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Abstract

Physical deficits are common after treatment for musculoskeletal tumours. Good quality
support services, and the use of valid and reliable physical assessments to guide rehabilitation
could significantly reduce these deficits, but knowledge about this is lacking. This PhD thesis
therefore, examines the national state of rehabilitation services and outcomes for patients who
have an amputation for sarcoma (phase 1), systematically reviews the current state of
objective clinical measurement of physical functioning (phase 2), and pilots the use of small
accelerometer-based body worn monitors (BWMSs) to assess physical functioning in patients

treated for lower extremity musculoskeletal tumours (phase 3).

Original contributions to knowledge are:

- Phase 1: Patients have a variable experience of rehabilitation services in England, after
amputation for sarcoma, with services falling short of recommended national standards.
Patients also present with poor physical functioning, pain and quality of life.

- Phase 2: Studies quantifying balance, gait and physical activity (PA) are lacking in
patients with lower extremity sarcomas, with most not using valid and reliable
instruments.

- Phase 3: This study supports the feasibility, acceptability and general validity of using
a low-cost accelerometer-based BWM for rapid physical assessments in the clinic and
real world. BWM measures of ellipsis (area of postural sway), root mean square
(magnitude of sway), jerk (smoothness of sway), step time, stance time, step length,
step velocity, total time, instrumented timed up and go (iTUG) time, total steps/day and

alpha (pattern of bouts) were most sensitive in characterising physical functioning.

The major conclusions were that patient experience of rehabilitation services and outcomes
are variable after amputation for sarcoma, with scope for improvements. There is a deficit of
studies on balance, gait and PA assessments in patients with sarcoma and accelerometer-based

BWMs, could be a solution as the thesis supports their feasibility, acceptability and validity.
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Chapter 1: Introduction

1.1 Introduction

Lower extremity musculoskeletal (bone and soft tissue) tumours are a heterogeneous group of
tumours, with diverse presentations in size, anatomical location, morphology, classification,
and staging. Similarly there are variations in treatments including chemotherapy, radiotherapy
and surgery (Grimer et al., 2010). Although 85% of patients with lower extremity sarcomas
undergo limb sparing surgery (LSS); this often requires the surgical removal of significant
volumes of muscle and bone, and many face complications such as implant failure, limb
shortening, wound healing, and infection (DiCaprio and Friedlaender, 2003). The remainder
undergo primary amputation (AMP - the removal of a major limb segment, including

rotationplasty).

It is well recognised that a wide range of physical impairments and activity limitations are the
long term sequelae of musculoskeletal tumour treatments (Davis et al., 1999a; Davis et al.,
1999b; Nagarajan et al., 2002; Carty et al., 2009a; Winter et al., 2009). Assessing physical
functioning (functional) outcomes in a comprehensive manner is therefore important (Parsons
and Davis, 2004), to better understand the patient experience. After amputation (AMP),
prosthetic fit and rehabilitation services also have a significant impact on physical functioning
(Frederiks and Visagie, 2013). Therefore exploring the patient experience of rehabilitation
services (Angela Coulter, 2009) and physical functioning (Kwong et al., 2014) is critical to
understanding this group. Despite this, and the impression that clinical services vary a great
deal, there has been little research into this. In the first phase of the PhD, therefore, patient-
reported outcomes and the service experience after AMP for lower extremity musculoskeletal

tumours were explored, through a national multi-centre project.

Existing disease-specific clinical scales (e.g.: Toronto Extremity Salvage Score (TESS)
(Davis et al., 1996) and Musculoskeletal Tumour Society Scoring system (MSTS) (Enneking,
1987; Enneking et al., 1993), although helpful; are subjective and limited in the information
they provide (Parsons and Davis, 2004). For instance, they do not provide information on
components of physical functioning affected in this group; such as balance, gait (de Visser et
al., 2001; Donati et al., 2012) and participation restrictions (van Dam et al., 2001). This poses
a challenge in monitoring the full impact of clinical decisions and delivering tailor-made

rehabilitation strategies. In the past few years, a body of evidence supporting the objective
1
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clinical measurement of physical functioning in the clinic and community has emerged
(Kawai et al., 2000; Marchese et al., 2007; Rosenbaum et al., 2008b; Donati et al., 2012). Yet
these tools have not formed part of routine clinical practice. Reasons for this might be that
tools are cumbersome, time consuming to use, expensive or inaccurate. The use of accurate,
valid and reliable outcome measurement tools to inform clinical management is vital in
improving clinical effectiveness (Sim and Arnell, 1993). In the second phase of the PhD,
therefore, a systematic review was conducted to explore the current state of objective clinical
measurement of balance, gait and physical activity (PA) in patients treated for
musculoskeletal tumours. Finally in the third phase, the use of small accelerometer-based
body worn monitors (BWMs) were piloted in these patients, to measure aspects of physical
functioning (including balance, gait and PA), in an attempt to develop simple clinic and
community instrumented assessments. This might not only help overcome inherent limitations

of existing tools but also guide rehabilitation care more effectively.

1.2 Structure of thesis and outline of chapters

1.2.1 Chapter 2: Background of rehabilitation services and physical functioning
outcomes after treatment for lower extremity musculoskeletal tumours

The key objective of chapter 2 is to review the background literature, clinical problems and
identify current knowledge gaps. This chapter includes a description of the complex needs of
patients surviving these cancers, the importance of rehabilitation services, physical
functioning, and current knowledge about underlying relationships between physical
functioning and quality of life (QoL) in this clinical group. The International Classification of
Functioning, Disability and Health (ICF) framework and its use to guide physical assessments
in this population is introduced. At the end of the chapter the clinical problems and research

gaps are identified and specific aims of the thesis are listed to address these gaps.

1.2.2 Chapter 3 (Phase 1): Patient experience of rehabilitation services after lower
extremity amputation for sarcoma in England: a national survey.
Chapter 3 explores the patient experience of rehabilitation services on a national basis in an
important group of patients who have had AMP for sarcoma, and are dependent on good
service provision. The described work is a national multi-centre audit investigating the patient
experience of limb fitting and rehabilitation services against published national standards
delivered across the five recognised National Health Service (NHS) Primary malignant bone
2
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tumour (PMBT) specialist surgical centres in England.

1.2.3 Chapter 4 (Phase 1): Physical functioning, pain and quality of life after
amputation for musculoskeletal tumours: a national survey.
Chapter 4 investigates survivorship outcomes at a national level in England; with a special
focus on physical functioning, pain and QoL after AMP for sarcoma. Physical functioning,
pain and QoL outcomes collected are compared against published international comparators,

and underlying relationships are explored between these outcomes.

1.2.4 Chapter 5 (Phase 2): Objective clinical measurement of physical functioning after
treatment for lower extremity sarcoma — A systematic review
Chapter 5 systematically reviews current methods used to quantify balance, gait or PA in
patients; and identify those with the potential for translation into busy clinic settings. The
chapter also reviews whether these measures are fit for purpose, and have been tested for

validity, reliability and sensitivity to change.

1.2.5 Chapter 6 (Phase 3): Evaluation of physical functioning after treatment for lower
extremity musculoskeletal tumours — A feasibility study of accelerometer-based
body worn monitors: Objectives, methods and research participants

Chapter 6 describes the methods and processes for the third phase of the thesis, which pilots
the use of small BWMs to objectively assess physical functioning in the clinic and community
in patients treated for lower extremity musculoskeletal tumours. The methods include the
study design, ethical approvals, experimental study protocol, patient screening and
recruitment, outcome measures used, specific protocol for clinic and community testing, data
processing to obtain clinical outcomes, general data considerations and statistical procedures
used. The chapter concludes with a description of clinical characteristics of patients recruited

into the study.

1.2.6 Chapter 7 (Phase 3): Quantification of balance, fast walk and timed up and go test
using a body worn monitor in a clinic setting after treatment for lower extremity
musculoskeletal tumours.

The key objective of Chapter 7 is to investigate the feasibility, acceptability and validity of a
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fifth lumbar vertebrae (L5) accelerometer-based BWM to quantify balance, gait and timed up

and go (TUG) outcomes in the clinic in this tumour group.

1.2.7 Chapter 8 (Phase 3): Free-living monitoring of ambulatory physical activity in the
community using a body worn monitor after treatment for lower extremity
musculoskeletal tumours

Chapter 8 investigates the feasibility, acceptability and validity of a thigh-worn
accelerometer-based BWM to quantify ambulatory behaviour (ambulatory PA) in the home

environment and community.

1.2.8 Chapter 9: Discussion, recommendations for future work and conclusions
Chapter 9 synthesises results from all chapters, discusses findings of the thesis, and focusses
on future recommendations and clinical implications of this work. This chapter will also
propose an evidence based model (using the ICF framework) to assess and manage physical
functioning in a comprehensive manner after treatment for lower extremity musculoskeletal

tumours.



Chapter 2: Background of rehabilitation services and physical functioning outcomes after treatment for
lower extremity musculoskeletal tumours

Chapter 2: Background of rehabilitation services and physical functioning

outcomes after treatment for lower extremity musculoskeletal tumours

2.1 Summary

This chapter describes the background to the thesis, identifies research gaps and proposes a
systematic approach to address them. To do this it contains the following overviews:
musculoskeletal tumour disease; the survivorship experience of patients (i.e. the lived
experience after treatment); the impact of rehabilitation services on patient experience; the
physical domain of survivorship with a special focus on physical functioning; current
approaches to assess physical functioning; and introduction of the ICF model which provides
a framework for mapping current commonly used disease-specific scales. The ICF framework
will help identify the gaps in current practice of outcome measurement and at the end of the

chapter, the specific aims of the PhD which address these gaps are given.

2.2 Musculoskeletal tumour disease

Musculoskeletal tumours are a rare heterogeneous group of benign or malignant tumours
arising in the bone or soft tissues from mesenchymal cells in almost any anatomical location
(Stiller et al., 2013). Primary musculoskeletal tumours consist of primary malignant bone
tumours (PMBT) and soft tissue sarcomas (STS) (WHO, 2013) (Table 2-1). There is an
estimated incidence of 27,908 new cases of sarcoma per year in Europe (Stiller et al., 2013).
About 14% of these are bone sarcomas (BS), 84% STS and the remainder are other sarcomas
including Gastrointestinal stromal tumours (GIST) (Stiller et al., 2013). In the United
Kingdom, approximately 1035 new diagnoses of extremity BS or STS are seen each year
(Matthew Francis, 2013). PMBTSs are primary cancers arising in the bone (Table 2-1) and
comprise only a small proportion (0.2%) of all malignant tumours, yet constitute 4.8% of
malignancies in children and adolescents up to the age of 14 years ((NCIN), 2017a). The
terms PMBT, BS and bone tumour (BT) are often used interchangeably in the literature and
for consistency in the thesis BT will be used. Whereas, STS are primary cancers arising in the
soft tissue (Table 2-1), the incidence which increases with age, and they account for 1% of all
malignant tumours ((NCIN), 2017b). Although 65% of STS cases occur in people over 50

years of age, a small proportion of cases are reported in children and young adults ((NCIN),
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2017h).
Table 2-1: Musculoskeletal tumour disease and sub-types
Musculoskeletal Sub-types
tumours
Osteosarcoma (typically starts in bone)
Primary malignant Ewing’s sarcoma (typically starts in bone but can also start in
bone tumours other tissues and muscles)
(PMBT) or Bone Chondrosarcoma (typically start in cartilage cells)
tumour (BT) Spindle-cell sarcomas of the bone
Others
Malignant fibrous histiocytomas (MFH)
Leiomyosarcomas (smooth muscles)
Primary soft tissue Liposarcomas (fat tissue)
tumours or soft tissue  Fibroblastic sarcomas (fibrous tissue)
sarcomas (STS) Rhabdomyosarcomas (skeletal (striated) muscles)

Soft-tissue Ewing’s sarcoma (Extraskeletal Ewing’s),
Synovial sarcoma (arises around joints and tendons)
Angiosarcoma (blood and lymph vessels)

Malignant peripheral nerve sheath tumours (MPNST) (nerve
sheath)

2.3 Management of musculoskeletal tumours

The anatomical structure in which the tumour arises, tumour type, size, morphology, and
extent of spread, are important considerations when developing an individualised
management plan for patients. Multi-modality management of lower extremity sarcomas
includes chemotherapy, radiotherapy and major surgery (Grimer et al., 2010). The main aim
of surgery is complete tumour excision and involves removal of significant volumes of bone
and soft tissue. In the past, the main treatment for PMBT was ablative surgery or AMP (Table
2-2). AMP may still be selected as a primary treatment (primary AMP) by clinicians and
patients or may follow the failure of LSS after local recurrence or reconstructive
complications (secondary AMP). Over the last few decades, with the advancement in surgical
techniques and treatments such as chemotherapy and radiotherapy, it has become increasingly
possible to achieve local control by preserving the limb. These techniques are referred to as
LSS (Table 2-2).

The variation in age, tumour type, size, grade and multi-modality treatments poses a challenge
to the clinical management of patients with these tumours. Patients not only face diverse

challenges during recovery and rehabilitation but also have a range of long-term challenges.
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The rarity and heterogeneity of these tumours warrants collaboration between centres for

diagnosis, clinical decision-making, management, audits and research to improve clinical

care.

Table 2-2: Types of surgery for Musculoskeletal tumour disease

Surgery Types of Surgery Description

Resection/Excision Removal of tissue

Intra-lesional curettage  Removal of the tumour and affected
surrounding tissue from the wall of the
cavity in the bone

Endoprosthesis Resection of the tumour with bone tissue
affected and insertion of a metal prosthesis

Limb Sparing to replace the bone loss or joint
Surgery Autograft A tissue which is taken from the patient and
(LSS) used for reconstruction.

Allograft Tissue obtained from another donor patient,
usually after death.

Osteoarticular allograft A graft from another patient including the
joint surface and bone, usually used to
reconstruct a joint

Free flap A tissue (e.g. a fibula) harvested from one
part of the body with its associated blood
supply and placed in a new location, where
the vessels are connected using a
microvascular anastomosis.

Pedicled flap Tissue mobilised and transposed to the
recipient site without disconnecting the
blood supply

Skin graft Skin tissue transferred from a donor site to a
recipient site. Types are split thickness or
full thickness of graft

Hemipelvectomy Removal of all or part of the pelvic bone.

Hip disarticulation AMP through hip preserving pelvis

Transfemoral Through femur

Amputation  Knee disarticulation Through knee
(AMP) Transtibial Through tibia
Symes Through ankle

Rotationplasty

Van Ness Rotationplasty defined as the
removal of the tumour with the joint and
attachment of the distal limb to the proximal
limb with the position of the foot facing
backward. There are several variants of this.

7
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2.4 Survivorship experience after treatment for musculoskeletal tumours

Over the past few years, survival has increased for most cancers, possibly due to early
diagnosis and advances in treatment (DeSantis et al., 2014). In the United Kingdom itself,
there are about 2 million people living with cancer and about 500,000 people living with poor
health, or disability after treatment for cancer (Macmillan, 2008). Survival after a diagnosis of
BS increased in the 1970s due to the introduction of chemotherapy, and 5 year survival rates
increased from 23% to 64% ((NCIN), 2017a). However, there has been little improvement
since. As the number of survivors has increased, so has the importance of evaluating patient
experience after survival and the long term effects of cancer diagnosis and treatment (Kwong
et al., 2014). This living experience after surviving cancer is referred to as ‘survivorship’ and

consists of three main domains, physical, psychological and social (Kwong et al., 2014).

The physical domain of survivorship includes physical functioning (functional/physical
function) outcomes, which can be considered as impairments, disability and activity
limitations (Kwong et al., 2014). Other interlinked domains of survivorship include physical
(fatigue, pain), psychological (emotional distress, cognitive functioning, depression, anxiety),
and social (sexual function, employment, social) needs (Kwong et al., 2014). Support and
rehabilitation services for survivors need to be of high quality, multidimensional and
delivered at different time points in the treatment regimes, if patients are to achieve best

survivorship outcomes.

2.5 Rehabilitation services for cancer survivors

Survivorship experience and care have been championed in initiatives from Macmillan, the
Department of Health, and the National Cancer Intelligence Network (NCIN) (Richards et al.,
2011). Good rehabilitation services must not only focus on immediate symptomatic relief, but
also on treating underlying causes of reduced physical function. High quality services also
have a duty to meet recommended standards of care, use comprehensive evidence based

models and outcome measures to monitor outcomes and guide rehabilitation.

In the NHS in England, the rarity of sarcomas means that treatment is centralised in specialist
units to which patients may have to travel long distances. This further complicates the
delivery of individualised rehabilitation strategies at a distance. In 2003, there were an
estimated 280000 people alive in Europe who have had sarcoma (Stiller et al., 2013), many of

whom might have undergone an AMP. These patients have complex needs, and require
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standardised rehabilitation and limb fitting. The needs and experiences of patients undergoing
AMP for lower extremity tumours differ from those of vascular amputees, who have major
comorbidities, and traumatic amputees who usually have not had a diagnosis of neoplasia
(Campbell et al., 2001).

Therefore after an AMP for a sarcoma in the leg, access to excellent limb fitting services is
critical in achieving a return to normal life. However in contrast, most patients report that they
have to often rely on non-specialist local services to receive information, physiotherapy,
occupational therapy, psychological counselling and prosthetic services; which have little
experience of this tumour group. Given the associations between physical functioning and
QoL (Stevenson et al., 2016), poor prosthetic services might not only have a detrimental
impact on physical functioning, but also on QoL. Despite this, little is known about patient
experience of service provision after AMP for musculoskeletal tumours in England. Patients
with sarcoma may, for example, might find themselves in a service largely geared towards
older patients with vascular disease.

2.6 Physical functioning after treatment for musculoskeletal tumours: An integral
component of survivorship
As physical functioning is linked to important health outcomes, it may be beneficial to
quickly recognise a decline in physical function after treatment. One study confirmed this, as
it showed that it is not the surgical treatment for sarcoma, but the reduced physical
functioning which predicts diminished QoL (Robert et al., 2010a). Another study showed that
a major component of physical functioning i.e. physical activity (PA) was found to have
significant links with survival in certain cancers (breast cancer) (Barbaric et al., 2010). It is
also well established that treatments for musculoskeletal tumour disease cause significant
reduction in activity levels (van Dam et al., 2001; Ness et al., 2009). This could mean that
patients treated for sarcoma are at increased risk of poor survival and reduced QoL, an aspect
which needs urgent attention.

Patients treated for a tumour in the leg, in general, demonstrate low scores for physical
functioning compared to healthy individuals (Nagarajan et al., 2004a; Fidler et al., 2015), and
those with other clinical conditions (Hinds et al., 2009). For instance, children with non-
metastatic osteosarcoma scored low on scales assessing physical functioning in comparison to

obese children (Shoup et al., 2008) or chronically ill children (\Varni et al., 2006; Youssef et
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al., 2006). Physical functioning scores may also vary with time, and may improve over time.
For example: Physical functioning scores in children with bone tumours tend to be low for the
first 12 months post-operatively, and then improve considerably for up to 18 months post-

surgery (Winter et al., 2012).

Physical functioning is also closely related to other aspects of survivorship, for example:
return to work, which links to the physical capability of individuals to be able to meet
physical demands of the work role (Colterjohn et al., 1997). It is also linked with loss of the
ability or confidence to perform a task and therefore a reduced participation in daily life
activities (Rosenbaum et al., 2008b; Winter et al., 2012). This ultimately may affect social life
and emotional functioning (Robert et al., 2010a), causing a significant negative influence on
education, employment and health insurance (Nagarajan et al., 2003). Therefore physical

functioning forms an integral part of a patient’s survivorship experience (Kwong et al., 2014).

Musculoskeletal tumour sub-types and their clinical management can have a

characteristic influence on physical functioning outcomes, described below:

2.6.1 Bone versus soft tissue tumour survivors
Bone or soft tissue tumours can occur in different anatomical locations, with varying grades,
aggressiveness and size. While the resection of a major bone is usually required in the
treatment of a bone tumour (BT), the excision of affected soft tissues is usually required in the
treatment of a STS. Physical functioning outcomes can therefore vary widely based on these
factors and as a result each patient requires a personalised assessment. We therefore compared
physical functioning in BT versus (vs) STS survivors, in the literature and in the thesis, where

applicable.

Previous studies have shown that BT survivors reported significantly lower physical
functioning in the Short Form 36 (SF-36) healthy survey, especially in physical role and pain
sub-scales, but not so much with the role-emotional sub-scale (Fidler et al., 2015). In the
physical function scale, 54% faced limitations in ‘moderate activities' and 61% in ‘walking
more than one mile', which is very different to the 8% and 11% respectively expected in the
general population (Fidler et al., 2015). Adverse health is a long-term consequence of
treatment for BTs, with the most common deficits being activity limitations (29.1%)
(Nagarajan et al., 2011). Therefore walking seems to be significantly limited, especially in the

community and monitoring this with a view to intervention might be of benefit. Patients also
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reported limitations in different type of activities and return to work. On the pain scale BS
survivors reported higher bodily pain (12% vs 5%) and higher pain interference (16% vs 5%)
in comparison to controls (Fidler et al., 2015), suggesting pain is important in this group and

might also impact physical function or participation in activities.

In contrast, patients treated for STS often report disability (Kwong et al., 2014), and
impairments such as pain, loss of joint motion, reduced strength, oedema and fibrosis of tissue
around joints (Davis, 1999). Yet some studies show good to excellent long-term functional
outcomes in a large number of patients undergoing soft-tissue reconstructions (Serletti et al.,
1998). Differences reported might be attributed to the anatomical location of the STS
(Gerrand et al., 2004), as treatment of superficial tumours does not cause a significant
reduction in functional scores but treatment of deep tumours does (Gerrand et al., 2004). In
general, patients treated for BS tend to have lower functional scores than patients treated for
STS (Sugiura et al., 2001), which could be associated with not only the tumour depth, but also
the effect of bone as well as muscle resection and reconstruction.

2.6.2 Childhood vs adulthood cancer survivors
Bone and soft tissue tumours can affect patients of any age ((NCIN), 2017a; (NCIN), 2017b).
Given that physical functioning varies with age, outcomes in these groups are likely to differ

substantially.

Survivors of childhood sarcoma may report late effects, including difficulty ascending stairs
and activity restrictions (Serletti et al., 1998). In the long-term, however, most functional
outcomes were found to be similar to controls (Serletti et al., 1998), indicating the ability of
patients to adapt over time. Other long-term problems related to the effects of diagnosis and
treatments for a childhood cancer may include an impact on the child’s psychological, mental,
social and educational development (also referred to as psychosocial development) (Robison
and Hudson, 2014). This could further negatively affect physical functioning leading to a

vicious cycle of poor outcomes.

In contrast survivors of adult cancer commonly have problems not only related to reduced
physical functioning, but also with social interactions and increased pain, compared to the
general population (Eiser et al., 2001; Davis et al., 2002; Thijssens et al., 2006). In addition,
variations in functional outcomes by age must be also accounted for, as age might impact
some locomotor systems more than others. For instance, some variables of postural control
deteriorate with increasing age, but not in the same way as initiation of gait or turning (Park et
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al., 2016). This might lead to worse physical function in older survivors of adult sarcoma,
compared to survivors of childhood sarcoma, mainly due to the combined effect of age, pre-
existing comorbidities and direct surgical impact on the locomotor system (Sugiura et al.,

2001). This needs to be accounted for during interpretation of physical assessments.

2.6.3 Above knee vs below knee tumours
Clinical presentations also tend to significantly vary based on the anatomical site within the
lower limb. Surgical excisions of above knee tumours, located in the femur or in the pelvis,
affects proximal structures, compared to below knee tumours located in the tibia or ankle/foot
region. One might anticipate that above knee tumours are associated with worse outcomes
than below knee tumours, however this is not always the case and depends on various factors
such as depth of tumour, motor resection and surgery type (Gerrand et al., 2004). Depending
on the type of surgery (LSS or AMP), and location of tumour, patients might present with
varying functional scores. For instance, no differences in functional scores were observed
between patients who had ‘above knee LSS’ and those who had ‘below knee LSS’, but
significantly better scores were observed in patients who had a ‘below knee AMP’ compared
to those who had an ‘above knee AMP’ (Ginsberg et al., 2007).

2.6.4 LSS vs AMP surgeries
Major effects of surgery for a lower extremity sarcoma are physical limitations, driven by
factors such as tumour size, resection of bone, type of surgery and post-operative
complications (Davis et al., 2000). A wide range of limb sparing and ablative surgery options
for patients (described in section 2.3), means that physical function might be impacted at a
mild, moderate or severe level (Davis, 1999; Davis et al., 1999a; Malek et al., 2012a; (CCSS),
2017). With modern limb sparing procedures, LSS was thought to achieve better physical
function than AMP (Malek et al., 2012a; Mavrogenis et al., 2012; Yin et al., 2012; Mason et
al., 2013; Ottaviani et al., 2013; (CCSS), 2017). However two systematic reviews
contradicted this, as they demonstrated no significant differences in TESS and/or MSTS
scores between groups (Mei et al., 2014) (Nagarajan et al., 2002). One reason could be that
individuals treated with LSS often require long term surveillance, revision surgery and are at
risk of developing complications such as implant failure, limb shortening, wound healing, and
infection (Ozger et al., 2010). Therefore although physical function might be better after LSS,
this higher rate of complications (Renard et al., 2000; Nagarajan et al., 2002) can again have a

detrimental impact on physical function. The impact of complications on physical function
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needs to be individually examined and consistently reported.

Another important factor could be the use of broad generic terms such as ‘LSS’ and ‘AMP’,
which cover a wide range of patient experiences and which may therefore lead to contrasting
findings between studies. A potential solution might be grouping patients into homogenous
groups with similar tumour type, surgery type and level of surgery. Sub-grouping of patients
by level of surgery revealed that gait efficiency and reintegration into normal living (RNL)
index scores were significantly higher in patients who had ‘above knee LSS’ compared to
those who had ‘above knee AMP’ (p<0.05) (Malek et al., 2012b). Higher Functional Mobility
Assessment (FMA) scores were also reported in the ‘above knee LSS’ group than in the
‘above knee AMP’ group (Ginsberg et al., 2007). In contrast, for surgeries below knee, higher
absolute FMA scores were reported in the ‘below knee AMP’ group, than in the ‘below knee
LSS’ group (Ginsberg et al., 2007). This suggests that besides major surgery and depth of
tumour, clinical factors like level of surgery could have a different impact on outcomes. These

variations are not always taken into account while reporting findings.

In the long term (more than 20 years after treatment), patients with AMP are more dependent
on walking aids than LSS patients (Ottaviani et al., 2013). Body image is also significantly
affected in AMP compared to LSS patients, whilst self-esteem and social support are not
(Robert et al., 2010b). Body image was particularly worse in those undergoing late AMP or
secondary AMP, following failed LSS (Robert et al., 2010b). Furthermore, outcomes may
vary widely based on level of surgery. For example, proximal AMP such as hip disarticulation
is associated with shorter survival, a higher incidence of complications and greater post-
operative pain (Daigeler et al., 2009). Although patients undergoing an AMP form a small
proportion of the tumour population, most studies investigating physical functioning in this
group, focus on those who have had an AMP for a childhood BS (Pardasaney et al., 2006;
Ginsberg et al., 2007; Robert et al., 2010a). Studies of patients who have had an AMP for
cancer as an adult are lacking.

The impact of high levels of disability after an AMP for sarcoma on the survivorship
experience, including the difficulty of returning back to work, has been recognised (Nagarajan
et al., 2003; Kwong et al., 2014). Patients undergoing AMP for a tumour in the lower
extremity, are therefore, a rare group of patients with special needs. Yet factors driving poor
outcomes remain unclear. For example, understanding the impact of stump pain and phantom

pain (Renard et al., 2000) on disability might better inform management strategies. In
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addition, the impact of physical limitations on QoL is not completely understood across all

age groups.

2.7 Current methods of assessment of physical functioning in patients with
musculoskeletal tumours

Diverse clinical presentations after treatment for musculoskeletal tumours are a major

challenge. In the literature, components of physical function are assessed using different

measurement techniques: studies may report impaired physiological functioning or disability

(Nagarajan et al., 2002), making understanding of these issues difficult (Parsons and Davis,

2004).

The most widely used disease-specific clinical scales to measure physical function are a
clinician-reported measurement (MSTS) (Enneking, 1987; Enneking et al., 1993) and a self-
reported measure of disability (TESS) (Davis et al., 1996). The outcome measurement tools
assessing functional mobility in survivors of extremity osteosarcoma (Marchese et al., 2004)
are the TUG test (Mathias et al., 1986), TUDS test (Lepage et al., 1998), 9-minute walk-run
test (Ness et al., 2014), rate of perceived exertion (RPE) (Costa and Gaffuri, 1975),
physiological cost index (PCI) (Butler et al., 1984) and FMA (Marchese et al., 2007). Certain
generic (not disease-specific) clinical scales capturing attributes of physical functioning in
patients treated for extremity sarcomas (Nagarajan et al., 2004b; Fidler et al., 2015; Tanaka et
al., 2016), are the SF-36 (Garratt et al., 1993), EuroQol group quality of life questionnaire
(EQ-5D) (Gusi et al., 2010) and quality of life for cancer survivors (QoL-CS) (Ferrell et al.,
1995). Commonly used clinical scales assessing health status and physical functioning in
children include the Paediatric Outcomes Data Collection Instrument (PODCI) (Pakulis et al.,
2005) and Bone tumour — DUX (Bt-DUX) (Bekkering et al., 2009).

2.7.1 Musculoskeletal Tumour Society (MSTS) scoring system
The Musculoskeletal Tumour Society (MSTS) scoring system version released in 1987
(MSTS-1987) is a clinician completed tool which gives an observer-rated score (Enneking,
1987). The MSTS-1987 assesses seven sub-domains range of motion, stability, deformity,
pain, muscle strength, functional activity and emotional acceptance. The highest score in each
domain is 5 (range from 0 — 5). The values of each of the seven sub-domains are added and a
total score is obtained. The MSTS total score is expressed from 0-35 (worst to best physical
functioning) (Enneking, 1987).
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2.7.2 The Toronto Extremity Salvage Score (TESS)
The Toronto Extremity Salvage Score (TESS) captures the ability of patients to perform
activities (Davis et al., 1996). TESS comprises 30 self-reported items assessing physical
disability. It is a valid and reliable questionnaire in patients with lower extremity
musculoskeletal tumours. The score is expressed as a percentage based on the number of
responses, and scores range from 0 to 100 (worst physical disability to no physical disability)
(Davis et al., 1996; Davis et al., 1999b).

2.7.3 Timed Up and Go (TUG) test
The Timed Up and Go (TUG) test is used to assess the functional ability of an individual to
perform basic activities such as rising from a chair, walking across a room for 3 metres,
turning, walking back to the chair and then sitting down (Mathias et al., 1986). A stopwatch is
used to record the time taken to complete the task.

2.7.4 Timed Up and Down Stairs (TUDS)
The Timed Up and Down Stairs (TUDS) test is an indicator of functional mobility (Lepage et
al., 1998). The patients are asked to climb up and down 12 stairs with or without the use of a
railing, as swiftly as possible. A stopwatch is used to record the time taken to complete the
task.

2.7.5 9-Minute Run-Walk test
The 9-minute run-walk test is used to assess the cardiorespiratory endurance (Ness et al.,
2014). The patients are asked to walk or run as swiftly as possible in a period of 9 minutes.
The main test objective is to cover as much distance as possible by the patient. A stopwatch is

used to record time and a distance measurement wheel to assess distance covered.

2.7.6 Rate of Perceived Exertion (RPE)
The Rate of Perceived Exertion (RPE) test is used to assess the patient’s subjective perception
of the amount of effort exerted into a task, also referred to as ‘intensity while performing a
task. RPE rates task intensity on a 6-20 scale which corresponds to written descriptors. The
increase in numbers on the scale corresponds to an increase in intensity. For instance, a rating
of 7 corresponds to an intensity of very, very light, 11 to fairly light, 15 to hard, and 19 to
very, very hard (Costa and Gaffuri, 1975). The scale is held in front of the patient and the
RPE is obtained after completing 4 minutes of the 9-min run walk test, the entire 9-min run-
walk, TUG and TUDS tests.
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2.7.7 Physiological Cost Index (PCI)
Physiological Cost Index (PCI) is used to measure the efficiency of locomotion by assessing
the average walking speed, the heart rate (HR) of the patient during the walking task
and also while at rest (Butler et al., 1984). The PCI is measured at the point of completion of

4 minutes during the 9 minute run-walk test.

2.7.8 Functional Mobility Assessment (FMA)
The Functional Mobility Assessment (FMA) consists of six broad subcategories: pain,
supports, function, participation, satisfaction and endurance (Marchese et al., 2007). Pain is
assessed using a numeric rating scale from 0 (no pain) to 10 (worst imaginable pain), supports
are assessed by questions pertaining to walking aids (crutches, brace, cane) and function is
measured using TUDS and TUG time. Participation and satisfaction are measured using
questions pertaining to participation in job roles, sports, school and walking quality
satisfaction respectively. Endurance is assessed using HR to measure patient’s aerobic fitness,
RPE obtained during the TUDS and TUG tasks and PCI during the 9-min run-walk. The raw
scoring is given for each of the domains in the FMA and converted into table scores. Table
scores range from 0 (worst) to 5 (best). There is a maximum of 70 points available (Marchese
etal., 2007).

2.7.9 EuroQol group quality of life questionnaire — 5 dimensions (EQ-5D)
The EuroQol group quality of life questionnaire — 5 dimensions (EQ-5D) developed to
measure health-related QoL (Gusi et al., 2010) also captures aspects of physical function. EQ-
5D consists of five dimensions; mobility, self-care, activities of daily living, pain/discomfort

and anxiety/depression; each dimension consisting of three levels (Gusi et al., 2010).

2.7.10 The Short Form-36 (SF-36)
Short Form-36 (SF-36) is a generic health-related QoL measure. SF-36 consists of eight
scales; physical functioning, bodily pain, role limitations due to physical health issues, role
limitations due to personal or emotional issues, mental health, social functioning,

energy/fatigue, and general health perceptions (Laucis et al., 2015).

2.7.11 Quality of Life for Cancer Survivors (QoL-CS)
The Quality of Life for Cancer survivors (QoL-CS) is an instrument developed to measure
concerns of cancer survivors (Ferrell et al., 1995). This instrument consists of 41 items
capturing four domains of QoL; physical, psychological, social, and spiritual well-being
(Ferrell et al., 1995).
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2.7.12 Pediatric Outcomes Data Collection Instrument (PODCI)
Pediatric Outcomes Data Collection Instrument (PODCI) consists of 7 sub-domains including
physical functioning in the upper extremity, transfers and physical mobility, physical
functioning and sports, comfort (lack of pain), happiness, satisfaction, and expectations
(Pakulis et al., 2005). The questionnaire includes a mix of general health and functional
outcome items. The items in the PODCI questionnaire consist of three scores ranging from
‘often’, ‘sometimes’ or ‘rarely or never’ or six scores ranging from ‘none’, ‘very mild’,
‘mild’, ‘moderate’, ‘severe’, or ‘very severe. Each item has different weights and for most of
them a lower score indicates a better physical functioning or a better QoL, in contrast for
some items, a higher score indicates a more positive outcome (Pakulis et al., 2005).

2.7.13 Bone tumour — DUX (Bt-DUX)
The item scoring in Bone tumour — DUX (Bt-DUX) questionnaire is conducted by abstract
faces with varying expressions using smileys, and range from very happy (score 1) to sad
(score 5) (Bekkering et al., 2009). The raw item scores are converted into total scores and
domain scores, The scores range from 0 to 100, with the highest scores indicating a better
health related QoL (Bekkering et al., 2009).

Whilst helpful, these traditional methods have limitations, are subjective and may not capture
the complete clinical picture. For instance, physical function captured by these tools does not
indicate the underlying mechanism of poor physical function, neither does one get a clinical
view on wider participation restrictions. Patients may also have difficulty with recall and
assessments may not be discriminatory (Prince et al., 2008). Another major limitation
observed is that TESS and MSTS were not found to be sensitive to differences between major
surgical groups (LSS and AMP), whereas other tools such as FMA and RNL were. This could
be associated with a poor discriminatory potential of TESS and MSTS in comparison to
objective tests like FMA (Ginsberg et al., 2007) or gait tests (Malek et al., 2012b). It was also
observed that results from disease-specific scales did not correlate with quantitative measures
of physical functioning; TUG test, timed up and downstairs (TUDS) test, 9-min run-walk, rate
of perceived exertion (RPE), and physiological cost index (PCI) (Marchese et al., 2004). The
clinic-based FMA, an objective tool, was therefore developed in an attempt to fill this gap
(Marchese et al., 2007). The FMA required patients to physically perform objective tasks
such as TUG, TUDS and other tests and was shown to assess task performance accurately
(Marchese et al., 2007). Objective outcome measurement may go some way to improving

assessment and may therefore be warranted in this clinical group.
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2.8 Concept of validity of outcome measurement tools

The concept of outcome measure validity is emphasised in current healthcare systems, as
valid and reliable outcome measures are needed to capture outcomes accurately (Gadotti et
al., 2006). Validity and reliability are recognised as the fundamental characteristics of a good
outcome measure. To demonstrate this, outcomes collected using these tools must be
comparable to those in the literature or look broadly correct (face validity), must be able to
discriminate between patients and controls, major surgical groups (discriminant validity) and
sensibly link in with established disease-specific clinical scales (convergent validity). These
measures must also agree with manual techniques routinely used in clinics (concurrent
validity) and must demonstrate consistency between repetitions (repeatability).

The different types of validity (Sim and Arnell, 1993) (Table 2-3) relevant to the thesis are
discussed below:

2.8.1 Face validity
Face validity, is one of the lowest levels of validity assessment. This validity is related to an
‘intuitive feeling’ that the measurement seems valid. The assessor works on the assumption
that the measurement seems valid on its "face value"(Sim and Arnell, 1993). There is no
evidence on which one can base this assumption. Face validity reflects that outcomes obtained

from a measurement tool broadly make sense.

2.8.2 Construct validity — Discriminant and convergent Validity
Construct validity although similar to face validity, involves a theoretical framework and
clinical reasoning to support the validity of the measurement. Construct validity is referred to
the degree to which an outcome assessment tool measures what it claims to measure.

Construct validity consists of convergent validity and discriminant validity described below:

Discriminant validity (also referred to as divergent validity) assesses whether the concepts
of measurements that are supposed to be different or unrelated are in fact different or
unrelated (Sim and Arnell, 1993).

Convergent validity is defined as the degree to which two constructs that theoretically must

be related, are actually related (Sim and Arnell, 1993).

2.8.3 Criterion Validity - concurrent validity
Criterion validity can be assessed by comparing measurement from a tool with a particular

criterion or factor. This can be classified into predictive, concurrent, and prescriptive (Gadotti
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et al., 2006). Concurrent validity will be assessed in this thesis and is discussed below
Concurrent validity supports that measurements captured using different instruments show
agreement with each other. It is used to evaluate whether new instruments shows agreement
with an established ‘gold standard’ or ‘valid standard method’ (Sim and Arnell, 1993).

2.8.4 Repeatability of measurement (Repeatability)
Repeatability is defined as the variation in a repeat measurements made on the same
participant under the same testing conditions (Bartlett and Frost, 2008). Given that the same
instrument, same method and same rater is completing the repeat measurement in a short time
frame, the value obtained is expected to be fairly constant (Bartlett and Frost, 2008) and is a

reflection of a good measure.

Table 2-3: Different types of validity

Types of Validity Description

Face Outcomes are comparable to the literature and appear to
make broad clinical sense

Discriminant Outcomes are able to discriminate between patients and
controls and in between major surgical groups

Convergent Outcomes sensibly link in with established disease-
specific clinical scales as per ICF framework

Concurrent Outcomes agree with manual techniques routinely used in
clinics

Repeatability Outcomes are consistent between repetitions

2.9 Domains of the ICF model for assessing physical functioning

Evidence based rehabilitation models incorporating concepts of disability and QoL are
recommended in health services (Parsons and Davis, 2004; Shehadeh et al., 2013). In 2004,
Parson and Davis recommended that assessments of physical functioning after treatments for
sarcoma must be reported in a holistic and streamlined manner using the ICF model (Parsons
and Davis, 2004). This might help us better understand the interaction between outcomes and
guide targeted rehabilitation (Escorpizo et al., 2010). The environmental factors also affect
physical functioning and comprise physical and social factors, and personal factors consist of

individual factors affecting physical functioning.
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The recommended ICF model (Figure 2-1), classifies health into several domains,

including body structures, activity and participation restrictions.

2.9.1 Body structures (Impairments)
Body structures refers to the anatomical components of the body such as limbs or organs and
body functions refers to the physiological functions of the body ((WHO), 2002). Problems in
this domain are referred to as impairments. Impairments can be structural meaning problems

in bodily structures, or functional meaning bodily physiological dysfunctions.

2.9.2 Activity (Disability)
The activity domain; captures execution of a task or test and a problem in this domain is
referred to as disability ((WHO), 2002).

2.9.3 Participation (Participation restrictions)
Participation, involves performance in real life situations and problems in this domain are

referred to as participation restrictions ((WHO), 2002).

2.9.4 Quality of life (Reduced quality of life)
The ICF has been extended to include a quality of life (QoL) outcome (McDougall et al.,
2010), which also allows clinicians to gain a holistic view of links between physical

functioning and QoL.

Health condition
(disorder or disease)

Body functionsand 4———p Activities <4——)p Participation

1 1 f
: !

Environmental Personal
factors factors

Figure 2-1: International Classification of Functioning, Disability, and Health (ICF)
(Bornbaum et al., 2013). The figure can be obtained directly from (WHO), 2002)
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2.10 Mapping physical functioning outcomes in musculoskeletal tumours to the ICF
Framework
In order to understand gaps in current physical assessments and to understand the holistic
clinical picture in musculoskeletal oncology, an exercise was undertaken by the project lead,
‘Sherron Furtado (SF)’ based on recommendations from Parsons and Davis (Parsons and
Davis, 2004). The exercise consisted of mapping established clinical scales used in adults
treated for musculoskeletal tumours, to the domains of the ICF framework (Figure 2-2)
(Parsons and Davis, 2004). In this exercise MSTS mapped to structural impairments, TESS
mapped to disability or limitations in activities of daily living (ADLSs), and quality of life-
cancer survivors (QoL-CS) mapped to QoL. Well-researched areas are highlighted in blue and
research gaps in orange. Gaps addressed in the PhD thesis are highlighted in green (Figure 2-
2). One major gap seen was in outcome measures assessing functional impairments and
participation restrictions (Parsons and Davis, 2004). For instance, altered muscle strength,
muscle activation patterns, proprioception, balance and gait problems are common deficits
seen after treatments for sarcoma (De Visser et al., 1998; de Visser et al., 2001; de Visser et
al., 2003), yet not routinely assessed. As established clinical scales of disability and
impairments are not sufficient (Parsons and Davis, 2004), information on balance, gait, and

iTUG in the clinic might help provide a more holistic picture of the patient’s outcomes.

The ICF model shows a relationship between PA and participation in society (Gray and
Hendershot, 2000), arguing for the collection of PA data in the community. Another study
suggested that a 7-metre instrumented TUG test, is more sensitive in the home environment
than in the clinic setting (Zampieri et al., 2011). Therefore, the development of community
based assessments are gaining importance to promote remote monitoring of outcomes, and
also relay valuable information to clinicians, patients and families to inform clinical decision-

making.
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Figure 2-2: Mapping Physical functioning outcomes in Musculoskeletal tumours to the International Classification of Functioning, Disability,

and Health (ICF) framework
The ICF (Bornbaum et al., 2013) from the World Health Organization (WHO) website, is adapted to fit the framework for musculoskeletal

tumours. The figure can also be obtained directly from ((WHO), 2002)). QIDIS Project refers to Quality Improvement Development and
Innovation Scheme. BWM refers to a body worn monitor (triaxial accelerometer) in the thesis.
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Although devices including uniaxial activity monitors (for example, Actilog, ADL Monitor,
Continuous Ambulatory Activity Monitor), gait motion analysis systems and force platforms
are used to assess balance, gait and PA, (Carty et al., 2009a; Carty et al., 2009b; Carty et al.,
2010Db), the validity of these devices remains unknown. Furthermore difficulties in rolling
these out into clinical practice are high costs and use of cumbersome devices which are not
portable.

Over the past few years, the use of small BWMs has increased to provide more detailed
information about levels of PA in the community over extended periods of time than older
devices (Del Din et al., 2016d). They can provide information that has traditionally been
difficult to assess, including the quality and quantity of PA, energy expenditure (Murphy et
al., 2011), type of activity (Vissers et al., 2011), gait (Hodt-Billington et al., 2011; Kun et al.,

2011), balance and falls (Narayanan et al., 2007), all of which are important to these patients.

2.11 Approaches to bridge gaps identified in the review

A national multi-centre project will be undertaken to investigate the patient experience of
rehabilitation services after AMP for musculoskeletal tumours which will form the first major
part of Phase 1 (Chapter 3) of the thesis. Survivorship outcomes of physical functioning, pain
and QoL will be collected from patients who underwent an AMP for a lower extremity
musculoskeletal tumour as part of the same national collaborative multi-centre project.
Outcomes will be collected across all age-ranges and levels of AMP, to gain a better
understanding of interaction between outcomes, underlying mechanisms and factors leading
to poor outcomes in this rare group of patients. This will form the second part of Phase 1
(Chapter 4) of the thesis. In the second phase of the thesis, a systematic review will be
performed to identify clinically useful objective measurement tools capturing balance, gait
and PA after treatments for lower extremity musculoskeletal tumours, and to investigate
whether they are valid and reliable for these tumour patients. In the third and final phase of
the thesis, a pilot project will be undertaken to test the feasibility of utilizing a simple low-
cost triaxial accelerometer as a method of quantifying physical functioning in the clinic and

community in survivors of lower extremity musculoskeletal tumours.
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2.12  Summary and conclusions

This chapter highlights the diverse survivorship experience in patients treated for lower
extremity musculoskeletal tumours. Exploring the patient experience might highlight
underlying factors affecting poor outcomes. Phase 1 of the PhD, therefore, will investigate the
national state of services and outcomes after AMP for lower extremity musculoskeletal
tumours. This will provide clinicians with a valuable insight into patient experience,
survivorship outcomes and unique rehabilitation needs after AMP for sarcoma in England.
Good rehabilitation services implement comprehensive evidence based models and outcome
measures to inform routine practice. Mapping outcomes to the ICF framework revealed that
balance, gait and PA outcomes are not routinely assessed; as current established scales do not
capture this information. Phase 2, therefore, will highlight the current state of objective
clinical measurement of balance, gait and PA after treatments for musculoskeletal tumours.
Finally, Phase 3 will follow-on from Phase 2, to develop novel outcome measurement tools of

physical function for this population; by piloting the use of small BWMs in these patients.

2.13  Aims of the PhD Thesis

The aims of the 3 main phases (Figure 2-3) of the thesis were:

1. To investigate the current state of rehabilitation services and physical functioning in
patients who had an AMP for lower extremity musculoskeletal tumours (investigated in
Phase 1).

2. To investigate the current state of objective clinical measurement of balance, gait and PA
after treatments for lower extremity musculoskeletal tumours (investigated in Phase 2).

3. To pilot the use of small BWM s to develop novel objective measures of physical
functioning in the clinic and community (investigated in Phase 3); in patients treated for

lower extremity musculoskeletal tumours.

Specific objectives of each phase are listed at the start of each chapter.

Chapters 3, 4, 5 are almost identical to the published papers but do not include the full

introduction, to streamline the flow of the thesis.
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Figure 2-3: Main phases of the PhD
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Chapter 3: Patient experience of rehabilitation services after lower

extremity amputation for sarcoma in England: a national survey

This work has been published in the Journal of Disability and Rehabilitation with co-authors
from the national participating centres (reference below).

Furtado, S., et al., Patient experience after lower extremity amputation for sarcoma in
England: a national survey. Disabil Rehabil, 2017. 39(12): p. 1171-1190.

3.1 Introduction

Although there are national standards relating to the care that patients should receive around
AMP (BSRM, 2003; COT, 2011; (CSP), 2012); our experience was that patients who had an
AMP for a lower extremity musculoskeletal tumour received rehabilitation in limb fitting
services that were highly variable in terms of their quality. We were therefore interested in
exploring and describing the experiences of patients and comparing them to published
national standards. We also aimed to identify opportunities to share good practice with the

ultimate goal of improving outcomes for these patients.

3.2 Specific objectives

1. To describe the experience of rehabilitation in limb fitting services after AMP for
lower extremity musculoskeletal tumours

2. To compare the experience of rehabilitation in limb fitting services against recognised
national standards

3. To investigate national variation in limb fitting services

4. To identify areas of good practice; and

5. To identify areas where improvement is needed and make recommendations about

them.
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3.3 Specific methods

3.3.1 Participants
This was a cross-sectional survey of patients from five specialist centres for BT surgery in
England, all of which also treat patients with STS. Inclusion criteria were: a diagnosis of
primary bone or soft tissue tumour in the lower extremity or pelvis; primary or secondary
AMP (removal of major limb segment, including rotationplasty); over 8 years of age when
surveyed; and at least 1 year since surgery. Adults were defined as 18 years or over at
assessment, children under 18 years. Children could seek the assistance of their
parent/guardian if they preferred or needed to do so. Patients undergoing treatment for active
disease were excluded. Eligible patients were sent a participation invitation letter containing

information about the project (Appendix 1.0).

3.3.2 Outcome measures
A patient completed survey instrument was developed (Appendix 2.0). This included
questions about service provision derived from existing standards (BSRM, 2003; COT, 2011,
(CSP), 2012), from a Servqual questionnaire (Bosmans et al., 2009) for assessing the quality
of prosthetic service provision and following discussions with a small sample of service users
(n=3) and staff in a limb fitting service (n=2). This survey tool was piloted in a small sample
(n=3) before implementation to assess acceptability and readability. The survey tool was

adjusted after the pilot, using feedback from patients and health care professionals.

The project manager ‘Sherron Furtado (SF)’ was responsible for the literature review,

development of protocol and survey tool used for data collection in this project

3.3.3 Multi-centre survey
The survey was distributed from the five specialist commissioned centres for the surgical
treatment of primary BT in England. These are: Royal Orthopaedic Hospital, Birmingham;
Royal National Orthopaedic Hospital, Stanmore; Nuffield Orthopaedic Centre, Oxford;
Robert Jones and Agnes Hunt Hospital, Oswestry and Newcastle Upon Tyne Hospitals NHS
Foundation Trust. The study was coordinated from Newcastle, but patients were identified
and sent questionnaires by their treating centre. Each patient was identified by participant

number, the key being retained by their treating centre. A convenience sample of patients was
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identified from patients in clinics and databases at each centre by the site-coordinator. A
single reminder letter was sent from the treating centre to non-responders. Data about

diagnosis and level of AMP were provided by the treating centre.

This study was funded by the NHS National Specialist Commissioning Advisory Group as a
Quality Improvement Development and Innovation Scheme (QIDIS) project. The project was
registered as a national clinical audit and hence approval was obtained from the Clinical Risk

and Effectiveness and Research and Development departments in each centre.

The project manager SF independently managed the project set-up, local site co-ordination,
screening, recruitment, data collection and day to day running of this project. SF held
meetings with site co-ordinators on a regular basis and liaised with them for the efficient co-
ordination and running of project at each site. SF also managed the applications for regulatory

approvals at Newcastle and assisted staff from participating centres to obtain approvals.

3.3.4 Statistical analysis
Descriptive statistics were calculated using means (standard deviation (SD) for parametric and
medians (range), and inter-quartile range (25" percentile - 75" percentile) for non-parametric
data. Significance was taken at the 0.05 level. The Statistical Package for the Social Sciences
(SPSS) software version 21 (IBM Corp., Armonk, New York) was used. The number of
respondents to each item varied and is shown when reporting item scores. The Kolmogorov-
Smirnov or Shapiro-Wilk test was used to test normality based on larger or smaller sample
sizes respectively (p<0.05). Levene’s test was used to assess homogeneity of variance. The
Mann-Whitney U Test was used to compare continuous variables relating to patient
experience between services with limb fitting centre on site vs those with no limb fitting
centre on site. Pearson’s Chi-square test was used to compare categorical variables and the

Kruskal-Wallis Test was used to study differences in patient experience by AMP level.
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3.4 Results

Two hundred and fifty questionnaires were sent from the five centres and following a single
reminder, 105 responses were received, 101 from adults and 4 from children between
September 2012 and June 2013, a response rate of 42%. The number of responses varied by
centre (Table 3-1). The number of responses to each item is reported with each item. The one
respondent from centre 5 only filled out part of the survey tool, the results from which were

included where appropriate.

3.4.1 Demographics of respondents
The median age of 105 respondents was 54 years (range 14-91). One hundred and one were
from adults and four from children. Sixty three (of 102 respondents to the question, 62%)
were male and 39 (38%) female. 68 (of 103 respondents, 66%) had a malignant BT and 35
(34%) a malignant soft tissue tumour. Of patients who had BTs, the diagnosis was
osteosarcoma in 27, chondrosarcoma in 24, Ewing’s sarcoma in seven, spindle cell sarcoma
in four, and one each of adamantinoma, malignant giant cell tumour, fibrosarcoma,
angiosarcoma of bone, hemangiopericytoma of bone and sarcoma not otherwise specified
(NOS). Of 37 patients with a soft tissue tumour the diagnosis was synovial sarcoma in seven,
spindle cell sarcoma in three, angiosarcoma in five, myxofibrosarcoma in five, malignant
fibrous histiocytoma in three, leiomyosarcoma in three, malignant peripheral nerve sheath
tumour in two, pleomorphic sarcoma in two, and one each of fibrosarcoma, giant cell tumour
of tendon sheath, liposarcoma, myxoid sarcoma, soft tissue chondrosarcoma, soft tissue
Ewing’s sarcoma, and STS NOS.

Of 105 respondents the AMP level was hemipelvectomy in 22 (21%), hip disarticulation in
nine (9%), transfemoral in 39 (37%), knee disarticulation in two (2%), transtibial in 30 (29%),
minor in two (2%) and rotationplasty in one (1%). The two patients with minor AMP were
excluded from further analysis. AMP levels varied by centre, with two centres (centres 1 and
3) performing more proximal AMP (Table 3-1).
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Table 3-1: Demographics and number of limb fitting services used

Centrel Centre2 Centre3 Centre4 Centre5 | Total
Total number of respondents 53 21 27 3 1 105
Mean age + SD 51.5+/ 45.6 52.6 79.3 82 51.7+
(minimum-maximum (min-max), range) | 21.2 +23.7 +17.1 +12.0 211
(17- (14-89)  (23-86)  (67-91) (14-91,
84,67) 77)
Level of AMP Hemipelvectomy | 18(34%) 4(15%) 22
(% of total from (21%)
each centre Hip disarticulation | 5(9%) 3(11%) 1(100%) | 9 (9%)
shown) Transfemoral 21(400%)  11(52%) 6(22%)  1(33%) 39
(37%)
Knee 1(5%) 1(33%) 2 (2%)
disarticulation
Transtibial 9(17%)  6(29%)  14(52%)  1(33%) 30
(28%)
Minor AMP 2(9%) 2 (2%)
Others 1(5%) 1(1%)
(Rotationplasty)
Mean months after surgery + SD 62.4 85.9 53.1+31.9 283.3 32 70.7£77.7
(min-max, range) +33.9 +55.5 (21-124)  +403.5 (2-749,
(2-123,  (13-194) (36-749) 747)
121)
Number of limb fitting services used 28 4 12 2 N/A 46

3.4.2 Access to limb fitting services
There was variation in the use of limb fitting services by patients from each centre. Centres 2,
3 and 5 had a limb fitting centre on site, whereas centres 1 and 4 did not. The number of limb
fitting centres accessed by patients in centre 1 was 28, in centre 2 was 4, in centre 3 was 12

and in centre 4 was 2. There was only one respondent from Centre 5 (Table 3-1).
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Time taken to be seen in the limb fitting service after AMP

The time taken to be seen in limb fitting after AMP varied by centre (Figure 3-1). The mode
response in centre 1 was between 3 and 6 months and in centres 2 and 3 was between 1 week
and 1 month (Figure 3-1).

How soon after surgery did you visit the limb fitting
service?
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I between 6-12 mo > yr no recall

Figure 3-1: Time taken to be seen in the limb fitting service after AMP.

Mode of transport to the limb fitting service

39/84 (46%) respondents reported driving themselves to the limb fitting centre, 29 (35%)
were driven by someone else in a private car, 12(14%) used an ambulance or ambulance car
and 4 (5%) public transport. Therefore almost half (41/84, 49%) depended on an ambulance
or on someone else to drive them to the limb fitting centre (Figure 3-2). Of those under 18
years of age who responded [2/3 (67%)] were driven to and one reported driving themselves
to the limb fitting centre [1/3 (33%)].
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How do you get to the limb fitting centre?
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Figure 3-2: Mode of transport to the limb fitting service.

3.4.3 Rehabilitation support

Prosthesis provision

37173 (51%) patients for whom an early walking aid was appropriate reported using an early
walking (e.g. Femurett or Pneumatic Post-AMP Mobility aid (PPAM)) during physiotherapy.
8/86 (9%) respondents were given a prosthetic limb for home use between one week and one
month after surgery, 45 (52%) between three and six months, 15 (17%) between six and 12
months, 3 (4%) more than a year after surgery, 12 (14%) were not given a limb and 3(4%) did
not remember. Of 86 respondents, 12 (14%) were not provided with artificial limbs, 41 (48%)
were provided with 1, 23 (27%) with 2, 9 (10%) with 3 and 1 (1%) provided with 4 limbs.
The 12 patients not given a prosthetic limb were of median age 68 (range 24-86) years. The
proportion not given a limb varied by AMP level, being 5/22 (23%) at hemipelvectomy, 3/9
(33%) hip disarticulation, 3/39 (8%) transfemoral, and 1/30 (3%) at the transtibial level.
Reasons given for not having a prosthetic limb included pain, secondary complications
including infection or tumour recurrence and one elderly patient who had a stroke. One

patient reported being told they could not have a limb after hip disarticulation.
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Prosthesis repair and maintenance

Responses to “When | have a problem with my prosthesis, the repair and maintenance of
prosthesis is handled in an appropriate time?” were “strongly agree” in 27/ 74 (36%), “agree”
in 22/74 (30%) “neither agree nor disagree” in 9/74 (12%), “disagree” in 10/74 (14%), and
“strongly disagree” in 6/74 (8%). The proportion of patients who responded as “strongly
agree” or “agree” was 21/38 (55%) from centre 1, 9/11 (82%) from centre 2, 17/23 (74%)
from centre 3, and 2/2 (100%) from centre 4 (Figure 3-3).

Do you agree with the statement“When | have a problem with
my prosthesis, the repair and maintenance of
prosthesis 1s handled in an appropriate time?”’
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Number of responses
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Centre number

mstrongly agree magree =neither mdisagree mistrongly disagree

Figure 3-3: Repair and maintenance of prosthesis

Views of patients about Prosthetic service provision to athletes and military personnels
Respondents were asked to respond to the statement “Athletes and military personnel perform
better because they have access to better prostheses than 1 do”. 56/91 (62%) strongly agreed,
13 (14%) agreed, 16 (18%) neither agreed nor disagreed, 4 (4%) disagreed and 2 (2%)
strongly disagreed (Box 3-1: Part B). Within this group, those under 18 years responded as
follows: 2/5(50%) strongly agreed, 1(25%) agreed, and 1(25%) disagreed. Free text
comments about patient views of rehabilitation services and about services for athletes and

military personnels are listed in Box 3-1.
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Box 3-1: Free text comments about services and views

A. Free text comments about staff and allied health professional support:
“Very short term goals”
“Once a week physio inadequate”
“Best for six weeks then nothing”
“I thought I was rushed”.
“Physiotherapy was good but | felt more needed to be done, especially with going from walking with an aid to walking without an aid. |
became attached to the walking stick and was scared to go outside without it - even though I could walk and didn’t like the image of me
with a walking stick given my age (17 years)

“Since finishing treatment and surgery there has been no psychological support or community welfare support or support finding work.”

“I’'m convinced that cost and age rather than need is applied. Over the years I’ve used an artificial leg. I’ve broken the foot on many
occasions - Not fit for purpose? Only recently been given an "upgrade”. Appointments take ages ever for minor repairs. Actually repairs
sometimes takes weeks.”

B. Free text responses to the question Do you agree with the statement “Athletes and military personnel perform better because
they have access to better prostheses than I do”:

“I strongly support that the military should have access to these prostheses, however anybody who loses a limb through whatever reason
should also have access and the right to be as normal and pain free as possible.”

“With my level of amputation there is only one level of fitting limb, but I think athletes probably have more than one limb to use for
different environments/jobs/sports.

“As to athletes and military personnel having better performances due to better prostheses. This I would assume to be because of different
types of funding available”
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Pre-AMP consultation

The majority (65/86, 76%) of patients recalled being offered pre-AMP counselling. Of those
who received it, 44/65 (68%) felt it prepared them well. Of those who did not receive pre-
AMP counselling, 11/20 (55%) thought it would have been helpful. Similarly, only 25/94
(27%) were given the opportunity to meet someone who had already undergone a similar
AMP before surgery, but most of those who had (22/24, 92%) found it useful (Figure 3-4).
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Figure 3-4: Meeting someone with a similar AMP before surgery.

Physiotherapy
63/85 (74%) patients visited the limb fitting service for physiotherapy. Of those that did,
reports suggested that care was limited (Box 3-1: Part A).

Falls

Falls were common, reported by 54/87 (62%) patients. However, of those who fell, most
(45/52, 87%) felt that their falls were dealt with appropriately by the limb fitting centre. The
rate of falling varied by AMP level: 10/22 (50%) patients with hemipelvectomy, 2/9 (22%)
hip disarticulation, 23/39 (59%) transfemoral AMP and 19/30 (63%) transtibial AMP patients
reported falls. Of patients who fell, most (45/52, 87%) felt that their falls were dealt with
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appropriately by the limb fitting service.

Occupational therapy

Patients reported variable satisfaction with occupational therapy and for return to work and
the work role. 10/85 (12%) were very satisfied, 8 (9%) were somewhat satisfied, 11 (13%)
were neither satisfied nor dissatisfied, 4 (5%) were somewhat dissatisfied, and 6 (7%) were
very dissatisfied. 46/85 (54%) reported this item was not applicable.

When asked about occupational therapy delivered training for recreational activities 16/75
(21%) were very satisfied, 14 (19%) were somewhat satisfied, 25 (33%) were neither satisfied

nor dissatisfied, 9 (12%) were somewhat dissatisfied and 11 (15%) were very dissatisfied.

Psychological support and counselling

35/79 (44%) of patients had access to psychological support and counselling during limb
fitting, but these were all patients from centres 1 and 3 (21/41 (51%) and 14/23 (61%))
respectively (Figure 3-5).

Did you have access to psychological support and
counselling during limb fitting?
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Figure 3-5: Psychological support and counselling during limb fitting
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Complaints and feedback
53/67 (79%) patients felt their complaints and feedback were dealt with appropriately; 14

(21%) patients felt that their complaints were not dealt with on time.

3.4.4 Examples of good practice and suggestions for improvement
As described in free text responses, the characteristics of good practice in centres included
access, a personal approach by staff, listening and responding proactively to patient needs,

and information provision (Box 3-2)

Suggestions for improving services included the provision of better and consistent
information, in an appropriate format, such as video (Box 3-2). Some patients believed that
cost was a major influence on the availability of limbs. Putting a limb in for repair was a
significant problem for many. Some respondents commented that their experience of private
providers had been better than that in the NHS, including the availability of the C-leg
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Box 3-2: Free text comments about good practice:

A. Free text comments giving examples of good practice:

“I can see them whenever | need to and they take the time and care to fully listen to me. They also show me information useful to me ,
such on driving, without me having to request it

“I was allowed time to express my views and was actively involved in my care”

“I think the people make it easier than the equipment /physical part of the service itself”

B. Free text comments including recommendations about promoting good practice:

“It would be great to have a DVD featuring amputees talking about their experiences. Also, some visual images of what a hind quarter
amputation looks like!”

“I was told I would have to have an amputation over the phone, when I was alone at home. Prior to surgery I was led to believe | would
be able to have an artificial limb once | had healed in spite of not having "a stump", and was shown the type of prosthesis that would be
suitable for me. Unfortunately after operation this was not thought to be practicable, so was never tried”

“What fitters don't seem to understand is that socket comfort is the only thing that needs to be right. If the socket is comfortable, doesn't
rub etc, then you could put a broom handle underneath and it would be fine. The other thing is that it is impossible to tell if a socket is
suitable in those fitting rooms*

“I have developed a kind of phobia towards my limb, almost like a hatred of it because it is so heavy and uncomfortable. I wish there
was another way of attaching it to my body, instead of around the waist. | really miss my leg and | would love to look normal again. |
would love if an engineer or someone could invent a way of attaching prosthesis instead of wearing around the waist. Then I think I would
persevere with it a bit more.”

C. Free text comments from family members/guardians of children with amputations:
“Care needs to be consistent. You can't tell a child they can have a change of limb then move the goal posts without discussion. Patients
need input with regards to their prosthetic prescriptions (which) would be helpful to give them better control of their life.”

“The only problem... had with his prosthesis was the lanyard occasionally snapped. We fully understand the reasons behind the decision.
... enjoys his sporting activity and this motivates him. He asks if any limbs or limbs are available for these activities (football/running
etc)”

38



Chapter 3: Patient experience of rehabilitation services after lower extremity amputation for sarcoma in
England: A national survey

3.4.5 Geographic variation in rehabilitation support

There was significant variation in the experience of patients treated in each centre. In general,
patients treated in units with a limb fitting centre on site (n=49) appeared to have a better
experience of care than others (n=56). Demographics of these groups are reported in Table 3-
2 and detailed description is provided below:

Repair and maintenance of prosthesis: Patients treated in centres with a limb fitting service
on site demonstrated significantly higher levels of agreement with the statement “When I have
a problem with my prosthesis, the repair and maintenance of prosthesis is handled in an
appropriate time”, than those seen with in centres without a limb fitting service on site.
(Mann-Whitney U Test, U = 494.500, Z = -2.097, p=0.036).

Comfort of limb fitting: Patients treated in centres with a limb fitting service on site
demonstrated significantly higher levels of agreement with the statement “The artificial
limb(s) provided is (are) comfortable”, than those who were seen in centres without a limb

fitting service on site. (Mann-Whitney U Test, U = 641.500, Z = -2.191, p=0.028)

Frequency of use of limb: Patients treated in centres with a limb fitting service on site
reported a significantly higher frequency of limb use in comparison to patients treated in
centres without a limb fitting service on site. (Mann Whitney U Test, U=607.000, Z=-2.264,
p=0.024)

Experience of physiotherapy rehabilitation: Patients treated in centres with a limb fitting
service on site reported significantly higher levels of agreement with the statement “my
physiotherapist set clear rehabilitation goals”, than patients treated elsewhere (Mann-Whitney
U Test, U=675.000, Z=-2.230, p=0.026).

Experience of occupational therapy provision: Patients treated in centres with a limb fitting
service on site demonstrated significantly higher levels of satisfaction with occupational
therapy support for training for recreational activities, than those treated in centres without a
limb fitting service on site (Mann-Whitney U = 386.000, Z = -3.376, p=0.001).
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Patients treated in centres with a limb fitting service on site were more likely to: receive pre-
AMP consultation (31/42 (74%) vs 34/53 (64%)); meet a patient with a similar level of AMP
before surgery (15/41 (37%) vs 10/53 (19%)); be seen sooner after AMP (20/39 (51%)
patients treated in centres with a limb fitting service on site were seen between 1 week and 1
month post-surgery, compared with 12/36 (33%) patients in centres without a limb fitting
service on site); be given a limb to use at home (3/38 (8%) patients were not given a limb in
centres with a limb fitting service on site vs 9/48 (19%) in other centres ); be issued with a
limb sooner (6/38 (16%) patients given a limb to use at home between 1 week and 1 month
post surgery vs 2/48, (4%)). Further exploratory analysis examined whether differences in
service experience were driven by differences in AMP level between centres. No significant
differences were found for experiences of repair and maintenance of prosthesis,
physiotherapy, occupational therapy, or access to expert medical/nursing care (Kruskal-Wallis
Test, p>0.05). However differences in comfort of limb fitting and frequency of limb use

appeared to be driven by AMP level (p<0.05).

Patients treated in centres with onsite limb fitting services did not differ from others by age
(Mann-Whitney U Test, U=1097.0, Z=-0.722, p= 0.470), time since surgery (Mann-Whitney
U Test, U= 1290.5, Z=-0.169, p=0.866), gender (Pearson’s chi-square test p = 0.541) and type
of tumour (bone or soft tissue tumour) (Pearson’s chi square p=0.880). However there was a
higher number of proximal AMP in centres without onsite limb fitting services (Pearson’s chi
square test with important AMP level groups (hemipelvectomy, hip disarticulation,
transfemoral and transtibial AMP) and no cells having an expected frequency<5, p=0.002*)
(Table 3-2). When the results of the survey are compared against national standards, services
fell short in providing pre-AMP counselling, meeting with an appropriate established amputee

before surgery, access to psychological support and support with return to work (Table 3-3)
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Table 3-2: Comparison of demographics between centres with limb fitting service on site vs services with no limb fitting service on site

Physical Sub-categories
functioning

Centre with limb fitting
Service on site

Centre with no limb fitting  p-value
service on site

Age (Median (range), Inter-quartile range
(25" percentile - 751 percentile)

Time post surgery(Median (range), Inter-
quartile range (25" percentile - 75™
percentile)

50 (14-89), 32 (34 — 65)

49 (13-194), 70 (32.5 — 102)

61(17-91),41 (29 70)  0.398

63.50 (2-749), 63 (33-95.8) 0.910

Gender Male (M) 31/48 (64.6%) 32/54 (59.3%) 0.581
Female (F) 17/48 (35.4%) 22/54 (40.7%)

Type of tumour | Bone tumour (BT) 32/49 (65.3%) 36/54 (66.7%) 0.884
Soft tissue tumour(STS) 17/49 (34.7%) 18/54 (33.3%)

Amputation Hemipelvectomy 4/49 (8.2%) 18/56 (32.1%) 0.002*

(AMP) Level Hip disarticulation 4/49 (8.2%) 5/56 (8.9%) (Pearson’s chi square test with
Transfemoral AMP 17/49 (34.7%) 22/56 (39.3%) important AMP level groups
Through knee 1/49 (2.0%) 1/56 (1.8%) with O cells having expected
Transtibial 20/49 (40.8%) 10/56 (17.9%) frequency<5 , p=0.002*
Minor AMP 2149 (4.1%) 0/56 (0.0%) included hemipelvectomy,
Other(Rotationplasty) 1/49 (2.0%) 0/56 (0.0%) transfemoral and transtibial

AMP groups)

p-value — difference between levels (*=statistically significant), n=sample number,

41
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Table 3-3: Comparison against national standards

S.No

Recommended National
Standard

Type of Standard

Results of audit

1. A pre-AMP consultation with an  British Society of Rehabilitation 65/86, 76% of patients
appropriate PARC member Medicine (BSRM) (BSRM, 2003)
should be arranged where AMP Type B : Good practice
is a treatment option (as opposed
to treatment necessity)

2. A meeting with an appropriate BSRM (BSRM, 2003) 25/94, 27% of patients
established amputee should be Type C : Desirable practice
considered before every case of
elective AMP

3. Each PARC must have an BSRM (BSRM, 2003) 53/67 (79%) patients felt their
established complaints Type A: Essential Practice complaints and feedback were
procedure. dealt with appropriately; 14

(21%) that their complaints
were not dealt with on time.

4, Rehabilitation programmes Evidence Based Clinical Guidelines  Of patients who fell, most
should include education on for the Physiotherapy Management  (45/52, 87%) felt that their falls
preventing falls and coping of Adults with Lower Limb were dealt with appropriately by
strategies should a fall occur. Prostheses. British Association of the limb fitting service

Chartered Physiotherapists in
Amputee Rehabilitation
(BACPAR) guidelines ((CSP),
2012)

5. Service users within any district  BSRM — (BSRM, 2003) 35/79 (44%) of patients had
should have access to all Type B : Good practice access to psychological support
appropriate rehabilitation and counselling during limb
services which aim to maximise fitting, but these were all
physical, psychological and patients from centres 1 and 3
social well being (21/41 (51%) and 14/23 (61%))

respectively. No patients from
Centre 1 and 4 had access to
psychological counselling.

6. Support should be provided from  Occupational therapy with people 10/85 (12%) were very

the multidisciplinary team
regarding successful work
reintegration and maintenance of
the work role.

who have had lower limb AMP —
Evidence Based Guidelines,
College of Occupational Therapists
(COT, 2011)

satisfied, 8 (9%) were
somewhat satisfied, 11 (13%)
were neither satisfied nor
dissatisfied, 4 (5%) were
somewhat dissatisfied, and 6
(7%) were very dissatisfied.
46/85 (54%) reported this item
was not applicable.
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3.5 Discussion

3.5.1 Overview of study findings
This is a novel national survey which has investigated the reported service experience of a
complex and varied subgroup of patients who have had amputation for extremity sarcoma.
This study has clearly shown that services across England are highly variable and fall short of
recognised national standards. This may have an impact on disability, dependency and
employment. In patients treated with amputation for sarcoma, physical functioning is
associated with quality of life (Stevenson et al., 2016) and therefore poor quality
rehabilitation services are likely to have significant impact on other aspects of life and the
burden on society. We have therefore shown that there is an urgent need to improve service
provision to patients diagnosed with sarcoma who have undergone or are facing amputation.
The frequency of long term problems such as pain, psychological and physical disability in
this population demands the provision of appropriate psychological support, pain and
rehabilitation services if outcomes are to be optimised (Kwong et al., 2014). As this is a broad
topic area, the clinical implications of this work have been discussed under individual sub-
headings below.

3.5.2 Access to limb fitting services
Access to limb fitting services remains challenging: our survey shows most patients are
dependent on others driving them or ambulance transport. As with other aspects of health
care, there is a balance between the provision of specialist services and their proximity to the
patient’s home, but this can be a particular issue when patients travel long distances for

specialist care.

3.5.3 Rehabilitation support

Pre-AMP consultation

Pre-AMP counselling is an important part of the rehabilitation pathway. The consultation
allows the patient to understand what life after AMP and rehabilitation involves and supports
informed decision making about care, particularly if AMP is being considered as an option,
rather than a necessity. We have shown that many patients did not receive pre-AMP

counselling and other approaches, such as the use of a video or patient leaflets might be
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helpful (BSRM, 2003).

Prosthetic provision and maintenance

Repair and maintenance of prostheses are very important, particularly if the patient is only
issued with one prosthetic limb, and the British Society of Rehabilitation Medicine (BSRM)
(BSRM, 2003) recognises ready access to prosthetic repair and maintenance is important.
Patients may be unable to pursue normal activities while a limb is in the workshop. Our
survey suggests that this could be improved, with only a proportion (49 of 74, 66%) reporting
that when they had a problem with their prosthesis, repair and maintenance were handled in

an appropriate time.

Physiotherapy care, Occupational therapy and Falls

Although there are recommended standards for allied health support after a major limb loss
(COT, 2011; (CSP), 2012), our study showed that physiotherapy care and occupational
therapy is limited and variable, with scope for improvements. Targeting service improvements
might not only help improve the overall patient experience but could also optimise outcomes
e.g.: a better active participation in ADLs, work and RNL (Kwong et al., 2014). We have also
shown that patients who have AMP for sarcoma often fall, and therefore services should be
able to deal with this appropriately, given that rehabilitation programmes are of benefit after
falls (Dyer et al., 2008). It was interesting to note that falls were reported more frequently in
patients with more distal AMP, perhaps reflecting greater activity levels. However, we only

collected limited information about this.

Psychological support

We have clearly shown that access to psychological support is variable and represents a major
gap in the service, although the demand in this population is high, with those who undergo
lower limb AMP tending to report anxiety and depression (Singh et al., 2007; Kwong et al.,
2014). Although psychological treatment is important and improves overall outcomes in this
population (Srivastava and Chaudhury, 2014), the availability of such support is variable,
being unavailable in some centres (centres 2 and 4) and only offered to a proportion of

patients in others (60% in centre 3; 51% in centre 1).
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3.5.4 Strengths
This is a unique study which has attempted to describe the patient experience of limb fitting
and rehabilitation after AMP for sarcoma at a national level. A major strength is the use of an
evidence based survey instrument designed following literature reviews, and patient and
clinician consultation as well as the use of the Servqual questionnaire, which allowed us to
capture the varying service provision in this population. This work has built on a previous
systematic review, which showed that disability and impaired physical functioning are major
issues for survivors of extremity sarcoma and which therefore demand high quality

rehabilitation services (Kwong et al., 2014).

3.5.5 Limitations
It is recognised that the response rate is relatively low (42%) and there is therefore a risk of
response bias, but nevertheless the cohort is the largest described in England, and the sample
size seemed reasonable given the aim of the study. Furthermore, the number of responses
from each centre varied widely, likely reflecting the size of each centre. For example: 53/105
responses were from one of the largest centres, and only 3/105 (2 and 1) were from smaller
centres (centre 4 and 5) (Table 3-1). Given the small number of respondents in centre 4 (n=3)
and centre 5 (n=1), descriptive statistics only were used to explore patient experiences in all
five centres. However, there were statistically significant differences between units with a
limb fitting service on site (n=49) compared to those without (n=56). There was further
variation in the range of “time since surgery” (2 — 749 months), and “mean time since
surgery” between centres (Table 3-1), which we recognise are potential sources of bias. We
attempted to send reminders, but the study was structured such that centres were asked to
communicate directly with patients in order to maintain central anonymity of the data. This
meant that only one reminder was sent. Furthermore, some patients had been treated for
sarcoma several years ago, meaning there is a risk of recall bias, even though “I do not
remember or cannot remember” was included as an option. However, questions about

ongoing treatment are likely to remain relevant.
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3.5.6 Recommendations for future work
The number of limb fitting services used by each centre reflects the referral patterns of each
as patients travel long distances for specialist sarcoma care. It is undoubtedly difficult to
establish and maintain standards of specialist care across a large number of services but
mechanisms for this would be helpful. Having a limb fitting service on site for sarcoma
patients appears to be advantageous, with patients experiencing better services, including pre-
AMP counselling, being seen sooner after surgery, and being issued with a limb for home use
sooner. The concentration of expertise and facilities for patients who have had AMP after
trauma, particularly of military patients has been seen as advantageous. Given the differences
between our patients and the majority of patients who have AMP, there is an argument for
reducing the number of limb fitting service providers for sarcoma amputees in order to
develop expertise, as for military amputees (Dyer et al., 2008). However, there is clearly a
tension with the ability of patients to travel for limb fitting and the convenience of a more
local service. Solutions for delivering highly specialised rehabilitation care close to home are
therefore also required. Remotely supporting patients using telehealth interventions may be a

helpful and cost effective approach (Henderson et al., 2013).

Rehabilitation services can also be improved through the delivery of improved assessments
and treatments which have an impact on survivorship outcomes. We have suggested
recommendations for improvement of rehabilitation services which include development of
services with a special interest to raise the overall standard and disseminate good practice,
encouraging good communication between treating centres and limb fitting services,
provision of better information to patients, and improving the experience of patients to help
pre-operative understanding. An excellent example of the direct translation of
recommendations into clinical practice is that one of the participating centres has
subsequently set up a dedicated AMP clinic, to ensure patients are provided with specialized
care. In another centre, the rehabilitation team has started contacting local physiotherapists to
ensure appropriate follow-up of patients and delivery of specialized care in locally. Ongoing
audit of the patient experience will be important to inform commissioning of services which
should include psychological support, pain services and should consider access including

transport.
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3.6 Conclusion

There is wide variation in the experience of limb fitting services following AMP for sarcoma
and services fall short of recommended national standards. Variations in service provision
include access to psychological support, use of pre-AMP consultation, physiotherapy, access
to services, including early walking aids and prosthetic repair. Addressing variation in care
through developing services and solutions for delivering expert care close to home are

needed, which we have discussed in subsequent chapters.
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Chapter 4: Physical functioning, pain and quality of life after amputation

for musculoskeletal tumours. A national survey

This work has been published in the Bone and Joint Journal with co-authors from the national
participating centres (reference below).

Furtado, S., et al., Physical functioning, pain and quality of life after amputation for
musculoskeletal tumours: a national survey. Bone Joint J, 2015. 97-b (9): p. 1284-90.

4.1 Introduction

As seen in Chapter 2, the impact of poor physical functioning and disability on the
survivorship experience of patients undergoing AMP for musculoskeletal tumours is evident
(Nagarajan et al., 2003; Kwong et al., 2014). Previous studies have shown that physical
functioning is related to pain and QoL outcomes (Eiser et al., 1997; Eiser et al., 2001). In
spite of this, to date, little is known about the overall survivorship experience of patients who
undergo AMP for extremity sarcoma in the United Kingdom within the NHS. We were
interested in understanding physical function, QoL and pain after AMP for sarcoma in
England, in order to improve services, provide appropriate information and improve
outcomes. Given the rarity of sarcoma we took a national, collaborative approach. The aim
was therefore to investigate survivorship outcomes after AMP for lower extremity

musculoskeletal tumours in England.

4.2 Specific objectives
1. To describe survivorship outcomes including physical functioning, pain and QoL after
AMP for sarcoma
2. To compare outcomes by AMP level
3. To investigate relationships between measures.

4. To compare outcomes with published series.
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4.3 Methods

4.3.1 Participants

The screening and recruitment of participants were the same as Chapter 3.

4.3.2 Outcome measures
We developed a patient reported outcome tool as follows. An overview of the relevant
literature review had identified validated measures of physical functioning, pain and QoL
appropriate to this population. Measures were piloted in a sample of three patients. The tool
comprised the lower extremity TESS (Appendix 3.0) (Davis et al., 1996), Brief Pain
Inventory (BPI) (Appendix 4.0) (Poquet and Lin, 2016) and QoL-CS scale (Appendix 5.0)
(Ferrell et al., 1995). TESS, a patient-reported measure, detailed in Chapter 2 (Section 2.7,
Sub-section 2.7.2), comprises 30 self-reported items evaluating physical disability after
treatment for extremity sarcoma (Davis et al., 1996). Although the Musculoskeletal Tumour
Society Score has been widely used in this population, as an observer-rated score it was
unsuitable for use in a postal survey (Enneking et al., 1993). QoL-CS is a 41-item
questionnaire for cancer survivors. It includes four QoL domains; physical, psychological,
social and spiritual. It is reliable and valid and has been used after extremity sarcoma surgery.
QoL-CS scores range between 0 and 100 (worst to best QoL) (Ferrell et al., 1995). The BPI —
Short Form assesses pain severity and impact on daily functions: mild pain is defined as a
worst pain score of 1 to 4, moderate pain as 5 to 6, and severe pain as 7 to 10 points (Poquet
and Lin, 2016).

4.3.3 Multi-centre survey
The survey was conducted from the five specialist commissioned centres for the surgical
treatment of primary BTs in England. All centres treat patients with bone and soft-tissue
sarcomas. These are: Royal Orthopaedic Hospital, Birmingham; Royal National Orthopaedic
Hospital, Stanmore; Nuffield Orthopaedic Centre, Oxford; Robert Jones and Agnes Hunt
Hospital, Oswestry and Newcastle Upon Tyne Hospitals NHS Foundation Trust. The study
was co-ordinated from Newcastle, but patients were identified and sent questionnaires by their
treating centre. Each patient was identified by participant number, the key being retained by
their treating centre. A convenience sample of patients was identified from patients in clinics
and databases at each centre by the site-coordinator. A single reminder letter was sent from

the treating centre to non-responders.
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This study was funded by the NHS National Specialist Commissioning Advisory Group as a
QIDIS project. The project was registered as a national clinical audit and approval was
obtained from the Clinical Risk and Effectiveness and Research and Development

departments in each centre.

4.3.4 Statistical analysis
Descriptive statistics were calculated using means and SDs for parametric data and medians
with ranges and/or interquartile ranges (IQR) (25th percentile value to 75th percentile value)
for non-parametric data. Pearson correlations were calculated to examine relationships
between variables. Regression analysis assessed the influence of individual factors on
survivorship outcomes. Factors investigated were AMP level, months after surgery, age, pain
severity and pain interference and diagnostic category. For the latter, patients were
categorised according to whether chemotherapy was part of standard treatment (i.e.
osteosarcoma, Ewing’s sarcoma spindle cell sarcoma of bone, sarcoma NOS of bone and
fibrosarcoma of bone) as 1 (chemotherapy standard) and 2 (chemotherapy not standard). As
there is a possible interaction between TESS and QoL-CS outcomes, multivariate analysis of
co-variance (MANCOVA) was used to investigate the influence of these independent
variables on TESS and QoL-CS, with Kruskal-Wallis tests used to explore differences in
TESS item scores. Significance was taken at a p-value < 0.05. The SPSS software version 21
(IBM Corp., Armonk, New York) (IBM Corp., Armonk, New York) was used.

4.4 Results

4.4.1 Participants
Questionnaires were sent to 250 patients identified at five centres, and following a single
reminder, 105 responses were received (response rate of 42%) between September 2012 and
June 2013. Of these, four were children and were excluded from this analysis. Of 101 adults,
100 returned correctly completed tools, which were used for final analysis.
The mean age was 53.6 years (19 to 91; five non-responders) at a mean of 72 months after
surgery (2 to 749) In total 60 (62%) were male and 37 (38%) were female (three non-
responders). Details of the patients’ tumour types and diagnoses are provided in Table 4-1.
In total 20 tumours were located in the hip or pelvis, 31 above the knee, 32 between knee and
ankle and 17 in the ankle or foot. The AMP level was hemipelvectomy in 22, hip

disarticulation in nine, transfemoral in 35, knee disarticulation in one, transtibial in 30, minor
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(AMP of toe or toes) in two, and rotationplasty in one (Table 4-2). 42 (43%) had a right sided
tumour.

Table 4-1: Tumour types and diagnosis

Tumour type Diagnosis Number of
patients
Primary bone sarcoma (63) Osteosarcoma 24
Chondrosarcoma 24

Ewing’s sarcoma

Spindle cell sarcoma
Adamantinoma,

Malignant giant cell tumour
Fibrosarcoma

Angiosarcoma of bone
Haemangiopericytoma of bone
Sarcoma NOS

Soft-tissue tumours (37) Synovial sarcoma
Spindle cell sarcoma
Angiosarcoma
Myxofibrosarcoma
Malignant fibrous histiocytoma
Leiomyosarcoma
Malignant peripheral nerve sheath tumour
Pleomorphic sarcoma
Fibrosarcoma
Giant cell tumour of tendon sheath
Liposarcoma,
Myxoid sarcoma,
Soft-tissue chondrosarcoma
Soft-tissue Ewing’s sarcoma,
Soft-tissue sarcoma NOS.

RPRPRPRPRPRPRPNOMNNOWACTWNRRRRERREANCOUJ

Outcomes by AMP Level
Physical function, pain and QoL outcomes have been listed by AMP level in Table 4-2 and

are detailed in sections below.

4.4.2 Physical function
Mean TESS was 56.4% (SD 23.4). TESS varied significantly by level: proximal AMP were
associated with lower scores than more distal AMP (Table 4-2, Figure 4-1). There was no
significant difference in TESS when diagnostic categories were compared (p = 0.07,
independent t-test). Of 81 respondents, 57 (70.4%) depended on walking aids, with a trend to
increased use with more proximal AMP (Table 4-2). Patients with hemipelvectomy or
transfemoral AMP were significantly more likely to use walking aids (chi-squared test; p =

0.005 and p < 0.001, respectively).
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Table 4-2: Physical functioning, pain and quality of life outcomes by AMP Level

Patient group Number of  Use of Use of walking TESS QoL-CS BPI-SF — Pain BPI-SF — Pain
patients prosthetic limb aids (number of (Mean = SD) (Mean = SD) Severity Interference (Mean
at least daily respondents (Mean + SD) + SD)
(number of shown)
respondents
shown)
Total scores for all 1200 100 56.4+23.3 5.1+1.8 3.6+2.3 3.4+2.9
patients
Hemipelvectomy 22 1/21 (4.8%) 15/18 (83.3%) 50.48+20.26 4.93+1.62 3.67+1.67 2.73+2.47
Hip disarticulation 9 1/9 (11.1%) 3/5 (60.0%) 36.32+20.79 491+1.41 3.94+2.50 4.35+3.29
Transfemoral 35 22/33 (62.9%) 25/28 (89.3%) 53.52+21.29 4.97+2.03 4.13+2.37 3.95+2.67
Through knee 1 0/1 (0%) 0/1 (0%) 17.30 5.00 15 4.86
Transtibial 30 27/30 (90%) 14/28 (50%) 70.10+19.60 5.18+1.66 3.05+2.37 3.08+3.21
Minor AMP 2 - 0/1 (0%) 92.25+9.83 7.58+1.83 0.63+0.88 0.43+0.61
Others(Rotationplasty) 1 - - 27.80 3.81 5.25 7.83
p-value p<0.001* p<0.001* p=0.555 p=0.198 p=0.215

p-value — difference between levels (*=statistically significant), n=sample number
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Figure 4-1: TESS by AMP level (p<0.05)

Box and whisker plot showing the Toronto Extremity Salvage Score (TESS) by AMP level (p <
0.001). (Plot shows median value, box limits represent first and third quartile limits. Whiskers
represent data range, excluding outliers (> 1.5-times the interquartile range below the first or above the

third quartile).

Within TESS item scores, activities most often reported as impossible or extremely difficult
to do were kneeling (63% of respondents), gardening and yard work (52%), participating in
sports (46%), walking upstairs (38%), walking outdoors (37%), and participating in leisure
activities (36%). In contrast, 43% found light household tasks only a little or not at all
difficult.

Patients with more proximal AMP had lower item scores than those with below knee or minor

AMP. There were significant differences between patients with hemipelvectomies and those
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with below knee AMP for light household chores such as tidying and dusting (p < 0.001,
Mann-Whitney U test), gardening and yard work (p = 0.001, Mann-Whitney U test), walking
in the house (p = 0.001, Mann-Whitney U test), walking outdoors (p = 0.003, Mann-Whitney
U test), standing upright (p = 0.028, Mann—Whitney U test), participating in sexual activities
(p = 0.009, Mann—-Whitney U test), getting up from kneeling (p = 0.023, Mann—Whitney U
test), completing usual duties at work (p = 0.011, Mann-Whitney U test) and working the
usual number of hours (p = 0.019, Mann— Whitney U test). There were significant differences
between patients with transfemoral and transtibial AMP for putting on socks or stockings item
(p = 0.023, Mann— Whitney U test).

In free text responses, patients with hemipelvectomy or hip disarticulation reported difficulty
in ADLs such as showering, toilet activities, PA in the house, carrying objects in the house,
household chores, using crutches or wheelchairs and going outdoors. It is not surprising that
patients with above or below knee AMP reported difficulties with daily activities,

employment and sports.

A small number of patients also reported complications which interfered with PA including
lymphoedema, a leaking sinus and phantom pain. Others reported that psychological
symptoms including depression, lack of motivation, and anxiety interfered with physical
functioning. Patients using walking aids had significantly higher pain severity and pain
interference scores than those who did not (median pain severity using walking aids 4.3 vs 2.5
for those not using walking aids, (p = 0.030, Mann—Whitney U test); median pain interference
using walking aids 3.7 vs 0.8 for those not using walking aids, (p = 0.024, Mann-Whitney U
test). Prosthetic limb use varied significantly by level; patients with more proximal AMP
used prosthetic limbs less often than those with more distal AMP (p < 0.001, chi-squared test,
Table 4-2).

4.4.3 Quality of life
The mean overall QoL-CS score was 5.1 (SD 1.8) (Table 4-2). Mean subdomain scores for
physical, social, spiritual and psychological domains were 6.7 (SD 2.2), 4.9 (SD 2.2), 4.01
(SD 2.0) and 4.7 (SD 2.1), respectively. There was no significant difference in total QoL-CS
and sub-domain scores between AMP levels or by diagnostic category (Table 4-2, Figure 4-
2).
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Figure 4-2: QoL-CS by AMP level (p>0.05)

Box and whisker plot showing the total Quality of Life — Cancer Survivors (QoL-CS) scale by AMP
level (n = 100; one way analysis of variance p = 0.555). (Plot shows median value, box limits
represent first and third quartile limits. Whiskers represent data range).

4.4.4 Pain scores
The mean pain severity score was 3.6 (SD 2.3), and the mean pain interference score was 3.4
(SD 2.9). These did not vary significantly by level or by diagnostic category (Table 4-2,
Figure 4-3 and 4-4). Of 95 respondents to this item, pain was reported as mild in 46 (48.4%),
moderate in 32 (33.9%), and severe in nine (9.5%). A total of eight (8.4%) had no pain.
Patients with severe pain had undergone hemipelvectomy in one, hip disarticulation in two,
transfemoral AMP in four and transtibial AMP in two.
The interference of pain on ADL was mild in 46 of 94 (48.9%) respondents, moderate in 18
(19.1%), severe in 17 (18.1%), but did not interfere in 13 (13.8%). The AMP level of patients
who reported ‘pain affected their ADLs severely’ was hemipelvectomy in one, hip
disarticulation in three, transfemoral in seven, transtibial in five and rotationplasty in one.
Respondents described their pain as phantom limb pain (including dysaesthetic symptoms
such as tingling) or stump pain.

55



Chapter 4: Physical functioning, pain and quality of life after amputation for musculoskeletal tumours:
A national survey

—_
o
]

o]
1

Severity of pain
o N IN o
1 1 1 1
{1 1 |
uonejnomesip diy 4 —— [
|
|

T T T T T T
x = -~ =
) > > o g g’-)
3 3 e 3 2 @
=. 7 7] =
he] =yl o} b =
(] @ = o o
= 3 7 g
< o o 3
2 e 3 ® 3
- (V) o S
g = c o
— —+
< 2 o
o >3
5 =
(=]
@
@,
Loss of limb

Figure 4-3: Severity of Pain by AMP Level (p>0.05)

Box and whisker plot showing the severity of pain in daily activities by AMP level (n = 100; one way
analysis of variance; p = 0.215). (Plot shows median value, box limits represent first and third quartile
limits. Whiskers represent data range).
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Figure 4-4: Interference of Pain by AMP Level (p>0.05).

Box and whisker plot showing the pain interference in daily activities by AMP level (n = 100; one way
analysis of variance; p = 0.215). (Plot shows median value, box limits represent first and third quartile
limits. Whiskers represent data range).
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4.4.5 Interaction between scores
Regression analysis with TESS as the dependent variable revealed a positive correlation
between TESS and more distal AMP. There was a negative correlation between TESS and
increasing age, diagnostic category, pain severity and pain interference scores (Table 4-3).
In the regression model, pain interference, age and limb loss were significant predictors of
TESS (Table 4-3). Regression with QoL-CS as the dependent variable demonstrated a
positive correlation between QoL-CS and TESS, and a negative correlation with pain severity
and pain interference scores (Table 4-4). In the regression model, TESS was the only
significant predictor of QoL-CS (Table 4-4). In the MANCOVA model with TESS and QoL-
CS as dependent variables, pain interference was the only variable to reach significance
(Wilks’ lambda, p < 0.001, F-statistic = 11.82).
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Table 4-3: Regression model - TESS as dependent variable

Independent Unstandardized Standard Error ~ Standardized Regression  t-statistic P value (Significance)
Variables Coefficients Coefficients (Beta)

Constant 79.666 7.083 11.247 <0.001*

Pain interference  -4.903 0.585 -0.615 -8.373 <0.001*

Age -0.327 0.089 -0.281 -3.677 <0.001*

AMP Level 3.372 1.067 0.242 3.160 0.002*

Significant predictors in Regression Model: Age, Level of AMP and Pain interference.
Regression Model Summary: R square = 0.542, Adjusted R square = 0.526, Sig. F Change = 0.002*, Significance of Regression Model — p<0.001*

Table 4-4: Regression model - QoL-CS as dependent variable

Independent Unstandardized Standard Error ~ Standardized Regression  t-statistic P value (Significance)
Variables Coefficients Coefficients (Beta)

(Constant) 3.595 0.457 7.871 <0.001*

TESS 0.026 0.007 0.351 3.494 0.001*

Significant predictors in Regression Model: TESS
Regression Model Summary: R square = 0.123, Adjusted R square = 0.113, Sig. F Change = 0.001*, Significance of Regression Model - P = 0.001*
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4.5 Discussion

4.5.1 Overview of study findings
This survey represents an unprecedented national collaboration to investigate patient
outcomes after lower extremity AMP for bone and soft-tissue tumours in England. We have
demonstrated a substantial number of patients living after AMP for tumours, whose
survivorship experience is characterised by reduced levels of physical function, the need for
walking aids and pain. We have shown more proximal AMP, increasing age and pain
interference are associated with lower TESS scores. We have also shown that although TESS
appeared to be the only significant independent predictor of QoL scores in our regression
model, this was likely driven by pain interference scores. The clinical implications of this

work have been discussed under the sub-headings of individual outcomes.

4.5.2 Physical function
We have shown that AMP level has a major impact on the level of disability, the use of
prosthetic limbs and the use of walking aids. Although this is not a novel finding (Aksnes et
al., 2008; Grimer et al., 2013), this is the first multicentre study in the NHS to show this. The
greatest difference in TESS was between those with AMP above the knee and those below the
knee. There was less difference between AMP at transfemoral and more proximal levels, in
keeping with the series from Aksnes et al (Aksnes et al., 2008) Although AMP level was not
clearly related to QoL, disability influences many domains of survivorship, including social
and psychological status, independent living, education, employment and financial status.
Patients who have an AMP for a primary BT may be less likely to have a job (Nagarajan et
al., 2003). It is therefore important to improve and/or develop specialised rehabilitation
programmes to reduce disability and minimise the impact of treatment on other aspects of life.
Poor responses to item scores including gardening and yard work, sports, stairs, walking
outdoors and leisure activities provides some insight into areas where targeted rehabilitation

might be most helpful, particularly for those with more proximal AMP.

4.5.3 Pain scores
Our study confirms that almost all patients experience pain (91.6% reported some pain: mild
in 48.4%, moderate in 33.9% and severe in 9.5%) and that this interferes with ADL (86.2%
reported some interference: mild in 48.9%, moderate in 19.1% and severe in 18.1%).

Furthermore, pain interference appeared to be a significant influence on TESS and QoL-CS in
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the MANCOVA analysis. The causes of pain are multifactorial, for example from the use of a
prosthesis, phantom pain or tumour recurrence (Tabone et al., 2005; Daigeler et al., 2009),
and may be higher after AMP than LSS (Aksnes et al., 2008; Grimer et al., 2013). Good pain
management is therefore an essential part of after care for these patients, and may lead to

improvements in QoL and physical functioning.

4.5.4 Quality of life
In terms of QoL, Nagarajan et al (Nagarajan et al., 2004a) reported mean QoL-CS scores of
6.8 (SD 1.3), compared with 5.1 (SD 1.8) in our study. The mean QoL-CS psychological and
social subscales were also lower in our study (6.4, SD 1.6 vs 4.75, SD 2.14: 7.3, SD 1.9 vs
4.98, SD 2.25). Although we have only looked at outcomes following AMP, there may be no
difference in QoL between these patients and those who have LSS, although limb sparing
procedures are associated with better daily competence and less use of walking aids.
Regardless of local treatment, body image and daily competence are associated with a better
QoL (Eiser et al., 2001).

4.5.5 Comparison to published studies
Comparison of our results with published series is difficult in this heterogeneous population.
However, our results appear to indicate poorer outcomes than international comparators in
TESS and QoL-CS measures. In the series from the Scandinavian Sarcoma Group, Aksnes et
al (Aksnes et al., 2008) reported a median TESS of 88 (minimum to maximum 43 to 100)
after lower extremity AMP, compared with a median of 55.8 (minimum to maximum 8 to
100) in our series. These differences are seen at every level; hip disarticulation, transfemoral
and transtibial. In a matched series of Canadian patients treated with limb sparing or AMP,
mean TESS after AMP (mean age 34.4 years, SD 11.6) was 74.5 (SD 19.7) (Davis et al.,
1999a), and in Nagarajan et al’s (Nagarajan et al., 2004a) series of childhood bone and soft-
tissue cancer survivors, mean TESS was 83.8 (SD 13.1) for patients with a mean age at
diagnosis of 13.5 years (1 to 20) and 34.8 (SD 19.5) at questionnaire completion. The older
age of our population (mean 56.6 years, 19 to 91) may explain some of the difference as

TESS declines with increasing age, but this difference merits further investigation.

4.5.6 Strengths
This collaborative study may better represent the experience of patients across the NHS in
England, rather than a single centre series. The co-operation in this project strengthens the

foundation for further collaborative research in this and allied areas. Another strength of this
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study, is the use of evidence based tools to assess outcomes.

4.5.7 Limitations
Despite sending a reminder, the response rate for this survey was not as high as we would
have wished, and there may therefore be a response bias. Completion and return of the survey
tool was dependent on input from local centres, with the co-ordinating centre unable to
identify and/or contact individual patients. Despite enthusiasm, centres differed in their
recruitment and we did not have data about non-respondents. However, the distribution of
patient demographics, diagnoses and AMP level appears reasonable for this population.
Although we accept the TESS measure was developed for patients who have LSS (Davis et
al., 1996), it has been used widely in assessing disability after AMP (Davis et al., 1999a;
Aksnes et al., 2008; Barrera et al., 2012).

4.5.8 Recommendations for future work
The measures used in this study are subjective and patient reported, therefore face limitations
of recall bias. Objective tools can overcome these inherent limitations and give an accurate
indication of physical function. Future studies could involve the use of these objective tools in
the clinic to identify underlying mechanisms for poor function. Whereas, remote monitoring

of physical function using objective tools could reflect the true picture of activity limitations.

4.6 Conclusion

In conclusion, this national survey confirms that after AMP for bone or soft-tissue tumours
patients report a wide range of functional disabilities and participation restrictions.
Importantly this study shows the outcomes that can be anticipated after AMP when advising
patients about treatment for a musculoskeletal tumour. Patients with more proximal AMP
have poorer levels of physical function, use their prosthetic limb less and are more reliant on
walking aids, but have similar QoL and pain scores. Pain is a major feature of the
survivorship experience in this population and has a negative impact on physical function and
QoL scores. The outcomes we have identified appear worse than in published series (Davis et
al., 1999a; Nagarajan et al., 2004a; Aksnes et al., 2008), and need investigation for
underlying mechanisms, which has been described in subsequent chapters. Specialised
rehabilitation, pain management and psychological support services are needed if these

patients are to achieve the best outcomes
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Chapter 5: Objective clinical measurement of physical functioning after

treatment for lower extremity sarcoma — A systematic review.

This work has been published in the European Journal of Surgical Oncology (reference
below).

Furtado, S., et al., Objective clinical measurement of physical functioning after treatment for
lower extremity sarcoma; A systematic review. European Journal of Surgical Oncology, 2016.
43(6): p. 968-993.

5.1 Introduction

Although traditional measures of physical functioning in sarcoma survivors, the TESS (Davis
et al., 1996), and the MSTS (Enneking et al., 1993) measure disability and impairments like
joint range of movement, muscle strength, joint stability, pain, deformity, functional activity
and emotional acceptance, they do not capture objective information about balance, gait and
PA. Moreover, TESS relies on subjective recall and does not relate to objective data about
gait and PA (Rosenbaum et al., 2008b), making it difficult to understand underlying
interactions. Although an advance in the use of laboratory systems has been seen to assess
balance and gait impairments for decades (Hillmann et al., 2000; Donati et al., 2012), they do
not seem to easily translate into the clinical setting. Common challenges encountered could be
the lack of simple, cost-effective and accurate devices, and the lack of training support to staff

to use these systems.

Cost-effective clinically useful accurate, valid and reliable outcome measures are urgently
needed to support effective clinical management. (MacDermid et al., 2009). Useful measures
would accurately detect differences between distinct treatment groups (LSS vs AMP), shed
light on interactions with important clinical factors (for example: joint range, muscle
strength), measure the impact of treatments (chemotherapy, surgery, rehabilitation strategies)
over time and show reliability in repeat measurements (Schuck and Zwingmann, 2003;
Roach, 2006). Therefore, the aim of this study was to systematically review the literature to
identify studies quantifying balance, gait and PA in patients treated for lower extremity

sarcoma, using methods which are likely to be easily translated into routine clinical practice.
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5.2 Specific objectives

1. To identify methods used to quantify balance, gait or PA in patients after treatment for
sarcoma, with the potential for translation into busy clinic settings.

2. To investigate whether these measures have been tested for validity, reliability and
sensitivity to change.

5.3 Methods

5.3.1 Search strategy
We identified relevant studies by searching four electronic databases, Medline, Embase,
Scopus, and Web of Science up to February 2016. An initial search combined four main
search terms using the Boolean “AND” operator: 1) Bone neoplasms OR Soft tissue
neoplasms 2) Physical functioning 3) Extremities 4) Measurement (Appendix 6.0: Search
Strategy A). After reviewing eligible articles, additional search terms covering the three
physical functioning domains of balance, gait and PA were identified, and a second (updated)
search implementing these terms was undertaken to ensure no relevant articles were missed.
(Appendix 6.0: Search Strategy B).

5.3.2 Selection of studies
Search results from each database were imported into EndNote bibliographic management
software (Thomson Reuters, Endnote version X7). The titles and abstracts of these references
were screened by two independent reviewers (SF and CG) and appropriate articles selected.
Differences in opinion were resolved by consensus. Additional hand searching of reference
lists of included articles and excluded reviews identified further studies for inclusion (Figure
5-1).

Studies were selected using the eligibility criteria outlined.
Inclusion Criteria:
1. Primary research investigating objective measures of postural balance, gait and PA in
patients treated for lower extremity bone or soft tissue tumours.
2. Devices which have the potential to be used in routine busy clinical settings

(advantages such as rapid to measure, portable depending on outcome measured)
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Exclusion Criteria:
1. Conference proceedings or non-journal articles such as commentaries whose
methodology is not clear.
Non-English articles
Including purely upper extremity tumours.
Case report/case reports
Full text not available.

Cumbersome laboratory systems such as a Gait laboratory, EMG systems etc.

N o g &~ D

Review articles (secondary research)

2644 articles papers identified in the 17 potentially eligible papers
search upto Feb 2016. identified by reviewing reference lists
of related reviews and eligible articles.

2661 potentially eligible articles before
review of title and abstract of papers.

N\

2555 articles rejected after
review of title and abstract.

89 remaining before review of full texts.

71 articles rejected after review
of full text.

18 papers included in the systematic review.

Figure 5-1: Selection of Papers for this review
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5.3.3 Data extraction
The data extraction tool was prepared by the 2 independent reviewers, based on clinical
information, and the psychometric properties of outcome measures in the study. The tool
consisted of 2 tables. The first table comprised the patient population, demographics,
treatments, instruments used to capture outcomes, objective measures used and main
results/conclusions of the study. The second table comprised psychometric properties,
including validity, reliability and sensitivity of change of balance, gait and PA measures in
these studies. Data were extracted by the first independent reviewer (SF) using the tool and

were reviewed, by a second independent reviewer (CG), to ensure accuracy and rigour.

5.3.4 Quality assessment tool
As no standardised quality assessment tool is available for this topic (Sanderson et al., 2007),
a checklist (Table 5-1) was developed, including both methodological and patient criteria.
This comprised a comprehensive list of criteria from the Critical Appraisals Skills Programme
(CASP) (CASP, 2014) and Strengthening The Reporting of Observational Studies in
Epidemiology (STROBE) (Elm et al., 2007) for methodological issues; criteria related to
patient specific issues were selected from a checklist developed in a previous study (Kwong et
al., 2014) [which was adapted from (Borghouts et al., 1998; Kuijpers et al., 2004; Mols et al.,
2005)]. The rater scored yes /no (+/-) for each criterion of the checklist (Table 5-1). The
maximum score was calculated by adding the number of ‘yes (+)’ scores and a final
percentage of this was worked out. A higher percentage indicated a higher quality of the
study. The maximum score achievable was 18 (100%): studies achieving a score of greater
than 70% were defined as “high quality”, 50-70% were “moderate quality” and less than 50%
were “low quality” (Den Oudsten et al., 2007). A quality assessment of selected papers was
conducted but was not used as a selection criterion. The development of the quality
assessment checklist and assessment of studies against the checklist was performed by SF to

ascertain quality of the studies.
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Table 5-1: Quality assessment of articles: Criteria for assessing the quality of studies.

The study mentions a clear scientific background and rationale for conducting the investigation.

B. The study mentions clear aim/objectives and/or including hypothesis.
Use of an appropriate study design to address the aim/objectives - Prospective study design (also positive in studies where previously unknown outcomes are measured in a
historical cohort, case series or cross-sectional patient group)

D. The study size calculation is explained — to ensure appropriately powered.

E. Study population was well defined and types of sarcoma described.

F.  Socio-demographic data mentioned.

G. Time since diagnosis reported.

H. Participant eligibility criteria outlined and the methods and sources of selection/recruitment.

I.  Data collection process has been described.

J.  Type of sarcoma interventions has been reported.

K. Presence of a control group for relevant studies (no score if study data was compared to literature)

L. Participation rate (score given if rate of participation > 75%).

M. Use of a standardised and valid assessment tool (internal validity)

N. Precision of result reported.

O. Mention of efforts to reduce any potential sources of bias (example: selection bias, performance bias).

P.  The impact of confounding factors on outcome was clearly mentioned (example: age, time since surgery, level of surgery, rehabilitation interventions etc).

Q. Use of an appropriate statistical analysis tests to answer meet the aim/objectives.

R. Generalisability (external validity) of the results to a local population (for example: results when patients are receiving treatments in hospitals or outpatient departments).

Adapted from following sources: (Kwong et al., 2014), CASP [Critical Appraisal Skills Programme (CASP) 2014], STROBE (Elm et al., 2007). CASP [Critical Appraisal Skills
Programme (CASP) 2014], CASP Checklists, Oxford. CASP
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5.4 Results

A total of 2661 papers were identified, of which 18 were included (Figure 5-1, Table 5-2)
published between 1998 and 2013. Of the 18 studies, 5 were case series (De Visser et al.,
1998; De Visser et al., 2000; de Visser et al., 2001; de Visser et al., 2003; Beebe et al., 2009),
7 cross-sectional studies (Zohman et al., 1997; Kawai et al., 2000; Sugiura et al., 2001,
Tsauo et al., 2006; Rosenbaum et al., 2008b; Bekkering et al., 2011; Sheiko et al., 2012), 2
prospective longitudinal studies (assessment at multiple time points) (Bekkering et al., 2012a;
Winter et al., 2012), 1 retrospective cohort study (Hopyan et al., 2006) and 1 validity and
reliability (van Dam et al., 2001). 11 were high quality studies (>70% rating) and 7 moderate
quality (50-70% rating) (Table 5-3). Of these 18 studies, 1 was about balance (de Visser et
al., 2001), 7 gait (Zohman et al., 1997; De Visser et al., 1998; De Visser et al., 2000; Kawai
et al., 2000; de Visser et al., 2003; Tsauo et al., 2006; Beebe et al., 2009) and 10 PA (Sugiura
et al., 2001; van Dam et al., 2001; Hopyan et al., 2006; Rosenbaum et al., 2008b; Winter et
al., 2009; Bekkering et al., 2011; Bekkering et al., 2012a; Sheiko et al., 2012; Winter et al.,
2012; van der Geest et al., 2013). The sample size in the studies ranged from 4 to 82.

Table 5-2: Numbers of articles identified by database

Database References found References found Updated terms added Feb
following automated de- following automated de- 2016 (articles found by
duplication to April 2014 duplication previous searches have

May 2014-Dec 2015 been removed)

Medline (Ovid) 132 17 29

Embase (Ovid) 285 63 117

Scopus 1412 293 43

Web of Science 154 33 66

TOTAL 1983 406 255

GRAND TOTAL 2644

15 were conducted in patients with BT only and 3 in a mixed group of BT and STS. In 12
studies, patients had LSS and in 6 LSS+AMP. The age of patients ranged from 9 to 85 years
and time since surgery from 6 weeks to 39 years. In longitudinal cohorts, patients were
assessed pre-operatively and at several time points up to a maximum of 24 months. 7 were

childhood cancer survivors (CS), 5 adult cancer survivors (AS), 4 CS+AS and 2 not specified.
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Table 5-3: Quality scoring of articles.

S.No

Article

Score (%)

Quality Rating

1.

10.
11.

12.

13.
14.

15.

16.

17.
18.

De Visser et al, 2001
De Visser et al, 1998
De Visser et al, 2000

Kawai et al, 2000
De Visser et al, 2003

Tsauo et al, 2006

Beebe et al, 2009

Zohman et al, 1997

Rosenbaum et al, 2008
Sheiko et al, 2012

Van deer Geest et al, 2012

Winter et al, 2012

Sugiura et al, 2001
Van Dam et al, 2001

Hopyan et al, 2006

Winter et al, 2009

Bekkering et al, 2011
Bekkering et al, 2012

+ (80% participation rate as 20 out of
25 participated)

- (34% as 10 out of 29 patients
participated)

+ (80% participation rate as 20 out of
25 participated)

- (37% as 45 out of 123 patients
participated)

- (65% as 80 out of 123 patients
participated)

+ (75% as 82 out of 110 participated)

- (90% 44 out of 49 recruited,
participated in initial assessment) and
49% , 24 out of 49 completed the study
at 2 years)

11(61)
12(67)
12(67)

10(56)
11(61)

15(83)

11(65)

12(67)

14(78)
14(78)
14(78)

15(83)

13(72)
13(72)

13(72)

14(78)

15(83)
14(78)

Moderate
Moderate

Moderate

Moderate

Moderate
High
Moderate
Moderate
High
High
High

High

High
High

High

High

High
High
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5.4.1 Methods used to quantify balance, gait and PA outcomes
A wide range of outcome measures were used to quantify balance, gait and PA. These
included amplitude of the center of pressure (ACP), velocity of the center of pressure (VCP),
step velocity, walking speed, stride length, step cycle duration, gait symmetry, double support
time, swing time, stride time, steps/day, time spent walking, gait cycles (gcs)/day, strides/day,
and movement intensity. 10 instruments were used to capture outcomes included force
platforms, foot switches such as VA Rancho - Footswitch Stride Analyser ®, gaitmats such as
GaitMatTMII and GaitRite ®, pedometer and activity monitors such as Dynaport ® ADL,
StepWatch™ Activity Monitor, Step Activity Monitor ® (SAM), Uptimer device ® and
Actilog ® V3.0 (Table 5-4). In most studies assessing PA in this cancer group, activity
monitors were attached to the ankle (Winter et al., 2009; Bekkering et al., 2011; Bekkering et
al., 2012b; Winter et al., 2012; van der Geest et al., 2013), in two studies to both the waist
and thigh (van Dam et al., 2001; Rosenbaum et al., 2008a; Lewis et al., 2009) and in one
study to the thigh (Hopyan et al., 2006). In two other studies, the location of attachment of the

monitors were not mentioned (Sugiura et al., 2001; Sheiko et al., 2012).
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Table 5-4: Objective measures of balance, gait and PA.

No  Author, No of Age (in CS/AS  Type of tumour Procedure [Limb Follow Up  Control Device/Instrument Parameters Main Results/Conclusion
Year and patients  years) Sparing Surgery group used measured
Type of (LSS)/
study Amputation/
(AMP)]
Impairment — Balance
Patient group - LSS
1.  De Visser N=11 Meanage CS+AS 10 patientswitha LSS (Resection N/A 10 healthy Force Platform: Balance measures: After LSS for lower extremity
et al, 2001 (xSD) PMBT in the with or without controls. wooden plate on Measure of sarcoma, patients demonstrated no
— A case 41.45 lower reconstruction) four force ACP (in millimetre significant differences in balance
series. +17.42 extremity (ilium, transducers and (mm)) and the VCP  (ACP and VCP) compared to healthy
years. proximal and recorded vertical (millimetre/second controls, in upright standing.
distal femur) and ground (mm/sec) in normal However, upright standing in more
one with a STS in reaction forces. standing and challenging conditions such as visual
the gluteal region. standing on balance  and cognitive loads is associated with
board, with eyes significantly higher ACP and VCP
open, eyes closed compared to normal standing. This
and a task suggests that postural automatism is
demanding affected in patients treated for lower
attention. extremity sarcoma.
Impairment — Balance
Patient group — LSS+AMP or AMP — No articles
Impairment — Gait
Patient group: LSS
2. De Visser N =12 Meanage AS PMBT or locally LSS (Excision+ Mean time 10 age- Foot switches: Gait measures: Restoration of walking after LSS is
etal, 1998 38 years aggressive reconstruction or since matched Treadmill walking - Spatio-temporal good in normal walking conditions,
— A case primary BT of arthrodesis) surgery healthy At patient preferred parameters of gait but patients exhibit lower preferred
series lower extremity (xSD) controls, speed. Footswitches including walking walking speed and higher coefficient
(osteosarcoma 34+21.63 mean age in shoe insoles to speed, stride time of variation during normal walking.
(n=3), (range, 13 37.5 years record heel strike and co-efficient of Complex walking with visual and
chondrosarcoma to 59) and heel off. variation. cognitive load demonstrated a
(n=6), ewing’s months. significant decrease in stride time in
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De Visser
et al, 2000
— A case

series.

Kawai et al,
2000 - A
Cross-
sectional

study.

N

N

19

15

Mean age
45 (range
2110 80)

years

Median
age 24
(range 16
to 47)
years.

AS

AS

sarcoma (n=2) and
aggressive
osteoblastoma
(n=1))

Malignant BT of
the lower

extremity.

PMBT of the
proximal femur.
Tumours included
osteosarcoma
(n=6), ewing’s
sarcoma, (n=4),
chondrosarcoma
(n=4) and
malignant fibrous
histiocytoma
(n=1).

LSS

Group 1: Knee
surgery: (n=9).
Group 2: Hip
surgery.
(n=10)

LSS - Patients
underwent an
intra-articular
resection of the
hip. The median
length of femoral
resection was 21
(8-28) centimetres
(cms).
Reconstruction
consisted of 1
THR and 14
Bipolar implants.

12to 24
months
post

surgery.

Median
time since
surgery
was 27
(range, 12
to 76)

months.
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10 healthy
controls,
mean age
37 (range,
2210 61)

years.

20 healthy
controls
(n=20) and
6 patients
after hip
disarticulati
on (n=6)

Foot switches:
Treadmill walking,
with footswitches in
insole of shoes.
Electro goniometers
to measure knee

flexion angles.

Foot switches:

VA Rancho -
Footswitch Stride
Analyser ® (Rancho
Los Amigos
Medical Centre ,

California)

Gait measures:
Spatio-temporal
parameters of gait
including preferred
walking speed,
stride time, stance
time, swing time,
double-limb support
time, and joint

angles.

Gait measures:
Gait stride
characteristics
including
Free-walking
velocity, stride
length, cadence,
gait cycle time,
double-limb support
time, and
single-limb support

time.

patients, but not in controls.
Therefore, suggesting gait
reautomatisation is not complete 2 to
5 years post-surgery.

Mean preferred walking speed lower
in patients compared to controls (0.7
m/s vs 1.1m/s). Mean stride duration
longer in patients compared to
controls (1.5 seconds (s) vs 1.1
seconds (s)). Stance phase shorter in
the affected leg (57% of cycle
compared to 62%). No difference
between hip and knee groups in these
parameters. Range of motion is lower
in the knee in patients compared with
controls in the stance phase.
Therefore, patient’s gait is
significantly affected compared to
healthy control demonstrating an
incomplete re-organisation of gait.
Patients had significantly lower free
walking velocity and cadence than
controls, but higher than after hip
disarticulation (walking velocity 63.9
m/min vs 80.6 and 50.6 respecti