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Preface

This book brings together, into one easily accessible volume, the most recent and exciting research and
knowledge in this new field. Psychoprosthetics is the study of psychological aspects of prosthetic use
and of rehabilitative processes, in those conditions that require the use of prosthetic devices. For people
with limb loss—the primary focus of this volume—the fitting of a prosthesis can give rise to a variety of
issues, from functional rehabilitation to quality of life, well-being, participation in society, and cosmetic
satisfaction. As prosthetic technology continues to become more sophisticated and advanced, there is a
responsibility on those who work with prosthetic users to be aware of the impact of prosthetics on the
ways in which people understand and construct their realities and their attempts to cope with and relate
to them.

There is a growing need to match what is technically available with what is subjectively desirable.
Increasingly, professionals in this field acknowledge that an important aspect of their ongoing interactions
with people with limb loss is their understanding and consideration of the prosthetic user’s psychology.
The human body is endowed with varied forms of psychosocial significance, and there is significant
loss and gain that is associated with limb loss. Issues to consider include the ways in which people
relate to a changed body and how people relate and adjust to the prosthetic technology that now is part
of the bodily experience. However, despite the broad and increasing interest in psychosocial aspects of
prosthetic use and rehabilitation, to date there has not been a complete volume on the topic. This book
now addresses that need. Psychoprosthetics is now a regular feature of conference programs in the area
of prosthetics, rehabilitation medicine, and health psychology, and there is regular acknowledgment in
the leading journals that psychology is a key feature in the understanding of adjustment to and use of
prosthetics.

It is our hope that this book will contribute to a better understanding of the complex human dynamics
involved in prosthetic use. This volume therefore compiles, reviews, and analyzes the practice, research,
and theory in the field of psychoprosthetics. We believe that the publication of an interdisciplinary
review is very timely, as research in this rapidly developing area tends to be both scattered and
compartmentalized across a number of disciplinary domains. This book seeks to maximize the readers’
reach and utility by bringing much of it together in one volume.

The chapters in this volume are written by some of the leading contributors to the field, and will
be of relevance to students, practitioners, and researchers from a wide range of disciplines, including
prosthetics and orthotics, occupational therapy, physiotherapy, rehabilitation medicine, engineering,
nursing, and psychology. In addition, as it is equally important that the psychosocial aspects of prosthetic
use are taken into consideration at all stages, including prosthetic design and application, we hope that
this book will also be a valuable resource for the many manufacturers of prosthetic devices.

Contributors are well-established clinicians, practitioners, researchers, and academics who work with
people who use prosthetic devices. We encouraged contributors to structure their chapters around a
common framework to facilitate the reading of chapters on a stand-alone basis, in addition to recognizing
the interplay between many of the themes running through the book. Contributors were asked to provide
an overview of their specified area, outlining relevant issues and supplementing where appropriate with
experience from practice. Each chapter also includes a brief outline of the literature relating to the
identified area, which draws on clinical/practice literature in addition to the research literature, identifies
upcoming research and practice issues, and speculates on the development of the area. Finally, each
contributor provides a summary of the key points of their chapter, key terms and definitions for a
glossary, and recommended reading including key books, research articles, and Web sites.

Chapter 1 places the purpose of the book in context and summarizes the content of each of the
subsequent chapters in the book. Chapters 2 to 9 review key psychosocial issues such as coping, body
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vi Preface

image, pain, cognition, meaning, assessment, and interventions, and the role of societal and cultural
factors. Chapters 10 to 12 look at some of the advanced technologies and related psychosocial issues
and interventions.

We would like to express our heartfelt thanks to the people who enabled this venture to proceed and
progress. In particular, we would like to thank all at Springer for their vision, patience, and assistance,
most especially Grant Weston and Hannah Wilson. We are also indebted to all the contributors who gave
willingly of their time, experience, and expertise in contributing to the book; we greatly appreciate it.

Pamela Gallagher, Deirdre Desmond, and Malcolm MacLachlan
Dublin, Ireland, November 2007
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1
Psychoprosthetics: An Introduction
Pamela Gallagher, Deirdre Desmond, and Malcolm MacLachlan

Overview

Psychoprosthetics is the study of psychological
aspects of prosthetic use and of rehabilitative
processes in those conditions that require the use
of prosthetic devices. Central to this definition
is an emphasis on the individual experience of
the person with limb loss and the inclusion of
personal perspectives and preferences across the
continuum of care. This demands an exploration of
psychological, neurological, social, cultural, and
environmental factors inherent in the experience
of limb loss, in addition to physical factors. For
the past 10 years our focus has been on the ways
in which people cope with limb loss, positive
adjustment, affective distress, issues around
identity, body image, the construction of self,
and quality of life. We have also emphasized the
development of appropriate assessment tools with
a view to establishing quality benchmarks and
promoting high-quality care. We are interested
in psychoprosthetics for a number of reasons,
but most notably because a more compre-
hensive understanding of the psychological and
social realities of limb loss and prosthetic use
will contribute to a holistic rehabilitation and
limb-fitting experience and the optimization of
ongoing care for the person. An interdisciplinary
approach—psychoprosthetics—presents exciting
challenges, breaking through conventional disci-
plinary boundaries and calling for imaginative
explorations of the interplay between people and
the technologies that can enable their psycho-
logical, social, and physical functioning. It is often
at the boundaries of established knowledge, at

the interface of where different disciplines meet,
that some of the most exciting and enlightening
insights and discoveries occur.

Epidemiology of Limb Loss

People with an amputation, stemming from a
multitude of causes, mainly through complications
of diabetes mellitus, peripheral vascular disease,
trauma, and malignancy, represent a sizable
number of people worldwide who require some
form of health intervention or service provision,
including being supplied with and trained to use
prostheses. According to Esquenazi (1), a calcu-
lation of the exact number of people who have had
amputations worldwide is rendered difficult by the
fact that many countries do not keep records. In the
United States, the Amputee Coalition of America
(2) reports that there are approximately 1.9 million
people living with limb loss, and Dillingham
et al. (3) estimated that 158,000 persons (or
52.4/100,000 persons) undergo amputations per
annum. The Amputee Statistical Database for the
United Kingdom (4) reports annually on new
referrals to 44 prosthetic service centers throughout
the U.K. The latest report indicates that there were
5000 new referrals in their most recent reporting
period from April 1, 2005, to March 31, 2006.
To give a sense of gender, age, type, and cause
of limb loss, females accounted for just over 30%
of these new referrals; 54% of all referrals were
over 65 years of age, and 25% were over 75.
Only 3% of new referrals were younger than 16
years of age. With regard to type, 91% were

1



2 P. Gallagher et al.

referrals following lower limb amputation, 5%
were referrals following upper limb amputation,
and 3% were referrals for congenital absence
cases. Trauma accounted for 53% of upper limb
referrals, neoplasia 14%, dysvascularity 12%, and
infection 6%. For lower limb referrals, dysvascu-
larity accounted for 67%, trauma 9%, infection
7%, and neoplasia 3%. According to Ephraim et al.
(5), limb loss has been internationally acknowl-
edged as a significant public health issue, yet the
development of programs and policies aimed at
promoting health and well-being among people
with limb loss requires a more extensive research
knowledge base.

Foregrounding Personal
Experience

Limb loss is a human experience. Many aspects,
including those related to the limb loss itself,
such as type, level, cause, and presence of comor-
bidities, conspire to give rise to the individual
experience of having and wearing a prosthetic
limb. We are concerned with the whole person
and his or her collection of psychological and
social experiences. Psychology is a medium
through which subjective lived experiences can
be foregrounded. Furthermore, psychology is a
medium through which multifactorial explanations
for psychological phenomena are sought; psycho-
logical explanations for physiological, social, or
cultural phenomena are found; and phenomena are
described and understood, and their meaning for
the person ascertained (6).

Psychologically based issues include not just
advocating and developing interventions to bring
about change for the person, but also recognizing
the changes that often occur within the person, and,
crucially, that there is an emotional component to
such experiences. Darnall et al. (7), in a sample
of community-dwelling individuals with limb loss,
found that the prevalence of depressive symptoms
was two to four times greater than rates for the
general population. Their findings identified the
significance of social support in psychological
interventions and of sociodemographic variables
(e.g., marital status, household poverty level,
level of education) as significant predictors of

depressive symptomatology. Taking into consid-
eration psychosocial issues can also enhance
functional outcome. Fitzpatrick (8) notes that
loss of ability to relate psychologically, socially,
sexually, and vocationally after amputation might
have more impact on quality of life than the loss
of the limb itself. As a final exemplar of placing
the whole person center stage, Pasquina et al. (9)
stipulate that prosthetic prescriptions should be
individualized based on the functional capacity and
goals of the person with limb loss.

Psychology, Disability,
and Rehabilitation

We recognize that in the past, psychology has
been linked with a pathogenic or deficit model
of disability, and has often paid insufficient
attention to a more socially orientated model,
one that addresses aspects of the environment—
psychological, social, and physical—that disable
and oppress some people more than others. Our
concern with understanding the psychology of
people with limb loss and how they manage
prosthetic technology is in no way an attempt to
pathologize limb loss, to normalize impairment, or
to suggest that a person conforms to a norm. It
is also not our intention to subjugate the signifi-
cance of the physical environment in a person’s
experience, but rather we wish to acknowledge
that irrespective of the hypothetical presence of an
ideal enabling environment, there is an individual
who, following an amputation, is living with a
new reality, and part of this reality is living with
a prosthesis. We acknowledge the importance of
the person’s internal experiences, thoughts, and
emotional well-being, in addition to their interac-
tions with the environment, as others are increas-
ingly doing (see, for example, Shakespeare and
Watson (10)).

Contemporary disability paradigms emphasize
the dynamic intersection of environmental factors
and individual characteristics and the role this plays
in shaping the disability experience (11). The Inter-
national Classification of Functioning, Disability,
and Health (ICF) attempts to integrate the medical
and social models of disability, incorporating
biological, individual, and societal perspectives
in a biopsychosocial approach (12). So, for
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instance, two people with similar body structures
and functions may differ in their experience of
disability (e.g., ability to perform tasks or partic-
ipate in society and life activities) because of
different personal (e.g., age and gender) or environ-
mental (e.g., enabling technology) factors. Dijkers
et al. (13) argue that social outcomes should be
more routinely included in disability and rehabili-
tation research. The importance of social outcomes
to persons with disabilities is emphasized by a
meta-analysis finding that subjective quality of
life is related to social participation more strongly
than to activities of daily living or impairment
(14). There are also a number of international
policy developments that emphasize the impor-
tance of participation and involvement in life situa-
tions. “Participation restriction,” according to the
World Health Organization (WHO) (11), refers
to problems an individual may experience in
involvement in life situations. According to Cardol
et al. (15), a thorough assessment of perceived
restriction(s) in participation is essential to under-
stand the social impact of chronic illness on a
person’s life and to be able to offer tailored rehabil-
itation programs according to individual needs.

It is acknowledged that the environment is an
important determinant of disability. As reflected
in the ICF, policy, services and systems, social
supports, attitudes, products and technology, in
addition to the physical environment, contribute
to the experience of disability and impede partic-
ipation. The greater extent to which environ-
mental barriers are removed or reduced, the
greater likelihood that individuals with limb
loss will be enabled to participate fully in
their life activities. Indeed, Ephraim et al. (16)
found that perceived environmental barriers among
individuals with limb loss were highly prevalent
as assessed by the Craig Hospital Inventory of
Environmental Factors-Short Form (CHIEF-SF)
(17), which addresses five domains: policies,
physical/structural, work/school, attitudes/support,
and services/assistance. In particular, individuals
with limb loss reported the greatest perceived
barriers in the physical/structural environment.
Furthermore, when compared with a sample of
nondisabled individuals, a greater proportion of
individuals with limb loss reported persistent
perceived barriers in all environments except the
work/school domain.

Positive Psychology and
Prosthetic Enablement

Within psychoprosthetics, we espouse the
principles of positive psychology and strongly
support the notion that limb loss is not inevitably
distressing or tragic. For instance, it may be a
welcome relief from chronic pain endured over
many years. However, even when it does occur
in tragic circumstances, such as a lifesaving
procedure following a motor vehicle accident,
positive psychology promotes the building,
reinforcing, and extending of person’s strengths
and capacities to optimize (as opposed to
normalize) their functioning in all aspects of their
life and thereby promote wellness (18). Naturally,
readjusting to life postamputation is likely to
be challenging for most people. The evolving
physical and psychosocial consequences may, at
least temporarily, challenge the individual’s ability
to maintain emotional well-being, a positive sense
of identity, and previous relationships, resulting
in poor psychosocial adjustment. Hence, much
of the postamputation research understandably
concerns itself with its most distressing aspects.
However, an exclusive emphasis on the negative
consequences of amputation belies the possibility
for positive meaning and growth in the amputation
experience and the ability to continue to optimally
participate in life activities as desired and to get
on with one’s life. There is considerable scope
for research on factors that enhance or promote
positive adjustment to amputation and for the
development of appropriate brief interventions
to improve quality of life after amputation. As
prosthetics and other assistive devices often play
key roles in enabling the life of the individual with
an amputation, personally appropriate prosthetic
provision has tremendous potential to contribute
to positive adjustment (19).

According to Murray (20), when we deny the
psychological reality of others, our capacity for
empathy is forfeited. Similarly, what we know influ-
ences what we say and do in practice. Consequently,
understanding some of the psychosocial issues
intrinsic to prosthetics and rehabilitation provides
the potential not only of greater empathy, but also—
and perhaps more importantly—of greater utility,
from the perspective of the users of prosthetic
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devices. As we will see in later chapters, psychopros-
thetics contributes to an understanding of how
people cope and adjust to limb loss, issues of body
image, pain, cognition, assessment, interventions,
culture, and embodiment. We now briefly review
some of the issues highlighted in these chapters.

Chapter Previews

Chapter 2, written by Deirdre Desmond and
Pamela Gallagher, addresses the role of coping
processes in adjustment to amputation. The
stress-coping paradigm offers a framework for
understanding how individuals manage their
amputation and its consequences and may be
useful in explaining adjustment differences among
individuals with amputations. Although limb
amputation can lead to significant psychosocial
dysfunction among some individuals, many others
adjust and function well despite numerous physical
and psychosocial threats and challenges. Desmond
and Gallagher introduce key concepts in the
stress-coping model before summarizing critical
issues in coping assessment and reviewing the
nascent body of amputation coping research.
Distinguishing between research addressing coping
with amputation in general and research specifi-
cally addressing coping with postamputation pain,
phantom limb pain in particular, they conclude by
offering suggestions for future development and
exploration in the area.

The impact of limb loss/absence on physical
appearance renders an understanding and
awareness of body image an integral component
of the rehabilitation process. Bruce Rybarcyzk
and Jay Behel in Chapter 3 draw on evidence
from their own clinical practice and the research
literature to explore the relationship between
body image and each of the amputation-specific
factors (e.g., type, level, cause, presence of pain),
prosthetic factors, upper extremity amputation,
psychological adaptation, developmental issues,
and social perceptions. We are reminded that
body image is not simply about our body’s static
appearance, but also about the sense of our bodies
in action, that is, the kinetic aspect of body image.
In restoring function, prosthetic rehabilitation
may result in a different gait or a slower pace.
Rybarcyzk and Behel argue for the importance of

reconciling preamputation kinetic representations
of the self with new ways of functioning, so
as to achieve the optimal adjustment process.
Furthermore, they state that postamputation, there
are two body images that individuals need to adapt
to: (1) their body image with a prosthesis, and (2)
their body image without a prosthesis. Each of
these in turn can be a social or private experience.

There are also the actual or perceived social
stigmas relating to disability and assistive
technology. Indeed, the perceived responses of
those in the social sphere of the person experi-
encing the limb loss play an important role in the
person’s resultant sense of self and their body
image. Rybarcyzk and Behel state that the preampu-
tation body image is continuously challenged with
ongoing new information about the self to which it
must adapt. Although it is acknowledged that most
people who experience limb loss ultimately develop
a healthy body image, drawing on their collective
clinical experience, they introduce the reader to
three categories of individuals—instant accepters,
distorters, and deniers—each of whom, they argue,
display particular adjustment challenges. They
conclude their chapter with the recommendation
that given the potential increase in the number of
amputations in the coming years, more longitudinal
research with standardized measures and repre-
sentative samples is warranted. They argue that
there is much to be learned from the fact that the
majority of people eventually integrate the loss
of a limb into their self-concept. Exploring this
further would facilitate a strengths-based approach.

Chapter 4, written by Dawn Ehde and Stephen
Wegener, addresses the common experience of
pain that follows amputation. The chapter starts
with definitions of acute and chronic pain, phantom
limb pain, nonpainful phantom limb sensations,
and residual limb pain, and introduces the notion
of pain as a multidimensional experience incor-
porating not only location and intensity but also
frequency, duration, affect, and interference with
activities and participation. The prevalence of the
different types of pain postamputation, including
pain in other anatomical regions such as the
back and nonamputated limb, is detailed, as is
the impact of pain on functioning and quality
of life. Here, although the potentially pervasive
and distressing nature of pain is elucidated, it
is equally acknowledged that the experience of



1. Psychoprosthetics: An Introduction 5

pain is not universally associated with distress or
disability. The chapter continues by identifying the
importance of a biopsychosocial perspective for
understanding the pain experience after amputation
and discussing the biopsychosocial correlates of
pain after amputation. These include biological
correlates (e.g., preamputation pain, acute pain
severity, time since amputation, etiology of pain,
level of amputation, and prosthetic use), psycho-
logical correlates (e.g., cognitive factors such
as perceived control and catastrophizing, coping
strategies, and acceptance of pain) and the social-
environmental correlates (e.g., social support,
and solicitous responses by others). Standardized
instruments for the clinical assessment for pain
are outlined, and this is followed by a review of
pain interventions, with emphasis on psychosocial
interventions (e.g., self-hypnosis training, relax-
ation, cognitive-behavioral therapy, and self-
management approaches). Ehde and Wegener
conclude their chapter with a series of questions
to help guide future developments in an area that
warrants significant ongoing attention.

The important, albeit relatively undocumented,
role of cognitive ability in prosthesis use is
addressed in Chapter 5, written by clinical psychol-
ogist Brian O’Neill from the West of Scotland
Mobility and Rehabilitation Centre. Mobility
rehabilitation after lower limb amputation is physi-
cally and cognitively demanding, as the person
needs to acquire new skills such as transferring,
standing, and walking without the proprioceptive
feedback of the lost limb, and donning and
removing the prosthesis. Donning a transtibial
prosthesis and standing from a wheelchair is clearly
delineated as a complex sequence of behaviors
consisting of 12 steps, and it becomes evident
that the presence of cognitive deficits compromises
ideal rehabilitation outcomes. This is compounded
by the fact that the most common etiology of
lower limb amputation in high-income countries
is peripheral arterial disease. The pathology of the
condition is common to the continuum of vascular
disorders affecting cerebrovascular function and
leading to impairments in cognition. O’Neill
demonstrates an important relationship among
cognition, cognitive impairment, and prosthetic
rehabilitation outcome, and illustrates how this
could be utilized to a greater extent to maximize
beneficial outcomes following amputation in an

older adult population. Overall, he asserts that
the case for assessing cognition postamputation
is strong and allows for realistic goal setting and
support.

The issue of assessment is integral, as exploring
the psychosocial issues in a standardized and
systematic way facilitates the selection of appro-
priate interventions. Indeed, Heinemann (21) stipu-
lates that routine measurement of outcome facil-
itates clinicians in documenting the results of
their interventions, provides a valuable medium
through which to develop standardized clinical
practices, guides clinical decisions regarding care,
and benchmarks outcome standards. The impor-
tance of appropriate measurement emerges in many
of the chapters; for example, Rybarcyzk and Behel
in Chapter 3 address the need for standardized
assessment of body image, Ehde and Wegener
in Chapter 4 address the need for standardized
measurement of pain, and O’Neill in Chapter 5
discusses the importance of appropriate assessment
of cognition.

This theme is developed further in Chapter 6
by Dalton Wolfe and colleagues, who describe
and critique outcome assessment tools used
in the measurement of psychosocial adaptation
to lower limb amputation. This comprehensive
review of the evidence for reliability, validity,
and responsiveness of measurement instruments in
four psychological adjustment domains (cognitive
affective responses, behavioral responses, specific
adjustment problems, and health-related quality
of life) highlights the continuous and evolving
nature of the process of psychometric validation,
outlines key developments to date, and points to
the substantial scope for further research in this
domain. Wolfe and colleagues provide a clear
and considered evaluation of available instru-
ments and highlight issues to consider when
selecting measurement instruments and furthering
their development.

Outside of the focus adopted in Chapter 6, and
therefore not included in it, are assessment tools
that look at coping. However, issues to consider
in coping assessment are described in Chapter 2,
together with a brief overview of the coping instru-
ments most commonly used in amputation coping
research. Furthermore, Wolfe et al. do not include
in their chapter tools specific to people with an
upper limb prosthesis. As documented elsewhere,
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there is significantly less published research
concerned with people with upper limb loss as
compared with research concerned with people
with lower limb loss. This reflects the smaller
proportion of people with upper limb prostheses
compared to people with lower limb prostheses
attending limb-fitting services. However, this
translates into the limited availability of outcome
measures specifically for upper limb loss and
prosthetic use. Such measures include the Trinity
Amputation and Prosthesis Experience Scales
(TAPES)-Upper (22), the Orthotics and Prosthetics
Users’ Survey (OPUS) (23), the Disabilities of
the Arm, Shoulder and Hand (DASH) (24), and
the Prosthetic Upper-Extremity Functional Index
(PUFI) for use with children (25). As a result of
the differences in visibility, the functional roles of
the upper and lower limbs, their role in social and
expressive communication, and the different extent
to which a sense of self may be embodied in them
(22,26), what are seen as meaningful outcomes
are likely to differ for people with lower limb
and upper limb prosthetics. Hence, it cannot be
assumed that outcome measures used with one
group will automatically be applicable to another.

In Chapter 7, Stephen Wegener, a clinical
psychologist based at John Hopkins University,
addresses, with colleagues, the rehabilitation team
and how it can employ interventions to address
psychosocial issues arising in people with limb
loss. They put forward a number of guiding
principles to facilitate greater attentiveness to the
psychosocial aspects of limb loss and to improve
outcomes of care. These include adopting a biopsy-
chosocial approach that attaches importance to
the biological, psychological, and social dimen-
sions of limb loss; patient-centered care and the
goal of increasing self-efficacy and activation,
acknowledging that psychopathology after limb
loss is the exception, not the norm; and recog-
nizing and building on the individual’s strengths.
They subdivide the clinical issues for psycho-
logical interventions into four broad categories:
(1) affective disturbances including depression,
anxiety, and posttraumatic stress disorder; (2)
intrapersonal issues such as body image; (3)
interpersonal issues such a social stigma and
intimacy/sexuality; and (4) substance use. They
argue that attention to psychosocial health is
a responsibility shared by all members of the
rehabilitation team beginning with the individual

and family and including clinicians who are not
formally identified as mental health professionals.

To this end, Wegener et al. propose a model
for team involvement in psychological care, the
PLISSIT model (permission, limited information,
specific suggestions, and intensive therapy), which
identifies different types of interventions based
on the needs of the patients and the skills and
training of the clinicians. The “permission” level of
care is concerned with introducing and integrating
psychological care in the clinical setting. The
clinician providing permission grants an oppor-
tunity for psychosocial issues to be discussed.
“Limited information” is concerned with self-
management and patient education (e.g., peer
support, peer mentoring, and self-management
approaches), whereas “specific suggestions” refers
to useful psychological and behavioral strategies
to address a particular issue (e.g., relaxation
training; effective coping strategies that decrease
avoidance coping and catastrophizing and increase
active coping; assertiveness training; problem
solving; and behavioral activation of pleasant
activities, encouraging positive emotions via activ-
ities and social connections). The final stage
relates to “intensive therapy” for more severe
symptoms that have not been alleviated with
other interventions, and incorporates motivational
interviewing, psychotherapy, cognitive behavioral
therapy, medication, and effective consultation.
This is a useful model to explore the different types
of potentially useful interventions depending on
the person’s readiness to engage and their needs.
It highlights that psychosocial issues are not solely
the remit of the psychologist, counselor, or social
worker.

Seth Messinger, an anthropologist working at
the University of Maryland–Baltimore County,
contributes Chapter 8, which helps us to stand back
from the everyday action of prosthetic fitting and
rehabilitation and to reflect on the broader socio-
cultural processes at play. His chapter explores
the idea of individuals inhabiting three bodies: an
individual body, through which one has personal
physical experience; a social body, through which
one experiences social and cultural attitudes toward
different sorts of bodies (for example, disabled
bodies); and a body politic, through which one
experiences the regulatory forces of society (such
as regarding appropriate and inappropriate sexual
behavior) but also its political economy (who is
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entitled to what health care, for what reason, for
how long, and who should pay for it?). Of course,
the body politic is a metaphor and within this
context Messinger explores how prosthetics are
interpreted as cultural symbols: what they imply
for their users—outcast or war hero; objects of pity
or of wonder?

Messinger’s account of his work at Walter Reed
Army Medical Center is of particular interest
because the veterans with amputations there are
considered a very special group—and a group for
whom it is important (not just personally but also
politically) that their amputation not be associated
with loss. Here the aim is to return soldiers to
their preinjury level of ability, and perhaps even to
combat readiness. Textured through Messinger’s
account of this work is a sense, again symbol-
ically, that an individual’s loss of potency must
not be read as a metaphor for a nation’s loss of
potency; yet the broader social and political context
of debate regarding American-led coalition forces
in Afghanistan and Iraq makes this an unspeakable
reality. It is argued that the resources provided
at Walter Reed are so good, with the highest
specification prosthetic devices being available,
that the “body politic” cannot (must not) be seen
as failing—the stigma associated in the United
States with being a loser is perhaps therefore being
channeled through the “social body” (cultural lens)
as being due to individual characteristics, rather
than institutional or political ones. How veterans
navigate and negotiate their way through the
rehabilitation process at Walter Reed, as simulta-
neously clinical patients and research participants,
engaged in a rehabilitation social matrix of profes-
sional and personal relationships, and as American
citizens whose access to health and enablement is
structured by political opportunities and realities, is
the focus of Messinger’s ongoing research. While
the Walter Reed example brings personal, social,
and political factors into sharp focus, these factors
do of course pattern prosthetic provision in all other
contexts too.

The relationship between prosthetic use and a
sense of embodiment is explored by Craig Murray
in Chapter 9. He notes that while prosthetic devices
have an obvious role in restoring function, their
significance as objects that are incorporated into
personal and bodily identification, and which have
a personal meaning, has been much less researched.
Murray defines embodiment as the way in which

individuals experience their own body, and thus
it considers how bodily attachments affect this
experience. Murray explores the phenomenology
of this concept through extracts from interviews
with prosthetic users. He also points out that while
a prosthesis may be intended to replace a natural
function (for instance, ambulation), there is nothing
natural about the process of learning to use it;
and yet with perseverance its naturalness may be
associated with the extent of the user’s sense of its
embodiment.

The meaning of a prosthetic device is rooted
in the broader social-cultural context in which
the user lives and Murray develops this argument
into a consideration of how different cultural
readings of prosthetic use have different implica-
tions for the user. He also tells us of a cringe-
making instance of cultural bias where a black
women with an amputation was told, “We only
do feet in pink”! While such crass examples are,
of course, easily recognized, Murray’s emphasis
is in fact on the more subtle social and cultural
readings of amputation, including the stigma
associated with disability. This chapter, ranging
from proximate personal readings of a prosthesis
to more distant cultural readings—and recognizing
that these influence each other—sharpens our
attention to the importance of personal experiences
and understandings of prosthetic use.

There are other interpretations of “embodiment”
than the one given by Murray. For instance,
MacLachlan (26) has suggested that embodiment
may also include identification with objects that
have a personal meaning, but which are not neces-
sarily attached to the body, or indeed part of
bodily experience, as such. This might include a
book, a ring, a house, or any object with strong
personal meaning. Thus a prosthetic limb, lying in
a corner, may continue to embody a person’s sense
of identity and sense of ability or disability, even
when it is not attached. In essence, prosthetic limbs
are objects onto which people may project their
values, fears, and wishes, just as they do onto their
own body when they seek to be slim, or blonde, or
tanned.

There is some interesting overlap in the chapters
of Murray and Messinger, the former from the
perspective of a psychologist and the latter an
anthropological viewpoint. However, both are
intent on promoting the individual’s integration
of the prosthesis into one’s sense of self and
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the manner in which social and cultural influ-
ences impinge on this experience. This argument
is developed further by Kerstin Hagberg et al. in
Chapter 10, where it is noted that some individuals
with an osseointegrated prosthesis feel that it is
more like a natural part of the body than a
socket prosthesis. Indeed, some of the discussion
emerging in the chapters of Messinger and Murray
regarding prosthetic embodiment could provide a
tentative explanation for this. An osseointegrated
prosthesis, that is, an artificial limb attached to the
bone as an extension of the residual skeleton, may
feel more like a natural part of the body. This may
be because it is easier to use, with less physical
and mental effort required to complete a task,
and greater tactile feedback via the phenomenon
of osseoperception. Such factors may therefore
enable greater assimilation and integration of
the prosthesis into the individual’s sense of
self.

Osseointegrated prostheses are a relatively
innovative development in the field of prosthetics
for individuals with an amputation not arising
through serious peripheral vascular disorder. While
the concept has been in existence for half a
century, it is only in the past decade that it
has emerged as a realistic alternative to socket
prostheses. This movement has been pioneered
in Sahlgrenska University Hospital, Gothenburg,
Sweden. Consistent with best practice, the team
pioneering this innovation has subjected it to
ongoing evaluation over a 2-year follow-up
period to clearly elucidate its advantages and
have identified the importance of the potential
psychosocial impact. To date, initial findings are
positive, and this chapter, in particular, focuses on
the improvements in quality of life and osseoper-
ception, and the identification of tactile thresholds
transmitted through the implant. Indeed, Hagberg
et al. stipulate that osseoperception is integral for
improved prosthetic function and the reduction
in feelings of being disabled. They indicate that
there is much scope to develop this perception of
vibrations further to include artificial sensation, for
example, thermal sensors in prosthetic fingers that
would vibrate at different frequencies depending
on the temperature. It is an exemplar of the
person/technology interface and how advances
in prosthetic technology have impacts on the

person, above and beyond physical capabilities,
into the psychosocial sphere of influence. It is
also an exemplar of exploring the psychosocial
outcomes of innovative procedures in the field of
prosthetics.

In Chapter 11, Jonathan Cole details the
confluence of theoretical and empirical observa-
tions leading to the application of emerging virtual
and augmented reality technologies to phantom
limb experience. Beginning with consideration
of the role of visual and sensorimotor interac-
tions and neuroplasticity in phantom limb pain,
Cole explores the possible relations between loss
of agency toward the missing limb and subse-
quent pain experience. Using Ramachandran’s
simple, but ingenious, mirror box experiments as
a starting point, Cole describes how a variety of
research groups have restored a sense of agency
to the amputated limb utilizing visual feedback in
virtual or augmented reality environments. In some
instances the restoration of agency is accompanied
by distinct sensations including pain reduction.
Although Cole cautions that this research is at
a very early stage, he argues that the findings
suggest reconsideration of theories for sensori-
motor integration and pain may be required.

The social role of the prosthesis, and the
psychosocial meanings attached to it, impact on the
use of the prosthetic limb. For example, the social
role of the prosthesis can potentially play an even
greater role than the functional and cosmetic roles
of the prosthesis in its use, with users choosing to
wear their prosthesis when they are not functional
or cosmetic, or even comfortable, in certain social
situations. The ability of the prosthesis to conceal
limb loss and to navigate a disabling environment,
which decreases stigma (whether perceived or
actual), enables social integration and participation
in life activities, and reduces the impact of barriers
in the environment. Due to the ongoing devel-
opment and advancement in prosthetic technology,
there is an increased choice in the type, speci-
fication, and expense of the available prosthetic
technology. It is important to understand how
the experience of using a prosthesis affects the
perception of self within an individual and social
context, and also how the prosthesis is viewed in
relation to alternative prosthetic options. This issue
enables a greater match between the technology
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and the needs of the person (see Scherer (27)).
Sinéad Ní Mhurchadha et al. in Chapter 12
introduce the reader, via an illustrative case study,
to a simple interview methodology, the repertory
grid, which can be used to address the above issues
for any individual. The repertory grid proves a
sort of “psychological x-ray,” illuminating both an
individual’s explicit and implicit values regarding,
in this case, prosthetic use and choice. As with all
forms of assessment, the repertory grid provides
a snapshot of a person’s experience, at a given
point in time, and should be used in conjunction
with other forms of assessment (for instance,
standard clinical interviews, physical assessment,
and psychometric measures), so that results can
be triangulated, and thus give a multiperspective
impression of the challenges and aspirations of the
prosthetic user.

Conclusion

Overall, the chapters in this volume offer an infor-
mative and engaging account of the psychosocial
issues encountered by those who use prosthetic
devices, and those who work with people who
use prosthetic devices, particularly prosthetic
limbs. The contributors identify many exciting
avenues for future work in psychoprosthetics: high-
technology interventions; measuring, predicting,
and facilitating the individual’s responses to
rehabilitation; and understanding broader sociocul-
tural constructions of prosthetics and disability. We
hope that the foundations of an interdisciplinary
approach to psychoprosthetics, as outlined in this
book, will make an important contribution to an
evidence base that guides more effective rehabili-
tative practice. We are also aware that psychopros-
thetics, being at a critical junction of mind–body
technology interfaces, may also provide insights
into profound and enduring philosophical debates
and challenges.

Further Reading

www.tcd.ie/psychoprosthetics Dublin Psychoprosthe-
tics Group: www.tcd.ie/psychoprosthetics
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2
Coping and Psychosocial Adjustment
to Amputation
Deirdre Desmond and Pamela Gallagher

Overview

Limb amputation confronts the individual with
numerous physical and psychosocial threats
and challenges including alterations in body
image and self-concept, changes in employment
status/occupation and lifestyle, impairments in
physical functioning, disruptions to valued activ-
ities, prosthesis use, and pain (1,2). For many
people the amputation of a limb may thus be
considered a major stressful life event, charac-
terized by evolving and recurrent stressors,
which may pose significant challenges to
physical, psychological, and social adjustment.
Although limb amputation can lead to significant
psychosocial dysfunction among some individuals,
many others adjust and function well (3–5). Models
describing influential factors in such variation
implicate a complex interplay among risk factors,
including disease/disability parameters, functional
limitation, and psychosocial stressors; resistance
or resource factors, including stress processing
factors; intrapersonal factors; and social-ecological
factors, such as social support and family
environment (6,7).

Among these various factors contributing to
variation in psychosocial adjustment to disability
(6,8), a critical mediating role has been attributed to
stress processing factors and the coping strategies
individuals adopt to manage experiences associated
with illness or injury (9–12). The stress-coping
paradigm offers a framework for understanding
how individuals manage their amputation and its

consequences and may be useful in explaining
adjustment differences among individuals with
amputations. Using the stress-coping framework as
a base, a number of researchers have investigated
how individuals manage their amputation and its
consequences (9,13–16). This chapter reviews this
relatively limited but growing body of literature.
The chapter begins with a brief, general intro-
duction to concepts important in the stress-coping
model. We then summarize critical issues in coping
assessment, before reviewing amputation coping
research.

Stress and Cognition

The basic premise of the stress-coping model is that
people who are confronted with a potential stressor
(in this case various aspects and consequences
of amputation) evaluate the stressor, and this
appraisal determines their emotional and behav-
ioral reactions or coping responses (17). Thus, the
stress process begins with awareness of change
or the threat of change in the status of current
goals and concerns. “Psychological stress is a
particular relationship between the person and the
environment that is appraised by the person as
taxing his or her resources and endangering his or
her well being” (18, p. 19). Cognitive variables,
that is, an individual’s beliefs and appraisals
regarding a stressor, are critical mediators of
person–environment relations. Beliefs and expec-
tations about the controllability and consequences
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of a stressor may have a direct influence on
mood, while appraisals may influence adjustment
indirectly through their impact on coping efforts.

Coping and Coping Strategies

Although there is no universally accepted
definition of coping, it has broadly been defined
as “cognitive and behavioral efforts to manage
specific external or internal demands (and conflicts
between them) that are appraised as taxing the
resources of a person” (19, p. 112). The dimension-
ality of coping responses has stimulated substantial
theoretical and empirical enquiry (12,20). A classic
bipartite classification proposed by Lazarus and
Folkman (18) discriminates between problem-
focused and emotion-focused coping. The former
is action centered in that the person–environment
relationship is altered by instrumental actions. The
latter is mainly composed of cognitive coping
strategies that do not directly change the situation
but rather allow new meaning to be assigned,
thereby changing the emotions associated with
the stressful event (18,21,22). Emotion-focused
coping includes engaging in distracting activ-
ities, using alcohol or drugs, or seeking emotional
support, whereas making a plan of action and
taking assertive action to solve the problem are
forms of problem-focused coping (23). Within this
framework coping is conceptualized as a fluid
and dynamic process such that different coping
strategies are employed in response to varying
situational demands. The relationship between the
person and environment evolves as a result of
a dynamic interplay between coping strategies,
changes in the environment, and changes in the
individual (18).

In an extension of the classic Lazarus
and Folkman (18) framework, Folkman (24,
25) suggests that when a problem cannot be
resolved satisfactorily, meaning-based coping, a
form of coping that specifically helps to develop
and maintain a sense of psychological well-
being in spite of difficult circumstances, may
ensue. Positive psychosocial adjustment outcomes
may result from four meaning-based coping
mechanisms: cognitive reframing, goal-directed
problem-focused coping, using spiritual or

religious beliefs to seek comfort, and the infusion
of meaning into ordinary events of daily life (24).

As an alternative to the dichotomy between
problem-focused and emotion-focused coping,
coping researchers in the area of chronic pain have
categorized coping responses in terms of active and
passive dimensions (26). Active coping strategies
include requiring the person to take responsibility
for pain management and to initiate attempts to
control the pain or to function in spite of it. In
contrast, passive strategies involve giving respon-
sibility for pain management to an external force
or allowing other areas of life to be adversely
affected by pain (26). These coping dimensions
have been associated with measures of behav-
ioral and emotional adjustment to pain, functional
disability, and pain ratings among individuals
experiencing a variety of chronic pain syndromes
(10,27–30).

Although these broad categorical descriptors
are used extensively in the coping literature and
provide a useful way of talking about many
kinds of coping in general terms, Folkman and
Moskowitz (23) caution that such categorization
may also obscure important differences within
categories. They contrast distancing (a form of
coping in which the person recognizes a problem
but intentionally attempts to put it out of mind)
with escape-avoidance (an escapist flight that
can include behaviors such as increasing alcohol
consumption) noting that both strategies are
avoidant forms of coping, typically grouped under
the emotion-focused coping category. Distancing,
however, is often adaptive in situations where
individual control is limited, whereas escape-
avoidance is usually a maladaptive approach to
coping with the same situation. Clearly, this type
of distinction is important to retain (23).

Conceptualizing Psychosocial
Adjustment to Amputation

The terms adjustment and adaptation are often
used interchangeably in the literature, and although
they overlap, conceptually distinguishing features
have also been highlighted (31). Livneh and
Antonak (31) view adjustment as the final phase
in the evolving process of adaptation and suggest
it is characterized by (1) reaching and maintaining
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psychosocial equilibrium; (2) achieving a state
of reintegration; (3) positively striving to reach
life goals; (4) demonstrating positive self-esteem,
self-concept, and self-regard; and (5) experi-
encing positive attitudes toward oneself, others,
and the disability (32). Accordingly, adaptation is
a dynamic process through which the individual
gradually approaches an optimal state of person
environment congruence (31).

The amputation literature evidences substantial
diversity with respect to the conceptualization and
operationalization of psychosocial adjustment (16).
Indeed, frameworks for conceptualizing adjustment
are not usually made explicit; rather, they are
typically communicated through the particular
outcome measures selected for use in studies
addressing adjustment to amputation. Much of
the research focuses on absence of psychological
disorder as an indicator of favorable adjustment.
Furthermore, difficulty in adjustment has typically
been characterized in terms of negative affective
reactions, most commonly in terms of depressive
symptomatology (33,34). In recent years however,
the dominance of pathology-based approaches
has been tempered by emerging emphasis on
resilience and adaptive psychological processes
occurring following amputation (16,35). General
appraisals of life satisfaction or appraisals of well-
being across specific life domains, for example
social participation, have also been used as
indicators of positive adjustment (13). Here we
consider the associations between coping and
outcomes of adjustment in terms of psycho-
logical distress but also with reference to recent
studies of psychological well-being and stress-
related growth as indicators of successful coping
with amputation. We are cognizant, however, that
regardless of whether psychosocial maladjustment
or psychosocial well-being is at issue, constructs
such as depression or self-esteem, when considered
in isolation,yieldonlyapartialpictureofadjustment.

Coping Assessment

In the coping literature at large, much of the
research involves the use of self-report measures
or inventories of coping. Numerous coping instru-
ments have been developed to assess a variety of
coping dimensions (36–40). However, consensus

is lacking regarding the type and number of
categories that should be assessed and whether
to measure behavior, cognitions, or both. Most
coping measures include scales to measure the two
basic dimensions of problem- and emotion-focused
coping, many also incorporate meaning-focused
coping (37). Other coping dimensions routinely
assessed include social coping and avoidance
(36,41). Carver et al. (37) distinguish between
seeking social support for instrumental reasons,
considered a problem-solving strategy, and seeking
social support for emotional reasons, regarded
as emotional-focused coping. Similarly, avoidance
may be considered either problem or emotion
focused depending on the type of avoidant coping
implemented.

A major weakness of many coping measures
centers on their unstable factor structures and
lack of cross-validation (20,42), that is, their
appropriateness for use across different groups of
people has not been established. In many instances,
construct validity (see Table 6.1 in Chapter 6
for a description of the criteria used to evaluate
assessment tools) has not been established, and
much of the research is predicated on samples of
young, healthy, well-educated people, thus limiting
the generalizability of instruments and findings.
Furthermore, although the dominant conceptual-
ization, Lazarus and Folkman’s approach, sees
coping as a dynamic process, a situation-specific
reaction to stress, much of the research under-
taken is based on a between-individual perspective
using instruments to measure stable coping styles
(43). This cross-sectional between-individual
perspective does not capture within-individual
change or response to a situational context. With
these considerable limitations in mind, the results
of studies using different measurement instruments
must be interpreted and synthesized with caution.

Literature on coping with amputation can be
broadly characterized in terms of two broad
methodological categories: (1) qualitative investi-
gations of the process of coping with amputation
(15,16), and (2) studies using standardized
assessment instruments to investigate the associ-
ations between coping and adjustment outcomes
(9,13,14,44). A further distinction can be made
between research specifically addressing coping
with postamputation pain, in particular phantom
limb pain (45,46), and research directed to coping
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with other facets of the amputation experience (9,
13,47). Where standardized scales and assessments
have been used in the amputation coping literature
(9,13,14,47), the Coping Strategy Indicator (36)
is most widely used. In the literature specifically
addressing coping with postamputation pain, the
Coping Strategies Questionnaire (48), in particular
the catastrophizing subscale, is the most widely
used pain coping assessment (44–46,49). Pain-
contingent rest is most commonly assessed (44,46)
using the Resting Scale of the Chronic Pain Coping
Inventory (39). We briefly describe the most
commonly used instruments, before reviewing the
research employing these instruments in investiga-
tions of amputation-related coping.

The Coping Strategy Indicator (CSI) (36) is a 33-
item self-report questionnaire measuring the use of
three coping strategies—problem solving, seeking
social support, and avoidance—in response to a
specific stressor. Cronbach’s alpha coefficients
(see Table 6.1 for evaluation criteria of assessment
instruments) indicate adequate internal consistency
for each of the subscales ranging from 0.86 to
0.98 for problem solving, 0.89 to 0.98 for seeking
social support, and from 0.77 to 0.96 for avoidance
(36,50–52). The instrument’s trifactorial structure
has been supported in a variety of samples (51–
53), including a sample of people with amputations
(54).

The Coping Strategies Questionnaire (CSQ)
(48) comprises 44 items that yield scores on six
cognitive measures (diverting attention, reinter-
preting pain sensations, coping self-statements,
ignoring pain sensations, praying or hoping,
and catastrophizing) and one behavioral coping
measure (increased behavioral activities). The final
two items on the questionnaire assess individuals’
personal evaluation of their ability to control and
reduce their pain using coping strategies. For each
subscale higher scores indicate greater use of that
strategy. Assessment of internal consistency for
each of the subscales indicates adequate reliability
(Cronbach’s alpha range, 0.70–0.85) (48). The
catastrophizing subscale (CSQ-CAT) is the most
widely used CSQ subscale in postamputation pain
coping research. Keefe et al. (55) describe catas-
trophizing as a maladaptive coping strategy that
intensifies the experience of pain and depression.
The CSQ-CAT measures the frequency with which
individuals respond to pain with catastrophizing

thoughts such as, “It is terrible and I feel it is never
going to get any better,” and “I worry all the time
about whether it will end.”

The resting scale of the Chronic Pain Coping
Inventory (CPCI) (39) is a seven-item assessment
of the extent of individuals’ use of pain-contingent
rest as a means of coping with pain. Pain-
contingent rest is considered a maladaptive coping
strategy that contributes to greater pain interference
and disability over time (39). Higher scores on
the inventory indicate greater use of the strategy.
The resting scale has demonstrated good internal
consistency (Cronbach’s alpha >0.70) (39,56).

Coping and Amputation:
Qualitative Investigations

In recent years, a number of researchers have
adopted qualitative methodologies to explore in
depth the process of coping with amputation (15,
16,57,58). For example, using grounded theory,
Oaksford and colleagues (16) investigated coping
strategies among 12 individuals with an amputation
of a lower limb. Analysis of participant’s narra-
tives revealed five coping categories whose use
fluctuated across time: psychological escape,
support seeking, humor, cognitive appraisal and
practical coping. Moreover, most participants
reported positive aspects of their amputation
experience, which were characterized in terms
of positive reframing and psychological growth.
Participants were able to perceive some benefit
from their amputation and felt psychologically
strengthened by their experience (16). The ability
of some to find positive meaning in amputation
has also been documented elsewhere (15,35,57).

Sjödahl and colleagues (15), using a
phenomenological approach, which gives primacy
to the unique experience of the individual,
conducted semistructured interviews on coping
with 11 individuals with transfemoral amputations.
Two overarching themes emerged; the first related
to coping with experiences of the amputation,
and the second to coping with a new norm.
Coping with the initial amputation experience was
predominantly characterized by avoidance and
denial, whereas downward comparison, positive
comparison, and repression dominated narratives
of coping in the postacute period.
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Looking specifically at the psychological
adjustment individuals make in their recovery
from a land-mine injury, Ferguson et al. (58)
examined psychosocial aspects, coping strategies,
and resilience characteristics of limb loss survivors
across differing cultural, societal, and economic
backgrounds to determine factors that contribute
to recovery. Sixty-eight people with limb loss,
10 family members, and seven service providers
were interviewed across the U.S. and six land-
mine–affected countries: Bosnia, El Salvador,
Eritrea, Ethiopia, Jordan, and Mozambique. The
emerging themes highlighted that the survivors’
acceptance of limb loss and their state of psycho-
logical recovery were greatly influenced by
the individual’s resilience characteristics, social
support, medical care, economic situation, and
societal attitudes toward people with disabil-
ities. For example, they reported that people
in their sample who recovered psychologically
had “developed new coping strategies and ways
of thinking that allowed them to address their
new role in society, in their family, and in their
work.” Determination, perseverance, positive
thinking, making what happened into something
good, engaging in downward social comparisons
(e.g., perceiving that there are worse situations
than their own), and defining oneself as more
than just having an amputation were important
strategies in facilitating recovery. They conclude
that recovery requires addressing the individual’s
physical, psychological, financial, and social needs
within the context of family, community, and the
sociocultural environment in which they live (58).

Association Between Coping
and Psychosocial Adjustment
to Amputation

Few studies have used standardized assessment
instruments to examine the relationship between
the use of coping strategies and adjustment to
amputation. Studies to date have been predomi-
nantly concerned with people with a lower limb
amputation (9,13,47,59). Indeed, we are aware of
just one study explicitly investigating the associ-
ation between coping and psychosocial adaptation
to upper limb amputation (14). However, extant

research consistent with the wider coping literature
suggests that active task-oriented strategies such
as problem solving and perceiving control over the
disability are conducive to positive psychosocial
adjustment (14). In contrast, emotion-focused
and passive strategies such as cognitive disen-
gagement, avoidance, and catastrophizing have
been associated with poor psychosocial outcomes
(9,13,14). For example, using a modified
version of the COPE inventory (37) together
with Tobin’s Coping Strategies Inventory (60),
Livneh et al. (9) found that greater active
problem solving was negatively associated with
depression and internalized anger and positively
associated with adjustment and acceptance of
disability. In contrast, emotion focused coping
and cognitive disengagement were positively
associated with depression, externalized hostility,
and lack of acceptance of disability. Investigating
psychosocial adjustment (general adjustment,
social adjustment, adjustment to limitation) and
symptoms of intrusion, anxiety, and depression
in a sample of 796 individuals with lower limb
amputations, Desmond and MacLachlan (13) also
found that coping styles (on the CSI (36)) were
important predictors of psychosocial adaptation.
Avoidance was strongly associated with psycho-
logical distress and poor adjustment. In contrast,
problem solving was negatively associated with
depressive and anxious symptomatology, whereas
seeking social support was negatively associated
with symptoms of depression and positively
associated with social adaptation.

In contrast with the two preceding studies,
Gallagher and MacLachlan (47) specifically
focused their investigation on the coping strategies
implemented in adjusting to an artificial limb.
Their study of 44 individuals with diverse
amputation sites and etiologies revealed differ-
ential usage of coping strategies (as measured by
the CSI) dependent on amputation etiology. Specif-
ically, they found that those with traumatic amputa-
tions reported avoidance as their predominant
coping strategy significantly more often than those
whose amputations resulted from disease (47). This
is in accord, they suggest, with the finding that
individuals who have not had adequate warning or
preparation tend to react with denial (61).

Focusing on well-being following amputation,
Dunn (59) developed a measure of “finding
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positive meaning” unique to the research question
addressed. Specifically, participants responded to
the following item: “Some people say that every
dark cloud has a silver lining. Has anything
positive or good happened to you as a result of
your amputation?” (59, p. 249). Finding positive
meaning in one’s amputation and perceiving greater
control over one’s impairment were associated with
lower levels of depressive symptomatology and
higher levels of self-esteem. Similarly, Gallagher
and MacLachlan (57) asked 104 subjects if
they considered anything good had emerged
from their amputation and reported that finding
positive meaning was significantly associated with
more favorable physical capabilities and health
ratings, lower levels of athletic activity restriction,
and higher levels of adjustment to limitation.

Coping with Chronic
Post-amputation Pain

The literature on coping with chronic pain indicates
that the coping strategies that individuals adopt
to manage their pain are associated with variable
degrees of pain, physical disability, and variation
in psychosocial outcomes (62). Many individuals
with an amputation experience significant pain at
more than one anatomical site (63–66) (see Chapter
4 for a more detailed discussion). For some,
such pain experiences are associated with signif-
icant impairments in physical and psychosocial
functioning, limitations in prosthesis use, and
reduced quality of life (3,67–69). Generally
speaking, within the spectrum of pain disorders
experienced postamputation, phantom limb pain,
that is, pain experienced in the part of the limb
that is absent, is the most extensively researched.
A number of researchers (44–46,70) have inves-
tigated associations between strategies specifi-
cally employed to cope with phantom limb pain
and psychosocial adjustment. Given the predictive
utility of catastrophizing in response to pain,
documented in a variety of chronic pain condi-
tions, catastrophizing has been a focus in studies of
coping with phantom limb pain (44–46,49). Catas-
trophizing has been differentially conceptualized
as a cognitive process characterized by expectation
of negative outcomes and lack of control (71)
and as a maladaptive coping strategy reflecting

helplessness and pessimism in relation to the ability
to deal with the pain experience (55). Although
there is debate regarding whether catastrophizing
represents a coping strategy per se or whether it
is a cognitive process characterized by expectation
of negative outcomes and lack of control (71), it
has been found to predict both self-reported and
objective measures of disability in a variety of
chronic pain conditions (72).

In the largest study of phantom limb pain,
coping and disability to date (n = 315), Whyte
and Carroll (45) found that catastrophizing was
a significant predictor of self-reported disability
(measured using the Sickness Impact Profile [SIP]-
total score (73)), and that catastrophizing (CSQ-
CAT) accounted for 12.5% of the variance in the
SIP psychosocial scale (73). In two earlier studies,
Hill et al. (49,74) also used the CSQ to measure
pain coping. Conceptualizing adjustment in terms
of the SIP (73) and the McGill Pain Question-
naire (75) scores, Hill et al. noted that reinter-
pretation of pain symptoms (a cognitive coping
strategy) and catastrophizing correlated positively
with psychosocial dysfunction, whereas greater
pain report was principally explained by catas-
trophizing, increasing behavioral activity, lower
perceived ability to decrease pain, and less use of
hoping and praying strategies (49). Conceptualizing
poor adjustment in terms of psychological distress
(measured using the General Health Questionnaire)
and pain report (McGill Pain Questionnaire) in a
study of 60 male outpatients, predominantly with
lower limb amputations, Hill (74) found that the
CSQ subscales accounted for 27% of the variance
in pain report and 43% of the variance in psycho-
logical distress. Catastrophizing emerged as the
most important predictor in both analyses. While
Hill et al.‘s findings are consistent with much of the
wider pain literature suggesting that catastrophizing
is associated with poor concurrent adjustment (55,
76,77), findings with respect to the association
between catastrophizing, post-amputation pain and
adjustment have been inconsistent.

Jensen et al. (46) focused on the associations
between pain contingent rest and catastrophizing,
both considered maladaptive coping strategies, and
adjustment (conceptualized in terms of symptoms
of depression, pain intensity, and interference) in
a sample of 61 people with recent amputations.
Results indicated that catastrophizing (measured
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using the CSQ-CAT) and pain contingent rest
(CSCI resting scale) were associated with greater
phantom pain intensity and greater pain inter-
ference at 1 month postamputation. However, use
of pain-contingent rest at 1 month postamputation
did not predict subsequent changes in pain or
pain interference, suggesting that the use of pain-
contingent rest at one time point may not have
long-lasting negative impact on phantom limb pain.
In contrast, and contrary to expectation, greater
catastrophizing at 1 month postamputation was
associated with subsequent decreases in pain inter-
ference assessed 5 months later.

In a follow-up study, Hanley and colleagues
(44) highlighted catastrophizing as a significant
predictor of changes in pain interference and
depressive symptomatology. Consistent with earlier
findings (46), greater catastrophizing (CSQ-CAT)
1 month after amputation was associated with
improvement in pain interference and depressive
symptoms at the 12- and 24-month follow-ups
(44). Jensen and colleagues (46) speculate that the
positive associations they document may result from
indirect benefits of catastrophizing, such as success-
fully garnering support from others, or that they
may be an artifact of the extent of pain inter-
ference and depression experienced by those in
their samples who catastrophized extensively after
amputation. Those who experienced higher levels
of pain and depressive symptomatology in the
early postamputation stages may have demonstrated
more dramatic improvements in these variables in
the months that followed. It is also possible that
specific features of the measurement of catastro-
phizing (i.e., the CSQ-CAT) contributed to these
results. Recently, Hirsh et al. (78) have demon-
strated high intercorrelations between measures
of negative mood and pain catastrophizing as
measured by the CSQ-CAT, suggesting that the
CSQ-CAT is confounded by negative mood (78,79).
Hill et al. (49,74) did not control for depressive
symptomatology in their analyses (see Chapter 4 for
additional commentary on pain and coping).

Future Directions

First, as is evident from the literature reviewed
here, empirical research pertaining to associations
between coping and psychosocial adjustment to

amputation, as a unique condition, is relatively
scarce. Second, methodological issues limit the
conclusions drawn and generalizability of these
investigations. Many studies have used reasonably
small sample sizes (9,47), and much available
research is premised exclusively on coping
with phantom limb pain (44–46,49). Although
phantom limb pain is a very common sequela
of amputation, most individuals with amputa-
tions experience infrequent, episodic phantom
pain, which is not perceived to be significantly
disabling or bothersome (64,67). Nevertheless,
only a small amount of research attention has
been directed to coping with other facets of the
amputation experience. Third, assessments have
largely been conducted using generic measures
of coping formulated through factor analysis with
general population samples. There is little or no
evidence detailing their psychometric properties
with individuals with amputations. Indeed, a
major weakness of many coping measures is
their unstable factor structures and lack of
cross-validation (20,42). Fourth, it is important to
conduct research that embraces and supports the
notion of coping as a process that is subject to
change based on situational factors. Although as
pointed out by Lazarus (80), the use of question-
naires allows the study of larger samples and the
quantification of the coping process, and although
the limited but recent qualitative studies allow for
detailed and in-depth information on individual
coping processes to emerge, longitudinal,
prospective, and observational studies are required.
Fifth, it is not possible to determine the extent
to which negative psychological responses are
associated with the amputation itself, coexisting
chronic conditions that preceded the amputation,
postamputation pain experience, concurrent life
stresses, or preamputation psychopathology. At
the very least, it is important to specify the event
with which the person is coping. Sixth, researching
coping is complex. There are many variables
involved in how people cope and the outcomes
of coping. Indeed, effective coping involves a
fit between person and the environment (18) and
therefore what is perceived to be optimal coping
depends on knowing the goals of the individual.

Yet despite these limitations and challenges,
knowing the strategies that people adopt in dealing
with the physical, personal, and environmental
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challenges that limb loss can bring about can
supplement the existing body of knowledge that
is available to the practitioner. It also acts as
a facilitator in the clinical encounter to discuss
strategies and endeavors that may be beneficial
or threatening to the person. Finally, extending
our knowledge base in this area is important in
“helping some people some of the time, cultivating
existing strengths, hastening the recovery from
loss, and preserving or enhancing valued interper-
sonal relationships” (81).

Summary of Key Points

• The stress-coping paradigm offers a framework
for understanding how individuals manage their
amputation and its consequences and may
be useful in explaining adjustment differences
among individuals with an amputation.

• Coping has been categorized as problem focused
and emotion focused, as meaning based, or in
terms of active and passive dimensions.

• Within the amputation literature, there is
variability in how psychosocial adjustment
is defined and operationalized. Indeed, it is
often not made explicit but communicated in
terms of the outcome measures selected. While
favorable adjustment is often conceptualized
as the absence of psychological disorder and
difficulty in adjustment typified by depressive
symptomatology, more recently a strengths-
based approach is being emphasized with an
emerging focus on resilience and adaptive
psychological processes.

• Much of the coping literature uses self-report
measures of coping. In the amputation liter-
ature, the most widely used coping measures
are the Coping Strategies Indicator, the Coping
Strategies Questionnaire, and the resting scale
of the Chronic Pain Coping Inventory.

• There is limited research that has specif-
ically explored coping strategies in people
with an amputation. The studies that have
been undertaken can be characterized in
terms of qualitative investigations, studies
using standardized assessment instruments, and
research specifically addressing coping with
postamputation pain. Although the studies
are few, the findings are consistent with

the wider coping literature; that is, problem-
focused strategies were conducive to positive
psychosocial adjustment, whereas emotion-
focused strategies such as cognitive disen-
gagement and catastrophizing were associated
with poor psychosocial outcomes.

• Although there are many limitations and
challenges in this area, knowing the coping
strategies that people adopt in dealing with
the physical, personal, and environmental
challenges that limb loss can bring about can
supplement the existing body of knowledge that
is available to the practitioner.

Glossary

Catastrophizing: A cognitive process characterized
by expectation of negative outcomes and lack of
control (71).

Cognitive variables: Individual’s beliefs and
appraisals regarding a stressor.

Coping: Cognitive and behavioral efforts to
manage specific external or internal demands (and
conflicts between them) that are appraised as taxing
the resources of a person (19).

Emotion-focused coping: Cognitive coping
strategies that do not directly change the situation
but allow new meaning to be assigned, thereby
changing the emotions associated with the stressful
event.

Problem-focused coping: Action-centered cop-
ing in that the person–environment relationship is
altered by instrumental actions.

Stress: A particular relationship between the
person and the environment that is appraised by the
person as taxing his or her resources and endan-
gering his or her well being (18, p. 19).

Further Reading
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3
Limb Loss and Body Image
Bruce Rybarczyk and Jay Behel

Overview

Body image has been generally defined as
a component of the self-concept, formed by
both sensory and social experiences (1). Among
health professionals working with individuals with
amputations, body image changes are cited as
a critical issue in adjustment to limb loss and
prosthesis acceptance. Sometimes body image plays
a central role in the adjustment process, and
other times it is secondary to more global adjust-
ments in self-concept (e.g., from nondisabled to
disabled, independent to semi-dependent, employed
to unemployed, etc.). These more fundamental
changes in self-concept may take precedence over
changes in body image, and body image changes
may not be fully integrated until these other issues
are addressed. In other cases, a focus on the tangible
changes in appearance may serve as a diversion
awayfromless tangibleandmoreanxiety-provoking
concerns about one’s changed role or purpose
in life.

Although many people manage this intricate
transformation of self-concept with only mild,
transient distress, some individuals with amputa-
tions develop lasting negative attitudes about
themselves as a result of their altered body and
consequent disability. In a less extreme form,
others report that they feel positive when wearing a
prosthesis but prefer not to see themselves without
the prosthesis or look at their prosthesis when not
wearing it. Some people with amputations may
express embarrassment, shame, or even revulsion
about their altered bodies (2). We have viewed this
as a form of self-stigmatization, in the sense that

an individual is internalizing the social stigma that
often is applied to individuals who are viewed as
abnormal in some significant way.

Body image does appear to have an important
relationship to overall psychological adjustment to
an amputation. Studies have shown that various
measures of postamputation body image concerns
were significantly predictive of depression (2,3),
lower ratings of adjustment by the professional who
provides the individual with prosthetic services (2),
lower overall quality of life (2), and lower life
satisfaction (4). Williamson (5) found that greater
self-consciousness in public situations, which can
be viewed as an index of body image concern,
was significantly correlated with activity restriction
among older adults with amputations. Similarly,
Wetterhahn et al. (6) found a strong correlation
between a (relatively) high level of physical activity
and positive body image. Although further research
certainly is needed to delineate the precise interre-
lations between activity and body image, a recip-
rocal model in which a well-integrated prosthesis
facilitates an active lifestyle which in turn reinforces
an adaptive, positive body image, is certainly
rationally appealing and warrants further study.

The impact of limb loss and consequent
prosthesis prescription on body image appears to
depend on a wide range of factors. In the sections
that follow, drawing from research findings,
our previous writings (7), and our own clinical
experience in rehabilitation medicine, we review
the impact and relationship of six groups of
factors on body image: amputation-specific factors,
prosthesis factors, upper extremity amputation,
psychological process of adaptation, develop-
mental issues, and social perceptions.

23
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Amputation-Specific Factors

For most people who experience limb loss, the
factors that most immediately impact self-concept
and body image are those that are specific to
the facts of the amputation itself. The most basic
factor to consider is the level of the amputation.
A common misconception is that below-knee
amputation has subjectively less impact on body
image than an above-knee amputation or hip disar-
ticulation. However, although concrete alterations
in appearance are the trigger for associated changes
in body image, these changes occur in the context
of psychological, developmental, and sociocultural
factors. As we have noted previously, paraphrasing
a maxim used in medicine about illness, “what
amputation an individual has is less important
that what individual an amputation has” (8). All
of the contextual factors play a crucial role in
shaping an individual’s response, diminishing the
impact of limb loss for some and magnifying
it for others. Furthermore, clinical examples of
incongruous responses are not difficult to find.
A transmetatarsal amputation may be psychically
magnified to disfiguring proportions, while others
may experience the loss of an entire limb as a
relatively unimportant cosmetic change relative to
the life-threatening medical conditions that neces-
sitated the amputation.

Individuals’ internal representations of their
appearance tend to attach different cognitive-
affective values to different parts of the body.
For some women, for example, the body image
threat of an amputation is heightened by the
fact that wearing skirts that expose the leg or
wearing fashionable high-heeled shoes has been an
important part of their identity. Similarly, physical
appearance in bathing suits and shorts can be
an important aspect of body image for some
individuals and relatively insignificant for others.
The loss of a hand or arm, because of its highly
symbolic and multifunctional nature, is known to
be more traumatic than the loss of a leg (see
discussion below). This finding underscores how
disabilities that threaten body image may present
a more challenging psychological adjustment
than conditions that are equally disabling but
have fewer body image and public acceptance
implications.

Although the body’s appearance while static is
a core component of body image, one’s sense
of one’s body in motion, performing activities
both routine and extraordinary, also is an essential
aspect of body image. This kinetic aspect of body
image, while frequently overlooked, is central
to the rehabilitation process. Although restoring
individuals to their previous level of functioning
is the primary goal of rehabilitation and complete
recovery is viewed as ideal, the pragmatics of the
rehabilitation process often require that individuals
with amputations be instructed in the use of an
alternative gait and a slower pace. While excellent
as a means of returning functional mobility, these
function-over-form approaches may result in gross
changes in kinetic presentation. Therefore, the
reconciliation of old kinetic representations of the
self to new ways of functioning may be a critical
aspect of the adjustment process.

The cause of a disability can also have a
substantial impact on the individual’s response to
and ultimate ability to cope with the disability and
attendant changes in body image. Identical amputa-
tions (e.g., above-knee amputation) can be experi-
enced, interpreted, and managed in drastically
different ways depending on the proximal cause of
the disability. Limb loss due to trauma appears to
be more difficult to adapt to in general (9), and
has been found to precipitate more body image
and prosthesis concerns (10). This may be related
to the trauma associated with the precipitating
event or the cognitive attributions that are made
after the fact. Regarding the former, one study
found that recent amputations caused by trauma
had high levels of posttraumatic stress disorder
(PTSD), while those with nontraumatic amputa-
tions had no such elevations (11). But attributions
may also play a role if the pervasive view is that it
was random, unnecessary, and unfair. These attri-
butions can be perpetuated by a drawn-out process
of litigation, which reinforces the individual’s
creating a personal narrative with a theme of
tragedy, victimization, and overwhelming loss.

Similar issues are present when limb loss is
perceived to be incurred as a result of medical
mismanagement. Body image changes associated
with these types of loss may be characterized
by an idealization of the former appearance and
may be closely associated with unresolved feelings
of anger and resentment. On the other hand,
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amputations that are brought about by perceived
personal neglect are often associated with feelings
of self-blame. This response pattern may become
entrenched, making progress beyond the initial
feelings of loss difficult.

Conversely, limb loss incurred during the course
of medically necessary, lifesaving interventions
frequently is associated with altogether different
response patterns. This type of disability may be
viewed as the price of being saved from a life-
threatening condition or an opportunity to resume
a life interrupted by a protracted, painful illness.
Such adaptive responses are not uncommon and
are typically associated with positive adjustments
in the self-concept and body image. However, it is
important to be sensitive to the fact that individuals
may express feelings of gratitude, relief, or renewal
because they perceive such feelings as the socially
sanctioned response. Consequently, it is important
to evaluate and monitor patients for masked signs
of distress.

Congenital limb absence, on the other hand,
provides an altogether different set of issues. The
limb absence is present during the formation of
a self-concept and therefore allows for a full
integration into one’s body image. While diffi-
culty accepting the absence of the limb and even
the attendant disability is relatively uncommon,
acceptance of the prosthesis and integration of
the prosthesis into static and kinetic self-concepts
may trigger unexpected body image crises. It may
be particularly difficult for these individuals to
preserve positive representations of their bodies
while accepting and utilizing the prosthesis on
a daily basis. This difficulty is almost certainly
magnified when a prosthesis is offered in adulthood
rather than childhood or adolescence.

Pain and other sensory changes associated with
limb loss or prosthesis utilization also can signif-
icantly impact body image by serving as potent
and, in some cases, constant reminders of the
disability and the attendant changes in physical
presentation. Moreover, as a sensory experience
typically associated with illness and disability, pain
may act as an agent for perpetual denigration of
body image, long after functional changes have
been adaptively integrated into one’s self-concept.

In an examination of the relationship between
emotional adjustment and phantom limb pain
(PLP), Pucher et al. (12) demonstrated a poten-
tially important link between PLP and body image.

Not surprisingly, their primary finding was that
participants rated as adaptive copers reported
significantly lower levels of PLP. Somewhat
unexpectedly, however, it was also discovered
that well-adjusted, pain-free participants evinced a
positive but realistic body image. In other words,
they accurately perceived their altered appearance
and were relatively comfortable with it. On the
other hand, participants with high levels of PLP
were more likely to perceive/portray their bodies as
intact, that is, in their preamputation condition. The
authors posit that by providing sensations in the
amputated limb, PLP either reinforces or creates
a distorted sense of the body’s current condition.
Additional research certainly is needed to clarify
the nature and prevalence of this interaction, but
this nexus of PLP and body image disturbance
offers an interesting opportunity to examine the
interrelation and combined impact of these two
important postamputation complications.

Prosthesis Factors

A unique aspect of body image postamputation
is the fact that prosthetic technology allows for
a natural-looking and high-functioning limb that
can be worn for a full day in many cases. This
means that the individual has two distinct aspects
of body images to adapt to: with a prosthesis and
without a prosthesis. The former includes more
social elements and the latter is often a very private
experience. The impact of a prosthesis on body
image is quite variable depending on the type of
prosthesis and the nature of limb loss. For some,
a prosthesis may be embraced unequivocally as a
lifeline for functioning, with cosmetic issues being
secondary, whereas others may experience consid-
erable primary concern about the appearance of a
prosthesis (how realistic it looks, how noticeable
it is, etc.). Finally, for individuals with congenital
limb absence, the introduction of a prosthesis may
be experienced as an attack on an established,
healthy body image that is seen as either implicit,
negative feedback about or an unwelcome alter-
ation in appearance.

Adaptive equipment including prostheses can
trigger powerful negative associations in the minds
of some individuals. Many of these negative
associations revolve around the fears of the social
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stigma attached to disability in Western cultures.
Other associations involve fears of growing old
and feeble. Prostheses, as well as wheelchairs,
walkers, canes, and braces can be laden with
symbolism. Murray (13) conducted a qualitative
examination of the experiences of 35 prosthesis
users with a goal of parsing out the social and
symbolic meaning of prosthesis use. His analysis
focused on the functional and interpersonal value
of prostheses. A subgroup of participants reported
that they rarely, if ever, allowed others to see
them without their prosthesis, while a few indicated
that they use their prosthesis to completely hide
the very fact of their limb loss, “passing” as
individuals with intact limbs. This issue has created
some degree of controversy in the amputation
community in the sense that some individuals with
amputations view this as an indication of lack
of acceptance of one’s own altered body and an
internalization of the social stigma associated with
being different. As such, some activist-minded
individuals have advocated the use of prostheses
that are visible and express their technological
aesthetics rather than attempting to camouflage
these aspects of the prosthesis (i.e., the “wear it
loud and proud” approach).

Having an optimal prosthesis is critical to
most individuals. For example, Murray and Fox
(14) found that prosthesis satisfaction is highly
positively correlated with lack of body image
disturbance. They also noted that this relationship
holds for both aesthetic and functional prosthesis
satisfaction. This finding seems to suggest that
the long-term impact of an amputation on body
image may be moderated by acceptance of one’s
prosthesis as an adequate static and kinetic
substitute. However, it has been suggested by some
authors that individuals with an amputation who
express dissatisfaction with their prostheses may
be doing so as a defense mechanism, as a form
of denial or displacement of their inability to cope
with the amputation (15).

Upper Limb Amputation

Most articles and research on adjustment to
amputation address lower limb amputation,
reflecting that upward of 90% of all amputations
in the United States and the United Kingdom are

lower limb. However, there is a small body of work
on individuals with arm and hand amputations.
This work suggests that arm and hand amputa-
tions appear to entail qualitatively different experi-
ences than lower limb amputations for several
reasons. First, arm and hand function is central to
many activities of daily living, including personal
hygiene and food preparation, and carrying out
some of these tasks can become quite challenging.
Second, the arms and hands play a crucial role
in nonverbal dimensions of social communication
and interaction through actions like gesturing and
physical contact. Even the wearing of a wedding
ring is a critical symbolic function of the hand
for many individuals. Third, since a missing
arm or prosthetic hand is much more difficult
to conceal than a leg or foot prosthesis, the
amputation is much more noticeable to others,
increasing the likelihood that the person with
an upper extremity amputation might feel scruti-
nized and self-conscious (16). Visible disabil-
ities may present a more challenging psycho-
logical adjustment than conditions that are perhaps
equally disabling but are better masked. Fourth,
the prosthetic devices available for hands, while
advancing greatly in recent years, are not nearly
as functional as those for lower limb amputations
(17). Finally, most upper limb amputations occur
from trauma (e.g., work-related injuries, war) and
occur at younger ages than lower limb amputa-
tions (17). As noted previously, these issues serve
to complicate the adjustment process for many
individuals.

The use of prosthetic devices in upper limb
amputation also presents many challenges. Some of
the barriers to consistent use of prosthetic devices
include how heavy it is and its limited function
(18). Dudkiewicz et al. (18) studied prosthetic
usage in 45 patients with upper limb amputation
and found that more than 70% reported diffi-
culty with their prosthetic device. Some reasons
given included the weight of the device, excessive
sweating, displeasure with its appearance or its
functionality, and the experience of phantom
limb pain. Interestingly, significantly more people
consistently used a cosmetic prosthesis (55%)
compared with a functional prosthetic device
(40%). This finding speaks to both the concerns
related to body image in those living with an upper
limb amputation and the limitations of function-
ality in most upper limb prostheses.
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Psychological Process
of Adaptation

The process of physical rehabilitation following an
amputation is paralleled by a psychological process
during which the individual transitions from the
“sick” role to recovery. The individuals’ sense of
self, particularly their sense of their physical self,
is at the heart of this process. In fact, psychological
rehabilitation may be conceptualized as a feedback
loop in which the preamputation body image is
continuously presented with challenging new infor-
mation about the self to which it must adapt.
This new information may include both increasing
awareness and understanding of the actual limb
loss as well as ever-changing feedback regarding
static and kinetic appearance.

Ideally, this is a fluid process in which the
old body image is constantly undergoing revision,
and through an appropriate balance of assimi-
lation and accommodation, a sense of integrity is
preserved even as body image is transformed to
accurately reflect ongoing changes. However, this
equilibrium rarely is achieved without some degree
of distress, and naturally, different responses are
associated with different recoveries. We have
observed several different dysfunctional patterns in
our clinical work. To begin with, there is a subset
of individuals who can be characterized as instant
accepters—those who respond by attempting to
accommodate to their disability instantaneously. In
other words, these are individuals who respond to
their amputation by attempting to effect an instant
transformation in their self-concept. They try to
adopt the role of integrated disabled person prema-
turely. Individuals in this group are likely to readily
accept their prosthesis without taking the time to
genuinely understand either its physical param-
eters or symbolic meaning. This response style
runs the risk of either overwhelming the self with
an unmanageable amount of distressing changes at
some point in the future or allowing the person to
only superficially process information about their
disability, thereby postponing genuine adjustment
to the new physical and psychic reality.

Another subset of individuals, distorters, attempt
to preserve their preamputation sense of self by
forcing information about their disability into
their old schemata. For example, an older person

with multiple chronic diseases who loses a leg
may overassimilate by focusing on predisability
limitations (“I wasn’t very active anyway”) and
minimizing the extent to which they have changed.
These individuals often have a distorted sense
of reality and are poorly prepared to meet the
challenges of their disability and may ignore
the pragmatics of prosthesis management as too
painful indicators that they have been changed by
their limb loss.

Finally, some individuals, deniers, react by
distancing themselves from their disability by
either explicitly viewing it as separate from
themselves or suppressing it outright. Cogni-
tively, the response pattern is characterized by
either a failure to process and classify disability-
relevant information or an attempt to process
information about the disability as self-irrelevant.
Emotionally, it may manifest as frank denial of the
disability and its impact with attendant prosthesis
rejection, extreme avoidance of information about
the amputation and prosthesis, and emotional crisis
when reality becomes unavoidable. Denial has
been widely observed to be an adaptive response
in the short-term, but problematic in the long-
range when plans, expectations, and goals are not
adjusted accordingly.

In spite of the potential adjustment problems
outlined above, most people who experience
limb loss ultimately integrate these changes and
develop a healthy self-concept and body image.
Beatrice Wright (19) has provided some enlight-
ening research on how individuals make such a
positive adjustment, by focusing on the changes
that take place in an individual’s value system.
These value shifts include moving away from
basing one’s worth on either physical qualities
or comparative value (e.g., viewing oneself as a
worthy person because of superior physical fitness
or attractiveness). Positive adjustments occur when
the individual shifts to basing his or her self-
worth on nonphysical qualities and a sense of
intrinsic value (e.g., “I’m as important as any other
person because of my uniqueness”). A version
of this intrinsic value perspective, for instance, is
operating in the process by which an individual
comes to see his or her prosthesis in a positive light
because of what it enables him or her to do rather
than in a negative light because of its inferiority to
the natural limb.
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Developmental Factors

The impact of limb loss and prosthetic prescription
on body image are closely tied to the devel-
opmental timing of the loss. Several studies
of children suggest that younger children cope
relatively well with the loss of a limb and tend to
accept prostheses readily (20). Adapting to limb
loss becomes more difficult as children become
older (21). These problems notwithstanding, some
evidence suggests that prospects for adaptive long-
term adjustment and integration of body image
changes during these formative years may be better
than when similar changes occur during early and
middle adult years

Body image is a prime concern among adoles-
cents, and physical changes during these sensitive
developmental years can have a profound impact
on social functioning. For example, increased
high school dropout rates have been reported
due to concern over cosmetic appearances among
teenagers with upper limb amputations. Varni and
Setoguchi (22,23) have identified several factors
that predict how the adolescent with an amputation
perceives his or her physical appearance, including
social support from parents, teachers, and class-
mates, peer acceptance, thriving in academics or
sports, few daily hassles, and low levels of marital
conflict between parents. Much like adults, those
who have a positive perception of their physical
appearance tend to have higher self-esteem and
fewer symptoms of depression.

At the other end of the life span, some research
and anecdotal reports indicate older adults (age
65+), compared to younger adults, are less prone
to adjustment problems and body image concerns
following an acquired disability. We have hypoth-
esized that older adults do not have as strong
a reaction as younger adults because they view
disability and changes in mobility and body
image as an undesirable but relatively “on-time”
event (i.e., common for their age; 2). They also
frequently compare themselves favorably to more
infirm and less physically intact older adults, which
is a method of coping among older adults that
has been broadly described as social downgrading
(24). Events that are perceived as normative are
far less likely to elicit a negative reaction. In
addition, various developmental theorists, such as

Erikson, have posited that many older adults reach
a level of psychological maturity that allows them
to view such changes in appearance with greater
perspective and less ego involvement. Indeed,
research done by Rybarczyk and colleagues (25)
found a significant relationship between older age
and fewer body image concerns following an
amputation.

Social Perceptions
and Body Image

As previously noted by a number of authors (1,26),
body image is intertwined with social experience.
Since postamputation body image is partly predi-
cated on the perceived responses of others during
the initial period, those responses are crucial to the
formation of a new body image and self-concept. If
individuals with amputations experience others as
viewing them as inferior, freakish, or as someone
to stay away from to avoid dealing with uncom-
fortable social issues, these experiences can be
internalized in some fashion. Interestingly, because
of advances in prosthetic technology and the
use of strategies to conceal an amputation (e.g.,
clothing choice and not participating in certain
activities), many individuals with amputations are
able to “pass” as being nondisabled in social circles
beyond their family and close friendships. In these
cases, perceptions of others’ potential reactions to
an individual’s amputation are often inferred from
indirect comments and media depictions (13).

Indeed, some of the inferred negative percep-
tions can be accurate given the numerous studies
documenting that the able-bodied public holds
a wide range of prejudicial attitudes toward
persons with disabilities (27). One of the most
common negative social experiences described by
individuals with amputations is that others view
them as being globally inferior (i.e., not just in
the domain of mobility in the case of amputation).
Social psychologists refer to this “power of single
characteristics to evoke inferences about a person”
(19, p. 32) as the “spread effect.” Similarly, the
public frequently makes the mistake of assuming
that individuals who undergo an amputation see it
as a tragic event. The cumulative effect of these
negative and biased attitudes can be a sense of
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alienation, which becomes a vicious cycle if an
individual responds with further social withdrawal.
Previous studies have suggested that diminished
social support has a detrimental effect on psycho-
logical adjustment to amputation (3,28).

Being aware of the negative biases commonly
held by the public and learning not to person-
alize these biases is often promoted as a healthy
approach for individuals with disabilities (29).
Chaiklin and Warfield (30) conducted one of the
earliest adjustment studies with 24 patients with
amputations and found that those who denied the
existence of any kind of a social stigma were
less likely to make good progress in a rehabil-
itation program (no psychological measures of
adjustment were included). The authors suggested
that awareness is a first step toward “managing”
or “neutralizing” stigma.

In spite of the intuitive notion that it is adaptive
to be aware of discrimination and stigma, our
research found that individuals who reported being
more stigmatized by others were more likely to
be depressed (25). Higher levels of perceived
social stigma also were linked to lower body
image, as would be expected, and poorer overall
adjustment, as rated by the individual’s prosthetist.
In effect, it seems more adaptive to be less
attuned to the negative biases that others might
hold, regardless of whether these biases were
taken personally or not. An alternative explanation
of this finding would be that these respondents
accurately perceived a greater degree of bias from
others because individuals with disabilities who
have depression may actually elicit much stronger
negative stereotypes and reactions from nondis-
abled persons (31). If this is the case, then it
would be important for psychologists and other
professionals to help these individuals differentiate
between the negative responses they are getting in
relation to their mood from those they are getting
as a result of their amputation.

Future Directions

Although our knowledge of prostheses, amputa-
tion, and body image have advanced greatly
in recent years, several avenues of inquiry
warrant further exploration. First, future research
projects should make a clearer distinction between

individuals’ experience of limb loss and their
experience with and relationship to prostheses.
Similarly, specific and potentially separate inves-
tigations of limb loss and limb absence are
clearly indicated. There also is a need for prelim-
inary work clarifying the role of depression, pain,
and other medical and psychological factors in
the body image–prosthesis relationship. Large,
nomothetic, and prosthesis-specific investigations
of vocational, social, and sexual functioning would
also be valuable.

At a deeper level, we also need more sophis-
ticated conceptual schema for understanding and
classifying responses to prostheses and attendant
changes in body image. Such a framework
should be developed in conjunction with improved
methods and measures for assessing the underlying
constructs, including measures of both perceived
stigma and body image following an amputation.
Fortunately, the Amputation Body Image Scale
(32) was developed and further revised and
validated in recent research (33).

Moreover, a conceptual framework should be
able to take into account emerging factors such
as aging populations and changing prosthetic
technology. Such a framework will become
increasingly valuable as successive cohorts age
into their peak amputation years and limb loss
reaches epidemic proportions. In the U.S. alone,
the incidence of diabetes and consequent peripheral
vascular disease-related amputations are expected
to double or even triple by the year 2025, due to the
growing aging population and the obesity epidemic
(34). Overall, given the size of this disability group
and the prevalence of adjustment problems, more
research attention is warranted using longitudinal
methodologies, standardized measures, and larger,
more representative samples.

Positive psychology and its emerging constructs
also need to continue to be studied in context of
psychological adjustment and adaptation of body
image following an amputation (2,35). This would
include the relationship of a positive body image to
such variables as finding positive meaning in the
amputation (36), hope, forgiveness, humor (e.g.,
jokes about one’s prosthesis falling off in public),
and downward comparison (i.e., comparing oneself
to someone who sustained a more significant
amputation or injury). There is much to be learned
from the fact that the significant majority of
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individuals who undergo an amputation eventually
integrate the change into their self-concept and
body image and return to their preamputation “set
point” levels of emotional health and satisfaction
with their bodies.

Summary of Key Points

• Body image is thought to be a major
component of the self-concept, and limb amputa-
tions pose a substantial threat to both body
image and self-concept. A poor body image
following amputation is correlated with a
range of negative outcomes, including increased
depression and decreased life satisfaction,
quality of life, activity levels, and overall
psychological adjustment.

• Individual variables tend to outweigh objective
factors related to an amputation, such that level
of the amputation does not appear to be related
to overall adjustment or body image difficulties.
However, traumatic amputations and phantom
limb pain do appear to have a consistent negative
impact on body image.

• The prosthesis is a central part of an individual’s
postamputation body image adjustment,
allowing many individuals with leg amputations
to “pass” in public as being nondisabled.
Prostheses are often viewed as an extension of
the body, and if there is a lack of satisfaction
with either the functional or aesthetic aspects of
the prosthesis, there are likely to be adjustment
difficulties as well.

• Upper extremity amputations are much less
common but tend to be more challenging
in terms of psychological and body image
adjustment, partly due to the fact that they are
usually caused by trauma. In addition, arms and
hands are crucial to both self-care and work
activities as well as nonverbal communications.
Upper limb prostheses are less effective than
lower limb prostheses on both functional and
aesthetic dimensions.

• Younger children integrate limb loss into their
self-concept and body image but adolescents
may have a more difficult time due the impor-
tance of body image during that period of
development. Older adults may also have some

developmental advantages when it comes to
postamputation body image.

• Social perceptions regarding reaction to one’s
body have a significant effect on body
image. Accordingly, following an amputation,
perceived social stigma is predictive of poorer
body image and wider adjustment problems.

• Further research, using more sophisticated
methodology and measurement methods, is
needed to further examine postamputation
changes in body image and their impact on
adjustment. In light of the healthy adjustment
most individuals make in their body image,
an increased focus on positive psychology is
warranted.

Further Reading

http://www.landminesurvivors.org/what_limbloss.php
http://www.survivinglimbloss.org
Murray CD. The social meanings of prosthesis use.

J Health Psychol 2005;10(3):425–441.
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4
Management of Chronic Pain
After Limb Loss
Dawn M. Ehde and Stephen T. Wegener

Overview

After limb loss, many individuals not only must
adapt to the loss of their limb and the use of
a prosthesis but also must contend with pain.
Chronic pain too often disrupts physical functioning,
sleep, mood, relationships, and participation in life
activities. This chapter summarizes our current
knowledge of the nature, scope, assessment, and
treatment of pain in individuals with limb loss.
First, the chapter briefly describes several relevant
conceptual issues, followed by a summary of the
research literature concerning specific types of
pain after acquired amputation. The biopsychosocial
risk factors for chronic pain are then described.
After reviewing the clinical assessment of pain, our
current knowledge regarding the treatment of pain is
reviewed, followed by a discussion of some of the
unanswered questions regarding pain after limb loss.

Conceptual Issues

Definitions

The International Association for the Study of
Pain defines pain as “an unpleasant sensory and
emotional experience associated with actual or
potential tissuedamage,ordescribed in termsofsuch
damage” (1). Accordingly, pain is not only a sensory
experience but also a psychological experience by
virtue of its definition. Acute pain may be defined
as pain elicited by the activation of nociceptive
transducers at the site of local tissue damage due

to injury, surgical procedures, or disease. Acute
pain is sudden in onset and experienced for a
limited time immediately following damage, and
typically remitsas theunderlyingpathologyresolves
(2). In contrast, chronic pain can be defined as
recurrent or persistent pain that is present for 6
months or longer (1). Chronic pain may begin
as acute pain with an obvious cause, such as
an amputation surgery in the case of phantom
limb pain, or it may have a more insidious and
unknown onset. For some, chronic pain may persist
beyond the expected healing time and may not arise
from any detectable damage in the periphery.

After limb loss, chronic pain is most commonly
classified based on the site of the pain. Phantom limb
pain (PLP), one of the most commonly described
types of pain following amputation, is defined as
painful sensations perceived in the missing portion
of the amputated limb. It is important to distin-
guish PLP from nonpainful phantom limb sensa-
tions (NPLSs), defined as sensations in the missing
(phantom) limb that are not painful, as NPLSs are
also common after limb loss. Residual limb pain
(RLP) refers to pain in the portion of the amputated
limb that is still physically present (i.e., the residual
limb). As will be described in this chapter, persons
with limb loss are at risk for chronic pain in a number
of other sites, including the back, the contralateral
limb, the hips, and the neck or shoulders (3–5). Pain
after limb loss may also be classified according to
whether it is due to nerve injury or damage (neuro-
pathic pain) or some other cause such as inflam-
mation or musculoskeletal pain (nonneuropathic
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pain). This distinction may be useful because some
pain treatments are viewed as more appropriate for
neuropathicpainandothers fornonneuropathicpain.
However, the extent to which this classification is
ultimately associated with important treatments or
outcomes has not been adequately examined in any
patient population, including those with limb loss.

Pain as a Multidimensional Construct

Pain is a multidimensional experience beyond
simply the location and severity of the pain.
In clinical practice, pain is often conceptualized
and assessed as a unidimensional construct, with
patients typically being asked to rate their pain
on a numerical rating scale (NRS) (e.g., 0 to
10 or 0 to 100, ranging from no pain to the
worst possible pain). Such a rating scale assesses
pain intensity, or the subjective rating of how
much it hurts, can sometimes be thought of as
the volume of pain. However, pain specialists
now recognize the importance of other dimen-
sions of pain as well, including duration, frequency
of pain episodes, pain affect, and pain-related
disability. Frequency and duration of pain episodes
are especially relevant for understanding phantom
limb pain due to its commonly episodic nature.
Assessment of these dimensions is described in
more detail later in this chapter.

Etiology

The common report of a perceived phantom limb
(whether painful or not) for the majority of
individuals with limb loss suggests the existence
of innate neural networks in the brain able to
generate all the qualities of experience felt to
originate in the body. Melzack (6) proposed that
humans have a neural network, the “neuromatrix,”
widely extending throughout selective areas of
the entire brain, including the somatic, visual,
and limbic system. The output pattern from the
hypothesized neuromatrix may account for the
sensory, affective, and cognitive dimensions of
pain experience and behavior (7). According to
Melzack’s theory, input from the periphery is
not necessary for the perception of sensation, as
demonstrated by phantom limb perceptions.

Central and peripheral mechanisms are thought
to contribute to the development of phantom limb

pain (8), although their specific actions are not
completely understood. Although central abnor-
malities may be more important for the mainte-
nance of chronic PLP, the initiating event in
the development of PLP is likely peripheral.
One hypothesis is that the massive barrage
of noxious afferent stimuli during injury or
amputation surgery initiates central processes that
subsequently generate pain. An alternative expla-
nation is that the sudden loss of peripheral
input may trigger central changes that result in
deafferentation pain. Possible central processes
involved in deafferentation pain include spinal
sensitization and cortical reorganization. Spinal
cord sensitization refers to the N-methyl-D-
aspartate (NMDA) receptor-mediated sensitization
of dorsal horn neurons in the spinal cord after
amputation, possibly as a result of the loss of
high threshold input to the dorsal horn neurons
(9). This sensitization may result in sponta-
neous neuronal activity and increased sensitivity to
afferent input (8). Cortical reorganization occurs
when the topographic representation of the lost
limb after amputation is taken over by sensory
input from other areas of the body, a process that
illustrates the plasticity of the nervous system (10).
The functional role of cortical reorganization is
unknown; one study found that greater cortical
reorganization was associated with higher intensity
phantom limb pain, suggesting that cortical reorga-
nization may play a causal role (11). Peripheral
mechanisms implicated in amputation-related pain
include neural activity originating from afferent
fibers in a neuroma, and spontaneous activity in
injured dorsal root ganglion neurons (12).

Other possible etiologies of pain and discomfort
exist for persons with limb loss, including
neuromas, bone spurs, heterotopic bone, chronic
wounds, and poorly fitting prostheses. Pain may
also arise from stress and wear on anatomical struc-
tures due to limb loss and its subsequent biome-
chanical changes, including potential changes
in gait pattern. Both joints and muscles may
experience overuse wear and tear, resulting in pain
over time. Similarly, pain in the back, neck, or
shoulders may arise from an unnatural gait or
changes in posture, although these biomechanical
assumptions have not been empirically tested. For
a more detailed discussion of these etiologies, the
reader is referred to a recent review (13).
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Scope and Nature of Pain
in Limb Loss

Nonpainful Phantom Limb Sensations

Most individuals with limb loss experience NPLSs
at some point (3,14,15). The NPLSs may include
sensations such as touch, pressure, temperature,
itch, posture, and location in space (16). Sensa-
tions may also involve feelings of movement in
the phantom limb, such as the sensation that the
distal part of the phantom limb is moving progres-
sively closer to the residual limb, referred to as
“telescoping” (6). Although by definition, these
sensations are not perceived as painful, there has
been no research, to our knowledge, regarding what
impact, if any, NPLSs may have on individuals
who experience them.

Phantom Limb Pain

At least 60% (17) but possibly as many as 85%
(3,18,19) of individuals with amputation report
PLP. Painful phantom sensations are commonly
described as shooting, burning, stabbing, boring,
squeezing, and throbbing (17). They have also been
described as squeezing and knifelike (14). Phantom
pain occurs most frequently in the hand or foot and
is often most intense in these areas (20).

The onset of PLP typically occurs during the
first week after surgery (14). Some studies have
reported that PLP diminishes or disappears during
the first 2 years postamputation (14,21), whereas
others have reported that PLP persists for years or
even decades after the surgery (19,22). Phantom
limb pain is most often described in the liter-
ature as intermittent and episodic in nature (3,15),
with episodes of PLP lasting anywhere from a few
seconds to weeks, but most commonly reported
in terms of minutes or hours. Using a prospective
daily diary method, one study found that 84%
of a sample of adults with limb loss (n = 89)
reported PLP on each of the 7 study days, and 16%
reported PLP on 3 to 5 days of the study period
(23). A large majority, 71%, reported more than
one episode of PLP per day, and of these, 75%
reported experiencing four to five episodes per day.
Regarding duration, 80% experienced PLP for 6
to 10 hours each day, with only 11% reporting an
average of 12 or more hours of PLP each day.

Average pain intensity in this same study was
found to vary across the 7-day study period from
3 to 8 on a 0 to 10 NRS (mean = 4.5, standard
deviation [SD] = 4.6). Two large cross-sectional
studies found average pain intensity levels between
5 and 6 on the same scale (3) (22). Although there
is variability across studies, average pain intensity
at this level (5 to 6 on a 0 to 10 NRS) is generally
classified as moderate in severity (24).

Conclusions regarding the prevalence and
characteristics of PLP are influenced by the
way PLP is defined and measured. For instance,
studies that ask participants to report “any
PLP” may include data from persons for whom
PLP is occasionally present but not particularly
problematic. Therefore, it is important to determine
the extent to which pain is bothersome and
disabling. Recent research suggests that PLP is
present but not highly disabling for the majority,
but may be very troublesome for a significant
subset of persons with limb loss. For example,
23% of a community-dwelling sample with lower
limb amputation (n = 255) reported that phantom
pain was significantly disabling and moderately
to severely limited their functioning (3). Another
study reported that 22.4% of persons with limb
loss secondary to trauma reported severe PLP in
the previous month, with severe defined as being
“extremely” or “very” bothered by pain (5). A
recent large national study in the United States of
1538 persons stratified for etiology of limb loss
observed that 39% reported PLP in the severe (7
to 10 on 0 to 10 scale) range (19).

Most of the research on the scope and nature
of PLP has been conducted on samples composed
mostly or completely of individuals with lower
limb amputations. Upper limb amputation is less
common than lower limb, and prevalence data
for upper PLP are harder to find. Two recent
community surveys have found rates of PLP of
41% (n = 99) (25) and 51% (n = 72) (15) in samples
of persons with upper limb loss. The latter study
also found that 48% of those with pain experi-
enced it on a daily basis, and the presence of
phantom sensations was associated with a greater
relative risk (RR) of PLP (RR = 11.3). In a
clinic sample (n = 76) of people with upper limb
loss (26), 69% reported PLP. More research is
needed on all aspects of PLP in persons with upper
limb loss.
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Residual Limb Pain

Acute residual limb pain (RLP) is a natural conse-
quence of amputation that for many, but unfortu-
nately not all, remits with healing of the surgical
site. Prevalence rates for chronic RLP vary consid-
erably in the literature from 13% to 71% of
persons with limb loss (9,19). Nikolajsen and
Jensen (17) contend in their review of the liter-
ature that RLP persists beyond the expected healing
time for only 5% to 10% of those with limb
loss. In contrast, chronic RLP has been reported
as high as 74% in persons with lower limb
(3) and 55% in persons with upper limb (26)
loss. These results are supported by Ephraim and
colleagues (19), who observed in a sample with
an average of 4 years since amputation that 45%
reported “sometimes” and 22% reported “always”
experiencing RLP. Furthermore, 30% of those
who experienced RLP described it as severe (7
to 10 on 0 to 10 scale). Methodological varia-
tions in terms of study populations (clinic versus
community), study design, definitions of RLP, and
measurement selection contribute to the variability
across studies. Although longitudinal epidemio-
logical studies that clearly define RLP are needed,
recent data suggest that RLP may be a significant
pain problem for this population.

Similar to PLP, RLP tends to be intermittent
and episodic in nature. For example, Gallagher and
colleagues (27) found that of the 48% of their
sample (n = 104) who reported RLP, 13% experi-
enced an episode of RLP once or twice in the week
preceding the survey, 63% experienced an episode
more than twice, and 13% experienced constant
RLP. In another study of people with upper limb
loss, three fourths of those with RLP described
it as intermittent, and one fourth described it as
continuous (26).Like PLP, several studies suggest
that RLP is typically in the range of mild to
moderate intensity, although a significant subset of
individuals (15% to 35% across different studies)
report RLP in the severe range (7 to 10 on a 0 to
10 scale) (3, 5, 19).

Pain in Other Anatomic Regions

Chronic pain problems may arise in anatomical
regions beyond the amputated limb. Chronic back
pain appears to be common in persons with
lower limb amputations; the few studies that

have examined its point prevalence suggest it is
present in approximately half of all persons with
lower limb loss (4, 28, 29), more than two times
higher than the prevalence of chronic back pain
in the general population (estimated point preva-
lence of 15% to 25%) (30). Further documen-
tation of the problem of back pain for persons
with limb loss was observed by Ephraim et al.
(19), who found that 45% reported experiencing
back pain “sometimes” and 18% “always.” Of
those who experienced back pain, 24% described
it as extremely bothersome. Individuals with upper
limb amputations may also experience chronic
back and neck pain, due in some cases to biome-
chanical factors such as hiking one’s shoulders
and positional scoliosis, although the prevalence
of pain in these regions has not been well
documented.

Chronic pain problems in regions other than the
back and amputated limb are sometimes seen in
clinical practice as well as reported in the liter-
ature. In a large national sample in the U.S., pain
in the contralateral limb was reported as being
present “sometimes” by 38.6% and “always” by
another 10.5% (19). Of those who had pain, 18.7%
described it as severe. These results are similar to
the 16.9% of individuals with traumatic lower limb
loss who reported severe pain in the contralateral
limb (5). Although the scope and nature of pain
problems in other anatomical regions are unclear,
pain in multiple regions appears to be a fairly
common, yet often overlooked, experience for
individuals with limb loss.

Impact of Chronic Pain on Functioning
and Quality of Life

Chronic pain frequently negatively impacts not
only physical functioning but also emotional,
social, and vocational functioning. As with other
chronic pain conditions, research suggests that
chronic pain after limb loss may have serious
and detrimental consequences for functioning and
quality of life. For example, in a large study of
individuals with lower limb amputation (n = 437),
van der Schans and colleagues (31) found that
those who experienced PLP had a poorer quality of
life compared to those who did not experience PLP.
Higher levels of pain in persons with limb loss have
also been associated with higher overall disability
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(32). Among individuals with limb loss, pain has
also been associated with interference in prosthetic
training and walking ability (33), employment
(5,34), and social activities (27). Compared to
persons with limb loss who do not experience pain,
those with pain have been found more likely to
report depressive symptoms (35, 36) and anxiety
(22). Consistent with the biopsychosocial model,
increases in depression, stress, and anxiety have
been associated with intensified PLP episodes (37).

Although the impact of PLP has received the
most attention in the literature, several studies
suggest that RLP or back pain can also interfere
significantly with functioning in persons with
limb loss. For example, of the persons reporting
RLP in Gallagher et al.‘s (27) survey, almost
40% reported that RLP interfered “moderately”
to “a lot” with activities, compared to 16.7%
who reported the same level of interference
from PLP. When present, chronic back pain may
contribute to pain-related impairment and function
as much as or more than phantom or residual limb
pain (4,38).

Although pain is the norm, rather than the
exception, after limb loss, pain-related disability
and distress are not universally experienced. In
one study of individuals with lower limb loss and
PLP (3), 75% of the sample could be classified
as having a low level of pain-related disability on
a standardized measure of pain classification, the
Chronic Pain Grade (39), demonstrating that many
individuals with limb loss and pain function quite
well despite their pain. Thus, although pain can
potentially contribute to problems in rehabilitation,
employment, daily activities, and psychosocial
functioning for individuals with limb loss, one
cannot assume that pain will always lead to
such problems. Research is needed to explore the
factors that contribute to resilience to pain after
limb loss.

The Biopsychosocial Model
for Understanding the Experience
of Pain After Limb Loss

Significant advances in the understanding and
treatment of chronic pain in persons with pain as
the primary problem occurred when pain stopped

being viewed exclusively from a biomedical
perspective, and biopsychosocial models of
chronic pain were developed (40). Biopsychosocial
models of chronic pain acknowledge that although
pain usually has an underlying biological basis,
psychosocial factors, such as an individual’s cogni-
tions, coping responses, behaviors, and the social
environment, have a significant, and sometimes a
profound, impact on the experience of pain and its
effects on physical and psychological functioning.
The shift in thinking from an exclusively biological
to a biopsychosocial perspective has had an
important effect on how researchers and clini-
cians understand and treat chronic pain in popula-
tions where pain is typically the primary problem.
This shift also provided a theoretical rationale for
psychosocial pain interventions, including operant
conditioning, cognitive-behavioral therapy, self-
hypnosis and relaxation training, and family
therapy and education, all of which have subse-
quently been found to be effective for decreasing
perceived pain severity and decreasing the negative
impact of pain on people’s lives (41). Hundreds
of thousands of individuals with chronic pain have
benefited from these treatments (41). The field of
limb loss research has been slow to adapt and
incorporate biopsychosocial perspectives and inter-
ventions to pain, however. To assist clinicians
and researchers in adopting a more comprehensive
model for amputation-related pain, we provide a
summary of the biopsychosocial correlates of pain
after limb loss.

Biological Factors

Preamputation Pain

Current models regarding the biology of pain
suggests that chronic or intense pain felt in the limb
prior to amputation may create a somatosensory
pain memory in the brain that puts an individual
at risk for pain in the amputated limb after
amputation. A number of studies have explored
the relationship between preamputation pain and
the development of PLP and RLP, producing
complex and sometimes contradictory findings. An
earlier prospective study of 58 patients (mainly
participants with lower limb loss) found that
preamputation pain intensity, but not duration,
was associated with PLP during the first 6
months after amputation but was not predictive
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of persistent PLP at 2-year follow-up (14,42).
Phantom limb pain was also more likely when
the duration of preamputation pain was longer
than 1 month (42). In contrast, Nikolajsen et al.
(43) found that the intensity of preamputation
pain was predictive of postsurgical experiences
of PLP in the first 3 months after surgery but
not of either PLP or RLP at 6 months. Another
prospective study found that preamputation pain
intensity, but not duration, was the only signif-
icant predictor of chronic PLP intensity at 2 years
postamputation and was not predictive of PLP
intensity earlier in the course of recovery (i.e.,
at 6- and 12-months post surgery) (44). These
results, although somewhat contradictory and from
relatively small samples (<60 participants), suggest
that preamputation pain may be an important
risk factor for chronic pain. Research on larger
samples using prospective designs are needed to
examine the relationships and mechanisms by
which preamputation pain may impact chronic
amputation pain.

Acute Pain

Acute pain has been suggested as a risk factor
for chronic pain in several different pain popula-
tions, including persons with PLP (45). Exper-
imental models of acute pain mechanisms have
shown that sustained, high-intensity noxious input
may sensitize central neural structures involved
in pain perception, setting the stage for long-term
pain [for a review, see Melzack et al. (46)]. In
one of the only studies to examine the role of
acute pain (i.e., pain in the immediate postoperative
period) in chronic amputation pain, Hanley et al.
(44) found that acute PLP intensity, assessed on
days 4 and 5 postsurgery, was the only significant
independent predictor of chronic PLP intensity
at 6 and 12 months postsurgery. Hanley et al.
also found that acute RLP was the best overall
predictor of chronic RLP. Although preliminary
and in need of replication, these findings suggest
that acute pain intensity assessed immediately after
amputation may help identify a subset of patients
at greater risk for chronic pain. Patients thus
identified as at “high risk” for bothersome chronic
pain could then be targeted for early interventions
aimed at preventing or managing chronic postam-
putation pain.

Other Biological Factors

A number of other biological risk factors for
chronic PLP pain have been examined in the
literature, including age, level of amputation,
amputation etiology, and comorbid medical
conditions. After controlling for other potential
confounding factors, no consistent relationships
with chronic PLP have been found (19), however,
for any of these factors. In addition, PLP has
been found to be equally present in persons with
traumatic and persons with vascular amputations
(18). Factors that appear to put individuals at
increased risk for RLP are younger age, traumatic
amputation, loss of a lower limb, and comorbid
conditions; time since injury does not appear to
increase the risk for RLP (19).

Psychosocial Factors

Although pain after limb loss is clearly not the
result of psychopathology, the recent emphasis
on physiological mechanisms runs the risk of
overlooking the various psychosocial factors
that may play a role in exacerbating pain or
decreasing adaptive functioning after limb loss.
The literature documents a number of psychosocial
factors, particularly cognitions (thoughts, beliefs,
appraisals), coping strategies, social support,
and depression, that have been associated with
functioning among persons with chronic pain
(47, 48). Only a few studies have examined the role
of psychosocial factors in adjustment to chronic
pain following limb loss; these are reviewed below.

Catastrophizing Cognitions

In people with primary chronic pain, research
has consistently shown that the strongest
relationships are typically between maladaptive
pain beliefs/cognitions and negative pain-related
outcomes (49). In particular, catastrophizing has
been consistently and strongly associated with
virtually all pain outcomes investigated (49, 50).
Catastrophizing can be defined as excessively
negative and unrealistic thoughts or self-statements
about pain. Examples of catastrophizing cognitions
include thinking “this pain is awful and I feel
that it overwhelms me” or “I can’t stand this.”
Numerous studies have shown catastrophizing to
be positively associated with higher levels of
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pain intensity, pain-related interference with activ-
ities/participation, psychological distress, analgesic
use, medical services utilization, and vocational
dysfunction [for reviews, see (49, 51)]. In nearly
every study, the relationships between catastro-
phizing and adjustment variables are moderate
to strong (47) and remain strong even when
controlling for variables that may influence the
relationship such as demographics, pain level,
pain beliefs, or depressive symptoms (52,53).
Although catastrophizing is related to depression,
its influence on pain adjustment appears to be
independent of mood (53–55).

Research on psychosocial factors has shown that
pain catastrophizing stands out as a significant risk
factor for poor adjustment to PLP as it does in the
general pain literature. For example, strong associ-
ations between pain catastrophizing and measures
of pain severity and psychological distress were
seen in samples that included people with upper
limb loss and people with lower limb loss (56,
57). Even when controlling for pain intensity,
pain catastrophizing was the single most important
predictor of PLP pain interference and depressive
symptoms in the first 6 months (58) and at 1 and 2
years (59) after a lower limb amputation. One other
cognitive factor often predictive of outcomes in
the general pain literature, one’s perceived control
over pain, has not yielded empirical support thus
far in the limb loss population (59,60), suggesting
that perceived control over pain may have no or
only a limited impact on functioning in persons
with PLP.

Pain Coping Strategies

Coping strategies used to manage pain, such as
diverting attention away from pain, using positive
self-talk, and increasing activity levels, have shown
significant associations with positive adaptation to
chronic pain (49), including chronic PLP (56,57).
Pain-contingent rest, in particular, has emerged
as a pain coping strategy strongly related to
dysfunction (61). Resting in response to pain
may arise from or be reinforced by the belief
that pain has been avoided by resting or by
avoiding unpleasant activities (62). However, pain-
contingent rest may contribute to muscle atrophy
and decreased tolerance for activity, leading to
greater pain dysfunction over time (62). In persons
with PLP, pain-contingent rest has not been found

to be a significant predictor of pain intensity,
dysfunction, or distress at 1 or 2 years after lower
limb amputation (59). Further research should
examine pain-contingent rest and other pain coping
strategies in other samples and at other time points
beyond 2 years.

Social Environment

One of the most important factors contributing to
functioning in the context of pain is the social
environment. Numerous studies have shown that
higher levels of social support have been associated
with better adaptation to chronic pain (47,63). In
one study of PLP, persons who reported receiving
support prior to an amputation were less likely to
experience PLP than those who did not receive
support (27). Social support was also positively
associated with improvements in and adaptation
to PLP (59). Not all kinds of social support are
adaptive or helpful, however. One type of environ-
mental response to pain, solicitous responding, has
been associated with poorer pain outcomes. Solic-
itous responding refers to solicitous behaviors,
including offers of assistance, efforts to take over
a task, and sympathy specific to the patient’s pain
or pain behavior by a significant other. Research
has demonstrated that solicitous responding is
positively associated with pain-related dysfunction
and distress in the first 2 years after limb loss
(59). Furthermore, the fact that in both of these
studies perceived social support and solicitous
responses made statistically independent contribu-
tions to changes in functioning over time, even
when controlling for the effects of the other,
suggests that the mechanisms by which these social
environmental influence outcome are independent
of one another. Although more research is needed
confirming these relationships, current findings
suggest that interventions may benefit persons
with limb loss pain if they build general social
support while reducing significant others’ often
well meaning but potentially detrimental solicitous
responses to pain.

Fear Avoidance

Pain may be associated with fear of movement and
described by a fear avoidance model (64). Fear
avoidance can be a helpful strategy in that it may
reduce the chance of immediate pain, but it is
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generally considered maladaptive because it often
interferes with rehabilitation and the return to usual
activities. Fear avoidance has been implicated as a
mediator of disability measured in the laboratory
as well as with daily life activities (64). Avoidance
behavior has also been associated with increases
in RLP and emotional distress (65,66). Despite the
prevalent focus on fear of pain at early stages of pain,
there is little evidence to link such fear states with
poor prognosis. The evidence suggests that fear may
play a role when pain has become persistent (67).

Depression

Depression is a common experience following
limb loss. The reciprocal nature of the depression–
pain relationship has been well established, and
longitudinal studies are now beginning to inves-
tigate the directionality of this relationship. It
has been established that the presence of one
increases the likelihood of the other, and that co-
occurrence decreases the likelihood of successful
therapies, whether the target of treatment is
primarily the depression or pain (68). In a
recent study, nearly a third of individuals with
limb loss (28.7%) surveyed were found to have
depressive symptomatology; people with limb
loss experiencing pain were more likely to have
depressive symptoms than those not experiencing
pain (19). Likewise, depression was a key predictor
of both the reported intensity level and the
bothersomeness of chronic pain across all pain
types (RLP, PLP, back pain) after controlling
for other factors. These results support the
need to assess the mood of persons reporting
amputation-related pain and aggressively treat
depression as part of the pain control program.
Possible mechanisms underlying the pathophysi-
ology of depression and pain could be involvement
of the monoamines (5-hydroxytryptamine [5-
HT, serotonin] and noradrenaline (NA)) and
the hypothalamic-pituitary-adrenal (HPA) axis.
Further, converging evidence from brain imaging
studies suggests overlapping patterns of brain
activation are induced by both psychological
distress and by pain nociception.

Acceptance of Pain

Another concept that is gaining recognition in
the pain literature is the concept of “acceptance

of pain” (69). This refers to the idea that an
individual might manage better if he or she is able
to reduce unsuccessful attempts to avoid or cure
pain, and focus instead on the pursuit of relevant
personal goals despite pain. Greater acceptance
of pain is hypothesized to be a factor that may
underlie adaptive pain coping. Research supports
this hypothesis, and indicates that patients who are
able to focus on goals other than pain reduction do
better than those who do not (70–72). Moreover,
research has shown that treatment designed to
increase acceptance of pain results in improve-
ments in emotional and physical functioning (73).
The extent to which pain acceptance is related
independently to functioning in persons with limb
loss pain is not known, as this construct has not
been tested in the limb loss population.

Summary

Research has shown that although biological
factors may be important in the development and
maintenance of chronic pain in persons with limb
loss, pain-coping responses, pain-related cogni-
tions (particularly catastrophizing), social factors,
and depression also play important predictive roles
in how well persons function.

Clinical Assessment of Pain

Given the prevalence of pain after limb loss and
the fact that it cannot be assumed that pain will
diminish over time, health care providers should
routinely assess pain in their patients with limb
loss. A number of reliable and valid standardized
instruments are available in the general pain liter-
ature, and many of these can be used with or
adapted for persons with limb loss. We will briefly
highlight some of the pain dimensions that may be
of particular use in clinical practice of psychopros-
thetics. For more information on clinical pain
assessment, the reader is referred to the Handbook
of Pain Assessment by Turk and Melzack (74).
For guidance on selecting measures for clinical
research on pain, see Dworkin et al. (75).

Standardized pain intensity rating scales provide
patients and clinicians with a simple method to
quantify pain intensity and track changes over
time. One of the most widely used rating scales
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is the 0 to 10 numerical rating scale, where 0
refers to “no pain” and 10 refers to “pain as
bad as it can be.” Research has shown that the
numbers on this scale are interpreted similarly
across individuals and medical conditions. When
pain intensity is classified based on its interference
with daily functioning, pain in the 0 to 4 range is
typically classified as mild pain, 5 to 6 as moderate,
and 7 to 10 as severe, among persons with limb loss
(24). It may be helpful to ask patients to rate, using
a numeric scale, their worst pain, least pain, and
average pain over a defined time period (typically a
week or a month, depending on the setting) as well
as their pain at the time of the assessment. Infor-
mation about various levels of pain may provide
useful information not otherwise obtained by a
single rating of average pain. For example, infor-
mation about the worst pain may help the clinician
understand the magnitude of suffering or activities
or conditions that may contribute to pain flare-ups;
conversely, information about least pain may point
to strategies that could lead to pain relief (e.g., if
someone reports low pain when relaxed, relaxation
may be recommended).

Because the impact of pain on an individual’s
life will depend on many different factors, pain
assessment extends beyond a simple rating of
pain intensity. We recommend specifically asking
patients to answer questions regarding PLP, RLP,
back pain, and any other types of pain they
may have. Clinicians will want to assess the
onset, frequency, and duration of pain episodes,
as well as the type of sensations experienced,
which may help to pinpoint the cause of pain.
For example, Sherman et al. (20) suggested that
reduced blood flow to the residual limb may be
described as burning, tingling, or throbbing pain
and that increased muscle tension may be described
as cramping or squeezing.

An excellent standardized self-report measure
of pain interference is the Pain Interference Scale
of the Brief Pain Inventory (76), which assesses
how pain interferes with a variety of daily activ-
ities, including sleep, self-care, mood, recreational
activities, work, and relationships. It uses a 0 to 10
numeric rating scale similar to the pain intensity
scale, which may facilitate ease of use and provide
simple, easily quantified information about pain’s
impact on important life activities.

Dimensions of functioning in persons with lower
limb amputations can be assessed with either of

two well-known validated self-report measures:
the Trinity Amputation and Prosthesis Experience
Scales (TAPES) (77) and the Prosthesis Evalu-
ation Questionnaire (PEQ) (78). The TAPES
was designed to measure multiple dimensions
of adjustment to amputation and lower limb
prostheses; items pertaining to pain assess the
presence, frequency, duration, and intensity of PLP
and RLP, as well as the extent to which pain inter-
feres with daily life. The PEQ was developed to
measure the prosthesis function and quality of life
of persons with lower limb amputations; the 12-
item pain scale assesses the frequency, intensity,
and bothersomeness of NPLS, PLP, RLP, and
back pain.

A number of standardized, self-report measures
of pain, although not designed specifically for pain
associated with limb loss, have been used success-
fully in many medical settings and may enable
comparisons with other pain populations. The Brief
Pain Inventory (BPI) in its entirety may also be
used, as it also includes not only the interference
scale but also 0 to 10 ratings of pain intensity
and a body diagram for recording pain locations.
The Chronic Pain Grade (CPG) (39) is a simple,
reliable, and valid measure that can provide infor-
mation about several dimensions of pain, including
a classification, or grade, of an individual’s level
of pain-related disability. The CPG has been used
with diverse pain populations, including at least
one sample with limb loss (3).

A number of measures exist that assess pain-
coping strategies and cognitions [see Turk and
Melzack (74)]. These measures have primarily
been used as research tools, and as such, tend
to be long and do not have well-defined cutoffs
for use in clinical practice. Nonetheless, clinicians
may wish to consider examining them for ideas
on measuring coping strategies, catastrophizing
cognitions, or social support beyond the clinical
interview.

Standardized measures can be built into
assessment procedures in most clinical settings
and can typically be self-administered quickly
and easily. Benefits include the ability to track
patient progress over time and to make compar-
isons between different settings and populations.
We encourage clinicians to assess pain interference
in order to provide a clearer picture of the impact
of pain on daily activities and general functioning.
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In addition, when working with patients over time,
individuals with limb loss pain should be strongly
encouraged to keep a pain diary for a week or
more, depending on the frequency of their pain,
to identify factors (e.g., prosthesis use, physical
or mental stress, diet, coping strategies) associated
with their pain.

A thorough medical examination is important
for assessing any neurological, musculoskeletal,
or vascular issues that may contribute to the
experience of pain in a person with limb loss. As
discussion of the medical examination is beyond
the scope of this chapter; the reader is referred to
other reviews (13,79). A prosthetic and orthotic
assessment, including gait assessment and exami-
nation of the prosthetic socket or suspension
system, is also key when a patient presents with
pain, as the assessment may reveal avenues for pain
relief. Pain specific to one specific area may imply
regions of the socket or suspension system causing
undue pressure or irritation at the anatomical site.
How the prosthetic device contacts the body at
rest, when sitting, and in dynamic situations should
be assessed. Gait assessment should include, while
standing, an observation of limb length and the
levelness of the pelvis, as improper prosthetic
length may cause gait deviations that may be
improved with adjustment of the device in persons
with lower limb amputation (80). The assessment
should also include observation of symmetry,
balance, proportion of time in stance and swing
phase on each limb, and deviations of the trunk,
hips, knees, and feet. Clinical experience suggests
that chronic gait deviations may cause or aggravate
back pain, although this assumption has not been
empirically tested. Similarly, individuals’ posture
and movements during common upper limb activ-
ities should be assessed for biomechanical and
other abnormalities in persons with upper limb
prostheses.

Pain Interventions

More than 60 different treatment strategies for PLP
have been reported in the literature (20), but few
effective treatments have been identified (81,82).
Although the majority of persons with chronic
pain and limb loss have tried numerous treatments
for pain, the treatments that have been used have

tended, on average, to be rated as only somewhat
helpful (81). Conclusions regarding the efficacy
of most of the treatments currently in use have
been hampered by a lack of randomized clinical
trials and other methodological concerns, including
small sample sizes, lack of control groups, lack
of blinding, heterogeneous populations, and short
follow-up periods. Furthermore, the treatment liter-
ature has tended to focus exclusively on phantom
limb pain to the exclusion of RLP. Thus, much
of what is currently known regarding the efficacy
of existing amputation pain treatments is based on
clinical experience, case studies, nonrandomized
designs, or other populations. What follows is
a brief summary of pain interventions, with
emphasis on psychological interventions. Inter-
ventions for the residual limb, including early
postoperative residual limb care, are crucial for
managing acute pain and possibly for preventing
severe long-term pain (83) but are beyond the
scope of this chapter. For a review of interven-
tions focused on postoperative residual limb care,
surgery, cortical reorganization, or preemptive
analgesia, the reader is referred to another
review (84).

Pharmacotherapy

A number of medications are commonly used to
treat PLP and RLP. The most commonly used
medications for any type of chronic pain are the
nonnarcotic analgesics. Research on their efficacy
for amputation-related pain is unavailable, but they
may serve as an initial medication for mild PLP
or RLP pain due to their minimal risk for signif-
icant adverse effects (9). Tricyclic antidepressants
(TCAs) and, more recently, other classes of antide-
pressants are commonly used to treat chronic pain
conditions, including PLP. The efficacy of TCAs in
the treatment of painful peripheral neuropathies has
been supported (85). To our knowledge, only one
randomized controlled clinical trial examined the
efficacy of TCAs for relieving chronic amputation-
related pain. This study of 39 adults with either
PLP or RLP compared the effects of amitriptyline
to an active placebo (benztropine mesylate) and
found no significant benefit for either type of pain
(86). The efficacy of other types of antidepressants
in PLP and RLP is not known.

Antiseizure medications are commonly used to
treat PLP based, in part, on clinical impressions
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that they may minimize the number of episodes
of phantom pain. In one of two recent double-
blind, placebo-controlled, crossover studies of
gabapentin for PLP, Bone et al. (87) found
that gabapentin resulted in significantly greater
pain intensity reduction compared with placebo
after a 6-week trial (there were 14 completers).
In contrast, another trial with 24 participants
did not find a significantly greater reduction in
pain intensity comparing gabapentin to a placebo
(88). However, a greater proportion of patients
reported a meaningful pain reduction during the
gabapentin phase. These small studies suggest
that gabapentin may be effective for certain
subgroups of patients, but more clinical trials
are needed to explore the effectiveness of this
medication.

The use of opioid analgesics for the treatment
of neuropathic pain remains controversial. Opioid
analgesics (also referred to as “narcotics”) are
very effective in the short-term and are recom-
mended for most patients during the immediate
postsurgical period given the need for pain relief
as well as the potential but unproven reduction in
risk for developing chronic pain. However, long-
term use of opioids can result in dependence and
increasing tolerance to higher dosages, leading
to poorer pain control and greater disability and
depression over time (9). Common unpleasant side
effects include constipation, sedation, and nausea,
with more adverse effects also possible, partic-
ularly at higher doses. Many patients view the
costs of opioids, including their side effects, as not
outweighing their benefits. Interestingly, however,
preliminary evidence exists that opioids may
influence cortical reorganization in individuals
whose cortical reorganization is not yet irreversibly
chronic. A double-blind crossover trial (n = 12)
of oral morphine sulfate (MST) for PLP found
a significant pain reduction (50% decrease) in
42% of the patients over the 4-week trial (89).
In addition, this study found evidence of reduced
cortical reorganization with MST in three of
the patients, concurrent with reductions in pain
intensity. Although a promising line of research,
larger clinical trials are needed that examine
long-term benefits and consequences of narcotic
use. For now, clinicians must balance the needs
for pain relief with the potential for harm over
time.

Rehabilitation Interventions

Early rehabilitation interventions may reduce the
likelihood of chronic severe pain in persons with
limb loss. Pezzin and colleagues (5) found that
higher intensity inpatient rehabilitation of people
with limb loss was associated with lower levels
of bodily pain at long-term follow-up, as well
as increased physical functioning and vitality.
Early rehabilitation goals may include maintaining
muscular strength and preventing contractures,
both of which may decrease the likelihood of
severe long-term pain. Contractures can develop
as a result of inactivity (i.e., prolonged sitting),
muscle imbalance, fascial tightness, protective
withdrawal reflex into hip and knee flexion, and
loss of plantar stimulation in extension. After lower
limb amputation, it is important to maintain full
mobility in the hips and knees. Overall, an exercise
program that is begun early and maintained by
the individual is ideal for maintaining strength and
preventing pain. Patients can be encouraged to
begin ambulating as early as possible with crutches
or temporary prostheses (90) and to maintain
regular exercise indefinitely.

As described above, back pain and pain in the
contralateral limb can be a significant source of
pain in persons that tends to be overlooked in
the literature. Physical therapists, prosthetists, and
other care providers may want to pay careful
attention to gait patterns that may contribute to
back or contralateral limb pain and treat back pain
as indicated.

For individuals with especially high levels of
suffering and disability, referral to a multidis-
ciplinary pain rehabilitation program should be
considered if such a program is available. Multidis-
ciplinary pain rehabilitation programs are typically
based on the biopsychosocial model of pain and
address not only the pathophysiological processes
but also the psychological, social, and behav-
ioral factors associated with pain, distress, and
pain-related disability. Modalities for rehabili-
tation therapies may include physical therapy,
occupational therapy, vocational rehabilitation, and
psychological approaches. Such programs have
strong empirical support for their effectiveness
when chronic pain is the primary disability (91),
but have not been empirically tested for pain in
individuals with limb loss.
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Psychological Interventions

Self-Hypnosis Training

A growing body of research, including a number
of controlled clinical trials published over the
past decade, supports the efficacy of self-hypnosis
training for managing both acute and chronic pain
conditions (92). Case series of adults with chronic
pain secondary to disability, including limb loss,
are consistent with this evidence (93). Similar
to analgesic medications, self-hypnosis training
rarely, if ever, eliminates pain completely; nor does
it benefit all patients. However, there appears to be
a subgroup of persons with chronic pain, including
those with amputation-related pain, who report
substantial decreases in pain severity following
self-hypnosis training and who are able to maintain
improvements over time (93). Moreover, unlike
many analgesic medications, the “side effects” of
self-hypnosis training are virtually all positive. For
example, in 30 patients from a case series of
patients with disability-related pain (of whom six
had amputation-related pain), 40 different benefits
of the training were identified, with no negative
effects reported (94). In addition to pain relief,
these benefits included increased perceived control
over pain; increased relaxation and well-being;
improved sleep; and decreased stress, anxiety,
and depressive symptoms. Randomized controlled
trials of self-hypnosis analgesia for amputation-
related pain are needed.

Relaxation Training

Pain and other stressors often result in a natural
response of repeated and prolonged tensing of
muscles, which tends to worsen pain. Psycholog-
ically, negative expectations related to pain and
other stressors associated with limb loss can also
lead to muscle tension and maladaptive coping.
One of the best ways to counteract the tensing
effects of pain and stress is to practice various
forms of relaxation. Relaxation allows the muscles
to loosen and lengthen and the mind to focus on
pleasant thoughts rather than distress. There are
many methods to promote relaxation that require
little or no training on the part of the provider.
Suggested strategies may include exercise, warm
baths, listening to music, prayer, deep breathing,
and imagery. While some of these strategies can be

tried without any instruction (warm baths, listening
to music, prayer), there are others (deep breathing,
imagery) that initially may need to be practiced
under the guidance of a professional to achieve
optimal benefit from the skill. Individuals vary
in their ability to relax, so trying a variety of
relaxation techniques may be necessary to find
those that have the intended response. Like self-
hypnosis, it is also necessary to practice the skills
on a regular basis to achieve optimal benefit from
them. Relaxation techniques often work best if
used as a preventative measure before pain or
stress becomes too intense. In addition, relaxation
exercises may work best for chronic pain and
ongoing stressors when coupled with other coping
strategies.

Cognitive Therapy

Given the substantial research linking cogni-
tions, including catastrophizing, with pain severity,
pain-related disability, and distress (49), it is
not surprising that psychological interventions
have been developed targeting maladaptive cogni-
tions. In the context of pain treatment, cognitive
therapy, or “cognitive restructuring” is an inter-
vention designed to teach patients to (1) examine
the thoughts that they have about their pain
problem; (2) determine the extent to which
these thoughts are adaptive and helpful, neutral,
or maladaptive/unhelpful (e.g., “catastrophizing”
cognitions); and (3) to replace any maladaptive
thoughts with adaptive and reassuring ones. A
number of studies support the efficacy of psycho-
logical interventions utilizing cognitive therapy for
treating chronic pain (95, 96). Although research
on the efficacy of cognitive therapy as a treatment
for pain in persons with limb loss has only recently
been undertaken, pilot research indicates that it
benefits persons with limb loss and chronic pain
as much as it does individuals with other chronic
pain problems (97).

Interventions Targeting the Social
Environment

The notion that chronic pain could be success-
fully treated by altering how others in a patient’s
environment responded to them when they show
“pain behaviors” (behaviors that communicate
pain to others, verbal reports of pain, and
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nonverbal behaviors such as limping, withdrawing,
grimacing, etc.) was radical when it was introduced
nearly 40 years ago (98). However, this idea gained
gradual acceptance, especially as research demon-
strated that interventions that utilized operant
approaches resulted in substantial improvements in
pain intensity, physical functioning, and emotional
functioning. Although there is not currently much
research examining the effects of the social
environment on pain and functioning in persons
with limb loss, what exists (27,59) is consistent
with that from other pain populations and strongly
supports the need to take the environment, in
particular, the family environment, into account
when assessing and treating pain in persons with
limb loss.

Other Interventions

A number of other psychosocial interventions may
be useful for treating persons with chronic pain
and limb loss, including self-management interven-
tions and behavioral activation (for a discussion
of self-management and behavioral activation, see
Chapter 7). For patients with a fear of pain and
resulting avoidance behavior, treatment should
begin with education about the pain and move to
graded exposure to the feared stimulus to challenge
patients’ maladaptive beliefs about their condition.
The goal of treatment is to alter the individual’s
perceptions of pain as a feared stimulus and enable
confrontation of the pain and injury to facil-
itate recovery. Other constructs related to fear
avoidance, such as catastrophizing, may require
concomitant intervention in order to maximize
benefits. Treatment of comorbid depression and
sleep disturbances are also critical components
of effective pain management, although too often
persons with limb loss who are depressed are not
receiving adequate treatment for these (99).

Implementation of
Psychosocial Interventions

Most persons with chronic amputation pain do
not obtain or participate in psychosocial interven-
tions for chronic pain. For example, in one survey,
fewer than 10% of persons with phantom limb pain
(81) reported using a psychological intervention for
pain. Our clinical experience is that most patients

with amputation pain are offered psychosocial
interventions only after all biomedical interven-
tions have been either tried and found inadequate or
otherwise ruled out. Our belief is that psychosocial
interventions should be considered, and offered
when appropriate, as “first-line” pain interventions
that can be used concurrently with other medical
and rehabilitative treatments. We hypothesize that
the sooner these treatments are considered and
offered, the more likely the patient will benefit
from them.

A model for the integration of psychosocial
interventions in the care of pain is as follows: First,
it must be clear to the patient and the clinician
that referral for multidisciplinary or psychosocial
pain management does not preclude efforts to treat
the biological aspects of the pain problem. In
addition to this ongoing effort, obtaining patient
input regarding their treatment goals is critical. The
clinician collaborates with the patient to determine
“what would be different as a result of treatment in
terms of comfort, function, activities, and quality
of life?” Although pain relief is often a goal of
treatment, a sole focus on pain reduction may
reinforce simplistic models of pain and limit the
potential targets of treatment.

Patients who report amputation pain that is
persistent or interferes with psychological well-
being, physical functioning, participation in activ-
ities, or quality of life should be referred to an
appropriately trained clinician for an assessment of
(1) current pain beliefs and their impact, if any,
on the patient’s pain and suffering; (2) family,
in particular, those with whom the patient lives,
responses to pain behavior, as well as overall
level of social support; (3) depression and anxiety;
(4) the patient’s current use of pain management
techniques, if any; and (5) the patient’s interest
in learning pain management skills including self-
hypnosis skills. To the extent that a patient
engages in maladaptive cognitions (“I can’t stand
this! It is never going to get better!”), cognitive
therapy geared toward replacing these cognitions
with more adaptive and reassuring cognitions may
decrease suffering, and perhaps also a focus on
and awareness of pain. To the extent that those
with whom a patient lives provide either solicitous
(“Honey, let me do that, you shouldn’t have to
get up when you hurt”) or aversive (“You are just
looking for an excuse to avoid housework; stop
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being so pitiful!”) responses, then either family
therapy to alter such responses to more adaptive
ones, or individual therapy to help buffer any
negative impact of these, should be considered.

Given that persons with chronic pain are at
increased risk for developing a depressive or
anxiety disorder, it is important that these disorders
are detected, if present, and treated (see Chapter 7
in this text for further information about treatment).
Patients should be encouraged to continue with
or learn new adaptive coping strategies (e.g.,
problem solving, engaging in pleasurable activities,
exercising), and discouraged from using potentially
harmful strategies (e.g., fear avoidance, alcohol
abuse, pain-contingent rest). Finally, because 75%
of individuals are thought to benefit from self-
hypnosis training (100), patients should be offered
a treatment course of self-hypnosis training.

It is important from the outset of treatment to
educate patients that chronic pain after limb loss
is rarely eradicated. Rather, they should be taught
to expect that they can benefit from a number of
strategies to help them manage their pain so as
to reduce pain severity and suffering and improve
functioning and quality of life. An important goal
of patient education is to help individuals switch
their model for understanding their pain problem
from a biomedical perspective, where a “quick fix”
may be expected, to a biopsychosocial one that
involves long-term self-management.

Unanswered Questions
and Future Directions

The literature reviewed strongly supports the
conclusion that chronic pain is a significant
problem for many persons with limb loss.
However, many unanswered questions remain
concerning the nature, severity, and treatment of
these pain problems, pointing to directions for
future research.

What Is the Scope, Etiology,
and Nature of Pain Problems in Sites
Beyond the Amputated Limb?

Only recently have studies of pain after limb loss
considered pain beyond the phantom or residual

limbs. The existing data suggest that pain problems
are common in other anatomical sites. Research on
the scope, etiology, and nature of pain problems in
these other sites is needed if treatments are to be
developed for them. Additionally, more attention to
the treatment of residual limb pain is also needed.

What Is the Prevalence and Nature
of Chronic Pain in Youths with
Limb Loss?

There is relatively little research regarding the
prevalence of pain in youths with amputations.
Although a review article in 1993 suggested that
children and adolescents with limb loss may not
experience chronic phantom limb pain (101), more
recent research suggests that chronic PLP may
be as prevalent in youths with acquired amputa-
tions as it is in adults (102). Research on the
scope, nature, and treatment of pain in youths with
limb loss is needed to address issues such as the
reduction of pain and suffering, as well as how pain
impacts development, quality of life, adaptation to
disability, and participation in routine daily activ-
ities such as school or play.

What Role Do Biological
and Psychosocial Variables Play as
Risk or Protective Factors in the
Development, Maintenance, and
Management of Chronic Pain
Following Limb Loss?

With the exception of a few studies reviewed
earlier in this chapter, the biopsychosocial model
has been largely untested in samples of adults
with limb loss. The few studies that have utilized
a biopsychosocial model strongly support the
viability of a biopsychosocial model of chronic
pain in persons with phantom limb and residual
limb pain, and thus there is a clear need to
test these models more extensively. The results
of such research not only will provide important
theoretical information regarding the applicability
of the biopsychosocial model of pain in limb
loss but also may lead to the development of
interventions based on this model. Future biopsy-
chosocial studies should consider including some
of the newer biopsychosocial constructs found in
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the broader pain literature, including acceptance of
pain and fear avoidance. Finally, research within
the biopsychosocial model needs to consider not
only the factors that increase the risk for poor pain
outcomes but also what factors protect individuals
against the development of pain and subsequent
secondary disability.

What Treatments Are Effective
in Treating Pain Secondary to
Limb Loss?

Perhaps the most striking gap in the relevant liter-
ature is the lack of empirically supported treat-
ments for chronic pain after limb loss. Given the
high prevalence of disability-related pain and the
residual pain that persists after existing biomedical
treatments, there is a compelling need to test other
medical, rehabilitation, and psychosocial treatments
for pain in this population. In this context, several
important questions arose concerning treatment: (1)
Which, if any, of the treatments that are already
being utilized are effective in treating pain in limb
loss as determined by randomized clinical trials?
(2) Are psychosocial treatment approaches that
have proven effective with persons where pain is
the primary disability effective for persons with
pain after limb loss? If so, which ones? (3) Do
persons with amputation pain have adequate access
to pain specialists and treatments? If not, what are
the psychosocial and environmental barriers that
interfere with access to pain treatment, and can these
be modified to improve care and pain outcomes?
(4) Can biomedical and psychosocial interventions
be used early after limb loss to prevent the devel-
opment of chronic pain, pain-related disability,
and/or distress in the long-term? The answers
to these critical questions will require collabo-
ration among clinicians and researchers as well as
resources to conduct large-scale clinical trials across
multiple sites.

Summary of Key Points

Chronic pain after limb loss is the norm rather than
the exception, with pain potentially occurring in
any of several locations, including but not limited
to the phantom limb. The field is only beginning
to understand the biopsychosocial factors that

influence the development, maintenance, and
treatment of chronic pain in persons with limb
loss. Given that medications often do not fully
relieve pain, psychosocial interventions based on
the biopsychosocial model and drawn from the
broader chronic pain field warrant clinical applica-
tions and research.

Glossary

Biopsychosocial model of chronic pain: A
theoretical construct or model for understanding
health, including pain. It acknowledges that pain
has not only a biological basis but also psychosocial
factors that influence the experience of pain.

Pain: An unpleasant sensory and emotional
experience associated with actual or potential tissue
damage, or described in terms of such damage.

Phantom limb pain (PLP): Painful sensations
perceived in the missing portion of the amputated
limb.

Residual limb pain (RLP): Pain in the portion of
the amputated limb that is still physically present
(i.e., the residual limb or “stump”).
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Books for persons with chronic pain: A number
and variety of books have been published on pain
management directed toward the person with pain.
Although neither of the books listed below specifically
addresses pain after limb loss, they both nonetheless
have valuable information and tools pertaining to pain
management.

Caudill MA. Managing Pain Before it Manages You,
revised edition. New York: Guilford; 2000.

Turk DC, Winter F. The Pain Survival Guide: How
to Reclaim Your Life. Washington, DC: American
Psychological Association, 2005.
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5
Cognition and Mobility Rehabilitation
Following Lower Limb Amputation
Brian O’Neill

Overview

Rehabilitation following lower limb amputation
presents challenges to patients and their health
care providers and social workers. The rehabili-
tation path involves many phases designed to help
the patient acquire the new skills of wheelchair
use, transferring, standing and walking without
the proprioceptive feedback of the lost limb, and
donning and removing the prosthesis. These tasks
require fitness and the cognitive ability to problem
solve and learn. Acquiring the new skills represents
a series of motor-relearning tasks, often occurring
in the contexts of continuing medical problems and
the psychosocial impact of acquired disfigurement
and disability.

The causes of amputation vary according to
the sociodemographics of countries. In high-
income countries, amputations are most frequently
performed due to vascular insufficiency (1). The
proportion of amputations primarily attributed to
vascular problems is approximately 85%. Vascular
surgery techniques such as angioplasty extend the
viability of compromised limb circulation. As the
management of circulatory problems improves,
the average age at amputation is rising (1).
This increasing age at amputation brings with
it an elevated risk of cognitive impairment and
increased rehabilitation challenges. The current
estimated incidence of new amputations ranges
from 8.2 per 100,000 population (2) to 25 per
100,000 (3). As such, this is not an insignificant
problem.

The cognitive impairments of vascular origin
can often be difficult to identify. Language
and social skills are often preserved and belie
the memory and executive deficits apparent in
this population (4,5). New learning following
amputation depends on the functioning of semantic
and procedural memory systems. To identify the
problem, it is important to ascertain whether it is
within the range of normal aging (6), and planning
an approach to the cognitive difficulty requires
reliable and valid neuropsychological assessment.

Postamputation physiotherapy progresses from
maximal physical support (e.g., parallel bars) and
supervision structure in the early mobilization
phase, through less supportive ambulation devices
(walking frames, elbow crutches, walking stick)
and reduced supervision to final discharge. The
postdischarge phase of prosthetic care, lasting the
person’s lifetime, is crucial in considering the
effect of rehabilitation: Does the patient use the
prosthetic limb for daily mobilization needs? This
gradual move from high to low support may mask
the process by which cognitive deficits impinge
on outcome. For example, cognitive problems
adversely affect recall of relevant information,
initiation, and problem solving, yet these diffi-
culties may not become problematic while the
person is receiving the relatively high levels of
support of the rehabilitation environment.

The rate of attrition in the use of prescribed
prostheses is high. Approximately 50% of those
undergoing amputation are fitted with a definitive
prosthesis, but, of these amputees, 40% use the
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prosthesis infrequently or not at all at 1-year
follow-up (7). On the other hand, many use
their prosthesis for all mobilization and derive
great benefit from rehabilitation. This indicates
a substantial variability in the use of prescribed
limbs. Furthermore, prosthesis prescription may
be counterproductive in some cases, either
raising expectations where further independent
mobilization is unlikely or increasing the risk of
fall-related orthopedic injuries.

The clinical rationale for identifying predictors
of rehabilitation outcome is two-faceted; first,
those likely to have poor outcome might benefit
from interventions addressing the variable that
predicts poor outcome. Second, identification of
variables predictive of outcome that are nonal-
terable may indicate to the rehabilitation team that
continued prosthetic rehabilitation is inappropriate.
Thus, the team may seek other ways of meeting
the person’s mobility needs following amputation.

Review of the Evidence

This section reviews studies examining the psycho-
logical and demographic predictors of rehabili-
tation outcome, as well as a study undertaken at
the West of Scotland Mobility and Rehabilitation
Centre examining cognitive predictors (specific
neuropsychological domains) of mobility rehabili-
tation outcome.

To access relevant literature, the Ovid system
(http://gateway_di.ovid.com) was used to search
the following databases: Ovid-Medline(R) (1966
to March 2006), Embase (1980 to March 2006),
and PsychInfo (1967 to March 2006). Studies
were included if they reported on patients admitted
to acute or postacute facilities for prosthetic
limb fitting following lower limb amputation and
addressed the prediction of outcome. Articles
referred to in relevant papers were also retrieved.
A standardized literature review tool (8) was
used to assess studies in the following areas:
clarity and focus of the research question, selection
and follow-up of participants, consideration of
confounders in the design, and assessment and
statistical analysis. The 23-question tool thus
allowed assignment of a level of evidence score
ranging from 2++ (highest quality for applicable
study designs, as the rating 1 is relevant to

randomized control trials [RCTs] and reviews
only) to 4 (lowest quality).

The potential predictor variables included age,
sex, ethnicity, marital status, level of amputation,
etiology, balance, time from amputation to
fitting of prosthesis, and diagnoses of dementias,
cerebrovascular disease, or other significant
comorbidities. Cognitive and affective variables
included indices of general intellectual/mental
function, memory function, executive function,
visuospatial ability, and mental health issues.
The outcomes of interest were disability, walking
ability (on scaled or categorical measures) and
prosthesis use. Table 5.1 lists the characteristics of
study participants.

Thirteen studies were included in the review
(3,9–20). In addition, a study that I initiated with
Evans (21) is discussed. Five potential studies
were considered but are not included due to their
focus on highly selected samples and their lack of
adequate operationalization of variables (22–26).

The participants in the studies are represen-
tative of the population of those who have had
an amputation in high-income countries. The
mean age of study participants was 66.4 years
(standard deviation [SD], 6.68). Males made up
70% of samples on average. In the four studies
reporting primary etiology, vascular insufficiency
(including vascular problems secondary to diabetes
mellitus) was the proximal cause in an average
of 87.34% of patients included in the review.
Transtibial amputations were most common, repre-
senting a mean 64.12% of samples in the included
studies. The mean time from assessment of
predictors to outcome assessment was 237.2 days
(SD, 135.74).

Findings

Summaries of variables, including design, study
quality, and key findings are presented in
Table 5.2.

Pinzur et al. (18) asked whether psychological
assessment predicted outcome for a group of 60
males (mean age 60) after a 20-day inpatient
program. Psychological measures were used to
categorize patients as having either good or poor
rehabilitation potential, although the process was
unreported. These categories were then compared
with measured outcome. The authors asserted
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Table 5.1. Sample descriptions of studies included in the review

First
author

Year Number
(in at
follow-up)

Mean age
(SD)

Gender Amputation
characteristics*

Comorbidity** Time to
outcome
Ax

1 Barnfield 1997 29 71.03
(8.84)

52% male TT: 59%,
TF: 35%.
Bilat.: 6%

DM: 61%,
(total PVD
97%),
CVA: 11%

20 days

2 Condie 2005 166 (143
at 1
month,
120 at
6
months)

66.73
(1.33)

69.3% male TT: 73.5%,
TF: 25.9%,
HP: 0.6%.

Not reported 6 months

3 Davies 2003 357 (281
at 12
months)

68 Range:
19–95

70.1% male TT: 50.5%,
TF: 49.5%

Vascular/DM
combined
87.5%

12 months

4 Fletcher 2001 81 (81—
case
review)

79.7 (?) Not reported TT: 64%,
TF: 31%,
TK: 4.5%.

DM: 50%,
CVD: 53%

Not reported

5 Grieve 1996 20 (20) Median
64;
range:
17–92

62% male TT: 75%,
TF/TK: 25%

DM 50%,
35% >2 Dx

5 months

6 Hanspal 1991 100 (NA) 72.4
Range:
61–89

31% male TT: 49%,
TF: 51%

Not reported Not reported

7 Hanspal 1997 50 (32) 66.4
Range:
54–74

56% male TT: 47%,
TF: 53%.

62.5%
relevant
comor-
bidity

8–14 months

8 Larner 2003 43 (43) 66.36 (15) 76.7% male TT: 61.3%,
TF: 38.7%

DM: 58.1% 1.5 months

9 Leung 1996 41 (33) 63.7
(12.3)

78.8% male TT: 72.7%,
TF: 24.3%,
Bilat.: 3.0%

63.6% >2 Dx 3–12 months

10 Pinzur 1986 60 (60) 60.3 (?)
Range:
34–80

100% male Not
reported

DM:
48%,(etiology
PVD in
90%)

Not reported

11 Pohjolainen 1991 155 (125
at 12
months)

63Range:
14–87

71.2% male TT: 60%,
TF: 40%

PVD 81%
(trauma
10%,
tumor 6%,
other 3%)

12 months

12 Pohjolainen 1990 175 (141
at 12
months)

62.2
(15.8)

73% male TT: 53%,
TF: 35%,
Bilat.: 12%

PVD 81.2%
(trauma
9.7%,
tumor 5.7,
other 3.45)

12 months

13 Schoppen 2003 51 (46) 73.9 (7.9) 70% male TT: 72%,
TF 11%,
TK 17%.

DM 54%,
CVD 67%

12 months

∗ Amputation characteristics: Bilat., bilateral; TT, transtibia; TF, transfemoral; TK, through knee; HP, Hemipelvectomy.
∗∗ Comorbidity: DM, diabetes mellitus; CVA, cerebrovascular accident; CVD, cerebrovascular disease.
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Table 5.2. Studies included in the review by study type, sample, relationship examined, and findings

Author/year Study rating Variables examined Outcomes
measured

Significant predictor
variables and %
variance explained
if calculable

1 Barnfield (1996) 2++ Age, level of
amputation, gender,
ethnicity, comorbidity

Disability (FIM)
at discharge

Dementia Rating Scale score,
Geriatric Depression Scale
score, and block design
together predicted 69% of
variance in Functional
Independence Measure score

2 Condie (2005) 2++ Preoperative function,
amputation level,
illness and prosthesis
related cognitions,
distress, demographics

Prosthesis use at
6 months

Amputation level (� = .242, p
<.01) and illness cognitions
[Timeline cyclical (� = –.364,
p <.001), locus of control
� = .251, p <.01 self-efficacy
� = .264, p <.01] predicted
prosthetic indoor use at 6
months; illness cognitions
(symptom fluctuation)
explained 12.5% of limb use
at 6 months

3 Davies (2003) 2+ Age, level of
amputation, etiology

Prosthesis use at
12 months

Negative predictors of use: age
(� 2 not reported, p <.007)
level of amputation (� 2 not
reported, p <.000)

4 Fletcher (2001) 2+ Age, sex, marital status,
family at home,
medical conditions,
level of amputation

Whether Rx
prosthesis;
prosthesis use
in those fitted

Negative predictors of fit: age
(OR = 6.25, p <.001), CVD
(OR = 3.45, p = .001),
dementia (OR = 4.54, p
<.001), transfemoral
amputation (OR = 5.26,
p <.001)

5 Grieve (1996) 2– Age, sex, amputation
level, smoking,
comorbidity,
motivation, time
amputation-to-fit, pain

Disability
(Sickness
Impact Profile)

Age (R = ?, p <.05) associated
with reduced physical and
total Sickness Impact Profile
scores

6 Hanspal (1991) 2+ Level of amputation,
age, mental ability
(CAPE), psychomotor
function

Mobility grade Mental ability associated with
mobility (R = 0.62, p <.01),
psychomotor speed (R = 0.62,
p <.01), total (R = 0.82, p
<.01); effect of age not
reported but significant

7 Hanspal (1997) 2+ Level of amputation,
age, mental ability
(CAPE), psychomotor
function, comorbidity

Mobility grade Mental ability associated with
mobility (R = 0.45, p <.01);
comorbidity (r unreported);
correlation explained 20% of
variance

8 Larner (2003) 2++ Amputation level, age,
duration of stay,
psychological
morbidity, locus of
control, learning
(Kendrick Object
Learning Test)

Prosthetic
function at 9
weeks

Amputation level (OR = 0.13,
p = .016), KOLT (OR = .91,
p = .018); memory and
amputation level predicted
81% of variance in categoric
prosthesis use

9 Leung (1996) 2– Disability (Functional
Independence
Measure)

Disability (FIM) NB: No statistics reported: FIM
(motor), level of amputation,
comorbidity
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10 Pinzur (1986) 2– Cognition (Test of
Mental Function for
the Elderly,
Short-Form WAIS);
Personality (16 PF,
MMPI)

Whether fitted
with
prosthesis;
prosthesis use
in those fitted

NB: No statistics reported:
psychologists’ opinion as to
whether patients were
“good”/“poor” candidates
predicted outcome

11 Pohjolainen
(1990)

2– Level of amputation,
age, comorbidity

Function after
rehabilitation;
use

NB: No statistics reported: level
of amp, age, comorbidity

12 Pohjolainen
(1991)

2+ Sex, body mass index,
comorbidity, etiology,
phantom pain, time
amputation to fit,
stump length,
occupation, smoking

Prosthetic
function/use

Age (R unreported, p <.001)
corr. with function/use, CVD
corr. with function
(R = –0.18, p <.05), CVD
corr. with use (R = –0.17, p
<.05), Time amp. to fit corr.
with use (R = –0.26, p <.01)

13 Schoppen
(2003)

2++ Age, amputation level,
stump healing,
contractures, standing
balance, comorbidity
(including
psychological),
cognition

Disability,
prosthetic-
function

Significant multivariate
regression model (activity):
age (� = .25, p <.05),
standing balance (� = –0.40,
p <0.05),memory, 15-word
test, (� = –0.32, “); age,
1–leg balance and memory
combined to predict 69% of
variance in disability (SIP)

“FIM, Functional Independence Measure; CAPE, Clifton Assessment for the Elderly; Corr., Correlation; KOLT, Kendrick Object
Learning Test; MMPI, Minnesota Multiphasic Personality Inventory; OR, Odds Ratio; PF, Personality Factor; PVD, Peripheral
Vascular Disease”

that cognitive variables were more powerful in
predicting outcome than psychiatric variables.
However, poor reporting somewhat marred this
ambitious early study.

Pohjolainen et al. (3) examined the level of
amputation, age, and comorbidity as predictors of
outcome in a follow-up cohort of 141 limb-fitted
patients (mean age 62). They assert, unfortunately
without statistics, that age and number of comor-
bidities predict the outcome. This study examined
only demographic and medical characteristics of
patients. In a later study, Pohjolainen and Alaranta
(19) extended the examined variables to include
sex, body mass index, comorbidity, etiology,
presence of phantom pain, time from amputation
to prosthesis fitting, stump length, occupation, and
whether the patient smoked. They found in this
analysis of 125 follow-up patients (mean age 63)
that prosthetic function was predicted by age,
cerebrovascular disease, and time from amputation
to fitting. However, the report does not include
any effort to control for these multiple correlations,
casting doubt on their relative predictive power.

Hanspal and Fisher (14) examined level
of amputation, age, mental ability (Clifton

Assessment Procedures for Elderly (27)) and
psychomotor function as predictors of mobility
grade in a sample of 100 (mean age 72). They
found that the mobility grade achieved was
associated with mental ability (r = 0.62, p <.01),
psychomotor speed (r = 0.62, p <.01), and a
composite score of both indices (r = 0.82, p <.01).
The effect of age was not reported as a statistic,
but the authors assert that this was also significant.

Grieve and Lankhorst (13) examined the impact
of age, sex, amputation level, smoking, comor-
bidity, motivation, time from amputation to
prosthesis fitting, and stump pain in a sample of 20
patients (median age 64). They found a significant
negative correlation between age and the physical
scale of a measure of disability (Sickness Impact
Profile (28)). No cognitive variables were included
in this study.

Leung and Rush (17) found, in a study
examining a single variable in a sample of 41
patients (mean age 64), that a measure of disability
was associated with a scale for mobility following
amputation, but did not report statistics to
support this.
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Hanspal and Fisher (15) examined level of
amputation, age, mental ability, psychomotor
function, and comorbidity in a small sample (n =
32, mean age 67). They found that mental ability
(27) was associated with mobility at discharge
(r = 0.45, p <.01) from physiotherapy.

Barnfield (9), in a small sample (n = 29, mean
age 71), found a significant regression equation
including dementia symptoms, depression, and
visuospatial function that predicted a high
percentage (69%) of variance in outcome disability
after a 20-day inpatient rehabilitation program.

Fletcher et al. (12) examined whether the
presence of comorbidities such as diabetes
mellitus, cerebrovascular disease, and dementia
predicted initial decision to fit in a sample of
81. Increased age, presence of dementia, above-
knee amputation, and cerebrovascular disease each
were predictive of limb provision. The statistics
employed did not allow ascertainment of the extent
of interaction of the variables, however. In terms
of use of the limb, a group comparison showed
that those with transtibial amputations used their
limb more. No other variables were included in
this analysis of limb use.

Larner et al. (16) examined whether cognitive
tests predicted ability to use a prosthesis at
1.5 months in a sample of 43 (mean age 66)
undergoing rehabilitation. They found that an
index of memory significantly predicted ability
to mobilize using the prosthesis. In a separate
analysis, amputation site was also shown to be a
significant predictor.

Davies and Datta (11) found, in a sample of
357, mean age 68, that prosthetic use at 12 months
was negatively predicted by the age at amputation
and the level of amputation. Neither age-associated
diagnoses nor cognition was examined in this
study. In light of previous studies, this emphasis on
age to the exclusion of other potential predictors is
deemed a major flaw.

Schoppen and colleagues (20) attempted to
predict disability in a sample of 46 patients of mean
age 74. They included the potential predictors of
age, amputation level, stump healing, presence
of contractures, standing balance, comorbidity
(including psychological morbidity), and cognitive
abilities. The finding, in this highly rated study,
was that a regression model including standing
balance and memory was significant and predicted
a large amount of outcome variance.

Condie and colleagues (10) examined psycho-
logical predictors of outcome in a sample of
166 patients of mean age 67 where cognitive
impairment was used as an exclusion criterion.
They found that a regression model including
an illness cognition variable (timeline—cyclical),
treatment control, and emotional/psychological
causal attributions predicted prosthetic use at 6
months. Timeline (cyclical) was assessed via a
series of Likert-rated statements such as, “The
symptoms of my condition change a great deal
from day to day” and “My condition is very unpre-
dictable.” Presence of comorbid diabetes predicted
poor prosthesis use (indoors) at 1 month, and
amputation level predicted prosthetic use at 6
months (indoor and outdoor). No demographic
variables (age, gender, deprivation index) or
clinical variables predicted use at 1 or 6 months.
The causal route of illness cognitions predicting
outcome is uncertain, but it is possible that patients
are reporting their perception of the impact of
medical conditions. Unfortunately, this study did
not include cognition as a predictor. However, it
did include measures of both cognitive function
and beliefs, so that their interrelationships could be
examined.

In sum, eight studies showed that cognition
or an indirect index of cognition predicted
functional/motor outcome (9,12,14–16,18–20). Six
studies found that age was a predictor of outcome
(3,11–13,19,20), and of these, three did not include
an index of cognitive function (3,11,13). One
study found that, while age was not a predictor,
a measure of perception of illness variables
predicted use at 6 months, albeit in a sample
excluding the cognitively impaired (10). One found
that a measure of disability predicted outcome
ability (17).

Four studies (9,10,16,20) received a SIGN
rating (SIGN 2001) of 2++, the highest rating
of methodological rigor in minimizing bias for
cohort designs. Five of the studies (11,12,14,15,
19) received SIGN ratings of 2+. Four studies
(13,17–19) received ratings of 2– (Table 5.2).
As can be seen in Table 5.2, more recent
studies tended to be methodologically superior.
Of those rated 2+, two were published in 1991
(14,19) one in 1997 (15), and one in 2001
(12), while three of the four rated 2++ were
published between 2001 and 2005 (10,16,20).
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Studies rated as methodologically superior tended
to include greater numbers of patients, greater
number of predictor variables, direct measurement
of cognitive variables, and used appropriate multi-
factorial statistical analyses. All the studies with
the highest ratings included cognitive variables and
provided indices of variance explained by their
multifactorial models.

The West of Scotland Mobility and
Rehabilitation Centre study

In our study (21), a battery of neuropsycho-
logical tests assessing a variety of cognitive
domains was administered to participants with the
aim of ascertaining whether cognitive functions,
by domain, added to the variance explained by
memory alone. The hypothesis was that executive
function in particular would add to variance
explained. The domains assessed were memory
(story recall and figure recall [29]); visuospatial
function (figure copy [29], line bisection [30]);
executive function (key test [31]); praxis (nine-
hole peg test [32]); emotional function (Hospital
Anxiety and Depression Scale [33]), and language
(Addenbrookes Cognitive Examination [34]). Data
were also gathered on medical variables such as
etiology, level of amputation, comorbidities, and
pain and demographic information such as age, sex,
wheelchair access, and support. The average age
of participants was 60.69 years (SD, 13.98) with
a range of 25 to 80 years. There were six females
(18%) and 28 males (82%); 56% had undergone
a transtibial amputation and 44% a transfemoral
amputation (two of these were revisions), due to
peripheral arterial disease in 78% of cases.

Follow-up assessments were carried out at
6 months following the primary prosthetic
appointment, and measures of mobility and use
of the prosthesis were carried out. A regression
analysis revealed that the Locomotor Capability
Index (35) score was predicted by a measure
of visual memory (figure recall) (adjusted R2=
24.8%, degrees of freedom [df] = 32, z� =
0.52, p = .002). Hours of use was predicted
by verbal fluency (letters F, A, and S) total
(adjusted R2= 17.1%, df = 26, z� = 0.45, p =
.017). Special Interest Group in Amputee Medicine
mobility grades (SIGAM) (36) were predicted by
a combination of a measure of immediate verbal

memory (story recall), age, level of amputation,
and presence of pain (adjusted R2= 58.2, df = 30,
z� = 0.52, p = .000). The predictor variables figure
copy, figure recall, immediate verbal memory, and
delayed verbal memory were significantly corre-
lated with the Locomotor Capabilities Index (LCI)
and SIGAM outcome measures, although all did
not enter the significant regression equations.

Our study adds to the evidence base that cog-
nition is predictive of rehabilitation outcome, and
specifically that a measure of new learning predicts
outcome. Further, an index of initiation/generativity
predicted total use, thus suggesting that executive
function may be important in predicting gross
use of the prosthesis. The results are in line
with previous work demonstrating that relatively
high proportions of variance can be explained
by equations incorporating cognitive, medical,
and demographic variables. Two previous studies
included a measure of executive function (9,20) but
did not find their chosen measures predictive of
outcome.

Studies by Variance Explained

Condie et al. (10) found that illness cognitions
(concerning the extent of fluctuation of symptoms)
predicted 12.5% alone of the variance in use at
6 months. Hanspal and Fisher (15) found that
cognition, when examined alone, predicted about
20% of the variance in mobility.

As might be expected when considering the
complexity of the rehabilitation process, multi-
factorial models, where variables were combined
in a regression equation, generally led to greater
predictive power. In our own study we found
that while approximately 25% of variance was
explained by a single cognitive variable (figure
recall), we also found that 58.2% of variance in
use of the prosthesis (SIGAM mobility grades) was
predicted by a combination of immediate verbal
memory (story recall), age, level of amputation
and presence of pain (adjusted R2= 58.2, df =
30, z� = 0.52, p = .000). Barnfield (9) found
that depression, dementia rating, and a measure
of visuospatial ability combined to predict 69%
of variance in disability at discharge. Schoppen
and colleagues (20) explained a similar extent
of discharge disability (69%) using a multifac-
torial equation including age, one-leg balance, and
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memory. Finally, Larner et al. (16) found that a
measure of memory and the patients’ amputation
level combined to predict 81% of variance in
whether patients learned to walk with a prosthesis
during rehabilitation.

The results of the studies described are
deemed relevant and important to rehabilitation
practice following amputation in an older-adult
population. In sum, we see that age, level of
amputation, memory function, and balance are
likely to explain the majority of outcome variance
in this population. Pain and attitudinal variables
and perhaps executive function may account for a
further small percentage.

Discussion

This review has highlighted several reliable
predictors of rehabilitation outcome (decision to fit
and prosthesis use) in cohorts typical of prosthetic
clinics in high-income countries. These are, in
order of decreasing frequency of report, (1) age
at amputation, (2) amputation level, (3) direct
assessment of cognition, (4) medical diagnosis of
cerebrovascular disease or dementia, (5) balance,
and (6) comorbidities. The case for assessing
cognition postamputation is strong. The nature of
tests to be included is less clear, but measures
of new learning appear to be relatively robust
predictors. Studies rated the highest employed
multifactorial approaches, and it is suggested that
large prosthetic centers should aim to routinely
collect the above data along with outcome data
such as ability at discharge and extent of use at
6 months. This would allow an assessment of the
multifactorial model indicated by the literature to
date.

The reviewed studies are historically recent,
reflecting the rising age of patients at amputation
and rising prevalence of cognitive difficulties. The
astute reader will note that the average age of
participants in the reviewed studies also showed
an increasing trend. This novel area of research
is impressive in its conceptual and method-
ological development. More recent studies sought
to combine variables in explanatory equations
using regression modeling. It is heartening that
this process of fractionation and recombination
has led to studies that have explained ever-greater

amounts of variance in outcome. More recent
studies also attempted to fractionate prognostic
factors, from global predictors such as age and
level of amputation, to specific predictors requiring
careful measurement such as memory function,
visuospatial function, and standing balance. It is
argued that the predictive power of these specific
predictors may have been masked by more global
factors in studies that did not seek to fractionate
prognostic factors. For example, the effect of
level of amputation or age may be mediated by
variables such as balance, memory, and motor
control. Further detailed analyses are needed to
deduce the mechanisms through which these preju-
dicing demographic variables have their effects
on outcome, but the work has begun.

Measurement

Some studies included variables that aimed to
capture psychological constructs, but they were
poorly operationalized. Grieve and Lankhorst (13)
included the variable motivation, rated by clini-
cians as either good or impaired. The authors
found that their motivation variable was strongly
associated with age, but they present no statistics
on this relationship. The concept of motivation is
often used but difficult to define. Most profes-
sionals estimate a person’s level of motivation,
perhaps without clear conceptualization of how
this might be fractionated and measured. In the
current population it is important to consider
motivation as multifactorial. It is contributed to by
mood, illness-related fatigue, iatrogenic lethargy,
poor initiation secondary to organic cognitive
problems, depression secondary to dementia, or
learned behavior.

Functional activity was measured in a variety of
ways as there does not appear to be a consensus
on outcome assessment as yet. The Harold Wood
Stanmore Mobility Grades (14,15) was used most
frequently (11,14,15) and as a modified mobility
grades system in O’Neill and Evans (21). The
Narang Classification of Functional Level (37) was
the second most frequent, used in three studies
(3,19,20). Combining two or more measures was
also a popular approach. Condie et al. (10),
for example, used the Functional Measure for
Amputees (38) in addition to the Locomotor
Capabilities Index (35), while Schoppen et al.
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(20) used the Groningen Activity Restriction
Scale (39), Sickness Impact Profile (28), and
Timed Up and Go Test (40), and Grieve
and Lankhorst (13) used the Sickness Impact
Profile (28) in combination with the International
Classification of Impairments, Disabilities, and
Handicaps based questionnaire (41). The inter-
ested reader is directed to Condie et al. (42) for
a fuller discussion on outcome measures than is
possible here.

Assessment of cognition as a construct is
crucially important theoretically and practically.
Having demonstrated a relationship between
indices of cognition and outcome, the next step
may be to refine the measure of cognition most
closely related to the demonstrated relationship.
The methods of assessment of cognition differed
greatly across studies. Memory tests, cognitive
screens, clinical diagnosis, and consensus opinion
of the rehabilitation team were used to describe
cognitive deficits. This source of heterogeneity
is likely to occur due to the early stages of
the endeavor to relate cognition to prosthetic
outcome. In our review the Clifton Assessment
Procedures for the Elderly (27) was used most
frequently but only in two studies by the same
authors (14,15). Other measures with established
validity and reliability were used but often in
single instances. The Kendrick Object Learning
Test (43) was used once (16) and subtests of the
Repeatable Battery for Assessment of Neuropsy-
chological Status was also used once (21). Use
of multiple tests and large batteries was common,
but often without demonstrating the need for
an extensive battery (18). Barnfield designed
her battery with regard to cognitive domains of
interest. Aiming to assess cognitive impairment
due to vascular pathology, she included the
Dementia Rating Scale (44), Trail Making Test
(45), block design (46), and prose memory (47).
Similarly examining distinct domains, Schoppen
employed the Cognitive Screening Test (48), 15-
Word Test (49) and the Stroop Test (50). Clinical
Diagnosis of Cerebrovascular Disease or Dementia
was used by two studies (12,19). Clinical classifi-
cation of motivation, with descriptive details, was
used by Grieve and Lankhorst. We conclude that
while battery approaches have little to recommend
them, reliable and valid measures of domains-
of-interest such as memory, executive ability, or

behavior typical of dementia is both economical
and indicated.

It might be proposed that examining the
impact of cognitive status on prosthetic rehabil-
itation outcome entails examining the impact
of cerebrovascular dysfunction on rehabilitation
outcome. The assessments used in studies need
to be well matched to the deficits expected in
these conditions. Executive function is a highly
complex cognitive function, and it is possible that
absence of findings implicating it as a predictor
of outcome was due to the invalid measurement.
In our study (21), we did find that a measure of
fluency/generativity did predict outcome in terms
of hours of wearing the prosthesis at 6 months.
The association of verbal fluency and hours of
prosthesis wearing suggests an interesting inter-
pretation. Verbal fluency can be conceptualized
as a measure of initiation. The variable “hours of
wearing” is also significantly correlated with both
mobility grade achieved and locomotor capability.
It is a possibility that the direction of causality is
such that executive impairment limits the person’s
rehabilitation gain by limiting the extent to which
the person initiates mobilization.

Approximately 75% of major lower-extremity
amputations are the result of peripheral vascular
disease (PVD) including PVD secondary to
diabetes mellitus (1). Although our cohorts were all
mixed, it is important to note that our findings may
not pertain to samples of those with amputations
secondary to congenital abnormality or trauma
only. The factors that predispose a patient to PVD
(smoking, hyperlipidemia, diabetes mellitus) are
also risk factors for the development of cerebrovas-
cular disease. Executive function deficits are likely
in the early stages of cerebrovascular deterio-
ration (4,5,51). It thus remains likely that an
adequately powered study employing a more valid
measure of executive function (clinical assessment
of executive function generally adopts a battery
approach (31,52)), which we expect to be deficient
in cerebrovascular disorders, may find an associ-
ation with outcome. Memory tests have face
validity in terms of lay understanding of cognitive
dysfunction, but may not capture the above deficits.
Sachdev and colleagues (4) examined 170 patients
with stroke or transient ischemic attack (TIA) 3 to 6
months after the event and found that patients with
vascular dementia had disturbance to all cognitive
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domains. Verbal memory, however, was relatively
preserved.

Recent studies with high ratings have found that
measures of cognitive ability are good predictors
of rehabilitation outcome. Combination equations
also explain high amounts of outcome variance.
Following amputation a patient’s cognitive ability
should be assessed to ascertain neuropsycho-
logical difficulties that may present rehabilitation
challenges. Assessment, either as routine universal
cognitive screening or where cognition is of
concern, should inform the clinical team’s concep-
tualization of the patient. This should lead to
setting realistic rehabilitation goals for the patient
and guide management following discharge from
hospital.

There are a wide variety of measures of new
learning available. To suggest particular measures
from this review is difficult, given the hetero-
geneity of the tests employed. An assessment
administrable by all members of the rehabilitation
team, such as the Clifton Assessment Procedures
for the Elderly (27), would allow construction
of a large database without specific neuropsy-
chological expertise. However, it is also the case
that a battery that gives normative values across
a number of domains (e.g., Repeatable Battery
for Assessment of Neuropsychological Status [29])
would allow routine assessment to contribute to
clinically relevant diagnostic issues; for example, if
significant impairment is noted across two or more
domains, then diagnosis of a dementing condition
is possible. This would obviously have a bearing on
the rehabilitation approach offered or the support
level to which an inpatient is discharged.

Inclusion of a measure of verbal memory in
assessment protocols would allow prediction of
poor prognosis. Those likely to do poorly are
counseled on this risk prior to engaging in prosthetic
rehabilitation. Alternative mobility rehabilitation
routes such as powered wheelchair prescription
might be followed for these individuals. Discharge
support might be altered dependent on predicted
mobility needs. Quality of life was not assessed
very frequently in studies to date. It remains useful
to ascertain if prosthetic rehabilitation outcome
is linked to this construct. If so, those failing to
achieve functional mobility on prosthetic limbs
might be offered alternative assistive devices such
as powered wheelchairs to see if this improves
participation and quality of life.

Future Developments

Immediate recall has been shown to relate to
outcome. Cognition can mediate outcome in a
number of ways. We know that the patient’s poor
cognition influences the decision to prescribe a
prosthesis. However, it may also impact on the
clinicians’ expectations of patients, in turn influ-
encing the intensity of treatment offered. Acknowl-
edging that the precise role of cognition is not
fully understood, a parsimonious view is adopted
that those with poor cognition are not learning
effectively in rehabilitation. As such, this indicates
employment of existing techniques to support
encoding of information. Anecdotal evidence or
yet-to-be-analyzed data suggest that poor carryover
from physiotherapy gym sessions is related to
scores on standardized memory tests and poten-
tially predictive of outcome. Behavioural obser-
vation measures that are usable in the gym might
be useful and predictive. We might envisage a
standard presentation of a sequence to be recalled
after a delay. This measure could be concurrently
validated against existing neuropsychological tools
already shown to be predictive.

Patients in rehabilitation need to learn complex
sequences of behavior. Donning a transtibial
prosthesis and then standing from a wheelchair is
a fundamental example. The substeps of this task
include (1) orienting the chair; (2) engaging the
wheelchair brakes; (3) removing the footplate and
residual limb board; (4) donning the socks, (5) the
liner, (6) the socket, and (7) the suspension sleeve
before (8) checking comfort, (9) sliding forward in
the chair, (10) placing feet correctly, (11) moving
the upper body forward, and (12) pushing up (only)
from the arms of the chair. Adverse incidents may
occur if all of these substeps do not proceed in
the correct order, emphasizing the problems likely
if a patient has difficulty encoding the stages or
correctly sequencing them in reproduction. Thus
sequencing difficulties may result from memory
deficit or from executive dysfunction related to
frontal damage.

People with episodic memory problems have
difficulty remembering their behavior such that
they do not learn from their mistakes. Additionally,
engaging in the behavior may reinforce the
mistake (53). This suggests that when the memory-
impaired patient is first exposed to a task, errors
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should be prevented. However, such an errorless-
learning approach (53,54) remains to be investi-
gated experimentally in this population, and this
indicates potential future research directions. We
hypothesize that provision of an environment that
supports errorless performance of new tasks would
potentiate better retrieval of the sequences involved
and, perhaps, a better outcome.

Practical and useful techniques might be
suggested at this point. It is advisable to check
for immediate recall of instructions. This will
ensure comprehension and correct immediate
recall. Encouraging the person to recall information
also potentiates later recall. Break sequences into
component parts, having the person observe the
sequence, and on the next performance perform
the last action, the second from last one, the next,
etc., thus chaining the behavioral sequence. The
importance of prevention of errorful encoding in
strengthening future retrieval has been emphasized
in previous work on memory rehabilitation (53,54).

Postamputation rehabilitation involves the
provision of augmentative technology, the
prosthesis in lieu of the amputated limb. Outcome
has been found to relate to specific cognitive
deficits. This suggests that external amelioration
of these deficits, may, in turn, potentiate better
outcome. Augmentative external supports include
tried methods such as the verbal prompts of the
physiotherapist and written information, as well
as uninvestigated methods such as patient-held
photographic/video records of correct sequences,
prospective reminder systems to engage in practice,
or systems to support maintenance of goal-directed
behavior. When perfect performance is attained,
the external supports could then be phased out.
Studies examining the effect on outcome of inter-
ventions supporting cognitive deficits would be
a valuable extension of the postamputation and
physical rehabilitation literature.

Finally, psychological predictors of outcome
include self-efficacy and illness cognitions. Two
additional strands of research are suggested by
the fact that neuropsychological and psychological
factors have not been examined together. The first
is to examine the predictive power of these factors
in comparison with each other, and the second is to
identify the relationship between these variables.
For example, do illness cognition variables remain
valid in a cognitively impaired group?

Summary of Key Points

We have seen that cognition, and in particular
memory, is predictive of rehabilitation outcome
following amputation in addition to variables such as
age and level of amputation. Executive difficulties
remain to be fully examined in the research liter-
ature but are to be expected in the cognitive profiles
of the typical person undergoing amputation. Age is
easy to ascertain but does not in itself explain poor
outcome; rather, age-associated decline in balance
and memory explains outcome. Importantly, these
variables may be altered to some extent, and so
careful interventions may be beneficial.

Glossary

Dementia: Demonstrable deterioration in two or
more cognitive domains associated with increasing
disability and attributed to disease of the brain.

Errorless learning: A set of techniques to facil-
itate learning. Those with memory impairments
are likely to reproduce actions corrected as errors
when learning. Prevention of these errors during
reproduction facilitates better recall.

Executive function: A set of cognitive abilities
that control and regulate goal-directed behavior.
They include the ability to initiate, maintain, or
stop actions, monitor behavior, and plan solutions
to novel problems. Concept formation and abstract
thinking are often considered components of
executive function.

Figure copy: Neuropsychological assessment of
visuospatial function where a person is asked to
copy a complex figure. Recall of this figure after a
delay forms an index of visual memory in several
versions of the test.

Praxis: The organization of movement in
nonhabitual tasks; also called perceptuomotor
function.

Visuospatial function: Cognitive functions
underpinning the formation of a representation of
space from visual information.

Further Reading

Schoppen T, Boonstra A, Groothoff JW, De Vries J,
Goeken LN, Eisma WH. Physical, mental and social
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predictors of functional outcome in unilateral lower-
limb amputees. Arch Phys Med Rehabil 2003;84:
803–811. This article is a good example of research in
this area, exemplifying the understanding that multi-
disciplinary assessment significantly improves our
predictive power.

Wilson BA. Rehabilitation of memory deficits. In:
Wilson BA, ed. Neuropsychological Rehabilitation:
Theory and Practice. Abingdon, UK: Swets &
Zeitlinger, 2003. An overview of current under-
standing of the rehabilitation of memory disorder.

References

1. Cargil J, Condie ME. A survey of the lower limb
amputee population in Scotland, 2002. http://www.
retis.scot.nhs.uk/reports/2002SPARGReport.pdf,
2004

2. National Amputee Statistical Database for the
United Kingdom. 2004/05 NASDAB Annual Report.
http://www.nasdab.co.uk/steering.asp, 2005.

3. Pohjolainen T, Alaranta H, Karkkainen M. Prosthetic
use and functional and social outcome following
major lower limb amputation. Prostet Orthot Int
1990;14(2):75–79.

4. Sachdev PS, Brodaty H, Valenzuela M, et al. The
neuropsychological profile of vascular cognitive
impairment in stroke and TIA patients. Neurology
2004;62:912–919.

5. Skilbeck C. The Neuropsychology of vascular
disorders. In: Halligan P, Kischka U, Marshall JC,
eds. Handbook of Clinical Neuropsychology.
Oxford: Oxford University Press, 2003.

6. Woodruff-Pak DS. The Neuropsychology of Aging.
Oxford: Blackwell, 1997.

7. Sockalingam S, Condie ME, Treweek SP. Post-
discharge functional measure for lower limb
amputees. Final report submitted to REMEDI
(Rehabilitation and Medical Research Trust), 1998.

8. Scottish Intercollegiate Guidelines Network.
Methodology checklists. http://www.sign.ac.uk/
methodology/checklists.html, 2001.

9. Barnfield K. Cognition as a predictor of rehabili-
tation outcome in older amputees. Diss Abstr Int
1997;Section B: Sci Eng. 57(10b): Apr.

10. Condie ME, Johnston M, Callaghan B. Predictors of
prosthetic fitting, use and recovery following lower
limb amputation: illness related cognitions, attitudes
towards prosthetic use, psychological distress and
functional limitations. Unpublished manuscript,
personal communication, 2004.

11. Davies B, Datta D. Mobility outcome after
unilateral lower limb amputation. Prostet Orthot Int
2003;27:186–190.

12. Fletcher D, Andrews K, Butters M, Jacobsen S,
Rowland C, Hallet J. Rehabilitation of the geriatric
vascular amputee patient: a population–based study.
Arch Phys Med Rehabil 2001;82(6):776–779.

13. Grieve AC, Lankhorst GJ. Functional outcome
of lower-limb amputees: a prospective descriptive
study in a general hospital. Prostet Orthot Int
1996;20(2):79–87.

14. Hanspal R, Fisher K. Assessment of cognitive and
psychomotor function and rehabilitation of elderly
people with prostheses. BMJ 1991;302:940.

15. Hanspal R, Fisher K. Prediction of achieved
mobility in prosthetic rehabilitation of the elderly
using cognitive and psychomotor assessment. Int J
Rehabil Res 1997;20:315–318.

16. Larner S, Van Ross E, Hale C. Do psycho-
logical measures predict the ability of lower limb
amputees to learn to use a prosthesis? Clin Rehabil
2003;17:493–498.

17. Leung EC-C, Rush D. Predicting prosthetic rehabil-
itation outcome in lower limb amputee patients with
the functional independence measures. Arch Phys
Med Rehabil 1996;77:605–608.

18. Pinzur MS, Graham G, Osterman H., Psychologic
testing in amputation rehabilitation. Clin Orthop Rel
Res 1988;299:236–240.

19. Pohjolainen T, Alaranta H. Predictive factors of
functional ability after lower-limb amputation. Ann
Chir Gynaecol 1991;80(1):36–39.

20. Schoppen T, Boonstra A, Groothoff JW, De Vries J,
Goeken LN, Eisma WH. Physical, mental and
social predictors of functional outcome in unilateral
lower-limb amputees. Arch Phys Med Rehabil
2003;84:803–811.

21. O’Neill B, Evans J. Cognition predicts mobility
rehabilitation outcome following lower-limb
amputation. Submitted 2007.

22. Hunter J, Middleton FR. Cold injury amputees—
a psychosocial problem? Prostet Orthot Int 1984;8:
143–146.

23. Munin M, Guzman M, Boninger M, Fitzgerald S,
Penrod L, Singh J. Predictive factors for successful
early prosthetic ambulation among lower limb
amputees. J Rehabil Res Dev 2001;38(4):379–384.

24. Gerhards F, Florin I, Knapp T. The impact of
medical, reeducational and psychological variables
on rehabilitation outcome in amputees. Int J Rehabil
Res 1984;7(4):379–388.

25. Traballesi M, Brunelli S, Pratesi L, Pulcini M,
Angioni C, Paolucci S. Prognostic factors in
rehabilitation of above knee amputees for vascular
diseases. Dis Rehabil 1998;20(10):380–384.



5. Cognition and Mobility Rehabilitation Following Lower Limb Amputation 65

26. Campbell WB, Ridler BM. Predicting the use
of prostheses by vascular amputees. Eur J Vasc
Endovasc Surg 1996;12(3):342–345.

27. Pattie A, Gilleard V. Manual of the Clifton
Assessment Procedures for the Elderly (CAPE).
London: Hodder and Stoughton, 1979.

28. De Melker RA, Touw-Otten F, Jacobs HM, Luttik A.
[De waarde van de “sickness impact profile”
als uitkomstmeting] Ned Tidjdschr Geneeskd
1990;134:946–948.

29. Randolph C. Repeatable Battery for the Assessment
of Neuropsychological Status (RBANS). London:
Harcourt Assessment, 1998.

30. Wilson BA, Cockburn J, Halligan PW. Behavioural
Inattention Test (BIT). London: Harcourt
Assessment, 1987.

31. Wilson BA, Alderman N, Burgess PW, Emslie H,
Evans JJ. Behavioural Assessment of Dysexecutive
Syndrome (BADS). London: Harcourt Assessment,
1996.

32. Ability One 9–Hole Peg Test. Kirkby-in-Ashfield,
UK: Ability One, 1993.

33. Zigmond AS, Snaith RP. The Hospital Anxiety
and Depression Scale. Acta Psychiatr Scand
1983;67(6):361–370.

34. Mathuranath PS, Nestor P, Berrios GE, Rakowicz W,
Hodges JR. A brief cognitive test battery to differ-
entiate Alzheimer’s disease and frontotemporal
dementia. Neurology 2000;55:1613–1620.

35. Gauthier-Gagnon C, Grise MC, Lepage Y. The
locomotor capabilities index: content validity.
J Rehabil Outcome Measures 1998;2:40–46.

36. Ryall NH, Eyres SB, Neumann VC, Bhakta
BB, Tennant A. The SIGAM mobility grades:
a new population specific measure for lower
limb amputees. Dis Rehabil 2003;25(15):
833–844.

37. Narang IC, Mathur BP, Singh P, Jape VS.
Functional capabilities of lower limb amputees.
Prostet Orthot Int 1984;8:63–69.

38. Callaghan B, Sockalingam S, Treweek SP, Condie
ME. A post-discharge functional outcome measure
for lower limb amputees: test-retest reliability
with trans-tibial amputees. Prostet Orthot Int
2002;26:113–119.

39. Kempen G, Miedema I, Ormel J, Molenaar W.
The assessment of disability with the Groningen
Activity Restriction Scale. Conceptual framework
and psychometric properties. Soc Sci Med
1996;43:1601–1610.

40. Mathias S, Nayak US, Isaacs B. Balance in elderly
patients: the “get up and go” test. Arch Phys Med
Rehabil 1986;67:387–389.

41. van den Berg JP, Lankhorst GJ. Inter-rater and intra-
rater reliability of ratings based on modified D-code
of the ICIDH. Int Disabil Studies 1990;12:20–21.

42. Condie E, Scott H, Treweek S. Lower limb
prosthetic outcome measures: a review of the liter-
ature 1995–2005. Am Acad Orthot Prosthet SSC
Proc 2006;6:13–45.

43. Kendrick DC, Watts G. Kendrick Assessment
Scales of Cognitive Ageing. Windsor, UK: NFER-
Nelson, 1999.

44. Yesavage J, Brink T, Rose T, et al. Devel-
opment and validation of a geriatric depression
screening scale: a preliminary report. J Psychol Res
1983;17:37–49.

45. Reitan R. Validity of trail making test as an
indication of organic brain damage. Percept Motor
Skills 1958;8:271–276.

46. Wechsler D. The Wechsler Adult Intelligence
Scale–revised edition. San Antonio, TX: Psycho-
logical Corporation, 1981.

47. Williams J. Memory Assessment Scales: Profes-
sional Manual. Odessa, FL: Psychological
Assessment Resources, 1991.

48. de Graaf A, Deelman BG. Cognitive Screening
Test. Handleiding. Lisse, UK: Swets en Zeitlinger,
1991.

49. Heslinga H, Van der Burg W, Saan RJ., Die nieuwe
15–woordentest A en B in een gezonde populatie.
Scriptie. Groningen, Netherlands: Rijksuniv
Groningen, 1983.

50. Jensen AR, Rohwer WD. The Stroop Colour-
Word Test: a review. Acta Psychol 1966;25:
36–93.

51. Phillips NA, Mate-Kole CC, Kirby RL. Neuropsy-
chological function in peripheral vascular disease
amputee patients. Arch Phys Med Rehabil
1993;74(12):1309–1314.

52. Delis D, Kaplan E, Kramer J. Delis Kaplan
Executive Function System Technical Manual.
London: Harcourt Assessment, 2001.

53. Wilson BA. Rehabilitation of memory deficits. In:
Wilson BA, ed. Neuropsychological Rehabilitation:
Theory and Practice. Abingdon, UK: Swets &
Zeitlinger, 2003.

54. Jones RSP, Eayrs CB. The use of errorless learning
procedures in teaching people with a learning
disability. Mental Handicap Res 1992;5:304–312.



6
Psychological Adjustment to Lower Limb
Amputation: An Evaluation of Outcome
Measurement Tools
Dalton L. Wolfe, Jackie S. Hebert, William C. Miller, A. Barry Deathe, Michael
Devlin, and Luljeta Pallaveshi

Overview

People with lower extremity amputation (LEA)
face numerous physical, psychological, and social
challenges associated with their limb loss and
subsequent rehabilitation and community reinte-
gration. Although care providers tend to focus
on physical and medical outcomes following
amputation, psychological adjustment and coping
with the new reality of life with a missing limb
is of paramount importance to the individual
with the amputation (1). The focus on physical
adjustment following amputation is reflected in
the numerous studies that examine mobility-related
or other physical outcomes, often at the expense
of investigating psychosocial or other disability-
related variables, which have a potentially signif-
icant impact on outcome (2).

Recent reviews of lower limb prosthetic
outcome measures (3) and the status of
outcome measurement in rehabilitation (4) have
demonstrated this relative lack of utilization
of measurement tools addressing psychological
adjustment following amputation. Furthermore,
Gallagher and MacLachlan (5) have suggested
that this preoccupation with the physical aspect
of amputation is reflected in the continued devel-
opment of outcome measurement tools specific to
the LEA population. They note that most tools
that assess psychological aspects of adjustment

tend to be narrowly focused on a single factor
(e.g., body image or activity restriction). This
chapter outlines and evaluates the most commonly
employed outcome measurement tools used to
assess psychological adjustment that have been
investigated in subjects with LEA, in order to
assist clinicians and researchers with appropriate
instrument selection.

Background

There are numerous considerations for ensuring
a specific instrument is appropriate for its
intended use. First, it is important to have a
thorough understanding of the scope of potential
outcomes and, at least in the case of health
status change, an appropriate matching to the
component of rehabilitation that is being assessed
(6). Part of this process may involve the classi-
fication of possible outcome measures into a
framework understandable by potential users.
For the present review, we have classified
specific instruments according to the conceptual
framework noted by Behel and Rybarczyk and
their colleagues (7, p. 93). They identified three
interrelated dimensions under which they charac-
terized psychological adjustment responses to
amputation:

67



68 D.L. Wolfe et al.

1. Cognitive-affective responses (e.g., altered body
image)

2. Behavioral responses (e.g., avoidance)
3. Specific adjustment problems (e.g., depression)

Cognitive-affective responses “are at the core
of attempts to redefine oneself and one’s
environment,” whereas behavioral responses
“reflect efforts to negotiate the altered psychic
and physical landscape” (7). These authors
contend that specific responses may “coalesce
into maladaptive patterns,” resulting in specific
psychological adjustment problems. For our own
purpose we have modified this third dimension
as reflecting overall status, which may or may
not be maladaptive or represent problems. For
example, we have included measures of health-
related quality of life (HRQoL) in this category,
which may reflect either positive or negative
adaptations emerging from the responses in dimen-
sions 1 and 2 above.

A second consideration in instrument selection
is the purpose for which the outcome measure is
used. In the context of LEA rehabilitation, outcome
measurement may be related to the individual,
to the amputation rehabilitation program, or
the process of intervention (4). Furthermore,
Feinstein et al. (8) noted six purposes of outcome
measurement in assessing functional disability: to
determine compensation, to predict prognosis, to
plan placement, to estimate care requirements,
to assist in choosing specific types of care, and
to determine change in status secondary to inter-
vention.

A third factor that should be considered is the
overall quality of the instrument and the evidence,
which supports its use. The degree to which a
particular instrument is appropriate for its intended
use can be assessed by examining its psychometric
properties (i.e., reliability, validity, and respon-
siveness) reported in the scientific literature (9). As
well, properties that describe clinical utility (i.e.,
practical considerations such as interpretability,
acceptability, feasibility) as described by Feinstein
(10) are useful in ascribing credibility to the
measurement.

An important aspect of the evidence of
instrument quality is that it should be relevant for
the specific population for which the instrument is
intended. Therefore, the present review is limited
to those investigations of individuals with LEA.

Demonstrations of reliability or validity in alternate
patient populations (e.g., stroke) or in healthy
control subjects are not adequate for ensuring
the selected tool will be reliable or valid for
use in LEA. It should be remembered that even
within the LEA population, there is a bimodal
adult population. Those receiving amputations due
to trauma tend to be younger, with less comor-
bidity, and generally higher levels of preampu-
tation physical function, especially as compared
to those with vascular etiologies (11,12). Evalu-
ation of the psychometric properties and clinical
utility of an instrument may provide information
about selecting the most appropriate tool for a
particular outcome; however, this information is
most relevant and useful when being used in
the same population and the same context (e.g.,
setting) in which it was tested.

A variety of outcome measurement tools have
been applied to the assessment of psychological
adjustment; however, very few of these tools have
been evaluated psychometrically (i.e., reliability,
validity and responsiveness) within a population
of people with an LEA. This chapter reviews the
evidence for those tools that have undergone some
form of psychometric evaluation with a sample of
people with an LEA, so as to assist appropriate
outcome measurement selection and also to inform
future outcome measurement development.

Methodology

Search Strategy

Electronic databases (Embase, Medline, PsychInfo,
CINAHL, Cochrane) were searched for the time
period 1980 to September 2006 for English-
language articles addressing limb amputation
rehabilitation. In addition, we systematically hand-
searched pertinent health care journals and existing
reviews to ensure comprehensive search results.
Additional forms of searching involved browsing
Internet Web Sites and the electronic list of
related articles as determined by PubMed. These
searching techniques are a necessary adjunct given,
Hopewell et al.’s (13) finding that hand-searching
methods identified between 92% and 100% of
randomized trials as compared to lower numbers
using electronic keyword searching strategies (i.e.,
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49%, 55%, and 67% for Embase, Medline, and
PsychInfo, respectively).

Inclusion Criteria

Articles included were those for which at least
one of the psychometric properties (i.e., relia-
bility, validity, or responsiveness) were evaluated
in the LEA population. Papers that did not discuss
any aspect of psychometric properties were not
considered in this review.

A list of outcome measurement tools was
prepared from the selected articles. To be eligible
for further assessment, the tool needed to be
standardized or, if customized, published in a
form such that it was readily available for use. In
addition, an eligible tool required that at least one
article existed with a primary focus on the evalu-
ation of psychometric properties involving subjects
with LEA or that there were at least two articles
that contained some psychometric information (not
necessarily as the focus of the article).

Classification and Evaluation of
Outcome Measures

Outcome measurement tools were then classified
according to the scheme outlined previously:
(1) cognitive-affective tools, (2) behavioral tools,
and (3) adjustment/maladjustment tools. Following
this, specific findings from individual articles
were evaluated according to established criteria
put forth by the Health Technology Assessment
(HTA) program (9) and other sources. The eight
separate evaluation criteria used are summarized
in Table 6.1. These criteria consist of standard
psychometric properties and properties of clinical
utility, which have formed the basis for the
assessment of outcome measures across a variety
of fields (14–16).

In addition to the criteria and standards noted
in Table 6.1, there are several methodological
considerations that require further elaboration.
The reader should understand that there is not
universal acceptance of the underlying concepts
and rationale behind these standards and criteria,
and there are other methods and criteria for evalu-
ating psychometric properties. Although several
authors have advocated using this method to
assign grades to indicate the level of evidence

for a specific instrument (e.g., Andresen [23], and
McDowell and Newell [25]), others have noted
the inherent difficulty and potential for misinter-
pretation associated with this task. For example,
Condie et al. (3), in a recent review of prosthetic-
related outcome measures, chose not to assign an
overall grade even to individual studies due to
time constraints and the unlikelihood of a single
grade capturing the complexity of the underlying
evidence.

Nonetheless, our approach was to provide as
much information as possible on the individual
findings available for specific instruments, that
is, provide a specific grade of +++, excellent;
++, adequate; or +, poor for each of the findings
associated with a specific psychometric property
evaluated in each study. However, overall grades
collapsing all findings derived from every article
for a specific psychometric property were not
provided as it was felt that these would vary
depending on the specific context from which the
evidence was derived as compared to the specific
needs and intention of the potential user. For
example, if a particular instrument had several
findings establishing validity in an inpatient setting
but the user wanted to apply the instrument to
people living in the community, an overall grade
supporting its use would have less relevance.
Ideally, potential users of a particular instrument
can judge the appropriateness of a particular
instrument based on their specific needs and
the context of their investigation (i.e., specific
population, setting). It is also important for the
reader to understand that a single finding or study
does not validate the particular instrument for use.
Rather, the process of validating an instrument
is an ongoing process requiring “a pattern of
consistent findings involving different investi-
gators using different theoretical structures across
a number of different studies” (28, p. 25).

Therefore, we chose to present findings from
individual studies with a description of the setting
in which the study was conducted (i.e., inpatient,
outpatient, community or laboratory) and the study
population (i.e., etiology and level of amputation).
The scoring criteria as noted in Table 6.1 was used
for the individual findings of reliability, validity,
and responsiveness (i.e., +++, ++, +), and these
have been summarized in the tables throughout the
Review of Evidence section, below. If more than
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Table 6.1. Evaluation criteria and standards

Criteria Definition Standards

1. Appropriateness The match of the instrument to the purpose/question
under study. One must determine when information
is required and what use will be made of the infor-
mation (17).

Depends on the specific purpose for which the
measurement is intended.

2. Reliability Refers to the reproducibility and internal consis-
tency of the instrument.
Reproducibility addresses the degree to which
the score is free from random error. Test-retest
and interrater reliability both focus on this aspect
of reliability and are commonly evaluated using
correlation statistics including ICC, Pearson’s or
Spearman’s coefficients, and kappa coefficients
(weighted or unweighted).
Internal consistency assesses the homogeneity of
the scale items. It is generally examined using split-
half reliability or Cronbach’s alpha statistics.Item-
to-item and item-to-scale correlations are also
accepted methods.

Test-retest interrater reliability Intraclass Corre-
lations (ICC): Kappa statistics, other correlation
coefficients if numerically appropriate: Excellent:
≥0.75; Adequate: 0.4–0.74; Poor <0.40 (18–20).
Note: Fitzpatrick et al. (9) recommend a minimum
test-retest reliability of 0.90 if the measure is to be
used to evaluate the ongoing progress of an individual
in a treatment situation.
Internal consistency (split-half or Cronbach’s
statistics): Excellent: ≥0.80; Adequate: 0.70–0.79;
Poor: <0.70 (21)�Note: Fitzpatrick et al. (9) caution
that values in excess of 0.90 may indicate redundancy.
Interitem and item-to-scale correlation coeffi-
cients: Adequate levels—inter-item: 0.3–0.9; item-to-
scale: 0.2–0.9 (9,22).

3. Validity Does the instrument measure what it purports to
measure? Forms of validity include face, content,
construct, and criterion. Concurrent, convergent,
discriminative, and predictive validity are all
considered to be forms of criterion validity.
However, concurrent, convergent, and discrimi-
native validity all depend on the existence of a
gold standard to provide a basis for comparison.
If no gold standard exists, they represent a form
of construct validity in which the relationship to
another measure is hypothesized (6).

Construct: convergent, concurrent, and predictive
correlations:Excellent ≥0.60, adequate: 0.30–0.59,
poor <0.30 (9,23–25) (excellent predictive validity
may also entail significance with multiple regression,
ideally with prospective studies). Concurrent (known
groups):Excellent: significant difference with effect
size; Adequate: significant difference; Poor: no
significant difference.
Receiver Operating Characteristic (ROC) analy-
sis: area under the curve (AUC): Excellent: ≥0.90;
Adequate: 0.70–0.89; Poor <0.70 (25).There are no
agreed-on standards by which to judge sensitivity and
specificity as a validity index (26).

4. Responsiveness Sensitivity to changes within patients over time
(which might be indicative of therapeutic effects).
Responsiveness is most commonly evaluated
through correlation with other measures, through
correlation with other change scores, effect sizes,
standardized response means, relative efficiency,
sensitivity, and specificity of change scores and
ROC analysis. Assessment of possible floor and
ceiling effects is included as they indicate limits to
the range of detectable change beyond which no
further improvement or deterioration can be noted.

Sensitivity to change: Excellent: Evidence of
change in expected direction using methods such as
standardized effect sizes: <0.5 = small; 0.5–0.8 =
moderate; >0.8 = large. Also, by way of standardized
response means, analysis of change scores or relative
efficiency. Adequate: Evidence of moderate/less
change than expected, conflicting evidence. Poor:
Weak evidence based solely on p-values (statistical
significance) (9,23–25).
Floor ceiling effects: Excellent: No floor or ceiling
effects. Adequate: floor and ceiling effects <20% of
patients who strain either the minimum 20% (floor)
or maximum (ceiling) score. Poor: > 20% (22).

5. Precision Number of gradations or distinctions, e.g., Yes/no
response vs. a 7–point Likert response set.

Depends on the precision required for the purpose
of the measurement (e.g., classification, evaluation,
prediction).

6. Interpretability How meaningful are the scores? Are there norms
available for comparison?

Jutai and Teasell (27) point out these practical issues
should not be separated from consideration of the
values that underscore the selection of outcome
measures.

7. Acceptability How acceptable the scale is in terms of completion
by the patient. Does it represent a burden? Can the
assessment be completed by proxy, if necessary?

8. Feasibility Extent of effort, burden, expense, and disruption to
staff/clinical care arising from the administration of
the instrument
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one finding was obtained for a specific psycho-
metric property from an individual paper, then
only the highest quality rating was indicated in the
psychometric summary tables. General qualitative
statements regarding the evidence in totality were
made based on these findings in the Review of
Evidence.

Review of Evidence

Following the literature review, a total of 19
outcome measurement tools addressing psycho-
logical adjustment were identified that met
the inclusion criteria. Nine of these instru-
ments were classified as being cognitive-affective
tools, none as behavioral tools, and 10 as
adjustment/maladjustment tools. The majority
of the cognitive-affective tools (six) assessed
the construct of body image, while the
adjustment/maladjustment tools were composed
of those focused on depression or anxiety (five)
or HRQoL (five). Therefore, we have elected
to summarize the results for these various tools
by considering them in four groups: (1) body
image tools, (2) other cognitive-affective tools, (3)
depression (or anxiety) tools, and (4) HRQoL tools.

Cognitive-Affective: Body
Image Tools

Self-image has been identified as one of the
central themes important to persons with LEA
(29), and the way one deals with a changed body
image has long been recognized as an important
component of adjusting to limb loss or dealing
with a prosthetic replacement (30–32). There are
numerous scales that have been employed to inves-
tigate the construct of body image in people
with amputation including the Amputation-Related
Body Image Scale (ARBIS) (33), the Amputee
Body Image Scale (ABIS) (34,35), the Attitude
to Artificial Limbs Questionnaire (AALQ) (36),
the Body Image Questionnaire (BIQ) (36), the
Engagement/Discomfort with Revealing the Body
scales (EEABR, D-EEABR) (37), and the Multi-
dimensional Body-Self Relations Questionnaire
(MBSQ) (38). Pertinent details about the various
studies examining each of these tools, the specific
populations under investigation, and the numeric

properties of each tool are summarized in
Table 6.2. A summary of the quality assessment
of the psychometric properties under investigation
for each of these studies is shown in Table 6.3.
Overall, despite the abundance of potential tools
for assessing body image, there is a relatively small
number of studies employing each tool (Table 6.2),
with few investigations evaluating psychometric
properties (Table 6.3), as is indicated by the limited
number of studies identified in these tables for each
tool.

All of these scales are self-report format with
minimal subject burden (i.e., only 20 questions or
less) with the exception of the MBSQ (69 items),
which is also the only tool not developed for or
initially tested with those with LEA. The questions
pertinent to LEA on the BIQ were added so as
to adapt a body shape questionnaire developed
originally for those with eating disorders (39).
Although all of the tools were developed with
content validity considered (i.e., involvement of
experts or patients in test construction), there is
little documentation of the processes or testing
undertaken and there has been no published factor
analysis that may have served to confirm the
dimensionality of the measures in assessing the
construct of body image. It should be noted that
the AALQ and the EEABR/D-EEABR were not
intended to be solely measures of body image,
although both contained specific questions about
body image, and most questions seem somewhat
related to body image as evidenced by reasonably
high internal consistency. All scales also appear
easily interpretable and easy to score, with a simple
summing of a series of Likert-scaled questions for
which the summed score represents a greater or
lesser disruption to body image.

Although adequate (++) or excellent (+++)
findings of internal consistency have been estab-
lished in single reports for some of these tools
(i.e., AALQ, BIQ, EEABR, D-EEABR), only the
EEABR and D-EEABR have been assessed for
some form of test-retest reliability (Table 6.3).
It should be noted that true test-retest reliability
is difficult to obtain in psychological self-report
measures where the stability of the underlying
construct is unknown and initial test administration
could bias the answers upon repeated application.
In addition, the EEABR demonstration of relia-
bility involved only a single, small study (n = 11)
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Table 6.2. Summary of articles examining body image outcome tools in lower extremity amputation (LEA)

Instrument, author, year Setting Etiology Level n Data type No. of
items

Item (scale)
response range

Amputation-Related Body
Image Scale (ARBIS)
Rybarcyk et al., 1995 (33) OP Vascular/

trauma/other
AK-BK 112 Ordinal 11 0–4 (0–44)

Amputee Body Image Scale
(ABIS)
Murray and Fox, 2002 (35) Comm Vascular/

trauma/other
AK-BK 44 Ordinal 20 1–5 (20–100)

Wetterhahn et al., 2002 (38) OP + Comm Vascular/
trauma/other

AK-BK 56

Breakey, 1997 (34) Comm Trauma AK-BK 90

Attitudes to Artificial Limbs
Questionnaire (AALQ)
Fisher and Hanspal, 1998 (36) OP Vascular/

trauma/other
AK-BK 107 Ordinal 10 0–4 (0–40)

Body Image Questionnaire
(BIQ)
Fisher and Hanspal, 1998 (36) OP Vascular/

trauma/other
AK-BK 107 Ordinal 17 0–6 (17–102)

Engagement in Everyday
Activities
Involving Revealing the Body
(EEARB), Discomfort-EEARB
Donovan-Hall et al., 2002 (37) IP + OP Vascular/

trauma/other
BK 11 Ordinal 10, 11 0–6, 1–4

(0–60, 11–44)
Multidimensional Body-Self
Relations
Questionnaire (MBSQ)
Wetterhahn et al., 2002 (38) OP + Comm Vascular/

trauma/other
AK-BK 56 Ordinal 69 1–5(?)

n, number of subjects with amputation only and does not include control or comparison subjects; IP, inpatient; OP, outpatient;
Comm, community; AK, above knee; BK, below knee; ?, data missing or unclear.

employing a self-selected outpatient sample of
convenience, which found only adequate (++)
levels of test-retest reliability. The only scale with
multiple reports establishing validity was the ABIS
with several demonstrations of excellent (+++)
convergent validity with significantly high corre-
lations with various other measures (Table 6.3).
Concurrent validity (known groups) has also been
assessed for the ABIS, although these reports
are limited to demonstrations of significance
for between-group findings with no reporting of
effect sizes. Other scales have only single reports
of varying quality for convergent or concurrent
validity established in persons with LEA. Respon-
siveness or the presence of floor or ceiling effects

has not been adequately assessed for any of the
scales.

Summary and Recommendations

For the most part, the tools that have been
employed to assess body image have not been
adequately assessed to support use in specific
subpopulations of those with LEA. The ARBIS and
BIQ may have potential for measuring body image
following amputation (33,36), and the ARBIS
has been demonstrated as a significant predictor
of psychosocial adjustment (i.e., depression and
quality of life) (33). However, more study is
needed to determine the applicability, validity, and
responsiveness of these measures.
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Table 6.3. Quality assessment (psychometric properties) for body image outcome tools in LEA

Quality of psychometric property

Instrument, author, year Reliability Validity Responsiveness

IC Test-retest Convergent Concurrent Predictive C/F effect Resp.

ARBIS
Rybarczyk, 1995 +++ +++

AALQ
Fisher, 1998 +++ + +

ABIS
Murray, 2002 ++
Wetterhahan, +++ ++
2002
Breakey, 1997 ++ ++ +++

BIQ
Fisher, 1998 +++ ++ + +

EEABR;
D-EEABR
Donovan-Hall, ++; +++ ++; ++ ++; ++ +; + ++; ++
2002

MBSRQ
Wetterhan, 2002 +++ ++

IC, internal consistency; C/F Effect, ceiling or floor effects; Resp., responsiveness; +++, excellent; ++, adequate; +, poor. See
Table 6.1 for definition). Absence of ratings mean no findings reported.

The ABIS is the tool with the most psycho-
metric evaluation conducted to date and appears to
be associated with other measures of psychosocial
well-being (34,35,38). However, some authors have
questioned the psychometric validity of the scale
(36), as the questionnaire includes questions on
phantom limb phenomena and references to the self
as “disabled,” which may be considered beyond
the realm of purely “body image.” Factor analysis
and assessments of internal consistency would
be required to more fully assess these issues.
Further examination of the stability and respon-
siveness is also needed. Despite this, the ABIS
appears to have good potential for measuring self-
perception of body image following amputation, and
although additional study is needed to determine
the reliability and responsiveness of this measure,
clinical use of the tool is reasonable given the
demonstrated validity and ease of administration.

Other Cognitive-Affective Tools

Three separate scales examining other cognitive-
affective aspects associated with psychological
adjustment to amputation were identified including

the Activity-Specific Balance Confidence Scale
(ABC) (40–43), the Clifton Assessment Procedures
for the Elderly (CAPE) (44–46), and the Rosenberg
Self-Esteem Scale (RSE) (37,47–49). The various
studies examining the psychometric properties of
these scales are outlined in Table 6.4 and the
psychometric results for the quality assessment
are shown in Table 6.5. As each of these scales
measures different constructs, the results and
evidence review are described separately.

The ABC Scale, based on Bandura’s (50) theory
of self-efficacy, is a 16-item, self-report measure
of an individual’s fear of falling, which is assessed
over a continuum of ambulatory activities, ranging
from easy to difficult. The scale was developed
for and has been used extensively in the elderly
population (42,43). In addition to self-report, it
can also be used as a postal survey or adminis-
tered by a third party (requiring no specialized
training) in a variety of settings. Individuals are
asked to rate their level of confidence for each
activity on a scale between 0 (minimum score
= no confidence) and 100% (maximum score =
completely confident), and an overall mean balance
confidence score is derived along the same 0 to
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Table 6.4. Summary of articles examining other cognitive-affective outcome tools in LEA

Instrument, author, year Setting Etiology Level n Data type No. of
items

Item (scale)
response range

Activity-Specific Balance
Confidence Scale (ABC)
Deathe and Miller, 2005 (53) OP Vascular/

trauma
AK-BK 93 Ratio 16 0–100

(0–100)
Miller et al., 2004 (55) OP-Comm Vascular/

trauma
AK-BK 84

Miller et al., 2003 (41) OP+Comm Vascular/
trauma/other

AK-BK 54+329

Miller et al., 2002 (40) Comm Vascular/
trauma/other

AK-BK 435

Miller et al., 2001 (54) OP+Comm Vascular/
trauma/other

AK-BK 55+329

Miller et al., 2001 (52) Comm Vascular/
trauma/other

AK-BK 435

Clifton Assessment Procedures for
the Elderly (CAPE)
Hanspal and Fisher, 1997 (45) IP + OP ? AK-BK 32 Various ?* Various
Hanspal and Fisher, 1991 (44) OP ? AK-BK 100 (0–35)*

Rosenberg Self-Esteem Scale (RSE)
Donovan-Hall et al., 2002 (37) IP + OP Vascular/

trauma/other
BK 11 Ordinal 10 1–4

Dunn, 1996 (48) Comm Vascular/
trauma/other

AK-BK-U 138 (10–40)

Christ et al., 1995 (47) Comm Other ? 45

n, number of subjects with amputation only and does not include control or comparison subjects; IP, inpatient; OP, outpatient;
Comm. community; AK, above knee; BK, below knee; U, upper limb; ?, data missing or unclear; *Hanspal and Fisher (44,45)
employed the Orientation and Mental Ability sections and a Psychomotor test (Spiral Maze) from the CAPE.

Table 6.5. Quality assessment (psychometric properties) for other cognitive-affective outcome tools in LEA

Quality of psychometric property

Instrument, author, year Reliability Validity Responsiveness

IC Test-retest Convergent Concurrent Predictive C/F effect Resp.

ABC
Deathe, 2005 ++
Miller, 2004 ++
Miller, 2003 +++ +++ +++ ++
Miller, 2002 ++
Miller, 2001 +++
Miller, 2001 ++ +++

CAPE
Hanspal, 1997 +++ ++
Hanspal, 1991 +++

RSE
Donovan-Hall, ++ +++ ++
2002
Dunn, 1996 +++ +++
Christ, 1995 +

IC, internal consistency; C/F effect, ceiling or floor effects; Resp., responsiveness; +++, excellent; ++, adequate; +, poor; see
Table 6.1 for definition). Absence of ratings mean no findings were reported.
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100 scale, thus providing an easily interpretable
outcome. There is also a threshold score of 80,
below which mobility capability, performance, and
social activity appear to be affected as identified
in a series of studies of older adults (51). This
cutoff value has been used but not assessed in LEA
(52). The ABC scale has minimal patient burden,
taking only about 5 minutes to complete. Patients
must have adequate abstract cognitive functioning
to imagine themselves in certain circumstances
and respond appropriately. Preliminary analysis of
repeatability has indicated that a real change would
occur if test-retest scores were different by 6, but
the minimal important clinical difference on the
scale has not been determined (41).

Although there have been numerous evaluations
of the psychometric properties in individuals with
LEA, these have all been conducted by the same
group of investigators (40,41,52–55). These reports
have included single findings of excellent relia-
bility and internal consistency as well as multiple
demonstrations of various forms of validity in
patients with LEA from both vascular and nonva-
scular causes. It should be noted that the scale
was not shown to distinguish between those with
transtibial versus transfemoral level of amputation
as might be expected (41). In addition, respon-
siveness of the tool to assess individual change
over time has not yet been evaluated. A ceiling
effect may exist, as higher repeatability was seen
at higher scores of balance confidence (41).

The CAPE is a brief psychogeriatric assessment
procedure to assess cognitive ability (46).
The original developers have suggested its
usefulness in a broad range of psychogeri-
atric patients, providing significant differentiation
between groups receiving varying degrees of care
and with differing outcome expectations (56).
Hanspal and Fisher (44,45) have employed these
assessment procedures in older patients with LEA
to predict achievement of successful rehabilitation
as reflected by attainment of higher mobility
grades. It was not clear if these authors employed
the entire CAPE or just specific subsections. They
administered sections assessing orientation and
mental ability as well as measuring the time taken
and errors associated with the performance on a
psychomotor task (i.e., spiral maze task).

The authors employed the CAPE, as they felt it
could be administered by professionals relatively

unskilled in psychometric techniques (45). In each
case, Hanspal and Fisher conducted this assessment
in older individuals only (i.e., over 60 and mean
age of 66). Excellent (+++) test-retest reliability
(r = 0.93) was achieved despite a retest period
of 1 year. This finding is exceptional given that
one might expect some cognitive decline over that
time frame in an elderly population. In the original
investigation, excellent (+++) correlations were
obtained between the cognitive assessment and
mobility grades indicative of predictive validity,
although both assessments were conducted after
the subjects had already achieved a stable mobility
outcome (44). A better indication of predictive
validity was obtained in a subsequent investigation
in which adequate (++) correlations were achieved
between early cognitive assessments (i.e., at 2 to 4
weeks postamputation) and later mobility assess-
ments (i.e., 8 to 14 weeks), although higher corre-
lations were found for those patients having no
medical comorbidities (45).

The RSE is a widely used self-report
scale employed in general psychological studies
assessing perceived self-esteem, which can be
thought of as a positive or negative orientation
toward oneself and is part of the wider construct
of self-concept (49). It was originally developed
for use in assessing this construct in adolescents.
The scale is easily scored and readily interpretable,
with 10 Likert-scaled questions scored from 1 to
4, providing a summed score from 10 to 40. High
scores indicate high self-esteem, and normal values
are available, although the largest sample involves
only adults up to the age of 65 (37).

The tool is easy to administer, takes very little
time, and can also be conducted as part of a postal
survey. Although we report only three evalua-
tions of its use in LEA, these studies have been
conducted over a variety of settings ranging from
groups of patients with varying etiologies across
the care continuum (37,48) to a more specific
application examining psychosocial adaptation of
long-term survivors of bone sarcoma (47). Internal
consistency was found to be excellent (+++) with
a postal version of the RSE mailed to a sample
obtained from a sports association (i.e., amputee
golf) mailing list (138 of 275 responded) (48).
A small study (n = 11) showed adequate (++)
test-retest reliability (r = 0.64), although interpre-
tation is uncertain as the test-retest interval was
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assessed 1 month prior to receiving a prosthesis
versus 3 months after receiving the prosthesis,
a testing model more appropriate for examining
responsiveness (37). This study also provided
adequate (++) evidence of concurrent validity
in that significant differences (p <.05) were
obtained on the RSE between healthy controls
and individuals with an amputation at either time
period. Conversely, Christ et al. (47), in their
examination of psychosocial adaptation following
bone cancer treatment, noted that there were
no significant differences in the RSE between
those who were treated with a limb salvage
approach versus those receiving amputation, and
no differences between males and females. As
well, other investigations provided demonstrations
of convergent validity with excellent (+++) associ-
ations noted between the RSE and measures of
anxiety and depression (37,48).

Summary and Recommendations

ABC Scale

The ABC Scale provides useful clinical infor-
mation about the confidence with which
individuals feel capable in moving throughout their
environment, which directly relates to their return
to participation in social and community activities.
The routine use of this tool in both clinical and
research applications is recommended in persons
with LEA amputation, particularly in older adults,
although validation is required from additional
investigators. In particular, more information about
the predictive qualities of the ABC Scale relative
to psychosocial and physical outcomes as well
as further evaluation of the responsiveness and
potential ceiling effects for the tool would be
useful.

CAPE

Identifying specific factors to predict eventual
success of LEA rehabilitation can provide useful
information for the clinician (57,58). Fisher and
Hanspal (36) have employed the CAPE for this
purpose and have demonstrated that a cognitive
assessment including a psychomotor component
can predict mobility outcomes for those over 60
years of age. Similar findings were achieved by
Schoppen et al. (58) over a wider age range
using a battery of cognitive function tests to

significantly predict a broader range of outcomes
including HRQoL and activity restrictions, and by
Larner et al. (59), who used the Kendrick Object
Learning Test (60) to predict the likelihood of
successfully using a prosthesis. Based on these
findings, it is clear the overall concept of cognitive
screening has clinical merit, but further evaluations
involving direct comparisons between tools may
better determine the cognitive instruments that best
serve this purpose.

RSE

In addition to examining self-esteem as an outcome
of social forces, self-esteem is often analyzed as
an independent or intervening variable. Rosenberg,
the primary developer of the construct of self-
esteem (and the RSE), noted that self-esteem
should be thought of as a generally stable charac-
teristic of adults and not easily manipulated
(61). Dunn (48) and Christ et al. (47) each
employed the RSE as a measure of an outcome
or criterion variable, which was predicted by other
demographic or psychosocial variables, whereas
Donovan-Hall et al. (37) used the RSE as a
criterion measure of psychological well-being to
assess convergent validity. The RSE is well estab-
lished as a measure of self-esteem in a variety
of populations, although evidence for the use
of the RSE in individuals with LEA would
be enhanced with additional demonstrations of
validity. This is especially the case for findings of
predictive validity in which the RSE may be useful
in predicting psychological or other functional
outcomes.

Adjustment/Maladjustment Tools:
Depression and Anxiety

Depression is diagnosed with the standard clinical
interview and the use of appropriate diagnostic
instruments (e.g., using Diagnostic and Statis-
tical Manual of Mental Disorders, 4th edition
[DSM-IV] criteria) (62). Anxiety and other
depressive symptoms may be assessed using a
variety of screening scales that were developed
originally for general psychiatric use. These
include the Beck Depression Inventory (BDI)
(63,64), the Center for Epidemiological Studies–
Depression Scale (CES-D) (65), the General
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Table 6.6. Summary of articles examining depression outcome tools in LEA

Instrument, author, year Setting Etiology Level n Data type No. of
items

Item (scale)
response range

Beck Depression Inventory (BDI)
Schoppen et al., 2003 (58) IP + OP Vascular AK-BK 51 Ordinal 21 0–3
Frank et al., 1984 (74) IP + OP Vascular/

trauma/other
AK-BK 66 (0–63)

Kashani et al., 1983 (70) IP + OP Vascular/
trauma/other

AK-BK 65

Center for Epidemiological Studies -
Depression Scale (CES-D)
Behel et al., 2002 (7) OP Vascular/ AK-BK 84 Ordinal 20 0–3

trauma/other (0-60)
Dunn, 1996 (48) Comm Vascular/

trauma/other
AK-BK-U 138

Christ et al., 1995 (47) Comm Other ? 45
Rybarcyk et al., 1995 (33) OP Vascular/

trauma/other
AK-BK 112

Rybarczyk et al., 1992 (75) OP Vascular/
trauma/other

AK-BK 89

General Health Questionnaire (GHQ)
Fisher and Price, 2003 (76) IP + Comm Vascular/

Trauma/Other
?-U 122 Ordinal 12*

28
&
others

Likert 0–3
or
Scaling
0,0,1,1
(varies)*

Lindesay, 1986 (73) OP ? ?-U 35
Thompson and Haran, 1983 (77) Comm Vascular/

trauma/other
AK-BK 134

Geriatric Depression Scale (GDS)
Robinson-Whelan and Bodenheimer, Comm Vascular AK-BK 44 Ordinal 30 Y/N, 1/0
2004 (78) (0-30)
Schubert et al., 1992 (79) IP ? AK-BK 17

Hospital Anxiety and Depression Scale
(HADS)
Donovan-Hall et al., 2002 (37) IP + OP Vascular/

trauma/other
BK 11 Ordinal 14 0–3

(0–21)
Fisher and Hanspal, 1998 (36) OP Vascular/

trauma/other
AK-BK 107

Carrington et al., 1996 (80) OP Vascular AK-BK 13

n, number of subjects with amputation only and does not include control or comparison subjects; IP, inpatient; OP, outpatient;
Comm., community; AK, above knee; BK, below knee; U, upper limb; ?, data missing or unclear; *,several variants of the GHQ
exist (e.g., GHQ-12, GHQ-28) and the scoring system can be varied between summing of a Likert-based system or by transforming
responses to 0 or 1.

Health Questionnaire (GHQ) (66,67), the Geriatric
Depression Scale (GDS) (68,69), and the Hospital
Anxiety and Depression Scale (HADS) (69).
Table 6.6 outlines details about the studies
examining each of these tools and Table 6.7
provides a summary of the quality assessment
of the psychometric properties for each of these
studies. Estimates of the prevalence of depression
vary widely in LEA, ranging from none or very
low (36), to other reports of 35% (62,70) and

51.4% (62). Despite the relatively large number of
tools for assessing depressive symptoms, there are
few investigations employing each tool (Table 6.6),
with the psychometric properties of each remaining
relatively unstudied in LEA (Table 6.7).

Each of these self-report measures have minimal
patient burden with no more than 30 items
requiring either Likert-scale–type responses or
a selection of the most appropriate statement.
Several of these have several shorter or longer
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Table 6.7. Quality assessment (psychometric properties) for depression outcome tools in LEA

Quality of psychometric property

Instrument, author, year Reliability Validity Responsiveness

IC Test-retest Convergent Concurrent Predictive C/F effect Resp.

BDI
Schoppen, 2003 +++
Frank, 1984 ++
Kashani, 1983 ++ ++

CES-D
Behel, 2002 +++
Dunn, 1996 +++ +++
Christ, 1995 +
Rybarczyk, 1995 +++
Rybarczyk, 1992 ++

GHQ
Fisher, 2003 ++ +
Lindesay, 1986 +++
Thompson, 1983 +

GDS
Robinson- +++ +
Whelan, 2004
Schubert, 1992 ++ +

HADS
Donovan-Hall, ++ ++ ++
2002
Fisher, 1998 ++
Carrington, 1996 ++

IC, internal consistency; C/F effect, ceiling or floor effects; Resp., responsiveness; +++, excellent; ++, adequate; +, poor; see
Table 6.1 for definition). Absence of ratings mean no findings were reported.

versions (e.g., GHQ-12, GHQ 28, or GHQ-
60), although the present report deals with the
versions that have been tested in those with
LEA. Interpretation is typically straightforward,
with greater scores reflecting a greater preva-
lence of depressive symptoms or behaviors and
therefore a higher likelihood of having depression
or anxiety. There are several variants of scoring
methodology for the GHQ, which makes this
scale marginally more complex in interpretation.
Normative data are available for various clinical
populations for most of the scales, and several
investigators have suggested cutoffs and guide-
lines for categorizing scale scores into the degree
of depressive symptomatology (e.g., BDI [63],
CES-D [71], GHQ [66], GDS [68,72], HADS
[69]). Of particular note, Lindesay (73) noted a
specific cutoff in discriminating between cases and
noncases with 100% sensitivity and 86% speci-
ficity for the GHQ-28 in detecting psychiatric

disturbance in individuals with an amputation with
phantom pain.

Although the quantity of psychometric testing
is relatively sparse for these measures, each of
the scales has evidence for at least two forms of
validity or reliability. The CES-D, in particular,
demonstrated excellent (+++) internal consistency
and convergent validity with excellent (+++) corre-
lations between the CES-D and an assortment of
related constructs such as HRQoL (7,33), optimism,
and self-esteem (48). Other notable findings include
Lindesay’s (73) demonstration of an excellent (+++)
correlation (r = 0.88) between the GHQ-28 and the
specific blinded diagnoses made with the Present
State Examination (9th edition).

Similarly, Kashani et al. (70) provided evidence
of convergent validity for the BDI with higher
scores for those with a diagnosis of depression
as based on DSM-III criterion (adequate, ++).
Several other demonstrations of a priori between-
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group significant differences as hypothesized were
indicative of concurrent validity (adequate, ++)
for the BDI (70,74). In addition, the BDI, when
administered at 2 or 6 weeks following amputation,
has been demonstrated to have excellent ability
to predict various outcomes including activity
restriction, mobility, and HRQoL at 1-year postam-
putation (58). Adequate (++) convergent and
concurrent validity and test-test reliability have
been demonstrated for the HADS (37,76,80), while
findings of adequate (++) and poor (+) predictive
validity were noted for the GDS (78,79).

Summary and Recommendations

Depression represents the psychological variable
most frequently studied following amputation.
Estimates of the prevalence of depression vary
widely, ranging from none or very low (36) to
estimates of up to 50% (62). In the present
analysis, the CES-D was the measure with the most
demonstrations of convergent validity, although
these were typically conducted as comparisons
with other self-report measures and not against
a suitable criterion measure to assess specificity
and sensitivity. Conversely, the 28-item GHQ scale
was shown to have impressive values for sensi-
tivity and specificity (100% and 86%, respectively)
as compared to the criterion measure of the Present
State Examination (9th edition) (73). The HADS
is the only other measure with multiple demon-
strations of convergent validity. The CES-D, the
GHQ, and the HADS are most recommended for
use in those with LEA, although certainly more
validation is warranted. In addition, the CES-D and
GHQ appear to be among the most widely used
measures in assessing depressive symptomatology
following LEA.

Horgan and MacLachlan (81) have noted that
attention to the time frame of measurement is
important, in that a depressive reaction is common
immediately after amputation followed by relatively
high level of depression for up to 2 years after which
lower rates of depression are reported. Reports
associated with 10 years or greater postamputation
aremixedwithsomeindicating increasedprevalence
and others reporting closer to normal rates. Horgan
and MacLachlan note that the reporting of higher
rates may also be linked to the use of the CES-D
to measure depressive symptoms, and they suggest

that this tool may lead to a tendency for overre-
porting, as was found in a validity study comparing
CES-D results with the results of a standard clinical
interview in a population of older adults. Others
have noted that four CES-D items may be influ-
enced by aspects of certain disease processes rather
than depression (82), and at least two of these seem
especially relevant to the person with an amputation
(“I felt everything that I did was an effort,” and “I
could not get going”).

As with most screening tools, there is a tendency
to err on the side of overestimating positives,
with the rationale that it is better to have extra
false positives than risk false negatives. Also, it
may not be the tool but rather the cutoffs that
need resetting; this provides additional rationale
for conducting more appropriate validation studies
against a suitable criterion measure in those with
LEA. As with other instruments noted throughout
this chapter, investigations of the responsiveness
of these instruments are sorely lacking.

Adjustment/Maladjustment Tools:
HRQoL

Health-related quality of life is a multidimensional
concept that focuses mostly on physical and mental
health, social and role achievements, and thus is
more oriented toward functional performance and
objective measurement than is subjective QoL,
albeit these most certainly influence subjective
QoL (83,84). A variety of measurement tools
have been employed to examine the construct
of HRQoL, which is increasingly being realized
as an important component in assessing overall
adjustment following amputation. An important
distinction with these tools is made between those
that have been developed and used as HRQoL tools
in a variety of clinical or other populations (i.e.,
generic tools) and those developed to address the
specific issues and concerns of the person with an
amputation (i.e., condition-specific tools).

Although we provide comment and data for
each type of tool evaluated in LEA, we focus
particularly on the tools specific to people with
an amputation: the Orthotics and Prosthetics
Users’ Survey (OPUS) (85), the Prosthesis Evalu-
ation Questionnaire (PEQ) (86), the Questionnaire
for Persons with a Trans-Femoral Amputation
(Q-TFA) (87), and the Trinity Amputation and
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Prosthetic Experience Scales (TAPES) (5), each of
which was developed considering the theoretical
framework of HRQoL. Other amputee-specific
tools such as the Prosthetic Profile of the Amputee
(PPA) (2) were excluded from this review as the
content concerning psychological adjustment was
considered to be limited.1

Generic tools examined were the Nottingham
Health Profile (NHP) (88), the SF-36 Health
Survey (SF-36) (89), and the Sickness Impact
Profile (SIP) (90). Details about the various studies
examining each of these tools are summarized in
Table 6.8, and a summary of the quality assessment
of the psychometric properties is provided in
Table 6.9. As might be expected with relatively
recently developed tools such as the OPUS, PEQ,
Q-TFA, and TAPES, there are few investigations
to date examining the psychometric properties.

The OPUS (64 items), Q-TFA (70 items), and
the TAPES (54 items) represent relatively minor
subject burden as self-report questionnaires that
typically take 20 minutes or less to complete (5,
86,87). Although completion rates for the PEQ for
most items were reported to be very high (86),
Miller et al. (54) altered the scoring system for
the PEQ mobility subscale from the original visual
analogue scale (VAS) format to a numerical scale
ranging from 0 to 10 based on a pilot study in
which subjects unfamiliar with the VAS reported
that it was difficult to understand. Ferriero et al.
(91) reported only a 70.5% completion rate for an
Italian version of the PEQ, and noted that that this
may have been due to the questionnaire length (i.e.,
82 items).

With respect to the generic instruments, there is
also fairly minor subject burden, although it should
also be noted that the SIP version employed in
the investigations of those with LEA included the
longer 136 item version (92–94), although these
questions are very straightforward and require only
yes/no responses. A shorter version of the SIP (i.e.,
SIP-68) has been used as a dependent measure of
outcome in a study of physical, mental, and social
predictors following unilateral LEA (58).

All scales are uniformly easy to understand in
terms of their interpretability with several inherent

1 Some items on the PPA relate to adjustment:
adjustment to the amputation, adjustment to the
prosthesis, and phantom limb phenomena.

subscales and typically an overall composite score
representing a total summed or average score from
the subscales, although this is not always appro-
priate conceptually. Each of the amputee-specific
tools was developed after consultation with appro-
priate stakeholders and pilot testing. In addition,
the OPUS, PEQ, and TAPES have undergone
various statistical procedures to facilitate devel-
opment including factor, correlational, or Rasch
analyses (5,85,86).

The OPUS consists of four domains: lower limb
functional status (20 items), quality of life (23
items), satisfaction with devices (11 items), and
satisfaction with services (10 items) (85). The PEQ
consists of four domains, each containing several
subscales (86). There are two physical domains:
prosthetic function and mobility. The third domain
is psychological and social, including perceived
responses (five items), frustration (two items), and
social burden (three items). The last domain is
global with a single scale of well-being (two
items). The Q-TFA is comprised of four domains:
prosthetic use (two items), prosthetic mobility
(19 items), problems (30 items), and global
(three items). The remaining 16 items address
issues pertinent to the first two of these domains
but were not included in the domain subscores
because of statistical redundancy or other reasons
(87). The Q-TFA was designed for nonelderly
persons with transfemoral amputations and was
also developed to study outcomes when individuals
change from a conventional socket prosthesis to
a bone-anchored prosthesis. The TAPES contains
three main sections that were identified using
expert and patient consultation, pilot testing, and
factor analysis (5). The first section focuses
on psychosocial adjustment, consisting of three
subscales (general adjustment, social adjustment,
and adjustment to limitation), with five items in
each subscale. Scores of psychosocial adjustment
range from 5 to 25 for each subscale, with higher
scores indicating greater levels of adjustment.
The other sections assess activity restriction
and prosthesis satisfaction, with a fourth section
assessing the experience of phantom limb and
stump pain, as well as other medical conditions
not related to the amputation. Unlike most of the
generic instruments, OPUS, PEQ, Q-TFA, and
TAPES do not have cutoff points or reference
values available for comparison, although an
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Table 6.9. Quality assessment (psychometric properties) for health-related quality of life outcome tools in LEA

Quality of psychometric property

Instrument, author, year Reliability Validity Responsiveness

IC Test-retest Convergent Concurrent Predictive C/F effect Resp.

NHP
Demet, 2003 ++
Demet, 2002 +++
Hoogendoorn, + ++
2001

OPUS
Heinemann, 2003 +++

PEQ
Ferriero, 2004 +++ +++* +*
Legro, 1998 +++ +++ +++ ++

Q-TFA
Hagberg, 2004 +++ +++ +++ +++ (F)+ (C)**

SF-36
De Godoy, 2002 ++
Hagberg, 2001 ++
Pezzin, 2000 ++

SIP
MacKenzie, 2004 ++
Peters, 2001 ++
Marshall, 1992 ++

TAPES
Gallagher, 2004 +++
Gallagher, 2000 +++ +++ +++
Gallagher, 2000 ++

IC, internal consistency; C/F effect, ceiling or floor effects; Resp., responsiveness; +++, excellent; ++, adequate; +, poor; see
Table 6.1 for definition). Absence of ratings mean no findings were reported.
*Findings limited to mobility subscale or various PEQ subscales correlated with each other; **Poor ceiling effect for Prosthetic
Use subdomain only, others were excellent.

international norm bank is currently in devel-
opment for the TAPES (103).

The OPUS, PEQ, Q-TFA, and TAPES devel-
opers have reported excellent (+++) findings of
internal consistency for the vast majority of the
subscales of the respective tools (5,85–87). In
addition, excellent (+++) test-retest reliability has
been reported for the PEQ and Q-TFA for each
of the subscales by their developers (86,87). In
examining the PEQ, the investigators overcame
the difficulty in assessing test-retest reliability for
the PEQ for such a multidimensional construct as
HRQoL by only including participants with stable
prosthetic status (86). In this investigation excellent
(+++) to adequate (++) findings of convergent
validity were demonstrated in correlations between
appropriate subscales of the PEQ and the SF-36,

the SIP, and the Profile of Mood States–Short
Form (86). Gallagher and MacLachlan (5,101)
provide a systematic and rigorous demonstration
of excellent (+++) convergent validity using multi-
variate analysis to show that various TAPES
subscales predicted a significant proportion of
the variance for each of the four domains
of the World Health Organization Quality of
Life Questionnaire–Brief Version (WHOQoL).
Similarly, Hagberg et al. (87) reported generally
excellent (+++) correlations between the various
domains of the Q-TFA and the SF-36, especially
for those domains related to physical functioning,
indicative of convergent validity for the Q-TFA.
However, both the problem and global domains
of the Q-TFA demonstrated relatively similar
levels of association for both physical and mental
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components of the SF-36 as well as across all
subdomains (although reduced for mental compo-
nents), suggesting a limited ability to discriminate
between physical and mental function especially in
characterizing psychological adjustment following
transfemoral amputation.

Investigations of generic HRQoL tools have
resulted in at least two or more adequate (++)
findings of concurrent validity for each of the
SIP, SF-36, and the NHP, with demonstrations
of significant between group differences among
those with LEA as grouped by numerous factors
such as age, gender, etiology, and amputation level
(92–95, 97–100).

Summary and Recommendations

The adjustment to amputation requires both
functional and psychosocial adjustments, and
therefore the multidimensional concepts of HRQoL
seem well suited to capture this process. The
HRQoL within the LEA population remains poorly
researched, with the majority of measurement
tools used being generic (101). Although generic
tools such as the NHP, the SIP, and the SF-36
have reasonable application in examining HRQoL
in individuals with LEA, four tools have been
developed specifically for use in LEA: OPUS,
PEQ, Q-TFA, and TAPES. Each of these tools
has been developed on a conceptual framework
consistent with HRQoL, and has been developed
using an appropriate and rigorous process with
stakeholder involvement, pilot testing, and iterative
statistical testing with factor and other analyses.
In particular, the OPUS, PEQ, and TAPES have
subsections that specifically address psychosocial
adjustment following amputation and all are
recommended for further testing and use, although
the development of the TAPES seems especially
useful for assessing psychosocial adjustment. None
has been used extensively, other than by the tool
developers, as would be expected for such recently
developed tools, although the PEQ has more evalu-
ation in this respect (54,104,105).

Validation of the PEQ, Q-TFA, and TAPES
with existing generic HRQoL measures has been
initiated, although continuing research is required
to build the body of evidence validating each tool.
Gallagher and MacLachlan (101) acknowledge
that the validation of the TAPES would benefit
from additional evidence including longitudinal

studies to explore possible causal relationships,
more fully assess clinical meaningfulness, and
demonstrate responsiveness to a change in clinical
status. Similar statements would also apply to the
PEQ, Q-TFA and the OPUS.

Discussion

This chapter reviewed the various outcome
measurement tools addressing psychological
adjustment following LEA, with a view to aiding
clinicians and researchers in selecting the most
appropriate tool for their specific purpose. Specific
summary statements and recommendations for
each outcome measurement area have been
presented. However, there are several common
discussion points that the reader should consider.

In general, although it has been noted that there
is a tendency to address the physical consequences
of the amputation at the possible expense of the
psychological responses (1,2), there are several
outcome measurement tools that can and have
been used to assess pertinent psychological issues.
Most notably, these exist in the areas of body
image, anxiety, depression, and HRQoL, although
more study is required in these areas to more
fully validate the measures and to determine if the
excellent reliability (for the most part) is replicable.
Without exception all of the measurement tools
need to be assessed for responsiveness if they are to
be considered useful for evaluating rehabilitation
interventions. Therefore, longitudinal prospective
studies are required. This type of study design
would also be appropriate to assess predictive
validity and allow investigation of the particular
factors that explain the various psychological and
functional outcomes of people as they adjust
to LEA.

A specific limitation of our methodology is that
ratings for the quality assessment were limited
to the single highest finding from any specific
article. Therefore, it might appear that there is a
similar strength of evidence for tools for which
there is actually quite a divergent body of evidence.
This is especially important in the area of validity
for which the overall array of findings that serve
to validate a particular instrument should be
considered rather than any single finding (28). For
example, the papers by Gallagher and MacLachlan
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(5,101) describing the relationships between the
various subscales of the TAPES and the separate
domains of the WHOQoL provide a more robust
demonstration of convergent validity than that
established in the paper by Wetterhahn et al. (38),
in which the ARBIS was evaluated against the
various subscales of the MBSRQ with varying
levels of association found, only one of which
reached the threshold of excellent (+++). Despite
this, each of these articles achieved an excellent
(+++) rating for convergent validity. This short-
coming was accounted for somewhat in this chapter
by ensuring that the text descriptions acknowledge
more robust demonstrations of support for specific
psychometric evaluations.

Overall, a considerable amount of work has
been conducted by the various tool developers, and
they should be commended for important contribu-
tions to the field of LEA rehabilitation. The ability
to obtain important and generalizable research
findings and to assist with clinical decision making
depends on the continued development of reliable,
valid, responsive, and clinically sound outcome
measures.

Summary of Key Points

• Studies examining the psychometric properties
of outcome measurement tools related to
psychological adjustment following LEA were
reviewed and assessed for psychometric
properties and clinical utility.

• Specific tools were identified that involved the
assessment of body image, balance confidence,
cognitive function, self-esteem, depression and
anxiety, and HRQoL. Notably, amputee-specific
tools have been developed to assess body image
and HRQoL, and these permit specific insight to
psychological adjustment following LEA. Other
constructs involved the utilization of generic
tools.

• In general, all tools require further psychometric
testing in individuals with LEA. Initial demon-
strations of internal consistency, test-retest relia-
bility, or various forms of validity have been
provided for most tools reviewed, whereas
responsiveness has rarely been addressed. Future
prospective longitudinal studies are required to
overcome this shortcoming.

• The ARBIS, the BIQ and especially the
ABIS have good potential for measuring self-
perception of body image following amputation.

• Only generic measures of depression and anxiety
have been evaluated in individuals with LEA,
with the CES-D, HADS, and GHQ having
the most psychometric validation. Comparison
studies are required to more fully understand the
specific advantages or limitations for each of
these tools in assessing depression.

• A variety of amputee-specific measures
including the OPUS, PEQ, Q-TFA, and TAPES
have recently been developed for assessing
HRQoL following LEA, although further testing
is required for each of these to more fully
characterize their utility in assessing adjustment
following LEA. The TAPES seems to be the
most appropriate for assessing issues relating to
psychological adjustment following LEA.

Glossary

Acceptability: A measure of the clinical utility of a
measurement tool that refers to the burden it places
on those being assessed, which may be reflected
by the degree to which it is completed or tolerated.

Amputee-specific measures: Outcome measure-
ment tools that were developed for and tested
initially within a population composed of indivi-
duals with amputations.

Concurrent validity: A form of construct validity
(see Validity and accompanying footnote) that
reflects the ability of a measurement tool to distin-
guish between groups (i.e., known groups) that it
should theoretically be able to distinguish between.

Convergent validity: A form of construct
validity (see Validity and accompanying footnote)
that reflects the degree to which a measurement
tool measures the same construct as another tool
that is purported to measure the same construct
(i.e., that it theoretically should be similar to).

Feasibility: A measure of the clinical utility of a
measurement tool that refers to the burden experi-
enced by the assessors in its administration and
scoring.

Generic measures: Outcome measurement tools
that were developed (or subsequently validated) for
a variety of clinical populations.
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Health-related quality of life (HRQoL): A multi-
dimensional concept that refers to a person or
group’s perceived physical and mental health over
time and the resultant impact on functional perfor-
mance including social and role achievements.

Internal consistency: A form of reliability that is
concerned with the degree to which different items
of a measurement tool measure the same construct
(see Table 6.1 for operational details).

Predictive validity: A form of construct validity
(see Validity and accompanying footnote) that
reflects the ability of a measurement tool to predict
something it should theoretically be able to predict.

Psychometric properties: The inherent features
of a measurement tool that are viewed as essential
elements for determining its quality. Classically,
these have consisted of the "properties" of relia-
bility and validity. More recently, responsiveness
has been suggested as a distinct property, although
others view it as a form of construct validity.

Reliability: The overall property of a
measurement tool that describes its ability to
measure something consistently (see Table 6.1 for
operational details).

Reproducibility: The extent to which repeated
measurements yield the same outcome (see
Table 6.1 for operational details).

Responsiveness: The degree to which a
measurement tool detects a change in an outcome
that actually changes and no or only small changes
in an outcome that remains stable over time (see
Table 6.1 for operational details).

Validity†: The overall property of a
measurement tool that describes its ability to
measure what it is intended to measure (See
Table 6.1 for operational details).

† Although there are varying definitions and classifica-
tions of validity, we have considered the major forms of
validity to include face, content, construct and criterion
validity with only construct and criterion validity able
to be assessed objectively. Convergent or discriminative
concurrent and predictive validity are all considered to
be forms of criterion validity. However, these all depend
on the existence of a gold standard to provide a basis for
comparison. If no gold standard exists, they represent a
form of construct validity in which the relationship to
another measure is hypothesized, and it is in this context
that our assessments of the various forms of validity were
conducted (i.e., convergent, concurrent, and predictive).
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Further Reading and Other
Information Sources

Health Technology Assessment Guide: see ref. 9.
OPUS (Promoting Outcomes Management in Prosthetics

Practice: Overview). Rehabilitation Institute of
Chicago, http://www.ric.org/research/centers/cror/
projects/outcomes

PEQ (Questionnaire, Guide, and Use Survey along with
background information). Prosthetics Research Study,
http://www.prs-research.org/htmPages/PEQ.html

Q-TFA (Items and coding of each score of Q-TFA).
Hagberg, See ref. 87.

SF-36 (A community for measuring health outcomes
using SF tools). http://www.sf-36.org/

Systematic review of lower limb prosthetic outcome
measures: see ref. 3.

TAPES (Questionnaire and guide to using
TAPES and scoring along with background
information). Dublin Psychoprosthetics Group,
http://www.tcd.ie/Psychoprosthetics/pages/tapes.html
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7
Interventions for Psychological Issues
in Amputation: A Team Approach
Stephen T. Wegener, Susan E. Hofkamp, and Dawn M. Ehde

Overview

Attention to the psychological needs of persons
with limb loss and their families is part of compre-
hensive rehabilitation. In addition to services
provided by psychologists, social workers, and
other mental health service providers, the entire
rehabilitation team can have impact on the psycho-
logical health of the individual and family after
limb loss. This chapter provides (1) guiding
principles for psychological intervention, (2) a
brief overview of the psychological issues encoun-
tered in psychoprosthetic work, (3) a model for
team involvement in psychological care, and (4) an
overview of a range of psychological interventions
that may be used by members of the rehabilitation
team. Using these principles, models, intervention
approaches, and the entire rehabilitation team, we
can improve psychological care of persons with
limb loss.

Guiding Principles

Clinicians approach the care of persons with limb
loss with a variety of assumptions, beliefs, and
organizing principles. Often we are unaware of the
unstated schemas that guide our interactions with
patients and their families. By adopting certain
guiding principles, based in the empirical liter-
ature, clinicians will likely be more attentive to
the psychosocial aspects of limb loss and more
successful in improving patient outcomes.

The biopsychosocial model recognizes that there
are biological, psychological, and social dimen-
sions of medical conditions and that it is necessary
to consider all relevant factors when assessing a
patient (1). Some of the elements that impact the
individual’s experience with limb loss are physical,
emotional, cognitive, or behavioral, as well as the
physical and social environments. To fully under-
stand a person’s health or quality of life, all of these
areas must be examined. For example, if a patient
is suffering from residual limb pain, the tendency
may be to focus on the physical or mechanical
aspects of the problem. While these are important,
the biopsychosocial model reminds us that that we
need to consider how this pain problem impacts
social functioning and how psychological issues
may affect the pain experience.

Patient-centered care was recommended as one
solution to the health care problems identified
by the Institute of Medicine in their report on
Crossing the Quality Chasm (2). Patient-centered
care widens the focus from the patient’s medical
needs to the needs of the patient as a whole. Six
dimensions define patient centered care: (1) respect
for patients’ values, preferences, and expressed
needs; (2) coordination and integration of care;
(3) information, communication, and education;
(4) physical comfort; (5) emotional support;
and (6) involvement of family and friends (3).
While these domains capture important aspects of
patient centeredness, empowering patients through
increasing self-efficacy and activation are the
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central distinctions between this approach and
other health care quality improvement initiatives.

While mood disturbances and other psycho-
logical conditions are more prevalent in persons
with limb loss than the general population (4),
serious distress is not a universal response.
The existing literature suggests that (1) many
individuals with physical impairments do not
develop mood disturbances or other psycho-
logical symptoms, (2) most do not develop major
psychiatric disorders, and (3) professionals are
likely to overestimate the level of mood distur-
bances in persons with disability (5,6). There
is a range of psychological responses from
diagnosable psychiatric illness to resilience and
positive growth following limb loss. While recog-
nizing that psychological distress is not univer-
sally experienced by all persons with limb loss,
psychological evaluation and intervention can
improve mood, increase adaptive behaviors, reduce
cognitive dysfunction, and facilitate the rehabili-
tation process.

A final guiding principle is to recognize
and build on the patient’s strengths. Often our
assessment and interventions are focused on what
is wrong with the person. While problems often
demand our attention, effective assessment and
interventions include noticing, bringing to the
awareness of the patient, and building on the
strengths of the patient and family. Patients are
the central workers in the rehabilitation process
and they come to the point of amputation
with abilities, resources, and experience. Recog-
nizing and capitalizing on these strengths lays
the foundation for a successful patient–provider
relationship and identifies the personal and social
resources the individual can use to manage
psychosocial problems that may arise.

Clinical Issues

Affective complaints such as depression, anxiety,
and posttraumatic stress disorder are among the
most common psychological issues present in
individuals with limb loss. For some, negative
body image, social stigma, and intimacy problems
may occur. While some psychological distress is
common following amputation, persistent or severe
symptoms, or those that interfere with recovery

and rehabilitation, may require intervention. It is
important to recognize signs of these problems
so that they can be appropriately and effectively
addressed to minimize the negative effect they may
have on adjustment to limb loss.

Affective Disturbances

The rates of affective distress symptoms and
mood disorders vary but are higher in rehabili-
tation populations than the general population (7)
and are similar to those found in other medical
populations (8). Depression has been the most
carefully studied affective disturbance, with post–
lower limb amputation depression rates ranging
from 20% to 35% (4,9). More recently in a sample
of over 900 community-dwelling individuals with
an amputation, approximately 28% reported signif-
icant depressive symptoms, and those with pain
issues were at an increased risk (10). A review by
Horgan and MacLachlan (11) cited evidence that
the time since amputation may be an important
factor in the prevalence of depression. Those in
the initial 2 years postamputation time frame had
the highest rates. The primary symptoms of a
depressive disorder are depressed mood, loss of
interest, changes in appetite, sleep disturbance,
poor concentration, loss of energy, and feelings
of worthlessness or hopelessness (12). Other
symptoms that are not used to diagnose depressive
disorders, but often occur with them include
headaches, digestive problems, sexual problems,
pessimistic attitude, and low self-esteem. Experi-
encing some depressive symptoms is common, but
having multiple symptoms that are present nearly
every day for weeks or longer may be a sign of a
depressive disorder that requires professional assis-
tance. Unfortunately, research suggests that many
persons with limb loss and depression may not be
receiving the mental health services they need to
cope with psychological distress (10).

Symptoms of anxiety may also be a problem
following loss of a limb, particularly for those in
the early phase of adjustment (11). Panic attacks,
worry, fear, avoidance behavior, irritability, trouble
sleeping, difficulty concentrating, and muscle
tension may all be symptoms of anxiety. For
individuals with traumatic limb loss, it is especially
important to assess for an acute stress disorder
or posttraumatic stress disorder, depending on the
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length of time since the traumatic event. For
either disorder the individual must have been
exposed to a traumatic event and have symptoms
in the following three categories: (1) reexperi-
encing the event, (2) avoidance and numbing
symptoms, and (3) physiological hyperarousal
(12). These symptoms presenting for 1 month or
less are indicative of an acute stress response, while
symptoms that persist for a longer period of time
are diagnosed as posttraumatic stress.

Intrapersonal Issues

An individual’s body image may be closely related
to the presence of affective issues described above.
Individuals with depression or anxiety may be
more likely to have a negative body image, and
those with a distorted self-image may be more
likely to be depressed or anxious (4). In addition,
body image has been shown to predict depression
and adjustment to amputation (13). Rybarczyk and
colleagues (14) note that the person with limb loss
must reconcile the three different images of the
preamputation body and the body with and without
a prosthesis in order to develop a new sense of self
(see Chapter 3). Changes in the physical body and
abilities can lead to a negative self-image in some
persons with limb loss. Some may also develop a
negative body image due to social discomfort or
internalization of stigma expressed by society. The
individual with a negative self-image may demon-
strate distorted views of the body and reluctance
to participate in social activities.

Interpersonal Issues

Social stigma results when those with disabil-
ities are viewed differently than nondisabled
individuals and negative assumptions are made
about functioning and personality based on those
beliefs. In the case of persons with limb loss, there
is a visible impairment, which may increase the
amount of associated stigma. Perceptions of social
stigma are related to depression and adjustment to
amputation, such that increased levels of stigma
have a negative effect on individuals targeted by
the stigma (13). It is unclear whether individuals
who report a high level of perceived social stigma
are accurate in their perceptions or are distorting
their own negative thoughts as coming from
others (4).

Another interpersonal area of potential difficulty
for individuals with amputations is intimacy and
sexual functioning. During the acute phase of limb
loss, it may be reasonable to focus on physical
and emotional aspects of recovery. However, as
rehabilitation and adjustment become a long-term
issue, individuals will likely want to return to their
previous pattern of functioning. Areas of concern
that need to be addressed include comfort level,
body image, and role expectations (15). Commu-
nication between the patient and his or her partner
about these issues is important in order to remain
sexually healthy and active. The comfort level of
health care providers in addressing sexual issues
may also be a barrier to appropriate assessment
and interventions (14).

Substance Use

The rates of alcohol abuse among people with limb
loss have not been carefully studied. Given that
the rate of alcohol problems in consecutive trauma
admissions is as high as 44% (16), and that the
prevalence of problem drinking in persons with
chronic disabling conditions is higher than in the
general population, persons with limb loss may be
at increased risk for alcohol abuse pre- or postam-
putation. Alcohol use not only might contribute to
the development of a number of chronic condi-
tions but also might slow the rate of recovery and
produce secondary complications, and thus alcohol
use warrants assessment and, when indicated, inter-
vention.

Model for Team Involvement
in Psychological Care

Attention to psychosocial health is a responsi-
bility shared by all members of the rehabili-
tation team beginning with the patient and family
and including clinicians who are not formally
identified as mental health providers. A useful
model for the involvement of the entire team
in improving psychosocial functioning following
limb assessment can be found in the work by
Annon (17). This approach, the PLISSIT model,
defined in Table 7.1, calls for team members to
provide graded interventions based on the needs of
the patient and skills and training of the clinician.
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Table 7.1. The PLISSIT model

Level of intervention Intervention activities and characteristics Provider characteristics

Permission Proactively providing opportunity for discussion
of psychosocial issues—part of assessment or
ongoing care

Willingness to ask questions, empathy,
knowledge of available services and treatment
options, ability to make referral

Limited Information Providing general information, peer interactions Above plus knowledge of condition,
communication skills, educational materials

Specific Suggestions Making person specific recommendations to
prevent or resolve a problem

Above plus skill in teaching specific
techniques, ability to form therapeutic
relationship

Intensive Therapy In-depth intervention to addressing ongoing
psychosocial problems

Above plus advanced training in
psychotherapeutic and behavioral strategies
and techniques; knowledge of specific
condition

Patients vary in their needs or interest in addressing
psychosocial concerns and require different levels
of intervention. Some patients and families have
few concerns, while others have compelling needs
that require intensive treatment. Similarly, there
is variation in providers’ interest, comfort level,
and skills, with some professionals having limited
interest or skills while others are highly trained
in advanced interventional strategies. Adopting
the PLISSIT model accommodates this variation
among patients and team members while ensuring
psychosocial needs are addressed by the appro-
priate clinician. The PLISSIT model is composed
of a continuum of care, and each step is charac-
terized by intervention activities that are based on
the skills and comfort of the providers and the
needs of the patient.

The interventions that follow are arranged based
on this continuum of care. There are not clear
boundaries between these various activities, and
clinicians may engage in multiple activities along
the continuum with a particular patient. What is
critical is to recognize that all patients are to be
given permission to address psychosocial issues
by the clinicians involved in their care. Based
on that interaction, the clinician arranges for or
provides additional services along the continuum
to the patient if indicated. Based on reimbursement
patterns, access to mental health services and avail-
ability of some services—notably peer support and
self-management training—the entire continuum
of care may not be available to all who are in need.
Thus, the PLISSIT model also serves as a guide to
the limb loss community as to what services need

to be developed in a particular system of care to
meet the needs of the patients and family.

Using the Stages of Change
Model to Tailor Interventions

The stages of change model, or transtheoretical
model (18–20), has been widely used to help
understand an individual’s readiness to engage in
specific health behaviors (e.g., use of prosthesis,
adaptive coping strategies, smoking cessation). The
model is based on the notion that individuals
vary in the degree to which they are prepared to
make changes. The stages are meant to represent
specific attitudes, intentions, and behaviors that are
related to the individual’s position in the change
process. There are generally five stages in the
transtheoretical model: precontemplation, contem-
plation, preparation, action, and maintenance. A
linear progression through these stages is possible,
but does not often occur with health behaviors.
Instead, a spiral pattern generally occurs, in
which people can move through the stages while
suffering periodic relapses that result in regression
to an earlier stage. Recognition of an individual’s
readiness to engage in a specific health care
behavior can used to guide what type of PLISSIT
intervention is most likely to be accepted by,
and effective for, the patient. Table 7.2 outlines
the relationship among the stages of change, the
PLISSIT model, and the interventions discussed in
this chapter. The model is theoretically, not empir-
ically, driven and is not meant to be prescriptive.
It is meant to provide a depiction of how the
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Table 7.2. Linking the PLISSIT model and examples of interventions with the patients’ stage of change

Stage Characteristics of stage Key PLISSIT principles Potential intervention
examples

Precontemplation Lack of awareness of problem/Lack
of intention to change behavior

Permission/Limited
information

Education/Peer
involvement/Motivational
interviewing

Contemplation Aware of problem and thinking
about changing in next 6 months

Permission/Limited
information

Education/Motivational
interviewing

Preparation Plan to change in next
month/Unsuccessful attempts to
change in last year

Limited information/Specific
suggestions

Behavioral
activation/Problem
solving/Motivational
interviewing

Action Successful change in behavior for
up to 6 months

Specific suggestions/Intensive
therapy

Assertiveness/social skills
training/Relaxation
training/Psychotherapy

Maintenance Successful behavior change for
more than 6 months/Working to
stabilize change and prevent relapse

Self-management
approaches/Peer involvement

models and interventions discussed in this chapter
are related, and show that awareness of stage of
change can be used to guide the approach and
tactics used to treat patients. This is consistent
with recent trends in tailoring interventions to the
individual, rather than using the same strategies for
all patients with a certain diagnosis.

Integrating Psychological
Care in the Clinical Setting:
Permission

The permission aspect of PLISSIT emphasizes
giving permission to the patient and the family
to have, and to discuss, psychosocial concerns.
Persons with limb loss interact with a series
of clinicians as they move from acute care
through rehabilitation. The assessment by each
team member is an opportunity to give permission.
The clinician needs to introduce the topic, which
provides patients with the opportunity to voice their
concerns. It is not sufficient to make general state-
ments such as, “Is there anything else we need to
talk about?” It is more helpful to make a statement
that normalizes having psychosocial concerns and
asking specifically how the amputation impacted
the person’s social and psychological functioning.
Providing permission can occur by alerting patients
to the availability of peer and professional services
that address psychosocial concerns, providing

information in the waiting room about available
services, and informing patients about confiden-
tiality. Clinicians (e.g., nurses, prosthetists, physi-
cians) who have ongoing relationships with people
with limb loss need to proactively provide ongoing
permission in future consultations. Providing
permission to discuss these issues is accompanied
by the recognition that patients have the right
to decline discussion. It is also important not to
communicate the myth that all persons with limb
loss must experience severe distress, concerns, or
psychopathology or follow any prescribed pattern
of grief or loss.

Having knowledge of community resources and
referral option is also critical so that the clinician
feels prepared to respond to any concerns that
arise. Without the knowledge of these resources
or skills, the clinician is likely to avoid addressing
psychosocial issues. For many patients, permission
to have concerns and an opportunity to discuss
them is sufficient, and no further intervention
is needed; for those who evidence greater need
additional steps can be taken.

Peer Interventions
and Motivational Interviewing:
Limited Information

The limited-information aspect of PLISSIT empha-
sizes the provision of general knowledge and
strategies regarding psychosocial issues, their
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prevention, and management. However, this
process involves more than providing information;
it also includes more active methods and strategies
such as peer interactions and motivational inter-
viewing.

Peer Interactions

Peer interactions and support groups are grounded
in modeling theory, which states that individuals
are likely to learn best from those whom they
identify as being most like themselves. Wright
(21) has long advocated the importance of
the “insider perspective” when interacting with
persons with disabilities. It is believed that through
exposure to successful individuals with similar
disabilities, less experienced persons can develop
hope, learn, and adopt more effective behaviors,
and have increased social support. Peer role
models or support groups are sometimes part
of formal rehabilitation programs (22), and in
other cases are part of consumer organizations.
For example, one national consumer program
for persons with limb loss is the Peer Visitor
Program offered by the Amputee Coalition of
America (http://www.amputee-coalition.org). Peer
support groups are becoming widely available and
are state-of-the-art care for persons with limb
loss and other chronic conditions (23). There is
evidence linking support group participation with
reduced depression and distress (24,25), increased
knowledge (25,26) and increased quality of life
(27). However, while this type of peer support
is often welcomed by patients, there are limited
reports of improved outcomes, and the appropriate
timing of the visits and benefits have yet to be
empirically established.

Motivational Interviewing

Individuals with limb loss are presented with
a variety of issues that may require substantial
changes in behavior. Based in part on the
stages of change model (19), Miller and Rollnick
(28) developed motivational interviewing (MI) as
a brief, client-centered counseling approach to
changing behaviors such as substance abuse. The
approach has since been adapted and validated
in randomized clinical trials aimed at promoting
behavior change with a variety of health care

problems. Motivational interviewing is designed
to enhance internal motivation to engage in, or
change, a behavior by assisting the individual
with recognition, exploration, and resolution of
ambivalence about change. A basic assumption
of MI is that the motivation to engage in a new
behavior, or make changes to an established one,
is modifiable and can be increased through inter-
personal, supportive, client-centered interactions.
Four key components of motivational interviewing
are (1) expressing accurate empathy, (2) devel-
oping discrepancy between current behavior and
personal values or goals, (3) accepting and flowing
with resistance to change, and (4) supporting the
individual’s self-efficacy to make a change (28).

Systematic reviews (29,30) and a meta-analysis
(31) of the MI literature have supported its effec-
tiveness across a variety of health care popula-
tions and behaviors. It has been shown to be more
effective than providing no treatment conditions or
giving advice (31). Given its efficacy to date, MI
is increasingly being utilized as a way to educate
patients and change their behaviors across a variety
of health care problems, settings, and interac-
tions. Strong empirical evidence exists that health
care professionals at varying levels of training
can successfully learn MI skills via instructional
workshops of 1 or 2 days in length (32). Given its
efficacy across a broad range of health behaviors,
its ability to promote change with even brief inter-
actions, and its ability to be taught with brief
instruction, MI can be a valuable tool in increasing
patients’ willingness to engage in recommended
treatment strategies and behaviors. Further infor-
mation about motivational interviewing can be
found at http://www.motivationalinterview.org/.

Psychological and Behavioral
Strategies: Specific Suggestions

The specific-suggestion aspect of PLISSIT empha-
sizes providing a focused intervention strategy to
address a particular problem. This class of inter-
vention may be most appropriate for individuals
who exhibit problems in a limited area and are
capable of initiating the strategy with limited
professional support and input. As discussed,
symptoms of psychological or social distress
may be a temporary response to the stressor of
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amputation and may not be severe enough to
warrant intensive interventions. In those cases,
some specific suggestions of psychological and
behavioral strategies may be adequate to resolve
the issue. Many of these techniques can be admin-
istered by a provider with minimal training and
are intended to be taught and practiced by the
individual on their own. These strategies may also
be part of more intensive therapy provided to
individuals with greater need.

Self-Management

In conditions associated with pain, distress, and
functional impairments, many individuals interpret
these associated consequences of their condi-
tions as uncontrollable. The decreased self-efficacy
and perceived lack of control are thought to
increase pain and negative emotional responses,
leading to further physical and psychosocial
disability. Self-management (SM) interventions
have gained widespread application with chronic
conditions to address these maladaptive patterns.
Self-management incorporates the principles of
cognitive-behavioral theory (CBT), described later
in this chapter. Other key elements in self-
management include knowledge, self-monitoring,
skills acquisition, and problem solving (33). The
SM interventions have targeted not only persons
who have identified problems with self-efficacy,
pain, or negative emotions, but also persons at risk
for such problems by virtue of their chronic health
condition.

The literature indicates that SM interventions
have improved outcomes in many conditions,
including rheumatologicdiseases (34), fibromyalgia
(35), diabetes (36), and depression (37). Although
these overall results are encouraging, a recent
meta-analyses of SM interventions for older adults
indicates that the magnitude of the improvement
varies depending on the condition and the end
point chosen (38). The SM interventions appear to
achieve long-term reductions in pain and disability
primarily through increases in self-efficacy (39)
and changes in negative thinking rather than via
specific behavior changes (40). The SM literature
indicates that interventions incorporating social
support and peer interaction may have the greatest
effect in changing behavior and maintaining gains
(41). Thus, delivering the SM program in small

groups may enhance the person’s ability to carry
out the self-care regimen necessary to achieve
positive outcomes. The SM interventions can be
provided by professionals, laypersons, or peers.
More recently SM interventions using Internet
and telecommunication technologies have achieved
successful outcomes in persons with chronic impair-
ments (38). Using new technologies, SM inter-
ventions have the potential to improve outcomes
for individuals who do not have ready access
to other psychosocial or peer support interventions.

Recently, an SM course designed by and
for persons with limb loss was developed
and evaluated. The Promoting Amputee Life
Skills (PALS) self-management course consists
of nine sessions focused on maintaining adaptive
behaviors and relapse prevention. Each session
focuses on a specific topic and set of skills and
includes (1) introduction to self-management (goal
setting, problem solving, the road to recovery);
(2) dealing with aches and pains; (3) how
to bounce back, part I (recognizing signs of
depression); (4) how to bounce back, part II
(building on strengths and promoting positive
mood); (5) interacting with family and friends
(mobilizing your support network); (6) commu-
nicating and networking; (7) healthy “me” (self-
managing medical and improving overall health);
(8) staying on track (maintaining progress and
relapse prevention); and (9) booster session. The
intervention is delivered in a group format with
eight to 12 participants per group. The groups are
led by trained leaders, one of whom is a person
with limb loss.

An analysis of the immediate post- and 6-month
postintervention data demonstrated that participant
satisfaction was high and the benefits of partici-
pation equaled or outweighed the effort involved.
In comparison to the control group PALS partici-
pants were 2.5 times less likely to report symptoms
of depression, reported better function, were less
bothered about limitations of everyday function,
reported higher levels of general self-efficacy,
and reported more positive mood. Individuals
who participated earlier following their amputation
or who started the program with psychosocial
problems had larger effect sizes and more
improved outcomes. The impact of the PALS inter-
vention is comparable to those found in other
evaluations of SM courses designed for chronic
diseases (38).
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Coping Strategies

How the individual copes with amputation and the
subsequent rehabilitation process likely mediates
outcome (see Chapter 2). Research indicates that
the coping abilities of individuals with amputa-
tions and those without physical disability do not
differ significantly (11). According to Lazarus
and Folkman (42), effective coping strategies
should accomplish the following: (1) reduction of
the environmental stressor; (2) adjustment to, or
tolerance of, negative events; (3) maintenance of
emotional homeostasis; (4) continuation of healthy
self-image; and (5) resuming of normal activities.
Coping strategies may be categorized as active
versus passive and helpful versus maladaptive. In
general, coping behaviors that are active and goal-
oriented are more helpful to the patient. Inter-
ventions focused on building coping skills should
include (1) analysis of the situation and current
coping techniques, (2) description of the problem,
(3) goal setting, and (4) modification of the coping
strategies. These steps can be accomplished though
brief, structured interventions with the patient (43).

Catastrophizing is a cognitive response to an
event that is marked by exaggerated negative
expectations and concerns. Higher levels of catas-
trophizing predict increased pain interference and
depressive symptoms in persons with phantom
limb pain (44). Catastrophizing is known to predict
pain intensity, disability, and psychological distress
independent of the level of physical impairment
for persons with chronic back pain (45) and for
people with limb loss with phantom limb pain
(46,47). A person with limb loss may exhibit
catastrophizing, for example, by focusing on the
negative aspects of amputation, being unable to
see hope for resuming previous activities, and
stating that there is nothing that can be done
to help the situation. Changes in catastrophizing
achieved through cognitive behavioral treatment
have been associated with decreases in self-
reported disability, pain intensity, and depression
(48). As discussed in Chapter 4, interventions for
catastrophizing focus on monitoring, challenging,
and making changes to negative thoughts as well
as behavioral activation to increase self-efficacy.

Coping strategies such as distraction, positive
self-talk, and increasing activity levels are
associated with adjustment to chronic pain such
as phantom limb pain (49) and are thought

to promote psychological health following limb
loss. In addition, individuals who can find some
positive meaning from the amputation may have
less depression and increased activity levels and
better adjustment (50,51). Therefore, interventions
aimed at finding positive meaning, increasing
positive self-talk, and stimulating activity may be
beneficial in many facets of recovery and rehabili-
tation from amputation. These may include specific
suggestions such as engaging in an exercise
program to provide distraction from negative
mood and thoughts while increasing activity
levels, suggestions to pursue recreational activities
that promote a positive mood or social interac-
tions, or more intensive therapy such as cogni-
tively based psychotherapies designed to increase
positive mood and thoughts.

Assertiveness and Social
Skills Training

Individuals with overt disabilities, such as those
with limb loss, may face difficult social situa-
tions due to factors such as functional limitations,
social stigma, prejudice, and body image anxiety.
Research indicates that assertiveness training can
improve social skills and problem solving related
to social situations (52–54). Furthermore, social
skills training can help the individual manage
anxiety related to communicating with others about
disability issues. Assertiveness training teaches
individuals to express their feelings and personal
rights without violating the rights of others (55).
This is different from a passive behavior style
where the individual is too intimidated to express
thoughts and feelings, or from an aggressive
behavior style where manipulation, intimidation,
and trying to be in control are common. The goal
of assertiveness is to be more relaxed in inter-
personal situations while expressing personal likes
and interests, talking about oneself without feeling
self-conscious, accepting compliments, openly
disagreeing with others, and saying no to requests.
Assertiveness means being able to confront issues
that are fear or anxiety provoking, and being
able to communicate feelings of anger without
making others feel attacked. Outcomes related
to depression, anxiety, and anger have shown
improvement following training in assertiveness
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skills, but treatment gains may be difficult to
maintain over a longer period of time (54).

The individual with poor assertion skills may
be either too passive or too aggressive. Passive
behavior may be reflected in persons with limb
loss not communicating their dissatisfaction with
a prosthetic device because they have been
through several fittings and do not want to
upset the prosthetist by complaining. An equally
unhelpful response to the same situation, coming
from an individual with aggressive behavior,
includes yelling and being confrontational with
the prosthetist. Neither of these behavior styles
is likely to be effective in meeting the patient’s
needs. Modeling desired behaviors is an important
part of teaching social skills, so the provider
must have some knowledge of the techniques.
Role playing with the patient can be helpful
and reduce the anxiety involved implementing
the skills. Some of the key components of
assertiveness training include learning to use “I”
statements when discussing thoughts and feelings,
making eye contact and being aware of other
body language, practicing peaceful confrontation,
and avoiding aggressive acts toward others (56).
Some individuals are able to successfully use
assertiveness skills after a few sessions of
instruction, but others require a slower approach
with substantial practice.

Problem Solving

Individuals with amputations must manage
ongoing medical regimens as well as barriers to
adherence and daily stressors. Effective problem-
solving skills are essential in coping with such
issues. Problem solving is associated with a
reduction in depressive symptoms and anxiety in
patients with lower limb loss (57). Poor problem-
solving abilities may be related to the use of
maladaptive coping strategies such as avoidance
and passivity (58). D’Zurilla and Chang (58) have
proposed a multidimensional model of problem
solving that includes a person’s problem orien-
tation and the application of skills to find a solution
to the problem. Problem orientation is described
as a motivational process based on an individual’s
belief system that influences how that individual
thinks and feels about problems and his/her self-
efficacy for problem solving. Problem solving

includes five basic steps: (1) identify and describe
the problem, (2) generate ideas and solutions, (3)
refine and select a potential solution, (4) implement
the idea, and (5) evaluate the outcome and return to
step 2 if necessary. This technique operates on the
principle that there generally is not a single solution
to a problem and it may take several attempts to
find a viable plan.

Persons in the acute phase of adaptation to
limb loss are often confronted with a number of
issues and can easily become overwhelmed by
the number of stressors. Someone who makes
statements such as, “I just don’t know where
to start” or “Nothing I’ve tried seems to help,”
would likely benefit from instruction in effective
problem-solving skills. Assistance from providers
experienced with rehabilitation from limb loss can
be helpful in prioritizing issues to be addressed
before engaging in the problem-solving steps. The
generation of possible solutions requires some
creativity, which may be difficult for individuals
faced with multiple new problems associated with
the loss of a limb or the ongoing struggle of
adaptation to a prosthetic. Enlisting help from a
provider, peer with limb loss, family member,
or friend may facilitate the problem-solving and
decision-making process.

Behavioral Activation

As discussed above, avoidance of feared stimuli
(e.g., activities that may cause pain, anxiety-
provoking social situations) can be a disabling
problem for individuals with limb loss. Symptoms
of depression may also lead to decreased partic-
ipation in activities. Using early intervention to
counteract avoidance and depression and increase
levels of activity optimizes physical and psycho-
logical outcomes related to pain (59). Behavioral
activation is one method for confronting those
fears and breaking the negative cycle of disuse
that can result from avoidance. It entails tracking
activities throughout the day, along with mood to
provide a link between behaviors and emotions.
This monitoring of mood and activity can help
show that there is a relationship between what one
does and how one feels.

Another component of behavioral activation
is identifying behaviors that promote positive
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mood and increasing engagement in those activ-
ities and social interactions. Through monitoring,
individuals may recognize that, despite concerns
about body image, they feel happier when they
engage in social activities than when they are
isolated at home. Graduated exposure to feared
situations is necessary to challenge the individual’s
dysfunctional beliefs, while minimizing the
experience of anxiety or fear. For example, suppose
a person has been avoiding going to busy, public
places due to fears about being able to navigate
the situation with a new prosthetic device. Gradual
exposure to the situation, such as going to the place
when it is less crowded or practicing in a more
familiar area, may build confidence. This type of
intervention is very easy to explain to a patient
and can be suggested by providers with less formal
training than is required for more intensive therapy
options.

Intensive Therapy

The intensive-therapy aspect of PLISSIT empha-
sizes providing psychotherapeutic intervention
often in the context of addressing a particular
problem. More intensive therapy strategies may
be necessary for more severe symptoms, chronic
problems, or issues that have not improved
with other treatments. Included in this category
are psychotherapy and use of medications to
manage emotional distress and improve coping
skills. These interventions require a higher level
of knowledge, skill, and training than the
specific suggestions previously discussed. That
may include formal schooling to obtain a degree
or professional licensure, or attending a training
program for a particular skill. For other members
of the team it is essential that they identify provider
services to which patients can be referred.

Psychotherapy

Psychotherapy can take many forms and utilize
a variety of techniques. All successful forms
of psychotherapy provide for (1) a caring,
competent therapist, whom the patient believes
can help; (2) an opportunity for cognitive,
emotional, and experiential learning; (3) instil-
lation and revitalization of hope; (4) success

experiences that increase the sense of mastery
over oneself and the environment; and (5) allevi-
ation of negative/dysphoric feelings (60). The
beneficial effects of psychotherapy for the typical
mental health patient are well established (61).
Recently there has been growing emphasis on
evidenced-based therapies to allow for matching
of interventions to specific problems. Most,
but not all, of the evidence-based treatments
use cognitive-behavioral, behavioral, or inter-
personal techniques (62). Along with the data
that supports specific treatment approaches, there
is also strong documentation in the literature
of aspects of the therapeutic relationship that
contribute to positive treatment outcome. The
therapy relationship appears to account for as much
of the treatment outcome as the specific treatment
technique used (63). Thus, there is as much need to
attend to the quality of the therapeutic relationship,
as there is to choosing the specific intervention.

Cognitive-behavioral therapy (CBT) is designed
to (1) help patients appreciate the relationship
among their thoughts and feelings and behaviors,
and (2) identify self-defeating patterns of thought
and replace them with adaptive thoughts and
behaviors to achieve better outcomes (64). The
behavioral component focuses on activation and
development of coping skills such as relaxation
or assertiveness. The CBT-based interventions use
two broad approaches: coping skills training and
cognitive restructuring techniques (64). Coping
skills training includes teaching new skills
or enhancing existing ones. Cognitive restruc-
turing strategies focus on modifying negative
cognitive/evaluative responses and cultivating
more adaptive responses and problem-solving
skills. Cognitive-behavioral therapy is conducted
by a specially trained professional, usually in
individual sessions with at-home practice of activ-
ities in between visits.

Primary targets of CBT interventions are
affective problems such as depressive symptoms,
anxiety, and anger. High rates of both major
depressive disorder and depressive symptoms have
been observed in persons with limb loss (10).
Consequently, a cognitive therapist might ask
patients with limb loss and symptoms of depression
to keep a diary of their thoughts and feelings in
various situations throughout the day in order to
identify patterns. Then, they would discuss those
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patterns together and work on developing more
helpful thoughts. For the behavioral component of
therapy, the patient may be asked to engage in one
pleasurable activity per day. Social problems, such
as dealing with social stigma and increasing social
skills, may also be addressed effectively with CBT.

Interpersonal psychotherapy (IPT) was designed
as a brief, individual treatment for depression (65),
but has been refined and adapted for use with other
psychological diagnoses as well. It is appropriate
for treatment of acute psychological distress as well
as long-term maintenance of symptoms that are
mild to moderate in severity. The therapy focuses
on relationship issues, but also takes into account
the biopsychosocial factors that contribute to the
problem. The goal of IPT is to assist the individual
with identifying and changing unhelpful interper-
sonal interactions.

Medication

There are a variety of medications that may
offer relief for symptoms of psychological
distress associated with limb loss; however, few
randomized clinical trials have been completed to
provide evidence of their efficacy in the limb-
loss population. Many of the medications act on
multiple problems such as mood disorder, anxiety,
sleep, and pain. A full discussion of medica-
tions that may be appropriate for psychological
distress is beyond the scope of this chapter, but
the following information serves as an introductory
overview of some options for psychopharmaco-
logical treatment.

Medications commonly used to treat depression
include selective serotonin reuptake inhibitors
(SSRIs), selective serotonin and norepinephrine
reuptake inhibitors (SSNRIs), and tricyclic antide-
pressants (TCAs). Although not designed to treat
pain, antidepressants may also be prescribed for
this purpose in patients with or without depression.
The SSRIs aid in the release of serotonin in
the body, while the SSNRIs help raise levels
of serotonin and noradrenaline. The TCAs also
increase the amount of serotonin in the body, which
raises the efficacy of endorphins (66). Sedation,
although considered a side effect, can be helpful for
those who also suffer from sleep problems. Antide-
pressant medications require some time to build up
in the body before they are effective, so the patient

should be told not to expect immediate results. It
can also take several trials of different medications
to find the best treatment strategy for an individual.
Unfortunately, depressive disorders are frequently
inadequately treated in primary and specialty care
medical settings (67). Therefore, clinicians should
follow the practice guidelines available regarding
antidepressant medication to ensure proper dosing,
monitoring, and follow-up when using antidepres-
sants (67).

Some antidepressants are also used to treat
symptoms of anxiety, particularly SSRIs and TCAs
(68,69). Both are prescribed for the diagnosis
of posttraumatic stress disorder, and SSRIs are
also used for issues related to social anxiety.
As discussed previously, some of these medica-
tions may take several weeks to take effect, so
they are often started in combination with an
anxiolytic that will work more quickly. Anxiolytics
are drugs that are more specific to anxiety. The
most commonly used medications in this class are
benzodiazepines, which may act by enhancing the
effects of �-aminobutyric acid (GABA). They have
a greater potential for addiction, however, so long-
term use is generally not recommended. Anticon-
vulsant medications may also be used to augment
the treatment regimen. They may also help manage
pain, particularly neuropathic pain such as phantom
limb pain.

The use of hypnotic medication, typically benzo-
diazepines, for sleep problems is appropriate for
short-term or recent-onset insomnia. Their efficacy
and safety for chronic insomnia is less clear. If
chronic use is anticipated and the sleep disturbance
is related to pain, other classes of medications such
as TCAs should be considered. The decision to use
a hypnotic should consider whether the intended
effect is to reduce time to sleep onset, nighttime
awakenings, or anxiety related to sleep distur-
bance. Antidepressants such as TCAs and SSRIs
appear to improve self-reported sleep parameters,
pain, fatigue and well-being. However, it is not
clear if these improvements are independent of
depression (70).

Effective Consultation

Making a referral for more intensive therapy to
another team member or provider outside of the
team is appropriate once the problem has been
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identified and other avenues of treatment (e.g.,
specific suggestions such as relaxation or problem
solving) have been attempted. Early detection of
potential problems is one of the most important
components of making a good referral. There
is evidence that early intervention for psycho-
logical issues enhances outcome (59). Having a
good network of referral sources is important,
particularly for an independent provider, in order
to facilitate the necessary services for a patient.
There are providers in a variety of fields that
specialize in working with limb-loss disability and
rehabilitation populations. They should be the first
choice when looking for a referral for a patient
with amputation-related problems. When making a
referral, the question should be clear and focused
and include relevant information about the patient,
including strengths that may be emphasized during
treatment.

Response to a referral should always be in
a timely manner, based on the urgency of the
situation. In general, psychologists include the
following components in their assessment and
response: (1) evaluation of mental status, affect,
mood, life stressors, substance use, and threat of
harm to self or others; (2) information about the
patients’ understanding of their medical condition
and concerns regarding the current situation,
coping style and effectiveness, pain issues, expec-
tations for recovery, and goals for rehabilitation;
(3) diagnostic formulation; and (4) recommenda-
tions and treatment plan (71,72). This information
needs to be synthesized into a concise response
to the consulting provider and documented in an
appropriate manner. In the rehabilitation setting,
this may include presenting a plan at a team
meeting and facilitating interventions with various
providers.

Future Developments

The number of persons with limb loss and other
impairments is increasing (73). Our work and
that of others has identified secondary conditions
of depression and pain as significant problems
for community-dwelling persons with limb loss
(10,74–76). These secondary conditions are often
associated with activity limitations, participation
restrictions, and reduced quality of life. Programs

and services that empower patients and consumers
to become active participants in their lifelong
care are needed to meet the increasing demands
placed on them by an evolving health care system
that holds both consumers and their providers
accountable for successful outcomes. Further,
development of the continuum of care beyond
the acute time period is needed. Several lines
of research suggest approaches that may enhance
outcomes and expand the continuum of care. There
is growing recognition that utilization of peer
mentors may be helpful in assisting individuals
with new impairments with successful adaptation
(4). Motivational interviewing techniques have
been developed and shown to be efficacious in
increasing participation in a variety of health
behaviors (29). Training providers in the impor-
tance of SM and how to better support individuals
in their use of these techniques should increase
enrollment in SM programs (72). Finally, it is
well recognized that computer-based health infor-
mation and support systems can be used to
disseminate information, link people to needed
resources, connect people on-line who are facing
similar challenges and develop communities of
individuals with common interests, aspirations,
and needs. While only recently being developed,
these programs and services have the potential
to be successfully utilized by patients with a
variety of chronic illnesses, including individuals
in underserved populations. These areas provide
ample opportunities for clinicians and researchers
to focus the efforts for the benefit of persons with
limb loss.

Summary of Key Points

Attention to the psychological needs of persons
with limb loss and their families is part of
comprehensive rehabilitation. Effective clinicians
providing psychological care are guided by
the biopsychosocial model; they follow patient
centered-care principles, remember that serious
distress is not a universal response, and recognize
and build on the patient’s strengths. Attention to
psychosocial health is a responsibility shared by
all members of the rehabilitation team beginning
with the patient and family and including clini-
cians who are not formally identified as mental
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health providers. Adopting the PLISSIT model
allows for the involvement of the entire team
in providing graded interventions based on the
needs of the patient and skills and training of
the clinician. There are a variety of interven-
tions ranging from peer interactions and self-
management training to intensive psychotherapy
that have the potential to improve outcomes for
persons with limb loss.

Glossary

Catastrophizing: A cognitive response to an event
that is marked by exaggerated negative expecta-
tions and concerns.

Self-efficacy: The belief that one is able to
perform specific tasks or activities.

Self-management: A strategy where patients
take responsibility for managing their care and
become active consumers of health care. Key
elements in self-management include knowledge,
self-monitoring, skills acquisition, and problem
solving.

Stages of change: A model based on the notion
that individuals vary in the degree to which they are
prepared to make changes. There are generally five
stages in the model: precontemplation, contem-
plation, preparation, action, and maintenance.
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8
Anthropology and Its Individual, Social,
and Cultural Contributions
to Psychoprosthetics
Seth D. Messinger

Overview

Understanding psychosocial issues is important
in enhancing outcomes for people with amputa-
tions (1,2). Nonetheless, there has as yet been
only limited research “conducted on the relation-
ships among functioning, limitations, and identity
in people with amputations” (3). This chapter
addresses the contributions made to the study of
the psychosocial world of prosthetic limbs users
by discussing qualitative research approaches, with
a special emphasis on the specific contributions
that have been made by sociocultural anthropology.
This chapter also discusses current anthropological
work among United States military personnel who
sustained limb loss as a result of the ongoing
conflict in Afghanistan and Iraq.

One way to address the question of the
psychosocial world of people with amputations
and prosthesis users is to draw on the contri-
butions by medical anthropology toward under-
standing the cultural and social life of health
and illness. Medical anthropology, a subfield of
sociocultural anthropology, is broadly concerned
with the relationship of health and illness to
culture. Historically, medical anthropologists have
worked to understand the meaning and function
of health beliefs, to critique social disparities
that are obstacles to individuals or communities
having access to health resources, and to under-
stand how individual experiences with suffering

and affliction both complement and confound
biomedical practice. This holistic approach to
the person and body in distress grounds the
research in the lived experience of people in
their individual, political, economic, and cultural
contexts. The strength of the holistic approach is
that it addresses the whole life not only of users but
also of clinicians, as well as exploring the social
and cultural meanings generated by prosthesis
technology. Anthropological understandings of
the psychosocial life of prosthesis users provide
a new and important way to understand the
clinical, rehabilitative, and day-to-day lives of
prosthesis users.

The “Three Bodies”
of Prosthetics and Users

In a key contribution to medical anthro-
pology, Nancy Scheper-Hughes and Margaret
Lock (4) engage an anthropological approach to
health and illness by attending to what they term
the “three bodies” that individuals inhabit. The first
of these is the individual body, which they write is
“understood as the lived experience of the body-
self” (p. 7). The second is the social body, which
is situated at the intersection of nature, culture,
and society. Finally, there is the body politic, a
metaphor that indexes the control of bodies by
social and political regulators who are concerned
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with, for example, appropriate and inappropriate
forms of sexual behavior and drug and alcohol
use, among other social and body practices (4).
These three bodies can be mapped onto the study of
the psychosocial world of people with amputations
and prosthesis use. Individual bodies are altered
through disease or injury and are eligible for and
fitted with prostheses. Patients comply with their
treatment, work with their prosthetist, and utilize
their prosthetic limb, or they do not. The reasons
patients do or do not wear their prosthetic limbs has
much to do with their beliefs and values, the expec-
tations of their wider social system, and their place
in a political economy that structures the health
care system of which they are a part. All of these
issues need to be considered in any inquiry into
the psychosocial world of people with amputations
and prostheses. The following sections discuss the
clinical and practice literature as addressing the
individual body, the research literature on patients’
reactions to prostheses as addressing the social
body, and the way that prosthetics are interpreted
as cultural symbols as addressing the political
body. I will then draw these three discussions
together in a discussion of current research into the
world of military personnel with amputations in a
military medical center.

Review of the Evidence

The writing and research on the psychosocial world
of prosthetics that I am particularly interested
in discussing occurs on three different registers
that map onto the “three bodies” of Scheper-
Hughes and Lock that I introduced above. The
first explores the question of how individuals
with different kinds of amputations do after they
receive prosthetic limbs. How do they respond
to their prostheses and how do they integrate
them into their sense of self and their way of
being in the world? The second register focuses
on the social aspect in terms of how people with
amputations with prostheses interact with the so-
called normal world, how culture influences accep-
tance or rejection of people with amputations, and
how people with amputations practice a form of
refusal of prosthetic technology while simultane-
ously being socially integrated into the broader
society. Lastly, I will discuss the cultural world

that produces both prosthetics and the psychosocial
world of prosthesis users. At this level the speci-
ficity of prosthetics begins to lose focus as the
term is applied to such diverse social products as
maquiladora factories on the U.S.–Mexican border,
but despite the opacity of some of these discus-
sions I will argue below that they provide both the
framing and the ground of the psychosocial world
of prosthesis use at least in the contemporary U.S.
context.

The Individual Body
of the Prosthesis User

Research into the psychosocial world of people
with amputations and prosthetics has focused on
clinical issues such as acceptance of prosthetic
technology and compliance. As in all medical
situations the question of compliance is an
important one for both practitioners and clients.
Three relatively recent publications establish the
ground for addressing more complex issues
regarding prosthesis users. These three studies
investigate user satisfaction with prosthetics and
develop a mixed picture depending on the user
and the nature of the injury that led to amputation.
One recent study looked at the combination of
use and satisfaction with prosthetic limbs by users
with trauma-related amputations. While nearly all
the people with amputations in the study reported
using their prosthetic limbs, the majority reported
dissatisfaction with some element of either their
amputation or their prosthesis. User dissatisfaction
emerged from a couple of key sources. The
first was pain associated with nerves, residual
limb, or phantom sensation (5). Another source of
dissatisfaction was frustration with prosthesis fit
and discomfort. This study was limited, however,
by its focus on people with lower extremity
amputations only. In a subsequent study of users
with both upper and lower extremity amputa-
tions, researchers had substantially the same
results regarding prosthesis use (6). One difference
between this study and the earlier one was the
more detailed attention to sources of patient dissat-
isfaction with their prosthetics. Again, as in the
earlier study, prosthesis fit and comfort were key
issues. However, also significant was the users
relationship with their prosthetist. This relationship
was shown to be less than ideal for patients
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depending on characteristics associated with race,
gender, and socioeconomic status, with black men
with less schooling demonstrating higher levels
of dissatisfaction (6). This study demonstrates the
significant role that social factors as well as cultural
ones play in users’ perceptions of their prostheses
and the environment available for their successful
use. This is discussed in greater detail below.

In a study focused solely on people with upper
extremity amputations, the authors noted that satis-
faction rates for this population are mixed to low.
Upper extremity prosthetic limbs were not found to
increase “patient satisfaction with their ability to be
functional in the community” (7, p. 68). As is the
case with people with lower extremity amputation,
people with upper limb amputations complained
about nerve, phantom, and residual limb pain.
They also complained about discomfort with the
fit of the prosthetic limb as well as excessive
sweating associated with the limb socket. All users
had difficulties with using their prosthesis when
cooking, dressing, and in recreation and work-
related activities. Upper extremity amputation was
also associated, in this paper, with a change by
users in the forms of recreation and leisure activ-
ities, from active to more passive pursuits. I note
this because it challenges the goals of the amputee
patient care program that I am currently studying,
which explicitly encourages patients to return as
close as possible to premorbid levels of activity. I
will discuss this in greater detail below.

Prosthesis users face enormous challenges as
they transition from limb loss. These include
pain issues, which may afflict them lifelong.
Users struggle with learning to use their limb,
managing their gait (if they have a lower
extremity amputation), and dealing with physical
discomfort and sweating associated with wearing
the prosthetic socket. They also suffer from
assaults to their sense of themselves as they
struggle to accommodate their remembered body
image to their dismembered body. Finally, they
struggle with anxieties over their vulnerability and
disability, questioning how they will be able to
fulfill gender and other role expectations. These are
all individual bodily concerns, but as the last point
illustrates they are also social ones. How one’s
body looks; how it ambulates, feels, and smells;
and how one is able to comport oneself in the
world are situated in social and cultural construc-

tions of appropriate bodies that situate people in
complicated social systems.

Social Life of Prostheses
and Users: The Social Body

There has also been considerable research into
exploring the theoretical world of, and social
life of, prosthesis technology outside the clinical
encounter and environment. In a study conducted
30 years ago, many people with amputations
reported that perceived social exclusion and stigma
constrained their feelings of social acceptance (8).
This conclusion is supported by a more recent
study conducted by Rowlands (9) on the social life
of a young woman with a traumatic brain injury.
The mother of the young woman at the center of
Rowlands’s study noted that while friends of her
daughter made efforts to remain in contact, they
did so in a highly structured and formal way, which
only underscored the absence of the give-and-take
of normal social relations. Research in recent years
among people with amputations has not wholly
supported this social exclusion model. Rybarczyk
et al. (10), in a study exploring mood disorders and
anxiety among people with amputations, noted that
while depression and anxiety are more frequent
than in the general population, they are concen-
trated in patients who have lost lower limbs at a
relatively young age and from traumatic causes.
A decade later, a study conducted by Cacciapaglia
and her coauthors (11) found that obstacles to
social interaction by people with disabilities were
influenced by whether the disability was visible or
not. The authors conclude that “people were more
willing to interact with a person with a visible
disability” (p. 181). The authors credit laws like
the Americans with Disabilities Act of 1991 with
making the social environment more hospitable
to people with amputations than it perhaps had
been previously. Interestingly, this is not always
the case cross-culturally. Cambodian people with
amputations face obstacles reintegrating into their
social lives after suffering limb loss for reasons
that have to do with both the scarcity of resources
available to them and to Buddhists notions of
bodily wholeness (12).

The question of user acceptance of prosthetic
technology has been linked by researchers to both
perceived social exclusion as well as to how
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individuals integrated prostheses into their senses
of self. Murray (13) notes that most research into
satisfaction with prostheses has emerged from a
concern with affective responses to amputation
and prosthesis use. Murray’s work has explored
individual cases rather than groups (see Chapter 9).
In his study he focused on the embodied perceptual
experience of the body; that is, he closely observed
and interviewed respondents on the relationship of
prosthesis technology to their bodies. Prosthesis
users report that their prosthetic limbs become a
part of their body. He notes that this perceptual
experience may correlate with successful prosthetic
use. In a subsequent study Murray (14) raises
important issues about the role that prosthetics
play in individual and group meaning making.
He discussed how the role of bodies is highly
significant for people with amputations. Limb
loss can mean that certain forms of nonverbal
communication are foreclosed by certain kinds of
amputations. For instance, in the U.S. losing a
right hand eliminates the ability to shake hands
appropriately, while the loss of a left hand may
interfere with signaling one’s marital status. The
use of prosthetics may restore far more than some
functionality to the body by allowing the body to
generate greater communicative force in the world
through the restoration of the ability to present
symbols.

Recognizing that prostheses may restore some
semblance of a preamputation sense of self needs
to be considered in light of the changes to the
basic sense of self that can accompany the loss
of a limb. Behel and coauthors (15) found that
while depression and anxiety were not automatic
comorbidities associated with adjustment to limb
loss and prosthesis use, where they were found
in patients it was among those who had other
issues with adjustment. What was interesting in
this research was that while fear of crime was the
stated cause of anxiety and depression among the
individuals studied, Behel and coauthors attributed
the depression and anxiety to cognitive affective
or behavioral responses to one’s disability. This
seems to be a reluctance on the part of the
researchers to address the social context of living
with an amputation.

Finally, the issue of adjustment through
prosthesis refusal also merits discussion. Geyla
Frank (16), an anthropologist, has devoted much

of her career to chronicling and interpreting the
life history of Diane DeVries, who is a remarkable
woman by any standard. She is a congenital quadri-
lateral amputee who has refused, seemingly since
birth, to accept the notion that she is disabled.
In the life history she and Frank constructed,
DeVries explains that she has had a lifelong lack
of interest in prosthetics, which stems from two
sources. The first is a generalized recognition that
the available technology for people with upper-
extremity amputations is not sufficient for her to
be independent in all activities of daily living.
The second issue though is more personal to
DeVries and has to do with feelings of self-mastery
or a strong sense of internal locus of control.
DeVries notes that she never felt herself to be
abnormal or disabled. Despite her sense that she
is not abnormal or disabled, DeVries relies on an
intensely supportive social network to assist her
in maintaining her independent life. These include
either significant others willing to take on the tasks
of assisting DeVries in toileting, bathing, dressing,
and undressing, or home health aides who are hired
to assist her. Both the help of significant others and
the presence of home health aides require some
degree of social acceptance of disability at the
level of individual attitudes, but it also requires
social structural accommodation of the kind repre-
sented by the Americans with Disabilities Act, as
well as state and local initiatives that encourage
the social integration of people with disabilities.
However, this social integration is not seamless
and is grounded in many of the social, racial,
and class tensions that permeate social life. For
instance, DeVries was herself involved in a conflict
over whether or not her disability constrained her
ability to work. DeVries, who won her law suit,
has maintained that attempts to remove her from
work stemmed much less on her ability to perform
her job (she has advanced degrees in social work
and was working as a case manager) than on how
others perceived her as a quadrilateral amputee.

While DeVries’s experiences are an explicit
example of how stigma can shift into preju-
dicial thoughts and discriminatory action, there
are other environments and encounters where the
social tensions that percolate in contemporary U.S.
society emerge. Steve Kurzman (17) is both an
anthropologist and has had a unilateral transtibial
amputation. He conducted a study of rhetorical
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negotiations between prosthetists and clients over
questions of socket fit, balance, and mobility
issues. What Kurzman found was that prosthetists
and patients acknowledge that, as he puts it, “there
is no language for this” (p. 229). This has the
effect of turning the questions of fit and alignment
of prostheses into a collaborative venture jointly
constructed by patients and prosthetists specifi-
cally involving a shared schema for what “fit”
is. A major discursive challenge is struggling to
produce a shared language that links the subjective
experience of fit with the biomedical and biome-
chanical language of gait and alignment. What
is infused through these discussions, though, is a
subtle acknowledgment of social class (Kurzman
does not discuss female patients and its unclear
if any patients are nonwhite). Prosthetists have to
adjust their communication strategies in light of
their experience or expectations of their patients’
educational and social backgrounds. In one telling
example, a working-class patient preferred a
heavier prosthesis to a lighter one. Kurzman writes
that the “senior instructor took the opportunity
to point out the importance of occupation and
implicitly, class as a factor influencing choice
of occupation, and physical activity level as
a consideration for prosthesis design” (p. 239)
While biomedicine and the biomechanical world of
prosthetists opt for a socially neutral language of
practice, social status and social life is recuperated
in the clinical encounter. This is explicitly the case
in military prosthetics where issues of gender are
often foregrounded.

Cultural Life of Prosthetics
and Users: The “Body Politic”

Providing rehabilitative technology like prosthetics
has been an important task undertaken by govern-
ments in the wake of war (18–20). While much
attention has been paid to the functional help
prostheses afford their wearers, in the aftermath
of World War II, especially in the U.S., consid-
erations over the social role of dismembered
veterans became increasingly prominent. During
and after World War II many American veterans
with an amputation underwent rehabilitation at
Walter Reed Army Medical Center. The physi-
cians and administrators at Walter Reed made
the successful performance of gender roles an

unspoken but integral part of the rehabilitation
process. This was made especially clear in news
accounts from the period, which tell triumphal
stories of patients being returned to a kind of
functional normalcy through the use of prosthetic
limbs (21). Photographs of veterans with an
amputation often accompanied these news stories
and provided vivid demonstration of the normal-
izing power of prosthetics. In one image, taken in
1952, an individual with a transhumeral amputation
in a T-shirt lights a cigarette using his “hook” and
intact hand. The image is strikingly reminiscent
of a model of masculinity derived from 1950s
icons like James Dean (21). In a second image a
man in a suit sits reading a newspaper with his
trouser legs pulled up showing his prosthetic legs
crossed. A careful observer, Serlin (21) tells us,
will discern images of dancing girls painted on the
prosthetic socket. This image sends two carefully
crafted messages: one is a reminder of how soldiers
decorated their jeeps, tanks, artillery shells, and
aircraft. The second message is that despite this
virile past, this newspaper-reading man with his
pants legs appropriately pulled down would be
indistinguishable from any other contemporary
corporate “warrior”; thus he fulfills two models of
able bodied masculinity simultaneously (21).

Serlin notes that these images fostered a dual
role for prosthetic limbs. First, they demonstrated
how prosthetic limbs served as functional replace-
ments of flesh and blood limbs. Second, these
images did the work of introducing social accep-
tance of dismembered veterans through a multi-
layered symbolic system which reinforced the
sacrifices made by these veterans (the pinup
girls painted on the prosthetic sockets in the
second image as described above), and demon-
strated that far from having been emasculated by
dismemberment, these veterans were, through the
prosthesis technology produced by a victorious
national economy, hypermasculine. A third role
for these images was played out over a larger
political dynamic, which demonstrated to the rest
of the world the level of technology and social
support offered by the U.S. in contrast to what
was proclaimed (at least through propaganda) as
the deprivations of both the defeated and our
erstwhile World War II ally, Communist Russia
(21). Prosthetic technology would begin to play a
symbolic role in these larger national and transna-
tional tropes, which are present today (discussed
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below) but which also ground the social field
within which prosthetics and prosthesis users are
figured at the level of culture.

When Scheper-Hughes and Lock introduced
their idea of the third body being the body politic,
they observed that individuals’ relations to their
selves and to social life were structured, or shaped,
by a macrolevel of regulation. Here they were
noting that the body politic was both a metaphor
for the regimes of control that govern individual
and social bodies in their relations as well as a
metaphor for the way that healthy or sick bodies
come to stand for their societies. Within the
broader anthropological theoretical literature, there
has been some consideration of how prosthetics
serve as metaphors for social questions that would
fall under the rubric of the body politic.

At its most abstract and emerging out of
theoretical interests in cyborgs and cybernetic
social systems, which were prominent in the 1990s,
this work pushed the boundaries of prostheses
to their definitional limit as tools that extend
bodies beyond their own boundaries. One example
is Diane Nelson’s (22) paper, which argues that
Mayan women represented a prosthetic identity
for post–civil war Guatemala because they served
as a symbolic ground for an authentic identity
for different, previously at odds, communities.
Alternately, Melissa Wright (23) argues that the
women workers in the Mexican border factories
(maquiladoras) served as a prosthesis for both
an American and a global economy that pushes
its manufacturing sector beyond its national body
politic and served as a prosthesis for a Mexican
national economy struggling to catch up to its
northern neighbor (23).

While this work is quite provocative, it was
also almost immediately criticized for pushing the
notion of prosthesis past the point of utility or
specificity (see ref. 24 for a critique that anticipates
ref. 25). In the same issue of Cultural Anthropology
that published the Nelson and Wright papers,
Stephen Kurzman wrote that both Nelson and
Wright had ignored the “figure for the ground” and
by emphasizing the prostheses had shifted attention
away from their users. Furthermore, Kurzman
noted that Nelson and Wright had simultaneously
granted and withdrew subjectivity from prostheses.

In Nelson’s piece on the Maya Mujer, Mayan
women stand in for a “stumped” Guatemalan

identity but seem to have no identity themselves.
Similarly, in Nelson’s piece female maquiladora
factory workers provide a prosthetic identity for
global capital or Mexican manufacturing but are
themselves silent and inert. Kurzman (25) argues
that prostheses and their users should be the
figure rather than the ground of analysis. Vivian
Sobchak (26), like Kurzman, is both a researcher
and prosthesis user. In a recent essay she criti-
cized what she argues are the uses and misuses of
prosthetic tropes to describe social life. She makes
the point, in slight contrast to Kurzman’s, that
prosthetic limbs can stand (intentional pun) as both
the figure and the ground in these discussions. She
makes a point that is similar to Scheper-Hughes
and Lock’s, that prosthetic limbs are embedded
in three levels of subjective experience. At the
individual level her prosthetic leg can be simply
something upon which to stand and ambulate.
But the social level quickly intrudes in several
ways. First is the intimate physical relationship
that she has with her prosthetists. As a person
with a unilateral high transfemoral amputation,
she is used to a relative stranger’s hands moving
across and around her upper thigh. Second is how
she is perceived in social settings based on the
quality of her gait and how that influences others’
perceptions of her. Finally, she is embedded in a
cultural context, which will circumscribe the extent
to which she stands as a gendered and sexual
being based on her disability as well as limit her
access to specific kinds of prosthesis technology.
As a middle-aged woman with a limited interest
in physical exertion, her insurance company limits
her access to such limbs as Otto Bock’s C-leg.

Sobchak’s contribution to this discussion
improves on Nelson’s and Wright’s work about
the saliency of looking at prosthesis technology as
a cultural artifact that structures social relations.
Prostheses should be seen as embedded in a context
that devotes research funding to their development,
a marketing program for their distribution, and a
cultural role. Prosthetics cannot be totally divorced
from who uses them and where they are used.
This is a point that arose earlier in my discussion
of David Serlin’s work on the postwar role that
prostheses were asked to play in restoring expected
economic and gender functionality to military
servicemen maimed in World War II.

In a subsequent piece, Serlin (27) explicitly links
prostheses with the cultural assumptions attendant
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on the ongoing military operations associated with
the U.S. war on terror in Afghanistan and Iraq.
Serlin writes that military medicine is impli-
cated in the same project of empire as are
military deployment and U.S. foreign policy. Serlin
describes a press account of a patient recuper-
ating at Walter Reed Army Medical Center with
a transradial amputation sustained in Iraq. In the
article the patient notes that he has a hundred
terminal devices for his myoelectric and body-
powered prosthetic arm. Serlin notes that the
function these attachments provide to military
patients goes beyond the opportunity to “write,
play golf, shoot pool, and even go fishing without
any compromise to their lifestyles” (27, p. 178).
In addition they also fulfill military and cultural
expectations of what it is to be a normal or super-
normal American male, which he claims links
the “privileges accorded to American able-bodied
masculinity” (p. 179) to components of American
political power, particularly its foreign policy.
Serlin is focusing on the excess of the clinical
distribution of prosthetic limbs and terminal
devices as a metaphor for an American culture
that links commodity abundance with transcendent
power.

Future Developments

Here I want to move onto a discussion of present
and future research, which has linkages to the liter-
ature that I have discussed above. At the beginning
of this chapter I noted that while issues of identity
are bound up in issues of function, there has as
yet been little research “conducted on the relation-
ships among functioning, limitations, and identity
in people with amputations” (3). I am currently
involved in just such research. I will now illustrate
how the intellectual and methodological underpin-
nings of the work that is currently being done
is informed by Scheper-Hughes and Lock’s idea
about the three bodies: the individual, the social,
and the political. This is a valuable perspective,
which sheds light on how individuals respond to
their prosthetic limbs.

Since the summer of 2006 I have been investi-
gating the culture of rehabilitation in the Military
Amputee Patient Care Program of the Walter
Reed Army Medical Center in Washington, DC.

The program primarily addresses the rehabilitative
needs of military personnel who have lost a limb
or limbs as a result of the ongoing military opera-
tions in Afghanistan and Iraq. Since October 2001
about 600 U.S. military personnel have lost limbs
as a result of injuries sustained in the ongoing
conflicts in both Afghanistan and Iraq. There
are several characteristics that distinguish military
patients from civilian ones that affect rehabili-
tative trajectories. These characteristics are both
physical and, for lack of a better term, ideological.
In terms of the physical, military patients are distin-
guished from their civilian counterparts by their
relative youth, their athleticism, and the health
care system within which they are embedded.
The medical system has consequences for patient
outcome in the military system, because military
patients are treated in a group setting. While not
group therapy per se, military patients have the
benefit of seeing others with similar injuries at
all stages of the rehabilitative process. There are
studies that support the notion that therapy in
groups is more effective than receiving therapy
alone. One study of a chronic pain therapeutic
group demonstrates that patients can develop and
encourage good outcomes for themselves through
their collective work adapting to therapeutic goals
and routines (28). Another study on Alcoholics
Anonymous demonstrates that the group effort in
constructing appropriate narratives of alcoholism is
instrumental in the recovery process (29). Another
consequence of the military medical system is
that its funding allows patients to have top-of-the-
line prosthetic limbs for a variety of activities.
Contrast this with the limits that Sobchak reports
she encountered, where the prosthetic limb she
received was tracked toward her presumed need
and level of activity.

Ideologically, military patients are placed in
a social position near but not within the status
of disability. Because of the way that military
patients have lost their limbs, they are pulled
into a discourse of heroism (whether they like
it or not). The structure of rehabilitation is not
organized around finding occupations or activities
that these patients can do, but is instead organized
around providing them with the means to return as
closely as possible to their preinjury functioning.
In addition, in the Walter Reed program, patients
are subtly encouraged to see their prosthetic limbs
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as possible enhancements that might improve
functioning rather than a substitute for missing
limbs. This is obviously easier for patients who
have below-knee amputations, but it is a common
theme both in the military and in the prosthetic
research and development field. Hugh Herr (30),
the developer of Ossür’s Rheo Knee, reported in
a recent presentation that by extending the pylons
of his below-knee prostheses, he has been able
to enhance his ability to rock climb. Military
patients are encouraged to think that because of
their military background they are going to receive
an overabundance of the latest technology and that
they will have an advantage over other populations
in using it at the edge of its abilities.

I am currently looking at how military patients
at Walter Reed collectively experience both the
formal rehabilitation activities they participate in
daily in occupational therapy, physical therapy,
the prosthesis service, and with physicians from
rehabilitative medicine and orthopedic surgery, as
well as in their out-of-clinic activities. I argue that
attention must be paid to the knowledge produced
by patients as they move through different phases
of their recovery from injury. By focusing on the
production of knowledge developed by clinicians
about patients, and by patients about themselves
and each other, my study explores the complex
activities and negotiations that occur on the
trajectory from acute injury to the resumption of
the life course beyond the gates of a military
medical center.

The second broad issue that I am following
at Walter Reed is how patients experience and
describe what it is like to integrate mechanized
limbs into their bodies and their selves. This builds
on work already done by Kurzman and Sobchak,
which I have described above. What my work
will contribute to theirs, as well as to the broader
literature on the psychosocial world of prosthetics
users, is a rich mine of data that is derived by inter-
views and observations and is interpreted through
phenomenological approaches to the subtle and
incremental changes to the self that changes to the
body produce.

Phenomenology as a philosophic tradition has
focused on the nature of experience. One school,
inspired by the work of Maurice Merleau-Ponty,
has explored how experience shapes the body as
a knowing agent. One way to understand this

approach is to consider an activity well known to
researchers: typing. Experienced typists, generally
without looking, can type with few spelling errors.
However, ask them to draw a keyboard or to
describe all the letters, in order, on each row, and
the task is almost impossible. Merleau-Ponty (31)
suggested that this “is knowledge in the hands,
which is forthcoming only when bodily effort is
made, and cannot be formulated in detachment
from that effort.” My study moves beyond this to
the social level by utilizing Alfred Schutz’s social
phenomenology.

Alfred Schutz (32) shares Merleau-Ponty’s
concern with the body as a knowing agent.
But as he is interested in a broader theory of
human action, he shifts his focus to this idea of
experience, to integrating the human body into the
broader social and natural world within which it
interacts. He does this by demarcating both levels
of community interaction and levels of sharing
temporal experience. Consociate is the name he
gives to the most intimate social level. Conso-
ciates share the same time together while having
spatial access to each other and thus partake of
each other’s inner sense of time and duration,
and furthermore partake in the building of each
other’s experience. What this means, according to
Schutz, is that through the joint participation in
a lifeworld (such as the Amputee Patient Care
Program), individuals are able to develop and
express a fuller understanding of their situation and
those of their peers than are observers external to
the setting. This is one of the advantages that inter-
pretive social sciences have over more quantita-
tively driven ones in elucidating social experience,
especially relatively understudied areas of it.

The anthropological approach to the study of
the psychosocial life of prosthetics and people
with amputations is distinguished by its holistic
approach to both the prosthesis and the user. The
strength of this approach is that it addresses the
whole life not only of users but also of clinicians, as
well as exploring the social and cultural meanings
generated by prosthesis technology. Anthropo-
logical understandings of the psychosocial life of
prosthetics users provide a new and important
way to understand the clinical, rehabilitative, and
day-to-day lives of prosthetics users. The study
that I am currently involved in at the Walter
Reed Army Medical Center addresses clinical
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questions of patient recovery and progress. Issues
of recovery and progress are affiliated with a
person’s identification and sense of self. Medical
services must include knowledge of patients’
perspectives on recovery and progress for inter-
vention to be successful. This has a significant
impact on patient adherence. In an effort to more
adequately understand the process of rehabilitation,
attention must be paid to the knowledge produced
by patients as they move through different phases
of their recovery from injury. By focusing on the
production of knowledge developed by clinicians
about patients, and by patients about themselves
and each other, this study will explore the complex
activities and negotiations that occur on the
trajectory from acute injury to the resumption of
the life course beyond the gates of a military
medical center. It is to be expected that the conclu-
sions of this research will provide critical infor-
mation to all rehabilitation providers that will
ensure a positive resumption of a functional life
course as well as directly address the important
issue of patient compliance.

The research that I am currently involved with
at Walter Reed Army Medical Center offers
several possible specific contributions to clinicians
working with military health beneficiaries. One
contribution is my work on how patients learn to
use their prosthesis. One of the insights of learning
theory is that once individuals master a new skill,
they “forget” the process of learning. If the process
of learning how to use a myoelectric or body-
powered arm or learning how to negotiate balance
issues on prosthetic limbs can be better under-
stood, it may contribute to developing new clinical
practices in teaching people with amputations how
to use prostheses. A second contribution is to
understand why people with amputations prefer
one prosthetic type over another. Kurzman (17)
provided some idea of this based on how particular
patients respond to a prosthetic device’s weight. I
will be building on this to explore how patients
map out their day-to-day lives and make decisions
about which prosthetic limb or terminal device is
best suited to the majority of their tasks and goals.
A third contribution that my study will make to
clinicians is in developing understandings of the
social and cultural context of prosthetic use and
dis-use. People with amputations are embedded in
rich cultural and social worlds. Some patients may

prefer passive but cosmetic limbs to active but
more robotic looking limbs. In other cases it may
be the opposite. My study can also contribute to
understanding differences in gendered responses to
prosthetic technology and use. Lastly, my study
will explore the use of prosthetics in patients’
regular lives outside of their clinical encounters.
This will enable me to comment on how people
with amputations use their prosthetics in ways that
they are trained to, but also in ways that they
innovate on their own.

Summary of Key Points

Anthropology takes a holistic perspective on the
lives of people with amputations and on their use
of prosthetics. Anthropologists concern themselves
with both the clinical and the public and private
worlds patients inhabit. An example of this is my
description of some of the significant research of
the past few years, interpreted with attention to
the three “bodies” that individuals inhabit: their
individual body, the social body, and the broader
cultural or body politic. My ongoing research is
an example of this as I address the whole lives of
patients in the military medical center by incor-
porating their clinical routines, their private lives,
and their relationships to technology, and how
that impacts on the self. In this chapter I have
addressed two important issues. The first is that
prosthetic limbs and prosthesis users cannot be
seen in clinical or research isolation only. Instead
a nuanced and contextualized perspective illumi-
nates their position as clinical patients and research
subjects, as participants in social interaction and
social life, and as citizens or subjects of political
regimes that structure their access to technology,
health care, and social status. Second, anthropology
is well positioned to participate in illuminating
these aspects of the social and cultural lives of
patients and prosthetics.

Further Reading

The following are a list of suggested readings
for those interested in anthropology generally and
medical anthropology in particular. This list is not
exhaustive and is probably more representative of
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the author’s predilections than the field in general.
Interested readers should also see the references
cited for this chapter.
Csordas T. Body/Meaning/Healing. New York:

Palgrave, 2002.
Dumit J. Picturing Personhood: Brain Scans and

Biomedical Identity. Princeton, NJ: Princeton
University Press, 2003.

Geertz C. Interpretation of Cultures. New York: Basic
Books, 2001.

Gerber D. Disabled Veterans in History. Ann Arbor, MI:
University of Michigan Press, 2000.

Good B. Medicine, Rationality, and Experience: An
Anthropological Perspective. New York: Cambridge
University Press, 1994.

Kleinman A. Writing at the Margin: Discourse
Between Anthropology and Medicine. Berkeley, CA:
University of California Press, 1997.

Mead M. Sex and Temperament in Three Primitive
Societies. New York: Harper Perennial, 2001.

Petryna A. Life Exposed: Biological Citizens After
Chernobyl. Princeton, NJ: Princeton University Press,
2002

Serlin D. Replaceable You: Engineering the Body in
Postwar America. Chicago: University of Chicago
Press, 2004.

Sharp L. Bodies, Commodities, and Biotechnologies:
Death, Mourning and Scientific Desire in the Realm
of Human Organ Transfer. New York: Columbia
University Press, 2007.
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Embodiment and Prosthetics
Craig D. Murray

Overview

Artificial, or prosthetic, limbs are considered a
key element in the rehabilitation of people with
acquired limb loss and those with congenital limb
deformity (1). The rehabilitative process, whereby
people with limb loss, absence, or deficiency
are fitted with and trained to use a prosthesis,
has formed a substantial area of research. These
technological artifacts are often able to restore
some of the functions, as well as offering some
aesthetic approximation, of an anatomical limb.
However, while prosthesis use is seen by many
as necessary for the restoration of near normal
appearance, for functional independence, as well as
substantially repairing their damaged body image,
the embodied experience of prosthesis use is little
explored.

This chapter offers an overview of a largely
neglected area of research: the embodied
experience of prosthesis use. This includes a
consideration of the concepts and theories of
embodiment, along with an examination of how
people’s ideas about prosthetic limbs contribute to
their experience of them. The chapter begins with
an overview of research relating to the phenomeno-
logical experience of using an artificial limb, and
then presents the personal, social, and cultural
meanings that surround such use and impact on
its embodied experience. This chapter argues that
a consideration of these interrelated areas enables
a deeper understanding of rehabilitation following
limb loss or following congenital limb deficiency,
and consequently for the use of artificial limbs in
this process.

The Phenomenological
Embodiment of Prosthesis Use

Phenomenological researchers have presented
analyses of how certain technologies and artifacts
can mediate both perceptual and motor skills and
become incorporated into the phenomenal bound-
aries of the body. For instance, the experience
of the blind person using a long cane has been
discussed by a number of phenomenologists (2–5).
Merleau-Ponty (4) argued that the cane is an
extension of the realm of the senses, with touch
being transferred from the hand to the end point of
the cane; the cane becomes an intimate prosthetic
device that withdraws into the sensorium of the
body. This incorporation of the tool into the form
and praxis of the body is what Leder (6) refers to
as a phenomenological osmosis, whereby the body
allows instruments to melt into it (7)

An analysis such as the above applied
to prosthesis use would be useful for two
broad reasons. First, the rehabilitation community
working with prosthesis users often talks of the
need to transform the prosthetic limb from an inert
supplement or an extracorporeal structure into a
corporeal one (8). Therefore, it would be infor-
mative to know if such an experience could be
achieved by the prosthesis user. Second, if it is
achievable, it could aid identification, for rehabili-
tative purposes, of the process and steps necessary
to achieve this experience.

A number of researchers have proposed that
an artificial limb may become “part of” the user.
Fraser (9) observed and compared the movement
patterns in a proficient user of an upper artificial
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limb with those of the other, anatomical limb.
She argued that if an artificial limb were to
become part of the user, then it might be expected
that the movement patterns of the prosthetic and
anatomical limb would be similar. Fraser, in fact,
found evidence of this. However, Fraser’s criterion
for a prosthesis becoming part of a user was based
on observable behavior and measurable perfor-
mance, rather than the prosthesis user’s own report
of phenomenal experience. Additionally, one can
question the assumption that it is necessary for
a limb and prosthesis to have similar movement
patterns in order for the latter to feel embodied.
Indeed, the phenomenological work referred to
earlier regarding tools and the blind person’s long
cane would suggest that artifacts that have different
properties than the anatomy to which they are
appended can nevertheless be embodied.

Anecdotal as well as empirical evidence of
prosthesis adaptation, a process in which prosthesis
users overestimate the length of their residual limb
as the result of prosthesis use, has been reported
by McDonnell et al. (10,11). These researchers
proposed that long-term exposure to discordant
forms of sensory information (the visual, proprio-
ceptive, and tactile aspects of this prosthesis use)
result in this phenomenon. Inasmuch as prosthesis
use leads to the overestimation of the length of
residual limbs, it may be argued that the prosthesis
has become part of the user’s body image.

Recent research (12) has centered on the
phenomenological boundaries of prosthesis user’s
bodies. Artificial limb users are predominantly
people who have had a limb amputated (in contrast
to being born with a missing limb). One pervasive
aspect of such users’ experience is a phantom limb,
whereby they feel as if the anatomical limb is still
present in its usual place. This experience has been
found often to play a large part in enabling the
incorporation of a prosthetic into the phenomenal
body of participants, such as when the prosthetic
limb is experienced as part of the phenomenal
body, with the phantom and the prosthetic inter-
lacing into a phenomenal corporeal structure:

“It is certainly nice to still feel the [phantom] foot.
Primarily, it facilitates the use of the prosthesis because
I don’t feel as anything is really missing.
So my prosthesis is ‘natural”’ (12, p. 969).

In the above example the prosthetic and phantom
limb phenomena entwine their different properties

(the “legness” of the phantom, the solidity and
reality of the prosthetic limb), which anchors
(a “connectedness-to-the ground”) people with
amputations to their habitual world. However, it is
important to note that for some people the phantom
limb does not have a close correspondence to their
amputated limb. It may only be experienced in part
(e.g., a phantom hand with no forearm); it may be
experienced as lighter and more hollow; it may be
contorted into an anatomically impossible position;
and it may also be experienced as much shorter
than their amputated limb.

While prosthesis users may report that the limb
feels “part of” them, a phantom limb is not always
necessary for such an experience. Murray (12)
found people with congenital limb absence gave
similar accounts. One female interviewee with
congenital absence of her right forearm, stated:

“It’s [the prosthesis] a part of me now, that’s the only
way I can describe it. To me it’s as if, though I’ve not
got my lower arm, it’s as though I’ve got it and it’s a
part of me now. It’s as though I’ve got two hands, two
arms” (12, p. 970).

Such reports reflect the possibility that under
certain circumstances a prosthesis can be trans-
formed from an extracorporeal structure into
a corporeal one (8). Just as McDonnell and
colleagues (10,11) report that users overestimate
the length of their residual limb as the result of
prosthesis use, prosthesis users themselves often
provide accounts of how their prosthesis is incor-
porated into phenomenal body structures.

Churcher (13) has discussed the process of
learning a new task, with special attention to the
use of prostheses. He provides the example of
learning to use a pencil, whereby new physical
and informational properties of the hand need to
be internalized to adequately use a pencil as an
extension of the body. The phenomenon experi-
enced by some artificial limb users, whereby they
are able to lose a focal awareness of their prosthesis
and use it as a replacement of their anatomical
limb, is demonstrative of the process described
by Churcher: the new physical and informational
properties that accompany prosthesis use are incor-
porated and allow the prosthesis to be used as a
practical extension of the body.

The incorporation of an artificial limb into the
phenomenal boundaries of the body enable some
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users to achieve corporeal knowledge, that is, a
form of phenomenological understanding that is
usually achieved with an anatomical limb. For
instance, Murray (12) reports how one woman with
congenital limb deficiency recounted an attempt
earlier in her life to learn how to play the piano. On
one particular week she had forgotten to take her
left prosthetic hand with her, and her tutor asked
her to “just do the right hand, but think where the
left hand would be.” As she explains, “I could not
think left handed.”

“And when I had to think left hand, and play the piano
right hand on my lesson, I gave up. Because the man
didn’t understand, I couldn’t think about the left hand,
because it’s not there. I’ve never had it and I can’t think
about the left hand. I’ve no experience. And there’s an
old Chinese proverb, ‘I do and I understand, I don’t do
and I don’t understand.”’ (12, p. 969).

She then explained a more recent occasion when
she had had similar difficulties:

“We were doing exercises in the pool. … You were
having to put your right hand to your left knee, and your
left hand to you right knee. I was sort of going like
this [flails arms], for ages, almost disoriented by limb.
There’s one limb not there, I can’t even think left hand.”
(12, p. 969).

However, it became evident that the prosthetic
hand was able to provide her with knowledge that
is usually corporeal:

“With the prosthesis, the bit I do understand is holding
the hymn book, that [the prosthesis] can hold a hymn
book, now I know what it feels like to hold a hymn book
in the left hand. Can you understand that?” (12, p. 969).

In this manner, a prosthetic limb is able to imbue
a form of corporeal knowledge to users. Using a
prosthetic becomes a form of knowing—an under-
standing that is achieved practically and corpo-
really. The above participant at once describes the
limits and potentiality of a prosthetic hand. While
she is unable to perform complex motor acts with
the prosthesis, relatively simple activities, such as
holding a hymnbook, are made “knowable” to her
by virtue of the prosthesis.

While the above form of experience was
recounted by a number of Murray’s (12) partic-
ipants, it is all the more interesting that this
was often the experience of participants who had
congenital limb absence, and could describe the

experience of not only having an artificial limb
redesign the natural topography of their body, but
that it could also imbue the implicit knowledge,
which is usually embodied corporeally.

Not all prosthesis users experience the types of
bodily incorporation of an artificial limb described
above. Some describe their prostheses merely as
practical aids (12). Many people with amputations,
for instance, do not have the physical strength
(particularly if they are elderly) or a residual limb
that affords such an outcome. However, the recent
identification that the experience of a prosthesis as
part of the phenomenal body is a common occur-
rence raises the possibility that many people who
could benefit from prosthesis use simply do not
persevere to the point where these benefits could
be realized.

The accounts of prosthesis users suggest that the
training of persons to use artificial limbs should
emphasize the long-term process involved, for
instance, in gaining effective balance and walking
gait with the aid of a prosthesis. The accounts of
Murray’s (12) successful prosthesis users demon-
strate that the use of an artificial limb is not
intuitive to begin with, nor does such use initially
feel natural. However, prosthesis users stress the
process of adjustment to using a prosthesis, in
which there was a natural switch and subcon-
scious compensation to changes in weight distri-
bution and body balance following amputation and
subsequent prosthesis use. One implication of such
experience is that, whereas previous research has
found that the increased physical effort associated
with prosthesis use (14) as well as discomfort
experienced when wearing a prosthesis (15) often
leads to rejection of artificial limbs, the accounts
of successful prosthesis users suggest that these
experiences may be overcome with perseverance.
That is, the often-cited reasons for the rejection of
prostheses are frequently part of the initial experi-
ences of successful prosthesis users also who,
unlike those who reject their prosthesis, persist
with using their artificial limbs to find that these
negative experiences give way to a more natural
pre-reflective use of their artificial limbs.

While the personal accounts of the perceptual
experience of prosthesis use provided by people
with amputation and congenital limb absence
provide important insights into the manner in
which prosthesis use may become embodied, it
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is also important to stress that such experience
does not take place in a social vacuum. Rather,
the physical and technological metamorphosis
of prosthesis users takes place within social
and historical contexts, where meanings of such
prosthesis use are made and remade within both
social interaction and the dominant views of wider
society (16). These meanings can be expected to
impact upon the experience of prosthesis use, and
upon the likelihood that such use will be continued.
Therefore, it must be borne in mind that prosthesis
use cannot be fully understood without a consider-
ation of the cultural milieu in which such experi-
ences are embedded.

A clue to the understandings and meanings
that using a prosthetic limb has for the person
concerned can be found in a reflection of the
centrality of the body in personal experience (16).
Dise-Lewis (17) notes that, in Western cultures,
the loss of a right hand means that people are no
longer able to shake hands in the socially accepted
manner, whereas the loss of the left hand prevents
them from wearing their wedding ring on the
correct hand. A prosthetic limb, then, may be able
to restore some of these rudimentary customs in
which the body is routinely and socially deployed
(Fig. 9.1).

The meaning of the social body (18) in
relation to prosthesis use has been examined
by Murray (16). Such meanings can be illus-
trated by the comments made by one female
interviewee regarding the use of her prosthetic
hand. This participant discussed how her prosthesis
integrated her into an important social ritual, one of
adolescent courtship. What is important here is not

Figure 9.1. An image of a cosmetic glove wearing
a wedding ring and watch as used in promo-
tional material by Realistic Prosthetics Limited. (From
Realistic Prosthetics Limited, with permission.)

that the prosthesis facilitated romantic or sexual
relationships—indeed the respondent remarks she
“usually had three boyfriends at a time”—but,
rather that it enabled participation in a social ritual,
one in which the conventional use of the body was
of central importance.

“The reason I wanted it [the prosthesis] when I was
sixteen—remember I was a teenager, very popular, I
usually had three boyfriends at a time [laughs]. ‘Sweet
sixteen and never been kissed,’ I’d been kissing boys
since I was thirteen. To me kissing was absolutely lovely.
I always had lots of boyfriends. But when I was dancing
it was nice to have a hand to put on their shoulders. It
was a cosmetic reason really, but I was pleased to have
it.” (16, p. 431).

The social normalizing role of prostheses is
found to be important for many users, both people
with congenital limb absence and people who had
experienced amputation. As can be seen from the
above extract, a prosthetic hand not only enabled
participation in an important social ritual (one of
adolescent courtship), but, more specifically, the
dancing that accompanied this activity required
conventional uses of the body, for example the
hand on the shoulder, which would be impossible
to achieve without the prosthesis.

The above example also indicates a gendered
context within which prosthesis use takes place.
The topic of gender in relation to prosthesis
use has been largely overlooked in the research
literature. The limited research on the issue
of gender, amputation, and prosthesis use
has examined depression following amputation.
(Kashani et al. (19) found women were more likely
than men to be depressed following an amputation,
while several studies have found gender does not
predict levels of psychosocial adjustment (20–22)).

It is important to recognize that culture and
gender may have an influence in the experience
of embodiment for prostheses users. Murray (23)
has found that for male participants, the issue of
gender and prosthesis use is located in discussions
of gendered roles, such as the male breadwinner,
and in descriptions of strength (24). Here males
viewed prosthesis use as important in allowing
them to continue providing financially for their
family, and prostheses were valued for allowing
or enabling strenuous activities. Such views are
evident in, and typified by, the following interview
extract:
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“For me it was important that I could get back to work
and sort the finances of the family. My wife had taken
on a job that she had had before our son was born,
and I wanted to have things back to normal as soon as
possible. The [prosthetic] leg allowed me to do this, and
I was soon back repairing the house (back on ladders),
and putting in 12 hours per day of physically demanding
work.” (23, p. 149).

In contrast to a male focus on the utilitarian
functions provided by their prosthesis, many
women indicated that their prostheses were central
to maintaining their feminine identity, such as
being able to continue wearing high heels, to go
dancing, and so forth. However, other women
emphasized the “ugliness” of their prostheses, and
how they interfered with the establishment of
sexual relationships (23,24). While masculinity is
implicated in prosthesis use, as described above,
for female prosthesis users, in particular, the
gendered nature of prosthesis use was of personal
significance. Female prosthesis users have been
found to speak of the frustration they encounter
in obtaining prosthetic limbs that are appropri-
ately gendered (16). On occasion, some female
prosthesis users have artificial limbs provided to
them that are designed for male users. The affront
to a person’s sense of femininity on such occasions
had profound personal significance:

“I probably would not have retained some anger at a
prosthetist who put men’s feet on my limbs if he had
told me that only men’s feet were available at any point
in time!” (23, p. 149).

However, such a distinction between male and
female artificial limbs is not always clear or
appropriate. Rather, for some female participants
a prosthesis designed for use by males was
sometimes more appropriate for their needs. As
the following interview excerpt demonstrates, the
prosthesis that had been designed for use by
females was too small for the participant, who
then had to use an alternative which was originally
designed for a male:

Participant: This is a man’s hand. I used to have really
long nails and everything beforehand, but you can’t
really have long nails with that.
Interviewer: Why have you got a man’s hand?
Participant: Because the ladies hand, I looked at it and
said it’s a tiddly that. It is, it’s too small. I mean, I’ve
always done quite hefty work in my jobs, so I suppose

it’s given me quite muscular type hands. And this to me
was more like my hand than what the other tiddly things
were, you know.” (23, p. 150).

Some females perceive prosthesis use, particularly
upper-limb prostheses, as not suitable for females.
A lack of cosmesis and the view that women have
more of a problem with wearing prostheses have
been cited as reasons for nonuse:

“I know that having another [prosthetic] arm would make
life much easier in many respects, but my reason for
not using them has been largely cosmetic. It seems that
women have more of a problem with wearing a hook
than men (blame it on Peter Pan, if you will!) and I
admit, I am one of them.” (23, p. 159).

Clothes emerge as important in female prosthesis
users’ sense of femininity and self-identity. Clothes
worn prior to limb loss and prosthesis use are
therefore often still worn, even when this makes
prosthesis use more difficult and threatens one’s
health. This is evident in the following interview
excerpt, where a participant talks of her determi-
nation to continue wearing high heels:

“I know when I first got my limb I was determined to
lead quite a normal life. And before I ever had my leg
amputated I used to wear high heels. And I wanted to
be able to carry on wearing high heels, because it felt
as though I was still being me. And there were lots of
arguments at the time. These are 3½-inch heels. You
won’t see anyone else with them. But that was me and
that is what I wanted. There was lots of arguments,
erm, as regards me getting that, because of pressure on
my other leg. And with it being circulation problems,
vascular disease, I also have a lot of problems with the
other leg. But, even though I put strain on the other
leg by wearing the heels, it makes me feel better.” (23,
p. 151).

The gendered nature of prosthesis use then is
generally more prominent for females. This is
perhaps reflective of (Western) societies’ more
pronounced emphasis on the appearance of females
(25), which artificial limbs disrupt. For females,
the ability to wear items of clothing that can be
seen as quintessentially feminine is found to be
important for their sense of self-identity.

The emphasis here on feminine clothing differs
from the use of clothing as discussed by Kaiser
and colleagues (26,27) in the management of
appearances by persons with physical disabil-
ities. Whereas Kaiser et al.‘s research found that
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Figure 9.2. An image of a man with a left arm amputation seated in a car and using the Boston Digital Arm
System as used in promotional material by Liberating Technologies, Ltd. (From Liberating Technologies, Ltd., with
permission.)

disabled persons attempted to appear as normal
as possible through their clothing choices, using
a variety of techniques to conceal or deflect
attention away from their disabilities, here female
prosthesis users often wanted to wear clothes that
were important for their sense of identity, but
did not necessary make it any easier to conceal
a prosthesis. Male concerns about prosthesis use
appeared more concerned with purely utilitarian
functions provided by their prostheses, such as
being able to continue driving a car. Interestingly,
prosthesis company advertisements often depict
male prosthesis users in cars, emphasizing the
culturally valued link between men and driving
(Figs. 9.2 and 9.3) (28). Thus, the cultural context
of feminine attractiveness contrasts with masculine
functionality, both of which play a part in a cultural
and gendered embodiment of prostheses. The
preceding discussion of gender and embodiment
indicates that gendered identities are important in
the embodied experience of prosthesis use, and that
the use of artificial limbs is more likely when such
use is able to support such gendered identities.

The affective responses that prosthesis users
have to their bodies are in part constituted by the
values, opinions, and behaviors of other people
and wider society, and which are exerted within
social interaction. Erving Goffman’s (29) seminal
work on stigma positions the body as a repository
of meaning (discourses of body and embodiment),
and highlights its role in social encounters as well

as stressing the importance of management (bodily
performance) in social competence.

The management of bodily performance in
social interaction tends to proceed, for most
people, most of the time, in an unproblematic
manner. However, Goffman argues that problems
can occur when people’s self-identity (how they
view themselves) does not accord with their actual
social identity (how other people see them). A

Figure 9.3. A prosthetic company advertisement
featuring a couple in a car, as used in promotional
material by Endolite/Chas A. Blatchford & Sons, Ltd.
(From Endolite/Chas A. Blatchford & Sons, Ltd., with
permission.)
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person’s self-identity is often premised on a wish
to be seen as normal. In this regard, the problems
of the disabled feature prominently in Goffman’s
work. For people with stigmas, such as amputa-
tions, problems can arise in social interactions with
able-bodied persons that have particular and lasting
damage for their self-identity.

As one example of the importance of culture and
social reactions to prosthesis use, and amputation
in particular, we can consider a study of a
Cambodian population with a high number of
people with amputations due to land-mine injuries
(30). Amputation, French (30) argues, so alters the
integrity of the body that both the person with
amputation and the people he or she comes into
contact with are affected. For example, the embod-
iment of able-bodied people simultaneously equips
them with a sympathetic identification with the
person with amputation, and a fearful repulsion
that they too could become like them.

Of particular importance to French was the
impact of so many amputations on one Cambodian
population. This included questions of the effect
that these amputations and people with amputa-
tions had on the wider population, how the
population experienced the bodies of people with
amputations, and how these bodies were “read.”
Therefore, the social experience and understanding
of amputation in the population as a whole was the
research focus.

Responses to these questions were found to be
understood only with reference to the political,
economic, historical, and religious milieu of the
people and region. Initially, French had supposed
that people with amputations would be seen as
a reminder of the war that had raged there for
so many years, but that they would receive a
compassionate Buddhist response. What French
found was that people with amputations did not
provoke a general anxiety about the war, but rather
a more specific anxiety about personal safety.
Young males with amputations in particular had a
reputation for violence and theft, and were avoided.
They were looked down upon and were rarely
treated compassionately. Individuals with amputa-
tions themselves felt abandoned and degraded by
their families and society in general.

French described her study as phenomenological
in that it was concerned with lived experience
and its meanings. However, these meanings were

located within the intersubjective domain of social
relations and cultural signs. The social nature of
the life-world means that, while we experience as
individuals, the “what” of experience is constituted
through complex interwoven subjectivities.

Representations of prosthesis use in cultural
vehicles, such as the media and advertising,
provide further insights into how the meaning of
prosthetic embodiment is socially and culturally
constituted. The analysis by Lisa Herschbach (31)
of prosthesis company advertisements for artificial
limbs following the American Civil War identified
a narrative pattern in this historical material, which
sustained a “persistent dream of bodily revital-
ization” and in which text and images were used
to emphasize prosthesis users as “embracing the
robust pleasures and pursuits of civilian life,
absolved of their injuries” (p. 31). While a similar
systematic analysis of modern prosthetic literature
is lacking, as noted earlier such advertisements
often feature artificial limb users in culturally
valued activities appropriate, for example, for their
gender (28).

While the social world around us, along with
the culture, can be seen to play a part in molding
embodied experience for people with and without
disabilities, it is important not to invest these with
a determining role. For example, in a series of
papers, Frank (32–34) has examined the culturally
and socially embedded experience of embodiment
for people with congenital limb deficiency. In
contrast to Goffman’s (29) theory that suggests that
rejection by normals forces people with disabilities
to conceal, and therefore minimize the negative
impact of their physical difference, Frank’s (34)
informants used self-display as a method of self-
empowerment. She argued that stigma was a factor
in her participants’ lives to which they had to adapt.
However, Frank argued that not only does stigma
not remain static over time, but that there is no
final state of adjustment. Rather, Frank’s partici-
pants adopted and developed a variety of strategies
for dealing with stigma that were not all about
concealing their disability. Importantly, Frank’s
informants emphasized that managing stigma was
not the focal point of their lives.

Frank (32) provided a life history of Diane
DeVries, a woman born without legs and with
above-elbow stumps, in which she emphasized
the normalcy of her participant’s body for her.
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Frank described this work as a collaborative effort
between informant and researcher, with the aim
of producing a holistic, qualitative account that
would relate to theoretical issues, but that would
also convey a sense of the personal experience
of congenital disability. Within this paper Frank
emphasized themes of cultural normalcy and
orientation to independent living: these themes
conveyed the normal cultural development of
Diane’s life in relation to her age, gender, and
social background, which included initiation into
sex, falling in love, and living with a partner.
DeVries judged the prosthetics forced upon her
at an early age as more stigmatizing than her
unencumbered body. With her prostheses she felt
she looked like “a little Frankie” (a Frankenstein
monster), and felt more natural without them. The
same informant formed the basis of a later paper
by Frank (33), in which she wrote of how DeVries
articulated intactness in her descriptions of her
body. Although trained at an early age, and for a
prolonged period (age 4 to 18), to use prostheses,
DeVries always liked her “body to be completely
free” (p. 208).

In a later paper, Frank (34) emphasizes themes
of public visibility and personal display in the life
stories of her informants, born with multiple limb
deficiencies. These participants, Frank argued,
demonstrate an attitude of activity against stigma,
more than a reacting toward it. In this manner,
Frank emphasizes the self-accepting attitudes that
her informants had about their bodies despite their
limb deficiencies. The rejection of prostheses by
people born without limbs, Frank argued, can be
seen as an adjustment to their embodied condition,
where bodily competencies are better deployed
without prostheses.

The body of work reviewed here highlights
important aspects of the embodied experience of
prosthesis use, and how the social and cultural
worlds in which we live contribute to this
experience. It is only with a full consideration
of the phenomenology of using an artificial limb,
and the personal, social, and cultural meanings
that surround this practice, that the embodied
experience of a prosthesis can be understood and
fully inform the rehabilitative process. However,
to achieve this, more work is needed to understand
the diverse variety of meanings and experiences
that surround prosthesis use, both by the person

with congenital limb absence or acquired limb loss
and those able-bodied members of society who
encounter prosthesis users.

Future Developments

While the work referred to above emphasizes the
need to consider personal and social meanings
in order to understand the embodied experience
of prosthesis use, such considerations need to be
appropriately informed. For instance, the issue
of gender was discussed earlier as an underex-
plored area with important implications for the
individual’s identity and experience of using an
artificial limb. Another significant example of
the relationship between identity and embodied
experience is that of race and ethnicity. Gendered,
racial, and ethnic identities are fashioned out of
social relationships and culture, within which such
identities are also situated. A full consideration of
the embodied experience of prosthesis use requires
attention to these issues.

The research on race and ethnicity in relation
to amputation and prosthesis use tends to focus
on the elevated risk to amputation found in ethnic
minority groups. For instance, research in the
U.S. has generally found that African Americans
have a much higher risk of major lower extremity
amputation than white patients (35). Similarly,
Young et al. (36) have found that compared with
diabetic patients without amputations, diabetic
people with amputations were more likely to
belong to a minority ethnic group. Dolezal et al.
(37) have found nonuse of artificial limbs to be
associated with being of African-American race.
However, there is a paucity of research specifi-
cally on the experience of prosthesis use among
racial and ethnic groups, or on the attitudes of able-
bodied members of these groups toward prosthesis
use. Vernon (38) argues that when researching
and writing about disability “academics have
either ignored or tagged on the experience of
disabled Black and minority ethnic people” (p.
385). This tendency to subsume the experiences
of ethnic minorities in research conducted with
predominantly white sample groups may overlook
important familial, religious, social, and cultural
parameters of ethnic identity, which in turn modify
the experience of disability.



9. Embodiment and Prosthetics 127

As with gender, race can be expected to be
an integral issue in prosthetic embodiment (23).
For example, prosthetic cosmetic covers, which
surround the working mechanisms of an artificial
limb, need to be visually redolent of the color of the
user’s skin. While issues surrounding race do not
currently appear in existing research material, there
are companies that specialize in providing these
cosmetic covers, which therefore indicates that race
is an important consideration. Indeed, recently in
the United Kingdom the national press reported on
a black woman about to undergo amputation who
was offered a pink rather than a black foot, and the
distress which the offer caused (39). Until issues of
race and ethnicity have been explored with respect
to prosthesis use, it is not possible to explicate their
role further here, aside from highlighting these
issues as important areas of future research.

Summary of Key Points

• People with amputations and congenital limb
absence vary in the degree to which they feel
their artificial limb is “part of” them. However,
it is a recent recognition that many prosthesis
users can achieve this experience with practiced
use.

• The personal meanings that current and potential
users of prostheses have toward artificial limbs
influence their experience of prosthesis use.

• The social roles or identities that people have are
important aspects of their embodied experience.

• The society and culture within which prosthesis
use takes place influences able-bodied persons’
perception and meanings of this activity, which
impacts on the embodied experience of the
prosthesis user.

• Further work is needed to examine gendered,
racial, and ethnic identities and their relationship
to the embodied experience of prosthesis use.

Glossary

Corporeal: Relating to, or being characteristic of,
the body or a part of the body.

Culture: An enduring way of life for a group of
people, which incorporates acceptable and valued
patterns of behaviors, beliefs, values, and symbols,

and which is transmitted from one generation to
the next via a variety of social practices.

Embodiment: The way in which people
experience their own body.

Ethnicity: The shared and distinct characteristics
of a group of people, such as linguistic, national,
racial, religious, or cultural heritage, but especially
when such people belong to a national group by
heritage or culture and reside outside its national
boundaries.

Gender: Referring to activities, appearance,
attributes, behaviors, and social roles that society
considers acceptable or appropriate for men and
women.

Phenomenology: The study of phenomena or
things as they are perceived, to uncover the
essential features of experiences and the essence
of what is experienced.

Race: The shared genetically transmitted
physical characteristics that distinguish a local
geographic or global human population as a more
or less distinct group, such as skin color.

Stigma: An attribute that is socially unacceptable
and imbued with a sense of shame or disgrace.
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Osseoperception and Osseointegrated
Prosthetic Limbs
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Björn Rydevik, and Rickard Brånemark

Overview

The Method of Osseointegration

During the last decade, bone anchorage of
prosthetic limbs has become a realistic alternative
to socket prostheses for patients with amputations
due to causes other than severe peripheral vascular
disease. The theoretical advantages that could be
assumed to exist with an artificial limb attached to
the bone as an extension of the residual skeleton,
were first described more than 20 years ago (1)
and could be summarized as follows: a stable
attachment of the prosthetic device with elimi-
nation of any movements of a socket, better propri-
oception due to the stable attachment directly to the
bone; elimination of skin and pain problems related
to a prosthetic socket; and a better potential to
control the prosthetic limb. However, it is through
recent clinical research that these advantages have
become a reality for patients.

The first successful clinical applications of
patients treated with bone-anchored amputation
prostheses was by the use of the method of osseoin-
tegration (2). The discovery that implants made of
commercially pure titanium could provide a stable
anchorage for an implant in bone tissue was made
by the Swedish Professor Per-Ingvar Brånemark,
during the 1950s. This phenomenon was later
named osseointegration (3). Since 1965 the method
of osseointegration has been in successful clinical
practice for dental applications (4,5) and to date
there have been more than two million patients

who have been treated with dental implants due
to edentulousness worldwide. Currently the same
method is, for example, also used for treatment
with bone-anchored hearing aids, for anchorage of
prostheses due to other defects in the head and
neck area (6), for finger joint prostheses (7,8), and
for thumb amputation prostheses (9).

Treatment with an osseointegrated (OI) trans-
femoral amputation prosthesis was performed for
the very first time in 1990 in Sweden (2). Since
then, the treatment has continued to be performed
in Sweden and more recently also in the United
Kingdom (10,11). Until today, most patients
treated have had a transfemoral amputation,
but individuals with amputations on the upper
extremity, that is, transhumeral, transradial, and
thumb amputations, have also been treated with OI
prostheses. To date, more than 120 patients have
been treated with OI prostheses worldwide, with
most patients treated at the Sahlgrenska University
Hospital in Gothenburg, Sweden.

The treatment includes two surgical sessions. At
the first surgery (S1), a titanium implant (fixture) is
inserted in the residual bone and left unloaded for 3
to 6 months. At the second surgery (S2), a titanium
rod (abutment) is inserted into the distal end of
the fixture and then penetrates out of the skin on
the residual limb (Fig. 10.1). Prosthetic suspension
is obtained by connecting the OI prosthesis to
the abutment with a specific attachment device
(Figs. 10.2 and 10.3). After the second surgery, the
patient undergoes a period of rehabilitation. For
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Figure 10.1. Photograph of the titanium abutment penetrating the skin of the residual limb. The patient has a
transfemoral amputation and the photo is taken 10 weeks after the stage 2 surgery.

Figure 10.2. Photograph showing donning of a transfemoral osseointegrated (OI) prosthesis with an Allen key.

patients treated on the transfemoral or transhumeral
amputation level, the period of rehabilitation is
4 to 6 months with gradually increased weight
bearing and prosthetic activity (12). Thus, for
those patients a total treatment period of approx-
imately 12 months is normal. For patients with
a transradial or thumb amputation the treatment
period is shorter.

For most patients treated with OI prostheses
several years have passed since the amputation
and most have been supplied with several socket
prostheses prior to the treatment. This means that
most patients have a relatively established situation
in relation to their disability when the treatment is
performed. Moreover, most patients live far away

from the hospital, in different parts of Sweden
or other parts of Europe. This means that the
treatment includes traveling to the Sahlgrenska
University Hospital on several occasions during
the treatment period. Except for the two surgery
sessions, none of the visits lasts longer than a few
days. During the rehabilitation, instructions for the
training is given at outpatient visits, but the daily
training is performed back home by the patient
and, in some cases, with assistance by a therapist
closer to home. In the same way, the OI prosthesis
is supplied at the Department of Prosthetics and
Orthotics at the Sahlgrenska University Hospital,
but, in the long term, repairs and minor changes
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Figure 10.3. Example of an OI prosthesis used by
a patient with a transhumeral amputation level. The
prosthesis has an attachment device and a myoelectric
controlled hand in combination with a body-powered
elbow, a so-called hybrid prosthetic type.

to it could be handled by a prosthetic workshop
closer to home.

For patients provided with a bone-anchored
prosthesis, there are some immediate and evident
advantages compared with socket prostheses.
These include easy and fast donning and doffing
of the artificial limb, an artificial limb that fits
properly every day, and no socket that is restricting
the range of motion in the joint above the level
of amputation. Patients treated with OI prostheses
have also reported various kinds of new sensations
in relation to their artificial limb and phantom limb.
Several patients have reported a better feeling of
control of their artificial limb and that they can
now better identify what type of surface they stand
or walk on, for example, asphalt, gravel, or grass.
Another frequent comment is that the OI prosthesis
feels more like a natural part of the body than did
the socket prosthesis. Furthermore, new sensations
related to the phantom limb have been reported.
For instance, one woman with more than 30 years’
experience of a socket prosthesis reported after
3 years of use of the OI prosthesis that she felt

her phantom limb starting to slowly “grow” toward
its normal length.

Osseoperception

We know today that patients with osseointegrated
implants can identify tactile thresholds transmitted
through the implant. The phenomenon is called
osseoperception (3,13). Recently, a consensus
statement defined the term osseoperception as
“the mechanosensibility associated with osseointe-
grated implant rehabilitation,” which was further
defined as follows (14):

(i) the sensation arising from mechanical stimulation of
a bone-anchored prosthesis, transduced by mechanore-
ceptors that may include those located in muscle, joint,
mucosal, cutaneous and periosteal tissues; together with
(ii) a change in central neural processing in maintaining
sensorimotor function.

The phenomenon of osseoperception was first
identified with the benefit of improved sensory
feedback for bite force and oral function for
patients with osseointegrated implants in the
edentulous jaw (15,16). Later work has further
established the importance of osseoperception
in dental sciences and recognized the pathways
through which this mechanoreception occurs in the
absence of a functional periodontal mechanore-
ceptive input (17,18). In the case of bone-
anchored implants, there are histological, neuro-
physiological, and psychophysical evidence that
it is likely that a proper peripheral feedback
pathway can be restored by loading osseointegrated
implants (19). Still, the underlying mechanism of
the phenomenon of osseoperception is a matter
of debate. Sensitive periodontal ligaments are lost
after extraction of teeth, still the patients seem
to function very well and can experience sensory
perception, and patients with bone anchored
amputation prostheses report that the prosthesis
feels more like their own limb. Ysander et al. (20)
have found an increase of neuropeptides around
osseointegrated implants, for instance calcitonin
gene-related peptide (CGRP). The physiological
integration of implants appears to be of great
importance for the patients in order to provide
a more natural function. Osseoperception is vital
for both improved prosthetic function as well as
for reducing the feeling of being disabled for
individuals treated with OI prostheses.
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Review of the Evidence

Osseointegrated Prostheses and
Health-Related Quality of Life: Results
from a Prospective Study

Any evaluation of a new treatment should include
evidence of its impact on health and quality of
life. The concept of health-related quality of life
(HRQoL) refers to those aspects of quality of life
that could be supposed to be affected directly by
a health condition and reflects patients’ percep-
tions of their degree of physical, psychological,
and social well-being. It is considered especially
important to study the HRQoL in groups of patients
with chronic conditions. Limb loss is a chronic
condition and the OI prosthesis is a new treatment,
which means that evaluation of HRQoL in this
group of patients is very important.

In 1999, a prospective clinical investigation
named OPRA (Osseointegrated Prosthesis for the
Rehabilitation of Amputees), was started at the
Sahlgrenska University Hospital in Gothenburg,
Sweden, on patients treated with transfemoral
OI prostheses. Inclusion criteria for the study
are as follows: the patient has a transfemoral
amputation, is experiencing problems using a
socket prosthesis, has complete maturation of
the skeleton and normal skeletal anatomy, is
younger than 70 years of age, and qualifies for
the surgery based on the medical and physical
examination. Exclusion criteria are as follows:
the patient has severe peripheral vascular disease
with or without diabetes mellitus, is undergoing
treatment with specific drugs (e.g., chemotherapy,
corticosteroids), is overweight (about >100 kg), or
is pregnant. The decision on patient selection is
made by a team of professionals, including ortho-
pedic surgeons, physiotherapists, and prosthetists.
The OPRA protocol includes a wide range of
assessments performed prior to S1 and at defined
time points after S2 until the 2-year follow-up.
The protocol includes objective measures such
as radiography, registration of complications, hip
range of motion, energy cost while walking,
computerized gait analyses, and vibrametric
analyses, as well as the subjective assessment of
HRQoL.

The preferred format for assessment of HRQoL
is a self-report questionnaire. There are two

main types of HRQoL measures described in
the literature: general measures and disease- or
condition-specific measures (21). The general tool
gives a broader perspective of the HRQoL and
could be used on healthy persons as well as on
persons with different kinds of health problem
and it can be used for comparisons of different
categories of patients. The condition-specific tool
is designed for a targeted group of patients or
conditions and gives a more detailed perspective of
HRQoL for that specific group. One common piece
of advice is to use both kinds of measure in order
to best capture the overall situation and change in
health due to an intervention. The assessment of
the HRQoL within the OPRA study is with two
self-report questionnaires: the general HRQoL is
assessed with the Short-Form 36 Health Survey
(SF-36) (22), and the condition-specific HRQoL is
assessed with the Questionnaire for Persons with a
Transfemoral Amputation (Q-TFA) (23).

The SF-36 is commonly used worldwide and
has documented validity and reliability (22,
24). It gives results in eight separate scales
and two summary component scores (physical
component score and mental component score).
The eight scales each represent a specific
dimension of the HRQoL; physical functioning
(PF), role functioning from a physical perspective
(RP), bodily pain (BP), general health (GH),
vitality (VT), social functioning (SF), role
functioning from an emotional perspective (RE),
and mental health (MH). The scores range from
0 to 100. A higher score represents better
health.

The Q-TFA is a condition-specific outcome
measure designed to reflect current prosthetic use,
mobility, problems, and global health (23). It was
designed for nonelderly persons using transfemoral
prostheses and for studying the outcome when
changing from socket prostheses to OI prostheses.
Initial validity and reliability of the Q-TFA have
been established on 156 individuals using socket
prostheses (67% male, 33% female; mean age 51
years, range 20 to 70 years; mean years since
amputation, 25 years, range 2 to 56 years). The
results are presented in four scores: prosthetic use
score, prosthetic mobility score, problem score,
and global score, all with a range from 0–100. For
individuals not using any prosthesis, the only score
that could be presented is the prosthetic use score
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Table 10.1. Details of the first 18 patients included in the OPRA study

Gender: 8 male, 10 female
Mean age at inclusion: 45 years (22 to 62)
Mean time since the amputation: 15 years (10 months to 33 years)
Amputation level: Transfemoral:16 unilateral and 2 bilateral
Amputation cause: 12 trauma 5 tumor 1 arterial embolus
Prosthetic users at inclusion: 15/18

together with some single items, which could be
reported even if no prosthesis is used at all (e.g.,
back pain, phantom limb pain, perception of the
overall situation).

The study’s initial results on HRQoL and
prosthetic function have been analyzed for the first
18 consecutive patients treated (25). The character-
istics of these 18 patients are listed in Table 10.1.
At the 2-year follow-up, 17 of the 18 patients used
the OI prosthesis with unrestricted weight bearing.
One patient did not use it due to pain and later
loosening of the implant. The results of the HRQoL
showed improvements in the general physical
HRQoL with statistically significant improvements
in the SF-36 scales measuring PF, RP, BP, and the
physical component score. There were no statis-
tically significant differences in the other scales
of the SF-36. The condition-specific HRQoL, as
measured with the Q-TFA, was improved in all
four scores with increased prosthetic use, better
prosthetic mobility, fewer problems, and a better
global situation reported after treatment (25). Some
details of the results from the Q-TFA with regard to
the amount of prosthetic use and reported problems

preoperatively and at the 2-year follow-up are
listed in Tables 10.2 and 10.3. These tables also list
results for the 156 nonelderly patients with socket
prostheses, taken from the study reporting on the
measurement properties of the Q-TFA (23,26).
The prospective comparison of the problem score
(Table 10.3) is presented for the 14 cases that used
a prosthesis at both occasions. A lower problem
score indicates fewer problems. It is interesting to
note the increase in prosthetic use and the decrease
in socket-related problems reported, such as heat
and perspiration, sores and skin irritation on the
residual limb, and discomfort when sitting, among
patients treated with OI prostheses (Tables 10.2
and 10.3).

Regarding problems not directly related to the
prosthetic socket, such as back pain and phantom
limb pain, the preliminary results do not indicate
any clear improvement at 2-year follow-up. Our
clinical experience is that for most patients the
phantom limb pain is not affected by this treatment.
Regarding low back pain, there are several aspects
that we believe have the potential to reduce the
pain problems in the long term, such as more

Table 10.2. Details of prosthetic use among 156 nonelderly individuals with a
unilateral transfemoral amputation using socket prostheses, and the first 18 patients
included in the OPRA study preoperative and at the 2-year follow-up

OPRA study:
preoperative

OPRA study:
2-year follow-up

Prosthetic use score n = 156* n = 18 n = 18
Mean (SD) 79 (25) 51 (42) 83 (27)
MD (min-max) 90 (2–100) 52 (0–100) 100 (0–100)
Of the users: % (n)** n = 156 n = 15 n = 17
>15 h/day 31% (49) 27% (4) 53% (9)
13–15 h/day 35% (54) 20% (3) 18% (3)
10–12 h/day 11% (17) 6% (1) 18% (3)
<10 h/day 12% (19) 27% (4) 5.5% (1)
Not daily 11% (17) 20% (3) 5.5% (1)

∗ Prosthetic use was a criterion for inclusion.
∗∗ Details of prosthetic use for the number using prostheses.

Source: Hagberg et al. (25).
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Table 10.3. Details of the problem score on the Questionnaire for Persons with a Trans-
femoral Amputation (Q-TFA), and the percentage of individuals reporting a selection of
common problems related to the prosthesis and amputation among 156 nonelderly individuals
with a unilateral transfemoral amputation using socket prostheses, and the first 18 patients
included in the OPRA study preoperative and at the 2-year follow-up

OPRA study:
preoperative

OPRA study:
2-year follow-up

Problem score * n = 156 n = 14 n = 14
Mean (SD) 34 (20) 39 (18) 18 (11)
MD (min-max) 30 (1–84) 41 (5–63) 18 (4–39)

Number with
problems**:
Heat/perspirationa

82% 87% (13/15) 18% (3/17)

Sores/skin
irritationa

71% 53% (8/15) 6% (1/17)

Back pain 55% 44% (8/18) 39% (7/18)
Phantom limb
pain

57% 44% (8/18) 44% (8/18)

Discomfort when
sittinga

55% 80% (12/15) 12% (2/17)

∗ The problem score is reported for the 14 patients in the OPRA study who used a prosthesis both
preoperatively and at follow-up. A lower score indicates fewer problems.

∗∗ Number reporting having had at least a moderate problem during the last 4 weeks. Heat and perspi-
ration problems relate to last summer.

a Items requiring prosthetic use to be reported. Three patients did not use a prosthesis preoperatively,
and one patient did not use a prosthesis at follow-up.
Source: Hagberg et al. (25).

equal limb length, free hip range of motion,
increased physical activity, and a more normal
sitting.

Results of Vibrametric Analyses

To analyze the osseoperception, vibratory stimuli
transmitted through the osseointegrated implant are
studied and such assessments are now part of the
OPRA protocol. A vibratory test using a Békésy
audiometer has previously been modified and
evaluated on patients with carpal tunnel syndrome
(27). Today the same method is also used for evalu-
ations of various types of neuropathy (28).

The first experimental study, analyzing the
osseoperception in orthopedic applications, to
determine if passive stimuli applied to the implant
could be detected or not, was performed on a
small group of individuals with upper and lower
limb amputations with comparisons with the intact
limbs (29). Those initial tests suggested that the
stable anchorage of the prosthesis by the implant
improves the perception. When the mechanical

stimulus was applied directly to the abutment,
without wearing the prosthetic limb, the results
showed even better sensations of vibration than
when applied to the normal hand or to the OI
prosthesis.

In a continuing study (30), the psychophysical
detection threshold levels for mechanical stimu-
lation of 32 individuals wearing prosthetic limbs
on the upper and lower extremity (OI prosthesis,
n = 17; socket prosthesis, n = 15) regarding
pressure and vibratory stimulation applied to the
prostheses were investigated. Again, the normal
limb on the contralateral side was used as control.
The same apparatus as in the experimental test was
used and it could be described as being similar
to a hearing test. At the assessment the individual
places the foot or hand (or prosthetic foot or hand)
on a box with a vibrating pin placed against it
(Fig. 10.4). At first, the pin is vibrating with low
amplitude and then the amplitude continuously
rises. Patients are asked to press and hold a button
as soon as they start to feel the vibration. When
holding onto the button, the amplitude falls again,
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Figure 10.4. Illustration of the vibrametric test setup
performed on a prosthetic foot.

and patients are asked to stop pressing the button
when they can no longer detect any vibration. The
vibration will in this way occur in different cycles
and different frequencies.

The relative threshold levels for vibrotactile
and pressure stimulation were expressed as the
proportion to the threshold level of the control
limb. The control limb was set at 1 (score = 1)
and higher levels indicated an increased threshold
level by scores greater than 1. The results showed
that the detection of vibrotactile threshold was
increased with an average of 20% for socket
prostheses, but for patients treated with OI
prostheses the threshold was close to the values
of the control limb (score: 0.9–1.1). Analyses of
pressure stimulation showed that the threshold was
increased, with about 60% for socket prostheses
and 40% for OI prostheses compared to the control
limbs. While the OI prostheses yielded statisti-
cally significant lower threshold levels for the
vibratory stimulation than the socket prostheses,
there was no statistically significant difference
between the groups in relation to the pressure
stimulation (30). The results were similar for
individuals with upper and lower limb amputa-
tions. This study showed that the detection
thresholds for pressure and especially vibratory
stimulation of prosthetic limbs generally are
higher than for the control limbs, and that OI
prostheses yielded better perception than did socket
prostheses.

Discussion

Ongoing Research

The initial report (25) on the HRQoL improve-
ments at 2-year follow-up indicates the great
potential for treatment with OI prostheses for
patients with transfemoral amputations. However,
one must bear in mind that the results presented
are still on a limited number of patients, and the
outcome might be different when analyzing a larger
group. Moreover, the 156 individuals with socket
prostheses presented in Tables 10.2 and 10.3 have
not been matched to be compared with the first 18
patients in the OPRA study. The OPRA study is
still ongoing and the entire study and more detailed
results will be reported in the coming years. Thus
far, 43 patients with 47 implants (four treated bilat-
erally) have been included in the study. It will be
interesting to analyze in greater detail the outcome
on the larger number of patients in terms of the
general and specific HRQoL, but also in terms of
gait analyses, energy cost, and the important matter
of complications associated with the treatment.

A study to investigate if there are any changes
in the vibrotactile detection thresholds over
time in patients with bone-anchored transfemoral
prostheses compared to the contralateral limb and
a control group is also ongoing. The assessments
in the OI group are performed preoperatively
and at 1-year and 2-year follow-up after the S2
surgery. The control group consists of patients with
conventional socket prostheses, and they have been
assessed at one point in time. The analysis was
conducted with the same type of apparatus as the
study by Jacobs et al. (30) placing the prosthetic
or sound foot on the vibrating pin against the
first metatarsal head. Differences in detection of
thresholds are compared in the groups. A prelim-
inary evaluation of the data indicates an increase
in detection of ability of vibration by subjects with
OI prosthesis compared to the preoperative data.
The study also indicates that detection threshold
for vibratory stimulation of OI prostheses improve
over time.

Osseoperception and Improved
Prosthetic Feedback

The phenomenon of osseoperception provides
a natural feedback mechanism in itself. The
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sensorimotor interaction is an opportunity for
physiological integration, and it might lead to
greater acceptance of the prosthesis (19). Recent
research from Lundborg et al. (31) has shown that
tactile stimuli applied to an osseointegrated thumb
prosthesis activated the somatosensory cortex of
the brain, and the authors conclude that their
findings suggest that osseoperception is based on
an activation of the central nervous system. The
method to measure sensibility of the hand based
on cortical audiotactile interaction in this way
had been tested earlier (32,33). The perception
of vibrations can be utilized, for instance, for
the creation of some kind of artificial sensory
function of the prosthetic component. For example,
upper limb prostheses can have thermal sensors
built into the prosthetic fingers, and such sensors
could be designed to generate vibration of different
frequencies depending on the temperature. This is
just an example of how it might be possible in
the future to use osseoperception to create artificial
sensation. A somewhat similar approach has been
made by Lundborg et al. (32) to help patients with
sensory defect in the hand to “feel” with “hearing”
gloves.

Conclusion

The method of osseointegration is likely to
become an important platform for new prosthetic
technology, due to the stable fixation of the
artificial limb. Ongoing research and development
by different groups around the world can be expected
to result in new technology platforms, and the
phenomenon of osseoperception could make those
platforms more usable. Already today osseointe-
grationandosseoperceptionseemto improvequality
of life (26), prosthetic control, and body image (31),
probably due to activation of the somatosensory
cortex in the central nervous system.

Summary of Key Points

Osseointegrated amputation prostheses can lead to
the following:

• Improved health-related quality of life
• Improved prosthetic feedback
• Improvement of body image

Glossary

HRQoL: Health-related quality of life: The
perception of an individual of his or her degree of
physical, psychological, and social well-being, and
the effects that illness and treatment have on daily
life.

Osseointegration: “Direct anchorage of an
implant by the formation of bony tissue around
it without growth of fibrous tissue at the bone–
implant interface” (3).

Osseoperception "(i) The sensation arising
from mechanical stimulation of a bone-anchored
prosthesis, transduced by mechanoreceptors that
may include those located in muscle, joint,
mucosal, cutaneous and periosteal tissues; together
with (ii) a change in central neural processing in
maintaining sensorimotor function” (14).

Vibrametric analysis: A diagnostic tool for
sensory testing.

Further Reading

Additional information on the treatment with OI
prostheses can be found at these Web sites:

www.sahlgrenska.se/su/osseointegration
www.integrum.se
Additional information on the SF-36 can be found at

www.sf-36.org
The thesis by Hagberg (2006) can be found at

http://hdl.handle.net/2077/726
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11
Virtual and Augmented Reality, Phantom
Experience, and Prosthetics
Jonathan Cole

Overview

After losing a limb, persistence of sensation of the
limb, so-called phantom limb sensation, is normal.
This can be a background awareness of that limb
or more focused sensations of position, shape, and
movement of the limb and of pins and needles,
or warmth or cold. The feelings are embodied,
owned, and so vivid that occasionally people try
to walk on their phantom leg (1,2), or find the
phantom arm gesturing.

Unfortunately, it is also normal to have phantom
limb pain (PLP). Since its earliest descriptions
(3,4) and its naming by Weir Mitchell (5,6),
epidemiological studies have suggested that this
pain occurs in 50% to 80% of people with amputa-
tions (7). The pain is chronic and intractable,
and shows little evidence of improvement with
time, although, fortunately, its low frequency
and the short duration of attacks mean that it
is not a severe problem for most individuals.
However, such pain is felt by 66% of people
with amputations at least 8 years after the
amputation (8), and in a large survey phantoms
were painful 25 years post-amputation, in 70% of
people (9).

Descriptions of the pain are varied, from an
unpleasant itching (which can, in extremis, be as
unpleasant as pain itself), to severe burning, or
clenching. Some say it is like their fingers are being
squeezed in a vice, or a nail is being hammered
through their hand or foot. The pain is felt most

vividly in the feet, buttocks, and hands/fingers,
with fewer reports of the thigh or forearm being
involved. Therefore, it follows the known sensory
representation of the extremities within the brain,
with more brain area receiving input from the
hands and fingers than from the arm itself. The
pain can be continuous and unrelenting or come
intermittently and severely.

Though this phantom limb pain has received
much attention, it is really a form of a generic pain,
which follows loss of a body part or functional
disconnection of that body part with the brain.
Thus this deafferentation pain is also experienced,
as severely and as frequently as PLP, after spinal
cord injury, where the body is obviously present
but cannot be felt (10) and, say, brachial plexus
lesions and thalamic stroke, where the arm remains
but its nerves or central connections have been
damaged.

This chapter considers theories regarding the
role of visual and sensorimotor interactions and
neuroplasticity in the genesis of this pain and
the work such approaches have stimulated on a
novel analgesic technique, involving virtual reality
(VR) and augmented reality (AR). These new ideas
have, in turn, allowed new ways of looking at
the neural and cognitive mechanisms of pain and
of perception in general. They may also allow
for more effective management of phantom limb
pain in the future, though claims for this treatment
should be treated with caution.
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The Pathogenesis of Phantom
Limb Pain

The mechanism of pain following amputation
remains largely unknown, but is likely to involve
effects at many different levels of the nervous
system (3,7). In addition to peripheral and central
nervous system changes, changes occur in the
brainstem, thalamus, and cortex, and there is also
evidence for larger plastic changes in the repre-
sentation of the amputated limb in sensory areas
of the brain (11). Flor and colleagues (12) have
evidence, moreover, that these plastic changes
correlate with the emergence of phantom limb pain.
Subjects with arm or hand amputations have a
shift in sensory representation of the mouth areas
into sensory cortex hand areas, and the larger this
shift, the greater the phantom limb pain. Thus it
is suggested that pain may develop as a result
of maladaptive central nervous system plasticity
(12). However, one must be cautious; it is by no
means certain that PLP is a phenomenon confined
solely to the sensory cortex, and there may be other
plastic changes higher in the analysis pathways for
pain. Nonetheless, this work has helped give an
important impetus to work to reverse such plastic
change.

Ramanchandran’s Reflection

In the 1990s another influential idea in relation
to PLP was published by Ramachandran et al.
(13): “Despite a vast clinical literature on phantom
limbs, there have been no experimental studies
on the effect of vision on phantom sensations.
We used a mirror to resurrect the phantom
visually to explore intersensory effects.” Their aim,
therefore, may have been in relation to cross-
sensory perception and theories of synesthesia
rather than for a purely therapeutic role. “A tall
mirror was placed vertically on the table, perpen-
dicular to the patient’s chest, so that he could see
the mirror reflection of his normal hand ‘super-
imposed’ on the phantom. As the normal hand
was moved the phantom hand was seen moving
and was also felt to move with ‘vivid kinaesthetic
sensation.”’

This was in a sample of nine patients; six
patients also had this sensation if they saw the

experimenter’s hand moving instead. Patients in
the sample had not previously tried to move
their phantoms themselves. Five patients also
had painful involuntary spasms, which were
“remarkably” relieved immediately on looking into
the mirror and opening both hands, by which I
presume the subjects had to make an effort to move
both arms in some way, rather than merely watch
passively. The authors explained their findings
thus; “When motor commands are sent from the
premotor and motor cortex to clench the hand,
they are normally damped by error feedback from
proprioception. In a phantom such damping is not
possible, so the motor output is amplified further,
and this outflow itself may be experienced as a
painful spasm.”

They authors did caution that double-blind
experiments would be needed to confirm whether
the effect is a specific consequence of visual
feedback. The patients with an analgesic effect
were all seen relatively soon after amputation,
within 2 to 7 months, whereas others, who were
seen longer since amputation, did not have the
effect. Interestingly the authors found that touching
the normal hand led to sensation of touch being
felt in the phantom, but cold, pain, and heat could
not be so referred.

In a more formal paper Ramachandran and
Rogers-Ramachandran (14) further described the
mechanisms for the effect they observed. They also
showed their mirror box rather than a simple mirror
alone (Fig. 11.1) and described how some patients
experience vivid passive, involuntary movements
of their phantom (fending off a blow for instance),
while others cannot move their phantom at all,
with it being frozen in one position. The latter
may occur if the real arm was immobile for any
time before amputation. They also described how
patients can often move their phantoms immedi-
ately after amputation but that with time this ability
fades. When the phantom is painful, they suggest
that attempts to generate movements can actually
increase the pain.

The authors’ explanation was that motor cortex
commands continue even without the arm, that
these commands are monitored within the parietal
lobes, and that, without sensory return from the
limb, the motor commands become perceived as
movements and pain. Learned paralysis occurs
when motor commands are sent but the paralyzed
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Figure 11.1. The mirror box illusion. (Courtesy of the
Dublin Psychoprosthetics Group.)

arm remains still, with visual feedback of paralysis,
so that the brain learns that the arm is fixed.

By asking patients to make mirror symmet-
rical movements, that is, move both existing and
phantom arms with (mirror box) visual feedback of
movement in the phantom, the authors suggested
they had found a way of overcoming this learned
paralysis. Ramachandran’s work introduced a new
way of looking at the pathogenesis and treatment
of PLP, with visual replacement of the lost limb
and with attempts to reduce pain by asking patients
to move their phantom themselves. This was an
audacious idea, which still, over 10 years later,
both interests and challenges fellow neuroscien-
tists.

Distraction and Virtual Reality

This original account had used mirrors in a simple
box. But a more elegant method of presenting an
absent limb to a subject might be to use a virtual
one in VR. The use of VR for the treatment of pain
has been pioneered by, among others, Hoffman’s
group in Seattle. They have employed VR for
distraction in a number of situations including
during burn wound care in adults and adolescents
(15) and dental pain (16). They suggest that the
stronger the illusion of entering the virtual world,
the greater the analgesic effect (17). The virtual
worlds were of a predetermined path through
an icy three-dimensional (3D) virtual canyon,

with subjects able to shoot virtual snowballs at
snowmen, igloos, robots, and penguins.

Hoffman and colleagues suggest that the effect
works through an attentional mechanism; humans
have a limited amount of conscious attention and if
it is diverted, for example to snowballing penguins,
it is less able to focus on pain. They note that pain
is a very “grabby” percept, and why VR immersion
can overcome it remains to be determined. The
reductions in pain found were around three to
four points on a 10-point scale. These findings are
important because Flor (3) has also suggested that
similar reductions in pain, of 30% or so, can be
explained on the basis of distraction alone. Such
effects can be useful clinically, but also mean that
any VR-induced effect must be greater than this to
be due to more than distraction.

Manipulating Around
the Phantom

Independently of mirror effects, the idea that
plastic changes within the brain may be causally
linked to the development of PLP has led a number
of groups to attempt to manipulate sensation and
movement of and around the phantom. Peripheral
anesthesia has been shown to temporarily reduce
PLP (18), though this is not a long-term treatment,
and one must be careful to distinguish pain origi-
nating from the stump from central PLP.

If PLP has a relation to the loss of agency toward
the missing limb, then one way to reduce or reverse
this might be through a myoelectric prosthesis
that patients move themselves via electromyog-
raphy (EMG) signals picked up from muscles on
the remaining stump. This was investigated by
Flor’s group (19) in 14 subjects with upper limb
amputations. They found that there was a signif-
icant reduction in pain on a visual analogue scale
(VAS) from 3.5–6 down to 0–4 (and to 0.7 in the
last subject), if subjects were using the prosthesis
up to 16 hours per day. Set against these findings,
some pain reduction also occurred in those using
it for far less time (or even, in one patient, not
using it at all). With pain reduction cortical sensory
plastic changes were also reduced. Clearly, further
work is required. One should also be aware of
how heavy and cumbersome such prostheses are,
making them, as yet, impractical for some people.
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Flor et al. (20) also used sensory discrimination
tasks to see if enhancing sensory inputs from
the stump penumbra can reduce plastic change
consequent on deafferentation and reduce pain.
They used a series of small electrodes to stimulate
the stump skin for 90 minutes per day over 10
days. Progressive improvements in the sensory
discrimination task (of which electrode was being
stimulated and how intense) were correlated with
reduced PLP. They concluded that alteration of
the cortical reorganization by behavioral sensory
manipulation might be possible.

Rather than enhancing sensory inputs, Giraux
and Sirigu (21), ingeniously, gave their subjects
illusory movements of the phantom limb. Three
patients were asked to match movements of their
phantom limb with various moving images of a
limb, shown in a homologous position to their
normal limb, displayed on a screen in front of
them. After 8 weeks’ training with three sessions
per week and each involving 100 movements, two
subjects reported significant reductions in pain,
which was accompanied by increased activity in
contralateral premotor cortex. Interestingly PLP
increased when the displayed arm moved faster
than the subjects could keep up with (matching it
with illusory movement of their phantoms arms).
The authors suggest that this visuomotor training
might restore a coherent body image in motor
cortex and so affect phantom pain.

Distraction via VR immersion can reduce pain,
while either enhanced sensory input or illusory
motor output can reduce PLP temporarily. After
Ramachandran’s demonstration that the mirror box
has an effect during a bimanual task, several groups
independently suggested that the use of virtual or
augmented reality might reduce pain even more
effectively.

Virtual and Augmented Reality
Effects on Phantom Limb Pain

While some patients in Ramachandran’s study
found an analgesic effect from illusory movement
when they viewed the moving mirror-reversed
arm of a control subject passively, most required
imagining their way into “moving” both arms. The
sense of active, intentional, initiation of action is
often called the sense of agency. The mirror box

seemed to require this sense of agency.1Another,
more technically complex but aesthetically purer,
approach presented itself. Instead of using a mirror
box, the examiner could present the arm to subjects
in a VR environment, with the use of either
a computer screen or a head-mounted display
(HMD). The several groups that have begun this
work have all taken slightly different approaches.

MacLachlan and the Dublin Psychoprosthetics
Group made the point that a patient’s phantom
limb does not appear to them like a normal limb;
it frequently is irregularly shaped and may have a
thin forearm and a larger, more elaborated hand and
fingers (22,23). The authors, therefore, developed
an AR environment that simulates the mirror box.
They represent the arm on a flat screen in 3D
and then control it via a wireless data glove worn
on the intact arm. As the intact arm moves, so
the avatar follows with realistic finger and hand
movements. This allows representation of various
shapes of phantom limbs and enables the arms
to move in the same direction rather than only
mirror symmetrically, as in the mirror box. Nearly
90% of control subjects using the system felt a
clear phantom sensation; 44% found the AR system
preferable to the mirror box, which was in turn
preferred by 28%.

Murray and Pettifer’s group (24,25) from the
University of Manchester has a slightly different
approach. They have transposed movements made
by subjects’ remaining anatomical limb into
movements of a virtual limb, which is presented
in the phenomenal space of their phantom limb.
Evidence from three subjects suggests that the
system may be useful for phantom pain relief,
though further work is required. The authors state:

VR offers an opportunity to provide a visual repre-
sentation of the amputee’s whole body, including their
phantom limb. Unlike the mirror box, which confines
participants’ limbs to a narrow spatial dimension, VR
enables complex hand-eye coordination, and both fine
and gross motor movements of the fingers, hand and
arm, and toes, feet and legs. Users of such virtual limbs

1 Interestingly, in a trial of hypnosis for PLP, Oakley
et al. (46) found an analgesic effect during motor image
tasks (move and take control of the phantom) and
ipsative tasks (represent and then modify the presen-
tation of pain to oneself), which may be a way to reduce
general passivity toward the pain.
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can engage in tasks made impossible by the mirror box,
such as pegboard tasks, racket games, ball games, etc. It
is hoped that such virtual environments will prove to be
a therapeutic treatment for phantom limb pain, as well
as aiding successful prosthesis use.

Our approach in Bournemouth has been along
slightly different lines. When we were at the
Johnson Space Center some years ago, we used
the National Aeronautics and Space Administration
(NASA’s) DART (Dexterous Anthropomorphic
Robotic Testbed) robot (26), which has robotic
arms and hands so that when one is rigged up
in position-sensitive gloves and position sensors,
one follows one’s own movements. Visual infor-
mation about the robot’s movements was fed back
via a HMD from two cameras in a robotic head,
which looked down on the robot arms from an
appropriate viewpoint. One soon learned to move
the robotic arms, fingers, and hands, slowly and
accurately, seeing them in the HMD rather than
seeing one’s own arms. Within a minute or so one
was hardly aware of doing this, and then imper-
ceptibly, but remarkably, one felt embodied in the
robot. One person thought that if he were to drop
a mole wrench he was moving from (robot) hand
to (robot) hand, it would land on his own real
leg. What we see and what we move we inhabit

and become embodied in. This led us to be less
concerned about the appearance of a virtual arm,
whatever the perceived phantom felt like (27).

We were also concerned that other VR systems,
and the mirror box, required movement of the
intact limb, but agency for both limbs; one was
moved, but two were seen moving, and subjects
had to imagine their way into moving both. Instead
we have worked on a system in which the motion
of the virtual arm was performed by the correct
side of the subject’s body, using a motion capture
device placed on the subject’s remaining body part,
with the stump or most proximal remaining area
(Fig. 11.2). We then made and presented a virtual
arm to subjects that moved forward as the motion
capture device signaled movement of their stump
(Fig. 11.3).

A VR system allowed the user to perform a
preset task, an animation of a virtual hand and
arm picking up an apple from a table. The grasp
animation had two parts, the reach toward the
apple, and the grasp of the apple. After the grasp,
the apple was held by the hand, and could be trans-
ported away from the table. When the arm was
moved toward the table once more, the apple was
released. The display was horizontally flipped to
match the handedness of the user.

Figure 11.2. The Bournemouth phantom. A motion capture device is placed on the subject’s right shoulder, which
drives the movement of the virtual arm.
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Figure 11.3. The Bournemouth phantom. Four positions of the virtual arm are shown as it moves to pick up the
apple.

The virtual reach forward occurred as subjects
moved their stump or shoulder forward and as the
sensor moved closer to the transmitter, and vice
versa. Motion of the virtual arm mimicked real
motion of an arm to grasp an object. The VR
animation had a similar speed to subjects’ own
movement and stopped if they stopped, thereby
giving them a feeling of control.

Thus far we have tried this in preliminary
studies on six patients with forelimb or forequarter
amputations (28,29). Four of the six patients gained
a sense of agency for the virtual arm, usually within
half an hour. They commented on the difference
between just seeing the avatar move and intending
its movement, in terms of both the mental effort
involved and the subsequent perception: “It is
much heavier and needs more effort to move the
virtual arm than just to move the avatar from
the shoulder alone.” This return of intention and
execution of action often did not involve the whole
arm at once. One patient who could move his arm
but not all his fingers remarked, “When trying to
move the hand, the fingers are stiff and seem to
resist movement.” With time, minutes to an hour
or so, most patients “picked up” more parts of their
arm and hand.

With this sense of agency also came distinct
perceptions. One man, with severe PLP in the

third ot fifth fingers and the elbow, described a
new buzzing feeling in his first two fingers as
he controlled the avatar when he made a grasp
movement. Another could feel touch sensation
when he picked up the apple. The sensations felt,
therefore, were not only in relation to movement
but also of exteroceptive touch, seeing the hand
grasp an object.

With the sense of virtual agency and sensation,
pain was reduced. One patient remarked, “Now,
when I move the fingers, there is still pressure
but there is no pain, they are not being ripped off
or squashed.” Another suggested, “When I move
and feel the arm, it does not tingle; pain disap-
pears into the background and merges into the
movement sensation.” The maximum reductions in
pain during trials of virtual agency, on a visual
analogue scale, were from 8–9 to 2 in three partic-
ipants and from 4 to 0 in another. More results are
required before the statistical significance of this
finding can be ascertained. One patient’s subjective
report of experiencing virtual agency and analgesia
is given as a timeline in Table 11.1. The capturing
of the virtual arm’s movement into the subject’s
own—the creation, or reemergence, of a sense
of agency—required conscious effort and concen-
tration.
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Table 11.1. Timeline of one patient’s experience of the virtual agency system: patient 5—agency
and analgesia

Pain VAS Time (min) Phenomenology

4 Most of time before
4 0

10 “Novel feeling of moving the arm, hand still clenched”
0 20 “Can feel and move phantom arm and pain disappears into background”

0
0 15 “Can feel and move arm, can feel hand, joints and knuckles and skin in

hand when grasping, elbow less. It moves quickly when I do”
0 30 “When trying to move, the fingers are stiff. I can feel the elbow coming

from the stump and the hand on the end of it, but the two do not
match up”

0 50 “The arm is now a gentle presence”

Virtual agency is tiring. Typically during a day’s
trial patients would develop agency within 30
minutes or so and then have several hours with pain
reduction. The subject with the most rapid return
of agency and embodiment had the shortest time
since operation. The subject with the worst pain
had periods of pain reduction during the procedure
but, as he tired and found it difficult to concentrate
on producing virtual agency, so his pain returned.
There seemed to be a balance between pain and
virtual embodiment, which depended, at least in
part, on his ability to focus on motor agency. No
carryover effects were described on stopping the
trial.

Two subjects had no sense of agency, embod-
iment, or pain relief. One had not moved the limb
for 5 years before it was amputated, the second
had not moved her arm for 18 years before her
amputation. This suggests a decay in intention
with time, first described by Ramachandran (29)
as “learned paralysis.” Interestingly, one of these
patients felt her phantom arm move in a mirror box,
and being touched by her other one in the mirror.
Her phantom also moved, from lap to mirror.
But this movement remained passive; she did not
develop a sense of agency either in the mirror
or from our virtual system. If reproducible, this
suggests that there may be different mechanisms
for passive and active movement with agency with
independent effects on analgesia.

Intriguing work in relation to this phantom
paralysis has been done recently by Sirigu’s group
(30,31) in Lyon. The group began from the obser-
vation that phantom limb sensations persist despite
plasticity within the sensory cortex, which leads

to reduction in the sensory area represented by
the bent arm. They found that using transcranial
magnetic stimulation (TMS) over the sensory
cortex led to conscious perception of the phantom
and in some cases to perceptions of movement,
even when the subject themselves was unable to
move their phantom voluntarily. They concluded
that the movements may remain embedded with
their access reduced or denied.

They also showed that a different pattern of
EMG activation at the stump occurred when
subjects tried to move their stump or imagined
moving their phantom. Therapies to reawaken
agency toward the phantom might include TMS
and that, if movement of the phantom does improve
PLP, then such awakenings might allow for a
reemergence of agency and analgesia.

Are New Theories
for Sensorimotor Integration
and Pain Required?

These observations in relation to PLP, though
based on small numbers of patients, do require
consideration of the underlying mechanisms
of pain after deafferentation and of sensation
associated with movement.

As we have seen, plastic changes in sensory
areas of cortex do seem to be associated with the
emergence of pain, and reductions in PLP, albeit
temporarily, can occur with restoration of more
normal cortical sensory maps. Even though it is not
entirely clear that remapping in sensory cortex, per
se, is the necessary condition for deafferentation
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pain, these results do allow us to think that there
is a potential way to reverse this chronic pain.

The insight of Ramachandran, followed by
others’ observations with VR and AR systems,
has allowed us to consider whether pain is purely
a sensory deafferentation phenomenon. Rather,
it seems, it involves a balance between efferent
and afferent and motor and sensory systems. As
Wall (32) suggested, perhaps pain is not simply
a sensation but a need state, like thirst or hunger.
Perhaps the need, in part, is for action.

And yet there are intriguing differences between
the various new techniques. In Ramachandran’s
original studies, it appears that passive observation
of movement by others might be effective in pain
relief, so that movement of the intact arm at least
might not be essential. The effects of use of a
myoelectric prosthesis, sensory discrimination, and
insertion of one’s own agency within a moving,
filmed arm all took several weeks of training,
whereas an analgesic effect following virtually
induced agency and use of the mirror box was
seen within minutes. This suggests that either these
two sorts of effects have different mechanisms,
or that the more immersive methods are far more
effective and fast inducers, possibly of agency
and analgesia (presuming these two to be causally
linked).

At the heart of these new observations are
several new phenomena. First, visual feedback
seems sufficient to allow pickup and movement
of previous unmoved phantom limbs, in other
words for the reemergence of agency. Not only do
subjects see their limbs move as they intend them
to, they can also feel the limbs move and feel touch
in their seen, moved, virtual induced, arm.2

Some years ago Frith and colleagues (33) intro-
duced an influential theory that found similarities
between some phenomena in schizophrenia and

2 I am being careful about the use of “virtual” in relation
to these effects. One may see a virtual arm in an HMD or
on a screen. But when one is in the immersed condition
and feels that arm move and touch, say, an apple,
then it may be virtually induced, but it seems to have
become assimilated into the body image and so to be
felt as though real. Similarly it makes little sense to talk
about agency, the sense of intention and initiation of
movement, in these experiments as being virtual; rather,
it may be the fact that agency can only be real and
embodied that produces the effect.

others in motor control. They suggested that though
much of what occurs in the motor system occurs
without awareness, we are aware of some aspects
of it. They also gave evidence that we can make
and prepare movements in our imagination. Mental
representations of actual and possible states of
the motor system, they suggest, have two origins:
sensory signals from the skin and muscles, and an
awareness of motor commands sent to the effector
organ by the brain. They suggest that abnormalities
of the motor system can lead to abnormalities of
action but also of awareness of action.

They explain how the brain has internal
models of motor control. Two types of model
are the predictors and controllers. Whenever a
motor command is made, the predictor estimates
the sensory consequences of that movement.
The controller intervenes between the desired
movement state, forward in time, and the motor
command required to bring it about. It follows that
three states are held within the system: the current
one, the desired one, and the state predicted to get
there. The predictors are forward models capturing
the relationship between action and outcome. Each
time a motor command is produced, an efferent
copy of it is produced, which is used to estimate the
sensory consequences of a movement that is used
to anticipate and compensate for the sensory effects
of movement, and it can filter predicted sensory
information. There is some evidence that what
we are aware of during some simple predictable
movements is dependent more on motor outflow
than on sensory inflow (34,35).

Frith and colleagues (33) suggest that there are
several clinical syndromes dependent on abnormal-
ities of function in these systems. In anarchic hand
syndrome, the hand moves “of its own accord,”
say, to pick up a pencil. Here, with visual feedback
of movement, but without conscious intention or
agency, the patient interprets the hand as moving
on its own.

To return to the phenomenon of phantom limb
sensation (though not, for the moment, PLP), the
authors consider the case of when patients are able
to move their phantom and feel it move.3 They

3 It seems obvious that they need both to make an inten-
tional action with the phantom and have the perception
of this movement, but we do move our limbs without
being aware of so doing, for example during gesture
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suggest that in this situation the estimated position
of the limb is based on incoming sensory infor-
mation and on the stream of motor commands sent
to the limb. With these commands the predictor
can estimate a new limb position before sensory
feedback and, since the sensory experience of a
limb can be determined by this predicted state,
it follows that during imagined movement there
can arise a sensation of the limb. To explain the
progressive loss of the ability to move the phantom
with time after amputation, Frith et al. suggest that
since there is no actual sensory input, the predictors
will be modified to reduce discrepancies between
intention and sensory experience, and the stream
of motor commands themselves will reduce.

While intriguing, such theories do not quite
explain the continuing experience of phantom limb
sensation without movement, or the phenomeno-
logical reports that patients only very rarely
say—that they are intentionally moving their
phantoms. But the theories do allow an expla-
nation of the return of voluntary movement shown
by Ramachandran and others in the mirror box
or during virtual agency. By providing visual
feedback of a moving limb corresponding to the
phantom, the subject has a strong illusion of the
missing limb. This visual feedback from a limb,
in the correct position, may allow updating of
the predictors and so allow efferent copies of
movement to be mapped onto what is seen in
the mirror as the arm is moved. It seems that
seeing movement allows the subsequent capture
of intention for this movement. This theoretical
account may be the beginning of an understanding
of the phenomenon, but it is unlikely to be suffi-
cient. Missing is the fact that this process does not
seem to occur without attention toward it, that is,
that it is a top-down phenomenon requiring effort
and that it is tiring.

Implicit in such theories is that sensory
perception is based on internal feed-forward,
predicted, movement commands that require,
at least in the acute experiments thus far,
constant visual updating. Indeed, it is the constant
visual return that seems necessary for the motor
commands to map onto and so allow a sense

and walking. Occasionally, subjects say they feel their
phantom move during gesture when that gesture was not
consciously initiated.

of agency and intention and sensation (of both
movement and of touch, suggesting a visual/tactile
cross-modal interaction (36)). Such accounts do not
explain why agency and motor commands toward
a phantom limb can lead to analgesia, either.

Gallagher (37) has differentiated between a
sense of agency, intending and executing an action,
and a sense of ownership, the sense that one’s
own body experiences a certain sensation, either
externally or self-generated through internal fed-
forward commands. Following this work, Tsakiris
and Haggard (38) have discussed the acting self,
based on motor efferent processes, and a sensory
self, based on passive afferent information from
the periphery. Their concerns, which are slightly
different from Frith et al.‘s, are to provide evidence
of how the acting self can modulate the sensory
self’s input. In an earlier experiment, for example,
they showed that perception of a given movement
was less intense when it was produced by a
voluntary action than by an artificially induced
movement, induced by TMS (39).

They have developed a model of an embodied
agent showing, based on empirical data, interac-
tions between motor efference and sensory, visual,
and proprioceptive return, and the forward model
and visual reafference. Perhaps visual feedback of
movement allows the generation of intention and
agency toward the visually induced limb, which,
in turn, allows a re-emergence of proprioceptive
and external cutaneous sensation in the phantom.
In some way, unclear as yet, this also leads to
reduction in the internally generated phantom limb
pain.

Harris (40) suggested that the genesis of PLP
was homologous to the way in which incongruent
signals from vision and vestibular sensation lead
to motion sickness. He suggests that incongruence
or mismatch between intention, proprioception,
and vision leads to pain. Pain or discomfort has
also been reported in controls under conditions
of sensorimotor and visual mismatch (41). But
there are some concerns in such theories. It is not
established that mismatch rather than overload in
one sensory system underpins all motion sickness
(J. Lackner, personal communication), and that
incongruity is necessary for pain to emerge (42).
Intention does not seem essential for the genesis
of PLP, since it can occur in paralyzed phantoms.
Also, all pains and all pain mechanisms may not
be similar (43).
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These complex cognitive models seek to explain
how motor commands may lead to perception,
how sensory input can be modified by efferent
motor output, and how mismatch between motor
command and sensory feedback may lead to
pain. They do not provide completely satisfactory
answers to all the phenomena observed in PLP, but
may provide a framework toward such an under-
standing and to the mechanism of effectiveness of
virtual and mirror analgesia. Why PLP (assuming
it is a single mechanism) arises remains unclear, at
least to this author, while the precise mechanisms
by which the newer virtual techniques may work
(assuming they do in larger trials) are also unclear,
whether they be a return of action to assuage pain
as a need state (according to Wall), or a return of
functional coherence (according to Sirigu), or an
abolition of a mismatch between motor intention
and sensory return, with pain a consequence of
internal forward models unrestrained by peripheral
feedback (according to Ramachandran). These
models also approach PLP at a cognitive high
level, rather than focusing on synaptic, cellular
levels.

Conclusion

Ramachandran’s initial results were both a break-
through in the conceptual analysis of chronic
deafferentation pain and an amazing piece of
lateral thinking. It is disappointing, however, that
controlled trials and long-term follow-up has not,
as yet, been published in patients with forelimb
amputations. This may be because patients with
forelimb amputations and PLP appear quite difficult
to enroll into such trials.

Far commoner are patients with amputations
of the foot and leg (due to diabetes or ischemic
vessel disease). One single case-controlled study
has suggested that mirror box therapy can be
useful in this situation (44), but one of the largest
studies of mirror box therapy, a controlled trial
with patients with leg amputations, did not find
an effect in 80 patients (45). This should temper
too great enthusiasm for this technique, although
the leg may be less “grabby” than the arm, that
is, less able to be focused on intentionally, thus
contributing to these null results.

If agency toward and vision of the virtual
limb leads to sensation of limb movement and
even touch, then this might lead one to expect
similar sensations during use of a prosthesis. That
this is not widely reported may be because most
prostheses are heavy and difficult to use, so that
they are not incorporated into the subject’s body
image. It is fascinating that a prosthetic leg, for
instance, which is far lighter than a real one, still
feels heavy when put on, whereas we are never
aware of the weight of our own leg normally.
With better, lighter prostheses that are used without
thought, one would expect the emergence of
such sensations. One consequence of this work is
that health care workers might encourage patients
after amputation to try to continue to move their
phantom as a way of avoiding the development of
PLP. In contrast, some patients after amputation of
the leg who feel able to move their missing limb
find this can increase rather than decrease their
pain.

There is an old adage that any device or
equipment for rehabilitation should only be
assessed outside the hospital or laboratory; it is
only by seeing how much patients actually use
something in everyday living can we truly know
how useful it is to them. So there is an urgent
need for assessment of whether patients use these
new VR and AR systems at home in the long
term. Ramachandran and Rogers-Ramachandran
did describe one patient who had a carryover effect
and who, over weeks, could generate voluntary
movements in his phantom even without using the
box, despite being 9 years since amputation. How
common this is must be determined.

It is usually the case that new and experimental
treatments are used on the most affected patients
in whom other treatments have failed. In this case
it means that clinicians may refer for mirror box
or VR therapy when all other drug treatments have
failed. But it seems to be those patients seen soon
after amputation who find it easiest to pick up
agency for their phantom limb and who achieve
pain relief most easily. These treatments might
be suited to people soon after amputation. It also
suggests that trials might be undertaken prophylac-
tically, before the onset of PLP in the first place.
If agency can so be preserved despite loss of the
limb, then maybe PLP would be less common or
severe. Then there might also be greater carryover
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effect on pain when not in the system, and patients
might find it easier to maintain agency without
continuing visual feedback.

It is also unclear how long per day a patient
might need immersion in such a system, and how
the balance between analgesia and effort toward
agency and pain and its return might be tipped.
Similarly, in Ramachandran’s original work he
mentioned that cramping pain was relieved but that
burning pain was not. Further studies are needed
to see if there are differential effects on differing
pains.

But the greatest need is for more studies on
larger numbers of patients over longer periods of
time. It is of concern that despite the enthusiasm of
an increasing number of groups, numbers within
published papers remain small. This chapter has
provided some evidence for the effectiveness of
these methods, temporarily, though reproducibly,
in laboratory settings. Before such techniques
can claim any efficacy larger, controlled longer
duration trials are needed. The treatment of chronic
pain has a long and not entirely honorable history,
with many overblown claims for new treatments
along the way. To avoid raising false hopes in
patients, we need more rigorous trials on more
patients over longer periods.

Glossary

Brachial plexus: Collection of sensory and
movement nerves in the upper chest wall/shoulder
area that supply and control this area and the
arm, and connect between these areas and the
spinal cord.

Brainstem: Part of the central nervous system
between the spinal cord and the brain.

Deafferentation: Loss of sensory nerve input to
the brain.

Kinesthesia: Perception of limb or body
movement.

Myoelectric prosthesis: A motorized arm or leg
with movements that are controlled by movements
of the muscles of the stump.

Plasticity, neuro-: Slow changes in the brain
seen after injury or learning; can be an advantage
or the opposite, maladaptive.

Premotor: The brain has areas in the motor
cortex that have connections through the spinal

cord to muscles and that control movement. The
premotor cortex lies in the brain just in front of
the motor cortex and is involved in the planning
and generation of motor commands and actions at
a higher level, between intention and brain output.

Prophylactic: Treatment used before the onset
of a medical problem to prevent its emergence.

Proprioception: The perception of movement or
position of the limbs or body.

Sensorimotor: A term that by joining sensation
and motor or movement reflects the way in which
these two are closely related normally.

Synesthesia: Condition in which sensations are
experiences in more than one sensory modality, so
that tastes are perceived as spatial shapes, or words
have colors.

Thalamus: Relay nucleus just under the cerebral
cortex in the brain.

Transcranial magnetic stimulation (TMS): A
noninvasive and easily tolerated method that uses
magnetic fields to alter brain activity.
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Further Reading

The following Web sites report on research into
VR and pain. The Washington site is concerned
with work using VR as distraction; the other sites
have information or links to VR and phantom limb
pain.
www.hitl.washington.edu/projects/vrpain/
www.psych-sci.manchester.ac.uk/
www.tcd.ie/Psychoprosthetics/pages/
publications.html
www.som.soton.ac.uk/research/neuro/
CNS%20WEB/dr_jonathan_cole.htm
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Psychological Fit of a Prosthetic Arm:
An Illustrative Case Study Using
Repertory Grid Analysis with a User
of a High-Tech Upper Limb Prosthesis
Sinéad Ní Mhurchadha, Elisabeth Schaffalitzky, Pamela Gallagher,
and Malcolm MacLachlan

Overview

Recently it has become clear that if rehabili-
tation professionals are to ensure the best possible
match of prosthesis and user, it is imperative that
they consider the person’s psychosocial comfort
with the prosthesis. For example, the loss of
ability to relate psychologically, socially, sexually,
and vocationally after amputation may have more
impact on quality of life than the loss of the limb
itself (1). Furthermore, Rybarczyk et al. (2) have
noted that the physical aspects of a disability are
much less important to the process of adaptation to
disability than the psychological, developmental,
and social environment, as well as the resources of
the individual with the disability (see Chapter 3).
Individuals may express dissatisfaction with their
prosthesis as a form of denial or as an excuse for
an inability to cope with the prosthesis and their
impairment (3). Some 57% of those who admit to
not using their prescribed prosthesis are “not at all”
adapted to their prosthetic limb (4). Difficulties
in adjustment and acceptance of an amputation
are typically associated with reports of depression,
low self-esteem, feelings of hopelessness, anxiety,
fatigue, and in the extreme, suicidal ideation (5).
Overall, although psychological acceptance of an
amputation and its myriad of consequences is

essential for the well-being of the person (6), it
remains uncertain why some individuals adjust
and grow psychosocially following amputation,
whereas others do not (7,8).

Prosthetic technology is becoming increasingly
sophisticated. For example, the development of
energy-storing feet, electronic control hydraulic
knees, ankle rotators, and shock absorbers have
made an important impact in the field of prosthetics
(9), along with prosthetic fitting techniques such
as osseoimplantation (see Chapter 10). There have
also been significant developments in upper limb
prostheses, referring to the myoelectric and exter-
nally powered prostheses. The next important
stage of development of the externally powered
arm is incorporating the prosthesis into the
nervous system. This will replace the need for
microswitches, or pressure pads being operated
through movements of the remaining muscu-
lature, and instead control could be achieved
through directly wiring the prostheses into the
nervous system (10). However, for innovative
technology to be effectively incorporated into
efforts to improve quality of life, it is imperative
that the technology user’s perspective is explored
(11). Furthermore, as the costs of producing such
technology are considerable, this poses a dilemma
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about whom to prescribe such technology to and
who will benefit most from such technology?

In order for prosthetic users to be able to get
the greatest benefit from their prosthetic limbs, it
is important to understand how the use of such
technology affects self-perception and perceptions
of how the self relates to the broader social world
(3,10,12). The “social meanings” of prosthetic use
are the experiences and feelings, in relation to
social occasions and relationships, of the person
who is using the prosthetic and are concerned
with the prosthetically enhanced body (13). In his
qualitative research into the social meaning that
upper and lower limb prosthesis users attach to
their prosthetic devices, Murray (13) found that
the negative responses of others to their prosthesis
or their limb loss were of great social signifi-
cance to individuals with amputations (see Chapter
9). These negative responses included intrusive
as well as offensive behaviors and led many of
them to avoid social contact, which Williamson
et al. (14) have found to be associated with higher
levels of depression. Similarly, Williamson (15)
examined the withdrawal of elderly people from
social life following amputation by measuring
their restriction of normal activities (e.g., self-care,
household chores, and visiting friends). Restriction
of normal activities was found to be independently
related to both above-knee amputation, which
would be obvious due to the more restrictive nature
of this amputation, and more interestingly, high
public self-consciousness. These both predicted
higher levels of vulnerability and feelings of being
unable to defend oneself, which in turn predicted
increased levels of activity restriction. This shows
that prosthetic users may restrict their normal
activities due to their fears about how society
views them and reacts to them, which would in
turn have an effect on their mobility and quality
of life. In effect, then, psychological evaluations
may mediate between physical impairments and
psychological, social, and physical disability (16).

Participants in Murray’s (13) study found that
becoming skilled in impression management, such
as using their prosthesis as well as clothing to hide
their disability, helped them to avoid social stigma,
and thus lessen social withdrawal. This suggests
the ability of the prosthesis to conceal limb loss
and prevent disability, which decreases stigma-
tization, enables social integration, and reduces

the emotional problems that are associated with
amputation. In fact, Murray found that the social
role of the prosthesis played a greater role than the
functional and cosmetic roles of the prosthesis in
its use, with users choosing to wear their prosthesis
even when they were not functional or cosmetic,
or even comfortable.

Clearly, the social role of the prosthesis, and
the psychosocial meanings attached to it, have
an effect on the use of the prosthetic limb. But
how do we identify and measure meanings? In
particular, due to the expense of this technology, it
is important to understand how the experience of
using a high-tech prosthesis affects the perception
of self within an individual and social context, and
also how the prosthesis is viewed in relation to
alternative prosthetic options.

Psychoprosthetics is both a research area and
an important focus for clinical practice and so we
now present, in summary form, a simple method-
ology for trying to understand better an individual’s
explicit and implicit values and how these interact
with their prosthetic use. The methodology is
highly collaborative and has the advantage of
engaging the private knowledge of the participant
and bringing this to their awareness, in a nonthreat-
ening way.

Repertory Grid

A full description of repertory grid methodology
and analysis is beyond the scope of this illustrative
case study, and we recommend further reading
at the end of this chapter for those who want
more detail on it. The repertory grid technique was
devised by George Kelly (17) as an assessment
technique that elicits important constructs that
individuals use to construe, evaluate, and antic-
ipate events in their lives. The repertory grid is an
idiographic measure and therefore is not concerned
with comparing people with others or gathering
information about large numbers of people; rather,
it is concerned with identifying and exploring
the distinctive qualities of a single person and
identifying patterns in how he or she constructs
meaning in relation to specific aspects of one’s life.
This technique can highlight a range of personal
constructs, but it also allows a researcher to distin-
guish between more relevant core constructs and
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relatively superficial subordinate ones (18). The
repertory grid, therefore, is a technique that allows
its users to explore a system of personal constructs
that reveal the way they organize their social
world (19).

We are constantly construing and solving
problems in our social world. How we make
sense of our world depends on the kinds and
range of constructs available to us. These personal
constructs in turn create expectations about how we
should behave in relation to others (20). Personal
constructs are elicited directly from and are specific
to the person studied. Kelly (17) argued that in
order to understand people, we must do so in
their own terms, which means identifying their
personal constructs; otherwise, we run the risk of
simply projecting our own thinking onto them (21).
Repertory grids are thus often used to go beyond
the obvious and provide a deeper insight to what
someone understands in a given situation.

Methods

There are various ways in which constructs can be
elicited. In this illustrative case study, constructs
were elicited through the “difference method,”
in which the participant is given the names of
three elements at a time (for example, the “ideal
self,” the “self as I am now,” and the “self as
others see me”) and asked to identify “any way
in which any two of these are alike in some
way, yet different from the third.” An element is
a focus of the person’s thoughts and each one
relates to different but related aspects of the theme
being explored. The way in which two of the
elements are viewed as similar forms one pole of
the construct, whereas the way in which the third
one differs forms the contrast pole. A second set
of three elements is then chosen and the procedure
repeated, yielding a second construct dimension.
This is continued until a full set of personal
constructs, relating to the focus of the study, is
elicited. Following completion of the construct
elicitation phase, the participant is instructed to rate
each of the elements, along each of the constructs,
in a stepwise fashion (22). In the illustrative case
study below, we used an 11-point rating scale
(0 to 10) to indicate an element’s ratings along the
construct dimension.

Analyses

The analysis of a repertory grid can be under-
taken in a number of ways. For example, it is
possible to carry out correlation analyses between
different elements and different constructs, to rank
the elements and constructs, to provide a graphical
representation using multidimensional scaling, or
to eyeball the data. The latter, used in this illus-
trative case study, is particularly appropriate with
individual case studies (23), as the grid is then
explored and interpreted using the participant’s
own terms and language (24). This involves simply
looking at the data and interpreting it without
statistical analysis. This avoids wrongly inter-
preting the data by including subtle nuances that
may be justified mathematically but are in fact
not relevant in the context of the grid and the
individual (25).

Illustrative Case Study

B.D. had his left arm amputated at the shoulder
over 20 years ago. His first prosthetic was a myo-
hand, which operated by means of a body-powered
cable-operated elbow. B.D.‘s high-tech prosthetic
arm utilizes microchips, position-control circuits,
miniature motors, gears, and pulleys. It rotates
at the shoulder, bends at the elbow, rotates and
twists at the wrist, and can grip using artificial
fingers.

Repertory Grid for B.D.

Eleven elements were selected, by the interviewer
(M.M.), in discussion with B.D., and these are
reproduced in the first column of Table 12.1.
The nine constructs that were elicited are repro-
duced in the first row of Table 12.1. Lower scores
(on the 0 to 10 scale) reflect relatively stronger
endorsement of the constructs in the first row,
and relatively weaker endorsement of their polar
opposites.

When looking at the repertory grid, we can see
from a quick glance at the numbers what B.D.
feels about his electric high tech prosthetic arm.
While he believes that the arm is not greatly
functional and is most definitely not living, he is
fairly resigned to it, and believes that it is close to
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Table 12.1. Repertory grid

Best I
can be

Morally
OK

High
acceptability Contentment Functional Living Ideal Resignation

As good
as it gets

My ideal self 0 0 0 0 0 0 0 0 0
Self as Iam now 0 0 3 2 5 4 8 1 0
Self as others see me 2 1 2 1 3 1 4 2 1
Electric arm 3 2 4 3 6 8 4 3 2
Intact arm 0 0 0 0 0 0 0 0 0
Own body 2 1 2 3 2 1 6 3 2
Mannequins 10 10 10 10 10 10 10 10 10
Cosmesis 10 10 10 10 10 10 10 10 10
Transplanted arm 9 7 8 9 2 0 7 7 10
Self before

amputation
0 0 0 0 0 0 0 0 0

Self after first
prosthesis

2 1 4 6 4 0 4 2 3

having what is “as good as it gets” in the prosthetic
world. The “self as I am now” element also quickly
offers some interesting insights. He sees himself as
nowhere near the “ideal,” but he is still resigned to
the fact and accepts it. Furthermore, he displays a
realistic outlook by rating himself as being the best
that he can be right now and as good as it gets with
a score of 0 in these particular constructs. This may
be because, at the time of the interview, he was
using some of the most sophisticated prosthetic
technology available. His impression of how others
see him is also quite informative. For example, he
believes that others think he has more function-
ality than he thinks he does (which may arise from
the fact that the arm looks very technical) and that
they think the prosthesis he uses makes him closer
to the ideal than he thinks it does. Thus it seems
that other people tend to overestimate the function-
ality of the electric arm, at least compared to his
experience of it.

Greater understanding of B.D.‘s world can be
achieved by comparing different elements for a
slightly more in-depth and implicit analysis. For
instance, the similarity of the mannequin and the
cosmesis elements, being scored by BD the most
negatively across all constructs, suggests that for
BD the thought of wearing a cosmetic arm evokes
the same emotional response as the thought of a
shop mannequin—something completely without
life or function. Such a response contrasts with
those of others who see a cosmesis as allowing
them to enter into a more valued social life, with
diminished stigma and greater self-confidence. The

issue is not, of course, which perspective is correct,
but rather to appreciate how the prosthesis is inter-
preted by the user.

Another similarity that appears in the grid is that
of the “ideal self” (which as would be expected
has the strongest possible endorsement across each
construct) and both of the “intact arm” and “self
before amputation” elements, which also have the
strongest endorsement for each construct. This
indicates that the participant equates his self with
an intact arm before the amputation with his perfect
self, and this may be an unrealistic view of the self
before the amputation. However, it also indicates
that even with strenuous rehabilitative efforts, a
return to his perceived preamputation “perfection”
is virtually impossible, thus predisposing him to
possible frustration.

The “intact arm” element, with scores indicative
of the strongest endorsement on each construct,
is in contrast with the electric arm element.
This demonstrates how different the self with
the prosthetic is now—no matter how good the
prosthetic and what it offers—to the ideal self,
before the amputation with an intact arm. It appears
that no matter what kind of technology is provided,
there will always be a discernible psychosocial
difference between it and the ideal.

One comparison that is relevant for prosthetic
technology is that the “self after first prosthesis”
element can be compared with the “self as I
am now” to show how the new prosthesis has
retrospectively improved the participant’s life.
Certainly, he was less content with the first
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prosthesis, and feels that he is better off now than
he was with the first prosthesis. He also believes
that his current prosthesis is more advanced than
the one he used to have, and this may explain
why he’s more resigned to it than to the first
one. However, he sees his first prosthesis as more
“living” than his current one, and even more of
an ideal than the current arm. Most surprisingly,
he rates his electric arm, and his self now, as less
functional than with his first prosthesis, although
this is only by 2 points and 1 point, respectively.
This is interesting, as it appears that even though
the electric arm is deemed less functional, he
still believes it to have improved his life more
than the first prosthesis did. Perhaps the promised
heightened functionality of the arm or the fringe
benefits of receiving cutting-edge technology such
as the perceived status, attention, or additional
opportunities are enough to find it more life
improving.

It could be assumed that the prosthesis selected
by this participant was chosen for functional
reasons, as it is perhaps not as aesthetically
pleasing as other cosmetic options, and this opinion
is certainly reflected in the repertory grid. Yet
interestingly, of the options that may be presented
after amputation, B.D. sees the transplanted arm
as being the most functional, yet he still sees it as
being the worst type of replacement arm he could
have, as denoted by his score on the “as good
as it gets” construct. This shows that function-
ality is not the only salient issue, as he believes
he would be hugely discontented with a trans-
planted arm, perhaps due to concerns about its
morality. The inclusion of “unacceptability” and
“morality” here are two constructs that appear to
be related to society and show the influence of
the social meanings attached to the transplanted
arm. However, B.D. believes that having an arm
transplant is still more acceptable than having
a cosmesis, and also more morally sound than
a cosmesis. This again highlights his disregard
for cosmetic prostheses and what they achieve in
comparison to functionality. This fits into how
B.D. lives his life as he has no fear in showing his
amputation, or his prostheses, which would poten-
tially indicate that he has accepted his amputation
well and does not appear to worry about the social
acceptance and stigma that might arise from the
amputation itself. This acceptance is also reflected

in his high resignation to his self as it is now, as
represented in the grid.

Similar to his rejection of the cosmesis, it can be
noted that there are no aesthetic-related constructs.
Considering that constructs reflect the way that
a person views the world, his lack of aesthetics
may reflect his lack of need for a prosthetic
that is aesthetically pleasing, or even a lack of
interest. However, this is a tentative assumption,
as his constructs would be limited by the elements
that were chosen to be put together for triadic
elicitation.

The overall pattern of the repertory grid serves
to indicate that while B.D. perceives improve-
ments with the electric arm over other prostheses,
and he is happy with using this prosthesis,
there are some areas in which the electric arm
cannot compete with an intact arm. Furthermore,
overall satisfaction does not translate into satis-
faction in each and every area. Finally, it seems
likely that B.D.‘s choice of an optimal prosthesis
may not be a matter purely of functionality or
appearance, or physical elements of the prosthesis,
but that he is also aware of how he and others
will react socially and psychologically toward
the prosthesis. This highlights the importance of
the psychosocial meanings that are attached to
a particular prosthesis and how they can affect
a prosthetic user’s choice, and even use, of a
prosthesis.

Conclusion and Future Directions

This chapter has sought to illustrate how a
particular interview methodology can provide
valuable insight into how people construct a view
of themselves and their world, in relation to
prosthetic use. Repertory grid methods, which
can be used by a wide range of practitioners
and researchers, provide a sort of psychological
x-ray of the person–prosthetic fit. To realize
the potential of prosthetic technologies and to
prescribe prostheses that are appropriate to meet
individual’s needs, we must build on the physical
science of prosthetic fitting, by developing an
equally sophisticated psychological science of
prosthetic fitting.
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Summary of Key Points

• Prosthetic choice is not solely driven by the
physical aspects of a prosthetic option, but also
by the social meaning that an individual ascribes
to it.

• Due to the expense of recently advanced
prosthetic technology, it is important to under-
stand how the experience of using a high-tech
prosthesis affects the perception of self within
an individual and social context, and also how
the prosthesis is viewed in relation to alternative
prosthetic options.

• The repertory grid is a simple methodology
for trying to understand better an individual’s
explicit and implicit values and how these
interact with their prosthetic use and choice.

• The repertory grid is highly collaborative and
provides the participant, and the interviewer,
with the opportunity to explore conscious
and unconscious thoughts and feelings in a
nonthreatening way and without the interviewers
imposing their preconceived ideas on the inter-
viewee. This methodology can provide valuable
insight into how a person constructs a view of
him- or herself and his or her world in relation
to prosthetic use.

• We can improve the quality of life provided by
the physical side of prosthetic fitting by taking
into account the psychological and social factors
that can be heavily influential on both prosthetic
choice and prosthetic use.

Glossary

Construct: The quality attributed to the thought
that discriminates it from other thoughts (e.g.,
angry-calm, encouraging-irritating).

Elements: An element is the object of a person’s
thoughts (e.g., a book, a shoe, a person).

Repertory grid: An assessment technique that
elicits important constructs that individuals use to
construe, evaluate, and anticipate events in their
lives.

Social meaning: A shared understanding of an
event or phenomenon, that reflects others aspects
of people’s shared values; in the present context,
how people understand what the use of a prosthesis
means about the person using it.

Triadic elicitation: Asking an individual to form
a construct based on three elements.
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