right, 106 Newtons; Left, 150 Newtons.
– Knee flexors: Right, 58 Newtons; Left, 100 Newtons.� Knee range of motion (ROM) (passive, supine):
– Right = −10◦ to 100◦; Left = −5 ◦ to 105◦.

Symptomatically, Mrs JM reported high pain (13/20), stiffness (5.8/5), and difficulty
(45.5/68) scores on the WOMAC1 subscales, and poor bodily pain (30/100) and
physical function (26.6/100) scores on the SF-362 domains.

In terms of Mrs JM’s medical history, she reported bilateral knee OA (right > left)
of idiopathic origin of eight year’s duration. She suffered from hypertension (which
was controlled), ischaemic heart disease (IHD), and demonstrated poorly controlled
type 2 diabetes mellitus (HbA1c (glycosylated haemoglobin) 8.2 %) of seven years’
duration. Consequently, her American Society of Anesthesiologists (ASA) anaesthetic
risk score was estimated as II. Consequent to her multiple co-morbidity status, her

1 Western Ontario & MacMaster Universities Osteoarthritis Index (low scores indicating better status).
2 Medical Outcome Study, Short Form-36 Health related quality of life scale (high scores indicating better
status).

Recent Advances in Physiotherapy. Edited by C. Partridge
C© 2007 John Wiley & Sons, Ltd
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medication use was extensive; for her pain management in particular, a poly-pharmacy
approach was evident:� Carvedilol, 25 mg daily.� Glyceryl trinitrate, patch 25 mg daily.� Metformin, 1 g bd.� Paracetamol, prn.� Celecoxib, 200 mg daily.� Glucosamine and chondroitin sulphate.� Her haemoglobin concentration (Hb) was noted to be 139 g/l.� As part of routine anaesthetic work-up.

Socially, Mrs JM lived with her spouse in a house with 18 stairs. She had ceased
recreational lawn bowls six months prior to her presentation due to pain and giving
way in her right leg. She was a pensioner, reporting a low income level throughout her
family life, and the highest level of education attained was primary (elementary) level.

INTRODUCTION

The benefits of total knee arthroplasty (TKA) for the individual with arthritis are
perceived relatively quickly (usually within three to six months) and are generally
pluralistic, including improvements in pain, ROM, knee stability, mobility, function,
and health-related quality of life (HRQoL) (Aarons et al. 1996 A; Ethgen et al.
2004 A; Fortin et al. 2002 A; March et al. 1999 A; March et al. 2004 A; McAuley
et al. 2002 A; Naylor et al. 2006a A; Pierson et al. 2003 A; Salmon et al. 2001 A; Van
Essen et al. 1998 A). Consequently, TKA is estimated to be a highly cost-effective
treatment option for severe arthritis (Segal et al. 2004 A). Largely ignored in cost-
benefit calculations, however, are the costs associated with ongoing (post-acute care)
rehabilitation. Such costs can indirectly be appreciated via the findings of March
et al. (2004 A), who reported that the average number of out-patient physiotherapy
visits by primary TKA patients was 10 in the first post-operative year, exceeding the
average number of patient visits to any other health professional. This, of course, was
in addition to any acute in-patient rehabilitation provided during the in-patient period
(an average of 12 days) and, for many (33 %), treatment in a rehabilitation facility.
We anticipate that the findings by March et al. are readily generalised as we have ob-
served that referral to ongoing physiotherapy post-TKA is fairly routine in Australia,
with out-patient based treatment predominating (Naylor et al. 2006b A). Our findings,
obtained through a nationwide survey of TKA rehabilitation providers, echo earlier
observations by Lingard et al. (2000 A), who reported the frequent utilisation of ongo-
ing physiotherapy post-TKA in the UK, Australia and the US, with the latter tending
to rely more on in-patient services. Given that the numbers of TKA procedures have
doubled in these same countries over the last decade (Australian Orthopaedic Asso-
ciation National Joint Replacement Registry 2004 A; Dixon et al. 2004 A; Skinner
et al. 2003 A), the volumes of patients potentially requiring ongoing rehabilitation



JWBK139-10 JWBK139-Partridge January 14, 2007 11:35 Char Count= 0

REHABILITATION FOLLOWING TOTAL KNEE ARTHROPLASTY 227

to supplement surgery must also have increased. Anecdotally, in Australia at least,
there is a perception that the increased surgical throughput has not been accompanied
by increases or appropriate increases in the availability of downstream (ward-based
and rehabilitative) resources. This must translate at some point into a time-squeeze at
the therapist-patient interface and access-block for rehabilitation services. For these
reasons, the need to understand the costs and benefits of rehabilitation should be an
urgent priority for health systems worldwide.

Osteoarthritis (OA), the leading precipitant for TKA, is associated with significant
loss of lower limb muscle strength (Fransen et al. 2003 A; Gur et al. 2002 A), walking
speed (Gur et al. 2002 A; Lamb & Frost 2003 A), and function (Fransen et al. 2001
A). Exercise programmes involving patients with OA have repeatedly been shown to
elicit significant yet small improvements in these parameters within relatively short
time frames (for example, at two months) (see reviews by Bischoff & Roos 2003
R; Fransen et al. 2001 R). In contrast, TKA – a procedure typically reserved for
recalcitrant arthritis – does not guarantee immediate improvements in these same
parameters. Though significant improvements do occur early, several cross-sectional
(Berth et al. 2002 A; Mizner et al. 2003 A; Walsh et al. 1998 A) and longitudinal
(Benedetti et al. 2003 A; Lamb & Frost 2003 A; Lorentzen et al. 1999 A; Ouellet &
Moffet 2002 A; Salmon et al. 2001 A) studies reveal shortfalls in gait, strength,
and quality of life, compared to age-matched controls, several months to years after
surgery. The argument for ongoing rehabilitation following TKA, therefore, is based
on the following related contentions:

� That age-predicted norms for muscle function, gait patterns, and physical activity
levels are not spontaneously or completely achieved post-surgery, and;� That short-term exposure to prescribed interventions or physical activities will
facilitate more complete recovery.

Given that the provision of acute and ongoing physiotherapeutic rehabilitation appears
to be standard care across several countries, it is staggering to realise that the evidence-
base which underpins rehabilitation in this area is tenuous. While there are consid-
erable bodies of work supporting some, but not all, physiotherapeutic interventions
in the acute ward phase, there is comparatively little evidence to support the various
modes of ongoing rehabilitation offered either in the community or in rehabilitation
wards. The trials that have been conducted (Frost et al. 2002 A; Kramer et al. 2003 A;
Moffet et al. 2004; Rajan et al. 2004 A) all compared one mode of ongoing phys-
iotherapy to another and did not include a true non-interventional control. Thus, the
contribution of rehabilitation per se to the overall recovery process is uncertain.The
lack of definitive evidence is problematic for policy makers worldwide, as health ser-
vice providers are increasingly required to justify the high costs of health care, while
the demand for services (in this case, rehabilitation) is increasing through sheer vol-
ume alone. Furthermore, the lack of evidence is problematic at the coalface, given that
variation in practice is likely to be (Roos 2003 C), and has been observed to be (Naylor
et al. 2006b A), the rule, further undermining our capacity to identify best practice.
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This chapter addresses questions concerning the efficacy of various acute phys-
iotherapeutic interventions and longer-term rehabilitative strategies Mrs JM may be
exposed to through her journey of recovery. Questions concerning the impact of pros-
thesis type or specific surgical choices on the potential to rehabilitate or the mode
of rehabilitation required are also briefly addressed. Mrs JM presents fairly typically
for an elderly patient awaiting TKA for severe knee OA (Ackerman et al. 2005 A;
Bozic et al. 2005 A; Heck et al. 1998 A; March et al. 2004 A; Mizner et al. 2003
A; Naylor et al. 2006a A; Ouellet & Moffet 2002 A). Notably, the measured vari-
ables are frequently utilised and recommended for the evaluation of OA and TKA
(Bellamy et al. 1988 A; Ethgen et al. 2004 R; Fransen et al. 2003 A; Kennedy
et al. 2005 A; March et al. 1999 A; March et al. 2004 A; Ouellet & Moffet 2002
A; Petterson et al. 2003 A). Compared to norm data or age-matched controls (see
Table 10.1), the patient presents with severely compromised physical function, walk-
ing speed, range of motion, lower limb muscle strength, and HRQoL. The reported
daily consumption of analgesic and anti-inflammatory medications is consistent with
the high pain scores, and the use of a walking aid is somewhat typical for degen-
erative joint disease. It is important to note that our own experiences indicate the
analgesic, anti-inflammatory, and walking aid profiles are not, in isolation, reliable

Table 10.1. Normative or age-matched physical and health-related quality of life data

Australian Age-Matched
Norm Data Control Data

Physical Function
SF-36 Physical Function 65.21 —
WOMAC Physical Function NA —

Walking Speeds
Timed up-and-go (sec) — 8–112,3,4

15-m walk (m/sec) — 1.33–1.842,5

6-minute walk (m) — 4482

Isometric Muscle Strength
Knee Extensors (N) — 225 (sd 49)6

Knee Flexors (N) — 139 (36)6

Health-Related Quality of life
SF-36 General Health 64.1 —
SF-36 Vitality 60 —
SF-36 Mental Health 75.3 —

Knee Range of Motion
Total — 143◦4

Pain Scores
SF-36 Bodily Pain 69 —
WOMAC Pain NA —

Legend: 1National Health Survey SF-36 Population Norms, ABS 1995 (unstandardised mean scores, female);
2Steffen et al. 2002 A; 3Ouellet & Moffet 2002 A; 4Shumway-Cook et al. 2000 A; 5Walsh et al. 1998 A; 6Fransen
et al. 2003 A; NA = not available at time of publication (Australian data). Normative data from large population sets
are provided where available; otherwise, age-matched data, sourced from relevant osteoarthritis or knee replacement
trials, are cited.



JWBK139-10 JWBK139-Partridge January 14, 2007 11:35 Char Count= 0

REHABILITATION FOLLOWING TOTAL KNEE ARTHROPLASTY 229

indicators of severity or improvement, as behavioural factors greatly influence their
use.

The patient’s co-morbidity profile is also typical for this patient population, with
hypertension in particular being the most common co-morbidity observed in several
TKA cohorts (Denis et al. 2006 A; Moffet et al. 2004 A; Naylor et al. 2005 A). Addi-
tionally, some physiological limitation is qualitatively suggested by the ASA score,
again not atypical of TKA recipients (Bozic et al. 2005 A; Naylor et al. 2005a A; Pear-
son et al. 2000 A). Given the self-exertion nature of many rehabilitation interventions,
recognising the physiological limitations imposed by concurrent illnesses is an es-
sential consideration in any rehabilitation programme. Likewise, the socioeconomic
factors, highlighted as low income and education levels, are associated with poorer
pre-operative function (Ackerman et al. 2005 A) and some post-surgical outcomes
(Fortin et al. 1999 A). For the therapist, these factors become relevant when setting
realistic long-term patient goals and when benchmarking rehabilitation outcomes
between surgical units.

REHABILITATION IN THE ACUTE PHASE

OPERATIVE HISTORY AND ACUTE POST-OPERATIVE
PRESENTATION

Relevant operative details:� General anaesthetic + femoral and sciatic nerve blocks.� Tri-compartmental primary TKA.� Cemented femoral, tibial, and patella components.� Fixed-bearing, increased congruency, polyethylene bearing.� Posterior cruciate ligament (PCL) sacrificed.� Release of medial collateral ligament.� Anterior cruciate ligament (ACL) removed.� Intra-articular low suction wound drain in situ.

Presentation 18 hrs post-op (Day 1):� Symptoms:
– Reporting 2/10 pain on visual analogue scale, using patient-controlled analgesia

c/o numbness and lack of movement in foot.� Mobility:
– In bed, awaiting assessment by physiotherapist.� ROM:
– Start flexion, –10◦.
– End flexion, 60◦.
– Restricted by oedema and crepe bandaging.
– Quadriceps lag, 15◦.
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– BP 110/70 (normally 130/80).
– HR 95–100.
– RR 18.
– SpO2 97 % (3 L/min. O2, nasal prongs).� Blood results:
– Hb 105 g/l.
– Blood glucose level (BGL) 7.7 mmol·l−1.� Other medication:
– Anti-hypertensives and metformin withheld.
– Twice daily protaphane, with top up sliding scale to maintain blood glucose

control.3

GENERAL PRINCIPLES

Rehabilitation in the acute phase is largely directed towards the minimisation of the
effects of surgical trauma and rendering the patient safe for discharge. The rehabil-
itative strategies include the use of modalities and techniques to reduce intra- and
extra-articular oedema, improve or maintain knee ROM, offset the adverse effects
of bed rest, and assist independent ambulation. With respect to the determination
of discharge readiness, it is recognised that some surgical units specify a minimum
flexion ROM before a patient is deemed fit (Ganz & Benick 2004 Abstract), while
others rely more on the level of function achieved (Munin et al. 1998 A; Naylor et al.
2006b A). Though speculative, the latter approach may have evolved secondary to an
ever-present need to maintain patient flow in order to keep wait lists in check. In this
context, the need to achieve specific physical milestones, such as a minimum flexion
requirement, becomes less urgent (Benick et al. 2004 Abstract). It is also recognised
that the threshold for discharging patients to an in-patient rehabilitation unit may
differ between surgical units, with a lower threshold likely in the private market.

The nature and timing of acute care rehabilitation has also been altered over the last
10 years via the introduction of specific multi-disciplinary care pathways (protocols).
Such pathways have procured impressive (up to 50 %) decreases in acute length of
stay (LOS) (Brunenberg et al. 2005 A; Dowsey et al. 1998 A; Munin et al. 1998 A;
Pearson et al. 2000 A; Wang et al. 1997 A), which must inevitably impact on the goals
of rehabilitation, as the therapist-patient interface has contracted considerably at ward
level. Finally, central to effective rehabilitation both now and in the longer-term, is
good pain management. It is beyond the scope of this chapter to review the evolution
of pain management in this context, however; suffice it to say that physiotherapists
act as barometers of good pain control in their estimation of whether a patient can
engage in their rehabilitation effectively.

3 Additionally, referral to an endocrinologist was initiated on admission, and the recommendation was to
add 1/2 80 mg tab of gliclazide twice daily once metformin is recommenced, with the option to increase to
80 mg twice daily if needed (i.e. if HbA1c remains high).
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The sources of evidence reviewed for specific rehabilitative interventions in the
acute phase consisted of RCTs and systematic reviews. In order to identify the relevant
literature, the following combinations of terms were used in an electronic literature
search of MEDLINE, CINAHL and EMBASE:

Arthroplasty, knee, Cryotherapy.
Arthroplasty, knee, CPM.
Arthroplasty, knee, walking aid progression.
Arthroplasty, knee, exercises.

Studies were considered appropriate if the subjects had undergone primary TKA,
were randomised to receive the treatment(s) under investigation, and the treatment(s)
was (were) conducted in the acute in-hospital phase. In cases where a systematic
review existed for a given intervention, this predominantly formed the basis for the
review, to avoid duplication. Studies focusing on multi-disciplinary and multi-faceted
clinical pathways were generally not included. Only studies written in English were
reviewed. This review does not include the effects of pre-operative programmes on
outcomes. For these, the following reviews are recommended: Ackerman et al. 2004
R; McDonald et al. 2004 R.

QUESTION 1

Does cryotherapy work?
External cooling of the knee surfaces has been shown, in the absence of haemarthro-

sis, to lower intra-articular temperatures in humans by 2.7–5 ◦C (Martin et al. 2002 A).
This, together with the local effects of cold therapy on neural and vascular function,
presumably motivates the use of cryotherapy post-TKA for the purposes of reducing
pain and swelling. The use of cryotherapy has been observed to be inconsistent in
the acute phase following TKA, in terms of both the factors governing its application
(Barry et al. 2003) and whether it is utilised at all (Naylor et al. 2005 A, 2006b A).
To date, cryotherapy post-TKA has not been systematically reviewed, but several
RCTs have been conducted (Gibbons et al. 2001 A; Healy et al. 1994 A; Ivey et al.
1994 A; Scarcella & Cohn 1995 A; Smith et al. 2002 A; Webb et al. 1998 A). Only
one study (Webb et al. 1998 A), comparing cold compression to a non-interventional
control, observed significantly less blood transfusions, analgesic consumption, and
pain with cold therapy. Of course, the contribution made by the compression com-
ponent could not be differentiated in this study. Of note, despite the pain relief and
blood loss benefits, no differences in ROM acutely or at 12 weeks were observed.
For the majority of the remaining studies in this area, no or minor differences have
been observed between those receiving and not receiving early cryotherapy on several
outcomes, including LOS, transfusion needs, swelling, ROM, pain, and analgesic use.
Having said this, the interpretation of the impact of cryotherapy in these studies is
clouded by comparisons with alternative treatments (such as compression bandaging
or alternative cold therapy) (Gibbons et al. 2001 A; Healy et al. 1994 A; Smith et al.
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2002 A) rather than comparisons with true non-interventional controls. Healy and
colleagues (1994 A) compared cryotherapy to ice packs. Smith et al. (2002 A) used
cold therapy in both groups after 24 hours. Scarcella and Cohn (1995 A), with their
sample of 24 TKA patients, were not likely to have had sufficient power to detect
differences between their groups when others (Smith et al. 2002 A) have required a
sample of 80 for the same outcome variables. Finally, Gibbons et al. (2001 A) did not
account for possible gender differences in Hb levels between the treatment and control
groups, which themselves differed in their gender profile. This may have explained
why cold compression was not associated with a lower transfusion requirement in
this study despite being associated with smaller post-operative blood losses. Even
with the lack of irrefutable evidence demonstrating that there is no additional benefit
from cryotherapy, various authors (Healy et al. 1994 A; Smith et al. 2002 A) have
concluded that its costs outweigh its benefits and that compression is preferred in
light of this. We conclude that although at this stage it would appear that cryotherapy
offers no additional benefits beyond those which could be achieved with compression
alone, the methodological limitations of the majority of studies conducted render this
issue unresolved.

Regarding Mrs JM, the available evidence does not strongly support or refute the use
of cryotherapy, nor is it clear whether compression bandaging alone is superior to it.
Thus, the therapist would be justified in trying either. Ideally these modalities would be
applied both before and after physiotherapy; at the very least, pain, oedema and ROM
should be monitored pre- and post-application. However, Mrs JM’s initial numbness –
presumed at this stage to be a hangover from her intra-operative regional anaes-
thetic – may delay the commencement of ice therapy. Of course, neural deficits
beyond 24 hours will need to be differentiated from possible chronic loss due to dia-
betic neuropathy. Though speculative at this point, the presence of the haemarthrosis
following TKA may undermine the impact of external ice applications, rendering the
effects of compression bandaging more important.

QUESTION 2

Does continuous passive motion work?
Continuous passive motion (CPM), like cryotherapy, is an adjunctive rehabilitation

tool intended to decrease swelling and haemarthrosis, and enhance soft tissue healing
and joint ROM (Milne et al. 2003 A). In contrast to cryotherapy, however, CPM has
been subject to many RCTS involving TKA recipients (n = 59), one Cochrane review
(Milne et al. 2003 A), and one qualitative review (Lachiewicz 2000 R). Thus, more
definitive conclusions can be drawn regarding its effectiveness.

Milne et al. (2003 A), based on a meta-analysis, concluded that CPM combined
with standard physiotherapy was associated with a small increase in flexion ROM
at two weeks (4.3◦ weighted mean difference (WMD4)), decreased LOS (0.69 days

4 WMD: difference between control and treatment group is weighted by the inverse of the variance.
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WMD), and a decreased risk of manipulation within the first month (relative risk 0.12).
CPM was not found to improve passive ROM. The authors did conclude, however,
that information and protocol biases were present in the review due to inadequate
reporting of some variables (for example, whether ROM was passive or active) and
inconsistent protocols (for example, pain relief and pre-operative education) across
studies. Information on ideal dose and application could not be derived. In light of
these facts, the authors recommended that the potential benefits of CPM be weighed
against the possible increased costs and inconvenience, and that more research be con-
ducted to determine the optimum treatment parameters. Not included in the analyses
were the effects of CPM on midline wound healing, bleeding overall, and hospital
costs. These have been shown to be a concern in some trials (Lachiewicz 2000 R).

Since the publication of the meta-analysis by Milne and colleagues, only one other
RCT has been conducted in TKA patients. Denis et al. (2006 A) did not observe
any differences in discharge (∼ eight days post) ROM, LOS, WOMAC function, and
TUG times between those treated with conventional physiotherapy plus 35 or 120
minutes of CPM daily, and those receiving conventional physiotherapy only. With the
exception of LOS, these results confirm the conclusions of the aforementioned meta-
analysis. It is unfortunate, however, that the number of manipulations post-discharge
was not monitored given that this is perhaps the most clinically relevant outcome
concerning CPM.

In terms of current clinical practice, we observed that CPM does not appear to be
in routine use in Australia (Naylor et al. 2006b A). Whether this is the case elsewhere
is unknown as there are no other survey data concerning this. We also observed in
our unit, where CPM was routinely prescribed, that only 40 % of patients received
it (Naylor et al. 2005 A). Protocol deviance was explained by a combination of lack
of awareness of the protocol by rotating physiotherapists, and their perceived lack
of need – the latter possibly explained by the fact that functionality and not ROM
primarily determines discharge at our unit. At this point in time, our CPM practices,
together with our pain relief and pre-operative education policies, are under review,
as the number of manipulations performed within six months of surgery has increased
in recent times.

Regarding Mrs JM, in view of the risk of manipulation alone, CPM should be
initiated at least once per day for several hours during bed rest periods. This recom-
mendation ideally applies to units where CPM is readily available and where medical
and nursing staff can apply it. Though speculative, CPM may be of particular benefit
to Mrs JM given her poorly controlled diabetes (evidenced by the elevated HbA1c

of 8.2 %; non-diabetic range 3–6 %). Glycosylation (permanent protein modification
by glucose) of collagen or elastin as a result of persistently high BGL may result in
tissue stiffness (Paul & Bailey 1996 B), hence Mrs JM may be at a greater risk of
manipulation.5

5 22 % of patients presenting for manipulation under anaesthesia for frozen shoulders had diabetes (Hamdan
& Al-Essa 2003).
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QUESTION 3

What is the evidence for exercise and early ambulation to improve ROM, decrease
length of stay, and prevent deep venous thrombosis?

Only one study has compared the outcomes of patients who received formal knee
flexion exercises in addition to standardised physiotherapy with those who received
standardised physiotherapy only (Ganz & Ranawat 2004 Abstract). Though formal
knee flexion exercises were associated with greater active knee flexion at one week,
this did not translate into any functional differences (such as stair ambulation or use of
aids) or shorter LOS. At three and 12 months, there were no differences in active knee
flexion. No studies were found focusing on active knee extension. Despite the lack
of evidence in support of specific active exercises, we have observed the prescription
of lower limb exercises in the acute stage to be routine in Australia (Naylor et al.
2006b A). This notwithstanding, as there does not appear to be any routine case to
suggest active exercises are detrimental in this patient group, we find no reason for
not including them in the therapy repertoire.

Similarly to active exercises, the arguments for early ambulation post-TKA rest
largely on the desire to minimise the well-known adverse effects of bed rest and to
accelerate discharge from hospital. To our knowledge, only one RCT has been con-
ducted (Munin et al. 1998 A) which highlights the specific benefits of early rehab-
ilitation, including early ambulation (commencing Day Three versus Day Seven),
on LOS, functional performance, and Deep Vein Thrombosis rate. Though the spe-
cific contribution attributable to early ambulation alone cannot be reliably estimated,
the absence of evidence to the contrary suggests protocols aimed at early ambula-
tion are desirable. We do qualify this statement, however, in that we recommend
an assessment of the patient’s medical stability (including blood pressure, heart rate
and rhythm, BGL, oxygen saturation levels, and Hb) precedes any physiotherapy
intervention.

Regarding Mrs JM, her lower limb neural deficit will preclude ambulation and some
bed exercises until it resolves. A combination of closed- and open-chain isometric,
concentric, and eccentric exercises will be prescribed for the flexor and extensor
muscle groups in her lower limbs. Ambulation will commence after removal of the
wound drains. Her cardiovascular history necessitates close monitoring of her vital
signs prior to her participating in any exercise, however. Her low Hb is typical at this
stage, given the acute blood losses (mean 608 mls) associated with the surgery (Naylor
et al. 2005 A), and, at her current level, does not warrant a transfusion (NH&MRC &
ASBT 2001 A).

QUESTION 4

What evidence guides walking aid progression?
The literature search yielded no RCTs investigating the optimal rate of walking

aid progression. We are aware of surgical units that dictate the rate of progression
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according to the presence or absence of cement. In our unit, all patients are progressed
and discharged on crutches, with instructions to weight-bear as tolerated unless oth-
erwise indicated. It is not clear at this stage whether the rate of progression onto a
walking stick or to complete independence from walking aids is a concern for long-
term prosthesis stability, the restoration of normal gait patterns, or the evolution of
back pain.

QUESTION 5

Does electrical stimulation work?
The electrical stimulation of the knee extensor muscles post-TKA is based on the

premise that voluntary activation is not sufficient to restore strength (Avramidis et al.
2003 A). Three studies were identified that randomised the use of electrical stimulation
to the vastus medialis or quadriceps femoris during CPM, commencing in the acute
period and given alongside a standardised physiotherapy programme. Gotlin et al.
(1994 A) and Haug and Wood (1988 A) observed that patients receiving two to
three hours of muscle stimulation daily until discharge experienced less extensor lag
and shorter LOS. In a longer-term study, Avramidis et al. (2003 A) observed that
patients receiving electrical stimulation for two hours twice daily from the second
post-operative day for six weeks, attained a faster walking speed at six weeks, and
this effect carried over until the 12th week. The authors concluded that the greater
walk speed was a consequence of more rapid quadriceps recovery and, as such, a
greater ability to participate in exercise. It should be noted that the control group did
not receive any standardised physiotherapy post-discharge. The addition of a third
group that received standardised physiotherapy for six weeks would have helped to
clarify whether electrical stimulation was superior to or simply a replacement for
voluntary muscle activation. While the use of electrical stimulation looks promising,
the technical and potentially cumbersome nature of the procedure, and the prerequisite
for effective communication between patient and therapist for safety reasons, may
have deterred widespread adoption of this treatment option.

Regarding Mrs JM, assuming availability of the device and competency of both the
staff and patient in its use, intermittent neuromuscular stimulation is an appropriate
rehabilitation intervention, given her quadriceps lag.

QUESTION 6

What is the evidence for hydrotherapy?
No RCTs were identified concerning the efficacy of hydrotherapy post-TKA. We

recognise that it is a treatment option where facilities exist (Naylor et al. 2006b A)
and that a non-randomised trial has been conducted in Germany (Erler et al. 2001 A).
No recommendations can be made at this stage, but note that, at the very least, the
integrity of the wound is paramount for hydrotherapy to be considered a viable option.
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REHABILITATION IN THE POST-DISCHARGE PHASE

GENERAL PRINCIPLES

The post-discharge phase of rehabilitation commences after discharge from an acute
care facility. Goals of rehabilitation in the earlier post-discharge phase focus upon
increasing the level of independence of the patient, which may include weaning off
a walking aid, maintaining and improving knee joint ROM, controlling or reducing
residual oedema, increasing muscle strength and endurance, and gradual return to
work and leisure activities. In the later phase of post-discharge rehabilitation, goals
include further improvement of muscle strength and endurance, improvement of car-
diovascular fitness, and full return to work and leisure activities.

The sources of evidence reviewed for specific rehabilitative interventions in the
post-acute phase consisted of RCTs and systematic reviews. In order to identify the
relevant literature, the following combinations of terms were used in an electronic
literature search of MEDLINE, CINAHL and EMBASE:

Total knee replacement, with subject headings: arthroplasty, replacement, knee; knee
prosthesis; TKR.

Rehabilitation, with all subject headings.
Physiotherapy, with subject headings: exercise therapy; orthopedics; physical therapy

(specialty); physiotherapy.

The initial literature search yielded 230 studies. For the present review, studies were
only included if the subjects had undergone primary TKA, were randomised to receive
the treatment(s) under investigation, and the treatment(s) was (were) conducted in the
post-acute phase. Only studies written in English were reviewed. Only five trials sat-
isfied these criteria, thus revealing the paucity of evidence for effects of rehabilitation
in the post-acute phase. One study (Mitchell et al. 2005 A) included pre-operative
physiotherapy in one group and was thus excluded. The remaining four trials differed
markedly in their methodology and investigated the effects of out-patient physiother-
apy versus home-based rehabilitation (Kramer et al. 2003 A; Rajan et al. 2004 A);
traditional versus functional home-based exercise (Frost et al. 2002 A); and intensive
versus usual care treatment (Moffet et al. 2004 A). Due to the limited number of
studies identified and the holistic nature of the physiotherapy programmes described,
it was not possible to examine the effect of a single treatment component in the post-
acute phase. In addition to the five reports of randomised trials, one recent review that
presented current evidence from experts on knee and hip arthroplasty was identified
(Jones et al. 2005 R).

QUESTION 7

What is the evidence supporting early post-discharge rehabilitation?
Three RCTs have examined the effects of physiotherapy provided in the early post-

discharge phase of rehabilitation; that is, commencing immediately after discharge
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from acute care. Kramer et al. (2003 A) investigated effects of clinic- versus home-
based rehabilitation. All patients were provided with advice on knee management
and were prescribed home strengthening and ROM exercises, the basic form of which
they were taught during the acute in-patient period. The home-based group received
weekly phone calls from a physiotherapist, whereas patients in the clinic-based group
attended the clinic once or twice weekly until three months post-operation. At three
and 12 months post-operation there was no difference between groups on any out-
come measures, which included WOMAC total and pain and function subscales,
SF-36 total, knee flexion range, 30-second stair test, and 6MWT. Similarly, another
study (Rajan et al. 2004 A) found no additional benefit of out-patient physiotherapy
compared with a home exercise programme at three, six, or 12 months; however,
there was no description of the physiotherapy interventions, and the only outcome
measure reported was knee flexion range. Provided that sufficient knee range is avail-
able for performance of ADL, this outcome measure is a poor sole criterion upon
which to judge treatment efficacy in the post-acute phase. Frost et al. (2002 A)
compared two home-based programmes – usual care (for example, ROM exercises,
quadriceps, and hamstrings strengthening) versus functional exercises (rising from a
chair, lifting the leg onto a step, and walking) – that commenced immediately after
hospital discharge. At the one-year follow-up assessment there was no difference
between groups in 10 m walking speed, pain, knee flexion range, or leg extensor
power.

All three of the above studies used intention-to-treat analysis; one study employed
therapist blinding (Frost et al. 2002 A) and another, partial blinding (Kramer et al. 2003
A), and subjects were randomly allocated to groups. Losses to follow-up were 3 %
(Rajan et al. 2004 A), 23 % (Kramer et al. 2003 A), and 43 % (Frost et al. 2002 A), and
all studies described reasons for drop-out. Very few adverse events occurred using the
exercises prescribed in these studies. According to the principles of evidence-based
practice (Herbert et al. 2005 A/R), the Physiotherapy Evidence Database (PEDro)
assigned the following scores to each of the studies: Frost et al. 6/10; Kramer et al.
6/10; and Rajan et al. 7/10; indicating that these studies all provide a moderate level
of evidence. It can be concluded that patient outcomes one year post-TKA are not
affected by location of rehabilitation delivery (out-patient physiotherapy clinic versus
home) or type of exercise (usual versus functional). However, loss to follow-up may
be affected by the level of supervision provided by the physiotherapist (out-patient
attendance or phone call monitoring versus no monitoring). Larger trials, which pro-
vide a greater power to detect small differences in outcome measures, may necessitate
revision of these conclusions. Patient outcomes at one year post-TKA indicate that
although significant improvements were evident compared to before surgery, there
is still a residual level of pain, disability, and loss of knee flexion range; and that
patients only just attain the lower limits of age-matched normal function, for example
walking speed. A lack of sufficient exercise intensity during rehabilitation may partly
contribute to these shortfalls in recovery, but it was not possible to calculate exercise
dosage from these trials since exercise intensity was largely patient determined or
else it was not described.
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QUESTION 8

What is the evidence supporting later post-discharge rehabilitation?
One RCT only (Moffet et al. 2004 A) has examined the effect of commencing

rehabilitation later in the post-discharge phase. Ability to exercise in this stage would
be anticipated to be greater than in the early post-acute phase, when anaemia, pain,
oedema, and residual effects of anaesthesia can cause significant limitation. Moffet
et al. (2004 A) employed intention-to-treat analysis: blinding of evaluators; random
allocation of subjects; and had only ∼10 % loss to follow-up, with all drop-outs
being described, thus providing a moderate to strong level of evidence (PEDro score
7/10). Two months after TKA, patients were randomised to either usual care (strength
training, ROM exercise, ice, gait retraining; 26 % also received home visits) or to an
intensive 12-week supervised physiotherapy programme, which also included the
usual care components. Intensive sessions included strength (for example, maximal
isometric contractions of quadriceps and hamstrings; functional exercises such as
sit-to-stand and stairs) and endurance exercise training (walking or cycling at 60–
80 % of maximum predicted heart rate for up to 20 min.). Exercise intensity was
progressed as required, however, while number of repetitions was reported, intensity
of strength training was difficult to assess from the data provided. No adverse events
from treatment occurred. At six months post-TKA, patients in the intensive exercise
group had increased their 6MWT by 31 % (93 m), compared to 25 % (72 m) increase
in the usual care group; a significant effect size between interventions of ∼9 %.
Significant treatment effect differences of a similar magnitude were evident in the
WOMAC subscales of pain, stiffness, and difficulty in performing ADL. One year
after TKA, patients in the intensive group tended to have a higher 6 min. Walk
Test distance (P = 0.06; 400 m or ∼1.1 m·s−1, which placed them at the lower
limit of normal for their age) than the control group (370 m; 1.03 m·s−1), and both
groups had similar levels of pain, stiffness, and difficulty performing tasks. This study
demonstrates that more intensive rehabilitation, commenced in the later post-acute
phase, results in greater improvements in walking speed at six months post-TKA (and
probably also at 12 months, given the near statistical significance and relatively low
subject number). Therefore, usual care physiotherapy after TKA probably provides
less than optimal stimuli, and patients could likely make further significant gains if
sufficiently challenged in the post-discharge rehabilitation period. Further, the authors
suggest that increasing the exercise intensity and prolonging the programme may yield
greater treatment effects. If so, this not only has important functional relevance for
the patient, but also has implications for the progression or retardation of common
co-morbidities such as hypertension and type 2 diabetes.

POST-DISCHARGE REHABILITATION FOR MRS JM

Mrs JM has similar co-morbidities (HT, diabetes, cardiac disease) and is of a similar
age to the patients in the Moffet et al. (2004 A) study. Her scores for each of the
WOMAC subscales are two- to three-fold higher than those reported at two months
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post-TKA, and are anticipated to improve considerably after surgery. Ideally, Mrs
JM’s early post-acute rehabilitation will be conducted from home; however, a retro-
spective review of effects of the co-morbidities of HT, diabetes, and obesity (all of
which Mrs JM suffers from) in 959,839 patients after arthroplasty found that each of
the co-morbidities was an independent predictor of increased post-operative compli-
cations and non-homebound discharge (Jain et al. 2005 A). Additionally, achievement
of rehabilitation goals by Mrs JM may be slowed by the presence of OA in her left
knee (unoperated). For example, progression from a walking aid to independent am-
bulation, or the recovery and improvement of walk speed, may be delayed by poor
ipsilateral or contralateral joint dysfunction. Certainly, with respect to the latter, our
data demonstrate that 15-m walk and TUG times are slower in patients with a knee
or hip replacement awaiting further surgery for other joints than in patients with knee
or hip replacement who are not (Naylor et al. 2006a A).

Based on the evidence from the RCTs discussed above, in the early post-acute phase,
Mrs JM will be prescribed an exercise programme that includes ROM and strength
exercises (including functional exercise), and gait retraining; and she will receive
advice regarding management of oedema and pain. Mrs JM will remain relatively
anaemic (Hb 105 g·l−1) at discharge, which may result in mild fatigue, dizziness,
and dyspnoea during more demanding submaximal exercise, as a consequence of
lower arterial oxygen content. This, coupled with pain, oedema, and the associated
muscle inhibition, will reduce the exercise intensity that Mrs JM can undertake in this
early period. In addition, given Mrs JM had poor pre-operative control of her diabetes
(indicated by the HbA1c), she may experience more difficulty controlling her BGL in
the post-acute phase consequent to reduced activity, stress, and hospitalisation. Even
so, current opinion (Sigal et al. 2004 A) is that light- or moderate-intensity exercise
should not be postponed in those with type 2 diabetes, even if BGL exceeds ∼17
mmol·l−1 (300 mg·dl−1), unless the patient feels unwell and has urinary or blood
ketones. We anticipate improved blood glucose control in this case, following the
review by the endocrinologist in hospital and the consequent addition of gliclazide to
Mrs JM’s usual metformin. Advice from a diabetes educator and a dietician will also
enhance her management. Her programme can be conducted at home, with a weekly
phone call from her physiotherapist to assess her ability to complete the exercises, to
advise on exercise progression, and to monitor potential complications.

In the later post-discharge phase, Mrs JM will attend out-patient physiotherapy for
a more intensive programme. The programme will commence once oedema and pain
have subsided; probably about six to eight weeks post-surgery, and will build upon
the gains made with therapy in the acute period. Additionally, based on our recent
audit of acute and short-term outcomes following TKA (Naylor et al. 2005 A), we
anticipate that Mrs JM will have recovered to ∼90 % of her pre-operative Hb (∼125
g·l−1) by about the sixth week post-TKA. Given the presence of type 2 diabetes
mellitus, hypertension, and IHD, current recommendation (Sigal et al. 2004 A) is that
it would be prudent to have Mrs JM formally assessed for cardiovascular risk prior
to commencing more intense exercise (if not done comprehensively pre-operatively).
Following individual evaluation and exercise prescription, her programme can be
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undertaken in a group setting, which may be a more cost-effective way to deliver more
intense, supervised rehabilitation, and may enhance motivation. The programme will
include lower limb strength training, functional exercises to promote strength and
balance, stretches, and either cycling or walking for local muscular and whole-body
endurance. Intensity will be monitored by heart rate and rating of perceived exertion
(the latter particularly, if any autonomic neuropathy is suspected or demonstrated), and
the number of repetitions and sets of each strength exercise, and the load and duration
of endurance exercises will be recorded. As previously stated, the current evidence
does not provide sufficient detail to determine exercise dosage for resistance training;
hence the following suggestions are based upon research drawn from other sources,
and are subject to change when further specific evidence regarding resistance training
after TKA is published. The intensity of resistance exercise will be gradually increased
as tolerated, beginning with one set of 10–15 repetitions (not to fatigue) twice per
week, and over a number of weeks progressing to three sets of eight repetitions at a 10
RM (repetition maximum) load up to three times per week. The latter is recommended
for individuals with type 2 diabetes, to assist with improving metabolic control, for
example lowering HbA1c (Sigal et al. 2004 A) – a very desirable outcome in Mrs
JM. Resistance exercise is also recommended for patients with OA; however, it is
suggested that muscles should not be exercised to fatigue (American Geriatrics Society
Panel on Exercise and Osteoarthritis 2001 A). Hence, resistance training for the left
leg (knee OA) will be conducted at a lower load and not to fatigue (for example, eight
to 10 repetitions at 15 RM load) and will be changed to isometric exercise if the left
knee becomes unstable or acutely inflamed. Endurance exercise (walking or cycling)
will be commenced at 50 % of maximum heart rate for five to 10 minutes at least
every second day, and progressed as tolerated to a weekly dose of 150 minutes at
50–70 % of maximum heart rate (Sigal et al. 2004 A). Based on the results of Moffet
et al. (2004 A), Mrs JM can expect to be walking ∼30 % further in a 6MWT after
six months; perhaps even more quickly if she has a more intense exercise programme
that is continued for a longer period (depending on the degree of limitation from her
left knee OA). The ability to undertake both sustained aerobic and resistance exercise
is important in addressing Mrs JM’s co-morbidities of obesity, type 2 diabetes, HT,
and IHD, and in accomplishing a full return to her ADL (including negotiation of 18
stairs at home) and leisure activities (lawn bowls). In addition, consultation with a
diabetes educator and a dietician are recommended for Mrs JM.

Thus it appears that most rehabilitation programmes finish just when the patient
is becoming more capable of exercising with greater intensity. The incorporation
of more challenging (more intense) exercise may address the deficits in gait speed,
muscle strength, and quality of life evident several months to years after TKA (see
Introduction).

Given the common occurrence of co-morbidities in patients who undergo TKA,
a more protracted exercise programme, which included both strength and endurance
components, would be anticipated to have important health and financial benefits.
However, given the paucity of RCTs and the holistic nature of the existing post-acute
physiotherapy RCTs, there is little evidence to suggest what the optimal exercise
programme after TKA might comprise.
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IMPACT OF SURGICAL FACTORS ON LONGER
TERM RECOVERY

QUESTION 9

Do prosthesis design and surgical choice impact on rehabilitation or functional re-
covery?

Despite myriad investigations concerning efficacy of TKA, there is significant
variation in the prostheses used and surgical decisions made. In other words, despite
substantial evidence supporting the intervention, best surgical practice in this field
is yet to be recognised. The need to re-align the knee to a neutral mechanical axis
and balance the soft tissue is generally agreed upon; some of the issues that remain
debated in the literature include cemented versus uncemented implants, the role of
the posterior cruciate ligament, mobile versus fixed bearing, and whether or not to
resurface the patella.

Cemented versus uncemented fixation

Mrs JM underwent a cemented TKA. Cemented TKA remains the standard to which
alternative forms of fixation need to be compared (Insall et al. 1976 A; Jones et al.
2005 A; Rodriguez et al. 2001 A). In Australia, cemented TKA make up almost
50 % of procedures, while uncemented and hybrid implants comprise 25 % each
(Australian Orthopaedic Association National Joint Replacement Registry 2004).
Uncemented fixation has the theoretical advantage of osseointegration, which may
have implications for longevity, infection, and future bone loss (Diduch et al. 1997
A), while cemented implants have a significant cost benefit. In general terms, failure
of uncemented implants has been mainly on the tibial and patella surfaces. Many
early designs showed pain scores that were slower to improve than in their cemented
counterparts, and had higher revision rates (Duffy et al. 1998 A; Ritter 2001 A). Newer
implant designs may have overcome these problems; however, long-term results are
yet to be realised. To date there is no literature examining the impact of weight bearing
on early and late fixation in cemented or uncemented prostheses.

Cruciate versus no cruciate

While most current prostheses sacrifice the ACL, controversy remains regarding the
PCL. Some argue that preservation of the PCL aids in improving the stability, kin-
ematics, and mechanics of the knee replacement and avoids extra bone resection (Rand
1996 A). Those in favour of excision argue that the PCL is not normal in arthritic
knees and that its excision allows improved balancing and correction of deformity
(Hirsch et al. 1994 A), as well as more consistent and predictable kinematics (Dennis
et al. 1996 A; Dennis et al. 1998 A). Excellent clinical results have been shown with
both PCL-retaining and -sacrificing TKAs. Nevertheless, there remain significant
differences in the kinematics between normal and replaced knees, and much of
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this gait abnormality is thought to be related to cruciate deficiency. This, com-
bined with senile muscle weakness and prolonged disability, may further reduce the
ability of patients to perform activities, including rehabilitative activities, following
TKA.

Two options are available to improve stability and kinematics following resection
of the ACL, PCL, or both. One option is to increase the congruity of the polyethylene
with anterior and posterior lips, to prevent translation of the tibia relative to the femur.
The other option is for the surgeon to introduce a cam-and-post mechanism, which
prevents posterior translation of the tibia relative to the femur. Mrs JM had a posterior
stabilised cam-and-post type implant. It is important to recognise that neither PCL-
retaining nor -substituting implants provide varus or valgus stability, and they both
require intact collaterals for stability.

A recent RCT (Straw et al. 2003 A) examined the effect of the PCL in total knee
arthroplasty. Patients were randomised to retention or excision of the PCL. There were
four groups: (a) PCL retaining and standard implants; (b) PCL released and standard
implants; (c) PCL excised and standard implants; (d) PCL excised and posterior
substituting implants. There was no difference in groups (a), (c) and (d) with regards
to pain scores, range of motion, knee scores, or functional scores. Patients in group
(b), with retaining implants and a released PCL, did significantly worse than the
other three groups in terms of knee scores and function. The posterior stabilised
group (d) had the highest functional scores, walking distance, and stair climbing.
The poorest range of motion was in group (a), suggesting tightness in flexion with
PCL retention. In terms of clinical stability, posterior stabilised (d) were the most
stable, while the excised group (c) were the most lax in the anteroposterior plane; this
was not statistically significant, however. There was no difference between groups in
terms of mediolateral stability. Follow-up averaged 3.5 years and as such the issue of
long-term wear could not be examined.

Integrity of the collateral ligaments

Release of the collateral structures is required during TKA when the gaps created for
the implants in flexion and extension are not rectangular. If left asymmetrical, this can
lead to asymmetric forces on the medial or lateral sides of the knee and potentially
cause pain, instability, poor function and early wear. Creating equal gaps requires
correct bony alignment as well as appropriate release of the soft tissues. In the varus
knee, medial structures tend to be tight, while in the valgus knee, it is the lateral
structures that become tight. The contributing structures will depend on whether the
knee is tight in an extended or flexed position. On the medial aspect, the medial
collateral ligament and postero-medial capsule may require releasing to balance the
knee (Whiteside 1995 A). On the lateral aspect, the lateral collateral, popliteal tendon,
iliotibial band and capsule may need releasing for balance (Whiteside 1999 A). Mrs
JM required release of the medial collateral ligament to balance the knee. Occasionally
in severe deformity, the opposite side attenuates (for example, medial structures in a
valgus knee), thus, requires attention. If so, surgical reconstruction of the ligament is
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performed, a more constrained form of implant is used, or both. Instability following
collateral release does not occur provided that the mechanical axis of the leg has
been corrected with the surgery. Ligament releases still leave peripheral attachments
and other soft tissue connections, such as periosteum or capsular tissue, which allow
the released ligaments to function (Whiteside 2005 A). Ongoing clinical instability,
perhaps detected by the therapist if not reported by the patient, usually occurs in the
presence of overall limb malalignment, inadequate soft tissue release, or inadvertent
transection of ligamentous structures. By and large, collateral release should not
impede functional recovery or rehabilitation.

Fixed versus mobile bearing implants

While fixed bearing implants yield excellent results, mobile bearing prostheses were
introduced to try and improve wear characteristics, range of motion, and longevity.
These implants have dual articulation, with a highly conforming articular surface
between the femur and the polyethylene insert. Many designs exist and they vary in
the degree of movement allowed between the polyethylene and the base plate. One
long-term non-randomised study reported similar clinical and prosthesis survivorship
results to fixed bearing implants (Buechel 2002 A), but the impact of activity per se,
either early or late, was not addressed. It is tempting to speculate that, given the
equivalent prosthesis survivorship across the two designs, neither activity level nor
type of activity impacts on long-term functional recovery. However, non-randomised
allocation of patients to the varying prosthetic designs may contribute to this; thus,
RCTs are ideally needed to confirm this notion. It is also worth noting that trials
subjecting the same prostheses to differing long-term in vivo mechanical loading
(such as functional and exercise loads) have not been conducted.

Patella resurfacing versus non-resurfacing

Controversy remains over whether or not to resurface the patella. Mrs JM had a
cemented patella resurfacing. Many of the early problems with the patellofemoral
joint have been addressed by improving the characteristics of the femoral component
(Andriacchi et al. 1997 A) and, as such, much of the older literature may not be
relevant today. Ongoing anterior knee pain is the reason for considering resurfacing,
while complications including patella fracture, extensor mechanism disruption, and
loosening are reasons to avoid this option routinely. Resurfacing of the patella is
generally agreed upon in inflammatory arthritis, patella maltracking, eburnated bone
on the patella, preoperative anterior knee pain, and crystalline deposition disease
(Kajino et al. 1997 A; Kim et al. 1999 A). Studies in patients with bilateral arthroplasty
with only one side resurfaced have not shown significant differences (Keblish et al.
1994 A). While there is equivocal evidence from RCTs (Barrack et al. 2001 A; Wood
et al. 2002 A), a recent review (Holt & Dennis 2003 R) concluded that, although
patient selection is critical to the decision to resurface the patella, unresurfaced patellae
deteriorate over time and secondary resurfacing is associated with greater residual
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patellofemoral pain. This was reiterated by Jones et al. (2005 R), who also concluded
that patella resurfacing is likely to improve outcomes, including long-term pain-free
patella function. From the therapist’s perspective, knowledge of whether or not the
patella was resurfaced may help explain ongoing or residual anterior knee pain, or
even pain emerging within a few months to years of the TKA procedure. To our
knowledge, there are no context-specific data available to guide the therapist in terms
of what, if any, lower limb exercises are preferred in the presence or absence of patella
resurfacing.

SUMMARY

The choices that surgeons face when undertaking TKA are manifold. Unfortunately,
well constructed RCTs are not available to answer many of the debates that remain,
particularly in relation to TKAs’ relevance to rehabilitation. However, from a sur-
geon’s perspective, there is little doubt that good alignment and good balance are the
most important features in providing patients with a well-performing, long-lasting
joint replacement. Provided these principles are adhered to, and once best practice
rehabilitation is identified, we assume at this stage that post-operative physiotherapy
and rehabilitation should not be substantially affected by variations in surgical hard-
ware and technique. Having said that, note that the more cognisant the physiotherapist
is of each patient’s surgical particulars, the less risk there is of their doing harm, and
the better placed they are to set pragmatic rehabilitation goals.
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Fortin PR, Penrod JR, Clarke AE, St-Pierre Y, Joseph L, Belisle P et al. (2002) Timing of total
joint replacement affects clinical outcomes among patients with osteoarthritis of the hip
or knee. Arthritis & Rheumatism 46: 3327–3330.

Fortin PR, Clarke AE, Liang JL, Tanzer M, Ferland D et al. (1999) Outcomes of total hip and
knee replacement: preoperative functional status predicts outcomes at six months after
surgery. Arthritis & Rheumatism 42: 1722–1728.

Fransen M, Crosbie J, Edmonds J (2003) Isometric muscle force measurement for clinicians
treating patients with osteoarthritis of the knee. Arthritis & Rheumatism 49: 29–35.

Fransen M, Crosbie J, Edmonds J (2001) Physical therapy is effective for patients with os-
teoarthritis of the knee: a randomized controlled clinical trial. Journal of Rheumatology
28: 156–164.

Fransen M, McConnell S, Bell M (2002) Therapeutic exercise for people with osteoarthritis of
the hip or knee: a systematic review. Journal of Rheumatology 29: 1737–1745.

Frost H, Lamb SE, Robertson S (2002) A randomized controlled trial of exercise to improve mo-
bility and function after elective knee arthroplasty. Feasibility, results and methodological
difficulties. Clinical Rehabilitation 16: 200–209.

Ganz SB, Benick RA (2004) A comparison of functional recovery following unilateral and
bilateral total knee arthroplasty. Topics in Geriatric Medicine 20: 310.

Ganz SB, Ranawat CS (2004) Efficacy of formal knee flexion exercises on the achievement of
functional milestones following total knee arthroplasty. Topics in Geriatric Medicine 20:
311.

Gibbons CER, Solan MC, Ricketts DM, Patterson M (2001) Cryotherapy compared with Robert
Jones bandage after total knee replacement: a prospective randomized trial. International
Orthopaedics 25: 250–252.

Gotlin RS, Hershkowitz S, Juris PM, Gonzalez EG, Scott WN, Insall JN (1994) Electrical
stimulation effect on extensor lag and length of hospital stay after knee arthroplasty.
Archives of Physical Medicine and Rehabilitation 75: 957–959.

Gur H, Cakin N, Akova B, Okay E, Kucukoglu S (2002) Concentric versus combined
concentric-eccentric isokinetic training: effects on functional capacity and symptoms in
patients with osteoarthrosis of the knee. Archives of Physical Medicine and Rehabilitation
83: 308–316.

Hamdan TA, Al-Essa KA (2003) Manipulation under anaesthesia for the treatment of frozen
shoulder. International Orthopaedics 27: 107–109.



JWBK139-10 JWBK139-Partridge January 14, 2007 11:35 Char Count= 0

REHABILITATION FOLLOWING TOTAL KNEE ARTHROPLASTY 247

Haug J, Wood LT (1988) Efficacy of neuromuscular stimulation of the quadriceps femoris
during continuous passive motion following total knee arthroplasty. Archives of Physical
Medicine and Rehabilitation 69: 423–424.

Healy WL, Seidman J, Pfeifer BA, Brown DG (1994) Cold compressive dressings after total
knee arthroplasty. Clinical Orthopaedics and Related Research 299: 143–146.

Heck D, Robinson R, Partridge C, Lubitz R, Freund D (1998) Patient outcomes after knee
replacement. Clinical Orthopaedics and Related Research 356: 93–110.

Herbert, R, Jamtvedt, G, Mead, J, Hagen, KB (2005) Practical Evidence-Based Physiotherapy
Edinburgh: Elsevier.

Hirsch HS, Lotke PA, Morrison LD (1994) The posterior cruciate ligament in total knee surgery.
Save, sacrifice, or substitute? Clinical Orthopaedics and Related Research 309: 64–68.

Holt G, Dennis D (2003) The role of patella resurfacing in total knee arthroplasty. Clinical
Orthopaedics and Related Research 1: 76–83.

Insall JN, Ranawat CS, Scott WN, Walker P (1976) Total condylar knee replacement: prelim-
inary report. Clinical Orthopaedics and Related Research 120: 149–154.

Ivey M, Johnston RV, Uchida T (1994) Cryotherapy for postoperative pain relief following
knee arthroplasty. Journal of Arthroplasty 9: 285–290.

Jain NB, Guller U, Pietrobon R, Bond TK, Higgins LD (2005) Comorbidities increase compli-
cation rates in patients having arthroplasty. Clinical Orthopaedics and Related Research
435: 232–238.

Jones DL, Westby MD, Greidanus N, Johanson NA, Krebs DE, Robbins L et al. (2005) Update
on hip and knee arthroplasty: current state of evidence. Arthritis & Rheumatism 53: 772–
780.

Kajino A, Yoshino S, Kameyama S, Kohda M, Nagashima S (1997) Comparison of results
of bilateral total knee arthroplasty with and without patellar replacement for rheumatoid
arthritis: a follow-up note. Journal of Bone and Joint Surgery 79A: 570.

Keblish PA, Varma AK, Greenwald AS (1994) Patellar resurfacing or retention in total knee
arthroplasty: a prospective study of patients with bilateral replacements. Journal of Bone
and Joint Surgery 76B: 930.

Kennedy DM, Stratford PW, Wessel J, Gollish JD, Penney D (2005) Assessing stability and
change of four performance measures: a longitudinal study evaluating outcome following
total hip and knee arthroplasty. BMC Musculoskeletal Disorders 6(3).

Kim BS, Reitman RD, Schai PA, Scott RD (1999) Selective patellar nonresurfacing in total
knee arthroplasty: 10 year results. Clinical Orthopaedics and Related Research 367:
81.

Kramer JF, Speechley M, Bourne R, Rorabeck C, Vaz M. (2003) Comparison of clinic- and
home-based rehabilitation programs after total knee arthroplasty. Clinical Orthopaedics
and Related Research 410: 225–234.

Lachiewicz PF (2000) The role of continuous passive motion after total knee arthroplasty.
Clinical Orthopaedics and Related Research 1: 144–150.

Lamb SE, Frost H (2003) Recovery of mobility after knee arthroplasty. Expected rates and
influencing factors. Journal of Arthroplasty 18: 575–581.

Lingard EA, Bervan S, Katz JN, Kinemax Outcomes Group (2000) Management and care of
patients undergoing total knee arthroplasty: variations across different health care settings.
Arthritis Care and Research 13: 129–136.

Lorentzen JS, Petersen MM, Brot C, Madsen OR (1999) Early changes in muscle strength after
total knee arthroplasty. Acta Orthopedica Scandinavica 70: 176–179.



JWBK139-10 JWBK139-Partridge January 14, 2007 11:35 Char Count= 0

248 RECENT ADVANCES IN PHYSIOTHERAPY

March LM, Cross M, Tribe KL, Lapsley HM, Courtenay BG, Cross MJ et al. (2004) Two
knees or not two knees? Patient costs and outcomes following bilateral and unilat-
eral total knee joint replacement surgery for OA. Osteoarthritis Cartilage 12: 400–
408.

March LM, Cross MJ, Lapsley H, Brnabic AJ, Tribe KL, Bachmeier CJM et al. (1999) Outcomes
after hip or knee replacement surgery for osteoarthritis. Medical Journal of Australia 171:
235–238.

Martin SS, Spindler KP, Tarter JW, Detwiler KB (2002) Does cryotherapy affect intraarticular
temperature after knee arthroscopy? Clinical Orthopaedics and Related Research 1: 184–
189.

McAuley JP, Harrer MF, Ammeen D, Engh GA (2002) Outcome of knee arthroplasty in patients
with poor pre-operative range of motion. Clinical Orthopedics and Related Research 404:
203–207.

McDonald S, Hetrick S, Green S (2004) Pre-operative education for hip or knee replacement.
Cochrane Library 1 http://www.thecochranelibrary.com CD003526.

Milne S, Brosseau L, Robinson V, Noel MJ, Davis J, Drouin H et al. (2003) Con-
tinuous passive motion following total knee arthroplasty. Cochrane Library 2 http://
www.thecochranelibrary.com CD004260.

Mitchell C, Walker J, Walters S, Morgan AB, Binns T, Mathers N (2005) Costs and effec-
tiveness or pre- and post-operative physiotherapy for total knee replacement: randomized
controlled trial. Journal of Evaluation in Clinical Practice 11: 283–292.

Mizner RL, Stevens JE, Snyder-Mackler L (2003) Voluntary activation and decreased force pro-
duction of the quadriceps femoris muscle after total knee arthroplasty. Physical Therapy
83: 359–365.

Mizner RL, Petterson SC, Stevens JE, Axe MJ, Snyder-Mackler L (2005) Preoperative quadri-
ceps strength predicts functional ability one year after total knee arthroplasty. Journal of
Rheumatology 32: 1533–1539.

Moffet H, Collet J-P, Shapiro SH, Paradis G, Marquis F, Roy L (2004) Effectiveness of intensive
rehabilitation on functional ability and quality of life after first total knee arthroplasty: a
single-blind randomised controlled trial. Archives of Physical Medicine and Rehabilitation
85: 546–556.

Munin MC, Rudy TE, Glynn NW, Crossett LS, Rubash HE (1998) Early inpatient rehabilitation
after elective hip or knee arthroplasty. Journal of the American Medical Association 279:
847–852.

Australian Bureau of Statistics (1995) National Health Survey SF-36 Population Norms Can-
berra: Australian Bureau of Statistics, Cat. No. 4399.0.

Naylor JM, Ireland JE, Mohammed M (2005) Outcomes Following Primary THR and TKR:
part 1 – acute and short-term outcomes Sydney: Whitlam Joint Replacement Centre,
SSWAHS.

Naylor JM, Fransen M, Ireland JE, Winstanley J (2006a) Outcomes Following Primary THR
and TKR: part 2 – longer-term outcomes. Sydney: Whitlam Joint Replacement Centre,
SSWAHS.

Naylor JM, Harmer AR, Fransen M, Crosbie J, Innes L (2006b) The status of physiother-
apy rehabilitation following total knee replacement in Australia. Physiotherapy Research
International 11: 35–47.

NHMRC and ASBT (2001) Clinical practice guideline on the use of blood components.
http://www.nhmrc.health.gov.au.



JWBK139-10 JWBK139-Partridge January 14, 2007 11:35 Char Count= 0

REHABILITATION FOLLOWING TOTAL KNEE ARTHROPLASTY 249

Oldemeadow L, McBurney H, Robertson V (2001) Hospital stay and discharge outcomes after
knee arthroplasty. Journal of Quality and Clinical Practice 21: 56–60.

Ouellet D, Moffet H (2002) Locomotor deficits before and two months after knee arthroplasty.
Arthritis & Rheumatism 47: 484–493.

Paul RG, Bailey AJ (1996) Glycation of collagen: the basis of its central role in the late
complications of ageing and diabetes. International Journal of Biochemistry and Cell
Biology 28: 1297–1310.

Pearson S, Moraw I, Maddern GJ (2000) Clinical pathway management of total knee arthro-
plasty: a retrospective comparative study. ANZ Journal of Surgery 70: 351–354.

Petterson SC, Mizner RL, Snyder-Mackler L (2003) Factors that influence six-minute walk in
individuals after total knee arthroplasty. Journal of Geriatric Physical Therapy 26: 50.

Pierson J, Earles D, Wood K (2003) Brake response time after total knee arthroplasty. Journal
of Arthroplasty 18: 840–843.

Rajan RA, Pack Y, Jackson H, Gillies C, Asirvatham R (2004) No need for outpatient physiother-
apy following total knee arthroplasty: a randomized trial of 120 patients. Acta Orthopedica
Scandinavica 75(1): 71–73.

Rand JA (1996) Posterior cruciate retaining total knee arthroplasty. In: Morrey BF (ed.) Re-
constructive Surgery of the Joints Volume 2 (2 edn) New York: Churchill Livingstone, pp.
1401–1408.

Ritter MA, Berend ME, Meding JB, Keating EM, Faris PM, Crites BM (2001) Long-term
follow-up of anatomic graduated components posterior cruciate-retaining total knee re-
placement. Clinical Orthopedics 388: 51–57.

Rodriguez JA, Bhende H, Ranawat CS (2001) Total condylar knee replacement: a 20-year
follow-up study. Clinical Orthopaedics and Related Research 388: 10–17.

Roos E (2003) Effectiveness and practice variation of rehabilitation after joint replacement.
Current Opinion in Rheumatology 15: 160–162.

Rossi MD, Hasson S (2004) Lower-limb force production in individuals after unilateral total
knee arthroplasty. Archives of Physical Medicine and Rehabilitation 85: 1279–1284.

Salmon P, Hall G, Peerbhoy D, Shenkin A, Parker C (2001) Recovery from hip and knee
arthroplasty: patients’ perspective on pain, function, quality of life, and well-being up to 6
months postoperatively. Archives of Physical Medicine and Rehabilitation 82: 360–366.

Scarcella JB, Cohn BT (1995) The effect of cold therapy on the postoperative course of total
hip and knee arthroplasty patients. American Journal of Orthopedics November: 847–
852.

Segal L, Day SE, Chapman AB, Osborne RH (2004) Can we reduce disease burden from
osteoarthritis? An evidence-based priority-setting model. Medical Journal of Australia
180: 11S–17S.

Shields RK, Enloe LJ, Leo KC (1999) Health related quality of life in patients with total hip
or knee replacement. Archives of Physical Medicine and Rehabilitation 80: 572–579.

Shumway-Cook A, Brauer S, Woollacott M. (2000) Predicting the probability for falls in
community-dwelling older adults using the timed up and go test. Physical Therapy 80:
897–903.

Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C (2004) Physical activity/exercise
and type 2 diabetes. Diabetes Care 27: 2518–2539.

Skinner J, Weinstein JN, Sporer SM, Wennberg JE (2003) Racial, ethnic, and geographic
disparities in rates of knee arthroplasty among Medicare patients. New England Journal
of Medicine 349: 1350–1359.



JWBK139-10 JWBK139-Partridge January 14, 2007 11:35 Char Count= 0

250 RECENT ADVANCES IN PHYSIOTHERAPY

Smith J, Stevens J, Taylor M, Tibbey J (2002) A randomised controlled trial comparing com-
pression bandaging and cold therapy in postoperative total knee replacement surgery.
Orthopaedic Nursing 21: 61–66.

Steffen T, Hacker TA, Mollinger L (2002) Age- and gender-related test performance in
community-dwelling elderly people: six-minute walk test, berg balance scale, timed up
& go test, and gait speeds. Physical Therapy 82: 128–137.

Stratford PW, Kennedy D, Pagura SM, Gollish JD (2003) The relationship between self-report
and performance-related measures: questioning the content validity of timed tests. Arthritis
& Rheumatism 49: 535–540.

Straw R, Kulkarni S, Attfield S, Wilton TJ (2003) Posterior cruciate ligament at total knee
replacement. Essential, beneficial or hindrance? Journal of Bone and Joint Surgery 85B:
671–674.

van Essen GJ, Chipcase LS, O’Connor D, Krishnan J (1998) Primary total knee replacement:
short-term outcomes in an Australian population. Journal of Quality in Clinical Practice
18: 135–142.

Walsh M, Woodhouse LJ, Thomas SG, Finch E (1998) Physical impairments and functional
limitations: a comparison of individuals 1 year after total knee arthroplasty with control
subjects. Physical Therapy 78: 248–258.

Wang A, Hall S, Gilbey H, Ackland T (1997) Patient variability and the design of clinical
pathways after total hip replacement surgery. Journal of Quality in Clinical Practice 17:
123–129.

Webb JM, Williams D, Ivory JP, Day S, Williamson DM (1998) The use of cold compression
dressings after total knee replacement: a randomised controlled trial. Orthopedics 21:
59–61.

Whiteside LA (1995) Ligament balancing and bone grafting in total knee replacement of the
varus knee. Orthopedics 18: 117–122.

Whiteside LA (1999) Selective ligament release in total knee arthroplasty of the knee in valgus.
Clinical Orthopedics and Related Research 367: 130–140.

Whiteside LA. (2005) Assess and release the tight ligament. In: Bellemans J, Ries MD, Victor
J (eds) Total Knee Arthroplasty: a guide to get better performance, pp. 170–176.

Wood DJ, Smith AJ, Collopy D, White B, Brankov B, Bulsara MK (2002) Patellar resurfacing
in total knee arthroplasty: a prospective, randomized trial. Journal of Bone and Joint
Surgery 84A: 187–193.



JWBK139-IND JWBK139-Partridge January 14, 2007 12:52 Char Count= 0

Index

Abscess, 8
Active

cycle of breathing, 7, 9
range of movement, 82

Activities of Daily Living, 64
Acupuncture, 188, 206
Adverse reactions, 22, 30, 61
Aerobic

capacity, 18, 24, 27
conditioning, 24
exercise, 190
training, 33, 120, 180

Airway clearance, 3, 7
Anaesthetic, 44
Antibiotics, 1, 11
Anxiety, 190
Arthritis

rheumatoid (RA), 192
degenerative, 148
osteoarthritis (OA), 183, 202, 225

Arthroplasty, 22
Asculation, 11, 18, 56
Aspergillosis, 5
Asthma, 11, 13
Atelectasis, 24, 45, 55, 60
Atrophy

disuse, 187
Attention

internal, 85
external, 85

Autogenic drainage, 9

Behaviour change
stages of, 34

Biomedical model, 87
Biopsychosocial

approach, 161

assessment, 161
model, 187

Blood
gases, 17, 19
sugar, 31

Body
schema, 109
weight support, 137

Borg scale, 11, 32, 33, 63
Breath

shortness of, 10, 17, 19, 31, 44
Breathing

deep, 27, 60, 62
Bronchiectasis, 1, 7, 11
Broncography, 2

CAT scan, 77
Catastrophising, 151, 165
Cardiorespiratory, 17
Cardiovascular, 25
Carpal Tunnel Syndrome, 210
Catecholamine, 25
Central Nervous System, 136
Chronic Obstructive Pulmonary

Disease, 18, 28, 43, 77
Cephalad, 13
Clinical, 66

governance, 196
pathways, 66
reasoning, 79

Co morbidity, 53, 226
Cognitive

tasks, 118
Cognitive Behavioural Therapy, 151

interventions, 151
principles, 172

Compliance, 120

251



JWBK139-IND JWBK139-Partridge January 14, 2007 12:52 Char Count= 0

252 INDEX

Complications
post operative, 44

Co morbidity, 53, 226
Congestive heart failure, 20, 18
Contracture, 90, 116
Continuous passive motion,

232
Cortical

map, 84
re organisation, 152, 163
representation, 145

Cortex
somatosensory, 84

Corticosteroid
injections, 204

Cost effective, 55
Cough

non productive, 12, 18, 44
productive, 27, 50

Coping
strategies, 79, 173
styles

active, 145, 164
passive, 164

CPAP, 59
Cruciate ligament, 241
Cryotherapy, 232
Cueing

auditory, 85
visual, 118

Cystic fibrosis, 2, 8

De sensitisation, 148
Debility, 64
Deep vein thrombosis, 234
Deformities, 187
Degenerative changes, 204
Depression, 136
Desaturation, 28
Diaphragmatic

breathing, 24
excursion, 62

Diabetes type, 2, 22, 31

Disc lesions, 169
Discharge

plans, 30, 31, 194
Diuretics, 20
Dornase alpha, 10
Drainage

autogenic, 7, 9
Dysarthria, 77
Dysphagia, 77
Dysrythmia, 13, 25

EEG, 28
Effectiveness, 195
Elderly, 194
Electrogoniometry, 101
Electrotherapy

electrical stimulation, 235
electromagnetic field therapy,

205
Emotional

component, 136
Endurance, 79, 92, 206
Epicondylitis

lateral, 151, 204
Exercise

isometric, 240
progression, 26
strenghening, 189
tolerance, 44

Examination
subjective, 82
objective, 82

Expectoration, 9, 17, 166

Fatigue, 91, 187
Fear avoidance, 164, 193
Feedback

auditory, 91
external, 86
internal, 86
verbal, 100
visual, 91

Fitness, 91



JWBK139-IND JWBK139-Partridge January 14, 2007 12:52 Char Count= 0

INDEX 253

Flags, 168
Function

Lung, 12, 18
Functional capacity, 19

Goals, 63, 83
meaningful, 84
treatment, 84
setting skills, 154, 173

Haemodynamic, 14, 22, 26
Health education, 30
Helplessness, 192
Homeostasis, 135
Hospital Anxiety and Depression scale

(HAD), 195
Huffing, 9, 12, 24, 2
Humidification, 10
Hydrotherapy, 326
Hyperinflation, 20
Hypersensitivity, 139
Hypertension, 22, 77, 128
Hyperventilation, 46
Hypoxaemia, 3, 45, 59

Iatrogenic, 186
Immunoglobin, 11
Impairment, 115, 202
Implants, 243
Independence, 154
Inflammation, 135, 144
Intensive Care, 17, 21
Interdisciplinary care, 2, 17,

29
International Association for the Study

of Pain (ASP), 136
Intubation, 17, 46

Joint
glenohumeral, 80
interphalangeal, 80
synovial, 186
motion, 203

Keyboarding skills, 159
Kinematic, 79, 242

features, 78
deviation, 78

Knowledge of results, 98

Laparotomy, 44, 66
Laser therapy, 213, 202
Learning

maladaptive, 163
Length of stay, 50
Life style

modification, 36
Lung

function, 6
parenchyma, 27

Magnetic
resonance imaging (MRI),

169
therapy, 213

Management
conservative, 204, 214
self, 167, 183

Manual therapy, 61, 152,
McGill Pain Questionnaire, 78,

208
Metabolic

demands, 24, 29
Mobilisation, 26, 56
Mood, 191
Motor

assessment, 109, 116, 137
learning, 98
planning, 137
performance, 84

Mucociliary clearance, 45
Mucolytics, 10
Mucus, 17, 24
Muscle

abnormal activity, 110
force, 79
strength, 227



JWBK139-IND JWBK139-Partridge January 14, 2007 12:52 Char Count= 0

254 INDEX

Musculoskeletal
disorders, 65, 202

Myopathy, 22

Nebulisation, 10
Nervous system, 135, 138, 163

sympathetic, 27
Neurodynamic, 21, 143
Neuromatrix

model, 138
Neuroplasticity, 148, 163
Neuropathic

sensitivity, 144
Neurophysiological

approach, 109
Neuropraxis, 210
Nociception, 135, 138, 144, 162, 175
Normative, 277
Numeric rating scale, 208
Nutrition, 29

Obesity, 18
Observation

visual, 79
Oedema, 230, 239
Open loop, 84
Orthopaedic, 224
Orthotic devices, 150, 204, 206
Outcome measurement, 11
Oxygen saturation, 64

Pain
centrally mediated, 138
non specific, 143
relief, 183
low back, 159, 169
perceptions of, 136, 187
psychogenic, 138
relief, 207

Parietal lesions, 97, 98
Parkinson’s disease, 85
Pathophysiology, 210
Patellofemoral, 244
Patient- centred approach, 150, 202

Pedometer, 31
Pedro scale, 46, 51
PEP mask, 50, 59, 60
Percussion, 5, 7
Perioperative care, 64
Perfusion, 45
Phonophoresis, 205
Placebo, 117
Pleural effusion, 55
Pneumonia, 55
Pneumothorax, 55
Polyneuropathy, 22
Post operative, 61
Postural drainage, 5, 7
Practice

bilateral, 84
blocked, 92, 94
mental, 84
random, 92
schedules, 90
self directed, 91
variation, 92

Primary motor cortex, 84, 164
Problem solving, 92
Prognosis, 202, 208
Prophylaxis, 50, 59
Proprioceptive, 145
Prosthesis, 241
Psychosocial, 191, 193
Psychosomatic
Pulmonary

embolus, 55
obstructive disease, 4
function, 4

Pulse oximetry, 28

Quadriceps, 188, 189
Quality

indicators, 211
of life, 19, 168, 226

Randomised controlled trial (RCT), 4, 7,
50, 53, 61, 63, 109, 111

Re inforcement, 118



JWBK139-IND JWBK139-Partridge January 14, 2007 12:52 Char Count= 0

INDEX 255

Reaching, 79
Rehabilitation, 10, 11, 205, 227,

238
Repetitive strain injury (RSI), 147, 148,

209
Representation

cortical, 145
Responses

maladaptive, 146
Reviews

systematic, 7, 53, 58, 62, 109,
213

Risk
factors, 18, 28, 51, 65, 216

Rivermead motor assessment, 78
Robotic device, 91

Secretions
bronchial, 17, 45, 7
purulent, 9, 56

Scale
symptom severity, 215
painfree function, 207
visual analogue, 207

Self
efficacy, 164, 165, 192
management programme, 192
report scales, 207

Sling, 111
Smoking

cessation, 28
Social work, 29
Spasticity, 115
Spirometry, 52, 58
Splint, 90, 111, 204, 213, 206
Sputum, 7, 10

purulent, 2, 44, 56
Step length, 111, 118
Stress management, 21, 29, 32, 142,

152
Stroke, 77, 108, 110, 117
Surgery

abdominal, 43
cardiac, 65

colorectal, 58
failed, 159

Systems, 25

Tardieu scale, 108, 115
Tendinitis, 143, 202
Tennis elbow, 142, 206
Thixotropic, 9
Thrombus, 23
Tidal volume, 60
Tinel’s test, 215
Training schedule, 83
Transcranial magnetic stimulation, 84
Treadmill training, 109, 117

Ultrasound, 204, 206
Upper extremity musculoskeletal

disorders,
202

Visual
analogue, 207
imagery, 79

Ventilation
mechanical, 14, 21
nasal, 29
support, 19

Vital
capacity, 24, 45
signs, 18

Walk test
6.min, 11, 119
10.min, 109

Walking
symmetrical, 111

Weakness, 108
Weight control, 29, 186
Wellbeing, 35
Western Ontario & Macmaster Index,

195
World Health Organization, 185

Yoga, 213


	Recent Advances in Physiotherapy
	Contents
	Contributors
	Introduction
	I Cardiorespiratory
	1 Physiotherapy and the Adult with Non-Cystic Fibrosis Bronchiectasis
	2 Coordinated Management of a Patient in ICU with Cardiorespiratory Failure

	II Surgical
	3 Abdominal Surgery: The Evidence for Physiotherapy Intervention

	III Neurological
	4 Practice and Feedback for Training Reach-to-Grasp in a Patient with Stroke
	5 Improving Walking After Stroke Using a Treadmill
	6 Treatment of the Upper Limb Following Stroke: A Critical Evaluation of Constraint Induced Movement Therapy

	IV Pain Management
	7.1 An Introduction to Current Concepts of Pain
	7.2 Non-Specific Arm Pain
	7.3 Recurrent Lumbar Pain after Failed Spinal Surgery

	V Musculoskeletal
	8 Evidence for Exercise and Self-Management Interventions for Lower Limb Osteoarthritis
	9 Using Evidence-Based Practice for Upper Extremity Musculoskeletal Disorders

	VI Orthopaedic
	10 Physiotherapy Rehabilitation Following Primary Total Knee Arthroplasty

	Index




