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ABSTRACT

Following surgery, amputees must re-learn how tdop@ various movement tasks
using altered lower limb mechanics. In order tarage the process of re-learning these
tasks and inform rehabilitation practice, an un@eding of the longitudinal
adaptations that occur both during and followingeaiod of rehabilitation must be
established. Scientific literature has reportedidtoenechanical, balance and quality of
life (QOL) characteristics of transtibial amputeékwever, no studies to date have
outlined how these characteristics develop oveetiithe aim of this thesis, therefore,
was to investigate the longitudinal changes thatuged in unilateral transtibial
amputee movement, balance and QOL from their tiiesttments following amputation
up to six months post-discharge from rehabilitation

Studies one and two assessed the kinematic antiglegical adaptations that occurred
during the rehabilitation of 15 unilateral transglbamputees. The amputees were
randomly allocated into two groups, differing bylgavalking aid (EWA) used. One
group used the Amputee Mobility Aid (AMA), whichdarporated an articulation at the
knee joint. The other group used the Pneumatic-Ragiutation Mobility Aid (PPAM)
with no articulation at the knee joint. Amputeeaitgand quality of life (QOL) were
assessed at five standardised time points usirgg-imensional motion capture and
the SF-36 questionnaire, respectively. Overall, @eggs gait improved with walking
velocity increasing over time (p<0.01). Howeveristdid not differ between groups
during EWA use, with most gait adaptations occgrupon receipt of patients’ first
functional prosthetic limb. Quality of life improdeover time (p=0.01), although mental
health was generally better than physical healtiesé results indicated that, despite
increases in gait function and QOL during rehadtiliin, there were no benefits of using

one EWA over another.



Studies three, four and five assessed the biomeaiatalance and psychological
adaptations that occurred in the six month peri@iloWing discharge from
rehabilitation in seven unilateral transtibial artges. Amputee’s gait and performance
of activities of daily living (ADL) were assesseding three-dimensional motion
capture. Balance ability and postural control weneasured during the sensory
organisation test (SOT) and the limits of stabi(ityDS) test protocols on the Neurocom
Equitest®. Generic and prosthesis-related QOL afld éfficacy were assessed using
the SF-36, prosthesis evaluation questionnaire (P& the modified falls efficacy
scale (MFES), respectively. Amputee’s gait improeser time with the intact limb
experiencing greater forces (load rate, p=0.01jainpeak vertical ground reaction
force, p=0.04). Amputees were able to perform ABately, although they relied upon
the intact limb in order to improve functioning. €ull, balance ability increased
(p=0.01) with improved use of ankle movements dyrolynamic balance tasks
(p=0.02), although amputees tended to rely heaiplyn visual information. Amputees
were able to improve the accuracy of movementsndyvostural control tasks (p<0.04)
without increasing the speed at which the tasksewssmpleted. There were no
significant psychological changes following disafrom rehabilitation. These results
suggested that although transtibial amputee funicigpimproved following discharge
from rehabilitation, inter-limb differences sti#mained.

In conclusion, the results from the current thdgse pertinent implications for the
treatment of transtibial amputees both during aaliowing rehabilitation. These
include the identification of possible improvemertts muscular strength, joint
flexibility and balance training that may furthemprove transtibial amputee
functioning.

Key Words: Amputee, Transtibial, Rehabilitation, Early Walgiiid, Gait, Balance

Posture, Quality of Life.
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1 CHAPTER ONE - INTRODUCTION

1.1 Introduction

Most individuals are able to move around in a saésy and energy efficient manner.
The ability to execute day-to-day motor tasks saglstanding, walking and negotiating
stairs and obstacles is important as this abibtyns an integral part of an independent
lifestyle. Although many people achieve this indegence reasonably well, a number
of circumstances can compromise a person’s motastifoning and thus, subsequently
affect independence and quality of life (QOL).

Lower limb amputation results in significant physialteration of the lower limb and
presents the individual with various mechanicalysiblogical and psychological
challenges. Following amputation, individuals magempt to re-learn how to move
within their environment using altered lower limkeohanics. This thesis focuses on the
adaptations in gait, balance and QOL during reltabdn and up to six months post-
discharge from rehabilitation.

Lower limb amputation, occurring most commonly ke ttranstibial or below-knee
level, has consequences specific to the individual that are dependent upon pre-
amputation status and physical capability. Howefar many the goal is to sustain or
regain a certain level of mobility. This mobilityay have benefits at the individual
level, in terms of independence and QOL, and astuogetal level with regards to both
healthcare and social costs. In order to achievéilityo following lower limb
amputation, patients often follow a course of rélitabon post-surgery. During
rehabilitation patients re-learn how to walk withpeosthetic limb, whilst utilising a
variety of prosthetic components. In the UK, guide$ for the post-operative

rehabilitation of transtibial amputees are produtsdan interest group under the



jurisdiction of the Chartered Society of Physiotests called the British Association
of Chartered Physiotherapists in Amputee Rehabdita BACPAR).

These guidelines recommend a variety of treatmethoas and techniques during gait
retraining, one of which is the use of early watkaids (EWA). Early walking aids are
generic prosthetic devices aimed at encouraginyg easbilisation and weight-bearing,
prior to receiving a customised functional prosihelScott et al., 2000). During
rehabilitation, transtibial amputees will initiallyse EWAs followed by customised
functional prostheses whilst re-learning how tokvd@wo EWAs are routinely used in
the UK, the Amputee Mobility Aid (AMA) (Ortho Eur@pltd, Alton, UK) and the
Pneumatic Post-Amputation Aid (PPAM) (Ortho Eurdape, Alton, UK). However, the
selection and efficacy of using either EWA has Ime¢n thoroughly investigated within
the literature. Once the relevant clinician deemgatient’s level of mobility to be
satisfactory, they are discharged from rehabibtati Following discharge, those
amputees with the ability to walk independently dilely to encounter more
challenging physical tasks.

The lack of investigation into how transtibial anges adjust to new physical and
biomechanical constraints during two distinct pesicof time post-surgery namely,
during and immediately following rehabilitation, eictifies a clear gap within the
current literature. This may be due to the longitat study design requirements
coupled with the potential difficulties of investiing a clinical patient group during
these time frames. Few reports into amputees’ boban@cal, balance or psychological
adjustments to amputation have been made anddhemurrently no reports within the
scientific literature of how this process of readjnent occurs or its influence on QOL
(Isakovet al., 1992; Brookset al., 2001; Vrielinget al., 2009; Zidarovet al., 2009).
Therefore, the aims of this thesis were twofoldsthy, to investigate the biomechanical

movement adaptations that took place during reitaiodn along with the associated



psychological changes. Secondly, this thesis ainwednvestigate adaptations in
biomechanical movement, balance ability and poktmatrol along with the associated
psychological changes that occurred during themsaxth period following discharge
from rehabilitation. During the six-months followgndischarge from rehabilitation,
amputees are more likely to be required to indepethgl accomplish more challenging
motor tasks than previously required, thus expemana greater learning demand.
Understanding the longitudinal adaptations thauoeall inform current and develop
further rehabilitation protocols and treatmentsisTihformation may highlight areas of
amputee mobility, both during and post rehabiltatthat would benefit from further
assessment and clinical intervention. These inyastins will be of benefit to clinicians
by providing them with objective information on whi to base or justify clinical
decision making and prosthetic prescriptions. THastors could also have a number of
benefits in terms of improving cost-effective treant and early and long-lasting
mobilisation for transtibial amputees. In essentd@s thesis will help inform

rehabilitation practices of transtibial amputeethie UK.

1.2 Thesis Structure

The thesis begins with a comprehensive review efghrtinent literature in Chapter
Two. The aim of the literature review is to presdm rationale for the thesis. The
review critically analyses the literature relatedhe biomechanics of activities of daily
living (ADL), balance function, postural control AR and post-surgical rehabilitation
of lower limb amputees. Finally, the aims, objeetivad hypotheses are presented to
conclude the chapter.

A general methodology section is presented in Gdraphree. Here, details of the
ethical approval and inclusion exclusion criterra autlined. In addition, the chapter
describes the experimental procedures followedthedustification and description of

the biomechanical and psychological analysis taséd within the thesis.
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Chapters Four and Five are the first empirical ismaf the thesis, and reports the
results of the longitudinal study assessing thieatl of using different EWAs during
the rehabilitation process of unilateral transtibimputees.

Specifically, Chapter Four reports the kinemati¢ gdaptations during rehabilitation
along with the subsequent effects on gait of usmg different EWAs. Chapter Five
outlines self-reported QOL during rehabilitationrfr a generic QOL assessment tool.

A summary of findings is then presented bringingetber the information from during
rehabilitation. Findings are discussed and thetioglahips between the biomechanical
and QOL data are presented.

Chapters Six to Eight form the analyses of adaptatof movement, balance and QOL
in transtibial amputees from the end of the stmactuehabilitation process at one, three
and six months post-discharge. Chapter Six repoeidiomechanical analyses of level
gait, obstacle crossing and gait when stepping feord to a new level, in order to
assess participant's ability to successfully congplehese ADLs. Analysis of
participants’ balance function and postural contsgbresented in Chapter Seven. This
IS pertinent given amputees report increased riskalling (Miller et al., 2001a).
Computerised dynamic posturography (CDP) is useskssess adaptations during both
static and dynamic conditions as participants adopdified strategies for maintaining
balance and explore limits of stability. Chapteml&i investigates the associated
psychological changes that occur following disclkai@m rehabilitation. Specifically,
self-reported QOL from generic and prosthesis edlaissessment tools are presented
along with perceived falls efficacy. Changes instheself-reports over time are
discussed with reference to previous findings.

A summary of analyses of amputees post-discha® fiehabilitation is presented,
discussing the relationships between the varioda dets presented in Chapters Six,

Seven and Eight.



Finally, Chapter Nine provides an overall summafryhe thesis contents. The clinical
implications of the findings are outlined with reds to the management and treatment
of transtibial amputees during and post-rehabiditatThe limitations of the thesis are
highlighted and suggestions for future researclections are made. Concluding

remarks are presented to bring the thesis to &.clos



2 CHAPTER TWO - REVIEW OF LITERATURE

2.1 Introduction

Initially, the review of literature defines ampudest and presents national descriptive
statistics on lower limb amputation. The reviewnheses key reference literature to
describe the biomechanics of movement in able-lbbdidividuals. The review then
critically evaluates the pertinent literature invgating the biomechanics associated
with lower limb amputee gait, activities of dailiwihg (ADLS), balance and postural
control. The literature relating to generic andspihesis specific quality of life (QOL),
as well as falls efficacy in lower limb amputee<igically analysed. The literature on
the rehabilitation process, including gait re-ediweaand early walking aids (EWA), as
well as able-bodied prosthetic simulator gait igsented and critiqued. Finally, a
summary of the literature is presented with theralveaim, specific objectives and

hypotheses outlined.

2.2 Lower Limb Amputee Statistics in the UK

Amputation has been defined as ‘the removal of addbad or useless limb’ (Kirtley,
2006, p 208) and occurs to around 5000 people waahin the UK (NASDAB, 2009).
Lower limb amputations accounted for around 90%lbamputations in the UK over
the last 10 years (NASDAB, 2009). The most comnemell of lower limb amputation
is transtibial or below the knee (Table 2.1). Ttdmal amputations account for
approximately 53% of the total lower limb amputasoeach year, equating to around
2560 amputations (NASDAB, 2009). Transtibial ampotes tend to occur to those
aged over 55 years (74%) with the majority of indinals being male (73%)
(NASDAB, 2009). Transtibial amputation can occur &variety of reasons such as
trauma e.g. motor vehicle accident or elective sxyrdor a predisposing condition e.g.

talipes equinovarus. However, the most common cadfisganstibial amputation is
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lower limb dysvascularity, accounting for 74% oértstibial amputations in 2006/7
(NASDAB, 2009). Lower limb dysvascularity occurs @ number of reasons including
diabetes mellitus, arteriosclerosis and Buergelsease, a progressive inflammation
and thrombosis of peripheral circulatory vessefs.such cases, where a general
worsening of the lower limbs vascular conditioroisserved, amputation is carried out
to alleviate symptoms associated with and/or tovgme further deterioration of the

lower limb.

Table 2.1 Number, percentage and level of lower limb ampations in the UK in
2006/7. Data reproduced from United Kingdom nationh statistics database

(NASDAB 20009).

Total Percentage
Amputation Level (%) of Total
Number )
Amputations
Hemipelvectomy 14 <1
Hip Disarticulation 26 1
Transfemoral 1788 39
Knee Disarticulation 57 1
Transtibial 2411 53
Ankle Disarticulation 14 <1
Partial Foot 51 1
Lower Digits 17 <1
Double Lower Limb Amputation 196 4
Total 4574 100

2.3 Human Movement and Gait Analysis

Modern motion analysis systems allow in-depth assest of human movement and in
particular walking. The assessment of movemenepetin lower limb amputees has
the potential to further understand and improvecfioming. This process, termed gait

analysis, has revealed a multitude of features tath@ucyclic nature of walking or the



gait cycle. The gait cycle is defined as foot contaith the ground to the next
subsequent contact with the ground, on the santeToe divisions of the gait cycle are
noted below in Figure 2.3. The gait cycle is brgasilit into phases termed stance
phase and swing phase, relating to periods wheréottt is in contact with the ground

(stance) or not (swing).

2.3.1 Functional Tasks of Gait

The stance and swing phases are associated wéé thnctional goals that must be
achieved during successful gait namely, weight piecee, single limb support and
limb advancement (Perry, 1992). These functiorekgare again subdivided into eight
sub-phases that further describe the movement eofldiver limbs. These functional
tasks are outlined below with reference to thetjotations (angles), ground reaction

forces (GRF) and joint kinetics (moments and poyvefshe lower limbs (Perry, 1992).

2.3.1.1Weight Acceptanc

Initial Contact — Loading Response

The weight acceptance task of gait forms the init@6 of the gait cycle. Beginning
with initial contact, also referred to as heelks&rand foot contact, this also marks the
start of double limb support where body weightr@sferred from one foot to the other
(Perry, 1992). Typically in able-bodied gait, theehwill contact the ground first with
the ankle gradually plantarflexing in order to loviee foot to the ground until ‘foot
flat’ (Figure 2.1). At the same time, the knee wgitl from a relatively extended position
(0-3°) to a more flexed position (15-20°) in orderattenuate shock from heel strike
(Figure 2.1) (Kirtley, 2006). This mechanism isnted the loading response. There is
little movement in the knee and ankle joints in trental or transverse planes during
weight acceptance. The hip joint will remain inedatively flexed position during this

period, ranging between 25 and 35° (Figure 2.1 Ppklvis will also remain in a



relatively fixed position in the sagittal planehaltigh it may be internally rotated by
between 2-8° and in upward obliquity (hip hike)dpund 5° (Kirtley, 2006).

Following heel strike there is a great increasedrtical (Fz) GRF as the lower limb is
loaded. This will typically reach around one timesly weight in magnitude. Force in
the anterior-posterior direction (Fy) is represdrtg an increasing braking force, which
peaks just after weight acceptance concludes. Tédialateral force (Fx) may be
signified by an increasingly medial force, althoutffe magnitude of this force is
relatively low, usually below 5% of body weight amsl highly variable between
individuals (Kirtley, 2006).

The combination of the joint angles and GRF ve(&RFv) allows for the analysis of
joint kinetics via a process termed inverse dynar(artley, 2006). The GRFv changes
position throughout the gait cycle and at initiahtact, the GRFv passes through the
heel, behind the ankle and in front of the knee hipd This results in initial hip
extensor and knee flexor moments. The GRFv progsassthe anterior direction as the
foot approaches foot flat. Here the hip and kneenerds increase and both become
extensor in direction and, as the GRFv moves amtéd the ankle, an increasing
plantarflexor moment is observed (Figure 2.2) (Kyt 2006). At this point there is
little power generated or absorbed by the anklee @&forementioned knee flexion is
controlled by the eccentric action of the knee estes during the K1 power absorption
phase (Figure 2.2). Meanwhile, the hip extensordraot concentrically to produce the

H1 power generation phase (Kirtley, 2006).
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2.3.1.2Single Limb Suppo

Mid-Stance — Terminal Stance

The single limb support task of gait occurs betw&6rb0% of the gait cycle (Perry,
1992). Here the limb in question supports the bedist the opposing limb advances.
Typically, the ankle joint will go from a slightlglantarflexed position to a dorsiflexed
position due to the action of the shank during stahce progressing over the foot
(Perry, 1992) (Figure 2.3). Although flexed, theekrand hip joints will begin to extend.
In the frontal plane, the pelvis exhibits slightwgsd obliquity. Terminal stance begins
when the supporting limb heel starts to rise andfies as the opposing limb contacts
the ground, also commencing the second double Bopport phase (Perry, 1992).
Approaching terminal stance, the ankle joint camm to dorsiflex before changing
direction around 45-50% of the gait cycle in pregpian for pre-swing. The knee joint
reaches near to full extension (5-10°) before iasirgg flexion in preparation for pre-
swing. The hip joint is still in flexion although continues to extend before reaching
peak extension prior to toe off (Perry, 1992).

During mid-stance, the vertical GRF peaks arourd113 times body weight. This is
followed by the vertical GRF falling below body what (around 0.7 times body weight)
during terminal stance due to the swinging actibrthe opposing limb reducing the
whole body loading on the ground before rising talgsaa value equal to body weight
prior to pre-swing. The Fy force changes from aateio posterior during single limb
support (Kirtley, 2006).

The GRFv passes through the hip joint resultingeiatively low joint moments and
powers during mid-stance (Kirtley, 2006). As thedyoprogresses forward during
terminal stance the GRFv passes behind the hig. jdimis results in a hip flexor
moment and a power absorption phase (H2) as thdldxprs contract eccentrically.

With regards to the knee, the GRFv goes from belthmdugh and then to the front of
11



the knee joint resulting in extensor, neutral thlexor joint moments respectively.
There is a power generation phase (K2) during nadee as the knee extensors
contract concentrically (Kirtley, 2006). A large ghe ankle plantarflexor moment
(around 1.4Nm/kg) is observed during mid to terrhgtance as the GRFv is positioned
towards the front of the foot, under the metatangalds and passes in front of the ankle
joint (Kirtley, 2006). The power absorption phask i& also associated with this action

as the ankle plantarflexors contract eccentrically.

2.3.1.3Limb Advancement

Pre-Swing — Initial-Swing — Mid-Swing — Terminal Swng

During limb advancement the supporting limb prepaie become the trail or swing
limb. Limb advancement begins with pre-swing (50460f gait cycle) at which point
the second double limb support phase ends (Pef92)1 Here the aim is a safe
transition from double limb support to single lingupport. During pre-swing an
extension-flexion transition is observed at the kfih the knee also flexing to around
40° ensuring adequate foot clearance. This occara aesult of the ankle joint
plantarflexing quickly prior to initial swing in der to propel the limb forwards
(Kirtley, 2006). In the transverse plane, the pehdaches peak external rotation of just
below 10°. Following pre-swing initial swing occuretween 60-73% of the gait cycle.
Here the hip and particularly the knee (peak 6[@% in order to lift the swinging limb
foot from the ground. This important mechanism &ssin obstacle crossing and
stepping given that the ankle joint is, at timdsnfarflexed during swing phase, thus
more likely to contact the ground. The ankle joimtves from peak plantarflexion and
begins to dorsiflex in order to assist ground @deae until the swing limb is opposite
the contralateral limb, where the ankle is verghdly plantarflexed. Mid-swing occurs
between 73-87% of the gait cycle and is primaribgussed on limb advancement

(Perry, 1992). This phase occurs from the pointsnging limb is parallel to the
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contralateral limb to when the swinging limb hasatted forward (Perry, 1992). The
ankle joint is maintained in a relatively neutralsgion. Due to the momentum of the
swinging limb and the relaxation of knee flexorgefpously active during initial
swing), the hip and knee joints flex and extendpeesively. During mid-swing, the
pelvis exhibits slight downward obliquity in theofital plane. Finally, the swinging
limb is prepared for stance during terminal swiB@-100% of the gait cycle) (Perry,
1992). During terminal swing the ankle joint pasitiis neutral as the shank continues
to advance. The knee joint moves from peak flexdnd begins to extend whilst the hip
joint is flexed in preparation for foot contact. iddéhe pelvis is internally rotated in the
transverse plane (Kirtley, 2006).

The hip flexor action, coupled with the GRFv beimghind the joint results in a hip
flexor moment during pre-swing. There is a smakd&rextensor moment during this
time period (K3) as the power is absorbed durirgggwing. The lack of GRFv means
there are negligible joint moments for the remarrafeéhe gait cycle (Kirtley, 2006).

The hip flexors also generate the power burst H3hag attempt to rotate the thigh
forwards by contracting concentrically in prepayatfor initial swing. The plantarflexor
action of the ankle joint at this point produces toncentric power bursts labelled A2
(Kirtley, 2006). The lack of hip and ankle momefrtam initial swing to the end of the
gait cycle results in no power generation or aklsampat these joints during this time
period. During terminal swing the knee flexors abspower resulting in a negative

power burst labelled K4 (Kirtley, 2006).
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Figure 2.3 The gait cycle with phase and sub-phase divisi® highlighted. Schematic representation of able-laled kinematics and a

description of the functional goals of each of theight subdivisions are also provided. Values relate percentage (%) of total gait cycle.

Figures adapted from Perry, (1992).
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2.3.2 Temporal-Spatial Variables

Movement of the lower limbs also provides inforroatregarding the time and distance
characteristics of gait. These characteristicieraed temporal-spatial (TSP) variables
and provide information about walking speed, caderand step and stride length
among others. Values for the TSPs of gait vary déjpg upon sex, age, height and
various movement pathologies; therefore reportihgasmative values is problematic
and prone to variability (Kirtley, 2006). Howevehe literature reports that in able-
bodied men, self-selected walking speed, cadengstaide length can be approximated
to be around 1.3-16 m/s, 110-115 steps/min and B4, respectively (Kirtley, 2006).
Gait analysis has revealed much about the functiprof able-bodied movement.
However, modern day gait analysis is derived froomeeed to understand how
pathological conditions affected human movementyas as quantifying the effects of
subsequent treatment and interventions on thesalitmrs. Many pathological
conditions affect movement and one such conditi@t has an obvious impact upon

movement, and gait in particular, is lower limb argtion.

2.4 Lower Limb Amputee Movement Patterns

2.4.1 Biomechanics of Amputee Gait

Overall, reports from gait studies show that tridmest amputees are able to walk
effectively and in some cases, with a gait notd@similar to able-bodied individuals

(Sanderson and Martin, 1997). However, there atedhcompensatory mechanisms
evident in the kinetic profiles of transtibial amees when compared to able-bodied
individuals.

Perhaps one of the most obvious patient concettviag surgery, is whether or not

they will be able to walk again. In terms of madlyilithe physical loss of part of a limb

is perhaps the most debilitating factor associavgth lower limb amputation.
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Functional prosthetic limbs are prescribed in otdereplace the absent lower limb and
can help increase patient’'s functioning and QOLpbyviding them with a means to
ambulate. However, prosthetic limbs are exactly #mal transtibial amputees must still
walk with some mechanical constraint and a redactio degrees of freedom. The
literature has investigated the way in which amesitevalk in comparison to that of
able-bodied individuals (Sanderson and Martin 199@tan et al., 2003). This study

design has been questioned in the literature stiggdbat given an amputee’s inherent
physical asymmetries, a new asymmetrical optimumulshbe sought (Winter and

Sienko, 1988). Although this is a valid argumepinparison to able-bodied gait allows
studies to compare amputee functioning to what mayconsidered more optimal
functioning. In addition, the restoration of symnul functioning is often the aim

during rehabilitation.

2.4.1.1Temporal-Spatial Variables

Amputee gait analysis is an area where scientitestigation has discovered a number
of common compensatory mechanisms and featuresvelolsi]n transtibial amputee gait
patterns.

Such features include altered temporal-spatial adtaristics of amputee gait. Many
studies have reported lower walking velocities,gienstep length but shorter relative
stance duration on the affected side and longacirdimb stance duration in amputees
when compared to able-bodied individuals (Winted &enko, 1988; Hurlet al.,
1990; Perry, 1992; Sanderson and Martin, 1997; Poetal., 1998; Isakovet al.,
2000; Bateni and Olney 2002; Grumilliet al., 2008; Vickerset al., 2008; Vrielinget
al., 2008 Vaniceket al.,2009a). The temporal-spatial asymmetry reportda/den the
intact and affected limbs has been shown to redisca consequence of increased
walking velocity but increase with higher prosthelimb mass (Mattegt al., 2000;

Donker and Beek 2002; Nolat al.,2003). These asymmetries have been attributed to
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the perceived attempts of the amputee to protest #iffected limb from increased
forces and loading (Hurlegt al., 1990; Sanderson and Martin 1997; Powetrsl.,

1998; Nolanet al., 2003). Another explanation for the temporal-spadsymmetries
proposed by other studies was a lack of confideme¢ke ability to control the affected

limb (Sanderson and Martin 1996; Sanderson andiiVa@97).

2.4.1.2Joint Kinematics

These temporal-spatial asymmetries apparent in gaapgait are a result of altered
lower limb mechanics. Assessment of the alteredhamacal functioning apparent in
transtibial amputees has highlighted some commonenkatic compensatory
mechanisms (Winter and Sienko 1988; Perry, 19921d&son and Martin 1997;
Powerset al., 1998; Bateni and Olney 2002; Beyaettal., 2008; Grumillieret al.,
2008; Silvermaret al.,2008; Vickerset al.,2008; Vanicelet al.,2009a).

It has been reported that amputees display reduipefiexion during the stance phase
of gait, maintaining a more vertical orientationtloé¢ lower limb (Sanderson and Martin
1997). However, increased hip flexion from mid &rntinal swing has also been
observed (Sanderson and Martin 1997), a featuatecklto the reduced ankle function
described below.

Transtibial amputees tend to reduce the range eibom¢ROM) at the knee joint of the
affected limb during the stance phase (Povetral., 1998; Bateni and Olney 2002;
Beyaertet al., 2008; Vickerset al.,2008). The literature has suggested that this ¢dck
knee ROM, particularly during weight acceptancea iprotective mechanism of the
affected limb and by keeping the GRF vector cldsethe knee joint, demands placed
upon knee extensor musculature are reduced (Bestaatt 2008).

The loss of calf musculature in the affected lingisults in the inability to actively
control the ankle joint during gait in amputeeseTlerature has reported a lack of

dorsiflexion from mid to terminal stance, perhapsaaresult of a stiff prosthetic ankle
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complex in the prosthetic limb (Sanderson and MaftbP97). Reduced plantarflexion or
push off during pre-swing in amputees when compé#oeable-bodied individuals has
led to the development of energy storing prosthedash attempt to compensate for
this absent mechanism (Gittet al., 1991). As the ankle joint of passive prosthetic
limbs cannot actively dorsiflex during swing phdke increased hip flexion reported,
could be a compensatory measure that is as an mttemaid ground clearance
(Sanderson and Martin, 1997).

Most studies investigating the kinematic profildstranstibial amputees report some
level of kinematic asymmetry between the affectedl iatact limbs (Winter and Sienko,
1988; Hurleyet al, 1990; Sanderson and Martin, 1997; Povetral., 1998; Beyaeret
al., 2008; Vickerset al., 2008; Vanicelet al.,2009a). This effect may be less profound
in more experienced transtibial amputees, whereefekinematic differences were
noted when compared to able-bodied gait (SandeasonMartin, 1997). This study
tested patients that were experienced in using pmesthetic limbs (range 1-22 yea;s,
12.1 years) and it is likely that over time thesdignts learnt to better manage their
altered lower limb mechanics and learn to walktireddy proficiently (Sanderson and

Martin, 1997).

2.4.1.3Ground Reaction Forces

The altered kinetic function of the affected limésdribed below is linked to the GRFs
associated with the lower limbs transtibial ampsité®anderson and Martin, 1997,
Nolan et al., 2003; Beyaeret al., 2008; Vickerset al., 2008; Vaniceket al., 2009a).

Studies have reported that the affected limb eidubireduced vertical GRF and
generated less propulsive impulse than the intiadt (Nolanet al.,2003; Silvermaret

al., 2008). A common explanation for these effectsni@tiempt to protect the surfaces
of the residuum from increased loading (Hurktyal., 1990; Sanderson and Martin,

1997; Jonest al., 2001; Nolanet al., 2003). Also, the whole body centre of mass is
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shifted towards the intact limb during gait duetsoincreased mass in comparison to the
affected limb, and this may cause the GRF to bkdrign the intact limb (Nolaet al.,
2003). However, alteration of the prosthetic linmertial properties by attempting to
match those of the intact limb has been reporteiddease the energy cost of gait in
amputees (Mattest al., 2000). Increased intact limb GRF could also belarpd by
the greater confidence of the amputee in contgliire intact limb, thus exposing it to
greater forces (Sanderson and Martin, 1997). Silpjlindings have been reported in
the literature where an increase in static weigarimg and decreased perceived pain
over time was observed in transtibial amputees @t al., 2001). This study
suggested that new amputees were more cautiougightabearing on their affected
limb, as its surfaces and constructs were not tigenr designed for receiving high

stump interface pressure (Jomt¢sl.,2001).

2.4.1.4Muscle Activation

Studies have reported increased activity in musardacontrolling the knee of the
affected limb, via surface electromyography, imstihial amputees compared to that in
able-bodied individuals (Winter and Sienko, 1988werset al., 1998; Isakowet al.,
2000). These studies noted greater knee flexor lmastivity throughout stance phase
in the transtibial amputees, with peak activity wemg during weight acceptance
(Winter and Sienko, 1988; Powees al., 1998; Isakovet al., 2000). Another study
reported that greater knee flexor activity was sulteof transtibial amputees’ tendency
to lean forward with the trunk, in order to aid brprogression over a solid prosthetic
ankle (Powerst al., 1998). These findings, coupled with the observatbincreased
knee extensor muscle activity during the first 46#stride, resulted in reduced knee
moments, as described below (Winter and Sienkog)198

The literature has also suggested that the co-actiin of knee flexors and extensors

was an attempt by the amputees to stabilise tleetaff knee joint during stance phase
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(Powerset al., 1998). During the stance phase observed in aldeed@ait, foot strike
is followed by plantarflexion at the ankle, resudfiin ‘foot flat’ (Perry, 1992). As this
mechanism is not possible in all prosthetic ankksiputees may co-contract the
musculature controlling the knee joint action irder to control weight acceptance
whilst in stance phase on the prosthetic heel. fitag provide some added stability in

response to the lack of a foot flat mechanism (Peefteal.,1998).

2.4.1.5Joint Kinetic:

Although Sanderson and Martin, (1997) reportedlamties in the kinematic profiles of
amputee and able-bodied groups, distinct kinefierdinces were observed. This is the
case in many investigations into transtibial ameugait particularly with reference to
the affected limb (Winter and Sienko, 1988; Sanaei@nd Martin, 1997; Poweet al.,
1998; Vickerset al., 2008, Beyaergt al.,2008; Vanicelet al.,2009a).

The aforementioned reduced knee ROM during thetfelimb stance phase is a result
of the altered patterns of muscle activity desctibbove. Essentially, this reflects the
amputees maintaining the affected limb in a morereded position during the stance
phase, with the absence of a knee loading resp®hsein turn results in a net affected
limb knee moment close to zero during early to stahce (Winter and Sienko, 1988).

A number of studies have reported this effect afrelased knee joint moments on the
affected limb (Winter and Sienko, 1988; Sandersod Blartin, 1997; Powerst al.,
1998; Beyaertt al., 2008; Vickerset al., 2008; Vaniceket al., 2009a). A suggested
explanation is that by maintaining the knee in atemded position, the demands on
knee extensor musculature during stance phaseeduead due to the vertical GRF
vector being closer to the knee joint centre, @iseventing the knee from collapsing
during stance phase (Sanderson and Martin 1997eR@tval., 1998; Vaniceket al.,

2009a).
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The tendency in transtibial amputees to forwardnkrdean has been partially
corroborated by observations of increased hip dleXPowerset al., 1998; Bateni and
Olney, 2002) Forward trunk lean causes a greater flexion moraethe hip, thus the
hip extensors must work harder to control the biptj while also reducing the external
knee flexion moment and subsequent demand on the flakor/knee extensor
musculature (Poweset al.,1998).

It has been reported previously that able-bodiatividuals also displayed a greater
support moment, defined as the combined effectebimmoments about the ankle, knee
and hip, compared to transtibial amputees (Sandersd Martin, 1997). With reference
to early stance phase, the magnitude of differemsepport moments was greater in the
affected limb than the intact limb when comparedtie able-bodied group. These
differences were exaggerated at higher walking oreés, although the profiles
remained similar throughout (Sanderson and Mat®97).

In able-bodied gait, calf musculature aids limbgsession and stability and has been
reported to contribute up to 80% of the mechampeaver (Winter, 1983). However, the
lack of calf musculature in transtibial amputeesules in reduced ankle power
generation in the affected limb of amputees (Visketr al., 2008). Reduced power
generation at the prosthetic ankle compared tartaet ankle during pre-swing have
been linked to a lack of propulsive GRF in the cfe limb described above
(Silvermanet al.,2008; Vickerset al.,2008).

Along with reduced knee flexion, joint moments aghormal EMG activity in the
affected limb, knee joint powers are also reduceth reference to the power
generation phase (K2) in the knee extensors foligwveight acceptance (Winter and
Sienko 1988; Perry, 1992; Sanderson and Martin7/1P®werset al., 1998; Beyaeret
al., 2008; Silvermaret al., 2008; Vickerset al., 2008; Vaniceket al.,2009a). Studies

reported that very little power was generated atkimee in the affected limb where it is
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required to prevent limb collapse during early tml4stance and aid propulsion during
late stance phase (Winter and Sienko 1988; Poeteas., 1998; Beyaertt al., 2008;
Silvermanet al.,2008; Vickerset al.,2008; Vanicelet al.,2009a). The aforementioned
altered patterns of muscle activity affecting theed joint, along with the resulting
kinetic and kinematic adaptations described preshguhave also been linked to the
lack of function in the prosthetic ankle (Powetsal.,1998).

The literature has shown that the lack of propuldiom the prosthetic ankle, whilst
affecting the knee joint, also places extra demampds the hip joint extensor muscles
during stance at pre-swing, where increased poemergtion has been reported (Winter
and Sienko, 1988). Several studies are generalpgreement that this compensatory
mechanism attempts to supplement the power geaeraist in the prosthetic ankle and
the knee joint in the affected limb. The increapeder generation at the hip is required
in order to prevent the collapse of the affectatbliduring stance phase (Vaniasgtkal.,
2009a) as well as aiding forward propulsion of #fiected limb (Winter and Sienko,
1988; Bateni and Olney 2002; Grumilliet al., 2008; Silvermaret al., 2008; Vanicek
et al.,2009a). As may be expected, the compensatory mescha apparent in amputee
gait lead to an increase in energy consumptionn eteslower self-selected walking
speeds with energy consumption increasing as difumof increasing walking speed

(Houdijk et al.,2009).

2.4.1.6Limitations to Biomechanics of Amputee Gait Litenat

The literature reviewed provides a very descriptinalysis of transtibial amputee gait.
They also highlight a number of compensatory meishas that are evident during
transtibial amputee gait. However, there are aspethin the literature that prevent
universal application of their findings to the widamputee population. The number and
heterogeneous nature of the amputee participaptstesl mean that these participant

groups do not accurately reflect the transtibiapatee population as a whole. Firstly,
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age ranges have varied between 29 to 56.6 yeaatge()(>_<44.9 + 8.3) (Hurleyet al.,
1990; Sanderson and Martin, 1997; Powadral., 1998; Isakowt al., 2000; Matteset
al., 2000; Bateni and Olney, 2002; Nolah al., 2003; Royer and Wasilewski, 2006;
Beyaertet al., 2008; Grumillieret al., 2008; Silvermaret al., 2008; Vrielinget al.,

2008; Houdijket al.,2009; Vanicelet al.,2009a), with one study focussing exclusively

on the older amputee;(il years of age) (Vickerst al., 2008). Secondly, causes of
amputation have also varied within the literatigeme participants were exclusively
secondary to trauma (Sanderson and Martin, 19%koliset al., 2000; Bateni and
Olney, 2002; Nolaret al., 2003; Beyaertet al., 2008; Grumillieret al., 2008) or
vascular disease (Powess al., 1998; Vickerset al., 2008 — 1/8 due to cancer) while
some participant groups were secondary due toiatyaf causes (Hurlegt al., 1990;
Matteset al.,2000; Royer and Wasilewski, 2006; Silvernsral.,2008; Vrielinget al.,
2008; Houdijket al.,2009; Vanicelet al.,2009a).

With regards to the characteristics of transtibialputee participants, the application of
findings from this younger and physically more dapapopulation, to that of the
overall population of older vascular transtibial@rtees, may not be completely valid.
There are a number of inconsistencies in patiearatheristics associated with the
studies reported above. In some cases these igtemses are due in part to some
studies controlling certain characteristics suchtim® since and cause of amputation
(Hurley et al., 1990; Sanderson and Martin, 1997; Powatral., 1998; Isakowet al.,
2000; Matteset al., 2000; Bateni and Olney, 2002; Nolat al., 2003; Royer and
Wasilewski, 2006; Beyaest al., 2008; Grumillieret al., 2008; Vickerset al., 2008;
Vrieling et al., 2008; Houdijket al., 2009). However, it is likely that the large and
varied nature of the general transtibial amputgeufation, coupled with difficulties in
recruiting from this population, may result in thgde-ranging reports of patient

characteristics. While this is not a criticism bgtliterature per se, such issues make
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comparison of results between studies difficultefBfore, it is important to take the
patient characteristics reports into account winégrpreting results from such studies.
There are also a number of technical and method@bgsues associated with the
studies reviewed above. For example, studies répegtse dynamics calculations such
as joint moments and powers from simplified modefsthe lower limb using a
simplified two dimensional analysis (Winter and riie, 1988; Bateni and Olney,
2002).

Studies have also manipulated the velocity at wipahicipants are required to walk
(Sanderson and Martin 1997; Houdgkal.,2009). This protocol may be questioned as
amputees will walk at a self-selected velocity dgritheir everyday life. Amputees
secondary to vascular disease tend to have lowesedected walking velocities than
the amputees reported in studies altering gaitcigi¢Powerset al., 1998; Vickerset

al., 2008). Therefore, comparison of results betweerdlgroups is problematic as they
may represent slightly different sub-populations.

The cross-sectional design of many studies reviewaidls to indicate how the
compensatory mechanisms of amputee gait are estatliover time during and
following a period of rehabilitation. Although timgnce amputation and subsequent
practice effects have been shown to be indicativansputee ability (Hurleyet al.,
1990), most studies controlled this variable byingspatients exclusively one year
post-amputation (Hurlegt al., 1990; Sanderson and Martin, 1997; Povetral., 1998;
Isakov et al., 2000; Matteset al., 2000; Bateni and Olney, 2002; Nolah al., 2003;
Royer and Wasilewski, 2006; Beyaeittal., 2008; Grumillieret al., 2008; Vickerset
al., 2008; Vrielinget al., 2008; Houdijket al., 2009). The amputees tested in previous
studies may have been more accustomed to walkitiginrwtheir new mechanical
constraints whilst using prosthetic componentsoAtsrange of experience in prosthetic

use within the same study may mask any experieme-participant differences in
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amputee gait. Therefore, it is difficult to conctudnvhether the reported gait
asymmetries and compensatory mechanisms were fivéicaf typical transtibial
amputee gait or whether these profiles are a redulither factors such as previous
prosthetic use, age, physical ability or rehalibta methods, among others. Results
from such studies may only be specific to the elepeed amputee population under
investigation.

An explanation of the longitudinal gait adaptatiars the factors that may influence
them during gait relearning has not been repoiféd is an important oversight as the
development of compensatory mechanisms and assd@aymmetrical gait described
above have been reported to predispose this pagientp to a number of further
complications such as osteoarthritis (Royer andnikpe2005; Royer and Wasilewski,
2006) and falling (Vanicekt al.,2009a). Identification and quantification of tlaetors
associated with gait re-learning may allow clinnganvolved in amputee rehabilitation
to reduce compensatory gait mechanisms and theiatsb increased metabolic cost,

by re-educating gait more effectively.

2.4.2 Biomechanics of Activities of Daily Living

Following amputation, patients will initially statid practice level gait. However, gait is

performed in a number of contexts that include stepstacles and stairs. The scientific
literature has assessed transtibial amputee movegmagterns as they perform tasks of
this nature, collectively known as activities oflgdiving (ADL).

Amputees’ ability to step to and from a new levetidg continuous gait is an ADL that

has not been investigated thoroughly. It is impdrteo understand how amputees
perform this task as it may be encountered on alaegasis, for example, when

stepping to and from a roadside kerb. Although thissis does not analyse stair

climbing in transtibial amputees, this review cally analyses the stair climbing
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literature as it is envisaged that many commomsliwill lie between the stair climbing

and stepping to and from a new level.

2.4.3 Stair Negotiation

Stair negotiation is an ADL performed by peopleaoregular basis and for some, is a
challenging physical task (McFadyen and Winter,8 9Beaulieuet al.,2008). This is
supported in the literature by reports of increaleseer limb joint moments and thus,
increased support moments, during stair ascentlascent when compared to level gait
(McFadyen and Winter, 1988; Kirtley, 2006, Beauletwal., 2008). These studies also
reported that during stair ascent concentric musolatractions were predominately
observed, whereas during stair descent, predonlynateentric muscle contractions
were present (McFadyen and Winter, 1988, Beawdteal., 2008). This confirms that
not only is stair climbing a more physically demingdtask than level gait, it also
requires different neuromuscular functioning focexg and descent.

The key phases of stair ascent and descent havwe tetined in the literature
(McFadyen and Winter, 1988). These analyses helfprto a basis for comparison
against results from various clinical populations.

Stair ascent begins with the weight acceptanceephaghe middle to front portion of
the foot contacts the step. The ankle plantarflewoscle group then help to position the
body in preparation for the next phase. The ‘ppll phase follows weight acceptance
and is the main progression in moving from one stegnother (McFadyen and Winter,
1988). The ‘pull up’ is achieved by the concentkicee extensor activity by the
quadriceps (K1) (Figure 2.4) and here the largestiod of instability occurs,
commencing with contralateral toe off, as body \weig supported by the lower limb
with hip, knee and ankle joints all in flexed pasits (McFadyen and Winter, 1988).
Following ‘pull up’, the contralateral limb is in idiswing and the ‘forward

continuance’ phase begins (McFadyen and Winter@L98ere, mostly forward motion
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is observed as the ankle provides a ‘push off’ lsimio that observed in level gait
during pre-swing (A3) (Figure 2.4) (McFadyen andnt&r, 1988). As the ankle joint
plantarflexes, the lower limb is prepared for teeng phase. Beginning with toe off,
the aim of swing is to ensure the safe progressidhe lower limb up and over to the
next step whilst avoiding contacting the intermegligtep (McFadyen and Winter,
1988). Plantarflexion of the ankle and flexion loé tknee aid step clearance, whilst hip
flexion and the action of the contralateral limd emb progression.

Stair descent also begins with weight acceptaritteguagh the lateral portion of the foot
is the first part to make contact. Here energyhisogbed by the knee flexors during
power burst K1 and ankle plantarflexors at powasbAl (Figure 2.4) (McFadyen and
Winter, 1988). A single limb stance phase commendés contralateral limb toe off
and the ‘forward continuance’ phase begins. Hdrexetis a slight knee extension and
power generation phase by the quadriceps at powest iK2, as the body moves
forward and rises slowly (Figure 2.4). From midhs&to the beginning of swing phase,
the body is lowered to the next step in the ‘cdigtblowering phase’ (McFadyen and
Winter, 1988). During this phase, the majority lné downward progression is achieved
as power is absorbed at the ankle and knee (F@dde Following this, the hip joint
flexes, producing power burst H1, in order to phé# limb from the current step. Power
burst H2 is observed at the start of swing phagheadip joint pulls the limb through,
knee flexion decreases and the lower limb beginsxtend in preparation for the next

weight acceptance phase (Figure 2.4).
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Figure 2.4 Normative lower limb joint powers at the hip, knee and ankle during

stair ascent and descent (taken from McFadyen and hter, 1988).

2.4.4 Biomechanics of Amputee Stair Neqgotiation

The literature has reported transtibial amputeesfogpmance of stair negotiation with
some reference to able-bodied individuals (Poveeral., 1997). Previous studies have
reported that transtibial amputees are able to trsgostairs effectively however they
display mechanical adaptations similar to thosentegd for level gait (McFadyen and
Winter, 1988; Powerst al.,1997; Jonest al.,2006; Schmalet al.,2007; Alimusajet
al., 2009). Amputees tend to negotiate stairs morelgltvan able-bodied individuals,
and display asymmetry in temporal-spatial varigh$ggending more time in stance on
the intact limb compared to the affected limb (Pmsaet al., 1997; Vaniceket al.,
2007).

During stair ascent, increased external hip momentthe affected side are generated
during stance phase along with increased forwandkttean in order to progress and
elevate the body. At the same time, the affectexdb lknee joint is kept in a relatively
extended position to provide stability (Powers kbt &997; Schmalzet al., 2007;

Alimusaj et al.,2009). The lack of active plantarflexion in th@gthetic ankle results in
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a less elevated centre of mass in preparatiomfact limb stance phase, thus the intact
limb displays increased knee flexion as a compengahechanism (Alimusagt al.,
2009). Also, decreased clearance of the prostif@bicduring swing phase, owing to a
lack of active dorsiflexion at the ankle, resutisincreased plantarflexion of the intact
ankle (Alimusajet al.,2009).

Stair descent has been characterised in transt@omdutees by two strategies each
specific to a particular limb. On the affected limdmputees have been reported to
maintain the centre of mass over the extended éimbitial contact (Jonest al., 2006;
Schmalzet al., 2007). This has been explained as an attemptdp #ee vertical GRF
vector anterior to the knee joint, thus reducing khee moment, power absorption and
demand on the knee extensor musculature i.e. rddaading of the limb (Jonext al.,
2006; Schmalet al.,2007; Alimusajet al.,2009). These explanations are supported by
the finding of reduced vertical GRF produced by #itected limb (Schmalet al.,
2007). The intact limb is characterised by a fgllpattern, where the foot contacts the
ground with a plantarflexed ankle due to the latkarsiflexion in the prosthetic ankle,

resulting in greater vertical GRF (Schmatzl.,2007).

2.4.5 Obstacle Crossing

The negotiation of obstacles encountered during igaan important skill required in
order to avoid a trip or fall. This has led to mussearch on obstacle crossing
focussing on high risk populations, such as theergld who are more likely to
experience a trip or fall (Cheet al.,2003; Hahn and Chou, 2004; Lowestyal.,2007).
The understanding of how able-bodied individualscessfully negotiate obstacles is
important as it allows for direct comparison to lgses of obstacle crossing in
populations that are more at risk of falling.

When compared to level gait, obstacle crossingltesn a slight increase in stride

length, a large increase in lead limb swing timd arreduction in double limb support

29



time (Patla and Rietdyk, 1993). Although it is ais that toe clearance when crossing
the obstacle must be increased, literature hasridedctwo kinematic strategies of
obstacle crossing that contribute to this in alddid individuals namely, an upward
bias of limb trajectory and increased limb flexigtatlaet al., 1991; Patla and Rietdyk,
1993). These two strategies are employed in unisoorder to aid clearance of the
obstacle, although limb flexion is the dominant tcnutor (Patla and Rietdyk, 1993;
Chou and Draganich, 1997). At toe off, the leadblinthe first limb to cross the
obstacle, is slightly more flexed than during legalt as a result of increased hip and
knee flexion and ankle dorsiflexion (Patla and &y&t 1993). As the lead limb toe
progresses towards the obstacle, the lower limbiraes to flex until it reaches a point
directly above the obstacle (Figure 2.5). At tragnp, hip and knee flexion are increased
by approximately 20° and 35° respectively, whenmam@d to level gait, although ankle
dorsiflexion is similar to that observed in levaitg(Figure 2.3) (Patla and Rietdyk,
1993). A functional straightening of the limb viande extension and ankle
plantarflexion following obstacle clearance is abed as the lead limb prepares for
foot contact (Austinet al., 1999). The lead limb motion described above hanbe
reported to be affected by both obstacle heightwaigth and age (Patla and Rietdyk,

1993; Austinet al.,1999; Lu et al., 2006).
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Figure 2.5 Representation of lead limb kinematics and obseed values during

obstacle crossing of different heights. (taken frm Patla and Rietdyk, 1993).

Analysis of GRFs has reported that the trail lirtiee standing limb as the lead limb
crosses the obstacle, acts to slow the body's CQMhgl obstacle crossing (Patla and
Rietdyk, 1993). Both the anterior-posterior andticat GRF and impulses were
decreased during obstacle crossing when comparkyebgait. In addition, increased
sagittal plane joint moments were observed at tieekand hip of the trailing limb
during stance phase, suggesting that increasedutausdfort was required as the lead
limb prepared for the swing phase (Chen and Lu,6200he lead limb has been
reported to display reduced vertical GRF when coegbdo level gait, suggesting that
there is a controlled lowering of the lead limb masce it has made contact the ground

following obstacle crossing (Chen and Lu, 2006).

2.4.6 Biomechanics of Amputee Obstacle Crossing

Amputees may encounter a variety of obstacles mgalar basis and as such, crossing
obstacles safely is an ADL that warrants invesiigato ensure safe ambulation in all
environments. Previous studies have also investighow lower limb amputees avoid

or negotiate obstacles, with studies reporting ttzatstibial amputees were also able to
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negotiate obstacles of differing heights effecgv@lill et al., 1997; Hill et al., 1999;
Hofstadet al., 2006; Hofstacet al., 2009; Vrielinget al., 2007; Vrielinget al., 2009).
However, when compared to able-bodied individuatEstibial amputees negotiated
obstacles more slowly than able-bodied individ&liseling et al.,2007) and were less
able to negotiate unexpected obstacles, espeadisitler increasing time pressure
(Hofstad et al., 2006; Hofstadet al., 2009). However, this effect has been seen to
significantly diminish with time since amputatiomda perhaps, subsequent practice
effects (Hofstadet al., 2006). In order to negotiate an obstacle, one Ilmmist be
elevated and placed in an advanced position, tkasring the lead limb. One study
reported that transtibial amputees had no lead pnatference during obstacle crossing
(Hill et al., 1997) whereas more recently, an affected limb lgederence has been
reported (Vrielinget al., 2007) These studies highlight a lack of a cleanseosus
within the published literature, perhaps due taviial preferences between amputees
Anecdotal reports from physiotherapists specialismthe rehabilitation of lower limb
amputees in the UK report that, generally, tramstiamputees are taught to cross
obstacles leading with their ‘strongest limb’ whishusually their intact limb. This may
help explain the inconsistent reports of lead liprtbference. When leading with the
affected limb there was an increase in knee andléxion as a function of obstacle
height compared to able-bodied individuals (Hal al., 1997). There was also an
increase in intact trail limb ankle plantarflexiomhich had been described as a
compensatory mechanism employed in order to aidckesrance of the affected lead
limb (Hill et al., 1997). Some studies suggested that leading wehaffected limb
benefits the amputee in terms of visual feedback @i al.,1997; Vrielinget al.,2007)
and increased time to prepare the limb for stahese (Vrielinget al.,2007). However,
this strategy may have been selected by amputeébgeduced knee joint ROM due to

the posterior shell of the prosthesis, precludirigpm being a suitable trail limb (Hiét
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al., 1997). This observation was not reported in a meoent study, suggesting that
these amputees were capable of increased kneerflaxid thus negating the need for
increased intact trail limb plantarflexion (Vrigyret al., 2007). A possible cause of
reduced knee ROM on the affected limb has beeibatidd to the posterior shell of
prosthesis and socket fit. This may render thectdte limb an ineffective trail limb,
meaning rotational work about the hip must be maigual as obstacle height increases
(Hill et al.,1997; Hill et al., 1999). It has also been suggested that reduces R@é/

in the affected limb reflects instability in the den musculature in preparation for the
subsequent stance phase or an inability to effelgticontrol musculature about the knee
(Hill et al.,1999; Hofstacet al., 2006). Also, the leading limb is required to ‘pusfi

at the end of the preceding stance phase. Thisufsiop is reduced in the affected limb,
despite more advanced prosthetic ankle design @illal.,, 1999). Following the
investigation of obstacle crossing in transtibiaipaitees during rehabilitation, these
authors have made suggestions on how to furtheromepthe performance of this task
(Vrieling et al.,2009). They found that during the course of relitabbn, both walking
velocity increased and swing phase kinematics wepeoved in terms of increased hip
and knee flexion during swing phase (Vrieligigal.,2009). The literature suggests that
obstacle crossing in transtibial amputees is a rumescious’ act than in able-bodied
individuals (Hofstacket al., 2009). Therefore, early introduction of more coexptiaily
tasks (such as obstacle crossing) during rehamlitand practicing knee flexion on the
affected limb during such complex tasks, along vithovations in prosthetic design
may improve amputees’ ability to perform these sasiore effectively (Vrielinget al.,

2007; Vrielinget al.,2009; Hofstacet al.,2009).
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2.4.6.1Limitations to Biomechanics of Activities of Dailiving Literature

The literature investigating the performance of ADh transtibial amputees has shown
that with practice they are able to complete thasks, albeit with altered mechanical
functioning. However, similar to studies on ampuged, very few have focussed upon
the longitudinal changes that occur in these imlligls, with only one study
investigating the biomechanics during rehabilitatfo’rieling et al.,2009). Studies have
also reported variable patient characteristics ¢ceduthe comparability of findings
between studies. Conflicting reports on how ammutee able to negotiate obstacles, as
well as the lack of investigation of ‘stepping gaihdicates that further investigation
into these tasks and how amputees learn to perfoerm would be beneficial to this

body of literature and amputee physiotherapists.

2.4.7 Balance and Postural Control

Along with performing gait and various ADLSs, traib&il amputees must learn how to
control posture in order to prevent the loss ohbaé and a subsequent fall because of a
postural disturbance. Transtibial amputees are disadvantage in terms of balance
ability due to the loss of somatosensory input amasculoskeletal receptors in the
lower limb that help in the maintenance of posteraitrol.

Able-bodied individuals maintain balance by keepthg body’s centre of pressure
(COP) within the base of support (Vaniocekal., 2009b; Horaket al., 1989). Postural
control has been reported to rely upon an individwability to correctly predict, detect
and encode the characteristics of passive and dgrdisturbances to posture (Horak
al., 1989). Proactive or reactive adjustments in alol@idxl individuals are characterised
by well coordinated motor patterns that take pliacerder to adjust the position of the
body’s centre of mass (COM) (Winter, 1995). Thismtenance of balance and posture

is achieved using three main sources of sensodbéek; somatosensory, visual and
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vestibular (Winter, 1995). This sensory informationaddition to previous experience,
allows the body to detect any changes in the posibf the COG and correct them if
necessary (Horalet al., 1989). Lower limb amputation has obvious effects tha

functioning of the human balance system by direaliering the somatosensory

feedback available to the individual.

2.4.8 Balance and Postural Control in Lower Limb Amputees

Studies investigating balance and postural coofrdwer limb amputees have revealed
that this patient group has poorer performance whempared to able-bodied
individuals (Isakowet al.,1992; Isako\et al.,1994; Buckleyet al.,2002; Vrielinget al.,
2008). Amputees use their intact limb as the prynmeans of control during static and
dynamic tasks and due to the loss of somatosernstagmation in the affected limb,
rely heavily on visual control to modulate balareoed posture (Isakoet al., 1992;
Vaniceket al.,2009b).

Studies that investigated the differences in pastsway between transtibial amputees
and able-bodied individuals reported contradictasults of COP excursion (Dornah
al., 1978; Vittaset al., 1986; Isakowet al.,1992; Isakowet al.,1993; Hermodssoet al.,
1994; Aruinet al., 1997). Some studies have reported no differencstatic sway
between amputee and able-bodied individuals (Doataat., 1978; Vittaset al., 1986)
while other more recent studies reported pooreruaeap performance, especially in
vascular amputees (Isaket al.,1992; Hermodssoet al., 1994; Buckleyet al.,2002).
Many of these studies used a single force platardier to analyse the COP trajectory
and thus inferring sway. This may be problematicitammasks any compensatory
mechanisms adopted by the amputees in either thetiar affected limb. Studies that
have employed dual force plate instrumentation Hiauad differences in sway, as well
as weight-bearing, between the intact and affelitelols (Isakovet al., 1992; Isakowet

al., 1994; Vrielinget al.,2008). Studies investigating sway activity andrges in COP
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anterior-posterior excursion reported increaseduypak sway in amputees’ affected
limb when compared to the intact limb and to aldéied individuals (Isakoet al.,
1994). Postural sway has been reported to reduca &snction of time across
rehabilitation (Isakowet al., 1992). The dependence on the intact limb durirdicst
posture has further been highlighted in amputeesstvdual tasking (Aruinet al.,
1997). Some studies reported that increased EM@&tgiain the intact limb was linked
to a lateral shift of the COP towards the intagtdiduring standing thus placing greater
demands on the intact limb musculature (Isa&bsal., 1994; Aruinet al.,1997). Other
studies have also noted the importance of visyalitinn the control of balance and
postural stability, with reference to amputees eased reliance on this source of
information during static (Isakost al., 1992) and dynamic conditions (Vanicekal.,
2009b) perhaps due to the loss of somatosensouy frgm the affected limb (Vanicek
et al., 2009b). While static sway was useful in estabtighthe body of literature
pertaining to amputee balance and postural corttreltasks employed lack ecological
validity as they do not mimic real life situatios®sely enough. When maintaining
balance, a combination of strategies are emplayextder to avoid falling. When small
perturbations are experienced, the ankle plantanfe and dorsiflexors contract to
control the model of balance represented as anted/@endulum (Winter, 1995). This
is known as the ‘ankle strategy’ (Winter, 1995).wéwer, during larger perturbations,
weakness or absence of ankle plantarflexors, niéatessthe need for movements at the
hip to maintain balance (Winter, 1995). Hip flexiand extension would shift the COM
anteriorly and posteriorly respectively, and tlisknown as the ‘hip strategy’ (Winter,
1995). If the perturbation to balance is large gmundividuals may also be required to
take a step in order to maintain balance by algeanincreasing the base of support,
thus maintaining the COG within its limits (Horak al., 1989). Buckleyet al. (2002)

suggested that static assessment of posturalyadibiés not assess how participants
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utilise the ‘hip strategy’ when responding to larggnamic perturbations. With this in
mind, the literature has moved towards the assedsofielynamic balance and postural
control (Buckleyet al., 2002; Vrielinget al., 2008; Vaniceket al., 2009b), with some
studies using more advanced technological methgdedoto tease out the various
aspects of amputee balance performance and postméiol (Vrieling et al., 2008;
Vaniceket al.,2009b). Buckleyet al., (2002) employed a single force plate and custom
stabilimeter methodology to assess postural conteén the support surface could
rotate about a single axis in either the sagittdtantal plane. This study reported that
lower limb amputees displayed poorer dynamic baahan able-bodied individuals in
both axial rotations and that when vision was adetl the lower limb amputees tended
to tilt towards their affected limb in the mediddeal direction (Bucklet al.,2002). It
was suggested that this effect, along with the mfasen of increased board-floor
contact time, was an attempt by amputees to gama ewmatosensory input from the
affected limb residuum (Bucklegt al., 2002). It was also interesting to note that the
lower limb amputees in this study were highly aetivhus, the reduced static and
dynamic postural control observed could be atteduto amputation and not the
reduced joint mobility or muscle weakness assodiatith ageing or inactivity, as may
be the case in vascular amputees (Bucldewl., 2002). Further investigations into
amputee responses to dynamic perturbations havedfdbhat the weight-bearing
asymmetry reported during static posture (Isakbwal., 1992; Isakovet al., 1994)
increased with the addition of a secondary dyndaask (Vrielinget al.,2008). Another
study noted an increased intact limb anterior-pasteGRF and COP excursion
compared to able-bodied individuals, relating tevisus reports of amputees using the
intact limb as a stabilising method (Buckley al., 2002; Vrieling et al., 2008).
Although there was noted asymmetry in anteriorgast GRF and COP excursion

between the intact and affected limbs, the valuesexved for the affected limb were
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higher than in able-bodied individuals (Vrielieg al., 2008). Similar to Bucklegt al.,
(2002) Vrieling and colleagues (2008) interpretaid effect an attempt by the amputees

to gain extra somatosensory input from their aéfiddimb.

2.4.8.1Computerised Dynamic Posturography

Computerised dynamic posturography (CDP) is a miethfoassessing postural sway
and balance performance during dynamic task camditi(Monsellet al., 1997).
Typically, strain gauge or force plate instrumentat incorporating a means of
unexpectedly perturbing the support surface, is leyeg along with methods of
altering or isolating the somatosensory and/or alisaformation available to the
participant (Monselet al., 1997). The Neurocom Equitest® (NeuroCom Intermeiq
Inc, Clackamas, US) is one instrument that emp{o$ protocols in order to assess
postural control and balance function and is dbsdriin detail in Chapter Three,
Section 3.5.

A study using CDP has reported the aforementionsdal’ dependence of transtibial
amputees during static balance and whilst mainmtginposture during dynamic
perturbations (Vanicelet al., 2009b). This study also reported the use of thdean
strategy during easier tasks and more reliance dperhip strategy as task difficulty
increased, supporting the previous suggestionthéuse of dynamic assessment in this
patient group (Bucklegt al.,2002).

Computerised dynamic posturography has also higtddy the differences in balance
ability and postural control between fallers andh-fallers in transtibial amputees and
able-bodied individuals (Vanice#t al.,2009b). Amputee fallers reportedly relied more
upon the use of the affected limb, further suppgrsuggestions that the intact limb
plays an important role in successful balance tgb{\Vanicek et al., 2009b). The
inability to maintain balance can lead to fallingdat has been reported that lower limb

amputees have a higher fall rate when compareddeoratched able-bodied individuals
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(Miller et al., 2001a). These results re-iterate the importancenadf only better
understanding the way amputees achieve balancepestdral stability, but also the
process by which they do this following their refigdtion. Understanding this learning
process may highlight areas of amputee balancenthiald benefit from further clinical
intervention during and after rehabilitation. Timeay help clinicians and health care
professionals to reduce the aforementioned inccetmls rate in lower limb amputees,

with a potentially significant reduction in costttee National Healthcare Service.

2.4.8.2Limitations to Lower Limb Amputee Balance and Post€Control Literature

Studies investigating balance and postural cortenle provided a clear picture as to
how amputees perform these tasks. However, thiy bbditerature shares the same
limitations in patient characteristics mentionecevously. Despite an early study
reporting that cause of amputation should be adeodufor due to differing postural
characteristics (Hermodssoet al., 1994), following studies have tended to test
amputees secondary to a variety of causes andvaitiing levels of amputation. This is
likely to mask the deficits in balance and postucaintrol associated with the
neurological and musculoskeletal changes apparghtdidferent causes and levels of
amputation.

Although the balance and postural control tasksleyeg within the literature are well
validated and have a solid rationale for their usthin each discrete experiment,
varying methodologies make it difficult to direcitpmpare results between studies. A
degree of standardisation in testing protocols nh@p overcome the issue of
comparability. The cross-sectional nature of matudiss does not reveal how the
mechanisms of maintaining balance and posturalrabrg established in amputees,
despite previously reported adaptations during biéitetion (Isakov et al., 1992).
Therefore, it is important for future research @ocus upon the longitudinal adaptations

that occur in balance ability and postural contrdhin this patient group. This process
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would aid those involved in the care and rehabititaof amputees in developing more

effective interventions targeted at improving bakan

2.5 OQuality of Life in Lower Limb Amputees

Up to this point, the review of literature has feed upon the biomechanical, balance
performance and postural control related aspectiseofranstibial amputee. However, a
transtibial amputee presents a multifaceted cadg,part of which can be investigated
and explained by the analysis of movement patté?agchological factors such as how
the amputee feels about their amputation and pgesthare also important factors as
general health is comprised of both physical anataiehealth (Ware and Gandek,
1998). One such factor that has received signifiestention in the health literature is
the issue of QOL. It has been suggested that iardadprovide a complete assessment
of the benefits of an intervention, evidence ofintpact upon health related QOL must
be reported (Garratét al., 2002). Despite this, health related QOL in lowenb
amputees has received little attention, especildhgitudinal changes during the
rehabilitation process (Asam al.,2008).

Studies that have assessed QOL in lower limb amputeave used a number of
instruments including the World Health Organisatiguality of Life Scale (WHOQOL)
(The WHOQOL Group, 1994b) and the Medical Outcomad$ Short Form-36
Questionnaire (SF-36) (Ware and Gandek, 1998). putee specific questionnaire,
namely the Prosthesis Evaluation Questionnaire,afss been developed in order to
assess prosthesis related QOL (Legral.,1999).

There have been variable reports of QOL in lowmbliamputees. It has been reported
to be both equal to or higher than (Asatal., 2008; Zidarowet al., 2009) as well as
lower (Legroet al., 1999; Pezzinet al., 2000) than that reported from so called
normative disease-free populations. Further to, thigdies have reported that lower

limb amputees tended to have better mental healtipared to physical health (Legro
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et al., 1999; Pezziret al., 2000; Van der Schanst al., 2002; Asanoet al., 2008;
Zidarov et al., 2009). Factors affecting psychological healthudel depression, which
has been reported as an important predictor of Q&3kanoet al.,2008), as well as the
aesthetics of the prosthesis (Legrb al., 1999; Gallagher and MacLachlan, 2004).
Studies employing these self-report measures repated QOL to be highly related to
both physical (Legroet al., 1999) and social (Deanst al., 2008) aspects of an
amputee’s life, as well as being closely relatedh® functioning of their prosthesis
(Legroet al., 1999; Zidarowet al., 2009). Although psychological health is reported t
be better than physical health in lower limb ampsjestudies have reported physical
health to be more closely related to overall QORl{&her and MacLachlan, 2004).
Fear of falling, rather than the event of an actalhl has been linked to reduced QOL in
lower limb amputees (Milleet al.,2001a,b). This finding has been attributed to lowe
limb amputees’ expectation to fall due to their gibgl constraints or falling whilst
attempting tasks of ever increasing difficulty (Milet al., 2001a). Despite this, no
amputee specific measure of falls efficacy has loesmreloped. However, the modified
falls efficacy scale (MFES) (Hikt al., 1996) has been used to assess falls efficacy
within the elderly population (Delbaeet al., 2009), the effect of falls efficacy on
elderly gait (Chamberliret al., 2005) and improvement in fall rates via training
(Vrantsidiset al.,2009).

Although fear of falling is detrimental to QOL anhs been seen to increase as a
function of age, QOL in lower limb amputees hasnbeported to marginally increase
with time since amputation (Asamb al., 2008). Although it could be assumed that the
physical gains attained through increasing progthete over time would be mirrored
by a greater QOL, this effect has not been obseiwetthe literature. Some authors
explained this effect through the so-caltedponse phenoment@eorising that as lower

limb amputees adjust their expectations over timey converge with the reported QOL
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(Zidarov et al., 2009). Thus, as physical ability and subsequewnthadogical health
improves with time, lower limb amputees’ expectasioare raised, which has an
influence on the reported QOL. Studies assessing Q@ing lower limb amputee
rehabilitation suggested that this reflects anaase in QOL when compared to baseline

(Zidarovet al.,2009).

2.5.1.1Limitations to Quality of Life in Lower Limb AmputeLiterature

Studies in lower limb amputees have begun to hgghline negative effects associated
with amputation on QOL (Milleret al., 2001b; Asanoet al., 2008). Lower limb
amputees tend to have better mental health thasigatyhealth, explained in the
literature by the alleviation of lower limb painepsurgery or happiness at having
survived a traumatic event (Zidaret al., 2009). However, these studies suffer from
inherent inconsistency in their reports due to anloer of factors, including but not
limited to the use of varied self-report scales (@@®OL, SF-36 and PEQ), causes of
and time since amputation, patient numbers andrésponse rates. The cross-sectional
design of many studies does not highlight the chamg QOL as lower limb amputees’
physical ability and expectations change. Only stugly has investigated QOL during
rehabilitation, which is surprising given that sostedies suggest a holistic approach to
rehabilitation and the importance of assessing lpsggical health during this time
period (Asancet al.,2008; Zidarowet al.,2009).

Along with physical adjustments, studies have regabipsychological differences in
lower limb amputees when compared to able-bodieflivituals, specifically with
regards to QOL. Although these studies have camtd significantly to our
understanding of transtibial amputees, many of tkdemmot explain how the variables
on which they report were established over timenyatudies do not explain the

longitudinal psychological adaptations that ocaumew transtibial amputees as they
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learn to adjust both mentally and physically to teperience of a lower limb

amputation.

2.6 Rehabilitation and Longitudinal Change in the Ttdoial Amputee

Following the experience of transtibial amputatidhe patient must go through a
process of rehabilitation whereby they attempt égain and re-learn the ability to
complete various day-to-day tasks. Professionalejuies have been provided by the

Chartered Society of Physiotherapisisviv.csp.org.uk and are authored by an interest

group made up of multi-regional senior physiothestsp involved in lower limb
amputee rehabilitation across the UK (Broomhetdl., 2006). This interest group is
called the British Association of Chartered Physeoapists in Amputee Rehabilitation
(BACPAR) (www.bacpar.org.uk). These evidence-basepiidelines provide
information on the pre- and post-operative physpy management of lower limb
amputees including, the use of various equipmeditexercises.

A published text on lower limb amputee rehabilgatidesigned as a handbook for both
experienced and student physiotherapists, mirroeymof the recommendations
presented in the BACPAR guidelines (Engstrom and da Ven, 1999). This text
provides a more hands-on resource to amputee teatdn with various illustrations
of recommended exercises and treatments protoetdting to ADL. Information is
also provided relating to increased functionindaster limb amputees such as car and
motorcycle transport and various sporting actisiti®etails of prosthetic design and
function are also outlined.

In the UK, lower limb amputees typically follow andividualised programme of
rehabilitation prescribed by the physiotherapisid anultidisciplinary team involved,
based upon their experience and knowledge. Thigranome will differ between
centres but may involve a pre-operative discusefomhat the patient can expect from

their rehabilitation and a meet and greet withll@feamputee. A pre-operative meeting
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also allows the physiotherapist to identify anyt gdanormalities already present and
discuss the patient's aspirations following surgdpatients are visited as inpatients
following surgery, where they are advised on sksligeh as transfers, bed movements
and crutch or wheelchair mobility. If appropriatgeneric prosthetic device and
residuum shrinker i.e. tight bandage, use commenuesess than five days post-
surgery. Once discharged from inpatient care, digiparehabilitation may include the
practice of simple tasks such as donning of presth@nd weight-bearing progressing
onto tasks that aim to improve balance, core staldind the use of walking aids.
Depending upon patient ability and inclination, ther rehabilitation sessions may
involve more complex tasks such as graded walkiadking of varying terrains, stair
climbing and running. There is an ongoing assesswietne patient who may re-visit
the rehabilitation team in order to learn or depeleew skills. In addition to this,
information such as the guidelines outlined above #llowed to inform the

rehabilitation procedure.

2.6.1 Early Walking Aids

Along with the aforementioned techniques and propoesl both sets of physiotherapy
guidelines advocate the use of early walking ai#/As). Early walking aids are
commonly found in UK physiotherapy departments lmed with transtibial amputee
rehabilitation. While re-learning how to walk witheir new mechanical constraints,
transtibial amputees often use EWAs during rehahiin within a physiotherapy
environment as an initial gait re-education andgivebearing tool, prior to casting for a
functional definitive prosthesis (Scett al.,2000). Early walking aids have a number of
reported benefits: they have been used as eadyesveek post-operatively (Dickstein
et al., 1982) and have been shown to reduce the deteoiorat physical ability
(Redheackt al., 1978). When utilised correctly EWASs have also bskeown to reduce

post-operative oedema, accelerate the healing amtdration of the residual stump
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(Redheadet al., 1978; Dicksteinet al., 1982; de Noordhout and de Brogniez, 2004)
whilst reducing time in hospital and time from semg to casting for definitive
prosthesis (Scott al., 2000). Early walking aid use has also been redddeorovide
patients with improved psychological functioningn@flStrom and Van de Ven, 1999)
and more desirable cosmetic appearance (Dicksteiml., 1989). There are also
economic benefits associated with EWAs in termsboth reducing therapy cost
(Dicksteinet al.,1982) and their use as a substitute for a dediqatesthesis (Redhead
et al.,1978).

There are a variety of EWAs available to lower limimputees worldwide. Two are
commonly found in physiotherapy departments inUlkeand used in the rehabilitation
of transtibial amputees: (A) the Pneumatic Post-Atapon Aid (PPAM Aid) (Ortho
Europe Ltd, Alton, UK) and (B) the Amputee Mobiliyd (AMA) (Ortho Europe Ltd,
Alton, UK). The PPAM aid is an EWA designed for wssven to ten days post surgery
and is a partial weight-bearing device encompasisiagpneumatic bags within a rigid
frame with a rocker foot at the distal end (Setttl., 2000). The AMA, developed in
1993 after the PPAM aid’s introduction, was desthte allow the biological knee to
articulate freely, allowing patients to practicenare natural gait with knee flexion and
extension possible in the affected limb (Scett al., 2000). Functionally, this
articulation is the only difference between the ®M/As although they differ in their
aesthetics and how they are donned (Sstoétl., 2000). Full details of these EWAs are
provided in Chapter Three, Section 3.2.4. Althoulga use of EWAs in transtibial
amputee rehabilitation has documented benefitse thas been little evidence provided
as to whether one EWA is more beneficial than agroth

One study employing a cross-over design endeavdorawestigate the differences in
joint kinematics using electrogoniometry and stuntprface pressures between PPAM

Aid and AMA use (Scottet al., 2000). Two groups of transtibial amputees were
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recruited, one group using the AMA for two weekBowed by PPAM Aid use for two
weeks, the other group using the EWAs in the oppasider. When compared to the
PPAM Aid, stump interface pressures observed irAldé& were found to be increased
during static standing but not significantly di#et during walking (Scottt al., 2000).

In terms of joint kinematics, goniometry did noghlight any differences between the
affected limb biological knee joint movement anc tAMA prosthetic peak knee
flexion/extension. However, there were highly valgapeak knee flexion values in the
affected limb between the groups, though the stlidyhot explain at which point these
peak values occurred in the gait cycle (Saittal., 2000). An explanation for the
differences in stump interface pressure observatiware partially accounted for by
proposed measurement error (Scttal., 2000). The study reported that the AMA’s
lower stump socket interface surface area may hesudted in increased pressure rather
than greater weight-bearing (Scadt al., 2000). Interestingly, pressure (inferring
weight-bearing) did not increase with time fromgarny. Kinetic analysis would have
supplemented these findings to provide a clearetupg of partial weight-bearing
ability. The lack of differences in the affecteanb knee joint kinematics and the
articulated knee mechanism of the AMA suggested thase joints functioned
synchronously as a single entity (Scettal., 2000). However, some of the methods
employed by Scotét al. (2000) had limitations. The crossover design egygidlomay
have masked any learning effects associated wiparacular EWA. The lack of an
inter-limb comparison was also a limitation as impaot adaptations may have also
occurred in the movement of the intact limb. Thisdg helped us to gain insight into
the clinical aspect of amputee gait and EWAs. Havevrom this study alone it
remains unclear whether the use of one EWA is betteerms of gait re-education than

the other in transtibial amputee rehabilitation.
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2.6.2 Investigation of Lower Limb Rehahiditior

Currently, the choice of EWA used for any indiviluduring a rehabilitation
programme is the decision of the relevant clinggacialist and is not evidence-based.
The scientific literature has investigated vari@aspects of the lower limb amputee
rehabilitation process. Firstly, reports have pded review-type information, similar to
the BACPAR professional guidelines, with a focusesnpirical literature (Esquenazi
and DiGiacomo, 2001; Esquenazi and Maier, 1996¢sé&heports outline nine stages of
rehabilitation after amputation, starting with mmgerative treatment and finishing with
long term follow-up and include various strengtéisdiovascular, balance and prosthetic
mobility training exercises (Esquenazi and DiGiaoprB001). Other studies focused
upon the rehabilitation of the older amputee (Cutsical., 1994; Cutson and Bongiorni,
1996; Fletcheet al.,2001) secondary to lower limb dysvascularity (Gutst al., 1994,
Bailey and MacWhannell, 1997; Fletchet al., 2001). One study highlighted the
benefits of early rehabilitation in this patienbgp in terms of time from surgery to
prosthetic gait training, reporting reduced timenirsurgery to receipt of prosthesis in
the early rehabilitation group (Cutsenal.,1994). However, the methods by which this
was achieved may have been specific to that p#aticlinic (Cutsoret al.,1994). One
study focused upon the cardiac monitoring of thigug, reporting that whilst exercise
stress during early gait re-training was within eggg@ble limits, therapists should
monitor amputees’ ECG and heart rate during exertcsncrease patient safety (Bailey
and MacWhannell, 1997). Another study assessingtipetic fitting rates reported that
placing a foam rubber insert to the distal endhef patients’ socket during gait training
increased wound healing and stump maturation (htadlad Jull, 1988). Interruptions in
treatment and their impact on rehabilitation hagerbmonitored with 30% of patients
having rehabilitation interrupted for reasons saststump healing (18%), acute medical

illness (10%) and other causes (2%) (Meik&teal., 2002). An increased incidence of
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interruptions was more common among women, those wascular causes of
amputation and reduced days between amputationedradilitation, although 79% of
patients with interruptions went on to completeatahtation (Meikleet al.,2002).

Few studies have provided quantitative biomechaméarmation about how transtibial
amputees progress through rehabilitation. Factarsh sas the efficacy of falls
interventions, stump injuries (Gooday and Huntef04), effects of prosthetic
intervention (Hallam and Jull, 1988) weight-bearipgin, walking velocity (Jonest
al., 2001) and self-report scales of functional abiliBanesart al., 2001) have all
received attention. However, these variables do allotirectly relate to transtibial
amputee movement adaptations or how they may chasm@efunction of time. Studies
have investigated obstacle crossing (Vrielaical., 2009) and postural sway (Isaket
al., 1992) in lower limb amputees during rehabilitatahile another study assessed
GRFs in transfemoral amputees during rehabilitaferavelet al.,1995). The study by
Gravel et al. (1995) displayed significant increases in walkiejocity and affected
limb static weight-bearing along with a significatécrease in intact limb static weight-
bearing. However, vertical GRF results during gadre variable, perhaps due to
patients walking with the use of parallel bars (@tat al., 1995).

Following amputation, transtibial amputees followarse of rehabilitation from which
they are discharged once a satisfactory level ottfaning has been achieved as
determined by the relevant clinician. After disdertranstibial amputees will face a
range of tasks of ever increasing difficulty asytagempt to continue the process of re-
adjustment following amputation. So far, the litara has failed to adequately
investigate these two key stages in transtibial @egs’ lives and the implications this

may have for the rehabilitation of transtibial artgas.
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2.6.3 Prosthetic Simulator Gait

Although studies have yet to investigate the pred®s which transtibial amputee re-
learn how to walk and perform ADLSs, two studies éawvestigated prosthetic
simulator gait, endeavouring to imitate transtibi@d/anicek et al., 2007) and
transfemoral amputee gait (Lemaeteal., 2000). Initially Lemaireet al. (2000) set out
to provide non-amputee health care practitionerth vd real life experience of
transfemoral amputee gait thus sensitising clingito patient experience of prosthetic
gait. A custom built prosthetic simulator alloweBleabodied individuals to walk
similarly to a unilateral transfemoral amputee. sTetudy showed that non-amputee
participants produced similar gait kinematic andekic results to that of experienced
transfemoral amputees (Lemaetal., 2000). The report suggested that in the absence
of a lower limb amputation, it was still possibte @valuate how individuals relearned
locomotor tasks by using a prosthetic simulatorthéligh this study suggested that
there were similarities in transfemoral amputee @mdsfemoral amputee prosthetic
simulator gait, the process of how individuals awkd these results was not
investigated.

Vanicek et al. (2007) investigated the kinematic adaptations amt gf able-bodied
participants walking with a prosthetic simulatoheTprosthetic simulator allowed able-
bodied individuals to walk similarly to a unilatéteanstibial amputee, without the use
of the knee joint on the affected side. In additiganiceket al. (2007) also sought to
gain insight into the learning processes apparehtlstv performing this novel
ambulatory task. Lemairet al. (2000) had failed to look at the initial stagestd gait
re-education process, by allowing participants am @ certain level of proficiency in
using the prosthetic simulator during warm-up sessprior to data collection. Vanicek
et al. (2007) aimed to evaluate how individuals adapiedr tgait from the very onset of

learning a novel ambulatory task. In this casewats the first use of a prosthetic
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simulator. Learning a novel ambulatory task witprasthetic simulator was achieved
by monitoring kinematic changes over two visitse aveek apart with walking velocity
used as an overall descriptor of gait proficier€lyganges occurred in the early stages of
performing this novel ambulatory task as walkindoegy increased sharply. These
effects were retained in the second test periodrevinatial walking velocity was
significantly higher than initial walking velocity the first test period (Vanicest al.,
2007). Learning to walk with altered lower limb rhaaics took place early on in the
learning process. Vaniceg&t al. (2007) also found that the intact limb played an
important role in modulating walking velocity. Imases in overall walking velocity
were achieved by increasing step length of thecirliamb, not by increasing step length
in both limbs as hypothesized. This could reflaet tinderlying confidence in control of
the intact limb previously mentioned.

One limitation of both studies described above Was use of healthy able-bodied
individuals to investigate prosthetic simulator tgaiower limb amputees may have
associated psychological health concerns that mmact upon gait functioning, an
example being their physiological capacity withaten to lower limb dysvascularity.
However, scientific investigation regarding thegaet periods is essential as it will
provide clinicians and health care professionalgolved in transtibial amputee
rehabilitation and treatment with evidence—baséormmation, on which to base clinical

decision making along with clinical experience.

2.7 Summary and Rationale

The literature has investigated a number of therakding to lower limb amputees,
with each theme giving rise to commonly reportexliings. These reports have helped
in the understanding of transtibial amputees amddfmallenges this population face.
However, as with any scientific investigation theage various methodological

limitations associated with these studies.
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The scientific literature has not yet fully invegtted the period of time between when
an individual undergoes amputation surgery un@ytieach their physical potential,
including a period of rehabilitation. This is unsi@ndable given the complex nature of
the population in question and the time commitmmegfuired for longitudinal study
designs. Nevertheless, it is important to undedstaow amputees adapt to the
challenge of rehabilitation, the period of timeldaling rehabilitation and the factors
that may influence their progress during these fliamees. It is clear this information
would have various clinical implications for the jmee and healthcare service

providers.

2.8 Aim and Obijectives

The overall aim of this thesis was to investigaie lbongitudinal changes that occurred
within unilateral transtibial amputees from thansff treatments following amputation
up to six months post-discharge from rehabilitation

The first objective was the assessment of theaghptations that occurred in unilateral
transtibial amputees during rehabilitation and #feect of using different EWAs.
Although, very few studies had attempted to asHesse variables biomechanically, it
was hypothesised that (1) during EWA use the AMAugr would display a more
proficient gait pattern in terms of variables sashwalking velocity, when compared to
the PPAM aid group as they were using an EWA witinemater functional capacity.

It was also hypothesised that (2) upon receipt fafngtional prosthesis, those patients
having previously used the AMA would display a gesaimprovement in gait
parameters than those having previously used tWdvP&ld as they would have been
used to practicing the control of the knee jointtle affected limb. Lastly, it was
hypothesised that (3) following the receipt of adtional prosthesis, until discharge
from rehabilitation, the differences between patiarsing either the AMA or PPAM aid

would diminish as both groups adapted to their neghanical constraints.
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The second objective was the assessment of chamd@®L in unilateral transtibial
amputees during rehabilitation. It was hypothesibad (4) QOL would increase during
the course of rehabilitation, specifically the plogs health aspect of QOL, as patients
mobility increased. This was based on previousirigsl that QOL increased with time
since amputation (Asanet al., 2008). It was also hypothesised that (5) patiestag
the AMA would display better QOL during rehabilitat as they would be able to
practice a more ‘natural’ gait pattern.

The third objective was the assessment of adaptatio gait and ADL during the six-
month period following discharge from rehabilitatioThe literature has shown that
patients with > 1 year experience of prosthetic ase likely to display increased
function when compared to recent transtibial amgaite

Therefore, it was hypothesised that during the tpeeod following discharge from
rehabilitation, gait proficiency (6) and performanaf ADLs such as crossing obstacles
(7) and stepping to and from a new level (8) woulgrove in terms of walking
velocity.

The fourth objective related to the assessmentt#noe function and postural control
during the six month period following discharge nfrorehabilitation. It was
hypothesised that (9) balance ability during dyr@aperturbations would improve over
time. It was hypothesised that (10) amputees wmlidmore heavily on visual input as
shown in previous literature, with this effect dimshing over time (Isakoet al.,1992;
Vaniceket al., 2009b). It was also hypothesised that (11) amgutetdisation of the
hip strategy would decrease over time followinghderge from rehabilitation. Lastly, it
was hypothesised that (12) amputees’ ability tatieslally explore their theoretical
limits of stability would increase over time.

Finally, the last objective of the current thesiaswo assess changes in generic and

prosthesis specific QOL and falls efficacy. Therefoit was hypothesised that (13)
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QOL would increase following discharge from reh@diion, specifically the physical
health aspect of QOL. It was also hypothesised (&t mental health would be higher
than physical health as has been reported in tivature (Legreet al., 1999; Pezziret
al., 2000; Van der Scharet al.,2002; Asancet al.,2008; Zidarowet al.,2009). Lastly,

it was hypothesised that (15) changes in fallcaély would follow a similar pattern to

the hypothesised changes in QOL.
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3 CHAPTER THREE — GENERAL METHODS AND MATERIALS

3.1 Introduction

The current chapter presents specific details pentato the individuals, equipment
and methodologies used. The current chapter alswidas, where necessary, the
rationale and justification for use of the aforemm@med equipment and methodologies
with reference to their previous use in the scfentliterature. Equipment and
methodologies that were specific to a particulardgt are detailed in subsequent

chapters.

3.2 Patients and Participants

Individuals that participated in the current resbamere all unilateral transtibial
amputees recruited from the Vascular Limb Unit, IHRbyal Infirmary, Hull, UK
(studies one and two — referred to as patientsngurehabilitation) and from the
Department of Physiotherapy, Castle Hill Hospi@bttingham, UK (studies three, four
and five — referred to as participants followingsatiarge). Specific patient
demographics are detailed in each particular stadywell as details of patient’s
specific prosthetic components. Prior to taking pathe current research, participants
were made aware as to the nature of the studiepabtjcipant information sheets
(Appendix A — studies one and two, Appendix C -dms three, four and five). Signed
informed consent was provided by patients to thecwiar surgeon at the decision to
amputate (Appendix B - studies one and two) anthéophysiotherapist at discharge
from rehabilitation (Appendix D - studies threeufoand five). When referring to
individual limbs, the term affected related to #mputated limb, with intact relating to

the unamputated contralateral limb.
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3.2.1 Ethical Approval

Ethical approval for all studies was sought throubk National Health Services
National Research Ethics Service framework. Ethaggiroval of studies one and two
were obtained from the South Humber Research Etharamittee (reference number:
04/Q1105/31). Ethical approval of studies threelr fand five were obtained from the
Hull and East Riding Research Ethics Committeee(sefce number: 08/H1304/10).
South Humber and Hull and East Riding ResearchCenelopment Departments also
granted approval once ethical approval was confirnmecluding the award of honorary

NHS contracts to researchers associated with @¢adk.s

3.2.2 Inclusion/Exclusion Criteria

3.2.2.1Studies One and Two — During Rehabilitation

Inclusion criteria for studies one and two stipeththat patients were at least 18 years
old, had recently experienced unilateral transtibraputation and were due to attend
Hull and East Yorkshire Hospitals NHS Trust for cdpéist amputee rehabilitation.
Patients were also expected to receive, but hadyabtreceived their functional
prosthesis. Finally, patients were required tortike and use an early walking aid
(EWA) and be able to walk a distance of four mewéh the assistance of parallel bars
under the supervision of a physiotherapist.

Patients were excluded from the studies if theyewseviously unable to walk due to a
medical condition (e.g. rheumatoid arthritis) ordhpreviously experienced major
amputation of the contralateral limb. Patients walgo excluded if they were not
expecting to receive their functional prosthesisware unable to follow instruction

and/or unable to follow a programme of rehabildati
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3.2.2.2Studies Three, Four and Five — Post Discharge Remmabilitation

Inclusion criteria for studies three, four and figépulated that participants were
unilateral transtibial amputees and at least 18syefhage. Participants were required to
have completed specialist amputee rehabilitatighiwithe previous four weeks prior to
consenting to participate in the studies. Partitipavere also required to travel to the
University of Hull for data collection session. Eher inclusion criteria required
participants to be able to use their prosthesibomit pain or discomfort and complete
the following tasks without the use of a walkind:avalk a distance of five metres; step
over an obstacle; step onto and from a new levedt stand still for two minute
intervals. Suitability of the participant’s abilitp complete these tasks was assessed by
experienced physiotherapists commonly dealing atiputee rehabilitation.
Participants were excluded from studies three, fna five if they had any current
musculoskeletal injuries or any cognitive deficiBarticipants were also excluded if
they were bilateral or transfemoral amputees. kaptirticipants were excluded if they
did not use their prosthesis regularly or if theperienced pain or discomfort whilst

doing so.

3.2.3 Prosthetic Components

Details of amputee’s prosthetic components areigeavin each relevant chapter. This
section provides a general description of the peigt components used and the fitting

of these prosthetic components.

3.2.4 Early Walking Aids

Early walking aids (EWA) are generic prosthetic ides used during rehabilitation for
the goal of initial gait re-education and partiaight-bearing (Scott al.,2000). This

section outlines details of the two EWASs assessédlzeir use within rehabilitation.
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3.2.4.1The Amputee Mobility Aid

The Amputee Mobility Aid (AMA) is an EWA that is epifically designed for use
within the transtibial amputee population. The AMAnNsists of a thigh corset, uni-
planar knee joint, shin tube or pylon and a soh#l@ and foot complex. The patient’s
residuum is covered by a residuum bag, which ig tilaced inside the thigh corset.
One unique design feature of the AMA is that iba# patients to practice flexion and
extension at the knee of the affected limb via dicwdated knee joint (Figure 3.1). The
AMA allows for different sized thighs and tallerdiniduals via short and standard thigh
corsets and varying shin tube lengths respectivBhe foot incorporated within the

AMA is a solid complex, not allowing for plantar dorsiflexion at the ankle.

Thigh Corset

Articulated
Knee Joint

_«—— Shin Tube

Figure 3.1 The Amputee Mobility Aid. Image used with permssion (Ortho Europe

Ltd, Alton, UK) ( www.ortho-europe.co.uR.
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Seated fitting of the AMA (Figure 3.2) initially geired measurement of patients’ intact
limb, groin to knee and knee to floor lengths iderto adjust the thigh corset and to
select the correct shin length respectively (A)reSiduum bag was placed over the
residuum of the amputated limb and then placed timothigh corset of the AMA (B).
The AMA was then donned by the patient (C), thighport straps were tightened (D),
followed by inflation of the residuum bag to a pa® of 40mmHg (E). The patient
began partial weight-bearing between parallel baid any adjustments could be made
(F). The AMA length was adjusted by matching the thighset and shin length to the
length of the intact limb. In both cases, fittinfjtbe AMA and prosthetic limb length

was determined by highly experienced physiothetsypigor to data collection.

Figure 3.2 Schematic representation of the fitting procedwe for the Amputee

Mobility Aid. (Ortho Europe Ltd, Alton, UK) ( www.ortho-europe.co.uR.
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3.2.4.2The Pneumatic Post-Amputation Aid

The Pneumatic Post-Amputation Aid (PPAM Aid) is BWA that is designed for use
within both the transtibial and transfemoral ampufpulation (Figure 3.3). The
PPAM aid is a rigid frame structure that does ntitalate at the knee or ankle. The
foot is represented by a convex rocker complekatistal end of the device. Similar to
the AMA, patients’ residuum were placed into anat#ble pneumatic residuum bag
before being secured into the device, via the btacstrap, ready for use. The PPAM
aid is adjustable for patients of different heigdusl an above-knee residuum bag is also

available for use with transfemoral amputees (FduB).

- Adjustable S
Crucible Strapsg 1 *

Rocker
Complex

Figure 3.3 The Pneumatic Post-Amputation Aid with inflatade pneumatic
residuum bag. Image used with permission (Ortho Euwpe, Alton, UK) (www-

ortho-europe.co.uk).
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Fitting of the PPAM aid (Figure 3.4) was initiatedhilst patients were seated. Firstly,
the residuum of the amputated limb was covered waithoft dressing and a small
cushion bag was placed at the distal end of thdues (A). The outer pneumatic bag
was placed over this and covered the length oéptsi affected limb, up to the level of
the groin (B). The rigid frame was then placed ot outer bag and slid up to the
desired length but no closer than 8cm below theofdpe outer pneumatic bag (C). The
pneumatic bag was inflated to a pressure of 40mmidgle the frame was being
supported (D). A crucible strap was fitted to thstal ring of the PPAM aid to give
support, at this point partial weight-bearing wabiaved and any adjustments made
(E). The length of the PPAM aid was adjusted bgisgj the rigid outer frame over the
outer inflatable bag until the rocker foot was ahiy positioned as decided by the
relevant physiotherapist. Fitting of the PPAM aidsaconducted by the physiotherapist

prior to data collection.

Figure 3.4 Schematic representation of the fitting procedwe for the Pneumatic

Post-Amputation Aid. (Ortho Europe Ltd, Alton, UK) (www.ortho-europe.co.uR.
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3.2.4.3Functional Prostheses

All amputees assessed were examined and presc¢hibedunctional prostheses by the
same consultant within the Hull Artificial Limb UniHull and East Yorkshire Hospitals
NHS Trust, UK. Following EWA use, patients weretdas a functional prosthesis and
prescribed a prosthetic limb which was custom hoilmatch the length of the intact
limb, an example of which is shown in Figure 3.%pitally this initial functional
prosthetic limb was comprised of the same compeaenfmtall patients. However, the
specific needs of individual patients were taketo ioonsideration. The functional
prosthesis comprised of a custom-fitted polypropgléhermoplastic socket into which
the patient’s residuum was placed. The sockehelliwith a rigid foam liner whilst the
residuum covered with a cotton sock liner. The sbakas then placed into a socket
interface device located directly above the pylbime various ankle and foot complexes
available to patients were attached to the pylonwai as an optional cosmetic
covering. The prescription of these components waay due to age, weight, activity
level, cost and patient preference. However, dlepts from studies one and two were
prescribed the same complex, with two exceptioriee &nkle and foot complexes
prescribed to the majority of patients in studiae and two were the Endolite Multiflex

ankle and foot (Chas A Blatchford and Sons wdw.blatchford.co.uk One patient

was prescribed a solid ankle and cushion heel (SAGBE (Chas A Blatchford and

Sons Ltdwww.blatchford.co.ukdue to a higher mass and activity level, whiletaar

(female) was prescribed an Elation Foot® (Ossur WKvw.0Ssur.co.uk to

accommodate wearing a raised heel shoe.
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' Affected Socket
~ limb interface
residuum device
socket

Ankle
Components
o : P

x \ i : <«—— Pylor

Foot

/ Component

Figure 3.5 A functional prosthesis with components labelte A — Senior and B —
Multiflex ankle and feet components (Chas A Blatchdrd and Sons Ltd

www.blatchford.co.uk.

Following the receipt of the functional prosthegmstient’s abilities were likely to
change markedly over time. This led to a revisiértheir requirements in terms of
prosthetic components, in particular for those wigsentered the workplace or
continued sporting activities. Following dischargem rehabilitation, participants
visited the same consultant within the Hull ArtiéicLimb Unit, HEY Hospitals NHS
Trust, UK for these revisions. Details of changegarticipant’'s prosthetic components

following discharge from rehabilitation are detdiiea Chapter Six, Section 6.2.1.
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3.3 Biomechanical Data Acquisition, Processing and $sial

3.3.1 Three-Dimensional Motion Capture

The three-dimensional (3D) motion capture systeadwgas manufactured by Qualisys
Motion Capture Systems (Qualisys, Gothenburg, Snedéhe motion capture system
at the Department of Sport, Health and Exerciserf®g, University of Hull was made
up of optoelectronic Qualisys ProReflex MCU1000 esams, the associated data
acquisition software Qualisys Track Manager vergdh(QTM v2.2) and all associated
hardware (Qualisys, Gothenburg, Sweden). This egan allowed for the capture of
3D movement (kinematic) data via retroreflectiverkeas placed upon the object of
interest. Two types of force plate were used, ngreelKistler 9281B11 piezoelectric
force plate (dimensions: 600x400mm) (Kistler, Wittiar, Switzerland) and an AMTI
BP600600 strain gauge force plate (900x600mm) (ANVIA, US). These force plates
are capable of measuring ground reaction forced=j(pRoduced by individuals as they
move over the force plates and make contact w&mthrhe force plates measure GRFs
along three axes, namely vertical (Fz), anteriastgaor (Fy) and medial-lateral (Fx).
Different combinations of camera numbers, posihgniforce plates and associated
equipment were employed in order to capture 3D.ddta number of cameras used and

their positioning is specified within the relevanéthodology sections of each study.

3.3.2 Data Capture Unit Set-Up

The Qualisys ProReflex camera system is a flexdaka capture system that is arranged
in a serial fashion via the use of category 5 datdes as illustrated in Appendix I.

The cameras were arranged on adjustable tripodsider for optimal and accurate
viewing and re-positioning. In study one, cameraseaconnected to a laptop PC (Dell
Latitude D800, Dell, Bracknell, UK) via a PC-S10548ltra serial port from which data

were fed into QTM v2.2 (Qualisys, Gothenburg, Swegde
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Study three collected both kinetic and kinematitad&ull hardware details are given
below and in Appendix I. The analogue kinetic dsignals ran from the Kistler force
plate to the Kistler connection box (Kistler Typeé0BA, Kistler, Winterthur,

Switzerland) via connection cables (Kistler Typéb8&). The AMTI signal ran from

force plates to signal amplifier units. These datxe then fed into the analogue to
digital (A-D) converter (Qualisys PCI-DAS6402/16u&disys, Gothenburg, Sweden)
via coaxial cables and BNC connectors, as was lkatiendata from the cameras, for
synchronisation purposes. Camera one was conngextadlesktop PC (Dell Optiplex
GX280, Dell, Bracknell, UK) via a category five datable while kinematic data were
fed into QTM v2.2 (Qualisys, Gothenburg, Swedenhaly, the A-D converter was

connected to the desktop PC via ribbon cable vg¢hktistler connection box connected

to the desktop PC, completing the fully synchrodisait.
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3.3.3 Camera Calibration

Prior to data acquisition, the 3D volume in whidte tobject of interest moved was
calibrated. The same calibration procedure was tmedll motion capture studies. In
order to capture accurate and reliable 3D coordirddta, an arbitrary global or
laboratory coordinate system was defined (Z - wvaltiX — anterior/posterior and Y —
medial/lateral). Qualisys Track Manager v2.2 usdgramic calibration method where
an L-shaped reference structure (750 mm x 550 ngu(e 3.6) with retro reflective
markers attached is placed in the estimated ceftitee 3D volume. The marker in the
corner represented the lab origin or zero pointafbration wand is then required to
carry out the calibration procedure. The calibraticand used in the current studies had
markers at each endpoint of the T, an exact knostarte of 749.4mm apart (Figure
3.6). The L-frame was placed in a consistent locafor each calibration. Qualisys
Track Manager v2.2 collected a fixed number of 1@80bration frames over a 100-
second interval in order to allow collection of tbaibration frames over an extended
period of time. This allowed coverage of a reldinamall 3D volume of approximately
6.75m (4.5m x 1m x 1.5m) in study one and a relativedyge 3D volume of
approximately 60rh (6m x 4m x 2.5m) in study three. Calibration qualivas
determined by assessing the residual error asedcwith each camera produced by
QTM v2.2 at the end of the 100-second time interRasidual errors were required to
be below 2mm for each camera. Reports on the ri#lyabf the data capture unit can be

found in Appendix H.
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Figure 3.6 Qualisys ProReflex 3D motion capture system dhtation equipment.

3.3.4 Data Acquisition

QTM software allowed for the synchronised capturbaih kinematic and kinetic data

as patients performed the movements assessed wébimstudy.

Prior to acquisition of 3D data, acquisition paréeng were set. These parameters were

pre-determined as a workspace configuration thatdcbe loaded, altered, saved and

reloaded each time data acquisition occurred. Tipesdetermined settings included

kinematic and kinetic sampling frequencies anddredi error tolerances, details of

which are given in Table 3.1.

Table 3.1 Pre-determined data acquisition parameters witim QTM v2.2 for

studies one and three.

Parameter Study One Study Three
Kinematic sampling frequency (Hz) 100 100
Kinetic sampling frequency (Hz) n/a 1000
Calibration wand size (mm) 749.4 (Medium) 749.4 @len)
Number of frames used in calibration 1000 1000
3D tracking parameters: Prediction error (mm) 20 20
3D tracking parameters: Max residual (mm) 5 5
Auto joining of markers (hnumber of frames) 10 10
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Spherical retro reflective markers (25mm — studg and 14mm — study three) were
used in order to capture 3D kinematic data. Largene easily viewed markers were
selected during study one as occlusion due to Ipakars occurred in the 3D volume
recreated in the amputee rehabilitation room. Timeakers were placed upon patients
lower limbs at pre-determined points of both anatammand technical relevance,
namely the six degrees of freedom (6DoF) marker eh@et described previously
(Cappozzeet al.,1995; Kalogridiet al.,2006; Collinset al.,2009; Buczelet al.,2010).
There are many marker sets currently availableeggearchers each with their own
inherent strengths and weaknesses. The 6DoF marteel set and a rationale for its
use is outlined in Section 3.3.5.

Once the camera system had been calibrated, tHeeraappropriately placed upon the
patient and the acquisition parameters loadedag then possible to commence data
collection. Patients were instructed as to whdsdlsey were required to perform, prior
to 3D motion capture commencing. The length of trerding occurred for depended
upon the time taken to complete each task. Thigeddretween studies and mainly due
to patient abilities. Marker trajectories were thiaelled in QTM v2.2 with the
assistance of the Automatic ldentification of Mask@AIM) function. Trajectories were
visually checked for marker switching and if neeegsedited. Files were also cropped
to include only instances of the tasks being peréat. These data were then exported in
C3D format to the modelling software, Visual 3D M&tion, Rockville, US). The post

processing and modelling stages of data analysidetailed in Section 3.4.

3.3.5 Six Degrees of Freedom Marker Model Set

The six degrees of freedom (6DoF) marker modelissene of many marker models
sets that are currently available to those intecest capturing and modelling human
movement. The model used in this thesis consist&8 ondividual markers placed at

predetermined anatomical landmarks on the loweb l&® well as rigid clusters of four
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markers to define the static calibration file (Apdex J, Table 3.2). Due to the absence
of anatomical landmarks on the prosthetic compaaenérker positions were estimated
from anatomical landmarks on the intact limb, acpdure previously reported in the
literature (Powerst al.1998; Vaniceket al.,2009a). Adapting the inertial properties of
prosthetic limb has not been shown to adverselgcafthe resulting kinetic features
apparent when investigating amputee movement (Mil@87; Czerniecket al., 1991;
Sanderson and Martin, 1997; Powetsl.,1998).

The 6DoF does not require any anthropometric assangwith regards to the joint
constraints between segments (i.e. thigh, shanth s the knee, (Cappozet al.,
1995; Kirtley, 2006; Buczelet al., 2010). The 6DoF marker model set defined and
tracked each segment independently using rigidersi®f markers. This avoided some
of the error from modelling assumptions apparentoiher models (Kirtley, 2006;
Collins et al.,2009). The 6DoF model was able to track segmewlisidually after the
relationship between the rigid clusters (techngst) and some anatomical landmarks
(anatomical set) has been defined. This involvednding a static trial with the full 28
marker set plus segment clusters (four markerlpster) present (Appendix J), as the
patient stood in the anatomical neutral positionc®this was recorded some markers
were removed to perform ‘dynamic’ trials, thoseksasvhich were of interest to the
current thesis (Table 3.2). Following this, modwg]lisoftware Visual 3D (C-Motion,
Rockville, US), was used to define the relationshgiween the static trial and the
dynamic trials. Details of this procedure are oaiti below. Appendix J illustrates the
placement of retroreflective markers for the 6Dob&rker model set employed, with

Table 3.2 detailing markers, anatomical positioms sizes.
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Table 3.2 Markers employed within the six-degrees-of-freom marker model set

with associated anatomical positioning and sizes.uwbers correspond with those

in Appendix J.

Marker Number

Anatomical Position

10

11

12

13

14

Posterior Superior
Iliac Spine

Anterior Superior

Iliac Spine

Iliac Crest

Greater Trochanter

Thigh

Lateral and Medial
Femoral Epicondyles

Shank

Distal Aspect of
Lateral and Medial
Malleoli

Distal Head of Tand
5 Metatarsals

Proximal Head of @
Metatarsal

Dorsum of the &
Metatarsal

Posterior Aspect of
Calcaneus

Medial and Lateral
Aspects of the
Calcaneus

Toe*

Marker Marker Size
Removed for
Dynamic Trials Study One Study Three
25mm 14mm
25mm 14mm
. 25mm 14mm
. 25mm 14mm
Four 25mm Four 14mm
Cluster Cluster
. 25mm 14mm
Four 25mm Four 14mm
Cluster Cluster
. 25mm 14mm
25mm 14mm
25mm 14mm
25mm 14mm
25mm 14mm
. 25mm 14mm
n/a 14mm

N.B. All markers and clusters were placed bildtgrén the absence of
anatomical landmarks, marker placement was estéfeden intact limb, as

described abov

*Marker placed on most anterior point of patierfitedt in study three only.
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The 6DoF marker model set was selected for thessssnt and modelling of
transtibial amputee movement for a number of remasbirstly, the 6DoF is a widely
reported and accepted method of modelling humanemewnt and has been shown to
have good repeatability (Cappozebal., 1995; Collinset al., 2009; Kalogridiet al.,
2006; Buczeket al., 2010). Also, assumptions are not made about jaiotsstraints
between segments when using the 6DoF marker metelkis is an important aspect
when attempting to model a prosthetic limb duéhtriumber of prosthetic components
available in place of the ankle and knee of the @watpd limb. This factor also allows
for the visualisation of erroneous marker moventleat may be hidden in other models

(Kirtley, 2006).

3.4 Three-Dimensional Modelling and Signal Processing

Three-dimensional modelling was conducted usingudis3D (C-Motion, Rockuville,
US). Raw data exported from QTM v2.2 in .C3D formats opened in Visual 3D for
signal processing and modelling. This section naflihow the signals were processed,
the data modelled, various modelling assumptiors famally, the outputs from the
modelling software.

The modelling procedure involved tracking segmental’ement through space via the
use of rigid clusters once the segments had befamedeusing a static trial. In the case
of the foot and pelvis, markers from the statialtwere also used as tracking markers in
the dynamic trials, as per the rigid clusters i ¢hse of the thigh and shank. During the
static trial the full 28 markers of the 6DoF markeodel set were attached to the bony
landmarks highlighted in Table 3.2. These markdesitified the proximal and distal
ends of segments as well as the medial and latesadcts of each joint, with the
exception of the pelvis, which is discussed in illé&low. This information allowed for

the computation of the segmental geometry andttieisentre of mass and radii of each
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segment. Table 3.3 outlines the definition of eaegment with the exception of the

pelvis.

Table 3.3 Segmental properties, values and definitions ed during modelling in

Visual 3D.
Properties Segment
Thigh Shank Foot
Lateral Greater Troch:’:\nterl‘a.teral femoral Lateral malleolus
epicondyle
Joint Hip Joint n/a
. Medial n/a Mgdlal femoral Medial malleolus
Proximal epicondyle
Parameters Radius Explicit from From endpoint to edge of segment
calculation of HIC geometry
Point from
. proximal lateral Midpoint of proximal lateral and medial
Endpoint
marker to end of  markers
explicit radius
Lateral LaFeraI femoral Lateral malleolus ~ Bmetatarsal head
epicondyle
Joint n/a
Distal . i .
Parameters Medial '\E/l;g'(?rl]gﬁgmral Medial malleolus 1 metatarsal head
Radius From endpoint to edge of segment geometry
Endpoint Midpoint of distal lateral and medial mark
Segmental Cone Cone Cone
Geometry
Segmental Mass
(proportion of 0.1 0.0465 0.0145
total patient
mass)

One assumption of the present modelling technigag twvat each segment was a rigid
structure. This assumption was quite accurate lfdoaer limb segments assessed in
the current studies except the foot. Although @litg the foot is not a rigid structure,

the aim of the current thesis was not to assesartlweilations present in the foot. Also,

by modelling the foot as a rigid segment, a moreueate representation of the
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movements in some of the (more basic) prosthetiopoments used by patients may
have been obtained.

When defining segments using the marker-basedm#bon above, various aspects of
each segmental model can be modified. Segmenta was estimated as a percentage
of the total patient mass using regression equat{Dempster, 1955). The segmental
geometry was also selected based upon previousogothetric reports (Hanavan,
1964) with the segmental length being determinedguthe marker-based information.
This also provided the segmental or local coor@gimatstem (SCS, LCS) located at
segment COM. This was required to analyse the maticeach segment. Inertial values
of each segment were calculated using the segmeakd and geometry.

In Visual 3D, the pelvis segment (Visual 3D Pelvegn be defined using similar
procedures as the thigh, shank and foot. Howewes, is not recommended by the
software developers as it requires the additioredsurement of leg length and ASIS to
greater trochanter length. The CODA pelvis wasraefiin order to complete the link
model and used to obtain pelvic kinematics. Thendafn of the CODA pelvis used the
right and left anterior and posterior superiordlgpines (ASIS and PSIS respectively)
with the pelvis being modelled as a cylinder arsdnitass a proportion of total body
mass of the patient (0.142). These bony landmarksgyanerally easier to palpate on
slimmer patients. The origin of the CODA pelvis ati@ location of the SCS are
located at the midpoint of the line between ASISrkees. From here, the hip joint
centres were estimated using regression equatota®ed by Visual 3D from previous
experimental work (Belét al., 1989; Bellet al., 1990). A virtual Visual 3D pelvis was
also created in order to offset the 20 degree oéram pelvic tilt apparent in the
definition of the CODA pelvis and to calculate pelabliquity and rotation.

Once each segment had been defined, it was codtairikin a link model, whereby

joints (e.g. knee) were defined between segmentiseaproximal end of one segment
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(thigh) and the distal end of another segment (sharhis procedure was saved as a
model template in .mdh format. The model templatesimply an ASCII file that
contains information on segment definitions andip@ant data.

Once the static trial had been modelled the dyndnats were then assigned to the
static trial. This defined the relationship betwdba modelled segments in the static
trial and the rigid clusters and other tracking keas present in both the static and
dynamic trials.

Following the building of the model, assignmentdyhamic trials to the static trial,
some processing of the raw data signals was coetpléélarker trajectories were
initially interpolated using a cubic spline algbnt with a maximum frame gap of ten.
Both the processed marker trajectories and thekiaetic data were then filtered to
remove high frequency noise using a low pass Butigh filter with a cut-off
frequency of 6Hz, as recommended in the litera{Rebertson and Dowling, 2003).
Once the pipeline command had been executed andathewere re-calculated, event
identification was possible.

Event identification was necessary in order to radige data to one gait cycle. In study
one, kinetic data were not collected. Thereford, &&nts of heel strike and toe off for
both left and right feetwere determined and verified visually, a procedused
previously (Vaniceket al., 2007). This approach was also adopted for partstuaty
three, however, with the addition of kinetic dataywas possible to more accurately
identify when these gait events occurred. Oncedghamic trials had gait event
identification, it was then possible to presentiMas measures as a single mean trace
for that particular patient from that particulaiss®n, over one gait cycle. As well as
normalising the kinetic and kinematic data, eveentification also provided temporal-
spatial variables such as step and stride lenglhth& variables provided from the

processed data set were then presented in Visuak3Dgait report.
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Kinematic measures were defined in Visual3D ushrggrelative orientation of the local
coordinate systems of the two segments making epjdmt and an Xx,y,z, cardan
sequence. Details of the mathematical procedurespesvided by authors of the
modelling software and in the literature (HamilldaBelbie, 2004). The following joint

angular position conventions were used:

Positive Negative
Sagittal Plane Flexion Extension
Dorsiflexion Plantarflexion
Frontal Plane Adduction Abduction
Transverse Plane Internal Rotation External Ratatio
Pelvic Definitions: Positive Negative
Sagittal Plane Anterior Tilt Posterior Tilt
Frontal Plane Upward Obliquity Downward Obliquity

Joint moments (N.m/kg) normalised to mass, werenddfusing traditional inverse
dynamics procedures in Visual 3D wherénk segment model was created that initially

separated each segment as rigid bodies. The folipyaint kinetic conventions were

used:
Joint Moments Positive Negative
. Extensor Flexor
Sagittal Plane Plantarflexor Dorsiflexor
Frontal Plane Abductor Adductor
Support Moment Extensor Flexor
Joint Powers Generation Absorption

Starting at the ankle joint, the moments actingrugie joint were calculated taking into
account the effect of gravity on the COM, the dffet the GRF acting through the
centre of pressure (COP) as well as the joint i@adbrce (Kirtley, 2006). Once this
had been calculated at the ankle joint, joint maméor the knee and subsequently the

hip were calculated using the equations below [&irt2006):
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Ankle Moment: My= F(COP — X) + F(Yc — W) — Ri(Xc — %) — Rd(Ya— Y&) + l10ts
Knee Moment: M = Fy(Xa— %) + F(Ys — %) — R/(Xs — %) — Rd(Yk — ¥o) + 1s0s — (-Mg)

Hip Moment: M, = Fy(Xi — %) + F(Yt — %) — R(Xt = %) — R(Yn — W) + li0t — (-My)

Key: M= Momenfnke
Fy = Forcg
loo = Moment of Inertia of segment x angular acceleratibsegment
Xs = distances calculated from marker coordinaigs
COP = Centre of Pressure
x = Horizontal

y= Vertical

yyyyy

The concept of support moments was presented ilit¢hature as a general measure of
muscular support in the lower limb and has beerrdesd as a useful clinical tool in
gait rehabilitation (Winter, 1980; Whittlesey an@dertson, 2004). Support moments

were calculated by summing the three lower limbtjonoments calculated above:

Support Moment: M=>(My, + Mk + M)

Joint powers (W/kg) normalised to mass, were catedl by Visual 3D after the

computation of joint moments as they were requiinettie power calculation below:

Joint Power: (M + My + M) X (©x + dy+ ;)

Key: My = Joint Momentgirection

dx = Angular Velocity girection
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3.5 Computerised Dynamic Posturography — The Neurocgnit&st®

This section outlines the set-up and technical iipattons for computerised dynamic
posturography (CPD) using the Neurocom Equitest@talls of test protocols used are
detailed in Section 7.2.

The Neurocom Equitest® is composed of a dynamit fduee plate system capable of
translation in the anterior posterior plane anditioh about the sagittal plane. Two
force plates measuring 23 x 46 cm are connectedd®ntral pin joint, recording forces
via four force transducers mounted symmetrically arcentral plate with a fifth
transducer bracketed to the central plate belowpthgoint. This configuration allows
for individual analysis of vertical force under thght and left feet separately. The four
force transducers measure vertical forces apptigtie support surface with the central
transducer measuring anterior posterior shear ftocdoth feet (Appendix M). The
visual surround is capable of rotating in the gabjlane with a maximum velocity of
15 deg/s. The force sampling frequency was sed@tHz. Developers of the Neurocom
Equitest® provide specific guidelines pertaininghe experimental set up, participant
preparation and administration of the testing pdoces relating to the equipment which

are outlined in Chapter Seven, Section 7.2.

3.6 Generic and Prosthesis-Related Quality of Life Ballk Efficacy — Self-Report

Measures

Patient reports of quality of life (QOL) and th@irostheses are important factors that
determine how well an amputee adapts to the exparief amputation.
The self-report measures described in detail bednw to assess the generic and

prosthesis-related QOL as well as falls efficagyoréed by amputees.
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3.6.1 The Medical Outcomes Study Short Form-36

3.6.1.1Introduction

The SF-36 health survey is a generic measure dthhetatus and is one of many tools
available that allow clinicians and researcherasgess patient reported QOL. Its ability
to be administered in a variety of ways (postalpn#) in person) as well as being
translated into a large number of languages andnegpecific versions, has led to the
SF-36 being widely accepted tool for the assesswfeant individual's QOL. The paper

based UK version of the SF-36 was used to assemsgeh in transtibial amputee

generic QOL as they progressed through rehabditaaind six months post discharge.

3.6.1.2Background and Development

The SF-36 was designed for a variety of uses imotudlinical practice and research
(Ware and Sherbourne, 1992) and aimed to provistaradardised measure comparing
patients with chronic health problems to those ftomgeneral population (Waet al.,
2000).

The SF-36 questionnaire (Appendix E) is made up3®fitems, these items then
contribute to eight scales (Table E.1), assessifigrent health phenomena, such as
perceived well-being. These eight scales were wgleftom many and were the most
frequently occurring concepts in health surveys i@and Gandek, 1998), namely
Physical Functioning (PF), Role Physical (RP), Bo&iain (BP), General Health (GH),
Vitality (VT), Social Functioning (SF), Role Emotial (RE) and Mental Health (MH).
These scales measure health from a subjective pbiview, for example, perceived
well-being. Subjective terms are assessed viareptrts of the frequency and intensity
of feeling states (Table 3.4). Developers of the3BFargued that an individual's

psychological state cannot be completely deducedh fobservable behaviour, thus
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necessitating self-report. A summary of the hepltbnomena assumed to be assessed
by the SF-36 questionnaire is provided in Table 3.5

The psychometric development of each scale isramdliin detail and referenced to
previous research within the author guidelines lwn $F-36 (Waret al., 2000). It is
beyond the scope of the current thesis to deteritmaeeliability and validity of the

psychometrics of the SF-36.
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Table 3.4 The eight scales of the SF-36 and the interpegton of high and low scores from each scale. (Ad&gd from Ware and Sherbourne,

1992).

Interpretation of scores

Scale Nu_mber Number High Low
ofitems  of levels
. - Performs all types of physical activities includithg most Limited a lot in performing all physical activitiéscluding
Physical Functioning (PF) 10 21 vigorous without limitations due to health. bathing or dressing due to health.
Role Physical (RP) 4 5 No problems with work or other daily activitiesasesult of Prob!ems with work or other daily activities aseault of
physical health. physical health.
Bodily Pain (BP) 2 11 No pain or limitations duepain. Very severe and extremely limiting pain.
General Health (GH) 5 21 Evaluates personal healttxcellent. Evaluates personal health as poor and believasikely to
get worse
Vitality (VT) 21 Feels full of life and energylalf the time Feels tired and worn out all the time
. - Performs normal social activities without interfece due to  Extreme and frequent interference with normal docia
Social Functioning (SF) 2 9 X . L ) .
physical or emotional problems. activities due to physical or emotional problems.
Role Emotional (RE) 3 4 Feels peaceful, happy aheh @ll of the time. Probllems with work or other daily activities aseault of
emotional problems.
Mental Health (MH) 5 26 Believes general healtmisch worse now than one year ago.  Believes gehesdth is much better now than one year ago.
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Table 3.5 A summary of the health phenomena assessed bg teight SF-36 scales. (Adapted from Waret al., 2000).

Physical Mental
Scale Label Function Well-Being Disability Personal Function Well-Being Disability Persor_lal
Evaluation Evaluation

Physu_:al_ PE .
Functioning
Role Physical RP °
Bodily Pain BP ° °
General Health GH ° °
Vitality VT ° °
SOC'a.I . SF ° °
Functioning
Role Emotional RE °
Mental Health MH ° °
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3.6.1.3Reliability, Validity and Use of the SF-36 in Emipal Literature

The SF-36 questionnaire has been reported to beadotliable and valid tool for the
assessment of QOL (Ware and Gandek, 1998). Thabilgly of the eight scales and
two higher order dimensions of the SF-36 have Isedect to both internal consistency
and test-retest analysis. These studies assesSedtp&om a variety of disease states
such as AIDS, diabetes, haemodialysis and GP peacfiVareet al.,2000). Reliability
coefficients from these analyses were, with a feweptions, consistently above the
recommended 0.70, mostly around 0.80 for the esghtes with the PCS and MCS
displaying values exceeding 0.90 (Ware and Kosjrix}1).

Validity of the SF-36 health survey has also reediwide ranging attention. The items
selected by authors of the SF-36 focus on eighttthemncepts from the Medical
Outcome Study (Ware and Sherbourne, 1992). Thesasjtwhen compared to other
widely used generic health surveys, were amongeidfiat most frequently represented
health concepts (Ware and Gandek, 1998). Physealtthorientated scales (Physical
Functioning PF, Role Physical RP and Bodily Pain) BRve been found to be
responsive to the benefits of hip replacement (Katal., 1992), knee replacement
(Kantz et al., 1992) and heart valve replacement (Phillips andkkg, 1992). Mental
health orientated scales (Mental Health MH, RoleoEomal RE and Social Functioning
SF) have been found to be responsive to changesvigrity of depression (Beusterien
et al.,1996) and interpersonal therapy for depressionlg@mnet al.,1997).

As well as being used to assess a wide range eéshsstates, the SF-36 questionnaire
has also been used to specifically assess QOL put@s of varying levels (Meiklet

al., 2002; van der Schar al., 2002; Hoogendoorn and van der Werken 2001; Pezzin
et al., 2000), displaying its validity of use in an patiggopulation of amputees. The
current thesis deemed the SF-36 appropriate forgign the numerous reports of

validity and reliability provided by authors anddependent reviews, as well as its
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extensive use within the scientific literature. Hawer, there is not an amputee specific

version of the SF-36.

3.6.2 The Prosthesis Evaluation Questionnaire

3.6.2.1Introduction

The Prosthesis Evaluation Questionnaire (PEQ) (AgpeF) is a measure of prosthesis
related QOL, designed for use within a populatiblower limb amputees. The PEQ is
a self-administered questionnaire designed to Imepteied by the individual using a
visual analogue scale with positive and negativspaoase anchors to assess patient
responses. The PEQ was employed to assess changasstibial amputee prosthetic
function and health-related QOL from discharge frgghabilitation, up to six months

post discharge.

3.6.2.2Background and Development

The Prosthesis Evaluation Questionnaire (PEQ) weasldped between 1995 and 1997
due to the lack of a specific amputation or prosfieclated QOL measure (Leged

al,. 1998; www.prs-research.org). It was reported Higitough there were a range of
measures that enabled the assessment of patieetsifprostheses, there were various
issues with these measures (Legt@l.,1998). Some were deemed comprehensive but
too lengthy, such as the Prosthetic Profile of Aingputee (Gauthier-Gagnon and Grise
1994; Griseet al., 1993) while others had issues with psychometimstness, such as
the Houghton Scale and Functional Independence Wea$loughtonet al., 1989;
Centre for Functional Assessment Research, 199h)las to the authors of the SF-36,
part of the rationale for the development of th&R#kas the ever-increasing importance

placed upon patient input in the delivery of healdrte (www.prs-research.ojg The

PEQ was designed for use within a rehabilitatioaltheservice research setting.
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The PEQ contains 82 items or questions, 42 of themas contribute to nine
independent scales (Table F.1) assessing variasshesis specific issues with relation
to QOL. The nine scales calculated within the PE€) Ambulation (AM), Appearance
(AP), Frustration (FR), Perceived Response (PR3idval Limb Health (RL), Social
Burden (SB), Sounds (SO), Utility (UT) and Well-Bgi (WB). Some of these scales
pertain to more generic QOL issues such as SB aBdwWAkreas others are more lower
limb amputee specific such as SO and RL. Theseesoakre developed from an
original pool of items formulated from a small gpoaf clinicians and researchers as
well as from published research, health profes$soaad an amputee support group
(Legroet al.,1998). The draft questionnaire was pilot testethwacal patients before
being readied for a field study (Legeb al., 1998). A visual analogue scale format was
selected as pilot testing revealed that the p@sdivd negative anchors aided patients in

their understanding of each item (Le@gtacal.,1998).

3.6.2.3Reliability, Validity and Use of the PEQ in Empiaid_iterature

Developers of the PEQ conducted a field study wifinal group 92 amputees varying
in level of amputation. The SF-36, The Sicknessdanrofile (SIP) and the Profile of
Moods States short form (POMS-sf) questionnairesewselected against which to
validate the PEQ (Legret al., 1998). Scales were developed from the test-refist
obtained from postal PEQ responses, with authatially categorising all items by life
domains before modifying the scales by reviewing thescriptive statistics,
correlational and factor analyses as well as tlspamses to importance questions.
Finally, scales were statistically tested for reliéy and validity using Cronbach’s
alpha, Pearson product-moment correlation coeffisie intraclass correlation
coefficients and principle component factor anayssing varimax rotation (Legret

al., 1998). All but one of the original scales (tramsfe subsequently omitted from the
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final version of the PEQ) were shown to be relisgddethe PEQ correlated significantly
with questionnaires it was compared to, suggestiisga valid tool (Legreet al.,1998).
The PEQ has been used in a variety of scientifrestigations pertaining to amputees
of varying characteristics. One previous study ugedPEQ as one comparison tool
between groups of amputees using different prastleetmponents (Kaufmaet al.,
2008). One study validated the mobility scale & BEQ (Milleret al., 2001b) while
others used the same scale when assessing thetpredif QOL, the development of a
new functional test for lower limb amputees (Asaaal., 2008; Deathe and Miller,
2005) and the influence of falling and the fearfalfing on mobility in lower limb
amputee mobility (Milleret al., 2001a). These studies further highlight the etfjcaf
the PEQ and its sub-scales in assessment of psistiealth related QOL. The current
thesis deemed the PEQ appropriate for use givenefiats of validity, reliability and
psychometric properties provided by authors and rlevant use in the scientific

literature.

3.6.3 The Modified Falls Efficacy Scale

3.6.3.1lIntroduction

The Modified Falls Efficacy Scale (mFES) is a gelbort measure of fear of falling or
falls efficacy (Hill et al., 1996) (Appendix G). Falls efficacy relates to aspa self-
perceived ability to complete a task without failinThe mFES is a variation on the
original self-report measure (Falls Efficacy Scade)duced by Tinettet al. (1990) and
includes reports of outdoor activities. The mFE®nsarily targeted at detecting and
assessing falls efficacy in the population grouphkigher risk of falling, for example,

the elderly.
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In this thesis, the paper-based version of the miwES used to assess changes in falls
efficacy in transtibial amputees from dischargenfreehabilitation, up to six months

post discharge.

3.6.3.2Background and Development

As previously stated, the mFES is a variation of Halls Efficacy Scale (FES) which
was developed in order to provide a more sensitieasure of falls efficacy than was
previously available (Hillet al., 1996). The ten item FES questionnaire assessed
individuals’ confidence in completing everyday tagk a ten point scale from ‘not at
all confident' to ‘completely confident’. Authorsfdhe mFES also allude to the
potential ceiling effects associated with the egido of outdoor activities in the FES,
thus not being able to differentiate between avei@gyl more mobile individuals. Four
items assessing tasks commonly reported by falNere added to the FES to create the
MFES, the psychometric properties of each questiomwere then contrasted within

the study reported by authors (Hell al., 1996).

3.6.3.3Reliability, Validity and Use of the mFES in Empi Literature

The mFES was subject to analyses of reliability aaleity within the development of
the questionnaire itself. Modified versions of #IeS have been reported to have good
re-test reliability, with a lowest intraclass cdateon coefficient of 0.54 for any item,
the majority being considerably higher (Hl al., 1996). The validity of the mFES was
highlighted by the observation of statistically fdient population responses in falls
efficacy between those referred to a falls climd a control group (Hilét al.,1996). A
modified version of the FES has also been repdddtave greater internal consistency
and response variability than the original FES (Bals and Lockett, 2008). The FES

has been subject to a review article (Jorstaal.,2005). This article reported both good
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internal consistency (cronbach’s alpha 0.90) amst re-test reliability (r=0.71),
reporting the mFES to be both a valid and reliabde.

An mFES has been reported as a tool used in eraprasearch into the falls within a
community dwelling elderly population (Delbaee¢ al., 2009), improvement in fall
rates in the elderly via training (Vrantsidis al., 2009) and in analyses of the effect of
fear of falling on gait in the elderly (Chamberéhal.,2005). The current thesis deemed
the mFES appropriate for use given the reportsatitity and reliability provided by

authors and the relevant use in the scientificditae.

3.7 Statistical Analysis

A range of statistical models were applied to datd details of these statistical models
are presented in the methods sections of the r@lestadies. The majority of statistical
models applied to data as well as the dependanables analysed within these
statistical models were chosanpriori. If the statistical model and/or the dependant
variables were chosen post-hoc, then this has Ilbeported within the statistical
analysis sections of the relevant methodology sesti

Assumptions of all statistical tests were checketere violation of these checks
occurred, the appropriate non-parametric statistest was employed. Details of each
statistical model fit are detailed within the medbtogy section of relevant studies. The

alpha level of statistical significance for all tsdtical analyses was fixed a&@.05.
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4 CHAPTER FOUR — STUDY ONE. Kinematic Gait Adaptations in

Transtibial Amputees During Rehabilitation.

4.1 Introduction

Previous research has not investigated the infriericdifferent EWAs on relearning
independent gait or how the prior use of an EWAEH early prosthetic gait. However,
understanding how patients modify their gait ay flearn to walk with a prosthesis in a
rehabilitation setting could have important imptioas for both patients and therapists.
The aims of the current longitudinal study weree#hifold. Firstly, the study
investigated the gait patterns of transtibial arepstusing either the AMA or PPAM
aid. Secondly, the study investigated how the reviuse of either EWA influenced
gait as patients started to walk with their funcéibprostheses for the first time. Lastly,
the longitudinal changes in gait that occurred frdm first use of the functional
prostheses to discharge from rehabilitation wevestigated.

It was hypothesised that (1) during EWA use the Aliidup would display a more
proficient gait pattern in terms of variables sashwalking velocity, when compared to
the PPAM aid group as they were using an EWA wiginemter functional capacity.

It was also hypothesised that (2) upon receipt fafngtional prosthesis, those patients
having previously used the AMA would display a mereficient gait pattern as they
would have been used to practicing the controlhef knee joint on the affected side.
Lastly, it was hypothesised that (3) following tieeeipt of a functional prosthesis, until
discharge from rehabilitation, the differences prédetween patients using either the
AMA or PPAM aid would diminish as both groups adaptto their mechanical

constraints.
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4.2 Methods

4.2.1 Patients

Fifteen patients (12 men and 3 women) (Table 4.hp vmad recently undergone
transtibial amputation and were expected to receing had not yet received, a
functional prosthesis were recruited into the stuidhese patients were recruited over a
period between May 2005 and June 2007. Patientsheadtudy explained to them by
physiotherapists and subsequently gave written rméal consent prior to data
collection. Inclusion and exclusion criteria of igats in the current study have been

detailed in Chapter Three, Section 3.2.2.

4.2.1.1Prosthetic Components

Patients participated in the current study duringmal rehabilitation treatment. Early
walking aids were only available during physiothrareatment, limiting the time

patients could practice walking with such devic@sce patients had received their
functional prosthesis they were then assessed lygigiherapists to ensure safe
mobilisation outside of the rehabilitation settifighe amount of time they used their
prosthesis outside of the rehabilitation settingiedh according to their needs and
abilities. EWAs and functional prostheses wereditby experienced physiotherapists

according to the manufacturer’s guidelines.
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Table 4.1 Patient characteristics of transtibial amputees

Grou Gender Age Height Mass Amputated Limb Cause of Amputation Functional
P (Male/Female)  (years) (m) (kg) (Right/Left) P Prosthesis
F 49 1.61 93 R Non-vascular
M 71 1.78 71 R Vascular
M 51 1.88 111 L Non-Vascular
PPAM M 68 1.71 101 R Vascular
All patients
M 65 1.80 95 R Vascular used patella
M 61 1.60 63 L Vascular tendon
bearing
Fr 41 1.49 57 R Non-Vascular  Endolite
prostheses
Mean+SD 58.0+11.2 1.70+0.14 84.4+20.6 with a
multiflex
F 66 1.70 75 R Vascular foot and
M 40 1.79 77 R Non-vascular ankle
except;
M 70 1.67 72 L Vascular *SACH foot
to .
M 26 1.83 63 R Non-Vascular ~ @nd Elation
AMA Foot.
M 35 1.70 58 R Vascular
M 43 1.72 81 L Non-Vascular
M 57 1.77 121 R Non-Vascular
m* 62 1.87 111 L Vascular
Mean+SD 49.9416.0 1.76+0.07 82.3+22.3
All Patients 53.6%14.1 1.73+0.11 83.3+20.1
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4.2.2 Experimental Design and Protocol

Data were collected when patients attended a d@tciamputee rehabilitation
physiotherapy unit staffed by physiotherapists valinical expertise in this area. The
unit serves as both an in- and out-patients clasigpart of the Regional Limb Fitting
service. Patients attended treatment as often ysqgtherapists felt was appropriate to
their stage of rehabilitation. Patients followed iadividually designed programme
consisting of goals negotiated and agreed withpégent. The study was a repeated
measures design with randomised group allocatioior Po data collection, patients
were randomly allocated into experimental groupgagishe sealed envelope method;
one group using the AMA (n = 8) the other usingRAM aid (n = 7).

Patients attended a different number of gait neiingi sessions as walking ability with
either EWA or patients’ initial functional prosthegprogressed at different rates. The
majority of data were collected when patients aléeh as outpatients. To enable
comparisons between patients, data collection aessivere standardised to five time
points during their rehabilitation. Data were coterl during visits one and two when
patients attended the initial and final rehabilttatsessions, respectively, whilst using
their specified EWA. Visit three measured patiemBilst using their functional
prosthesis for the first time and data were thdlecied two weeks later at visit four.
Assessing patients at visit four allowed the meament of gait adaptations that
occurred in the short time following receipt of thumctional prosthesis. The final data
collection was completed when patients were dighrfrom rehabilitation at visit
five.

Patient’s height (m) and mass (kg) were recordest-pargery using a free-standing
height measure and beam column scale (Seca, BinamngUK). Data collection took
place in the amputee physiotherapy room. An eigithera motion capture system

sampled three-dimensional kinematic data at a &equw of 100 Hz using QTM
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software. Details of these methodologies were wediin the Chapter Three, Sections
3.3 and 3.4.

Six wall-mounted cameras with multi-planar viewsdawo tripod-mounted cameras
with frontal plane view were set up in order toowll for a capture volume
(approximately 6r) suitable for gait analysis. This configurationsaselected given
the dimensional restrictions inherent to the ampuéhabilitation room and in order to
capture data between parallel bars (Figure 4.1)a Daere only collected as patients

walked towards the two tripod-mounted cameras.

Figure 4.1 The eight camera ProRefléX system setup in the Amputee Therapies

Room at Castle Hill Hospital, Hull, UK.

Patients were required to walk between paralle$ ladra self-selected velocity, resting
as required. A minimum of five walking trials wenecorded per session. Patients wore
their own comfortable, flat footwear during all datollection sessions. The PPAM aid
has a convex rocker ‘foot’ at the distal end (Feg8r3), thus patients only wore a shoe
on the intact limb. A TES belt (Syncor, Dublin, lmed) was employed in order to aid
accurate three-dimensional reconstruction about pikis by reducing soft tissue
movement. Once patients had been fitted with tlspecified EWA or functional

prosthesis, 25 mm reflective markers were attathesppecific anatomical landmarks by
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the same investigator according to the six degdefreedom marker model set,
described in the Chapter Three, Section 3.4. Magrkerement on the affected limb was
estimated from intact limb anatomical landmarkpr@cedure previously reported in the

literature (Powerst al.,1998).

4.2.3 Data Analysis

Data frames of steady-state walking were analysddageraged for walking trials. Gait
events were identified visually from the motion wap data. Group mean (SD)
temporal-spatial variables of walking velocity, st@nd stride length, cadence, relative
double limb support and relative stance duratiorewsalculated and normalised to the
gait cycle. Walking velocity is of particular cloal relevance as improvements between
0.10 and 0.16 m/s have been used to infer clipigaéaningful functional progress
following hip fracture and stroke (Palombast al., 2006; Tilsonet al., 2010).
Kinematic data of the ankle, knee, hip and pelveyevmeasured in the frontal and
sagittal planes and normalised to the gait cyctental plane (hip and pelvis) and
sagittal plane (ankle, knee, hip and pelvis) jaingles were analysed at foot contact and
toe off. Peak joint angles were also compared duttie swing phase and, for the knee
only, during the loading response. In order to ldghe effects of using either EWA
when walking with a functional prosthesis durindpabilitation, data were presented

from the first (visit three) to the last (visit &y use of functional prostheses.

4.2.4 Statistical Analyses

Group averaged means were used for statisticaysisalDifferences in each group
characteristic were analysed using an independamiples t-test. A mixed design
repeated measures analysis of variance (ANOVA) paformed, Limb (affected vs.

intact) * Group (AMA, PPAM) * Time (visit number)yith repeated measures on the

last factor. In relation to the hypotheses, thagistical model allowed for the analysis of
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change in both general indicators of gait progreash as walking velocity as well as
the discrete measures of joint biomechanics. Inirie@ance of a significant time main
effect or interaction effect, post-hoc comparisomere conducted using a Sidak
adjustment in SPSS v.15.0 (SPSS Inc., Chicago, UBg underlying assumption of
sphericity of the data was verified and where thes violated, adjustments to the
degrees of freedom following the Greenhouse-Geissthod were applied. The alpha

level of statistical significance was set a0f05.

4.3 Results

The mean (SD) time interval for all patients betwegsits one and five was 78.1 + 25.3
days (range 40-126 days). Data for dy@5) = 0.17, p=0.20, heighd(15) = 0.13,
p=0.20 and masB(15) = 0.15, p=0.20 were normally distributed asfiel using the
Kolmogorov-Smirnov test. Data for ag#1,13) = 2.51, p=0.14, heigh{(1,13) = 4.02,
p=0.07 and mass(1,13) = 0.03, p=0.87 also satisfied the requirdneéinomogeneity
of variance as verified using Levene’s test. Thexsre no significant differences
between the PPAM group and the AMA group in terfhage (years) (p=0.28), height
(m) (p=0.29) or mass (kg) (p=0.85). There were igaiBcant differences between the
PPAM group and the AMA group in terms of total reitigation time (days) (p=0.36),
time to receipt of prosthesis (days) (p=0.25) oz tbtal number of physiotherapy

treatments received during rehabilitation (p=0.71).

4.3.1 Temporal-Spatial Variables

Temporal-spatial variables across all visits aresented in Table 4.2 with complete
statistical analyses provided in Table 4.3. Postdwmparisons for the walking velocity
time main effect revealed that walking velocity neased significantly during

rehabilitation, except between visits four and f{ype=0.07). However, there were no

significant differences in walking velocity betwegroups.
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Post-hoc comparisons for the significant time loydiinteraction revealed that affected
limb step length was significantly longer than oithmb step length at visits one, two
(p=0.00) and five (p=0.02). However, from visitebrto discharge from rehabilitation,
intact limb step length increased significantly @@3l), reducing between limb
differences, although affected limb step length stk longer than intact limb step

length at visit five. Stride length increased siigaintly between visits one and three,
four and five (all p<0.02), although there weregnoup differences (p=0.16).

During visits one and two, the PPAM group displagaghificantly larger between limb

differences in cadence compared to the AMA grow®(@1). Also increases in affected
limb cadence from visits two to three and visitse&hto four, were significantly larger
in the PPAM group compared to the AMA group (p=0.04

Post-hoc comparisons for the relative stance durathree-way interaction effect
showed that during visits one and two, the PPAMugrehowed significantly larger

between limb differences than the AMA group, dushorter relative stance duration in
the affected limb (p=0.01). The between limb défeces for the AMA group were

somewhat smaller, but not significantly reducedravee, as relative stance duration
decreased in both limbs. The PPAM group displaystyaificant increase in affected
limb relative stance duration from visit two toiviree (p=0.01). Relative double limb
support analysis produced a significant Visit * Goanteraction (p=0.00). This resulted
from a generally linear decrease in relative dodiold support in the AMA group,

contrasted with inconsistent changes in the PPAdligr
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Table 4.2 Mean (SD) temporal-spatial variables. Data arpresented for the affected and intact limbs separaty.

Rehabilitation Session Number

Group Visit One Visit Two Visit Three Visit Four ISt Five
Walking Velocity AMA 0.30 (0.11) 0.41 (0.17) 0.49 (0.11) 0.58 (0.12) 0.71 (0.13)
(m/s) PPAM 0.33 (0.08) 0.37 (0.04) 0.52 (0.04) 0.65 (9.09 0.72 (0.14)
Rflagvg Doubtle AMA 60.1 (6.1) 57.5 (9.1) 53.8 (4.5) 50.8 (4.6) 284.3)
m uppor
(%ch}p PPAM 46.0 (7.8) 44.7 (2.3) 52.7 (2.0) 46.0 (4.8) 946.3)
_ AMA 0.80 (0.16) 0.86 (0.17) 0.92 (0.13) 0.98 (0.14) 1.04 (0.17)
Stride Length (m)
PPAM 0.72 (0.06) 0.74 (0.04) 0.88 (0.03) 0.92 (.06 0.98 (0.06)
AMA Affected 0.41 (0.11) 0.45 (0.04) 0.47 (0.04) 50.(0.04) 0.53 (0.03)
PPAM Affected 0.44 (0.03) 0.43 (0.03) 0.44 (0.03) .47(0.04) 0.49 (0.04)
Step Length (m)
AMA Intact 0.35 (0.06) 0.41 (0.04) 0.45 (0.03) 0(@703) 0.51 (0.03)
PPAM Intact 0.29 (0.05) 0.31 (0.03) 0.44 (0.03) 40(@.03) 0.48 (0.03)
AMA Affected 49.6 (13.5) 53.1 (4.7) 61.1 (5.9) 71462) 80.8 (4.1)
Cadence PPAM Affected 48.0 (5.7) 52.8 (4.7) 73.6 (4.3) 8643L) 90.1 (5.6)
(Step/Min) AMA Intact 50.0 (4.6) 58.4 (6.9) 64.9 (4.6) 72.02% 83.2 (5.8)
PPAM Intact 65.9 (7.6) 69.0 (8.4) 71.6 (3.7) 848l 86.3 (4.5)
AMA Affected 78 (4.5) 75 (6.7) 72 (2.5) 72 (3.4) e5)
Duration(% GC)  AMA Intact 81 (5.2) 82 (3.5) 80 (3.2) 77 (3.7) &2)
PPAM Intact 83 (4.4) 82 (0.6) 79 (0.7) 76 (3.7) (251)
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Table 4.3 Statistical breakdown of temporal-spatial varidles. Results are reported (F value, significancevel (P) and effect size, etafrom

the mixed design repeated measures ANOVA.

Main Effect Two-way Interaction Three-way Interaction
Time Limb Group Time * Group Limb * Group Time *inb Time * Limb * Group
F(452) p et F113) P eta F(1,13) p eth F@452) p eta F(1,13) P efa F@452 p eta F@452) p eta
walking 44 64 00* .76 030 59 .02 068 .61 .05
Velocity
Relative
DL‘i’r‘T‘]%'e 409 .01* .24 9.87 .01* 43 842 .00* .39
Support
Stide 5317 00* .64 221 016 015 048 062 .04
Length
Lirtgt’h 22.40 .00+ 63 3088 .00+ .70 220 .16 .15 0.3 7104  2.18 16 .14  6.09 .00+ .32  2.08 10 .14
Cadence 3871 .00+ .75 878 .01* .40 6.36 .03* .330.58 68 .04 1.26 28 .09 12.01 .00+ .48 11.28 .0047
Relative
Stance 520 .00+ .29 79.37 .00~ .86 453 .05 .26 835 *00.39 653 .02* .33 19.12 .00+ .60 1890 .00* .59
Duration

*Indicates statistically significant result<@.05.
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4.3.2 Joint Kinematics

Group mean joint kinematics from functional prosihgait are presented in the sagittal
plane (Figure 4.2) and frontal plane (Figure 4R@sults from statistical analyses are
provided for sagittal (Table 4.4) and frontal pla(iEable 4.5) joint kinematics.
Significant three-way interactions were found fdlr sagittal plane ankle and knee
angles throughout the gait cycle. However, at \osg¢ and two the ankle joint of both
EWAs and the knee joint in the PPAM aid were ndrcalated. Therefore, statistically
significant differences in ankle and knee jointdamatics might be expected once the
patients were able to move their joints througheatgr range of motion (ROM) using a

functional prosthesis.

4.3.3 Sagittal Plane Kinematics

Active plantarflexion was not possible given thesgi@e nature of the ankle-foot
complex of the observed prosthetic components. ifteet limb in the PPAM group
achieved greater ankle plantarflexion during eatince phase and early swing phase at
visit five (Figure 4.2).

The affected limb knee for both groups was gengfbdked throughout stance phase at
visit three, and gradually became more extendednguearly and late stance by
discharge (Figure 4.2). Peak knee flexion in thaling response was not significantly
different during rehabilitation or between groupsroughout rehabilitation, the intact
limb of the AMA and PPAM aid groups did not fullxtend at the knee during mid-
stance. However, peak knee flexion during the logdiesponse occurred somewhat
before in the intact limb compared to the affedieth (Figure 4.2). The reduction of
peak intact knee flexion between visit three tefim the AMA group during swing
phase can be observed in Figure 4.2, whereas RA&Ryroup peak intact knee flexion

increased during the same period.
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Table 4.4 Statistical breakdown of sagittal plane kinemat gait variables at Foot Contact (FC), Peak JoinAngle During Loading Response

(LR), Toe Off (TO) and Peak Joint Angle During Swirg (PDS). Results are reported (F value, significaedevel (p) and effect size, etafrom

the mixed design repeated measures ANOVA.

Main Effect Two-way Interaction Three-way Interaction
Time Limb Group Time * Group Limb * Group Timelfmb Time * Limb * Group
F(4,52) P efa F(1,13) P eta F(1,13) efa F(452) p eta F(113) P eta F452) p eta F@452 p eta
FC 2.74 .04* 17 13.02 .00* .50 1.82 20 .12 3.5801*. .22 1.04 33 .07 3.86 .01* .23 3.23 02* 12
Ankle TO 1.89 13 .13 1196 .00 .48 0.03 .86 .00 0.61 6 .6.05 0.01 91 .00 6.83 .00* .34 0.35 .84 .03
PDS 0.96 44 .07 11.712  .01* 47 5.55 .04* .30 3.6201* .22 1.44 .25 .10 4.66 .00* .26 3.00 .03* .19
FC 2.75 .04* .18 0.02 .88 .00 0.43 .53 .03 2.15 .0914 251 14 16 9.92 .00* .43 7.81 .00* .38
LR 0.73 57 .05 0.26 .61 .02 1.35 27 .09 1.59 911 1.93 19 .13 5.32 .00* .29 4.70 .00* .27
nee TO 2852 .00* .69 146.65 .00* .92 251 A4 16 6.80.00r .34 5855 .00* .82 36.72 .00+ .74 17.69 .00%*58
PDS 2226 .00+ .63 121.08 .00* .90 5.71 .03* .31 078. .00* .38 39.93 .00* .75 29.69 .00* .70 17.32 *.00.57
_ FC 2.36 .07 .15 1.42 .26 .10 0.10 76 .01 0.43 783 1.42 .26 .10 410 .01 .24 7.34 .00 .36
P TO 3.80 .01* .23 3443 .00+ .73 0.00 96 .00 1.33 27 . .10 20.35 .00 .61 15.06 .00* .54 10.75 .00* .45
FC 2.21 .08 .15 35.40 .00* .73 0.01 .85 .00 0.61 6 .6.05 1.78 21 12 2.59 .05 .17 1.15 .34 .08
Pelvis TO 2.77 .04* .18 0.01 .93 .00 0.00 .98 .00 0.89 .4806 4.26 .06 .25 1.37 26 .10 1.00 42 .07
PDS 2.00 A1 .13 6.15 .03* .32 0.00 .98 .00 0.67 2 .6.05 1.30 .28 .09 2.34 .07 .15 0.42 .80 .03

*Indicates statistically significant result<@.05.
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Throughout rehabilitation, neither limb in eitherogp achieved full hip extension
during the gait cycle. The PPAM group displayec@géer change in affected limb hip
ROM from visits three to five, almost reaching faktension at the pre-swing phase
(Figure 4.2). At foot contact (p=0.02) and toe @@#0.00), post hoc analysis revealed
that the PPAM group’s affected limb hip flexiogsificantly increased from visits two
to three resulting in significant three-way intgran effects.

No significant interaction effects were found irvpetilt, reflecting the low magnitude
of changes in pelvic motion. Pelvic tilt remainedeaxior in direction, although reduced

pelvic ROM was observed at visit five in both ategtand intact limbs (Figure 4.2).

4.3.4 Frontal Plane Kinematics

The AMA group displayed an observable reductiomnbact hip abduction from mid-

stance to early swing phase during visits thredivte, whereas the PPAM group
displayed a general increase in intact hip abdoc{leigure 4.3). Post-hoc analysis
revealed that PPAM group intact limb hip abductsgnificantly decreased between
visits two and three at foot contact (p=0.00) avel dff (p=0.01), resulting in significant
three-way interactions for peak hip abduction. Aféel limb hip abduction generally

decreased during the gait cycle in both group fustis three to five (Figure 4.3)
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Table 4.5 Statistical breakdown of frontal plane kinematc gait variables at Foot Contact (FC), Toe Off (TO)and Peak Joint Angle During

Swing (PDS). Results are reported (F value, signifance level (p) and effect size, élefrom the mixed design repeated measures ANOVA.

Main Effect Two-way Interaction Three-way Interaction

Time Limb Group Time * Group Limb * Group Timelifmb Time * Limb * Group

F(452) p eta F(1,13) P efa F(1,13) p eta F452) p eta F1,13) P efa F(452 p eta F@452) p eta
FC 133 .27 .09 1035 .01* 44 095 35 .07 091 6 .407 018 .68 .01 563 .00r .30 544 .00+ .30
TO 059 67 .04 011 .74 01 036 .56 .03 138 250 044 52 .03 372 .01* 22 526 .00+ .29

Hip

FC 0.66 .66 .05 0.01 .94 .00 0.00 99 .00 1.03 A7 1.11 .31 .08 2.57 .05 17 4.63 .00* .26
Pelvis TO 7.09 .00* .35 0.09 J7 .01 3.30 .09 .20 423 *.0125 2.83 12 .18 2.66 .04* 17 6.28 .00* .33
PDS 2.57 .05 .17 1.29 .28 .09 3.21 10 .20 0.28 .892 2.77 A2 .18 2.40 .06 .16 4.54 .00* .26

*Indicates statistically significant result, p<0.05
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At visit five, hip-hiking had reduced on the affedtside and increased on the intact side
in relation to visit three, for both groups (Figu4e3). Profiles of pelvic obliquity
remained similar but changed in magnitude. Howepest-hoc analysis revealed that,
in the PPAM group, intact hip-hiking significanttjecreased between visits two and
three at foot contact (p=0.02) and toe off (p=0.0&}¥ulting in significant three-way

interactions.

4.4 Discussion

Research has shown that transtibial amputees &et@bvalk effectively (Sanderson
and Martin, 1997; Nolart al., 2003). However, there have been no reports to date
about the process by which amputees regain thiyatolwalk during rehabilitation or
the effect of different EWAs. Therefore, the cutrstudy investigated the frontal and
sagittal plane kinematic differences between tiai@tamputees using an articulated
(AMA) and a non-articulated (PPAM aid) EWA duringigretraining. This study also
investigated how the previous use of either EWAugriced subsequent gait patterns,

and if either EWA had any gait benefits during tahtation.

441 EWA Gait

It was hypothesised that the AMA group would digmamore proficient gait pattern at
this stage of rehabilitation when compared to tiAM group. However, walking
velocity increased similarly between groups as godsi progressed through
rehabilitation. At the end of EWA use, velocitidsserved in the current study (0.39 +
0.12 m/s) were slower than previously reportedamgtibial amputees, four weeks into
their rehabilitation (0.51 + 0.40 m/s) (Joretsal.,2001).

The PPAM group did, however, display larger inierd differences in cadence at visits
one and two and achieved increases in walking itglocore as a function of greater

affected limb cadence at visit three. The AMA graigok longer steps with both
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respective limbs to increase walking velocity, ailtgh stride length did not increase
significantly between visits one and two. This ia@vel finding and suggests that the
type of EWA used during rehabilitation results iffetent gait adaptations but similar
increases in walking velocity. The consequencedhisffinding are unknown and would
benefit from further investigation. Similar increasin walking velocity coupled with
inconsistent inter-limb differences meant that lilypothesis of improved gait function
in the AMA group during EWA use was rejected.

Between-limb differences have been reported inistudf experienced amputees, as
was the case in temporal-spatial variables of tmeeat study, supporting the notion
that gait asymmetry is an inherent characteristiaroputee gait (Winter and Sienko
1988; Hurleyet al., 1990; Sanderson and Martin, 1997; Powedral., 1998; Isakowet
al., 2000; Bateni and Olney, 2002; Grumillietral.,2008; Vickerset al.,2008; Vrieling

et al.,2008; Vanicelet al.,2009a). Therefore, during gait retraining and béftation,
achieving gait symmetry may not always be the gRalther, returning patients to a
functionally stable and comfortable level of mdlyilmay be more realistic. Further
improvement in limb symmetry may be anticipatedwatlditional prosthetic use post-
discharge, as previous studies found that kinengaiicpatterns of transtibial amputees,
with more experience of walking with a prostheb@ the patients in the current study,
demonstrated minimal distinguishing features frdstedodied individuals (Sanderson

and Martin, 1997).

4.4.2 Transfer to Functional Prosthesis

At visit three the affected limb knee had a smaNR and was mainly flexed during

weight acceptance. At visit five, there was an ease in knee ROM during weight
acceptance. In both groups, the knee was more @gedeat initial contact, there was a
greater knee flexion during the loading respondh tie knee then extending towards

mid-stance. The greater ROM suggested that patiemtsoved their ability to control
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the knee joint on the affected side. With practpajents seemed to gain proficiency in
controlling the knee musculature especially durihg loading response. Despite the
fact that the AMA group had more practice contrglithe knee of the affected limb
since visit one, the knee flexion profiles for bafoups were remarkably similar at
discharge, with the PPAM group showing increaseeekflexion during swing phase
(Figure 4.2). Patients in the current study appkéoeadapt the intact limb more than
the affected limb, as between limb differences werduced during rehabilitation,
especially in temporal-spatial measures. This naaeheflected the amputees increased
ability to adjust their intact limb during gait Wt progressively developing the control
of their affected limb, an adaptation strategy thet been reported previously (Vanicek
et al.,2007).

Hip-hiking on the affected side reduced over tinneirth the gait cycle, however, there
were no observable differences between groups.ifitlisated that the amount of ‘hip-
hiking’ measured at visit one in both groups, restutowards discharge. This suggested
a greater ability to flex and extend the affectimabl knee, thus reducing the need to
elevate the pelvis and flex the hip on the affectetk to ensure adequate ground
clearance. It was hypothesised that upon receip @iinctional prosthesis, patients
having previously used the AMA would display a mpreficient gait pattern compared
to those having previously used the PPAM aid. Hewedue to a lack of clear inter-
group differences this hypothesis was rejectedadis groups seemed to adapt to their

functional prostheses similarly.

4.4.3 Prosthetic Ga

The hypothesis that inter-group differences in gaitild diminish following the receipt
of a functional prosthesis to discharge from relitabibn was accepted. The
inconsistent differences noted during earlier peobdrehabilitation (visits one and two)

seemed to disappear upon receipt of a functiorwtpesis. This was also coupled with

105



the lack of significant group main effects. Walkinglocity did not significantly
increase during the latter stages of rehabilitati@flecting a plateau in progress at
discharge from physiotherapy. This indicated thdtysmtherapists were only
discharging patients once a consistent level ofiliphad been achieved. It was likely
that increases of 0.41 (AMA) and 0.39 m/s (PPAMyresents highly clinically relevant
increases in walking ability. Prior to dischargatignts that had the capability practised
more functionally demanding tasks such as walkingdiféerent velocities, turning, stair
climbing, carrying loads and walking on differeetrains. Practice of such tasks, may
be necessary to invoke further improvements in inglibility at discharge.

At discharge from rehabilitation, walking velociéyd cadence values were still below
values reported in the literature (Winter and Seeril©88; Sanderson and Martin, 1997,
Powerset al., 1998; Nolaret al., 2003). However, previous studies did not inveséiga
gait patterns of new prosthetic users (Winter arehl®, 1988; Hurleyet al., 1990;
Sanderson and Martin, 1997; Powetsal., 1998; Nolaret al.,2003) and some of the
previous research investigated gait patterns frongoanger, healthier population
undergoing amputation following trauma, with a geeapotential for speedier
rehabilitation (Sanderson and Martin, 1997, Naaal.,2003).

Both groups of patients displayed decreased affeliteb stance duration. This has
previously been explained as a compensatory mexnaemployed by amputees in
order to protect their affected limb from increasaates (Hurleyet al.,1990; Powergt
al., 1998; Nolaret al.,2003), wariness in applying pressure to the a#fibtimb and its
surfaces and constructs, which are not used t@sigded for receiving pressure (Jones
et al., 2001) and also a lack of confidence in the abtdycontrol the affected limb
(Sanderson and Martin, 1996; Sanderson and Mat897). Affected limb stance
duration increased during rehabilitation such gtahce duration was similar between

affected and intact limbs of both groups. This wasored by a general decrease in
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relative double limb support time, more markedlyirsthe AMA group. This suggested
that patients became more comfortable and confiddnlst weight-bearing on the
affected limb during the course of rehabilitation.

All patients displayed a reduction in intact linvkée plantarflexion between 50-80% of
the gait cycle, compared to values reported imditee (Sanderson and Martin, 1997).
Keeping the intact limb in dorsiflexion during gaswing phase may assist in reducing
step length and between limb asymmetry as wellidsmga ground clearance. This
kinematic adaptation may also explain the obsereeldiction in walking velocity, as
plantarflexor muscle contribution was absent onatfiected limb.

Hip flexion profiles revealed that across all \8sibeither limb reached full extension in
either group (Sanderson and Martin, 1997; Kirtl2906). No patient displayed a hip
flexion contracture, as assessed by Thomas’ testravthe patient lies supine and
flexes one hip while one whilst maintaining theestin extension. However, there was
an improvement in affected limb hip extension ithbgroups, as the hip extended more
between 50 - 65% of the gait cycle between visgdhand five. The lack of extension at
the hip (late stance) and knee (initial contact] stance), as well as ankle dorsiflexion
and anterior pelvic tilt gave the impression of arenflexed hip, knee and ankle gait
pattern.

These findings suggest that transtibial amputeeg lmeaefit from additional home or
therapy-based exercise programmes that targetasiogg muscle length, strength and
joint mobility of the lower limb musculature. Fueustudies may also consider assessing
muscular strength and activity during amputee igaéarning. The flexed hip, knee and
ankle gait pattern and associated lowered centgganfity coupled with lower walking
velocities, could also reflect a lack of confidemzenobility of the new amputees in the

current study.
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4.5 Conclusion

The findings from the current study contribute to anderstanding of how amputees
achieve levels of gait proficiency required for épéndent living. Some kinematic and
temporal-spatial differences were found betweenwlwegroups of transtibial amputees
during EWA rehabilitation, the differences were moinsistent enough to accept the
first hypothesis. When patients transferred from AW their functional prosthesis,
differences in gait between groups were still apparHowever, at discharge, both
groups had improved walking performance and hadhexh an acceptable level of
walking ability, despite very different gait patter with the EWAs during early
rehabilitation, supporting the third hypothesis.isThuggests that the most significant
gait adaptations occurred following receipt of adtional prosthesis. Our results did
not show a clear benefit in gait patterns at dispddollowing use of either EWA. This
may have important cost implications for the NHSegi that the PPAM aid was
approximately 50% cheaper to purchase than the AMAddition, the PPAM aid can
be used during the rehabilitation of both tranatibind transfemoral amputees, whereas
the AMA was designed specifically for transtibianputees. With limitations on
financial resources and the apparent lack of dbeswefits of one EWA over another,
this factor is likely to play an important role physiotherapist’'s selection of an EWA.
Increased patient numbers and kinetic analysiswgiudees would help to further elicit

the origin of differences observed between the Adihl PPAM groups.
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4.6 Chapter Four — Study One Summary of Findings

Title: Kinematic Gait Adaptations in Transtibial Amputdsring Rehabilitation

Patients: Fifteen recent transtibial amputation patientsrfigh and 3 women). Mean * SD Age 53.6 +
14.1 years, height 1.73 £ 0.11 metres, mass 823 1kg.

Setting: Amputee rehabilitation.

Intervention: Early walking aid (EWA) — Amputee Mobility Aid (AM) or Pneumatic Post-Amputation
Aid (PPAM).

Comparison: Temporal-spatial (TSP) and kinematic variablesrapugait.

Main Description
Findings: b
:/Cacllrlzised Similar increases in walking velocity between greufstatistically and clinically
9 significant improvements throughout rehabilitation.
velocity
Step length

and cadence During EWA gait, AMA group took longer steps, PPAjvbup took faster steps.

Increases in affected knee joint ROM during weighteptance between receipt of
Knee ROM functional prosthesis to discharge from rehabibtat No differences in this effect
between groups.

Between limb differences in both TSP and kinematidables reduced over time but

Asymmetry were still present at discharge from rehabilitation

Different TSP and kinematic gait features were entdbetween groups during EWA
use. Following receipt of a functional prosthebistween group differences in gait were
Overall still present although at discharge, both grouspldiyed a similar level of walking
Summary ability. Our results did not show a clear bensiitgait following use of either EWA,
which has significant implications to the NHS withgards to patient preference and
cost.
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5 CHAPTER FIVE — STUDY TWO. Changes in Self-ReportedGeneric

Quality of Life in Transtibial Amputees During Rehabilitation.

5.1 Introduction

No study to date has documented the effect of rdiffieEWA use on transtibial amputee
QOL or how QOL changes as transtibial amputees rpssgthrough rehabilitation.
Understanding these relationships is importantagepts’ perceived QOL may affect
their transition back into the workplace, engagemmemphysical and/or social activities
and motivation to adhere to a programme of rehaboin.

Therefore, the aims of the current study were teld.fThe first aim was to investigate
the changes that occurred in self-reported QOL randtibial amputees as they
progressed through rehabilitation. The second aam te determine if and how these
changes in self-reported QOL differed between p#tievho had previously used
different types of early walking aid (EWA), namdhe Post-Amputation Aid (PPAM
Aid) and the Amputee Mobility Aid (AMA).

It was hypothesised that (1) QOL would increasdanduthe course of rehabilitation,
specifically the physical health aspect of QOL pasients’ mobility increased. It was
also hypothesised that (2) patients using the AMAIN display increased QOL during
the early stages of the rehabilitation processhag would be able to practice a more

natural gait pattern.

5.2 Methods

5.2.1 Patients

The patients assessed in the current study wersatie patient group as in study one.
Details of patient characteristics are provided able 4.1. Details of the inclusion and

exclusion criteria have been outlined in Chaptele&hSection 3.2.2.

110



5.2.2 The Medical Outcomes Study Short Form-36

The medical outcomes study short form-36 (SF-3§)p@ndix E) questionnaire is a
multi-purpose health survey consisting of 36 itefare et al., 2000). The SF-36
produces an eight-scale profile of health namelyysital Functioning (PF), Role
Physical (RP), Bodily Pain (BP), General Health {[GHitality (VT), Social
Functioning (SF), Role Emotional (RE) and Mentalaite (MH). It also produces
summary components of physical (PCS) and mentdhh@4CS), as well as an overall
or Total QOL score (Ware and Gandek, 1998) (Figkr&). These scales and
component summary scores can then be used for cmmpagainst previous research

findings.

5.2.3 Experimental Design and Protocol

The experimental design of the current study wassistent to that of study one.
Patients were required to complete one SF-36 aquesire at five standardised time-
points (visits one to five) during their rehabititmn following amputation, typically,
upon arrival to rehabilitation sessions. The reaspffor this being that discussion of
health-related issues or interaction with physicpiests or researchers may have
influenced a patient’s response to the questioanRiatients were encouraged to answer
questions based upon their own interpretation d@nmegquired, questions were repeated

verbatim by the researcher or physiotherapist.

5.2.4 Data Analysis

The SF-36 scoring system is such that a higheesodicates an improved health state
on that scale. For example, an individual with dilyopain score of 84 is deemed to
experience less pain than an individual scoring T8 paper hard copies of SF-36
guestionnaires were collected and scored by thee sasearcher and data manually

inputted into a Microsoft Excel workbook (MicrosoReading, UK). Scoring of the SF-
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36 follows a three-step procedure according toath#hor guidelines, item recoding,
computing raw scale scores and computing transfosoale scores (Waet al.,2005).
The item recoding procedure involved taking the unadly inputted raw precoded data
and assigning a recoded value to each item scoree e data has been recoded a raw
scale score was calculated, a simple algebraicduhe item responses for a particular
scale. Once the raw scale score had been calcutates then transformed using the

formula below:

Transformed Scale {(Actual Raw Score - Lowest Possible Raw Sb;Tre

: x 100
Possible Raw Score Range

Transformation of the raw scale scores to a 0-1€Mles allowed for comparison
between studies and those using different or pusvicersions of the SF-36
guestionnaire (Waret al., 2000). The transformed scores were the scoreswbedt
reported for each scale. As well as obtaining thesformed scores for each of the eight
scales of the SF-36 questionnaire, it is possibledmpute higher order dimension
scores for Physical and Mental Health as well as\amall of Total SF-36 score. These
higher order dimensions were named the Physicalpdoent Summary (PCS) and the
Mental Component Summary (MCS) and were computexthagithmetic mean of their
associated scales scores. The Total SF-36 scorthe/asithmetic mean of the PCS and

MCS.

5.2.5 Statistical Analyses

Group averaged means for patients in the curraediysiere used for statistical analysis.
A linear mixed model analysis (LMM) was employedo@ (AMA, PPAM) * Time
(Visit Number), with repeated measures on the fiastor. This design allowed for the
comparison of both the changes in QOL during rdhaton and any differences
present between groups (Brown and Prescott, 1#3@&h feature of the design (Group
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and Time) was modelled as a fixed effect with tperapriate model being selected
according to the lowest value for Hurvich and Ts&'riterion (AICC). In the instance
of a significant main effect or interaction effepgst-hoc comparisons were conducted
using a Sidak adjustment in SPSS v.17.0 (SPSSOhecago, USA). The alpha level of

statistical significance was set at(p05.

5.3 Results

Results from statistical analyses are providedabld@ 5.1. There were significant time
main effects for the Physical Functioning (PF), i8lb¢unctioning (SF) and Role
Emotional (RE) scales (p<0.05). Post-hoc analygisPB results highlighted that
significant increases occurred between visits dn@ and three compared to four
(p<0.01), as well as visit one — five (p=0.04). 9imcrease in physical functioning,
observed in Figure 5.1, was likely to be relatedp&tients better adapting to their
biomechanical constraints during rehabilitatione fost-hoc analysis of SF and RE did
not reveal where the significant time main effead loccurred.

Figure 5.2 displays the changing nature of the tegglales of the SF-36 as patients
progressed through rehabilitation. In general, mafsthe eight scales showed an
observable and steady increase in SF-36 scoressagisits, suggesting that QOL
improved as patients progressed through rehaimiitat

Significant time main effects were observed forhbphysical and mental higher order
components. Post-hoc analysis revealed these ehifes to be between visits one and
four (p=0.02) for the PCS, visits one and five tioe MCS (p=0.03) and between visits
one and four and one and five (both p=0.02) foral&F-36. A pattern of increase
across visits similar to the eight scales, was feskin the PCS, MCS and Total SF-36.
Figure 5.1 displays clear increases in PCS, MCS HBoidl SF-36, indicating that
increases in both physical and mental health douted to the improvement in overall

QOL. From Figure 5.1, it was observed that MCS ssarere generally higher than
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PCS scores. This would suggest that mental heathaMarger component of QOL for

the current group of amputees.
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Figure 5.2 Target plots of group mean transformed scoressrdm 8 scales of SF-36

from visits one to five. Age-matched normative datare presented to provide a visual

comparison (Ware et al., 2000). Scores closer to outer border of plots reka to

increased QOL in that scale.

116



Table 5.1 Statistical breakdown of SF-36 questionnairesesponses. Results are reported (F value and sigodince level (p) from the linear

mixed model. *Indicates a statistically significantmain effect.

Main Effects Interaction Effects

Time Group Time * Group
Item F P F P F P
(4,30.96) = 0.09 0.98

(4,30.96)=9.21  0.00* ,1@l58)=0.38  0.56

(4,19.63)=0.65 0.63  (1,7.1862  0.06
0.84 (1,11.66).83 0.58  (4,25.92) = 0.36

(1,1158)23  0.64  (4,24.05)=0.26  0.90
(1,11.26) =63 057  (4,22.74)=199  0.13
0.09 (4,26.42)=0.99  0.43
(4,24.63)=1.18  0.35
(4,24.76)=164 0.2

Physical Functioning (PF)
(4, 19.63) = 0.26 0.90

Role Physical (RP)
0.84

Bodily Pain (BP) (4,25.92) =0.35
General Health (GH) (4,24.05) = 0.67
(4,22.74) = 2.40 0.08

(4,26.42)=3.32 0.03* (@M)=3.52
0.02*  (1,13.610.54 0.48

0.62

Vitality (VT)
Social Functioning (SF)

Role Emotional (RE) (4,24.63) = 3.40

Mental Health (MH) (4,24.76)=0.47  0.76  (1,12.20.21  0.66

Dimension F P F P F P
PCS (4,23.51) = 3.69 0.02* (1,10.41) =0.41 0.54 ,2341)=0.25 0.91
MCS (4,24.10)=3.10 0.03* (1,11.80)=0.72 0.41 ,24410) =0.40 0.81

Total SF-36 (4,24.02) = 4.28 0.01* (1,11.18)=1.140.31 (4,24.02) =0.11 0.98
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5.4 Discussion

Although the literature has reported on the QOlramstibial amputees (Asarat al.,
2008; Zidarowet al.,2009; Van der Scharet al.,2001; Pezzirt al.,2000; Legroet al.,
1999) fewer studies have assessed QOL during trebiléation of amputees (Brooks
et al., 2001) and none have reported the effects of udifigrent EWASs during the
rehabilitation process. Therefore, the current wtunvestigated the changes in self-
reported QOL as transtibial amputees progressemughr rehabilitation. The current
study also investigated how these changes in sptifted QOL differed between

patients who used either the PPAM Aid or the AMA&\pously.

5.4.1 Physical Health Scales

Statistically significant increases in physical d¢tioning scores were observed during
rehabilitation. This partially supports the firsygothesis and suggests that patients’
mobility improved across visits. Physical functiogiand role physical scored lowest of
all eight SF-36 scales with bodily pain remaining ¢omparison to normative
population (Wareet al., 2000). There were no significant group differenaas
interaction effects in scales pertaining exclusivéd physical health (Table 5.1,
physical functioning, role physical and bodily paifhis resulted in the second
hypothesis being rejected as seemingly neither EdM&uced greater benefits in terms
of physical health QOL. Visual inspection of Figus& revealed that two out of the
three scales relating to physical health (physigattioning and role physical) were
scored lower than age-matched normative data @ugerd5-54 years of age, Ware and
Kosinski, 2007) with bodily pain being around ttzre value (Waret al.,2000). This
may be expected as the amputees in the current steik still adapting to significant

mechanical alterations that impacted upon theisgay capabilities and mobility.
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Interestingly, bodily pain was not reported to Isel@v as physical functioning or role
physical and did not change significantly over tifi@able 5.1), reflecting constant
levels of bodily pain with increasing physical faoaing and role physical scores. An
interpretation of this finding could be that asig@ats progressed through rehabilitation
their ability to perform physically orientated taskicreased. This is thought to be
linked to increased walking speed during rehalbidita(Brookset al.,2001 and Jonest
al., 2001). Patients may have developed increased tpénance or experienced a
reduction of phantom limb pain. Previous studiegeh@ported reductions in phantom
pain (Houghtoret al., 1994) and stump pain during weight-bearing (Jaatesd., 2001)
following amputation. Therefore, levels of reporteadily pain may remain the same
due to an increased pain tolerance being matcha@shsigan increasing physical
capacity. It is not clear if an increased pain rhee leads to an increased physical
ability or vice versa however, this relationshipulbbenefit from further investigation,
perhaps incorporating analyses of physical actigitg specific indices of pain. This
relationship between physical capacity and paieréwice has rehabilitation implications
for those involved in the care of amputees as ad@n improving the antecedent may
lead to gains in the other factor. There was alsignificant group main effect for
bodily pain, indicating that neither EWA was morenbficial in terms of bodily pain
reported during rehabilitation. This finding supiear the rejection of the second
hypothesis.

At discharge from rehabilitation both groups of antges reported physical functioning
and role physical to be lower than age-matched atve data and QOL data presented
for traumatic amputees a number of years follovangputation (7.5 years) (Pezzh
al., 2000). This suggests that patients’ physical gbiias the potential to improve

further, even following discharge from rehabilicati
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5.4.2 Mental Health Scales

Social functioning and role emotional displayedngigant time effects, generally
increasing across visits, although post-hoc analydiel not reveal where these
differences occurred. A possible reason for thiy i@ the variability present in the
data. This finding partially supports the first loyipesis as social functioning and role
emotional related QOL improved during rehabilitatidlental health scores from both
groups of amputees in the current study remainedy faonsistent throughout
rehabilitation. The values observed were comparafile amputees assessed a number
of years post-amputation (mean 7.5 and median a@syespectively) (Van der Schans
et al.,, 2001; Pezzinet al., 2000). This suggested that mental health in anegute
remained relatively stable following discharge froshabilitation and was not affected
by changes in physical ability. Visual inspectioh Fogure 5.2 revealed that scales
pertaining exclusively to mental health were scdriggher than age-matched normative
data (Wareet al., 2000). Although, the PPAM group generally scoraghér in these
scales, there were no significant group differenoesinteraction effects in scales
pertaining to mental health (Table 5.1, social fiomng, role emotional and mental
health). These findings refute the second hypathasiscales relating to mental health

were not reported to be higher during rehabilitairothe AMA group.

5.4.3 General Health and Vitality

General health and vitality do not belong to eithegher order dimension as they
incorporate aspects of both physical and mentdttheehe scales of general health and
vitality remained fairly consistent throughout rbhigation (Figure 5.2 and Table 5.1).

There were no group differences in either of thessdes suggesting that initial walking
with either EWA did not influence patients’ respeggo items within each scale. Figure

5.2 shows that general health and vitality, in ¢berent patient groups, were generally
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higher than in an age-matched normative group.i®usvesearch has argued that lower
limb amputation, whilst not being significantly féifent in terms of QOL when

compared to limb salvage surgery, may be beneficiavoiding further complications

to those with severe lower limb damage requiriegtinent (Hoogendoorn and Van Der
Werken, 2001). This may be the case in the cumpatient group given the causes of
amputation. Higher levels of general health andltyt may have been reported as a
result of improved QOL with reference to their poass physical condition or disease

State.

5.4.4 Component Summary Scores and Total SF-36 Score

The first hypothesis was supported by the obseamwabf a significant time effect in
component summary scores from both groups. Thigated that both physical and
mental health improved from the start to the endebibilitation. This in turn led to a
significant time effect for Total SF-36 score iretburrent patient groups. Total SF-36
score increased as a function of both improvingtaleand physical health. The lack of
a group effect and subsequent interactions effectdirmed that neither EWA was
better at increasing physical or mental health.sThnding refuted the second
hypothesis. To this end, it could be suggested EAMA selection can be made
independent of concerns of its effects on QOL. Asvipusly reported, significant
increases in physical functioning during rehattiliia were reflected in similar results
for the PCS (Ware and Kosinski, 2001).

Consistent with previous studies of lower limb atees (Pezziet al., 2000; Smithet
al., 1995), mental health was significantly better thdnysical health in the current
patient group. In the current patient group, tluald be interpreted in a similar fashion
to the results for general health and vitality. Hwent of amputation often occurs as a
result of pre-operative lower limb dysvascularithigh can be alleviated following

various surgical procedures such as limb revaseatéosn (Hoogendoorn and Werker,
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2001; Alberset al., 1996; Thompsort al., 1995). It seems in the case of amputation,
although physical capacity was reduced, mentaltineehs improved as patients may
have referenced their current health (both physacal mental) to their pre-operative

states, which in many cases was likely worse @ post-amputation.

5.5 Conclusion

The current study adds to our understanding of R is affected by the event of
amputation and how it changes following a courseebébilitation. Overall increases in
physical, mental and overall health lead to thet fliypothesis being accepted. The
current study also found that initial gait retraigiin transtibial amputees using an
articulated EWA (AMA) did not produce significaneiefits in terms of QOL at any
stage during the rehabilitation process, when coetpto the use of a non-articulated
EWA (PPAM Aid). This resulted in the second hypaikebeing rejected and implied
that a clinician’s selection of an EWA can focuupvariables other than attempted
gains in QOL. For the current patient group, supp@s found for the sensitivity of SF-
36 use as similar profiles of change in sub-scalese also reported in component
summary scores. Lastly, it was observed that mémalth in transtibial amputees was
higher than physical health, partially supportihg first hypothesis. This suggested that
a rehabilitation programme focussing upon improvpiysical health aspects would

elicit further increases in overall QOL in transtibamputees.
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5.6 Chapter Five — Study Two Summary of Findings

Title: Changes in Self-Reported Generic Quality of Lifd ranstibial Amputees During Rehabilitation

Patients: Fifteen recent transtibial amputation patientsrfigh and 3 women). Mean * SD Age 53.6 +
14.1 years, height 1.73 £ 0.11 metres, mass 823 1kg.

Setting: Amputee rehabilitation.
Intervention: Early walking aid (EWA) — Amputee Mobility Aid (AM) or Pneumatic Post-Amputation

Aid (PPAM).
Comparison: A generic quality of life measure (QOL) (SF-36).
Main o

Findings: Description
Overall QOL  During rehabilitation, QOL improved in both groups.
Components Both physical and mental health scales increasedlasly between groups during
of QOL rehabilitation. Mental health tended to be higtmantphysical health.
Group Quality of life was similar between groups durirehabilitation, despite some visible

differences

differences.

Overall
Summary

Overall, physical, mental and total QOL improvedidg rehabilitation with mental

health tending to be higher than physical healtkinty the AMA did not produce

significant benefits in terms of QOL at any stageirh the rehabilitation process. The
selection of EWA may be made independent of corcesh effects on QOL.

Rehabilitation focussed upon increasing physicallthemay elicit improvements in

overall QOL.
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SUMMARY - AMPUTEES DURING REHABILITATION

Studies one and two investigated the kinematic agatptations and self-reported QOL
in two transtibial amputee groups walking with tdifferent EWAs as they progressed
through rehabilitation. These two studies have ats@stigated the effect of using
EWAs with an articulated vs. non-articulated kneed athe effect upon the
aforementioned variables.

During rehabilitation, it was seen that walking firi@ncy improved as did self-reported
QOL. Interestingly, these results did not diffecacing to the type of EWA that was
used prior to receiving a functional prosthesisedéh two studies showed that, at
discharge from rehabilitation, patients walked miehtly and similarly irrespective of
which EWA was used previously. This is not unugnahat patients were discharged
by the same physiotherapy team once a satisfatémgl of ambulation had been
achieved. However, their walking performance watuced when compared to more
experienced amputees reported in the previousalitex (Winter and Sienko, 1988;
Sanderson and Martin, 1997; Powetsal., 1998; Nolaret al., 2003). Previous reports
in the literature of increased mental health whemgared to physical health in lower
limb amputees were supported by the observatiottsrwihe current studies (Leged
al., 1999; Pezziret al.,2000; Van der Scharet al., 2002; Asancet al.,2008; Zidarov
et al.,2009).

These results suggested that at discharge frombitighigon, as is required by the
physiotherapy team, transtibial amputees had rebalsatisfactory level of functioning
that had greatly improved from the time of thersffisteps following amputation. The
rehabilitation programme they attended had a beiaéiimpact on both their physical
functioning when using a prosthesis, as well as Q@awever, it is clear that further

mechanical adaptation must occur following dischairgm rehabilitation, suggesting
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that the re-learning process continues post-digehdt is also likely that changes in
QOL will occur with changing physical ability, asas/seen during rehabilitation.

It is not yet known what changes in biomechanicd @OL occur in the timeframe

following discharge from rehabilitation, as trabsl amputees continue to adapt to
their mechanical constraints.

The next series of studies aimed to address tlsseiswith the use various

biomechanical and psychometric tools. Studies inya®d the biomechanics, balance
performance and postural control, along with QOLirtythis potentially crucial period

of time within the transtibial amputee re-learnprgcess.
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6 CHAPTER SIX — STUDY THREE. Biomechanical Adaptations in Gait anc
Activities of Daily Living of Transtibial Amputees Following Discharge

from Rehabilitation.

6.1 Introduction

Previous research has not investigated the galeamging process that occurs
immediately following discharge from rehabilitaticas amputees are faced with an ever
increasing number of more complex movement tasksletstanding how amputees
adapt to movement challenges during this time ge@as they learn to successfully and
comfortably perform ADLs, could have important ineptions for both the amputee
and therapists involved in amputee outpatient aaterehabilitation.

The aim of the current study was to explore thepttens in transtibial amputees’
movement patterns following discharge from reh&diibn (from discharge up to six
months post-discharge) in three specific ADLs: éyel gait, 2) level gait whilst
crossing an obstacle, 3) and gait when steppigdofrom a new level.

The literature has shown that amputees with > I g&perience of prosthetic use are
likely to display increased function when compatedrecent transtibial amputees
(Sanderson and Martin, 1997; Nolainal.,2003). In addition literature has reported that
amputees are able to negotiate obstacles and sticsively (Hill et al., 1997; Powers
et al., 1997). Therefore, it was hypothesised that dutimg time period following
discharge from rehabilitation, gait proficiency @nd performance of ADLs such as
crossing obstacles (2) and stepping to and frorevalavel (3) would improve in terms

of walking velocity.
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6.2 Methods

6.2.1 Participants

Seven participants (all male) (Table 6.1) were uigéed into the study between May
2008 and December 2009. These participants hadopsdy followed a course of

rehabilitation within the Department of PhysiotlmraCastle Hill Hospital, Hull and

East Yorkshire NHS Trust, as outlined in Chapteur-&ection 4.2. Participants were
recruited within one month of being discharged froghabilitation consented to be
contacted at the last (discharge) physiotheramtrirent. Initially, participants had the
study explained to them by physiotherapists andexjto be contacted by the principle
investigator. Participants were contacted and d#dndata collection in the Human
Performance Laboratory, at which point the study watailed and written informed

consent collected. Inclusion and exclusion crit&figoarticipants in the current study

have been described in Chapter Three, Section.3.2.2
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Table 6.1 Individual characteristics and prosthetic compaents of unilateral transtibial amputees.

Amputated

Gender Age Height Mass . Cause of . .
Limb . Functional Prosthetic Components
(Male/Female) (years) (m) (kg) (Right/Left) Amputation
M 44 1.77 76.5 R Non-Vascular Renegade FreedontFoot
M 63 1.74 83.7 L Non-Vascular Tres Foot with torglsorber All ankle feet
M 44 1.82 81.0 R Non-Vascular Renegade FreedontFoot complexes allowed
for similar axial
M 75 1.93 101.9 L Vascular Multiflex Ankle and Foot movement with the
+ addition of specific
M 50 1.83 106.6 R Vascular Senator Freedom Foot differences
M 41 1.92 95.4 R Vascular Multiflex Ankle and Foot highlighted.
M 70 1.74 96.7 R Vascular Multiflex Ankle and Foot
(Mean £ SD)

All 56.1+149 1.82+0.08 91.7+11.4

Participants

"Shock absorbing ankle foot complécEnergy returning ankle foot complex for low to moately active participants.

All participants used the same socket interfacacgeand pylons as outlined in Chapter Three, Se@i@.3. Only the ankle foot complexes differed

and were provided by RSL Steeper Ltd (www.rslsteepen).
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From discharge to six months post-discharge, ppatnts attended 9.3 + 4.6
appointments at the Regional Limb Centre. Repaics aljustments of the prosthesis
accounted for 42% of these visits, consultant erations 37%, fitting and delivery of

a prosthetic component 18%, with castings makin§%yof the total visit number.

6.2.2 Experimental Design and Protocol

Data were collected as participants attended sessid the Human Performance
Laboratory, Department of Sport, Health and Exer8sience, University of Hull. The
experimental design of current study was a longialdepeated measures design where
participants attended a standardised number ofadditection sessions at one, three and
six months following discharge from rehabilitationwo patients attended a session at
twelve months post-discharge. These time pointevgetected in order to assess the
longitudinal adaptations in movement following diaoge from rehabilitation.
Participants’ height (m) and mass (kg) were reardsing a free-standing height
measure and beam column scale (Seca, Birmingham,AJtén camera motion capture
system synchronised with two force plates capti@®@dkinematic and kinetic data at
sampling frequencies of 100 Hz and 1000 Hz respagtiusing QTM software. Details
of these methodologies were outlined in the Chapkeee, Section 3.3. The cameras
were set up with multi-planar views in order toouall for a capture volume of
approximately 80r) ideal for gait analysis. This configuration waslested as it
provided a large capture volume in which to captuaeious ADLs as well as gait

related tasks (Figure 6.1).
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Figure 6.1 The ten camera ProRefleéX system setup in the Human performance
Laboratory at the Department of Sport, Health and Exercise Science, University of

Hull

Participants wore their own comfortable, flat foeaw during all data collection
sessions. Participants were able to fit and resadheir own prostheses, as is the case
on a daily basis, in order to gain a comfortablepfior to the commencement of data
collection. Once this was achieved, 14mm reflectharkers were attached to specific
anatomical landmarks by the same investigator daogito the six degrees of freedom
marker model set, described in Chapter Three, @e&i3.5. Marker placement on the
affected limb was estimated from intact limb anat@h landmarks, a procedure
previously reported in the literature (Powetsl.,1998).

Participants were required to perform a numberaitf tagsks and ADLs at a self selected
velocity, resting as required. A minimum of fiveéats were recorded per task and the
tasks were standardised in the following orderel@ait, obstacle crossing and stepping
gait. These tasks were selected as it was podsibiecreate these everyday situations
that participants were likely to encounter, in atcolled laboratory environment.

In order to recreate the stepping tasks, a cusaised surface walkway was constructed

with a step height that approximated roadside kerllse UK (BS 5395-1 2000, British
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Standards Institute, 2000) (Appendix K). In orderréecreate obstacle crossing, an
obstacle was constructed from polystyrene allowioig movement and/or breakage
should participants have touched or stood on tlstagle (Appendix K). The height of
the obstacle was selected in order to be higher ithast objects that are likely to be on
the floor in an average home, e.g. shoes, childraays. This height also corresponded
to obstacle heights previously reported (Vrielgtgal., 2009; Vrielinget al.,2007). As
previously noted, the width of the obstacle wagpsefully large to prevent amputees
from negotiating the obstacle by walking around\tieling et al., 2007; Hill et al.,
1997).

Performance of the obstacle crossing task requpegticipants to walk towards, step
over and walk away from an obstacle (Appendix LyuriBg the stepping gait task
participants walked towards and stepped onto thikwes, they then continued to
walk, turned and then walked off of the walkway p&pdix L). This allowed for the

capture of continuous gait while stepping onto frath a new level.

6.2.3 Data Analysis

Data frames of movement trials were analysed amdaged for all tasks. For ADLSs,
data from the transition step was analysed, adcymamts crossed the obstacle or
stepped to or from the raised surface. The tramsgtep represented the main functional
difference between level gait and various ADLs. Kioent events were identified
using kinetic data and in its absence, visuallynfrkinematic data. Temporal-spatial
variables of walking velocity, step and stride lmgadence, double limb support and
relative stance duration were calculated. Kinemgtint angle data from the ankle,
knee, hip and pelvis were measured in the fromdl sagittal planes. In addition, the
vertical displacement of the toe and heel and bata displacement of the toe were
calculated during obstacle crossing and steppisgstaloint moment and power data

were calculated for the ankle, knee and hip. Suppoments were calculated for each
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limb, further information on support moments is\pded in Chapter Three, Section
3.4. GRF data in the three orthogonal directionsewmrmalised by dividing by body
weight. All data were group mean (£SD) and nornealito the gait cycle for the intact

and affected limbs.

6.2.4 Statistical Analysis

Group averaged means for participants in the cursardy were used for statistical
analysis. A linear mixed model analysis (LMM) was@oyed, Limb (Affected, Intact)

* Time (One Month, Three Months and Six Months)haiépeated measures on the last
factor. This design allowed for the analysis of s in multiple gait variables
hypothesised a priori (Brown and Prescott, 1998ghHeature of the design (Time and
Limb) was modelled as a fixed effect with the appiate model being selected
according to the lowest value for Hurvich and Ts&'riterion (AICC). In the instance
of a significant result, post-hoc comparisons waseducted using a Sidak adjustment
in SPSS v.17.0 (SPSS Inc., Chicago, USA). The alphal of statistical significance

was set at £0.05.

6.3 Results

Group mean (xSD) were presented from all time poifilowing discharge from
rehabilitation for all participants. Data were als@sented from a 12 month visit for

two participants (one and two) although these tesuére not analysed statistically.

6.3.1 Level Gait

6.3.1.1Temporal-Spatial Variables

Temporal-spatial variables are presented in TaldemMth complete statistical analyses
provided in Table 6.4. Participants walking velgdicreased by 14% at six months

following discharge and although this was not statally significant, the 0.13 m/s
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increase between one and six months following @i represents a clinically
meaningful increase. Post-hoc comparisons for tagsscally significant time effect

showed increases between one month and three 4)=(p60.02) and one and six
months (p=0.01) (p=0.02) in step length and stiedgth respectively, although no limb
main effect was observed. Post-hoc comparisonthéosignificant time and limb main

effects revealed statistically significant decrsage relative stance duration between
one and three (p=0.04) and one and six months @@¥0vith differences between the
intact and affected limbs (p=0.03). There was adE¢rease in relative double limb

support time, although this was not statisticaigyngicant.
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Table 6.2 Mean (SD) temporal-spatial variables of levelagt. Data are presented for the affected and intadimb separately.

Limb One Month Three Months Six Months Twelve Musit
Wa”"?r?q /\é)e'oc'ty 0.93 (0.17) 1.04 (0.17) 1.06 (0.20) 1.17 (0.03)
Relative Double
Limb Support 34.65 (5.20) 31.53 (4.27) 30.78 (6.26) 24.78 (.19
(%GC)
Stride Length (m) 1.18 (0.13) 1.28 (0.18) 1.319). 1.40 (0.07)
Affected 0.58 (0.06) 0.65 (0.10) 0.66 (0.11) 0.0D0)
Step Length (m)
Intact 0.59 (0.08) 0.63 (0.08) 0.64 (0.09) 0.6D7).
Cadence Affected 94.5 (7.9) 96.8 (2.1) 96.8 (5.4) 98.6 6.2
(Step/Min) Intact 93.1 (11.0) 96.6 (6.1) 96.4 (7.4) 102.6 1.7
Duration(% GC)  |ntact 67 (3.0) 67 (3.1) 66 (3.7) 63 (1.5)
*Data from two participants, not included in statial analyses.
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6.3.1.2Joint Kinematics

Joint kinematics are presented in Figure 6.2 (gdgilane) and Appendix N (frontal
and transverse) with complete statistical analpsesgided in Tables 6.4 and 6.5.

Ankle range of motion (ROM) during stance phase wtistically lower in the
prosthetic ankle than the intact ankle joint (p<49.0rhis likely to be due to the reduced
plantarflexion apparent during early stance phasehe affected side (Figure 6.2).
Figure 6.2 displays the large and statisticallyndigant difference in peak ankle
plantarflexion during swing phase between limbs0(p4). This is unsurprising, given
that active plantarflexion during swing phase was possible due to the prosthetic
components apparent in the prosthetic limb. Peagiftexion during stance phase was
similar between limbs (Figure 6.2).

The observed increase in knee ROM during loadisgaoese in the intact limb when
compared to the affected limb was significant (940.(Figure 6.2). Slight increases in
knee ROM during loading response resulted in aifssgnt time main effect between
one month and six months post-discharge (p=0.0R2)addition, knee ROM during
single limb support was also statistically greaterthe intact side than the affected side
(p=0.01). Knee flexion during swing phase was camiple between limbs.

Intact limb hip flexion seemed to increase at sonths post-discharge (Figure 6.2) and
with hip abduction profiles differing between liml{&ppendix N). However, no
statistically significant differences were foundhip or pelvis kinematics in any plane,

reflected by Figure 6.2 and Appendix N.
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Figure 6.2 Group mean sagittal plane kinematics of the aétcted limb pelvis (A),

hip (B), knee (C) and ankle (D) and intact limb palis (E), hip (F), knee (G) and

ankle (H). Time normalised to 100% of gait cycle dung level gait. Vertical lines

represent toe off. Data at 12 months from n=2.
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6.3.1.3Ground Reaction Forces

Loading and decay rates are presented in Tableg6o8nd reaction force (GRF) data
are presented in Figure 6.3 with complete statisioalyses provided in Table 6.5.

As can be observed in Table 6.3, load rate wagfgigntly higher in the intact limb
than the affected limb (p=0.01), although loadiaterdid not increase significantly over
time. Figure 6.3 illustrates the statistically sfgrant increased initial peak vertical
(p=0.04) and posterior (p=0.01) GRFs on the infiadd when compared to the affected

limb.

Table 6.3 Mean (SD) loading and decay rate of level gaiData are presented for

the affected and intact limb separately.

Limb One Month Three Months Six Months n}gvrilr\\/se*
Load Rate Affected 5.0 (0.4) 5.0 (0.6) 5.6 (1.7) 5.5 (0.0)
(BWIs)  Intact 6.2 (1.8) 6.4 (1.2) 6.7 (1.1) 7.1(1.0)
Decay  affected 5.1 (0.4) 5.4 (0.5) 5.0 (0.8) 6.5 (0.0)
(BRV?;,; Intact 4.9 (1.3) 5.3 (1.0) 5.5 (1.7) 7.2(0.7)

*Data from two participants, not included in statial analyses
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6.3.1.4Joint Kinetics

Sagittal plane and frontal plane joint moments @resented in Figure 6.4, support
moments and joint powers are presented in Appe@dand Figure 6.5 respectively,
with complete statistical analyses provided in €al8.5 and 6.6.

Ankle plantarflexor moment profiles were similattween limbs (Figure 6.4). Post-hoc
analysis of peak ankle dorsiflexor moment durin@diog response revealed a
significant increase between three and six momth6.02).

Intact and affected limb sagittal plane knee monmofiles followed similar trends
while differing in certain peak magnitudes (Figéd). A significant limb main effect
highlighted the increased peak knee extensor mowuhemtg loading response in the
intact limb when compared to the affected limb (®2). This variable also increased
significantly over time, post-hoc analyses reveglinis difference to be between three
and six months post-discharge (p=0.03).

Sagittal plane hip moments also displayed simitands while differing in peak
magnitudes between limbs (Figure 6.4). The mairedadble difference was found in
peak hip flexor moment magnitude during late stapbase (Figure 6.4). Peak hip
flexor moment during late stance phase was largéne intact limb when compared to
the affected limb (Figure 6.4). Coupled with thiatieely larger increase across time in
this variable in the affected limb, these obseorairesulted in a significant interaction
effect (p=0.03). Figure 6.4 illustrates the sigrafitly greater intact limb peak hip
abductor moment when compared to the affected tioming both early (p=0.02) and
late stance phase (p=0.03).

In terms of joint powers, most of the observedaldhces were at the ankle and knee
joints (Figure 6.5). Post-hoc analysis of peak powaksorption at the ankle joint
represented by Al, revealed an increase betweearahsix months (p=0.02) visible in

Figure 6.5. In addition, the power generation b2t was considerably larger in the
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intact limb ankle joint when compared to the aféectimb (p=0.03), likely due to the
limitations of the prosthetic ankle joint comporsent

Eccentric power absorption at K1 changed signifigaaver time, post-hoc analysis
revealing the differences to be between three andchenths (p=0.05). However, these
changes were different between limbs. Although Kdgnitude seemed higher on the
intact compared to the affected side (Figure @fgre was no significant limb main
effect. Figure 6.5 highlights the increased powenegation at K2 in the intact limb
when compared to the affected limb although this wat statistically significant
(p=0.09). Power absorption during late stance pliig8¢ and early swing phase (K4)

were similar between limbs and did not change &ggmtly over time (Figure 6.5).

6.3.1.5Data for n=2 at 12 Months Post-Discharge

In terms of temporal-spatial variables, particigarat 12 months post-discharge
continued to increase walking velocity, stride légnmgstep length and cadence, while
relative stance duration and double limb suppodresed. This reflected an overall
improvement in functioning during this time period.

Sagittal plane hip ROM increased at 12 months gsstharge, as did knee ROM

during loading response in the affected limb, deotfon of increased ability in the

control of these joints. Interestingly, no furthecreases occurred in intact limb knee
ROM during loading response. Affected limb ankle NR@Quring stance phase seemed
to reduce at 12 months post-discharge, perhapsnjurction with the aforementioned

knee adaptations.

Ground reaction forces experienced by each limb alsanged between 6 and 12
months post-discharge (Figure 6.3 and Table 6 &dlrate increased in the intact limb,
with little change in the affected limb whilst dgaates increased in both limbs. Linked
to the changes in load and decay rates, were eseia both initial and second peak

vertical GRF in the intact limb. However, simildfezts were not visible in the affected
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limb. Peak anterior GRF increased in both limb&Zamonths post-discharge, however
the magnitude of peak posterior GRF remained x&htisimilar to that at six months.

These between limb differences continued the pattr increased forces being

experienced by the intact limb.

Although ankle moment profiles were similar at 18nts post-discharge to those at
six months post-discharge, large adaptations wbserged at the knee (Figure 6.4).
Peak knee flexor moment during stance phase iredeats12 months post-discharge in
the affected limb. However, the intact limb kneememt profile was notably reduced at
12 months post-discharge during stance phase. Agant an increase in hip extensor
moment during loading response in both limbs, thesee few changes in hip moment
profiles at 12 months post-discharge.

Many of the adaptations that occurred in terms adhtj powers related to power

generation. In particular, ankle (A2) and hip po\iidt) bursts increased in both limbs
during late stance phase and loading responsectesgg. These variables were also
greater in the intact limb when compared to thea#d limb (Figure 6.5), highlighting

that most power generation during gait occurrethénintact limb.
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Table 6.4 Statistical breakdown of level gait temporal-satial variables and sagittal plane joint kinematics Results are reported (F value and

significance level (p) from the linear mixed modelIndicates a statistically significant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Temporal-spatial Variables F P F P F P
Walking Velocity (2,8.98)=1.82 0.22
Stride Length (2,9.01)=7.07 0.01*
Relative Double Limb Support (2,9.02) =3.64 0.07
Step Length (2,11.86) =7.09 0.01*
Cadence

(1,10.20)300. 0.59
(1, 18.36) = 0.22 650.
0.01* ,63B2)=7.63  0.03*

F P F
Peak ankle plantarflexion during loading response 2, 19.69) =0.61  0.56 (1,7.65)=1.73

0.23 (272p=1.16  0.33
Peak ankle dorsiflexion during stance (2,14.6365 0.17 (1, 8.23) =0.93 0.36 (2, 20.35) = 1.24 .310
Peak plantarflexion during swing (2,8.51)=3.19 .00 (1,10.27)=45.90 <0.01* (2,7.95)=1.72 0.24
Ankle range of motion during stance

(2,11.48)571. 0.25 (1,11.23)=19.39 <0.01* (2,10.46)=0.030.97
Peak knee flexion during loading response (2, 87404 0.96 (1,7.11)=4.29 0.08
Peak knee flexion during swing

(2,21.17)=0.25  0.79
(2,22.23)=0.04 0.96
(2,20.37)=0.34 0.71
P F P

(2, 13.02) = 0.52 0.61
Relative Stance Duration

(2,11.62)=7.81
Sagittal Plane Joint Kinematics

(2, 17.30) 50.1 0.86
(2,11.85)=0.59 570. (1,7.16)=0.12 0.73 (2,18.86)=0.12 0.89
Knee range of motion during loading response (BD3=5.20 0.02* (1,7.58)=16.59 <0.01* (2,ZA).£2.07 0.15
Knee range of motion during single limb support ,1225)=0.72 050 (1,7.37)=14.91
Knee range of motion across gait cycle

(2,15.38)69  0.23
(2,2446)28  0.76

0.01* (25B0=0.34 0.72
(1, 8.95) =0.77 0.40 (2, 20.85) =0.30.73
(1,21.70)=0.24 0.63 (2, 19.05)650. 0.95
(2,24.82) =1.00.38 (1,21.92)=155 0.23 (2,20.20)=0.43 0.66
(2,7.31)=1.98 0.21(1, 20.31) =0.01 0.91 (2,21.03)=0.94 041
Hip range of motion during single limb support

®,03)=1.04 0.39 (1,7.41)=3.38 0.11 (2,19:92)63 0.54
Hip range of motion across gait cycle (2,12.2286 0.09 (1,6.70) =1.18 0.31 (2,19.73) = 0.40 .680
Pelvic range of motion during single limb support 2, 12.55) =1.10 0.36 (1, 8.48) =0.03 0.86 (222p=0.22 0.81

Peak hip flexion during loading response
Peak hip extension during stance
Peak hip flexion during swing
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Table 6.5 Statistical breakdown of level gait frontal andransverse plane kinematics, ground reaction forceand sagittal plane joint moments.

Results are reported (F value and significance lel/¢p) from the linear mixed model. *Indicates a stéistically significant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal and Transverse Plane Joint Kinematics F P F P F P
Peak hip abduction during swing (2,11.65)=0.37 .700 (1,7.78)=1.77 0.22 (2,19.60) =0.04 0.96
Peak pelvic obliquity during swing (2,11.16) =®.0 0.94 (1,5.38)=0.36 0.57 (2,18.07)=0.09 0.92

Hip rotation range of motion during single limb poypt (2,20.61)=0.95 0.40 (1,10.90)=0.17 0.69(2,20.39)=1.15 0.34
Pelvic rotation range of motion during single lisppport (2, 13.06) =0.63 0.55 (1,14.91)=0.01 940. (2,21.71)=0.84 0.45

Ground Reaction Forces F P F P F P
Vertical GRF Fz1 (2,17.96)=0.78 0.47 (1,1354.03 0.04* (2,13.09)=0.02 0.98
Vertical GRF Fz2 (2,17.81)=0.39 0.68 (1,12.98%.49 0.14 (2,12.77)=0.81 0.47
Anterior-Posterior GRF Fyl (2,7.17)=1.49 0.29 ,4B1)=17.19 0.01* (2,12.58)=0.16 0.86
Anterior-Posterior GRF Fy2 (2,6.27) =0.94 0.44 ,3B8)=4.05 0.13 (2,11.95)=0.63 0.55
Load Rate (2,5.00) =2.62 0.17 (1,711) =15.90 019. (2,11.09)=0.72 0.51
Decay Rate (2, 8.05) =2.06 0.19 (1,4.43)=0.07 .810 (2,11.86)=0.27 0.77
Sagittal Plane Joint Moments F P F P F P
Peak ankle dorsiflexor moment during loading resgon (2, 12.90) =5.26 0.02* (1, 5.34) =0.66 0.45 ,1@57)=2.30 0.13
Peak ankle plantarflexor moment during stance 1249 =1.00 0.40 (1,6.34)=0.18 0.68 (2,1549)38 0.69

Peak knee flexor moment during loading response 1§K0)=0.10 0.91 (1,7.94) =2.58 0.15 (2,1p9B6.05 0.95
Peak knee extensor moment during loading response 2, 10(563) =5.03 0.03* (1, 7.16) =8.98 0.02* (2,46)=0.81 0.46

Peak knee flexor moment during mid stance (2, =3B1 0.17 (1, 6.14) = 0.00 0.97 (2,9.51) =2.120.17

Peak knee flexor moment during late stance (299544 0.66 (1, 6.26) =2.79 0.14 (2,11.86)690. 0.92
Peak knee flexor moment during swing (2,16.87)HA0 0.90 (1,8.93)=0.04 0.85 (2,13.47) = 0.09 920.
Peak hip extensor moment during early stance (#8)6&0.54 0.59 (1,8.98)=1.53 0.25 (2,15.48)65 0.95
Peak hip flexor moment during late stance (2, 0:08.16 0.09 (1,14.83)=13.80 <0.01* (2,10.8%.84 0.03*
Peak hip extensor moment during swing (2,7.63280 0.77 (1,2.82) =0.13 0.74 (2,13.29) = 0.12 890.
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Table 6.6 Statistical breakdown of level gait frontal plae and support moments and joint powers. Results arreported (F value and

significance level (p) from the linear mixed modelIndicates a statistically significant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal Plane Joint Moments F P F P F P
Peak hip abductor moment during early stance BN~F258 011 (1,13.17)=6.78 0.02* (2,12%8).43 0.27
Peak hip abductor during late stance (2,15.18p8 1 0.24 (1,6.45)=7.44 0.03* (2,11.22)=0.13 .880
Support Moments F P F P F P
Initial peak support moment (2,20.84)=0.05 0.961,20.84)=0.15 0.71 (2,20.84)=0.68 0.52
Second peak support moment (2,10.08) =1.27 0.321, 5.29) =0.07 0.81 (2,13.19)=0.01 0.99
Joint Powers F P F P F P
Al — Ankle power absorption during stance (2,1p~78.96 0.02* (1,8.47)=3.93 0.08 (2,19.43).210 0.50
A2 — Ankle power generation during pre-swing (2440 =117 0.35 (1,4.74)=8.72 0.03* (2,13.42).04 0.96
K1 — Knee power absorption during loading response (2, 10.51) =4.62 0.04* (1, 6.08) =3.45 011 @®,1P)=173 0.21
K2 — Knee power generation during mid-stance =24)=2.10 0.19 (1,4.47)=4.74 0.09 (2,13.4042 0.63
K3 — Knee power absorption during pre-swing (25890.62 0.56 (1,4.40)=1.98 0.23  (2,13.43)650 0.95
K4 — Knee power absorption during terminal swing ,1@13)=0.16 0.85 (1,7.83)=0.12 0.74 (2,2p:80.43 0.66
H1 — Hip Power generation during loading response 2, 17.42)=0.81 0.46 (1,13.64)=188 0.19 (288p=1.33 0.30
H2 — Hip power absorption during stance (2,1587)57 0.24 (1, 7.54) =3.57 0.10 (2, 16.67)=0.23.79
H3 — Hip power generation during pre-swing (2, 344.80 0.29 (1, 6.61) =3.27 0.12 (2,11.12)262. 0.15
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6.3.2 Discussion — Level Gait

Results from the current study such as increasegalking velocity suggested that in
general, amputees’ ability in performing level gaiproved following discharge from
rehabilitation, supporting the first (1) hypothesis

Temporal-spatial variables improved following diagde from rehabilitation although
were still reduced when compared to those repontditerature from amputees with >1
year experience in prosthetic use (Sanderson amtinyla997; Powerst al., 1998;
Bateni and Olney, 2002; Grumillieet al., 2008). Temporal-spatial inter-limb
asymmetry was still present with participants tgkionger steps on the affected side,
with a higher cadence on the intact side, an astada feature of amputee gait (Winter
and Sienko, 1988; Hurlest al.,1990; Perry 1992; Sanderson and Martin, 1997; Powe
et al., 1998; Isakovet al., 2000; Bateni and Olney, 2002; Grumilliet al., 2008;
Vickerset al., 2008; Vrielinget al.,2008). Literature has explained these observations
as an attempt by amputees to protect the residuoim increased forces and a lack of
confidence in the ability to control the affectachth (Sanderson and Martin, 1996;
Sanderson and Martin, 1997; Powetsal., 1998; Nolanet al., 2003). Although the
reduction in stance duration and double limb suppbserved following discharge in
the current study may have reflected increasingidence in gait stability over time,
these compensatory mechanisms were present.

There were significant inter-limb differences irknjoint kinematics, the intact limb
displaying increased functioning in terms of greajeint ROM. Although this
difference was likely due to the limitations assted with the prosthetic ankle
components, the reduction in performance of thisjgmt may have been to the overall
detriment of amputees’ functioning. Knee ROM duriogding response was greater in
the intact limb, perhaps reflecting an increaseititatbo control the joint as the lower

limb was loaded. Literature has suggested thatck ¢d affected knee ROM during
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loading response was representative of part oatbiementioned protective mechanism
(Beyaertet al.,2008).

This interpretation was supported by the incredsed rate and peak vertical and
posterior GRFs observed in the intact limb when parad to the affected limb.
Literature has previously reported similar kinetitferences in experienced amputees’,
again highlighting the protective mechanism pregeriie affected limb (Poweet al.,
1998; Nolaret al.,2003).

The reduced kinematic function of the affected likmee joint was also reflected in the
joint kinetics. Peak knee extensor moment durirane phase, particularly during
loading response, was reduced in the affected Whben compared to the intact limb
with similar effects previously reported in litewed (Winter and Sienko, 1988;
Sanderson and Martin, 1997; Powetsal., 1998; Beyaeret al., 2008; Vickerset al.,
2008; Vaniceket al.,2009a). By keeping the GRF vector closer to theekjoint, thus
reducing knee extensor moment during stance pHasmture has suggested that
participants reduce the demands of the quadricapscuature whilst also preventing
the knee from collapsing during stance phase (Saodeand Martin, 1997; Powees
al., 1998; Vaniceket al., 2009a). In this instance, it is likely that joirgaction forces
will be increased in the affected limb as the waltGRF vector passes through the knee
joint, although this has not been reported and amsrfurther investigation. With this in
mind, increases over time in participants affedietb peak knee extensor moment
suggested a gradual decline in reliance upon trateg)y.

Peak hip flexor moment during late stance phase al&s higher in the intact limb
compared to the affected limb, however, this didease over time in the affected limb.
One interpretation of this result could be that iheeased hip flexor moment aided

progression of the affected limb in preparationdaing phase.
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Related to this observation, was the reduced &ffielainb power generation (A2) at the
ankle which may have necessitated the increasedlidxpr moment observed in the
current study and increased hip power generatiparted in the literature (Winter and
Sienko, 1988; Bateni and Olney, 2002; Grumilk¢ral., 2008; Silvermaret al., 2008;
Vanicek et al., 2009). Ankle power generation plays an importaoie rin limb
progression and stability (Winter, 1983) and thnsreased intact limb ankle power
generation reported in the current study playedyarkle in the overall improvement in
walking velocity.

Similar to reports in literature, knee joint powassorption (K1) and generation (K2)
during stance phase were both decreased in thetedfédmb when compared to the
intact limb (Winter and Sienko, 1988; Perry, 1982anderson and Martin, 1997; Powers
et al.,1998; Beyaeret al., 2008; Silvermaret al., 2008; Vickerset al.,2008; Vanicek
et al., 2009a). In addition to the reduced affected lingtical GRF, knee ROM and
extensor moments during stance phase were rediitede results highlight that as
amputees employ a strategy attempting to protectffected limb, they are not fully
able to utilise the affected limb to aid progreasmr stability during stance phase
(Winter and Sienko, 1988; Powess al., 1998; Beyaertt al., 2008; Silvermaret al.,
2008; Vickerset al.,2008; Vanicelet al.,2009a).

Although literature reported that detriments intga a result of reduced affected limb
ankle function placed increased demands on hip jousculature, this was not the only
effect observed in the current study (Winter aneh&o, 1988; Bateni and Olney, 2002;
Grumillier et al., 2008; Silvermaret al., 2008; Vaniceket al., 2009a). Rather, there
were also adaptations in affected limb knee fumcbat far greater reliance upon the
intact limb. Given that participants cited in Ia¢ure tended to be of greater prosthetic
experience than those in the current study, itccda hypothesised that improvements

in gait function are initially obtained through neased intact limb function, with further
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increases a result of the combination of intacbliiomnction and hip musculature control
in the affected limb. A pertinent implication ofighhypothesis is that literature has
reported increased knee joint bone mineral densfityhe intact limb in amputees,
suggesting this may lead to a higher risk of ostaoés and knee joint degradation
(Royer and Koenig, 2005). While the intact limbysa crucial role in the improvement
of amputee functioning, care must be taken not hoordcally damage the limb,
negating any further progress or indeed regresdibase results are relevant to those
involved in the care and rehabilitation of lowenh amputees as they highlight features
of less experienced amputee gait, such the laggowfer absorption and generation in
the affected limb. This information may help to amh and improve future
rehabilitation practice which may benefit from thelusion of targeted strengthening of
the knee extensor musculature via exercises suckingte limb squats, aimed at
increasing eccentric and concentric knee and hignser strength.

Overall, gait proficiency increased as evidencediroprovements in a number of
biomechanical variables such as walking velochgréfore the experimental hypothesis
(1) that gait proficiency would improve was acceptéHowever, the previously
unknown mechanism of these increases was a nowdhg, illustrating the changing

pattern of adaptation in transtibial amputees.

6.3.3 Activities of Daily Living Terminology

When crossing an obstacle or stepping up/down twew level, the first limb to
approach the task e.g. to cross the obstacle, ecdhe lead limb with the other
becoming the trail limb. In the current study papants were free to self-select the lead
limb (affected or intact) and the subsequent tliaib. The following terminology
outlines the future reference to either affectethtact limb as the lead or trail limb:

Lead Affected — Lead limb is the affected limb
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Trail Intact — Trail limb is the intact limb
Lead Intact — Lead limb is the intact limb

Trail Affected — Trail limb is the affected limb

6.3.4 Obstacle Crossing

6.3.4.1Temporal-Spatial Variables

Temporal-spatial variables are presented in TablleMih complete statistical analyses
provided in Tables 6.10 and 6.13.

When leading with both the affected and intact Bmparticipants walking velocity
increased by 23.6% between one and six monthsdmdtarge. Although this was not
statistically significant, the 0.17 m/s increaséwsen one and six months following
discharge represents a highly clinically meaningfutrease in walking velocity.
Walking velocity was not different when leading hwvitither limb, reflected by the lack
of a limb main effect. Between one and six montlstgischarge, stride length
increased by 10.2 % and 13.2% when leading with dfiected and intact limbs
respectively, with stride length being greaterha intact limb at six month, although no
main effects were found.

When leading with the affected limb, both the Il@ad trail limbs displayed very little
change over time in relative stance duration (T#&l®. However, the significantly
larger relative stance duration in the trail limtable 6.7) resulted in a significant limb

main effect (p<0.01).
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Table 6.7 Mean (SD) temporal-spatial variables of obstaelcrossing

separately.

. Data are presented for the affected,tact, lead and trail limbs

Limb One Month Three Months Six Months Twelve Musit
Walking Lead Affected 0.72 (0.25) 0.93 (0.19) 0.89 (0.20) .141(0.10)
Velocity (m/s) | ead Intact 0.72 (0.15) 0.85 (0.19) 0.89 (0.20) 4%.10)
Stride Length  Lead Affected 1.18 (0.17) 1.37 (0.18) 1.30 (0.19) .491(0.10)
(m) Lead Intact 1.21 (0.10) 1.33 (0.16) 1.37 (0.20) 01(®%.10)
Lead Affected 58 (2.0) 57 (1.9) 58 (2.1) 57 (1.2)
Relative Stance | g5 Intact 66 (2.1) 64 (2.4) 64 (4.1) 60 (1.1)
Duration(% ]
GC) Trail Intact 69 (5.1) 68 (3.4) 68 (4.0) 63 (1.8)
Trail Affected 61 (4.6) 61 (2.5) 60 (2.4) 59 (2.2)

*Data from two participants, not included in statial analyses.
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Table 6.8 Individual participant lead limb preferences whist crossing an obstacle.

,\iﬁi}igtr One Month Three Months Six Months Twelve Months
Affected Intact Total Preference Affected Intacfotal Preference Affected Intact Total Preference Affected Intact Total Preference

1 1 9 10 I 0 6 6 I 4 5 9 I

2 6 0 6 A 7 0 A 6 0 6 A 9 1 10 A

3 0 6 6 I 0 6 I 0 7 7 I

4 2 6 8 I 2 4 I 2 6 8 I

5 0 6 6 I 5 5 10 No Pref 4 4 8 No Pref

6 5 7 12 I 8 2 10 A

7 2 4 6 I 3 5 8 I
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6.3.4.2Lead Limb Preference

Participants lead limb preference when crossinglastacle is presented in Table 6.8,
no statistical comparisons were drawn.

The vast majority of participants across all tim@nps displayed a level of lead limb

preferences with only two exceptions (participane). Neither the intact nor affected

limbs were used definitely as the lead limb altHgutlpere was a strong general bias
towards adopting the intact limb as the lead lifilable 6.8). Interestingly, participants

tended to select one limb as the lead limb and trgsdtrategy consistently over time.

6.3.4.3Foot Marker Trajectories

Foot marker trajectory data are presented in Figh@ with complete statistical

analyses provided in Tables 6.12 and 6.15.

6.3.4.4Lead Limb

Figure 6.6 illustrates the very consistent heel iedtrajectories of the lead limb in the
six months following discharge. This observatiosupported by the lack of statistically
significant time main effects in peak vertical hesld toe displacements. However,
there were differences in lead limb peak heel aeddisplacements between affected
and intact limbs (Figure 6.6). Firstly, peak veatitoe displacement was greater when
leading with the affected limb when compared talleg with the intact limb (p=0.05).
Conversely, peak vertical heel displacement waatgrevhen leading with the intact

limb when compared to leading with the affecteddlifp=0.02).

6.3.4.5Trail Limb

The trail limb heel and toe trajectories were lesgsistent over time (Figure 6.6).
Although Figure 6.6 illustrates a general decraaspeak vertical heel displacement

over time when trailing with the affected limb, teewere no significant time main
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effects for peak vertical heel and toe displacemetit can also be observed that
between limb differences in heel and toe displacgmen trailing with the affected or

intact limb were minimal (Figure 6.6).
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Figure 6.6 Group mean foot marker trajectories for the led affected (toe — A, heel

- B), trail intact (toe — C, heel - D), lead intac(toe — E, heel - F) and trail affected

(toe — G, heel - H) limbs. Time normalised to 100%f gait cycle during obstacle

crossing. Lead limb gait cycle defined from toe-offo toe-off, trail limb follows

conventional definition. Data at 12 months from n=2
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6.3.4.6Joint Kinematics

Joint kinematics are presented in Figure 6.7 (gdglane lead limb), Appendix N
(frontal and transverse plane lead limb), Figur@ @agittal plane trail limb) and
Appendix N (frontal and transverse) with completatistical analyses provided in

Tables 6.10, 6.11, 6.13 and 6.14.

6.3.4.7Lead Limb

Sagittal plane ankle kinematic profiles when legdivith the affected limb remained
consistent over time (Figure 6.7). When leadinghwvitie intact limb, sagittal plane
ankle kinematics maintained a relatively consistpnifile, albeit at an increased
magnitude at six months post-discharge (Figure @&ikle ROM was visibly increased
when leading with the intact limb when comparethtaffected limb, however, as with
other ankle variables, there were no significaninneffects (Figure 6.7).

A number of differences were observed in sagittah@ knee kinematics (Figure 6.7).
Overall, knee ROM across the whole gait cycle wighdr when leading with the intact
limb compared to leading with the affected limb @@4). As participants began to
cross the obstacle, the knee joint reached a higdegk knee flexion during swing phase
when leading with the intact limb when compareddading with the affected limb
(p=0.03). Once the lead limb had crossed the olestatd landed, peak knee flexion
during loading response (p=0.04) was increased wbeading with the intact limb
compared to the affected limb, which was maintaibetiveen 10-15 degrees flexion
during loading response. In addition, Figure 6.l@sirates the increased knee ROM
during loading response when leading with the intamb which resulted in a
significant interaction effect (p=0.01). This colld a result of the reduction in knee

ROM when leading with the intact limb between omal dhree months contrasted
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against the relatively unchanging knee flexion peofluring loading response when
leading with the affected limb.

Sagittal plane lead limb hip profiles remained tigy consistent across time in both
limbs and no statistically significant main effeetere observed in variables relating to
sagittal plane hip variables (Figure 6.7).

Similarly, no statistical main effects were obserme sagittal plane pelvic kinematic
variables, despite some visible changes in the mag of intact limb lead pelvic
profiles over time.

Although Appendix N illustrates a visible increasethe magnitude of downward
pelvic obliquity and hip abduction when leading lwihe intact limb, there were no
statistically significant main effects found foprand pelvic frontal and transverse plane

kinematics.

6.3.4.8Trail Limb

Trail limb sagittal plane ankle kinematics resulteé number of statistically significant
results (Table 6.11). Post-hoc analysis revealgidraficant increase in trail limb ankle
ROM during stance phase between one and six m@pt@®s02) which is illustrated in
Figure 6.8. In addition, Figure 6.8 displays insexh ankle ROM during stance phase
when trailing with the intact limb compared to thiéected limb (p=0.01). As the trail
limb crossed the obstacle during swing phase, quaaints displayed decreased peak
plantarflexion i.e. increased peak dorsiflexion,ewhtrailing with the intact limb
compared to the affected limb (p<0.01). This coodddue to the inability to actively
control the prosthetic ankle during swing phase wtrailing with the affected limb
coupled with the observable increase in ankle @exsbn when trailing with the intact
limb (Figure 6.8).

When trailing with the intact limb, sagittal plakeee joint kinematic profiles remained

consistent over time (Figure 6.8). This effect \wewilar when trailing with the affected
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limb despite a non-significant increase in knee ROWing loading response (Figure
6.8). In addition, knee ROM during loading respomasel swing phase were visibly
larger when trailing with the intact limb comparedthe affected limb, although not
statistically significant.

Sagittal plane hip kinematic profiles remained ¢stesit when trailing with both limbs,
however, over time they became more flexor in niagle when trailing with the
affected limb (Figure 6.8) although this was naettistically significant. When trailing
with the intact limb, hip flexion during swing pleaseemed to be increased when
compared to trailing with the affected limb althbudis was not statistically significant
(Figure 6.8).

Frontal plane hip and pelvic kinematics remainddtineely unchanged over time when
trailing with the intact limb (Appendix N). AppendN displays an increase in pelvic
obliquity and a decrease in hip abduction duringmvirailing with the affected limb,
although no significant main effects were obser&nhilarly, there were no statistically
significant changes in transverse plane hip kine®aPost-hoc analysis revealed that
pelvic rotation ROM during single limb support iresed between one and three

months post-discharge (p=0.02) (Appendix N).
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6.3.4.9Ground Reaction Forces

Loading and decay rates are presented in TableGR¥, data are presented in Figure

6.9 with complete statistical analyses provide@ables 6.11 and 6.14.

6.3.4.10Lead Limb

Having crossed the obstacle, there were signifitam¢ main effects for the second
peak vertical GRF (p=0.05) and decay rate (p=0.0kgly due to the decreases
observed in these variables when leading with fifeci@d limb. However, post-hoc

analysis did not reveal where these changes oct(ifeble 6.9, Figure 6.9).

A significant limb effect highlighted that loadingte upon landing was higher when
leading with the intact limb compared to the aféectimb (p=0.05). In addition, when

pushing off following landing, Figure 6.9 highligiat the statistically significant limb

main effect (p=0.03), where it can be seen thats#wnd peak vertical GRF is higher

when leading with the intact limb compared to legdvith the affected limb.

6.3.4.11Trail Limb

Both load and decay rates tended to increase mwerand when trailing with the intact
limb, with load rate and to a lesser extent deedg, rbeing higher than when trailing
with the affected limb, although these effects weot statistically significant (Table
6.9). The range of anterior-posterior GRF seemethdmease over time when trailing
with the intact limb although no statistically sijcant results were found in related

variables.
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Table 6.9 Mean (SD) loading and decay rate of obstacleassing. Data are

presented for the affected, intact, lead and trailimbs separately.

Limb One Month Three Months Six Months Twelve
Months*
Lead
Afiected  +8(0:0) 41(1.2) 4.1(0.7) 8.0 (3.4)
Lead
Intact 6112 6.6 (1.8) 6.7 (0.2) ]
Load Rate
(BWIs)
Trail 6.5 (6.2) 7.2 (2.1) 8.9 (1.8) 9.9 (0.0)
Intact ) : . - . . . .
A 4.6 (1.8) 4.9 (1.6) 5.5 (1.9) ;
Affected ' . . . . .
Lead 5.7 (0.0) 5.2 (1.0) 4.1(0.1) 6.8 (0.6)
Affected ) ) : : . . . .
Lead
4.6 (0.2) 5.2 (1.7) 5.1 (1.4) .
Decay Intact
Rate
(BWIS)  Trail 4920 63 (7 1 los 100
Intact 9(2.0) 3(2.7) 4(2.5) .1(0.0)
s 5.0(2.2) 5.1(1.4) 5.4 (1.3) ]
Affected ’ ' ‘ . . .

*Data from two participants, not included in statial analyses
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6.3.4.12Joint Kinetics

Joint moments are presented in Figures 6.10 (ahgitid frontal plane lead limb) 6.11
(sagittal and frontal plane trail limb), joint porgeare presented in Figures 6.12 (sagittal
plane lead limb), 6.13 (sagittal plane trail linrd)d support moments are presented in
and Appendix O, with complete statistical analysessided in Tables 6.11, 6.12, 6.14

and 6.15.

6.3.4.13Lead Limb

When leading with the intact limb, ankle momentfipes remained relatively consistent
over time (Figure 6.10). Although a visible redoatiin the magnitude of plantarflexor
moment over time when leading with the affectedblimas observed, these changes
were not statistically significant (Figure 6.10).

As participants foot contacted the ground followoigstacle crossing, post-hoc analysis
revealed a significant increase in peak knee egtem®ment during loading response
between three and six months (p=0.04) (Figure 6 H0¢e flexor moment during mid-
stance seemed to reduce between one and three snaithough this was not
statistically significant (Figure 6.10).

When leading with the affected limb, there were felvanges over time in either the
profile or magnitude of sagittal plane hip momdjftigure 6.10). When leading with the
intact limb, peak hip abductor moment during bod#hlye (p=0.04) and late (p<0.01)
stance phase were higher than when leading withffeeted limb (Figure 6.10).

Peak power absorption during stance phase (Al)sWigigtly higher when leading with
the intact limb when compared to leading with théeded limb, although no
statistically significant limb main effect was refea (Figure 6.12). Neither, peak power
absorption during stance phase (Al) or peak limvgsayeneration during late stance

phase (A2) changed significantly across time (Fegbul2). However, power burst A2
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was significantly higher when leading with the cttéimb than in the affected limb
(p=0.01).

Both knee joint power absorption (K1) and genera{i¥2) during loading response did
not change significantly over time or differ sigo#ntly between limbs, despite
differences apparent in Figure 6.12. When leadiiidp whe intact limb, peak power
absorption at the knee during late stance phasé \#&3 significantly higher when
compared to leading with the affected limb (p=0.0B)is was also the case for peak
power absorption during swing phase (K4) (p=0.01).

During swing phase, hip power profiles remaineditre¢ély unchanged across time
(Figure 6.12). Power generation at the H1 powerstowras visibly reduced when
leading with both limbs between one and three noptst-discharge, however this was
not statistically significant (Figure 6.12). Thencentric power generation during late
stance phase, as signified by power burst H3, wegnifisantly increased when leading

with the intact limb in comparison to leading witte affected limb (p=0.05).

6.3.4.14Trail Limb

Peak ankle plantarflexion moment during stance @hess greater when trailing with
the affected limb when compared to trailing witle thtact limb (Figure 6.11). Coupled
with this variable being both greater (trailingaat limb) and smaller (trailing affected
limb) at three months post-discharge than at omesanmonths post-discharge (Figure
6.11), a significant interaction effect was repdrpe=0.02).

Few changes in knee moment profile were observeenvitailing with the affected
limb (Figure 6.11). However, a significant time maffect was observed in peak knee
flexor moment during loading response (p=0.05)sTrhay be a result of the observed
decrease in knee extensor moment followed by arease in knee flexor moment

during stance phase when trailing with the intanbl (Figure 6.11).
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Despite visible increases in peak hip extensor nmbrdering loading response over
time in both limbs and peak hip flexor moment dgrgtance phase being greater when
trailing with the intact limb, no statistically sigicant main effects observed in these
variables (Figure 6.11). However, peak hip abductoment during both early (p=0.01)
and late stance phase (p=0.02) was significantiatgr when trailing with the intact
limb when compared to the affected limb (Figurel$.1

Support moments were visibly greater when trailwith the intact limb compared to
the affected limb, although no statistically sigeaht limb main effects were observed
(Appendix O).

Peak ankle power absorption during stance phasg (A% greater in magnitude and
displayed larger changes over time when trailinthhe intact limb when compared to
the affected limb (Figure 6.13), resulting in atistacally significant interaction effect
(p=0.02).

Peak ankle power generation (A2) was greater wraling with the intact limb when
compared to the affected limb, although the mageitof power burst A2 increased
over time when trailing with the affected limb (Erg 6.13). This resulted in significant
limb (p=0.02) and time (p=0.05) main effects, altbb post-hoc analysis did not reveal
where the time main effect occurred.

Peak knee power absorption during loading resp@Kkd¢ was greater when trailing
with the intact limb when compared to the affectmsb (p=0.04) (Figure 6.13). In
addition, a significant time main effect was obgervp=0.04), although post-hoc
analysis did not reveal where these differencesiroed, as changes were variable over
time (Figure 6.13). As can be seen in Figure 6pE&k concentric power generation at
power burst K2 was significantly greater when ingjlwith the intact limb compared to
the affected limb (p=0.02). Post-hoc analysis adrgjes in peak power generation at

power burst K3 revealed significant differenceswasin one and three months post
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discharge (p=0.05). However, patterns of changesvagferent over time, where K3
magnitude reduced when trailing with the intactdiand increased when trailing with
the affected limb (Figure 6.13). Similar to thetiadi power absorption at K1, there were
visibly large and statistically significant differees between limbs in peak power
absorption at K4, where power absorption was greatesn trailing with the intact
limb, compared to the affected limb (p=0.01) (Fey6rl13).

Hip power profiles of trailing limbs did not prodei@ny statistically significant main
effects, reaffirming the lack of clear changes owee or difference between leading

with the intact or affected limb observed in Figar&3.

6.3.4.15Data for n=2 at 12 Months Post-Discharge

When crossing an obstacle, walking velocity andistlength continued to increase at
12 months post-discharge when leading with eitlh@b.| Relative stance duration

decreased in both trail and lead limb irrespectf/evhich limb was selected to lead.
This reflected an overall increase in functioningidg this time period. The majority of

peak heel and toe displacements reduced at 12 sm@uist-discharge when leading
with both limb, perhaps as a result of patientsi¢penore able to actively control the
trajectory of the foot over the obstacle, reducioger compensation. Lead limb

preference did not change at 12 months post-digehar

The trend of increased GRF variables in the intedd when both leading and trailing,

was continued at 12 months post-discharge. Pedlcaleand anterior-posterior GRF

were increased when trailing with the intact limath load and decay rates being
increased at 12 months post-discharge in all limbs.

When leading with the affected limb, peak knee dmgd extensor and ankle

plantarflexor moments during stance phase increas&f months post-discharge. Trall

limb peak ankle plantarflexor moments increasedath limbs at 12 months post-
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discharge. The magnitude of knee moment profildaaged in both limbs although peak
hip extensor moment during early stance phase readdiigh.

When leading with the affected limb the main ineesin joint powers were observed
at power bursts A2, K3 and H1 at 12 months posthdigge. These power bursts
matched those observed in the intact limb at sintim post-discharge, perhaps
reflecting an attempt to gain inter-limb symmetryjoint kinetics. Coupled with the
joint moment data, it can be seen that there imerease in the ability of the affected
limb to create and withstand joint moments and pecedand absorb power. However,
participants were still reliant on intact limb tamage larger joint moments and powers,

to achieve the increases in temporal spatial viasab
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Table 6.10 Statistical breakdown of obstacle crossing lddimb temporal-spatial variables and joint kinematcs. Results are reported (F value

and significance level (p) from the linear mixed mdel. *Indicates a statistically significant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Temporal-spatial Variables F P F P F P
Walking Velocity (2,17.48)=1.97 0.17 (1,17.64D.30 0.59 (2,15.65)=1.010 0.39
Stride Length (2,8.22) =2.46 0.15 (1, 16.27)680. 0.78 (2,12.98)=234 0.14
Relative Stance Duration (2,11.35)=1.05 0.38 6(29)=27.44 <0.01* (2,14.96)=0.54 0.59
Sagittal Plane Joint Kinematics F P F P F P
Peak ankle plantarflexion during loading response 2, 9(86) = 0.26 0.78 (1, 6.96) = 0.69 0.43 (2, 28361.23 0.32
Peak ankle dorsiflexion during stance (2,12.229)32 0.74 (1,5.35)=1.23 0.32 (2,17.33) =1.02 .380
Peak plantarflexion during swing (2,12.68) = 0.370.70 (1,5.77)=2.12 0.20 (2,16.78)=1.04 0.38
Ankle range of motion during stance (2,10.50)622. 0.12 (1, 4.48)=5.38 0.07 (2,12.10)=2.01 80.1
Peak knee flexion during loading response (2, )67B29 0.30 (1,13.96)=5.32 0.04* (2,12.28).84 0.46
Peak knee flexion during swing (2,9.67)=0.05 50.9 (1,5.30)=8.35 0.03* (2,11.64)=0.75 0.49
Knee range of motion during loading response (9P=2.82 0.11 (1,7.79)=7.48 0.03* (2,11.7®.29 0.01*
Knee range of motion during single limb support , §89) = 0.94 0.43 (1, 2.62) =3.74 0.16 (2,1128.39  0.07
Knee range of motion across gait cycle (2,10.00):8 0.84 (1,3.31)=1195 0.04* (2,11.20)=90.1 0.83
Peak hip flexion during loading response (2,1658)53 0.60 (1,14.84)=0.02 0.88 (2, 13.03)680. 0.53
Peak hip extension during stance (2,15.53) =0.76.49  (1,11.99)=0.15 0.71 (2,10.74) =0.07 0.93
Peak hip flexion during swing (2,16.15)=2.84 9.0 (1, 15.24) =0.25 0.62 (2,13.06) =0.45 0.65
Hip range of motion during single limb support 820) =0.54 0.60 (1,6.95)=1.80 0.22 (2,134093 0.91
Hip range of motion across gait cycle (2,8.87 621 0.25 (1,5.29)=0.14 0.72 (2,11.87) =0.11 900.

Pelvic range of motion during single limb support 2, §.45) = 0.26 0.77 (1,9.30) =0.25 0.63 (2, Ip40.05 0.95
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Table 6.11 Statistical breakdown of obstacle crossing lddimb joint kinematics, ground reaction forces andjoint moments. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal and Transverse Plane Joint Kinematics F P F P F P
Peak hip abduction during swing (2,20.84)=1.24 .310 (1,21.31)=136 0.26 (2,20.75)=0.60 0.56
Peak pelvic obliquity during swing (2,17.39)=9.6 054 (1,13.30)=141 0.26 (2,11.99)=0.72 105

Hip rotation range of motion during single limb poypt (2,8.97)=0.38 0.70 (1, 6.26) = 0.05 0.83 ,1287)=0.68 0.52
Pelvic rotation range of motion during single lisigpport (2,9.22) =1.58 0.26 (1,6.21) =0.49 0.5%2, 12.72)=1.87 0.19

Ground Reaction Forces F P F P F P
Vertical GRF Fz1 (2,12.74)=0.18 0.84 (1,1039.20 0.66 (2,12.84)=0.09 0.92
Vertical GRF Fz2 (2,5.63)=5.29 0.05* (1,5.98J43 0.03* (2,6.06)=.1.23 0.36
Anterior-Posterior GRF Fyl (2,8.77)=1.27 0.33 ,917)=3.69 0.09 (2,8.94) =0.08 0.92
Anterior-Posterior GRF Fy2 (2,9.38)=0.74 0.50 ,10.14)=0.77 0.40 (2, 8.46) = 1.02 0.40
Load Rate (2,9.04)=0.23 0.80 (1,9.95)=4.81 059. (2,9.72)=0.07 0.94
Decay Rate (2,7.96)=4.43 0.05* (1,8.21)=0.610.46 (2,7.48) =0.50 0.63
Sagittal Plane Joint Moments F P F P F P
Peak ankle dorsiflexor moment during loading resgon (2, 15.76) =2.30 0.16  (1,17.84)=0.08 0.16 ,1800)=0.42 0.67
Peak ankle plantarflexor moment during stance @8)7=0.52 0.62 (1, 3.83) =0.40 0.56 (2,10.89)51 0.62

Peak knee flexor moment during loading response 1228) =0.03  0.97 (1,5.86) =0.88 0.39 (2,1H.40.39 0.68
Peak knee extensor moment during loading response 2, 13(24) =5.07 0.02* (1,6.68)=1.01 0.35 (2855=0.45 0.65

Peak knee flexor moment during mid stance (2,06s77.73 0.21  (1,17.78)=1.08 0.31 (2,15.38)320 0.98
Peak knee flexor moment during late stance (2,096 040 (1,17.86)=2.33 0.15 (2,14.0p21 0.81
Peak knee flexor moment during swing (2,9.10)642. 0.13 (1,9.61) =0.09 0.77 (2,12.46) =0.26 80.7
Peak hip extensor moment during early stance (31)6&0.12 089 (1,17.72)=2.39 0.14 (2,1568)21 0.81
Peak hip flexor moment during late stance (2, 136087 0.44 (1,14.44)=1.06 0.32 (2,12.34)620 0.98
Peak hip extensor moment during swing (2,9.71181 0.35 (1,10.21)=0.79 040 (2,12.70)=3.24.070

175



Table 6.12 Statistical breakdown of obstacle crossing lddimb joint and support moments, joint powers andfoot trajectories. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal Plane Joint Moments F P F P F P
Peak hip abductor moment during early stance (B4 244 012 (1,16.46)=4.79 0.04* (2,1242@94 0.19
Peak hip abductor during late stance (2,13.97p2 0 0.56 (1,15.81)=11.47 <0.01* (2,11.51)=73.1 0.08
Support Moments F P F P F P
Initial peak support moment (2, 8.96) =0.23 0.801, 10.70) = 2.17 0.17 (2,13.24)=0.35 0.71
Second peak support moment (2,6.48)=0.19 0.83 ,6.4B)=1.51 0.26 (2,11.36) =1.02 0.39
Joint Powers F P F P F P
Al — Ankle power absorption during stance (2,4240)18 0.85 (1, 7.36) =2.29 0.17 (2, 11.90) =30.0 0.97
A2 — Ankle power generation during pre-swing 2989 =0.01 099 (1,14.09)=8.00 0.01* (2,1180D83 0.46
K1 — Knee power absorption during loading response (2, 6.27) = 0.08 092 (1,13.43)=0.75 0.40 (208=0.16 0.86
K2 — Knee power generation during mid-stance @68=1.43 0.29 (1, 6.95) =0.47 0.51 (2,10.36)614 0.95
K3 — Knee power absorption during pre-swing (2881=2.45 0.13 (1,12.74)=4.89 0.05* (2,10449.83 0.46
K4 — Knee power absorption during terminal swing ,1@94)=0.15 087 (1,14.27)=9.26 0.01* (2902=0.49 0.63
H1 — Hip Power generation during loading response 2, 14.68)=0.37 0.70  (1,15.31)=1.71 0.21 (258p=0.82 0.46
H2 — Hip power absorption during stance (2,1238)51 0.61 (1,13.61)=0.13 0.72 (2,10.35)41.5 0.27
H3 — Hip power generation during pre-swing (2, 949.06 094 (1,10.75)=4.85 0.05* (2,11.19).88 0.92
Foot Trajectories F P F P F P
Toe (2,6.30)=0.17 0.85 (1,2.55)=11.97 0.05* 2,9.66)=0.68 0.53
Heel (2,5.96) =1.64 0.27 (1,4.81)=10.57 0.02%2,11.98)=0.15 0.86
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Table 6.13 Statistical breakdown of obstacle crossing tidimb temporal-spatial variables and joint kinematics. Results are reported (F value

and significance level (p) from the linear mixed mdel. *Indicates a statistically significant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Temporal-spatial Variables F P F P F P
Walking Velocity (2,17.48)=1.97 0.17 (1,17.64D.30 0.59 (2,15.65)=1.010 0.39
Stride Length (2,8.22) =2.46 0.15 (1, 16.27)680. 0.78 (2,12.98)=234 0.14
Relative Stance Duration (2,9.03)=1.51 0.27 4(298) =37.78 <0.01* (2,12.86)=1.18 0.34
Sagittal Plane Joint Kinematics F P F P F P
Peak ankle plantarflexion during loading response 2, 10.75)=0.85  0.46 (1,9.37) =2.06 0.18 (15:20)44 0.65
Peak ankle dorsiflexion during stance (2,12.38)26 0.78 (1, 8.04) =2.82 0.13 (2,12.83) =0.35.710
Peak plantarflexion during swing (2,11.65)=0.890.44 (1,11.87)=13.99 <0.01* (2,15.38)=1.04 380.
Ankle range of motion during stance (2,10.22)656. 0.02* (1,5.92)=14.31 0.01* (2,12.90)=0.100.91
Peak knee flexion during loading response (2, J0-6306 0.94 (12,9.73) = 1.52 0.25 (2,14.13)460. 0.64
Peak knee flexion during swing (2,9.05)=0.28 60.7 (1,5.40)=1.69 0.25 (2,11.59)=0.97 041
Knee range of motion during loading response (220=0.01 0.99 (1, 9.46) = 3.32 0.10 (2,13.2D614 0.99
Knee range of motion during single limb support ,1@58)=1.37 0.30 (1, 4.23) =3.58 0.13 (2, @280.40 0.68
Knee range of motion across gait cycle (2,9.18)28 0.76 (1,5.27)=1.88 0.23 (2, 11.59) = 0/08 .940
Peak hip flexion during loading response (2,18060)64 0.54 (1,13.07)=0.64 0.44 (2, 18.36)810. 0.46
Peak hip extension during stance (2,13.32) =0.6B.54 (1,12.81)=0.50 0.50 (2,16.04)=1.28 0.31
Peak hip flexion during swing (2,10.65)=0.20 2.8 (1,11.07)=1.02 0.33 (2,13.40)=0.86 0.45
Hip range of motion during single limb support ®.10)=152 0.26 (1, 12.25)=0.00 0.97 (2, 1¥:6064.39 0.28
Hip range of motion across gait cycle (2,5.99)830 0.45 (1,2.32) =0.03 0.89 (2,9.96)=0.14 70.8
Pelvic range of motion during single limb support 2, §.46) = 0.53 0.61 (1, 5.75) = 0.08 0.79 (2, 8170.72 0.51
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Table 6.14 Statistical breakdown of obstacle crossing tidimb joint kinematics, ground reaction forces ard joint moments. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects

Interaction Effects

Time Limb Time * Limb
Frontal and Transverse Plane Joint Kinematics F P F P F P
Peak hip abduction during swing (2,9.58)=1.95 190. (1,8.92)=0.34 0.57 (2,14.54)=0.72 0.50
Peak pelvic obliquity during swing (2,6.73) =0.94 0.44 (1,5.05)=3.54 0.12 (2,13.58)=0.24 0.79
Hip rotation range of motion during single limb poypt (2,8.63)=0.13 0.88 (1,7.42)=0.01 0.97 ,1250)=0.71 0.51
Pelvic rotation range of motion during single lisppport (2, 10.34) =5.67 0.02* (1,6.31)=1.08 340. (2,13.75)=0.78 0.48
Ground Reaction Forces F P F P F P
Vertical GRF Fz1 (2,4.09) =0.62 0.58 (1, 2.08).47 0.35 (2,6.90)=2.76 0.13
Vertical GRF Fz2 (2,5.73) = 2.30 0.19 (1, 3.18.86 0.06 (2,7.43)=2.22 0.18
Anterior-Posterior GRF Fyl (2, 6.00) =1.87 0.24 ,1B1)=7.32 0.13 (2,5.07) =0.01 0.99
Anterior-Posterior GRF Fy2 (2,6.38) =3.91 0.08 ,3D0O)=0.11 0.76 (2,8.07)=1.83 0.22
Load Rate (2, 4.86) =0.80 0.50 (1,3.12)=3.56 150. (2,7.14)=0.06 0.95
Decay Rate (2,4.75)=2.29 0.20 (1,1.90)=0.44 580 (2,6.80)=4.54 0.06
Sagittal Plane Joint Moments F P F P F P
Peak ankle dorsiflexor moment during loading resgon  (2,13.39) =3.38 0.07 (1,10.94)=0.21 0.66 ,9(@7)=0.27 0.77
Peak ankle plantarflexor moment during stance 28)8= 3.69 0.07 (1,8.11)=4954 <0.01* (2,7.83).12 0.02*
Peak knee flexor moment during loading response 6.85) =4.59 0.05* (1,6.10)=0.10 0.77 (2,5.34).71 0.27
Peak knee extensor moment during loading response 2, 5.59) = 4.53 0.07 (1,5.95)=1.18 0.32 (2, $98.35 0.72
Peak knee flexor moment during mid stance (2, 50619 0.38 (1,4.78) =0.53 0.50 (2, 6.66) = 0.290.76
Peak knee flexor moment during late stance (2,)56830 0.34 (1,5.99)=0.44 0.53 (2, 7.00) 02.0 0.21
Peak knee flexor moment during swing (2,5.57)801. 0.25 (1,5.09) =3.85 0.11 (2,6.48)=2.81 0.13
Peak hip extensor moment during early stance @)z 2.75 0.22 (1,2.25)=0.01 0.92 (2,4.58)230 0.80
Peak hip flexor moment during late stance (2, 7A9)63 0.56 (1, 4.42) =0.50 0.52 (2,4.18) =0.250.79
Peak hip extensor moment during swing (2,3.47251 0.39 (1,5.39) =1.03 0.35 (2,4.89)=0.24 00.8
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Table 6.15 Statistical breakdown of obstacle crossing tidimb joint and support moments, joint powers andfoot trajectories. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal Plane Joint Moments F P F P F P
Peak hip abductor moment during early stance 5)8- 0.26 0.78 (1,7.89)=12.27 0.01* (2,1043.35 0.30
Peak hip abductor during late stance (2,6.12920. 0.81 (1,3.08)=18.29 0.02* (2,5.37)=0.26 780.
Support Moments F P F P F P
Initial peak support moment (2,5.97)=1.92 0.23 1,317)=4.41 0.12 (2,4.36) = 1.02 0.43
Second peak support moment (2,1.10) =0.30 0.99 ,0.01) =0.10 0.97 (2,1.10)=0.12 0.99
Joint Powers F P F P F P
Al — Ankle power absorption during stance (2,5430.12 0.02* (1,2.45)=5.06 0.13 (2,7.38)43%. 0.02*
A2 — Ankle power generation during pre-swing (20).=6.22 0.05* (1,2.65)=28.29 0.02* (2,6.153.08 0.12
K1 — Knee power absorption during loading response (2,5.71) =5.62  0.05* (1,3.17)=11.49 0.04* %&6)=2.51 0.16
K2 — Knee power generation during mid-stance @2p=1.99 0.19 (1,7.49)=9.73 0.02* (2,6.61).16 0.85
K3 — Knee power generation during pre-swing (21B97.72 0.04* (1,0.81)=8.48 0.26 (2,5.20).#41 0.39
K4 — Knee power absorption during terminal swing , 129) =2.01 0.20 (1,455)=2199 0.01* (246.61.82 0.24
H1 — Hip Power generation during loading response 2, 10.19) =1.02  0.39 (1,8.39)=0.44 0.53 (20y#60.46 0.65
H2 — Hip power absorption during stance (2, 7.50)42 0.67 (1,6.09)=0.31 0.60 (2,5.18)=2.54 .170
H3 — Hip power generation during pre-swing (2, 35D.52 0.61 (1, 7.09) =0.09 0.78 (2,6.19)=80.1 0.84
Foot Trajectories F P F P F P
Toe (2, 8.46) =0.80 0.48 (1, 4.58) = 0.63 0.47 1@29)=258 0.12
Heel (2,5.47)=0.24 0.79 (1,1.80) =2.85 0.25 ,583)=0.77 0.51
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6.3.5 Discussion — Obstacle Crossing

Previous studies have reported that transtibialldegs were able to negotiate obstacles
effectively (Hill et al.,1997; Hill et al., 1999; Hofstacket al.,2006; Hofstackt al.,2009;
Vrieling et al.,2007; Vrielinget al., 2009). This was corroborated by the results of the
current study where no trips or falls were reparted

Generally, participants selected an intact limbdlgameference, whilst literature has
suggested both no lead limb preference (Hillal., 1997) and an affected limb lead
preference are present in lower limb amputees [jxgeet al., 2007). Although
individual differences may partially account foresie discrepancies, rehabilitation
practice may also play a role and results from @ergicular study interpreted with this
in mind. For example, participants in the currentidg were advised during
rehabilitation to cross obstacles using their isg@st’ limb, which is often the intact
limb.

Regardless of lead limb preference, improvementse weted in temporal-spatial
variables over time (Vrielingt al.,2009). This supported the second (2) hypothesis of
an increase in the ability to perform obstacle sirgg over time. Peak vertical toe
displacement was greater when leading with thectdtelimb when compared to the
intact limb and this could be interpreted as anrcm@pensation in order to avoid
tripping, given that active control of the prostbeinkle joint during swing phase was
not possible.

When trailing with the intact limb, there were ieases in ankle ROM during stance
phase and peak dorsiflexion during swing phasere&asing intact limb ankle ROM
during stance phase, particularly ankle plantaidiex has been described as a
compensatory mechanism employed in order to aidralee when leading with the
affected limb (Hillet al., 1997). Literature has reported that knee joint R@lsly be

reduced when leading with the affected limb, duthtoposterior shell of the prostheses
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and socket fit, rendering it from being a suitatoéel limb (Hill et al.,1997; Hill et al.,
1999). This was the case in the current study wiaeticipants chose to lead with the
affected limb, although this was not the favourdtegy. In addition, both peak ankle
and knee power generation and absorption duringcet@hase were increased when
compared to the affected limb. This suggesteddhedter demands were placed on the
trailing intact limb musculature, which may be mpieeted as a stabilisation mechanism
in preparation for affected limb swing phase durgigstacle crossing. An implication
for amputees is that although a preferred lead |mdy be selected, on occasions
unexpected obstacles may be presented. For thentypsarticipant group, this may
necessitate the more unfavourable or ineffectifect#d lead limb strategy which in
turn may increase the likelihood of tripping andfalting. Literature has reported that
lower limb amputees were less able to negotiatexpewted obstacles and suggested
introducing the practice of these tasks during Ipéitation, which is supported by
results in the current study given the reducedctgtklead limb functioning (Hofstast

al., 2006; Vrielinget al.,2007; Vrielinget al.,2009; Hofstackt al.,2009).

When leading with the intact limb, knee ROM duritige gait cycle and peak knee
flexion during swing phase were greater than wleadihg with the affected limb. In
addition power absorption at the knee during swphgise (K4) was greater when
leading with the intact limb. This increased jombbility and control when crossing an
obstacle may have played an important role in #lection of lead limb, perhaps as
participants were more confident of avoiding cohtaith the obstacle with the intact
limb.

Similarly, once the intact limb had crossed thetatls and landed, increased knee
ROM, load rate and peak vertical GRFs were obsewtseh compared to the affected
limb which was maintained in a position of approately 15 degrees flexion. Literature

has suggested that reduced knee ROM upon landitigthe affected limb reflected
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instability in the knee flexors in preparation fibre subsequent stance phase or an
inability to effectively control musculature ababe knee (Hillet al., 1999; Hofstackt

al., 2006). This may further elicit the reasons foead limb preference observed in the
current study, as the intact limb is more capabémaging the demands during stance
phase, following obstacle crossing.

This hypothesis was corroborated by increasedtifitab peak knee extensor moment
during loading response following obstacle crossidditionally, power generation
(A2, H3) and absorption (K3) during stance phasesvggeater when leading with the
intact limb in comparison to the affected limb.

Although the selection of a lead limb preferenceyina due to the increased ability to
‘push off’ at the end of the preceding stance phasen compared to the affected limb
(Hill et al.,1999), results from the current study suggesttti@tole of the intact limb
having crossed the obstacle is also important. @lmesults suggest that participants
may have selected a lead limb preference for tvasaes. Firstly, the greater control
possible when crossing the obstacle as seen ioititekinematics. Secondly, the ability
to maintain relatively high joint moments and gexterand absorb power in the stance
phase limb during the subsequent stance phasewfooobstacle crossing. These
factors have implications for those involved in ttage and rehabilitation of transtibial
amputees in that by increasing affected limb kmeekap joint ROM through stretching
exercises of the hip flexors, amputees ability ioss obstacles when leading with the
affected limb may improve. Combined with the preetof obstacle crossing during
rehabilitation, this may reduce the lead limb prefee observed following discharge
from rehabilitation and increase amputees abilityavoid unexpected obstacles and
subsequent falls by increasing versatility.

Despite a dependence on the intact limb that didedce over time, obstacle crossing

in the current participant group improved. Paréifs were able to perform the task
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more quickly and with a sufficient degree of funaing, therefore the second
hypothesis of an improvement in the ability to pem obstacle crossing (2) was

accepted.

6.3.6 Stepping Gait

6.3.7 Temporal-Spatial Variables

6.3.7.1Stepping Down Gait

Temporal-spatial variables are presented in Taldlé @ith complete statistical analyses
provided in Tables 6.20 and 6.23.

Table 6.16 highlights the increases walking veloaithen leading with both the
affected limb (36%) and the intact limb (24%). Flost analysis revealed these
increases to be significant between one and sixtmsopost-discharge (p=0.04). In
addition, these increases of 0.26 and 0.19 m/s Wdaghng with the affected and intact
limbs respectively, also represent a highly cliljcaneaningful increase in walking
velocity. Stride length increased significantlyléoling discharge when leading with
both the affected (17%) and intact limbs (20%) (€&b16). Post-hoc analysis revealed
these increases to be between one and six monghtsligoharge (p=0.01). Lead limb
relative stance duration remained relatively ungean across time (Table 6.16).
However, the reduction in trail limb relative standuration, particularly when trailing
with the affected limb, resulted in a significamné main effect. Post-hoc analysis
revealed these differences to be between one a&el p=0.04) and one and six months
(p=0.01) post-discharge. In addition, relative seaduration was significantly reduced
when trailing with the affected limb when compatedtrailing with the intact limb

(p=0.01).
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6.3.7.2Stepping Up Gait

Temporal-spatial variables are presented in Taldlé @ith complete statistical analyses
provided in Tables 6.27 and 6.30.

When leading with the affected limb, there wereamservable increases in walking
velocity and, despite an increase of 22% when tepdvith the intact limb, no
significant time main effect was reported (Tabl&7§. However, the 0.17 m/s increase
in walking velocity when leading with the intaainlb represents a clinically meaningful
increase. Walking velocity was also comparable &t months post-discharge
irrespective of lead limb selected (Table 6.17miir trends were noted in stride
length where increase of 6% and 14% when leadirly the affected and intact limbs
respectively, did not induce a significant time maiffect (Table 6.17). Equally, there
were no visible or statistically significant betwetmb differences in stride length
when leading with either limb (Table 6.17).

Lead limb relative stance duration did not changaiicantly over time, although this
was significantly higher when leading with the cttdimb when compared to the
affected limb (p=0.02). Trail limb relative standaration when trailing with the intact
limb was significantly greater than trailing withet affected limb (p=0.05) although no

significant time effect was reported.
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Table 6.16 Mean (SD) temporal-spatial variables of steppg down gait. Data are presented for the affectedhtact, lead and trail limbs

separately.
Limb One Month Three Months Six Months Twelve Musit
Walking Lead Affected 0.72 (0.18) 0.88 (0.16) 0.98 (0.13) .191(0.0)
Velocity (m/s) | ead Intact 0.79 (0.0) 0.96 (0.22) 0.98 (0.19) -
Stride Length  Lead Affected 1.06 (0.13) 1.17 (0.16) 1.24 (0.12) .401(0.10)
(m) Lead Intact 1.05 (0.10) 1.25 (0.24) 1.26 (0.14) -
Lead Affected 58 (4.1) 58 (2.7) 57 (2.0) 55 (1.3)
Relative Stance | g5 Intact 60 (8.4) 60 (2.7) 59 (4.3) -
Duration(% ]
GC) Trail Intact 73 (3.2) 71 (3.1) 70 (3.6) 66 (0.2)
Trail Affected 71 (1.3) 66 (2.1) 66 (2.0) -

*Data from two participants, not included in statistical analyses
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Table 6.17 Mean (SD) temporal-spatial characteristics adtepping up gait. Data are presented for the affeetl, intact, lead and trail limbs

separately.

Limb One Month Three Months Six Months Twelve Musit

Walking Lead Affected 0.94 (0.0) 1.01 (0.10) 0.94 (0.13) 211(0.0)
Velocity (m/s) | ead Intact 0.76 (0.14) 0.92 (0.13) 0.93 (0.16) 21(@0)
Stride Length  Lead Affected 1.21 (0.0) 1.34 (0.13) 1.29 (0.10) 451(0.0)
(m) Lead Intact 1.08 (0.11) 1.27 (0.20) 1.23(0.12) 81(@.0)

Lead Affected 63 (0.0) 63 (2.0) 64 (2.5) 60 (1.0)

Relative Stance | g5 Intact 70 (3.8) 68 (3.0) 68 (3.1) 65 (0.0)

Duration(% ]

GC) Trail Intact 63 (0.0) 63 (1.7) 64 (3.8) 61 (2.8)

Trail Affected 62 (2.4) 60 (1.8) 59 (2.8) 58 (-)

*Data from two participants, not included in statial analyses.
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6.3.8 Lead Limb Preference

Participants lead limb preferences during gait wétepping up to and from a new level

are presented in Table 6.18, no statistical corapas were drawn.

6.3.8.1Stepping Down Gait

As is observed in Table 6.18, participants favowaedffected limb lead preference. At
one and three months post-discharge, participasidaged a strong bias towards an
affected limb lead preference, with only two exoams at three months displaying no
lead limb preference (participants one and six).sit months post-discharge, these
exceptions displayed an intact limb lead preferemgt only two more changing from

an affected limb to an intact limb lead prefere(itable 6.18).

6.3.8.2Stepping Up Gait

During stepping up gait, participants generallyptiiged an intact limb lead preference
(Table 6.18). One participant maintained an aftedimb lead preference up to six
months post-discharge (participant two), with ongar{icipant one) and two

(participants six and seven) displaying an affet¢iath lead preference at three and six
months respectively. Generally, once a lead limkefgsence had been selected,

participants tended to employ this strategy coestbt (Table 6.18).
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Table 6.18 Individual participant lead limb preferences diring gait whilst stepping up to and down from a ne&v level.

l\llal?rtriigtr One Month Three Months Six Months Twelve Months
Stepping Up

Affected Intact Total Preference Affected Intacfotal Preference Affected Intact Total Preference Affected Intact Total Preference
1 4 2 6 A 0 7 7 I 1 4 5 I
2 8 0 8 A 6 0 6 A 7 0 7 A 6 0 6 A
3 1 4 5 I 0 6 6 I 1 7 8 I
4 0 6 6 I 0 4 4 I 3 4 7 I
5 0 6 6 I 2 4 6 I 1 5 6 I
6 3 4 7 I 6 1 7 A
7 1 4 5 I 3 2 5 A

Stepping Down

Affected Intact Total Preference Affected Intacfotal Preference Affected Intact Total Preference Affected Intact Total Preference
1 3 3 6 No Pref 3 4 7 I 6 0 6 A
2 6 0 6 A 6 0 6 A 5 2 7 A 6 0 6 A
3 4 1 5 A 6 1 7 A 6 2 8 A
4 6 0 6 A 3 1 4 A 0 7 7 I
5 5 1 6 A 6 0 6 A 3 3 6 No Pref
6 4 4 8 No Pref 2 5 7 I
7 4 1 5 A 4 0 4 A
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6.3.9 Foot Marker Trajectories

Foot marker trajectory data are presented in FgyGré4 (stepping down gait) and 6.15
(stepping up gait) with complete statistical anatyprovided in Tables 6.22, 6.25, 6.29

and 6.32.

6.3.9.1Stepping Down Gait

6.3.9.2Lead Limb

Figure 6.14 illustrates the consistent toe trajgesoof the lead limb in the six months
following discharge from rehabilitation, which ré®a in no significant main effects.
When leading with the affected limb, there wasudlty no change in heel trajectory
over time. Coupled with the increased peak hegkdrary displacement and the
changes over time when leading with the intact lifHigure 6.14) a significant

interaction effect was observed (p=0.01).

6.3.9.3Trail Limb

During stance phase, heel and toe trajectories Wdaghng with either limb were very
consistent over time (Figure 6.14). There were bmgible changes in both the
magnitude and timing of toe and heel displacemduatsg swing phase, however, no

statistically significant main effects were obtair(&igure 6.14).

6.3.9.4Stepping Up Gait

6.3.9.5Lead Limb

Lead limb peak toe trajectory displacement visilnlgreased between three and six
months when leading with the affected limb, whetéasopposite was true of peak heel
displacement when leading with the affected limthaugh no statistically significant

results were found (Figure 6.15). There were nenlable differences or statistically
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significant main effects in peak heel or toe tragees when leading with the intact

limb.

6.3.9.6Trail Limb

When trailing with either limb, toe trajectory pies displayed some variation over
time, although no statistically significant mainfests were reported (Figure 6.15).
Similarly, when examining heel trajectories, althbyeak heel trajectory displacement
seemed greater when trailing with the affected luiten compared to trailing with the

intact limb, no significant limb main effect wassaved (Figure 6.15).
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Figure 6.14 Group mean stepping down gait foot marker tragctories for the lead

affected (toe — A, heel - B), trail intact (toe — Cheel - D), lead intact (toe — E, heel -

F) and trail affected (toe — G, heel - H) limbs. Tme normalised to 100% of gait

cycle. Lead limb gait cycle defined from toe-off tdoe-off, trail limb follows

conventional definition. Data at 12 months from n=2
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Figure 6.15 Group mean stepping up gait foot marker trajetories for the lead
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F) and trail affected (toe — G, heel - H) limbs. Tme normalised to 100% of gait
cycle. Lead limb gait cycle defined from toe-off tdoe-off, trail limb follows

conventional definition. Data at 12 months from n=2
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6.3.10 Joint Kinematics — Stepping Down Gait

Joint kinematics are presented in Figures 6.16ittabglane lead limb), Appendix N
(frontal and transverse plane lead limb), 6.17 i{sdglane trail limb) and Appendix N
(frontal and transverse) with complete statistaralyses provided in Tables 6.20, 6.21,

6.23 and 6.24.

6.3.10.1Lead Limb

Figure 6.16 illustrates distinct between limbs @liéinces in ankle kinematics over time.
Firstly, peak ankle plantarflexion during loadingsponse was greater when leading
with the affected limb when compared to the intéiotb (p<0.01). Peak ankle
dorsiflexion during stance phase was consistent ¢wmee when leading with the
affected limb (Figure 6.16). In comparison, wheadiag with the intact limb this
variable was increased at one and six months bucesl at three months, resulting in a
significant interaction effect (p<0.01). Similarilgnkle ROM during stance phase when
leading with the affected limb was relatively unebed over time (Figure 6.16), the
same variable being increased at one and six manthseduced at three months when
leading with the intact limb, resulting in a sigo#ént interaction effect (p<0.01). A
significant limb effect indicated that, peak anglantarflexion during swing phase was
significantly higher when leading with the intashb when compared to the affected
limb (p<0.01).

Although peak knee flexion during loading respossemed to reduce over time when
leading with the intact limb, no significant timean effect was observed (Figure 6.16).
However, both peak knee flexion (p=0.01) and kn€&&VR(p=0.01) during loading
response were significantly higher when leadinghwiite intact limb in comparison to
the affected limb. In addition, knee ROM duringgéenlimb support was also greater

when leading with the intact limb in comparisorthie affected limb (p=0.01). Although
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an increase in hip flexion during stance phase @@zerved when leading with the
intact limb, no significant main effects were regor for variables relating to sagittal
plane hip kinematics (Figure 6.16).

When leading with both the affected and intact Bn#agittal plane pelvic kinematics
generally remained in anterior tilt (Figure 6.16).significant limb main effect was
observed for sagittal plane pelvic ROM during sinlinb support (p=0.01), likely due
to the large differences observed at one monthgiesharge (Figure 6.16).

Relatively small changes were observed in frontal ansverse plane kinematics of
the pelvis and hip (Appendix N). However, post-lamalysis of pelvic ROM of motion
during single limb support revealed significantfeliénces between one and three
(p=0.02) and one and six (p=0.02) months post-digsh likely due to change observed

when leading with the intact limb (Appendix N).

6.3.10.2Trail Limb

Both ankle ROM (p<0.01) and peak ankle dorsiflex{pr0.01) during stance phase
were significantly higher when trailing with thetact limb when compared to the
affected limb (Figure 6.17).

Similarly, knee ROM during single limb support wageater when trailing with the
intact limb when compared to trailing with the atied limb (p=0.05). Knee ROM
during loading response when trailing with the dbhtdimb remained relatively
unchanged over time, whilst being greater in magigitwhen compared to the affected
limb (Figure 6.17). Coupled with the reduction abse in this variable when leading
with the affected limb, a significant interactioffieet was observed (p=0.03). Although
the magnitude of sagittal plane knee profiles oledy reduced over time when trailing
with the affected limb, these changes were noissitally significant (Figure 6.17).
Sagittal plane hip kinematics remained consistembss time and were comparable

between limbs (Figure 6.17). With the exceptioraafisible increase in anterior pelvic
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tilt when trailing with the affected limb, there mefew changes in sagittal plane pelvis
kinematics and no statistically significant maifeets were reported (Figure 6.17).
Post-hoc analysis of peak pelvic obliquity duringiregy phase revealed a significant
difference between one and three months post-digei(@=0.03). This may have been
a reflection of the reduction in the variable noteden trailing with the intact limb
(Appendix N). No further significant main effectsere observed for pelvis or hip

kinematics in the frontal or transverse plane (Age N).
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gait. Lead limb gait cycle defined from toe-off taoe-off. Vertical lines represent

foot contact. Data at 12 months from n=2.
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6.3.11 Ground Reaction Forces — Stepping Down Gait

Loading and decay rates are presented in Table GRE data are presented in Figure

6.18 with complete statistical analyses providedables 6.21 and 6.24.

6.3.11.1Lead Limb

Upon landing when stepping down during gait, loat (p=0.02), initial peak vertical
GRF (p=0.05) and peak posterior GRF (p<0.01) wigneificantly higher when leading
with the intact limb in comparison with leading ithe affected limb (Table 6.19,
Figure 6.18).

A significant time effect was reported for peakeaitr GRF (Figure 6.18), post-hoc
analysis revealing a significant increase betweea and six months post-discharge

(p=0.02).

6.3.11.2Trail Limb

Similar effects were observed in trail limb GRF lgsas, where decay rate (p=0.01),
second peak vertical GRF (p=0.03) and peak ant&R¥F (p=0.01) were significantly

greater when trailing with the intact limb when qmared to trailing with the affected

limb (Table 6.19, Figure 6.18).

A significant interaction effect was reported fagal posterior GRF (p=0.01) due to

longitudinal changes and no discernable limb effEgure 6.18).
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Table 6.19 Mean (SD) loading and decay rate of steppingpdn gait. Data are

presented for the affected, intact, lead and trailimbs separately.

Limb One Month Three Months Six Months Twelve
Months*
Lead
Afiected 1 (D) 6.5(1.9) 7.8(3.1) 7.9 (0.0)
Lead
Intact 8.7(4.8) 11.6 (3.4) 11.0 (4.0) ]
Load Rate

(BW/s)
Trail 3.5(1.8) 5.0 (1.5) 5.2 (1.2) 7.8 (0.0)
Intact ) : . - . . . .
Ao 4.1 (0.6) 4.1(0.1) 43(0.7) -
Affected A 4 U .3 (0.
Lead 45 (0.4 48 (12 59 (0.9 e (00
Affected 5(0.4) 8 (1.2) 2(0.9) 5(0.0)
:'etadt 4.0 (0.9) 4.4 (0.7) 6.7 (2.0) ]

Decay 'Mac

Rate

(BWI/s) Trail Al(lo c 510 ca(la 00
Intact 1(@1.2) 3(1.2) 8(1.3) .2(0.0)
qral 3.0(0.7) 3.9 (1.3) 4.4 (0.5) .
Affected A LACT A4 (0.

*Data from two participants, not included in statial analyses
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Figure 6.18 Group mean vertical and anterior-posterior graind reaction forces for

the lead affected (A and B), lead intact (E and F}rail intact (C and D) and trail

affected (G and H) limbs. All data normalised and pesented as times body weight

(BW). Time normalised to 100% of stance phase durmstepping down gait. Data

at 12 months from n=2. Vertical and anterior are paitive.
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6.3.12 Joint Kinetics — Stepping Down Gait

Joint moments are presented in Figures 6.19 (ahgitd frontal plane lead limb) 6.20

(sagittal and frontal plane trail limb), joint porgeare presented in Figures 6.21 (sagittal
plane lead limb), 6.22 (sagittal plane trail lind)d support moments are presented in
Appendix O with complete statistical analyses pdedi in Tables 6.21, 6.22, 6.24 and

6.25.

6.3.12.1Lead Limb

Ankle joint moment profiles reduced in magnitudesotime when leading with both
limbs and were generally larger when leading witle intact limb, although no
statistically significant main effects were repdr{€igure 6.19).

Peak knee extensor moment during loading resparwseased over time when leading
with both limbs, post-hoc analysis revealing thieeeeases to be between three and six
months post-discharge (p=0.03). In addition, paadekextensor moment during loading
response was increased when leading with the intaeh compared to leading with the
affected limb (p=0.01). Peak knee flexor momentirdurswing phase was also
significantly greater when leading with the intdiotb in comparison to the affected
limb (p=0.05) (Figure 6.19).

Sagittal plane hip moment profiles were relativeignilar across time when leading
with the affected limb, observable changes wereaspp when leading with the intact
limb although no statistically significant mainedts were reported (Figure 6.19).
Significant interaction effects were observed askp&p abductor moment during both
early (p=0.01) and late stance phase (p=0.02) dthmyer time, the magnitude of
change being larger when leading with the intawbl{Figure 6.19).

As can be seen in Appendix O, initial peak suppooment reduce significantly over

time in both limbs but more markedly when leadinghwthe intact limb, post-hoc
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analysis revealing these differences between odesanmonths (p=0.04). A similar

effect was noted in the second peak support momeith resulted in a significant

interaction effect (p=0.03).

Both peak power absorption (Al) and generation (AR}he ankle were observably
increased when leading with the intact limb comgdeethe affected limb, although no
statistically significant limb effect was report@egure 6.21).

Similarly, power bursts K1, K2 and K3, were obsétydarger when leading with the
intact limb in comparison to the affected limb, wgb no statistically significant limb

effects were reported (Figure 6.21). However, deae power absorption during swing
phase (K4) was significantly greater when leadinidy whe intact limb compared to the
affected limb (p=0.01).

Lead limb hip power profiles were similar betweénls during swing phase (Figure
6.21). Despite visible between limb differenceship power profiles during stance
phase and changes in magnitude when leading watimtact limb, no significant main

effects were reported (Figure 6.21).

6.3.12.2Trail Limb

Peak ankle dorsiflexor moment during loading respomcreased significantly over
time (p=0.05), although post hoc analysis did eeteral where this difference occurred
(Figure 6.20). In addition, peak ankle plantarflexeoment during stance phase was
observably larger when trailing with the intact imhen compared to trailing with the
affected limb, although this was not statisticalignificant (Figure 6.20).

Peak knee flexor moment increased over time whaiting with the intact limb,
decreased over time when leading with the affedied and was increased in
magnitude in the intact limb at six months posthdasge resulting in a significant

interaction effect (p=0.05). Peak knee extensor srdmwere visibly increased when
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trailing with the intact limb although no statistily significant limb effect was reported
(Figure 6.20).

Post-hoc analysis revealed that peak hip flexor emdnduring late stance phase
significantly increased in both limbs between ond ¢ree (p=0.04) and one and six
months (p=0.05) post discharge (Figure 6.20). Irditah, this variable was
significantly increased when trailing with the iatdimb in comparison to the affected
limb (p=0.01).

The reduction over time in peak hip abductor montming early stance phase was
greater when trailing with the intact limb in comigan to trailing with the affected
limb, resulting in a significant interaction effeg@=0.03). Peak hip abductor moment
during late stance phase reduced significantly awee when trailing with both limbs,
post-hoc analysis not revealing where the diffeesnaccurred (p=0.02). In addition,
this variable was significantly increased when litigi with the intact limb in
comparison to the affected limb (p=0.05).

Both initial and second peak support moments redlusesr time, although post-hoc
analysis only revealed a significant difference foe latter between one and three
months post-discharge (p=0.04) (Appendix O).

Significant limb effects were observed for both lp@awer absorption (Al) (p=0.01)
and generation (A2) (p=0.04), these power burstsghacreased when trailing with the
intact limb in comparison to the affected limb (lrig 6.22).

Peak knee power generation during stance phasewig)also greater when trailing
with the intact limb in comparison to the affectieaib (p=0.05). Peak knee power
absorption during swing phase (K4) reduced ovee tmhen trailing with the affected
limb, an increase followed by a decrease beingchateen trailing with the intact limb

resulting in a significant interaction effect (pé8) (Figure 6.22).
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Peak power absorption (H2) increased significanéiwveen one and three months post-
discharge (p=0.04). A significant time main effects also reported for power burst H3
(p=0.05), although post-hoc analysis did not rewshkere the significant increases

occurred.

6.3.12.3Data for n=2 at 12 Months Post-Discharge

Participants maintained an affected limb lead pesfee at 12 months post-discharge.
Walking velocity and stride length increased widhative stance duration decreasing
over time between 6 and 12 months post-dischargak Fheel and toe vertical
trajectories reduced and increased respectivelp amonths post-discharge. There were
few changes in trail limb vertical heel and togedctories.

There were no large changes in joint kinematicsnmtbading with the affected limb at
12 months post-discharge, although knee ROM duliragling response seemed to
increase, perhaps reflecting better control of khee having stepped down to a new
level.

Load and decay rates increased in both the leadraitdimb when leading with the
affected limb at 12 months post-discharge. Sinyilanitial and second peak vertical
GRFs and peak anterior and posterior GRFs, inadea@kging this time period,
suggesting that participants were more capablexperence greater forces and under
greater loading/unloading conditions.

These observations were linked to the increasepesk knee extensor and ankle
plantarflexor moments during stance phase whenirgawith the affected limb
apparent at 12 months post-discharge. Trail limimtjonoments remained similar
between 6 and 12 months post-discharge, althoughcasase was noted in hip flexor
moment during late stance phase.

The aforementioned, increased lead limb moments aso reflected in the joint power

analysis at 12 months post-discharge. Peak powestsod2, K1, K2, and K3 were
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increased at 12 months post-discharged, althougictadl limb power generation and
absorption was not as great as in the lead intabt&t six months. Intact limb trail joint
power bursts increased unanimously with the exeeptif K4, further highlighting the

inter-limb differences when acting as the trailbim
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Table 6.20 Statistical breakdown of stepping down gait B limb temporal-spatial variables and joint kinemdics. Results are reported (F

value and significance level (p) from the linear mied model. *Indicates a statistically significant esult.

Main Effects Interaction Effects
Time Limb Time * Limb
Temporal-spatial Variables F P F P F P
Walking Velocity (2,7.09)=7.71 0.02* (1, 4.300-03 0.86 (2,12.42) =0.69 0.52
Stride Length (2,9.19) =9.10 0.01* (1,6.79) 8. 0.87 (2,14.11) = 0.88 0.44
Relative Stance Duration (2,9.10) =0.69 0.53  7(20)=1.49 0.26 (2,14.33)=0.25 0.78
Sagittal Plane Joint Kinematics F P F P F P
Peak ankle plantarflexion during loading response 2, 9(84) =1.74 0.23 (1,15.57)=8.97 0.01* (B8).=3.47 0.07
Peak ankle dorsiflexion during stance (2,10.20876 <0.01* (1,15.04)=4.82 0.04* (2,9.70)=2A% <0.01*
Peak plantarflexion during swing (2,9.43)=3.12 .00 (1,15.76)=20.61 <0.01* (2,9.31)=3.81 0.06
Ankle range of motion during stance (2,10.47) 821 <0.01* (1,15.93)=16.23 <0.01* (2,10.18)E® <0.01*
Peak knee flexion during loading response (2, J0-0R.05 0.39 (1,12.02)=11.04 0.01* (2,11.49.82 0.39
Peak knee flexion during swing (2,12.10)=2.72 110. (1,12.21)=2.72 0.13 (2,13.27) = 1.29 0.31
Knee range of motion during loading response (29)0= 3.03 0.09 (1,15.87)=8.81  0.01* (2,9.84.92 0.10
Knee range of motion during single limb support , §®4) = 1.68 0.24 (1,12.20)=11.08 0.01* (23B)=2.08 0.17
Knee range of motion across gait cycle (2,9.00)18 0.84 (1,11.59) =2.80 0.12 (2,8.72) =0.21 .810
Peak hip flexion during loading response (2, 15-98)98 0.17 (1,17.80) =0.01 0.97 (2,17.29)390. 0.68
Peak hip extension during stance (2, 13.65) =0.110.89 (1,17.88) =0.28 0.60 (2, 15.75) = 0.56 0.58
Peak hip flexion during swing (2,16.23)=0.78 &.4 (1,17.89)=0.50 0.49 (2,16.71) =0.81 0.46
Hip range of motion during single limb support 9211)=1.41 0.29 (1,7.72)=2.91 0.13 (2,10499)48 0.63
Hip range of motion across gait cycle (2,17.89.58 0.57 (1,17.31) =0.01 0.92 (2, 16.15) = 0.170.85
Pelvic range of motion during single limb support 2, 16.00) = 2.69 0.10 (1,18.38)=17.09 <0.01* 1216)=2.09 0.15
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Table 6.21 Statistical breakdown of stepping down gait & limb joint kinematics, ground reaction forces aml joint moments. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Interaction Effects

Main Effects

Time Limb Time * Limb
Frontal and Transverse Plane Joint Kinematics F P F P F P
Peak hip abduction during swing (2,9.92) =0.38 690. (1,18.89)=0.76 0.40 (2,11.01) =2.86 0.10
Peak pelvic obliquity during swing (2,10.36) =%.8 0.03* (1,6.37)=4.15 0.09 (2,11.28)=1.84 (0.2
Hip rotation range of motion during single limb popt (2,12.39)=0.32 0.73 (1,12.32)=0.01 0.99(2, 13.65) = 0.80 0.47
Pelvic rotation range of motion during single lisimpport (2,12.76)=7.83 0.01* (1,9.71)=2.22 170. (2,12.04)=8.81 <0.01*
Ground Reaction Forces F P F P F P
Vertical GRF Fz1 (2,6.36) =3.21 0.11 (1, 4.96).92 0.05* (2,9.43)=0.08 0.92
Vertical GRF Fz2 (2,7.76) = 0.95 0.43 (1, 5.79).29 0.30 (2,10.55) =041 0.67
Anterior-Posterior GRF Fyl (2,11.15)=2.42 0.131,584)=62.15 <0.01* (2,13.88)=0.36 0.71
Anterior-Posterior GRF Fy2 (2,9.55)=6.82 0.01* 1, §.80) =3.50 0.11 (2,13.36) =1.53 0.25
Load Rate (2, 7.69) =1.08 0.39 (1,7.00)=8.77 020. (2,11.90)=0.15 0.86
Decay Rate (2,9.03) =4.00 0.06 (1,5.73)=0.07 .810 (2,12.95)=1.13 0.35
Sagittal Plane Joint Moments F P F P F P
Peak ankle dorsiflexor moment during loading resgon (2, 8.33) =1.17 0.36 (1,5.11)=0.18 0.69 5(23)=2.35 0.18
Peak ankle plantarflexor moment during stance 158 =134 0.30 (1,5.61)=2.41 0.18 (2, 6.79)69 0.91
Peak knee flexor moment during loading response 9.88) =0.26 0.78 (2,7.10)=0.10 0.77 (2, 868)41 0.68
Peak knee extensor moment during loading response 2, 3.05) =16.05 0.02* (1, 1.76) =104.25 0.01* §Z2)3) =3.73 0.07
Peak knee flexor moment during mid stance (2, 528330 0.08 (1,4.48)=0.33 0.60 (2,4.24) =3.99 0.11
Peak knee flexor moment during late stance (2,)8-6868 0.53 (1,5.85)=2.32 0.18 (2,6.14) =20.3 0.74
Peak knee flexor moment during swing (2,4.30)632. 0.24 (1,4.03)=7.98 0.05* (2,3.77)=4.08 10.1
Peak hip extensor moment during early stance 12)% 0.49 0.64 (1, 7.29) =0.07 0.80 (2,10.48)62 0.98
Peak hip flexor moment during late stance (2, 860)05 0.39 (1,7.17)=0.02 0.89 (2,8.10)=0.76 0.50
(2,3.56)130 0.88 (1, 4.66) = 0.13 0.73 (2,491)=0.46 60.6

Peak hip extensor moment during swing
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Table 6.22 Statistical breakdown of stepping down gait & limb joint and support moments, joint powers andfoot trajectories. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal Plane Joint Moments F P F P F P
Peak hip abductor moment during early stance (2716 10.45 <0.01* (1,10.09)=6.31 0.03* (2,949.=8.11 0.01*
Peak hip abductor during late stance (2,10.3714 6 0.02* (1,5.01) =0.06 0.82 (2,5.94) =8.26 020.
Support Moments F P F P F P
Initial peak support moment (2, 6.98) =5.06 0.04* (1,4.59)=1.78 0.25 (2,5.91) =3.50 0.10
Second peak support moment (2,11.41) =12.80 %0.01,11.41)=2.58 0.14 (2,11.41)=5.19 0.03*
Joint Powers F P F P F P
Al — Ankle power absorption during stance (2,346)34 0.15 (1,6.60)=2.71 0.15 (2, 3.16) = 3.260.15
A2 — Ankle power generation during pre-swing (383.=0.05 0.95 (1, 6.63)=3.80 010 (2,3.51)560. 0.62
K1 — Knee power absorption during loading response (2, 5.59) =8.13 0.23 (1,6.43)=1.80 0.23 (29951.22 0.23
K2 — Knee power generation during mid-stance @30=0.64 0.82 (1,0.10)=1.41 0.82 (2,3.02)20 0.56
K3 — Knee power absorption during pre-swing (22p40.17 0.85 (1,6.93)=1.40 0.28 (2,9.48)10. 0.86
K4 — Knee power absorption during terminal swing , §82)=0.21 0.81 (1,6.10)=13.01 0.01* (2%30.77 0.50
H1 — Hip Power generation during loading response 2, 2(69) = 0.75 0.55 (1,4.59)=0.48 0.52 (2, 358.13 0.17
H2 — Hip power absorption during stance (2, 10:36@)42 0.07 (1,6.93)=0.87 0.38 (2, 7.42) = 1.830.23
H3 — Hip power generation during pre-swing (2,588.21 0.24 (1,6.28) =1.70 0.24 (2,5.88)=11.1 0.24
Foot Trajectories F P F P F P
Toe (2,8.10)=0.32 0.74 (1,7.47)=3.91 0.09 1@15)=0.35 0.71
Heel (2,7.97)=7.27 0.02* (1,2.11)=3.88 0.18 2,958)=8.85 0.01*
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Table 6.23 Statistical breakdown of stepping down gait &il limb temporal-spatial variables and joint kinematics. Results are reported (F

value and significance level (p) from the linear mied model. *Indicates a statistically significant esult.

Main Effects

Interaction Effects

Time Limb Time * Limb
Temporal-spatial Variables
Walking Velocity (2,7.09)=7.71  0.02* (1, 4.30)0:03 0.86 (2,12.42)=0.69 0.52
Stride Length (2,9.19)=9.10 0.01* (1,6.79)8D. 0.87 (2,14.11)=0.88 0.44
Relative Stance Duration (2,11.31)=7.03 0.01* , A(B7)=1156 0.01* (2,14.42)=0.31 0.74
Sagittal Plane Joint Kinematics F P F P F P
Peak ankle plantarflexion during loading response 2, 5(62) = 0.21 0.81 (1,5.41) =0.95 0.37 (2, 37137 0.29
Peak ankle dorsiflexion during stance (2,21.22)62 0.22 (1, 13.76) =25.32 <0.01* (2,16.69)211. 0.32
Peak plantarflexion during swing (2,21.44)=1.070.36 (1, 15.21)=0.52 0.48 (2,17.96) =2.05 0.16
Ankle range of motion during stance (2,13.09)781. 0.21 (1,12.95)=26.12 <0.01* (2, 18.90)=0.080.93
Peak knee flexion during loading response (2, =243 0.13 (1,10.52)=1.33 0.27 (2,14.51)800 0.47
Peak knee flexion during swing (2,18.44)=1.80 190. (1, 14.96)=0.96 0.34 (2,17.76) =1.05 0.37
Knee range of motion during loading response @2p=5.32 0.03* (1,6.33)=2.80 0.14 (2,11.53).20 0.03*
Knee range of motion during single limb support , 2.62) =294 0.08 (1,11.81)=4.75 0.05* (2589=3.03 0.08
Knee range of motion across gait cycle (2,18.46)22 0.32 (1,13.70)=2.17 0.16 (2, 16.86) = 0.9M.42
Peak hip flexion during loading response (2,1322) 07 0.17 (1,13.49)=0.81 0.38 (2, 16.95)840. 0.45
Peak hip extension during stance (2,8.63)=0.40.680 (1,5.69)=0.52 0.50 (2,12.55)=0.30 0.75
Peak hip flexion during swing (2,12.34)=160 d.2 (1,12.07)=1.09 0.32 (2,15.81)=0.38 0.69
Hip range of motion during single limb support 2,01)=3.78 0.06 (1,9.64)=0.01 0.92 (2,13584)24 0.32
Hip range of motion across gait cycle (2,10.7267 0.17 (1,12.10)=0.38 0.55 (2, 15.48) = 0.69.53
Pelvic range of motion during single limb support 2, 9.66) = 3.90 0.06 (1,7.15)=0.81 0.40 (2,2261.58 0.24
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Table 6.24 Statistical breakdown of stepping down gait &il limb joint kinematics, ground reaction forces and joint moments. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Interaction Effects

Main Effects

Time Limb Time * Limb
Frontal and Transverse Plane Joint Kinematics F P F P F P
Peak hip abduction during swing (2,19.32) =0.20.820 (1,19.32)=3.42 0.08 (2,19.32)=1.02 0.38
(2,15.29)=56.2 0.02* (1,12.91)=0.02 0.90 (2,17.30)=0.81 460.

Peak pelvic obliquity during swing

Hip rotation range of motion during single limb poypt (2,14.74)=0.06 0.94 (1,12.09)=0.16 0.702,17.14)=0.42 0.66
Pelvic rotation range of motion during single lisigpport (2,10.27) =0.49 0.63 (1,4.98)=0.01 40.9(2,10.60)=1.41 0.29
Ground Reaction Forces F P F P F P
Vertical GRF Fz1 (2,12.70)=1.47 0.27 (1,105%).58 0.46 (2,9.56) =0.30 0.75
Vertical GRF Fz2 (2,12.86)=1.37 0.29 (1,1033%.04 0.03* (2,9.38)=0.20 0.83
Anterior-Posterior GRF Fyl (2,5.77)=12.26 0.01*(1, 5.00) =2.48 0.18 (2,7.94)=8.77 0.01*
Anterior-Posterior GRF Fy2 (2,4.37)=1.48 0.32 ,618)=11.37 0.01* (2,7.19)=1.18 0.36
Load Rate (2,7.89)=1.11 0.38 (1,3.94)=3.00 160. (2,6.40)=3.76 0.08
Decay Rate (2, 8.75) =0.08 0.93 (1,6.48)=17.02.01* (2,8.01)=0.85 0.46
Sagittal Plane Joint Moments F P F P F P
Peak ankle dorsiflexor moment during loading resgon (2, 3.11) =9.49  0.05* (1, 5.38) =0.02 0.89 433)=2.35 0.20
Peak ankle plantarflexor moment during stance @)Y= 1.90 0.25 (1, 6.35) =0.79 0.41 (2, 7.79.61 0.99
Peak knee flexor moment during loading response 2.22)=6.04 0.13 (1,2.07) =6.83 012 (2,2#69)1.32 0.05*
Peak knee extensor moment during loading response 2, 8.14) = 0.91 0.44 (1,5.67)=3.76 0.10 (2, p92.02 0.22
Peak knee flexor moment during mid stance (2, 229437 0.72 (1, 2.66) = 1.60 0.31 (2,3.34) =1.260.39
Peak knee flexor moment during late stance (2,)4&117.90 0.26 (1,5.56)=12.41 0.01* (2,6.81).69 0.95
Peak knee flexor moment during swing (2,2.61)343. 0.19 (1,5.40)=1.18 0.32 (2,5.12)=4.14 0.09
Peak hip extensor moment during early stance B)5 76.44 0.64 (1,4.95)=0.25 0.64 (2, 6.88)20 0.83
Peak hip flexor moment during late stance (2, 728)36  0.04* (1,5.29)=13.36 0.01* (2,5.38).8D 0.49
Peak hip extensor moment during swing (2,2.56691 0.34 (1,5.58) =0.63 0.46 (2,4.82)=2.85 50.1
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Table 6.25 Statistical breakdown of stepping down gait &il limb joint and support moments, joint powers ard foot trajectories. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal Plane Joint Moments F P F P F P
Peak hip abductor moment during early stance (&)3-17.14 0.02* (1,4.54)=9.22 0.03* (2,5.54J.50 0.03*
Peak hip abductor during late stance (2,2.43).6B8 0.02* (1,4.34)=7.83 0.05* (2,2.16)=9.47 .09
Support Moments F P F P F P
Initial peak support moment (2,2.37) =4.93 0.14 1,499)=0.01 0.94 (2,4.35)=0.54 0.62
Second peak support moment (2,2.58)=18.09 0.0311, 6.27) =0.58 0.48 (2,3.01) =0.56 0.62
Joint Powers F P F P F P
Al — Ankle power absorption during stance (2, 85138 0.15 (1,7.72)=13.98 0.01* (2,12.91).340 0.72
A2 — Ankle power generation during pre-swing (3873.=0.97 0.46 (1,5.26)=7.53 0.04* (2,5.00.%0 0.90
K1 — Knee power absorption during loading response (2, 8.11) = 0.08 0.93 (1,5.77)=4.84 0.07 (25Ip=1.62 0.24
K2 — Knee power generation during mid-stance @3B=5.56 0.10 (1,5.32)=6.44 0.05* (2,3.23).81 0.49
K3 — Knee power absorption during pre-swing (29141.92 0.52 (1,4.89)=0.48 0.52 (2,5.08)681. 0.41
K4 — Knee power absorption during terminal swing ,1@.73)=8.04 <0.01* (1,2.80)=7.64 0.08 (2%.=10.01 0.03*
H1 — Hip Power generation during loading response 2, 3(63) = 0.94 0.47 (1,5.43)=1.56 0.26 (2, p99.73 0.52
H2 — Hip power absorption during stance (2,129@)00 0.04* (1, 6.82) =3.54 0.10 (2,8.39)=0.350.71
H3 — Hip power generation during pre-swing (2, 363.00 0.05* (1,4.18) =3.48 0.13 (2,4.14)e4. 0.08
Foot Trajectories F P F P F P
Toe (2,8.31) =2.60 0.13 (1, 7.24)=0.04 0.85 1®@p3)=3.14 0.08
Heel (2, 15.40) = 0.83 0.46 (1,12.00)=0.06 0.8142,11.24)=0.10 0.91
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6.3.13 Discussion — Stepping Down Gait

Literature has reported that amputees display -litdy asymmetry in relative stance
duration when negotiating stairs, with increasddtingee stance duration on the intact
limb (Powerset al., 1997; Vaniceket al., 2007).When stepping down to a new level,
walking velocity and stride length increased ovaret with relative stance duration
decreasing in the affected limb when acting agrdielimb. This suggested an increase
in stepping down gait functioning and thus suppgrtihe third (3) hypothesis of an
improvement in the ability to perform stepping dogait over time.

An affected lead limb preference was observedailhyti although this diminished over
time at six months post-discharge. In the curramtigpant group, this is unsurprising
as during rehabilitation this strategy was advataktowever, the reduction of bias in
this lead limb preference could reflect an undedyshift in stepping down gait ability.
Although not explicitly the same task, literaturashreported two prevalent strategies
when descending stairs (Joregsal.,2006; Schmalet al.,2007; Alimusaget al.,2009).
When leading with the affected limb, amputees tdntte maintain an extended lead
limb in an attempt to reduce the demands on the lex¢ensor musculature (Jorets
al., 2006; Schmalzt al., 2007; Alimusajet al., 2009). When leading with the intact
limb, ankle plantarflexion was increased due taeklof dorsiflexion during stance
phase in the affected trail limb (Schmatzal.,2007).

Characteristics of these strategies were preseirigistepping down gait. Firstly, when
leading with the intact limb, increased lead ariEntarflexion was observed coupled
with lower ankle ROM and peak dorsiflexion duririgrece phase in the trailing affected
limb. This lack of mobility in the prosthetic ankleecessitated participants to
plantarflex the ankle of the leading intact limbarder to ‘fall’ onto the stance limb
(Schmalzet al., 2007). The intact limb knee joint also displayexthbincreased peak

knee flexion and ROM during loading response alaiitly increased load rate, peak
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vertical and posterior GRFs. As a result, peak lkedensor moment was increased in
comparison to the affected limb and this also iaseel over time. Ankle and knee joint
power bursts during stance phase (Al, A2, and Kdete also elevated. These results
suggested that there were large demands placecherkriee extensor and ankle
plantarflexor musculature in order to lower the ypad a controlled fashion. This
strategy was not adopted until later in the six th@eriod post-discharge, perhaps due
to the increased muscular demands. As previouabgdt the adoption of this strategy
may have signified an increase in stepping down ghility over time. Participants
lower limb knee extensor and ankle plantarflexorsoulature may have become more
accustomed to managing the strength requirementagdatance phase in the intact
limb when acting as the lead limb.

Participants in the current study initially tendedead with the affected limb, the knee
joint maintained in a more extended position, weduced GRFs and subsequent joint
moments. These results corroborated previous e@drthis strategy in stair descent
(Joneset al., 2006; Schmalzt al., 2007; Alimusajet al., 2009). However, walking
velocity also increased when using this strategy given the apparent reduced
functioning of the affected limb, gait adaptatiaaaild be hypothesised to be a result of
intact limb function. This hypothesis received soqpppn the form of increased decay
rate, second peak vertical and anterior (propulS#eF in the intact limb when acting
as the trail limb in preparation for swing phagse.atldition, peak ankle plantarflexor
moment, hip flexor moment and ankle (A2) and hi@)ldower generation during late
stance phase were increased when compared tofdwotedf limb and increased in the
six months following discharge. This suggested aprease in the propulsive
mechanism of the intact limb when acting as a traib. One interpretation of these
results was that amputees were comfortable progethe intact lead limb forwards,

while in stance on a relatively ‘rigid’ affectedatir limb. Upon lead limb contact, the
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intact limb may have been more able to cope wi¢hiticreased load as the whole body
centre of mass (COM) is lowered when compareddaffected limb.

The reduced kinetic functioning of the affected Hdirduring stepping down gait has
implications for transtibial amputee rehabilitati@imilar to level gait, attempts during
rehabilitation to increase the eccentric strengthkmmee extensor musculature may
increases affected limb ability to lower the whblady COM prior to intact limb foot
contact.

The improvements in walking velocity, coupled withe adaptations present in a
number of biomechanical variables, supported thed tthypothesis (3) of an

improvement in the ability to step from a new leglating gait.

6.3.14 Joint Kinematics — Stepping Up Gait

Joint kinematics are presented in Figures 6.23ittabglane lead limb), Appendix N
(frontal and transverse plane lead limb), 6.24i{&dglane trail limb) and Appendix N
(frontal and transverse) with complete statistan@dlyses provided in Tables 6.27, 6.28,

6.30 and 6.31.

6.3.14.1Lead Limb

Ankle ROM during stance phase was significantlyatge when leading with the intact
limb in comparison to leading with the affectedbifp=0.02) (Figure 6.23).

Peak knee flexion during loading response (p<0.@hge ROM during single limb
support (p=0.01) and peak knee flexion during swpltase (p<0.01) were all
significantly greater when leading with the intdiotb in comparison to the affected
limb, with these effects being reflected in Fig6r23.

Sagittal plane hip joint ROM during single limb gaot was significantly greater when
leading with the intact limb (p=0.04). Although thevere small increase and decreases

in the magnitude of sagittal plane hip kinematicfies when leading with the affected
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and intact limbs respectively, no significant timein effect was observed (Figure
6.23). Similarly, there were no reported significarain effects relating to sagittal plane
pelvic kinematic variables (Figure 6.23).

Pelvic rotation ROM during single limb support ieased significantly over time,

although post-hoc analysis did not reveal wheredtfierences occurred (p=0.04).

6.3.14.2Trail Limb

Sagittal plane ankle kinematics were relativelysstent over time when trailing with
the affected limb when compared to the intact li(Rligure 6.24). However, peak
plantarflexion during swing phase was greater wtrailing with the intact limb in
comparison to trailing with the affected limb (pé0).

Knee joint ROM during loading response (p=0.03) amyle limb support (p=0.02)
were greater when trailing with the intact limbagsposed to trailing with the affected
limb (Figure 6.24). Despite an observable decréasbe magnitude of hip extension
when trailing with the intact limb and an increasenip ROM when trailing with the
affected limb over time, there were no statisticaignificant main effects reported
(Figure 6.24).

There were no reported significant main effectsatneyy to sagittal plane pelvic
kinematic variables, despite some observable @saagross time (Figure 6.24).

Peak hip abduction during swing phase was sigmfigagreater when trailing with the
affected limb when compared to the intact limb ()88). A significant time main effect
was observed for pelvic rotation ROM during sinigieb support (p=0.05), perhaps due
to the reduction visible when trailing with theexdted limb, however, post-hoc analysis

did not reveal where the differences occurred (ApipeN).
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Figure 6.23 Group mean sagittal plane kinematics of the &l affected limb pelvis

(A), hip (B), knee (C) and ankle (D) and lead intadimb pelvis (E), hip (F), knee

(G) and ankle (H). Time normalised to 100% of gaitycle during stepping up gait.

Lead limb gait cycle defined from toe-off to toe-df Vertical lines represent foot

contact. Data at 12 months from n=2.
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6.3.15 Ground Reaction Forces — Stepping Up Gait

Loading and decay rates are presented in Table GRE data are presented in Figure

6.25 with complete statistical analyses providedables 6.28 and 6.31.

6.3.15.1Lead Limb

Both loading and decay rates were observably higien leading and trailing with the
intact limb when compared to the affected limb, boar no significant main effects
were reported (Table 6.26).

Initial peak vertical GRF observably increased auwae and was greater when leading
with the intact limb in comparison to the affectedb although this did not result in
any significant main effects (Figure 6.25). Peaktpoor GRF was significantly greater
when leading with the intact limb than when leadwith the affected limb (p=0.01)
(Figure 6.25). A significant interaction effect oceed (p=0.04) as a result of the
combination of increasing second peak vertical ®REN leading with the intact limb,

with increased magnitude observed when leading thighaffected limb (Figure 6.25).

6.3.15.2Trail Limb

Analysis of load rate produced a significant intéin effect, with load rate being
increased when trailing with the intact limb at caed three months post-discharge,
with more similar loading rates observed at six then(p=0.03) (Table 6.26). In
addition, load rate increased over time when trgilivith the affected limb. Decay rate
increased significantly over time when trailing vthe affected limb (p=0.05) although
post-hoc analysis did not reveal where the diffeesroccurred.

Second peak vertical GRF was significantly highéew trailing with the intact limb
(p=0.03), although there was no statistically digant longitudinal change in either

limb (Figure 6.25). A similar effect was noted iegk posterior GRF coupled with

222



relatively larger changes over time, resulting isignificant interaction effect (p=0.05)

(Figure 6.25).

Table 6.26 Mean (SD) loading and decay rate of steppinggait. Data are

presented for the affected, intact, lead and trailimbs separately.

Limb One Month Three Months Six Months Twelve*
Months
Lead
Affected 3200 4.4 (0.4) 4.0 (1.7) 5.2 (0.0)
Lead 50(19) 60(16) 63(18) 66(00)
Intact : ' : . . . . .
Load Rate

(BW/s)
Trail 8.0 (0.0) 8.1 (1.7) 6.8 (1.8) 9.8 (0.0)
Intact : ' : . . . . .
e as ) 47(09) 5.3 (L5) 8.0 (0.0)
Trall
Lead 3.6 (0.0 4.9 (0.9 5.1 (0.7 7.3(0.0
Affected 6(0.0) 9 (0.9) 1(0.7) .3(0.0)
Lead
Intact 4.2 (0.7) 4.7 (0.7) 4.7 (1.6) 6.7 (0.0)

Decay

Rate

(BWI/s) Trail 86 (0.0 o cals 105 (00
Intact 6(0.0) 1(2.7) .8(1.8) .5 (0.0)
?Ififtw 5.1(0.9) 53(0.8) 6.1 (1.8) 6.4 (0.0)

*Data from two participants, not included in statial analyses
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6.3.16 Joint Kinetics — Stepping Up Gait

Joint moments are presented in Figures 6.26 (ahgitid frontal plane lead limb) 6.27

(sagittal and frontal plane trail limb), joint poxgeare presented in Figures 6.28 (sagittal
plane lead limb), 6.29 (sagittal plane trail lind)d support moments are presented in
Appendix O with complete statistical analyses pdedi in Tables 6.28, 6.29, 6.31 and

6.32.

6.3.16.1Lead Limb

Knee extensor moment during loading response (ds0@v@s greater when leading with
the intact limb with peak knee flexor moment durlatge stance phase (p=0.03) being
increased when leading with the affected limb (Fegb.26).

Peak hip flexor moment during late stance phasesiggficantly greater when leading
with the intact limb in comparison to the affectedb (p=0.01) and increased between
one and three (p=0.01) months and one and six @B¥®onths post-discharge in both
limbs.

Peak hip abductor moment during early stance piasegreater when leading with the
intact limb in comparison to the affected limb (p&D). A similar effect was noted for
initial peak support moment, which was also greateen leading with the intact limb
(p<0.01) (Appendix O).

Peak power generation at the ankle joint (A2) wagsificantly greater when leading
with the intact limb when compared to leading wiibe affected limb (p=0.02).

The magnitude of peak knee power generation disiagce phase (K2) (p<0.01) and
peak knee power absorption during swing phase (4p.01) were greater when
leading with the intact limb when compared to tlieaded limb (Figure 6.28). Peak
power absorption during late stance phase in (K8eiased gradually over time when

leading with the intact limb (Figure 6.28). In afiloh, power burst K3 was generally
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increased when leading with the intact limb in camgbn to the affected limb,

resulting in a significant interaction effect (pén).

6.3.16.2Trail Limb

Despite some observable changes in ankle momefiteprao statistically significant
main effects were observed (Figure 6.27).

Peak knee extensor moment during loading resporase significantly higher when
trailing with the intact limb in comparison to tladfected limb (p=0.01). A similar
difference was noted for knee flexor moments dutatg stance phase, although no
statistical limb effect was reported (Figure 6.2Kpee moment during mid-stance
increased over time when trailing with the intaetd and remained relatively consistent
when trailing with the affected limb, resulting & significant interaction effect
(p=0.01).

Peak hip flexor moment during stance phase wasistens over time in both limbs
therefore no statistically significant main effeatsre observed (Figure 6.27).

Peak hip abductor moment during both early (p<0d1J late (p=0.03) stance phase
were increased when trailing with the intact linkligUre 6.27).

Peak power absorption at the ankle (A1) was greshen trailing with the intact limb
when compared to the affected limb, although thas wot statistically significant
(Figure 6.29). Similarly, peak power generatiorpawer burst A2 was greater when
trailing with the intact limb in comparison the edted limb (p=0.02).

The magnitude of peak knee power absorption dwarty stance phase (K1) (p=0.05)
and peak knee power generation during stance gkKayeg(p=0.01) were significantly
greater when trailing with the intact limb in comigan to the affected limb (Figure
6.29).

Peak knee power absorption during late stance ptk®edid not change noticeably

over time when trailing with the affected limb. Hever, an increase followed by a
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decrease was noted in the same variable whemgaulith the intact limb, resulting in a
significant time main effect between three andnsonths post-discharge (p=0.03).
Although there were some observable changes owmes th hip power profiles, no

significant time or limb main effects were repor{&tgure 6.29).

6.3.16.3Data for n=2 at 12 Months Post-Discharge

Participants maintained the same lead limb preteresbserved at 12 months post-
discharge as was selected at 6 months post-disch&¥glking velocity and stride
length increased from 6 to 12 months post-dischargen leading with both limbs.
Relative stance duration decreased regardlessmiif tir role. Vertical heel and toe
trajectories did not alter greatly at 12 months tglischarge in either limb when
performing either the lead or trail role.

When leading with both the intact and affected Bndi 12 months post-discharge,
sagittal and frontal plane joint kinematics remdimathin the ranges observed between
one and six months post-discharge. A similar patteas reported when trailing with
the intact limb although there were some observaiieeases in knee ROM during
loading response and peak hip extension duringcstahase when trailing with the
affected limb.

Both load and decay rates were increased whennigaaith the affected limb at 12
months post-discharge. Similarly, all peak vertenadl anterior-posterior GRFs, with the
exception of the second peak vertical GRF whenimgadith the affected limb, were
increased at 12 months post-discharge.

Similar to the changes noted in stepping down gaegk knee extensor and ankle
plantarflexor moment during stance phase increasd@® months post-discharge when
leading with the affected limb.

This was reflected in a similar way in joint powelsserved, with power bursts A2, K1,

K2 and K3 all increasing at 12 months post-dischain identical pattern of increases
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were observed when trailing with the intact limkhwihe addition of increases in power
bursts Al, H2 and H3. Again, the noted increaseétic functioning of the intact limb

highlights the importance of this limb in the sussfell completion of ADLs living in

transtibial amputees.
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Table 6.27 Statistical breakdown of stepping up gait leatimb temporal-spatial variables and joint kinematics. Results are reported (F value

and significance level (p) from the linear mixed mdel. *Indicates a statistically significant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Temporal-spatial Variables F P F P F P
Walking Velocity (2,16.85)=2.19 0.14 (1,18.56D.45 0.51 (2,15.48)=0.09 0.91
Stride Length (2,7.31)=2.43 0.16 (1, 13.15)%62. 0.17 (2,12.79)=0.84 0.46
Relative Stance Duration (2,9.57)=0.74 0.50 7(@2)=10.36 0.02* (2,10.75)=0.41 0.67
Sagittal Plane Joint Kinematics F P F P F P

Peak ankle plantarflexion during loading response 2, 9(24) = 0.09 0.92 (1, 10.28)=0.42 0.53 (2161=1.03 0.38

Peak ankle dorsiflexion during stance (2,18.19)82 0.46 (1, 20.80)=2.24 0.15 (2,16.39) =0.210.81
Peak plantarflexion during swing (2,8.59)=0.48 .60 (1,6.52)=5.47 0.06 (2,10.44)=1.70 0.23
Ankle range of motion during stance (2,12.94)861. 0.35 (1,13.12)=7.36 0.02* (2,14.92)=0.16 .860

Peak knee flexion during loading response (2, )0@.07 0.93 (1,11.77)=14.69 <0.01* (2,12.44).33 0.73
Peak knee flexion during swing (2,8.50)=0.12 90.8 (1,7.17)=6.10 0.04* (2,9.88) =0.22 0.81

Knee range of motion during loading response (Z/m3=0.98 0.40 (1,12.15)=0.06 0.82 (2,1554)50 0.26

Knee range of motion during single limb support , 827)=1.17 0.36 (1,6.21)=14.79 0.01* (2950.57 0.58
Knee range of motion across gait cycle (2, 9.70)44 0.66 (1, 7.56) = 4.26 0.08 (2,10.73) = 0.83 .460
Peak hip flexion during loading response (2,164R)17 0.84 (1,20.00)=0.58 0.45 (2, 14.67)470. 0.63
Peak hip extension during stance (2,15.76) =0.10.83 (1, 20.00) =0.05 0.83 (2,14.92) =058 0.57
Peak hip flexion during swing (2,5.56) =0.11 0.90(1, 19.25) = 0.06 0.81 (2,14.41)=0.61 0.56
Hip range of motion during single limb support 2,97)=233 0.14 (1,16.04)=15.12 <0.01* (2324=2.19 0.15

(2,8.77)852 0.13 (1,6.02)=048 051  (2,9.10)=2.61 30.1

Hip range of motion across gait cycle
(1, 18.39) = 0.10 0.76 (2035=0.31 0.74

Pelvic range of motion during single limb support 2, 12.54) =0.12  0.88
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Table 6.28 Statistical breakdown of stepping up gait leatimb joint kinematics, ground reaction forces andjoint moments. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal and Transverse Plane Joint Kinematics F P F P F P
(1, 17.37) = 3.97 0.06 (2,19.46)=195 0.17

Peak hip abduction during swing (2, 19.45) = 0.02 .980
Peak pelvic obliquity during swing (2,15.92) =D.1 0.90 (1, 20.00) =0.09 0.77 (2,13.97)=0.51 10.6

Hip rotation range of motion during single limb poypt (2,9.65)=0.30 0.75 (1,8.36)=0.24 0.64 ,1R19)=0.03 0.97
(2,769)=5.20 0.04* (1,14.24)=1.71 210. (2,12.61)=0.55 0.59

Pelvic rotation range of motion during single lisigpport
Ground Reaction Forces F P F P F P
Vertical GRF Fz1 (2,9.34)=0.21 0.82 (1, 6.46).23 0.06 (2,9.20)=2.00 0.19
Vertical GRF Fz2 (2,8.08)=0.48 0.64 (1, 5.3®.20 0.67 (2,8.42)=5.68 0.04*

(2,9.000=1.01 040 ,§D8)=10.04 0.01* (2,10.97)=0.01 0.99

Anterior-Posterior GRF Fyl
(2,7.01)=1.62 0.26 ,3B8)=2.52 0.19 (2,9.40)=0.64 0.45

Anterior-Posterior GRF Fy2

Load Rate (2, 5.60) = 0.04 096 (1,1.17)=11.50 .150 (2,10.76)=0.01 0.91
Decay Rate (2,6.77) = 0.46 0.65 (1,6.80)=0.01 .980 (2,7.92)=1.80 0.22
Sagittal Plane Joint Moments F P F P F P
Peak ankle dorsiflexor moment during loading resgon (2, 16.53) =1.63  0.23 (1, 8.15) =3.23 0.11 1879)=0.30 0.75
Peak ankle plantarflexor moment during stance I31m =193 0.19 (1,8.84)=0.51 0.49 (2,1328)51 0.26

17866)=0.09 091 (1,10.48)=2.78 0.13  (2,3y90.44 0.65

Peak knee flexor moment during loading response
(1,8.15)=39.83 <0.01* 12,09)=192 0.19

Peak knee extensor moment during loading response 2, 10(39) =3.87 0.06

Peak knee flexor moment during mid stance (2, )=8R49 0.62 (1, 11.05)=3.70 0.08 (2,14.07)671 0.22
Peak knee flexor moment during late stance (28E2A.70 0.23 (17.75)=7.16 0.03* (2,11.98).263 0.07
Peak knee flexor moment during swing (2,19.42)521 0.24 (1,15.84)=3.83 0.07 (2,19.36) =0.28 .760
Peak hip extensor moment during early stance )% 1.79 0.22 (1, 18.24)=0.99 0.33 (2,15.69)25 0.78
Peak hip flexor moment during late stance (2, 0:07.08 0.01* (1,8.87)=10.46 0.01* (2,11.24369 0.06

Peak hip extensor moment during swing (2,11.311® 0.34 (1, 10.96)=0.87 0.37 (2,14.11) = 0.210.82
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Table 6.29 Statistical breakdown of stepping up gait leatimb joint and support moments, joint powers and bot trajectories. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal Plane Joint Moments F P F P F P
Peak hip abductor moment during early stance (2322112 034 (1,22.25)=11.45 <0.01* (2,%220.04 0.96
Peak hip abductor during late stance (2,17.49880 0.47 (1,19.97)=2.38 0.14 (2, 16.40) = 0.77 .480
Support Moments F P F P F P
Initial peak support moment (2,9.73) = 2.04 0.181, 1R.61) =12.08 <0.01* (2,11.51)=153 0.26
Second peak support moment (2,10.89)=0.30 0.7%, 1551) =0.53 0.48 (2,14.91)=0.38 0.69
Joint Powers F P F P F P
Al — Ankle power absorption during stance (2,1364.94 0.18 (1, 7.81)=2.63 0.14 (2,13.56)100. 0.91
A2 — Ankle power generation during pre-swing (Z19.=1.92 0.20 (1,6.33) =8.70 0.02* (2,10.0®.#20 0.12
K1 — Knee power absorption during loading response (2, 7.80) = 2.36 0.16 (1,6.12) =0.39 0.56 (24850.72 0.51
K2 — Knee power generation during mid-stance (090=0.34 0.72 (1,8.21)=28.31 <0.01* (2,1)}6®.31 0.74
K3 — Knee power absorption during pre-swing (28829.07  0.01* (1,6.46) =5.48 0.06 (2,8.918.63 0.01*
K4 — Knee power absorption during terminal swing ,1231)=0.32 0.73 (1,19.77)=12.31 <0.01* 1837)=0.06 0.94
H1 — Hip Power generation during loading response  2,19.34)=3.52 0.05 (1, 15.61)=2.08 0.17 (2598=2.36  0.12
H2 — Hip power absorption during stance (2, 6.81)64 0.26 (1, 9.45) = 0.05 0.82 (2, 13.30) = 2.310.14
H3 — Hip power generation during pre-swing (2, 20255 0.12 (1,12.29)=4.45 0.06 (2,14.00066 0.94
Foot Trajectories F P F P F P
Toe (2,11.86)=0.74 050 (1,12.29)=2.78 0.12 2,14.09)=0.78 0.48
Heel (2,15.90)=0.27 0.77 (1,11.52)=1.70 0.22(2,15.99) =0.58 0.57
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Table 6.30 Statistical breakdown of stepping up gait trdilimb temporal-spatial variables and joint kinematics. Results are reported (F value

and significance level (p) from the linear mixed mdel. *Indicates a statistically significant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Temporal-spatial Variables F P F P F P
Walking Velocity (2,16.85)=2.19 0.14 (1, 18.56D.45 0.51 (2,15.48)=0.09 0.91
Stride Length (2,7.31)=243 0.16 (1,13.15)%62. 0.17 (2,12.79)=0.84 0.46
Relative Stance Duration (2,8.99)=1.01 0.40 6(37)=5.96 0.05* (2,9.44) =0.50 0.62
Sagittal Plane Joint Kinematics F P F P F P
Peak ankle plantarflexion during loading response 2, 8(63) = 1.48 0.28 (1, 6.03) =0.06 0.82 (2, B91.63 0.25
Peak ankle dorsiflexion during stance (2,9.07)542 0.13 (1,19.48)=0.30 0.59 (2, 15.07) = 3.24 .070
Peak plantarflexion during swing (2,7.36)=1.60 .20 (1,6.55)=11.65 0.01* (2,8.18)=1.25 0.34
Ankle range of motion during stance (2,11.48)641. 0.24 (1,11.63)=2.34 0.15 (2, 13.89) = 0.88 440.
Peak knee flexion during loading response (2, )034.28 0.32 (1, 13.35)=0.70 0.42 (2,11.78)x62 0.16
Peak knee flexion during swing (2,752)=0.21 10.8 (1,7.09)=3.19 0.12 (2,8.02) =3.86 0.07
Knee range of motion during loading response @5)8=0.32 0.74 (1,7.81)=7.61 0.03* (2,9.420.80 0.48
Knee range of motion during single limb support , (23)=1.34 0.32 (1, 6.90) = 8.46 0.02* (2, 7.88.66 0.25
Knee range of motion across gait cycle (2, 6.60)44 0.68 (1, 12.80) =0.22 0.65 (2,9.04) =0.16 .850
Peak hip flexion during loading response (2, 963)51 0.27 (1, 14.85)=0.18 0.68 (2,11.73) 20.8 0.47
Peak hip extension during stance (2,7.46)=2.29.170 (1,8.33)=0.51 0.50 (2,8.51)=0.82 0.47
Peak hip flexion during swing (2,7.56)=1.70 0.25(1, 11.50) =2.11 0.17 (2,8.77)=1.16 0.36
Hip range of motion during single limb support 9238) = 1.08 0.38 (1,10.81)=0.39 0.55 (2,1047)12 0.36
Hip range of motion across gait cycle (2,8.70).63 0.09 (1,9.65)=1.54 0.24 (2,9.70)=0.34 20.7

Pelvic range of motion during single limb support 2, 17.10)=0.89 0.43 (1, 18.93)=0.01 0.98 (242y=1.07 0.36
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Table 6.31 Statistical breakdown of stepping up gait trdilimb joint kinematics, ground reaction forces andjoint moments. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal and Transverse Plane Joint Kinematics F P F P F P
Peak hip abduction during swing (2,9.48)=0.54 600. (1,18.15=4.60 0.05* (2,17.50)=1.19 0.33
Peak pelvic obliquity during swing (2,9.61)=0.98 0.41 (1, 18.44) = 0.87 0.36 (2,15.97)=2.03 0.16

Hip rotation range of motion during single limb popt (2,16.07) =1.85 0.19 (1, 18.91) =0.20 0.66(2,14.84)=1.97 0.18
Pelvic rotation range of motion during single lisimpport (2,16.96) =3.75 0.05* (1,18.73)=0.03 .870 (2,15.86)=2.27 0.14

Ground Reaction Forces F P F P F P
Vertical GRF Fz1 (2,7.31)=1.05 0.40 (1, 7.46).e1 0.35 (2,8.14)=1.86 0.22
Vertical GRF Fz2 (2,7.21) =0.63 0.56 (1,5.79.%5 0.03* (2,9.30)=1.52 0.27
Anterior-Posterior GRF Fyl (2,5.99)=0.71 0.53 ,§®b6)=103.95 <0.01* (2,7.56)=4.83 0.05*
Anterior-Posterior GRF Fy2 (2,7.20) = 3.23 0.10 ,4B3)=5.81 0.07 (2,7.41)=0.38 0.70
Load Rate (2, 7.55)=0.18 0.84 (1,6.26) =9.26 020. (2,7.90)=6.08 0.03*
Decay Rate (2,9.45) = 4.07 0.05* (1,9.62) =0.23 0.64 (2,10.35)=351 0.07
Sagittal Plane Joint Moments F P F P F P
Peak ankle dorsiflexor moment during loading resgon (2, 17.51) = 0.02 0.98 (1,14.14) =2.78 0.12 ,17249)=0.06 0.95
Peak ankle plantarflexor moment during stance 0)7=3.02 0.11 (a,7.45)=1.11 0.33 (2, 7.58)45 0.65

Peak knee flexor moment during loading response 13%/7)=0.24 0.79 (1,15.75) =2.21 0.16 (2,8p60.47 0.63
Peak knee extensor moment during loading response 2, 13(61) = 3.61 0.06 (1,8.12)=13.69 0.01* @2B)=1.05 0.38

Peak knee flexor moment during mid stance (2, =28).24 <0.01* (1,6.45)=3.04 0.13 (2, 7.54)05L 0.01*
Peak knee flexor moment during late stance (2,006-2.98 0.10 (1,8.23)=0.36 0.57 (2,10.78)692 0.17
Peak knee flexor moment during swing (2,12.56)420 0.66 (1,14.37) =0.40 0.54 (2,11.41) =1.73 .220
Peak hip extensor moment during early stance &) % 2.50 0.15 (1,7.97)=0.03 0.87 (2,7.89)892 0.12
Peak hip flexor moment during late stance (2, 621)83 0.24 (1, 7.22) =0.02 0.88 (2, 6.70) = 0.020.99
Peak hip extensor moment during swing (2, 12.2828 0.33 (1,14.72) =0.19 0.67 (2, 10.91) =0.30.70
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Table 6.32 Statistical breakdown of stepping up gait trdilimb joint and support moments, joint powers andfoot trajectories. Results are

reported (F value and significance level (p) fromhe linear mixed model. *Indicates a statistically ignificant result.

Main Effects Interaction Effects
Time Limb Time * Limb
Frontal Plane Joint Moments F P F P F P
Peak hip abductor moment during early stance (205051 061 (1,991)=16.97 <0.01* (2,1%2a.62 0.23
Peak hip abductor during late stance (2,12.15850 0.71 (1,13.96)=5.49 0.03* (2,10.99)=1.270.32
Support Moments F P F P F P
Initial peak support moment (2,8.43)=0.94 0.431, 12.10) = 0.99 0.34 (2,9.84)=1.31 0.31
Second peak support moment (2,6.18)=0.14 0.87, 10(88) = 0.88 0.37 (2,6.73) =0.35 0.72

Joint Powers F P F P F P

Al — Ankle power absorption during stance (2,1168.36 0.70 (1, 6.40) =0.04 0.85 (2,13.14)421. 0.28

A2 — Ankle power generation during pre-swing (B36.=3.91 0.09 (1,5.08)=11.58 0.02* (2,6.110.63 0.21
K1 — Knee power absorption during loading response (2, 6.83) = 0.34 0.72 (1,13.72)=4.59 0.05* (23=0.30 0.75
K2 — Knee power generation during mid-stance @7p=4.31 0.15 (1,10.06)=18.19 <0.01* (2,7.89).31 0.33
K3 — Knee power generation during pre-swing (22y57.78 0.02* (1,9.69) =4.33 0.07 (2,7.95).621 0.26
K4 — Knee power absorption during terminal swing ,1235)=0.47 0.64 (1,13.73)=1.58 0.23 (244)=150 0.27
H1 — Hip Power generation during loading response 2, 689) = 0.59 0.58 (1, 15.08)=0.74 0.40 (216p=0.10 0.91
H2 — Hip power absorption during stance (2,117@)28 0.32 (1, 13.89)=0.63 0.44 (2, 10.54) 90.4 0.62

H3 — Hip power generation during pre-swing (2,840.09 092 (1,14.94)=0.60 0.45 (2,11.08)26 0.78
Foot Trajectories F P F P F P
Toe (2,2.69)=1.25 0.41 (1, 6.85)=0.01 0.96 7(27)=0.10 0.90
Heel (2,6.71) =0.29 0.76 (1,6.37)=1.44 0.27 ,7(22)=0.31 0.74
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6.3.17 Discussion — Stepping Up Gait

When stepping up to a new level, participants iaseel walking velocity when leading
with the intact limb, although no increase was datger time when leading with the
affected limb. In addition, participants tendedstdect an intact limb lead preference,
indicating that this strategy was the most benafion terms of stepping up gait
performance. Peak vertical heel and toe displacem@mained consistent over time
when leading with the intact limb, again signifyiagtable movement pattern.

The lack of active plantarflexion in the prosthetitkle when stepping up to a new level
resulted in adaptations in the intact limb whennacas the lead limb. Intact limb peak
knee flexion during swing phase was increased,wiiass likely to be a strategy used to
aid intact limb toe clearance of the step as has Ibeported during amputee stair ascent
(Alimusajet al.,2009).

Interestingly, the majority of differences occurr@aring stance phase once the intact
lead limb had stepped up to a new level. In teriiat kinematics, ankle, knee and
hip ROM during stance phase were increased wherpamd to the affected limb,
when performing the same role. Load rate and peatepor GRF were also increased,
along with knee extensor moment and support momhemtg early stance phase. Peak
power absorption (K1) and generation (K2) at theekalso increased over time. These
results indicated that the knee extensor musc@atwas required to contract
eccentrically and then concentrically following hegike in order to raise the whole
body COM. Later in stance phase, peak hip flexomert as well as peak power
generation at the ankle (A2) and hip (H3) wereeased in the intact limb in order to
maintain progression and in preparation for swihgge. This mechanism of utilising
the intact limb to negotiate the step and contippegression during stance phase
provides a logical explanation for the increasesdlocity reported when leading with

the intact limb and provides support for the tH{iB)l hypothesis. In addition, it could be
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suggested that this was a key reasoning behinddleetion of the intact limb as the
lead limb. Given the assumed reduction in affetited ability to raise the whole body
COM as effectively as the intact limb, participantay benefit from increased affected
limb knee and hip extensor strength during acgsitsuch as stepping up gait and stair
ascent. Adaptations occurring when performing thessks pre and post strength
training warrant further investigation. In additjoit could be hypothesised that
rehabilitation of transtibial amputees may be fertimproved with the inclusion of
such strength training exercises including singidlraises and squats. These activities
are aimed at increasing the affected limb conoemuscle strength and subsequent
power generation at the hip and knee and may ingpadiected limb ability to raise the
whole body COM during stepping up gait and stareas When stepping up and
leading with the affected limb, this would allow jpantees to utilise this limb more
effectively thus changing the lead limb prefereand reducing the burden on the intact
limb

Adaptations in intact limb function when actingths trail limb during stepping up gait
and the associated increases in walking velocippsted the third hypothesis (3) of an

improvement in the ability to step to a new levetidg gait.

6.3.18 Discussion - Participants at 12 Months Post-Disphar

In the two participants assessed, the pattern pfamement observed during the initial
six month period following discharge from rehalailion continued up to 12 months
post-discharge. A common feature across all tasése vthe continued increases in
temporal-spatial variables, with increases notedvatking velocity and stride length

and reductions in relative stance duration. At gost in time, participants functioning

in terms of temporal-spatial variables approachese observed in more experienced
amputees reported in literature (Sanderson andimMat®97; Powerset al., 1998;

Bateni and Olney, 2002; Grumillieet al., 2008). This suggested that although
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significant adaptations had occurred in the yeast-descharge from rehabilitation,
further increases in functioning may have beeniptess

During obstacle crossing and both modes of stepgaig participants retained their
lead limb preferences. This suggested that onesteel, a strategy was maintained and
utilised regularly. Participants were able to perfothe ADLs effectively without
tripping or falling. However, if participants hadcdn presented with an unexpected
obstacle or task necessitating the non-preferrad lienb and subsequent motor pattern,
the risk of tripping or falling may have increased.

In the six month period following discharge, papants were reliant upon the observed
increased functioning of the intact limb to induceerall improvement in gait and
ADLs. This effect was prevalent at 12 months pastitarge where peak vertical GRF
and loading rates were still increased in the inliat, compared to the affected limb,
regardless of the role performed.

There were some noted improvements in the joingticge of the affected limb when
performing obstacle crossing and stepping gaitpdrticular, power generation at the
ankle (A2) and power bursts at the knee (K1-3) weceeased when leading with the
affected limb. It could be hypothesised that sorhéhe improvements seen in the
performance of level gait and ADLs a year postitisge, were due to the adaptations
in function of the affected limb. However, the ftinaoing of the intact limb also
improved at 12 months post-discharge, maintairinegrter limb differences. Literature
has reported that there were few kinematic diffeesrbetween amputees’ affected and
intact limbs although kinetic differences were meed (Sanderson and Martin, 1997).
This statement is supported by the results of thieeat study, where it is clear that the
role of the intact limb was integral to the overlhctioning of transtibial amputee

movement.
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6.4 Conclusion

The literature has reported on transtibial amputaletity to perform level gait and a
variety of ADLs (Hill et al., 1997; Powerst al., 1997; Sanderson and Martin, 1997,
Nolanet al.,2003). However, the longitudinal adaptations tiwdur in the performance
of these everyday tasks have not been investigated.

Therefore, the current study explored the biomecka&nadaptations in unilateral
transtibial amputees’ movement patterns when paifag level gait and ADLs in the
time period following discharge from rehabilitatiomhis was achieved using three-
dimensional motion capture and customised equipaemtd at recreating three ADL.
Results from the current study highlighted a numbleadaptations that occurred in
level gait, obstacle crossing and stepping gaitindgurthe time period following
discharge from rehabilitation.

Firstly, there were positive adaptations in levait kinematics and kinetics that saw
walking velocity increase over time, confirming tiiest (1) hypothesis. However,
although the functioning of the affected limb imped, a clear inter-limb asymmetry
was noted in terms of GRFs, and joint kineticshwite intact limb performing a more
crucial role in increasing overall gait performance

Participants were able to cross an obstacle effgtiand generally selected an intact
lead limb strategy. Across time, the speed at wimnahicipants completed the task
increased, supporting the second (2) hypothesividusly unreported, the current
study detailed the adaptations of the intact limt @s key role during the subsequent
stance phase following obstacle crossing which avasvel finding. This indicated that
when crossing an obstacle, the lead limb must letalmanage the controlled loading
during the stance phase and throughout single Bopport. This lead limb function
during single limb support is vital given that tbentralateral is in swing phase and any

instability in the stance limb may disrupt the mment, perhaps leading to a trip or fall.
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Increased functioning in terms of limb progresstnming swing phase and stabilising
movement during stance phase, suggests that arspuéze dependent upon the intact
limb to induce overall improvement in obstacle sing.

There were longitudinal adaptations in stepping mlogait that led to an overall
improvement in performance, partially supporting third (3) hypothesis. Participants
in the current study tended to lead with the a#ddimb, with adaptations similar to
reports from stair descent, although this prefezesiminished over time (Jones al.,
2006; Schmalzet al., 2007; Alimusajet al., 2009). Results from the current study
suggested that participants were more comfortatleelding the whole body COM
during stance phase on the intact limb. Similahg propulsive mechanism required to
progress the trail limb was greater in the intactbl when compared to the affected
limb. These factors seemed to dictate lead limbdepeace, although as this effect
reduced over time, it could be concluded that &@d¢imb function when acting as the
trail limb improved over time.

Longitudinal adaptations were also noted in steppip gait, with some characteristics
that were indicative of stair ascent. Increasesha speed to task completion when
stepping up coupled with the adaptations notedndustepping down gait resulted in
the third (3) hypothesis being accepted.

The lead limb preference observed during steppmgait was a result of the increased
ability of the intact limb knee and hip extensorstwlature to generate power in order
to raise the whole body mass.

Despite the low participant numbers present in cdhgent study, a number of key
recommendations could be made. Firstly, affecteab lifunction in terms of joint
kinetics was clearly inferior to that of the intdicbb. Attempts to rectify this inter-limb
asymmetry via improved prosthetic components ahdb#itation techniques focussed

on improving knee and hip extensor strength, mayrawe transtibial amputee
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performance in the first year post-discharge. Wasrants further investigation as the
observed lead limb preferences may be reducedpwimy amputees’ ability to perform

motor tasks under unexpected or unusual circumesaricus reducing the risk of injury
or falling. Another pertinent factor deserved dkation is the role of the intact limb

and its importance when performing everyday taskfiough the intact limb played a

key role in increasing functioning during the cuatrstudy, the burden placed on the
intact limb may result in early limb degradatiordgmerhaps reduced function (Royer
and Koenig, 2005). The effects of the aforementicatempts to increase affected limb
function may reduce this dependence and subseqgheotic limb degradation.

It is not clear if the protective mechanism of #feected limb previously reported and
evident in the current study, was a conscious esfsaemployed by amputees or an
unavoidable consequence of transtibial amputattanure research should focus on

addressing this issue with a view of improving etféel limb function where possible.
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6.5 Chapter Six — Study Three Summary of Findings

Title: Biomechanical Adaptations in Gait and ActivitidfsDaily Living of Transtibial Amputees
Following Discharge from Rehabilitation

Patients: Seven transtibial amputees (all men) recentlyhdisged from rehabilitation. Mean + SD Age
56.1 + 14.9 years, height 1.82 + 0.08 metres, asé+ 11.4 kg.

Setting: Human performance laboratory.
Intervention: No intervention.

Comparison: Biomechanical variables during level gait and\atiigis of daily living (ADL) in the six
month period following discharge from rehabilitatio

Main Description
Findings:
Walking The speed at which amputees were able to perforet ¢mit and ADLs increased over
velocity time.
Kinetic The intact Iimb was more able to absorb ar_1d geeq'm't_ht powers when _compared to
assymetry the affected limb and this asymmetry was still présat six months post-discharge. The
intact limb contributed heavily to the increasedf@enance of level gait and ADLs.
Lead limb Amputees gener.ally selected a consiste.nt lead bmlberenpe, leading With_the intact
preference limb when crossing obstacles and stepping up aadirg with the affected limb when
stepping down.
Overall, amputees ability to perform level gait ahbLs improved in the six months
following discharge from rehabilitation. The intdanb played a key role during the
overall successful completion of these tasks. These_ resudts similaf to those p_re_v_iously
Summary reported from related ADLs and have important icgdiions for clinicians.

Rehabilitation or home-based therapy protocols thelude targeted improvement of
the concentric and eccentric functioning of thesetiéd limb knee extensors may further
improve performance of the aforementioned tasks.
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7 CHAPTER SEVEN - STUDY FOUR. Adaptations in Balance Function ant
Postural Control in Transtibial Amputees Following Discharge from

Rehabilitation.

7.1 Introduction

There has been little longitudinal research inte #daptations in balance ability and
postural control in transtibial amputees over tirimderstanding these adaptations
could have important implications for the participaand therapists with particular
reference to falls prevention.

The aims of the current study were fourfold, withuanber of variables being assessed
during the six month period following dischargenfreehabilitation. Assessments were
made using computerised dynamic posturography (GiEP)he Sensory Organisation
Test (SOT) and Limits of Stability test (LOS) protds on the Neurocom Equitest®.
Firstly, the study investigated the adaptationgarticipants’ ability to maintain balance
whilst experiencing ever increasing dynamic pemtidns during the SOT protocol.
Secondly, the study investigated changes in ppats’ reliance upon visual,
vestibular and somatosensory sources of informatiomg the SOT protocol. Thirdly,
the study investigated the adaptation of ‘ankled dnp’ strategies use by participants
during the SOT protocol. Lastly, adaptations intipgrants’ ability to volitionally alter
their COG trajectory towards pre-determined posgiovere assessed during the LOS
test protocol.

Postural sway has been reported to reduce in aegpudigring rehabilitation (Isakast
al., 1992). Therefore, it was hypothesised that (1)lovahg discharge from
rehabilitation balance ability, as measured by ldgquum scores from the SOT protocol,
would increase over time. Amputees have been regpaa be most reliant upon visual

sources of information (Bucklest al., 2002; Vanicelet al.,2009b). Therefore, it was
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hypothesised that (2) amputees would be most teligon visual information as
measured by the sensory analysis tool within th& §@tocol. It was also hypothesised
that (3) participants’ utilisation of the ‘hip stegy’, as measured by the strategy
analysis tool within the SOT protocol, would dea®afollowing discharge from
rehabilitation as movements about the intact linmkl@ were adapted to counter
dynamic perturbations. Lastly, it was hypothesisedt (4) participants’ ability to
volitionally explore their theoretical LOS wouldcrease over time following discharge
from rehabilitation, as measured by the COG exoursiharacteristics from the LOS

test protocol.

7.2 Methods

7.2.1 Participants
The participants assessed in the current study theresame group as in study three.
Details of participant characteristics are providedhapter Six, Table 6.1. Details of

the inclusion and exclusion criteria have beenioed in Chapter Three, Section 3.2.2.

7.2.2 Computerised Dynamic Posturography

Computerised dynamic posturography is a quantéagchnique for the measurement
of upright balance function under a number of caigd conditions that attempt to
simulate real life (Nashner, 1997). The Neurocomitegt® (NeuroCom International,
Inc, Clackamas, US) was used to assess balanciofumitiring dynamic perturbations

in the SOT and postural control during the LOS. test

7.2.3 The Sensory Organisation Test

The SOT was used to assess participants’ balanderpeance, use of sensory
information and balance strategies. These analysa® conducted as participants

experienced perturbations to somatosensory andilvigputs, via sway referencing,
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during a sequence of tasks graded in difficulty qiNeer, 1997). Sway-referencing
provided the participants with inaccurate somatssgnand/or visual information by
perturbing the support surface and/or visual surdpuespectively.

The standardised order of the SOT contains eighteals of 20 seconds in length
comprised of three consecutive trials of six testiditions. During conditions one and
two of the SOT, the support surface and surrouna \ws&ble with the participant’s eyes
open and closed respectively, providing a basetieasure of balance ability (Figure
7.1). In condition three, the support surface wable whereas the surround was sway-
referenced and may tilt. In the final three comuh, the support surface was sway-
referenced with the eyes open and surround fixemhdition four), eyes closed

(condition five) and the eyes open with the surbaiso sway-referenced (conditions

L

@ B) 2 =
— N

Six).

/ \ )
4. 5. 6.

(@) B )

Figure 7.1 Visual representation of the six testing condiins of the sensory
organisation test (SOT). Image courtesy of Neuroconinternational Inc, Data
Interpretation Manual.

The SOT test-retest reliability rated from poorgood although significant learning

effects have been reported as well as some isstlesest sensitivity (Ford-Smitét al.,
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1995; Leitneret al.,, 2009). The SOT validity has been outlined, distisging
differences in balance function between controlugsand balance disorder, chronic
low back pain and diabetes mellitus/neuropathy fadjmns (El Kahkyet al., 2000;
Leitneret al.,2009; Emanet al.,2009). The SOT has also been used to validatssa le
well known measure of balance performance (Brogfiial.,2009).

The SOT was deemed an appropriate test protocal sscommonly used in the
assessment of clinical populations, as well asnatig comparison of amputees balance
performance in the current study to those previousported (Vanicelet al., 2009b).
The SOT has also been used in the assessmenttofgd@®ntrol in amputees (Vanicek
et al.,2009b). Lastly, the detailed information produceshf the SOT allows for an in

depth investigation into transtibial amputee bagafunction.

7.2.4 The Limits of Stability Test

The SOT measures balance function in responsenmiong other things, dynamic

perturbations that unexpectedly disrupt the balayséem. Dynamic perturbations may
not always been encountered by participants antheh actively avoided, such as
standing while riding a bus.

The LOS was used to measure participant’s abititydluntarily move their centre of

gravity (COG). This was achieved via a visual reprgation of the participant's COG

on a screen that was altered by adapting postimeL DS requires participants to move
their COG to eight pre-determined positions as kdyiand as accurately as possible
(Figure 7.2). The eight pre-determined positions @presentative of an individuals’

100% limit of stability based upon their height (Mf&ann, 2001). Assuming that the

body acts as an inverted pendulum with rotationuatibe ankle, this relates to the
amount of movement possible before the COG positiecessitates adjustment of the

base of support.
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Participants were required to hover the visualdgbayer the starting point (‘S’) (Figure
7.2). Participants then responded to the onset wk@al cue (countdown timer) by
moving the cross towards and hovering over or doghe intended target until the trial
ended after an eight-second period. The sequenctargéts was completed in a

standardised clockwise direction starting with posione (Figure 7.2).

1
8 L2
7 s¥ 3
6 4
5

Figure 7.2 Schematic representation of the test protocolf dhe limits of stability
(LOS) test. Directions defined: 1 — Forward, 2 — Aected Forward, 3 — Affected, 4 -

Affected Back, 5 — Back, 6 — Intact Back, 7 — Intdand 8 — Intact Forward.

The LOS has been reported as a reliable tool wihre-test reliability being rated from
moderate to high for all variables measured aamgsiple evaluations as well as being
consistent and reliable within a population ofdadl (Clarket al.,1997; Clark and Rose,

2001). In addition, a variation of the LOS testtpoml reported highly reliable results
when used to assess a group of stroke particigarg®on and Brouwer, 1996). The

LOS has also been shown to be a valid tool, besegl uo assess postural control in
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elderly adults, elderly fallers, stroke participarsts well as the effects of a balance
function intervention programme in the elderly (®lat al., 1997; Rose and Clark
2000; Clark and Rose 2001).

The LOS was deemed appropriate for use in the musteidy given its good validity
and reliability in the assessment of balance famctin addition, the inclusion of a
volitional postural control measure was importanbrder to assess participants with a

more tentative approach to exploring their balag@ahility.

7.2.5 Experimental Design and Protocol

The experimental design of the current study waatidal to that of study three.

Initially participants’ height (m) was recorded ngia free-standing height measure
(Seca, Birmingham, UK) and entered into the Neumdtquitest®. Participants were
required to complete the SOT protocol followed Iy LOS protocol. This standardised
order was selected so that the task difficultly Jeoag to start and became progressively
more difficult, as recommended by developers of Nleeirocom Equitest® (Nashner,
1997). Participants wore their own comfortablet ftatwear during all data collection
sessions and were able to fit and re-adjust their prostheses in order to ensure a
comfortable fit. Participants were fitted into avethead safety harness that prevented
them from actually falling whilst allowing them &dom to adjust posture accordingly.
The malleoli of the intact limb and prosthetic ankbint on the affected limb were
aligned with the anterior/posterior axis of rotatiof the platform. During the SOT,
participants were instructed to stand upright ahdheéy reached out to touch the
surround or stepped out of position then this wasked as a ‘fall’ and the trial scored
zero (Nashner, 1997). Participants were informadamanove their feet during the LOS
unless they felt it necessary to avoid falling.

Once participants had been briefed and preparedjesting protocols commenced.

During administration of the testing protocols, tigpants were observed for obvious
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signs of fatigue or above normal levels of insibiind rest periods were allowed,

although no participant required any interventiohe current study.

7.2.6 Data Analysis

7.2.6.1The SOT Outcome Measures

For each 20 second SOT trial condition, equilibriscores were calculated and related
to the observed anterior-posterior COG excursiomtrested against a maximal
theoretical limit of stability of 125sway, calculated using the participant’s height.
Increased sway amplitude i.e. increased posturaktudent and shear force production,
resulted in a lower equilibrium score being prodlioa a scale of O (poor balance) to
100 (perfect balance). A composite equilibrium scaas also produced, providing an
overall indication of balance ability. The compesgquilibrium score is the arithmetic
mean of the condition one mean, condition two ma&aeh each score from conditions
three, four, five and six. This score is weightedrenheavily towards more complex
tasks as sensory balance deficits are deemed toobe easily detected under more
challenging conditions (Nashner, 1997). Data werterenced against age-matched
disease free normative values provided by the dpees (Nashner, 1997).

Strategy analysis during the SOT assessed the tangland frequency of shear forces
produced in order to move the bodies COG duringrixa@ maintenance, inferring the
extent to which the ‘ankle’ or ‘hip’ strategy wasilised. Reduced amplitude, low
frequency shear forces produced by movements dbewtnkle inferred ankle strategy
use with higher frequency and larger amplitude sk@aaes caused by hip movements
inferring hip strategy use. The ankle and hip stgtanalysis was combined with and
plotted against the corresponding equilibrium sdoresach trial to produce the strategy
analysis. A higher score related to increased toaards ankle strategy use with lower

scores relating to hip strategy use, on a scalketofl100.
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The SOT sensory analysis calculated the extenthichnamputees relied upon visual,
somatosensory or vestibular information to maintaaance and whether there was a
reliance upon visual information (preference), ewshen this information was
inaccurate. Increased scores related to improveldyalm utilising somatosensory,
visual or vestibular information and to a decreasdidnce on visual cues (preference).
Sensory analyses was used as an heuristic toob adirect measure of input was
recorded and they are calculated using the follgwatios of equilibrium scores from

specific pairs of sensory test conditions:

Condition Two Participants ability to use input

Somatosensory ———— from somatosensory system to

Condition One maintain balance

Condition Four Participants ability to use input

Visual —  from visual system to maintain

Condition One balance

Condition Five Participants ability to use input

Vestibular — from vestibular system to

Condition One maintain balance

Condition Three
+ Six Degree to which participant
relies on visual information to
maintain balance, even when
Condition Two the information is incorrect
+ Five

Preference
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7.2.6.2The LOS Outcome Measures

A number of temporal and spatial variables weravddrfrom the LOS protocol for
each of the eight target directions (Figure 7.2)

Reaction time (RT) is the measure in seconds bettreeonset of the visual cue, to the
initiation of movement, measured by COG excursiMoyvement velocity (MVL) was
measured in degrees per second (deg/sec) relatittgetangular velocity participants
moved or leaned towards the intended target. Main@OG (MXE) and endpoint
COG (EPE) excursions are measures of the obsemex@mage (%) COG excursion
contrasted against a theoretical maximum based thpotheoretical limit of stability.
Directional Control (DCL) is a measure of the oleer percentage (%) movement in
the intended direction i.e. towards the pre-deteeahitarget, versus any other erroneous

movement.

7.2.7 Statistical Analysis

A linear mixed model analysis (LMM) was employedthwepeated measures on the
factor Time (One Month, Three Months and Six Mohtfisis design allowed for the
analysis of changes in multiple balance ability apdstural control variables
hypothesised a priori (Brown and Prescott, 199@chEfeature of the design (Time)
was modelled as a fixed effect with the approprratelel being selected according to
the lowest value for Hurvich and Tsai's CriterioAICC). In the instance of a
significant main effect or interaction effect, pbstc comparisons were conducted using
a Sidak adjustment in SPSS v.17.0 (SPSS Inc., GhjicdSA). The alpha level of

statistical significance was set at(P05.
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7.3 Results

Group mean (xSD) data are presented from all timiatp following discharge from
rehabilitation for all participants. Data are ajgesented from a twelve month visit for

two participants (one and two) although these tesutre not analysed statistically.

7.3.1 Sensory Organisation Test

Equilibrium, composite equilibrium and strategy s from each condition are
presented in Figures 7.3 and 7.4 respectivelyisftatl analysis of these variables are
summarised in Tables 7.1. Sensory analysis reapdtgpresented in Figure 7.5, with
statistical analysis provided in Table 7.2.

Post-hoc analysis of composite equilibrium scoredicated that balance ability
improved by 15.2% between one and six months (d3Ogbst-discharge. Visual
inspection of Figure 7.3 shows that participantsam@e ability was better when
compared to age-matched, normative data at thresth®micand six months post-
discharge in composite equilibrium scores as wek@nditions one, four, five and six.
Equilibrium scores tended to decrease with tadicdlfy, reflecting increased anterior-
posterior sway during more complex task conditioRsst-hoc comparisons of the
significant time effect found in condition two (p€Q) indicated that balance ability
improved by 9.8% (79.5 to 87.3) between one momt aix months (p=0.02).
Statistically significant improvements were obseérve condition three between one
and six months (p=0.05) (20.3% increase, 72.3 t®)8Tondition four produced a
significant time effect (p=0.04), however post-tamalysis revealed this initial decline
(4.3%) between one and three months (p<0.05) wapnesent between one and six
months (p=0.20) or from three to six months (p=Q.7Bquilibrium scores from
conditions five and six increased by 29.6% (58.77601) and 32.6% (56.4 to 74.8)

respectively. This indicated that balance duringreanehallenging perturbations
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improved over time, post-hoc analysis of conditgix revealing this difference to be

between one and three months (p=0.02) and oneanibsiths (p=0.01).
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Figure 7.3 Group mean (SD) equilibrium scores from the SOTtest protocol.
Increased scores relate to improved performance. @& at 12 months from n=2.

*Indicate a significant main effect.

From Figure 7.4 it can be observed that as tadicudlify increased, use of the hip
strategy increased, although this effect tendedetluce over time with statistically
significant changes reported in the more dynangk tanditions. During condition one,
participants primarily relied on an ankle stratemd this did not alter significantly in
the six months following discharge (p=0.55). In dion four, although the ankle
strategy was employed to a lesser extent than gleondition one, there was no change
in strategy score across time (p=0.91). There washservable increase in the use of
the ankle strategy in conditions two (79.3 to 87 40.2%), three (74.0 to 89.9 — 21.4%)
and five (61.8 to 72.9 - 18%) between one and gixtits post-discharge. However, this
effect was only significant in condition five (p€Q), post-hoc analysis revealing the

differences between one and six months post-digehgr<0.01). The largest increase
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was observed in the most challenging task conditimesent in condition six where the
use of the ankle strategy increased dramaticalbr evne between one month (40.5)
and three (to 69.8 - 72.3%) (p=0.02) and six moifths/0.6 - 74.3%) (p=0.01) post
discharge.

Over time, participants in the current study seeneedecome more able to utilise
somatosensory and vestibular input in order to taairbalance, with scores increasing
by 9.7% and 34.1% respectively between one anchsixths post-discharge. However,
these increases were only significant for somawmgninput (p=0.01). Post-hoc
analysis revealing these differences between odesiarmonths post discharge (85.7 to
94.0) (p<0.01). Results for vestibular input failéal reach significance (p=0.07).
However, the adaptations in the use of somatosgnstwrmation led to participants
gaining relative parity with age-matched normatilata. Utilisation of visual input to
maintain balance did not change over time (p=0H@)ever, as can be seen from
Figure 7.5, participants seemed to utilise visndrimation more than somatosensory or
vestibular information. Participants also seemedely upon visual input more than
age-matched normative data. There was no changetiowe in participants ability to
assess the accuracy of visual information (p=0.2%),displayed by the preference

analysis.
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Figure 7.4 Group mean (SD) strategy scores from the SOTgeprotocol. Increased
scores relate to increased reliance upon the ank#rategy. Data at 12 months from

n=2. *Indicates a significant main effect.
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Table 7.1 Statistical analysis of SOT equilibrium and stategy scores. Results are

reported, F value and significance level (p) from he linear mixed model.

*Indicates a significant main effect.

SOT Variable
Equilibrium = p
Scores
Condition One (2,7.02) =0.08 0.93
Condition Two (2, 8.48) = 13.53 *<0.01
Condition Three (2,17.08) =3.48 0.05*
Condition Four (2, 3.89) =8.33 *0.04
Condition Five (2,12.08) =2.64 0.11
Condition Six (2,4.23) = 18.69 *0.01
Composite Score (2,9.09) =6.39 *0.02
Strategy Scores F P
Condition One (2,7.62)=0.64 0.55
Condition Two (2,7.26)=2.81 0.13
Condition Three (2,19.77) =3.25 0.06
Condition Four (2,8.27)=0.10 0.91
Condition Five (2, 6.09) = 13.20 *0.00
*<0.01

Condition Six (2, 6.36) = 15.53

Table 7.2 Statistical analysis of SOT sensory analysis@ses. Results are reported

(F value and significance level (p) from the lineamixed model. *Indicates a

significant main effect.

SOT Variable
Sensory Analysis
F P
Scores
Somatosensory (2,19.22) = 6.88 *0.01
Visual (2,9.49) =254 0.13
Vestibular (2,12.91) =3.28 0.07
Preference (2,5.07)=2.21 0.21
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Figure 7.5 Group mean (*¥SD) sensory scores from the SOT ste protocol.
Increased scores relate to improved ability in utising a particular input
(somatosensory, visual and vestibular) and a decrsed reliance on visual cues in
maintaining balance (preference). Data at 12 monthdrom n=2. *Indicates a

significant main effect.

7.3.2 Limits of Stability Test

Reaction time, movement velocity, endpoint and mmai COG excursion and
directional control scores are presented for eddheoeight target directions in Figure
7.6. Statistical analysis of these variables isg@néd in Table 7.3.

Reaction time decreased in the intact directiom(QQseconds), intact forward (0.60
seconds), forward (0.46 seconds) and affected &R seconds) directions between
one and six months although these were not stailtisignificant. However, reaction
time increased in the affected forward (0.42 sespndffected (0.27 seconds), back
(0.67 seconds) and intact back directions (0.66rmx), with the backwards direction

increasing significantly (p=0.03). Although no shatal comparisons were drawn,
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Figure 7.6 illustrated that reaction time was gelhgigreater on the intact limb than on
the affected limb at one month post-discharge,oalgjh this effect diminished over
time. Figure 7.6 also illustrates that participasgemed to have greater reaction times in
all directions when compared to age-matched novealata.

Changes in movement velocity were variable oveefialthough a significant decrease
was observed in the affected back direction (0&frees/second) (p=0.02) between one
and six month post discharge (p<0.05). This suggébsit participants were not able to
modulate the speed at which they leaned towardst@mded target. Although no
statistical comparisons were drawn, it can be deam Figure 7.6 that movement
velocity was faster in the medio-lateral directiotiean in the anterior-posterior
directions. Also, Figure 7.6 shows that particigantthe current study moved towards
intended targets more slowly than individuals pnése in the age-matched normative
data.

Both endpoint and maximal COG excursion increaseitbwing discharge from
rehabilitation. Post-hoc analysis showed that iases in endpoint COG excursion were
significant in the intact forward direction (p=0)0dnd increased by 77.2% between one
and three months (p=0.02) and by 78.8% betweenaadesix months (p=0.02) post-
discharge. With regards to maximal COG excursiostasistically significant increase
of 16.2% was noted in the affected forward directauring the six month period
following discharge, although post-hoc analysis diot reveal where differences
occurred (p=0.03). Although no statistical compams were drawn, Figure 7.6
illustrates that participants were better able xpla@e their LOS on the intact side,
especially with the addition of an anterior (intdctward) or posterior (intact back)
component. However, performance was still reduceéeénvcompared to age-matched

normative data.
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Scores for directional control improved over timeall directions except for intact and
intact back. Figure 7.6 illustrates the significamprovements in affected forward
(p=0.04), intact forward (p=0.01) and back (p<O.@iijections. Post-hoc analysis
revealed these improvements to be between onehmad months post discharge for
back (12.3%) (p<0.01) and intact forward (44.4%Q0©2) directions and between one
and six months for the intact forward direction.@5) (p<0.01). Post-hoc analyses did
not reveal where differences occurred in the adi@déorward direction. There were also
observable increases in directional control of 3®.2nd 72.0% in the affected and
affected back directions respectively, between ame six months following discharge,

although these were not statistically significant.
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Figure 7.6 Target plots of group mean scores from LOS tegtrotocol. Scores closer
to outer border indicate increased performance withthe exception of reaction time
where scores closer to centre indicate increasedrp@gmance. Data at 12 months
from n=2. Circled directions produced a significantmain effect.
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Table 7.3 Statistical analysis of variable scores from #LOS test protocol. Results are reported (F valuand significance level (p) from the

linear mixed model. *Indicates a significant main &ect.

Direction Forward Affected Limb Affected Limb Atfected Limb Backwards Intact Limb Intact Limb Intact Limb
Forward Backwards Backwards Forwards
LOS Variable F P F P F p F p F p F p F p F p
(2, (2, (2, (2, (2, (2, (2, (2,
Reaction Time 6.10) = 0.38 4.00)= 0.26 2.65)= 0.1 6.76) = 0.20 10.06) *0.03 9.71)= 0.23 354)= 049 394)= 0.07
1.16 1.92 6.43 2.07 =531 1.73 0.87 5.92
Movement @, @, @, (2, 2, 2, 2, 2,
Velocit 6.34)= 048 3.93)= 0.39 7.52)= 070 582)= *0.02 4.86)= 0.78 3.10)= 0.92 494)= 064 7.22)= 081
y 0.83 1.22 0.38 8.83 0.26 0.08 0.49 0.22
1 (21 (21 (2! (21 (21 (21 (2: (2:
E”Sff&?;gr?e 3216) 057 21.74) 091 436)= 080 264)= 093 947)= 077 1825 089 754)= 076 8.67)= *0.01
=0.57 =0.1 0.24 0.08 0.28 =0.12 0.28 7.68
Maximum (21 (21 (2! (21 (21 (21 (2! (2!
COG Excursion 5.79)= 0.84 14.23) *0.03 4.06)= 056 559)= 042 262)= 0.89 9.73)= 0.81 14.26) 087 262)= 0.19
0.18 =4.64 0.68 1.00 0.13 0.21 =0.14 3.45
Directional @, @, @, @, @, 2, (2, (2,
Control 5.83)= 0.17 8.77)= *0.04 19.76) 0.17 7.06)= 0.10 13.28) *<0.01 6.11)= 0.25 2.19)= 0.23 8.73)= *<0.01
2.43 4.69 =194 3.17 =8.44 1.76 3.14 8.71

265



7.3.3 Data for n=2 at 12 Months Post-Discharge

With regards to participants’ performance during tBOT, the trend of increasing
equilibrium scores continued at 12 months posthdisge from rehabilitation. However,
scores from conditions one and four were similarthose observed in the group
analyses at six months suggesting that a ceilifegtehad been reached. Similar trends
of improvement were noted in the strategy analyséh,increased ankle strategy use at
12 months post-discharge. Interestingly there Wss an improvement in ankle strategy
use in condition four, despite no performance impment as illustrated by the
equilibrium score during that condition. The use smimatosensory and vestibular
information in balance maintenance continued torowe after six months post-
discharge although participants still heavily rélan visual information.

Analyses from the LOS test protocol indicated {batticipant’s reaction time reduced
in all directions with forwards being the only majexception. The speed at which
participants moved towards targets at 12 months-giesharge was slightly better in
affected, affected back and back directions andcketty better in the intact and intact
forwards directions. Endpoint and maximum COG esicur continued to improve after
six months post-discharge with the exception ofwloid direction endpoint COG
excursion. Lastly, directional control remainedatedely similar to performance at six
months post-discharge. In general, participantidopmance during the LOS test was

still below that of age-matched normative datahwilie exception of directional control.

7.4 Discussion

The adaptations in amputee balance ability andupalstontrol are time following
discharge from rehabilitation, have not been ingastd. Therefore, the current study

assessed a number of aspects of balance perforraadqeostural control during the six
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month period following discharge from rehabilitatiorThis was achieved using CDP

and in particular the SOT and LOS test protocols.

7.4.1 Sensory Organisation Test

Results from the current study suggested that meige, amputees’ balance ability in
response to dynamic perturbations improved follgmMhscharge from rehabilitation.
The greatest change in equilibrium scores occudwthg the most challenging test
condition (condition six) confirming the first hyfiesis of increased equilibrium scores
from the SOT protocol following discharge from rbhigation. These results follow on
from previous reports of increased balance functauring rehabilitation, thus
suggesting that the adaptation of balance fundian ongoing process that continues
until at least six month post-discharge (Isaketval., 1992). The combination of
improved balance ability during highly dynamic pebations over time (condition six),
the lack of significant change during the statitabee task (condition one), and the
increased A-P sway represented by lower equilibraomres as the SOT increased in
difficulty, could have important implications foranhstibial amputees. These results
suggest that following discharge from rehabilitatigparticipants may benefit from
practising balance tasks whereby balance is dyraiyiperturbed as these highly
challenging task conditions may elicit further oone rapid increases in overall balance
ability. Such tasks may include balance whilst oewen or varied terrain (e.g. wobble
board), with different frictional properties, on riaces that are made up of
interchangeable material and density. The additibdual tasking has been shown to
further perturb balance and may more accuratelgaeh real life situation, such as
maintaining balance whilst completing a househaitivdies such as cleaning and
cooking (Aruinet al.,1997).

The significant decrease in reliance on the hiptsyy during more dynamic task

conditions as a function of time, confirmed thedhhypothesis regarding reduced hip
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strategy use over time. Adequate joint flexibilapd muscle strength are reportedly
important in order to respond to postural pertudvest effectively (Horalet al., 1989).

In addition, the literature has postulated that ategs may use the more rigid prosthetic
ankle mechanism to maintain balance, thus redutiegbiomechanical degrees of
freedom required to control the lower limb (Hermsamset al., 1994). This suggests
that any further balance training or prostheticsprption should be mindful of the
prosthetic ankle joint function in order to improweerall balance function. A previous
study with transtibial amputees reported the ireedause of the ankle strategy during
easier task conditions, with increasing hip stratege as task difficulty increased
(Vanicek et al., 2009b). This was also observed in the currentystiithese results
support the rationale for the use of dynamic badaassessment in this population group
in order to investigate balance function comprehehg (Buckleyet al.,2002).
Interestingly, the use of the ankle strategy dugogdition four, where accurate visual
information was provided during support surface tybation (inaccurate
somatosensory information) (Figure 7.1), did noarghe significantly over time. This
suggests that participant’'s may have prioritisedueate visual information over the
perturbed somatosensory information, which is suegoby the suggestion that in
unusual sensory environments, the most reliableceoof sensory information, in this
case vision, may be selected (Hoedlal., 1989).

Previous reports have illustrated amputees reliapom visual input during both static
(Isakovet al., 1992) and dynamic conditions (Vanicekal.,2009b). Results from the
current study concur with these reports, as thesmgnanalysis displayed an overall
heightened use of visual input when compared toasosensory or vestibular input.
This trend did not change over time, reflectechim lack of a time main effect for visual
input, supporting the second hypothesis that ppaits would be most reliant upon

visual information.
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Despite the perceived reliance upon visual inpuh&intain balance during the SOT in
the current study and in previous reports of demeabalance function in transtibial
amputees, one study reported that some aspects amputee’s balance ability were
better when compared to age-matched normative @é&tnicek et al., 2009b). This
effect has been attributed to the low control dessaof the stiff prosthetic ankle-foot
complex limb (Hermodssoet al., 1994). Results from the current study revealed a
significant increase in somatosensory input usaclwimay be linked to the overall
increase in balance performance. It must be st#tat the observed increase in
somatosensory information use could also be at&thto the intact limb, as previous
studies have reported increased weight bearingheniritact limb during dynamic
balance (Vaniceket al., 2009b). However, despite the loss of somatosensory
information from the lower limb following amputatipit could be hypothesised that
increases in the use of somatosensory input otegriaom the affected limb. Previous
literature provides an insight into this hypotheseporting that transtibial amputees
increased affected limb board-floor contact time an attempt to gain extra
somatosensory input during a dynamic uniaxial kadaask (Bucklewt al.,2002).

In addition, this hypothesis has an interesting tmthe scenario where the event of an
actual fall was not strongly linked to the fearfalfing, as amputees may expect to fall
whilst attempting complex motor tasks (Milleat al., 2001a). In addition, when
compared to amputee non-fallers during a dynanainstator balance task, amputee
fallers have been shown to weight-bear more onafifiected limb than intact limb
(Vanicek et al., 2009b). This suggests that safely increasing apusee’s ability in
utilising the somatosensory input from the affedietb, without increasing falls risk,

may aid the development of balance ability.
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7.4.2 Limits of Stability Test

Results from the LOS test protocol represent tHeimoal aspect of postural control in
the current participant group. Reaction time in theckwards direction increased
significantly over time and overall, reaction tinvas increased when compared to age-
matched reference data. This may reflect particgdaaluctance or inability to quickly
initiate movement due to decreased afferent sormasasy input or fear of falling
(Miller et al.,2001a). This observation is matched by the lacstatistically significant
increases in movement velocity in all directionscept the affected backwards
direction. In addition, movement velocity was atemsistently reduced when compared
to age-matched normative data. Interestingly, m@renaelocity was generally faster in
the M-L directions than the A-P directions, perhagitecting an unwillingness to lean
forwards or backwards quickly. This may be due touanber of reasons including;
reduced theoretical M-L LOS negating the posturahtml requirement in these
directions, fear of falling being greater in thePAdirection than the M-L direction,
relative lower limb muscle strength controlling Mfhovement or prosthetic fitting.
Although reports of these affects are unknown, theyuld benefit from further
investigation. When combined, these results sugtipegttranstibial amputees did not
modulate how they reacted to movement stimuluherspeed at which they moved in
the six months following discharge from rehabiltat This is a novel finding as
various more reactive measures of balance abilggyced from the SOT protocol were
subject to change. However, when volitionally regdito stress the postural control
system, participants seemed more reluctant or ertalilo so.

Although patrticipants reacted to the onset of slisislowly and did not move towards
the intended target quickly, significant adaptasiovere noted in the accuracy of these
movements. Directional control improved signifidgnin the affected forward, intact

forward and backwards directions with large andhaps clinically meaningful
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increases in the affected and affected backwandstthns. These results suggest that
there was a trade off in volitional exploration ldDS. Although participants did not
modulate their reaction time or movement velodhe control and accuracy of these
movements was increased, particularly on the aftedtmb and in the backwards
direction. This hints at a speed-accuracy tradettedf has been well reported in the
motor control literature and the effect of whichrveats further investigation (Fitts,
1954; Plamondon and Alimi, 1997; Daniehal., 1999). It could be hypothesised that
with greater experience, the speed of movemenalameincreased, following the initial
improvement in movement accuracy.

The combination of these findings is also relatedhe increases noted in both the
endpoint and maximum COG excursion. The signifidacteases reported from the
affected forward and intact forward directions caded that participants got closer to
their theoretical maximum LOS with increased accuraLower limb amputees’
dependence upon the intact limb during dual taskirgfatic posture has been reported
in the literature (Aruiret al.,1997). Similarly, participants in the current stwdere not
able to get as close to their theoretical maximu@GCG=xcursion when leaning towards
the affected limb in comparison to the intact linfb.study assessing postural sway,
utilising dual-force plate methodologies reportedreased sway associated with the
affected limb in comparison to the intact limb Wdea et al., 1994). Computerised
dynamic posturography utilising the SOT protocqdaed that amputee fallers have
relied more upon the use of the affected limb tantaen balance under dynamic
perturbation (Vanicelet al., 2009b). Previous reports of affected limb functauring
balance tasks, coupled with the observed affeatetd bdaptations reported in the
current study, may have important implicationstfanstibial amputee postural control.
It could be hypothesised that the level of postaaaitrol associated with affected limb

necessitates the use of the intact limb in sucakpsfktural control. However, everyday
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circumstances may necessitate a level of affeatetd use during balance beyond
amputees preferred volitional level. As posturahgwas been reported to reduce as a
function of time across rehabilitation, it could $igggested that activities practicing the
volitional use of the affected limb during postucahtrol may be beneficial (Isaket
al., 1992). There are contemporary low cost tools siscthe Nintendo Wii ™ utilising
similar COG excursion assessments, as seen in @& that have been reported to
increase balance function in various other clinjgapulations (Deutsclet al., 2008;
Brown et al., 2009). This reasoning corroborates the findingsnfthe SOT protocol
and the proposed need for increased affected lunistibn during dynamic balance
tasks to increase overall balance function.

Although amputees were more able to explore theoretical LOS as a function of
time, many of these results were not statisticaiggnificant therefore, the hypothesis

that participants’ ability in this task would ineise over time was rejected.

7.4.3 _Patrticipants at 12 Months Post-Discharge

In the two participants assessed, balance abilititicued to improve after six months
post-discharge, particularly during balance tasksat t incorporated dynamic
perturbations. In addition to this, ankle stratege increased, even during more static
balance tasks. This suggests that amputees maynweenbd improve balance by further
modification of the ankle strategy use. This malphe explain the further increases in
balance ability, as participants were still heavédifant upon visual information.
Measures from the LOS test protocol indicated that volitional aspect of postural
control improved up to six months post-dischardgee Temporal components improved
with the spatial components remaining relativelyabt and roughly equal to
performance noted from an age-matched control @il This suggested that the
hypothesised speed-accuracy trade off observed ai@ths post-discharge continued

to develop at twelve months post-discharge.
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7.5 Conclusion

In conclusion, results from the current study itk that overall balance ability during
dynamic perturbation improved in the time periodloiwing discharge from
rehabilitation in unilateral transtibial amputeesonfirming the first hypothesis.
However, these individuals were heavily reliant mpasion in order to maintain
balance, supporting the second hypothesis. Inadease of the ankle strategy validated
the third hypothesis and, along with perceivednapts to increase somatosensory input
from the affected limb, may have explained the iowpments in overall balance
function. Following discharge from rehabilitatioamputees were seemingly able to
increase the spatial aspects of volitional expionadf their theoretical LOS and did so
with more accuracy. However, the first hypothesas wejected as the temporal aspects,
namely reaction time and movement velocity, did display any adaptation suggesting
a speed-accuracy trade off effect.

Although low participant numbers may have influehdbe statistical power of the
current study, there are recommendations that deeilchade using the current data set.
It could be suggested that further practice of t@daability and postural control should
focus upon improving affected limb function. In &duh, practice of balance tasks with
reduced visual information provided may reduce aewsa overreliance upon this
source of information. Performing volitional postbmovements under increasing time
pressure may also improve postural control in teoamputee’s ability to react and
respond to unexpected perturbations. As mentiomedqusly, there are currently low
cost tools that could be employed as an interventio achieve some of these
suggestions. Future research quantifying the efédécthese interventions and their
impact on subsequent falls rate, balance confidamceQOL, among other variables,

would be of use to clinicians involved in the cafdranstibial amputees.
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7.6 Chapter Seven — Study Four Summary of Findings

Title: Adaptations in Balance Function and Postural @bimr Transtibial Amputees Following

Discharge from Rehabilitation

Patients: Seven transtibial amputees (all men) recentlyhdisged from rehabilitation. Mean + SD Age
56.1 + 14.9 years, height 1.82 + 0.08 metres, asé+ 11.4 kg.

Setting: Human performance laboratory.

Intervention: No intervention.

Comparison: Scores from the sensory organisation test (SO Jienits of stability test (LOS) protocols
using the Neurocom Equitest in the six month pefididwing discharge from rehabilitation

Main
Findings:

Description

Balance
ability
Vision
Postural
movement

Balance ability improved over time, particularlythre more challenging task conditions.
Amputees increased the use of the ankle stratematotain balance.

Amputees were most reliant upon vision, even whisunal information was inaccurate

The spatial and accuracy components of posturalemewts improved over time,
although the temporal aspects of these movemedtsalj suggesting a speed-accuracy
trade off effect.

Overall
Summary

Balance and postural control improved during tkkensonth period following discharge
from rehabilitation. However, amputees were heargliant upon visual information in
order to maintain balance, which may be a problensitategy given the typical age of
the population group. Reaction to stimulus andsieed to postural movements did not
improve over time which suggested that amputees nuybe very well equipped to
react to unexpected perturbations.

Further practice of balance tasks with reducedaligiformation may reduce amputee
overreliance upon this source of information. Peniag volitional postural movements
under increasing time pressure may also improvéupalscontrol in terms of amputees
ability to react and respond to unexpected pertiohs Low cost tools are available
that could be employed as an intervention to achithese adaptations. Research
quantifying the effect of such interventions ondnale, falls rate, balance confidence
and QOL would be of use to clinicians involvedlie tare of transtibial amputees.
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8 CHAPTER EIGHT — STUDY FIVE. Changes in Generic andProsthesis
Related Quality of Life and Falls Efficacy in Trangibial Amputees

Following Discharge from Rehabilitation.

8.1 Introduction

Although a profile of lower limb amputee QOL hasheresented, the literature has
not extensively investigated this area of reseatéiiderstanding changes that occur
over time following discharge from rehabilitatiom amputees’ QOL is important. This
may have long term implications with regards to ffitgband social re-integration as
well as participation in future physical activitpgdaemployment.

Therefore, the aims of the current study were tho&k The first aim was to investigate
the psychological changes that occurred in bothegerand prosthesis related self-
reported QOL in transtibial amputees up to six rhentollowing discharge from
rehabilitation. The second was to investigate thféerénces between mental and
physical health during that same time frame. Laghg third aim of the current study
was to investigate the changes in falls efficadlofang discharge from rehabilitation
and the link between falls efficacy and measure9©t..

It was hypothesised that (1) QOL would increaselovahg discharge from
rehabilitation, specifically the physical healttpast of QOL, as participants achieved
further increases in mobility. Despite these hypsibed improvements, it was also
hypothesised that (2) mental health would be regotd be higher than physical health,
as has been reported previously (Legral.,1999; Pezziret al.,2000; Van der Schans
et al.,2002; Asancet al., 2008; Zidarowet al., 2009). Lastly, it was hypothesised that
(3) changes in falls efficacy would follow a simmilaattern to the hypothesised changes

in QOL.
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8.2 Methods

8.2.1 Participants
The participants assessed in the current study Wheresame group reported in study
three thus, details of participant characteristies provided in Six, Table 6.1. Details of

the inclusion and exclusion criteria have beenied in Chapter Three (Section 3.2.2).

8.2.2 The Medical Outcomes Study Short Form-36

The SF-36 questionnaire used in the current study identical to that used within

study two (Appendix E) and is described in detaiChapter Three (Section 3.6.1).

8.2.3 The Prosthesis Evaluation Questionnaire

The Prosthesis Evaluation Questionnaire (PEQ)ngasure of prosthesis related QOL
(Legroet al., 1998). The PEQ consists of 82 items, 42 of the=eas produce a nine-
scale profile of health namely, Ambulation, Appeere Frustration, Perceived
Response, Residual Limb Health, Social Burden, 8subltility and Well Being. The
scales are independent thus can be assessedaitioisollhe PEQ is described in detail

in Chapter Three (Section 3.6.2).

8.2.4 The Modified Falls Efficacy Scale

The modified falls efficacy scale (mFES) is a selbort measure of fear of falling or
falls efficacy (Hill et al.,1996). The mFES consists of 14 items aimed atsasggfalls
efficacy during both indoor and outdoor activiti€&xamples of the ten items assessing
indoor activities include getting dressed and baghivith crossing roads and using
public transport examples of the four outdoor aiés assessed. The mFES is

described in detail in Chapter Three (3.6.3).
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8.2.5 Experimental Design and Protocol

The experimental design of the current study wasntidal to that of study three.
Participants were required to complete an SF-36stqueaire, PEQ and mFES
questionnaire at data collection sessions at omeetand six months following
discharge from rehabilitation. Questionnaires wemmpleted upon arrival at the
Human Performance Laboratory, Department of Sgéeqlth and Exercise Science,
University of Hull and prior to completing the mawent and balance tasks outlined in
studies three and four. The rationale for this ongein the protocol was outlined in
study two. Participants were encouraged to resporgliestions based upon their own

interpretation and if required, questions were adpe@ verbatim by the researcher.

8.2.6 Data Analysis

Analysis of the SF-36 questionnaire has been de=stin detail in study two.

The paper hard copies of PEQ and mFES questiosnaieee collected and scored by
the same researcher and raw data manually inpuiteca Microsoft Excel workbook
(Microsoft, Reading, UK).

Scale scores for the PEQ were calculated usingritiemetic mean of the item scores
contained within the relevant scale. At least ludlthe items within a specific scale
must be answered to retrieve a valid scale scosescales were individually validated
and tested for reliability, each scale can be @s®tinterpreted individually. Appendix
F, Table F.1 provides details of the item contertt the scale to which they contribute.
The scoring system of the PEQ is such that a highere indicates a more positive
score.

The scoring system of the mFES is such that a higbere indicates lower fear of

falling. The overall MFES score was calculatedhas drithmetic mean of all 14 item
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scores. The arithmetic mean of relevant items weeel to calculate Factor One (indoor

activities), Factor Two (outdoor activities) andidcor overall mFES scores.

8.2.7 Statistical Analysis

A linear mixed model analysis (LMM) was employedthwepeated measures on one
factor, Time (One Month, Three Months and Six M@tiThis design allowed for the
analysis of changes in multiple measures of QOL fatld efficacy hypothesised a
priori (Brown and Prescott, 1999). Each featuréhefdesign (Time) was modelled as a
fixed effect with the appropriate model being sedcaccording to the lowest value for
Hurvich and Tsai’'s Criterion (AICC). In the instanof a significant main effect or
interaction effect, post-hoc comparisons were cotetliusing a Sidak adjustment in
SPSS v.17.0 (SPSS Inc., Chicago, USA). The alplal & statistical significance was

set at R0.05.

8.3 Results

Group mean (xSD) data were presented from all pmiats following discharge from
rehabilitation for all participants. Data were afgesented from a twelve month visit for
two participants (one and two) although these tesuére not analysed statistically. All

statistical analyses are presented in Table 8.1.

8.3.1 SF-36

Group mean scale scores, component summary sawle®t@al SF-36 are presented in
Figures 8.1 and 8.2, respectively. Although repbdm scales at six months tended to
be slightly higher than at one and three monthdy oole emotional was close to
producing a significant time effect with scoresraasing two-fold (p=0.07). Figure 8.1
shows that when compared to age-matched normattee @amputees in the current

study reported higher QOL, with the exception d¢ qohysical.

278



With regards to the component summary scores, 68 Micreased by 14.3% between
one and six months post-discharge, although this wat statistically significant.

However, scores from the PCS were lower than theSM&hd did not change
significantly over time (p=0.60). Total SF-36 scod not significantly increase over

time (p=0.30).

8.3.2 PEQ

Group mean scale scores from the PEQ are presenfegures 8.3. Figure 8.3 displays
the increases in scores for scales pertaining ticjpants’ prostheses between one and
six months post-discharge from rehabilitation (@titil- 21.2%, Sounds - 49.0%,
Frustration - 24.0% and Appearance - 21.8%), alihahese were not significant. The
perceived reaction of close family members anchétse(Perceived Response) was not
reported to have changed significantly over time0O(B0) and was consistently the most
positive score for participants in the current gtuthere were no significant changes on

the remaining scales of the PEQ.

8.3.3 mFES

Group mean overall, Factor One and Factor Two mééefses are presented in Figure
8.4. Overall falls efficacy did not change over din{p=0.25). Further analysis
highlighted that this trend was not task specifi;ma significant changes were observed
over time for indoor (Factor One) (p=0.27) or owddasks (Factor Two) (p=0.18).
This suggested that participants’ confidence incatieg ADLs without falling was
similar as time passed following discharge fromatslitation. In addition, this effect

was similar as participants attempted both indowokr @utdoor tasks.
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8.3.4 Data for n=2 at 12 Months Post-Discharge

At twelve months following discharge from rehalation, there was a vast
improvement in all SF-36 scale scores both in commpa to the score reported at six
months post-discharge and age-matched normatiezerefe data. There was also a
noted increase in PCS and MCS scores and thus36td86 score. In addition, mental
health and physical health seemed to contributealpqio overall QOL with the
discrepancy seen at six months post-discharge dihing.

Increases were also noted in most PEQ scales saitfeswo exceptions, appearance
and perceived response, that were similar to scoepserted at six months post-
discharge.

Finally, overall falls efficacy improved markedlyofm six months post-discharge as a

result of increasing scores in both Factor 1 ardddf@ activities.
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Physical Functioning

Mental Health Role Physical

Role Emotional Bodily Pain

Social Functioning General Health

Vitality

—1 Month —3 Months —6 Months — 12 Months —Age-Matched Norm
Figure 8.1 Target plot of group mean transformed scores &m eight scales of SF-
36. Age matched normative data are presented to pvade a visual comparison
(Ware et al., 2000). Scores closer to the outer border of thegtlrelate to increased

QOL in that scale. Data at 12 months from n=2.
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Figure 8.2 Group mean (xSD) Physical Component and Ment&Zomponent Summary scores and Total SF-36 score. Higr scores relate to

increased QOL. Data at 12 months from n=2.
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Figure 8.3 Target plot of group mean scores for the ninecales of the PEQ. Scores

closer to the outer border of the plot relate to iereased QOL in that scale. Scores

closer to outer border of plot relate to a more pasive response. Data at 12 months

from n=2.

283



100 4 - T x

90 +

80 1

70

60 1

50 1

40 1

Group Mean mFES Scores

30 1

20 1

10 1

1 Month 3 Months 6 Months 12 Months

B Total MFactorl MEFactor2
Figure 8.4 Group mean (xSD) total mFES, Factor One and F&ar Two scores. Higher scores relate to increasedlfs efficacy. Data at 12

months from n=2.
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Table 8.1 Statistical breakdown of SF-36, PEQ and mFES @stionnaire responses.

Results are reported (F value and significance lel/€P) from the linear mixed

model.
Time
SF-36
F P
Physical Functioning (2,6.15)=2.26 0.18
Role Physical (2,8.08) =0.25 0.79
Bodily Pain (2,3.78) =2.40 0.21
General Health (2,10.91) =0.98 0.41
Vitality (2,2.59)=0.86 0.52
Social Functioning (2,30.32) =2.37 0.11
Role Emotional (2,9.98) =3.39 0.07
Mental Health (2,10.90) = 0.42 0.67
Physical Component (2, 4.43) = 0.58 0.60
Summary Score
Mental Component (2, 4.95) = 2.10 0.92
Summary Score
Total SF-36 (2,347)=1.74 0.30
Time
PEQ
F P
Ambulation (2,7.46)=2.14 0.19
Appearance (2,8.11)=4.24 0.06
Frustration (2,4.82) =1.90 0.25
Perceived Response (2,13.85) =0.22 0.80
Residual Limb Health (2,3.30)=3.18 0.17
Social Burden (2,12.20) =3.73 0.06
Sounds (2,3.74)=1.43 0.35
Utility (2,4.39) =1.93 0.25
Well Being (2,10.10) =0.49 0.63
Time
mMFES
F P
Factor One (2,9.99) =1.521 0.27
Factor two (2,29.52)=1.84 0.18
Total mMFES (2,9.07) =1.60 0.25
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8.4 Discussion

Scientific literature has reported various aspett®OL in transtibial amputees (Asano
et al.,2008; Zidarowt al.,2009; Van der Scharet al.,2001; Pezzirt al.,2000; Legro
et al., 1999). However, longitudinal assessment of how Qd#velops following
discharge from rehabilitation has not been investid.

The current study had three aims, the first wasvestigate the psychological changes
that occurred in self-reported QOL during the signtth period following discharge
from rehabilitation. The second aim was to invesBgthe differences between mental
and physical health during that same time frame. fhird aim of the current study was
to investigate the changes in falls efficacy foliogvdischarge from rehabilitation and
the link between falls efficacy and measures of QOL

Although QOL, as measured with the SF-36 seemaaippoove in the six month period
following amputation, none of the observable changesulted in a statistically
significant result. This offered support for thgetion of the first hypothesis, as did the
highly insignificant result from the PCS score gs&. Findings from studies one and
two along coupled with previous investigation of Q@ lower limb amputees during
rehabilitation, reported a positive link betweenlkiay ability and QOL although it
seemed this trend did not continue post-dischargen frehabilitation (Brookst al.,
2001). Mental health, as represented by the MC$esadbisplayed what was likely a
clinically significant improvement over time, albenot statistically significant.
However, MCS scores were generally higher than Bé&fes, partially supporting the
acceptance of the second hypothesis. This is alsgreement with previous reports of
increased mental health when compared to physiealtth in lower limb amputees
(Legroet al.,1999; Pezziret al.,2000; Van der Scharet al.,2002; Asancet al.,2008;

Zidarov et al.,2009). In addition, scores from SF-36 scales peng to mental health
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were generally higher than those reported in agetmed normative data. The findings
from the current study agree with previous repOisanoet al., 2008; Zidarowet al.,
2009), although contrasting reports show that\fess in by no means comprehensive
and would benefit from further investigation (Vaer &changt al.,2001; Pezziret al.,
2000; Legro et al.,, 1999). Interestingly, the lack of statisticallygsificant
improvements in self-reported physical health magvide some support for the
response phenomena hypothesis previously repozieldrov et al., 2009). Gains in
physical functioning following discharge from relldahtion were observed in study
three therefore, expectations with regards to &utumprovements may have been
heightened. Thus, when reporting upon their phydiealth, participants may have
reflected upon their current level, in relationadevel they were aiming to achieve.
Even with improvements in physical health, theusajuo may not have matched an
individual's expectation, thus the self-reportedygibal health remains unchanged.
Another interpretation could be acceptance on #reqd the amputee that their physical
functioning is decreased when compared to an aldésd individual, as questions
related to the general health (GH) scale requinedaimputees to reference their health
state to other people. Thus reports of physicaltinesre reduced, although mental
health increases as the social and psychologiqaahof amputation decreases.

The lack of statistical significance observed fraghe SF-36 analyses could be
hypothesised as being the result of a lack of #eitgiin the measurement tool.
However, similar results were reported from theyagon specific questionnaire, the
PEQ, where despite visible changes in scales, aitstatally significant results were
reported. Scales pertaining to amputees’ prosthteseed to show greater improvement
following discharge. This may be expected due ®dtabilisation of the condition of

the residuum, coupled with further adjustment @f pihosthetic components and socket.
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The perceived response of ‘significant others’ veamsistently the most positive
response score from the PEQ and did not changdisamtly over time, indicating that
participants had good support from family and fdeninvestigation of the effect of
perceived response on reports of mental health dvbalinteresting, as it may reveal
this to be an important factor affecting lower limmputees’ mental health following
discharge from rehabilitation. This would have imoglions for amputees that may not
have the perceived social support observed indherat study group.

Overall falls efficacy did not change significantdyer time and in this respect, matched
results reported from QOL assessments. This pgrgapports acceptance of the third
hypothesis and previous reports stating that &fisacy is linked to QOL (Milleet al.,
2001b). Further to this, it could be hypothesidet falls efficacy is specifically linked
to QOL in a physical sense, as previous reporte lagessed QOL using the mobility
subscale of the PEQ (Milleet al., 2001b). Further analyses of participants’ falls
efficacy whilst undertaking indoor (Factor One) amatdoor (Factor Two) activities
also displayed no significant changes over timehwib discernable differences
observed between the two factors. This may be atidie of participants improved
mobility observed in study three and suggests tlaather factor has an increased
contribution to overall falls efficacy than the eth In addition, the current study
reported that the pattern of falls efficacy to in&kéd more closely to the PCS score than
the MCS score. However, this relationship would dfgnfrom further detailed

investigation.

8.4.1 Participants at 12 Months Post-Discharge

Data from two participants indicated an improvemangeneric QOL between six and
twelve months. This suggested that this may berguoitant period in an amputee’s life

following discharge from rehabilitation. Here, atesb improvement in physical health
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score seemed to be a significant contributor taalk€OL and may reflect potential
physical gains that occurred from six months pastithrge. Reports of increases in
generic QOL were matched by those from prosthetsded QOL which also improved
from six months post-discharge, with two exceptioRarticipant’s perception of the
appearance of the prosthesis did not change dthiadime period, perhaps as a result
of consistent prosthetic components or amputeesingpito terms with what their
prosthesis looks like. Also, the highly scored pered response of ‘significant others’
remained high up to one year following dischargejdating the importance of social
support during this time. Falls efficacy seemedramatically improve from six months
post-discharge, perhaps again due to any physaias gluring this time period. Similar
to earlier reports during the year following disides there were no differences in falls
efficacy when performing indoor vs. outdoor actest This suggested that task
difficulty, rather than the context in which theskais performed may be the pertinent

factor for these participants.

8.5 Conclusion

The current study has provided an insight into 1@ develops once an individual is
discharged from a programme of lower limb ampugt®bilitation. Despite observable
and perhaps clinically meaningful changes in QOasults from the current study
indicated that, in general, QOL did not increagmisicantly over time. Therefore the
first hypothesis was not supported. However, mertahlth was increased in
comparison to physical health, as has been repprdously. This further supported
the second hypothesis. These results suggestdinatar to study two, increases in
physical health over time would be required toiefigrther increases in overall QOL.
Changes in overall falls efficacy was seen to beenatosely linked to physical health

than mental health and this would suggest thahéurincreases in physical health over
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time may aid falls efficacy. However, this link wast clear enough to fully support the
acceptance of the third hypothesis. Changes inativiatls efficacy were mirrored by

the changes observed in falls efficacy during ind@@ctor One) and outdoor (Factor
Two) activities. Neither factor seemed to contrébatore than the other to overall falls
efficacy. A lack of statistical power may have bela cause of the lack of significant
findings. Therefore, studies employing increasiagtipipant numbers may add weight

to the results reported in the current study.
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8.6 Chapter Eight — Study Five Summary of Findings

Title: Changes in Generic and Prosthesis Related Qudlitife and Falls Efficacy in Transtibial
Amputees Following Discharge from Rehabilitation

Patients: Seven transtibial amputees (all men) recentlyhdisged from rehabilitation. Mean + SD Age
56.1 + 14.9 years, height 1.82 + 0.08 metres, asé+ 11.4 kg.

Setting: Human performance laboratory.

Intervention: No intervention.

Comparison: Generic (SF-36) and prosthesis specific (PEQ)ityuaf life (QOL) and falls efficacy
(mFES) in the six month period following dischafgem rehabilitation.

Main Description
Findings: b
Overall QOL No statistically significant but perhaps clinicalljeaningful improvements in both
generic and prosthesis related QOL.
Mental vs.
physical Mental health was greater than physical healtlowalig discharge from rehabilitation.
health
) No significant changes in falls efficacy were notéallowing discharge from
Falls efficacy rehabilitation.
Observable and perhaps clinically meaningful insesain QOL were reported. Mental
health was increased in comparison to physicaltiedhe support of close family
Overall members was a key determinant of prosthesis rel@@d. Changes in overall falls
Summary efficacy was seen to be more closely linked to ay$iealth than mental health. This is

relevant for clinicians as results suggested thahér increases in physical health over
time would be required to elicit further increagesverall QOL and falls efficacy.
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SUMMARY - AMPUTEES POST REHABILITATION

Studies three, four and five investigated the amtapts in transtibial amputee level gait,
performance of activities of daily living (ADL), nce ability and postural control as
well as changes in quality of life (QOL) and faéifficacy. These participants were
assessed in a six month period, following dischéng® inpatient rehabilitation.

Results revealed that adaptations in level gaitmeichanics occurred over time.
However, despite increased affected limb functioter-limb asymmetry was present in
terms of joint kinetics, as reported in the literat (Sanderson and Martin, 1997;
Vaniceket al.,2007; Vanicelet al.,2010).

All participants were able to cross the obstacteogively (Hill et al.,1997; Hill et al.,
1999; Hofstacet al., 2006; Hofstacet al., 2009; Vrielinget al., 2007; Vrielinget al.,
2009). Participant’s intact lead limb preferenceggasted that this limb was most
beneficial to improving function both in terms camtduring swing phase and also
during stance phase having made contact with thengk after crossing the obstacle.
Improvements were also reported in stepping downndugait, where participants
utilised the intact limb during stance phase todowhe whole body centre of mass
(COM) in preparation for affected limb stance phasd to propel the limb forward
during swing, as has been reported during staicedggJone®t al., 2006; Schmalzet
al., 2007; Alimusajet al., 2009). This lead limb preference changed over twidch
suggested that affected limb function improved agigpants became more able to
lower the whole body COM using the affected limluridg stepping up gait the intact
limb lead preference enabled participants to ueertact limb to lift the COM to the
raised surface and control the limb during swingatmid tripping (Alimusajet al.,

2009).
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Participants overall balance ability during dynamerturbation improved over time.
However, similar to reports in literature, this date ability was heavily reliant upon
visual information (Isakowet al., 1992; Vaniceket al., 2009b). Participants achieved
this by increasing the use of the ankle movemetkl¢ strategy) along with perceived
attempts to increase somatosensory input fromfteetad limb.

In terms of postural control, participants wereeata increase the spatial excursions of
centre of gravity position (COG) and did so withm@ccuracy over time. However,
temporal measures did not display any adaptatiohhamed at a speed-accuracy trade
off.

Participants QOL did not increase significantly otiene, although mental health was
increased in comparison to physical health, asbleas reported previously (Leged
al., 1999; Pezziret al.,2000; Van der Scharet al.,2002; Asancet al.,2008; Zidarov
et al., 2009). Changes in overall falls efficacy was molesely linked to physical
health than mental health.

The results from these studies suggested thatwimitp discharge from rehabilitation,
transtibial amputees had been able to further asgre¢heir physical functioning, balance
ability and postural control. However, one commspegt in the performance of these
tasks was the reliance on the intact limb to impréunctioning. Although this may
have been a necessary measure in order to impuonéidn initially, better prosthetic
components and rehabilitation techniqgues may retheéong-term demands placed on
the intact limb and the possible subsequent chianiz degradation.

The lack of improvement in QOL over time may haeflected the ever increasing
expectations and changing goals amputees had faljpgischarge from rehabilitation.
As falls efficacy was linked to self-reported plogihealth, improvements in physical

functioning may aid transtibial amputees fallsetfly and wider psychological health.
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9 CHAPTER NINE — SUMMARY, CLINICAL IMPLICATIONS,

LIMITATIONS, FUTURE DIRECTIONS and CONCLUSIONS

9.1 Summary

The effect of lower limb amputation on an indivitlsaait, performance of activities of
daily living (ADL), balance and postural controleawell reported in the literature
(McFadyen and Winter, 1988; Winter and Sienko, 1%88verset al.,1997; Sanderson
and Martin, 1997; Hilkt al., 1999; Vrielinget al., 2008; Hofstacket al., 2009; Vanicek
et al.,2009a; Vanicelet al.,2009b; Vrielinget al.,2009). In addition, the literature has
also investigated quality of life (QOL) and fallieacy in lower limb amputees (Legro
et al.,1999; Pezzirt al.,2000; Asaneet al.,2008; Zidarowet al.,2009).

However, the current study is the first to speaific investigate the biomechanical,
balance and psychological adaptations that occthr Boring and following inpatient
rehabilitation, with the implications for amputeshabilitation outlined.

The overall aim of the current thesis was to ingesé the longitudinal changes that
occurred within unilateral transtibial amputeesniraheir first treatments following
amputation up to six months post-discharge fronalpéitation.

When re-learning how to walk during rehabilitatitwp early walking aids (EWA) are
routinely used in the UK. Chapter Four aimed toestigate the efficacy of transtibial
amputees using an articulated vs. non-articulathEalong with the associated gait
adaptations. During rehabilitation, patient’'s gariproved, although neither EWA
proved to be beneficial, with most gait adaptationsurring upon receipt of patients’
first functional prosthesis.

During the same time period, Chapter Five aimedstess the changes in QOL and the
subsequent effects of using different EWAs. AltHou@OL improved, mental health

was better than physical health and there were emefiis of using one EWA over
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another. Results from Chapters Four and Five stegdebat clinicians could select
EWAs, without concern for subsequent gait abilityetrimental effects on QOL.
Following discharge from rehabilitation, lower lingmputees are likely to face more
physically demanding tasks therefore, Chapterst&ikight aimed to investigate the
biomechanical, balance and QOL adaptations thatiroad over a six month period
post-discharge from rehabilitation. The biomechahnidata reported that amputees
increased functioning during this time period hoarewere heavily reliant upon the
kinetic function of the intact limb to perform taslsuccessfully, particularly power
generation at the ankle and power generation asorption at the knee. The changes in
lead limb preference during some ADLs were coupléth improvements in affected
limb function, highlighting that over time, the afted limb contribution to overall
functioning was increased.

Assessment of balance ability and postural condioing the same time period in
Chapter Seven found that amputees were able tatamaimalance effectively, although
were reliant upon visual information. Balance a@bilmproved across time, with results
suggesting that these changes were due to incgeisnsomatosensory information
from the intact limb and better use of an anklatetyy during dynamic perturbations.
Another interesting effect reported during Chaerven was that, when required to
volitionally move the COG, participants increaskd maximum excursion possible and
accuracy of movements. However, the speed at whiehask was performed did not
change, hinting at a speed-accuracy trade off.

The tendency to rely upon the intact limb duringt,gaalance and ADLSs, during the
early stages following discharge from rehabilitatidurther highlighted the need to
improve affected limb function in order increasesall ability when performing these

tasks.
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Given the improved gait and balance function, itildobe expected that increases in
QOL and falls efficacy would occur, however res@iltsn Chapter Eight did not reveal
such changes. This supported the hypothesis ofsponse phenomena, meaning
amputees were expectant of further increases intimng with reference to their

current status.

9.2 Clinical Implications

The aims of the thesis were related to the invastg of the longitudinal
biomechanical, balance and psychological adapttittrat occurred in transtibial
amputees. With this in mind, the following clinicecommendations are made based on

the data presented.

9.2.1 Level Gait

» Initially, the goal of rehabilitation should shitte focus away from achieving
symmetry and rather focus upon functional abilityeg that asymmetry seems
to be an inherent feature of amputee movementdaatces over time.

e As neither AMA nor PPAM aid use during rehabilitati proved to be more
beneficial in terms of gait or QOL, the selectiorogess of an EWA should
consider prioritising patient preference and casidiit to the NHS.

* Clinicians should consider prescribing additionabme or therapy-based
exercise programmes containing stretching exerctbas target increasing
muscle length and joint mobility, particularly ihet affected limb, in order to
increase joint range of motion (ROM).

* Continual assessment of muscular strength durihghigtation may help to

identify individual requirements.
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9.2.2

Targeted strengthening of the knee extensor muscalaia exercise such as
single limb squats using the affected limb showcdun. Increased eccentric knee
extensor strength may aid the control of the kneevéen the transition from
single to double limb support particularly duringatling response. Increased
concentric knee extensor strength may aid knee pgereration during mid-
stance, thus reducing the kinetic asymmetry present

During rehabilitation, clinicians and consultantfiosld consider early
prescription of the functional prosthesis giventtlfze most significant gait

adaptations occurred upon receipt.

Obstacle Crossing

Prosthetists should consider socket fit and theepios shell of the functional
prosthesis when prescribing limbs. This has beemvsto be a limiting factor
in affected limb knee ROM when crossing obstaclasreasing the risk of
tripping and/or falling.

Practice of obstacle crossing during rehabilitatisnadvocated, particularly
leading with the non-preferred limb. The developtmaa lead limb preference
enables amputees to cross obstacles effectivelgbvewan unexpected obstacle
may require the use of the non-preferred lead land subsequent movement
pattern.

Practice of crossing obstacles of varying dimersiamd characteristics as well
as expected and unexpected obstacles may furtideceethe likelihood of
tripping and/or falling.

Increasing affected limb knee and hip joint ROM wimetching of the hip
flexors will aid toe and heel clearance during gwiphase when crossing

obstacles.
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9.2.3

9.24

Stepping Gait

When stepping down to a new level, an affected lilead preference is
beneficial. Amputees are able to reduce the demandasusculature controlling
the affected limb knee during stance while propgllihe intact limb forwards
during swing. In addition, the intact limb is akile manage the demands of
lowering the body during stance. It is likely thiathe lead limb makes contact
with the ground or step during swing, the intachldi may be more able to
recover than the affected limb.

Caution must be taken when using the intact limim¢oease stepping down gait
velocity via propulsion of the intact lead limb thg swing. Unless adequate
control of the standing affected limb is achieved knee extensor strength,
there may be a risk that the limb collapses.

Attempts should be made to increase affected liowegp absorption at the hip
and knee during single limb support via eccentrisate training exercises such
as single limb squats. This would allow the affddimb to act more effectively
during stance phase when required to act as ttdéintire when stepping down.
Attempts should be made to increase affected limlep generation at the hip
and knee during single limb support via exercisehsas single limb raises and
squats. When stepping up and leading with the tffiebmb, this would allow
amputees to utilise this limb more effectively theisanging the lead limb

preference and reducing the burden on the intadt. li

Balance Ability and Postural Control

Practice of balance during dynamic perturbationsy nraluce increases in

overall balance ability. Such tasks may includeabaing whilst on uneven
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9.2.5

surfaces, with varying frictional properties anddadrom materials of varying
densities.

Practicing balance tasks under dual tasking candtimay induce further
increases in overall balance ability. This is mbkely to reflect a real life
situation, such as maintaining balance whilst catnpd a household activity.
Safe practice of balance under reduced or no vismmditions may benefit
overall balance ability, as amputees’ dependendgisrsource of information to
maintain balance is reduced. This may encouragategreise of somatosensory
information from the residuum or increased sernigjtivo vestibular information.
Increasing joint flexibility and lower limb muscirength may allow amputees
to respond to dynamic perturbations more effecyivel

Amputees should be encouraged not to rely moreilyagwon the affected limb
than the intact limb in order to maintain balanE®wever, safely increasing
amputees’ ability to utilise the affected limb taimtain balance may benefit
overall balance ability.

Practice in volitionally displacing the centre afagity (COG) may increase
amputees’ postural control and the speed at wloclral is regained following
a perturbation. Regular use of a low-cost gamingsote may induce these

improvements.

Quality of Life and Falls Efficacy

Clinicians are encouraged to regularly monitor QQ@ihd falls related
information. This would allow the rehabilitationata to identify if and when
any further treatment interventions are required.

The use of a population specific QOL questionntigd is easily administered

and interpreted is encouraged. This may aid chnito regularly monitor
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changes in QOL both during and post-rehabilitatimmd tailor treatment

accordingly.

9.3 Limitations

The inclusion and exclusion criteria set in alldé&s required amputees to have a certain
level of functioning. By definition, these individls may have been more physically
able than other transtibial amputees. Therefora fitatn the current thesis particularly
biomechanical data, may not have been completepresentative of the wider
transtibial amputee population and must be intéepravith this in mind. In favour of
the current thesis were the ages of the amputegiesenting individuals from the most
common age group to experience transtibial ammtaAmputees in the current thesis
were required to perform tasks without the use afkimg aids e.g. walking sticks.
While this was the case during data collection, @tegs may have used walking aids
outside of the research setting. If this was thgecthen results obtained within the
empirical studies may not have represented amputgpgal movement patterns.
Prosthetic components were not specifically col@dofor as amputees attended the
same prosthetic fitting clinic where very similarogthetic limbs were prescribed.
However, the few exceptions present may have infled the data reported, with
specific reference to ankle power generation argbmion. In addition, the inertial
properties and modelling of the affected limb weo¢ adjusted to take into account the
altered mass of the prosthetic limbs or ankle aad function. Although these must be
acknowledged as limitations in the current thethiss approach has been previously
reported in the literature (Vickerg al., 2008; Vaniceket al.,2009a). It could also be
argued that the modelling of the foot as a rigignsent in the current thesis was an
accurate representation of the prosthetic feetrabde

All volunteers that participated in the currentdisecompleted their rehabilitation at the

same centre. Therefore, it could be assumed tleatehof parity was achieved in terms
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of the rehabilitation experienced. However, treatmes likely to differ between centres
and not all centres will have facilities similar ttiose experienced by the amputees in
the current thesis, in terms of equipment and persloavailable. To an extent, the
results reported and the recommendations madeacdis to centres similar to the one
attended by amputees in the current thesis. Cdusmputation was not controlled for
within the current thesis. This may have been afarording variable given that
amputees secondary to vascular disease may have lese physically able than
amputees secondary to trauma. It is probable lisiack of control will have affected
the homogeneity of the groups of amputees assesst@® current thesis. Therefore,
comparing results from the current thesis to thegmrted from studies exclusively
investigating amputees secondary to trauma, mapecbmpletely valid. However, the
lack of control for cause of amputation is a comnieature in transtibial amputee
research and is likely to be a result of the diffies in recruiting suitable volunteers
from this population.

In the current thesis, the number of amputees gagart in the empirical studies was
relatively low. This has an obvious impact on thatistical power of the studies,
confirmed by some relatively large mean increasiésowt the observation of statistical
significance. In addition, this is likely to affebbw confidently the results from the
current thesis can be generalised and whethernipaitees investigated in the current
thesis were representative of the wider unilatieeaistibial amputee population.
Assessment of amputee gait during rehabilitatieneased the ecological validity of the
results, however, maintaining a controlled envirentnwas more difficult. Results from
laboratory based studies possessed this contrahaythave lacked ecological validity.
Each approach has strengths and weaknesses althotlglpproaches are required to
gain both a realistic and causative understandihgaraputee movement. When

assessing obstacle crossing in amputees, only lostaade height was used. Although
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this was an ethical and safety requirement, ampuéee likely to face obstacles of
varying dimensions in everyday life, thus resultsnf the current thesis would be
applicable to amputees crossing obstacles of gimtilaensions.

Balance assessment during the SOT and LOS tesicpistwas referenced against a
theoretical maximum sway possible of 12.5 degrdédasliner, 1997). Scores were
reported on a scale of 0-100 (SOT) and as a peagen{%) of this theoretical
maximum. However, if amputees’ actual maximum swayg higher or lower than that
set by the test protocol then the scores wouldiregppropriate adjustment. Without

this adjustment, inter-group and individual compamis must be made with caution.

9.4 Future Directions

Future research would benefit from further consilen of lower limb amputee
characteristics. Increasing participant numbers lvquovide studies with a more
representative sample of the overall populatiors tihgreasing statistical power. Multi-
centre recruitment may aid both sample sizes asd akégate the effects of centre-
specific treatment. Separating amputees by causenpltation would also provide a
valuable insight into the specific adaptations timaty occur, given any variability in
physical capacity from both an intra and inter wundiial perspective. Although
transtibial amputees represent the most commonl levdower limb amputation,
investigation into amputees at the transfemoratllevay improve the understanding of
movement patterns in this population.

Although the current thesis compared the effectssaig EWAS, the most relevant gait
adaptations occurred upon receipt of an initialcfiomal prosthesis. Future research
may consider including a further group who are tasand receive an initial functional
prosthesis earlier in rehabilitation. This mightriease the speed at which amputees

progress through rehabilitation.
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In terms of improving function in transtibial ampas, the focus of future research
should be centred on the affected limb. Althougé $itrength and flexibility of the
affected limb were not directly measured, the bichaaical data from the current thesis
suggested that these factors were reduced in feeted limb, when compared to the
intact limb. Quantifying the effects of strengthdaihexibility training in affected limb
musculature on the performance of gait, balancethederformance of ADLs would
provide clinicians with information that may leaal ore targeted treatment. It is not
yet clear if amputees actively reduce the use efaffiected limb or whether this is an
unavoidable consequence of amputation. Studiessiigeting changes in the pain
tolerances of amputees may help to clarify the estggn of a protective mechanism
with regards to the affected limb. Future reseasbbuld also investigate amputee’s
ability to perform other ADLs such as turning anghsitioning from sitting to standing,
in order to identify where possible detrimentsundtion may lie.

Similarly, future studies assessing balance abdityl postural control in amputees
should consider a number of interventions. Assgstie effects of an intervention
incorporating practicing balance under challengiogditions on uneven surfaces of
variable density and with altered visual conditiom&y inform the practice of balance
training in lower limb amputees. Also, there araumber of commercially available
computer consoles that are designed to improvenbald hese consoles tend to utilise a
visual representation of an individual’'s COG asythmerform a number of tasks
designed to stress that individual's balance systarture studies assessing the effects
of using these consoles both during and after ibtaion on transtibial amputee
balance ability, postural control, falls efficacydafalls rate would have wide-ranging
implications. These studies would provide clinigawith another tool by which to
assess and improve amputee’s balance performanagg dehabilitation. Also, such

consoles could be used by amputees to maintaimdalability having been discharged
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from rehabilitation. Assuming positive effects @insole use, they have the potential to
provide the NHS with large cost savings by reduéalig and fall related injuries.

The prosthesis evaluation questionnaire (PEQ) allfor the assessment of QOL in
lower limb amputees. However, research should facuthe development of a shorter
and more easily administered test instrument tregt imcrease the levels of monitoring

of QOL in lower limb amputees.

9.5 Conclusions

The current thesis provides an important additmthe currently available research by
focussing upon the longitudinal biomechanical asgchological adaptations that occur
in transtibial amputees. Currently, there are mpores in the scientific literature of these
adaptations with the only published literature steng from this thesis.

The current thesis has highlighted the progressamstibial amputee’s function during
and following rehabilitation, the associated psyogical changes with the integral role
of the intact limb during gait and balance detailBdsed upon these results, a number
of recommendations have been made regarding themeat of transtibial amputees
both during and following rehabilitation. In addi, further research directions have
been suggested that will add to the greater uratedstg of how transtibial amputees
move and the interventions that may further impreveryday function whilst reducing

the risk of injury.
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APPENDIX A — Participant Information Sheet for studies one and two

PARTICIPANT INFORMATION SHEET
Comparison of Early Walking Aids
We wish to invite you to take part in a researaldgt Before you decide whether to do so,
please read the following information carefully ashdcuss it with friends, relatives and your
GP if you wish. Please ask if there is anythingt i3 not clear or if you would like more

information. You will be given as much time as yweant to make a decision.

What is the purpose of this study?

Physiotherapists in the UK routinely use Early VifakAids (EWAS) to help train people with
a lower limb amputation to walk again. Of the twé&/E's most commonly used in the UK one
has a movable knee and the other does not andithaeceevidence to say if one is better than
the other. The study is to find out if a trainilegy with a movable knee has any benefits. In

addition we want to see if there is any differeimcquality of life between the two EWA's.

Why have | been invited?

You have been invited because you may receivetditiaf limb to walk with in the future and
would be expected to use an EWA as part of youmabrehabilitation. The EWA’s we are
studying are used with people who have had an atipatbelow the knee. 26 people will be

recruited for the study

What will happen

You will attend for physiotherapy as usual. When ypoe ready to start to use an EWA you will
be randomly selected to use either the one witimibeable knee or one where the knee does
not move. During your rehabilitation your walkinglivbe timed over a 10-meter distance on

five separate occasions.
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In addition you would need to complete a questigeniaefore your surgery (if possible) then 4

and 12 weeks after your amputation.

What do | have to do?

You would need to participate in a rehabilitationgramme that would be the same if you did

not take part in the study. In addition, on fiv@aete occasions you would need to have your
walking timed. You would also be required to comgpléhe same questionnaire on three

different occasions.

Do | have to take part?

Only if you want to. Patrticipation is voluntary, yonay refuse to participate or withdraw from
the study at any time. But please let us know if yoe unable fully to take part, as doing only
parts of the study, rather than all of it, will @t the value of the research. You do not need to
tell us why you do not want to take part. If ydwoose to withdraw or not to participate, your
decision will in no way affect your future treatnherit may be that the investigator or sponsor

of the study consider that it is in your interdstsvithdraw you or stop the study altogether.

Are there any risks involved?

No risks have been identified

Are there any costs involved?

No

Confidentiality

In order to meet legal obligations, a member of dgearch group may inspect your hospital
records. Details of your treatment and your pakviant medical history as required for the
study, will be recorded on a Case Record Form (CtRE)information from which will be

entered onto computer in the Sports Science Depattwf the University of Hull. A CRF
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includes all information collected in the coursetlud research study. This information will be
retained by research group and may be passedtbe tmthorised regulatory authorities.

The records will identify you only by a number (iyour hospital number) and your initials. All
information in your notes and CRF will be treatadsirict confidence. A copy of this Informed
Consent Form will be kept with the CRF and you Wwél given a copy.

The information from this study will be retained the University until the data are analysed
and for 2 years after the end of the study

In order to ensure that medical staff not involvéth the study are aware of your participation
in it, an alert notice will be attached to the aowkyour hospital notes.

By signing the attached consent form you give pgsian for the above to occur.

If you agree to participate in this study, your &eh Practitioner will be informed, unless you

state otherwise.

Your rights
Your participation in this study is entirely volany and refusal will not affect any other
medical treatment. You may, without giving reasefiise to take part in the trial, and this will

not in any way affect your continuing treatment.

Who is organising the research?

The study is being organised by Hull and East Ylirkshospitals NHS Trust.

Trial-related injury

If you suffer from injury or illness as a result jpdrticipation in this study, indemnity will be
provided by the Hull and East Yorkshire hospitaldNTrust. Compensation will be by the
usual NHS procedures.

If you suffer from illness or injury during the slyy or have any questions about the research
study, please contact Amanda Hancock at Physiqiiefeepartment, Castle Hill hospital,

Cottingham on 01482 875875 ext 3164.
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APPENDIX B — Informed Consent Form for studies oneand two

INFORMED CONSENT
Comparison of Early Walking Aids
Protocol number R0O081
NAME OF LOCAL LEAD RESEARCHER:
SUBJECT ID or HOSPITAL NO:

Please initial box

1 | confirm that | have read and understand thermétion sheet dated

11.01.08 (version 6) for the above study and hakthe opportunity to ask
guestions.

2 I understand that my participation is voluntang ahat | am free to

withdraw at any time, without giving any reasontheut my medical care
or legal rights
being affected.

3 I understand that sections of any of my medict&s relating to my
taking

part in the study may be looked at by responsiidéviduals from

Hull and East Yorkshire Hospitals NHS Trust or frdme appropriate
regulatory authority(ies). | give permission fbese individuals to have
access to my records.

4 | agree to take part in the above study.

Name of Subject (BLOCK CAPITALS) Date Signature
Name of Person taking consent Date Signature
Researcher/witness Date Signature
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APPENDIX C — Participant Information Sheet for studies three, four and five

PARTICIPANT INFORMATION SHEET

Gait and Balance in Unilateral Transtibial Amputees

We would like to invite you to take part in a resftastudy. Before you decide, we
would like you to understand why the research iagpbdone and what it would involve
for you.
Please take time to carefully read the followinfpimation and talk to others about the
study if you wish.
If you are currently taking part in another resbgoooject then it is not suitable for you
to volunteer for this one. Please inform Lynne $nfithis is the case.
Part 1 will tell you about the purpose of the study arttatwvill happen if you decide to
take part.
Part 2 gives you more detailed information about the cana@f the study.
Please ask us if there is anything that is notr@e& you would like more information.
We would like to know if you would like to take pan this research study. You have
up to 3 weeks after being discharged to decide lvelnedr not you would like to take
part.

PART 1
What is the purpose of this study?
Lower limb amputees undertake physiotherapy treatratter surgery. It is known that
following physiotherapy treatment and with practieenputees are able to walk and
move around their community. Many studies of lowerb amputees have assessed
amputees with many years of experience of using fhesthesis. It is not yet known
how lower limb amputees learn to walk and move @adotheir community and if there

are ways of helping them learn to do so. Therefibre,aim of this research study is to
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assess how the progress of walking and balancegehantranstibial amputees over a

one-year period.

Why have | been invited?
You have been invited to take part in this studyas have recently completed your

course of physiotherapy treatment.

Do | have to take part?

No. Participation in this study is entirely volunta

If you do decide to take part in this study, yoli e free to stop taking part at anytime
without giving reason. This will not affect yourreayour future treatment or your legal

rights in any way.

What will happen if | decide to take part?

If you decide to take part in the study then greé&du will then be invited to the
Biomechanics Laboratory, at the University of Higdbn't worry, we don’t wear white
lab coats!). If you do not have your own transpotathe University will be able to
arrange some for you. You will be asked to brirmpgla pair of shorts, a t-shirt or vest
and some comfortable shoes you can walk in, no Inggts please!!! If you do not have
shorts, they will be provided for you.

When you arrive, you will be asked to change irgaryshorts and t-shirt.

Reflective markers will be placed on your skin widbuble sided sticky tape. The

markers are about the size of a marble, made gfspoene and covered in reflective

tape.
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Once these markers are in place you will be askatbtsome simple everyday tasks as
follows:

- Walk in a straight line for 5 metres, turn aroward walk back. You will do this up to
15 times.

- Walk in a straight line for 5 metres and stepooatraised surface, as though you are
stepping onto a kerb. You will also do this up $otiines.

- Walk in a straight line and step over and obstaalsimilar height to a kerb. This will

be done up to 15 times.

The reflective markers are used to see how theslimbve while you are performing
these tasks using motion capture cameras thathselght from the markers only. As

the cameras do not see the person your identitylysprotected.

You will also be asked to stand on a special b&antatform that can measure how you
respond to movement underfoot:

- You will also be asked to stand still on a batamdatform whilst the platform is
stationary and also whilst it moves around. You waflvays wear a safety harness so
that you will not fall.

Finally, you will be asked to fill out three questnaires that may take you a small
amount of time. These questions ask you about guoality of life, balance confidence

and the use of your prosthesis.

Are there any costs involved?
No. The University will reimburse any costs thatyiacur as a result of travelling to
the University at a standard University rate of 4@p mile travelled if coming by car.

Your fare will be reimbursed if you come by traintaxi.
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What do | have to do?

In order to take part in this study you will needvisit the Biomechanics Laboratory on
four occasions at certain times during a 12 mosetiog. This will be arranged between
you and Mr Cleveland Barnett, who is organising #tedy. When you arrive the
procedure is as described above, where you wifopar certain walking and balance
tasks whilst your movement is captured via reflectnarkers placed on your skin. You
will also be asked to complete a number of questores during each visit to the
Biomechanics Laboratory. You may choose to restneter you wish. Each visit
should last between 2 and 3 hours in total.

Please Inform Lynne Smith, Physiotherapist at @alsill Hospital 01482875875 ext
3164, if you are taking part in any other reseattidies. If you are taking part in any

other research projects then it is not suitableyfor to take part in this one.

Are there any risks involved?

It is extremely rare but one possible side effédtiaky tape being placed on the skin is
a skin reaction to the tape. Your skin will be dtext when the markers have been
removed and, if there has been any reaction, appteptreatment would be
recommended.

The correct health and safety measures are takeil &itmes in the Biomechanics
Laboratory. On the balance platform you may feeltlasugh you are going to
fall....however the safety harness you are strappéa will prevent this!!! Whilst
performing the walking tasks you will not be askegberform any tasks you feel are not

within your capabilities.
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What happens when the research study stops?

The results from the study will be published inestific and amputee therapy
publications as well as being submitted for an atlanal qualification. You will not be

identified in any of this material to preserve yamanfidentiality. You may request a

copy of any published results from Mr Clevelandrizst.

What if there is a problem?
Any complaint about the way you have been deah wdiiring the study or any possible
harm you might suffer will be addressed. PleasetambnVicki Russell, Limb Unit
Manger (01482 211143) if this is the case. Alsou ynay wish to contact Nina
Dunham, Research and Development Manager (014820623or independent advice
on taking part in this study.
If the information inPart 1 has interested you and you are considering tgkamgin the
study, please read onRart 2 for additional details.

PART 2
Confidentiality
All information and data from the study will be kegirictly confidential. Your name
and details will not be disclosed at any time aad will be assigned a code number to
identify you in the study. All data and informatianll be kept on record electronically
on a password protected computer and in lockeddiltabinets.
Mr Cleveland Barnett has responsibility to safedufe data and information and only
those individuals involved with the study will haaecess to these sources.
All data and information will be kept at the Unisgy of Hull for the duration of the
study, which concludes on 31/10/2009, although woli not be involved for that

amount of time.
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Please be aware that, when giving consent to pzate; you are agreeing with the

conditions outlined above.

Your Rights

Your participation in this study is voluntary. Yaure allowed to withdraw from the
study at any time without reason. This will noteatf any future treatment, or any legal
rights. Withdrawal is totally without prejudice.

For more advice on the project please contact Mwé€land Barnett, 01482465106 or
email C.Barnett@hull.ac.uk.

For any impartial advice on taking part in a resbatudy please contact Nina Dunham,

Research and Development Manager (01482 623206).

Trial-Related Injury

It is unlikely that you will experience an injury tiness as a result of taking part in this
research study. However, indemnity is provided lby University of Hull and any
compensation will be as per the University’s ussiandards. For more information

please contact Mr Cleveland Barnett.

Who is organising the study?

Mr Cleveland Barnett, Department of Sport, Healtd &xercise Science.

Thank you for your time and | look forward to spg@kto you soon.

Mr Cleveland Barnett
Department of Sport, Health and Exercise Science

The University of Hull
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APPENDIX D — Informed Consent Form for studies thres, four and
five

Centre Number: Department of Sport, Health and &serScience, University of
Hull
Study Number: 08/H1304/10

Patient Identification Number for this trial:

INFORMED CONSENT FORM

Gait and Balance in Unilateral Transtibial Amputees

Mr Cleveland Barnett

Please Initial In the Box

1. I confirm that | have read and understand the rin&gion sheet
dated........cocoiviiiiii
(version 1.1) for the above study. | have haddpportunity to consider
the information, ask questions and have had theseered satisfactorily.
2. | understand that my participation is voluntarydathmat | am free to

withdraw at any time without giving any reasontheut my medical

care or legal rights being affected.

3. | understand that relevant sections of my medicéés and data collected
during the study may be looked at by individuatenirthe University of
Hull, Sport Health and Exercise Department and Mgsiotherapy

Department,  Castle Hill Hospital, from regulataythorities or from

the NHS Trust, where it is relevant to my takingrtpin this
research. | give permission for these individualshave access to my
records.

4. | agree to take part in the above study.

Name of Patient Date Signature

Name of Person Date Signature

Taking Consent
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APPENDIX E — Short-Form 36 Questionnaire (Ware andSherbourne 1992)

INSTRUCTIONS: This set of questions asks for your views about y@alth. This information will help keep tracklodw you feel and how well
you are able to do your usual activities. Answasrg\guestion by marking the answer as indicategouf are unsure about how to answer a question
please give the best answer you can.

1. In general, would you say your health is:

1. Excellent 2. Very good 3. Good 4. Fair 5. Poor

2. Compared to ONE YEAR AGO, how would you rate rybealth in general NOW?
1. MUCH BETTER than one year ago.

2. Somewhat BETTER now than one year ago.
3. About the SAME as one year ago.
4. Somewhat WORSE now than one year ago.

5. MUCH WORSE now than one year ago.
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3. The following items are about activities you htigo during a typical dayDoes your health now limit youin these activities? If so, how much?

I _— 2. Yes, Limited 3. No,

Activities 1. Yes, Limited A Lot A Little Not Limited At Al

gz)}ggtos ro::rsgg\gt:ﬁgs];ug; ;Su:)uunsmsnp%rltgt'_l;ng heavy 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all
gtgﬂh?ggr:t\?aiﬁﬂmlilsejggr, ﬁvrﬂ%grapﬁ;lﬁé golf? 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all
c) Lifting or carrying groceries? 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all
d) Climbingseveral flightsof stairs? 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all
e) Climbingoneflight of stairs? 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all
f) Bending, kneeing or stooping? 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all
g) Walkingmore than a mile? 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all
h) Walkingseveralblocks? 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all
i) Walking one block? 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all
j) Bathing or dressing yourself? 1. Yes, limited a lot 2. Yes, limited a little 3. No, not limited at all

4. During thepast 4 weekshave you had any of the following problems wituywork or other regular activities a result of your physical heakh

Yes No
a) Cut down on thamount of time you spent on work or other activities? 1. yes 2. No
b) Accomplishedlessthan you would like? 1. yes 2. No
c) Were limited in th&ind of work or other activities? 1. yes 2. No
d) Haddifficulty performing the work or other activities (for exdmp took extra effort)? 1. yes 2. No
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5. During thepast 4 weekshave you had any of the following problems witduywork or other regular daily activities a result of any_emotional

problems (such as feeling depressed or anxious)?

Yes No
a) Cut down on thamount of time you spent on work or other activities? 1. yes 2. No
b) Accomplishedlessthan you would like? 1. yes 2. No
c) Didn’t do work or other activities amrefully as usual? 1. yes 2. No

6. During thepast 4 weeks, to what extent has your physical health or enmatigoroblems interfered with your normal socialiaittes with family,
friends, neighbours, or groups?
1. Not at all 2. Slightly 3. Moderately 4. Quite a bit 5. Extremely

7. How muchbodily pain have you had during thgast 4 week8
1. None 2. Very mild 3. Mild 4. Moderate 5. Severe 6. Very severe

8. During thepast 4 weekshow much digpain interfere with your normal work (including both vkooutside the home and housework)?
1. Not at all 2. A little bit 3. Moderately 4. Quite a bit 5. Extremely
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9. These questions are about how you feel and hiogg have been with yaluring
the past 4 weeks. For each question, please give the one ansvaticibmes closest to
the way you have been feeling. How much of the diuning thepast 4 week ...

1. Al of 2. Most | 3. Agood| 4. Some | 5. Alittle | 6. None
W of the bit of the | of the of the of the
the time | : : : !
time time time time time
a) Did you LAl | 2 Oga%it 4 5 A 6.
feel full of of the Most of gf the Some of | little of None of
pep? time the time time the time | the time | the time
b) Have you A
b)een a v)éry 1Al 2. gogd bit 4. . oS- A 6.
NErvous qf the Mos’F of of the Som_e of | little _of Nong of
ps time the time | the time | the time | the time
person time
c) Have you
felt so down 3.A
in the dumps LAl 2. good bit 4. . 5. A 6.

: of the Most of Some of | little of None of
that nothing time the time of the the time | the time | the time
could cheer time
you up?

3.A
d) Have you 1. All 2. 00d bit 4. 5 A 6.
felt calm and| of the Most of gf h Some of | little of None of
peaceful? time the time ?imee the time | the time | the time
e) Did you LAl | 2 36Ab't 4 5 A 6.
have a lot of | of the Most of good b Some of | little of None of
5 . : of the : , .
energy” time the time time the time | the time | the time
of the Most of Some of | little of None of
downhearted time the time of the the time | the time | the time
and blue? time
g) Do you 1. All 2. ogdpl;it 4, 5 A 6.
feel worn of the Most of gf the Some of | little of None of
out? time the time time the time | the time | the time
h 3.A
) Have you 1. All 2. 00d bit 4, 5 A 6.
been a happy of the Most of gf the Some of | little of None of
person? time the time time the time | the time | the time
3.A
. 1. All 2. . 4, 5 A 6.
:‘)e([e)ll(tji rﬁ%lf_) qf the Mos’F of g]?fhdeb't Som_e of | little _of Nong of
time the time time the time | the time | the time
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10. During thepast 4 weeks, how much of the time has yqhhysical health or
emotional problems interfered with your social activities (like visigy with friends,

relatives, etc.)?
1. All of the time

2. Most of the time.
3. Some of the time
4. A little of the time.

5. None of the time.

11. How TRUE or FALSE mach of the following statements for you?

1. 2. 3. 4, 5.
Definitely | Mostly | Don't Mostly | Definitely
true true know false false
a) | seem to get sick a 1. 2. 3. 4. 5.
little easier than other | Definitely | Mostly | Don't Mostly | Definitely
people? true true know false false
1. 2. 3. 4., 5.
b) | am as healthy as Definitely | Mostly | Don't Mostly | Definitely
anybody | know?
true true know false false
1. 2. 3. 4. 5.
¢) | expect my health to Definitely | Mostly | Don't Mostly | Definitely
get worse?
true true know false false
. 1. 2. 3. 4., 5.
d) My health is Definitely | Mostly | Don't Mostly | Definitely
excellent?
true true know false false
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ITEMS SCALES DIMENSIONS TOTAL
3. Vigorous activities
4. Moderate activities
5. Lift, carry groceries
6
7
8

. Climb several flights

. Climb one flight Scale 1. Physical
. Bend, kneel Functioning (PF)

9. Walk mile

10. Walk half a mile

11. Walk 100 yards -

12. bathe, dress T

13. Cut down time Z,<) o

14. Accomplished less Scale 2. Role- i) g

15. limited in kind Physical (RP) - 32

16. Had difficulty =)

21. Pain magnitude Scale 3. Bodily Pain 2>

22. Pain interfere (BP) - a

1.General health rating ;

36. Excellent Scale 4. General v

34. As healthy as anyone : @
- Health (GH) !

33. lll easier @

35. Health worse

23. Full of life

%: \Evnoerrnggut Scale 5. Vitality (VT) E o

31. Tired > 3

32. Social extent Scale 6. Social ; 7

20. Social time Functioning (SF) m S

17. Cut down time Scale 7. Role Cw

18. Accomplished less ' T

19. Not careful Emotional (RE)

24. Nervous

25. Down in dumps Scale 8. Mental
26. Peaceful Health (MH)
28. Low/sad

30. Happy

2. Change in reported health

Figure E.O0.1 Abbreviated 36 items of the SF-36 questionnaingith associated eight

scales and two dimensions. Adapted from Kalantar-Zdeh et al., (2001).
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APPENDIX F — Prosthesis Evaluation Questionnaire (egroet al., 1998).

Table F.0.1 Abbreviated content of 42 items of the PEQ withhe associated nine

scales. *Item scored as 100 if box checked, **Itescored as ‘no response’ if box

checked.
SCALE ITEM
NAME NUMBER ITEM CONTENT
13A Rate your ability to walk when using your plosstis.
13B Rate your ability to walk in close spaces usiagr prosthesis.
13C Rate your ability to walk up stairs when usypogr prosthesis.
Ambulation 13D Rate how you _felt about being able tq walk d_mtﬁirs when using...
(AM) 14E Rate your apl!lty to walk up a steep hill \(vhﬂsmg your prosthesis.
14F Rate your ability to walk down a steep hill wheingsyour
prosthesis.
14G Rate your ability to walk on sidewalks and efsavhen using your...
14H Rate your ability to walk on slippery surfagesy. wet tile, snow...
3J Rate how your prosthesis has looked.
3M Rate the damage done to your clothing by yoasthesis.
Appearanc s -
(AP) 3N Rate the dam.a_ge done to your prosth§5|s cover.
40 Rate your ability to wear the shoes (differegights, styles) you...
4P Rate how limited your choice of clothing wasdese of your...
Frustration 10B How frequently were you frustrated with youosthesis.
(FR) 10C* If you were frustrated with your prosthesisaay time over the past..
10A Rate how often the desire to avoid strangexdstions to your...
Perceived 11D** Rate how your partner has responded to yoasthesis.
Response 11E** Rate how this response has affected youticglahip.
(PR) 11G** Rate how Family Member #1 has responded tar ywosthesis
12H** Rate how Family Member #2 has responded tar ywwosthesis
4Q Rate how much you sweat inside your prosthasihé sock, liner...
Residual 4R Rate how smelly your prosthesis was at its worst
Limb 4S Rate how much of the time your residual limb swasllen to the...
Health 5T* Rate any rash(es) that you got on your resitiodd
(RL) 5U* Rate any ingrown hairs (pimples) that you gotyour residual limb.
5Vv* Rate any blisters or sores that you got on yegidual limb.
Social 12+ E::;Qrow much of a burden your prosthesis has tegour
B(usrggzn 12] Rate how much having your prosthesis has réddgsu socially.
12K** Rate your ability to take care of someoneeel®.g. your partner...
Sounds 3K tI?ate how often your prosthesis made squeakingsiotioor
(SO) glchmg... _
3L* If it made any sounds in the past four weekse how bothersome...
1B Rate the fit of your prosthesis.
1C Rate the weight of your prosthesis.
1D Rate your comfort whilst standing when usingryprosthesis.
Utility 2E Rate your comfort whilst sitting when using ypuosthesis.
(um 2F Rate how often you felt off balance while usyogir prosthesis.
2G Rate how much energy it took to use your prasthier as long as...
2H Rate the feel, such as the temperature andréegfuhe prosthesis...
21 Rate the ease of putting on (donning) your presis.
Well-Being 16C Rate how satisfied you have been with how thimyve worked out...
(WB) 16D How would you rate your quality of life.
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Instructions

As you read each question, remember there is hbaignvrong answer. Just think of YOUR OWN OPINION
on fhe topic and make a mark THROUGH the line agygvilong the line from one end to the other tavsiso
your opinion.

If you use different ﬁrostheses for different @iy, please choose the ONE you use more oftearameer all the
guestions as though you were using that prosthesis.

Exarnde

How important is it to you to have coffee in the mming?

NOT AT ALL EXTREMELY IMPORTANT

Overthe past four weeks, rate your morning coffee.

TERRIBLE EXCELLENT

OR check__ I haven't drunk coffee in the mornmthe past four weeks.

This example shows that the person who answegedghestions feels that having coffee in the ngpisiimportant to
him. He also thinks the coffee he has had lateliypbigbeen very good.
If he hadn't drunk any coffee in the last four vgedle would have put a check by that statemeggithsif putting a

mark on the line between TERRIBLE and EXCELLENT. _
As in this example, make a mark across the line fiaér than using an X or an O. Please answer all tiiiestions.

Support for development of the PEQ was providethéyJ.S. Department of Veterans Affairs.

346



Gowpl

Thesdirst questionsreaboutY OLRPROSTHESIS.

A. Over the past four weeks, rate how happyou have been withyour current prosthesis.

EXTREMELY UNHAPPY EXTREMELY HAPPY

B. Over the past fourweeks rate the fit of your prosthesis.

TERRIBLE EXCELLENT

C. Over the past fourweeks, ratethe weight of your prosthesis.

TERRIBLE EXCELLENT

D. Over the past fourweeks rate your comfort while standingwhen using your prosthess.

TERRIBLE EXCELLENT
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E. Over the past four weeks, rate your comfort whe sitting when usng your proshess

TERRIBLE EXCELLENT

F. Over the past four weeks, rate how often you fabff balancewhileusng your proghess

ALL THE TIME NOT AT ALL

G. Over the past four weeks, rate how much energitook to use your prosthesis for as long as you eded it.

COMPLETELY EXHAUSTING NONE AT ALL

H. Over the past four weeks, rate the feel (such #se temperature and texture) of the prosthesis
(sock, liner, socket) on your residual limb (stump)

WORST POSSIBLE BEST POSSIBLE

l. Over the past four weeks, rate the ease of putty on (donning) your prosthesis.

TERRIBLE EXCELLENT
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J. Over the past four weeks, rate how your prostheshas looked.

TERRIBLE EXCELLENT

K. Over the past four weeks, rate how often your prsthesis made squeaking, clicking, or belching sais

ALWAYS NEVER

L. If it madeany soundsin the past four weeks, rate how bothersome thesausids were to you.

EXTREMELY BOTHERSOME NOT AT ALL
OR check It made no sounds.

M. Over the past four weeks, rate the damage done your clothing by your prosthesis.

EXTENSIVE DAMAGE NONE

N. Over the past four weeks, rate the damage doreyour prosthesis cover.

EXTENSIVE DAMAGE NONE
OR check There is no cover on my prosthesis.
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O. Over the past four weeks, rate your ability to wear the shoes (differentheights,styles) you prefer.

CANNOT NO PROBLEM

P. Over the past four weeks, rate how limited youthoice of clothing was because of your prosthesis.

WORST POSSIBLE NOT AT ALL

Q. Over the past four weeks, rate how much you swigaside your prosthesis (in the sock, liner, socke

EXTREME AMOUNT NOT AT ALL

R. Over the past four weeks, rate how smelly yourrpsthesis was at its worst.

EXTREMELY SMELLY NOT AT ALL

S. Over the past four weeks, rate how much of therte your residual limb was swollerto the point of
changing the fit of your prosthesis.

ALL THE TIME NEVER

350



T. Over the past four weeks, rate any rash(es) thgou got onyour residual limb.

EXTREMELY BOTHERSOME NOT AT ALL
OR check__ I had no rashes on my residual limb ithe last month.

U. Over the past four weeks, rate any ingrown hairgpimples) that were on your residual limb.

EXTREMELY BOTHERSOME NOT AT ALL
OR check___ I had no ingrown hairs on my residudimb in the last month.

V. Over the past four weeks, rate any blisters or@es that you got on your residual limb.

EXTREMELY BOTHERSOME NOT AT ALL

OR check__ I had no blisters or sores on my residl limb in the last month.
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Group 2

ThenextsectiorcoversverySPECIFICBODILY SENSATIONSiereare our definitions:

1. SENSATIONSre feelings like "pressure”, "tickle" or a senkpasition or location, suchsthe toes
being curled. Amputees have described sensatighsimmissing (phantom) limkuchas "the feeling that my
(missing) foot is wrapped in cotton."

2. '.:.)A'h' is @ more extreme sensation described by termsasLitdhooting”, "searing”, "stabbing”, "sharp",
or "ache".

3. PHANTOM LIMBrefers to the part that is missing. People havertep feeling sensations and/or pain in
the part of the limb that has been amputated —ighat their phantom limb.

4 RESIDUAL LIMB (STUMPefers to the portion of your amputated limb tisattill physically present.
REGARDING SENSATIONS IN YOUR PHANTOM LIMB

A. Over the past four weeks, rate how often you h&atbeen aware of non-painful sensations in your
phantom limb.

a. never .

b. only once or twice

C. a few times (about once/week)

d. fairly often (2-3 times/week)

e.

g.

very often (4-6 times/week)
several times every da _
all the time or almast all the time

B. If you had non-painful sensations in your phantm limb during the past month, rate how intense
they were on average.

EXTREMELY INTENSE EXTREMELY MILD

OR check____ I did not have non-painful sensations imy phantom limb.

C. Over the past month, how bothersome were thesersations in your phantom limb?

ALL THE TIME NEVER
OR check I did not have non-painful sensations in my phantonimb.
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REGARDING PAINN YOUR PHANTOM LIMB

D Over the past four weekstate how oftenyou had pain in your phantom limb.
never

b only once or twice

C. a few times éabout once/week)

d.__fairly often é 3 tlmes/week;

e.____very often (4-6 times/week

o p—

several times every
all the time or almost aI the time

E. How long does your phantom limb pain usually &8
a. | have none

b.__afew seconds

8 —_ afew minutes
f.

¢

—____several minutes to an houre.____ several hours
—____adayortwo
moré than two days

F. If you had any pain in your phantom limb this past month, rate how intense it was on average.

EXTREMELY INTENSE EXTREMELY MILD
OR check___ I did not have any pain in my phantom inb.

G. In the past four weeks how bothersome was the jpain your phantom limb?

EXTREMELY BOTHERSOME EXTREMELY MILD
OR check | didnot have any painin my phantom limb.
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REGARDING PAIN IN YOUR RESIDUAL LIMBTUMP)

H. Over the past four weeks, rate how often you hagain in your residual limb.
a.___never

only once or twice

. a few times é about once/week)

d.__fairly often (2-3 times/week

fe very often (4-6 times/week

9____

several times every da
all the time or almost all the time

l. If you had any pain in your residual limb over the past four weeks, rate how intense it was on
average.

EXTREMELY INTENSE EXTREMELY MILD

OR check | did not have any pain in my residuaimb.

J. OVER THE past four weeks how bothersome was thgain in your residual limb?

EXTREMELY BOTHERSOME NOT AT ALL
OR check | did not have any pain in my residuaimb.

REGARDINGPAIN IN YOUR OTHERINON-AMPUTATED)YEG ORFOOT

K Over the past four weeks, rate how often you hagain in your other leg or foot.
never

b —_ only once or twice

c. ___afew times (about once/week)

d.____ fairly often (2-3 tlmeslweek}

e. very often (4-6 times/week

f. ____ several times every day

g._____ all the time or almost all the time
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L. If you had any pain in your other leg or foot oer the past four weeks, rate how intense it was @verage.

EXTREMELY INTENSE EXTREMELY MILD

OR check____ I had no pain in my other leg or foot.

M. OVER THE past four weeks how bothersome was theain in your other leg or foot?

EXTREMELY BOTHERSOME NOT AT ALL
OR check I had no pain in my other leg or foot.
REGARDING BACKPAIN

N Over the past four weeks, rate how often you egpenced back pain.
never
b —__only once or twice
a few times éabout once/week)
d. ——fairly often 3 times/week
1? very often (4-6 times/week
9 ___

—___several times every da
—all the time or almost all the tune

O. If you had any back pain over the past four week rate how intense it was on average.

EXTREMELY INTENSE EXTREMELY MILD
OR check I had no back pain.
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P. OVER THE past four weeks how bothersome was theack pain?

EXTREMELY BOTHERSOME NOT AT ALL
OR check I had no back pain.
Group 3

This section is about some of the SOCIAL AND EMOIADASPECTS OF USING A PROSTHESIS.

A. Over the past four weeks, rate how often the dee to avoid strangers' reactions to your prosthesi
made you avoid doing something you otherwise woulthve done.

ALL THE TIME NEVER

B. Over the past four weeks, rate how frequently yowere frustrated with your prosthesis.

ALL THE TIME NEVER

C. If you were frustrated with your prosthesis at ay time over the past month, think of the most
frustrating event and rate how you felt at that ture.

EXTREMELY FRUSTRATED NOT AT ALL
OR check___ I have not been frustrated with my prostesis.
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We understand that sometimes you will have botitiy@and negativexperiencesvith those close to
you. Please try to answer these questmssideringall the reactions you have had.

D. Over the past four weeks, rate how your partnehas responded to youprosthesis

VERY POORLY VERY WELL
OR check___ I don't have a partner.

E. Over the past four weeks, rate how this responsges affected your relationship.

VERY BADLY VERY WELL

OR check | don't have a partner.

F. Think of two close family members (other than yar partner) and write down their relationship to
you, like mother or son.

#1 #2

OR check___ I don't have any close family members.

G. Over the past four weeks, rate how Family Membe#1 has responded to your prosthesis

VERY POORLY VERY WELL
OR check____ I don't have close family members.
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H. Over the past four weeks, rate how Family Membe#2 has responded tgour prosthesis.

VERY POORLY VERY WELL

OR check____ I don't have a second close family membe

l. Over the past four weeks, rate how much a burdegour prosthesis has been on your partner or
family members.

EXTREMELY BURDENSOME NOT AT ALL
OR check | don't have a partner or family membes.

J. Over the past four weeks, rate how much havingogr prosthesis has hindered you socially.

A GREAT DEAL NOT AT ALL

K. O¥er tg? past four weeks, rate your ability to ke care of someone else, (e.g. your partner, aldhi
or a friend).

CANNOT NO PROBLEM
OR check___ I don't take care of someone else.
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Group 4

This section is about YOUR ABILITY TO MOVE AROUND.

A. Over the past four weeks, rate your ability to valk when using your prosthess.

CANNOT NO PROBLEM

B. Over the past four weeks, rate your ability to valk hi close spacewhen using your proshess

CANNOT NO PROBLEM

C. Over the past four weeks, rate your ability to valk up stairs when using your prosthess.

CANNOT NO PROBLEM

D. ogpl/er_ the past four weeks, rate how you have fedibout being able to walk down stairsvhen using your
proghess.

CANNOT NO PROBLEM
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E. Over the past four weeks, rate your ability to &k up a steep hillwhen usng your proshess

CANNOT NO PROBLEM

F. Over the past four weeks, rate your ability to velk down a steep hilwhen usng your proghess

CANNOT NO PROBLEM

G. Over the past four weeks, rate your ability to valk on sidewalks and streetsshen usngyour proghess

CANNOT NO PROBLEM

H. Over the past four weeks, rate your ability to valk on slippery surfaces (e.g. wet tile, snow, airg street,
or a boat deck)when usng your prohess

CANNOT NO PROBLEM

l. Over the past four weeks, rate your ability to @t in and out of a carwhen using your proghess

CANNOT NO PROBLEM
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J. Over the past four weeks, rate your abilityto sit down and get up from echair with a high seat
(e.g., adining chair, a kitchen chair, an officelwir).

CANNOT NO PROBLEM

K. Over the past four weeks, rate your ability to & down and get up from a low or soft chair (e.g.aeasy chair
or deep sofa).

CANNOT NO PROBLEM

L. Over the past four weeks, rate your ability to & down and get up from the toilet.

CANNOT NO PROBLEM

M. Over the past four weeks, rate your ability to Bower or bathe safely.

CANNOT NO PROBLEM
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Group5

Thefol{g\t/]ying sectiorasksaboutY OURSATISFACTIONVITHPARTICULARSITUATIONSjiven that guhavean
amputation:

A. Over the past four weeks, rate how satisfied yduave been with your prosthesis.

EXTREMELY DISSATISFIED EXTREMELY SATISFIED

B. Over the past four weeks, rate how satisfied ydwave been with how you are walking.

EXTREMELY DISSATISFIED EXTREMELY SATISFIED

C. Over the past four weeks, rate how satisfied ydwave been with how things have worked out sinceyo
amputation.

EXTREMELY DISSATISFIED EXTREMELY SATISFIED

D. Over the past four weeks, how would you rate yogjuality of life?

WORST POSSIBLE LIFE BEST POSSIBLE LIFE

362



E. How satisfied are you with the person who fit yar current prosthesis?

EXTREMELY DISSATISFIED EXTREMELY SATISFIED

F. How satisfied are you with the training you haveeceived on using your current prosthesis?

EXTREMELY DISSATISFIED EXTREMELY SATISFIED

OR check _ I have not had any training with my curent prosthesis.

G. Overall, how satisfied are you with the gait angbrosthetic training you have received since your
amputation.

EXTREMELY DISSATISFIED EXTREMELY SATISFIED

OR check _ I have not had any training since my amgation.
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Group 6

Thisnextsectiorasksyouto rate your ability TODO YOURDAILY ACTIVITIES~vhenyouare having problenswith

your prosthesis.

A. When the fit of my prosthesis is poor, | will gé..

NOTHING DONE

B. When the comfort of my prosthesis is poor, | wllget...

EVERYTHING DONE

NOTHING DONE

C. Without my prosthesis, | will get...

EVERYTHING DONE

NOTHING DONE

Group 7

EVERYTHING DONE

Thislastsectiorasksyouto rate HOWIMPORTAN Tdifferentaspectgor qualities)of your prosthesisreto you.

A. How important is it that the weight of your prosthesis feel right?

NOT AT ALL
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B. How important is the ease of putting on (donningyour prosthesis?

NOT AT ALL EXTREMELY IMPORTANT

C. How important is the appearance of your prosthes (how it looks)?

NOT AT ALL EXTREMELY IMPORTANT

D. How important is it to you to be able to wear dferent kinds of shoes (heights or styles)?

NOT AT ALL EXTREMELY IMPORTANT

E. How important is it that your prosthesis' coverng is durable (cannot be torn, dented, easily scieted,
or discolored)?

NOT AT ALL EXTREMELY IMPORTANT

OR check__ There is no covering on my prosthesis.

F. How bothersome is it when you sweat a lot ingd/our prosthesis (in the sock, liner, socket)?

EXTREMELY BOTHERSOME NOT AT ALL
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G. How bothersome to you is swelling in your resical limb (stump)?

EXTREMELY BOTHERSOME NOT AT ALL

H. How important is it to avoid having any ingrown hairs (pimples) on your residual limb
(stump)?

NOT AT ALL EXTREMELY IMPORTANT

I. How bothersome is it to see people looking aby and your prosthesis?

EXTREMELY BOTHERSOME NOT AT ALL

J. How important is being able to walk up a steepil?

NOT AT ALL EXTREMELY IMPORTANT
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Final Notes

A. If any of the following have happened in the pagour weeks, please check off and give a brief
description:

_aserious medical problem (yours)
_anoticeable change in pain

_aserious personal problem (yours)

__aserious problem in the family

_ some other big change has occurred in your life

If you checked any of the five previous items, plea give a brief description.

B. Please share with us anything else about youywur prosthesis that you think would be helpful forus to
know (continue on the back of this page if you neeahore space).

THANK YOU VERY MUCH!

Acknowledgement: Roorda LIRoebroecME, LankhorstGJ,van Tilburg T, Bouter LM. Measuring functional

limitations in rising and sitting down: Developmenf aquestionnaire. Arch Phys Med Rehabil 1986;77;663-
669 for theinnfluence on questions-J, 4-K,and4-L.
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APPENDIX G — Modified Falls Efficacy Scale (Hillet al., 1996)

Modified Falls Efficacy Scale

I nstructions

As you read each statement, remember there igghbat wrong answer. Just think
about how confident you are to execute each agtwithout falling. Do this by making
a mark through the line anywhere along the linenffnot-confident / not sure at all’

(score of 0) to ‘completely confident / completslyre’ (score of 10).

How confident/sure are you that you do each ofittevities without falling:

1)

(@)

3)

(4)

(5)

Get dressed and undressed

Not Confident Fairly

At All Confident
|

Completely

Confident
|

Prepare a simple meal

Not Confident Fairly

At All Confident
|

Completely

Confident
|

Take a bath or a shower

Not Confident Fairly

At All Confident
|

Completely

Confident
|

Get in/out of a chair

Not Confident Fairly

At All Confident
|

Completely

Confident
|

Get in/out of bed

Not Confident Fairly

At All Confident
|

Completely

Confident
|
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(6)

(7)

(8)

(9)

Answer the door or the telephone

Not Confident Fairly

At All Confident
|

Completely

Confident
|

Walk around the inside of your house

Not Confident Fairly

At All Confident
|

Completely

Confident
|

Reach into cabinets or closet

Not Confident Fairly

At All Confident
|

Completely

Confident
|

Light housekeeping

Not Confident Fairly

At All Confident
|

Completely

Confident
|

(10) Simple shopping

Not Confident Fairly

At All Confident
|

Completely

Confident
|

(11) Using public transport

Not Confident Fairly

At All Confident
|

Completely

Confident
|

(12) Crossing roads

Not Confident Fairly

At All Confident
|

Completely

Confident
|

369



(13) Light gardening or hanging out the washing (ratestheommonly performed of

these activities)

Not Confident Fairly

At All Confident
|

Completely

Confident
|

(14) Using front or rear steps at home

Not Confident Fairly

At All Confident
|

Completely

Confident
|
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APPENDIX H — Reliability and Accuracy of the three-dimensional motion capture

system used in studies one and three

The reliability and accuracy of the Qualisys motioapture system, along with
associated force plates was tested using distamgrjlar and loading protocols. The
motion capture system was set-up and calibratetbssribed previously. A 10-camera
system captured raw kinematic data at 100Hz.

Distance trials involved moving two 14mm markersotigh the calibrated volume for
ten seconds per trial and repeated for ten tiTdle. markers were attached to calibration
wands and separated by known distances of 299 &llfjsand 749.9mm (large). Neither
wands were previously used to calibrate the matapture system.

The mean (£SD) difference between the recorded kamivn distance for the large
wand was -0.2 £ 2.6mm with a root mean square (RMS).26. The coefficient of

variation (CV) was 0.35.

Table H 0.1 Recorded distance of known large (749.9mm) warength.

. Recorded wand length  Difference to known Absolute difference
Trial (mm) length (mm) (mm)
1 750.6 0.7 0.7
2 750.6 0.7 0.7
3 750.7 0.8 0.7
4 742.5 -7.4 7.4
5 750.6 0.7 0.7
6 750.6 0.7 0.7
7 748.9 -1.0 1.0
8 750.8 0.9 0.9
9 750.3 0.4 0.4
10 750.8 0.9 0.9
Mean 749.7 -0.2 0.2
SD 2.6 2.6 2.6

The mean (xSD) difference between the recorded kaoavn distance for the small
wand was 0.0 £ 0.7mm with an RMS of 0.19. The cokfit of variation (CV) was

0.23.
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Table H.0.2 Recorded distance of known small (299.5mm) warength.

Trial Recorded wand length  Difference to known Absolute difference
(mm) length (mm) (mm)
1 299.8 0.3 0.3
2 299.8 0.3 0.3
3 299.7 0.2 0.2
4 299.9 0.4 0.4
5 299.5 0.0 0.0
6 299.8 0.3 0.3
7 299.6 0.1 0.1
8 299.7 0.2 0.2
9 299.6 0.1 0.1
10 299.5 0.0 0.0
Mean 299.5 0.0 0.0
SD 0.7 0.7 0.7

Angular trials involved attaching three 14mm refilee markers to a plastic goniometer,

one at each distal arm and one at the vertex. thmmeter was set at three pre-defined
angles, 25, 45 and 90 degrees and moved througtatieated volume ten times per

angle for ten seconds per trial.

The mean (£SD) difference between the recordedkand/n 25 degree angle was -0.1

+ 0.1 degrees with an RMS of 0.10. The coeffic@ntariation (CV) was 0.40.

Table H.0.3 Recorded angle of goniometer set at pre-defineshgle of 25 degrees.

Trial Recorded angle Difference to known Absolute difference
(degrees) angle (degrees) (degrees)

1 24.9 0.1 0.1
2 24.9 0.1 0.1
3 24.8 0.2 0.2
4 24.9 0.1 0.1
5 24.9 0.1 0.1
6 24.9 0.1 0.1
7 25.0 0.0 0.0
8 24.9 0.1 0.1
9 24.9 0.1 0.1
10 24.9 0.1 0.1
Mean 24.9 -0.1 0.1
SD 0.1 0.1 0.1
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The mean (£SD) difference between the recordedckandn 45 degree angle was 0.1 +

0.1 degrees with an RMS of 0.11. The coefficientarfation (CV) was 0.22.

Table H.0.4 Recorded angle of goniometer set at pre-definethgle of 45 degrees.

Trial Recorded angle Difference to known Absolute difference
(degrees) angle (degrees) (degrees)

1 45.0 0.0 0.0
2 45.1 0.1 0.1
3 45.1 0.1 0.1
4 45.1 0.1 0.1
5 44.9 -0.1 0.1
6 45.0 0.0 0.0
7 452 0.2 0.2
8 45.3 0.3 0.3
9 452 0.2 0.2
10 45.2 0.2 0.2
Mean 45.1 0.1 0.1
SD 0.1 0.1 0.1

The mean (£SD) difference between the recordedckand/n 90 degree angle was 0.1 +

0.1 degrees with an RMS of 0.30. The coefficientarfation (CV) was 0.11.

Table H.0.5 Recorded angle of goniometer set at pre-defineshgle of 90 degrees.

Trial Recorded angle Difference to known Absolute difference
(degrees) angle (degrees) (degrees)

1 89.6 -0.4 0.4
2 89.7 -0.3 0.3
3 89.7 -0.3 0.3
4 89.6 -0.4 0.4
5 89.8 -0.2 0.2
6 89.9 -0.1 0.1
7 89.7 -0.3 0.3
8 89.8 -0.2 0.2
9 89.7 -0.3 0.3
10 89.5 -0.5 0.5
Mean 89.7 -0.3 0.3
SD 0.1 0.1 0.1

The accuracy of the Kistler (Kistler 9281B11) antA (AMTI BP600600) force

plates was determined by statically loading thedgplates with known weights. The
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vertical GRF was recorded for ten seconds whild easpective force plate was loaded

with the following weights; 245.3N (25kg), 490.5B0kg), 735.8N (75kg) and 981.0N

(100kg) force plate. This was repeated for tenstiper weight.

Table H.0.6 Recorded loads from Kistler and AMTI force plats when loaded with

known static weights.

Known load 245.3N 490.5N 735.8N 981.0N
Mean (£SD)
recorded load (N) 238.8+0.5N 481.3+£3.2N 721.8+7.7N 968.1+10.2N
(Kistler)
RMS <0.01 0.01 0.04 0.05
CcVv 0.21 0.66 1.06 1.05
Mean (£SD)
recorded load (N) 244.6x0.4 479.51+0.5 717.3x0.4 950.6+0.4
(AMTI)
RMS <0.01 <0.01 <0.01 <0.01
Ccv 0.16 0.10 0.06 0.04
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APPENDIX I - Schematic illustration of hardware setup for studies one and three. Study one incorporaseQualisys ProReflex camera syste

1]
-

only, with study three utilising all associated hadware.

Key

A — Dell Optiplex GX280 Desktop PC/Dell Latitude @®BLaptop PC

B — Qualisys PCI-DAS6402/16 Box Analogue to Digitanverter

C — Kistler Type 5606A Connection Box

D — Kistler 9281B11/AMTI BP600600
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APPENDIX J - The six-degree-of-freedom marker modeset. Numbers correspond with the details in Tabl8.2.
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APPENDIX K - Dimensions of raised surface walkway ad obstacle (inset) used in the current study.
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APPENDIX L - Sequential diagrams of the performanceof the obstacle crossing (A), stepping up gait (EB)nd stepping down gait (C).
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APPENDIX M - Neurocom Equitest® (NeuroCom International , Inc, Clackamas,
US) with visual surround (red), platform (blue) andsupport harness
(yellow) components highlighted. The visual displayas consistently

present to help explain each test protocol to patnds.
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APPENDIX N — Frontal and transverse plane joint kirematic data.
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APPENDIX O — Saggital plane support moment data
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