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This portfoliodocumentsevidence of the activities | have undertaken since 2005 that |
believe have provided me with the competence required for State Registration as a
Clinical Scientiswith the Health and Care Professions Coufdik timeline in Figure 1 is a
summary ofmy employment andthe supervisionl have received for the periodf time
covered by this portfolioshown against theurrent routesfor Registration. Precise dates
are given in the mairtext.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Yearl 2 3 4 5 6 7 8 9 10 11
MSc Biomedica L_ecturlng at
Route Engineering Kings College
taken London
IPEM Part 1 Clinical
Science Training PhD Biomedical Engineering
Programme
Supervision:
Mr Fred Mitchell " ProfessorDavid Ewins Professor Dr Adam Shortland
PrincipalClinical Scientist Consultant Clinical Scientist <S\laeed Zah Consultant Clinical Scieptist
Routes to CRegistration:

Clinical Science Trainin
INOS LN Programme + supervise
training, Mn. 3 yrs total

ACRoute2 Total of 6 year < of which 3 years

i supervised

NHSSTP Total of 3 years

Unspecified programme
No less than 3 years

Figure 1 Path t®Registration

| graduated in 2002 with a first class honours degree in Robotics and Automated Systems

and started the IPEM Grade A Clinical Science training scheme in 2005. Following the

taught part of an MSc in Biomedical Engineering at the UniversiBuoky, | completed

clinical placements in Desigof Medical Electronic Instrumentation (DMEI) and
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took place within the final placement. | successfully completed the training and the MSc

course and continued working in the Gait Laboratory at Roehampton until starting PhD

research at Surrey in 2008.

My PhD stemmed from my BEF placement and was carried out in collaboration with the
Douglas Bader Rehabilitation Centre at Roehampton, under the continued supervision of
Professor David Ewin€onsultant Clinicgcientistat Rodvampton, andS NXhbussayni



and Cirovicat Surrey Funding expired before | submitted the thesis, so | undertook a
short period of employment with th@ew product development team of the Ubased
prosthetics manufacturer Chas A. Blatchford and Sons Ltd, under the direct supeo¥ision

GKS O2YLIyeQa ¢SOKYyAOIf B5ANBOG2NI t NPFSaaz2N

Conpanies involvement in an EU FP7 fungedject aimed at developingn exoskeleton
for older people. Iheld other responsibilities inthe product designteam and with
technicalsupport. The demands of tiseroles left little time to write the thesis, so | left
the company to complete the thesisnfunded and successfullydefendedit in March
2013.

Cdzt £ Fdzy RAy3 (2 NBGdzZNYy G2 . f soll oikkddbhielya o1 &
a school for children with special needs, whilst applying for researchrfgnishvolvement

in the EU exoskeleton project raised questions for Blatchford about the biomechanical
demands of mobility for older peoplé case was agreeand jointly funded by Blatchford

and the University of Surrey for a shderm project to review the biomechanics of older

people andto make product design recommendations. | undertook this work under the
supervision of PrassorEwins,in collaborationwith Dr Khim Horton, Senior Lecturer in

Older People athe University ofSurrey.

In April 2014 | began work as a Biomedical Engineer in the Gait Laborattrg &velina

| KAf RNBY Ddlzé Q& & LIV RIN§STTousth@elrthezs@ervision aEmsultant

Clinical Scientist Dr Adam Shortlahdontinue in this role today andminvolved in the

routine clinical assessment of people with gait disorders (predominantlgrehilwith

cerebral palsy)in September 2014dccepted arHonorary LecturetJ2 a4 I 0 YA Y 3 Q4
London(KCL)where | currently teacton the MSc Medical Engineering and Physics, and

MSc Clinical Sciences (Clinical Engineering) cotmsdsHS trainees on the Scientific
Training Programme (STP).

Portfolio Structure and Style

My engineering background leading up to IPEM Training is covered in Chapter 1.
Subsequent periods of employment are then described in Chapters 2 to 7. Chapter 8
describes my ongoing CPD and closing remdrépics covethe clinical, academic and
commercid work, development activities, and participation in outsideentsthat have
shaped my skills and understandingchficalengineering.

Since this is in a chronological format | have explained links between periods of
employment for greater clarity.

Supportingevidenceis included irthe Appendces(A toF) and referenced throughout the
portfolio. Individual paragraphs are numbered and referenced in the competencies
tables. Whee multiple paragraphgroviderelevantevidence the sections are erenced

in bold withthe section number (for exampg.2).
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ACS Competencies

MODALITY:

Medical Physics and :
Clinical Engineering SEIlIOlR AT A & Computing

Clinical Engineering, Physiological MeasuremeA{- =N [67:\Na}

NAME: Graham WEBB

1-SCIENTIFIC

Area of Competence

Sectionsand paragraphsvhere competence is demonstratec

Scil

understanding the science that underpins the specialty (modality) and t
broader aspects of medicine and clinical practice

4,12,82.3.6 82.4, 61, 62, 64, 103,18,87.1

Sci2

demonstrating a strong base of knowledge appropriate to the specialty and
the investigations and therapeutic options available

12,33,82.4.2,82.5.2,83.1, 123,86.2

Sci3

experience of searching for knowledge, critical appraisal of information g
integration into the knowledge base

17, 20, 4583.1.1, 114, 115, 125, 134, 137

Sci4

ability to apply knowledge to problems associated with the routine provisig
and development, of the service

§2.3.2 82.3.3 36,82.5.3 86.2, §86.3

Sci5

ability to identify the clinical decision which the test/intervention will inform

§2.5.2 66, 152154, 155

Sci6

ability to make judgements on the effectiveness of procedures

83.1.2 83.1.3 83.1.5 155

Sci7

application of the knowledge base to the specialty (modality) and to the ran
of procedures/investigations available

82.2.1, 26, 27, 3357-61,86.1, 161, 162




Medical Physics and SUBMODALITY: Clinical Engineering, Physiological MeasuremelWA= =N [67:\Na}

LSRR Ciinical Engineering & Computing BUAIE:

Graham WEBB

2-CLINICAL

Area of Competence Sectionsand paragraphsvhere competence is demonstrateo

to understand the requirements of accuracy and precision of a procedure
Clinl | the context of diagnosis, prognosis, monitoring and treatment and to use th 27, 29, 31, 2.3.6, 46, 56, 59, 60, 867,1149, 150, 153158
information appropriately

ability to provide interpretation of data and a diagnostic (therapeutic) opinio
Clin2 | including any further action to be taken by the individual directly responsilj 155,E2¢ E4
for the care of the patient

understanding of the wider clinical situation relevant to the patients presentir

Clin3 to his/her specialty

11,34,63, 65,96, 107, 118, 136

ability to develop/devise an investigation strategy taking into account tk

Clin4 o .
complete clinical picture

52,83.1.2 155

understanding of the clinical applications of his/her specialty and t

Clin consequences of decisions made upon his/her actions/advice

§2.5.2 118,86.2, 170

awareness of the evidence base that underpins the use of the procedu

Clin6 employed by the service

§3.1.1, 125, 154, 155, 163




MODALITY:

Medical Physics and :
Clinical Engineering =10l AN & Computing

Clinical Engineering, Physiological MeasuremelAl- =N [67:\Na}

NAME: Graham WEBB

3-TECHNICAL

Area of Competence

Sectionsand paragraphsvhere competence is demonstratec

Techl

understanding of the principles associated with a range of techniqu
employed in the modality including the appropriate use of Informatio
Technology

12, 22, 49, 103, 110, 13648, 152, 163

Tech2

knowledge of the standards of practice expected from these techniqu
including positioning of patients for safe interventions

29, 111, 154, 156, 163

Tech3

experience of performing these techniques

14, 23, 49, 91, 136, 148, 152, 155

Tech4

the ability to solve problems that might arise during the routine application
these techniques (troubleshooting)

36, 40, 5983.1, 111,86.2

Techb

understanding of the principles of quality control and quality assurance

1, 2, 29, 5683.1.4, 147,153

Tech6

experience of the use of quality control and quality assurance techniqgd
including restorative action when performance deteriorates

1,2,3083.1.4 147, 149, 153, 155




MODALITY:

Medical Physics and :
Clinical Engineering SUBMODALITY: & Computing

Clinical Engineering, Physiological Measuremela\==8[67\\}

NAME: Graham WEBB

4-RESEARCH AND DEVELOPMENT

Area of Competence Sectionsand paragraphsvhere competence is demonstratec
R&D1| ability to read and critically appraise the literature 17, 26,45,83.1.1, 112, 123, 125, 128, 134
R&D2| ability to develop the aims and objectives associated with a project félzjl‘szzié 82.3.382.3.682.4.2°56,5983.1.2 122, 138,
ability to develop an experimental protocol to meet the aims and objectives
R&D3 a way that provides reliable and robust data (i.e. free of bias) 21,82.3.382.3.6 52.4.2 53.1.2
ability to perform the required experimental work ability to produce an
R&D4 present the results (including statistical analysis) 21,82.3.382.3.6 52.4.2 53.1.2
recognise the value of research and has the ability to critically appraise res
R&D5| in the light of existing knowledge and the hypothesis developed and | 3.1, 3.2, 3.4
formulate further research questions
R&D6 ability to present data and provide a critical appraisal to an audience of geel Spoken: 21, 74, 887, 98, 102, 103, 107, 123, 127, 140, 163,
both spoken and written Written: 74, 82, 92, 97, 100, 137, 1441




MODALITY:

Medical Physics and :
Clinical Engineering SUBMODALITY: & Computing

Clinical Engineering, Physiological Measuremela\==8[67\\a}

NAME: Graham WEBB

5-COMMUNICATION

Area of Competence Sectionsand paragraphsvhere competence is demonstratec
Coml| ability to assess a situation and act accordingly when representing the speci| 36, 40, 44, 6283.1, 110, 111, 117126, 138, 14386.2, 170
Com? aplllty _tq respond to enquiries regarding the service provided when deali 16, 33, 36, 5%6.2
with clinical colleagues
Com3 ability to communl(;ate with patlents,. carers and relatives, the public and oth 21,63, 65, 98, 102105107, 135, 140, 147, 151, 155
healthcare professionals as appropriate
Coma ability to commgmpate the outcome of problem solving and research a 21.36,74, 82,9297, 98,100, 102107, 123141,159, 160, 163
development activities
evidence of presentation of scientific material to peers, colleagues or oth 21, 74, 8292,97, 98,100,102, 103, 107, 123,37,140,141,
Com5 .
healthcare professionals 159, 160, 163

10



Medical Physics an( SUBMODALITY: Clinical Engineering, Physiological MeasuremdWal==N[67\Na}

MODALITY: " e Engineering & Computing

Graham WEBB

6-PROBLEM SOLVING

Area of Competence Sectionsand paragraphsvhere competence is demonstratec

PS1 | to assess a situation

PS2 | determine the nature and severity of the problem

PS3 | call upon the required knowledge and experience to deal with the problem | 16-20, 4546, 56,83.1,126,85.2,161, 162,170

PS4 | initiate resolution of the problem

PS5 | demonstrate personal initiative

11



MODALITY:

Medical Physics and

. : ) SUBMODALITY:
Clinical Engineering

& Computing

/-MANAGEMENT

Area of Competence

Clinical Engineering, Physiological Measurem

APPLICANT
NAME:

Graham WEBB

Sectionsand paragraphsvhere competence is

demonstrated
Profl Has read, understands and follows the Standards of Proficiency for Clinical Scientist 157
published by the Health Professions Council
Prof2 | To be personally responsible for and must be able to justify their decisions 83.1.1-83.1.5

Prof3

Understanding of the legal and ethical requirements of the modality, and the ethi
aspects of scientific research.

84, 94,83.4, 157

Prof4

Understands the need to practice safely and effectively within their abilities and ¢
recognise the limits of personal practice and identify when to seek advice.

20, 36, 83, 98, 99, 111, 156

Prof5

Ability to manage personal workload and prioritize tasks appropriately.

82.4.2 83.1,97,85.1

Prof6

Can demonstrate competence in the principles of clinical governance including clir
audit, accreditation requirements relevant to the modality. This will include th
importance of equality and diversity, confidentiality, informed consent and data $gcur

63,93,83.4, 135, 150, 151, 156, 157, 1581

Prof7

Ability to contribute effectively to work undertaken as part of a mdi§ciplinary team

§2.2,83.4,84.2,85.2.3

Prof8

Ability to supervise others as appropriate to area of practice. Understanding of the
of appraisal in staff management and development.

106, 109 16Q 161, 166

Prof9

Understanding of the need and obligation for cardmng selfdirected learning and the
importance of continuing professional development.

97,156,F6

Profl10

Understanding of the need for, and ability to establish and maintain, a safe prac
environment. Understanding of the requirements and obligations of Health and Saf{
including infection control

20, 156,F1, F2

Profll

Understanding of the structure and organization of the department and how it fits in
the local clinical setting, General understanding of the way the modality is structu
and practised in other locations within the UK. Basic understanding of the iammrtof

financial accountability, budgetary control and resource management.

§2.5.1 138,86.1
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1. Prior Education and Experience

1.1  Engineering Employment to 1997

M| became an apprentice precision engineerleaving schooét the ageof 16, attendingday
release to technical college. They8ar programme involved 1 year in a dedicated training
centre learning draughtsmanship, fitting, turning, milling, grinding, welding andn@xd@ining

| spent thefollowing 2 yearsworking around the factoryin: Jig boring, lasesheet metal
cutting, gear cuttingand grinding,productassembly, production planning and control.

@ | then worked as aProduction Progress Chaser for a small manufacturingcompany,
supporting the production and purchasing managetswastasked with streamlining the parts
ordering system using MRRManufacturingResourcePlanning) | did this andcompleteda
project to clear the historical backlog of machined pamsorderwith external manufacturing
companiesThis involved prioritising tens of thousands of parts on oaginstthe sales book,
and working closely with suppliers to find a good fit with their manufacturing procdesdise
outstanding orderslundertookan evening course in Avel pure matheaticsat this time

®)n 1997 | studied a 1 year FoundatiEngineeringCourseat the University of Plymouth, to
gain access to Universitywanted to expand on the mechanical knowledge gained during my
apprenticeship by learning more about electicsmt and programmingThe internet was
emerging atthis time in householdsand awareness ofinternational research sparked my
interestin bipedal roboticsl passed thdoundationcourse with distinction.

1.2 Undergraduate Degree 1998¢ 2002

@) studied on the BEng (honours) Robotics and Automated Systems course at the University of
Plymouth. The course was accredited by then Institution of Electrical Engineers (IEE). It
comprised general engineering, mathematics and business themdwifirst two years, and
focused on controkngineering later with modules ostate-space control theory, fuzzy logic,
intelligent systems design and more advanced topics in power converters and drive systems.
The course had a strong practical componenti\i I WRS&aA3dy YR o0dzAf RQ

1.2.1 Industrial Placement 2000

®) Before the final year | elected to take an industrial placement, and was successful in
AYOGSNIASG F2N) I LIad ¢ A0 Kluafiok ReséarcgenzydSaRI)Y Sy i
where | worked as a Research Engineer in the Underwater Systems Integration Group. DERA
historically underwent privatisation miegplacement and was split between a newly formed
private companyOl f VAR SGAvE FyR (KS D2ESINYLY S&litdo NBSAI & A
projects in DERA which | continued to work on within QinetiQ.

13



©The firstproject was classifie@ssecret and involved reverse engineering a complex systems
modelling environment which was uséal simulatelarge military assets to aithe UK weapons
platform procurement process. | accomplished the tasid madeadditionsto the software
architecture Through thiswork | became proficientin the use ofthree software reverse
engineering tools, the ADA progrnaning language and aspects of Matlab / Simulink.

) The second project was unclassified and was carried out in collaboration with NERC. | was
GFrai{SR 02 RS@OSt2L) Iy ldziz2y2Y2dza adz2NBSe @Saa
proof-of-conceptwould become part of a fleet of vessels one person could operate to survey
the UK coastal waters. | was provided with a 3 méting exmine disposal vessel with a diesel
engine and basic radio control hardware (FigRyreand giverrelatively free reign.

Figure2 'MIMIR' in development

®) designed the infrastructure for its new purpogejrchasedkey componentgtotalling £90k)

and completed programming anchardware integration. Sea trials began after my placement
ended. My desig incorporated orboard and beaciside controlconnectedusinga wireless

wide area network (\WWVAN) Navigation was aided by GPS and an electronic compass. The
main survey sensors included a s&m@n bathymetric sonar (with an inertial motion reference
unit), wireless surface and underwater video, and a winched chemical sensor pod. The project
wasan exceptionalopportunity for a placement studentin that | had budgetary control and

was able © work throughthe full design lifecycle. | presented a prototype RN Flag Officer
Submarinesduring a high profile review dagttended by local and National presk was
awarded a certificate with distinction for #placement and a job offer.

®|n the finalundergraduateyear | built an autonomous slegged walking robotAppendix
B1) with arangefinder and compas$o enable path integration navigatiari was awarded the
G¢STONRBWRE S! W2 NJ t NB 2 Sgeaduated yird2062 SvBhNDICIASS dhondurg R
(Appendix R). The degreecourseenabled me to extendny existing skills to electronics,
programmng and businessnd providedmanyopportunities tosolve real world problems.

14



19 After graduation Lindertookshort-term consultancywork for the Universityto upgradethe
hardware fortheir robot football team.A video camera scanned the football pitch from above
and YntelligentCalgorithms were developed to instruatdividual robot playervia a 433 MHz
radio. | developedthe on-board circuits radio, motor control and sensingDuring thisvork |
learntthe assemblytanguage for théAtmel microcontrollerange, and became more proficient
in multi-layer and surface mourPCBdesign The robots participated in the002 FIRARobd
SocceWorld Championship in KoreattractingNationalUKpress coverage.

1.3  NHS preparatio 2002¢ 2005

' moved toWeymouth tobegin work with QinetiQ in 2002, but unfortunatetlye newly
privatised department had collapsetiiring my final yearThejob offer was withdrawnafter |
relocated whichcausedseverepersonalandfinancial hardshipverthe next 3 yearsl worked
as a Prison Officeand then Staff Training Manager HMP Portland before learning aboNHS
careersin medical engineeringlo gainexperience to support my application to th@rade A
Training Schemeworkedvoluntarilyas a Porter anevasconcurrentlyemployedas afilm store
Clerica Officer in Derriford HospitalThese positions enabled me to speak informally to a wide
range ofclinicalstaff aboutthe engineering aspects of their work, and thexperienceswith
medical technologyl. observed workpatient assessmentsurgicalprocedures and so ong %
ray, MRI,CT,ultrasound,endoscopy, A&Ehe theatres and wards. | also worked asScience
Technician in two Secondary Schoatsl took an evening course in A®velBiologybefore
securing a place on the IPEM Clinical Science Training Programme.

15



2. Part 1 Clinical SciencEraining

2.1 Introduction October 2005 October 2008

@2 In October 2005 | was appointed to the Grade A Training Scheme in the South West London
¢CNIAYAYy 3 [/ 2y az2NIA dzYTooting My tiainimy SvasieBrdirataéd by RrdFieh G | £ 3
aAlOKStftZ t NARYOALNI t / i coyiple@d the tdu@hh @y of RraMiSc in G {
Biomedical Engineering at the University of Surrey prior to threev@2k hospitabased
placements. The MSc projectaw carried out during the final placement. Prior to the
placements | undertook acquaintanceships in Urodynamics, Neurophysiology, Lung Function,
Audiology, Vascular Ultrasound amdth the NeonatalUnitl & {0 DS2NBSQadd L
MSc in Biomedical Emeaing with merit in 2007, and #ostgraduate Diploma in Clinical
Science from IPEM in 2008ppendix R).

13| was attracted to theraining scheme by theopportunity of joining a team of multskilled
engineers working across healthcare to delibesspoke solutions to directly address patient
and clinical needs. As such | chose placements that would help me bexfoyneater usdo a
broad range of engineering projects.

2.2  Design of Medical Electronic Instrumentation May ¢ October 2006

@1 carried out aDesign of Medical Electronic Instrumentation (DMEI) placement in the
Medical Instrumentation and Computing GrouMIC) within the Medical Physics and
Bioengineerinepartmentr & {0 DS2NBSQa | 2aLAidlfe®d L OK24aS$s
and safety considerationsf medical devicesMIC mainly carried out device researchand
development work. | worked under the gervision of Mr Valentine Newekrincipal Gnical
Scientist(now retired).

‘ 2.2.1 Bone Distractor Telemetry Project

1) patients with a leg length discrepanfiyLD)can experiencéumbar pain as pelvic obliquity
increases with LLDs ovapproximately30 mm. Existing ntermedelluary nails then used for
femoral distractionwere based omratchet mechanismfor extension requiring rotation of the
lower limbto extent the implant. Thizauses pain and discomfort during regulatistraction
aSaarzyao | | 2yadzZ GFyd hNIK2LI SRAO thtgelHS 2y
distraction rod using a rack and pinion geared to a DC metoninating the need to rotate the

leg. A servo action was being developed as | joinedMi€ group and the mechanics were in
placethat could provide 1 mm of distraction ovar7-hour period. A major task yet completed
was to develop systems to proviaérelesspower andtelemetryto the implant The pacement
was 4 months and | was given the option of finalising the servo design (technology | was
familiar with) or exploringhe technicé and regulatory issuesf wireless telemetry Wireless
power transmissionvas new to me sodhosethat aspect to work on

16



19| spoke toeach memberof the team tocapture the desigmequirements.The implanted
electronics would sit in the peritoneal cavity and requapproximately900 mW from an
external sourcevia a pair of magnetically coupled coils-vivo and exvivo coilswould be
separated by differinghicknesgissuesfor different patients(l consideed 10to 40 mm).

@7 carried out a literature review dfircuit designs used for power and data transmission in
clinical and industrial applications. This introduced many variables, for exatmgleype of
power generating circuittiie class of amplifier or resonant converter), the coil parameters
(diameter, number of turns and coil spacing), the power and data waveform characteristics,
and thecoding and failsafe methods.

W51 G Oy 68 Y2 Rdz I, bublRhose yospl polver ada dataand usethe v S Q
resonant inductive coupling methodsedby Donaldson N. de. N. and Perkins T.A. (1988
implant power transmission. The circuit (Appendix C1) uses aoseillating LE&omponentto

drive the transmitter and receiver coils at a tuned resonant frequency. Prior to this work | had
very limited experiencewith analogueand RF electronics. Howevehgetcircuit required hand
winding four inductors onto a toroid, one of whiaetas 2.3 turrs (making attachment to the
circuit board very tricky!). The board itself also induced capacitances that effected resonance. It
proved difficult to maintain a stable sedkcillating frequencyt resonance, so after many c®il

and board designs (Figures Bjeplaced the selbscillator with a programmable oscillatorr.
ordered an MR201 grid dip mete to measure the resonant coupling of ttwo coils but this
arrived at the end of the placement so it was not possible to quantify coil designs changes.

Figure 3 Circuit prototypes of the power transmission circuit

9 Data communicationwas relatively straightforwarcby comparison Commerciabff-the-

shelf low power radio modules have previously been used in implants. So after reviewing
various options | purchased a development kit for tleipcon CC1100 radio, whicha 4mm

dljdz2h NS &dz2NFIFOS Y2dzyd NIRA2 (GNIyaOSAGSNI RSOA
reference design is based onet 8051 microcontroller (which vgaused wihin MIC), and a PCB

track antenna. To enable code development | set up and tested the radio in a hardware loop
(Appendix C2).

@9 |n parallel to technical work reviewedthe safety and governancissuesof implantable
radio devicesusingthe concept & biocompatibility to structure my review. For example: the
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effects of the implant on the host (harm to the patient from ntmising radiation); the effects

of the host on the implant (harm to the implant and potential fault conditions), and the effects
of the implant on the environment (predominanthadio EMC within a hospital environment).
Aspects of this review are included in Appendix I83:iew of the wideranging standards and
regulations applicable to radio implants | found it useful to seek thevw of external
organisations. The UK Governments Office of Communications special projects team review UK
and European radio regulationand confirmed my understanding of bandwidth allocation
Theycould also advise the implant team. | contacted NHS Innovations and learnt that as St
DS2NHEBSQA& A& | & dzothke GebdicanSréguedt Atandakd$ revieivsi EMCIARIETS
testing and guidance on marketing and salealsb met with the Trusts intellectual ppeerty
advisor to gain a better understanding of theigBuesmedical engineeng departments may
experience within the NHS. then carried out a risk assessment of the proposed clinical
operation of the bone distractor tchelp considerhow operational riks could be reduced
during thedesignstage

@Y The Medical Physics and Bioengineering Departmefd hegularWf dzy OK G A ¥X & SY )
provide an opportunity for staff to give updates of their work and share ideas. On completion

of the placement | gava seminar on the bone distractor project. This was a usdfahce to

practice delivering @echnical projecttalk, and receive feedback any work. The placement
providedthe experienca | soughthowever mplantdesign can involvenany years of research,

somy contributiondid feelless valuable at the time thanapparentlywas.

2.3  Physiological Measurement October 2006&; March 2007

@ae tkKearazf23A0FE aSladNBYSyld otauv LI OSYSy
under the supervision of Mr Fred Mitchefrincipal Clinical Scientist (now retired). | chose
Physiological Measurememd gain exposure to a broad range of clinical sgrgiand medical

devices thatmay not be possible witbther placements. | wded in Audiology, Lung Function

and Neurophysiology, and spent a short timéth the Neonatal Unit.

2.3.1 Audiology

¥ During six weeks in the Audiology department | conducted hearing and vestibular
measurements with patients under the supervision ©Gfinical ScientisPaul Radomskij. |
developed equipment to enable theale Latency Response test to be carried out with
neonatesg SI NAyYy 3 KSFNAYy3I |ARAZ YR dzZLJRIFGSR (KS v
response normal datasetl witnessed afascinatingrange of psych@acoustic and neuro
otological tests, including eye tracking and caloric irrigation tests @ MBstibular Tesg
Laboratory.
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2.32 Late Latency ResponBeoject

@) A need arose from theew-born hearing screening programme for an objective technique

to fit and evaluate hearing aids foeonatal andyoung paediatric patients. Since babies are not
mature enough to respond to the pure tone audiogram protocol, the auditory brainstem
response (ABR) is currently used to assess the hearing of this patient group. ABR is an early
latency response that presesishort duration stimuli clicks and tonebursts to the pati€fitis

is not the stimulus type that hearing aids are designed to manage. High amplitude click stimuli
artefacts emerge from the microphone electromagnetic pickup during testing. One alternative
currently in use is to ait an ABR response from a fréeld. But this is subject to the
inaccuracies of potentially uncooperative patients moving within the field. The stimulus
required to elicit a late cortical response is longer than the ABR stimstusould reduce
unwanted transient effects in the DSP circuitry, improve the signabise ratio and eliminate
free-field errors from the testNote: A typical ABR stimulus is a 100 ps click with 49.1 Hz pulse
repetition rate.Atypical cortical stimuls is a tone burst with a 10 ms rise time, 60 ms plateau
and 0.25¢ 0.8 Hz pulse repetition ratd.was asked to look at how taracticallyelicit a late
latency cortical response through a hearing aid for neonatal screening.

) Modern digital hearing ids can be fitted with a plastic interface known as a direct input
shoethat permitsdirect audio connectiorto G KS  dza S NI &, oryf& Rammunitation & S NJ
with a contralateral hearing aid. | proposed that during late latency testing the cortical
stimulus be presented through ¥I shoeQand then to the patient through a calibrated ear
insert coupled to the hearing aid.

®Using a Siemens Prisma Pro hearing aid to test this idea, | contacted Siemens UK Hearing Aid
Division and was directed to a comm&l company Connevans Ltd, which produce consumer
leads for different DI shoes. | made enquiries with an online hobbgizgb | Yy 2 Bedrind a a

I A R Kdevotddita hearing aid modificationso find the pinouts of the DI shoeThe full

scale output of he NavPro stimulator (used in the Department for late latency testimag

ddzA Gl ofS T2NJ RANBOG O2yySOGAz2zy G2 GdKS KSI NA
resistor as suggested by Siemens. | produced a cable for use with two hearing aids and
mechanically turned the connector housing to suite the NavPro case.

(@) Calibration is required to ensure the stimulus presented to the ear conforms to the
standards required byachtest protocol enactedl proposed a calibration methoahereby

the electrical output from the NavPro stimulator is measured with an oscilloscope and
compared with the output of the hearing aid. The hearing aid acoustic output is measured
through an artificial ear (or acoustic coupler) using a sound levelen€hre stimulus shape can
then be modified with either the NavPro or with an Aurical (hearing aid programmer) to suite
the clinical protocol. | tested the new cable and used this calibration method and found the
desired late latency cortical response coblelelicited through a hearing aid.
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2.33 Normal Auditory Brainstem Response Database Project

(8 | was asked taipdate theauditory brainstem responsgABR normal database used in the

| dzZRA2f 238& 5SLI NIYSYd |G v dzSABK dawmflornd populatio® & LIA U
with no reported hearing problems. The databasgeen in usewas produced in 1993 and
provided mean values for the absolute latency of peaks I, Ill and V, and thelatégrcies Hlll,

[1l-V and 4V, for the local population.

@) recruited 11 adult subjects frostaff6 A § KAy v dzSSy al NEr€parted n® & LIA ( |
history of neurological hearing disorders, tinnitas,noises in the earThey had symmetrical

hearing and no history of ear infections, perforations or meddhr effusion. | wrote a test
protocol and carried it out with each subject, being observed by the Senior Audiologist for the
first subject in order to ensure data quality conformed to existatgndards Once sibjects

were seated, | explained the testqmedure and checked the state of their outer ear using an
otoscope. Using the 20:10 electrode placement conventigorepared electrode sites and
placeddisposableAg/AgCElectrodes at~¢A1, FC¢Az, and at a common groundfFImpedances

were checkd to ensure absolute impedances were lesstbadn K | YR RAFFSNBY (A |
were less thar2 | KHeadphones were placed over the pinna of each earlantiiated the test
protocolwith eachsubject quiet and relaxed.

@9 The incoming wasform gives an indication of the state of relaxation of the patient. |
observed the presence of artefacts and responded accordingly, by stopping the test, re
checking electrode®r headphone placementand state of the patient. It is beneficial to
observethe shape of the averaged signal as it fednto help when manually determining the
location of the peaks. | repeated the test three times for each ear, alternating the ear receiving
the stimulus and then identified waves I, Ill and V for eaelst. Figue 4 shows a typical
example of four trials of unprocessed data taken from one subiect.

> =+

M ms

Figure 4 Sample of unprocessed ABR data from one test subject
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G Despite reporting to two decimal places, the Biologic Navéuftware has a graphical
resolution of 0.04 ms. This manifested as number preference when identifying peaks. For
example: A sample of peak v latency appeared as: 5.87, 5.87, 5.91, Thi8lwa mae
problematic with sharp peaks, but on investigation dat alter the normal mean dataset.

A 2 s oA

G2 KAt &G L KFER LINB@gAz2dzate O2fttSOGSR ! . w FTNEB
fascinating to work with a largemore varied group of people. There are no outward
appearances that indicate retroochlearfunction, but | could not help tryo predict what the

ABR waveformmight look like as | met each individual. Being aware of this natural inclination
alerted me to he potential for operator bias.dftunately in this case the test is well controlled

(data ae collected autonomously, electrode impedance is quantifiable and the patients and |
were not communicatingluring the tesj.

‘ 2.3.4 Lung Function / Sleep Studies

G5 dNAYy I AaAE 65814 AGKAY GKS [dzy3 Cloggit@iAzy
Chest Clinic | carried out assessmentrespiratory function for inand outpatients. The
respiratory tests included spirometry, wheledy plethysmography and single breath carbon
monoxide diffusion testing. The climatsoprovide a home sleeptudy service using actigraphy,
pulse oximetry and potgomnography for patients with obstructive apnoea. atients
experiencing shortness of breath were referred by their GPRpalient cases included
preoperative assessment for the validity ariaeshesiaadministration and repeat referrals for
drug impact assessment, such as chemotherapy drugbserved patient setup and review
appointments, and carried out the tests ogpatients, colleagues and mysell. tutored a
Respiratory Technologish some d the technical aspects of the work for her registration
examinations. This demonstrated to me how Clinical Engineers can addwiaé&reworking
across fields.

3% Throughout thecourse of my training | have carried out all of the tests on myselfhaol

can experience what is expected of patients, and consider the deetsloql A y3 @I f dzS 2 7F
LI GASyGa GKNRAAKQ I LI NLAOdzt I NJ GSadrémwhato St A ¢
a testmay reveal to a trainee.

2.3.5 Neurophysiology

® During five weeks in the Neurophysiology Department | observed the use of
electroencephalography for the assessment of seizures in a dedicateatient monitoring
suite, during owpatient clinics, and on adult and pediatric intensive care wardbservedhe

use of electroneurograghy, needle electromyograjgimgl transcranial magnetic stimulation for
the assessment of peripheral nervous system disorders. | conducted thlk testson myself
andcolleagues under supervision.
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38 Whilst on thePICU | noticed poor utilisation of available bedside monitor channels for a
patient medicated forpersistent absence seizures. The Consultant Pediatric Neurologist had
access to only one channel of E®Quide the use of pharmaceutical interventionsought
permissionfrom the SHO and neurophysiology staff to change the sdtimplugging pieces of
equipment from behind an intensive care be@s a nervevracking experienceand a surprise

for meto see thatthe mains plugsvere not labelled!But | set up 8channels and started the
recording featureThe Consultant was grateful fory intervention and theward reviewed their

staff training.

DhodSNBAY3I 99D (NI OSa OF y Ay ABitwithin & shortipédbdS | NJ 2
of time | was able to view 16 traces of EEG more in terms of anatomical volumes rather than
time series plotg; identifying subtle prodromal signs of a seizure,ntbe localised activity of

focal seizuresoccasionally progressingrough different brain regions, to the full symphony of

a tonicclonic seizurelt was particularlyfascinating tosee responses to seizure stimulnd
watchhow electro-staticsubtleties inthe testroom an produceartefacts.

’ 2.36 Blood pressure measurement on theonatalUnit

®® TheNeonatal Unitat St George's Hospital is the regional centre of excellence for South West
London and the South East of England. Each tymalnit care for over 500 neworn babies

(up to 30 at any one time) in intensive care, high dependency and special care nurseries. Many
of the babies are there because they have been born prematurely, some mothers reaching only
24 weeks of pregnhancylood pressure is monitoretbr any sick babyincluding those with
urinary tract abnormalities, chronic lung disease, those on steroids dadtsof drug addicted
mothers, andnewborn infants suspected of having a cardiac abnormality are also monitored.
Any baby on ventilatory support or Fi€B0% has an indwelling arterial line for continuous BP
measurement. ICU technicians can checknsducer linearity and rangasing ananeroid
manometer if required but the accuracy of the measurement can be adveratfgcted by the
system dynamicof the setup of system components by nursing gtdfivanted to learn more
about how the dynamics of fluiiled catheter systemseffect accuracy, so | set up an
experiment to find out.

©9 | used aBiotek Model 601Ablood pressure calibrator to generate blood pressure
waveforns. The device simulates normal and pathological AB&s| connected a function
generator toadditionally provide a sinewave input function to the moving coil pis{anth a
varying frequencyrom 1Hz to 60Hz, in 1Hz incrementsset up a fluid circuit from new, giving

a true reflection of the configuration used on the wards, using an Edward&cieifee
combined ABP/CVP pressure line kit. The fast flush input (normally connected to ar) ivabag
sealed with a notvented cap. | calibrated the gain amCoffset of a differential amplifier
using a mercury manometer and displayed the output in millivolts on a PGnyidigital
oscilloscope. | primed the system according to the standard prétboiled water and allowed

it to cool to reduce bubble formation and then injected a 5 mm long air bubble into the system
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through a 3way stopcock, plotting the frequency response with and without the air bubble
(figure 5).
The resonant frequenciewere

/1:\ —  vith bubble found from the graph, and the
| ——  without bubble i
; ; damping factos (z) were found
K from the relationship:
\4:\ 7= k
: T Mg
; 2x10° e

k is the DC gain, assumed to be
1 and My is the magnitude in
decibels at 90 (without bubble

NEA LR e PRl d e @@ @ z=0.22, withbubblez= 0.2%5).
Frequency (Hz)
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Figure 5 Arterial catheter frequency response with and without air bubble

“9Using the setup then replicated the distortion an ABP waveform experiences through-over
and underdamping, by varying tube lengths and diameters, using different compliance tubing
(not designed for blood pressure measurement), increasing resistandeviably compressing
the circuit and adding bubbles of various lengthd number | performed the traditional
transient response tesusing a burst surgical glovand by inputting a square wave from the
function generator.Monitoring systems on wards ardtached to people inputting their own
arterial pressure waves, so there is no constant stestdye baseline. In this instance an
empirical observation is madey pulling and releasing the fafiush tab to inject a unit step
impulse | performed this tesbn the adult Intensive Care Wardnder the supervision of the
Chief Clinical Technologistnd identified and removed air bubblesoi a patient connected
system.

“Dwhilst | had a good understanding of PID dynamics from a control engineering degree, it
was captivatingto see a physical example of a fluid system and plotilar second order
responses (such as shown in Figujettat | haveoften measuredin RLC andnass spring
damper systemsand to see the immediate importance of these principles in hospital wards
andfor nursing staftraining.

1
— T B

Figure 6 Undedamped waveform from transient response test, detailing enlarged section of trace

“2 During the PM placement | attended all of thenchtime seminars in thedical Physics
and Bioengineerin@epartment;a study day to learn about suction pumpandthe 6th Annual
Education Symposium for Clinical and Biomedical Engineers at the Barbmdon]avhich
covered a broad range of clinical engineering and physiological measurement subgsts.
arranged for a tour of the Anatomy Department with the Anatomist, and witnessed the process
donors undergo in preparation for dissection, and the ditises of a torso and head.
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2.4  MSc Biomedical Engineering October 2005 November 2007

2.4.1 TaughtComponent

3 Prior to the hospital placements | undertook the taught part of an MSc in Biomedical
Engineering at the University of Surréyrom October to December 2005 coreoduleswere
delivered inHuman Biology Biomechanicsand Instrumentation Specialist modules were
delivered from January to May 2006 and includeshfety andequipment management
physiological measurement and equipment management principles of biomaterials
microengineering inmedicing orthopaedic biomechanics andiomaterials gait analysis and
human movement and rehabilitation éensory and physical) The specialist modules were
predominantly delivered by égrnal experts in each fieJdvhich was ayreat pleasureand the
topics gave excellent theoretical preparation for the experiences | encountdtenhg the
placements

2.4.2 Research Project

“Whilst in the Audiology Department at St George's | became aware of the high prevalence of
noiseinduced hearing loss (NIHL) and the association with MP3 player use. | suggested that
automatic gain controllers could be used to limit the acoustic expogora MP3 players that
contribute to NIHL and pursued this idea as an MSc project under the supervidhvofessor

David Ewins at the University of Surr@yofessorEwins suggested | appraise the scope of the
problem beforepresentinga technical solution

“5) | carried out an extensive literature review pbise exposure standards amdcreational

noise exposure since the 1980s (when portable music players started to emerge on the
market) and found wide variation in published exposure figures. rhévious work used
measurements of maximum headphone output and output during listetests to determine
acoustic intensityand questionnaires and interview® assess duratioriThe subjective nature

of the latter methodscontributed to variation in thedata which limitedthe ability to assess the

risk of media playeruse. There was therefore rreed to improve our understanding ofiedia
playeruseislistening habits.

“8) | designed a datépggerthat could be discretely used with the Apple iPod to measuser
listening habits in a largscale population study. The deviceeasure voltage outputand
applies Aand Gweighting physiological response filters, and a headphone transfer function to
relate voltage to exposedcousticpressure. The transfer fiction can be calibrated usirgyreal

ear (mannequin) measurementdemonstratedthe principlein software (requiring the design

of a hardware antaliasing filter), and presented a study to sample n=2000 of the UK
population (Appendix B2) Today his canbe improved uponbecausethe data logging
algorithms proposeccand S A YL SYSYUGSR Ay |y labletdLdOnudhy R
largersample with no need for external hardware.
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“7) At the time of thiswork a range of National organisations were campaigning to raise the
issue of noisé Yy RdzZOSR KSINAyYy3a f23a 6AGK &2dzy3 LIS2 LI !
estimated that(in 2006)4 million children in the UKvere at risk of hearing damagén the
sameyear 68 million media players were sold internationally, with 6.7 million units sold in the

UK. Considering the competitiveness of the media player market and the ongoing consumer
demand for loud musici K & t SR G2 6KIF{G A& | drnfosgymudica K
producers, it is unlikely the trend in noiseduced hearing loss will decline in the near future.
Charities and public bodies continue to campaign on this issue today.

“8) A requirement of the MSc course was for students to deliver a givedentationevery two
weeksto update the department oftheir project work. The sessions were in part to help
students experiencéhe type ofquestions they may expect in a vivacaexamination, and to
provide feedback on the work carried out and approad@heywere well attended by staff,
postgraduate researchers and our peers. As such the presentations were often perceived with
anxiety by many students. | enjoyed the opportunity to talk about my work and found feedback
from people not familiar with théopic very useful. It was also an expedient way to keejadp

date with research in the department.

2.5 Biomechanical Evaluation and Function March¢ November 2007

2.5.1 Introduction and bcalContext

)My Biomechanical Evaluation afdinction (BEF) placement was carried out oveg-aveek

period within the Gait Laboratory of th 2 dz3f & . F RSNJ wSKF oAt AdGF GAz2
Hospital (QMH) Roehampton, under the supervisiorCohsultant Clinical ScientiBrofessor

David EwinsThe MSc progct was timetabled into thiplacement. | chose a BEF placement
primarily forthe long-held interest| have with locomotion and feedback contrathich led me

to study robotics as an undergraduate; atadhelp applytechnology to gait rehabilition.

®9 The mugas Bader Rehabilitation Centre svpart of theAdult Directorateof Wandsworth
PCTunder Rehabilitation Services. The Cerites a long histgrin amputee rehabilitation and
comprises a msthetics and orthotics service, a rehabilitation gym, a specialist amputee
physiotherapy service, the gait laboratory, wheelchair services and sisesehting. The

/| SYGNBQa Of AyAOFft fSIFIR A& | [/ 2yadZ GFyd Ay wsS

‘ 2.5.2 Clinical Work

®Y During my time in thelaboratory Ipredominantlysaw adult and some pediatric patients
with a range of neurological anatthopaedicconditions.SpecificallyTransfemoral and trans
tibial amputees, patients with MS, stroke, Ciy bind kneedisarticulations, rauma and pain
polio and spina bifidal assisted in patient clinics using a wide range of gait assessment
techniques, and carried out technical projects to help improve the qualithe@tervice. kalso
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spent time in the prosthetics casting, worksip and fitting rooms,in orthotics, with the
amputee physiotherapyeamandwith an independent specit seating provider.

®2) Given the broad range of patients sebp the laboratory, the casesa discussed prior to
patient attendance and measuremenools are selected tohelp addressspecific referral
guestions. All patientare given one of twdunctional mobilityquestionnaires to help gain a
broader understanding of their mobility in the community. it not always necessary or
appropriate to usanarkerbased motion capture with each patigrdo abattery of additional
tools are usedincluding observational gait analysis aided by video and vidector and
guantified with the Rancho scale or Edinburgh gait scolemtar pressure measuremefsing
an ambulatory Tekscandevicg, EMG,and the timed-up-and go and 6 minute walk test$
participated in preassessment meetings and patient sessions, and used each of these tools
during my placement either with patients or colleagues. | preedsand anlysed gait data,
wrote clinical reports angarticipated inthe reviewmeetings

) The serviceramg SS1 f BA WS | & OK2 2 f Q -vé€forito/pkoide deddbatkdandd A R S
guantify limb loading for amputees, their prosthetists andypiotherapists Similarly video

vector was used during an orthotics tuning clinic developed by a previous trainee, to help
optimise patients AFOs. | observed and participated in both of these clinics, and visited the
orthotics team to see patient review and fittirsgppantments.

®9 The laboratory see patients referred with droppémbt who maybenefit from the use of
Functional Hectrical Simulation (FES)Patients attend an assessmeappointment followed
by a setupappointmentif appropriate,then ongoing reviewsl participated ineach of these
sessions| alsoupdated theLaboratoryrisk assessmestfor the use of FE&nd instrumented
gait analysis.

®9 An upper limb servicevas being developedtvards the end of myi N} Ay Ay 3 | G v dzS
Hospital | assistedvith some of thepatient sessionsusing thenine-hole pegtest, the Jebson
Taylorhand function test and the Action Researclarm test It was interesting to considea
movementtaskafresh, and see the contrasf the upper limbmeasurement prblem against

the welldefined kinematics of gait. Since upper limb movement is a rti@mgany problem,
consideration of functional goals playsentralrole in honingthe measurement protocol.

2.5.3 Technical Work

)| carried out a series of experiments become more familiar with theneasurement tools,
and quantify systemic errors in th@ualysisProReflex motion capture systerfor exampleto
see wheremarker reflections converged in software and howttinaight affectmarkerchoice
for different limb segmentsto examinethe cagure volume calibration accuracy, to loakthe
effect of gap fillinginterpolation on joint angle dataand how electrostatic noise from force
plates may interact witlEMG signal.
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®7 Unlike many gait laboratories in the Wihere small AMTI or Kistler platesre used the
QMH laboratory developed -8netre long platesto capture multiples strides from one walk.
¢t KAAa AYONBSLI a$s aandfredidesSthedeihandi & patldats Tha I&oratory had
recently moved to a new hospital buildingder a PFI scheme, $decame involvedn the
installation of these custom platés the newhospitalbuilding(Figure 7).

®8This was a particularly challenging task for a numbeea$ons: the concrete pit specified in
the building plans was too shallow for the plate asseatb(so had to be chiselled down by
hand) each assembly weighed 34 kg and millimetric alignment accuracy was requirad on
rough concretdloor, there was als@ slight slope in the floor of approximately 2 mm between
each end.This was a valuable and somewhat rarexperience of thepracticalities of
commissioninga structural component of a gait laboratorit was particularlyrewardingto

later see the platesii use with different patient groups and clinicians, and see the clinical value
in different contexts.

o ST . Dl

Figure? Installation of Gait Laboratory force plates. Clockwise from bottom left: Preparation of footplate studs
and concrete base, assembly of supporting frame, alignment of force plates, completed assembly with markers

®9 Force plate calibration requiresssessment of the location andetorientation of applied
forces,moments and of shear forces. | prodaca calibrationrod to enable assessment tifie

force and moment components, and carried out a project to assess COP accuracy over the
plate surfacesln addition, the force plates were originally powereg b benchtop PSU. |
purchased armpen frame linear power supply unit suited to the low ripple requirements of the
plates, fitted it into an instrumentation case with an axial fan and carried avubvernight
benchtop electrical safety test. This then became a permanent replacetoetite PSU The

kinetic data were not used durinmy placement (due to lack of shear calibration), so this
became an opportunity for me to visit the Gait Laboratory at thefidlaf Orthopaedic Centre

in Oxford, to observe their data collectiamdreview sessions.

©9 After limb fitting, amputees follow a programme of progressive loading onto their prosthesis
to approachsymmetry. The risk of overloading and importanceegperiencinga sense of
weight distribution is particularly pertinent to amputees fitted with an osseointegrated
abutment, where there is a risk afhplant-bone failure. A previous trainee had developed an
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instrumented loading rame (based on a walking franto provide visual feedback of the

F LILX A SR X RJ IrheRigktadséd S 2ange of plimgesistors packaged for easy

use that could be selected by physiotherapy staff and taken hbytle patient to suite their

weight. I modified the cirait to ensure full scale deflection of the visual dmatote a risk
FaasSaaySyd F2N) GKS 2LISNYI GA2y 2F GKS FTNIYS Ay
a technical file for the devic@ compliancewith ISO 13485.

©®DThere is an ongoing requirement in gait analysis to develop techniques to better understand
the physical demands on patients. This is particularly the case with amputees where prosthesis
use ismore variable in the community (compared to impairmerftem a stroke or CP for
example) andwhere repeated measures cdre underminedby the changeability of prosthetic

fits. The team at QMH had carried out work to compare the Total Heart Beat Index (THBI) and
Physiological Cost Index (PCI) with ampuiegzartto explore thisand asked me to develop a
clinical protocol for the routine use dhe indices (AppendixE. | did this andcarried out the
protocol using laboratory staff as subject$o improve my understanding of energy
expenditure measurement | visitethe Sport Performance Assessment and Rehabilitation
Centre (SPARC) at Roehampton University, to see what methods they use to monitor the
energy consumption ofhe people they see SPAR@rovide rutritional, psychological, and
physiological training, adwcand measuremenpredominantly to amputees and athleteBdm
amateur to Olympic standajdThe physiologteam havethe facility to measure a number of
parameters Oxygen consumption any#,__ were demonstrated during the visitsingopen

max

loop spirometry

2 Since many areas of the Assistive Technology placementelevant to biomechanical
function, | arranged to spend a day at tlRoyal Hospital for Neurodisability see how
engineers met the needs of their residential patients. | observed a chair fitting, the workshops,
communications and learning aids in use, and had a chance to meet two people with
amyotrophic lateral sclerosis in their rooms to disctesr use of assistive technology.

©3 | met many patients during my Part 1 training whose experisrared stories will stay with
me and be a reminder that the greatest education through clinical training comes from
patients. There were instances for examplehaene the hidden nature of disabilithecame
apparent For examplea gentlemanrevealed a wooden prosthesis behind the cubical curtain
YR SELXIIAYSR K2¢g KAaa £S3 46la RSaiNRe@SR oé
with polio walked with apparent ese into a clinic using a stick and took out a flaccid vestigial
limb from his orthosis, a third of the length of his supporting leg. Duringempgloyment in
Derriford A&E prior to this training | quickly learnt the importance of calm professionalism in
the face of patient vulnerabilities. Part 1 training helped me to deefwat understandingin

the conversations we choose to have (or nam)the humility, dignity and humour we show,
and how we check ourselves to ensure we maintain the professionalismayexpect tobe

met with when we are patients
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3. PhD

3.1 BiofeedbackResearch April 2008¢ December 2012

©®) My PhD research stemmed from my interests in feedback control and the clinical
experiences | gained using videector feedback withamputeesat QMH. The aim wasto

RS @St 2 itine coitBeldtfack for gait réi NI A ySubsehdedtly( 2 find4a thessQ L
investigatel how reattime biofeedbackhad beenapplied to gait retraining; identified benefits

and shortfallsand then definel and conducted a programme of workl undertook the work at

the University of Surrefrom April 2008 in collaboration witr dzZSSy a I NB QMH), | 2 a LJ;
under the principal supervision of Dr Salim Ghoussayni (from 20f8L1) and then Dr Serge

Cirovic (from 2011¢ 2012), with cosupervision throughout from Professor David Ewins,
Consultant Clinical Scientist at the Douglas Bader Rehabilitation CE@itd The research as

partF dzy RSR 06 @& v dzSSy hykhd\kyear ERSRGCARRATD. At the siarRof the

PhD | attended an IPEM Part Il Trainee Induction conference in York, and was advised there
gSNB (22 FS¢ SEIFYLXS& 27F t | NlregiktrationioNbeA y S S &
recommended. Subsequently | did not register for Part Il trainingubmitted a thesis in
December 2012, successfully defended it in March and was awarded a PhD in July 2013
(Appendix R).

‘ 3.1.1 Literature

) To understand the scope tiofeedbackwork |approached thditerature to find principles
of operationthat could underpin any therapeutic benefis;, how they hal been applied with
what success, and whahortcomingsmaywarrant further work.I reviewed approximately 500
journal articlesspannng a 42 year period from 1970jncluding meta-analyses, Cochrane
reviews, Nationalclinical guidelines newspaper andut of print documentsheld at the British
Library | spoke tocliniciansworking with SCI patientat Stoke Mandeville Hospitalo those
working with olderpeople at the Royal Surrey County Hospital, arided a discussion group
with amputee physiotherapists at the Douglas Bader Rehabilitation Centre.

%) Unlike the physical principles underpinning other clinical interventions (such as the three
point contact principle in orthotics, or the electrophysigly of muscle stimulation with FES) a
clear physicalprinciple did not emerge from the literaturdiofeedbackcan be viewed as the
acquisition of physiological measureomparison of those measures with targets, gndgress
presentation to patients undgoing a motor learning taslBiofeedbacks aninstrumentedaid

to motor learning.Typical measurement systenuasedin gait have includgé EMG, kinematics
and kinetics Simuli have included visugland virtual) auditory, hapticyvibro-tactile, electro-
tactile modalitiesand combinations of theseMuch of the previous research hakerefore
come from an engineering perspectiveusing different combinations of measurement and
stimuli. The fieldof biofeedbackalso encompasse®r overlapswith neurofeedback, sensory
augmentation and substitution, and virtual rehabilitation.
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) Throughthe search | had identified many areas for development but was not satifitd
heuristicsexisted toguidewhy one approach should behosen to promote retentio ina given
motor task.For exampleWhy would representing knee joint angés achange in pitchor
visualbar graph aid motor skill retention? How often should stimuli be presém@ so on.
Without clearunderpinning principle# is difficult to justify the application of an intervention,
and hencemaketechnological developments turned tothe motor learning literatureto find
heuristics,and spoke to neuropsychologists and the few authors of the current textbooks on
motor learning and human performang¢&/instein 1991 ShumwayCook and Woollacott 20Q7
Schmidt and Wrisberg 2008There was a widely heldiew that the body of knowledge on
motor learning and retention within the field of psychologydiaeen developed in upper limb
studies, where the temporapatial consistency of the environment and taske different to
gait.

8 The clinical evidence was promising, but too weak for Natiandtielines due to high
heterogeneity in techniques and applications. The underpinning science was all but absent and
may not have been directly applicable. Much of the published work was technology lead.

| 2yaSlidsSyidte sAGK | Ihé#isfosaWdf 2ligidiads?afallispardte RS O A
evidence base, clinical uptake of biofeedbackl baen slow. | felttiwould be unproductive to

W RF2GKSNI RSOAOS (2 GKS tiezihdamentalQssug bffi€agydzi O
mechanisms.

’ 3.1.2 Aims andApproach

) There was an expectation that my work would yield a practical device for use with patients
seen at QMH, consequently it would be used by clinicians. | requiredativaining device
would help lower clinical evidence heterogeneity in fuand be suited tahe study of
biofeedbackprinciples. In practice- a device that could be used with many patient groups,
clinical problems and motor tasks (upper or lower limb), in the clinic, community, over ground
or on a treadmill would promote widgread use and assist in the continuity of care across
contexts. It would have applicationsutside healthcare to promote usein for example:
ergonomics, space, performance art, veterinary science, occupational therapy and sports
training.

9 To provide movement information frora range of motor activities| chose to use optical
motion capture,confidentthat body-worn sensorswill replace this technology in future with
minimal impact on my desigQualysis (Gothenburg, Sweden) the manufactsiefrthe motion

capture hardwarausedin the departmenthad released the first redlme data communication
protocol, making this a viable route to pursue.

("D viewedvisual, virtual, auditory, haptic, vibiactile and electretactile stimulus modaiies

as broadly being eithecentral or peripheral in nature (audiovisual information having
markedly different neural characteristics and bandwidth to haptic and tgctifecused on the
peripheral modesTheycan be used across different environmenitgth minimal encumbrance
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to higher sensesandcan be usedn conjunction with the othemodes. | rejected haptics due

to the cost of mechanical complexity, and developed prototypes of Midctle (section 3.1.3)

and electroetactile stimulation (ETS) devicdsee, Lin et al. (20Q0@ised stochastic resonance
stimulation below sensory threshold to provide feedback in a postural sway task, and found
improvements in the task. This indicdtan intriguing possibility that corrective feedbackuld

be applied without conscious involvement, tlmnsequenceof which are very exciting.

chose ETS to apply sensory information to the body surface via an array of independent
electrodes, enabling stimiuto be presentedaccording toany configurationor rule chosen by

the clinician. Fo example:with static or moving boundaries relative to body movement; or
stimuli coded temporallyspatially and/or with differing intensities.

(2| focused on onelinical problem to demonstrate the general approacthe reduction of
habitual circumduction and abductiogait patterns seen in tranfemoral amputees. The
feedback coding strategychosefor this problem is illustrated in the anglngle graph (Figure

7) of thehip joint in the sagittal and coronal planes. Initial contact occurs at point 1 and gait
progresses clockwise. A transverse section of the leg is shown at one instance in thelgait
(point A) as a pink circle with a number of electrodes. The error signal is defined as the
difference between the patient and the reference at a point in time. This is represented as a
vector (green) pointing towards the electrode that is to becorngve. The angle of the vector
(the error angle) determines the electrode selectidfor the user thiswould result in the
sensation of a moving boundary arourtdeir limb. The intensity can be adjusted, and a
temporal window can confine feedback to a padlar range within the gait cycle. | weighted
coronal and sagittal components to enable the clinician to adjust the shape of the boundary (or
influence of electrode selection).

a0 ., Flexion
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Figure 7 Anglangle graplof hip joint angles (left) for an example patient (blue) and the normal reference data
(red). Also shown are the error vector (green) and transverse section of the right thigh (pink) with electrodes. The
electrode numbering is shown (right). The vectogkmnis divided into eight numbered arcs. In this case data for
the right leg are shown.
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™ The programme of workrequired the development of software to enable reihe
processing of gait data from an optical motion capture system, and the design and
development of a mulichannel electretactile stimulator and electrodearray. Sensory
threshold testswith healthy individuals and amputeesere requiredto find suitable ETS
waveform parametersto present discernible information in a safe and comfortablanner,
before integrating the system arel/aluating it with a group adimputees

9L LINBaSYyGSR GKAAa | LIWINREFEOK |a | L2adSNI |
Conference (Appendix4B and the ETS application in an abstract talk and poster tolste
Annual Conference of the International Functional Electrical Stimulatior{$qUK and Ireland
Chapter) at theUniversity of SalfordAppendix B). All other speakerat Salfordpresented
muscle stimulation work. Ais slightly different workvas well receivedl found it encouraging

to receive enthusiastic feedback from attendees, and enjoyed the opportunity to speak to
researchers and company representatives about biofeedback.

3.1.3 Dewlopment of Sensory Stimulus

3 prior to selecting electrtactile stimulation | investigated vibreactile stimulation to
experience the sensations produceand determine if the technology would benefit from
further development for amputees. There were no commercially available devices, so |
purchased similar brushless DC vibration motors that are used in mobile phones, embedded
then into a belt with amplifiess and DAChardware and wrote software using LabVIEW to
activate each one using PW(Higure 9)

9| carried out a short study withealthy staff and student volunteers from the University of
Surreyto see if they could discriminate the sensory locations whilst sittsignding and
walking overground through the Gait LaboratorySubjects found the locations easy to
discriminate, with all of the activations correctly located whilst sitting, standing walking.

The subjects were indifferent to changessensation with varying duty cycle, andre of the
sensations produced were uncomfortable. Whilst the sessions lasted only 30 minutes, subjects
suggested the sensation would be acceptable on a lotgyen basis.

" To find out if these positive indications were experienced with the motors embedded into a
prosthetic socket, | produced a rigid glass reinforced plastic (Eudjure 9)to suite my thigh
following the normal lamination process usedprosthetic socket productionwith help from

staff in the Prosthetics Department at QMH. This allowed me to experience the serssation
directly.

® The resulting sensations were considerably diminishied itwas not possibleinder any of
the conditions toattribute the location of the stimulation to one particular motdout rather
guadrants (medial, lateral, anterior and posteriok\hilst thisimplementation of vibration
feedbackis unsuitable for amputees, there is merit developing vibration feedback for other
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patient groups (particularly upper limb neurological patients) and in other commercial and
industrial applications.

Figure 9 Detail of DC brushless motor (a and b), sifctle belt (9, and laminated thigh cuff with vibration
motors (d and e)

("9 Guidance on the design of sensory stimulators and electrodes is sparise.examples
focused on the presentation of high resolution spatial information to small areas of the, body
for examplethe stimulation of a fingertip(Kajimoto, Kawakami et al. 20p4nd tongue
(Vuillerme 2009 to enable perception of graphics and text. The dynamic range of electro
tactile stimulation is a function of electrode size, intdectrode spacing, matial and
placement, as well as the stimulation waveform parameters and widely differing receptive field
densities across the skin surface. | based my electrode desigreomork ofBuma and Veltink
(2001 and manufactured 30 electrodes with differentesizto enable experimentation (Figure
10). | based stimulatodesignon an available FES cirgudn the basis it would provide
sufficient output voltage and current rangand produced a 18hannel asymmetric biphasic
devicewith PC control opulse width,frequency andntensity (Appendix C5)

®9) After some initialexperimentationon myselfl recruited staff from the department to
further reducethe permutations of electrodgeometries down to one. The chosen electrode
and waveform characteristicprovided the greatest separation between the thresholds of
sensation and discomfort; the greatest consistency at each threshold and the most innocuous
sensation.

@) | then recruited B healthy subjects to determinehé sensation thresholds between
perception and discomfort for each electredlocation on the thigh; and thebility to
discriminate between different stimulus locations, speeds and directions of stimulus
movement, under four conditions: Whilst supine (assumed no muscle activigied with
isometric knee flexion and extension, one leg standing with isometric knee flexion and
extension, and during treadmill walking. Each test was repeated for three stimulation
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frequencies and conducted in a similar manner to pure tone audiometry. All teste w
repeated twice.l designedthe studyto investigate the effect of differing frequencies, to
determine if the presence of muscle activity maskbd electro-tactile sensations, andee if
moving stimulicould be discriminated

Figure 10 Electrode fabricatiohlydrogel stock roll (a), punahg the hydroge(b), gel and backing material (c), raw
flexible copper/polyimide material (d), assembled electrodes with hydrogel and connectionsdlegtion of
electrode sizes hsitu )

®3 | presented the results in an abstract talk and poster at #feAnnual Conference of the
International Functional Electrical Stimulation Society (UK and Ireland Chagitethe
University of Birminghan{Appendix B and BB). In brief ¢ | found a comfortable range of
sensations between the threshds of perception and discomfort. Thange increased with
muscle activitywhich could beattributed to a raised discomfort thresholdreatest variation
occurred at discomfort Perception and discomfort thresholds were higher during tasks
requiring muscle activity. Subjects found it easy to discriminate the location of static stimuli,
and the speed and direction of moving stimulihe subjective nature of describing the
sensationsand defining the discomfort thresholds were notelllale subjects demonstrated
higher threshold levels for perception and discomfort compared to female subjBleésresults
helped finalisamy trainingsystem design and supported the suitability of using ETS for gait re
training. Suitability with trangemoral amputees was indicatad alater study(section 3.1.5).

®3 To ensure the safgtof participants throughout tisiwork, | carried out risk asssments
coveringthe use of the vibreand electretactile stimulators connected to the PC whilst in use

on a treadmil] and acted upon the assessment$e stimulator employed handshaking with

the PC and safely shut down if a communications fault occurkedor handling was used
throughout the code, and user controls were enabled and disabled according to the process, to
force the user intgplannedoperation. Optical isolation of the serial port was used between the
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battery-powered stimulator and PC, arath RCD used with the PC providing mains and patient
isolation.

®9 | submitted an ethics applicationto the University for this work, which waaccepted
following minor amendments. My involvement ithe Faculty ethics committee stion 34)
proved to ke beneficialfor this process. Subsequently | do nobw consider a study design to
be complete if ethical consideratiof&venot beenmade.

3.1.4 Reailtime Kinematics and Biofeedback Software

@9 Software design was particularly challengif@ualysis (Gothenburg, Sweden) launched
version 1.0 of their reaime communications protocol ahe start of this work which enabled
marker coordinate data@rom a motion capture system to be transmitted via a TCP port.
However this wast a variable samnlp rate, in variable packet lengthgsing 36bit and 64bit
formatting in a combination ofmumerical andnon-industry standard XML formats. The
supporting documentation did not describe sufficient det®ly software was required to read
markercoordinatedata, calculate joint angles and detect gait events, compare the patient data
against a normal database in rdahe, and control the connected stimulator such that
appropriate stimuliwere delivered without noticeable latency to the connected patient. An
overviewof the codeis included in Appendix C4.

®9 To overcome the variable sample rate | oversampled the data into a buffer andhisat

120 Hz into the rest of the code. | manualg-ciphered the data stream bytby-byte. 120 Hz
was required fol Ot A y A Ogaif datéj arledtidnjib&t@s close to the limit for a standard PC
operating MS Windows. As sutiplacedemphasis on optimising cod#aroughout software
developmentto reduce TCP packet dropouts. | monitored the frame number to detect packet
dropouts and interpolated eacldata component withinneighbouringframesusinga cubie
spline algorithm. This wasitially adequate but packet losses increased gseater demands
were placed on thesoftware | therefore kept regular contact with National Instruments UK
and with the NI architects in Texas to find new waksptimisingthe codeas functionality was
added Later peerreviewed work compromised by sampling at 40 Hz. Imy final
implementation | achieved no packet losses at 120 Hz.

®) Marker trajectories were found in the data stream (which also included EMG and force data)
and paired up to the appropriate labelswrote an XML parser for this task. Alongsidaktime
packet interpolationl used linear extrapolation to fill dreputs in the marker trajectories. It is

not possible to doble-pass or zerghase filterin realtime so | used a cascaded IIR filter to
implement a 2° order low pass Butterworth filterof maker data. A producerconsumer
architecture provide buffers to help control data flow rate at these stages. | then used the
sacrumto-toe marker maxima and minima 3D distance to find initial contact anebtbevents
respectively. To validate this | carriedtoa comparison study collecting data from a subject
walking over force plates, and compared everts the algorithm Initial contact was
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determined within 1 frame of thdorce plates Thiswas suitable for the work bumay be
unsuitable for othempathologiesandrequiresfurther exploration.

®8 | based the kinematic model on the Helen Hayes markertstause it icommonly used
among differentgait laboratories | validatedthe modelusing a mechanical rig arwith joint

angle data calculad from commercially available software. Since thizrked inreaktime it

was fascinating to change processing and modelling parameters whilst someone walked on a
treadmill and see what effect filtering and joint centre estimates ba joint angle data.

®91t is not currently possible to perform gait bioféieack in reatime without knowing where

the patient is in the gait cycle. This limitationnigt mentionedin the literature buthighlights

an interesting requirement for instantaneous gait detecticAllied to this problem is the
requirement to compare a redime frame of patient data (of unknown cycle time) against the
similar frame in acyclenormalised reference dataset. Since my system was initially intended
for treadmill use, | assumed constawalking speed and took the average stride time o8er
strides, then resampled the reference dataset at each initial contact to make it the same
f SYy3adK | a (K Shisworked eyl praiiceda ddinaldétasetising144 strides
from a previous project.

©9 From the literature and discussions with staff from Qualisys and Vicon this appeared to be
the first biomechanics application usimgaktime data froman optical motion capture system.

It was very exciting to waeh each graph of normalised dafdot as mycolleaguesvalked on

the treadmill, and is particularly poignanthen considering the time and cost involved in
processing gait data in the NHSested hardware latencyin a short study and found to be
negigible. The system does require a relativalgnsistentgait on a treadmill, but thisvork
indicated the viability of reaime gait analysisTo ths end limplementeda report generatoy

not included in the thesis.

®)The software architecturaas canplex. It wagequired to handle reafime data flow within

a user evendriven structureand provide the userwith ability to operate the stimulator
manually or automaticallyithin the realtime loop. As a safety feature the stimulator used
continuous hadshaking with the P@vithin the RT loopand responed in the event of a fault.
This required careful combination of different software design structures (parallel producer
consumer loops, event structures, semaphores and state mashifat stretched m software
skills. See Appendix C6 for screenshots.

Additional features included:

A A Microsoft Excelpatient databaseto store anthropometric and subject data. The
Biofeedback software takes control of Excel to transfer data between the database and
specific variables within the software.

A Marker coordinatesind anatomical landmarks were plotted in threedimensional diplays,
showing a stick figure of the biomechanical model. This was useful for the operator to check
the markers hd been captured and labelled correctly.
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A Marker coordinates were displayed graphically against time castinuous reatime
variables, as werealculated joint angles of the hip and pelvis.

A Patient and reference joint angle displags continuous and normalised variables, and as an
angleangle graph. The error vector and activation window are shown. Conwel®
provided to set the activation iwdow and take control of the stimulator in manuat
automaticmodes.

A Settings to How the operator to change capture settings (IP connection, and capture
frequency),serial port hardware settingsa graphial refresh rate gap filling and filtering
parameters and the assignment ophysical electrode channels to different software
channels. The user can also selebich variables to savie a RT TDMS file

©2 Since he requirements placed a high demand tre use of LabVIEW was askedy
National Instrumentsto present a paper at their Worldwide Graphical Systems Design
Conference in the IET building in Londdimiswas used as a healthcare case example in their
promotional material (Appendix 3. The data acquisition section of code wa®vided to
Qualysis and released as a plugin for LabVIEW uSees.the course of developmentdlso
provided Qualysis developers withgoingamendment suggestionahich were incorporated

in later versions of the RBommunicationgrotocol.

3.1.5 System Evaluation with Amputees

®3 To help evaluate the completed biofeedback systémecruited transfemoral amputees

from those attendnhg the Prosthetics Department at the Douglas Bader Rehabilitation Centre.
The study aimed to explore the dimensidnslable 1Investigation of electrdactile sensations
followed the same protocol used with the n@amputees. developed ajuestionnaire to asess
system viability in discussion with the participants, and a one way repeated measures study
was planned to assess therapeutic effeetith time as the independent variable and the error
vector magnitude on the prosthetic side as the dependant vadgiabhe protocol involved a 1
minute baseline walk, a 5 minute training walk, and three walks with feedback punctuated by
rests and questionnaires, then a 1 minute no feedback walk.

Table 1 Summary of aspects investigated and outcome measures used

Dimenson Aspect Outcome measures (and tools)
1. Electretactile Perception and discomfort threshold | Peak current (measured in mA)
sensation levels

Discrimination of stimulus location, Pass / Fail (cue cards, questioneg

speeds and direction
Change irsensation from walking to Participant perspectives

standing (questioned)
2. System viability | Practicality Qualitative analysis (observation,
participant questionnaires and
User acceptance discussion)
3. Therapeutic Gait changes Gait analysis (observation and
effects kinematics)
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®9 | submitted ethics applications to the University of Surrey and the National Research Ethics
Service, attended the NRES interview and gained favourable opinions from both committees.

®9 Unfortunatelypatient recruitment was problematic20 potential subjects were identificioly

the Prosthetics Departmerdnd contacted. 6 expressed an interest in participating, of which 5
attended. Socket suction was not maintained in one case, and he withdrew fromtutg. s
None of theremaining foursubjects walked with a circumduction gait pattern, contrary to the
specifiedinclusion criteria | therefore carried out a short gait analysis at the start of each
session to determine how feedback could be applied, and treated the individuals as case
studies. Whilst it wasnot possibé to assess therapdic effects, d subjects were able to
perceve and understand the feedback andlate the information to their movement, and in
some cases make positive changes to their @g@hsory thresholds and discriminations abilities
were found.

®9 An immediateadvantage of the system when used with a tredlil was the ability to
capture hundreds of strides from each patient without concern for the processing uviid.
software modifications the systeroould in future be used during oveground gait in lower

limb rehabilitation, or in upper limb movementsnd if incorporated with body-worn
measurement technologyhe ETSan be used in ambulatory and community rehabilitation
towards my initial aim of developing a ubiquitous system for use throughout the rehabilitation
pathway. The analysis softwarehas potential to be developed to provide reéime
interpretation of gait patterns.In future t would be particularly interesting to explore the
potential for subthreshold sensory feedback. This nhegd towearable rehabilitation devices
that positively altermovementhabitswithout the user consciously involved.

3.1.6 Personal Development

©) Throughout the PhD | mésupervisors on a weekly basis, and distributehutes of each
meeting. The Faculty required monthly andngonthly written updates and arannual review.

Gantt chartsand work breakdown structures helped with time and project management. | also

met colleagues from other gait laboratories and rehabilitation centres to share ideas and talk
about the work. To better undetand the nerves of the lower limb, | visited tfeli DS 2 NH S ¢
Hospital Aatomy Departmentand arrangedto observe acomplete lower limb superficial
dissection.

®3 At various milestones through the PhD | gave seminars to staff withitMidical Physics

and Bioengineering Departmehti { G DS2NBSQa |1 2aLIAdGFt® L |44
QMH and chaired a discussion on biofeedback with the amputee physiotherapists at QMH.
These were all invaluable opportunities to help keep me foduse the practicalities patients

and clinicians would demand of the work.

e S ' yADSNAAGE W{({idzRSY(d t SNB2YIf [SINYyAYy3 |
postgraduate researchers covering research and technical topics, personal and managem

38



skills. | participated in relevant workshops, and @oene sessions with the service manager
to help with presentatiorand interviewtechniques. | maintained a link with staff at the Douglas
Bader Rehabilitation Centriaroughout, and participated ilNHS staff training where possible

(Appendix F6).

WerKS ' YyAGSNEAGE YINLSGAYT RSLINIYSYl AYyOAe
EPSRC portfolio, and enlisted a private journalist to interview me and amitarticle | found

the style of questioning and use of language by the journalist to be in stark contrast to the
careful and conservative use of language | had develdpeough my NHS and academi
trainingb b S @S NI K St SHelging di{pbtees NIWAIO NaBliga 6 S O BPSRCI y
Pathways to Impact Case Study the University (Appendix B9

(199 TheHuman CapabilitieBomain of the Ministry of Defence released a fundingfeath the

Centre for Defence Enterpris€CDE)for prosthetics and amputee rehabilitation work. |
attended the information event at the Defence Medical Research Centre at Headley Court. The
call sought research covering: 1. Physiology and Repair Processes, and 2. Functional Restoration
and Retraining. No attendeesat the event focused on the latter, and my work was
enthusiastically received by the Rehabilitation Consultarite requested the call.

(199 was invited to present theiofeedbackwork to an audience of amputees and clinicians at
0 K Lapdbility after limb los© 2 y T S NaBtifeO/Best Midlands Rehabilitation Centrie
Birmingham(Appendix BO). The work attracted enthusiasm fromme clinicians, researchers,
amputees and commercial companies for differaspects

3.2  Lecturing, Teachingnd DepartmentalSupport

3.2.1 Lecturing and Teaching Support

(%) The Centre for Biomedical Engineeriag Surrey ipart of the MMA group comprisinthe
Centres for Mechanical, Medical anderospaceengineering.During my PhD Helivered
lectures on the MSc Biomedical Engineeringourse, and gave tutorials and practical
demonstrations on second yeMechanicalMedicaland Aerospac&ngineeringBEng courses,
as follows:

Topic Module (level)
1 Electrophysiology (lecture) Safetyand physiological measurement (M)
9 Plantar pressure (lecture) Gait analysis and human movement (M)
1 Functional Electrical Stimulatiqfectures)  Healthcare practice and phys. meas. (M)
1 Medical instrumentation (tutorial series) Medical instrumentation (¥' Year)
1 Engineering project (tutorial series) Engineering projects {2Year)
 Control engineering (tutorial series / demo€)ontrol engineering (¥ Year)

SeeAppendix Bl4foraBEl YL S 2F 2y S RFZSvEOHSDOINBAYI 2 ¥ ¢
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99| participaed in the MScexaminations boardand in the interview of a prospective MSc
student.

3.2.2 Widening Participation anBepartmental Support

(%) Medical engineering remains to me a very exciting area of work, and | feel fortunate to
have had theopportunity to hear the enthusiasm of many lecturers and guests during my MSc.
| therefore ught every opportunity to share my enthusiasm with students, school children
and members of the public. To thiseéhrepresented the Department amtofession wheever
possible. Each yeahbstedgroups of school leavets the Laboratory folUCASpen days and
taster day, and guests invited to the University by the central administration.

(%) As a Tutor on thedeadstartProgramme (with the Engineering Development Trestth

year | talkedo groups of 15 to 17 year olds interested in careers in engineering, and organised
group experimental workThe programme isa one-week residential coursbased on campus
giving studets an opportunity to doexperiments in facilities arounthe University It was
particularly rewarding when the Medical, Mechanical and Aerospace streams met at the end of
the weekto presenttheir group work to peers and University stafin 2006 Icarried out a
similar role as d&acilitator for the Smallpeice Trustsidential Bioengineering Course the
University of Southamptan

1% The Centre for Biomedical Enginegrishared common research goalsth the then
European Institute of Health and Medical Sciences (later the Facfiljealth and Medical
Sciencep Neither heldseminardor research staff, ® | organised a joint seminar programme to
help encourage greater collaboration and learning. iBgian opening presentation | gave an
overview of the work and training of medical engineers in the NHS, which received positive
feedback. Enthusiasm was initially high, but attendance dropped over the year and | found it
increasingly difficult to encourggnew speakers from either Faculty. However similarities
between training structures, differences of approach, and patient cases were discussed among
the nursing, midwifery, ODP and engineering staff who attended the series.

1% TheMSc project presertions (mentioned in paragraph 48) continued through my PhD and

| attended as often as possible. As an MSc student the presentations kept -hoedape with

some of thecontent of other research projects in the department. At this stage the content

was faniliar to me, sd shifted focusedto the style of questioning used by staff, how students
responded, and how they managed their projects. A particular questioning style was shown by
some that | continue to attempt to emulate today. One that strikes a radabetween
SyO02dz2N} 3Ay3 aiddzRSyida G2 GKAY]l] AYRSLISYRSydGf e
them in the midst of their degree course pressures.

%)) required a method to test the latency in the biofeedback system, so presented it as an
MScproject, which | then @-supervised with Professor Ewins. This provided me an opportunity
to learn how to support a studengnd manag personal expectations for my work against the
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educationalneedsof the student Throughout my involvement with the 8 course have
found itfascinating to se¢he different S (i K fudleRdtshave towardgheir work for adegree.

@19 To improve my technical understanding of the LabVIEW programming langaggaded

a week of training with National Instruments ireWbury. The Intermediatécourse provided a
foundation of goa software development praates, which was built on duringhe
Intermediate Il course in prformance and connectivityThe training was invaluable for my
software developmentand alsao help supportMSc, PhD ahPart 1 trainee student projects

1) The Gait Laboratory at Surrey was used for teaching rasdarch work To encourage
better practice | produced a Code of Practice document for all users, specifically to provide
information far new laloratory users and to help formalise working practices (Appefdix |

also instructed new members of staffh the calibration and operation of equipmenand
supported their project work.

3.3 Journal reviews

12 puringthe PhDI reviewed journal submissions on biofeedback for the IMechE Journal of
Sports Engineering and Technology, and l®BJournal of Applied Bionics and Biomechanics.
Thishasproved very useful in helping me better understatieé journal publication process
and quality olsomework prior to publication.

3.4  Ethics Committee Membership

% The University of Surrepperated two tiers for reviewing the ethical nature ohe
academicand commercial activitiesvithin the business Four Faculty Committee®viewed
applications from undergraduate and postgraduate taught work withimfour Faculties The
University Ethics Committee (UEC) rewewapplications from postgraduate research
doctorate, staff and all otherareas and have overall responsibilityrf providing ethical
guidance.

19| applied tojoin a Faculty Committe&o improve my undestanding of the review process,

and see the breadth of scenarios presented for consideration, but alsob&xome more
informed for my own submissionsBiomedical Engineering is part of FERS® | applied and
joined the Faculty of Health and Medical Sciences Ethics Committee. FHM8dsavies with
Biomedical Engineering amdview more applications due to the nature work. | reviewed
approximately & applications every two weeksofin MSc student projects, and participated in
monthly Committee meetings. The meetings were a chance for experienced members to coach
new members through specifgueries andssues, and to receive instructions and notifresn

the main UEC. It was extremely useful to see patterns emerge in good and poor submissions
and howsubmissions can be written to aid the Committé&hen the range of submissions
became fanliarto mel applied to join the UEC and wagpointedafter a brief interview
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W9 The UEC comprisedChair (the Deputy Vice Chancellonpf | @ YSYoSNBESE GKS
Chief Medical Officertwo to three representatives from each faculty (one of whom was
Deputy Chair) and two student representatives. Wdppossible the Clerk assigned submission

to two members within their expertise, providd there were no conflicts of interest.
Submissions were not linked to course schedules, so were more distributed tlroutie

year. | reviewed approximately 5 subm@@ss per month in subjects ranging from nursing,
sociology, psychology, engineering and arts. Common principles can be applied tarrg\aew
submission, and | frequently referred the respective codes of practice and ethical principles
from the HCPC (tb Standardsof Conduct, Performance and Ethicshe British Sociological
Association, The British Psychological Society, The Medical Research Council and The Social
Research AssociatiofheHealth Research Authorityuidance on defining research provides
particularly good summaryaimed at addressinga commonly asked questiog what is
researchHealth Research Authority. 2009)met the Deputy Chabn atwo-weeklybasisto

discss specific cases or examples arsgd these discussions and experiences to develop my
own structure for considering research ethics.

118 The UE@eriodicallyundertook internal audis of completed work or work in progress to
gauge ethical compliance. | was askedclair two suchaudits, te first being a completed
psychology PhD project, the secondtaff sociology projectAudits were conducted by two
Committee members.nl the first instancel was joined by a Professor of Law (practicing
Barrister and QC) with considerably mareperience on the UEC than I. As such she chaired the
meeting and discussed individualities of the process afterwards. This proveohseunctivefor

the second auditwhich | chaired Both were carried out in an informal manner, asking the
students and sgpervisors about the work, problems they encountered and how they were
resolved, and the concluding protocols of the work. Issues with dtiécs submission and
process were also raiseohd fed back to the Committee.

17 Ethics submissions can be viewsgnew applicants as a hindrance to their work, one that
may require rescheduling project tasks. Through my involvement with the Faculty and Central
Committees it became clear that the process can be quite the oppodite requirement
demandsthat applicants consider the full extent of their research aims and protocols. In some
cases unnecessarily lengthy literature reviews were presented verbatim from draft thesis,
others presented no background. It was surprisingly common for some supervisors ttheeat
LINPOS&a Fa | YShya 2F WwW2dziaz2dzZNOAY3IQ GKS LINR 2
to a full UEC meeting, where the conflicting expectations of the student, supervisoa and
sponsoringcompany were evident in the submission. In some instsnthe proposed analyses
did not include the outcome tools quoted in the protocol, and in others the accommodation of
subject needs had not been consideredl all Many publiefacing study documents were
written in a formal academic style using poor temels that had been shared among students.

| sought to address many of these issues in my own later studies (Sedt)paris worked with

the Committee Clerk to update the guidance documents availablthe Universitywebsite
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35 Other Activities

(18) Different charities support amputees ia variety ofways LimbPower is one thataims to
encourage new amputees to try sports theyght not otherwise consider, and in doing Htey
provide a supportive social communit. keyannualevent to facilitated KA & A& GKS
DI Y Swhére participants of any age or ability are encouragedryonew sports.| met the
founder of LimBPower during my Phand attended the 2 and 3% Amputee Games held at
Stoke Mandeville Stadium, to provide suppdrhe evens were attended byapproximately 80
amputees and ambulant disabled people, disability sports associations, rehabilitation
companies and a small number of clinicians. Between administrative tasks, | took part in
wheelchair volleyball lessons and the socidivittes. The charity also run annualerseas
expeditions.In 20101 joinedtheir team to climb Mount Kilimanjaron preparation| spent a
weekendcamping in the Brecon Beacornsd climbed Pety-fan with a group of uniand bt
lateral amputees | was jus short of the funding target so did not go with the team to
Kilimanjaro. But In 2012 | joined them again to complete the kGO London Nightrider
challenge, cycling through London at nighhrougheach of these events myr@conceptions

of disability wee challenged, andhe grouphelpedme see more clearlthe artificial barriers

that existbetween patients and clinicians. Whilst | did not attend 'as a scientist’, | learnt a great
deal about prosthetics, amputee rehabilitatioand thecare and social pssures some people
face.
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4.1 Introduction Septemberg December 2012

19 After PhD funding ended | took up a ftithe postwith Chas A. Blatchford Lthd worked

in the goups HeadOfficeas a Clinical Research abdvelopment Engineell was basedwvith

the New Product Development (NPD)team under the direct supervision of thEompany
Technical Dector Professor Saeed Zahedi, and Head of Research Dr David Moser for different
aspects of work.

O My SYLI 28 YSYy (G 6 A isKoverefl byliaOdorfideRify Zagreement, which |
adhere to.The prosthetics market is highly competitiveso giventhe position| held in the
Companyl have chosen to be additionally cautious in this Chapter.

4.2  ExclLegProject

12) Blatchford2 & & Subdirigvigh other EU partners from anFP7 Active Assisted Living
fund, to develop a lower limb exoskeleton to extenthe mobility of older people. The
consortium comprisedix engineering companies, clinical centresd research groups from
three Universitiesas follows:

1 Hocoma AG Rehabilitation robotics company, Switzerland
1 Gigatronik Technologies GmbH  Systems engineering company, Germany

1 MRK Systeme GmbH Robotics company, Germany

1 Mobile Robotics Sweden AB Robotics company, Sweden

1 Projecto Control Montaje SL Electremechanical design company, Spain
1 Chas A Blatchford Ltd Prosthetics anarthotics company, UK

1 Karlsruhe Institute of Technology University research group, Germany

1 University of Gavle Universty research group, Sweden

1 Universidad Politecnica de Cartagdoaiversity research group, Spain

(122) Blatchford had responsibilityfor commercialisation demonstration, dissemination and
exploitation), standardscompliance developing service modelfor each Country contract
management, andsalidation testing in the UKl wasassignedto take over from Pradssor
Zahedi andrepresentthe interests ofBlatchford within the consortiumin addition to the
defined work packages,hé nature of ommercialisatio required that |also had an
involvement withthe other work package@ppendix C).

(29 Asa representative obne of only twomedical engineering companies in the consortium,
was asked to promotdiuman factors in the early stages of the projettmet consortium
members facedo-face andviavideo-conferencing to providéiomechanics traimg, and input
to each of thework packagdeams | was tasked by Blatchford to advid®e consortium on
differing device standards and pdsie implications fo product development ananarketing,
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to review allof the documentationoutputs from eachof the work package and to develop
alternative conceptual designs for different strategic eventualities. | atsoewed draft
standards documentation to support &fessorZahedi's involvement on ISO committees.

129 End user testing required that each Country edidted a network of user groups, each
comprising primary users (older people), secondary stakeholders (friends, relatives and others)
and tertiary stakeholders (academics, clinicians, service providers and advocacy dooups
examplg. | was asked to set ugn end user group for the UK, and define the routes and
requirements for clinical testing. | started the process by gauging interest &dargeand

broad number 6 organisations and individuals; amliscussedtlinicaltesting routes with the
National Research Ethics Service.

4.3  Other Projects

(125 Blatchford's required d&cience Knowledge b a & ncorporate published articles and
unpublised technical reportselating to the performance of prosthetic componerasrosshe

O 2 Y LJI pfasl@eztirange.Aspectsof the databasewere intended for intenal use by the
development team and externally by marketing and product support stdff.collated
documentation held across theompany, supported byvariously themed literature reviews
The company used scoring system to rate the quality of evidentexpanded thisscored
each article and createda database otvidence. This project vgaparticularly fascinating by
showing what information a commercial product development company has and where that
sitson the markets technology curve.

(128 Teams are formed around new products, each under the direction of a product champion.
The teamsremain assigned to that product through the compldifiecycle | was assigned to
work with the champion for one of the latest prosthetic devices. A technical issue had emerged
in the field that demanded a new electronics solution to be designed, testeldreleased to

field staff with high priority. | worked with the team to assess possible solutions and met
external suppliers to assess their viability, before an option was chosen and developed further
by the team.

27 The NPDteam met on a regalr basis to present updatesn all of the products in the
company portfolio. Since whole lifecycle support is provided, the discussions ranged from the
conceptual todisposal | represented the Exbeg project during these meeting§he team
comprised engieersfrom arange ofbackgrounds(in hydraulics, electronics, materials and
mechatronics), amputees and prosthetists. It was particularly enjoyable to develop a greater
understanding of product development from such a divegsaup.

28 The TechnicalDirector called upon a small core of staff to support his work in
conceptualising new products for the longierm business strategy. As part of that group |
participated in meetings with external industry and academic partners, predominantly to
review emeging technologyAdditionallyl reviewed study proposalslraft business planand
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journal articles from external and internal sourcesd provided feedback to individuals and
organisations.

@29 It proved difficult tofind time to write up my PhD thds whilst meetingthese varied
commitments,so | had to stepdown from the role tocomplete my thesis. The option of
splitting the role was not availableThe work gave me a great insight into lotgrm
development strategies of prosthetics, medical desiemd the ancillary support products; and
gave mea greate understanding of the formulatioof ISO standards. | also found it fascinating
working with different types of stakeholders across Europe on a complex medical engineering
project.

44 StJosepRa {LISOALFfAalG {OK22f |yR /2ffS3083

WOCdzf f Fdzy RAYy3I (2 NBGdzNY initBe newffihadcBlyFagndeR ad 6 | &
submitted a thesisSo whilst waiting forother funding decisionsl required temporary work,

and specificallysought employment thatvould provide a different kind of challenge to my
previousexperiencesand one that would enhance my understanding of disabilitpok up a

post as a teaching assistant for one academic year in a residential scimodilren with

severe and profound learning difficulties. This is not referenced in the competencies table, but

is noted here because the experiences | gained relate to working with vulneaitdeen

3 The School cater for approximately 100 cteld (50 of whom arefull-time residential)

through primary to college education. The children have emotional and behavioural issues, and
learning difficulties that arise fromAutism foetal alcohol syndrome, Dowh syndrome,
oppositional defiance disordempathological demandavoidanceand emotional attachment
disorders! F i SNJ A3 T3y OS anabakdighetbiakel Stage 3 class of six children

to support their learning on a or®-one basis. | gave regular ugés to parents and care
workers, completed incidence reporting, and followed CPD activities in the school (learning
Makaton sign language and positive behaviour management strategies). | conducted a small
research project to look at the effect of iPad usestudent behaviour.

D GKSYy O02YLX SGSR | RANFOFR NBIORYEWER ¢ A Y NBE N
202S00Ga Fa ¢SILRyaégd o0Kz2g (G2 RAaFN)Y LIS2LXS O
one child who was not able to participate inet school due to his violent behaviour. He was a

Wi 221SR FFTUGSNI OKAEfRQ o[!/ 0 ¢6K2 KIR 0SSy Ioly
probation systems for most of his young lif@nsequentlyhe had an attachment disorder and

a limited concept of cesequence, which regularly manifested in violent fatalistic behaviours. |
worked with him on a threg¢o-one basis in a separate building. One role of positive behaviour
management is to reduce anxiety through spoken word and body language, and covertly
intN2 RdzOS SRdzOF A2yt SELISNASYyOSa ¢6KSy LI2&aAro
high at the start of each day we often experienced physical confrontation as the Taxi door
opened,demanding continued usef the lessons learnt in training throught the day. The

post did challenge me in stark contrast to academia, and provided many issues to contemplate.
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5. PostDoctoralWork

5.1  Ageing Mobility Project July 2013; January 2014

’ 5.1.1 Introduction

%) Funding became availabléart by Blatchford Ltd and part by a Universitypact
accelerationaccourt) for a 6month postdoctoral project to investigate the mobility issues
affecting older people $ecifically to conduct a literature review, run focus groups with older
people andtheir carers, and provideeecommendationsto Blatchford to guideproduct
development.| carried out this work mder the management of Professor David Ewensd
supportedDr Khim Hortor(Senior Lecturer in the School of Nurgidgring the focus groups.

51.2 Review

@3 Thereviewwas awide-ranginglook atthe biomechanicalssues affectingnobility in older
people covering National prevalence and incidencgtatistics major underlying physiological
changes with age (to muscle composition, strengbimt range of moion and neuromuscular
response)and how those changes effect the biomechanics of selected activities of daily living
(e.g. standing balance, gait, atite use of ramps and stairs). There are serious implications for
falling in older people, so | also reviewed the biomechanit¢sps andfalls and foot clearance.

‘ 5.1.3 Focus Groups

%) To support the review | organised three focus groups, recruitbglder people and their
carers.Learning frommy Ethics Committee involvement and with guidance from Dr Horton |
RS&aA3IYSR UGUKS LI NLAOALIYG akKSSta G2 oS fSaa
D2). For people who may have poor vision a yellmackground provides greater contrast to
black on white. Similar considerations were made with fonts and layout. Preparation of the
focus group documentation was demanding because there were multiple groups fftaredt
recruitment locations, sbtracked document control through the process (Appendix D2.1).

%) To direct the conversations Heveloped an interviewguide and a mobility questionnaire
which were used alongside a published health survey. This was my first experience of using
focus groups in research angasuseful to see how Dr Horton led the sessions, kept everyone
on topic informally, and then extracted qualitative dafiewm audio tape The proces was
similar to taking a clinical history from a parent, but with more pedpielvedand greater
emphasis on responding to issues that emerged through group discussion.

(130 The literature review formed part ofa report to . f I ( O KAp@eNIR @8 along with
results fromthe focus groups anany recommendations for product developmeritalsogave
updatesof the research findingg 2 . f G OKT2NRQ&a FAYIYOALlFf &LRY:
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5.2 Movement at Surrey

5.21 Background

(138 Gait laboratories have a high floor space cost, so | was asked by the Director of the Centre
for Biomedical Engineering to look at ways of improvamgarenesf the facility to potential
collaborators within the University. | chose to host a networking event to bring together
potential collaborators, andorganisel 0 KS S@Sy (i  FdkBY [|WaRR(GHIDE LI
perspectives, i.e. by approaching individual researchen§ R Wf 2008 Ay 3IQ &aSyaA
identified 40 members of staficross theUniversityconducting research in aspects of motion
capture or movement analysis, and met them individually to gauge collaboration potential. At
the same time | had meetings witmembers of the UniversitfExecutive Board and Senior
ManagementTeam to gain support, advice and possible funding. These includedVibe
President(Enterprise and Growtih the Chief Executivef the Surrey Sports Parkhe Chief
Operating Officerand the Faculty Deans and Associate Deans. These meetings culminated in
Fy 2LILR2NIdzyAde G2 3IABS || p YAydziS WSt S@I 42N
series of informal meetings with the Vice Chancelfmfessor Sir Christopher Snowden. At

that time Professor Snowden was appointed Presidesftthe IET, the Royal Acadgnof
Engineering andUniversities UK, antb the Prime Ministers advisory Council for Science and
Technology.So whilst it was very useful to speak about movement analyie, meetings
presentedan excellent opportunitjor meto learn about research management and funding in

the UK, particularlyn the monthspriortoi KS | y A @SNEAG&@Qa w9C &dz YA
to assistance from the Director of the Research Entergiggport (RES) unit, who allocated a
project team (three members of staff) to help me manage the networking event.

5.22 Corporeal Computing

(139 At the same time the School of Arts and the Department of Computing hosted a joint
international O 2 y T S NBSGo@@eal zgMmpuiing- ¢o discuss the use of motion responsive
and motioncalculative systems in digital live performaicdhe event was attended by
choreographers, dancers, digital artists, software developers and installation artistsalivho
worked with motion capture. Three issues become appatente: 1. The presenterdad all
adopted a wide range of motion capture technologies and displayed a high level of skill in
virtual reality programming. For example many used multiple Microgoftect sensors to
enable mixed reality stage performancédsqg where clinical research software has often been
concernedwith presenting simple virtual environmentsttendees presented environments

that played on emotions and psychological cassVRusers move between virtual and real
environments whilst interacting with physical objects. 2. Nof¢he attendeesvere aware of

the formalised system of describing movement used in healthcare, and 3. Their emphasis on
describing movement was on the happiness of the performer and#heotional qualityQof
movemen. Each of these issues suggestdtere is great potenal for collaboration in
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developing healthcare solutionhrough the conference | met researchers and Department
Heads enthusiastic toollaborate in movement science

5.23 Networking Event

149 wrote aprogramme (Appendix ) for a half day eveninvolvingpresentations from each
research centre, followed by group discussions facilitated by a member of RES and a buffet
lunch I secured funding from an interdisciplinary project fud catering 25 members obtaff

attended from 3 faculties, andf manythis was the first time they had metAfter months (or

yearsin some case@f having discussions with individuals about aspects of movement science,

| found it an absolute joy to see the room full of peofiem different backgrounds talking
passonately about¥ Y subjecQ Staff from theSchool of Veterinary Medicinaffered to hosta

follow-up meeting To encourage continued momentum | 4gi an online collaboration tool

prior to the event(using Microsoft Sharepointyhichincorporated sharedd S NS NJ a LJ OS>
pageseachindividualresearch centre and discussion forum.

49| was encouraged by the Vice Chancellor to submit a report (Appendix B13) Betheay
Vice Chancellor and the Faculty Deans (who direct internal funding) to presemement
science as a case example of the need for a specific-Eamzdty research funding scheme.

142 An impact assessment was carried out by RES shortly after | left the University and found
that 7 crossFacultyresearchprojects had been set ums a consequence of thevent. The
research fund was agreed, and this work was cited by the VC as an example of researcher
initiative in his annual review to the University.

5.24 Marketing

@43) Allied to networking | sought to promote a brand for thaitglaboratory,which could be
used during a similaevent for external collaborators. | designed pufi stands (Appendix4iF
and other marketing material, and obtained funding for their purchase.-dlesigned the
/ Sy i NB Q and gr&idencbriest to the Faculty IT team.

5.3 Grant applications

49| submitted an application for an EPSRC fellowship (AppeBiiito Elevelop biofeedback.
The application was reviewed internally and | attended an interview but this was unsuccessful.

(49 Following the networking event | submitted a grant application (Appendix iR
collaboration with a digital artist in the School of Arts, for puprpning funds to develop data
transfer between the Kinect sensor and software used by video games developensable
patients to interact with video games using the Kinect sensor. We dioofeeus the work for
upperlimb stroke patients. This was unsuccessful.
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6. DdzéQa | 2alLIAdl f

6.1 Introduction and Local Context April 2014 to date

48)1n April 2014 | began patime work (0.6 fte) as a Biomedical Engineer in the One Small
Step Gait Laboratory, under the supervision of Dr Adam Shortland, Consultant Clinical Scientist.
CKS [FT02NIG2NE A& LINIG 2F (KSYROLSiI A¢YK2 YIKADRG
NHS Trust. The clinical lead is Mr Martin Gough, Consultant Orthopaedic Surgeon. The Gait
Laboratory see adults and children with mobility problemgpredominantly children with
cerebral palsy but patients with a range of neugiltal and orthopaedic conditions are also
referred (see Appendix E4).

6.2 Clinical Work

40 The Laboratoryvas founded in 1998 and nosee approximately 6 patients per week (two

per day); one day is allocated for reviewing the patient caseload with Mr Gough, and one day
for upper limb assessments. | am typically involved in 3 of the patient assessments per week.
Two clinicians are involdein each session, and as one of the cliniciaysinitial duty is to set

up the gait laboratory prior to appointments. This involves carrying out daily quality assurance
tests of the forceplates, calibrating the motion capture system, and checking coasies and

the state of the laboratory with the cleaner. | respond to telephone queries which are often
from the parents of patients or the medical secretaries of referring cliniciaalso participate

is weekly team meetings reviewing the assessment iregoents of upcoming cases.

(148)|f the patient is new to the service | add them into arhibuse patient database and
prepare the required documentation (consent form, mobility questionnaire and data collection
sheets). | periodically update the patieand data collection sheets (and review them with
colleagues) to make the collection processes more efficient, less susceptible to human input
error and clearer for patients, new staff and trainees to understand. As | become more familiar
with the inrhouse MS Access database | make minor amendments as needs arise. Over the past
two years we have changed from storing video onto tape to sl storage, and have
incorporated the use of an iPad to capture additional patient data (as photographs or video)
These have allowed greater accessibility to data across the team, and tHarthexr scope to

move to paperless assessment sessions, which | am keen to explore.

(149As | become increasingly familiar with the nuances of the measurement hardwanee¢ie

for daily QA checkbecomes more apparent. Artefacts should not be present in patient data.
Technical faults often present as artefacts in QA data, which require a problem solving
approach to trace back and correct the sources. With my electronics and control background |
prefer to have a detailed picture of where and why a fault has occurred, in order to highlight
any potential maintenance requirements. | do not believe it is acceptable to assume any
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engineering system is ok if an artefact momentarily disappears, and | tgn¢ourage an
inquisitive attitude with the STP trainees in the department.

150 As a requirement for Clinical Movement Analysis Society (CMAS) accreditation we record
the vertical component of the ground reaction force from each of the three forceeplaibm a

known weight on a daily basis. Whilst there is no requirement to review the data over time |
noticedanF Hb aAAYydzA2ARIFE NRALILIX S o6Fp: 2F GKS |ff2;¢
have continuous data for. After filtering and some invesigat! found the frequency
correlates with the seasonal temperature variation in London. Contraction of the force plate
structure in the winter causes a lower value than in summer months. It has no impact on the
clinical data, but the approach was informatiand helps practice investigational skills.

5 welcome patients and families as they arrive to the Gait Laboratory. People arrive in a
variety of states (often related to commuting through central London). Anxiety or stress may
reflect on gait paterns presented by patients, so it is important to ensure urgent matters are
dealt with and all involved feel relaxed and questions are answered before proceeding. This is
an example of where | can demonstrate one of the Trusts core values of 'puttirenisatirst'.

| field any questions, explain the assessment process, take informed consent for the use of
video and photography, and ask them to complete the Gillette Functional Assessment
Questionnaire. Parents or carers have varying levels of Englistelgagomprehension, which

is particularly relevant when collecting informed (understood) consent. Interpreters have to be
requested beforehand or requested amll if deemed appropriate. | have requested and
worked with interpreters. The dynamic with patsnis often different when working through

an interpreter, but the rapport built with the children is often unaffected by language.

152\ithin the session | work with a colleague to collect gait and postural data. This involves
carrying out a clinicaexamination, placing reflective markers and EMG electrpdesl
collecting trials. We aim to routinely collect kinematic and kinetic data from each patient, and
often use EMG if this is indicated. Plantar pressure is collected using a Tekscan mat (with the
same software | used during my BEF placement at QMH) for patients referred with high
pressures of conceranderfoot Standing balance is asses$eam ground reaction COP under

two perturbation conditions if appropriate. Muscle strength is assessed mbnbg one
clinician using the MRC scale, and ultrasound is used by trained staff to examine the quality of
muscle fibres. To become more familiar with ultrasound | have scanned myself and other
members of staff, and have used ultrasound in schools tatkapter 8).

I53)There ipotential for a range of errors to enter the data through each stage through human
error. So | have evolved a number of rutdsghumb and routines to ensure consistent practice.

For example: through how | hold and manipulate goniometers, or how | mararaiigtate and

check data recording sheets. Numerical readings are called out between colleagues and any
apparent inconsistencies are raised aneassessed. | have learnt that it is far better to pause a
session and make repeat measurements than realiser gpality or limited data after the
patient has gone. Technical attention is set against the soft skills required to make the session
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enjoyable for the patient, without eliciting too much excitement (which may equally effect data
guality). Before the pagint leaves the gait laboratory | doubttieck completeness of all of the
data recording sheets.

5% After the patient leaves | process the data and compile them into a clinical reponan

error presents another risk duringath processingAs such éncourage colleagues to highlight

any issues that emerge. Similarly errors in reporting are detected during case r®atavare
interpreted by State Registered colleagues, but | have also written gait re@gpEendix E2

and 3) and presented theset aeview meetings with the Consultant Clinical Scientist and
Orthopaedic Surgeon. The reports combine technical descriptions of both qualitative and
guantitative data as well as kinematic and kinetic graphs. The data are then used as evidence
for a numberof clinical findings and recommendations which can range from exercise to multi
level surgery. | regularly discuss cases with colleagues to help critically appraise my knowledge
and learn more about specific pathologies, neurology or biomechanical meam&anis

155)0ver the past two years | have participated in the assessment of 188 patients (m=114, f=74)
from the ages of 3 % years to 59 years, with a mean age of 12. A detailed summary of the
patients | have seen is included in Appendix E4.

@) | havel (GG SYRSR Ddz2Qa 9 {d® ¢K2YI&Q C2dzyRIGA
Safeguarding for vulnerable adults, child protection, basic paediatric life support, manual
handling, equality diversity and human rights, fire safety, health and safety, and imfectio
prevention.As a former staff training manager (for HNM@Brtland) | understand the importance

of staying upto-date with training. All training records are accessible viaTthest intranet, so |

identify new or refresher sessions and attend as required.

%) The Clinical Movement Analysis Society (CMAS) UKfveadlly SR A Yencauragen (i 2
professional interaction, develop and monitor operational standards and training, and to
A0AYdzZ 4GS YR | ROFYyOS aOASYUAFTAO (1yz2ef SR3S
followedthe work of CMAS since 2005 atioe development of labratory standardsvhichaim

to promote the quality of service provision. dfe recently the &Clinical Scientists in Clinical
az2z@SYSyid 'ylrtearay pravides RietilpiofesFichalcontand f@ SRfO S £
working in clinical movement analysis. 8arly | have read a number of thdealth and Care
Professions Counatandards of proficiency, faClinical Scientistand other allied professions

to improve my awareness of expectations across the raligitiplinary team.

%)} routinely work with colleagues to ensure the Gait Laboratory maintains high operational
standards. | have helped carry out annual assessments of the ultrasound machines, force plates
and weighing chair; and have participated in repeatability assessnoémispects of our clinical
examination and instrumented data collection process. Activities like this have supported our
accreditation with CMAS and readiness for Care Quality Commission inspections.

159 To raise awareness of the Gait Laboratory clinigervices among colleagues, we hold
regularReferrers Dageminars These serve to educate clinicians about service capabilities
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our referral expectations anthe reporting processes. | attended at St Thomas' Hospital in
2015, spoke about instrumeeatl analysis, and supported small groups during a case study
session. A similar event is planned for 2016. | have represented the Gait Laboratory at a Clinical

{ OASy O0S OFNBSNE S@Syid |G {dayWvwsSa OKa hTdzildy RS oMK
Labordory which provide school pupils with practical experience of rehabilitation engineering
themes.

(180 The Gait Laboratory actively support the training and personal development of NHS
Trainees on the Scientist Training Programme. In a continuation déathing role at King
College | enjoy supporting the trainees, by guiding them through the data collection processes,
through to their active participation in patient assessments. Fielding their questions has been
particularly useful irthallengingny knowledge.

6.3 Technical Work

D¢ 2 LINRPDGARS G(GKS Dd2Q&d | yR {{ ¢K2Yulasti@Qtivete K& & A
measures ofbalance performancewith older people and those with neuro-vestibular
impairments, lhave developedsoftware to acquire data from the Nintendo WiiFit Balance
board, and calculate centre of pressure (COm) validate the COP measures areteimine

clinical utility of the device | am ceupervising two physiotherapy MSc students. They will
compare data from the boar with COP measuretaken from our force plates; mvide
measurementprotocols for standing,sit-to-stand and sHo-walk tasks, and then evaluate the
feasibility of using the board in existing clinicBhis project will involve greater collaboration

with the physiotherapy team, in setting up motion capture hardware and the manufacture of a
glti1erte Ay | fF02NFXG2NE &ALIOS G {0 ¢K2YIaqQ

WeKS t KEaAA2GKSNI LI GSIY sAlGKAY GKS hft RSNt S
the process of developintheir test of dynamic visual acuityThe current protocol requires a
physiotherapist to manually shake the patients head in time with a ametme whilst the
patient reads calibrated optotypes displayed momentarily. The test is poorly controlled and
lacks the ability to distinguish left and right vestibular involvement. Previous work carried out
in the Departmenthas assessd reliability of a lradmounted rate gyroscopeavhich can be
used toautomate and synchronise the protocol with the optotype display. | have been asked to
write software to enable thisThis will involve the development of the sensor interface, guided
user interfaces to enadtatic and dynamic visual acuity testing, user access controls, a patient
database and facility for report generation. | am currently in the process of defining the project
scope and software specifications with the lead physiotherapist and the Trusts eiam
research manager. Conceptually the test is a biofeedback applicatideedthe software will
alsobe used o train patients with vestibul@cularreflex problems);as suchthis work plays
very well to the technical strengths | developed during D It is particularly rewarding to
work on an engineering project that may directly benefit a clinical service.
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7. YAy 3IQalohdddi f SIS

7.1  Lecturing September 2014 to date

189 |n September 2014 | took up an Honorary Lecturer gost YAy 3Qa / 2f € S$38S
within the Department of Imaging Science and Biomedical Engineering, School of Medicine. |
continue in that role and teach on the MSc Medical Engineering and Physics, and the MSc
Clinical Sciences (Clinical Engineering) sesir | have given lectures on physiological
measurement topics in the Clinical Measurement module; and a range of topics for the
Rehabilitation and Further Rehabilitation modules (See Appendix B15 for a list ofaodi&l6

for an example set of lecturglides, fori / £ AYAOFf { OASYy OS Ay ! YLIzi S &

(% The teaching is enjoyable but has challenges. For example: some students attending as part
of the Scientist Training Programme hold higher degrees in medical engineering, or PhD's based
on the lecture topic, whilst others do not have postgraduate degrees or have limited or no
experience of the topic. Students from all other years are also permitted to attend any lecture.
These make differentiation very challenging. | focus lecture matesishtds those with no
knowledge, and differentiate by posing questions through discussion. This works well in
streamed groups, but is greatly stretched with an audience of graduates and post doctorates.
Student feedback about individual lecturers is notiatde, and CPD resources are not freely
available to honorary staff. However | am keen to learn how to improve the quality of my
teaching, specifically to gain more tools to help with differentiation and adding diversity for
different learning styles (se€hapter 8).

7.2  Assessment and Support September 2014 to date

%9 For each subject | teach | set examination questions, contribute to coursework
assignments, and mark student work. | have so far been the internal examiner for six MSc
projects. The vivaoca examinations involved a 5 minute informal presentation by the student,
followed by 15 minutes of questions (from myself and a colleague). In preparation for the
examinations | read each thesis at least twice and prepared lists ofigugsin practice there

was a very short period of time to ask questions. Through the process it was also interesting to
see different questioning styles adopted by the three colleagues examining with me. | reported
any issues that emerged through exantioa to the Course Director for further action, and
participate in the course examination boards.

(%9 | am one of the personal tutos for the engineeringstudents. This has predominantly
involved responding to student questions and concerns via eraad, informing the Course
Director of extenuating circumstances or educational needs (for example: additional
examination time for students with dyslexia).
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8. Continuing Professional Development

8.1 Personal Development

(187 The development of engineering solutions will inevitably require a more refined
understanding of anatomy and physiology. So in addition to the developmental activities
mentioned through thisportfolio (and recorded in Appendix F6)continue to improve my
knowledge of anatomy and physiology through general reading and attending public lectures.
Ddzy G Kl + 23008t | A B ¥d & exNibition at the O2 arena provided a fascinating
insight into comparative anatomy.fbllow the work of biological anthropologistsia social

media to reflect onthe developmental divergences and commonalities our anatomical

history. | have a long held interest in neurolognd in thel990shad an ambitiorto build a

bipedal robot with an emergentantrol system in order to learmore abouthow we control

gait. That ambition hasince been tempered, but 5y OS ¢2NJ Ay 3 |G Ddze Q2
predominantly neurological patient group | haf@lowed two online courses to update my
knowledge of neurolog & ¢ KS b S dzNP & GRIS8y O[SA 2S¢ IRESHBWESNB R 6
from Princeton Universityand thea h NA 3Aya 2F (GKS | dzYl ¥ssoa A Y RéE
Hinshawfrom University of California, Berkeley

(%9 Since2014 Ihavedelivered annualmedicalphysics and engineerirtglksto pupils at a local
secondary schoolhe science department presentteel & WY | &SaiNOd réakvérld
context to their lessons. | initially spoke to top set year 12 pupils, and now cover key stages 4
and 5 (years 10, 11 and 12) groups in lagenbinedsessionsForpupilsinterested in learning
more | direct them to the summer schemes rbp educational trustgsuch as the Safipeice

and Headstart schemes), ahdm looking for work experience placemefdsally The school is

a teacher training provider, so the training staff provide valuable feedback about
communication and presentain skills.In particular it has beervaluableto learn how to
accommodate the needs tfind pupils To encourage staff tase more healthcare examples in
their teaching | am currently working on mapping topics in the National Science Curriculum
against halthcare examples, witla view of encouragingmedical engineering themed lesson
plans and activities. For example moments and work as introduc&egy Stage Physics can

be presented in the context of musculoskeletal lever arms teddiffering demandn the

body, which caralsobereferred to in PE and other subject areas.

%9 | have provided on¢o-one tuition privatelyfor pupils on thelnternational Baccalaureate
A-Level and GCSE mathematics and physics programmebagadupported a homeschooled

pupil who wished to learnmore about modern scienceWorking across the educational
spectrumis an invaluable experiencéhat continuesto invigorate my own enthusiasm for
medical engineering.

79 The opportunities and expemees | have accessed through my training have been
excellent, but are unique to economically strong Countries. Since embarking on Clinical Science
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training | have followed the progress df 3ector work in poorly financed regions of the world,

and have loked for opportunities where | might make an impact. This ethos wagsaih
AYALIANBR 06& (KS &aAady +10208S GKS bdzFFASE R h NI
/| SYGNB T2N) 9yl oftSYSyliéd 9yl o6t SYSyid @&@MnYS A:
currently working with aPrincipal Clinical Scientjsin Urodynamics atUniversity College
London, developing a low cosystometry system to address)underrepresentedassessment

need forclinicians volunteering overseas. We aim to producnapleautomated system that

will require minimal training or need for specialist diagnostic experience. Specification and
procurement of sensors became part of an STP Trainees urodynamics placement work.

8.2  Closing Remarks

™) As an engineerl havefocused my career into clinical engineering to help deliver technical
solutions for patients and clinician¥et | believethe role and appreciation of clinical engineers
in the NHSs increasingly viewed withmbiguityas commercial involvement increases, and
roles are harmonised and owvapecified through Department of Health policies. Because of this
there has never been a great need for engineers and scientists to drive innovation
capitalising on the knowledge we acquire from aaily involvement with patientsl look
forward to playing a part in that process and using my skills to contribute to exciting
developments irfuture projects
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2002 BEng (honours)®iClass. Robotics and Automated Systems, University of Plymouth
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Bl BEng Summary (2002)

Thesis title: Robot Hexapod
Supervisor: Dr David Jenkins, University of Plymouth

Summary

A walking robot has been produced, following a formal design process, which satisfied the aim
of the project. The project incorporated electronic, mechanical and software design, each was
fulfilled with the use of computer aided techniques and the ovepaticess required the use

and development of a range of skills, thus satisfying the learning expectations of the project.
The project was achieved through careful project management and progress monitoring.

The mechanical constructiocentred on easily sorced local material, lightweighaluminium
sections andpre-formed components were used. The structure had two degrees of flexibility,
one being provided by a knee, the other provided by the chassis section. Both structures
proved ineffective when visualbod SN GA2ya 6SNB YIRS 2F G4KS 41|
prevent the robot from walking.

The electronics design evolved over the consideration of various architectures, a two
microcontroller hierarchy was built to control four motors, but the wodd was unevenly
distributed, the architecture thus turned towards a distributed scheme.

Various subsystems within the robot were tested and the results of these were used either to
further improve the robots performance or to gain specific informatiomatbthe system. An

RC servo motor was load tested to determine the maximum power demand, in the absence of
a system mathematical model. The motor was found to draw 530mA at the maximum of its
linear operating range, this information was used in choosing flower source. The RF
transmission systems performance was increased from 280248%by changing the contents

of the transmitted data packet. The improved performance was noticed by the responsiveness
of the actions carried out by the robot.

Thesonay 2 Rdzf S g1 & F2dzyR 2 KIF@S Iy @SNy 3IS YSI
range. An attempt was made to verify the beam pattern but the experiment unfortunately
suffered from problems with resolution, when using a set diameter target. An attemptisas
made to fit an aperture to the ultrasonic transmitter, this was unsuccessful as the transmitted
signal became obstructed by the aperture material.

In addition to the experience gained from doing the project and the technical knowledge of the
componerts used, a broader understanding of systems design was achieved, this was backed
up with the use of practical skills and computer software packages at all stages.
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B2 MSc Abstrac2007)

Thesis title: Method for the Measurement of Media Player Use
Supervisor: ProfessorDavid Ewins, University of Surrey

Abstract

There has been ongoing concern that prolonged use of MP3 players can lead téndoised
hearing loss. Acoustic exposure is the product of intensity and duration of exposure. Previous
work has utilised measurements of maximum headphone output and output during listening
tests to determine acoustic intensity; whilst duration of use is currently assessed with
guestionnaires and interviews. The subjective nature of these latter methodtetas a wide
variation in figures for device use, restricting the scope of media player risk assessment. A need
was therefore identified for an improved method of acquiring data of users listening habits.
This need was addressed with the design of a nata-tbgging device that discretely measures
voltage output from the media player, whilst in use. A calibration method is proposed to
implement the headphone transfer function into the ddtager, to relate output voltage to
exposed pressure. It is propase¢hat the headphone transfer function is measured using an
acoustic manikin, representative of the population of interest. The real ear measurement is put
forward as an appropriate tool for validating results gained using this approach. Aodafer
wasdesigned and a proof of concept has been demonstrated in a software program written for
this purpose. The proposed method has the advantages that an objective measurement can be
YIRS 2F GKS dzaSNIRA& yI ddzNF £ € AadSyargsdlutidhl 6 A G
comparable to personal acoustic dosimetry. A number of practical steps are required to further
this work before data can be collected. A software graphic equaliser was used to implement
the transfer function, but the chosen filter topology @awan unsatisfactory response, an
investigation is required for further work. The device requires migration to hardware and the
experimental calibration and validation of the system are also required. The worldwide
population of MP3 player users is in thegion of hundreds of millions of people. The
relationship between user and device is becoming closer and portable music technology is
becoming ubiquitous, permitting extended listening durations. There is therefore a strong need
to continue this field of esearch, to increase understanding of the risks of this aspect of
recreational noise.
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B3 PhD Abstract (2012)

Thesis title: Reaitime Electretactile Biofeedback for Amputee Gait-Reaining
Supervisors: ProfessorDavid Ewins, University &urrey

Dr Salim Ghoussayni

Dr Serge Cirovic

Abstract

Biofeedback is a rediime training technique that involves measuring a physiological function and
conveying information back to the patient, to help them learn to adjust their performance. Biode&d

is used successfully in many areas of neuromuscular rehabilitation and sports training. Lower limb
amputees particularly present a need for augmented feedback. Following amputation the
proprioceptive pathways required to regulate gait are impairedrifuphysiotherapy patients have a
limited view of their body, and the physiotherapist may not be best physically placed to withess gait
changes. Outside the clinic patients often adopt poor walking patterns, such as circumduction and
abduction, which cafead to lower back pain and a reduced quality of life.

This work focused on the development of a biofeedback training system to assist in the reduction of
habitual circumduction and abduction gait patterns seen in trfamoral amputees. Guided by a rewi

of the literature, atraining system was developed that uses eledactile sensory stimulation to
LIN2E A RS FTSSRolO] 2F GKS LIGASYdiQa GKAIK Y2GA2Yy ¢

A greater understanding of the psychophysical response to ektattile stimulation was required in
order to present discernible information in a safe and comfortable manner. Thirteen healthy subjects
were therefore recruited into a study that found thresholds of perception and discomfort to stimulation
around the thigh. Té study also found that subjects were able to discriminate the location of stationary
stimuli and the speed and direction of moving stimuli whilst laying supine, flexing and extending the leg,
and walking on a treadmill. By correctly identifying the nunalterelectrode locations they
demonstrated an ability to perceive spatially coded information presented to the thigh using electrical
stimulation.

A camerabased motion capture system was incorporated into the completed biofeedback system, and
software waswritten to capture kinematic data in rediime. To enable the calculation of feedback
stimuli, a3RAYSyaAz2ylf o0A2YSOKIFIYyAOFf Y2RSt gl a O2yaiN
compared to a joint angle reference database. Kinematic event deteatade it possible to deliver the
electro-tactile stimuli in relation to the users gait.

Four amputees tested the biofeedback system and reported positively on the experience. The subjects
did not walk with a circumduction gait, so it was not possiblessess the therapeutic effects of the
system. However they were able to perceive and understand the feedback stimuli, relate the
information to their movement, and in some cases make positive changes to their gait. Sensation
threshold levels and the diiy to discriminate stimuli were also found in the amputee group to be
comparable with the noramputees.

This work has potential to become integrated into prosthetic components, and can be adapted for use

with a broader range of patient groups with uppand lower limb movement disorders. The analysis
software has potential to be further developed to provide raaie interpretation of gait patterns.
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Real-time Biofeedback for Amputee
Gait re-training

Graham Webb?®, Dr Salim Ghoussayni?, Dr David Ewins2P
3Centre for Biomedical Engineering, University of Surrey
bDouglas Bader Rehabilitation Centre, Queen Mary’s Hospital, London
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Providing Real-Time Biofeedback for Amputee
Gait Retraining Using LabVIEW

~rsham Wabb — Univ

Epc

THE CHALLENGE

Developing a real-time biofeedback training system to augment
sensory feedback provided to lowerdimb amputees.

THE SOLUTION

Using & high-speed optical motion capture system to provide
coordinates of retro-reflective markers placed on the body, a chent
weritten using NI LabVIEW software to read the data stream and
construct a linked-segment moded, and parallel MathScript Nodes
to calculate the relative joint angles of the legs.

Products:
LabVIEW, MathScript RT Module

Limb Amputation

Amputation is considered to be an invasive clinical intervention,

yet an often necessary measure against diseases such as bone
cancer, diabetes, and vascular diseasas, or in casas of trauma and
intractable pain. Approximately 5,000 new referrals are recaived
every year in the UK for imb amputations. Amputees are fitted with
prosthetic limbs soon after surgery and undargo & penod of intense
physiotherapy as part of their rehabditation

For exampla, leg amputation not only results in reduced mobility
but also a koss of the sensory neural pathways that give people a
sense of kmb positioning and idantity. The neural pathways required
to reguiate walkking are impaired in lower-limb amputees and it can
often be difficult to learn 1o effectively use artificial limbs. Patients
commaonly experience neurological problems such as phantomn

Emb pain for years after surgary and can develop poor postural and
walking habits that can lead to lower back pain and reduced quality
of life. Therefore, it is important to mprove the sensory ntegration
between the prosthasis and the wearer

LabVIEW

4 y Physiological
3 A Usar Measurement
o Commuesste
with electio-factile pi medergeing oupd | oot dats bem
winudad et Sainiey matos Capture
o Delvery strmubis hardware sod place |

k Dats procexsing :
Road quase, parse and sdvw dta

Defne kinereic medel
Cansiate joint anghes
Detamine requw od stimafus

Figure 1. Biofeedback Training Systemn Ovanview

Biofeedback

This project uses a technique called biofeedback 1o artificially provide
that sense of limb position. Biofeedback s a training technique

that uses instrumentation to measure a physiological process and
present that mformation back to the patient undargoing training. We
bebeve that embadding a bicfeedback systam into the prosthesis

can, in part, fill the sansory gap left by imb loss. A biofeedback
system includes four major components: a physiological process,
a measurement system, data processing, and a means of stimulus
presentation. The ease of user interface (Ul) design and the
improved procassing performance of LabVIEW made it a clear
choice to sit at the centre of the system intagration

Figure 2. Optics! Motion Capture System

System Design
Physiological Measurement

& use an optical motion capture system (ProReflex from Qualisys n
Sweden) to capture the coordinates of retro-refiective markers placed
on the body and output frames of data through a TCP/IP connection
at 100 Hz. The systemn operates on a standard desktop PC running
a Windows OS, which creates a great demand for efficient data
processing. We usa the producer-consumer architecture within
LabVIEW to ensure no data packets are lost and sufficient time is
provided for real-time calculations. Using LabVIEW, we developed
a muitithreaded application that enabled each loop to operate on
separate processor cores with a higher priority than Windows.

Data Processing

To determine relative joint angles batween body segments,

a closed-chan kinemnatic model is defined using the marker
coordinates and anthropometric measurements of the body. Joint
angles are then datermined from the elements of a generalised
transformation matrix. The real-time constraint requires that matrx

n.comfuk/casestudies
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Electrotactile feedback for trans-femoral amputee gait re-education
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1. Introduction

There has been renewed interest in  the
application of biofeedback for gait and posture re-
education. Electrical stimulation is one means of
presenting fesdback stimuli to patients and has
been used with amputess to provide knowledge
of gait event timing through implanted and
surface stimulation of discrete anatomical regions
[1, 3.

Electrotactile displays (ETD) use an amay of
electrodes to  present  information  through
transcutanecus  electrical  stimulation, thus
providing spatial resolution for  information
coding. ETDs have found wvarous uses. For
example Yuillerme has developed a device fo
present information about ankle crientation to the
tongue [3].

2. Alms

This paper briefly describes the development of a
prototype stimulator and elecirode amay that will
provide real-time electrotactile feedback to trans-
femoral amputees undergoing gait re-education.

3. Method

Dwrineg treadmill training, for example to minimise
circumduction or abduction gait patiemns,
amputees will receive feedback about thigh
orientation through an electrode amray wom
around the circumierence of the residual stump.
Thigh kinematice will be determined using a
ProReflex mofion caplure system (Qualisys,
Sweden). A programme has been written in
LabWIEW to read marker coordinates from the
Cualisys software in realiime via a TCRIP
connection. Joint angles are then calculated and
will be used to drive a surface sensory stimulator.
The flexible electrode armay will consist of a ring
of active electrodes summoundsd by a single
reference, to allow the sense of stimulation to
move across the thigh surface. Sixteen channels
are being considerad. To account for variations in
afferent sensitivity, patient feedback will be
acquired durng a static calibration process.
During operation stimulation will occur i the
patient's gait mowves outzide limits set according
to individual clinical goals. Information will be
conveyed through stimulus intensity and the
spatial location of the acfive electrode. Figure 1
shows a graph of hip joint flexion / extension
against abduction [/ adduction, at an instance in
the gait cycle, with a transverse section of a thigh
electrode ring. An example is shown of a patient
within a standard deviation band for normal
flexion, but with excessive abduction, as may be
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seen in an amputee circumducting through
swing. The active electrode is selected according
fo the angle of the vector connecting the two
crosshairs. Stmulus intensity is proporticnal to

the vector magnitude. I

Abduction Adduction

Extension

Figure 1: Scheme for electrode selection and
stimulus intensity. The cross with the square
represents the mean and standard deviation of
nomal sagittal and coronal hip angles at an
inatant in the gait cycle. The cross with the circle
represents the patient undergoing fraining. For
clarity a reduced number of electrodes are
shown.

4. Discussion and Conclusions

Factors being considered before practical
implementation include: the trade off between
electrode resolution; pain threshold and the
spatial  information content, flexible amay
miaterials; and the overall stimulus presentation in
accordance with theories of motor leaming.

5. Acknowledgements

The authors would like to acknowledge the
support from  staf of the Douglas Bader
Fehabilitation Centre, Queen Mary's Hospital,

References

1. Clippinger, FW. et al. Afferent Sensory
Feedback for Lower Extremily Prosthesis.
Clin Crth and Rel Res. 1982, 169: 202-206

2. Sabolich, J.A., and Ortega G.M., Senses of
Feal for Lower-Limb Ampufees: A Phase-
One Study. J of Pros and Orth. 1994, 8(2):
36-41

3. Vuillerme, M., et al. Effectivensss of a
tongue-placed elecirofactile bicfesdback o
improve ankle foree sense following plantar-
flexor muscles fatigue. Gait and Posture.
2009, 30: 556-659

50



Br7

Third AnnualConference of the International FES Society 28b2tract

3" Annual Conference of the Imtemational Funchional Electrical Stimulation Sodety (UK and Iredand Chapter)
April 2012 - Brmingham, UK

Electro-tactile sensation thresholds for an amputee gait-retraining system

G.D. Webb', S. Cirovic', §. Ghoussayni', D.J. Ewins'*

'Centre for Biomedical Engineering, University of Surrey, Guildford. G.0.Webb@surrey.ac.uk
*Douglas Bader Rehabilitation Centre, Queen Mary's Hospital, Roehampton, London.

Introduction

Approximately S000 new referrals are received
every year in the UK for limb amputations [1].
Lower back pain iz reported in as high as 52 -
94% of lower limb amputees, from [2]. Following
discharge patients do not receive regular reviews
by physiotherapists and often adopt a variety of
habitual gait patterns that can lead to back pain.
Circumduction iz a one such pattemn which is
thought to contribute to lower back pain. I
imvolves a wider than normal lateral arc of the
prosthesis during swing to prevent the fioot striking
the fioor [3). This results im an asymmetrical
movement of the pelvis and lumbar spine. An
increase in fransverse rotation of the pelviz in
trans-femoral amputess is a confributing factor to
lower back pain [4].

Feedback of kinematic data to amputees may
help reduce habifual and painful gait paftems.

Such feedback could also help therapists convey
informiation to patients  regarding  kinematic

alterations during hands-on physiotherapy in a

rehabilitation gym.

Biofeedback (BFB) i a training technigue
emerging in many arcas of neuromuscular
rehabilitation [5]. It involves measuring a bodily
function {such as heart rate, temperature or a
movement pattem), then conveying information
back to the patient to help them leam to adjust that
function. BFB increases awareness of performance
and is typically used in real-time during a fraining
regime. BFB has been used successfully in many
areas of neuromuscular rehabilitation, with
promising results in gait re-training for a range of
patient groups [5] but there is limited work in the
area of amputes gait re-training.

A realdiime closedoop biofeedback fraining
gystem is being developed to help trans-femoral
amputees comect adverse gait patterns by proving
greater awareness of gait deviations. For the
curment work lower limb kinematics are captured
from a passive infra-red motion caplure system
(ProReflex, Qualysis, Sweden) whilst the patient
walks on a treadmill. Hip joint angles are calculated
and comparsd against a reference data set. The
extent of gait deviation is determined in real-time
from the combined coronal and sagittal hip joint
angles and represented as an emor vector. This will
guide the delivery of an electro-tactle stmulus
around the surface of the stump. However the
stimulation parameters required to produce a
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comfortable sensation on the thigh surface under
different neuromuscular conditicns are not known.
Aims

Thiz work sought to determine if a comfortable
range of electro-tactile sensations exist on the thigh
of healthy wvolunteers, between the levels of
perception and discomfort; and to determine if the
normal  newromuscular  activity generated by
different movement pattems enhances or
diminishes the ability to sense and dizcriminate the
atimuli.

Methods

An  eight-channel electrical stimulator was
developad which produces asymmetrical bi-phasic
waveforms  with adjustment of pulse-width,
frequency and amplitude. An armay of annular
electrodes was developed fo  deliver the
stimulation. Each electrode pair (33 mm overall
diameter) containe an  active conductor
sumounded by a single reference. The conductors
were etched from a flexible polyimide printed
circuit. A hydrogel (Amgel 803, Axelgaard
Manufacturing Ltd) forms a seff-adhesive skin-
electrode interface.

Healthy subjects were recruited from the staff and
students of the University of Surmmey and
participated in two 3-hour sessions.

Eight elecirodes were spaced equidistant in a
transverse ring around the thigh. Subjects were
azked to adopt three different postures during the
first session: laying supine, performing a stafic
knee flexion whilst standing, and a static knee
extension whilst seated. Due to time constraints
subjects refumed for a second session within one
week and were asked to walk on a treadmill at
their seif-selected comfortable speed. Four tests
were camed ouwt fo assess: sensation and
discomfort threshold levels, the ability fo
discriminate the location of a stationary stimulus,
the speed and direction of a moving stimulus.

Stafic  thresholds: During each posture or
movement, a stimulus was delivered fo each
electrode at 40Hz, 60Hz and 80Hz, with a fixed
100 ps pulze width. Intensity was gradually
increased and subjects were asked fo indicate
when they initially perceived the sensation and
again when they felt the sensation was
uncomfortalde. Peak applied cument was
measured using a cument probe and sensation
and discomfort thresholds were found for all
electrode locations during the supine and walking
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Background

A biofesdback training System is being developed to provide greater limb position awareness for amputeess.
The initial application will focus on cormection of circumduction gait pattérns for trans-fernaral amputess,
AR increase in trandverse rotation of the pelvis, as seen in droumduction, iS5 & contributing factor to lower
back pain in trans-fernaral amputees [1). Biofeadback may help reduce painful geit patterns [2], and help anterir
therapits conwey inforrmation to patients in dlinic. é,\a' i
lateral

Feadback af joint angle devistions will be provided in real-tirme, uling Sensory electrical stimulation sround £
the surface of the thigh at mid-Stump level whilst the patient walks on & treadmill, sccording o Figure 1.

The stimulation parameters required to produce & comfortable sendation on the furface of thigh are not

knawrni. Patients also nead to be able to dBcriminate the lecation and movernent of & séengory stirmulus.

Adduction

Extension
* Determine perception and discomfort threshold levels around the thigh i
* Determine ability to discriminate the location of a stationary stimulus within a 20 array Figure 1 Schems for electrode selection. The cross
* Determine ability to discriminate direction and speed of a stimulus moving around an array /0 the square epresents the mean and standard

deviation of normal sagittal and comnal hip angles
Four different movernent conditions were considered : Laying Supineg, knee fllexed whilst standing, at am Instant in the gait cycle. The cross with the

kres extended whilst sasted (during Sestionl) and traedmill walking (Se<sion 2, 1 wesk |aber). circle represents the patient undergoinsg training.

Participants: 6 make and T female subjeds participated (with & mean
an eight-channel eectrical stimulator and array of age of ;? years & § S0, and & mean BH{ of 273 kg."nl:' & 2 SO,
circular electrodes wene developed o deliver the

sensory stimulation. L Threshold levels

Healthy sSubjects  were mecruited from  the
Univergity of Sourrey. Electrodes were spaced
equidistant in a ring around the thigh. Thres tests
wari then carred out:

The group mean threshold levels  during
treadmill walking are shown in figure 2.

The différencs betwesn mean percepticn and

discomfort  levels ecross 8l eledrodes

1. Static  threshold  test:  During  each reduced with frequency in el tesks (from 31
movement, & stimules was delvered to esch af mA to 24 mi supine and 38 mb to 32 ma
B slectrodes at 40 Mz, &0 Hz and B) Hz, with & walking).
fixed 100 ps pulse width. [nkendity was
increased and subjects asked to indicete when
they perceived the sensation and again when
they felt the sensabion was uncomfortable. Pask
Bpplied current was measured and parception
and discormfort thresholds were recorded for all
locations.

variation was greatest at the discornfort level
i all movement kasks and fréquencies [the
highest range being 101 m, 50 Hz suping).

nen sy (MA)

Variation was lowest at the sensation levels
(the lowest renge was 20 mA, also 60 Hz
suping, which was bppical for the sendation

EBlectrode location test: During the supine A

and walking tasks, stirmuli were delivered for 10
seconds o aach location randormby (aE 40 Hz, Mo
B0 Mz amnd BD Hz, with a fixed 100 ps pulse
width) at the mid-point intensity bebwean
perctpiion Rnd discomiart. Subjecis ware pked relationships were found bebween BMI and  Figure 3 Group mean threshold levels for subjects

to indicate where the stimulation was felt. Data threshald levals during treadmill walking, perception (botbom) and
wene reported 85 pass or fail. discomdfort (bop)

pattern  occurmed in  the difference i 4
batwean  tresdmill and  supine  threshold

bevels  (scoroas sl sectrodes) and o IERACAT .

3 CHm i don and = + During There was a clear gender difference, with

males demonstrating higher threshold levels
spplied and moved sround the array clocwise i St Pereepion ond dscomion Aty to Disciminate Direction and

end anti-dockwise at 3 different spesds ("slow’, 2. Ability to Discriminate | Egeed
‘mediurm’ and ‘Tast]). Subjects were asked to

give the direction amd Speed of 12 different
spesd J  direction combinetions. Data wens
reported as pass ar fail.

the supine and walking tasks, stimuli wens

Subjects correctly identified the location of &8 Subjects corectly identified the direction and
stationary stimulus 98%s of the time. spead of all maving Stimuli 100% of the time

Discussion

A fmparation betwean perception and discomfort leveds was found in all ceses. This . i .
was maintained during walking and Supine tasks. This is impartant in a biofesdback 1 M;;ET:T DG w2l (2000 Aamy.J Py M ancd Retest: 85
device for gait re-training where the stimulus cannot raise above the discomfort level 2 Huang H., et al. (2006). 1 NeuroEng Rehab 3{11)

at any time.

The greater variation found at discomfont levels was expected duee to the subjective

nature of discornfort. Low threshold varistion across the electrodes is desirable in

order to rminimise setup tme. No patbern Scross electrodes was found.

Subjects were able to easily discriminate the location and mowerment of the stirmulus,

an irmportant réguirement far Conveying information Lpatially o patients. The authors wish to express their thanks to staff from the Douglas
The skin sensation of traurnatic amputess S assurned o be largely unaffected by Bader Rehabilitation Centre, Cueen Mary's Hospital and to
surgery, particularly at the mid-stump ares, so conclusions from this study can be Gregorio Guadarama from Aselgaard Manufacturing Ltd for the
generalied to the amputes papulation. prowision of hydrogel buffer material.
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HELPING AMPUTEES TO WALK NATURALLY

TECHNOLOGY IS IMPROVING THE DESIGN OF ARTIFICIAL LEGS BUT

THEIR USERS NEED MORE SOPHISTICATED CONTROL SYSTEMS TO WALK
NATURALLY. THE LATEST ENGINEERING TECHNIQUES ARE KEY TO HELPING
AMPUTEES RE-LEARN HOW TO WALK NATURALLY.

PhD student Graham Webb is exploring innovative ways of giving them accurate
knowledge of the precise movements and positioning of their prosthesis, Better spatial
awareness could result in more canfidence while they are walking

He has already designed and built a device that provides feedback to amputees, which
uses electredes placed around the leg to deliver an electrical sensation. The next step is
to combine this with a motion capture system so that the sensation corresponds with
the way the amputee walks.

PROMOTING NATURAL MOVEMENT

About 5,000 people have a limb amputated every year in the UK, the result of either

a senous accdent such as a car crash or bone cancer, diabetes and vascular diseases.
Technolagical advancas are improving the design of artificial legs but users continue to
experience problems.

“After an amputation, patients are given a prosthesis and physiotherapists train them
how to walk with it,” says Graham. "But, away from the hospital, people sometimes
find it difficult to manage and they can get into bad habits and walk awkwardly. This
can lead to back problems. However, if amputees have greater awareness of how their
limbs move, it could become easier for them to walk more naturally.”

LINKING ENGINEERING AND HEALTHCARE

Graham, who s funded by the Engineenng and Physical Sciences Research Council
{EPSRC), has considerable experience in using his knowledge of engineering and
computer science in healthcare. During his master’s degree in Biomedical Engineering
from the University of Surrey, he undertock clinical training at Queen Mary's Hospital,
Reehampton. He also has a BEng in Robotics from the University of Plymouth.

He began his thesis at Surrey by carrying out a detailed study of the technology
available that could solve this problem and set about designing his awn biofesdback
system. Motion capture cameras in the University's movement laboratory then gave him
a comprehensive: picture of exactly how people walk and stand.

18 PATHWAYS TO IMPACT
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HARNESSING ELECTRONICS TO HELP AMPUTEES TO WALK NATURALLY

Graham is now incorporating the mation capture system with his device 2nd using
electrodes placed on an individuals upper leg above the site of the amputation;
Stmulaticn then gives themn iofeedback abeut the mowement of the limb so they can
learn 1c use the prosthests with more confidence. Ultimately, these alectrodes coukd be
Incorporated inside future designs of artificial leg. Triaks are now underway with student
valunteers; Graham ako plans to test his ideas with patients and hopes ta work with
njured servicemen and women

While his studies are progressing well, Graham counsek against teo much optimism
“This & early stage research and mach work remains to be done. But | would estimate,
it everything goes to plan, this technology could be incorporated into artificial legs n
the next five to ten years.”

W surrey.ac uk 19
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A biofeedback gait re-training system for trans-femoral amputees
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1. Introduction

Following discharge amputeses do not always
receive regular reviews by physiotherapists, and
may adopt a vanety of habitual gait pattems that
can lead to back pain. The increase in transverse
rotation of the pelvis in trans-femoral amputees, as
produced by circumduction, is a contributing factor
to lower back pain {(Morgenrcth ef al, 2010). Real-
time biofesdback of kinematic data to amputess
may help address inappropriate habitual gait
pattemns. Recently thers has been renewed interest
in the application of bicfeedback for gait re-
education (Lunenburger ef al 2007} Such
feedback could also help therapists conmvey
information to patients regarding  kinematic
alterations during hands-on physictherapy in a
rehabilitation gym.

2. Aims

This paper summarizes the development of a real-
time bicfeedback fraining system to assist in the
reduction of habitual circumduction and abduction
gait patterns seen in trans-femoral amputees.

3. Biofeedback Training System

The system (Figure 1) uses a passive infra-red
motion  capture system  (ProReflex, Qualysis,
Sweden) fo track lower limb kinematics whilst the
amputee walks on a treadmill. Softwars was
written using Lab\IEW (Maticnal Instruments, LK)
to calculate and compare the hip joint angles
against a reference data set in real-time. The
extent of gait deviation iz determined from the
combined coronal and sagiltal hip joint angles and
guides the delivery of an electro-tactile stimulus
armound the surface of the stump.

A multi-channel stimulator was developed which
produces an electro-tactile sensation through an
amay of eight annular skin surface electrodes.
Each electrode pair containe an active conductor
sumoundad by a single reference. The conductors
were eiched from a flexible polyimide printed
circuit. A hydrogel formed a seli-adhesive skin-
electrode interface. Further details of the training
system can be found in Webb (2013).

The stimulator provides control of the wavefom
pulse-width, frequency and amplitude. To
determine  which  parameters  produce a
comfortable sensation on the thigh surface, under
different neuromuscular conditions, the sensory
thresholds and stimulus discrimination abilities of
thifteen non-amputees and four trans-femoral
amputees  were  investigated. Subjects  were

recruited from the University of Surrey and Queen
Many's Hospital (Roshampton) respectively. The
four amputees then went on to test the usability of
the training system. The studies received
favourable consideration from the NRES London-
Surrey Borders and University of Surrey Research
Ethics Commitizes.
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Figure 1 Bicfeedback Training System Overview

4. Results

Senzation threshold levels and the ability to
discriminate stimuli were found to be comparable
between the amputee and non-amputes groups.
The amputess reported positively on the use of the
system. They were able to perceive and
understand the feedback stmuli, melate the
information to their movement, and in some cases
make positive changes to their gait.

5. Discussion

This work has the potential to become integrated
into prosthetic components, and can be adapted
for use with a broader range of patient groups with
upper and lower imb movement disorders. The
analysiz software has the potential to be further
developed to provide real-ime interpretation of gait
patterns.
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Summary

This report reviews the key biomechanical issues that cause the functional cagecliyes

seen as people age that have an impact on the ability to perform daily activities and reduce
quality of life. Muscle strength declines systematically with age, with the greatest reductions in
the lower limb seen at the ankle plantarflexors and rihieip flexors. Increased joint stiffness
leads to reduced range of motion systematically with the greatest reductions also seen at the
ankle and hip. Older adults are less stable and experience greater fatigue in a range of daily
activities. Falls is a n@jcause of injury and death in older people. Stair descent accounts for
75% of stairelated falls and the greater foot clearance variability seen in older people is a
causal factor.

Reduction in ankle plantarflexion power with age has been shown ta key deficiency in
mobility, resulting in a hip pulip compensation strategy in overground gait and ramp
negotiation. The high power demands on the knee during stair descent are also highlighted.

To assess the efficacy ||| | | | | N N 2 ooc of outcome

measures are reviewed. Ngystematic methods for assessing gait were found to be in routine
use in general practice or in NIs services in the UK. However a number of thsige been
recommended for use with older people and are reported in the literat An outcomes
package is suggested to enable assessmej N \.ithin a2 range of
studies. The package comprises the use of instrumented analysis (kinetics, kinematics and
EMG) and qualitative tools (theynamic Gait Index, Timddp-and-Go,Berg Balance Scale and
Borg perceived exertion scale).

Recommendations are made to focus development on

[Product development recommendations are not included in this portfolio]

A range of comparative normative data arecluded in the Appendices for reference, from
older and younger populations undergoing overground gait and stair negotiation. Muscle
strength and joint range of motion data are also included.
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Movement at Surrey
Networking event
40AA03
Tuesday 8 November 2013

Purpose: 1. Networking
2. Understand capabilities and strengths on campus
3. Find out what projects and grant applications are in the pipeline
4. Explore potential for collaboration
5. Setup technology user groups

PROGRAMME
09:30¢ 09:45 Registration and Refreshments

09:45¢ 10:00 Introduction
Graham Webb, Resszh Fellow Centre for Biomedical Engineering
Charlie Kang, Research Development Officer (RE8)litator

10:00¢ 11:20 Centre introductions:

10:00 Centre for Biomedical Engineering
David Ewins, Professor of Biomedical Engineering
AliahShaheen, Lecturer in Biomedical Engineering

10:10 Surrey Sports Park
James Wild, Lead Strength and Conditioning Coach

10:20 School of Arts
Kirk Woolford, Reader in Digital Media Arts
Nick Salazar, Senibecturer in Dance and Digital Arts

10:30 Department of Computing
Paul KrauseRrofessor of Software Engineering

10:40 Centre for Vision, Speech and Signal Processing
Adrian Hilton Professor of Computer Vision and Graphics, Director of EVSS
Kevin Wells, Senior Lecturer in Medical Imaging

10:50 Department of Psychology
Annette SterrProfessor of Cognitive Neuroscience and Neuropsychology

11:00 School of Veterinary Medicine
Constanza Gomez Alvarézcturer in VeterinariMedicine

1110¢ 11220 The Funding Landscape
Charlie Kang, Research Development Officer (RES)

1120¢11:40 Break (tea & coffee)
11:40¢ 13:00 FacilitatedGroup Discussion & lunch

13:00 Close
Prof.Jonathan Seville, Dean of the Faculty of Engineering and Physical Sciences

Organisers: Graham Webb and AligghaheenCentre for Biomedical Engineering

With thanks to Helen Ellishnne Hrassniggnd Charlie Kanfrom Research and Enterprise Suppoot their
invaluable assistance, and to MILES for sponsoring this event.
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Movement Research at Surrey
¢ Moving forwardtogether

Author: Dr Graham Webb Research Fellow, Centre for Biomedical Engineering

To: Prof. Deputy Vice-Chancellor Research and Innovation
Prof. Dean of Faculty of Arts and Human Sciences
Prof. Dean of Faculty of Business, Economics and Law
Prof. Dean of Faculty of Engineering and Physical Sciences

Prof. Dean of Faculty of Health and Medical Sciences

Date: 1% December 2013

Executive Summary

Movement is presented as a new research theme for potential eFagsilty collaboration.

There is extensiveesearch at Surrey covering the arts and sciences of human and animal
movement, with commonality for over 40 staff and 6 laboratory facilities. Movement is central

G2 Yirye 2F GKS 9! D2@SNYYSydQa (2L LINA2NRGA
billion allocated within the Horizon 2020 Programme. Despite this opportunity there has been
limited communication and coordination at Surrey, in terms of capital planning, bid
development and the utilisation of resources for research and teaching. léctintly, many
members of staff were unaware of others working on campus in related areas. To address this,

' ySUg2NlAy3 SOSyild Gaz2@0SYSyd IdG {dNNBe¢ gl a
the potential that greater collaboration could bring for saistable commercial income
ASYSNI GA2Y YR F2NJ GKS ! yADGSNEAGE QA NBaSI NOK

The theme can be developed with the creation of crBasulty thematic sugroups, led by
discipline champions tdevelop specific project area¥he networking evenhighlighted the
need for support from a Theme Facilitator to capitalise on recent momentum. A Theme
Facilitator funded for 9 months (cost approximately £30,000), would have two key roles:

1. Support the cros$aculty groups bydentifying specific project aas, and developing
multi-disciplinary bids to external funding agencies for a minimum of £400k3irkey
activities

2. Set up technology user groups and online toolsmprove collaboration and resource
use

Movement is a potentially unique selling pofior Surrey. Without coordination the benefits to
the University would not be realised.
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NHS & SURREY

Bioelectric signals:
Central Nervous System

Graham Webb

Electroencephalography (EEG)

ittt

Electroencephalography (EEG)

Whatis EEG?
Why is EEGused?
Where do the signalsoriginaie?
Normal patierms of activity
Pathological patems

How to collect EEG

Artefacts

How te minimise artefacs

L

Clinicaluses of EEG

+ Seizure management
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Volume Conductor Problem

Cerebral cortex- outermost layer, 10 mm
thick, consists of appradimarly 107
neurons.
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Volume Conductor Problem

Cerebral cortex- outermost layer, 10 mm
thick, consists of appraximately 107
neurons.
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Inpatient

* 24 hour monitoring ward

+ Remote video link

» Ward stafffamiliar with EEG
* Less contralied environment
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Artefact - ECG Artefact - Feeding pump Artefact - IV drip
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<2 ¢
+ Use fiters (mais noton)

« Diferential ampiication -
ampiier. nign CMRR
+ Careof ranel i necates




Data Quality - Reporting

-+ Compared to ECG data colection, there isa higher need for the
Consultantto be present during data coliecton

. Report—record of & ia
i oy the technic MEEédan(rde:fgiul
Neurophysidogist)

Diagnostic Ri - clinical i ion of the data, drawing on all
molﬂmolc«um i

to interpret da

Other Uses

Ci ing &

Control of assistive devices — wheelchairs

Entertainment - computer games, virtual reality, music, artistc interface to
fight and sound machines br performance

emotive
v o

Other bioelectric techniques

o

J (EEG
y W(ECOG) Cerebrum

gs

Auditory Brainstem Response

« A sensorineura hearing test of the state of the retrocochlear pathway
he

Auditory Brainstem Response

+ Asensorineura hearing test of the state of the retrocochiear pathway
(fm;ﬂ.whmmwumm

Auditory Brainstem Response

+ Anevoked potential
« Signal magnitude in the orderof 1-10 pV, appears bra few
milkseconds

5 Wmmmmmam

2 signal - 100 P8 ClicK SUmUlUS repeatedly Ceilered, ampiey
W 3 gain of 1 Dm‘) -(mmmm-&u
K2 oW D35S Tmer). S3TDIe (17 10MS DUrEts), M 2erage M resul

Auditory Brainstem Response
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Auditory Brainstem Response

« Trans-tymganic




B15 Lectures presentedor the STP MSc Clinical Sciences (Clinical Engineeoiape at
Kings College London

Module Topic
Clinical measurement HumanMovement |: Kinematics
Human Movement Il: Force and Pressure
Respiratory Assessment
Audiological Assessment
Rehabilitation Mechanics Refresher
Kinematics
ICF and Physical Disability
Biomaterials
Emerging Technology in Rehabilitation
FurtherRehabilitation Functional Electrical Stimulation
Orthotics
Clinical Science in Amputee Rehabilitation
Orthopaedic Biomechanics
Implantable Prosthetics
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Clinical Science in
Amputee Rehabilitation

Dr Graham Webb
11 gralvee sestsb@getearscek

Planned Limb Loss (surgical)

* Dysvascularity
* Infection

* Neoplasia

* Neurological
* Congenital

Planned Limb Loss (surgical)

- Dysvascularity « Peripheral vascular disease (with/without
Diabetes mellitus)
= Arteriosclerosis

* Infection

* Neoplasia

* Neurological « Embolism
oty

= Congenital
« Endovascular chemical trauma
« latrogenic vascular trauma
* Vasospastic conditions
* Burger’s disease
* Arteritis

Planned Limb Loss (surgical)

* Dysvascularity * Soft tissue
* Infection * Bone
* Neoplasia * Joint

« Neurological
« Congenital

Planned Limb Loss (surgical)

- Dysvascularity « Tumour
* Infection
* Neoplasia

* Neurological

* Benign
* Malignant

* Congenital

Planned Limb Loss (surgical)

* Dysvascularity « Spina bifida

* Infection « Peripheral nerve Injury
* Neoplasia
* Neurological
* Congenital

* Infection
= Poliomyelitis
« Disbetic neuropathy

Planned Limb Loss (surgical)

* Dysvascularity * Complete or partial limb absence

* Infection « Anomoly
* Neoplasia
* Neurological

* Congenital

Planned Limb Loss (surgical)

Time for patients to prepare — to learn, seek financlal support.
« Psychological support

* Time for clinical team to prepare

« Planned surgical procedure

* Planned limb fitting

* Physical Rehabilitation

Unplanned Limb Loss (trauma)

* Accident * Mechanical
* Combat * Electrical
* Torture * Thermal
* Ritual / religious * Chemical

* Radioactive

Unplanned Limb Loss (trauma)

* Accident * Improvised Explosive Device (IED)
* Combat * Ballistic trauma
* Torture * Mechanical
« Ritual / religious. * Electrical
« Thermal
* Chemical

* Radioactive

[

nplanned Limb Loss (trauma)

+ No time to prepare — psychological shock
Surgery as part of a trauma response — potentially critical

+ Limb partially or completely removed

+ Secondary damage:
>  Complicated fractures (open, closed, bone loss)
Skin and tissue damage (lacerations, avulsions, burns)
Arterial, venous and lymph (thrombosis, tear)
Nerves (lacerations, transections)

VYV Y

Muscle (lacerations, loss, crush injury)

+ Unplanned limb fitting and ongoing support

Causes of amputation

Cause of amputation Total / (percentage)

Dysvascularity 3300 (721)
Infection 356 (7.8)
Trauma 337 (7.4)
Other 232 (5.1)
No data provided 173 (3.8)
Neoplasia 120 (2.6)
Neurological 56 (1.2)
Total amputations as74

Incidence of lower limb amputations in the United Kingdom during 2006-07 by cause.
The National Ampu the Uy (2009). Edinburgh.

Statistics

The National Amputee Statistical Database for the United Kingdom

Was NASDAB
Free, funding expired
Annual committees, chaired recently:
Dr Stephen Kirker, Addenbrookes Prosthetics Service Centre
Dr Robin Luff, Bowley Close NHS Trust Rehabilitation Centre

Now Limbless O e AR

Dr Martin Twiste United National Institute for Prosthetics &
Orthotics Development (UNIPOD) University of Salford

Surgery

Amputation from the Latin word "amputare” to excise, to cut out

Surgery — clinical needs

Prevent spread of infection

Removal of necrotic or non-functioning tissue

Salvage joint

Adequate lever length

Good muscle power
Mobile joints on residual limb

No soft tissue excess

Scars remote from high pressure
Durable soft tissue

Soft tissue mobile on bone
Rounded smooth bone end

Healthy sensate skin

Constant volume, no swelling (adequate blood supply)

Surgery — patient needs

Painless

Aesthetic
Durable

Good function

Quick healing
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4. Posterior flap is cut with long medial
and lateral incisions and rapid
separation of the calf muscles from
the posterior surface of the tibla and
fibuls. The posterior flap is divided
distally to provide excessive length so
that it may subsequently be trimmed
to fit with no tension. The cut end of
the tibia is rounded by filing,

2. The anterior skin incision is made down to
Surgery — exam ple the tibia and through the neurovascular
bundle. Once this has been ligated the fibuls
can easily be cleaned and its periosteum
Charles N. McCollum's flap P divided using rib shears 3-4cm sbove the
proposed level of tibial division.

3. Using minimal retraction, 50 as not to disturb
the precarious blood supply to the anterior skin, 5. The plane between the

strocnemius and soleus is

the periosteum on the tibia is then divided and Identified on the medial aspect of the flap and can simply
3. Theskin It sarimd 8-12 cm below the ere the ante s elevated on its anterior surface, only far enough be developed by blunt dissection, This plane is virtually
maile and the bone dividud: Tharmadiatanc latucal limits of th antertor Incision ace than for the anterior bevel on the tibia to be cut. The avascular, demonstrating that the posterior flap iz
SRttt ek thi WM oyt b ik OF ¥ powbiarios flugs. YIS Hikink shitise fue shore iriadhelly tibia is then divided transversely and grasped supplied by the sural arterisl and not the tibial vessels.
Dleced by only ewtending the snterior incision medially 1-2 G pasterior to the border of the firmly 50 that it can be pulled gently forward The seolus is firmly adherent to the tendon of the

tibia, but the lateral incision should extend just posterior to the line of the fibula. The
posterior flap will be cut to size later in the procedure.

and the cut ends of the fibula brought forward gastrocnemius in the lateral part of the flap, but this may
from the bulk of the muscle. easily be divided leavingno soleus on the flap.

6. Once fully mobilised, the soleus is pulled

distally and divided transversely at the level of O i i

the tibla, ligating the posterior tiblal vessels and SSeOlnteg ration
securing haemostasis at this stage. This 8. Three or four 4/0 prolene sutures are

procedure greatly reduces the bulk of the loosely placed, but the main skin

posterior flap so that the flap may be shortened aposition is achieved with 0.5 inch wide

without undue tension, improving the shape of stari- oF suture-strips. Use a redivac

the stump, preventing ‘dog ears’ and reducing drain and wrap the stump in a generous

the disproportion in thickness between the layer of woold, held in place by crepe

anterior and posterior tissues. bandage applied to exart as little

pressure a3 possible on the stump.

7. The gastrocnemius
tendon and deep fascia
are divided first and
sutured anteriorly,
ensuring complete
muscular cover of the
bone end. Only then is
the skin folded up and
dividedto an exact fit
with no tension.

flap below-k " PP.400-406 Charles N. McCollum

Osseointegration Osseointegration

ITAP “Intraosseous Transcutaneous
Amputation Prosthesis™

«  Over time the bone tissue will grow in
between the threads forming a strong,
tight bond

Direct skeletal attachment to the limb

+  Socket and subsequent socket issues
are eliminated

* "Osseo sense”

Osseointegration Osseointegration Levels of amputation

* Levels of amputation are named after the joint involved

* Occasionally named after the pioneering surgeon

Levels of amputation — lower limb Levels of amputation — upper limb Levels of amputation

% Translumbar on corporal transection « Forequarter (removal of srm, scapula and part of the clavicle)
* Hemipelvectomy or through sacroiliac joint Cause of amputation Total / (percentage)
* Hip Dl’sarﬂcul'-lion or tl;roug: hip . disal (through shoulder) Heripeh e e ©3)
Tapremort, _oe st + Trans-humeral (above elbow) Hip disarticulation 26 (0.6)
* Knee-Disarticulation or through knee (Gritti-Stokes) anciencst s (39.1)
+ Trans-tibial or below knee * Krukenberg procedure
Rirghlany Rstinasn) Knee disarticulation 57 (1.2)
(Surgets, Kingsley +  Elbow Disarticulation (through elbow) el 2411 (52.7)
* Ankle Disarticulation (Symes, Pyrogoff) — —
* Partial foot (Chopart, Lisfranc, Ray) * Trans-radial (below elbow) Ankle disarticulation 14 (0.3)
+ Calcanecto! Partial foot 51 (1.2)
Oiat my *  Wrist Disarticulation (through wrist) er digits o (0.4)
* Digits Low .
* Van-ness rotation  Foot turned around and reattached to * Partial hand Bilateral amputation 196 (4.3)
allow the ankle joint to be used as a knee - Dighs

Incidence of lower limb amputations In the United Kingdom during 2006-07 by
level, The National Amputee Statistical Database for the United Kingdom (2009)

Levels of amputation Levels of amputation L Prosthetics

(we

Van-ness rotation Krukenberg procedure

Not used in Western Countries, but good to be aware. Trans-lumbar (c ral transection) ¢
Trans-lumbar (corporal transection)
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Rehabilitation

Aim to establish an energy efficient gait based on normal
physiological walking patterns

Level of  pr ing medical and social
environment will affect progress

Prosthetic gait demands higher energy expenditure

Prosthetic rehabllitation should begin within a maximum of 5
working days after receipt of the prosthesis

Rehabilitation

Patlent instruction - stump care, dressing, attachment and care of the
prosthesis

Early mobilisation

Pneumatic Post-Ambulation Aid (PPAM)

Supports and cushions the stump with an air-filled sleeve placed
within a crutch

When the stump
tissue has sufficient
Integrity devices
such as the PPAM
can be used to begin
physiotherapy

Rehabilitation

= Sitting to standing

Control of the prosthesis through postural control, weight
, use of prop and muscle gthening and
stretching exercises

Standard gym equipment -
weights, exercise balls and
elastic exercise bands

To prevent contractures and to
maintain joint range of motion
in both the stump and good leg

Rehabilitation

Prosthetics are worn for short
periods of time initially, increasing
in use as exercise and skin
tolerance allow

Training prosthesis — "stubbies”

Walking on level surfaces with
« Parallel bars
* Walker
* Two sticks or crutches
* One stick

Rehabilitation

* Use of video-vector feedback

Loading symmetry

GRF vector progression

Aim to progress to full equal
weight bearing

Gait re-education progresses
through walking within the
hospital environment to walking

Rehabilitation

. and with

of dally living

* Instruction in functional tasks relevant to the goals set with that
individual, may include:

Getting on and off the floor

Getting in and out of a car, and the use of public transport

Going up and down stairs, kerbs, ramps and slopes, and to use

escalators

Walking in a crowded environment

Carrying an object whilst walking

Walking over uneven ground outdoors

* Unaided athoyne + Changing speed and direction
« Picking up objects from the floor
= Prosthesis length is extended as confidence grows h %
« Opening and closing doors
Typical Below WP“:(" Above
" o Knee nee x .
Service Delivery Somponetité components Major suppliers to the NHS

A multi-disciplinary team (MDT)

Patient
Close relatives
Psychologist / Councillor
GP

+ Rehabilitation Consultant
* Orthopaedic surgeon

« Vascular surgeon

* Clinical Scientist (Biomedical Engineer)
* Prosthetists

+  Physiotherapists

+  Occupational therapist

Community nurse
Soclal worker

External stakeholders and sources of support

+ Charities ~ BLESMA, Limbpower, Limbloss Association

« Private and i (designers, spor disability
rights advocates .. )

Structural adaptors

Shock absorber

®  Socket adaptors
Socket / liner | Knee
~_

|

i

Ankle .
&
<X

ottobock.

+« Otto Bock - Germany

+ Ossur - Iceland

Fé OsSsSuUR

O Blatchford

~2ZRSLSTEEPER
>=

improving peapte' bees

. s — UK (Basingstoke)

+ RSL Steeper - UK (Leeds)

+ Ortho Europe — UK (Abingdon)

—<aas™ S
Major suppliers to the NHS Knees Knees
single-axis
« Otto Bock — 15 feet, 10 knees Rigid (SAKL)

+  Ossur — 19 feet, 11 knees

+ Blatchford's — 19 feet, 11 knees

+ 53 feet and 32 knees from 3 of the major suppliers alone!

«  Plus ankles, adaptors, sleeves, cosmesis, different purpose
limbs for swimming, cycling, running, rock climbing ..

/—/%

single axis Multi axis

Free Stance Safety

Swing phase control
Stance phase control
Hand-operated knee lock (HOKL)

.

Free swinging simple hinge joint
* Rarely used
= Simpler construction more suited for swimming

.

No stance control - amputees must use own muscle power to
remain stable
Can be addressed with a locking knee

.

Only setup to walk optimally at one speed
Can be addressed by adding a pneumatic or hydraulic swing
phase unit to allow variable speed walking

.

Knees

Multi-axis

Polycentric

Knees

Semi-automatic knee lock (SAKL)

Knee is locked in extension but can be

Knees

Stance / Swing phase control

+ Sensors measure joint rotation in real-

released with a pull cable. time
« Inherent stability at initial contact * Automatically locks when re-extended ( ) = o Microcontroliers used with various -
due to geometry algorithms to anticipate support and
« Allows the wearer to flex the knee for d
: sitting but is locked in extension for [ § fpesd requirement
* KX06 hashhydvauhc swing and standing and walking . and tuat can
stance phase control presSe control speed and stability
Gives a stiff gait which requires hip SAKL”
’ " oz « For walking on stairs, slopes and over
* Fordemanding physical activit i
Tocais & phy: Y compensation mechanisms P — flat toérain
Seml-automatic o
SO « Suitable for low function, unstable knee lock * Very expensive Otto Bock Blatchford
users (SAKL) “C-Leg" “Orion2
Componentry selection Componentry selection Componentry selection
SIGAM mobility grades (Special Interest Group in Amputee Medicine) used
How do we select the right for the ? during assessment of primary amputees to forecast likely extent of mobility Otto Bock “Mobis™ o ha
o i and then at to actual mobility level ; :‘ loor “;ao“d i
lestrictes utdoor Walker
The million dollar question! Grade | Disability Definition 3. Unrestricted Outdoor Walker
A Non-limb have use of or use only 4. Unrestricted Outdoor Walker with
user non-functioning prostheses Qﬁé Especially Rigorous Demands
0 Wear in the following transter,
£ i waing i e vl 2 f ancher 8 g ‘y@ R
c Umited/  Walks up to 50m on even E; =" Balow 75 ke/105 |

with or without walking sids;
restricted asframe, ba2crutches/sticks, celcrutch/stick, d=no walking aids

o Impaired Walks 50m or more on level ground In good weather with walking

aids; a=2sticks/crutches, b=1stick/crutch
E Independent Walks S0m or more without walking aids expect to Improve
confidence in adverse terrain or weather.

F Normal Normal or near normal walking

* Below 100 kg/220 Ibs
* Below 125 kg/275 Ibs
* Above 125 kg/275 lbs
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Componentry selection

Blatchford — Activity and Impact (3] 4]

Activity Level

1. Has ability or potential to use is for transfers or on
level surfaces at fixed cadence. Typical of the limited and unlimited
household ambulator

2. Has ability or potential for ambulation with the ability to traverse low
level environmental barriers such as curbs, stairs, or uneven surfaces.
Typical of the limited community ambulator

3. Has the ability or potential for ambulation with variable cadence. Typical
of the community ambulator who has the ability to traverse most
environmental barriers and may have vocational, therapeutic, or exercise
activity that demands prosthetic utilization beyond simple locomotion

4. Has ability or potential for prosthetic ambulation that exceeds basic
ambulation skills, exhibiting high impact, stress, or energy levels. Typical
of the prosthetic demands of the child, active adult, or athlete

Componentry selection o

[Lfm]H]

Blatchford — Activity and Impact

lmpan Level
Low Daily walking and occasional sports such as golf and hiking

Moderate Aggressive walking, frequent or daily sports such as
jogging

High Daily activities such as distance running, climbing, lifting and

clrrying heavy objects for vocational purposes Has ability or

that exceeds basic ambulation
skills, emlbnnng high impact, stress, or energy levels. Typical of the
prosthetic demands of the child, active adult, or athlete

Efficiency

How do we separate
out the actions of the
prosthesis from the
actions of the patient?

Why pay so much for
this knee?

Sarah Reinertsen
100 m world record for female above-knee atheletes

Clinical Science

+  R&D - surgical techniques and tools

* R&D - prosthetic components

«  Clinical trials of prototype and new components

*  Patient gait assessment

*  Advising clinical team and patient during rehabilitation

- D tools and

«  Building clinical evidence base

*  Training and education

Key Issues

Socket fit and comfort
* Component cost
Fatigue

Cosmetic appearance

Oedema, scarring and dermatological issues
Activity levels / participation
Phantom limb pain

Sweat
Secondary pain (e.g. lumbar spine)
b4 with

Changes to personal identify

From a quick survey of my amputee and physio. friends via Facebook! (n=8)

Neural Prosthesis

- Surface or i
to control p

EMG sensing or

« Nerve transfer - repurposing unused or poorly used nerves to control
prosthetics

Sensory augmentation — providing additional sensory Information
from sources gnetic compass, Google glasses)

Sensory substitution — Changing one sense for use with another -
visual to tactile, auditory to tactile, spacial awareness to tactile or
auditory

v tramdirimer

Tmptant Control U (7CU)
aitn hev .

(EnGS)

he “Regenerative Multi-electrode Interface (REMI
Laboratory of Nowral Brostyetis Research ot the Mingts lesute of Technology

Cosmesis

The Alternative Limb Project - Sophie de Oliveira Barata

The Alternative Limb Project
Sophie de Oliveira Barata

Internationally?

In war-torn countries such as Cambodia, Iran, and Afghanistan 80 to
85 percent of amputees are land mine survivors.

Land mines are responsible for
26,000 amputations per year and
have produced 300,000 amputees
worldwide.

HANDHELD
POLE LEGS

Padding. Gomns or How can the work we do be
g for translated to help

others around the world?

Prosthetics in Developing Countries, . Strait (2006)
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C TECHNICAL WORK

C1l Bone distractor power telemetry circuits

+22VDC
A 10mm rf Transmitting coil
ferrite toroid
n 60mm diameter
18pH  68pF - 8 turns of 0.25mm
< _|_ copper wire
|30k T .
11t BS170
21t % ' = 18pF
Rs A
2 3§ '
¥ IN914 i
A1 150pF
= 470pF 4K BC337 330W|| =2 P ]
1
[= BS250
Sf IN914
ov

Coil driving circuit prototype 1

The 28turn inductor and parallel capacitors (18pF and 68pF) are set to oscillate at a set
frequency. A 2.3 turn inductor is mutually coupled to thecillator providing an input to the
feedback transistor (BC337). The B0Dkesistor and 470pF capacitor act as a low pass filter
regulating the frequency of the main oscillator.

The 11 turn coil presents a square wave to switch appe MOSFET in afthase with a p

type MOSFET, connected in common drain configuration. The output from the FETs make up a
half-bridge which drive an LC resonant tank. The diode and\3&istor limit the overlap
current between the two switched FETs. Since, in an LCtcicaarent is highest at resonant
frequency, the tank will operate at the resonant frequency of the coil pair. The resonant
frequency of the implanted coil is set; & represented by the 150pF capacitor, the 18pF
capacitor provides variability to tune ¢hitransmitting coil.
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MAX232
Line Driver

PC

A\ 4

PIC16F876

vy
LTC6904

Programmable 4MHz
Oscillator z

Y
g

16MHz 2

v
A-bit 8MHz

ripple :
counter Y Dc

(8]

Uau
<7 |
i
T

Coil driving circuit prototype 2

The aim was to keep the existing LC tank section and replace the remainder of the circuit with a
digital alternative. It should provide a stable frequency output that could be controlled to aid
tuning the coils. A digital system was chosen for the stghdlitd high level functionality that

can be provided in monolithic packages. An LTC6904 programmable oscillator outputs TTL level
oscillations on receipt of three command bytes. Output frequency can be controlled from 1kHz
to 68MHz with a 1% output resolot. A 16MHz pulse train outputs from the LTC6904 inte a 4

bit ripple counter, the 8MHz and 4MHz outputs are used through some 74HC series logic gates
to generate the waveforms below.

[N I I R S I S B O

FET FET [FETY

8MHz output

4MHz output

8 AND 4

FET FET [FET4 & AN 4

The last two waveforms above are the MOSFET switching signals. A deadband is provided
between conduction times to prevent current overlap. The frequency of operation is 4MHz,
frequency adjstment is provided by the LTC6904.
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Bone distractor data telemetrgevelopmentsetup

PC

MAX232

RS23

PIC
upcontroller
A

SPI bug

A4

\4
CC1100 CC1100
- > .
Radio

Radio Wireless

PIC

ucontroller
A

L l\/_IAX_232 line driver
circuit

Connector for Y
wave dipole whip

Variable voltage
regulator

Radio module
board

PIC16F87

microcontroller
26MHz IF oscillator

SPI Bus
connections .
CC1100 SMT die
Improvised
connectors to
breadboard

Hardware used for codgevelopment for implant data communications
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(65 Aspects of the bone distractor regulation review

Biocompatibility of the Bone Distractor

The bone distraction project combines implanted and externally worn electronics, with two transceivers operating
under different principles, within isgpatient and outpatient environments. | therefore found it useful to view the
devicepatient safety risks in terms of the concept of biocompatibilithe term is generally used in relation to
implantable biomaterials andan be summarised as: the effect of the material on the host and the effect of the
host on the material. | have added a third categetle effect of the material on the environment. Consideration

of the following properties must be taken into accountevhassessing the impact of a patientplant interaction:
Chemical, Mechanical, Biologigalmmunological, Electromagnetic, Optical, Physical and Thermal. My remit was
to provide a working prototype for the telemetry system, this does not encompass tbduption of an
implantable final product. As such | did not consider the choice of encapsulation and the physical contact made
between the body and the implant. The properties considered here are predominantly electromagnetic, thermal
and biochemical.

Physiological Effects of Notonising Radiation

Nortionising radiation refers to the range of frequencies in the electromagnetic (EM) spectrum with insufficient
energy to cause the removal of an electron from an atom or molecule. This energy and henceutidatyo
between ionising and neionising radiation is in the region of 10eV. Nionising radiation covers a broad band of

the EM spectrum. This section will focus on the radiofrequency band, which extends from approximately 30kHz to
300GHz, as this acconmaiates the systems under consideration. Tissues are composed of cells filled with and
surrounded by fluid containing various salt ions, polar protein molecules and water molecules. When subjected to
an electromagnetic field the oscillations of free char@ess) give rise to conduction currents (or Eddy currents)
and the rotation of dipole moments effect displacement currents. The response of biological tissue to varying
frequencies is therefore dependant on the dielectric characteristics of the tissue.

A high water content tissue with a higher relative permittivity and lower conductivity has a shorter depth of
penetration than a low water content tissue. The rate at which energy is absorbed by a particular mass of tissue

OYVS AT YO OKSNEaA(Ra YRS ORAA GKS Nya O ft®xdS 28 Okt SR

specific energy absorption rate (SAR), it is measured in watts per kilogram and used as a quantitative guige to non
ionising dose rate. Power is dissipated through ohiokses in conduction currents and dielectric losses in
displacement currents. There have been numerous studies into the physiological effects of specitinisiog
radiation frequencies. But the bandwidth is wide and it is not efficacious to corredstdts from invitro to in-

vivo scenarios. There has been renewed interest in this subject following consumer fears over the use of mobile
phones and living near communications transmitters and power transmission lines. In 1999 the UK Government
commissimed Sir William Stewart to set up the Independent Expert Group on Mobile Phones (IEGMP), which
reported its findings in May 2000 [1]. The Stewart Report focused on the health implications of mobile phone use
and in doing so carried out a widanging revigv of the evidence associated with RF interactions with biological
systems. | found that this echoed and supported much of the guidance on offer from the International Commission
on Nonlonizing Radiation Protection (ICNIRP). The interactions fall inte#@tegories: thermal and nethermal.

It is suggested that magnetic field effects are due to the level of magnetit®© Fpresent in a large number of
animal cells§0]. Timevarying magnetic fields induce electric fields and it is generally agreedheatl¢ctric field

has a greater influence than the magnetic field. The application of an electric field causes intracellular and
extracellular ions to oscillate at the frequency of the applied field resulting in the flow of conduction and
displacement cumnts. The electrical resistance of the material through which these currents flow causes heating

' GKSNXIf STFFSOGd® ¢KS KSIFG AylLdzi OFdzaSa || NRAS Ay
remove that heat; this is done through bloddw and metabolic processes.

One study [2] applied 0.25W to a finite element thermal model of the head (a SAR of 1.6W/kg) reporting a
maximum brain temperature increase of 0°CL The IEGMP have shown that °€ Tise in core temperature
effects changesni neuronal excitability, neurotransmitter function, and innate and learned behaviours [1], in
addition they state:
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Studies have been carried out to assess -ttmrmal effects for a range of systems and functions, including:
auditory response, the bloebrain barrier, pineal function melatonin production, the eye, foetal hi#h, male

fertility, the cardiovascular system and blood pressure [1]. All have shown to be inconclusive or show no evidence
of effect [1]. A range of studies also suggest no convincing patterns of carcinogenesis, cell proliferation, mutation,
DNA damageor chromosomal aberrations related to RF radiation. The energy quanta of radiation at 0.9GHz is
n>S+> gKAOK Aa I FFOU2NI 2F wpnZnnn 268N GKFy GKEFEG N
results do not take into account changes to theodie and magnetic fields in near field conditions, or from
different frequency spectrum and coherence properties. The ICNIRP suggest that human exposure occurs under
nearfield conditions for some devices operating above 10MHz [3]. Conway and Andersatsd4$tate that
inductive heating techniques operate in the region of3@MHz, with depreciable effects below 10MHz. Both
telemetry systems considered for this project will operate below 10MHz.

Effect of host on implant- harm to implant

The design of the electronic telemetry system does not require consideration of the physical interaction between
the host and implant. However, a healthy peritoneal cavity contains a small quantity of chemically neutral serous
fluid. Rupture of the intestie can cause acidic content to enter the cavity. The implant must withstand this hostile
biochemical environment, in addition to presenting a bioinert material to the immune system. The implant must
continue to operate in the presence of both ionising amah-ionising radiation. The device must also withstand

the sterilisation and surgical implantation procedures.

Effect of implant on environment

Traditionally, the consideration of factors associated with medical implants has focused on the body and the
implant. There is increasing use of implantable radio communications devices that operate through the body [5],
in electrically noisy environments. The device must not interfere with electronics devices sharing the EM
environment, such as other medical elemic devices both patient worm and external. As such, electromagnetic
compatibility (EMC) must be addressed at the design stage. By complying with EMC regulations it is expected that
the device will not interfere witlany electronic device, such as a shegeurity alarm, an aircraft navigation system

or the operation of a defibrillator for example.

Safety standards

Gaining an understanding of the fault paths and implications of risks is the first step in managing risk. The next
stage is to build safety io a set of standardised working practises. Safety is an international theme and the
standards will inevitably become harmonised across the various continents. Since that is not currently the case, |
have assumed the system will initially operate underasid European (EC) Law. The Medical Devices Directive

(MDD 93/42/EEC) [6], is one of three European Directives in force concerning medical devices and applies to
medical devices not covered by the Active Implantable Medical Devices Directive (AIMDD 9BGBHEor the In

Vitro Diagnostics Directive (IVDD-B&EEC) [8]. The Medical Devices Directive is supplemented by 2000/70/EEC

and 2001/104/EEC. These are embedded in UK law by Statutory Instrument No 618 (the Medical Devices
Regulations 2002, MDR) [9%@ by Statutory Instrument No 1697 (the Medical Devices (Amendment) Regulations
HNnnoO wMnNnBd ¢KS /2YYAdaAirzy 9fSOGNRGOISOKYAIdzZS LydSNyl
harmonised across the United States, Canada, the European Union, Japstralia and New Zealand. For
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i The 606011 basestandard is the core of the standard and with tkellateral standards covers all of the
general requirements for electrical medical products. For exangplateral standardlEC606412 covers
aspects of electromagnetic compatibility.

1 The 606012 group areparticular standards that include particular devispecific standards. For example
collateral standard IEC 606@12 covers high frequency surgical devices.

1 The 606013 group areperformancestandards that cover performance requirements for specificices: For
example IEC60663-1 contains requirements for the performance of transcutaneous oxygen and carbon
dioxide partial pressure monitoring equipment.

Classification of medical devices
The MDR places devices into three classes according to risk:
f Chsslcaf2g NRA]lEé RS Jn@de and BeSsitffieNdevicdsglowys@gnfficant risks to the
patient.
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monitors etc.

 Class lll; & Y S RKdz¥ K Niked, jséme B8mples include long term implantsay units, some
contraceptive devices.
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substances and animal materials etc.

BS EN 60601 defines hree classes for medical electronic instrumentation:

1 Class | Devices powered by an external source, provided with a reliable protective earth such as a
complete metal enclosure that is protectively tied to the ground pin of a three pin power plug. Asfimse
place in the live path

1 Class IF As above, without a protective earth, relies on double insulation or reinforced insulation to
protect against electric shock

1 Class IH Safety extra low voltage (SELV) devices Externally powered <8d¥ 50 ¥:-Not recognised as
medical devices

The class classifies the level of electrical protection that a device has. Three further classification types exist for
LI GASyld O2yySOGSR SljdZA LISy (d 2NJ WFLILX ASR LINIaQ GKIG C
1 B-Aninternal or external camection (excluding direct cardiac connection)
1 BF-Type B with a floating (isolated) input

1 CF Suitable for direct cardiac application

According to rule 8 (surgically invasive, ldagn use and implantable devices) of the 93/42/EEC guidance
document [1], the implantable bone distractor system is a Class llb device. Whilst the externally worn device is
classified, according to 606€11, as a Class Il, type B device.

Electromagnetic compatibility (EMC)
EMC is defined as:

G  YSIFadaNB 2F tb pefo8rditsGrieded! fanastibmk Within a given electromagnetic
environment without adversely affecting or being adversely affected by other objects sharing that
SYGANRBYYSYyi(ié wmHB

A topical example of an EMC concern is the use of mobile phones in hespitedre there exists a wide range of
safetyONRA G AOFf St SOGNRBYAO SldZALIYSYd® LY Hnnam GKS 2dzi32Ay
the Trusts policy regarding the use of radio communications [13], this was augmented by a telecomimsicat

policy in 2004 [14]. The policy divides radio communications devices into six categories:

Emergency Radiesised by Ambulance, Police, and Fire Service personnel.

TETRA (Terrestrial Trunked Radio Systemsgd by emergency services and commeraighnisations.

Security Radiosused by security, maintenance, and portering staff.

/| StfLK2ySax AyOtdzRAY3I ylft23dz2S IyR RAIAGIE Y20A€S
/I 2NRf Saa WtK2ySasz AyOfdzZRAy3I LI ISNEEZ YR NIRAZ2 0O2Y
Unlicensed Personal Mobile Radit#P(MRs), or walkie talkies, (output power, 500mW), having a power

output similar to cellphones, UPMRs exhibit the same level of interference as cellphones.

ok wbdE
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monitors and life support devices, their use is banned in operating theatres and other treatment areas, and at the
LI 6§ASyiQa 0SRaARS gKSYy Y2yAiG2NBR 2N t AFS &dzZLILI2 NI RSOAC

All electromechanical devices are, to some degree, capableaasing and susceptible to electromagnetic
AYGSNFSNEBYOS® ¢KSNB IINB (g2 9dzNRBLISIY aidlyRFENRa (G2 GK
y®MKkooCcK99/ ¢ | yf-R The EM® hirectivas was mnacted in European Law in January 1992. EMC is
achieved by limiting or controlling electromagnetic emissions in addition to ensuring that electrical systems are
sufficiently immune to EM interactions. BS EN 6062 sets out tests and detailed standards for testing a
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medical device for both its electneagnetic emissions and its immunity to external disturbances. The immunity
tests include testing for protection from:

Radiated RF

Conducted RF

Electrostatic Discharge

Electrical Fast Transient / Burst Transmissions
Surge

Voltage Dips / Short Interruptions

Power Frequency Magnetic Fields

The emission tests include testing the device for:

=A =4 =4 -4 -4 -4 A

1 RF Emissions
9 Harmonic Emissions
1 Voltage Fluctuations / Flicker Emissions

Quiality systems in design and manufacture

In order to obtain CE marking for devices, itniportant for the production process to be governed by a quality
system. A harmonised British, European and International standard, BS EN ISO 13485 provides guidance on the
quality systems that should be applied to the manufacture of medical devicebas#s its guidance on the
application of ISO 9001 to medical device design and manufacture.

The ISO 9001:2000 standard is an international standard governing general quality systems. It is taken to be a
guarantee that work processes within a ISO9001 dampcompany will be clear and traceable. This allows the
customer to have confidence in the quality of the products produced by that company.

The Medical Instrumentation and Computing (MIC) department have achieved 1SO9001 accreditation, meaning
that the process for carrying out each piece of work undertaken within the department will follow the procedures
frAR R246y Ay GKS RSLINIYSYydQa ljdzatAite acadsSy Ylydzto
work undertaken, detailing custom equests, specification developments, hardware designs, software
documentation and component sourcing information. All this information is useful for any product that is
produced by the department which is intended to be put on the market, as it formbdses of a technical file,

which is required for CE marking.
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S Stimulator Circuits
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b Graphical user interface for biofeedback training system
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