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Preface to the Thirteenth Edition

This is an exciting time to become a physiotherapist. If
you are training or if you are about to commence train-
ing as an undergraduate, you are entering one of the
most stimulating, varied and rewarding careers possi-
ble. The new millennium holds endless possibilities for
physiotherapists.

The first edition of Tidy’s Physiotherapy was pub-
lished in the 1930s, and the fact that it endures as a
bestseller amongst student physiotherapists confirms
that students want a clear reference guide to help them
through their studies.

This thirteenth edition has been extensively
redesigned. Experts from a wide range of clinical and
academic backgrounds have rewritten each chapter, to
reflect current clinical practice and theory. Previously
existing chapters have been updated, and there are new
chapters covering a diverse cross-section of the topics
to which student physiotherapists need to be intro-
duced.

Physiotherapy as a profession underwent spectacu-
lar changes in the second half of the twentieth century.
Tidy’s Physiotherapy now reflects those changes and
will evolve as our profession evolves. This new edition
covers some key areas and developments in the field of
physiotherapy in the early twenty-first century, and the
book will look as different in ten years as this edition
differs from its predecessor.

Physiotherapy students need a solid foundation
upon which to build their knowledge base, and we
must not lose sight of this reality. This new edition
reflects current trends and innovations whilst acknowl-
edging that just occasionally it is good to have a clearly
laid out reference guide for students, for whom the
learning curve is especially steep.

Physiotherapy qualifying programmes must prepare
students to function effectively in the changing world
of healthcare — to be analytical problem-solvers who
are autonomous practitioners in their own right. I
wonder, though, how many graduates still recall how
difficult it was to reflect, hypothesise, reason, analyse
and integrate vast amounts of new information when
we were new to the profession.

The journey to become a physiotherapist is not an
easy one, and we should facilitate the learning process
for students, the physiotherapists of the future, in every
way possible. Albert Einstein said ‘Make everything as
simple as possible, but not simpler. The team of
authors in this volume have tried to give student
physiotherapists a simple — but accurate and relevant —
guide which is grounded in the clinical world and pre-
sented in a clear format. I hope that we have succeeded
In our aim.

2003 Stuart Porter
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Tidy’s Physiotherapy

INTRODUCTION

This chapter aims to provide the reader with an insight
into what it means to be a professional (in the context
of this chapter, a physiotherapist), focusing on the
responsibilities, both ethical and practical, that are
inherent in claiming to be a professional.

The current status and privilege of physiotherapists
as autonomous professionals will be put in the context
of the history of the profession, and the impact of
autonomy on clinical practice will be explored. The
chapter will reflect on the implications for physiother-
apists of the increasing expectations of both the general
public and the government for health professionals to
deliver high-quality health services. Explanations of
how physiotherapists can meet these expectations
through clinical governance will be provided. Finally,
the reader will be offered a look at the possible future
of the profession in the light of the changing shape of
health services in the UK.

Physiotherapists come into the profession because
they have an underlying sense of — and commitment to
~ helping others and improving their quality of life.
Indeed, Koehn (1994) argues that professions can be
thought of as being defined by a distinctive commit-
ment to benefit the client. Physiotherapists want to be
able to use their acquisition of knowledge, skills and
attributes from qualifying programmes to benefit
people, in whatever speciality or with whichever
patient group they wish to work once qualified - for
example elite athletes, elderly people, the general pub-
lic with sports injuries or back pain, or people with
mental health problems. This chapter will help readers
understand how they can make benefiting patients a
reality in the context of the expectations of society for
the provision of high-quality, safe and effective care.

While earlier editions of Tidy’s Physiotherapy may
have been popular for their prescriptive descriptions of
what physiotherapists should do in particular situa-
tions or for particular conditions, this edition demands
more from the reader. For no two patients are quite the
same. Each requires the skills of the physiotherapist to
carry out a full and accurate assessment, taking account
of the individuality of the patient, and then to use clin-
ical reasoning to problem solve and offer appropriate
options for treatment, on which the patient will make a
decision. A professional is required to have the matu-
rity to take full responsibility for the privilege of auton-
omy. This will be by maintaining a competence to
practise through career-long learning, through self-
evaluation as well as through the evaluation of present
practice; by keeping up to date with the most effective
interventions and by maintaining the trust of patients
by doing good. Readers should realise that while this

approach is more challenging, it will also be more
rewarding.

CHARACTERISTICS OF BEING A
PROFESSIONAL

The most frequently cited characteristics of being a
professional are (Koehn 1994):

e belonging to an organisation that sets standards and
ideals of behaviour, and which disciplines other
members for breaching these

e possessing knowledge and skills not shared by
others

e exercising autonomy in their work

o licensed by the state

¢ making a commitment to assisting those in need.

Setting standards, disciplining members and claiming a
unique body of knowledge are described in subsequent
paragraphs of this chapter in the context of the role of
the UK’s professional body, the Chartered Society of
Physiotherapy (CSP). While the principles of profes-
sionalism should be aspired to by physiotherapists any-
where in the world, the existence and/or role of
professional bodies and the way these characteristics
are manifested may vary, depending on political, social
and financial factors.

Belonging to an organisation that sets
standards and ideals of behaviour

Rules of Professional Conduct were endorsed at the very
first council meeting of the CSP in 1895 (Barclay 1994)
and have been revised and updated at intervals since.
Rules sets out a framework for the ethical, moral and
legal basis of the profession, providing statements of
the conduct expected of chartered physiotherapists and
students. The current Rules (CSP 2002a) set out a num-
ber of principles, the basis for all of which is to safe-
guard patients. They include requirements that
physiotherapists should:

o respect the dignity and individual sensibilities of
every patient

¢ work safely and competently

¢ ensure the confidentiality of patient information

e report circumstances that might otherwise put
patients at risk

* not exploit patients

e act in a way that reflects credit on the profession and
does not cause offence to patients.

Although the CSP has had Rules of Professional Conduct
since its inception, Standards of Physiotherapy Practice



was not published until 1990. This provides statements
about the practical application of the ethical principles
set out in the Rules. The third edition (CSP 2000) has
evolved to place more emphasis than in earlier editions
on practitioners:

involving patients in decision-making

¢ being fully abreast of the evidence of effectiveness in
order to inform patients and offer the most effective
interventions

e evaluating their practice and measuring a patient’s
health gain as a result of treatment.

This reflects the increasing expectations of the public
to be active partners in their healthcare, the expecta-
tions of clinical governance to provide more effective
care, and the growing demands of funders of services,
as well as patients, to be able to demonstrate the
benefits or ‘added value’ of physiotherapy. All these will
be discussed later in the chapter.

Standards of Physiotherapy Practice is written in a
way that offers a broad statement of intent (the
Standard statement), which is followed by a2 number of
measurable statements about expected performance or
activity by the physiotherapist, student or assistant
(known as ‘criteria’). For example, Core Standard 2
states ‘Patients are given relevant information about the
proposed physiotherapy procedure, taking into
account their age, emotional state and cognitive ability,
to allow informed consent.’ The criteria for this stan-
dard include:

e the patient’s consent is obtained before starting any
examination/treatment

e treatment options, including significant benefits,
risks and side-effects, are discussed with the patient
the patient is given the opportunity to ask questions

e the patient is informed of the right to decline
physiotherapy at any stage without that prejudicing
future care

¢ the patient’s consent to the treatment plan is docu-
mented in the patient’s record.

These measurable criteria allow performance to be
assessed against them, through clinical audit, described
in more detail later.

The content of this standard and accompanying cri-
teria set out the specific actions required in order to
conform, in this case, to an aspect of Rule 2 of Rules of
Professional Conduct: ‘Chartered physiotherapists shall
respect and uphold the rights, dignity and individual
sensibilities of every patient, which includes guidance
on informed consent. This is a good example of how
the Standards and Rules complement each other. They
should be used together to ensure compliance with the

characteristics and actions required of members of the
physiotherapy profession.

Commitment to discipline other
members

The CSP does not ‘police’ the Rules or the Standards;
that is, it does not directly monitor members’ con-
formance. However, it does have a responsibility to
protect patients (self-regulation), as well as to protect
the reputation of the profession. Should a member of
the public or a colleague make a complaint, therefore,
the Society has a responsibility to deal with this, and has
a formal process for doing so. While it is the Rules that
must be demonstrated to have been breached in order
for disciplinary action to be taken, the Standards of
Physiotherapy Practice will be used as a benchmark of
expected performance in determining the application
of the Rules in a practice setting.

The ultimate sanction the profession can impose is
for a member to be struck off the register, no longer
having access to the services of the Society and being
unable to use the initials ‘MCSP’ or the title ‘chartered
physiotherapist’.

Possessing knowledge and skills not
shared by others

Any profession possesses a range of specific knowledge
and skills that are either unique, or more significantly
developed than in other professions. For physiotherapy,
the roots of the profession can be found in massage, the
founders of the profession having been a group of
nurses who carried out massage. The significance of
therapeutic touching of patients still sets physiotherapy
aside from other professions. Physiotherapists continue
to use massage therapeutically as well as a wide range of
other manual techniques such as manipulation and
reflex therapy. Therapeutic handling underpins many
aspects of rehabilitation, requiring the touching of
patients to facilitate movement.

The second core skill is exercise, or movement. Cott
et al. (1995) discuss the notion of a ‘movement contin-
uum theory of physical therapy, arguing that the way
in which physiotherapists conceptualise movement is
what differentiates the profession from others. They
describe movement as a continuum from a micro
(molecular, cellular) to a macro (the person in their
environment, or in society) level. The authors argue
that the theory is a unique approach to movement
rehabilitation because it incorporates knowledge of
pathology with a holistic view of movement, which
includes the influence of physical, social and psycho-
logical factors. They argue that the role of physio-

“Responsibilities of Being a Physiotherapist
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therapy is to minimise the difference between a per-
son’s current movement capability and his or her pre-
ferred movement capability.

The third core element of physiotherapy is defined as
the use of electrophysical agencies (CSP 2002a). Cott
and colleagues argue that this, too, can be part of the
movement continuum, describing how such modalities
complement therapeutic movement strategies at a
tissue level, for example by reducing pain or swelling.

Another description of the profession’s knowledge
and skills can be found in the Curriculum Framework for
Qualifying Programmes in Physiotherapy (CSP 2002b).
This sets out the underpinning knowledge and skills
required of newly qualifying physiotherapists, setting
this in the context of their application in professional
practice areas and environments. These are, in turn,
underpinned by a set of professional attributes, identity
and relationships, such as understanding the scope of
practice and active engagement with patient partner-
ship. Finally, the framework sets out the outcomes that
graduates should be able to demonstrate, for example
‘enable individual patients and groups to optimise their
health and social well-being’ and ‘respond appropriately
to changing demands’

Physiotherapy is a healthcare profession

concerned with human function and

movement and maximising potential. It
uses physical approaches to promote, maintain
and restore physical, psychological and social
well-being, taking account of variations in health
status. It is science-based, committed to extend-
ing, applying, evaluating and reviewing the evi-
dence that underpins and informs its practice and
delivery. The exercise of clinical judgement and
informed interpretation is at its core (CSP 2002b).

Exercising autonomy

Autonomy, or ‘personal freedom’ (Concise Oxford
Dictionary, 7th edn), is a key characteristic of being a
professional. It allows independence, but is mirrored by
a responsibility and accountability for action. Central to
the practice of professional autonomy is clinical reason-
ing, described as the ‘thinking and decision-making
processes associated with clinical practice’ (Higgs and
Jones 2000). Clinical reasoning requires the ability to
think critically about practice, to learn from experience
and apply that learning to future situations. It is the
relationship between the physiotherapist’s knowledge,
his or her ability to collect, analyse and synthesise rele-
vant information (cognition), and personal awareness,
self-monitoring and reflective processes, or metacog-
nition (Jones et al. 2000).

Autonomy has, however, to be balanced with the
autonomy patients have, to make their own decisions.
Patient-centred decisions require a partnership between
patient and professional, sharing information, with
patients’ values and experience being treated as equally
important as clinical knowledge and scientific facts
(Ersser and Atkins 2000). Higgs and Titchen (2001)
describe the notion of the professional’s role as a ‘skilled
companion. The professional is characterised as a per-
son with specialised knowledge which can be shared
with the patient in a reciprocal ‘working with’ rather
than ‘doing to’ relationship, and as someone who
‘accompanies the patient on their journey towards
health, adjustment, coping or death. This patient-
centred model facilitates the sharing of power and
responsibility between professional and patient.

A history of how the physiotherapy profession’s
autonomy evolved in the UK can be found later in this
chapter.

Licensed by the state

Physiotherapists in the United Kingdom have to be reg-
istered with the Health Professions Council (HPC) in
order to work in the National Health Service (NHS). In
the near future this will be a requirement in order to
use the title physiotherapist, and therefore work in any
setting in the UK. This is a government measure to pro-
tect patients from unqualified or inadequately skilled
healthcare providers.

Within the next few years, the HPC will put in place
a system requiring re-registration at intervals of, per-
haps, five years, based on a demonstration of an indi-
vidual’s continued competence to practise, probably
through the submission of evidence of the outcomes of
continuing professional development (CPD). Re-regis-
tration is in response to a decrease in public confidence
in the NHS following, for example, the report into chil-
dren’s heart surgery in Bristol (Bristol Royal Infirmary
Inquiry 2001). Equally disturbing were the revelations
about the murders of so many patients by Harold
Shipman, a man who had been a previously trusted
general practitioner, where health systems failed to
detect an unusually high number of deaths.

This has led the government to take a number of
measures, including the requirement for all health
professionals to re-register at specified intervals, to be
seen to be protecting the public through a more
explicit and independent process. It will aim to iden-
tify poor performers who may be putting the public at
risk, as well as providing an incentive for profession-
als to keep up to date, maintaining and further devel-
oping their scope of, and competence to, practise.
Disciplinary processes are in place to, ultimately,



remove an individual from the register. The means by
which individuals can maintain their competence are
discussed later in the chapter.

Making a commitment to assist those
in need

As stated earlier, one of the characteristics of a profes-
sional is to want to ‘do good’ This is reflected in the
ethical principles of the physiotherapy profession,
where there is a ‘duty of care’ incumbent on the indi-
vidual towards the patient, to ensure that the therapeu-
tic intervention is intended to be of benefit, as set out
in Rule 1 (CSP 2002a). This is a common-law duty, a
breach of which (negligence) could lead to a civil claim
for damages.

More generally, professionals are perceived to have
moral authority, or trustworthiness, if they (Koehn
1994):

¢ use their skills in the context of the client’s best
interests, and ‘doing good’

e are willing to act as long as it takes for assistance to
achieve what it set out to achieve, or for a decision
to be made that nothing more can be done to help
the client

e have a highly developed internalised sense of
responsibility to monitor personal behaviour, for
example by not taking advantage of vulnerable
patients

¢ demand from the client the responsibility to pro-
vide, for example, sufficient information to allow
decisions to be made (compliance)

e are allowed to exercise discretion (judgement) to do
the best for the client, within limits.

Koehn argues that trustworthiness is what stands
out as a particularly unique characteristic of being a
professional — to do good, to have the patient’s best
interests at heart and to have high ethical standards.
Physiotherapists not prepared to maintain such ethics,
even in difficult and stressful situations, run the risk of
losing the respect as well as the trust of their patients
and the public.

RESPONSIBILITIES OF BEING A
PROFESSIONAL

Physiotherapists in the UK are granted the right to
make their own decisions, in partnership with patients,
about meeting needs. Being a professional is a privilege
— in particular the trust that is bestowed by the public,
which underpins the patient’s ability to benefit from

treatment. However, this brings with it weighty respon-
sibilities.

Doing only those things you are
competent to do

Every physiotherapist has her or his own personal
‘scope of practice’ (CSP 2002a) - that is, a range (or
scope) of professional knowledge and skills that can be
applied competently within specific practice settings or
populations.

When a person is newly qualified, this scope will be
based on the content of the pre-qualifying Curriculum
Framework, but will also be informed by the individ-
ual’s experience in clinical placements, and the amount
of teaching and reflective learning that has been possi-
ble as part of those placements.

As a career progresses, and as a result of CPD, some
physiotherapists will become competent in highly
skilled areas such as intensive care procedures, or
splinting for children with cerebral palsy, which are
unlikely to have been taught pre-qualifying. Others will
extend their skills in areas in which they already had
some experience, for example dealing with people with
neurological problems. Others will enhance their com-
munication and life skills, as well as refining their phys-
iotherapy skills by, for example, working with
elderly people or people with learning difficulties.

It is the responsibility of the professional to under-
stand his or her personal scope of practice as it
changes and evolves throughout a career. To practise in
areas in which you are not competent puts patients at
risk and is a breach of the CSP’s Rules of Professional
Conduct.

Maintaining competence to practise

So an individual’s scope of practice and competence
are constantly evolving, based on professional and life
experiences, learning from reading, from evaluating
practice, from reflecting on practice, or more formal
ways of learning. It includes undertaking programmes
of structured CPD. Clinical reasoning skills are contin-
ually refined and further developed throughout a
career through evaluative and reflective practice, lead-
ing to the ability to deal with increasingly complex and
unpredictable situations.

Physiotherapists have a duty to keep up to date
with new knowledge generated by research, with what
their peers are thinking and doing, and by formally
evaluating the outcome of their practice. The respon-
sibility for this is reflected in Standards of Physiotherapy
Practice (CSP 2000). In particular, Core Standards
19-22 are concerned with a requirement that individu-
als assess their learning needs, then plan, implement
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and evaluate a programme of CPD based on that
assessment.

Responsibility to patients

This chapter has already discussed the importance of
the individual physiotherapist as well as the profession
as a whole maintaining the attributes of professionals.
Trust is perhaps the most essential characteristic with
which to develop a sense of partnership with patients
that, in turn, will optimise the benefits of intervention.
For physiotherapy, many of the other hallmarks for
building and securing trust are set out in the profes-
sion’s Rules and Standards; for example

¢ to provide safe and effective interventions (safety of
application as well as safe and effective) — Rule 1 and
Core Standards 4, 8, 16

e to treat patients with dignity and respect — Rule 2
and Core Standard 1

* to provide patients with information about their
options for treatment/interventions — Rule 2 and
Core Standard 2

e to involve patients in decisions about their treat-
ment (informed consent) — Rule 2 and Core
Standard 2.

Responsibility to those who pay for
services

Physiotherapists have an ethical responsibility to payers
of services, whether these are commissioners of health-
care, taxpayers or individual patients, to provide
efficiently delivered, clinically and cost-effective inter-
ventions and services, in order to provide value in an
era when resources for healthcare are limited.

Responsibility to colleagues and the
profession

A profession has legitimate expectations of its mem-
bers to conduct themselves in a way that does not bring
the profession into disrepute, but rather enhances pub-
lic perceptions. Physiotherapists have a duty to inform
themselves of what is expected of them. Indeed, Rules of
Professional Conduct states that knowledge and adher-
ence to the Rules are part of the contract of member-
ship of the CSP. Standards of Physiotherapy Practice
makes it clear there is an expectation that all physio-
therapists should be able to achieve all the core stan-
dards (CSP 2000). Where they do not, programmes of
professional development should be put in place to
facilitate full compliance, as part of the individual’s
professional responsibility.

Physiotherapists should not be critical of each other
except in extreme circumstances. However, they do

have a duty to report circumstances that could put
patients at risk. In the NHS, there are procedures and a
nominated officer within each trust from whom advice
can be sought. Outside the NHS, advice can be sought
from the CSP. Physiotherapists are encouraged to be
proactive in supporting each others’ professional devel-
opment and in promoting the value of the profession
in local workplace settings, in policy-making forums
and in the media.

BECOMING AN AUTONOMOUS
PROFESSION

The Chartered Society of Physiotherapy was founded
in 1894, under the name of the Society of Trained
Masseuses. This section will not attempt to relate the
history of the profession except in the context of
developing autonomy. However, more about the early
days of the profession can be found in
Dr Jean Barclay’s fascinating book In Good Hands
(Butterworth—Heinemann, 1994).

For many years, doctors governed the profession.
One of the first rules of professional conduct stated ‘no
massage to be undertaken except under medical direc-
tion’ (Barclay 1994). Even in the 1960s doctors were
asserting that they must take full responsibility for
patients in their charge and ‘professional and technical
staff have no right to challenge his views; only he is
equipped to decide how best to get the patients fit
again’ (Barclay 1994). It is hard to believe now that it
took more than 80 years to escape the paternalism of
doctors, to whom physiotherapists were dependent for
referrals. The first breakthrough came in the early
1970s, when a report by the Remedial Professions
Committee, chaired by Professor Sir Ronald Tunbridge,
included a statement that while the doctor should
retain responsibility for prescribing treatment, more
scope in application and duration should be given to
therapists.

The McMillan report (DHSS 1973) went further, by
recommending that therapists should be allowed to
decide the nature and duration of treatment, although
doctors would remain responsible for the patient’s wel-
fare. There was recognition that doctors who referred
patients would not be skilled in the detailed application
of particular techniques, and that the therapist would
therefore be able to operate more effectively if given
greater responsibility and freedom.

Eventually, a Health Circular called Relationship
between the Medical and Remedial Professions was
issued (DHSS 1977). This acknowledged the therapist’s
competence and responsibility for deciding on the
nature of the treatment to be given. It recognised the
ability of the physiotherapist to determine the most



appropriate intervention for a patient, based on knowl-
edge over and above that which it would be reasonable
to expect a doctor to possess. It also recognised the
close relationship between therapist and patient, and
the importance of the therapist interpreting and
adjusting treatment according to immediate patient
responses.

Autonomy was only achieved by being able to
demonstrate competence to make appropriate deci-
sions, building up the trust of doctors and those paying
for physiotherapy services. The need to acquire skills of
assessment and analysis became a key component of
student programmes from the 1970s. Today, qualifying
programmes stress even further the development of
skills, knowledge and attributes required for
autonomous practice.

CLINICAL GOVERNANCE

So far, this chapter has explored the responsibilities of
being a physiotherapist from a professional perspec-
tive. The focus has been on the individual’s personal
responsibility as a professional. This section will put all
that in the context of a professional’s responsibilities to
their employer organisation, whether it be in the pub-
lic or independent sector.

In the NHS, responsibility for the clinical safety of
patients and the quality and effectiveness of services is
through a system of clinical governance. It seems prob-
able this will apply equally to the independent sector in
the near future. But even though clinical governance is
the responsibility of NHS trusts, its foundation is based
on ‘the principle that health professionals must be
responsible and accountable for their own practice’
(Secretary of State for Health 1998). So the individual’s
professional responsibility is still paramount.

What is clinical governance?

: |
@E Definition
| through which NHS organisations are

Clinical governance is a framework
=== accountable for continuously improv-
ing the quality of their services and safeguard-
ing high standards of care by creating an
environment in which excellence in clinical care
will flourish (Secretary of State for Health 1998).
While this definition has been used in England,
similar interpretations of the term have been
made in Scotland, Wales and Northern Ireland.

A number of key themes were introduced as part of
clinical governance.

The accountability of chief executives
for quality

Although some chief executives of NHS trusts claim
they were always responsible for quality, this had not
been a statutory responsibility in the way it was for a
trust’s finances. Chief executives now have a statutory
responsibility for quality.

The introduction of a philosophy of
continuous improvement

One-off improvements are not enough — the NHS has
to move to a culture of continuous improvement to
achieve excellence. In addition, the emphasis has
shifted from improving a particular aspect of care in
isolation, to examining the whole system of care, cross-
ing professions, departments, organisations and sec-
tors, to ensure the whole process meets the needs of
patients through an integrated approach to healthcare.

An aspiration to achieve consistency of
services across the NHS

This is founded on two principles:

o If one trust can provide excellence in a service, why
can’t all trusts?

o Local services should, where possible, be based on
national standards, for example National Service
Frameworks, or nationally developed clinical guide-
lines.

There is some evidence to suggest that nationally
developed standards or clinical guidelines are likely to
be more robustly developed (Sudlow and Thomson
1997) and that their universal implementation locally
will ensure consistency and effectiveness.

An emphasis on continuing
professional development and life-
long learning (LLL)

Clinical governance acknowledges the importance of
CPD/LLL for all healthcare workers, in order to keep
up to date and deliver high-quality services.

Is clinical governance something new?

Yes and no. Its component parts are all familiar activities,
but there is also an underpinning philosophy in clinical
governance, to reduce risks for patients, a new and more
focused emphasis that was not previously articulated. It
can be argued that clinical governance is, at least in part,
a response to a loss of public confidence in the NHS dis-
cussed earlier, which has undermined public perceptions
of the NHS as an organisation they can rely on to ‘do
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good’ and of government to protect the public. In addi-
tion, the public has become more litigious, suing doctors
and trusts more readily for mistakes, drawing money
away from front-line clinical services. So clinical gover-
nance is about re-building the public’s confidence in
health services, providing high-quality and effective care
and, above all, reducing the risk of harm through negli-
gence, poor performance or system failures.

The components of clinical
governance

Although clinical governance should be seen as a pack-
age of measures that together ensure excellence and a
reduction in risk, it can also be viewed as a number of
component parts, some of which have been in place for
a number of years and are already familiar (Figure 1.1).
They include:

evidence-based practice and clinical effectiveness
applying national standards and guidelines locally
evaluating the effectiveness and quality of services
continuing  professional  development/life-long
learning

e having the right workforce and using it appro-
priately.

The following sections deal with these aspects.

EVIDENCE-BASED PRACTICE

At the beginning of this chapter, it was asserted that
people who want to become physiotherapists have an
inherent desire to ‘do good”. But how do we know what
works — what interventions have been shown to be
effective? It is hard to comprehend that health profes-
sionals have not always sought evidence for the

{’T

effectiveness of the treatments they use. Perhaps they
did — but until the early 1990s this ‘evidence’ was based
on personal experience, opinions derived from that
experience, together with the experience of colleagues,
or those perceived to be experts and opinion leaders. Is
that good enough?

In 1991, Sir Michael Peckham, then Director of
Research & Development for the Department of
Health, noted that ‘strongly held views based on belief
rather than sound information still exert too much
influence in healthcare. In some instances the relevant
knowledge is available but is not being used, in other
situations additional knowledge needs to be generated
from reliable sources’ (Department of Health 1991). At
about the same time, a relatively small group of doctors
began to write about evidence-based medicine.

Definition
An early definition of evidence-based
medicine stated that it is the conscien-

tious, explicit and judicious use of cur-
rent best evidence in making decisions about the
care of individual patients (Sackett et al. 1996).

What do we mean by evidence? Is research the only
form of evidence? Certainly for some questions such as
the efficacy of particular drugs, or a particular modal-
ity such as exercise programmes for the management of
back pain, research studies which compare one inter-
vention with another or a placebo (randomised con-
trolled trials) can provide reliable information about
the degree to which an intervention is effective. But
other forms of evidence are also important (Figure
1.2). What patients tell us about their condition, which
treatments they find effective, the degree to which

Evidence-
based
practice

Using nationally

Clinical audit

Continuing

developed professional Clinical
standards and development e m—
guidelines

The right Using Implementing
workforce and outcome National Service
using it right measures Frameworks

Using
patient
feedback

Figure 1.1
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Figure 1.2

interventions improve their ability to get on with their
lives, also provides important evidence. The physio-
therapist also contributes evidence in the form of clin-
ical expertise, derived from clinical reasoning
experience. Thinking and reflecting on what you are
doing as a practitioner during or after a clinical
encounter will develop such expertise (Jones et al.
2000). Knowledge which arises from and within prac-
tice (practice-based and practice-generated knowl-
edge) will become part, along with research evidence,
of your rationale for practice (Higgs and Titchen
2001). This was also reflected by Sackett and colleagues,
who went on to conclude their definition ‘integrating
clinical expertise with best available external clinical
evidence from systematic research’ (Sackett et al. 1996).

A hierarchy of evidence is often described or used in
the literature. This ranges from (1) systematic reviews,
in which evidence on a topic has been systematically
identified, appraised and summarised according to
predetermined criteria (usually limited to randomised
controlled trials) — said to be the strongest evidence
(the most reliable estimate of effectiveness) to (2)
expert opinion, perceived as the least reliable. An exam-
ple is shown in Table 1.1.

However, such a hierarchy fails to recognise that dif-
ferent research methods are needed to answer different
types of questions and that, while a qualitative study
may be the best research method for a particular ques-
tion, it still receives a low rating. The hierarchy also fails
to recognise the importance of expertise derived from
clinical reasoning experience, discussed above.
Physiotherapists need to contribute to an ongoing
debate to develop a hierarchy that reflects more appro-
priately a patient-centred approach to practice.

So what does evidence-based practice mean for
physiotherapists? Core Standard 4 (CSP 2000) states

. idence’? (Adapted from Bury and Mead 1998, with permission.)

that: ‘In order to deliver effective care, information
relating to treatment options is identified, based on the
best available evidence. A range of sources of informa-
tion the physiotherapist may need to draw on, includ-
ing research evidence, patient organisations and
clinical guidelines is listed. What practical steps need to
be taken to identify and use research evidence?

o Think about the clinical question you are trying to
answer in your information search. Identify the
population (e.g. people with multiple sclerosis with
symptoms of urinary incontinence), the inter-
vention you are looking for (e.g. neuromuscular

Table 1.1 A hierarchy of evidence.

Level Type of evidence

la Evidence obtained from a systematic
review or meta-analysis of randomised
controlled trials

Ib Evidence obtained from at least one
randomised controlled trial

lla Evidence obtained from at least one

well-designed controlled study without
randomisation

lib Evidence obtained from at least one
other type of well-designed quasi-
experimental study

i Evidence obtained from well-designed
non-experimental descriptive studies,
such as comparative studies, correlation
studies and case studies

v Evidence obtained from expert commit-
tee reports or opinions and/or clinical
experience of respected authorities

Adapted from National Institute for Clinical
Excellence (2001).
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electrical stimulation) and the outcome (e.g. a
reduction in symptoms) and use this information to
formulate a search strategy.

e Work in partnership with an information scientist
to get the best results from a literature search (their
information skills and knowledge combined with
your clinical skills and knowledge).

e Look first for evidence that has already been synthe-
sised — systematic reviews, nationally developed
clinical guidelines or standards. This saves a lot of
effort looking for individual studies. If it is a high-
quality synthesis, it will also provide a more reliable
estimate of effectiveness.

e Know your databases well enough to know which
will have the most relevant information for any par-
ticular topic.

Check the titles and abstracts for relevance.

Critically appraise any relevant papers you have
found to assure yourself of their quality, and of the
reliability of their conclusions (a list of appraisal
instruments can be found at the end of this chapter).

e When you find the ‘best available evidence’ think
about it in relation to your patient and your past
experience — is it appropriate for that patient, will
you be able to quantify for the patient the degree of
likely benefits and harms (if any)?

» Discuss the evidence with the patient and agree
together the preferred intervention(s).

Implement the preferred intervention(s).
Evaluate the effect of the intervention(s) and act
accordingly.

More information about evidence-based practice can
be found in Bury and Mead (1998), or at http:
{Iwww.nettingtheevidence.org.uk/, a catalogue of use-
ful electronic learning resources and links to organisa-
tions, which facilitate evidence-based healthcare. See
also the section ‘Sources of Critical Appraisal Tools’
towards the end of this chapter.

CLINICAL EFFECTIVENESS

Clinical effectiveness as defined by the Department of
Health sounds very much like evidence-based practice
— doing things you know will be effective for a particu-
lar patient or group of patients. But the fact that an
intervention has been proved to work in research stud-
ies, in a relatively controlled environment, does not
necessarily mean that it will work for a particular
patient. Both patients and practitioners are unique
beings, and there are many additional factors, practical
and behavioural, that need to be considered to ensure
the patient gets the maximum benefit from an inter-
vention.

LR S

O )
| Definition
| Clinical effectiveness was defined by
| the Department of Health in 1996 as

‘the extent to which specific clinical
interventions, when deployed in the field for a
particular patient or population, do what they
are intended to do - that is, maintain and
improve health and secure the greatest possible
health gain from the available resources’ (NHS
Executive 1996).

o [s the practitioner sufficiently skilled to apply the
intervention safely and effectively?

® Was the practitioner an effective communicator?

e Did the practitioner give the patient an opportunity
to fully describe the symptoms and the impact of
the problem on the person’s life, and to ask ques-
tions?

o Did the patient have enough information to be able
to give informed consent?

¢ Were other options discussed, that may have been
more acceptable to the patient, even if less effective?

e Would treatment in a hospital setting mean a long,
exhausting and expensive journey for the patient?

¢ Would the patient feel intimidated by a hospital
environment?

¢ Would treatment have been more effective if it had
been provided closer to home, for example in the
GP’s surgery or health centre?

e Would treatment have been more relevant if it had
been given in a patient’s own home, to be able to
develop a programme tailored to the person’s
lifestyle and environmental needs?

e Wherever treated, did the patient have adequate
privacy, warmth and comfort?

¢ How long did the patient have to wait for treatment
— will delay affect the effectiveness of the interven-
tions?

The answer to each of these questions can have an
impact on the patient’s ability to benefit from an inter-
vention, however effective the research evidence might
suggest an intervention is. This also illustrates the com-
plexity of the clinical reasoning process, where highly
skilled judgements have to be made based on a consid-
eration of the whole person, physically, emotionally
and within society, as well as the environment, practi-
tioner skills and resources available, in order to provide
truly effective treatment.

So while evidence-based practice is a key compo-
nent of clinical effectiveness, clinical effectiveness also
takes account of a range of other influences that could



affect the patient’s ability to benefit from an interven-
tion based on high-quality research evidence.

APPLYING NATIONAL STANDARDS AND
GUIDELINES LOCALLY

Standards

One of the tenets of clinical governance is consistency —
for the public, being confident that they will experience
the same quality of care and have access to the most
effective interventions, regardless of where they live.
There should be no postcode lottery, where some treat-
ments might be available in some parts of the country
and not others; raising the quality of the average and
worst services to that of the best. So where there are
high-quality national standards, these should be used
locally. Two examples of these are set out below.

Nationally developed standards

The CSP’s Standards of Physiotherapy Practice provides
a universal framework for the delivery of services
throughout the UK, to which it is expected all physio-
therapists will conform. So, for physiotherapy, patients
can expect similar values and processes within a health-
care experience.

National Service Frameworks (NSFs)

This government initiative aims to provide the NHS
with explicit standards and principles for the pattern
and level of services required for a specific service or
care group. The NSFs aim to address the ‘whole system
of care’ and each will set out where care is best provided
and the standard of care that patients should be offered
in each setting. They provide ‘a clear sct of priorities
against which local action can be framed’ and seek to
ensure that patients will get greater consistency in the
availability and quality of services, right across the
NHS (Secretary of State for Health 1998).

NSFs have so far been developed for coronary heart
disease (including cardiac rehabilitation), mental
health, older people (including falls, osteoporosis and
stroke) and diabetes. They provide broad statements of
expected services; for example in the older-people NSF:
‘Older people who have fallen receive effective treat-
ment and rehabilitation and, with their carers, receive
advice on prevention through a specialised falls serv-
ice. Physiotherapists will therefore need to address the
implementation of this standard in any services they
provide to older people. Implementation will also pro-
vide opportunities to promote the value of physio-
therapy to this patient population and highlight the
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contribution physiotherapists can make to a trust’s
compliance with this particular standard.

Clinical Guidelines

]

Definition

Clinical guidelines are ‘systematically

developed statements to assist practi-

== tioner and patient decisions about
appropriate healthcare for specific circum-
stances’ (Field and Lohr 1992).

The key factors in the development of clinical guide-
lines are the systematic process for identifying and
quality-assessing research evidence, and the systematic
and transparent process used for the interpretation of
the evidence in the context of clinical practice, in order
to formulate reliable recommendations for practice.

National Institute for Clinical
Excellence (NICE)

NICE is a Special Health Authority for England and
Wales, established by the government in 1999 to pro-
vide health professionals and the public with author-
itative information about the clinical and cost
effectiveness of healthcare. One of its work pro-
grammes is to develop clinical guidelines, which is
carried out by a series of collaborating centres. NICE
has been given a remit by the Department of Health
and the Assembly for Wales for developing ‘robust and
authoritative’ clinical guidelines, taking into account
clinical and cost effectiveness. More information about
the key principles that underpin the way NICE
approaches clinical guideline development can be
found on its website (www.nice.org.uk).

Scottish Intercollegiate Guidelines
Network (SIGN)

SIGN was formed in 1993. Its objective is to improve the
quality of healthcare for patients in Scotland by reducing
variation in practice and outcome, through the develop-
ment and dissemination of national clinical guidelines
containing recommendations for effective practice based
on current evidence. Further information can be found
at its website (www.show.scot.nhs.uk/sign).

Professionally led clinical guidelines

The CSP has established a process for the endorse-
ment of clinical guidelines. The criteria for assessing
whether the quality of a guideline warrants endorse-
ment can be found in an appraisal instrument devel-
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oped by a European consortium, known as the
AGREE instrument (the AGREE Collaboration:
www.agreecollaboration.org). For users of clinical
guidelines, CSP-endorsed clinical guidelines can be
considered of high quality and should be implemented
locally. Further information about the process for the
development of clinical guidelines in physiotherapy is
available from the CSP (2002e).

EVALUATING SERVICES

How do you know whether you are being effective?
Knowing whether you are or not is part of your profes-
sional responsibility as a physiotherapist. Rule 1 of
Rules of Professional Conduct (CSP 2002a) describes the
responsibility a physiotherapist has to ensure that any
intervention offered to a patient is intended to be of
benefit. Several of the CSP’s standards of physiotherapy
practice include criteria that relate to evaluation,
including:

e As part of the assessment process, physiotherapists
consider and critically evaluate information about
effective interventions relating to the patient’s con-
dition (Core Standard 4.1).

e A published, standardised, wvalid, reliable and
responsive outcome measure is used to evaluate the
change in the patient’s health status (Core Standard
6).

¢ All physiotherapists participate in a regular and sys-
tematic programme of clinical audit (Service
Standard 3.2).

¢ Physiotherapists use the results of audit to assess
their learning needs (Core Standard 19.1) and/or as
a means to achieve their personal learning objectives
{Core Standard 20.3h).

All evaluation is about learning which leads to
improvements in the quality and effectiveness of prac-
tice. It should be carried out, and the results used, in
the context of CPD and reflective practice, to improve
an individual practitioner’s personal practice and/or
the delivery of a whole service. Set out below are four
means by which physiotherapists can evaluate their
practice. They are not mutually exclusive.

Evaluating the process of care (clinical
audit)

In order to evaluate the process of care, it is necessary to
have a reliable benchmark with which to compare your
practice. Earlier, the importance of the local implemen-
tation of nationally developed standards and evidence-
based clinical guidelines was discussed. These provide
such a reliable benchmark. Clinical audit is a tool with

o)

| Definition
£ Clinical audit is a cyclical process involv-
| ing the identification of a topi, setting

which to measure your own performance (or more
often, the performance of the service) against standards
or criteria based on the ‘best available evidence’ of
effectiveness. This will identify the extent to which you
adhere to those standards or criteria, from which
recommendations can be put in place to improve
adherance, if necessary.
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standards, comparing practice with the
standards, implementing changes, and moni-
toring the effect of those changes (CSP 2000).
Further information about clinical audit can be
found in an information paper published by
the CSP (2002f) and in Principles for Best
Practice in Clinical Audit published by NICE
(2001).

Evaluating the outcomes of care

This will determine the impact of the process of care on
the patient’s life by using specific measures before and
after treatment. The use of a test, scale or questionnaire
which records what it aims to record (is valid and
responsive) and is sufficiently well described to ensure
that everyone who uses it does so in the same way (is
reliable) will help to give physiotherapists the chance to
see whether the aims of their intervention have had the
impact intended.

A database of outcome measures can be found on
the CSP website (www.csp.org.uk). This will facilitate
the selection of the most appropriate measures for a
specific patient or patient group. More information on
using measures can be found in a CSP information
paper (2001a).

As well as patients themselves having an interest in
an objective assessment of their improvement, it is
increasingly important for managers and team leaders
to present such information to commissioners of
healthcare, to demonstrate the benefits of physiother-
apy services and their value for money.

Using patient feedback

Another mechanism for evaluating practice is to ask
the patient for feedback. This could be through the use
of a validated patient assessed outcome measure to
provide information about the patient’s perception of
health gain, or through the use of a structured ques-
tionnaire to determine the patient’s perception of the
quality of the treatment. The CSP’s Standards of
Physiotherapy Practice pack includes a ready-made



Patient Feedback Questionnaire, designed to measure
criteria in the core standards, for which only patients
can judge compliance. Patients are asked to respond to
statements that mirror the criteria (Figure 1.3).
Responses from the feedback questionnaires can be
used by individuals or services to reflect on the extent

to which the criteria are being met, and to introduce |

new processes or development opportunities to secure
greater conformance, if necessary.

Another valuable source of patient feedback is
patients’ complaints. These should be considered posi-
tively as opportunities to address the issues contained
within them, in order to introduce a service improve-
ment. Any issue that becomes a problem for a patient is
a problem for the service, which should be analysed.
The involvement of the patient making the complaint
in this process, if willing, will facilitate the finding of a
solution that can then be embedded into systems and
processes.

Peer review

Peer review provides an opportunity to evaluate the
clinical reasoning behind your decision-making with a
trusted peer. It can be applied most effectively to the
assessment, treatment planning and evaluative compo-
nents of physiotherapy practice, where the reasoning
behind the information recorded in the patient docu-
mentation can be explored. Guidance on peer review
can be found in the clinical audit tools document con-
tained in the Standards of Physiotherapy Practice pack
(CSP 2000).

CONTINUING PROFESSIONAL
DEVELOPMENT AND LIFE-LONG
LEARNING

Definition

Continuing professional development
(CPD) is the range of learning activities
in  which physiotherapists engage
throughout their careers to maintain and
develop their capacity to practise safely and
competently within their evolving scope of
practice (CSP 2002b).
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Life-long learning (LLL) is a theme the
government promulgates across all
sectors of the population, in order to
ensure the workforce is equipped to do the jobs
that will contribute to high-quality public
services and promote prosperity in the UK.

In healthcare, the connection between CPD/LLL and the
quality of services is at the centre of the government’s
view of a new, modernised NHS. Physiotherapists have
always had a strong commitment to CPD, evidenced by
the clear statement in Rule 1 of Rules of Professional
Conduct: ‘Chartered physiotherapists shall only practice
to the extent that they have ... maintained ... their

"Responsibilities of Being a Physiotherapist

Criteria

Patient feedback questionnaire

Response options

Core Standard 5.3:

The findings of the clinical
assessment are explained to the
patient

Core Standard 8.1:
Physiotherapists ensure that the
patient is fully involved in any
decision-making process during
treatment planning

Core Standard 12.3:

All communication, written and
verbal, is clear, unambiguous
and easily understood by the
recipient

By the end of your first visit, were
the results of the assessment
explained?

| felt involved in deciding about my
treatment plan

The physiotherapists used words |
didn't understand

Yes, no, don’t know

Strongly disagree, disagree,
uncertain, agree, strongly
agree

Strongly disagree, disagree,
uncertain, agree, strongly
agree

E act from a patient feedback questionnaire (CSP 2000).
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ability to work safely and competently ...> The Core
Standards of Physiotherapy Practice, with which all phys-
iotherapists should conform, include standards for the
assessment, planning, implementation and evaluation of
a CPD programme. Service Standards 6 and 7 require
that all physiotherapy services should have a programme
of CPD/in-service training for staff.

The requirement for re-registration of physiothera-
pists and other healthcare professionals, discussed ear-
lier, will also make CPD an essential component of
professional life. The introduction of a philosophy of
LLL and individual responsibility for this will be start-
ing in qualifying programmes, equipping students for a
lifetime of learning in order to maintain and continu-
ally improve their competence to practise. Written evi-
dence of learning and development, and its impact on
improving practice, is now an essential requirement.
Every physiotherapist must establish a portfolio con-
taining such evidence, which will need to be main-
tained throughout a career. Guidance on this can be
found in Developing a Portfolio: a Guide for CSP

Members (CSP 2001b).

1 |

@g ¢ |t should comprise a broad range of

1 learning activities (courses, in-service
education, reading, supervision, research,
audit, reflections on experience, peer review
- this is not an exhaustive list).

¢ It should demonstrate a clear link between
learning and practice.

e It is about personal development, but also
the fulfilling of organisational and service
objectives, and enhancing patient care.

¢ It should recognise the outcomes of CPD.

Some key characteristics of CPD
(CSP 2001¢)

The emphasis on the importance of CPD/LLL
within clinical governance is a welcome recognition.
The challenges for physiotherapists of keeping up to
date are huge, with the fast pace of change in healthcare
— in particular the rapid increase in the volume of
information that has to be evaluated and incorporated
into practice. It is hoped that protected time for CPD,
including time in the workplace, will become a reality
in the NHS, as recommended by the Kennedy Report
(Bristol Royal Infirmary Inquiry 2001).

Another form of professional development is
reflective practice, a process in which practitioners
think critically about their practice and as a result may
modify their action or behaviour. ‘Reflection enables
learning at a sub-conscious level to be brought to a
level where it is articulated and shared with others’

k)

(CSP 2001b). Learning from experience requires the
development of skills such as self-awareness, open-
mindedness and critical analysis.

o)
|

Definition

Reflective practice is the process of
reviewing an episode of practice to
describe, analyse, evaluate and inform
professional learning; in such a way, new learn-
ing modifies previous perceptions, assumptions
and understanding, and the application of this
learning to practice influences treatment
approaches and outcomes (CSP 2002b).

S s

HAVING THE RIGHT WORKFORCE (and
using it appropriately)

Physiotherapists have a professional responsibility to use
their skills appropriately. This reflects Rule 1 of Rules of
Professional Conduct, which states that physiotherapists
should ‘only practice to the extent that they have estab-
lished, maintained and developed their ability to work
safely and competently’ But there is also a professional
responsibility to use resources (human as well as finan-
cial) appropriately in delivering healthcare. This means
giving consideration to whether you need to refer a
patient on, either because the patient requires a higher
level of skills than you possess, or requires a specialist in
a different clinical area. Equally, consideration should be
given to whether there are elements of the treatment
programme that can be delegated to a physiotherapy
assistant or other support worker (the word ‘assistant’ is
used in the following section to mean both).

The decision about whether to delegate, and which
tasks or activities to delegate, is entirely the responsibil-
ity of the physiotherapist making that decision. The
physiotherapist also takes full responsibility for the
application of the tasks or activities carried out by the
person who has been delegated. So choosing tasks to be
undertaken by an assistant is a complex
element of professional activity, which depends on
an informed professional opinion.

¢  What to delegate? Physiotherapists need to use their
own skills and knowledge to carry out an assessment
of a patient in order to formulate a clinical diagno-
sis and a programme of treatment derived from
those findings. This process requires skills of analy-
sis and clinical reasoning, key professional attrib-
utes. However, an appropriately trained assistant
may well have the attributes required to be able to
carry out some or all elements of the treatment pro-
gramme, based on existing knowledge and skills.



This would include the monitoring of the patient’s
condition and progress with the plan, and advising
the physiotherapist of any variations in either of
these. As there are no hard and fast rules about what
to delegate, the physiotherapist should consider
carefully the scope and nature of the task and ensure
this is clearly defined and communicated to the
assistant.

o Who to delegate to? The factors to be considered here
are the competence of the assistant and the nature
of the task. The competence of the assistant will be
affected by the person’s length of service, prior
experience and training received, coupled with
judgements by the physiotherapist about the
assistant’s ability to deal with that particular patient
in those particular circumstances.

The decision about what to delegate and who to dele-
gate to is one that, while ultimately the responsibility of
the physiotherapist, also requires the active involve-
ment of the person to whom the task is being dele-
gated. The assistant, therefore, must be allowed to make
an assessment of his or her own competence in relation
to the particular task. If either the physiotherapist or
assistant are concerned about the assistant’s compe-
tence, the task should not be delegated. The physiother-
apist will then need to decide whether training is
required.

Newly qualified physiotherapists should recognise
and value the skills and knowledge many assistants
possess, particularly those who have long service within
the profession, so that effective partnerships between
physiotherapists and assistants can contribute to the
efficient and effective delivery of physiotherapy ser-
vices. Physiotherapy assistant members of the CSP have
a Code of Conduct (CSP 2002d) to which they are
expected to adhere in the same way physiotherapists
are to the Rules. Users of physiotherapy services have a
right to expect those who deliver them to be competent
to do so. The physiotherapist has the ultimate respon-
sibility to the patient for ensuring this is the case, but
also needs to consider competence in the context of
effective resource use, in terms of both finance and

skills.

MONITORING CLINICAL GOVERNANCE

NHS physiotherapy managers are responsible for
devising, implementing and reporting a departmental
clinical governance programme, which should reflect
all the aspects of clinical governance discussed in this
chapter. Physiotherapists should play an active part in
contributing to physiotherapy clinical governance

N e
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programmes and also participate in relevant multi-
professional clinical governance activities such as
clinical audit or local protocol/clinical pathway design.

The Commission for Health Improvement (CHI;

www.chi.nhs.uk),

soon to be renamed the

Commission for Healthcare Audit and Inspection
(CHALI), is an independent statutory body established
to raise standards throughout England and Wales. In
Scotland, there are proposals to establish a similar
function to CHI, through a new National Quality and
Standards Board for Health in Scotland. CHI is tasked
with assessing the implementation of clinical gover-
nance in every NHS trust and making its findings pub-
lic. Teams of trained reviewers visit trusts every 3-5
years (and can be called in at any time should concerns
be raised) to review trust information and data, talk to
staff and patients, and consider the trust’s perform-
ance in specified categories. The new CHAI, subject to
government legislation in 2003, will add to its existing
responsibilities those for inspecting hospitals and care
homes in the private sector and carrying out value-for-
money studies and performance management within
the NHS.

O

e Check staff are currently on the state reg-
ister.

Deal with and learn from complaints.

¢ Carry out programmes for quality improve-
ment, including clinical audit and evaluation,
and report how these have led to improve-
ments for patients.

Ensure that nationally produced, high-
guality standards and clinical guidelines are
implemented locally.

Have an appropriate skill mix and staffing
level to ensure the safety of patients, making
appropriate use of human and financial
resources, in order to provide effective care.
Have a process for identifying and support-
ing staff members whose competence is in
question.

Provide an in-service training programme
and time for individual CPD activities.
Ensure appropriate participation in multi-
professional clinical audit and quality im-
provement activities.

)

i

! Examples of a physiotherapy
. manager’s responsibilities

| within a clinical governance

programme

So, being a competent physiotherapist who displays
the essential characteristics of a professional in the cur-
rent climate is a complex and demanding process.
Figure 1.4 attempts to summarise the elements of pro-
fessionalism described in this chapter.
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Patient-focused practice, underpinned by sound clinical
reasoning and professional judgement, ongoing reflection,
and critical application of the evidence base

Professional responsibility, manifested in
adherence to a professional code of
conduct/standards of practice, undertaking
structured, evaluated CPD to meet identified
leaming needs, and engagement with the full
implications of clinical effectiveness

nts of professionalism.

THE FUTURE

It could be argued that there has never been a better time
for the profession. There is the promise of huge injections
of cash into the health service (7.5% increase per year in
real terms, until 2008) and the number of training places
for physiotherapists is set to expand by 60% between 2002
and 2008. This suggests there is a confidence among
policy-makers about the value of the profession. Many of
the government priority health programmes will be
dependent for their success on the provision of effective
rehabilitation in order to ensure people can continue to
lead independent lives, including services for older people,
children and people with long-term conditions.
Physiotherapists also have a key contribution to make
keeping people fit for work through, for example, the
effective management of musculoskeletal problems, or the
delivery of cardiac rehabilitation programmes. Ensuring
ergonomically safe environments in the workplace and
offering a rapid work-based response when treatment is
needed provides another example of the value of the
profession.

Structural changes

But the extra investment will bring with it an increase
in the expectations of the public whose money is being
used, and challenges from the government and the
public about the need to change and modernise the
way in which healthcare is delivered. Services will need
to be more responsive to patients’ needs, provided in
settings closer to patients’ own environments, delivered
more speedily to maximise health benefits, and utilise
available resources more effectively.

Many more physiotherapy services will be provided
in primary care and community settings. Primary Care
Trusts (PCTs) will hold 60% of the total budget for
healthcare in their local area, and local people will have
a much stronger voice in the decision-making process
about how those funds are used. In addition, the gov-

Professional privilege, expressed through
professional autonomy and self-regulation

ernment is committed to increasing integration
between health and social care, through Care Trusts,
where budgets are pooled in order that they can be used
more flexibly to meet the needs of the local population.

More services delivered in primary
care and community settings

Physiotherapy already has a track record of delivering
responsive and effective services in primary care and
community settings. The success of domiciliary and
community-based physiotherapy services in avoiding
hospital admissions and allowing speedier discharges
will be further reinforced through the introduction of
intermediate care. The musculoskeletal physiotherapy
services delivered in GP practices and health centres,
where trust is already established between general prac-
titioners and physiotherapists, has facilitated more
direct access to patients and better referrals, making
services more efficient as well as effective.

The challenges, however, will lie with greater team
working and delegation of tasks, with physiotherapists
having to be prepared to be more flexible, often taking
on teaching roles in order to allow other staff such as
rehabilitation assistants to deliver services. There will
be a need to take on some non-physiotherapeutic roles,
such as key worker or case manager in order to deliver
a more consistent approach to care to vulnerable
people living in the community.

Another challenge will be the experience of working
in more isolated settings, with less easy access to peer
support, supervision or shared CPD with colleagues. At
a time when clinical governance, the requirement for
re-registration and the need for systems to assure
patients about practitioners’ competence and safety are
to the fore, physiotherapists will need to work hard to
create systems to support their ongoing learning, while
also ensuring their managers accept their responsibili-
ties too. Networking with colleagues with similar inter-
ests and case mix at a local and national level will



become more important. Where face-to-face contact is
not possible, the use of electronic networks for com-
munication and accessing learning resources will need
to be embraced.

Delivering clinically and cost effective
services

The profession can thrive only if it can clearly demon-
strate the ‘added value’ it offers to patients through
increasing their independence, shorter hospital stays,
fewer work days lost and so on. In order to achieve this,
the profession needs a two-pronged approach. First, it
needs to increase its knowledge base about the effec-
tiveness of specific interventions, through research.
Second, it needs to use information from the evalua-
tion of practice to demonstrate the benefit to patients
of those interventions. The profession urgently
requires high-quality researchers who can access NHS
and other funding in order to increase the knowledge
base of the profession. Challenges from commissioners
of services, to provide evidence for the effectiveness of
physiotherapy for particular patient or diagnostic
groups, will not go away and physiotherapy services are
in increasing jeopardy without it.

The profession must be brave enough to look criti-
cally at the outcomes of interventions. Where research
evidence shows that particular interventions are inef-
fective, these should stop being provided. Where
patient outcomes are used as a determinant and
demonstrate little or no effect, consideration should be
given to possible alternative strategies for securing ben-
efit to those patients, which may lie outside physiother-
apy. For physiotherapists to continue to provide
services in areas where there is little benefit weakens the
image of the profession to the public and to colleagues
from other professions.

There is a growing emphasis in the NHS on working
smarter, looking at systems of care from a patient’s
perspective, breaking down what are perceived as tribal
boundaries between professions, redesigning patient-
centred delivery systems rather than ‘doing things that
way because we always have’. Physiotherapists will need
to embrace new ways of working without feeling defen-
sive or appearing to be protectionist. Opportunities
will emerge from redesign for physiotherapists to adopt
new and highly skilled roles in just the same way as the
successful creation of extended-scope practitioner and
physiotherapy consultant roles.

Influencing the agenda

To make any of this work, physiotherapists need to be
confident about their roles and able to articulate to

others the value of physiotherapeutic interventions or
approaches from a science-based as well as a holistic
point of view. Physiotherapists must adopt a political
astuteness that makes them aware of the wider national
and local drivers for change in order that opportunities
for the profession and for services can be identified and
seized positively. They need to be seen to be engaged
with and responsive to current agendas through con-
tacts with patient and public representatives as well as
senior managers and local politicians.

Characteristics of the profession
required to maximise the
opportunities being presented

One thing is certain. The delivery of healthcare within
organisations, whether state or privately funded, will
continue to be highly complex, ever-changing and
resource challenged. Qualifying programmes are tasked
with equipping physiotherapy students ‘with the atti-
tude, aptitude and capacity to cope with change, uncer-
tainty and unpredictability and with a commitment to
the concept of quality improvement’ (CSP 2002b).
Qualifying physiotherapists of today will therefore be
better equipped than ever to cope. The NHS is increas-
ingly looking for leaders who are innovative, clear,
lateral thinkers and problem solvers. Physiotherapists
are well placed to adopt such roles and should be
proactive in looking for opportunities to do so. The
skill is to turn challenges and pressures into opportuni-
ties to demonstrate the ‘value added’ of physiotherapy
which in turn will provide job satisfaction, recognition
and benefit for patients and the profession.
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SOURCES OF CRITICAL APPRAISAL
TOOLS

Critical Appraisal Skills Programme

qualitative research:
www.phru.org.uk/~casp/resources/qualitative, pdf

randomised controlled trials:
www.phru.org.uk/~casp/resources/rct.pdf

systematic review:
www.phru.org.uk/~casp/resources/reviews.pdf
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Scottish Intercollegiate Guidelines
Network

case-control study:
www.show.scot.nhs.uk/sign/guidelines/fulltext/50/
checklist4.html

cohort study:
www.show.scot.nhs.uk/sign/guidelines/fulltext/50/
checklist3.html

diagnostic study:
www.show.scot.nhs.uk/sign/guidelines/fulltext/50/
checklist5.html

randomised controlled trial:
www.show.scot.nhs.uk/sign/guidelines/fulltext/50/
checklist2.html

systematic review:
www.show.scot.nhs.uk/sign/guidelines/fulltext/50/
checklist1.html

Users’ guide series

Guyatt GH, Sackett DL, Cook DJ 1993 Users’ guides
to the medical literature. II: How to use an article
about therapy or prevention, pt A. JAMA
270(21): 2598-601

Oxman AD, Cook DJ, Guyatt GH 1994 Users’ guides
to the medical literature. VI: How to use an
overview. JAMA 272(17): 1367-71

Guyatt GH, Sackett DL, Cook DJ 1994 Users’ guides
to the medical literature. II. How to use an article
about therapy or prevention, pt B. JAMA 271(1):
59-63

Books

Bury T, Mead J (eds) 1998 Evidence-Based
Healthcare: a Practical Guide for Therapists.
Butterworth—-Heinemann: Oxford

Greenhalgh T 2000. How to Read a Paper: the Basics
of Evidence-Based Medicine. BMJ Books:
London

Clinical guidelines

Appraisal of guidelines for research and evaluation
(AGREE) instrument:
www.agreecollaboration.org
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INTRODUCTION

Students are often in awe of qualified clinicians who
assess and make complex clinical reasoning decisions in
real time with apparently little effort. Becoming compe-
tent in patient assessment, like most things in life, takes
practice, refinement and reflection, and it looks easy
when performed by an expert. The ability to effectively
examine and assess patients is an essential skill for phys-
iotherapists to possess. This chapter introduces some
important principles of musculoskeletal assessment. It
provides an illustrated guide to many of the important
techniques and tests that are valuable tools in the arse-
nal of the chartered physiotherapist. Furthermore it
provides some assessment templates for specific joints
of the body. The objectives of this chapter are:

¢ to identify the appropriate questions to include in a
subjective musculoskeletal assessment

e 1o discuss the use of regional and special questions
for particular joints

e to explain the use of appropriate subjective and
objective markers

e to explain the use of specific and regional tests at
particular joints

s to recognise the need for continuous reassessment.

This chapter includes templates for assessment of the
lumbar spine (including a biopsychosocial assess-
ment), the cervical spine, the shoulder, the hip, the
knee, the ankle and the foot.

GENERAL ISSUES

Since 1977, chartered physiotherapists in the United
Kingdom have been able to work as autonomous prac-
titioners, making treatment decisions independently of
other medical professionals. This professional auton-
omy makes the profession stimulating and exciting but
with it comes a great deal of responsibility. Upon qual-
ifying, physiotherapists are legally responsible for their
actions and treatments. Increasing numbers of physio-

action for that particular patient. Audits of these inter-
ventions have been encouraging; Gardiner and Turner
(2002) found that the extended-scope practitioners
showed more consistency between clinical diagnosis and
arthroscopic findings in the knee than did their medical
counterparts. In the present climate these posts, along
with the newly established consultant physiotherapist
role, are likely to expand and in doing so will deservedly
raise the profile of the physiotherapy profession.

When should physiotherapists assess
patients?

¢ On first patient contact, it is essential to perform an
initial assessment to determine the patient’s prob-
lems and to establish a treatment plan.

e During the treatment, this is particularly appropri-
ate whilst performing treatments such as mobilisa-
tions and exercises when the patient’s signs and
symptoms may vary quite rapidly. Be aware of any
improvement or deterioration in the patients’ con-
dition as and when it occurs.

e Following each treatment, the patient should be
reassessed using subjective and objective markers in
order to judge the efficacy of the physiotherapy
intervention. Assessment is the keystone of effective
treatment without which successes and failures lose
all of their value as learning experiences. Subjective
and objective markers are explained later in this
chapter.

e At the beginning of each new treatment, to deter-
mine the lasting effects of treatment or the effects
that other activities may have had on the patient’s
signs and symptoms. In reassessing the effect of a
treatment, it is essential to evaluate progress from
the perspective of the patient as well as from the
physical findings.

:-!"v_u&wbj

Format of the assessment

[ O

Listen ~ history and background

therapists now work in the primary care setting and | Look — observation

this trend is likely to continue. Allowing patients direct

Mo sl

access to physiotherapists could relieve other medical
practitioners of considerable workload.

Recent years have seen the introduction of extended-
scope practitioners, clinical specialist and consultant
physiotherapy posts. Physiotherapists in these roles are
assessing patients usually referred by general practition-
ers who would otherwise have been examined by a con-
sultant orthopaedic surgeon. These practitioners are
required to possess excellent assessment skills, a wide
experience of different clinical conditions and patholo-
gies, and to be able to recognise the appropriate course of

Test - individual structures (range of
movement, strength)

Record - an accurate account of findings
Assess — and remember to involve the patient.

Aims of the subjective assessment

To gather all relevant information about the site, nature,
behaviour and onset of symptoms, and past treatments.
Review the patient’s general health, any investigations,
medication and social history. This should lead to a for-
mulation of the next step of physical tests.



Symptoms and signs

Symptoms are what the person com-

plains of (e.g. ‘my knee hurts’). Signs

=8/l are what can be measured or tested

|~ (e.g. the patient has a positive patellar
tap test).

Aims of the objective assessment

The objective assessment aims to seek abnormalities of
function, using active, passive, resisted, neurological and
special tests of all the tissues involved. This may be guided
by the history. However it is important to conduct all
tests objectively and equally and not attempt to bias the
findings in an attempt to make the hypothesis fit.

Objective examination is concerned with perform-
ing and recording objective signs. It aims to:

o reproduce all or parts of the patient’s symptoms

e determine the pattern, quality, range, resistance and
pain response for each movement

¢ identify factors that have predisposed or arisen from
the disorder

¢ obtain signs on which to reassess the effectiveness of
treatment, by producing reassessment ‘asterisks’ or
‘markers’ (Jull, 1994).

SUBJECTIVE ASSESSMENT

Initial questioning

Subjective assessment needs to include the name, address
and telephone number of the patient, and the patient’s
hospital number if appropriate. Both the age and the date
of birth of the patient should be recorded. The medical
referrer’s name and practice should also be recorded for
correspondence, discharge letters and so on.

It is also essential for the physiotherapist to obtain
sufficient details of the patient’s employment. Is the
patient currently working? If not, determine the rea-
sons for this. Is it because the person is unable to cope
with the physical demands of the job? Do heavy lifting,
repetitive movements or inappropriate sustained pos-
tures increase the symptoms? These factors may be pre-
cursors of poor posture and muscle imbalance, which
may accentuate degenerative disease and increase
symptoms. However, it is equally important to recog-
nise that withdrawing from normal activities of daily
life can result in deconditioning of musculoskeletal
structures that may lead to degenerative disease and an
increase in symptoms (Waddell 1992; Frost et al. 1998).

Identify the patient’s hobbies or interests. Is she able
to participate in a sport if desired? If not, determine the
reasons. Identify the length of time the patient has been

off work or has been unable to participate in physical
activities. Evaluate the progression of symptoms. If the
person has not been participating in physical activities,
and if no improvement has occurred it may be appro-
priate to advise a return to light training in order to pre-
vent devitalisation of tissues and fear avoidance issues.

Present condition
Area of the symptoms

It is useful to record the area of the pain by using a
body chart, because this affords a quick visual reference
(Maitland, 2001). The patient may complain of more
than one symptom, so the symptoms may be recorded
or referred to individually as P1 and P2 and so on.
Areas of anaesthesia or paraesthesia may be recorded
differently on the pain chart — they may be represented
as areas of dots, in order to distinguish them from areas
of pain (Figure 2.1).

Severity of the symptoms

The severity of the pain may be measured on a visual
analogue scale (Figure 2.2), or on a numerical scale of
0-10 to quantify the pain, where 0 stands for no pain at
all and 10 is perceived by the patient as the worst pain
imaginable. The mark on a VAS can then be measured
and recorded for future comparisons using a ruler.
Although these measures are not wholly objective they
do allow changes to be monitored as the treatment
progresses.

Duration of the symptoms

Establish whether the pain and symptoms are intermit-
tent or constant. Is the pain present all of the time or does
it come and go depending on activities or time of day?

Aggravating and easing factors
Positional factors

Most musculoskeletal pain is mechanical in origin and
is therefore made better or worse by adopting particu-
lar positions or postures that either stretch or compress
the structure that is giving rise to the pain. Moreover,
aggravating and easing movements may provide the
physiotherapist with a clue as to the structure that is
causing the pain. Various body or limb positions place
different structures on stretch or compression and the
resultant deformation produces an increase in severity
of the pain. The aggravating and easing factors can be
recorded on the pain chart, as in Figure 2.1. It is also
necessary to record the length of time that engaging in
aggravating activities produces an increase in symp-
toms or alternatively takes to settle down. This indi-
cates the irritability of the patient’s condition.

rIwo  Musculoskeletal Assessment
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Tick the areas of the body
that are asymptomatic

P3 Intermittent
numbness when
P1 + 2 are severe,
and going

from sit to stand

P1 Intermittent

dull ache

4 sitting ¥2 hour

v standing 2 hour and
walking 10 minutes

P2 Intermittent
‘electric shock' pain

4 sitting and flexion

1 standing and walking

Key

* Factor that increases symptoms
v Factor that decreases symptoms

Figure 2.1

Time factors

It is useful to record the behaviour of signs and
symptoms over a 24-hour period - the diurnal pat-
tern. Do the symptoms keep the patient awake, or
awaken the person regularly during the night? Is this
due to a particular sleeping posture or to other unre-
lated factors? On arising, how are the symptoms for
the first hour or so of the day, and moreover, do the
symptoms vary from the morning to the afternoon
and into the evening? Does this follow a particular
pattern? This information can be included on the
body chart.

Be careful not to confuse time of day with the per-
formance of particular activities that the patient may
undertake at that time. Certain pathologies tend to be
more painful at characteristic times of the day. For

patient’s details have been recorded.

example chronic osteoarthritic changes are characteris-
tically painful and stiff initially on arising from sleep,
intervertebral disc related pain is often more painful on
arising owing to the disc imbibing water during sleep
and thus exerting pressure on pain-sensitive structures.
Prolonged morning pain and stiffness, which improves
only minimally with movement, suggests an inflamma-
tory process (Magee 1992).

Determining the SIN factors

Once the severity of the symptoms and the aggravating
and easing factors have been noted, it is then possible
to determine the SIN factor of the condition: sev-
erity/irritability/nature. SIN factors are used to guide
the length and firmness of the objective assessment and
subsequent treatment.

Please mark on this line with a cross how you would rate your pain

Morning After activity
——x *—
No pain Worst pain
imaginable

Figure 2.2




Severity

This can be quantified by the visual analogue scale,
numerical scale or other valid pain questionnaire. It can
be recorded as high (pain score of around 7-10), mod-
erate (score around 4-6) or low (score around 1-3).

Irritability

This is the time that the person has to perform the
activity to increase the pain, and conversely how long it
takes before the pain settles to its former intensity. It
can be measured as either high (the aggravating factor
causes the pain to increase very quickly or instantly and
then the pain takes a long time to settle back), moder-
ate (the aggravating factor takes longer to increase the
symptom) or low (the aggravating factor can be per-
formed for a long time before exacerbating the patient’s
symptoms and then on stopping the activity the symp-
toms subside rapidly). An example of the latter would
be that the knee pain is aggravated after jogging for 1
hour and then subsides after 1 minute of rest.

Nature

It is possible to hypothesise the nature of the condition
following the subjective history — that is, whether the
patient’s condition has a predominantly inflammatory,
traumatic, degenerative or mechanical cause.

History of the present condition

Insidious onset

Insidious onset means that the patient’s symptoms appear
without any obvious cause. An example of this would be
a degenerative condition such as osteoarthritis. These
types of conditions often begin with a small amount of
stiffness and pain, which is characterised by exacerbation
and remission but is nonetheless progressive.

Traumatic onset

Can the onset of symptoms be related to a particular
injury? Identify if there was a definite cause for the
patient’s symptoms. The mechanism of injury may be
indicative of the structures damaged. For example a
valgus strain of the knee may stretch the medial collat-
eral ligament of the knee, whereas forced rotation of
the knee joint when in a semi-flexed weight-bearing
position may tear the menisci.

Progression of the condition

Are the patient’s symptoms getting better or worse?
Acute soft-tissue injuries normally undergo a period of
inflammation and repair and symptoms may subside
rapidly within a few days or weeks. However, progressive
arthritic diseases may have a history of exacerbation and

remissions with a general increase in the severity or fre-
quency of their symptoms, as the disease progresses.

Progression of the condition may indicate how
quickly the patient’s symptoms will subside.

Chronicity or age of the condition

How long has the patient experienced the symptoms?
Is the condition acute or chronic? If the injury is
chronic or has not resolved completely, it may indicate
a number of different causes, such as mechanical insta-
bility from a ligament disruption, functional instability
due to weakened muscles, loss of proprioception (and
therefore the loss of an inherently protective reflex
mechanism at the joint), or malalignment.
Furthermore, it may be developing into a degenerative
condition. The physiotherapist should identify:

1. Is this the first episode?
2. Isit recurrent?
3. Is it getting better or worse?

Previous treatments

Has the patient received any treatment for this con-
dition in the past, and if so was it effective? Was the
improvement partial or total, and did it provide per-
manent or temporary relief? If the treatment has been
effective in the past it may well help again. Be careful
not to repeat unsuccessful interventions, as they are
unlikely to be therapeutic.

Investigations

Record the results of any investigations that the patient
has undergone. Case notes, radiographic films and
reports can be ordered and read, as patients may not
always be a reliable source of the results of their inves-
tigations.

X-rays, MRI scans, CAT scans and bone
scans

Scans are now commonly used to aid the diagnosis of
musculoskeletal disorders. X-rays are useful in that
they show the degree or extent of arthritis present at a
joint. They are also useful in determining the extent of
osteomyelitis (bone infection) and some malignancies
and osteoporosis. Moreover, they are valuable follow-
ing trauma to identify fractures or dislocations. Be
aware, however, that there is a poor correlation
between X-rays and spinal symptoms, for non-specific
low back and neck pain. What is identified as patholog-
ical on these tests may not always be the structure
responsible for the patient’s signs and symptoms.
Routine X-rays are not helpful in non-specific degener-
ative spinal disease (CSAG, 1994).

BTWo  Musculoskeletal Assessment
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CAT (computerised axial tomography) may be used
to identify the precise level and extent of disc prolapse
and subsequent nerve impingement prior to discec-
tomy. MRI (magnetic resonance imaging) may be used
to identify ligamentous and muscular injuries, particu-
larly in athletes, as well as discogenic prolapse. Bone
scans are sensitive to ‘hot spots’ or areas of inflamma-
tion present in bone and may detect malignancy or dis-
eases such as ankylosing spondylitis, some fractures
and infection sites.

Blood tests

These are used extensively for the confirmation of the
diagnosis of particular diseases, such as rheumatoid
arthritis, ankylosing spondylitis, osteomyelitis and
malignancy.

Other investigations

The patient may be undergoing investigations for other
pathologies that could possibly relate to the muscu-
loskeletal condition. These should be noted and
recorded.

Past medical history

Determine whether or not the patient is suffering or
has suffered any major operations or illnesses. These
might affect the vitality of the tissues and be a con-
traindication to particular treatments. Examples are
respiratory or cardiac disease, diabetes, rheumatoid
arthritis and epilepsy.

The prolonged use of oral steroid medication
should be noted, since this affects bone density and
produces a tendency towards bruising. This is com-
monly found in patients suffering with chronic respira-
tory diseases, inflammatory bowel diseases or
rheumatoid arthritis. Always identify cases of unex-
plained weight loss and general debility.

-
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Red flag Indicators

Unexplained weight loss, general
debility or the patient looking gener-
== ally unwell ~ unremitting pain that is
unrelieved by changing position or medication —
may suggest a non-mechanical basis for the
pain. Feeling unwell or tired is common in neo-
plastic disease affecting the spine (O'Conner and
Curner 1992). In these cases, malignant disease
should be suspected and the patient should be
referred back to the referring general practi-
tioner or consultant immediately with a full
report of your findings. Physiotherapy manage-
ment may well be contraindicated in this situa-
tion and may be wasting valuable time for the
patient.

e i T

Medication

Record the type and dosage of medication prescribed
for or taken by the patient. Commonly prescribed
drugs for use in musculoskeletal conditions are:

¢ analgesics (painkillers) such as paracetamol and co-
codamol

® non-steroidal anti-inflammatory drugs (NSAIDs)
such as ibuprofen

o skeletal muscle relaxants such as diazepam and
baclofen.

Medications being taken should alert you to patholo-
gies that the patient may have forgotten to inform you
about. For example a person may tell you that she has
no significant medical history, but then later in the
assessment say that she is currently taking anticoagula-
tion therapy for a recent deep vein thrombosis!

OBJECTIVE ASSESSMENT

Following the subjective assessment it is important to
highlight the main findings and determine the SIN fac-
tor. A hypothesis may be reached as to the cause of the
patient’s symptoms and the testing procedures are per-
formed in order to support or refute the physiothera-
pist’s hypothesis.

General observation

Observe the person’s gait and general demeanour on
entering the department.

Local observation

Note any localised swelling at the joint. This may be
measured with a tape measure around the joint or limb
circumference. Note any asymmetry of joint contours,
redness of the overlying skin suggesting local inflam-
mation, atrophy and asymmetry of musculature, defor-
mity, and malalignment of the joint or joints. Compare
one joint closely with the other side whenever possible.

Posture

Observe any asymmetry of posture in standing, walking
and sitting. Poor posture is frequently a precursor to
muscle imbalance, selective tightness and weakness
through over- or underuse of specific muscles. The
result of prolonged poor postural habits may lead to an
acceleration of certain pathologies such as adhesive cap-
sulitis, shoulder impingement syndrome, spinal pain
and arthritis. Poor posture is frequently the cause of
aches and pains and may be correctable in the early
stages, and improved in later stages. Correction may pre-
vent recurrence or acceleration of specific pathologies.
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Palpation
Palpate for the following:

e tenderness

¢ heat (use the back of your hand which is more
sensitive to heat changes)
swelling
muscle spasm.

Assessment of movement
Active movements

These are movements performed by the patient’s
voluntary muscular effort.

Passive movements

These are movements performed by an external source,
such as the physiotherapist or a pulley system. There
are two types of passive movements.

e Physiological passive movements are movements
that can be performed actively by the patient (e.g.
flexion or abduction of the shoulder joint).

¢ Accessory movements cannot be performed actively
by the patient (e.g. they incorporate glide, roll or
spin movements that occur in combination as part
of normal physiological movements). An example
of an accessory movement is an anterior—posterior
glide at the knee joint.

Resisted movements

These are performed against the resistance of the
physiotherapist or weights by the patient’s own effort.

@)

Take note

Passive, active and resisted movements
are used in the assessment and in the

treatment of musculoskeletal disorders,
and specific examples of these are included later
in the individual joint assessments formats.

Assessment of range of movement

Measurement of joint range using a
goniometer

Active movement may be assessed by the use of a
goniometer (Figure 2.3) or alternatively by visual
estimation. It is measured in degrees. It is useful to
practice using the goniometer by measuring the hip,
knee and ankle joints in various positions. Either
the 360-degree or 180-degree universal goniometers

‘ " Musculoskeletal Assessment
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j the goniometer to measure hip
n with the hip in 90 degrees of

may be used. Ensure adequate stabilisation of adja-
cent joints prior to taking the measurements and
locate the appropriate anatomical landmarks as
accurately as possible. For details on specific joint
measurements using the goniometer, refer to the
appropriate joint assessment. Physiological and
accessory passive movements are measured respec-
tively in terms of the above and by the end-feel.

Differentiation tests

If a lesion is situated within a non-contractile structure
such as ligament, then both the active and passive
movements will be painful and/or restricted in the
same direction. For example both the active and passive
movement of inversion will produce pain in the case of
a sprained lateral ankle ligament. However, if a lesion is
within a contractile tissue such as a muscle, then the
active and passive movements will be painful and/or
restricted in opposite directions (Cyriax 1982). For
example a ruptured quadriceps muscle will be painful
on passive knee flexion (stretch) and resisted knee
extension (contraction).
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Clinical note

Remember that it is insufficient to meas-
ure only the range of movement occur-

ring. The quality of movement should
also be observed along with limiting factors to the
movement. Is it the pain, muscle spasm, weakness
or stiffness that is limiting the movement? This is
determined by noting the differences between
active, passive and resisted movements.

End-feel

During passive movements, the end-feel is noted.
Different joints and different pathologies have different
end-feels. The quality of the resistance felt at the end
of range has been categorised by Cyriax (1982). For
example:

¢ Bony block to movement or a hard feel is character-
istic of arthritic joints.

¢ An empty feel, or no resistance offered at the end of
range, may be due to severe pain associated with
infection, active inflammation or a tumour.

o A springy block is characterised by a rebound feel at
the end of range and is associated with a torn ™

meniscus blocking knee extension.

e Spasm is experienced as a sudden, relatively hard
feel associated with muscle guarding.

¢ A capsular feel shows a hardish arrest of move-
ment.

Assessment of muscle strength

Symptoms arising from resisted
contractions

The Oxford scale is relatively quick and easy to use and
is used widely in clinical practice. However, it is not
very objective, functional or sensitive to change since
the movements resisted are concentric contractions
and the spaces between the grades are not linear.
Nevertheless it provides a guide to muscle strength and
is somewhat sensitive to change.

. 7~ )
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The Oxford classification

0 = no contraction at all

1 = flicker of contraction only, move-
ment of the joint does not occur

2 = movement is possible only with gravity coun-
terbalanced

3 = movement against gravity is possible

4 = movement against resistance is possible

5 = normal functional movement is possible.

Measurements using isokinetic
machines

Objective measurements of strength throughout differ-
ent joint angles and at different velocities are made more
accurately using isokinetic machines such as Cybex or
Kin-Kom. These machines are particularly valuable in
rehabilitative regimens such as anterior cruciate rehabil-
itation programmes and can determine the strength
ratio of the quadriceps to the hamstrings or the ratios of
the operated versus the non-operated leg. Objective
markers such as percentages of strength ratios or ratios
of operated versus non-operated leg may be used in set-
ting discharge protocols. Isokinetic machines have been
found to be reliable and valid in measuring muscle
torque, muscle velocity and the angular position of
joints (Mayhew et al. 1994). However, they are limited in
their use, and Wojtys et al. (1996) suggest that agility and
functional exercises may be more beneficial than isoki-
netic machines in the strengthening of muscle.

Structural differentiation tests

Tests of specific structures are per-
formed in order to reproduce the
patient’s symptoms or signs, ie. to
reproduce the comparable sign. Differentiation
tests are useful to distinguish between two or
more structures that are suspected to be the
source of the symptoms.

Differentiation tests of muscles and
tendons

These are contractile structures and are therefore tested
by performing a contraction against resistance. A pain
response and/or apparent weakness may indicate a
strain of the muscle at any particular point of the range
of movement. Full range should be checked since the
muscle may be weak only at a particular point in the
range. Muscle length may also be tested, particularly
those muscles that are prone to become tight and then
lose their extensibility. Muscles that pass over two joints
and have mobiliser characteristics are particularly
prone to tightness. Examples of these are the ham-
strings, rectus femoris, gastrocnemius and psoas major.
The length of the muscle is tested by passively moving
the appropriate joints. The stretch is compared to the
other side to determine reproduction of pain and/or
restriction of movement.

Passive insufficiency of muscles

This occurs with muscles that act over two joints
(Figure 2.4a). The muscle cannot stretch maximally
across both joints at the same time. For example, the
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| Passive insufficiency: the muscle can-
ously stretch maximally across two
ve insufficiency. The muscle cannot
ily contract maximally across two joints.

hamstrings, may limit the flexion of the hip when the
knee joint is in extension since they are maximally
stretched in this position. However, if the knee is flexed
passively, then the hip will be able to flex further since
the stretch on the hamstrings has been reduced.

Active insufficiency of muscles

This, too, occurs with muscles that act over two joints
(Figure 2.4b). The muscle cannot contract maximally
across both joints at the same time. An example is the
finger flexors. If you are to make a strong fist, you may
notice that the wrist is in a neutral or an extended posi-
tion when you do this action. Now, if you attempt to
actively flex your wrist joint whilst keeping your fingers
flexed, you will find that the strength of the grip is
greatly diminished. This is because the wrist and finger
flexors are unable to shorten any further and so the
fingers begin to extend or lose grip strength.

Differentiation tests of ligaments

Ligaments are non-contractile structures and are tested
by putting the structure on stretch. Examples are a val-
gus strain of the knee, to stretch the medial collateral
ligament of the knee; or passive inversion of the sub-
talar joint, to stretch the lateral ligament of the ankle. A
positive test would be a pain response or observation or
feel of any excessive movement of the joint when
compared to the other side.

mﬁm Musculoskeletal Assessment

Differentiation tests of bursae

Bursae are sacs of synovial fluid. Inflammation of these
(bursitis) results in tenderness and/or heat on palpa-
tion, The tenderness is often very localised to the site of
the inflamed bursa.

Differentiation tests of menisci

The history and mechanism of injury, combined with
anterior joint tenderness and inability to passively
hyperextend the knee, are useful diagnostic markers of
meniscal injury. Rotation on a semi-flexed weight-
bearing knee is a common cause of injury.

A history of locking, whereby the joint momentarily
locks and is unable to actively or passively release itself
from the position, is also common. Objectively, the knee
joint is unable to fully flex/hyperextend passively.

Characteristics of degenerative joint
disease

Signs and symptoms may include:

e pain that increases on weight-bearing activities
(standing and walking, walking downstairs particu-
larly)

¢ insidious onset of symptoms followed by progres-
sive periods of relapses and remissions

& pain and stiffness in the morning

o stiffness following periods of inactivity
pain and stiffness that arise after unaccustomed
periods of activity

s bony deformity (e.g. characteristic varus deformity
may follow from collapse of the medial compart-
mental joint space)

o reduction of the joint space observed on X-ray, with
bony outgrowths or osteophytes.

Writing up the assessment

It is imperative to record the assessment immediately
following the physical testing. Patient notes should be
completed on the day of the assessment for legal reasons.

Ensure that your assessment findings are clear and
concise and that they highlight the main points (it may
be useful to include one subjective and one objective
marker). Formulate a problem list, in agreement with
the patient. Agree and record SMART goals (specific,
measurable, achievable, realistic, timed) with the
patient. Use the problem-orientated medical records
(POMR) system.

Remember, if you have insufficient time to conduct
a full and thorough assessment, you can always con-
tinue with this when the patient attends for his or her
subsequent appointment.
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SPINAL ASSESSMENTS

THE LUMBAR SPINE

Posture

Normal alignment

Posteriorly, the shoulders, waist creases, posterior supe-
rior iliac spines, gluteal creases and knee creases should
be horizontal (Figure 2.5). The spine should appear to
be vertical. There should be no rotation, side flexion,
scoliosis (lateral curvature) or shift (lateral deviation).
Laterally, you should observe a normal lordosis in the
lumbar spine. Anteriorly, the anterior superior iliac
spines should be horizontal.

Common deviations from normal
posture (Refer to Figure 2.6)

® Creases in the posterior aspect of the trunk and
particularly adjacent to the spine may indicate areas
of hypermobility or instability of that motion seg-
ment.

e Sway back comprises hyperextension of the hips, an
anterior pelvic tilt and anterior displacement of the
pelvis.

Posterior View

Ears level
Neck lines symmetrical
% Shoulders level

Surface marking points to note

o Flat back consists of a posterior pelvic tilt and a flat-

tening of the lumbar lordosis, extension of the hip
joints, flexion of the upper thoracic spine and
straightening of the lower thoracic spine.

¢ Kypholordosis consists of a forward-poking chin

posture, elevation and protraction of the shoulders,
rotation and abduction of the scapulae, an increased
thoracic kyphosis, anterior rotation of the pelvis
and an increased lumbar lordosis.

e Shifted posture (lateral shift) commonly arises from

disc herniation, or acute irritation of a facet joint.
The shift is thought to result from the body finding
a position of ease, whereby the shoulders are dis-
placed laterally in relation to the pelvis. Most com-
monly the shift occurs away from the painful side
(Figure 2.7).

Movements

Assess not only the range of movement occurring, and
the pain response, but also localised areas of give and
restriction occurring at specific motion segments.

Active movements
Flexion

Flexion should result in a smooth curve. Segmental
areas of give or restriction appear as hinging (seg-

Points to note

Lateral View

Through
ear lobe

Inferior angles of scapula level
Position of arms relative to body

Position of spine straight
Waist contours symmetrical
Position of iliac crests level

Buttock fold level

Knee creases symmetrical

Tendo calcaneus straight

— Through
shoulder joint

Through
greater
trochanter

Anterior to
knee joint

— Anterior to
lateral malleolus

Position of line of gravity



Figure 2.6

Normal

Lordosis

Kyphosis

Figure 2.7

sculoskeletal Assessment

Sway back

mental hypermobility). Lack of movement in lumbar
spine may be compensated by flexion at the hips or
thoracic spine flexion. The gross movement may be
measured as fingertip to floor distance with a tape
measure. Note any limitation of movement lateral
deviation and pain response (Figure 2.8).

Extension

Observe extension in relation to areas of give or
restriction. Observe for hinging at specific motion seg-
ments indicating areas of hypermobility. This may
appear as horizontal lines appearing across the hyper-
mobile segment. Note any limitation of movement
and pain response.

Side flexion (Figure 2.9)

Normal movement should be observed as a smooth
curve. Areas of give or restriction will be observed as
hinging (segments of hypermobility) or plane lines
(areas of hypomobility). Compare with the other side
for symmetry. Note any ‘coupling’ of movements, i.e.
the trunk may flex or rotate to compensate for restric-
tion of side flexion.
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Figure 2.9

ulty lumbar flexion pattern. All
r at the hip joint while the
emains in an extended position.

Passive physiological intervertebral
movements (PPIVMs)

These can be used to confirm any restriction of motion
seen on active movement tests, to detect restriction of
movement not discovered by the active movement
tests. PPIVMs also detect segmental hypermobility
(Magarey 1988; Maitland 2001).

Overpressure

If the plane movements have full range and are pain-
free, then overpressure applied slowly and with care
can be administered. At the end of the available range
the physiotherapist may apply a small oscillatory
movement to assess the quality and end-feel of the
movement. Also the range of further movement should
be noted, as well as the pain response.

Repeated movements

Repeating movements several times may alter the
quality and range of the movement and may give rise
to latent pain. McKenzie (1981) advocates the use of

h‘t, and (b) to the left. Note the difference, and the pain response.



repeating flexion and extension in both standing and
lying to determine the movement that may centralise
patient’s symptoms (Figure 2.10). According to
Palmer and Epler (1998), progressive worsening of
pain on repeated movements indicates a disc derange-
ment, the pain either becoming more intense or
spreading more distally. Centralisation of symptoms
means that the referred pain becomes more proximal,
i.e. pain experienced at the medial aspect of the shin
may centralise to the buttock. Thus, the exercise is
believed to be reducing the patient’s symptoms and
the disc derangement.

Combined movements

According to Edwards (1992): ‘Although the use of
combining movements is not always necessary — ade-
quate results being obtained by standard examination
procedures — there are times when they are helpful.
Often, with the more difficult mechanical problems,
their use is essential.

For example lumbar spine extension may be per-
formed and, whilst maintaining that extension, side
flexion may be added. Symptoms are likely to vary with
the addition of a second movement and this may indi-
cate whether or not there is a regular or irregular stretch
component to the signs and symptoms. For example if
a disc prolapse is aggravated by flexion, it would be rea-
sonable to hypothesise that the addition of contralateral
side flexion would also further increase the symptoms,
because both of the movements are stretching the pos-

Figure 2.10
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terior component of the disc and posterior longitudinal
ligament. Combining ipsilateral side flexion to flexion
would be expected to lead to a reduction in the patient’s
symptoms, since the ipsilateral side flexion is reducing
the stretch component.

Differentiation between the hip and
lumbar spine as a source of symptoms

The hip joint may give rise to pain in the buttock or
groin, and in order to differentiate between pain arising
as a result of spinal or hip pathology it is important
that the therapist discounts the hip joint as a possible
source of symptoms. With the patient supine, full flex-
ion, medial and lateral rotation is performed actively
and passively at the hip joint. These are the movements
commonly painful or restricted by degenerative joint
conditions such as osteoarthritis. If these movements
are pain-free and full range, then it is unlikely that the
hip is a source of symptoms. Compare both sides.

Assessing the sacroiliac joint

Sitting flexion (Piedello’s sign)

The seated patient is asked to flex forwards. The phys-
iotherapist palpates the sacral dimples bilaterally. Both
sacral dimples should move equally in a cephalad direc-
tion (i.e. towards the head). (This tests the movement
of the sacrum on the ilium.) Excessive rising of one side
indicates hypomobility at that sacroiliac joint.
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Standing flexion (stork test)

With the patient standing, the physiotherapist locates the
sacral dimples (level of §2) and places the other hand
centrally at the sacrum. The patient is instructed to
stand on one leg whilst flexing the non-weight-bearing
hip and knee. The sacral dimple on the non-weight-
bearing side should appear to move caudally (towards
the floor) by approximately 1 cm as the ilium rotates
posteriorly. Hypomobility is observed if the dimple
does not move distally in relation to the sacrum.

Compression tests

Posterior ligaments

These test the integrity of the posterior sacroiliac liga-
ments. The patient lies supine and the hip is passively
flexed towards the ipsilateral shoulder (Figure 2.11). A
downward thrust is applied along the line of the femur.
Observe for pain response, clunk and difference in end-
feel between both sides. The test is repeated for (oblique)
hip flexion towards the contralateral shoulder, and
(transverse) hip flexion towards the contralateral hip.

Anterior ligaments — Fabers test

Flexion plus abduction plus external rotation (the ‘faber’
test) tests the integrity of the anterior sacroiliac liga-
ments. The test is also described as the four test’ because
of the position of the patient’s limb, a combination of
flexion, abduction and external rotation. The physio-
therapist pushes the leg downward, just proximal to the

Figure 2.11

knee joint whilst stabilising the oposite hip with the
other hand. A normal finding would be to lower the leg
to the level of the opposite leg. Observe for pain response
or limitation of movement (Figure 2.12).

Neurological Testing

Compression or traction of spinal nerve roots by disc
trespass and/or osteophytes may give rise to referred
pain, paraesthesia and anaesthesia and also give posi-
tive neurological signs. Neurological signs should be
carefully monitored as deterioration may indicate
worsening pathology.

Dermatomes

A dermatome is an area of skin supplied by a particular
spinal nerve, Dermatomes may exhibit sensory changes
for light touch and pin prick. Test each dermatome
individually, on the unaffected and then the affected
side. The Appendix lists dermatomes of upper and
lower limbs.

Myotomes

A myotome is a muscle supplied by a particular nerve
root level (see the Appendix). These are assessed by
performing isometric resisted tests of the myotomes L1
to Sl in middle range, held for approximately 3
seconds. Test the unaffected side, then the affected:
LI-L2 for the hip flexors (see Figure 2.15) L3-L4 for
knee extensors, (see Figure 2.16), L4 for foot dorsiflex-

- posterior sacroiliac ligaments.
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ors and invertors, L5 for extension of the big toe, S1 for
plantarflexion (see Figure 2.17) and knee flexion, S2 for
knee flexion and toe standing, $3—S4 for muscles of the
pelvic floor and the bladder.

Reflexes

e Test the non-affected first then affected side second.
Note dull reflexes may indicate lower motor
neurone dysfunction. Brisk reflexes may indicate an
upper motor neurone dysfunction.

¢ L3 corresponds to the quadriceps. The patient sits
with the knee flexed and the therapist hits the
patellar tendon just below the patella (Figure 2.13).

¢ S1 corresponds to the plantarflexors. Dorsiflex the
ankle and strike the Achilles tendon. Observe and
feel for plantarflexion at the ankle (Figure 2.14).

s ey

The Babinski reflex

The Babinski reflex (or plantar
response) is an abnormal response and
‘¥ occurs when a blunt object is drawn up
the lateral aspect of the sole of the foot.
Normally the great toe (big toe) flexes.
Abnormally the great toe extends indicating
upper motor neurone damage. Note that this
primitive reflex is seen in the newborn but dis-
appears with time.

Figure 213",,..'»




Figure 2.14

Figure 2.15 SIS on to test myotome

Figure 2.16 s extension to test (plantar flexion) to test




Adverse mechanical tension

Passive neck flexion

The patient is supine. The physiotherapist passively
flexes the patient’s neck. Observe for any low back pain
response, which may suggest disc pathology.

Straight leg raise (SLR)

This is also known as Lasegue’s test. The patient is
supine. The physiotherapist lifts the patient’s leg whilst
maintaining extension of the knee (Figure 2.18). An
abnormal finding is back pain or sciatic pain. The
sciatic nerve is on full stretch at approximately 70
degrees of flexion, so a positive sign of sciatic nerve
involvement occurs before this point (Palmer and Epler
1998). Any pain response and range of movement is
noted and comparison made with the other side.
Factors such as hip adduction and medial rotation
further sensitise the sciatic nerve; dorsiflexion of the
ankle will sensitise the tibial portion of the sciatic
nerve; plantarflexion and inversion will sensitise the
peroneal portion of the nerve.

Prone knee bend (femoral nerve
stretch)

The patient lies prone and the physiotherapist flexes
the person’s knee and then extends the hip (Figure
2.19). Pain in the back or distribution of the femoral
nerve indicates femoral nerve irritation or reduced
mobility. Comparison is made with the other side.

Slump test

This tests the mobility of the dura mater. The patient sits
with thighs fully supported with hands clasped behind
the back. The patient is instructed to slump the
shoulders towards the groin (Figure 2.20). The physio-
therapist applies gentle overpressure to this trunk
flexion. The patient adds cervical flexion, which is main-
tained by the therapist. The patient then performs
unilateral active knee extension and active ankle dorsi-

Figure 2.19

loskeletal Assessment
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flexion. The physiotherapist should not force the move-
ment. The non-affected side should be assessed first.

Any symptoms are noted at the particular part in
range. If the dura mater is tethered, symptoms will
increase as each component is added to the slump test.
The patient is instructed to extend the head — a reduc-
tion in symptoms on cervical extension is a positive
finding, indicating abnormal neurodynamics.

Testing for lumbopelvic stability

Stability of the lumbar spine is necessary to protect the
lumbopelvic region from the everyday demands of

Figure 221

posture and load changes (Panjabi 1992a). It is essential
for pain-free normal activity (Jull et al. 1993) and
should always be assessed.

With the patient in crook lying with the hips at 45
degrees flexion, he or she is instructed to maintain a
neutral spine (it may be useful to tell the patient to
maintain such a lordosis that an army of ants could just
crawl through!). The person then performs an abdom-
inal in-drawing by contracting the transversus abdo-
minis muscle whilst attempting to maintain the spine
in neutral. To challenge the transversus abdominis and
multifidus stabilising muscles (and consequently the
spinal position), the patient adds the leg load by alter-
nately lifting the heels from the floor and sliding out
the leg whilst maintaining a neutral spine position. The
maintenance of a neutral spine posture can be assessed
by using a biofeedback device. An inability to maintain
the spine in neutral will result in the lumbar spine
extending as the leg is lifted. The intra-abdominal pres-
sure mechanism is controlled primarily by the
diaphragm and transversus abdominis which provides
a stiffening effect on the lumbar spine (Hodges and
Richardson 1997).

Palpation

Soft-tissue thickening over the articular pillar at one or
more spinal levels is a common finding in cases of
degenerative disease of the lumbar spine, as is hard
bony thickening and prominence over the apophyseal
joints. Note any general tightness, or localised thicken-
ing of muscular tissue or ligamentous tissue. In general,

e

d to the lumbar spine over the articular pillar. Note the pressure is
form bone.



the older the soft-tissue changes, the tougher they are;
the more recent, the softer they are. However, a thick-
ened or stiff area is not necessarily painful or the source
of a patient’s symptoms (Maitland 2001).

Accessory spinal movements

The physiotherapist applies central PA (postero-ante-
rior) pressures on the spinous processes, and unilateral
(one-sided) pressure over the articular pillar (Figure
2.21), noting areas of hyper- and hypomobility. Record
any pain experienced by the patient, and the corre-
sponding spinal level.

Case Study: Lumbar Spine

A 30-year-old labourer was referred for physiotherapy
following a lifting injury at work. He complained of
left-sided low back and medial shin pain and intermit-
tent paraesthesia affecting his left great toe. The pain
was aggravated by flexion and eased by standing and
walking. On examination he had a marked shift to the
right. Flexion was reduced to fingertips to knees and his
left SLR was reduced to 50 degrees.

Owing to the rapid onset of symptoms associated
with a lifting injury in a flexed posture, and the pain
being aggravated by flexion and eased by extension
activities, the injury was hypothesised to be discogenic.
Clinical trials suggest that the most usual sources of
low back pain are the intervertebral disc, the
zygapophyseal (facet) joint and the sacroiliac joint
(Maitland 2001).

The patient was treated by rotations to the right (as
demonstrated on another patient in Figure 2.22),
which centralised his pain. His shift was manually cor-
rected on the first visit. He was prescribed repeated
extension exercises in prone, as advocated by McKenzie
{1985), to do at home every 2 hours. By the third visit

m Musculoskeletal Assessment

his pain had centralised to left low back pain, and his
SLR was 80 degrees. He was then treated by unilateral
mobilisations on the left at grade 4. This alleviated his
symptoms and he regained full range of all movements.

Prior to discharge, he was given a programme of
abdominal and multifidus exercises. He was also given
postural and ergonomic advice prior to his return to
work. The multifidus and the transverse abdominus
muscles have been found to be primarily responsible
for imparting local stability to the lumbar spine in the
joint’s neutral zone (Wilke et al. 1995; Goel et al. 1993;
Panjabi 1992; Hodges and Richardson 1996).

Biopsychosocial Assessment
(Lumbar Spine)

Although historically there has been no change in the
pathology or prevalence of low back pain (LBP),
disability due to non-specific LBP has increased dra-
matically in modern western societies. Medical inter-
ventions for chronic LBP using a limited biomedical
approach have been relatively unsuccessful and the cost
to NHS physiotherapy services was estimated to be
£151 million per annum (Maniadakis and Gray 2000).
Low back pain has been described as a twentieth-
century healthcare disaster (Wadell 1992). In 80% of
cases of LBP no significant pathology is ever found
despite considerable disability. Recent guidelines based
on systematic reviews of contemporary literature have
recommended a biopsychosocial approach in the
assessment and treatment of LBP (CSAG 1994; RCGP
1999).

Fundamental differences between
acute and chronic pain

It is not satisfactory to view chronic pain simply as
acute pain that has persisted for a long period. Acute
and chronic pain are different clinical entities. We now
acknowledge that there are many different mechanisms
and processes involved in the genesis of chronic pain
states which are not relevant in acute pain. The diver-
sity of these elements has led to the use of a biopsy-
chosocial approach to indicate that there are biological,
social and psychological factors relevant within an
individual that can be either causing or maintaining
the chronic pain state

Acute pain is basically a protective mechanism to
reduce the possibility of increasing the injury. It is usu-
ally self-limiting, and lasts until the tissues are healed.
It is usually associated with an increased sympathetic
nervous activity. This may be associated with feelings of
anxiety, panic; nausea etc. and may be observed during
traumatic injuries to the bones and soft tissues.
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Chronic pain is detrimental because it lasts long after
the injury has healed. Tonic self-sustaining neural loops
are set up to perpetuate the pain. Decrease in sympathetic
activity may cause depression and apathy. Chronic pain
outlasts the normal time of healing, and has no recognis-
able end-point (Grichnik and Ferrante 1991).

Predictors of chronic incapacity

Can disability from low back pain be predicted?
Psychosocial researchers in the last decade have found
common psychosocial and social traits in people who
have developed chronic disability due to LBP. Many
subjects with chronic LBP have been reported to have a
psychological profile that predisposes them to develop
chronic pain (Burton et al. 1995; Carrageen 2001).
Additionally, people aged between 50 and 60 years are
more likely to become disabled due to LBP (Burton et
al. 1995).
Further major predictors are listed here.

¢ people who have unrealistic beliefs about their pain
and the nature of their disease (Waddell 1992)

e people whose occupation involves heavy manual
work and sustained postures

¢ people with a previous history of sickness absence

e people who seek multiple investigations and treat-
ments (Waddell 1992; Harding and Watson 2000)

¢ people with low educational achievement or low-
status occupations (Cats-Baril and Frymoyer 1991;
Frymoyer 1992)

¢ people who have pending compensation issues (Tait
and Chibnall 2001)

® people with fear-avoidance beliefs — i.e. that a fear of
activity may be more disabling than the original
injury (Vlaeyen 1995; Fritz et al. 2001)

o people who exhibit ‘illness behaviour, which may
include attention seeking, grimacing, catastrophis-
ing about their problems or LBP, inappropriate cop-
ing strategies, excessive use of splints, braces,
walking aids, over-reliance on the NHS, and passive
rather than active treatment modalities.

In view of the above factors, it is necessary to screen
patients with LBP in order to attempt to reduce the
likelihood of chronic disability. It is important to note
that a patient’s general physical fitness may be a poor
predictor of chronic incapacity (Deyo et al. 2001). The
identification of the patients at risk of progression to
chronicity (failure to respond to treatment) is by
means of psychosocial questionnaires, because clinical
variables contribute practically nothing to our predic-
tive ability (Burton 1997). The psychosocial traits con-
cerned (coping strategies, depressive tendencies,
inappropriate beliefs about pain and activity) are pres-

ent in the acute phase — they are not just the result of
persistent symptoms (Burton 1997).

Management guidelines for LBP (CSAG
1994; RCGP 1999)

In the early management of acute LBP, analgesia with
non-steroidal anti-inflammatory drugs (NSAIDs)
should be administered immediately following an
acute onset. Manipulative therapy is advised in the
early stages, and active exercise and physical activity
should be encouraged. Bedrest is ineffective as treat-
ment for back pain, but is acceptable in moderation in
the acute situation for 1-2 days.

Encourage physical activity and an early return to
work and sport whenever possible. Practice psychoso-
cial management: educate the patient of the impor-
tance of good postural habits and activities of daily
living. Challenge the patient who has unrealistic beliefs
about the LBP condition and prognosis.

Biopsychosocial assessment

The biopsychosocial assessment differs from the physi-
cal assessment in that it incorporates psychological and
social issues in more depth. This gives the physiothera-
pist a good overview of the patient’s circumstances, his
or her overall mood state, beliefs, attributes and
thoughts about the problem, about therapy and about
the future.

Psychological factors

A previous history of anxiety and depression, general
attitudes and expectations is noted. The patient’s per-
ceived level of control over the pain is also assessed
with particular regard to the use of active or passive
coping strategies (these are often referred to as ‘inter-
nalised’ or ‘externalised’ locus of control).

Social factors

Identify social areas, including work issues, pending
compensation, a history of injury, sickness benefits,
and daily functioning, because these may effect the
outcome.

Physical examination

A body chart and physical examination may or may not
be conducted, as the physiotherapist deems necessary.
However, if red flags are noted then a neurological
examination is indicated. Assessments may include
functional tests such as:

e the distance that can be walked in 5 minutes
¢ the number of times the person can stand from sit-
ting in 1 minute
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Flags

‘Yellow flags' are psychosocial factors
including a previous history of anxiety
and depression, impending compensa-
tion, absence from work, sickness benefit, inva-
lidity benefit, passivity and high levels of
dependency and poor coping skills. ‘Red flags’
are clinical features that should alert the thera-
pist to the possibility of severe pathology. They
include bladder and bowel malfunction, saddle
anaesthesia, bilateral paraesthesia, neurological
signs, unexplained weight loss, a past history of
carcino ma, general debility and fever.

e the number of times the person can step up and
down in 1 minute.

Outcome measures questionnaires

The following questionnaires and tools are validated,
reliable and sensitive. They can be used prior to and
following intervention to determine efficacy.

the Oswestry Disability Index (Fairbank et al. 1980)

the visual analogue scale

the Present Pain Index

the short-form McGill Pain Questionnaire (Melzack

1987)

o the Hospital Anxiety and Depression Questionnaire
(Zigmond and Snaith 1983)

e the locus of control questionnaire (FABQ).

Treatment of biopsychosocial aspects
of LBP disability

Many studies have reported decreases in pain levels and
disability following intensive back rehabilitation pro-
grammes combining exercise and cognitive therapy
(e.g. Frost et al. 1998; Guzman et al. 2001). The aims of
chronic spinal rehabilitation programmes are to:

e reduce the patient’s pain if possible, or enable the
patient to cope more effectively with the pain

o reduce the patient’s disability

e encourage when possible a return to work and hob-
bies to promote better physical functioning (by
challenging the unhelpful belief that pain always
equates to harm)

e encourage an active patient-centred approach to
LBP management.

Van Korff and Saunders (1996), in a survey of LBP
sufferers in the USA, found that patients wanted to
understand the following four things:

1. the likely course of their back problem

2. how to manage the pain

3. how to return to normal activities of daily living
4. how to minimise recurrences of back pain.

Example of the content of a back
rehabilitation programme

e Pre-intervention questionnaire and physical tests
for outcome measures.

e Circuit training, including aerobic and strengthen-
ing regimes, with emphasis on postural control,
spinal stability, back extensors and deep abdominal
musculature.

e Patient-centred discussions, seminars on anatomy,
pathology, medication, self help measures, posture
and exercise, etc.

e Relaxation workshops.

e Post-programme questionnaire and physical tests.

e TFollow-up questionnaires at 1 and 12 months to
determine how they are managing their LBP.

THE CERVICAL SPINE

Following on from the subjective assessment, the
physiotherapist should highlight the main findings and
formulate a hypothesis regarding the clinical diagnosis.
The SIN factors will determine the vigour of the exam-
ination. The physiotherapist will attempt to find the
patient’s comparable sign by means of movement or
palpation.

er Iwo Musculoskeletal Assessment
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Special questions

Patients presenting with disorders of
the cervical spine may also complain of

headaches, dizziness, nausea and ver-
tigo. Record this in your assessment. These may
be symptoms of vertebrobasilar insufficiency
(VBI).

Posture

Note the symmetry of the head on the neck, and the
neck relative to the thorax. The chin should be at 90
degrees to the anterior aspect of the neck. There should
be no obvious horizontal skin creases posteriorly. A
plumbline from the tragus of the ear should fall behind
the clavicle.
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Assess the cervical lordosis. A decreased lordosis
predisposes the vertebral bodies and discs to bear more
weight. An increased lordosis increases the compressive
loads on the zygapophyseal (facet) joints and posterior
elements. Observe for muscle hypertrophy, hypotro-
phy, spasm, tightness or general asymmetry.

An acute wry neck (torticollis) presents as a combi-
nation of flexion and rotation or side flexion away from
the painful side. Patients with chronic pathology often
have a poking chin posture which consists of excessive
upper and middle cervical extension and lower cervical/
cervicothoracic flexion. This results from a weakness of
the deep cervical flexors and overactivity of sternocleido-
mastoid and levator scapulae muscles (Figure 2.23).

Note that cervical posture is influenced by lumbar
posture, and hence the poking chin posture is exagger-
ated by lumbar and thoracic flexion (Figure 2.23).
Cervical and shoulder posture should therefore be
viewed in both the sitting and standing postures.

The shoulders should ideally be level, but this is
often not the case because of handedness. For example
in a right-handed person the right shoulder is often
held slightly lower than the left.

Movements

It is important to not only assess the range of movement
occurring in the cervical region but also the quality of
that movement. Particularly note the motion segments
where the movement is occurring. Hinging may be
observed which indicates areas of hypermobility or
instability. Conversely, areas of hypomobility or stiffness
are observed as areas of plane or straight lines.

Key points

For consistency and reliability of re-

assessment, the same order of active

movements should be carried out each
time.

Active movements

Flexion

The movement should be performed to either the
patient’s pain or the limit of movement. During flexion
the cervical lordosis should be obliterated, and the
spine appears to be flexed or neutral. The spinous

(@)

Figure 2.23

(b)

‘exaggerated by thoracic and lumbar flexion. (b) Correction of
mbar spine in a neutral position.



process of C7 should be the most prominent, C6 and
T1 less so. The chin should approximate the chest.
Common faulty patterns are the upper cervical spine
remaining in extension or chin poke. Loss of range,
areas of give and restriction should be noted, as well as
the pain response, muscle spasm and crepitus.

Extension

The entire cervical spine should extend, and the face
should be almost parallel to the ceiling. A vertical line
should be observed from the chin to sternum.
Common faulty movement patterns include a loss of
lower cervical extension and the head does not move
posteriorly to the shoulders. Furthermore, excessive
hyperextension of the upper and mid cervical spine
may occur earlier on in the movement and the chin
pokes forward.

Side flexion

Often this movement is the most restricted in
degenerative spinal pathologies. Tightness in the
contralateral sternocleidomastoid and trapezius may
be observed. Common faulty patterns include coupling
with rotation due to tightness in anterior flexor
musculature. Observe range, pain response and areas of
give or restriction. Compare the sides for symmetry.

Right and left rotation

Observe the range of movement available and the
patient’s pain response, muscle spasm and crepitus.
Common faulty patterns include coupled movements
with side flexion and the eyes not moving in a purely
horizontal plane (Figure 2.24). Compare the right
and the left sides.

Overpressures repeated and combined
movements

If the plane movements are full range and pain-free,
then overpressure may be applied. At the end of the
available range the physiotherapist may apply a small
oscillatory movement to feel the quality and end-feel of
the movement, and the range of further movement.
The pain response is also noted. Combined movements
may be examined in an attempt to reproduce the
patient’s pain or restriction of movement, The patient
should if possible perform repeated movements, since
this may alter the quality and range of the movement
and may give rise to latent pain (McKenzie 1990).

The shoulder complex

Observe full shoulder elevation through flexion and
abduction for the shoulders bilaterally, because

vloskeletal Assessment

al right cervical rotation.
ht side flexion limited and
ateral rotation. (c) Faulty
chin poke, upper cervical
| spine remaining flexed.
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during the last few degrees of elevation the thoracic
spine extends to allow for full shoulder elevation. A
stiff kyphotic thoracic spine will limit shoulder
elevation.

Passive physiological intervertebral
movements (PPIVMs)

PPIVMs may be used to confirm any restriction of
motion seen on active movement and to detect restric-
tion of movement not discovered by the active move-

ments. They are also used to detect segmental
hypermobility (Magarey 1988; Maitland 2001).

Vertebral Artery Testing

Key point

Vertebrobasilar insufficiency (VBI) is a
contraindication to cervical manipula-

tion and high-grade mobilisations,

particularly rotations, extensions or longitudi-
nal distractions and traction.

Differentiation test to determine
between vestibular and VBI symptoms

The patient stands and rotates the cervical spine to the
right and left. Note is taken of symptoms such as dizzi-
ness or nausea, Either vertebrobasilar artery insufficiency
or the vestibular apparatus could cause symptoms pro-
duced as a result of this manoeuvre. In order to differen-
tiate between these two structures, the physiotherapist
fixes the patient’s head and the patient keeps the feet
static and facing forwards. The patient then rotates his or
her body to the right and to the left whilst maintaining
the head in a static position (Figure 2.25).

If symptoms such as dizziness or light-headedness
are produced with this manoeuvre then they are due
to vertebrobasilar pathology, because the head
remains still (and the vestibular apparatus will be
unaffected) and the cervical spine is rotating effecting
the artery.

Vertebrobasilar testing (Maitland
2001)

This test is performed in both sitting and supine posi-
tions.

1. Sustained rotation for 10 seconds is performed to
each side. Note any symptoms.

2. Sustained extension for 10 seconds is performed. If
the patient is asymptomatic then:

()

ifferentiation test to determine
bular and VBI symptoms.

3. Combined rotation and extension to each side is
sustained for 10 seconds. Note any symptoms. A
positive test would be to induce feelings of dizziness
and nausea.

@)

Key point

If the patient has grossly restricted
range of movement then the test for

vertebrobasilar insufficiency is not
valid.

Neurological Testing

Dermatomes

Test for normal sensation, the cutaneous area supplied
by a single posterior root of each spinal segment, light
touch with the dorsal aspect of the hand or cotton wool
and pinprick sensation for each dermatome, C1 to T1.
Refer to the Appendix for dermatome illustrations.

Myotomes

Isometric testing of the muscles supplied by a spinal
segment in mid range for a few seconds is performed at
each level from C1 to T1 (Figure 2.26). Weakness may
indicate a lower motor lesion from a prolapsed disc, or
another space-occupying lesion. Refer to the Appendix
for myotomes.

Reflexes

Test for normal reflexes: biceps (C5-C6), triceps and
brachioradialis (C7). Compare one side with the other.



Figure 2.26

Note brisk reflexes which may be indicative of an upper

motor neurone lesion, and dull reflexes which may be

indicative of a lower motor neurone lesion.

¢ (C5-C6 corresponds to biceps brachii. The person’s
arm should be semi-flexed at the elbow with the
forearm pronated. Place your thumb or finger
firmly on the biceps tendon and hit your finger with
the hammer (Figure 2.27).

e (6 to C8 correspond to triceps. Support the person’s
upper arm and let the forearm hang free. Hit the tri-
ceps tendon above the elbow (Figure 2.28).

Figure 2.27

juction (C5) myotome. (b) Assessment of C6 myotome in resisted

Mechanical tension tests

The upper limb tension test (ULTT) is referred to as the
SLR test of the cervical spine. This test mobilises the
brachial plexus and particularly biases the median
nerve to determine the degree to which neural tissue is
responsible for producing the patient’s symptoms.
Certain movements of the arm, shoulder, elbow, wrist
and hand, and similarly the neck and the lower limb,
can cause neural movement in the cervical spine. These
tests are so important that all physiotherapists should
know and use them (Butler 1991).

loskeletal Assessment
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Figure 2.28

The physiotherapist depresses the patient’s shoul-
der, then adds in 90° abduction, 90° lateral rotation of
the shoulder, elbow extension, forearm supination and
wrist and finger extension to the supine patient (Figure
2.29a). Sensitising manoeuvres such as ipsilateral
(same side) or contralateral (opposite side) cervical
rotation and side flexion are added (Figure 2.29b).
Symptoms of pain, paraesthesia and restriction are
noted, and compared with the other side. Common
findings will be reduced range or the reproduction of
symptoms on the affected side.

Palpation

Palpate the soft tissues, noting the positions of vertebrae
and myofascial trigger points (localised irritable spots
within skeletal muscle). These trigger points produce
local pain in a referred pattern and often accompany
chronic musculoskeletal disorders. Palpation of a hyper-
sensitive nodule of muscle fibres of harder than normal
consistency is the physical finding typically associated
with trigger points (Alvarez and Rockwell 2002).
Observe for local or referred pain, thickening of
structures or stiffness. Remember that anomalies of the
bifid spinous processes of the cervical vertebrae and
differences in their spacing are not uncommon and
may not be clinically significant (Maitland 2001).
Soft-tissue changes including sub-occipital thicken-
ing and shortening in the extensors and prominence
and thickening of the articular pillar of C2-C3 facet
joints are common in degenerative disorders. Soft-
tissue changes around the cervicothoracic junction

(b)

) Upper limb tension test (ULTT).

alateral right side flexion of



are also commonly found, and may be referred to as
a Dowager’s hump.

Bony anomalies

Osteophytes may be palpable at the C2—C3 facet joints,
in patients with pre-existing spinal pathology
(Maitland 2001). Approximation of the spinous
processes of C6—~C7 is also a common feature.

Accessory spinal movements

With the patient prone, central pressure on the spinous
processes C2 to T6 and unilateral pressures on the
articular pillars C2 to T6 is applied by the physiothera-
pist, noting levels of stiffness, pain response, muscle
spasm and areas of hypermobility (Figure 2.30).

Case Study: Cervical Spine

A 50-year-old woman with a 2-year history of central
neck and occasionally bilateral shoulder pain (4 on the
visual analogue scale) was referred for physiotherapy.
On examination she had a marked protracted cervical
spine (poking chin posture) which could, however, be
corrected by the patient on demand. Her cervical range
of movement was approximately two-thirds on all
movements. Neurological testing was normal.
Palpation revealed stiffness at levels C5 and C6 to
central posterio-anterior pressures over the spinous
processes.

The patient was treated with grade III postero-
anterior (PA) central pressures (as in Figure 2.30) and
was given postural correction exercises. Priority one
cervical neutral shin slides against a wall. Following
three treatment sessions her pain was reduced to 1 on
the VAS and her range of movement was almost full.
She was given deep flexor exercises on the fourth visit
along with exercises for normal range of movement.
On the fifth visit she was asymptomatic, and was dis-
charged to continue with the exercises at home.

Both manipulations and mobilisations aim to
reduce pain and increase the joint range of motion for
spinal conditions (Johnson and Rogers 2000; Maitland
2001). Studies have shown that cervical mobilisation
produces a hypoalgesic (pain-relieving) effect and can
decrease visual analogue scores (Sterling et al. 2001).
The majority of studies conclude that spinal mobilisa-
tions have a positive short-term effect on pain
(Bronfort et al. 2001; Coulter 1996). Koes et al. (1992)
observed an improvement in physical functioning
when compared to other physiotherapy modalities,
placebo or general practitioner involvement. Tt could
be argued that by improving pain in the short term the
patient will return to normal activities more quickly

I Accessory movements: (a) central PA
inous process; (b) central PA with
posed; (c) unilateral pressure on
ular pillar.

and thus avoid the potential for deconditioning and
chronicity.

Muscle imbalance procedures were instituted into
the woman’s programme to improve the patient’s pos-
tural awareness, to increase the strength of the deep
cervical flexors, and to stretch out the tight sub-occipi-
tal extensors. According to Heimeyer et al. (1990) it is
important for the therapist to differentiate between
people who have protracted chin posture but who can
voluntarily correct it, and those who cannot. For the
person in this case study, the posture was correctable,

Musculoskeletal Assessment
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so the role of the physiotherapist as adviser was para-
mount. Repeated sessions of electrotherapy for exam-
ple would have been inappropriate or would have
provided a short-term solution to the pain only.
Treatment should be geared towards behaviour modifi-
cations — the change of bad postural habits. In this case
the combination of manipulative therapy, corrective
exercises and advice was employed with success.

PERIPHERAL JOINT ASSESSMENTS

THE SHOULDER JOINT

ol

Key point

The patient should be

= s e

thoracic spine, shoulder girdles, shoul-
ders and both arms.

Posture

It is important to assess the posture of the cervical
and thoracic spine because a scoliosis, kyphosis or
poking chin posture will affect the mechanics of the
shoulder, by altering the plane of the glenohumeral
joint. The spinal and shoulder complex postures
should be observed with the patient in both sitting
and standing.

Posterior alignment

The shoulders should ideally be level, but for a right-
handed person the right shoulder is often held lower
than the left, and vice versa. Elevation of the shoulder
girdle may be due to tightness or overactivity in the
levator scapulae or the upper fibres of trapezius, and
lengthening or weakness in the lower fibres of
trapezius.

Observe the symmetry of the scapulae. They should
lie flat against the thoracic wall and the medial borders
lie approximately 50-75 mm lateral to the spine.
Winging of the scapulae is observed when the whole
length of the medial border of the scapula is displaced
laterally and posteriorly from the wall of the thorax.
This may result from weakness in the serratus anterior
muscle or a lesion of the long thoracic nerve. Pseudo-
winging of the scapulae occurs when the inferior angle
of the scapula is displaced from the thoracic wall.

Observe the soft-tissue contours of the shoulder for
symmetry, and areas of atrophy and hypertrophy. The
acromion processes should be horizontal to, or slightly
higher than, the point at the root of the scapula. If the
root of the scapula is higher this indicates tightness or
overactivity of the levator scapulae and rhomboid
musculature, which causes a downward rotation of the
glenoid fossa. This may be a precursor to impingement
syndromes and rotator cuff pathologies. Moreover, the
levator scapulae may cause anterior shear on the cervi-
cal spine and give rise to cervical and scapula pain.

Anterior alignment

Note any irregularities of the clavicle, sternoclavicular
and acromioclavicular joints resulting from previous
fractures or dislocations. Note the soft-tissue contours
regarding symmetry atrophy and hypertrophy, particu-
larly in the deltoid, upper trapezius and sternocleido-
mastoid muscles.

Lateral alignment

Note the relative positions of the humeral head: no
more than one-third of the humeral head should lie
anteriorly to the acromion process. Excessive forward
translation may result from tightness in the pectoral
muscles and elongation of the posterior shoulder cap-
sule. The patient’s arms should lie comfortably at the
side with the thumbs facing almost forwards. Excessive
medial rotation of the shoulders will result in the
thumbs facing inwards towards the body. Excessive
protraction of the shoulders with an increased thoracic
kyphosis and tightness in the pectoral muscles is a
common faulty posture.

Palpation

Palpate the local skin temperature, noting any increase
suggestive of underlying inflammation. Palpate the
acromioclavicular and sternoclavicular joints, observ-
ing for pain or tenderness. Palpate the supraspinatus
and infraspinatus tendons for tenderness associated
with tendonitis, calcification and strain. Palpate the
upper trapezius and levator scapulae for tenderness
and trigger points. These hyperirritable areas within
the muscle and connective tissue are thought to be due
to a secondary tissue response to disc or joint disorders
(Hubbard and Berkhoff 1993). They are painful to
compression and may cause referred pain.

Muscle length tests

Levator scapulae

With the patient supine, flex and lateral flex the cer-
vical spine away to resistance and add ipsilateral rota-



tion (rotation to the same side as side flexion).
Depress the shoulder girdle and compare range and
pain response on both sides.

Pectoralis minor

With the patient supine, the lateral border of the spine
of the scapula should be within 25 mm of the plinth. If
pectoralis minor is shortened, the lateral border of the
spine of the scapula is more than 25 mm from the
plinth since the shoulder girdle is protracted

Movements
O

Differentiation tests

Since the cervical and thoracic spines
may refer pain to the shoulder and

scapula areas, full active movements
and accessory movements of these areas should
be assessed. Note any increase or referral of
pain around the shoulder or scapula areas.
Overpressure may be used if the movements are
pain-free. Furthermore, the upper limb tension
test (ULTT) may be performed to rule out refer-
ral of pain from neural structures. Refer to the
objective assessment of the cervical spine for
descriptions of these techniques.

Active movements

Full active movements of the shoulder girdle and joint
are performed, noting any restriction, asymmetry and
pain response. Note the capsular pattern for the gleno-
humeral joint is limitation of lateral rotation, abduc-
tion and medial rotation (Cyriax 1982),

Shoulder girdle movements

Assess shoulder girdle elevation, depression, protrac-
tion and retraction, observing for pain asymmetry and
crepitus.

Shoulder joint flexion

Observe flexion through to elevation and return of
movement, assessing the scapulohumeral rhythm.
Normal should be in the ratio of 2:1 (humerus:
scapula). Reversed scapulohumeral rhythm occurs in
conditions causing restriction of the glenchumeral
joint, such as adhesive capsulitis (‘frozen shoulder’).

Shoulder joint abduction

Observe abduction through to elevation and return
(Fgure 2.31), again noting the scapulohumeral
rhythm.
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Figure 2.31 _

rsed scapulohumeral rhythm of

Key point

A painful arc of movement is observed
in patients suffering from impinge-

ment syndromes, whereby the superior
aspects of the rotator cuff, biceps tendon and
bursae are impinged by repetitive overarm
activities. Pain is experienced between 90 and
130 degrees of abduction.

Impingement may be caused by loss of scapular
stability. Faulty patterns of scapula motion include
early rotation and elevation of the scapula (reversed
scapulohumeral rhythm). This may implicate weakness
in the stabilisers (e.g. lower fibres of trapezius, rhom-
boids and serratus anterior), or shortness and overac-
tivity in the upper trapezius and levator scapulae.

Impingement may also be caused by weakness or
inhibition of the rotator cuff muscles that produces a
superior translation of the humeral head (ie. sub-
scapularis, teres minor and lower infraspinatus). There
may also be late timing of lateral rotation during
abduction which may cause impingement.
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Tightness of pectoralis minor can cause increased
protraction of the scapula which decreases the sub-
acromial space.

Repetition of the movement may induce an
element of fatigue, and abnormal movements may
derive from that. A juddering movement of the
scapula on return from elevation implicates poor
eccentric control.

Differentiation. If abduction reproduces the person’s
pain, then differentiation between the glenohumeral
and subacromial structures may be required.

1. If the movement is repeated and compression
applied to the glenochumeral joint causes an increase
in symptoms, then the glenohumeral joint is impli-
cated.

2. If the movement is repeated and a longitudinal force
in a cephalad direction is applied (increasing com-
pression on the subacromial structures), with an
increase in pain, the subacromial structures are
implicated.

Failure to initiate or maintain abduction when placed
passively into abduction is a sign of rotator cuff
rupture, and the patient should be referred to a con-
sultant for a repair/further investigations.

Shoulder joint rotation

Test medial and lateral rotations, both beside the trunk
and at 90 degrees of abduction. Note pain response and
limitation of movement.

Shoulder joint horizontal flexion and
extension (Scarf-test)

Pain on these movements implicates the acromio-
clavicular joints as the source of pain or restriction.

Shoulder joint extension

Compare both sides for range and pain response.

Shoulder functional movements

Functional movements such as hand behind the back
(HBB), and the hand behind the neck (HBN), should
also be assessed. These movements are grossly
restricted in patients with adhesive capsulitis.

Other shoulder joint abnormalities

Sporting activities that give rise to symptoms, such
as the late cocking stage of throwing a ball over-
head, should also be assessed to determine faulty
mechanics.

Y

Passive movements

All movements performed actively can be repeated pas-
sively, noting the differences in range. Observe the dif-
ferences in end-feel and compare these with the
unaffected side.

Key point

Note that the capsular pattern for the
= glenchumeral joint is limitation of lat-
1 eral rotation, abduction and medial

rotation (Cyriax 1982).

ACCESSOFy movements

Acromioclavicular and sternoclavicular
joints

Test anteroposterior (AP) and posteroanterior (PA)
draw, and caudal glide.

Glenohumeral joint

Test anteroposterior (AP) and posteroanterior (PA)
draw, caudal and cephalad glide, and lateral distraction
(Figure 2.32).

Further tests (Maitland 2001)

The following tests should be performed only in shoul-
ders of low irritability, and when no comparable sign
has been found. They stress a number of different
structures around the shoulder and are therefore not
diagnostic:

¢ locking test of the shoulder
e quadrant test of the shoulder (Figure 2.33)

Resisted muscle testing

This provides a guide of strength ratios and pain
response. Test: abduction and flexion at around 30-60
degrees; internal and external rotation beside the trunk
and at 90 degrees of elevation in the plane of the
scapula; and resisted muscle testing in positions of
function and/or pain.

Muscle length tests

It may be useful to test the length of muscles that are
prone to shortness — latissimus dorsi, pectoralis major
and minor, upper fibres of trapezius, levator scapulae
and sternocleido-mastoid.
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Figure 2.33 int test of the shoulder.

Acromioclavicular joint compression
and distraction

End-of-range overpressure into horizontal flexion
compresses the acromioclavicular joint and may give
rise to pain arising from this joint. Acromioclavicular
distraction tests the instability of the acromioclavicu-
lar joint, by applying a downward traction on the arm
whilst palpating the joint line. Reproduction of pain
(b) or palpable separation of the joint line is a positive
test.

Figure 2.32 lide of the glenohumeral
of the shoulder in elevation.

Tests for Shoulder Instability

Anterior draw/translation (Lachmann’s
of the shoulder)

This is performed in supine with the patient’s arm at
around 30 degrees of abduction, 45 degrees of lateral

Figure 2.34 _mwer. (b) Resisted medial rotation at the shoulder.
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rotation and slight flexion. The physiotherapist grasps
the humeral head with one hand, and the medial hand
is used to stabilise the shoulder girdle. The lateral hand
applies the anterior translation force in the same way as
the anterior draw test of the knee. Laxity of the joint
(excessive anterior translation) is a positive sign
(Figure 2.35).

Posterior draw test

This is performed in supine with the patient’s gleno-
humeral joint at the edge of the examination couch in
abduction not exceeding 90 degrees. Posterior pressure
is applied on the anterior aspect of the humeral head.
Excessive movement compared with the other side is a
positive sign.

Inferior draw (sulcus) test

This is performed in sitting or supine, arm by the side. The
physiotherapist exerts a strong downward traction force
on the arm, grasping the head of the humerus with both
hands, to the limit of movement, pain or apprehension,
whilst monitoring the superior contour of the shoulder
joint. Excessive inferior glide or a significant depression or
sulcus distal to the acromion is a positive sign.

Impingement Test

Supraspinatus (empty-can test)

This is performed in sitting or standing with 90 degrees
of abduction bilaterally, full available medial rotation,
and 30 degrees of horizontal flexion (Figure 2.36).
Supraspinatus is the main support for the suspended
arm in this position. The physiotherapist resists abduc-
tion of the shoulder. Pain on resistance is a positive test
for a lesion of the supraspinatus muscle or tendon.
Following the objective assessment record your find-
ings clearly and asterisk objective findings.

vith stabilisation of the

Figure 2.36 -can test position.

on is applied by the

Test Yourself
Match these five scenarios to the likely pathology:

1. reduced range of movement particularly on active
and passive rotations and abduction

2. painful arc of movement between 90 and 120
degrees

3. inability to actively abduct the arm away from the
body and maintain the position when the arm is
placed there passively

4. pain and weakness on resisted elbow and shoulder
flexion

5. excessive movement on passive anterior, posterior
and sulcus draw tests of the shoulder.

ion of the supraspinatus
s hand is behind the back.
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Answers

(1) Frozen shoulder (adhesive capsulitis). (2)
Impingement of supraspinatus under the acromion.
(3) Rupture of the rotator cuff musculature. (4)
Ruptured biceps brachii muscle. (5) Global instability.

THE HIP JOINT

Key point
The patient should be suitably undressed
= to view the hip, pelvis and spine. Note
T that the hip joint is too deep to observe
an effusion or palpate the joint line.

Gait

Observe the person’s gait from the front, back and side.
Assess the patient with and without a walking aid as
deemed appropriate. Ask the patient to walk forwards
and backwards, whilst observing:

¢ stride length symmetry

¢ the time spent on the single leg support phase on
each leg

corresponding factors of pain, stiffness and/or
weakness during the cycle.

Posture
Standing

With the patient standing, view from the front, rear
and sides. Note:

1. pelvic tilting: a line joining the two anterior sacroil-
iac joints should be horizontal (the same applies
posteriorly)

. the relative levels of the PSIS to the ipsilateral ASIS
viewed from the side: differences may be suggestive
of sacroiliac rotatory asymmetry

. rotational deformity of the hips: may be observed as
in-toeing or out-toeing

. leg length discrepancy: this may be observed by the
differences in the horizontal levels of the gluteal and
knee creases

. scoliosis of the lumbar spine: this may be structural
or a compensation for a leg length discrepancy

. inequality of weight distribution: the patient may
reduce the amount of weight borne on the painful
side

. increased lumbar lordosis: this may suggest a fixed
flexion deformity of the hip(s)

er Iwo Musculoskeletal Assessment

. bruising in the abdominal or groin area: suggestive
of a sportsman’s hernia

9. muscle wasting: particularly of the quadriceps and

gluteal muscles is common and may appear as hol-

lowing posteriorly or laterally at the buttocks.

Supine
With the patient supine, note the following:

1. leg rotation, through observing the relative posi-
tions of the patella and/or the feet

pelvic rotation

leg length discrepancy, through observing the rela-
tive position of the medial malleoli or heels.

2.
3.

Leg length discrepancy
Apparent leg length discrepancy is measured from the

xiphoid of the sternum to the tip of the medial malleo-
lus using a tape measure (compare with the other leg).
True leg length discrepancy is measured, using a tape
measure, from the ASIS to the tip of the medial malleo-
lus. A difference in leg length of up to 1-2 c¢m is consid-
ered normal by some clinicians. If there is a leg length
difference, measure the length of the individual bones —
i.e. thigh and leg.

e

m\

MR

Key point

From the movement of supine to sitting,
one leg may appear to be longer in
supine and shorter in sitting. This is
caused by anterior rotation of the innominate bone
on the affected side and is an Sl joint dysfunction.

Muscle length assessments
The Thomas test

This test determines the presence of a fixed flexion
deformity at the hip. With the patient supine, the hip is
fully passively flexed, and the lumbar lordosis is oblit-
erated. If the contralateral (opposite) hip rises off the
bed, this indicates a fixed flexion deformity of that hip.
This may be due to tightness or restriction in the cap-
sule, iliopsoas or rectus femoris.

To differentiate between the iliopsoas and rectus
femoris as the source of restriction, the patient’s knee is
passively extended (Figure 2.8). If this results in the
patient’s hip dropping down into less flexion, then the
restriction is in the rectus femoris muscle because by
extending the knee an element of stretch has been
removed. If the hip is unaffected and remains, in the
same degree of flexion, independently of the knee
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Figure 2.39

imas test: (a) normal; (b)

Figure 2.38

extension, then the restriction is in the iliopsoas
muscle. This is measured and recorded.

The length of the following muscles may be tested
since they are prone to shortening: quadratus lumbo-
rum, tensor fascia lata and the hamstrings.

Modified Ober’s test (iliotibial band)

With the patient in side-lying and the uppermost hip
fully laterally rotated, the knee joint in unlocked exten-
sion, the uppermost leg should drop (adduct) to the
plinth (Figure 2.39). A tight iliotibial band would result
in the leg not being able to adduct to the plinth.

Piriformis test

With the patient supine, or side-lying, with hip at 90
degrees flexion, adduct maximally to resistance and
externally rotate. (Note piriformis is a medial rotator in
flexion.) Pain in the buttock or in the distribution of
the sciatic nerve may signify compression of the sciatic
nerve by the piriformis muscle (Figure 2.40).

Hamstrings

With the patient sitting, spine in neutral, the hip at 90
degrees, the person should be able to extend the knee to
within 10 degrees of full extension (Figure 2.41).

Quadratus lumborum

Test side flexion against a wall without associated flex-
ion or rotations. Compare the two sides. A shortened
quadratus lumborum will result in limitation of con-
tralateral side flexion.

Movements

Allow the patient to functionally demonstrate his or her
aggravating movement in order to determine the likely
structures implicated in producing the symptorms.

Lumbar spine differentiation

The lumbar spine may give rise to referred pain in
the region of the hip or groin, so it is important to
exclude the lumbar spine as a possible cause of
symptoms arising at the hip joint. Flexion, extension
and bilateral side flexion should be observed actively
in standing. Loss of range of motion and pain

stretch. Note that, in the

Figure 2.40
' nis becomes a hip medial



Figure 2.41 1t of hamstring length.

ne remains in neutral.
| hamstring length.

response should be noted, particularly if these move-
ments reproduce the patient’s hip pain or the
patient’s comparable sign. If the movements are
pain-free and full range, then overpressure may be
applied to observe whether this reproduces the
patient’s symptoms. Accessory movements of the
lumbar spine, femoral nerve stretch and SLR should
also be screened.

Trendelenberg test

A positive Trendelenburg test demonstrates that the
hip abductors are not functioning owing to weakness
or pain inhibition and are unable to perform their role
of stabilising the pelvis on the weight-bearing leg. To
perform the test the patient stands on the unaffected
leg and flexes the other knee to a right-angle. The pelvis
should remain level or tilt up slightly on the NWB side.
The patient then stands on the affected leg and flexes
the knee of the other leg. If the pelvis drops on the
NWRB side this signifies a positive Trendelenberg test
(Figures 2.42 and 2.43).

Palpation

o Palpate the head of the femur lateral to the femoral
artery.

* Rotate the hip passively to elicit crepitus or tender-
ness at the joint.

[_O'

|
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e Palpate the psoas major and adductor longus ten-
dons to localise strains and contractures of these
structures.

o Palpate the greater trochanter of the femur for ten-
derness associated with bursitis. Palpate the ischial
tuberosity for suspected hamstring strains.

o Tenderness located over the ASIS may indicate a
strain of the sartorius muscle or contusion of the
spine following contact sports. This is referred to as
a ‘hip-pointer’

e Palpate the lower abdominal musculature for sus-
pected inguinal or sports hernias.

Active movements

Key point

Note pain, crepitus and/or limitation of
movement. Apply overpressure to the

movement if it is pain-free to see
whether this reproduces the symptoms not
elicited on other movements. Measure both the
normal and affected hip for comparison.

Hip flexionfextension

The patient is supine or side lying. The axis of the
goniometer is placed directly over the greater
trochanter of the femur. The static arm should be par-
allel to the patient’s trunk. The dynamic arm should be
placed parallel to the femur. Note loss of range or pain
response.

Hip abduction/adduction

The patient is supine. The axis of the goniometer is
placed over the ASIS. The static arm should be in line
between the left and right ASIS. The dynamic arm
should be parallel to the long axis of the femur. Note
loss of range or pain response.

Hip rotation

Hip rotation can be easily measured with the patient sit-
ting. Note that the hip joints are approximately 90°
flexed (Figure 2.3). The axis of the goniometer is placed
at the mid-point of the patella. The static arm is perpen-
dicular to the floor. The dynamic arm should be parallel
to the anterior midline of patella. If active movements
are full range and pain free then gentle overpressure can
be applied noting any reproduction of symptoms.

The normal ranges of movement at the hip joint
should be approximately:
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Figure 2.42
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Normal —+

Weak hip
hip abductors
abductors

()

: (@) normal; (b) abnormal or positive sign.

e 0-120 degrees for unilateral flexion, 0-150 for bilat-
eral flexion

10-15 degrees for extension

0—40 degrees for abduction

0-25 degrees for adduction

0-35 degrees for medial rotation

0-45 degrees for lateral rotation (Figure 2.44).

R0 el

Key point
The capsular pattern for the hip joint

Negative Positive

Figure 2.43 Trendelburg’s sign.

is in order of greatest loss: flexion,

abduction and medial rotation, slight
limitation of extension and full range of lateral
rotation (Cyriax 1982).

Passive movements

Flexion, extension, abduction, adduction, internal and
external rotation should be performed passively by the



Figure 2.44

ateral rotation of the hip in

therapist (Figure 2.45). Note any differences between
active and passive ranges and identify reasons for this.

Muscle strength testing

Test the muscles both isometrically and isotonically
through range to detect weakness at any particular
point in the range. Compare with the opposite side.
Pain inhibits muscle contraction and it is therefore
important to differentiate between true weakness and
pain-induced inhibition.

With the patient side-lying, test the strength of the
hip abductors and adductors (weakness of adductors is
a common finding in recurrent groin strains). With the
patient supine, test the strength of the hip adductors,
flexors and medial/lateral rotators (Figure 2.44).

Accessory movements
Test:

¢ cephalad longitudinal accessory movement (Figure
2.46)

¢ caudad longitudinal accessory movement

¢ lateral transverse (joint distraction).

Figure 2.45

on applied through the hip

Figure 2.46

Flexion/adduction combination and the hip quadrant
test may be performed on non-irritable hips when all
plane movements are clear with overpressure (Figure
2.47; Maitland 2001).

Neural tests

Neural tests may be performed if the symptoms pro-
duced at the hip appear to be originating from neural
or spinal structures:

e femoral nerve stretch test (prone knee bend)
e sciatic nerve stretch test (straight leg raise)
e slump test.

For descriptions of these tests refer to the objective
assessment of the lumbar spine.

Functional tests

Observe the patient performing activities that repro-
duce their pain. If appropriate assessment activities
such as hop, squats, walking forwards, backwards, side-
ways, etc.

Figure 2.47 'ntﬂ_:!:_est of the hip (flexion and

L
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On completion of the assessment, spe-
cific objective signs that reproduce the
patient’s symptoms should be marked
with an asterisk * or highlighted. This is com-
monly referred to as a ‘comparable sign’ and
needs to be reassessed at each treatment, to
determine the effectiveness of the physio-
therapy intervention. Record your findings
clearly.

Test Yourself
Match these five scenarios to the likely pathology:

1. local tenderness at the ischial tuberosity and pain on
resisted knee flexion

2. pain in the groin on coughing, resisted adduction
sit-ups and weightbearing

3. a 3-year history of pain and stiffness particularly on
medial rotation

4. local tenderness and heat palpated in the area of the
greater trochanter having an insidious onset

5. increased or exaggerated lumbar lordosis and a pos-
itive Thomas test.

Answers

(1) Hamstring strain. (2) Sportsman’s hernia. (3)
Osteoarthritic (OA) hip. (4) Trochanteric bursitis. (5)
Tightness in the hip flexors (iliopsoas.)

THE KNEE JOINT

The patient should be suitably
undressed to view the hip, knee and

ankle joints.

Gait

Observe the person’s gait as they walk forwards and
backwards. Make particular note of the equality of
stride length, dwell time on each leg, reluctance to bear
weight, and any pain responses.

g O
Key point @ Differentiation tests

J—

The hip joint may refer pain to the
knee. To differentiate between the hip

and knee joints as a source of symp-
toms, the hip joint is tested by observing full
flexion of the hip joint and then medial and
lateral rotation in 90-degree flexion passively.
Observe for any pain response or limitation of
movement compared with the other side. If the
movements are full range and pain-free, it is
unlikely that the hip joint is the source of pain
(Figure 2.44).

Knee Examination

Posture with patient standing

Observe any deformities such as genu varum, genu
valgus or genu recurvatum (Figure 2.48). Note any
evidence of muscle atrophy, particularly evident in the
vastus medialis muscle. Observe the relative positions
and size of the patellae. ‘Patella alta’ is the term used to
describe a small high riding patella.

Note any foot, ankle or subtalar deformity, such as
foot pronation which will cause medial rotation of
the tibia and hence affect the mechanics of the knee
joint.

(a) (b) ()

’pdkture deformities: genu varum
nu valgus (knock-knees); (c) genu
ending knees).

Swelling and discoloration

Swelling that extends beyond the joint capsule may
suggest an infection or a major ligamentous injury, and
the suprapatellar pouch will appear distended.
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! O than vastus lateralis following trauma, degenerative
The Q angle diseases and pain episodes. Measure the circumference

. . . of both thighs at 5, 8, 15 and 23 cm above the upper
On your patient, draw a straight line . .
across the middle of the patella. From pole of the patella with a tape measure to obtain an
the centre of this, draw a straight line objective marker (Magee 1992).
going downwards through the centre of the Ask the patient to perform a static quadriceps con-
tibial tuberosity, and another going upwards traction. Palpate the tone, compare left with right sides

towards the ASIS (Figure 2.49). Normal values of the musculature. Inability to actively extend the knee
are approximately 12 degrees for males and 15

degrees for females. An increase in the Q angle may result from rupture of the quadriceps tendon or

is a predisposing factor in anterior knee pain quadriceps weakness, patella fractures, rupture of the
and lateral dislocation of the patella. patellar ligament, or avulsion of the tibial tubercle.

Note any loss of tone in the anterior and posterior tib-
ial muscles and again measure if appropriate at specific
recorded distances below the patella.

Patellar tap

Patellar tap is a simple test to determine the presence of
an effusion at the knee joint. It is performed with the
patient supine. Any excess fluid is squeezed out of the
suprapatellar pouch by sliding the index finger and
thumb from 15 ¢cm above the knee to the level of the
upper border of the patella (Figure 2.50). Then place
the tips of the thumb and three fingers of the free hand
squarely on the patella and jerk it quickly downwards.

= A ‘dick’ sound indicates the presence of effusion. The
test will, however, be negative if the effusion is gross
and tense, such as with a haemarthrosis of the knee
(blood within the joint) following an anterior cruciate
rupture.

tFigure 2.49 iring the Q angle.
Fluid displacement test

This is performed as above, by squeezing excess fluid
Bruising may suggest trauma to superficial tissues or oyt of the suprapatellar pouch and then stroking the
ligaments. Redness of the skin suggests an underlying  medial side of the knee joint to displace any excess fluid
inflammation. Palpate the temperature around the  p the main joint cavity to the lateral side of the joint.
knee joint with the back of the hand: heat is indicative  Repeat this procedure by stroking the lateral side of the
of an underlying inflammatory disorder.
Observe scar tissue that may be indicative of pre-
vious surgery or trauma.

! O
Effusions

L An effusion (swelling confined within
the joint capsule) will appear to obliter-
ate the natural hollows at the sides of
the patella. The synovial membrane of the knee
is expansive, and extends the width of 34 fin-
gers above the superior aspect of the patella.

Loss of muscle bulk

Observe loss of bulk in the quadriceps muscles, partic-
ularly in the vastus medialis which atrophies earlier

Figure 2.50 lar tap test.
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joint. Any excess fluid will be seen to move across the
joint and distend the medial side of the knee.

Tenderness at the knee (tibiofemoral
joint)
Identify the joint line clearly by flexing the knee and

observing for hollows at the sides of the patella
ligament — these lie over the joint line.

1. Tenderness at the joint line is common in meniscal
and fat pad injuries.

2. Tenderness along the line of the collateral ligaments
of the knee joint is common at the site of a lesion
following a tear, particularly at the upper and lower
attachments and at the ligament’s midpoint.
Associated bruising and oedema may also be a
feature of acute injuries.

3. Tenderness at the tibial tubercle — in children and
adolescents, tenderness and hypertrophy of the
tibial tubercle prominence — is associated with
Osgood Schlatter’s disease. Tenderness is also found
following acute avulsion injuries of the patella liga-
ment and its tibial attachment.

4. Tenderness and swelling in the popliteal fossa may
indicate the presence of a Baker’s cyst. This condi-
tion is associated with degenerative changes or
rheumatoid arthritis involving the knee joint.

5. Tenderness at the adductor tubercle may indicate
strain in the adductor magnus muscle.

6. Femoral condyle tenderness may indicate the
presence of osteochondritis dessicans.

Patellofemoral joint assessment

A knee assessment should include assessment of both
the tibiofemoral and patellofemoral joint. Observe the
position of the patella and compare both sides.

o Determination of a high or small patella (patella
alta) is made by calculating the ratio of the length of
the patellar tendon to the longest diagonal length of
the patella. The normal value for this ratio is 1.02
plus or minus 20% (Simmons and Cameron 1992).
Patella alta is a predisposing factor in anterior knee
pain and recurrent dislocation of the patella.

¢ Observe any tilting, lateral glide and rotation of the
patella during a quadriceps contraction. Compare
this with the other side.

e McConnell (1996) described a ‘critical test’ for the
patellofemoral joint. Resisted inner-range quadri-
ceps contraction is performed with the patient sit-
ting at various degrees of knee flexion to determine
whether this reproduces the patient’s symptoms.
Compare both sides (Figure 2.51).

Figure 2.51 ‘test for patellofemoral pain.

use of the different contact
against the femoral condyles
f knee flexion.

¢ The McConnell critical test may be repeated with
the patella taped in the corrected position. This will
determine whether the taping is effective and should
be incorporated into the treatment programme.
Taping is believed to enhance activation and earlier
timing of vastus medialis in quadriceps contractions
and thus restore patellar tracking to normal.

e Observe any excessive pronation of the feet which
may increase the Q angle (Figure 2.49).

e Test for tightness in the following structures: lateral
retinaculum, iliotibial band, hamstrings and calves.
Tightness of the above structures will increase dor-
siflexion, and therefore pronation of the foot and
ankle during the gait cycle. All of this will increase
the Q angle (Olerud and Berg 1984).

e Perform passive accessory movements to test the
mobility and pain response of the patella in all
directions. Observe pain, laxity, or muscle spasm.

o Perform Clarke’s test. The patient is asked to con-
tract the quadriceps whilst the patella is pressed
firmly down against the femur. Pain is produced in
conditions such as chondromalacia or osteoarthritis
affecting the patellofemoral joint.

Movements

Active movements

The patient is in half lying. Measure the active range of
flexion and extension on each leg. The normal range of
movement at the knee joint is approximately minus 5
degrees to 135 degrees of flexion. Note limitations of pain,



stiffness or spasm. Overpressure the movement if full
active movement is pain-free.

The axis of the goniometer should be positioned
over the lateral femoral condyle. The static arm should
be parallel with the long axis of the femur towards the
greater trochanter. The dynamic arm should be posi-
tioned parallel to the long axis of the fibula and lateral
malleolus (Figure 2.52). Hyperextension is present if
the knee extends beyond 0 degrees (i.e. when the tibia
and femur are in line).

Failure to hyperextend or lock out the knee fully
may be a sign of a meniscal tear, which is blocking the
movement of the joint. Moreover, a springy end-feel
may be indicative of a bucket-handle tear of the menis-
cus. A rigid block to extension is common in arthritic
conditions effecting the knee.

Passive movements

Check the range of extension and flexion passively. If
there is a difference in active and passive range deter-
mine reasons for this.

Valgus stress test (medial collateral
ligament of the knee)

With the patient supine, the physiotherapist applies a
valgus force to the knee joint (i.e. the femur is pushed
medially, and the leg pulled laterally) whilst the joint is
held in extension (Figure 2.53a). A positive sign is
observed as excessive opening up on the medial side of
the joint. With the knee held in extension, a positive
sign suggests major ligamentous injury involving the
medial collateral, posterior cruciate and potentially the
anterior cruciate. The test is performed again with the
knee in 20-30 degrees of flexion.

Figure 2.52

flexion using a 360-

(b)

Figure 2.53

: (a) valgus; (b) varus.

Varus stress test (lateral collateral
ligament of the knee)

With the patient supine, the physiotherapist applies a
varus force to the knee joint (i.e. the femur is pushed
laterally, and the leg pulled medially) whilst the joint is
held in extension (Figure 2.53b). A positive sign is
observed as excessive opening up on the lateral side of
the joint. As with the valgus stress test, with the knee
held in extension a positive sign suggests major liga-
mentous injury involving the lateral collateral, poste-
rior cruciate and potentially the anterior cruciate. The
test is performed again with the knee in 20-30 degrees
of flexion.

Anterior draw test (anterior cruciate
ligament)

With the patient crook lying, the physiotherapist sits
on the patient’s foot to stabilise the leg and grasps
around the proximal tibia and tibial tuberosity and
pulls the tibia forwards (Figure 2.54a). A positive sign
is elicited by excessive translation of the tibia anteriorly
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(b)

Flgure Draw tests: (a) anterior; (b) posterior.

(the normal translation is approximately 6 mm).
Translation of 15 mm confirms rupture. Compare this
with the other side. This test also stresses the posterior
joint capsule, the medial collateral ligament and the ili-
otibial band (Magee 1992).

[_O'

Rupture of the anterior cruciate
ligament
Figure 2.55 illustrates the positive PA

draw following rupture of the ACL.

posterior oblique ligament and anterior cruciate
ligament (Magee 1992).

Sag sign
A ‘sag sign' is observed with the
patient in crook-lying, whereby the

Posterior draw test (posterior cruciate
ligament)

With the patient crook lying, the physiotherapist sits
on the patient’s foot to stabilise the leg and grasps
around the anterior aspect of the proximal tibia, and
pushes the tibia backwards (Figure 2.54b). A positive
sign is elicited by excessive translation of the tibia
posteriorly. Compare this with the other side. This
test also stresses the arcuate-popliteus complex,

tibia is posteriorly displaced in relation
to the femur. {Posterior displacement may give
the false impression that the patient has a rup-
ture of the anterior cruciate ligament since
when an anterior draw test is performed a con-
siderable amount of movement is noted. This is
due to the tibia returning to its normal position
however.

Lachman’s test (modified anterior
draw test)

The patient is supine with the knee resting over the
physiotherapist’s thigh at around 20-30 degrees of flex-
ion (Figure 2.56). The physiotherapist grasps around
the medial proximal aspect of the tibia with the right
hand. The lateral aspect of the patient’s femur is sta-
bilised by the therapists left hand. Anterior and poste-
rior translation of the tibia is produced by the
physiotherapist’s right hand. This tests the anterior
cruciate, the posterior oblique ligament and the arcu-
ate-popliteus complex (Magee 1992). The Lachman
test has been shown to be sensitive for the diagnosis of
anterior cruciate injury (Kim and Kim 1995).

The pivot shift test

This is a test for anterolateral instability of the knee
joint. With the foot in medial rotation and the knee in
30 degrees of flexion, a valgus stress is applied to the
knee whilst simultaneously extending it. A ‘clunk’ indi-
cates a positive test and suggests anterior cruciate liga-
ment pathology (McRae 1999).

O

Key point

Peripheral tears of the menisci can now

be sutured arthroscopically. Many

authorities believe that McMurray’s
tests described below may be of limited value
(Evans et al. 1993).

McMurray’s medial and lateral
meniscus tests

The physiotherapist palpates the medial aspect of the
joint line, and passively flexes and then laterally rotates
the tibia, so that the posterior part of the medial



Figure 2.55

meniscus is rotated with the tibia. The joint is then
moved back from a fully flexed position to 90 degrees
of flexion, to test for the posterior part of the meniscus.
A positive test occurs if pain is elicited, or a snap or
click of the joint will occur if the meniscus is torn. The
test is then repeated for the lateral meniscus by medi-
ally rotating the tibia.

Note that the examiner may be able to detect click-
ing or snapping sounds when performing this test,
since there are various structures in the knee joint that
can produce these signs. It is thus easy for this test to
produce a false positive result (Palmer and Epler 1998).

Apley’s compression/distraction test
(for differentiation between meniscus
and ligament)

The patient is prone with the knee flexed at right-
angles. The physiotherapist medially and laterally
rotates the tibia whilst applying a distraction force
through the knee joint. The test is repeated by applying
a compressive force through the knee joint. If the
patient’s symptoms are worse on compression then the
symptoms are likely to be arising from a meniscal

Figure 2.56
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g rupture of the ACL.

injury. Conversely, if they are worse on distraction then
they are likely to be arising from a ligamentous injury.

Proprioception

Proprioception is tested with the patient standing on
the unaffected leg and then on the affected leg whilst
maintaining balance. Progressive adaptations may
include standing on one leg with the eyes closed, stand-
ing on a wobble board, catching and throwing a ball
etc.

Accessory movements
Patellofemoral joint

s Medial, lateral, cephalad and caudad glides.
e Medial and lateral rotation.
¢ Compression and distraction.

Superior tibiofibular joint

e Anteroposterior and posteroanterior glides.
¢ Compression.

Tibiofemoral joint

e Anteroposterior and posteroanterior glides.
¢ Medial and transverse glides.

Quadrant tests

These are performed on non-irritable knees when
plane movements are pain-free.

flexion/adduction quadrant
flexion/abduction quadrant
extension/adduction quadrant
extension/abduction quadrant.

Following the objective assessment record your find-
ings clearly and asterisk objective markers.
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; . Key point
' The patient should be suitably un-
dressed to view the legs, ankles and
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Test Yourself
Match these five scenarios to the likely pathology:

1. The knee is stiff and painful for about half an hour
in the morning, aches at the end of the day, and has
been like that for a long time.

2. The knee locks and has to be jiggled around to
unlock it.

3. Since a tackle last week the knee keeps giving way
and becomes very swollen.

4. The knee is very red and swollen. The person also
feels feverish and generally unwell.

5. When the person walks downstairs he feels pain
behind his kneecap.

6. There is pain on the inside of the knee and it hurts
doing sideways movements.

Answers
(1) Osteoarthritis. (2) Torn meniscus. (3) Ruptured
anterior cruciate. (4) Infective arthritis. (5)

Chondromalacia patella. (6) Torn medial collateral lig-
ament,

THE ANKLE AND FOOT

O

-

-

XTI

L S

‘ " feet.

Gait

Observe the patient’s gait both barefoot and with
shoes. Ask the patient to walk backwards and forwards.
Assess the normal heel to toe pattern and stride length,
rhythm, the posture of the longitudinal arch and
weight-bearing on both feet. Note any pain, stiffness
and weakness. Inspect the patient’s footwear for areas
of uneven or greatest wear.

Foot and Ankle Examination

Pulses (leg circulation)

Palpate the posterior tibial and dorsalis pedis pulses, to
establish the state of the distal circulation. Circulation
is often poor in patients suffering from peripheral vas-
cular disease or diabetes. Compare both sides.

Oedema

Note any oedema, suggesting a systemic rather than a
local cause for the patient’s symptoms. This may
indicate heart failure or excessive water retention.
Bruising is suggestive of muscle or ligament injury.
This is commonly situated on the lateral aspect of the
foot beneath the lateral malleolus, following lateral
ligament tears.

General Condition

Note the skin texture, colour and nail condition, which
identifies the state of the peripheral circulation.

Temperature

Feel for any increase in temperature around the joint
and compare with the opposite foot. A foot with
impaired arterial circulation is colder than normal
and may appear cyanosed (blue); conversely a warm
foot may be indicative of an inflammatory response,
for example following an injury or associated with
conditions such as rheumatoid arthritis.

Tenderness

o Tenderness localised over and just proximal to the
malleoli often occurs following a fracture.

e Tenderness and pain in the area distal and inferior
to the lateral ligaments is common following inver-
sion sprains. The anterior talofibular ligament
(ATF) is the most commonly injured since the liga-
ment is most often torn in the combined position of
inversion and plantarflexion. This is the loose
packed position and one in which the anterior band
of the lateral ligament is particularly placed on
stretch.

e Tenderness along the line of the long flexor tendons
and/or the peroneal tendons may indicate the
presence of tenosynovitis. This may be accompanied
by local thickening.

o Tenderness at the articular surface of the talus is
common in osteoarthritic conditions.

¢ Tenderness at the heel is found in conditions such as
calcaneal exostosis (bony spurs), tendocalcaneal
bursitis and plantar fasciitis.

o Diffuse tenderness under the metatarsal heads may
be a sign of Morton’s neuroma. This is a condition
characterised by inflammation and pain around 3rd
and 4th digital nerves. Pain is reproduced on
squeezing the medial and lateral sides of the forefoot
together.

o Diffuse tenderness and swelling on both the plantar
and dorsal surfaces of the forefoot is a common
finding in rheumatoid arthritis.



¢ Tenderness on the mid posterior aspect of the calca-
neus may be a sign of a calcaneus bursitis.

e Tenderness along the Achilles tendon may be a sign
of a sprain or tendonitis in the Achilles tendon.

Alignments

Observe the posture of the heel relative to the leg. The
heel and lower leg should be parallel and the calcaneus
should rest squarely on the ground. Note any postural
misalignment such as excessive supination or pro-
nation.

O

Foot pronation and supination

A pronated foot has the appearance of

rolling in on the medial side with

bulging of the navicular bone medially.
Additionally, the longitudinal arch appears flat-
tened. A supinated foot has the appearance of
rolling outwards with the inner border raised.

Excessive pronation may cause posteromedial shin
splints, plantar fasciitis, hallux valgus or Achilles ten-
donitis. Excessive supination may cause anterolateral shin
splints, dropped first ray (metatarsal) or plantar fasciitis.

Note whether the heel is inverted or everted.
Posteriorly the Achilles tendon and the calcaneus
should be vertically aligned. Calcaneal varus is observed
as the calcaneus being inverted relative to the leg; cal-
caneal valgus is observed if the calcaneus is everted rel-
ative to the leg.

Is the foot splayed or flattened? This may be due to
weakness of the intrinsic muscles and subsequent flat-

Figure 2.57
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tening of the longitudinal arch. Observe the posture of
the medial arch and assess its height in comparison
with the other.

Note any wastage of the calf musculature. Compare
both sides. Measure the circumference of the leg with
a tape measure at specified points below the patella.

The leg and hindfoot

With the patient prone, the physiotherapist bisects the
calcaneus by drawing a vertical line through the poste-
rior aspect of the calcaneus, then bisects the lower leg
by drawing a vertical line on the posterior aspect of the
lower third, and places the subtalar joint in a neutral
position. If the lines are parallel there is correct align-
ment of the leg and hindfoot (Figure 2.57a). Rear foot
varus is observed as the calcaneus appearing to invert
relative to the leg (Figure 2.57b); rear foot valgus is
observed as the calcaneus appearing to evert relative to
the leg.

The hindfoot and forefoot

As above, observe the position of the whole foot.
Correct alignment is observed if the hindfoot and fore-
foot are in line and perpendicular to the floor. Forefoot
varus is observed if the first toe is superior to the lateral
toes. Forefoot valgus is observed if the fifth toe is
superior to the medial toes.

O

Key point

Complex foot misalignments
require referral to a podiatrist.

may

::(a} calcaneal varus); (b) normal.
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The toes
Look for:

o clawing (hyperextension of the metatarsophalangeal
joints and flexion of the other phalanges)

e mallet toe (flexion of the distal interphalangeal
joints)

e hammer toe (hyperextension of the metatarsopha-
langeal and flexion of the proximal interphalangeal
joints)

¢ hallux valgus (lateral deviation of the first interpha-
langeal joint)

e hallux rigidus (stiffness of the first interphalangeal
joint).

Functional activities

Assess the patient’s ability to stand on heels, toes and the
inner and outer borders of the feet. Test the patient’s
proprioception. This may be performed with the
patient standing on one leg or on a wobble board, with
the eyes open and then closed. To make this more diffi-
cult the patient can catch and throw a ball whilst trying
to maintain balance. Balance on the unaffected leg is
assessed and then compared with the affected side. Also,
when appropriate, test the patient’s ability to hop, squat
and jump, noting any stiffness or pain response.

Movements

Active movements
Ankle joint

The patient is in supine or sitting. Measure plantar and
dorsiflexion. Movement occurring at the tarsal joints is
easily mistaken for movement at the ankle, and vice
versa. Note pain or stiffness compared with the other
side. Overpressure the movement if it is full range and
pain-free.

The axis of the goniometer is placed 15 mm inferior
to the lateral malleolus. The static arm should be paral-
lel to the fibula. The dynamic arm should be parallel to
the long axis of the fifth metatarsal (Figure 2.58).

e Normal range of plantarflexion is approximately
50-55 degrees.

e Normal range of dorsiflexion is approximately
10-15 degrees.

Note that the knee needs to be in slight flexion if full
dorsiflexion is to be achieved. This takes the stretch off
gastrocnemius.

Subtalar and midtarsal joints

In the normal foot, 80% inversion and eversion occurs
at the subtalar joint. Most of the remainder occurs at

r(T

& &

surement of ankle plantarflexion/

the midtarsal joints, with a little at the tarsometatarsal
joints. Determine the range by percentage of the abnor-
mal to the normal. Test:

¢ combined inversion and adduction (supination)
e combined eversion and abduction (pronation).

Inversion and eversion

Inversion is the movement whereby the
soles of the feet face inwards towards

one another. Eversion is the movement
whereby they face outwards.

Toe movements

Observe flexion and extension at all the toes and com-
pare with the opposite side.

Passive movements

All the movements measured actively can be measured
and tested passively. Note any difference between active
and passive ranges and identify possible reasons for
discrepancies.

Muscle strength

The dorsiflexors, plantarflexors, invertors and evertors
are tested by isometric and isotonic resisted move-
ments. Assess any weakness or pain elicited at any part
of the range.

Ligament tests

Lateral ligament stress test. The patient lies supine and
the physiotherapist grasps the heel and passively invert
the foot, feeling for any opening at the lateral side of
the foot (Figure 2.59). A positive test may reveal
increased inversion movement, a sulcus dimple on the
lateral side of the foot, or a pain response.
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ersion of the plantarflexed
or talofibular ligament.

To differentiate between the three bands of the
lateral ligaments, the test should be performed in:

e plantarflexion and inversion to strain the anterior
band

e inversion only to strain the calcaneofibular band

e a combination of dorsiflexion and inversion to
strain the posterior band.

Medial ligament stress test. The patient lies supine and
the physiotherapist grasps the heel and passively everts
the foot. A positive test may reveal increased movement
of eversion compared with the other side and/or may
elicit a pain response.

Anterior draw test at the ankle. This detects the integrity
and stability of the anterior talofibular and calcane-
ofibular components of the lateral ankle ligaments. The
patient lies supine. The physiotherapist stabilises the
distal leg, grasps around the talus and pulls it forwards.
A positive test reveals an anterior displacement of the
talus in the mortise of the lower end of the tibia and
fibula and suggests major lateral ligament disruption.
Observe for laxity, an audible ‘clunk], or the presence of
a lateral suction dimple.

Accessory movements (Maitland 2001)
Inferior tibiofibular joint

Perform posteroanterior and anteroposterior glides
(Figure 2.60).

Ankle joint
Perform:
® posteroanterior and anteroposterior glides

¢ longitudinal movement cephalad and caudad
e medial and lateral rotation.

at the inferior tibiofibular

Subtalar joint

Perform medial and lateral glides.

Metatarsophalangeal and
interphalangeal joints

Perform:

e posteroanterior and anteroposterior glides
e rotations and distractions.

Thompson’s squeeze test

This tests the integrity of the gastrocnemius/soleus
Achilles tendon complex. With the patient prone, the
physiotherapist squeezes the calf firmly just distal to its
maximum circumference (Figure 2.61). If the tendon is
intact, the foot will plantarflex. A positive test will
occur if the tendon or muscle is ruptured and the ankle
will not plantarflex. A palpable gap in the tendon or
muscle belly may sometimes be observed if the tendon
is ruptured. Following on from the objective assess-
ment write up your findings clearly and asterisk an
objective marker.

Test Yourself
Match these five scenarios to the likely pathology:

1. One ankle keeps giving way and feels unstable.
There is poor proprioception on one leg.

2. There is pain in the plantar aspect of the heel on
weight-bearing, or toe extension.

3. There is pain under the medial malleolus, increasing
on resisted inversion.

4. There is longstanding, insidious pain and stiffness in
the ankle, increasing on weight-bearing.
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)son’s test of the right calf.
xion of the ankle suggests an
ndon.

Figure 2.

5. The patient has a history of an inversion strain com-
bined with swelling and bruising under the lateral
malleolus.

Answers

(1) Lengthened lateral ligaments. (2) Plantar fasciitis.
(3) Tendonitis of tibialis posterior. (4) Osteoarthritis of
the ankle. (5) Lateral ligament sprain.
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This chapter looks at some basic facts and concepts
about fractures but should not be seen as a definitive
guide to fracture management. Suggested further read-
ing is included at the end of the chapter.

DEFINITION AND CLASSIFICATIONS

o))
Definition of a fracture

| A fracture is an interruption in the con-
| N tinuity of bone. The terms fracture and
break mean the same thing in medicine.

‘T The symbol # (hash) represents a fracture.

Classification of Fractures

Fractures may be open or closed (Figure 3.1). With
closed fractures there is no communication between
the fracture and the outside environment; with open
fractures there is such a communication. An open frac-
ture is the same as a compound fracture.

Open types of fracture occur when the bone end or
some other object has pierced the skin. These fractures
are an additional cause for concern because of the pos-
sibility of the introduction of micro-organisms leading
to bone infection (osteomyelitis).

Twisting injuries commonly give rise to spiral frac-
tures (Figure 3.2). A direct blow could give a transverse

(@) (b)

Closed fracture. (b) Open or com-
(Adapted from Dandy and
with permission.)

or oblique fracture depending on the angle of the force
and whether the limb is fixed or moving at the time of
the trauma. Longitudinal forces tend to result in com-
pression or crush fractures. In some cases there are a
number of fragments of bone and this is termed a
‘comminuted’ fracture (not to be confused with ‘com-
pound’). Loose fragments of bone are known as ‘but-
terfly fragments’.

The type of fracture sustained may also relate to age
or disease. In young children the bones are still
relatively malleable and so fractures are more likely to
present as an incomplete fracture — a greenstick frac-
ture. The analogy is attempting to break a green twig,
which will bend and split but not snap. The elderly
often have decreased bone mineral density (osteoporo-
sis) and fractures may occur with relatively little force
applied.

Although it is helpful to categorise common frac-
ture types and mechanisms, any bone may break in a
variety of ways, so no two fractures will be exactly alike.

THE CAUSES OF FRACTURES

Trauma

Most fractures are due to some form of injury. This
might be a direct blow, a fall from a height, or a weight
falling onto a part of the body. Other fractures may be
caused by indirect trauma such as falling on an out-
stretched hand, leading to the transmission of force up
the arm causing a fracture of the clavicle. Twisting
forces may result in fractures of the tibia and fibula, for
example during soccer or skiing when the weight of the
body rotates on a fixed foot. Stress or fatigue fractures
are caused by repeated minor trauma, which can occur
after walking or running long distances, and often
affect the foot metatarsals. These are commonly seen in
athletes.

Pathological Fractures

These occur as the result of a disease that affects the
composition of the bone itself, making it liable to frac-
ture as the result of a relatively trivial injury. There are
a number of such diseases but those most commonly
seen clinically are osteoporosis, Paget’s disease,
carcinoma, osteomyelitis, or osteogenesis imperfecta
(brittle bone disease).

CLINICAL FEATURES OF FRACTURES

Clinical features vary depending on the cause and
nature of the injury, and range from unconsciousness,
to the patient being able to use the limb although com-
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Figure 3.2

plaining of pain - such as following fatigue fractures
and some impacted or crack fractures. It is a myth that
a person with a broken bone will not be able to move
the limb, although that is of course sometimes the case.
Some will have their fracture diagnosed only days or
weeks after the event; for example fracture of the
scaphoid bone is often not detected upon initial X-ray
and can be misdiagnosed as wrist sprain. The clinical
features of fractures are summarised below.

Pain

This may be immediate from the local inflammatory
reaction and trauma, but the cause may not be obvious
in some cases. There will be marked tenderness around
the site of the fracture. Once reduced, a fracture is
remarkably painless.

Deformity

This is noticeable when there is displacement of the
bone fragments. Some fractures exhibit classical defor-
mities — for example the ‘dinner fork’ deformity which
occurs following a Colles fracture of the distal radius,
caused by displacement of the distal fragment.

&

a
(h) ()

; (c) oblique; (d) compression; (e) comminuted; (f) green-

Oedema

This is localised immediately after the injury and
becomes more extensive with time. It may be necessary
to apply a temporary cast or splint and then reapply the
plaster as soon as the swelling has subsided. Oedema
may be apparent below the level of the plaster and it is
often necessary to elevate the limb, exercise the fingers
or toes not encased in plaster and perform isometric
contractions of the muscles within the cast in an
attempt to encourage muscle pump activity (Sheriff
and Van Bibber 1998; Tschakovsky et al. 1996). Once
the plaster has been removed, atrophied muscles may
not provide an adequate muscle pump on the veins,
in which case swelling may reappear especially after
activity or non-elevation.

Muscle spasm

Muscle spasm is an attempt by the body to stop things
from moving. It often affects powerful muscle groups
such as the quadriceps and may cause displacement or
overriding of the bone ends. Traction may be needed to
counteract this.

Introducing Fractures
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Abnormal movement/crepitus

There may be grating between the broken ends of the
bone. Do not deliberately attempt to elicit this, though,
because that might result in further damage.

Loss of function

This may be complete following severe fractures but
some activity may be possible when the injury is less
severe, such as a stress, impacted or crack fractures.
Sometimes normal function can be regained very
quickly with appropriate assessment, advice and treat-
ment, whereas in other cases there are a number of
problems for which more intensive treatment may be
required. Modern orthopaedics is now geared towards
early mobilisation with minimal surgical trauma, and
physiotherapy needs to complement this.

Shock

Hypovolaemic shock is a possibility following
fractures. A fractured shaft of femur may haemorrhage
as much as 3 pints (1.7 L).

Limitation of joint movement

Joint mobility can be affected by many factors:
adhesion formation, pain, spasm, fear, mechanical
obstruction, or swelling. Movement may also be
limited because of weak muscles, in which case it will
be possible to move the joint passively through total
range. The physiotherapist’s role is to identify the cause
of the problem and to select the appropriate procedure
to alleviate or eliminate the cause of the loss of move-
ment - ‘the right tool for the right job. For example
there is little point in using accessory joint mobilisa-
tions if muscle spasm is the limiting factor, and a hot
pack would not be appropriate if there were a bony
block to movement. If the fracture involves the
articular surface of the joint this may also cause limita-
tion of movement and future cartilage degeneration.
For this reason certain fractures are now treated aggres-
sively with almost immediate movement (aggressive in
this context meaning soon, not rough!). For example a
patient with a fractured tibial plateau may be placed on
a CPM unit immediately to maintain synovial sweep
and joint nutrition. (CPM is discussed later in this
chapter.)

Muscle atrophy

There will be a loss of strength in disused muscle
groups. Assessment of each individual will dictate the
rehabilitation programme — there is no standard
‘recipe’ for the treatment of fractures. Any exercises
given to a person must be realistic, attainable, adapt-

able, functional and memorable since patients often
become confused about their exercises.

FRACTURE HEALING

Healing of Compact Bone

Bone has the incredible ability to replace itself with
new bone, not scar tissue. Healing starts within seconds
of a fracture being sustained and is still ongoing years
later — this makes ascribing a healing timescale difficult.
Wolff’s law states that bone responds to the stresses
that are imposed upon it by rearranging its internal
architecture to best withstand the stresses. In other
words bone is laid down where it is needed and
absorbed where it is not. It is important to understand
this concept when dealing with people who have sus-
tained fractures. Bone is a living tissue, not the brittle,
chalky specimens that students may be familiar with. It
is continually in a dynamic equilibrium of growth and
reabsorption. Figure 3.3 shows the process of fracture
healing in compact bone taken through five stages.

Haematoma

As a result of the tearing of blood vessels within sec-
onds of the injury, a haematoma forms at the fracture
site. Very small portions of bone immediately adjacent
to the fracture die, and are gradually absorbed.

Periosteal and endosteal proliferation

There is a proliferation of cells from the deep surface of
the periosteum adjacent to the fracture site. These cells
are precursors of the osteoblasts and form around each
fragment of bone. At the same time cells proliferate
from the endosteum in each fragment and this tissue
gradually forms a bridge between the bone ends.
During this stage the haematoma is gradually reab-
sorbed.

Callus formation

The proliferating cells mature as osteoblasts or in some
instances as chondroblasts. The chondroblasts form
cartilage and are found in varying amounts at a frac-
ture site. Osteoblasts lay down an intercellular matrix
of collagen and polysaccharide which then becomes
impregnated with calcium salts, forming the immature
bone called callus or woven bone. This is visible on X-
ray and gives evidence that healing is taking place.

Consolidation

Osteoblastic activity results in the change of primary
callus to bone, which has a lamellar structure, and at
the end of this stage union is complete. New bone
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ture healing: (a) haematoma; (b)
endosteal proliferation; (c) callus
nsolidation; (e) remodelling.

forms a thickened mass at the fracture site and obliter-
ates the medullary cavity. The amount of this new bone
varies for a number of reasons. It tends to be more
extensive if there has been a large haematoma or it has
been impossible to obtain exact apposition of the bone
fragments.

Remodelling

The lamellar structure is changed and the bone adapts
by strengthening along the lines of stress imposed upon
it. The surplus bone formed during healing is gradually
removed and eventually the bone structure appears

very similar to the original. In children, healing is usu-
ally very good and it is difficult to see the fracture site
on a radiograph. In adults there may be a permanent
area of thickening, which might be felt or seen, in a
superficial bone.

Healing of Cancellous Bone

This follows a different pattern from that described
above. As with compact bone, a haematoma will form,
but since there is no medullary cavity, the second stage
differs. Cancellous bone has a greater area of contact
between the fragments of bone, and penetration of the
bone-forming tissue is facilitated by the open arrange-
ment of trabeculae as it grows out from both frag-
ments. Osteogenic cells lay down intercellular matrix,
which calcifies to form woven bone. The process of
remodelling then continues to form the cancellous
bone.

When is a Fracture Healed?

One of the most common questions asked by patients
is ‘When will my fracture be healed?” Unfortunately the
answer to this question is not always straightforward
and depends upon many factors, including the type of
bone fractured, the type of fracture sustained, the age
of the person, the treatment undergone, and the nutri-
tional status of the person.

The current mainstay for evaluating when a fracture
is healed is still based upon a combination of clinical
judgement, X-ray evaluation and historical knowledge
on specific fracture behaviours. A fracture is considered
to be clinically healed based upon the combination of
physical findings and symptoms over time.

The following suggest complete healing:

e absence of pain on weight bearing, lifting or move-
ment

e 1o tenderness on palpation at the fracture site

blurring or disappearance of the fracture line on

X-ray

e full or near full functional ability (Hoppenfeld and
Urthy 1999).

Time for a Fracture to Unite

This depends on a number of factors.

e Type of bone. Cancellous bone heals more quickly
than compact bone. Healing of long bones depends
on their size so that bones of the upper limb unite
earlier (3—12 weeks) than do those of the lower limb
(12-18 weeks).

¢ Revascularisation of devitalised bone and soft tissues
adjacent to the fracture site.

Introducing Fractures
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¢ The mechanical environment of the fracture (Marsh
and Li 1999).

¢ Classification of the fracture. It is easier to obtain
good apposition of bone ends with some fractures
than with others. This may depend on the initial
position of the fragments before reduction and the
effect of muscle pull on the fragments.

e Blood supply. Adequate blood supply is essential for
normal healing to take place. Certain fractures can
be notoriously slow to heal (e.g. fractures of the
lower third of tibia). This part of the bone has a
poor blood supply due to the fact that under normal
circumstances it does not require one as there is
little muscle bulk here, therefore little demand
for nutrients and oxygen.

o Fixation. Adequate fixation prevents impairment of
the blood supply which may be caused by move-
ment of the fragments. It also maintains the reduc-
tion thus preventing deformity and consequent loss
of function. Interestingly if a fracture is rigidly
immobilised, the stimulus for callus to form is lost,
so a small amount of movement at a fracture site
actually encourages fracture healing.

e Age. Union of a fracture is quicker in children and
consolidation may occur at between 4 and 6 weeks.
Age mabkes little difference to union in adults unless
there is accompanying pathology.

¢ Certain drugs such as non-steroidal anti-inflamma-
tory drugs may interfere with fracture healing as
they have an impact upon the inflammatory
process.

e Smoking. There are increased rates of delayed union
and non-union in people who smoke who have
sustained open tibial fractures (Adams et al. 2001).

e Ultrasound. Recent work has suggested that low-
intensity ultrasound may accelerate fracture healing
(Azuma et al. 2001).

COMPLICATIONS OF FRACTURES

Critical blood disorders

Pulmonary embolism and deep vein thrombosis are two
possible complications of a fracture. Shock may be
caused by hypovolaemia or loss of blood. Femoral shaft
fractures may bleed as much as 3 pints (1.7 L) and
pelvic fractures may lose 6 pints (3.4 L). Clinical signs
of this are tachycardia (rapid heart rate), pallor from
reduced peripheral perfusion, hypoxia (decreased
oxygen saturation), confusion, and a state of semi-
consciousness.

Infection and tetanus are threats, especially following
open or compound fractures. Most people are now

immunised against tetanus or given booster tetanus
injections if they have a large open wound.
Osteomyelitis (bone infection) can be stubborn to
respond to treatment.

Fat embolism (ARDS - acute
respiratory distress syndrome)

If a person sustains multiple fractures of large bones, or
crushing injuries, or if large amounts of marrow
become exposed, there may be leakage of microscopic
fat globules into the circulatory system. These may
become trapped in the lungs. Symptoms include
respiratory distress, shortness of breath, drowsiness,
decrease in saturation of oxygen levels, and petechiae
(tiny haemorrhages which appear on the chest). ARDS
is potentially fatal.

Skin plaster sores

Reassure the patient that large amounts of dry flaky
skin following removal of plaster is normal. Reddened
areas or sores caused by plaster or splints must be
reported to the relevant team member.

Muscle damage and atrophy

Muscle fibres may be torn, crushed or ruptured as a
result of the injury and this will cause additional bleed-
ing and swelling. Tendons may be severed, particularly
in the case of open fractures, or sometimes there may
be a rupture following a fracture. Surgical intervention
is usually necessary to repair a rupture.

Compartment syndrome

If muscles become damaged or inflamed at the time of
injury, and intramuscular pressure builds up with no
means of release, death (necrosis) of the tissues from
ischaemia (lack of blood supply) may result. It is
defined as the condition in which high pressure within
a closed fascial sheath reduces capillary blood perfu-
sion below the level necessary for tissue viability.
Compartment syndrome is seen most commonly in the
anterior tibial muscles or forearm muscles.

Clinical signs of a limb with compartment syn-
drome are the five Ps:

Pale

Painful
Pulseless
Paraesthesiae
Paralysed.

Treatment revolves primarily around accurate diagno-
sis. Check colour, sensation and movement after any
injury or surgery, elevate and cool the limb. Surgical



decompression (fasciotomy) may be necessary as an
emergency procedure.

Avascular necrosis

Bone receives its blood supply by the soft-tissue struc-
tures attached to it or by intra-osseous vessels. In cer-
tain instances one part of the bone is very dependent
on the intra-osseous (within the bone) vessels for its
blood supply, and if this is interrupted because of a
fracture, avascular necrosis may occur (part of the frac-
tured bone may die). It can occur in fractures of the
neck of femur leading to avascular necrosis of the head,
and in fractures of the scaphoid bone where the proxi-
mal pole may be affected. This may be a cause of non-
union of the fracture and as the fragment usually
includes an articular surface it can lead to osteo-
arthritis.

Problems with union

Delayed union may occur if the gap between the bone
ends is too big, the blood supply is poor (lower one-
third of the tibia), the area is infected, or if internal
fixation is used (this sometimes removes the stimulus
for callus formation).

There may be distinct pathological changes and
radiological evidence of non-union. There appears to
be no callus formation and the fractured ends of bone
become dense and the outline clear-cut. The gap
between the bone fragments may be filled with fibrous
tissue and form a pseudo-arthrosis. The lower third of
the tibia has notoriously poor healing capabilities, even
occasionally in the young and healthy.

A fracture may heal in a less than perfect position —
malunion. Overlapping of the fragments could lead to
shortening and this would affect function. Angulation
or rotation of the fragments may impair function
because of the resulting altered biomechanics.

Growth disturbance

In younger people there may be growth disturbance if
the fracture includes the epiphysis (growth plate).

Sudeck’s atrophy/reflex sympathetic
dystrophy (RSD)/algodystrophy/causalgia

The term complex regional pain syndrome is now being
used to describe these pathological states. This is a
complication where the patient complains of severe
pain on movement, or at rest, out of proportion to the
initial injury. The limb is swollen. The skin appears
shiny and discoloured and feels cold; in extreme cases
this may lead to the limb becoming exquisitely tender
and discoloured. Osteoporosis and permanent contrac-
tures may follow.

Management is difficult. Sympathetic nerve blocks
and active physiotherapy management programmes are
often employed with varying degrees of success (Viel et
al. 1999). Vasodilator drugs such as guanethedine are
occasionally successful. It may also respond to nerve
blocks , local analgesia, TENS, and other local therapies
but recovery is slow and may take several months.
Fortunately this complication is comparatively rare.

Intra-articular fractures

Fractures involving the articular cartilage predispose
the joint to osteoarthrosis in the future (e.g. fractures
of the tibial plateau). This is due to the area of rough-
ness that inevitably results after a fracture, and also
because the immobilisation of the fracture results in
cartilage death (see below). For the latter reason, some
fractures are now treated aggressively by physiothera-
pists from an early stage.

Another problem with intra-articular fractures is
that, if callus is attempting to form within a joint
cavity, it is constantly being washed away by synovial
fluid — for example after a fractured neck of femur.

Visceral injuries

A fractured pelvis may damage the bladder or urethra.
A fractured rib may cause a pneumothorax. A skull
fracture may cause brain injury. These are just three
examples.

Adhesions

These may be within the joint (intra-articular) or
around the joint (peri-articular). Adhesions are the
price paid for immobilising a fracture. Intra-articular
adhesions may occur when the fracture extends into
the joint surface and there is a haemarthrosis or bleed-
ing within a joint cavity. If this is not absorbed, fibrous
adhesions may form within the synovial membrane.
Peri-articular adhesions may occur if oedema is not
reduced and is allowed to organise in the surrounding
tissues. This leads to adhesion formation between tis-
sues such as the capsule and ligaments and results in
joint stiffness, which is less of a problem now that new
techniques of fixation allowing early mobilisation have
been developed.

Capsular adhesions are common, for example in the
capsule of the shoulder joint which possesses depend-
ent folds on its inferior aspect to permit the huge range
of motion at this joint. These may stick together after
fracture or injury causing limitation of movement.

Injury to large vessels

If a large artery is occluded in such a position as to cut
off the blood supply to the limb, this may lead to

‘Three Introducing Fractures



Tidy’s Physiotherapy

gangrene; or if there is partial occlusion an ischaemic
contracture may develop. These injuries must be dealt
with as an emergency by the surgical team.

Thrombosis of veins may occur in the neighbour-
hood of the fracture. This presents as a sudden devel-
opment of a cramp-like pain in the part, by an increase
of swelling, and by marked tenderness along the line of
the vein. Anything that appears to be abnormal in the
circulatory system must be reported to the surgeon
immediately. Blood vessels may sustain damage; for
example, following supracondylar humeral fractures
the brachial artery may be damaged.

Nerve injury

Certain fractures (e.g. mid-shaft humerus) may lead to
radial nerve palsy; hence the importance of a
knowledge of functional anatomy when treating. If a
plaster is too tight it may cause nerve damage. The
common peroneal nerve is vulnerable to this if a plaster
cast is moulded too tightly around the fibular head,
resulting in foot drop as the tibialis anterior muscle is
affected and unable to perform its function of de-
celerating the foot upon heel strike, and permitting toe
clearance during the swing-through phase of gait.

PRINCIPLES OF FRACTURE
MANAGEMENT

Once a fracture has been diagnosed, the most suitable
treatment must be decided upon. This should be the
minimum possible intervention that will safely and
effectively provide the right environment for healing of
the fracture. Interestingly, nature has devised a system
by which a slight amount of movement at a fracture site
is useful in stimulating callus formation, and if a frac-
ture is plated or immobilised in such a way that practi-
cally eliminates motion between the bone ends, callus
will not form (Figure 3.4; Cornell and Lane 1992).
This is a common dilemma in orthopaedics. In the
same way that there is no recipe for the physiotherapy
treatment of a fracture, there is no single recipe for the

Hold the fracture
(play it safe but run a higher
risk of other problems)

surgical management of fractures. This ‘see-saw’ will be
referred to in the case study later in this chapter.

Reduction

Reduction means to realign into the normal position,
or as near to the normal anatomical position as possi-
ble (Figure 3.5). Reduction of a fracture may be either
open or closed. Closed reduction means that no surgical
intervention is used, the fracture being manipulated by
hand under local or general anaesthesia. Open reduc-
tion means that the area has been surgically opened and
reduced.

Reduction may not always be necessary even when
there is some displacement. For example, fractures of
the clavicle may heal with a bump which may be a
problem only in the cosmetic sense; function is the
most important end-point.

However, when there is poor alignment of the frag-
ments or the relative positions of the joints above and
below the fracture are lost as a result of angulation or
rotation of the bone ends, or if there is loss of leg
length, then accurate anatomical reduction is neces-
sary. X-rays are used to ascertain the exact position of
the fragments before and after reduction. Real-time X-
rays can now be taken using image intensifiers so that
the surgeon can more accurately reduce. Improvements
in CT and MRI scanning mean that complex fractures
can be studied in great detail preoperatively, which
assists the planning of surgery.

Immobilisation

The objectives of immobilising a fracture are:

e to maintain the reduction

e to provide the optimal healing environment for the
fracture

® to relieve pain.

In some fractures where there is no likelihood of dis-
placement, fixation may not be necessary, or minimal
fixation will suffice — for example neighbour strapping
for some finger fractures (Figure 3.6).

Move the fracture
(minimise complications/early
rehabilitation)

i

Figure 3.4
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Figure 3.5

Common methods of fracture
immobilisation

Plaster of Paris (PoP)

This is a plaster-impregnated bandage which can be
moulded to the part when wet, which sets in time. The
standard method of external splinting is still plaster of
Paris (Figure 3.7).

Synthetic materials are now used for splinting some
fractures because of their light weight, and waterproof
qualities. Custom-made lightweight thermoplastics can
be moulded to the limb and re-moulded if swelling or
atrophy cause changes in the limb contour. Some syn-
thetic casting materials, however, are less malleable and
cannot be moulded as effectively as plaster of Paris.
They can occasionally cause allergies.

strapping splint applied to
jed fingers to assist

r(T

(

Figure 3.7 immobilisation.

A plaster saw is needed to remove a cast. This special
tool has an oscillating blade that will cut through the
hard cast without damaging the skin.

The advantages and disadvantages of using PoP are
listed in Table 3.1.

Medical note

Medical advice should be sought if any
of the following occur to a limb that is

in plaster of Paris or similar splint:

¢ pale or blue coloration of the skin on the
injured part

s numbness, tingling, or throbbing of the
injured part

¢ inability to move the fingers or toes

s excessive pain in the injured part

* swelling, buiging, or puffiness around the
edges of the cast

» a foul smell from under the cast
if it becomes loose and slides around.

Functional bracing (cast bracing)

It has now been found unnecessary to fix some
fractures as rigidly as was thought necessary in the past,
and an example of this is cast bracing (functional brac-
ing). Functional braces have hinges to allow movement
(see the case study towards the end of the chapter —
Figure 3.24).

The soft tissues of the limb squeeze against the
inside of the brace and, in conjunction with the use of
a heel cup, permit weight to be taken through the sub-
stance of the brace. This has reduced many of the prob-
lems that were seen as a direct result of prolonged

Introducing Fractures
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Table 3.1 The advantages and disadvantages of PoP.

Advantages of PoP

Disadvantages of PoP

No surgery or its complications

No infection risk

Quick to apply

Rapid patient discharge

Cheap, relatively easy to apply with training

New lightweight casts are an alternative

Radio translucent (bones can be X-rayed

through the cast)

* May absorb fluids or bleeding. The extent of
bleeding can be traced on the cast itself and
monitored daily

¢ Can be moulded for several minutes before

hardening

¢ [t may not be possible to reduce the fracture
correctly or maintain reduction

¢ May require surgery at a later date

¢ Plaster needs removal/or windowing (removal
of a piece of the cast) to inspect the skin

¢ May need removal in case of increased

swelling or reapplication once swelling has

subsided

Smelly if it gets wet

Heavy

May crack

May rub the skin and cause sores

immobilisation. Another benefit of allowing move-
ment of joints, provided that it does not unduly stress
the fracture site, is that it may promote union by
improving the area’s blood supply.

Internal fixation

Surgical intervention by applying a plate and screws
to the fracture is known as open reduction and internal
fixation, often abbreviated to ORIF (Figure 3.8).

Advantages of ORIF

It permits a detailed inspection and accurate surgical
assessment of the site of injury and procedure to be
undertaken.

Disadvantages of ORIF

e Surgery inevitably causes additional trauma and
potential exposure to micro-organisms.

e It can convert a closed fracture into an open frac-
ture.

o Itrequires surgery with all its sequelae and potential
complications. Ironically, rigid fixation may remove
the stimulus for callus formation. The implants may
be removed 12-18 months in the future or if they
start to become a problem. For example, the screws
may become an irritant. In the young, they will be
removed, as whilst they are in, bone will not grow
and respond to stress normally, as some of the
stresses will be taken by the implants themselves.

Intramedullary (IM) nailing

Here a hollow metal rod is introduced at one end of a
long bone, travels down the medullary canal and may
be locked with screws distally and proximally (Figure
3.9). The proximal aspect of the nail is threaded and

this permits a tool to be threaded onto the nail at a later
date for its removal.

IM nailing for fractures of long bones has revolu-
tionised management of many fractures, which up

Fracture of the tibia/fibula fixed by
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paction of bone ends (dynamisation). It allows the
bone to once again take its normal stresses and strains
and adapt in accordance with Wolff’s law. The
endosteal proliferation which occurs as part of the nor-
mal fracture healing process may be lost with certain
types of internal fixation. Fractures of the shaft of tibia
and humerus may also be nailed in this way.

External fixation

Figure 3.10 shows fixation of a fractured tibia using an
external fixator. Pins or wires are driven into the frag-
ments and held by a piece of apparatus on the outside
of the body. Figure 3.11 shows an external fixator for a
comminuted intra-articular fracture of the distal
radius. Figure 3.12 shows an external fixator for an
unstable pelvic fracture.

The advantages and disadvantages of external
fixation are listed in Table 3.2.

Figure 3.9 . ary nailing.
llizarov method

until a few years ago would have been managed by pro- l The llizarov method of fracture fixation
longed bedrest. The trauma is less than with open tech- had its origins in Russia in the 1940s. It
niques and results in decreased hospital stay, more ~_ incorporates an axial system of wires or
rapid patient mobilisation, and rehabilitation with pins fitted through the bone and connected to

. . .. . . a circular ring. It has proved successful in cases
minimal risk of complications associated with immo- of non-union (Schwartsman et al. 1990). This
bility. The implant rather than the bone may take method also incorporates the principle of ‘dis-
stresses and strains and for this reason the surgeon may traction osteogenesis’, and can be used in the
choose to remove the locking screws at a later stage. {esmt';?tiqn of Lafgﬁ SkeIEtatl' defefcts,k :iTati

. . . . engthening, an e correction of skele
This permits the nail to move slightly and cause com- def%rmi tie sg(Fi gure 3.13).

(b)

Figure 3.10 ' ing'an external fixator. Pins or wires are driven into the frag-
1e outside of the body, as shown in the external view. Photo
Adam.
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n of a comminuted intra-articular
stal radius. Photo reproduced by
‘Ms Fiona Cobbold. ©

Skeletal traction

Figure 3.11
! O
Figure 3.14 shows an example of skeletal
traction. The pin shown is a Steinman pin.
This can be inserted through a bone and
a weight system attached to allow localised, effec-
tive traction. Common sites for this are the tibial
plateau or the calcaneum. Pin sites must be kept
clean and free of infection. These pins are usually
tolerated well and are not as painful as they
appear.

Traction

Traction is the application of a pulling force to a part
of the body, and it may be either a direct or an indi-
rect pull. Traction is less common on the orthopaedic
ward nowadays, although it still has its place. Uses
include:

e to restore bone or limb length if it has been reduced

by fracture or disease

to maintain correct limb length, and overcome
muscle spasm which may be the cause of limb
shortening after a fracture

to correct deformity in a joint

to reduce a dislocated joint

to immobilise a joint

to relieve pain preoperatively

to promote rest and healing postoperatively.

PHYSIOTHERAPY AND FRACTURES

General Issues

Before commencing any orthopaedic assessment, con-
sider the points in the accompanying box on page 83.

Most orthopaedic units have in place standardised
protocols and postoperative care plans for particular
surgical or orthopaedic interventions, and the student
must adhere to these. To say that orthopaedics is rou-
tine is, however, an oversimplification — nothing that
deals with the human body is routine. Providing the
best possible treatment to orthopaedic patients will
take many years of practice, reflection and fine-tuning
of clinical reasoning skills.

Do not let this dishearten you. Clinical reasoning is
not an abstract concept, it is often basic common sense

Table 3.2 Advantages and disadvantages of external fixation.

Advantages of external fixation

Disadvantages of external fixation

¢ Minimal disruption to the fracture site

Enables inspection of the wound and
fracture

Can be adjusted with minimal trauma
Can be used for limb lengthening
procedures

Can be used to pin multiple fragments
(e.g. comminuted fractures)

Allows preservation of tissues in open or
compound fractures, degloving injuries or
burns

Infection risk at pin sites

Needs meticulous wound care

Cosmetically ugly

Functional impairment (e.g. adjacent joints may be
restricted or soft tissues pierced by fixator)
Anaesthetic risk and its associated complications
Patient will need several days in hospital

Stresses taken by implant, so decreased stimulus for
callus formation

Heavy
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Statement

No two orthopaedic patients are alike

No two assessments are alike

No two treatment courses are alike. Patients
do not always do what the textbook says!

No single assessment can predict the outcome

of the problem

Consequence for the physiotherapist

Do not ask for a ‘treatment recipe’. Your approach
should be flexible and dynamic and will change as a
result of many factors

Learn the basic assessment framework but tailor your
assessment slightly to each individual

Keep an open mind, recognise when a treatment is
not working and change or modify it

Experienced physiotherapists are able to ‘assess as they
treat’. This means that the patient is continually
receiving the most appropriate attention and the
situation is dynamic. Treatment goals may need
modification and should not be totally inflexible

Figure 3.14

fixation for fractured

i_hman gin. This woman sus-
shaft of femur and, owing to

servatively.

and nobody expects you to get it right immediately. Your
knowledge will improve every time you assess a patient
and evolve with experience. Clinical reasoning will be
honed as you gain experience. In the early undergradu-
ate stages, you will need a framework to begin with,
rather like a route map. Each student will eventually lose
the map in their own time but by the time they have lost
the map it is no longer necessary anyway. With this in
mind the following section gives pointers about assess-
ing patients who have sustained fractures.

The problem-oriented medical record system
(POMR) is now the appropriate format to use. But
within this system, how physiotherapists assess frac-
tures depends very much on the time elapsed since the
fracture and the stage or rehabilitation at which they
are performing the assessment. For example, students
are often dismayed on their clinical placement to find
that they are unable to perform a complete assessment
of a patient who has just been put into plaster of Paris.
Their treatment plan may consist of:

1. Attain safe non-weight-bearing on elbow crutches.
2. Negotiate stairs safely.

3. Plan for safe discharge home.

4. Advise on isometric exercises.

There may be little else that can be done at this stage.
The points below therefore assume assessment of a
hypothetical patient who has just undergone removal
of plaster or discharge from the orthopaedic team.

Patient Assessment

An assessment is essential if you are to plan out a safe
and appropriate treatment. Assess a fracture like any
other condition, but be aware of any specific instruc-

surgery was not indicated. She tions or limitations. For example is the patient allowed

to fully or partially bear weight? Students often rush
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into collecting data; instead take time and think about
what you are doing. If you omit something, make a
note and remember to follow it up next time.

Previous medical history

Are there any warning signs or findings that might
affect your treatment options? For example a person
with internal fixation in place would not be considered
for certain electrotherapy treatments. Or a patient with
advanced osteoporosis would not be considered for
high-impact gym work.

Social history

Do not underestimate the importance of asking these
questions.

e Is the patient living alone?

e Does the person need to go up stairs?

e [s the person losing money through non-employ-
ment?

e What are the person’s hobbies?

e Does the person care for sick relatives?

e What does that person need to be able to do to be
‘normal™?

The most effective physiotherapists are able to listen to
what the patient tells them and incorporate this into the
treatment plan. Do not ask leading or multiple
questions, but keep your questioning on track and
relevant and do not lose sight of why you are there. Set
long- and short-term goals as you would with any other
patient, but be prepared to adapt them if necessary.

Setting Goals for Orthopaedic
Patients

Without goals we have nothing to measure our per-
formance against. This simple summary should help
you plan goals for patients. When you set goals for any
patient (orthopaedic or otherwise) the goals need to be
SMART:

Specific
Measurable
Achievable
Realistic
Timely

Typical examples of orthopaedic goals possessing all
the SMART characteristics are:

1. Goal — Mr X will be able to safely negotiate stairs,
partial weight bearing with two elbow crutches in 4
days time.

2. Goal — Mrs Y will have attained 50 degrees of active
knee flexion by 1 week from today.

3. Goal — Mrs Z will be able to transfer safely from bed
to chair within 2 days.

Test yourself

Each of these goals fails to achieve one or more of the
SMART criteria:

1. Mr X will be totally pain free within 1 day of sus-
taining his fractured femur, tibia and humerus.

2. Mr X will be able to walk in 8 months’ time.

. Mr X will be much better in 1 week.

4. Mr X will mobilise full weight-bearing on the
unstable fracture within 1 week.

5. Mr X will have more knee flexion within 1 week.

w

Answers

(1) Not realistic, it is extremely unlikely that Mr X will
be totally pain-free 1 day after three such major frac-
tures. (2) Not timely, the end-point of this goal is too
far in the future. (3) Not specific — what does ‘much
better’ mean? (4) Not achievable, the orthopaedic pro-
tocol does not permit this. (5) Not measurable and not
specific — what does ‘more’ mean?

The Problem-Oriented Medical
Record (POMR)

The POMR system is based on a data collection system
that incorporates the acronym SOAP.

e Subjective. Any information given to you by the
patient: allergies, past medical history, past surgical
history, family history, social history (living arrange-
ments, social conditions, employment, medication),
review of systems.

¢ Objective. All information obtained through obser-
vation or testing; e.g. range of joint movement,
muscle strength.

® Analysis. A listing of problems based on what you
know from a review of subjective and objective data.
For patients with multiple problems, number and
list each problem consecutively, with the most
important listed first.

e Plan. As the name implies this refers to the plan of
forthcoming treatment.

The Objective Assessment

Basic background information to
record

e Occupation
e Drug history



e X-rays/scans/other tests

¢ Family history

¢ Date of next clinic appointment
¢ Specific surgical instructions.

History of present condition

Include the date of onset, mode of onset, course, and
treatment to date. Note specific instructions, for exam-
ple partial weight-bearing for the next 3 weeks. If the
patient does not know his or her own postoperative
instructions, do not guess. Speak to the other team
members to establish treatment parameters.

Pain

It is not sufficient to ask merely whether or not the
patient has pain. Ask the person about the location,
type, duration and radiation of the pain. Is it related to
time of day or certain activities, and does it have allevi-
ating or aggravating factors? Visual analogue scales may
be used as an attempt to quantify pain (see Chapter 2).
Remember that dull aching of the fracture site may be
considered normal, especially after activity. This may
signify bone remodelling. Sharp pain of a prolonged
nature is more cause for concern — hence the need to
understand the physiology underlying healing.

Objective examination
See Table 3.3.

Muscle strength

This should be tested surrounding the affected area,
above and below the site of injury as necessary. Do not
forget that there may be wide-ranging weakness in
many muscle groups. For example, a person who has
had an arm immobilised in a collar and cuff for 2 weeks
after a Colles’ fracture may have significant rotator cuff
weakness through disuse atrophy. Remember that
when recovered, a muscle might need to act as agonist,
antagonist, synergist or fixator — you need to under-
stand the functional anatomy of the area.

Table 3.3 Objective examination.

Specific tests

These may be appropriate, such as leg length, observa-
tion of gait and posture. No test is irrelevant if it adds
to the substance of your assessment database. If it can
be objectively measured and is pertinent to your
patient then include it. Students often ‘go through the
motions’ of assessment and ask questions without
appreciating why they are asking them. It is valuable
therefore to continually ask yourself why are you doing
a musculoskeletal test and what does the result tell you?
If you are not sure why you are doing a particular test,
do not perform it until you have spoken to your super-
visor.

Think about your patient as a whole: what does the
person need to be able to do in order to return to full
function? Ask this important question appropriately
and it will reap dividends for the remainder of your
treatment sessions. Tailor your assessment to the indi-
vidual and tailor your treatment to what your assess-
ment is telling you. For example, if Beethoven had been
a patient of yours, how would you have assessed his
hand function? Ask relevant questions and find out
what the patient needs to be able to do. Do not assume
that the patient’s problems will be straightforward,
unchanging, or what the textbook stated! When the
assessment is complete, discuss it with the patient, col-
leagues if necessary — and obtain written consent to
treat.

Form a problem list. Keep it simple, but be objective
and be specific. Formulate short- and long-term goals;
for example, Mr Johnson will be fully weight-bearing
in 1 month with a normal gait.

General points

Think about how you will realistically progress your
treatment and how you will measure any progression
(e.g. grip strength, isokinetic machine, goniometry).
Work as part of the multi-disciplinary team (MDT)
and think about who else needs to have input into the
case — but at the same time do not forget your own role.
Be aware of potential complications, reassure and

Look Feel Move
Swelling Swelling Active first
Spasm Heat Then passive
Deformity Sensation Then overpressure (care - this
Bruising Tenderness on palpation may be inadvisable
Oedema Spasm depending upon the stage
Atrophy of fracture healing)
What is the quality and
amount of movement and
what is the end feel?
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encourage your patient — who is the most important
member of the MDT. Make the patient responsible for
his or her own recovery — a partner in fact. Home exer-
cises should be clear, practical and monitored. Reassess
progress as necessary. Are you attaining your goals? If
not, change or modify your goals or your treatment.
Before you discharge the patient remember that a nor-
mal limb needs:

full active movement

accessory movement

full strength

full function

anything else specific to that patient.

Does the patient need follow-up appointments or
domiciliary physiotherapy? The physiotherapist is a
member of the multi-disciplinary team. The member-
ship and relative roles of this team change according
to the nature of the injury and the stage of treatment
but the physiotherapist must liaise and work with the
other members throughout the rehabilitation period.
Initially if the patient is in hospital the members of
the team will include: the patient, medical staff,
nurses, occupational therapist, pharmacists, radiogra-
phers, district nurse, and corresponding domiciliary

staff.

COMMONLY ENCOUNTERED
FRACTURES AND SOME PRINCIPLES OF
MANAGEMENT

Fractures of the Upper Limb

Fractures of the clavicle and scapula

Scapular fractures are not particularly common and
usually occur as a result of direct trauma. The clavicle
often fractures following a fall on to the side or as a
result of a fall on an outstretched hand. The fracture is
usually in the middle or the junction of the outer and
middle thirds of the bone. The pull of sternocleido-
mastoid muscle can cause displacement.

These fractures are usually immobilised by a brace,
a sling, or a collar and cuff. Complications include a
restricted range of movement in the shoulder girdle or
shoulder joint since the two work together, and associ-
ated muscle weakness.

Fractures of the proximal humerus
These may be classified using the Neer classification:
e Group 1 — minimal displacement

o Group 2 — anatomical neck fracture with less than 1
cm displacement

¢ Group 3 — displaced or angulated surgical neck

e Group 4 — displaced fracture of greater tuberosity
e Group 5 — fractures of the lesser tuberosity

e Group 6 — fracture dislocations.

Fractures of the surgical neck of
humerus

These usually occur in elderly people as the result of a
fall on the outstretched hand. There may or may not be
displacement of the fragments, but in a large number of
cases the fragments are impacted. This means that one
bone fragment has been driven into the other, often sta-
bilising the fracture at the time of injury. Displaced
fractures, and particularly those occurring in the eld-
erly, are not usually reduced for a number of reasons:

¢ Lack of good alignment does not affect union.

¢ It is preferable to avoid surgery in the elderly unless
essential.

e FEarly movement is important to avoid a stiff
shoulder.

Fractures of the shaft of the humerus

These fractures usually occur in the middle third of
the bone and may be due to direct or indirect trauma.
Direct trauma may give rise to transverse or oblique
fractures and sometimes presents as a comminuted
fracture. Displacement may result due to muscle pull,
and if the fracture is below the insertion of deltoid the
upper fragment will be abducted. Indirect trauma
tends to give a rotational force resulting in a spiral
fracture.

In stable fractures the fixation can be minimal and
consist of a sling alone or with a posterior slab from
below the shoulder to the wrist with the elbow at 90°.
This allows the weight of the arm to maintain reduc-
tion. If the fracture needs sturdier fixation, IM nailing
is possible or a complete plaster from the shoulder to
the wrist or hand may be applied.

Because the fracture usually occurs in the middle
part of the shaft, the radial nerve may be affected as it
winds through the radial groove. Since the radial nerve
supplies the wrist and forearm extensor muscles, a
wrist drop may result. The injury may compress the
radial nerve and cause a neuropraxia, or if it is
stretched it may result in axonotmesis. Normally these
will recover spontaneously although an axonotmesis
will take longer as degeneration of the nerve has
occurred within the sheath. In an open fracture the
radial nerve may be severed resulting in a neurotmesis
and this will require surgical suturing.

Delayed union or non-union can be complications
but are not very common.



Fractures of the condyles of the
humerus

These fractures are common in children following a
fall. A supracondylar fracture is the most common type
(Figure 3.15). After reduction the arm may be immo-
bilised in one of the following ways depending on the
type of fracture:

e plaster with the elbow at approximately 90° or a
little more and extending from below the shoulder
down to the wrist or hand (the plaster should be cut
so that it is possible to feel the radial pulse at the
wrist)

¢ aposterior slab plus a collar and cuff

e acollar and cuff.

Some fractures of the condyles may extend on to the
articular surfaces and thereby cause additional prob-
lems. One of the most serious complications that can
occur is damage to the brachial artery, which could be
severed or contused owing to its close proximity to the
fracture site. Therefore circulation must be monitored.
Impairment of the circulation requires emergency
treatment as occlusion can lead to irreversible
ischaemic effects within a few hours. If the circulation
is not restored, Volkmann’s ischaemic contracture may
develop. This affects the flexor muscles of the forearm,
which are replaced by fibrous tissue which contracts
and produces flexion of the wrist and fingers. The skin
and nerves will also be affected by the diminished
blood supply.

Another problem following elbow fractures is post-
traumatic ossification — sometimes known as myositis
ossificans. If there is a severe injury, the periosteum
may be torn from the bone resulting in bleeding and
the formation of a haematoma. Osteoblasts invade this

Humerus

- Brachial
artery

Ulna

ondylar fracture of the

blood clot and new (ectopic) bone forms. This can also
occur as the result of forced extension of the elbow.
First indications that this is developing may be pain
and loss of movement. The elbow should be rested in a
sling or collar and cuff for about 3 weeks to allow the
haematoma to be absorbed. If this does not occur and
bone is formed it may be necessary to remove the bone
tissue surgically. If deformity develops at the elbow —
such as a cubitus valgus — this may cause a stretch on
the ulnar nerve, which may require surgical interven-
tion with a transposition of the nerve from the poste-
rior to the anterior aspect of the elbow. Fractures that
extend on to the articular surfaces and cause disruption
of the joint may cause a permanently stiff elbow, lead to
the development of osteoarthritis, or both.

Fractures of the radial head

Management of these ranges from no immobilisation
at all in undisplaced fractures, to screw fixation, exci-
sion or replacement arthroplasty.

With fractures of the radius and/or ulna, both bones
may be fractured as a result of direct or indirect
violence such as a fall on the outstretched hand. The
resulting displacement may be difficult to correct and
in some instances may require open reduction.
Accurate anatomical reduction is very important
because loss of the normal relationship between the
two bones may result in impairment of pronation and
supination — a very important component of hand
function. In children the damage may not be so severe
and they may sustain a greenstick fracture with minor
angulation which normally will heal without any com-
plications. Fracture of the ulna with radial head sub-
luxation is called a Monteggia fracture, while fracture of
the radius and subluxation of the lower end of ulna is
called a Galeazzi fracture.

Colles’ fractures of the distal radius are very com-
mon, particularly in the elderly, as a consequence of
osteoporosis. They are usually caused by a fall on the
outstretched hand. This may result in the typical din-
ner-fork deformity due to the backward (towards the
dorsum) displacement of the distal fragment (Figure
3.16).

After reduction the Colles wrist may be immo-
bilised with a complete plaster from just below the
elbow to the hand, ending just above the proximal
crease on the palm, or alternatively a plaster slab. The
position of the wrist and whether or not there is a
complete plaster will depend on the pattern of the dis-
placement. If there is gross swelling it may be neces-
sary to use a plaster back slab and then a complete
plaster when the swelling has reduced. Fixation is usu-
ally maintained for 4—6 weeks.
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: les’ (dinner-fork) fracture.

A less common fracture is the Smith’s fracture which
is similar to a Colles but with volar (towards the palm)
as opposed to dorsal displacement of the distal frag-
ment.

Fractures of the proximal radius are less common
and tend to occur in younger people following either a
direct blow or a fall on the outstretched hand which
causes a fracture through the head of the radius.
Fractures of the ulna alone are not as common as those
of the radius.

There are a number of complications that can occur
with fractures of the lower end of the radius, although
these are rare considering the numbers of fractures
dealt with in fracture clinics. Loss of shoulder move-
ment may occur as it could be injured when the per-
son falls, or be a consequence of wearing a sling or
collar and cuff. Rupture of the extensor pollicis longus
may be noted, occurring 4-8 weeks after the fracture.
A late complication can be that of Sudeck’s atrophy.
Median nerve neuritis can also be a complication if
displacement causes stretching or compression of the
nerve.

Fracture of the scaphoid

This fracture tends to occur in young adults as the
result of falls on the outstretched hand. It may be over-
looked either because the person considers it to be a
strain, or the fracture may not be visible on the initial
X-ray. Healing is often slow in this fracture and in some
instances there may be non-union. In the latter case the
arm is usually placed in a so-called ‘scaphoid plaster’ as
a precaution and X-rayed again after a couple of weeks.
If these fractures are accurately diagnosed within 1
week followed by plaster immobilisation, non-union
could be prevented (Roolker et al. 1999).

If the fracture occurs through the waist of the bone
the blood supply to the proximal part of the bone will
be impaired and avascular necrosis may develop. Long-
term complications include the development of
osteoarthrosis.

Fractures of the phalanges or
metacarpals

Accurate anatomical reduction and fixation is essential,
but it is also important to keep the period of immobil-
isation as short as possible if a good functional result is
to be obtained. The position of the fixation will vary
depending on which phalanx or phalanges are frac-
tured and on the subsequent stability of the reduced
fracture. This can be very important in relation to
regaining function of the hand, and the team has to
decide on the priorities in each case.

In certain unstable fractures internal fixation may
be the method of choice, but if external fixation is used
a rolled gauze bandage may be placed in the palm and
the finger placed over this with flexion at the metacar-
pophalangeal joint and as near extension as possible at
the interphalangeal joints. In stable fractures, a garter
or neighbour strap splint may be used which fixes the
injured finger to the adjacent finger and gives some
support while encouraging some movement.

Bennett’s fracture

This is a fracture dislocation affecting the carpometa-
carpal joint of the thumb.

Fractures of the Lower Limb

Fractures of the pelvis

The majority of pelvic fractures are caused by direct
violence, falls, or following crushing injuries. Shock
sustained by the patient at the time of the injury, or
from damage to the internal organs, may be a compli-
cations. Common fractures include pubic ramus frac-
tures (secondary to osteoporosis) which are managed
conservatively with analgesia and gradual mobilisation.
These fractures can be very painful as the hip adductors
have their origin in this area, so walking is understand-
ably painful.

The skill as a physiotherapist here is to gain the con-
fidence and respect of the patient and gradually
mobilise the person to recovery. It also highlights the
need for teamwork when co-ordinating analgesia with
mobilisation.

The pelvis may be thought of as a ring; like a ring it
will often break in two places at once. An isolated frac-
ture is not as a rule serious unless it is complicated by
damage to the internal organs. The same is true of dou-
ble or even multiple fractures provided that there is no
fracture or dislocation in the iliac segment. But if there
are two or more fractures or dislocations with at least
one in each segment, then the displacement may be
considerable. It is brought about both by the causative



force and by the pull of the muscles passing from the
spine to the pelvis or femur.

When the pelvic ring is severely disrupted then
rapid reduction and fixation is necessary. If it is possi-
ble to reduce the displacement manually then fixation
may be by means of a plaster spica, but otherwise
another method of external fixation may be used, by
placing pins through the iliac bones and fixed to a
transverse bar. Skeletal traction may be used for certain
pelvic fractures. Complications may include injuries to
the bladder or urethra and possibly to other tissues
within the pelvis.

Avulsion fractures occasionally occur in the pelvis at
the anterior iliac spines, more specifically at the attach-
ment of rectus femoris and sartorius. They are caused
by forcible contraction of the muscle, pulling off the tip
of the bone.

Fracture of the neck of femur

This is probably the most common and most significant
fracture in terms of morbidity, mortality and socio-eco-
nomic impact in developed countries (Reginster et al.
1999). Mortality after fracture is high: Schurch et al.
(1996) found that the 1-year death rate were as high as
23.8% following fractured neck of femur.

The following is Garden’s classification of femoral
neck fractures:

e Type 1 —inferior cortex is not completely broken.

e Type 2 — cortex is broken but there is no angulation.

e Type 3 — some displacement and rotation of the
femoral head.

e Type 4 — complete displacement.

In addition, femoral neck fracture is classified by its
location (Figure 3.17):

. subcapital

. transcervical

. basicervical

. intertrochanteric
. subtrochanteric.

U W N

Femoral neck fractures are extremely common in the
elderly, often following falls, and most orthopaedic
units will have a number of these fractures at any one
time. The bones architecture may have been so weak-
ened that patients state that they ‘heard a crack’ before
they hit the ground. In other words the fracture caused
the fall, not the fall the fracture. Osteoporosis is often
referred to as the silent epidemic as it may not present
any clinical signs until fracture. It is discussed else-
where in this textbook.

The resulting fracture is usually displaced with lateral
rotation of the femoral shaft so that the leg will be later-
ally rotated in comparison with the other limb.

cation of femoral neck fractures:
anscervical; (3) basicervical;
ric; (5) subtrochanteric.

Occasionally the fragments are impacted in slight
abduction and the patient may be able to get up and
walk after the injury. Displaced fractures will need oper-
ative fixation (Figure 3.18); the usual method is to excise
the head and perform replacement arthroplasty using
one of the metal prostheses available (e.g. Thompson’s
hemiarthroplasty — Figure 3.19). This is the method of
choice for displaced fractures because of the dangers of
avascular necrosis, and because of the benefits of early
mobilisation, which is so important in the frail.

An alternative method of fixation is a compression
screw plate called a ‘dynamic hip screw’ — so called
because it permits dynamic movement at the fracture
site which stimulates healing. Minimally displaced
(e.g. Garden type 1) fractures may be managed by
cannulated screw fixation.

Complications

The blood supply to the femoral head is predominantly
via a periarticular anastomosis (Palastanga et al. 1998).
Avascular necrosis (death of part of the bone owing to
lack of blood supply) can occur as the blood supply to
the head of the femur may be impaired following a
fractured neck of femur (Figure 3.20).

Fractures of the shaft of the femur

These fractures are usually the result of severe violence
and may occur at any part of the shaft, and may be of
any type — transverse, oblique, spiral — and may be
comminuted. Usually there is marked displacement
with overlap of the fragments, which could lead to limb
shortening if it is not corrected. Angulation may occur
depending on the injury and on powerful muscle
spasm pulling the fragment in the direction of the
attached muscles.
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Figure 3.18

For children under the age of 3 years ‘gallows’ trac-
tion may be used. A modern, more acceptable alterna-
tive to traction is the use of an intramedullary (IM)
nailing (Figure 3.9) which can be performed by the
closed technique. The nail is passed through the greater
trochanter and down the medullary canal of a long
bone and through the fracture site. This is preferable to
the previously favoured method of prolonged traction
or open reduction, as there is less risk of infection and
the complications of bedrest and immobility.

ck fractures. (Reproduced from Dandy and Edwards 1998,

If the fracture is an open fracture there is a risk of
infection. Delayed union or non-union is occasionally
a complication of this injury, as is malunion. If the
overlap of the fragments is not reduced or there is
redisplacement, this can occur with consequent short-
ening of the femur. When the fracture has been fixed
internally with an intramedullary nail, mobilisation
can occur more rapidly. The patient may be on bedrest
for 2-3 days but may be able to undertake active exer-
cises. This will depend on how satisfactorily the nail is
in maintaining reduction. Following this the patient
will start walking with partial weight bearing and
progress to full weight bearing once the surgeon is sat-
isfied that the reduction is satisfactory and that union
is progressing normally.

Fractures around the knee

These include fractures of the tibial condyles, the
patella and the femoral condyles.

Injury to the tibial condyles may comprise either a
comminuted compression or a depressed plateau frac-
ture. In the former, reduction is not usually attempted
and early mobilisation is encouraged. Depressed
plateau fractures require reduction to try to achieve an
anatomically correct articular surface. Constant passive
motion (CPM) may be used immediately after the frac-
ture or after surgery to preserve synovial sweep and
maintain articular cartilage nutrition.

Fractures of the femoral condyles are not very com-
mon but a supracondylar fracture occurs more frequently.

Complications

¢ Stiff knee could occur as the result of adhesions or
because of disruption of the articular surfaces in
fractures of the tibial condyles or patella.
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e Secondary osteoarthritis may occur as a late compli-
cation following disruption of the articular surfaces.

¢ Genu valgum may develop following depression of
the lateral tibial condyle.

® Haemarthrosis may be a problem after fractures of
the tibial condyles. This may need to be aspirated
(drained) and bandaged, but the swelling that
occurs as a result of a synovitis will gradually
absorb. If other soft-tissue structures are damaged
there may be further swelling, in which case the limb
should be elevated to assist drainage.

Fracture of the patella

This can be caused by a direct blow on the knee or a
sudden violent contraction of the quadriceps resulting
in an avulsion fracture. The former tends to cause a
crack or comminuted fracture whereas the latter may
produce a transverse fracture. Internal fixation may be
required if there is separation of the fragments. If the
chances of regaining a smooth contour of the articular
surfaces are low then the surgeon may decide to excise
the patella (patellectomy) as this results in very little
loss of function and is preferable to a stiff knee or
development of osteoarthritis, particularly in the eld-
erly patient. More severe patellar fractures may require
wiring or screw fixation.

Fractures of the tibia and fibula

These fractures are common and occur at all ages, as
a result of direct or indirect violence. Often they are

open fractures either because of the direct violence
or because the anterior tibia is very close to the sur-
face and the fragments may extrude through the
skin.

Direct violence, commonly due to road traffic acci-
dents or soccer, is likely to give an oblique or transverse
fracture. It may be comminuted and further compli-
cated by soft-tissue damage. Fractures caused by a rota-
tory force, such as may occur in skiing, are usually
spiral and the fractures of the two bones are at different
levels.

Fixation will depend on the type of fracture and
the amount of soft-tissue damage. In closed fractures
or those where the fracture is stable after reduction,
the leg may be managed in a long plaster from the
thigh to just above the toes, with the knee slightly
flexed and the ankle at a right-angle. Later a rocker or
plaster boot may be applied so that the patient can
walk on the plaster but the time at which this occurs
will depend on the fracture. Alternatively a functional
brace with a hinge at the ankle may be used and this
has the advantage of allowing more movement and a
better walking pattern. If there is a lot of soft-tissue
damage and consequent swelling, a split plaster may
be applied and the leg elevated on a Braun frame. This
is replaced with a plaster once the swelling has sub-
sided.

Another method that is used to immobilize this
fracture is external fixation. Sometimes internal fixa-
tion is used with either an intramedullary nail or plate
and screws. Common practice now is to commence
active movement in elevation immediately after
surgery and delay the application of a plaster until
movements are sufficiently regained.

Complications

Fractures of the tibia or fibula alone are not very com-
mon. The tibia can be the site of a stress fracture due to
repeated minor trauma probably associated with sport.
Infection is a possible complication as many of these
are open fractures; fortunately the problem is less
serious these days with the advent of antibiotics and
improved wound care.

Vascular impairment can occur due to damage to a
blood vessel or a plaster cast that is too tight. Great care
must be taken by all concerned with the management
of these patients to monitor for any signs of circulatory
deficiency.

Compartment syndrome is common, as is delayed
union or non-union. Occasionally these fractures are
very slow to heal or there may even be non-union
owing to the lower third of the tibia having such a poor
blood supply.

‘Three Introducing Fractures
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Fractures around the ankle

Figure 13.21 shows fractures resulting from an
abduction/lateral rotation force or an adduction
force. Complications include limitation of movement
in the ankle joint and foot resulting from peri-
articular and intra-articular adhesions or from
disruption of the articular surfaces. The latter may
also lead to the later development of secondary
osteoarthritis.

For fractures without displacement, a below-knee
walking plaster may be applied for 3—6 weeks. When
there is displacement it is important for the surgeon to
try to ensure that reduction establishes the normal
anatomical relationship at the ankle joint. If reduction
cannot be attained by manipulation and plaster immo-
bilisation it may be necessary to have an open reduc-
tion with internal fixation (ORIF) and use a screw or
screws to maintain a good position of the fragments
followed by immobilisation in a below-knee plaster.
The modern trend is towards immediate postoperative
active exercise (with adequate analgesia), then subse-
quent application of a cast once good movement (par-
ticularly dorsiflexion) is attained. Tri-malleolar
fractures are generally unstable.

Fractures in the foot

Fractures of the calcaneum usually occur as the result
of a fall from a height on to the feet, fracturing the
calcaneum in one or sometimes both feet. It may well
be accompanied by a fracture of one of the lower
thoracic or upper lumbar vertebrae. (Take note if a
patient with a fractured calcaneum complains of back
pain.) Calcaneal fractures can be extremely painful and
carry a poor functional prognosis if inversion and
eversion are not regained, since their movements are
essential for normal function of the foot in such
activities as adapting to uneven surfaces.

The emphasis of physiotherapy management is on
the reduction of the oedema and mobilisation. Once
the patient is allowed to bear weight it is important to
re-educate gait as well as concentrating on strengthen-
ing muscles and regaining range of movement in the
ankle and foot. It may not be possible to regain any
movement at the mid-tarsal joints and the patient will
have to learn to adapt to this loss of movement. The
arches of the foot may have flattened and this could be
the result of weak muscles, deformity of the foot, or
both. In the former case the muscles can be strength-
ened, but if the latter is the case the arches will not

Fractures resulting from abduction and/or lateral rotation force u

(a)

Direction ==
of force

Fractures resulting from adduction force
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Figure 3.21
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reform: the patient may continue to have persistent
pain and tenderness for a long time after the fracture
has healed and it is difficult to relieve.

Generally speaking it is advisable to commence early
active mobilisation in elevation. Cryotherapy/TENS,
flowtron boot, and patient-controlled analgesia (PCA)
have all been used with success. In later stages,
accessory mobilisations to the affected joints may be
appropriate.

The phalanges and metatarsals are most likely to be
fractured by a heavy object falling on the foot. This
will also cause soft-tissue damage and consequently
swelling is likely to be severe. These fractures do not as
a rule require reduction or immobilisation. However,
a below-knee walking plaster is usually applied for
fractures of the metatarsals to relieve pain and enable
the patient to walk. If swelling is severe the patient
will need to rest in bed with the leg elevated for a few
days.

Another type of fracture that occurs in the
metatarsals is a stress fracture — often known as a
‘March’ fracture. It is caused by repeated minor trauma
that may arise from prolonged walking particularly on
hard surfaces, and usually in someone who is unaccus-
tomed to walking long distances. It is usually a crack
fracture affecting the shaft or neck of the second or
third metatarsal. No fixation is required but a walking
plaster may be applied if the pain is severe

Complications

Complications include stiffness, particularly if there
has been disruption of the subtalar joint articular
surfaces. Secondary osteoarthritis may develop later as
a result of the disruption of the joint surfaces.

Spinal fractures
These are not dealt with in this text.

CONTINUQUS PASSIVE MOTION (CPM)

Use of CPM is now widespread in the orthopaedic set-
ting (Figure 3.22). Like any other modality in medicine,
has its place and its limitations. Salter (1993) has made
an interesting study of the uses of CPM.

Benefits of CPM

¢ There is maintenance of synovial sweep and thus
hyaline articular cartilage nutrition. This is useful
after certain intra-articular fractures (e.g. tibial
plateau).

® Regular rhythmical motion can act as an analgesic,
can stimulate circulation, and may assist in reduc-
tion of swelling.

o CPM has been used following anterior cruciate recon-
struction particularly following patellar tendon graft.
It is possible that this encourages more rapid revascu-
larisation and therefore strength of the donor graft.

o [t is possible to increase the flexion/extension in a
controlled manner that is immediately obvious to
the patient and can assist in giving the patient a goal
to strive for.

s Some units have counters so that the healthcare
teamn can tell exactly for how long the patient has
been using the unit.

e CPM units are now available for shoulder, wrist and
other joints.

e CPMs may now be used in the patient’s home.

Disadvantages of CPM

e It is passive, and therefore by definition will not
build muscle strength. Some patients mistakenly
neglect active exercises in the belief that they no
longer need to undertake them. It is the respons-
ibility of the physiotherapist to ensure that this
situation does not occur.

e Some patients are distressed by the appearance of
the unit and feel threatened. Most units have a panic
button so the patient can stop the unit for rest,
meals or toiletting.

¢ The units can be bulky and expensive.

o If incorrectly positioned they can cause pressure
problems and be uncomfortable.

o They pose an infection risk if not properly cleaned,
and policies for their use followed.

CASE STUDY: FRACTURED SHAFT OF
THE FEMUR

Note that the material in this section does not represent
a recipe for the management of all fractures of the
femur.
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Background

Ms Jones is a 25-year-old law student who was involved
in a road traffic accident. She was driving and as a
result of a head-on collision the dashboard was pushed
backwards into her knees. She sustained a fractured
shaft of the left femur (Figure 3.23a). She was treated
by intramedullary fixation (Figure 3.23b). Ms Smith
spent 10 days in hospital and has now come to the out-
patient physiotherapy department. She did not sustain
any other injuries.

On examination

Ms Jones is partial weight-bearing, and is mobilising
with two elbow crutches and wearing a functional
(cast) brace. She is independently mobile although
needs help to remove her training shoe and sock. The
brace was custom-made by the occupational therapists
(Figure 3.24) and it is unlocked to permit 0—90 degrees
of knee flexion. The physiotherapist may unlock the
brace by a further 10 degrees each week. The patient
must wear the brace when walking but is permitted to
remove it to perform knee flexion exercises and to take
a shower.

She is extremely anxious about what is going to hap-
pen to her and confused about how much or how little
she should be doing. The only exercise she can remem-

Figure 3.23

ber is straight leg raise (SLR). She is articulate, co-oper-
ative and keen to take advice. She cannot currently
attain heel strike and she states that this is because it
causes her calf to be painful - although deep vein
thrombosis has been excluded. She has been told to
keep moving and as a result she is walking long dis-
tances every day. Her leg aches badly at bedtime and
she is worried that the fracture has ‘moved), although
X-rays show that it has not displaced since the time of
surgery.

Objective examination

There are two incisions; one proximal to the greater
trochanter, one lateral to the knee joint. These have
healed. The patient has a reddened area over the lateral
malleolus, which is due to the brace rubbing her skin.

Knee joint

The range of movement of the knee joint with the
brace removed is shown in Table 3.4,

Patello-femoral joint

All accessory movements are reduced by approximately
50% on the left side.

(b)

cture. Note that spasm in the quadriceps has resulted in overriding of the
ing screws and skin staples visible on X-ray.
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Ankles

There is full active range plantar flexion in both ankles.
Terminal dorsiflexion of the affected side causes calf
‘tightness’ when the left knee is in the fully extended
position. The range of plantar and dorsiflexion is full,
however. Small joints of the foot, intertarsal, and tarso-
metatarsal have some loss of accessory movement of the
subtalar and intertarsal joints of the affected side. There
is some oedema of the ankle. Capillary filling is poor.

Muscle strength (Oxford grade -
left:right)

L R
Quadriceps 4 5
Hamstrings 4 5
Tibialis anterior 4 5
Gastrocnemius 4 5

Pain

Figure 3.25 shows the pain recorded using a visual
analogue scale.

Limb girth
See the chart.
Limb girth 10 cm above 20 cm above
patella apex patella apex
Left leg 48 cm 44 cm
Right leg 56 cm 52 cm

Short-term problems

Do not underestimate the impact of apprehension and
confusion. If a person is nervous, frightened or con-
fused, whatever you plan to tell, teach or ask of them
will be adversely influenced. Do not think only of the
fracture, take a holistic approach. Physiotherapists are
not technicians, they are also educators. It is perfectly
valid to undertake with her a teaching session on frac-
ture healing and to discuss your aims of treatment.
This might seem time-consuming but consider your
aims of treatment and your role as her physiotherapist.
The quality of your communication and subsequent
discussion of your management plan will influence her
eventual health outcome. There is now strong research
evidence suggesting a positive correlation between
effective professional-patient communication and
improved patient health outcomes.

The sore caused by the brace is a high priority. The
physiotherapist needs to refer the patient to the occu-
pational therapist for adjustment of the brace. If the
sore develops to the point where she cannot tolerate the
brace, your ability to progress her treatment will be
adversely affected.

Table 3.4 Features of the patient’s knee joint.

LEFT KNEE RIGHT KNEE
Passive® Active® Over-pressure® Passive  Active Over-pressure
Flexion 0-60 0-40 - 130 130 -
Extension Full extension possible but causes
posterior knee discomfort Full 0-degree extension painless
Lateral
rotation Full Full
Internal
rotation Full Fuil
aLimited by apprehension. "Limited by aching at the fracture site and quadriceps spasm. < Not tested in view of
fracture status and patient apprehension.
The units are degrees.

Introducing Fractures
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At rest

After exercise

i
i X

No pain

Figure 3.25

Pain and aching at the end of the day is normal —
your goal here is to explain why the pain is happening
and that it signifies bone healing. Do not assume that
your patient will automatically know this. Some
patients equate pain with ‘no pain no gain’ and see it as
a positive factor whereas others will be frightened by
pain. In this person’s case it seems likely that too much
walking is being undertaken; she needs advice on
smaller, more frequent walks with attainable goals. For
example she could be told to walk the length of the
home every hour. Knee flexion may be painful, in
which case your role as her physiotherapist is to iden-
tify the specific cause and minimise or reduce it prior
to active exercise. This might consist of asking the
patient to take her analgesia one hour before com-
mencing her exercises, or the application of TENS or
hydrotherapy as a supplement to exercise.

Her current exercise regimen is unacceptable.
Repeated straight leg raising will do nothing to provide
functional quadriceps strength and at worst it will
cause backache. Straight leg raising is probably one of
the most abused exercises in physiotherapy. It will
strengthen the hip flexors but little else. She needs
functional exercises such as inner range quadriceps,
hamstring, gastrocnemius and anterior tibial and hip
abductor work within the permitted limits of the frac-
ture rehabilitation. These must be taught and explained
clearly, written down if possible and the rationale
behind them explained to the patient. Patients often
become confused about their exercises, keep them
simple and understandable. Patient compliance with
exercise is poor in general (Campbell et al. 2001), and
the more you can do to make home exercises simple
and practical, the more success you will have in edu-
cating and rehabilitating your patient.

Loss of knee flexion due to callus may be impeding
soft tissue mobility. Pain, fear or muscle spasm might
also be causes of limited mobility; since she has more
passive than active range, something other than the
joint is limiting her movement. Your role is to identify
the cause and treat it accordingly. Heat pack or massage
may relieve spasm. The brace limits flexion to 90
degrees but there is no reason why you should not aim
for 90 degrees at this time.

With regard to the oedema, an inefficient muscle
pump is a likely cause. She is not attaining heel strike

JEe=s]

Worst possible
pain

but is walking great distances; these will both exacer-
bate dependent oedema. Little and often is the key, with
elevation during periods of rest, and a graduated
increase of walking distance. Massage might be used to
relieve oedema but can be time-consuming.

This person has a loss of limb girth on the affected
side. This will be due to disuse atrophy. Decreased limb
girth is not so important as muscle function but may
be distressing to the patient; reassure her that function
will come first, then bulk. Whilst it is not a true reflec-
tion of quadriceps girth or strength, and it does give the
person something specific to aim for.

Loss of accessory movement needs to be addressed
in the treatment plan, for example to the small joints
of the foot and mid-tarsal joints. The loss of accessory
motion at the patello-femoral joint should also be
addressed; the function of this joint cannot and should
not be isolated from the function of the knee joint
itself. It is relatively easy to identify immediate prob-
lems, but unfortunately this alone is insufficient; you
also need to be aware of potential or longer-term com-
plications:

Potential and long-term problems: the

bigger picture

e Adaptive shortening of the Achilles tendon leading
to permanent soft tissue contracture may occur if
her gait is not corrected as a consequence of her not
attaining heel strike. She currently does not have any
soft-tissue contracture since her measurements are
full.

e Encourage her to walk shorter distances with a
normal gait.

e Check that her pain is being controlled adequately
so that she is not afraid to attain heel strike.

o Explain this to the patient so that she can take an
active role in her own rehabilitation.

e Make sure that a potential problem does not
become a real one.

¢ Fixed flexion deformity of the knee joint is also a
possibility if the importance of attaining full knee
extension is not explained to the patient.

¢ Fibrous adhesions may occur if oedema is allowed
to organise.



e Retro-patellar adhesions may form as a result of
immobility of the knee’s expansive synovial mem-
brane and might become a cause of stiffness. The
likelihood of this happening might be reduced by
isometric contractions of the quadriceps and artic-
ularis genus muscle whose task it is to retract the
synovium of the knee joint (Ahmad 1975).

¢ Degeneration of hyaline articular cartilage occurs if
a joint is not subjected to movement. The patient
should be encouraged to undertake general mobility
and exercise little and often.

e Generalised osteopaenia, or a reduction in bone
mineral density, may result if weight is not placed
through the limb. The see-saw needs careful consid-
eration here — see earlier in this chapter.

Treatment plan

¢ The patient must effectively become involved in the
management of her condition.

e Commence partial weight-bearing gait and progress
within protocol guidelines.
Re-educate normal gait — i.e. heel strike.
Mobility of all unaffected joints must be main-
tained, during the period of immobilisation.

¢ Regain movement and function to normal. This is
person-specific and full function might not be
attained until removal of the nail in one or two
years’ time.

¢ Draw up a thorough and fully understood home
exercise programme which can be monitored and
progressed as needed. It is better to teach two exer-
cises well and have the patient thoroughly under-
stand them than teach ten exercises, which are too
complex and confusing to the patient.

e Strengthen appropriate muscles dependent upon
your assessment findings.

e Progress to full weight-bearing within rehabilitation
guidelines; check any protocols and specific guide-
lines.

Overall progress and discharge

Study the simplified graph in Figure 3.26. If we plot a
hypothetical ‘improvement versus time’ graph, the stu-
dent might hope for this pattern. (‘Improvement’ may
mean different things to different people. For purposes
of clarity it has been shown as a single item.) If this
were the case, recovery could always be predicted, all
patients could use the same treatment regimen, one
assessment would be sufficient, a discharge date could
be predicted many weeks in advance, and undergradu-
ate training would take about a month! Unfortunately
this is not the case.

100% -

75%

50%

‘Improvement’

25% -

0%
0

1 2 3 4 5 6 7
Treatment time (weeks)

Figure 3.26 ithetical improvement chart.

It is more likely that you will see a pattern of peaks,
troughs, and plateaux with a general trend towards
recovery. The overall shape of the real improvement
curve displays the gradual attainment of a plateau in
improvement.

This pattern of recovery is common: the patient may
gain 10 degrees of knee flexion per week for the first 3
weeks of treatment, then improvements will slow to the
point where it takes a further 3 weeks to attain an addi-
tional 5 degrees. This presents the physiotherapist with
a constantly changeable situation — which is one of the
reasons why the profession is so stimulating. It also
poses the problem of when to discharge the patient.
The final decision must be a mutually agreed decision
between physiotherapist and patient, and it is at this
point that previously agreed goals are essential. It may
be the case that 95% ‘improvement’ is the maximum
possible improvement attainable whilst the IM nail
remains in situ. For example there may be some resid-
ual discomfort on running or squatting. Experienced
physiotherapists will be able to integrate their knowl-
edge of anatomy, physiology and biomechanics and
explain to the patient that now is the time for discharge
and that the further 5% will occur following implant
removal. Without a sound prior assessment and for-
mulation of goals, appropriate patient discharge may
be jeopardised, resulting in discharge that is too early
or treatments that become repetitive, non-adaptive and
inappropriate. The advantage of physiotherapists being
autonomous practitioners is that with a little thought
and a sound initial assessment one can avoid the situa-
tion where the patient is seen ‘twice a week for 8 weeks’
with no change in treatment or progression. The
patient and physiotherapist ‘own’ the process.
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The anatomy of the human spine, the pathomechanics
of low back pain, and physiotherapy approaches to the
management of back pain quite easily justify whole
textbooks. This chapter will introduce the student to
some general concepts. Suggested further reading is
included at the end of the chapter.

This chapter will cover:

e the structure and function of the intervertebral disc

e common pathological processes affecting interver-
tebral discs

¢ differential diagnoses of back pain

e an overview of some current research findings relat-
ing to the management of acute low back pain.

The chapter should be read in conjunction with
Chapter 2 on musculoskeletal assessment, in particular
the section on biopsychosocial assessment for low back
pain.
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Figure 4.1

THE INTERVERTEBRAL DISC:
ITS STRUCTURE AND FUNCTIONS

Mobility and Articulation

Approximately a quarter of the height of the vertebral
column is made up not by its bones but by the inter-
vertebral discs (Figure 4.1). These are often described
as shock absorbers, allowing load to be transmitted
from one vertebra to the next.

An equally important role of a disc is to permit con-
trolled, small-amplitude movements between the ver-
tebrae above and below it (Figure 4.2a). Between two
adjoining vertebrae, only small movements are possi-
ble. When added together, the result is a column that is
extremely mobile without sacrificing stability (Figure
4.2b). The normal spine is self-stabilising, and for
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humans to stand erect takes very little muscle action —
illustrated by the fact that people who have spent pro-
longed periods in bed can sit upright with relative ease.
A spinal column minus muscles is still able to support
itself, but if the spinal ligaments are severed the intrin-
sic stability of the spinal column is lost (Palastanga et
al. 1998).

There are three points of articulation between each
pair of vertebrae, forming an articular triad — they are
the central intervertebral joint and the two facet joints
(Figure 4.3). The motion segment consists of: the space
between the vertebrae, the disc and its endplates, ante-
rior/posterior longitudinal ligaments, facet joints and
their capsules, ligamentum flavum, the contents of the
spinal canal, and supraspinous and interspinous liga-
ments. Spinal motion is controlled not only by the
thickness and shape of the discs, but also by small pairs
of synovial joints located at the posterior of each
motion segment — known as facet or zygapophyseal
joints. Each motion segment possesses two facet joints
that control and limit certain torsional or twisting
movements in the spine depending on their orien-
tation, and these vary from lumbar to thoracic to
cervical regions.

Intervertebral Disc Structure

The disc consists of an outer ring called the annulus
fibrosus and a soft gel-like central portion called the
nucleus pulposus (Figure 4.4). When considering the
disc and its pathology, or describing the structure to
patients, it is useful to compare the disc to a jam
doughnut, with a contained soft inner part and a hard
outer portion. The disc contains fibrocytes and
chondrocytes in an elaborate avascular matrix of colla-
gen and proteoglycans (Guiot and Fessler 2000).

Discs are thickest in the lumbar spine, where each is
approximately 10 mm deep. They also tend to be

ntervertebral discs.
between adjacent
on of movements results in
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Figure 4.3  segment (simplified).

wedge-shaped, so the combined effect of these multiple
wedges is to give the spine its curvatures. The curva-
tures in the cervical, lumbar and thoracic spine add to
the strength of the spine and its remarkable ability to
withstand compression. The normal disc is so strong
that falls from a height will often cause fracture of the
vertebral body rather than damage to the disc.

The annulus fibrosus

The annulus fibrosus is the outer portion of the disc
and it provides an envelope, which restrains the
nucleus. The annulus is just elastic enough to permit
some bulging of the disc, which helps to dissipate stress
from one vertebra to the next. It is made up of criss-
cross sheets or lamellae of collagen bundles — this
allows the disc to resist excessive twisting from different
directions. The lamellae form incomplete rings and the
angle made by their fibres becomes more acute when
the disc is loaded.

The outer portion of the annulus possesses nerve
endings, which can explain the presence of back pain
symptoms which occur even when discs appear normal
(Yoshizawa et al. 1980; Bogduk 1991).

The annulus is not the same anteriorly and posteri-
orly in the lumbar spine. Anteriorly there are about 20
thick lamellae, running between the vertebral rims,
weakly anchored to the anterior longitudinal ligament.
Posteriorly these lamellae are fewer in number, thinner,
and fused with the posterior longitudinal ligament. A
previously unknown ligament has recently been
described, the superficial annulus fibrosus ligament
(SAFL), situated on the anterior part of the L5 disc.
(Hanson et al. 2000).

The nucleus pulposus

The nucleus normally sits centrally within the disc
(Figure 4.4), except in the lumbar spine where it tends
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(a) Nucleus pulposus — -

Type 2 collagen

Hydrophilic (water-loving)
Kept in check by the annulus
No nerve endings

(b) Annulus fibrosus —

10 mm
(lumbar

e Criss-cross arrangement of lamellae or sheets
® Each layer has a slightly different orientation of fibres, making the disc resistant

to torsional movements
Permits a small amount of disc bulging

L ]
e Type 1 collagen (typical of tendon) provides the disc with tensile strength

® Type 2 collagen (typical of cartilage) provides the disc with compressive strength
® Annulus consists of outer ligamentous and inner fibrocartilaginous portions

L]

Nerve endings in outer portion

Figure 4.4

to be located towards the back. The nucleus has a high
water content and is turgid, as a consequence if a fresh
disc is sectioned it immediately bulges. This pressure
within the disc has the effect of ‘pushing’ the vertebra
above and below it apart, placing the surrounding liga-
ments under tension, further enhancing the stability of
the spinal column.

The nucleus is ideally suited to withstanding axial
loading as it cannot be significantly compressed, and it
is held in check by the outer annulus. Tension in the
ligamentum flavum is thought to compress the motion
segment and pre-stress the disc (Oliver and
Middleditch 1991). The nucleus acts hydrostatically
during loading (Nachemson and Morris 1964) —
‘hydrostatic’ refers to the pressure exerted by a fluid
(Figure 4.5).

® Annulus restrains the -

nucleus

® Zigzag arrangement of
sheets of collagen limits
twisting motions

V’?-

posus _and annulus fibrosus.

The vertebral endplate

The endplates are found above and below each disc, are
approximately 1 mm thick and have several functions.
The endplate is thought to permit osmosis of nutrients
between the vertebral body and the disc, it restrains the
disc, and may also protect the vertebra from pressure.
Herniation or bulging of the nucleus into the vertebral
body through the endplate may occur but this is often
asymptomatic (Giles and Singer 1997).

Pressures within the Disc

Classical experiments by Nachemson and Morris
(1964; see also Nachemson 1966) provided insight into
the pressures within the disc. The results correlate with
the clinical signs and symptoms described by peocple

__Incompressible
nucleus efficiently
dissipates spinal
column stresses

eu: mteract to provide a resilient hydrodynamic complex.



with disc disease. For example, people with annular
tears often say that their pain is least in lying, worst
when sitting, and they are often observed standing in
clinic waiting rooms in preference to sitting. Extremely
high intra-discal pressures are recorded when a person
sits slumped forward in a chair.

Intervertebral discs undergo a daily battle between
compressive loading — tending to squeeze water out of
the disc — and the tendency of the nucleus to take up
water when the load is relieved. This accounts for the
fact that people are taller in the morning than in the
evening. In the young, this equilibrium is stable, but
with increasing age discs tend to lose water more read-
ily and become less able to cope with stresses. Spinal
load changes with the angle of the motion segment,
and lower discs have to bear more of the weight of the
body. The pressure within degenerated discs is less than
that found in normal discs (Sato et al. 1999). The expla-
nation for high intra-discal pressure in sitting may be
because of the slightly flexed posture and the com-
pressive effect of psoas major on the spine.

SPINAL MUSCLES

The exact roles of all the muscles of the spinal column are
still not altogether clear. The abdominal muscles play an
important role in trunk rotation and in raising intra-
abdominal pressure, thereby stabilising the spinal motion
segments (Grakovetsky et al. 1985). The extensor muscles
of the spine may be able to control individual vertebral
movements, and it seems likely that the erector spinae
complex works in complex patterns to resist the tendency
of the spine to flex in various postures. The erector spinae
complex does not play an important role in rotation of
the trunk (Macintosh et al. 1993), but despite many
complex biomechanical and computer simulation stud-
ies, no single model as yet explains them satisfactorily
(Nordin and Frankel 1989). In the past, it was thought
that exercising the spinal extensors was of chief impor-
tance in preventing back pain.

There are now convincing arguments that this com-
plex of small paraspinal muscles play more of a sensory
proprioceptive role rather than having a direct stabilis-
ing effect on the spine. It has also been argued that the
role of the short spinal muscles (multifidus, rotatores,
interspinales and intertransversarii) is to stabilise the
motion segment, allowing the longer, more superficial
muscles to act efficiently. Recent muscle imbalance the-
ories suggest that a mismatch between the strengths of
surrounding muscle groups may be a cause of pain in
the spine (Lee et al. 1999). Put simply, muscle imbal-
ance theory suggests that certain muscles become over-
active and shorten, whilst their antagonist group
becomes lengthened and inhibited. Muscle imbalance
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is an interesting concept and may be precipitated by
pain, type of activity or ligamentous instability (Oliver
and Middleditch 1991). Muscle imbalance is discussed
in Chapter 21.

DISC PATHOLOGY

It is important to be aware that disc pathology can take
several forms, and that disc pathology is not the only
cause of low back pain. In fact the majority of back
pain is non-specific (Giles and Singer 1997).
Differential diagnoses of back pain are considered later
in this chapter.

Throughout life, discs endure various pathological
processes, but the naming of these pathologies is still
inconsistent. In this chapter, two of the most common
pathologies will be considered — disc protrusion and disc
degeneration.

Disc Protrusion (Prolapse)

Discs undergo the ageing process in a similar manner
to the changes discussed in Chapter 9 on osteoarthritis
(OA). The term ‘slipped disc’ is misleading, since the
disc does not slip. Earlier in this chapter, the disc was
compared to a jam doughnut and the analogy contin-
ues to be useful when trying to understand a ‘slipped
disc’: imagine a crack in the wall of the doughnut,
through which oozes jam under pressure. Protrusions
can be classified as shown in Figure 4.6 (American
Academy of Orthopedic Surgeons 1987).

The most common age range affected by disc pro-
lapse is 20-55 years. The nucleus dries out with age,
making true extrusion less likely in older age groups.

Although all lumbar discs are prone to prolapse, the
most common sites are L5-S1 and L4-L5, accounting
for 80-90% of all lumbar disc lesions. C5-C6 and
C6-C7 are vulnerable sites in the cervical spine, these
being the levels at which there is a change from mobil-
ity to relative stability in the spine.

Aetiology

Intervertebral disc prolapse is the combined result of
repetitive loading, biochemical alterations and degen-
erative changes (Oliver and Middleditch 1991).
Repeated flexion—extension movements lead to cracks
in the annulus, which provide an escape route for the
normally restrained nucleus (Callaghan and McGill
2001; Kuga and Kawabuchi 2001).

Prolapses may develop as small annular tears accu-
mulate over many months. In such cases the final straw
is often something trivial such as sneezing or picking
up a pencil from the floor, and these patients can often
recall a history of minor episodes of back pain which



Figure 4.6

may identify the occurrence of these annular tears. It is
also possible for a disc to prolapse suddenly. Both of
these mechanisms have been reproduced on cadaver
discs (Oliver and Middleditch 1991).

There may also be abnormal movement of the
nucleus:

® It may move through the endplate upwards into the
vertebral body. This is known as a Schmorl’s node
(see Figure 4.9). This pathology tends to occur in
younger adults and often does not produce symp-
toms until later degenerative changes occur.

¢ It may move centrally backwards. This movement is
limited by the posterior longitudinal ligament
which is narrowest over L4-L5 and L5-S1, and so
the nucleus may extrude backwards at these sites.

o It may move posterolaterally. This is very common,
since the posterolateral part of the annulus suffers
the highest pressures in life (Edwards et al. 2001).

If the spine is forcefully flexed, nuclear fluid bursts
through the annulus, which can result in irritation or
compression of the nerve roots, dura mater and possi-
bly the posterior longitudinal ligament and ligamen-
tum flavum. Analysis of extruded disc material
removed after spinal surgery has found that, in approx-
imately half of the cases, the extruded fragment con-
sisted predominantly of nuclear material, whereas in
the other cases it consisted mainly of endplate material
(Brock et al. 1992).

Extruded nuclear fluid is replaced by fibrous tissue,
which contracts with time. Dehydration of the nucleus
may play an important role in the reduction of the
lumbar disc herniation (Henmi et al. 2002). This may
cause adhesions between the ligaments, nerve root,
dura mater and periosteum, or other soft tissues, and
results in persistent pain or tethering of neural tissue if
no attempt is made to restore mobility of these tissues.

sions. (a) In the normal disc the nucleus is contained within the

ion the posterior longitudinal ligament remains intact but the nucleus

n extrusion the nucleus escapes from the annulus but is still contained
(d) With sequestration a portion of disc escapes and may become

The tendency for adhesion formation is possibly an
explanation for the poor long-term postoperative
results following spinal surgery and the relative success
of micro discectomy which is less invasive and causes
less trauma to surrounding tissues.

Osteophytes may form at the margins of the
vertebral bodies. The annulus pulls on the periosteal
attachment round the vertebral body margin and
osteoblasts lay down bone at the traction sites

Clinical features and diagnosis

Intervertebral disc protrusions often go unnoticed
because they are not producing any symptoms. Disc
lesions are not visible on X-ray, but scans such as mag-
netic resonance imaging (MRI) and computer-assisted
tomography (CAT) will show them (Figure 4.7). Such
scans now reveal that disc protrusions are common
coincidental findings. Up to 50% of ‘normal’ 40-year-
olds demonstrate abnormal CAT findings such as
herniated disc, facet joint degeneration and spinal
stenosis (Wiesel et al. 1984).

Symptoms
Unlike a lateral ligament sprain at the ankle, for exam-
ple, which produces local symptoms at the site of
injury, a person with a disc prolapse may exhibit a wide
range of signs and symptoms, some of which can be
various distances away from the prolapse itself. The
clinical presentation of disc lesions thus varies greatly.
Because the nerve root is in close proximity to the
disc, a prolapse can cause nerve root irritation, and the
person can exhibit a variety of motor and or sensory
problems depending on which nerve roots are
involved. If extruded nucleus pulposus is exposed to a
nerve root, it acts as an irritant and may produce excru-
ciating nerve root pain. There may be no back pain at
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all but a vague pain in the back of the thigh, for exam-
ple, which can be misinterpreted as a hamstring injury.

The spinal level involved may be tender on palpa-
tion, with local muscle spasm. The muscles themselves
will becomes painful if they have been in a state of
spasm for a long period. Palpation over the lumbar
spine provokes tenderness and when pressure is
applied can increase the spasm.

Sharp pain in the back can arise suddenly because of
bending, sneezing, twisting or lifting. Classically, the
patient is unable to straighten up and is ‘stuck’ — often
having heard or felt something ‘go’. The onset may
alternatively be gradual following repeated episodes of
exercise or unaccustomed activity. In this case it starts
as a minor discomfort until gradually the patient
becomes very aware of increasingly constant pain. A
long car journey, for example, can result in central
backache, and the patient cannot straighten up. Pain is
worse on coughing and X-rays will not show any
abnormality.

In summary, the site of the pain may be:

central on the back
diffuse over the lumbosacral area

¢ poorly localised (the dura mater does not follow any
specific dermatomal innervation and so dural pain
is in this category)

e referred down one or both legs (this may mimic
muscle injury, and disc lesions are occasionally
misdiagnosed as torn hamstrings).

Referred pain is pain that is felt at a location away from
the site of its origin. It is of two main types.

r(T

Referred pain

There are many potential causes of
referred pain, including:

e piriformis muscle syndrome (Durrani and
Winnie 1991)

» the intervertebral disc (Ohnmeiss et al. 1997)
lumbar facet joint lesions (Suseki et al. 1997)

» fibrous adhesive entrapment of lumbosacral
nerve roots (Ido and Urushidani 2001)

The symptom may be a dull, poorly defined ache
over the back, sacroiliac joint, buttock and thigh. This
is thought to be due to mechanical pressure from the
disc bulge, or chemical irritation. Experiments in
which fresh nucleus pulposus tissue is applied to nerve
roots results in increased nerve excitability and
mechanical hypersensitivity of the nerve {Takebayashi
et al. 2001).

The second type of symptom is referred pain down
the leg. This is often thought to be due to nerve root
irritation, although that is not always the case
(Ohnmeiss et al. 1997). Generally the leg pain is aggra-
vated by movements, especially flexion/extension, and
eased by lying down. Pins and needles (paraesthesiae )
may be felt in a nerve root distribution (dermatome)
and numbness may be detected when tested by touch,
pinprick or temperature test tubes. There may be a sub-
jective feeling of weakness or that the leg is going to
‘give way’ — this is usually due to nerve root compres-
sion or irritation. Very large or central disc prolapses
may give rise to bilateral leg pains. Compression of a
nerve root that interrupts impulse transmission results
in weakness of the muscles supplied by that nerve.
Large bulges may cause long tract signs such as spastic-
ity or bladder/bowel disturbance. These symptoms are
referred to as ‘red flag’ symptoms and should not be
ignored.

The quadriceps (L3-L4) and tendo-calcaneal
(L5-S1) reflexes are diminished when there is pressure
in the corresponding nerve roots. Flexion is limited,
erector spinae stands out in spasm, and the movement
that can occur usually deviates to one side in an
attempt to avoid reproducing the person’s pain. Side
flexion is generally free to one side with some discom-
fort, and restricted to the opposite side. Extension is
not possible, beyond neutral, especially where there is a
protrusion that cannot be compressed.

The spine may be held rigid with or without a scol-
iosis; this is termed an ‘antalgic posture’ (ant meaning
against or away from, algia pain) because straightening
or correcting the position aggravates the pain in the leg.
Most of the body weight is taken on the non-painful

) Introduction to Back Pain
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leg. The patient does not like to sit equally on both but-
tocks, leg pain increases following prolonged periods of
sitting, and individuals are often seen to raise one but-
tock off the chair whilst waiting for treatment and
might prefer to stand rather than sit. Standing up from
sitting takes time and the patient ‘walks the hands up
the thighs’ This type of pain is usually relieved by a
change of position.

Leg pain often worsens at night. The person is stiff
on waking and has to struggle to get moving. There
may also be a limp because the patient cannot take a
normal stance phase on the affected leg. Gait is often
slow. Sciatic nerve stretch (straight leg raising with foot
dorsiflexion) — known as Lasegue’s sign — is an indica-
tor of nerve root tethering. This is often slightly
reduced on the unaffected leg and very limited on the
affected leg. Passive neck flexion with the person in
lying causes movement of the spinal cord in the spinal
canal and may cause pain if there is a mechanical teth-
ering of nerve roots. This may aggravate the back pain
and may aggravate the leg pain as well.

Coughing and sneezing can also provoke pain. The
latter is more painful because it is involuntary whereas
the patient can often prepare for a cough. The pain is
related to the raised abdominal pressure moving the
affected segment and tending to force the nucleus
backwards.

Disc Degeneration

Lumbar spondylosis

Pathogenesis

Also known as ‘wear and tear of the spine, the main
characteristic of lumbar spondylosis is the loss of water
from a disc. Other changes include decreased cell
viability, decreased proteoglycan synthesis, and an
alteration of the distribution of collagen within the disc
(Guiot and Fessler 2000). Tears also occur in the
nucleus, annulus and endplates.

Nourishment of the adult disc is more precarious
than that of an immature disc. The first signs of
spondylosis often present clinically at about the age of
30, but 45 is a more common age. The pathological
changes that occur are the same regardless of site, but
the differences in functional anatomy give rise to
different clinical signs and symptoms.

Pathology involves a coarsening of the annulus
fibrosis, and collagen fibres separate and cracks appear
in the annulus. The nucleus pulposus dehydrates and
becomes more fibrous with the disc losing height over-
all. These changes can be present without causing any
signs or symptoms. ‘Lipping’ of the vertebral bodies

occurs, owing to altered disc biomechanics, which
causes traction of the periosteum by the attachments of
the annulus fibrosis. There can also be decalcification
within the vertebral body. The intervertebral ligaments
may become contracted and thickened especially at the
sites where there are gross changes. The dura mater of
the spinal cord, which forms a sleeve round the nerve
root, may undergo low-grade, chronic inflammatory
changes. This can result in nerve root adhesions with
associated neural symptoms.

Facet joint degeneration

Spines that show indications of spondylosis (Figures
4.8 and 4.9) also often show osteoarthritic changes in
the corresponding facet joints. In the normal spine,
facet joints do bear some load, and this load rises
dramatically when disc height is diminished as in
spondylosis (Adams and Hutton 1983). Lordotic
postures result in increased loading of the facet joints,
whereas slightly flexed postures equalise compressive
stress across the disc, and unload the facet joints
(Dolan and Adams 2001). Osteophytes form at the
margins of the articular surfaces of the facets joints and
these, together with the capsular thickening, can cause
pressure on the nerve root and reduce the lumen of the
intervertebral foramen.

Clinical features

Usually pain starts as a niggle and later becomes con-
stant. It is described as a poorly localised aching type
pain with stabbing on certain movements. Acute pain
may be precipitated by unaccustomed activity, such as
a weekend of gardening or lifting. A common site for
pain is across the sacrum, between the sacroiliac joints
for example, which may radiate down one or both but-
tocks and to the lateral aspects of one or both hips.
Central pain can occur in the L4-L5-S1 region. Unlike
with disc prolapse (see above), sitting usually eases the
pain, and coughing does not cause an increase in back
pain.

Referred pain (see above) tends to follow one or
more dermatomes:

groin — Ll

anterior aspect thigh — L2

lower third anterior aspect thigh and knee — L3
medial aspect leg to the big toe — L4

lateral aspect leg to the middle three toes — L5

little toe, lateral border foot, lateral side posterior
aspect whole leg ~ S1

¢ heel, medial side posterior aspect whole leg — S2

(See the Appendix for an illustration of dermatomes.)
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SUMMARY OF COMMON SPINAL
PATHOLOGIES

See Table 4.1.

OTHER CAUSES OF BACK PAIN

There are many possible causes of back pain, including
scoliosis (a lateral curvature of the spine), spondylolis-
thesis (a forward slip of one vertebra on another),
spinal stenosis (a decreased diameter of the spinal
canal), leg length inequality, joint hypermobility, and
other postural abnormalities. Sheuermann’s disease
(spinal osteochondrosis) is a disorder affecting the

duction to Back Pain
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Table 4.1 Common spinal pathologies.

Spinal Ankylosing Muscle
Disc herniation  Osteoarthritis stenosis spondylitis tear
Common 25-55 35 onwards 55 Mid teens onwards;  Any age
age of onwards often misdiagnosed
onset in early stages
Pain Sudden/acute Aching after activity Pain after  Low back and Sudden onset
pattern  or insidious Morning stiffness activity sacroiliac joint pain  Stiffness after
with or without Worse on standing Worse in mornings  immobility
nerve root pain  Eased by sitting or after inactivity Eased by local
Long tract Straight leg raise Eased by exercise heat
signs result if usually negative
prolapse is
large
Pain is worse
on sitting,
eased by
standing
Straight leg
raise test is
positive
X-ray Negative Bony changes such Difficult to Syndesmophytes None
findings as osteophytes and assess and bony ankylosis  Spasm may
loss of joint space CT or MRI  Squaring of the cause vertebral
may be vertebral bodies malalignment if
more it is severe
helpful

thoracic spine and involving epiphyses resulting in
vertebral ‘wedging..

Fracture of a vertebral body or transverse process
and fracture/dislocations may be due to trauma or
secondary to tumours or osteoporosis.

Other possible causes of back pain are: osteoporosis,
muscle imbalance, pregnancy, renal pathology, gynae-
cological disease, malignancy, aortic aneurysm, overuse
syndromes, myofascial or soft-tissue injury, discitis,
and many other medical pathologies.

Ankylosing spondylitis and other inflammatory
seronegative arthritides cause spinal pain and are
covered elsewhere in this book.

Idiopathic and psychogenic back pain have no
known cause; all investigations are normal yet pain
persists, which can be distressing for the patient who
fears being branded a malingerer.

MANAGEMENT OF LOW BACK PAIN

Some General Issues

Back pain is a tremendous problem in Western society,
in terms of the suffering it causes to the individual, the
numbers of people affected and the impact upon the
economy. This chapter will not debate the merits of the

many treatment techniques available to the physiother-
apist in the management of low back pain. Instead it
presents a summary of research findings in an attempt
to clarify some of the misconceptions about back pain
which have persisted for so long.

Students entering the physiotherapy profession will
soon become aware that techniques, theories and ther-
apies appear, evolve, and are then discredited, sup-
ported or modified on a regular basis. Physiotherapists
often disagree or give conflicting advice about how to
assess, examine and treat the spine. Whilst new ideas
and debate are important if physiotherapists are to gain
a deeper understanding of back pain, the situation can
be confusing to the student and depressing for the per-
son who is suffering from back pain. There was little
agreement amongst healthcare professionals for many
years, so much of the advice and treatment given to
back pain patients was anecdotal and based upon
studies which had been of poor methodological
quality.

Best practice for the management of back pain has
always stimulated great debate amongst physiothera-
pists (Foster et al. 1999) and no gold standard yet exists.
Perhaps we should look at our terminology as a start-
ing point. ‘Back pain’ is still used as a diagnosis, but
‘back pain’ is actually a symptom, not a diagnosis, and



gives us no more information than a diagnosis of
‘headache’ It is therefore not surprising that the man-
agement of ‘back pain’ has stimulated such debate and
controversy.

Physiotherapists and other professionals can now
take comfort in the fact that the knowledge base has
increased rapidly. More consistent research findings are
emerging, and more systematic, randomised controlled
trials and reviews are being undertaken. The quality of
physiotherapy research being undertaken in the
twenty-first century is generally of higher quality than
it has been in the past.

Techniques of Management

Firstly, a diagnostic triage is essential to differentiate
between:

» non-specific low back pain (simple backache)
® nerve root pain
® possible serious pathology (e.g. tumour).

The guidelines discussed in this section relate to simple
backache.

The accompanying chart (Table 4.2) is adapted from
Clinical Guidelines for the Management of Acute Low
Back Pain, produced in 1999 by the Royal College of
General Practitioners (Waddell et al. 1999). This multi-
professional collaborative document was produced as a
collation of some of the research findings in low back
pain. Some of the findings are summarised below.
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Most back pain is self-limiting, but there are still
thousands of cases of chronic back pain referred to
physiotherapy departments every year. These place
considerable stresses upon the healthcare system. They
pose a complex set of clinical judgement and manage-
ment problems to the physiotherapist.

Effectively managing people with chronic back pain
requires a combination of approaches, including ‘back
schools’ (Lonn et al. 1999; Hodselmans et al. 2001) and
cognitive therapies (Pettinen Rose et al. 1997; van
Tulder et al. 2001). Psychosocial factors are now known
to be strongly linked to the presentation and prognosis
of chronic back pain. It has been shown for example
that psychosocial factors and insurance claims are
more significant than biomechanical workload when
analysing back pain (Nachemson 1992). Management
of chronic back pain should be geared towards the
reduction of disability, through modification of the
environment, and cognitive therapy (van Tulder et al.
2001).

The most effective back pain management pro-
grammes are multidisciplinary (Brander et al. 1997),
and as with all physiotherapy programmes education is
crucial. This is particularly true in the case of chronic
back pain, where multidisciplinary therapies such as
back schools encourage patients to become partners in
the management of their own condition (Holman and
Lorig 2000). The social support offered by such
approaches is also important, and it is now becoming
clear that social and psychological factors cannot be

Table 4.2 Clinical guidelines for the management of acute low back pain.

Exercises Drugs

Activity

Manipulation

Paracetamol and non-
steroidal anti-
inflammatory (NSAID)
drugs may help.

Specific spinal
exercises do not seem
to be effective in
relieving acute low
back pain, but back
school and
rehabilitation
programmes are
useful in chronic
stages.

Muscle relaxants may
help if spasm is severe.

Back rehabilitation
should be considered
for patients who have
not managed to
recommence activities
after 6 weeks.

Bedrest is ineffective
as a treatment for
back pain unless the
pain is so severe that
movement is
impossible.

Manipulation may
provide short-term
benefits in acute low
back pain.

It gives high levels of
patient satisfaction.

is always required.

Warning. This chart gives general guidelines based upon analysis of results from acceptable research studies. Be
aware that there will be individuals who do not respond to the above. A degree of flexibility and clinical judgement
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ignored when considering chronic back pain. Back
schools offer a holistic approach, many of which have
sessions devoted to ergonomics, strategies for breaking
the fear—avoidance cycle, functional restoration pro-
grammes, basic anatomy and physiology, and
ergonomic advice.

It is important to make use of the most recent
research findings to provide the best advice for
patients. This is of course the point of clinical research.
An example of this might be encouraging people with
back pain to stop smoking, since nicotine levels consis-
tent with those seen in persons smoking 30 cigarettes a
day have been shown to result in necrosis of the
nucleus pulposus, as well as hypertrophy, cracking and
detachment of the annulus (Uematsu et al. 2001).
Cigarette smoking also affects metabolite and solute
exchange within the disc (Holm and Nachemson
1988).

Waddell et al. (1999) identified the risk factors asso-
ciated with chronicity of back pain, which are:

a prior history of back pain

total loss of employment in the past year
radiating leg pain

reduced straight leg raise (SLR)

nerve root irritation symptoms and signs
decreased abdominal muscle strength
poor physical fitness

smoking

depression

disproportionate illness behaviour

low job satisfaction

social (e.g. marital) problems

ongoing medico-legal proceedings.
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This chapter introduces the reader to current practice
and physiotherapy management in the field of burns
and plastic surgery. Towards the end of the chapter
there is a case study of a person with burns, and a selec-
tion of further reading.

INTRODUCTION TO BURNS

An external burn injury comprises damage to the skin,
and there can be loss of skin and underlying tissues
with impairment of skin functions. The effects of a
burn depend on its cause and extent and the site of
damage. If serious, a burn injury is thought to be the
most severe trauma that is survivable. For a survivor,
life is altered in all aspects: in appearance, in physical
function and psychologically.

Classification of Burns

Erythema

The skin remains intact, the erythema lasts for a few
days, and the patient does not normally seek medical
help unless the problem is extensive, as can occur with
sunburn.

Superficial

The tissue damage results in seepage of fluid in
between the layers of epidermis, causing a blister, which
is surrounded by a dark red erythema. Movement of
the burned areas can be very painful. Blisters will
continue to appear over the first 24 hours after
burning.

(a)

Figure 5.1

Partial thickness

1. In a superficial partial-thickness burn the epidermis
is destroyed.

2. In a deep dermal burn both the epidermis and part
of the dermis are destroyed.

There are blisters, patches of white destroyed tissue,
and red areas (Figure 5.1). Sensation varies according
to the depth of dermal damage and the sensory nerve
endings involved.

Full-thickness

The epidermis, dermis and other underlying tissues are
destroyed. The presenting surface may be black, white
or vellow. It is inelastic and unable to stretch (the
eschar).

If the burn is circumferential (e.g. around the fore-
arm, chest or finger) the damaged skin can perform a
tourniquet effect as swelling develops. In these cases the
tension must be released by longitudinal incisions
through the eschar along its full length (escharotomy;
Figure 5.2). This procedure will be performed within
the first hours of admission to hospital. The skin is
dead, therefore no analgesia is required.

Aetiology of Burns

The most common causes of injury are by fire, by
chemicals, by scalding, by electricity and by inhalation.

* @ Fire burns. These occur when the patient is caught

by fire. Because the clothes ignite, the burns are
often partial- or full-thickness. Flash flames tend to
cause partial-thickness burns.

(b)

tlpper limbs and neck with extensive blister formation.



Figure 5.2

o Chemical burns. Caustic substances (e.g. cement)
can cause deep burns. The depth of tissue involved
can be limited by prompt action.

e Scalding. Hot water is the most common cause of
scalds. It may be as a hot drink, or by boiling fluid
from a pan or kettle. Scalds are common in the
elderly, often caused when climbing into a hot bath
and being unable to climb out again. These burns
will vary in depth relative to the exposure time.

o Electrical burns. Burns will appear on the skin where
there has been contact with a live wire. There will be
a burn at the entry and exit site of the electric cur-
rent. Neither the depth nor the size of the burn is
predictable. There can be extensive damage to deep
structures with little external evidence. Often this
type of injury is complicated by cardiac and resp-
iratory arrest.

o Inhalation burns. Direct thermal injury can be sus-
tained by inhalation of flames, hot gases or steam.
This places a major threat to the upper airway, caus-
ing oedema of the larynx, pharynx and trachea.
Early diagnosis of an inhalation injury is essential.
The patient must be intubated before the oedema
becomes extensive, as this will prevent the passing of
the endotrachael tube.

Prevention of Burns

There have been a number of studies relating to burn
prevention, but from these there emerges no clear
method for effective prevention (British Burns
Association 2001, p. 62). A large number of burns
result from domestic accidents in the home, young
children and the elderly being particularly vulnerable.
It is essential to ensure that:

e kettles and hot pans are out of the reach of children

[_O'
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her- i_{(é skin with escharotomies to (a) lower limb and (b) fingers.

e clectrical sockets have shutters, and electrical cables
are secure with the insulation intact

circuit breakers are in use with external appliances
matches and cigarette lighters are stored safely
thermostatic valves are fitted to bathroom taps
smoke alarms are fitted

clothes, especially children’s, are flameproof.

A number of burns are industrial, caused by chemicals,
electrical accidents, molten metals, friction burns or
blowbacks. The Health and Safety at Work Act 1974
and other legislation has gone some way to preventing
such accidents by enforcing rising standards of safe
working practices.

PATHOLOGICAL CHANGES WITH BURNS

Shock

Definition of shock

‘The inability of the circulatory system
to meet the needs of tissues for oxygen

and nutrients and the removal of their
metabolites’ (Dietzman and Lillehei 1968; cited
by Settle 1986).

Shock can last for 2-3 days, and longer in the elderly.
Within minutes of the burn being sustained, oedema
gathers beneath the damaged areas, a result of
increased capillary permeability of the affected tissues.
There is loss of protein and electrolytes from the blood.
The main changes are:

o reduced plasma volume — hypovolaemia
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e increased ratio of red blood cells to plasma in the
blood vessels — resulting in increased blood viscosity
and slowing of the circulation

¢ reduction of cardiac output

® increased heart rate.

During this stage the main dangers are from pul-
monary oedema, occlusion of arteries, cardiac failure,
renal failure, liver failure, and permanent brain and
vital organ damage.

Inhalation Injury

Thermal pulmonary damage will result from the
inhalation of steam, or from flames igniting a fuel/
oxygen gas mixture in the airways. Injury to the
alveoli will be caused by the inhalation of corrosive
and toxic fumes released as products of combustion.
It may be difficult to diagnose such an injury when
the patient is first admitted and further investigations
are required.

Carboxyhaemoglobin (COHb) levels are raised in
patients with smoke inhalation and the level of blood
COHb can be used in diagnosis. A level of COHb of
over 15% at 3 hours after the incident is strong
evidence of smoke inhalation.

Hypoxia can result from alveolar damage, causing
ventilatory insufficiency, impairment of the circulation
and reduced oxygen transport (COHb). A Pao, of less

than 10 kPa when inspired oxygen concentration is |

50% is suggestive of an inhalation injury.

The airway will have mucosal oedema in the
bronchi, carbonaceous sputum and possible bleeding
or ulceration of the lining of the bronchial tree. To find
diagnostic evidence of these a fibreoptic bronchoscopy
can be carried out.

None of the above physiological changes would give
rise to alteration of a normal X-ray of the lung fields in
the early post-burn period, so X-rays are of no value in
the initial diagnosis of an inhalation injury.

Table 5.1 Complications of burns.

Eschar Removal

The burned skin becomes crusted and leathery. If left
untreated it begins to separate at 3—4 weeks.

After a superficial burn the skin is healed under-
neath. Following a deeper burn, tissues are exposed
which require skin grafting,

Healing and Reconstruction

After superficial burns, the skin heals and can be nor-
mal. Following burns that have destroyed the epider-
mis, there is scar tissue. Over a number of weeks this
tissue can become contracted and bound down or may
have excessive growth as in keloid scarring.

Where there is extensive destruction of the skin,
the patient undergoes grafting and reconstructive sur-
gery, which may take months. In the case of children
there may have to be episodes of surgery for many
years.

Complications of Burns
See Table 5.1.

PROGNOSIS OF THE BURNS PATIENT

o)

Age
Burns in people aged over 60 years or
under 5 years carry a poor prognosis.

| @
|
Bmpares s

Total burn surface area (TBSA)

The greater the total burn surface area, the poorer the
prognosis. A formula for gauging outcome is: percent-
age chance of survival = [100 — (age in years + percent-
age TBSA)]. For example, a 60-year-old with 30%
TBSA has a 10% chance of survival [100 — (60 + 30)].

Heart problems
Inhalation injuries
Pneumonia

Infection of the wound site

Infection of the urinary tract
Septicaemia

Renal and liver failure

Joint effusion and periarticular swelling
Calcification of periarticular tissues

Psychological trauma to the patient

Adult respiratory distress syndrome — ARDS (shock lung)

Contraction of scar tissue causing joint deformity
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A 20-year-old with the same TBSA has a chance of sur-
vival of [100 — (20 + 30)], or 50%.

It is interesting to note that if both legs are burnt,
36% TBSA is affected. Therefore, a 50-year-old with
such extensive burns has [100 — (50 + 36)] or 14%
chance of recovery.

A method for gauging the total body surface area is
‘the rule of nines’ This rule divides the body surface
into 11 areas, each constituting 9% of the total (Figure
5.3). The perineum is counted as 1%. Other charts may
be used (e.g. the Lund and Browder chart).

An experienced doctor should carry out the assess-
ment of the TBSA, as the correct percentage area will
determine the correct volume of fluid replacement
required for the resuscitation process.

The accuracy and variability of burn size calculations
using Lund and Browder charts currently in clinical use
and rule-of-nines diagrams have been evaluated. The
study showed that variability in estimation increased
with burn size initially, plateaued in large burns, and then
decreased slightly in extensive burns. The rule-of-nines
technique may overestimate the size of the burn, but it is
somewhat faster than the Lund and Browder method
(Wachtel 2000).

Key point
Patients with poor prognosis must be

treated with the same care and atten-
tion as any other

It strating the ‘rule of nines’.

Soot in the nostrils and mouth.
Singed nasal and facial hair.
Hoarseness of the voice.

Sore throat.

Inhalation burns

A high percentage of patients with facial burns develop
pneumonia. Where there are inhalation burns as well,
the mortality rate is very high.

During shock (up to 3 days post-burn)

e Restlessness and disorientation.
e Coldness and paleness of the skin.
CLINICAL FEATURES OF BURNS o Collapsed veins and rapid pulse.
The following signs and symptoms may be present : ,S[,V}:ie;ttl ne:
depending on the extent of the burn. .
e Hypotension.
At the site of the burn ¢ Tachycardia. . ,
¢ Rapid breathing — later becoming gasping.
e Redness — erythema. ¢ Cyanosis.
e Blisters.
e Weeping of plasma — straw-coloured. P
ost-shock phase
e Yellow/white skin — leathery in nature. P
* Blackened crispy tissues — exposed blackened struc- & Separation of the burned skin (eschar).
tures. e Formation of scar tissue.
¢ Contraction of scar tissue, causing (a) pain due to
Inhalation injury traction of the sensory nerve endings; (b) limitation

of joint movement; (c) joint deformities; (d) loss of
¢ Burnt lips and nose. function.
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Long-term

The severity of dysfunction and disfigurement depends
on the site and extent of burn:

possible amputation of a limb

disabling damage to the hands

possible loss of independence

loss of employment

facial damage making rehabilitation of the patient
and family very difficult.

social rejection

e emotional trauma for both the patient and
relatives.

MANAGEMENT OF BURNS

First Aid

A friend, relative or stranger may rescue the victim of a
serious burn accident. The decisions made and the
treatment given at the scene of the accident — especially
the quality of the first aid — has often had a profound
effect on mortality and morbidity (British Burns
Association 2001, p. 17).

Flame burns must be smothered. Cold water applied
continuously over the burnt area relieves pain and lim-
its the depth of the burn, because heat is conducted to
the deeper tissues for several minutes after the flames
have been extinguished.

With chemical burns, contaminated clothing must
be removed and copious quantities of running water
applied to the area. Neutralizing agents need to be
identified and applied accordingly.

With scalds, thorough and continuous dousing with
cold water can limit the extent of the damage and
reduce the pain.

With electrical burns, the patient may require CPR
before attention can be paid to the injury. Unlike heat
burns, these injuries do not spread and it is sufficient to
cover the area with a clean cloth that has been soaked
in clean cold water.

Hospital Referral

|
Referral guidelines

The determining criterion for admis-
sion to a burns unit was traditionally
the area of skin injured. Now it is based
on the complexity of the injury. Guidelines for
burn injury referral have been set (British Burns
Association 2001, pp. 68-9).

Minor burns

These are defined as less than 10% surface area in a
child or less than 15% in an adult. If the injury is non-
complex these injuries are cleaned with chlorhexidine
and covered with a bactericidal non-stick dressing. The
patient can rest at home and, depending on local cir-
cumstances, the dressings are changed every 2-3 days
by a district nurse or at the hospital dressings clinic.

Major burns

These are injuries that involve 10% or more of the body
surface area in children and 15% or more in an adult.
If the injury is complex the patient will be admitted to
the burns unit or intensive care unit.

Medical Management

Early hospital management (including the shock
phase).
This involves:

maintenance of a clear airway

pain relief

assessment of TBSA

maintenance of fluid balance (see below)

removal of adherent clothing and covering of the

burns with sterile cotton dressings

e application of neutralizing agents for chemical
burns

e reassurance and explanation to the patient

e transfer to a burns unit or admission to an intensive

care unit.

Whether the person is sent to the operating theatre for
shaving of burns and grafting depends on the depth of
the burns, the age of the patient and whether the
patient is fit for surgery.

Resuscitation

Fluid replacement is administered over a 36-hour
period (from the occurrence of the burn, not the time
of arrival at hospital).

The volume of plasma required by the burns patient
is related to the TBSA and the size of the patient (Evans
et al. 1952; cited by Settle 1986, p. 14). To calculate the
volume of fluid required for resuscitation, the follow-
ing formula is used (Muir and Barclay 1962): mL of
plasma =} TBSA X age of patient.

The wound areas

Management of wound areas varies according to the
experience of the staff and facilities available. The two
main themes are ‘open’ or ‘closed’.



Open method

This method leaves the wound exposed. If exudate is
cleaned away regularly, the area dries out. Bacterial
growth is inhibited and this method is used for areas that
are difficult to dress, such as the face. Healing of the
epithelium tends to be slower than with the closed
method.

Closed method

The primary layer of dressing is non-adherent, for
example petroleum jelly gauze. This is then covered
with layers of absorbent cotton gauze or gamgee, held
in place by crépe bandages or net. With bandages
securing the dressings the patient may be able to begin
to mobilise about the ward with the aid of the physio-
therapist (see below).

When a hand is affected, a polythene bag containing
chlorhexadine may be placed over the hand and band-
aged to the forearm. The patient is able to regularly
exercise the hand freely through full range of motion.
The bag is changed daily or more frequently if indi-
cated by large amounts of exudate collecting in the bag.
The bag is changed to dry dressings at the nurse’s dis-
cretion. The physiotherapist must be aware of the
change and encourage the patient to maintain the
range of motion as this becomes more difficult as the
wounds begin to dry.

Surgical Management of
Full-Thickness Burns

Escharectomy is removal of the dead, burnt skin by a
method of excision or shaving. This may be carried out
on the day of admission depending on the stability of
the patient. A bleeding surface remains which has to be
grafted.

Grafting involves covering the open tissues with a
layer of split skin (see under plastic surgery below). This
may be from an uninjured area on the patient (an auto-
graft) or from another person (allograft). Sometimes
pigskin is used where there are extensive areas to be
covered. Grafts other than autografts do not give per-
manent cover but provide protection for 2—3 weeks.

Donor sites take 10—14 days to heal and can be very
painful during the first few days. Where there is a short-
age of available donor sites on the body owing to the
area of the burn, the ‘split-skin’ that is removed for
grafting purposes has to be extremely thin so that the
donor area can be used again after 14 days.
Unfortunately these very thin grafts have a greater
tendency to contract.

Extensive burns require considerable excision and
grafting carried out every 1-2 weeks. This is a long and

distressful period for the patient who has to have
repeated anaesthesia and operations.

Grafts are kept in position with petroleum jelly
gauze and bandages, and splints can be applied to
immobilise the joints adjacent to the grafts. The dress-
ings are taken down at 24 hours after grafting to look
for any formation of haematoma or seroma. The
change of dressings can be very painful and the process
may be carried out on the ward, under a general anaes-
thetic or with the use of Entonox.

REHABILITIVE PHYSIOTHERAPY OF A
BURNS PATIENT

Introduction

The rehabilitation process commences on the day of
admission. The ultimate goal for the burns team is to
return the individual to society with unaltered appear-
ance, abilities and potential. This is very often imposs-
ible owing to the nature of the burn, but the goal remains
the same. The process of rehabilitation involves health-
care professionals, support groups and the individual’s
family and friends. The burns care team consists of a
multidisciplinary team of professionals who specialise in
the care of the burns patient. In addition to medical,
nursing and therapy staff, a dietitian, psychologist, cos-
metologist and plastic surgery prosthetist (to name a
few) may be involved in the rehabilitation process.

It is impossible to say exactly what intensity of treat-
ment a burns patient should receive, as this depends on
the complexity and extent of the injury. The more
complex burns require intensive physiotherapy and
need an experienced therapist to assess their needs and
develop a treatment plan (CSP Therapy Standards
Working Group 2000).

Inpatients may be in a special ward, intensive care
unit or a regional burns unit. The latter is most advan-
tageous because the patient receives specialist atten-
tion, but difficulties can arise for relatives needing to
undertake long journeys to visit. The physiotherapist,
and other team members, must recognise the devastat-
ing effect a bad case of burning can have on the family.
It is important to recognise mood changes — guilt,
depression, anger, bewilderment and bitterness — which
can arise in the patient and family. The cause of the
accident clearly has a bearing on these moods. The
physiotherapist has to gauge what is the appropriate
reaction — sympathy, cajoling, encouragment or opti-
mism — whilst achieving the aims of treatment.

Aims
The aims of physiotherapy are to:

FiVe Burns and Plastic Surgery
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e achieve a clear airway and so prevent respiratory
complications

e maintain joint range of movement, and prevent

contractures or deformities

maintain soft-tissue length

maintain muscle strength

regain maximum function

minimise scarring

help the patient to gain independence and return to

an active lifestyle.

Respiratory Care

Shaking, clapping, postural drainage, coughing and
suction can be used to clear secretions. If it is very
uncomfortable for the patient to have hand pressure
applied to a chest burn, then a piece of foam may be
used under the hands. Tipping is contraindicated if
there is facial oedema but the patient may lie supine or
on either side. A ventilated patient usually requires
suction and humidification. A little treatment, often, is
the most effective. Humidification may be necessary for
the non-ventilated patient especially when there has
been inhalation of smoke or fumes. Breathing (expan-
sion) exercises are also important to maintain ventila-
tion of all lung areas. The physiotherapist must not be
afraid to treat with the vigour required to achieve these
aims even when the chest skin is burnt.

Intensive respiratory care is required in the
following situations:

¢ for the elderly patient

o for burns affecting face, mouth and respiratory
passages

o for immobile patients

e where there is a history of a chronic respiratory
condition

¢ pre- and postoperatively

e for patients with a full-thickness burn to the chest to
keep the eschar mobile.

Joint Range of Movement

Positioning, splinting and exercise are used for main-
taining and improving joint range.

Positioning

The position of comfort for the patient is usually that
of joint flexion. Unfortunately this allows scar tissue to
contract and cause deformities. Therefore, it is essential
that joints be held in the correct position during recov-

ery. The correct positions to be maintained are
described below.

Head and neck

A small roll (towel) behind the neck and/or a pillow
under the shoulders will help to maintain extension of
the cervical spine. The patient may be in lying (chest
and leg burns) or in half-lying with facial burns
(because of facial oedema).

Upper limbs

The upper limbs should be elevated on pillows with the
shoulder in abduction and slight flexion, the elbows
and wrists in extension, and the hands with metacar-
pophalangeal joints in flexion, interphalangeal joints in
extension, and thumb in palmar abduction. The joints
of the hand are held in position by static splints.

Lower limbs

The lower limbs are rested with the hip joints in exten-
sion and slight abduction, knees in extension and
ankles in 90-degree dorsiflexion (in a foot drop splint).
Elevation is obtained by raising the end of the bed, not
by placing pillows under the legs, which would put the
hips into flexion.

Splinting

Splints may be static or dynamic.

Static splints

Static splints are used when it is essential to maintain a
certain joint position until movement can start or to
maintain a satisfactory resting position between exer-
cises. These are designed and made to individual
requirements using thermoplastics and modified as the
patient recovers, such as after passive stretching.
Splinting may be required at night only to prevent soft-
tissue tightening whilst the patient is asleep. Nearly all
patients will require hand-resting splints and foot-drop
splints.

Dynamic splints

Dynamic splints can permit controlled movement of
various joints. For example, an MCP extension splint to
all four fingers allows some flexion of the fingers, thus
allowing damaged extensor tendons to move in a
limited range but not to be overstretched.

With a dynamic finger MCP joint flexion and
thumb abduction splint (Figure 5.4), wrist extension is
maintained and leather loops are positioned over the
proximal phalanges of each finger and pulled volarly by
elastic traction. The thumb is pulled into abduction to
widen the first web space.

With a flexor glove wrist extension is maintained,
and straps pass from the fingers to the volar aspect of



MCP joint flexion and

Figure 5.4

the splint, thus performing passive composite flexion
of the fingers (Figure 5.5).

A collar may be necessary to maintain the neck posi-
tion because the skin over the anterior aspect of the
neck contracts very readily, pulling the lower jaw down
to the chest. A soft material may be adequate for day-
time and a firmer one used at night (Figure 5.6).

Figure 5.5

General points for splinting

e The position has to be effective, but not necessarily
the position of function.

¢ Joints must not be included unnecessarily in splints.

e Tight encircling must be avoided. Splints must be
bandaged on evenly.

o Grafts and flaps must not be subjected to pressure
from the splint material.

e Bony prominences must be avoided where possible
or require corresponding padding within the splint.

e Nerve compression must be avoided.

e Correction and prevention of deformity is essential
but so too is muscular activity. Therefore, intermit-
tent and dynamic splinting must be used where
possible.

Exercises

Every joint should, where possible, be moved through
full range of movement each day. An active exercise
programme must be devised to achieve this. Assisted
active exercises or passive movements are necessary for
the damaged limbs and free active exercise for undam-
aged areas. If the patient is sedated and unable to per-
form exercises, passive movements must be carried out
at regular intervals. Movement should be performed
frequently to reduce oedema and resultant joint
stiffness.

During bathing, the patient is immersed in water
and where possible physiotherapy should be incorpo-
rated. All joints should be moved individually through
full range and composite movements carried out,
either actively or passively, with respect to exposed ten-
dons and any other associated injuries, for example

to maintain soft-tissue
ermal burns to the neck

Figure 5.6
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fractures. The exercise programme can be started on
the day of the burn and must take place daily.

Exercise can be very painful; where possible treat-
ment should be timetabled to coincide with the
patient’s medication or alternatively Entonox may be
utilised. The physiotherapist may take the opportunity
to mobilise restricted joints whilst the patient is under
anaesthetic in the operating theatre. This is an ideal
forum because the surgeon will be able to assess the
need for release of scar tissue if this is causing the lim-
ited range. The range of movement gained during
treatment will be controlled by the patient’s tolerance
level of pain and the limitations of movement of the
burnt tissues,

The physiotherapist may perform passive move-
ments through the dressings or the hand bags. If move-
ment is restricted by the adherence of the dressings,
then treatment can be carried out whilst the dressings
are down. Therefore good communication and cooper-
ation is essential between the therapists and the nurs-
ing staff.

Once the patient is alert enough and the intra-
venous drips and lines are minimal, the patient can be
sat out and attempt standing. A tilt table may be used
to gradually bring the patient into the vertical position.
Once the patient is able to stand, walking is com-
menced. The use of a pulpit frame or Zimmer walking
frame may be necessary.

As soon as possible the patient must be encouraged to
be independent in self-care and activities of daily living.

and is progressed as the patient improves, with modifi-
cations following grafting. Trips to the hospital shop
and then to neighbouring shops and pubs may be
included so that the patient starts to feel like a member
of society again. A home visit may be carried out to
assess the patient’s mobility and level of independence.
Discharge home is arranged as soon as the patient and
relatives are ready.

Outpatient Physiotherapy

Some patients may require continuation of dressings
once discharged from hospital, and will attend the
burns outpatient clinic. The physiotherapist should be
present to assess the range of movement, the healing
process and scar formation. Contractures must be pre-
vented by regular passive stretching, and mobility of
scar tissue is maintained by techniques of scar manage-
ment (see later). The patient can continue with the
rehabilitation programme at the same time, which may
involve continuing gym work. When all the wounds
have fully healed and the grafts are stable, the patient is
assessed and measured for pressure garments (see
later).

As a member of an outreach team the physiothera-
pist may visit the patient near to or at the patient’s
home. This concept of the burns care team travelling to
different sites to treat the burns patient is a new one
and currently being piloted (British Burns Association
2001, p. 40).
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Smaller burns

. These may be treated by physiotherapy
| on an outpatient basis. Active exercise is
just as important for small burns as for

Muscle strengthening

Where joints can be moved, the patient must work the
muscles for each joint through full range at least twice

pb RN e

a day. Muscles working over joints, which are fixed, can
be worked isometrically. The use of small weights,
graded rubber exercise bands and springs can increase
muscle strength. An exercise programme can be
devised for the patient to carry out during the day.

As soon as possible the patient should be up and
about and following an exercise/activity programme.
Where possible, an exercise circuit in the physiotherapy
gym should be commenced.

Regaining maximum function

Function is the ability to perform activities of daily liv-
ing at home, work and leisure. An individual circuit is
worked out which involves free exercise and equipment
work. Goals should be set, such as so many minutes on
an exercise bike, so many repetitions without rest on
skipping, jumping a height, or reaching a grip strength
by a given time (in weeks). This programme continues

larger ones so that scar tissue is kept mobile and
prevented from causing adhesions or contracting.

Return to Active Lifestyle

From the start the patient’s independence is encour-
aged, and the entire multidisciplinary team dealing
with the patient work together to encourage, sympa-
thise and cajole. The physiotherapist has sometimes to
push the patient hard, particularly where likelihood of
contractures or loss of function is high, as with burns
to the hands, axillae, chest, feet and anterior aspect of
the neck.

Many patients with a burn injury find the transfer
from hospitalisation to life in the community challeng-
ing and exhibit a whole range of problems at different
times in the recovery process. Sometimes it helps to
have patients meet people who have recovered from



severe injuries, and self-help groups can provide
invaluable long-term support. Return to work is obvi-
ously dependent on the nature of work and type of
injury but generally the patient should return even if
there are interruptions for release operations, follow-
up appointments and pressure garment refits. Family,
friends and employers have, therefore, to play a part in
the restoration of a full active lifestyle.

Children

The treatment of children follows the same principles
as for adults. The physiotherapist will need to teach the
family how to perform exercises and stretches. The
family must encourage the child to be as independent
as possible (e.g. feeding). The patient will be reviewed
on a regular basis during the years of growth until
reaching adulthood.

INTRODUCTION TO PLASTIC SURGERY

The term ‘plastic surgery’ was introduced in the early
nineteenth century. It describes the technique of
moulding tissues. The work is largely reconstructive
following trauma, excision of diseased tissue or correc-
tion of a congenital deformity. Burns are usually man-
aged by the plastic surgeon in the acute phase and then
in the correction of resultant deformities (Morgan and
Wright 1986).

This chapter discusses the use of skin grafts and

flaps and their management.
removed from one part of the body

Definition
Skin grafts consist of slices of skin

@
{the donor area) and applied to a raw

surface in another part (the recipient site).

Skin Grafts

Skin grafts may be used for any part of the body in
areas where there has been damage by burns, lacerated
wounds, ulceration, pressure sores, skin cancers or
healed contracted scars. A graft is used only when the
recipient site is vascular (i.e. soft-tissue injuries). Types
of skin graft are split-skin grafts and full-thickness
grafts.

Split-skin grafts

Split-skin (Thiersch) grafts consist of a very thin layer
of epidermis or thicker, up to the whole epidermis and
part dermis. These grafts are transferred without blood
supply.

This type of graft can be taken from several parts
of the body, the most common being the volar
aspect of the thigh, and the medial aspect of the
upper arm.

The graft may be applied to the recipient site in
strips or large sheets. If the recipient site is large and the
split skin is smaller, the skin can be meshed to increase
the area of coverage. The graft is passed through an
instrument that shreds the skin at intervals to give an
even meshwork (Figure 5.7).

Any skin that has been cut in excess of requirements
can be stored at a temperature of 4°C and remains
viable for later use, up to 21 days. The graft is wrapped
in gauze moistened with saline and placed in a sterile
closed container within the refrigerator (McGregor
1989).

The recipient site

Split-skin grafts are applied to raw surfaces or granu-
lating wounds. The area must be as flat as possible and
bleeding stopped. The graft is cut to size and applied
raw surface down. It may be sutured, stapled or glued
in place. Petroleum jelly gauze and crépe bandages are
applied.

Where it is necessary to hold the graft in contact
with the recipient site, such as in a concave defect, the
graft will be dressed with a pressure dressing or a ‘tie-
over’ dressing. Sutures applied to the edges of the graft
are left long enough to be tied over the top of the cot-
ton wool pressure dressing, thus holding the graft
down onto the bed.

For the first 48 hours nutrition is obtained from
free tissue fluid of the recipient site. Capillaries grow
into the graft and vascularisation is generally estab-
lished after 48 hours. This is a critical time because
movement of the graft destroys the capillary buds and
the graft does not ‘take’. Reasons for failure of a graft

m of hand with meshed split
grafting. Note the mesh pattern

“ Burns and Plastic Surgery



Tidy’s Physiotherapy

may be a haematoma under the graft or ‘tenting’ where
the graft has contracted and lifted the central area off
the recipient bed.

The dressings are taken down after 24 hours to look
for formation of a haematoma or seroma (space filled
with serum). Grafts to the lower leg are redressed with
double crépe bandage and Tubigrip. These patients can
then commence physiotherapy and mobilise.

The donor site

Donor sites are healed in 9-14 days depending on the
thickness of skin removed. A donor area used for full-
thickness skin has to be covered by a split-skin graft or
closed primarily.

The donor area for a split-skin graft is dressed with
petroleum jelly gauze and crépe bandage and left undis-
turbed for 14 days. If attempts are made to remove the
dressing too early the area bleeds and is very painful as
the regenerating epithelium is torn away.

Once healed, the donor area is managed with
moisturising cream and massage, and if necessary
protected with sun block.

Full-thickness grafts

‘Full thickness’ (Wolfe) consists of the skin down to but
excluding superficial fascia. This type of graft has little
tendency to contract and it has the appearance similar
to that of normal skin. Because of this these grafts are
commonly used on the face or the hand (Figure 5.8).

The donor site will not heal spontaneously and will
require direct closure by suture or coverage with a split-
skin graft. Common donor sites are behind the ear
(post-auricular) for the face, as there is a good colour
match, and the upper arm, as closure is easy.

The management of full-thickness grafts is the same
as for split-skin grafts. The scar management is still
necessary although the graft should not contract as
much.

PHYSIOTHERAPY AFTER PLASTIC
SURGERY

Skin Grafts

General principles

Range of movement of the surrounding joints is main-
tained by exercises. If the patient is on bedrest a regime
of bed maintenance exercises is implemented. Once the
graft is stable the patient is instructed in active range-
of-motion exercises to the joints affected by the graft.
This is best carried out with the dressing removed.

The circulation to the graft should not be impaired
by this activity and the therapist should observe the
colour of the graft. Where the grafted area is ‘squeezed’
or folded, as it is in the palm of the hand on full flexion
of the fingers, the circulation is intermittently
occluded. The same occurs when a graft is put on
excessive stretch and it will blanch. The graft should be
allowed to ‘pink up’ in between each movement as the
circulation re-establishes in the tissues. The area should
not be rested with any stretching or folds to the grafted
area, nor should the graft be rested upon, as this may
compromise the capillary flow to the new skin.

After about 14 days, the graft begins to contract and
there is danger that it will become adherent to underly-
ing tissues. The physiotherapist must be aware of this
and practice scar management techniques to maintain
range of movement and soft-tissue length.

Scar management

The complications that arise from scar formation
are:

¢ adherence of graft to underlying tissues
e contracting scar tissue

¢ reduced range of movement

e hard immobile tissues

e red raised areas

¢ discomfort of tight skin.

The objectives of physiotherapy are therefore to:

¢ mobilise soft tissues

e increase range of movement — passive and active
e prevent further contraction of the scar

¢ reduce redness and flatten raised areas

¢ reduce pain and discomfort

e lengthen soft tissues.

Treatment techniques
Passive stretches

Where there is restricted range of movement caused by
tight scar tissue, the physiotherapist performs passive
movement at the end of range to create a stretch to the
scar. The amount of force applied will be controlled by
the pain tolerance of the patient, the ‘give’ of the tissues
under stretch and the circulation to the area. The
physiotherapist must observe the colour changes of the
scar carefully; when at full stretch it will blanch and this
can be used as a guide to the effectiveness of the treat-
ment. When the scar tissue does not respond to
repeated treatments or the contraction increases, the
tissues will require surgical release to regain the range
of movement.



ss skin graft to the palm
weeks after grafting.

Massage

Once the graft is stable and the edges fully healed, mas-
sage can be commenced. A moisturising cream can be
applied during this process. The massage should initially
be carried out at the edges of the graft with small move-
ments and superficial pressure. Gradually work more
centrally as the graft matures. It is important to avoid
pressure and sliding over the skin, as this will cause blis-
tering of the graft. The aim is to soften and mobilise the
grafted tissue to enable freedom of movement and
improve nutrition and therefore restore function.

Pressure garments

These garments are made to measure and constructed
from elasticated material (Figure 5.9). They are worn
for nearly 24 hours a day and removed for washing and
cream massage of the scars. They are used to reduce
hypertrophic scarring, which is excessive formation of
collagen resulting in thick, rope-like, uneven scars
which both limit function and look unsightly. They

e arm as in Figure 5.7 wearing
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also assist in flattening raised areas and reducing the
redness of skin grafts. Pressure by an elasticated
garment worn almost continuously for up to 2 years
reduces this scarring.

The individual requires reassessment on a regular
basis for adjustments to the garment size and shape as
the person either grows or puts on weight.

The garments may be manufactured by staff on the
hospital site or can be ordered from specialist suppliers.
The patient is provided with sleeves, tights, vests or
gloves depending on the area affected. If the garment is
fitted over a concave area, for example a glove over the
palm of the hand, silicon can be moulded to fit in the
space in order to apply pressure.

Flaps

Definition
A flap consists of the transfer of tissue
that relies on a functioning arterial and

venous circulation.

Flaps may be attached to the blood supply throughout
the transfer process; the part that remains attached is
the pedicle or base. A flap that is detached temporarily
in order to transfer the tissue is called a free flap. As
flaps have their own blood supply they can be used to
cover avascular defects, for example open joints,
exposed bone, cartilage or tendon. They may consist of:

full thickness skin — a cutaneous flap

skin and fascia — a fasciocutaneous flap

muscle and skin — a myocutaneous flap

bone, muscle and skin — an osteomyocutaneous
flap.

Complications of flaps include arterial insufficiency
due to spasm or thrombosis, and venous thrombosis.
Either will cause the flap to necrose if the anastomosis
is not revised as soon as possible.

Common types of flap

e Local flap. This is a flap transferred from a site
adjacent to the defect. It is used where the skin is
pliable or loose and direct closure of the donor site
is possible.

o Transposition flap. A square of skin is raised and
moved to an adjacent defect, leaving a triangular
defect which requires a split skin graft to cover.

e Rotation flap. A semicircle of skin is raised and
rotated to cover a triangular defect. There is no
secondary defect to be grafted.

Burns and Plastic Surgery
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o VY advancement flap. This is the transfer of a V
shape of skin; it is moved towards the defect leaving
a Y-shaped closure. It is commonly used to cover
fingertip injuries.

¢ Distant flap. This is used to cover an area not adja-
cent to the flap. For example a defect on the hand
may be covered by a flap raised from the groin. The
donor area is covered with a split-skin graft or
closed directly. The hand remains attached to the
groin by the pedicle (through which passes the
artery and vein). This remains intact for 3 weeks,
after which the pedicle is divided.

® Myocutaneous flap. The skin and the underlying
muscle is harvested to cover the recipient site. A
common example of this is the latissimus dorsi
muscle used in the reconstruction of the breast.

o Osteomyocutaneous flap. This may be taken from the
forearm and used for maxillofacial reconstruction.
The donor site is covered with a split-skin graft and
a protective plaster of Paris applied for 4—6 weeks.
The wrist and hand requires mobilising, as would a
fractured radius.

Free flaps

With a free flap the skin and underlying tissues are
raised, together with the artery and vein, and detached
from the body. The vessels are then anastomosed to the
vessels of the recipient area. These operations are per-
formed with the use of a microscope — hence the term
‘microsurgery’

As mentioned above, these free flap transfers can
involve bone and muscle as well as skin. The free
flap should be elevated postoperatively, but not in
high elevation, and care must be taken to eliminate
any pressure applied to the vessels proximal to the
flap.

Physiotherapy following flap transfer

The respiratory system

Breathing exercises with huffing or coughing to clear
the lung fields may be necessary — especially after the
long time under an anaesthetic when microsurgery is
performed. The patient may well return to the intensive
care unit following such procedures. The treatment of
these patients as a whole is as for any other surgical
patient on the unit.

Exercises

If the patient is sedated the physiotherapist will carry
out passive movements to all joints. Care must be taken
when moving the areas adjacent to, and involving the
flap. The flap must not be compressed for any length of

time, nor must the vessels to the flap be kinked or
stretched.

Any splints that are required for positioning joints
or immobilising parts must be constructed in such a
way as to avoid compression of the flap or the vessels
proximal to the flap.

When a pedicle flap has been used and the patient’s
arm or leg is attached to another part of the body, stiff-
ness of the joints of that limb will develop. The physio-
therapist must assist the patient to move the affected
joints as much as possible with respect to the circula-
tion of the flap.

Scar management

The same principles apply as for skin grafts. The flap
may well be bulky and raised because of the fat layer,
and this will not respond to pressure therapy. An oper-
ation may be performed some months later to de-bulk
such a flap. A flap involving muscle tissue will reduce in
size over time as the muscle fibres atrophy.

CASE STUDY

A 22-year-old man caught in a house fire sustained
burns to his face, back, arms, legs, buttocks, hands and
feet, and was admitted to the regional burns unit. The
burns were partial thickness and the total percentage
area of burns was 35%. Approximately 4% of these
burns were full thickness. The man had no previous
medical history.

First operation

On admission to the burns unit the patient underwent
surgery for debridement of burns and escharotomies to
both hands. See Table 5.2 for the initial assessment.

Second operation

One week later further surgery was carried out, con-
sisting of debridement and grafting to both arms. The
patient developed chest infection with oxygen satura-
tion levels of 96% with 60% O, via face mask. See Table
5.3 for the new assessment.

Operation three

Two weeks later the person returned to the operating
theatre for grafting to upper limbs, application of skin
grafts to raw areas, and left-hand PIP joints K-wired in
extension. See Table 5.4 for the new assessment.

Complications

Over a period of 4-8 weeks after the burning incident
the patient developed reduced range of movement at
the right elbow joint, which was painful. Heterotrophic



Table 5.2 Case study: assessment 1.

"FiVe " Burns and Plastic Surgery

Problems

Active needs

Treatment plan

Potential for decreased ROM in
affected joints due to burn

Swelling due to burn
Pain

Potential deformity or
contracture of joints

Potential respiratory problems
due to smoke inhalation

Increased ROM in all affected
joints until fully healed.
Maintain full active movement
of unaffected joints

Prevent swelling until healed

Reduce pain to a tolerable level
to allow exercises

Prevent contractures and
deformities while scar tissue
forms and matures

Prevent respiratory problems
and maintain clear airway

Passive exercises while patient
sedated, progress to active
Twice daily

Elevate affected areas especially
hands and feet

Liaise with nursing staff on pain
control

Hand-resting splints and foot-
drop splints

Passive and active exercises
twice daily

Breathing exercises and
coughing two to three times

daily

Encourage fluid intake

ossification of the elbow joint was confirmed with an
MRI scan. The exercise regimen for the elbow was lim-
ited to active movements within the limits of pain. A
night splint was worn to hold the elbow in extension to
maintain soft-tissue length on the anterior aspect of
the elbow joint.

Bone exposed at the tip of the left index finger was
corrected by terminalisation of the index finger at the
level of the DIP joint.

The web space of the left thumb began to contract
thus limiting abduction of the thumb and therefore
reducing function of the left hand. Passive stretches of
the thumb into palmar abduction and active abduction
exercises were carried out by the physiotherapist and
the family to achieve the desired range of movement. A
‘C’ splint was fitted to the first web space and the patient
instructed to wear it between treatment and at night.

Progression

At 1 month the patient commenced standing between
two physiotherapists. This was carried out twice daily

Table 5.3 Case study: assessment 2.

and progressed to walking once the patient had acquired
standing balance. The distance walked was gradually
increased, as the patient was able. A stair assessment was
carried out and followed with a home visit as the patient
lived within the locale of the burns unit.

At 10 weeks the patient was discharged from the
unit with follow-up appointments at the burns dress-
ing clinic. These appointments were three times a week
and involved 1 hour of physiotherapy in the rehabilita-
tion room.

Once areas of grafting had healed and the condition
of the skin allowed, the patient was assessed for the
provision of pressure garments. These were manufac-
tured by the senior therapy assistant who then fitted the
garments and instructed the patient how to use them.
The left glove was converted into a flexor glove to com-
bine the pressure therapy with passive flexion of the
fingers. This garment was worn for intervals of approx-
imately 30 minutes followed by active flexion and
extension exercises of the fingers. In between the flexor
glove the patient wore a glove and a dynamic MCP
joint flexion splint. Gradually the range of flexion

Problems Active needs

Treatment plan

Respiratory problems due to
anaesthetic and previous smoke

inhalation facemask

Potential for reduced ROM in
joints due to the immobilisation
of joints adjacent to grafts

Improve O, saturation levels to
98% with oxygen @ 35% via

Increase ROM in all affected
joints until fully healed

Breathing exercises and
coughing two to three times
daily

Encourage fluid intake

Active and passive exercises once

the grafts stable
Twice daily
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Table 5.4 Case study: assessment 3.

Problems Active needs

Treatment plan

Potential respiratory problems
due to anaesthetic

Pain due to surgery

Potential for decreased ROM in
joints due to the immobilisation
of joints adjacent to grafts

Decreased ROM of wired joints

Prevent respiratory problems
and maintain clear airway

Reduce pain to a tolerable level

Increase ROM in all affected
joints until fully healed

Increase ROM of PIP joints when
wires removed after 5 weeks

Breathing exercises and
coughing two to three times
daily

Encourage fluid intake

Liaise with nursing staff on pain
control

Active and passive exercises once
the grafts stable
Twice daily

Passive flexion each joint and
active exercises, 10 hourly
Dynamic splintage if necessary

improved at the MCP and PIP joints of the left hand
and function increased.

Over a period of several weeks the patient attended
the rehabilitation room for intensive treatment to
return to function. Activities including balance work,
cycling, dressing, writing, playing cards and therapeu-
tic putty exercises. The treatment was adapted as
progress was made and the pressure garments
reviewed at regular intervals as the scar tissue
matured.

Discussion

The recovery period following such extensive burns is
a long and arduous one; it requires a great deal of
cooperation and commitment from all members of
the multidisciplinary team, which includes the patient
and relatives. In order for the patient to regain as
much function as possible, clear objectives must be set
out at the beginning and all members must be
included in the decision-making process. It is essen-
tial once the patient is discharged from the hospital
that the burns care continues on an intensive level by
specialists.
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SCOPE OF THIS CHAPTER

This chapter will take you through an introduction to
clinical gait analysis, definitions and detailed descrip-
tions of the movement and force patterns found during
walking, and the mathematical basis of how muscle
force and power may be calculated. The book Appendix
has a section devoted to background mathematics and
self-assessed questions to help you practice the prin-
ciples. More information about biomechanics is avail-
able in an online textbook Functional Biomechanics in
Clinic and Research, available at the University of
Salford website (www.biomechanics.org.uk).

Clinical Gait Analysis

In 1953, Saunders and co-workers referred to the major
determinants in normal gait and applied these to the
assessment of pathological gait. Inman (1966, 1967)
and Murray (1967) both published detailed analyses on
the kinematics and conservation of energy during
human locomotion, and these are resources still fre-
quently referred to. Inman et al. (1981) later published
Human Walking, a comprehensive textbook on human
locomotion.

Brand and Crowninshield (1981) highlighted the
distinction between the use of biomechanical tech-
niques to ‘diagnose’ or ‘evaluate’ clinical problems. The
authors stated: ‘Evaluate, in contrast to diagnose,
means to place a value on something. Many medical
tests are of this variety and instead of distinguishing
diseases, help determine the severity of the disease or
evaluate one parameter of the disease. Biomechanical
tests at present are of this variety. Brand and
Crowninshield also gave a guide of six criteria for tools
used in patient evaluation:

1. The measured parameter(s) must correlate well
with the patient’s functional capacity.

2. The measured parameter must not be directly
observable and semi-quantifiable by the physician
or therapist.

3. The measured parameters must clearly distinguish
between normal and abnormal.

4. The measurement technique must not significantly
alter the performance of the evaluated activity.

5. The measurement must be accurate and repro-
ducible.

6. The results must be communicated in a form which
is readily identifiable.

Brand and Crowninshield stated: ‘It is clear to us that
most methods of assessing gait do not meet all of these
criteria. We believe that it is for this reason that they are
not widely used’

Advances in biomechanical assessment in the last 20
years have been considerable. The description of nor-
mal gait in terms of movement and forces about joints
is now commonplace. The relationship between
normal gait patterns and normal function is also well
supported in both scientific papers and textbooks
(Bruckner 1998; Rose and Gamble 1994; Perry 1992).
This allows deviations in gait patterns to be studied in
relation to changes in function in subjects with par-
ticular pathologies. It is possible for a clinician or
physician to subjectively study gait, but the value and
repeatability of this type of assessment is questionable
owing to poor inter- and intra-tester reliability
(Pomeroy et al. 2001). It is impossible for one individ-
ual to study, by observation alone, the movement pat-
tern of all the main joints involved during an activity
like walking, simultaneously. Studying movement pat-
terns using objective motion analysis allows inform-
ation to be gathered simultaneously with known
accuracy and reliability. In this way changes in move-
ment patterns due to intervention by physical thera-
pists and surgeons may be assessed unequivocally.

Most motion analysis systems now report on
the joint kinematics for the individual recorded, and
also contain information for the mean for normal
on the same graph allowing a direct comparison of
the individual’s movement pattern in relation to a pre-
defined normal. Such information is also available on
the Internet at sites such as ‘Clinical Gait Analysis’
maintained by Dr Chris Kirtley:

(http://guardian. curtin.edu.au/cga/data).

Patrick (1991) reviewed the use of movement analy-
sis laboratory investigations in assisting decision-
making for the physician and clinician. Patrick
concluded that the reasons for the use of such facilities
not being widespread were due to:

+ the time of analysis being considerable

+ bioengineers designing systems and presenting
results for researchers and not clinicians

+ alack of understanding by physicians and clinicians
of applied mechanics and its relevance to assess-
ment of treatment outcome.

Since 1991 the movement analysis laboratory has
become more widely accepted by physicians, and the
time needed for analysis is ever decreasing, resulting in
new laboratories appearing in the clinical setting. One
example of this is Glasgow Caledonian University’s
Clinical Research Centre, at the Southern General
Hospital (Bell et al. 1996). Winter (1993) reviewed
techniques of gait analysis; this was a reply to the criti-
cisms from Brand and Crowninshield. Winter gave evi-
dence to show that clinical gait assessments can give a
valuable contribution to: diagnostic information to



assist surgeons in planning orthopaedic procedures;
planning of rehabilitation; and the assessment of pros-
thetic devices. Winter also demonstrated the use of a
generalised strategy and diagnostic checklist developed
for all pathologies. This checklist did not focus on a
particular pathology, but rather targeted gait problems,
which may be common to many pathologies. Winter
demonstrated the use of such a checklist using five case
studies: knee arthroplasty, below-knee amputation;
cerebral palsy hemiplegia; above-knee amputation; and
patellectomy. The paper concluded by stating that
assessment of pathological gait is not an easy task, and
can require considerable expense in equipment, soft-
ware and specialised personnel. Winter also stressed the
need for a database of normal data for children, adult
and elderly subjects.

A common argument against movement analysis
laboratories has been cost. The cost of movement
analysis equipment and its potential use in the clinical
setting has been reported (Bell et al. 1996). A broader
question indeed could be put to any clinical assessment
or treatment that requires the use of technology. One
example of this is the relative cost of radiography to
movement analysis equipment, which in comparison is
modest. Gage (1994) claimed that gait analysis costs are
comparable with MRI or CAT scans. Gage also stated
that the use of movement analysis, as a detailed form of
assessment, may have wider cost benefits and improve
clinical services more than first realised.

Bell et al. (1995) highlighted the use of an holistic
approach to motion analysis including muscle per-
formance, joint range of motion, as well as kinematic
and kinetic parameters of gait. This holistic approach
may be applied to many pathologies to give a detailed
assessment of pathology and the subsequent effects of
treatment.

Many of the techniques of collection and analysing
human locomotion have been applied to clinical prac-
tice. This has led to more detailed clinical assessment of
therapeutic and surgical intervention, which is becom-
ing increasingly important in the age of evidence-based
practice.

The Development of Equipment

Movement analysis

In the late nineteenth century the first motion picture
cameras recorded patterns of locomotion of both
humans and animals. In 1877, Muybridge demon-
strated, using photographs, that when a horse runs
there is a moment when all of the animal’s hooves are
off the ground and in 1887 published Animal
Locomotion. Muybridge later used 24 cameras to study
the movement patterns of a running man and in 1901

published The Human Figure in Motion. Marey, a
French physiologist, used a photographic rifle to pho-
tograph movement of animals in 1873, and in 1882 and
1885 to record displacements in human gait to produce
the first stick figure of a runner.

In the second half of the twentieth century many
systems capable of automated and semi-automated
computer-aided motion analysis were developed. One
of the first systems to become commercially available
was the Ariel Performance Analysis System, which
required the operator to manually identify the location
of each marker used for each frame. Since then the
problems of automatic marker identification have been
at the forefront of the development of computer-aided
motion analysis. In 1974 SELSPOT, became commer-
cially available, which allowed automatic tracking of
active LED (light-emitting diode) markers. Later
Watsmart and Optotrak used a similar technique.
VICON, a television-camera based system, became
commercially available in 1982. Since then many sys-
tems based on television-camera technology have been
developed; these include the Motion Analysis
Corporation system, Elite, and ProReflex by Qualisys.

Force analysis

Force platforms are devices which measure the ground
reaction forces acting beneath the feet. Force platforms
are considered as a basic but fundamentally important
tool for gait analysis. The first force measurements date
back as far as the late nineteenth century, when Marey
used a wooden frame on rubber supports. Elftman
(1938) used a similar method with a platform on
springs. However it was not until the advancement of
computers and electronic technology that the readings
could be accurately measured. In 1965, Peterson and
co-workers developed one of the first strain-gauge
force platforms. A plethora of publications now exists
on the applications of such devices in both clinical
research and sports.

Since 1965 forces platforms have undergone consid-
erable development by three internationally accepted
manufacturers, Kistler Instruments, AMTI and the
Bertec Corporation. Advances have been in the form of
making the platforms more accurate (reducing
crosstalk), increasing sensitivity (increasing the natural
frequency), and making the platforms portable.

KINEMATICS

The Gait Cycle

For normal walking the obvious division is the duration
when the foot is in contact with the ground and the

Chapter Six Biomechanics
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period when it is not. These are known as ‘stance phase’
(approximately 60% of the gait cycle) and ‘swing phase’
(approximately 40% of the gait cycle) respectively.

Definition

The stance phase can be subdivided
into: heel strike, foot flat, mid stance,
heel off, and toe off. The swing phase
can be subdivided into: early swing, mid swing,
and late swing.

Spatial and Temporal Parameters
of Gait

The simplest way to look at walking patterns is by
studying distances and times while the foot is in con-
tact with the ground.

Spatial parameters

Stride length

- -

Step length

Base width
&

: Spatial parameters.

Foot angle

The spatial parameters of foot contact during gait are
(Figure 6.1):

« step length — the distance between two consecutive
heel strikes

+ stride length ~ the distance between two consecutive
heel strikes by the same leg

«  foot angle or angle of gait — the angle of foot orienta-
tion away from the line of progression

* base width or base of gait — the medial lateral dis-
tance between the centre of each heel during gait

Temporal parameters
Temporal parameters are (Figure 6.2):

+ step time — the time between two consecutive heel
strikes

+ stride time — the time between two consecutive heel
strikes by the same leg, one complete gait cycle

» single support — the time over which the body is sup-
ported by only one leg

* double support — the time over which the body is
supported by both legs

10% 40% 10% 40%
Double Single Double Swing
support support support time

Toe off Heel strike
Double Swing Double Single
support time support support

oral parameters.

+ swing time — the time taken for the leg to swing
through while the body is in single support on the
other leg

* total support — the total time a foot is in contact with
the ground during one complete gait cycle.

Two other parameters may easily be calculated using
this information; these are cadence and velocity. The
cadence is the number of steps taken in a given time,
usually steps per minute. Velocity may be calculated by
the formula below:

Number of St
Cadence (steps/min) = %E

step length (m) X cadence (steps/min)
60 (number of seconds in one minute)

Velocity (m/s) =

Symmetry can also be found by dividing the value of
a parameter found for the left over that of the right:

step length for the left
step length for the right

Symmetry of step length =

These parameters, although simple, can be a very
useful means of outcome assessment. It must be noted,
however, that these may not always be appropriate for
some more complex pathological gait patterns (Wall et
al. 1987).

Analysis of Joint Motion

Calculation of segment angles and
joint angles

Normal movement patterns during
gait

Human walking allows a smooth and efficient progres-
sion of the body’s centre of mass (Inman 1967). To
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Figure 6.3

Definition
Segment angle is defined as the angle
of the body segment away from the

vertical axis (Figure 6.3). The segment

angles can be calculated by knowing the coor-
dinates of the proximal and distal ends of a
body segment in a particular plane. The angle
can then be found by trigonometry.

Tang=2"%1
Y= 71

This is referred to as 'segment angle’.

achieve this there are a number of different move-
ments of the joints in the lower limb. The correct func-
tioning of the movement patterns of these joints
allows a smooth and energy efficient progression of
the body. The relationship between the movements of
the joints of the lower limb is critical. If there is any
deviation in the coordination of these patterns the
energy cost of walking may increase and also the shock
absorption at impact and propulsion may not be as
effective.

Joint motion patterns commonly reported include:
ankle plantar-dorsiflexion, foot rotation, knee flex-
ion/extension, knee valgus/varus, knee rotation, hip
flexion/extension, hip abduction/adduction, hip rota-
tion, pelvic tilt, pelvic obliquity, and pelvic rotation.
Although all these movement patterns are of interest,
only major movement patterns of the lower limb are
covered here. These include:

* plantar and dorsiflexion of the ankle joint

+ knee flexion/extension

* hip flexion/extension

+ motion of the pelvis in the coronal plane

+ motion of the pelvis in the transverse plane.

{T

J—

X3, V3

Figure 6.4

_IE' definitions.

Definition
Joint angle is defined as the angle

between the line of the proximal and
e distal segments of a joint. The example

shown in Figure 6.4 is the knee joint
angle, which is usually defined such that full
extension is zero degrees and an increase in flex-
ion is positive. This may be calculated by the
equation shown below.

Xy —

Tan¢:§——xl an B =
Y2

Joint Angle ©® = +8 £ ¢
—Yi Ys = V2

However, care must be taken as the formula
changes depending on which quadrant the body
segments are acting in. This may result in the seg-
ment angles needing to be added or subtracted
to find the true joint angle.

Motion of the ankle joint

The movement about the ankle joint is of great impor-
tance as it allows shock absorption at heel strike, pro-
gression of the body forwards during the stance phase,
as well as being vital in the ‘push off” or propulsive
stage immediately before the toe leaves the ground.
During the swing phase the motion of the ankle joint
allows foot clearance, which can be lacking in some
pathological gait patterns and is generally known as
‘drop foot’.

The range of motion, which occurs in walking,
varies between 20 degrees and 40 degrees, with an aver-
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age value of 30 degrees. However, this does not tell us
how the motion of the ankle varies throughout gait.
During gait the ankle has four phases of motion
(Figure 6.5).

Phase 1

At initial contact, or heel strike, the ankle joint is in a
neutral position; it then plantarflexes to between 3 and
5 degrees until foot flat has been achieved (Figure 6.6).
This is sometimes referred to as ‘first rocker’ or ‘first
segment), which refers to the foot pivoting about the
heel or calcaneus. During this period the dorsiflexor
muscles in the anterior compartment of the foot and
ankle are acting eccentrically, controlling the plan-
tarflexion of the foot. This gives the effect of a shock
absorber and aids smooth weight acceptance to the
lower limb.

Phase 2

At the position of foot flat the ankle then begins to dor-
siflex. The foot becomes stationary and the tibia
becomes the moving segment, with dorsiflexion reach-

Figure 6.6 n of the ankle joint phase 1.

50 60 70 80 90 100

% of gait cycle

ing a maximum of 10 degrees as the tibia moves over
the ankle joint (Figure 6.7). The time from foot flat to
heel lift is referred to as ‘second rocker’ or ‘second seg-
ment;, which refers to the pivot of the motion now
being at the ankle joint with the foot firmly planted on
the ground. During this time the plantarflexor muscles
are acting eccentrically to control the movement of the
tibia forwards.

Phase 3

The heel then begins to lift at the beginning of double
support, causing a rapid ankle plantarflexion reaching
an average value of 20 degrees at the end of the stance
phase at toe off (Figure 6.8). The ankle plantarflexes at
a rate of 250 degrees/s. This rapid movement is associ-
ated with power production. During this propulsive
phase of the gait cycle the plantarflexor muscles in the
posterior compartment of the foot and ankle concen-
trically contract, pushing the foot into plantarflexion
and propelling the body forwards. This is referred to as
‘third rocker’ or ‘third segment’ as the pivot point is
now under the metatarsal heads.

Figure 6.7 éfjthe ankle joint phase 2.



ankle joint phase 3.

Figure 6.8.

Phase 4

During the swing phase the ankle rapidly dorsiflexes
(150 degrees/s) to allow the clearance of the foot from
the ground (Figure 6.9). A neutral position (0 degrees)
is reached by mid swing, which is maintained during
the rest of the swing phase until the second heel strike.
This is referred to as the ‘fourth segment. It has been
recorded that there is sometimes a 3-5 degree dorsi-
flexion during the swing phase. During this phase the
ankle dorsiflexors concentrically contract to provide
foot clearance from the ground and prepare for the
next foot strike.

Motion of the knee joint

During gait the knee joint moves in the sagittal, trans-
verse and coronal planes. However, the majority of the
motion of the knee joint is in the sagittal plane, which
involves the flexion and extension of the knee joint.
The flexion and extension of the knee joint is cyclic,
and varies between 0 and 70 degrees, although there is
some variation in the exact amount of peak flexion
occurring. These differences may be related to differ-

70
60
50
40

30

Joint angle

20 -
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Figure 6.9

ences in walking speed, subject individuality, and the
landmarks selected to designate limb segment align-
ments, There are five phases (Figure 6.10).

Heel strike

At heel strike, or initial contact, the knee should be
flexed (Figure 6.11). However, people’s knee posture
can vary between slight hyperextension (-2 degrees) to
10 degrees of flexion, with a mean value of 5 degrees.

Phase 1

After the initial contact there is a flexion of the knee
joint to about 20 degrees when the knee is flexed under
maximum weight-bearing load. The knee joint flexes to
absorb the loading at a rate of 150-200 degrees/s. This
occurs at the same time the ankle joint plantarflexes,
with a net effect to act as a shock absorber during the
loading of the lower limb. During this time the knee
extensors are acting eccentrically.

Phase 2

After this first peak of knee flexion the knee joint
extends at a rate of 80-100 degrees/s to almost full

3

0 10 20 30 40

50 60 70 80 90 100

% of gait cycle

Figure 6.10
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Figure 6.11

Figure 6.14

knee joint - heel

Figure 6.15

knee joint - Phase 4

extension. This is concerned with a smooth movement
of the body over the stance limb.

Phase 3

The knee then begins its second flexion, which coin-
cides with heel lift. During this second flexion the lower
limb is in the propulsive phase of the gait cycle. The
knee undergoes a rapid flexion in preparation for
swing phase, sometimes referred to as pre-swing.

Phase 4

Toe off occurs when the knee flexion is approximately
40 degrees, at which time the knee is flexing at a rate of
300-350 degrees/s. This flexion, coupled with the ankle
dorsiflexion, allows the toe to clear the ground. During
initial to mid swing the knee continues to flex to a max-
imum of 65-70 degrees.

Phase 5

During late swing, the knee undergoes a rapid exten-
sion, 350—400 degrees/s to prepare for the second heel
strike.

Motion of the hip joint in the sagittal
plane

During walking the leg flexes forward at the hip joint to
take a step and then extends until push off. This motion
forms an arc starting at initial contact and finishing at
toe off.

The motion of the hip joint is quite simple. The
pattern may be described as follows (refer to Figure
6.16).

Maximum hip flexion occurs during terminal
swing (3), this is followed by a slight extension before
initial contact, (1) (Figure 6.17). After initial contact
(1) the hip then extends as the body moves over the
limb at a rate of 150 degrees/s. Maximum hip extension
occurs just after opposite foot strike (2) (Figure 6.18),
weight is then transferred to the forward limb and the
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trailing limb begins to flex at the hip. This is the pre-
swing period. The toe leaves the ground at 60% of the
gait cycle and the hip flexes rapidly at a rate of 200
degrees/s. This can be seen from the slope of the angle
against time plot below, to progress the limb forward
and prepare for the next initial contact (1).

Motion of the pelvis in the coronal
plane (pelvic obliquity)

During the early stance phase the contralateral side of
the pelvis drops downward in the coronal plane. In
order for foot clearance to be achieved the knee under-
goes rapid flexion. In normal gait the peak pelvic
obliquity (drop down) occurs just after opposite toe
off, which corresponds to the early stance phase on the
weight-bearing limb.

Pelvic obliquity serves three purposes: to aid shock
absorption, to allow limb length adjustments, and to

10

20

I ]
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reduce the vertical excursions of the body (improving
efficiency).

To illustrate these points we consider an above-knee
amputee gait. In above-knee amputees the pelvic oblig-
uity does not always follow the normal pattern, as nor-
mal control of the knee joint had been lost. Hitching up
the contralateral side of the pelvis often ensures foot
clearance. In this way pelvic obliquity can be used to
shorten the effective limb length when required.
However, this may have energy costs as it increases the
excursion of the vertical body.

Motion of the pelvis in the transverse
plane (pelvic rotation)

During normal level walking the pelvis rotates about a
vertical axis alternately to the left and to the right
(Figure 6.20). This rotation is usually about 4 degrees
on each side of this central axis, the peak internal rota-
tion occurring at foot strike and the maximal external
rotation at opposite foot strike. This rotation effectively
lengthens the limb by increasing the step length and
prevents excessive drop of the body, making the walk-
ing pattern more efficient. Pelvic rotation has the effect
of smoothing the vertical excursion of the body and
reducing the impact at foot strike.

Linear Motion

O Terminology

s = displacement
v = final velocity
u = initial velocity

a = acceleration
t =time

()

Definitions

Displacement

Displacement is the average velocity multiplied by
time. The average velocity may be found by adding the
initial and final velocities and dividing by two:

average velocity = {(u + v).

Velocity

Velocity is the rate of change of displacement; that is,
the distance covered in a particular time:

velocity = change in displacement/time.

Acceleration

Acceleration is the rate of change of velocity; that is, the
change in velocity over a given time:

acceleration = change in velocity/time.

@)

Self-assessed task

Motion of the upper limb during a
reaching

From the displacement data shown in
Figure 6.21 and Table 6.1, the linear velocity and
acceleration of the hand may be found. The
data was collected at 10 readings per second.
Calculate the velocity and acceleration of the
hand and plot the displacement, velocity and
acceleration on graph paper.
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Figure 6.21

_the upper limb during

Table 6.1 Data for self-assessment
task.

Time Displacement Velocity Acceleration
0 0.003973
0.1 0.005293
0.2 0.007077
0.3 0.028080
0.4 0.089244
0.5 0.171660
0.6 0.235259
0.7 0.267247
0.8 0.281803
0.9 0.289150
1.0 0.291820

Linear displacement graph

This graph is drawn from knowing how the linear posi-
tion of the hand varies over time. The graph in Figure
6.22 shows how the hand starts at a position zero and
moves forward in a reaching motion. The gradient of
the curve indicates the velocity at which the hand is
moving throughout the task.
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Figure 6.22 ement of the hand.
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Linear velocity graph

The velocity graph is found by measuring the change in
the linear displacement over each successive time inter-
val. The linear velocity graph for the hand during
reaching .shows a bell-shaped curve (Figure 6.23).
Initially the velocity of the hand is zero; the hand then
accelerates to its maximum velocity at approximately
the mid-point of the reaching movement. The hand
now decelerates, as the hand gets closer to its target;
this takes slightly longer than the acceleration phase to
ensure accuracy of hand position.
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Figure 6.23 city of the hand.

Linear acceleration graph

The acceleration graph is found by measuring the
change in the linear velocity over each successive time
interval. The graph in Figure 6.24 shows an initial
acceleration peak early in the movement. The accelera-
tion then decreases to zero as the hand reaches its max-
imum velocity. The hand then goes into a deceleration
phase as the hand reaches its target. The peak decelera-
tion is lower than the acceleration phase, but it lasts for
a longer period of time as shown with the velocity
curve; again this is to ensure accuracy of positioning
the hand at the target.
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Figure 6.24 ration of the hand.
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The difference between displacement,
velocity and acceleration graphs

The information presented above for displacement,
velocity and acceleration comes from exactly the same
original numbers. However, it is important to realise
that each of these graphs tells us different information
about the movement strategy. The process of finding
velocity from displacement and acceleration from
velocity is called differentiation.

Angular Motion

Definitions
Angular displacement (6)

Angular displacement can be measured in two ways,
either in degrees or in radians. There are 360 degrees in
a full circle, or 27 radians. Pie (1) is the ratio of the cir-
cumference of a circle to its diameter (a ratio that is for
all circles) and is very close to 3.1416. So 1 radian is
approximately 57.3 degrees.

Angular velocity(w)
Angular velocity is the change in angle over time.
_ Change in ©

w ;
Time

Angular velocity can be expressed in degrees/s or

radians/s.

Angular acceleration («)
Angular acceleration is the change in angular velocity
over time.

_ Change in

- Time

Angular acceleration can be written in degree/s® or
radians/s?.

Self-assessed task

Motion of the knee during walking
From the data in Table 6.2, calculate the

knee angular velocity and angular accel-

eration. Plot the angular displacement, velocity
and acceleration on graph paper.

Knee angular displacement

The description of the angle against time graph can be
found in ‘Normal movement patterns during gait’. This
graph is drawn from knowing how the angle between

Table 6.2 Data for self-assessment task.

Displacement Velocity Acceleration
Time (degrees) (degrees/s) (degrees/s?)
0 6
0.1 18
0.2 24
0.3 20
0.4 12
0.5 25
0.6 50
0.7 65
0.8 55
0.9 27
1.0 6

the femoral and tibial segments varies over time
(Figure 6.25).
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Figure 6.25 __

Knee angular velocity

The velocity graph is found by measuring the change in
the angular displacement over each successive time
interval. This graph (Figure 6.26) shows the speed of
movement into flexion or extension during walking.
This tells us more about how the movement is
achieved. A flexing angular velocity is defined as being
positive, and extension angular velocity negative. These
graphs have been used to determine the performance
of the joint and have been used to determine functional
deficits in different pathologies (Richards 2002).
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Knee angular acceleration

The acceleration graph is found by measuring the
change in the angular velocity over each successive time
interval. This graph (Figure 6.27) shows the smooth-
ness of movement and can give information about the
control of the movement.
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Solutions to the self-assessed tasks

The solutions are shown in Tables 6.3 and 6.4.

Table 6.3 Answer to self-assessment task —
motion of the upper limb during reaching.

Time Displacement Velocity Acceleration
0 0.003973 0 0

0.1 0.005293 0.0132 0.132
0.2 0.007077 0.01784 0.0464
0.3 0.028080 0.21003 1.9219
0.4 0.089244 0.61164 4.0161
0.5 0.171660 0.82416 2.1252
0.6 0.235259 0.63599 -1.8817
0.7 0.267247 0.31988 -3.1611
0.8 0.281803 0.14556 -1.7432
09 0.289150 0.07347 -0.7209
1.0 0.291820 0.02670 -0.4677

Table 6.4 Solutions for self-assessment task
- motion of the knee during walking.

Time Displacement Velocity Acceleration
{degrees) (degrees/s) (degrees/s?)
0 6 0 2100
0.1 18 120 1200
0.2 24 60 -600
0.3 20 —40 -1000
0.4 12 -80 -400
0.5 25 130 2100
0.6 50 250 1200
0.7 65 150 -1000
0.8 55 -100 -2500
0.9 27 -280 -1800
1.0 6 -210 700

(i}

Biomechanics

Chapter Six
BASIC KINETICS: NEWTON'S LAWS

Forces

Forces make things move, stop things moving, or make
things change shape. They can either push or pull.
Force is a vector, which simply means it has both direc-
tion and magnitude, All forces thus have two charac-
teristics, magnitude and direction, and both need to be
stated in order to describe the force fully.

In statics we apply the fundamental concepts of
mechanics, forces and moments, to the analysis of
objects. A good place to start is with the laws formu-
lated by Sir Isaac Newton. In 1687 Newton published
three simple laws, which together enshrine the funda-
mental principles of mechanics.

Newton'’s first law

If an object is at rest it will stay at rest. If it is moving
with a constant speed in a straight line it will continue
to do 50, as long as no external force acts on it. In other
words, if an object is not experiencing the action of an
external force it will either keep moving or not move at
all (Figure 6.28).

At rest Constant velocity
— -
Figure 6.28 n’s first law.

This law expresses the concept of inertia. The inertia
of a body can be described as being its reluctance to
start moving, or stop moving once it has started.

Why not perpetual motion?

Why does a car slow down when
rolling on a flat road? The answer is

that there are a number of external
forces that need to be considered, such as wind
resistance and friction in the bearings of the
wheels and axle. This means we have to be care-
ful to consider all the forces that are acting on
an object in order to find out how it is going to
move.
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Newton'’s second law

The rate of change of velocity is directly proportional
to the applied external force acting on the body and
takes place in the direction of the force (Figure 6.29).
Therefore forces can either cause an acceleration or
deceleration of an object. Acceleration is usually defined
as being positive and deceleration as being negative.

Acceleration
— =

Figure 6.29 leration of an object with a

If F is the applied force (in newtons),  is the mass
of the body (kg) and a is the acceleration of the body
(m/s?), then F = ma. Therefore 1 N is that force which
produces an acceleration of 1 m/s’ when it acts on a
mass of 1 kg.

P
|

™|

e R

Key point

In the SI system of units, forces are
measured in Newtons (N).

Newton’s third law

If the box shown in Figure 6.30 exerts a force on the
table top (action), then the table will exert an equal and
opposite force on the box (reaction). This does not
mean the forces cancel each other out, because they act
on two different objects.

The action of a force on the ground receives an
equal and opposite reaction force. This is known as a
ground reaction force (GRF).

vton’s third law.

Mass and Weight
Mass

Mass is the amount of matter an object contains. This
will not change unless the physical properties of the
object are changed, wherever the object is moved.

Weight

Weight is a force. This depends on both the mass of the
object and the acceleration acting on it. Weight is often
interpreted as being the force acting beneath our feet
(i.e. scales measure this force, although they never use
the correct units which are Newtons).

Therefore a good way to lose weight is to stand in a
lift and press the down button. You will lose weight
(the ground reaction force will reduce) as the lift accel-
erates downwards. Unfortunately when the lift comes
to a stop you will gain weight again as the lift deceler-
ates downwards.

Another example of the difference between mass
and weight is to consider astronauts. When they are in
space they are weightless, but this does not mean they
have gone on an amazing diet, only that there is no
acceleration acting on them. Therefore weight watchers
should really be called mass watchers.

Acceleration due to Gravity

Wherever you are on planet Earth there is acceleration
due to gravity acting on you. This does vary a small
amount but the value is generally close to 9.81 m/s>. For
the purposes of rough calculations this is often rounded
up to 10 m/s It is acceptable to use 10 m/s* for the bio-
mechanics covered in this book. However, to get the best
possible accuracy 9.81 m/s’ should be used.

Static Equilibrium

The concept of static equilibrium is of great impor-
tance in biomechanics as it allows us to calculate forces
that are unknown.

Newton’s first law tells us that there is no resultant
force acting if the body is at rest — i.e. the forces bal-
ance. Therefore if an object is at rest, the sum of the
forces on the object, in any direction, must be zero. So
when we resolve in a horizontal and vertical direction
the resultant force must be zero.

Free-Body Analysis

Free-body analysis is a technique of looking at and sim-
plifying a problem. The example below considers
someone pulling a box along the ground with a piece of
string at an angle to the horizontal (Figure 6.31a). We
now break down what force must be acting on the box
and form a simplified picture of just the box. The forces
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Vertical forces
Vertical force in string = 10 sin 30 =5
Ground Reaction Force + 5-40=0
Ground Reaction Force =40 -5 =35 N.

KINETICS IN BODILY MOVEMENTS

Ground Reaction Forces

() ! O Definition

. o A ground reaction force is the force
Tension or force in string that acts on a body as a result of the
body resting on the ground or hitting
the ground.

Ground reaction force

Frictional force If someone stands on a floor without moving, the per-
o son is exerting a force (the person’s weight) on the
floor, but the floor exerts an equal and opposite reac-

tion force on the person. That is an example of the

simplest ground reaction force, but it never happens as

(b) Weight of box easily as that with human balancing, because of sway.
When standing we naturally sway backwards and
body analysis. forwards and from side to side. As we rock like that

there are horizontal forces acting as well as the vertical
force (Figure 6.33). The centre of pressure (CoP) is the
acting are the tension in the string, the frictional force, ~ point at which the force is acting beneath the feet. The

the weight of the box, and the ground reaction force centre of pressure moves forwards, backwards and side
(Figure 6.31b). to side between the two feet.

Worked example

With reference to Figure 6.32, find the horizontal accel-
eration and the ground reaction force.
Horizontal forces
Horizontal force in string = 10 cos 30° = 8.66
Therefore 8.66 — 2.66 = mass X acceleration
6=4xa
1.5m/s=a

Tension or force in string 10

Ground reaction force

30
Mass =4 kg _ -
266 Figure 6.33 sway during balance.
Force platforms
0 Are devices that measure and record ground reaction
Figure 6.35 ; = BRRRBIE Of Newton's laws. forces and their point of application at the centre of

pressure (Figure 6.34).
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Figure 6.34

A ground reaction force is made up of three forces
acting in three directions at the centre of pressure
vertical, anterior—posterior, and mediolateral. At each
corner of the force platform there is a load cell or
transducer. These measure the forces in the three direc-
tions at each corner. To find the total force acting in an
anterior—posterior direction, for example, all the
anterior—posterior forces measured by the load cells
will be added to give the total force in that direction.

Ground Reaction Forces during
the Gait Cycle

Vertical force component

The vertical component of the ground reaction force
can be split into four sections (refer to Figure 6.35).

Heel strike to first peak

This is where the foot strikes the ground and the body
decelerates downwards, and transfers the loading from
the back foot to the front foot during initial double
support. The first peak should be in the order of 1.2
times the person’s bodyweight.
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Figure 6.35 | force during normal walking.

First peak to trough

The knee extends, so raising the body. As the body
approaches its highest point it is slowing down (decel-
erating the body) in its upward motion. This reduces
the vertical ground reaction force. This has the same
effect as going over a hump-backed bridge in a car: as
you reach the top of the hump you feel very light,
because the contact force between you and the seat is
reduced. The trough should be in the order of 0.7 times
the person’s bodyweight.

Trough to second peak

The centre of mass now falls as the heel lifts and the
foot is pushed down and back into the ground by the
action of muscles in the posterior compartment of the
ankle joint. Both the deceleration downward and
propulsion from the foot—ankle complex cause the sec-
ond peak. The second peak should be in the order of
1.2 times the person’s bodyweight.

Second peak to toe off

The foot is unloaded as the load is transferred to the
opposite foot.

Anterior—posterior force component

The anterior—posterior component may also be split
into four sections (refer to Figure 6.36).

Clawback

Clawback is an initial anterior force, which is not
always present during walking. This is caused by the
swinging limb hitting the ground with a backwards
velocity, thus causing an anterior reaction force as it
decelerates. Clawback is often exaggerated during
marching as the swing limb is driven back to meet the
ground.
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Force/bodyweight

Percentage stance phase

Figure 6.36

ie anterior/posterior




Heel strike to posterior peak

After the initial clawback (if present) the heel is in con-
tact with the ground and the body decelerates, causing
a posterior shear force. Imagine you are walking on a
thick carpet, loading your front foot, and suddenly you
are transported to an ice rink — your leg would slide
forwards. This is because the frictional force between
the ice and your foot is very low, whereas the carpet can
provide a much larger posterior reaction force that
stops your leg from slipping forwards. The posterior
peak should be in the order of 0.2 times the person’s
bodyweight.

Posterior peak to crossover

The posterior component reduces as the body begins to
move over the stance limb, reducing the horizontal
component of the resultant ground reaction force.

Crossover to anterior peak

The heel lifts and the foot is pushed down and back
into the ground by the action of muscles in the poste-
rior compartment of the ankle joint. This has the effect
of producing an anterior component of the ground
reaction force, which propels the body forwards. The
anterior peak should be in the order of 0.2 times the
person’s bodyweight.

Anterior peak to toe off

This is now the period of terminal double support
where the force is being transferred to the front foot.
The anterior force therefore reduces.

Mediolateral force component

The mediolateral component may be split into two
main sections (refer to Figure 6.37). Initially at heel
strike there is a lateral thrust during loading; during

0.08
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0.02

| |
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Figure 6.37 e mediolateral direction
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this time the foot is working as a mobile adaptor. After
the initial loading, the forces push in a medial direction
as the body moves over the stance limb. Small lateral
forces are often seen during the final push-off stage.

The mediolateral forces are the most variable of the
three components, and can easily be affected by
footwear and foot orthotics. Normal maximum medial
force is between 0.05 and 0.1 times the person’s body-
weight. The maximum lateral force should be less than
the maximum medial force.

How to study the measurements
taken from these graphs

For each of these measurements the
2 percentage difference can be studied

between the left and right sides, and between
the subject tested and non-pathological data.
This will not only identify what differences are
present in the walking patterns, but also how
big the differences are.

Pedotti Diagrams

The interaction of the vertical and anterior—posterior
forces described above may be shown with a Pedotti
diagram. This shows the magnitude of the resultant
ground reaction force.

Pedotti diagrams rely on the information provided
by force platforms. To construct a Pedotti diagram we
need to know the vertical and horizontal forces and the
positions of the forces beneath the foot in the plane of
interest for each moment in time.

As a subject walks, the forces during the stance
phase move forward from under the heel to the toe, so
the position of the force moves from posterior to ante-
rior. As we have seen in the previous section, the verti-
cal and horizontal ground reaction forces are
continually changing during the stance phase, so

Mid stance

Heel strike

ram during normal walking.

Figure 6.38
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\

Figure 6.39 : ontal and resultant

t heel off.

changing the direction and magnitude of the resultant
ground reaction force (Figure 6.38).

Figure 6.39 shows the vertical, horizontal and result-
ant ground reaction force components being drawn at
heel off. The centre of pressure has moved forwards
from the heel to the forefoot and the new vertical, hor-

Self-assessed task
Construct a Pedotti diagram

i ; Use the data in Figure 6.40 and Table

6.5 to plot a Pedotti diagram on graph paper.

900
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0 0.8 0.16 024 0.32
Centre of pressure (m)

Figure 6.40 the self-assessment task.

Table 6.5 Data for the self-assessment
task.

Anterior-
posterior Vertical
Position (m) force (N) force (N)

0 -8 66
0.04 -155 678
0.08 -180 878
0.12 -54 622
0.16 -13 457
0.2 26 564
0.24 106 889
0.28 180 626
0.32 10 16

izontal and resultant ground reaction force compo-
nents are drawn from the new position. This process is
repeated throughout the stance phase, producing a
butterfly-like diagram.

Video Vector Generators

The video vector generator is a piece of equipment
that combines the information from a force platform
with a video image. The resultant force can be super-
imposed on top of the video information, giving a
picture of the action of the ground reaction forces
(Figure 6.42). This uses the same information as dis-
played in the Pedotti diagram, but also allows the
action of the forces to be seen with respect to the joints
of the lower limb. This information may be used to
identify biomechanical pathologies and monitor gross
changes due to treatment.

Force F

Definition
A moment (M) is defined as the mag-
nitude of force F (how hard you push)

multiplied by the perpendicular dis-
tance d of the force away from the
pivot. So M = Fd (Figure 6.42).




Figure 6.42

INVERSE DYNAMICS: MOMENTS

When a force acts on a body some distance away from
its pivoting point, a turning effect is set up. Consider
opening and closing a door, whereby you are creating
sufficient force to turn the door on its hinges. The force
required to do this action multiplied by the distance
away from the hinges is referred to as the moment (also
sometimes called torque).

Now consider the see-saw in Figure 6.43a. It is clear
that the see-saw will not balance. However, if the 10 kg
mass is moved so it is half the distance away from the
pivot (point of rotation), as in Figure 6.43b, it will
balance. This is explained below.

To solve problems with moments we have to con-
sider the action of each force in turn. To do this we

" Chapter Six Biomechanics
(d)

(e)

®

‘iﬁf@gmund reaction force (GRF) at (a) heel

consider if it will rotate the object (in this case a see-
saw) in a clockwise or anticlockwise direction. If it is in
a clockwise direction it is considered to be in a positive
direction, and if anticlockwise it is considered to be in
a negative direction (these are abitrary choices).

Force = mass x acceleration due to gravity
F1=10x9/81
F1=98.1N
(this will try and turn the see-saw anti-clockwisse)
F2 =5x9.81
F2=49.05N
(this will try and turn the see-saw clockwise)

If the see-saw balances then the sum of the clockwise
turning effects and anti-clockwise turning effects must

stance; (e) at heel off; and (f) just before toe off.
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be zero. If we say that anti-clockwise moments are neg- @)

ative and clockwise ones are positive, then:
Students’ note
Sum of the Moments = —(F1 x 0.5) + (F2 x 1) This author’s preference is to use the
Sum of the Moments = —(98.1 X 0.5) + (49.05x 1) =0 component of force at 90 degrees to
the body segment for upper limb and

upper body (trunk) problems, and the horizon-

i.e. If the sum of the moments on the see-saw is zero

then the see-saw will balance. tal and vertical components of the force relative
Although there seems to be little effect when we to the ground for Jower limb problems which
consider the see-saw vertically, we have a mass on each involve ground reaction forces.

side giving a total force of 98.1 + 49.05 = 147.15 N

downwards. From Newton’s third law we know that . .
there must be an equal and opposite reaction at the Calculation of moments in the upper

pivot of 147.15 N acting up on to the pivot of the see- limb using method 1
Saw. Figure 6.44 shows the weight of the forearm acting
straight down. This will produce an extending moment
— im L 1m | about the elbow.
Resolving the force
10 kg
The weight of the forearm is not acting perpendicular
ii to the forearm so we cannot use it to find the moment.
Howevert, if we find the component of the weight acting
F, perpendicular to the forearm then we can. See
Fi @ ‘Background Maths’ for help with resolving.
The component acting perpendicular to the forearm
L05m | im X = weight of the forearm X cos ©.
(O
10 kg e | | Information
- | ' See the Appendix for help with resolv-
A 3 ¢ ing forces.
Fa
F‘I
(b)
Figure 6.43  balancing a see-saw.
CALCULATION OF MOMENTS ABOUT
JOINTS
These can be found in the same was as finding
moments acting on a see-saw, as in the preceding
section. Therefore all we need is the forces acting \
about a joint and the distances at which they act from
the joint.
However, forces seldom act at 90 degrees to body
segments. Therefore we invariably need first to resolve
the forces. There are two methods we can use: Resolved weight

+ method 1 — the component of force at 90 degrees to Weight of forearm

the body segment
» method 2 — the horizontal and vertical components
of the force relative to the ground.

Figure 644

in the upper limb using



Moments about the elbow

The component of the weight is acting a perpendicular
distance of x away from the elbow. Therefore:

Moment about the elbow
= weight of the forearm X cos @ x x .

Calculation of moments in the lower
limb using method 2

Figure 6.45 shows the resultant ground reaction force
seen at foot flat in a normal subject. The resultant force
can be broken up into two separate components, one in
the vertical direction and the other in the horizontal
direction.

If we consider the moments about the knee, we need
to find out the effects of both the vertical and horizon-
tal components of the resultant ground reaction force.

Resolving the forces

Vertical component = Resultant X sin @
Horizontal component = Resultant X cos &.

Moments about the knee

To find the moment about the knee we are going to
consider each of these forces separately.

+ The horizontal force (Resultant X cos ©) is passing a
perpendicular distance y below the knee. This force
will try to turn the knee in a clockwise direction.

Vertical
component

Resultant

Horizontal component

Figure 6.45 in the lower limb using

Biomechanics
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+ The vertical force (Resultant x sin @) is passing a
perpendicular distance x in front of the knee. This
force will try to turn the knee in an anticlockwise
direction.

If we say all moments going clockwise are positive and
those going anticlockwise are negative, then moments
about the knee may be written:

Moment about the knee
= Resultant X cos @ x y — Resultant X sin O X x.

CALCULATION OF MUSCLE AND JOINT
FORCES

Students without a maths background should not
become too worried as this section uses exactly the
same principles dealt with in previous sections.

Muscle forces may be considered in the same way as
balancing forces on a see-saw, and joint forces may be
considered in the same way as the force at the pivot in the
middle of the see-saw.

Muscle Forces

One way to calculate the moment due to a force
inclined at an angle is to break the force up into two
perpendicular components. This is usually necessary in
biomechanics calculations where the muscle acts at an
angle to a body segment, as in the example in Figure
6.46. The muscle force has components along and
perpendicular to the axis of the arm.

» The rotary component is the force that tries to turn
the body segment around the proximal joint (e.g.
flexing or extending the elbow joint), and balances
the external moments acting on the body segment.

Rotary component = muscle force X sin A

» The stabilising component is the force that acts along
the body segment (e.g. the forearm) forcing into, or
pulling out of, the joint.

Stabilizing component = muscle force X cos A

The first of these component forces acts through the
pivot and has zero moment; the second will produce a
moment about the proximal joint.

Joint Forces

To find the joint force we first need to think back to the
see-saw, where the force at the pivot was equal to the
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Musgie force

Rotary
component

i
Stabilising
component

mg

&ﬁibonents of muscle force.

sum of the two forces acting downwards. We shall
adopt the same technique here (Figure 6.47).

First we need to find all the forces acting in a verti-
cal direction (including the vertical component of the
muscle force). The only force we will not know is the
vertical force at the joint. The sum of all these forces
must be zero.

Then we need to find all the forces acting in a hori-
zontal direction (including the horizontal component
of the muscle force). The only force we will not know is
the horizontal force at the joint. The sum of all these
forces must also be zero.

Vertical
joint force

Horizontal 4
joint force

Worked Example 1:
Calculation of Muscle and Joint
Forces in the Upper Limb

Consider the tuning moments about the elbow joint
while holding a pint of beer (Figure 6.48). Assume that
the weight of a pint of beer is 7 newtons (N) and the
weight of the forearm and hand is 25 N. The distance
d, from the elbow joint to the centre of mass of the
forearm and hand is 0.15 m, and the distance d, from
the elbow joint to the beer is 0.4 m.

Finding the moment about the elbow
joint
Moment = force X perpendicular distance.
Therefore:
Moments about the Elbow Joint
= (weight of forearm X com)
+ (weight of beer X length of forearm)

Moments about the Elbow Joint
=(25x0.15) + (7 x0.4)

Moments about the Elbow Joint
=3.75+ 2.28= 6.55 Nm.

Finding the force in the muscle

Assume that the muscle is inclined to the forearm at 80
degrees (angle A) and the muscle insertion point is
0.04 m away from the elbow joint (Figure 6.49).

The muscle must provide an equal and opposite
moment to support the weight of the arm and the

Muscle force

Weight of forearm '
Weight

of beer




weight of the beer. However, the muscle is inclined to
the forearm so the muscle force needs to be resolved so
that it is perpendicular to the distance from the elbow
joint.

If the muscle force is given the symbol m, so the ver-
tical component (or rotary component) of it will be m,
sin 80°.

As the muscle produces an equal and opposite
moment, the clockwise component must equal the
anticlockwise component, i.e. the muscle must provide
an equal and opposite moment to

Moments about the elbow joint = 6.55 Nm
Therefore:

m, sin 80° x 0.04 = 6.55
m,= 6.55 / (sin 80° X 0.04)
m, = 1663 N.

Vertical
joint force

Horizontal
joint force

|

Weight
of beer

1g the horizontal and vertical

Finding the joint force
Vertical forces

In the problem above the vertical forces include:

m, sin 80° (163.75 N), weight of beer (7 N), weight of
the forearm (25 N), and the vertical joint force.

If the force is acting up we will call it positive, if it is act-

ing down we will call it negative. Therefore:

163.75 — 7 — 25 — vertical joint force = 0
163.75 — 7 — 25 = vertical joint force
131.75 N = vertical joint force

Horizontal forces

The horizontal forces in this problem are easier; the
only forces which will have a horizontal component
are the muscle force and the joint force:

m, cos 80° (28.9 N) and the horizontal joint force.

If the force is acting to the right we will call it positive,
if it is acting to the left we will call it negative.

Horizontal joint force — 28.9 =0
Horizontal force = 28.9 N.

Resultant joint force

There is one last step. What we want to find is the total
effect on the joint, or the resultant joint force. This can
simply be found using Pythagoras:

131.752 + 28.9° = R?
134.9 = R = Resultant Joint Force

Worked Example 2:
Calculation of Moments in the
Lower Limb

Figure 6.50 shows the ground reaction force acting at
heel strike. The point of application of the ground
reaction force, and the position of the ankle, knee and
hip joints are known. We wish to calculate the
moments produced by the ground reaction force about
(1) the ankle joint, (ii) the knee joint, and (iii) the hip
joint.

0.23m

786N

0.79 m

Chapter Six Biomechanics
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First resolve forces vertically and horizontally: Solution

786 X cos 82 = horizontal force
786 X sin 82 =