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Summary 
 

This portfolio documents evidence of the activities I have undertaken since 2005 that I 

believe have provided me with the competence required for State Registration as a 

Clinical Scientist with the Health and Care Professions Council. The timeline in Figure 1 is a 

summary of my employment and the supervision I have received for the period of time 

covered by this portfolio, shown against the current routes for Registration. Precise dates 

are given in the main text.  
 

 

 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
 Year 1 2 3 4 5 6 7 8 9 10 11 

 
Route 
taken 

MSc Biomedical 
Engineering 

 
    

R&D 
Engineer 

 Lecturing at 
Kings College 

London 
IPEM Part 1 Clinical 

Science Training 
Programme 

PhD Biomedical Engineering 
Post 
doc. 

Guy's and St 
Thomas' 

  
 
 
 

Routes to CS Registration:  

      

ACS Route1  
Clinical Science Training 
Programme + supervised 
training, Min. 3 yrs total 

        

ACS Route2 
 

Total of 6 years 
of which 3 years 
supervised 

     

NHS STP 
 

Total of 3 years 
        

AHCS 
Equivalency     

Unspecified programme 
No less than 3 years 

        

 
Figure 1 Path to Registration 

 

I 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 University of Surrey, I completed 

clinical placements in Design of Medical Electronic Instrumentation (DMEI) and 

tƘȅǎƛƻƭƻƎƛŎŀƭ aŜŀǎǳǊŜƳŜƴǘ όtaύ ŀǘ {ǘ DŜƻǊƎŜΩǎ IƻǎǇƛǘŀƭΣ ¢ƻƻǘƛƴƎΤ ŀƴŘ .ƛƻƳŜŎƘŀƴƛŎŀƭ 

9Ǿŀƭǳŀǘƛƻƴ ŀƴŘ CǳƴŎǘƛƻƴ ό.9Cύ ŀǘ vǳŜŜƴ aŀǊȅΩǎ IƻǎǇƛǘŀƭΣ wƻŜƘŀƳǇǘƻƴΦ a{Ŏ ǇǊoject work 

took place within the final placement. I 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 Ewins, Consultant Clinical Scientist at Roehampton, and 5ǊΩǎ Ghoussayni 

 Supervision:  

Mr Fred Mitchell  
Principal Clinical Scientist 

Professor David Ewins  
Consultant Clinical Scientist 

Dr Adam Shortland 
Consultant Clinical Scientist 

Professor 
Saeed Zahedi 
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and Cirovic at Surrey. Funding expired before I submitted the thesis, so I undertook a 

short period of employment with the new product development team of the UK-based 

prosthetics manufacturer Chas A. Blatchford and Sons Ltd, under the direct supervision of 

ǘƘŜ ŎƻƳǇŀƴȅΩǎ ¢ŜŎƘƴƛŎŀƭ 5ƛǊŜŎǘƻǊ tǊƻŦŜǎǎƻǊ {ŀŜŜŘ ½ŀƘŜŘƛΦ L ǿŀǎ ŀǎǎƛƎƴŜŘ ǘƻ ƭŜŀŘ ǘƘŜ 

Companies involvement in an EU FP7 funded project aimed at developing an exoskeleton 

for older people. I held other responsibilities in the product design team and with 

technical support. The demands of those roles left little time to write the thesis, so I left 

the company to complete the thesis unfunded, and successfully defended it in March 

2013.  
 

Cǳƭƭ ŦǳƴŘƛƴƎ ǘƻ ǊŜǘǳǊƴ ǘƻ .ƭŀǘŎƘŦƻǊŘΩǎ ǿŀǎ ƴƻǘ ŀǾŀƛƭŀōƭŜ ŀŦǘŜǊ aŀǊŎƘΣ so I worked briefly in 

a school for children with special needs, whilst applying for research funding. Involvement 

in the EU exoskeleton project raised questions for Blatchford about the biomechanical 

demands of mobility for older people. A case was agreed and jointly funded by Blatchford 

and the University of Surrey for a short-term project to review the biomechanics of older 

people, and to make product design recommendations. I undertook this work under the 

supervision of Professor Ewins, in collaboration with Dr Khim Horton, Senior Lecturer in 

Older People at the University of Surrey.  
 

In April 2014 I began work as a Biomedical Engineer in the Gait Laboratory of the Evelina 

/ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ όDǳȅΩǎ ŀƴŘ {ǘ ¢ƘƻƳŀǎΩ NHS Trust), under the supervision of Consultant 

Clinical Scientist Dr Adam Shortland. I continue in this role today and am involved in the 

routine clinical assessment of people with gait disorders (predominantly children with 

cerebral palsy). In September 2014 I accepted an Honorary Lecturer Ǉƻǎǘ ŀǘ YƛƴƎΩǎ /ƻƭƭŜƎŜ 

London (KCL), where I currently teach on the MSc Medical Engineering and Physics, and 

MSc Clinical Sciences (Clinical Engineering) courses for NHS 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 remarks. Topics cover the clinical, academic and 

commercial work, development activities, and participation in outside events that have 

shaped my skills and understanding of clinical engineering.  
 

Since this is in a chronological format I have explained links between periods of 

employment for greater clarity.  
 

Supporting evidence is included in the Appendices (A to F) and referenced throughout the 

portfolio. Individual paragraphs are numbered and referenced in the competencies 

tables. Where multiple paragraphs provide relevant evidence, the sections are referenced 

in bold with the section number (for example §4.2).  
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ACS Competencies 
 
 

MODALITY: 
Medical Physics and 
Clinical Engineering  

SUBMODALITY: 
Clinical Engineering, Physiological Measurement 
& Computing 

APPLICANT  
NAME: 

Graham WEBB 

1-SCIENTIFIC 

 Area of Competence  Sections and paragraphs where competence is demonstrated 

Sci1  
understanding the science that underpins the specialty (modality) and the 
broader aspects of medicine and clinical practice  

4, 12, §2.3.6, §2.4, 61, 62, 64, 103, 118, §7.1 

Sci2  
demonstrating a strong base of knowledge appropriate to the specialty and to 
the investigations and therapeutic options available  

12, 33, §2.4.2, §2.5.2, §3.1, 123, §6.2 

Sci3  
experience of searching for knowledge, critical appraisal of information and 
integration into the knowledge base  

17, 20, 45, §3.1.1, 114, 115, 125, 134, 137 

Sci4  
ability to apply knowledge to problems associated with the routine provision, 
and development, of the service  

§2.3.2, §2.3.3, 36, §2.5.3, §6.2, §6.3 

Sci5  ability to identify the clinical decision which the test/intervention will inform  §2.5.2, 66, 152, 154, 155 

Sci6  ability to make judgements on the effectiveness of procedures  §3.1.2, §3.1.3, §3.1.5, 155 

Sci7  
application of the knowledge base to the specialty (modality) and to the range 
of procedures/investigations available  

§2.2.1, 26, 27, 33, 57- 61, §6.1, 161, 162    
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MODALITY: 
Medical Physics and 
Clinical Engineering  

SUBMODALITY: 
Clinical Engineering, Physiological Measurement 
& Computing 

APPLICANT  
NAME: 

Graham WEBB 

2-CLINICAL 

 Area of Competence  Sections and paragraphs where competence is demonstrated 

Clin1  
to understand the requirements of accuracy and precision of a procedure in 
the context of diagnosis, prognosis, monitoring and treatment and to use that 
information appropriately  

27, 29, 31, 2.3.6, 46, 56, 59, 60, 86, 147, 149, 150, 153, 158 

Clin2  
ability to provide interpretation of data and a diagnostic (therapeutic) opinion, 
including any further action to be taken by the individual directly responsible 
for the care of the patient  

155, E2 ς E4 

Clin3  
understanding of the wider clinical situation relevant to the patients presenting 
to his/her specialty  

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

Clin4  
ability to develop/devise an investigation strategy taking into account the 
complete clinical picture  

52, §3.1.2, 155 

Clin5  
understanding of the clinical applications of his/her specialty and the 
consequences of decisions made upon his/her actions/advice  

§2.5.2, 118, §6.2, 170 

Clin6  
awareness of the evidence base that underpins the use of the procedures 
employed by the service  

§3.1.1, 125, 154, 155, 163 
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MODALITY: 
Medical Physics and 
Clinical Engineering  

SUBMODALITY: 
Clinical Engineering, Physiological Measurement 
& Computing 

APPLICANT  
NAME: 

Graham WEBB 

3-TECHNICAL 

 Area of Competence  Sections and paragraphs where competence is demonstrated 

Tech1  
understanding of the principles associated with a range of techniques 
employed in the modality including the appropriate use of Information 
Technology  

12, 22, 49, 103, 110, 136, 148, 152, 163 

Tech2  
knowledge of the standards of practice expected from these techniques 
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 of 
these techniques (troubleshooting)  

36, 40, 59, §3.1, 111, §6.2 

Tech5  understanding of the principles of quality control and quality assurance  1, 2, 29, 56, §3.1.4, 147, 153 

Tech6  
experience of the use of quality control and quality assurance techniques 
including restorative action when performance deteriorates  

1, 2, 30, §3.1.4, 147, 149, 153, 155 
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MODALITY: 
Medical Physics and 
Clinical Engineering  

SUBMODALITY: 
Clinical Engineering, Physiological Measurement 
& Computing 

APPLICANT  
NAME: 

Graham WEBB 

4-RESEARCH AND DEVELOPMENT 

 Area of Competence  Sections and paragraphs where competence is demonstrated 

R&D1  ability to read and critically appraise the literature  17, 26, 45, §3.1.1, 112, 123, 125, 128, 134 

R&D2  ability to develop the aims and objectives associated with a project  
§2.2.1, §2.3.2, §2.3.3, §2.3.6, §2.4.2, 56, 59, §3.1.2, 122, 138, 
161, 162, 170 

R&D3  
ability to develop an experimental protocol to meet the aims and objectives in 
a way that provides reliable and robust data (i.e. free of bias)  

27, §2.3.3, §2.3.6, §2.4.2, §3.1.2  

R&D4  
ability to perform the required experimental work ability to produce and 
present the results (including statistical analysis)  

27, §2.3.3, §2.3.6, §2.4.2, §3.1.2 

R&D5  
recognise the value of research and has the ability to critically appraise results 
in the light of existing knowledge and the hypothesis developed and to 
formulate further research questions  

3.1, 3.2, 3.4 

R&D6  
ability to present data and provide a critical appraisal to an audience of peers ς 
both spoken and written  

Spoken: 21, 74, 82, 97, 98, 102, 103, 107, 123, 127, 140, 163, 159 
Written: 74, 82, 92, 97, 100, 137, 141, A1 
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MODALITY: 
Medical Physics and 
Clinical Engineering  

SUBMODALITY: 
Clinical Engineering, Physiological Measurement 
& Computing 

APPLICANT  
NAME: 

Graham WEBB 

5-COMMUNICATION 

 Area of Competence  Sections and paragraphs where competence is demonstrated 

Com1  ability to assess a situation and act accordingly when representing the specialty  36, 40, 44, 62, §3.1, 110, 111, 117, 126, 138, 143, §6.2, 170 

Com2  
ability to respond to enquiries regarding the service provided when dealing 
with clinical colleagues  

16, 33, 36, 53, §6.2 

Com3  
ability to communicate with patients, carers and relatives, the public and other 
healthcare professionals as appropriate  

21, 63, 65, 98, 102, 105-107, 135, 140, 147, 151, 155 

Com4  
ability to communicate the outcome of problem solving and research and 
development activities  

21, 36, 74, 82, 92, 97, 98, 100, 102, 107, 123, 141, 159, 160, 163 

Com5  
evidence of presentation of scientific material to peers, colleagues or other 
healthcare professionals  

21, 74, 82, 92, 97, 98, 100, 102, 103, 107, 123, 137, 140, 141, 
159, 160, 163 
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MODALITY: 
Medical Physics and 
Clinical Engineering  

SUBMODALITY: 
Clinical Engineering, Physiological Measurement 
& Computing 

APPLICANT  
NAME: 

Graham WEBB 

6-PROBLEM SOLVING 

 Area of Competence  Sections and paragraphs where competence is demonstrated 

PS1  to assess a situation  

16-20, 45-46, 56, §3.1, 126, §5.2, 161, 162, 170 

PS2  determine the nature and severity of the problem  

PS3  call upon the required knowledge and experience to deal with the problem  

PS4  initiate resolution of the problem  

PS5  demonstrate personal initiative  
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MODALITY: 
Medical Physics and 
Clinical Engineering  

SUBMODALITY: 
Clinical Engineering, Physiological Measurement 
& Computing 

APPLICANT  
NAME: 

Graham WEBB 

7-MANAGEMENT 

 Area of Competence  
Sections and paragraphs where competence is 

demonstrated 

Prof1  
Has read, understands and follows the Standards of Proficiency for Clinical Scientists and 
published by the Health Professions Council  

157 

Prof2  To be personally responsible for and must be able to justify their decisions  §3.1.1-§3.1.5 

Prof3  
Understanding of the legal and ethical requirements of the modality, and the ethical 
aspects of scientific research.  

84, 94, §3.4, 157 

Prof4  
Understands the need to practice safely and effectively within their abilities and can 
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.  §2.4.2, §3.1, 97, §5.1 

Prof6  
Can demonstrate competence in the principles of clinical governance including clinical 
audit, accreditation requirements relevant to the modality. This will include the 
importance of equality and diversity, confidentiality, informed consent and data security  

63, 93, §3.4, 135, 150, 151, 156, 157, 158, F1 

Prof7  Ability to contribute effectively to work undertaken as part of a multi-disciplinary team  §2.2, §3.4, §4.2, §5.2.3  

Prof8  
Ability to supervise others as appropriate to area of practice. Understanding of the role 
of appraisal in staff management and development.  

106, 109, 160, 161, 166 

Prof9  
Understanding of the need and obligation for career-long self-directed learning and the 
importance of continuing professional development.  

97, 156, F6 

Prof10  
Understanding of the need for, and ability to establish and maintain, a safe practice 
environment. Understanding of the requirements and obligations of Health and Safety 
including infection control  

20, 156, F1, F2 

Prof11  

Understanding of the structure and organization of the department and how it fits into 
the local clinical setting, General understanding of the way the modality is structured 
and practised in other locations within the UK. Basic understanding of the importance of 
financial accountability, budgetary control and resource management.  

§2.5.1, 138, §6.1 
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1. Prior Education and Experience    
 

1.1 Engineering Employment                   to 1997 

 
(1) I became an apprentice precision engineer on leaving school at the age of 16, attending day 

release to technical college. The 3-year programme involved 1 year in a dedicated training 

centre learning draughtsmanship, fitting, turning, milling, grinding, welding and CNC machining. 

I spent the following 2 years working around the factory in: Jig boring, laser sheet metal 

cutting, gear cutting and grinding, product assembly, production planning and control.  
 

(2) I then worked as a Production Progress Chaser for a small manufacturing company, 

supporting the production and purchasing managers. I was tasked with streamlining the parts 

ordering system using MRPII (Manufacturing Resource Planning). I did this and completed a 

project to clear the historical backlog of machined parts on order with external manufacturing 

companies. This involved prioritising tens of thousands of parts on order against the sales book, 

and working closely with suppliers to find a good fit with their manufacturing processes for the 

outstanding orders. I undertook an evening course in AS-Level pure mathematics at this time.   
 

(3) In 1997 I studied a 1 year Foundation Engineering Course at the University of Plymouth, to 

gain access to University. I wanted to expand on the mechanical knowledge gained during my 

apprenticeship by learning more about electronics and programming. The internet was 

emerging at this time in households and awareness of international research sparked my 

interest in bipedal robotics. I passed the foundation course with distinction. 

 

1.2 Undergraduate Degree           1998 ς 2002 

 
(4) I studied on the BEng (honours) Robotics and Automated Systems course at the University of 

Plymouth. The course was accredited by the then Institution of Electrical Engineers (IEE). It 

comprised general engineering, mathematics and business themes in the first two years, and 

focused on control engineering later with modules on state-space control theory, fuzzy logic, 

intelligent systems design and more advanced topics in power converters and drive systems. 

The course had a strong practical component, wiǘƘ ŀ ΨŘŜǎƛƎƴ ŀƴŘ ōǳƛƭŘΩ ǇǊƻƧŜŎǘ ŜŀŎƘ ȅŜŀǊΦ  

 

1.2.1 Industrial Placement            2000 
 

(5) Before the final year I elected to take an industrial placement, and was successful in 

ƛƴǘŜǊǾƛŜǿ ŦƻǊ ŀ Ǉƻǎǘ ǿƛǘƘ ǘƘŜ ¦Y DƻǾŜǊƴƳŜƴǘΩǎ 5ŜŦŜƴŎŜ 9Ǿaluation Research Agency (DERA), 

where I worked as a Research Engineer in the Underwater Systems Integration Group. DERA 

historically underwent privatisation mid-placement and was split between a newly formed 

private company ŎŀƭƭŜŘ άvƛƴŜǘƛvέ ŀƴŘ ǘƘŜ DƻǾŜǊƴƳŜƴǘ ǊŜǘŀƛƴŜŘ ά5{¢[έΦ L ǿŀǎ ŀǎǎƛƎƴŜŘ two 

projects in DERA which I continued to work on within QinetiQ.  
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(6) The first project was classified as secret and involved reverse engineering a complex systems 

modelling environment which was used to simulate large military assets to aid the UK weapons 

platform procurement process. I accomplished the task and made additions to the software 

architecture. Through this work I became proficient in the use of three software reverse 

engineering tools, the ADA programming language and aspects of Matlab / Simulink.  
 

(7) The second project was unclassified and was carried out in collaboration with NERC. I was 

ǘŀǎƪŜŘ ǘƻ ŘŜǾŜƭƻǇ ŀƴ ŀǳǘƻƴƻƳƻǳǎ ǎǳǊǾŜȅ ǾŜǎǎŜƭ όƴŀƳŜŘ ΨaLaLwΩύ ǿƛǘƘ ǘƘŜ ƛƴǘŜƴǘƛƻƴ ǘƘŀǘ ǘƘƛǎ 

proof-of-concept would become part of a fleet of vessels one person could operate to survey 

the UK coastal waters. I was provided with a 3 metre long ex-mine disposal vessel with a diesel 

engine and basic radio control hardware (Figure 2), and given relatively free reign.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 'MIMIR' in development 

 

(8) I designed the infrastructure for its new purpose, purchased key components (totalling £90k), 

and completed programming and hardware integration. Sea trials began after my placement 

ended. My design incorporated on-board and beach-side control connected using a wireless 

wide area network (W-WAN). Navigation was aided by GPS and an electronic compass. The 

main survey sensors included a side-scan bathymetric sonar (with an inertial motion reference 

unit), wireless surface and underwater video, and a winched chemical sensor pod. The project 

was an exceptional opportunity for a placement student, in that I had budgetary control and I 

was able to work through the full design lifecycle. I presented a prototype to RN Flag Officer 

Submarines during a high profile review day attended by local and National press. I was 

awarded a certificate with distinction for the placement and a job offer.  
 

(9) In the final undergraduate year I built an autonomous six-legged walking robot (Appendix 

B1), with a range-finder and compass to enable path integration navigation. I was awarded the 

ά¢ŜƪǘǊƻƴƛȄ ¦Y tǊƛȊŜ ŦƻǊ tǊƻƧŜŎǘ 9ƴƎƛƴŜŜǊƛƴƎέ ŀƴŘ graduated in 2002 with 1st Class honours 

(Appendix A2). The degree course enabled me to extend my existing skills into electronics, 

programming and business, and provided many opportunities to solve real world problems.  

 

me 
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(10) After graduation I undertook short-term consultancy work for the University to upgrade the 

hardware for their robot football team. A video camera scanned the football pitch from above 

and ΨintelligentΩ algorithms were developed to instruct individual robot players via a 433 MHz 

radio. I developed the on-board circuits (radio, motor control and sensing). During this work I 

learnt the assembly language for the Atmel microcontroller range, and became more proficient 

in multi-layer and surface mount PCB design. The robots participated in the 2002 FIRA Robot 

Soccer World Championship in Korea attracting National UK press coverage. 

 

1.3 NHS preparation            2002 ς 2005 

 
(11) I moved to Weymouth to begin work with QinetiQ in 2002, but unfortunately the newly 

privatised department had collapsed during my final year. The job offer was withdrawn after I 

relocated, which caused severe personal and financial hardship over the next 3 years. I worked 

as a Prison Officer and then Staff Training Manager in HMP Portland before learning about NHS 

careers in medical engineering. To gain experience to support my application to the Grade A 

Training Scheme I worked voluntarily as a Porter and was concurrently employed as a film store 

Clerical Officer in Derriford Hospital. These positions enabled me to speak informally to a wide 

range of clinical staff about the engineering aspects of their work, and their experiences with 

medical technology. I observed work (patient assessments, surgical procedures and so on) in X-

ray, MRI, CT, ultrasound, endoscopy, A&E, the theatres and wards. I also worked as a Science 

Technician in two Secondary Schools and took an evening course in AS-Level Biology before 

securing a place on the IPEM Clinical Science Training Programme.  
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2. Part 1 Clinical Science Training               
 

2.1 Introduction                  October 2005 ς October 2008 

 
(12) In October 2005 I was appointed to the Grade A Training Scheme in the South West London 

¢ǊŀƛƴƛƴƎ /ƻƴǎƻǊǘƛǳƳ ŀǘ {ǘ DŜƻǊƎŜΩǎ IƻǎǇƛǘŀƭΣ Tooting. My training was co-ordinated by Mr Fred 

aƛǘŎƘŜƭƭΣ tǊƛƴŎƛǇŀƭ /ƭƛƴƛŎŀƭ {ŎƛŜƴǘƛǎǘ ŀǘ {ǘ DŜƻǊƎŜΩǎΦ I completed the taught part of an MSc in 

Biomedical Engineering at the University of Surrey prior to three 22-week hospital-based 

placements. The MSc project was carried out during the final placement. Prior to the 

placements I undertook acquaintanceships in Urodynamics, Neurophysiology, Lung Function, 

Audiology, Vascular Ultrasound and with the Neonatal Unit ŀǘ {ǘ DŜƻǊƎŜΩǎΦ L ǿŀǎ ŀǿŀǊŘŜŘ ŀƴ 

MSc in Biomedical Engineering with merit in 2007, and a Postgraduate Diploma in Clinical 

Science from IPEM in 2008 (Appendix A2). 
 

(13) I was attracted to the training scheme by the opportunity of joining a team of multi-skilled 

engineers working across healthcare to deliver bespoke solutions to directly address patient 

and clinical needs. As such I chose placements that would help me become of greater use to a 

broad range of engineering projects.  

 

2.2 Design of Medical Electronic Instrumentation     May ς October 2006 

 
(14) I carried out a Design of Medical Electronic Instrumentation (DMEI) placement in the 

Medical Instrumentation and Computing Group (MIC) within the Medical Physics and 

Bioengineering Department ŀǘ {ǘ DŜƻǊƎŜΩǎ IƻǎǇƛǘŀƭΦ L ŎƘƻǎŜ 5a9L ǘƻ ƭŜŀǊƴ ŀōƻǳǘ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ 

and safety considerations of medical devices. MIC mainly carried out device research and 

development work. I worked under the supervision of Mr Valentine Newey Principal Clinical 

Scientist (now retired).  

 

2.2.1 Bone Distractor Telemetry Project 
 

(15) Patients with a leg length discrepancy (LLD) can experience lumbar pain as pelvic obliquity 

increases with LLDs over approximately 30 mm. Existing intermedelluary nails then used for 

femoral distraction were based on ratchet mechanisms for extension, requiring rotation of the 

lower limb to extent the implant. This causes pain and discomfort during regular distraction 

ǎŜǎǎƛƻƴǎΦ ! /ƻƴǎǳƭǘŀƴǘ hǊǘƘƻǇŀŜŘƛŎ {ǳǊƎŜƻƴ ŀǘ {ǘ DŜƻǊƎŜΩǎ ƘŀŘ ǇǊƻŘǳŎŜŘ ŀ ǇǊƻtotype 

distraction rod using a rack and pinion geared to a DC motor, eliminating the need to rotate the 

leg. A servo action was being developed as I joined the MIC group and the mechanics were in 

place that could provide 1 mm of distraction over a 7-hour period. A major task yet completed 

was to develop systems to provide wireless power and telemetry to the implant. The placement 

was 4 months and I was given the option of finalising the servo design (technology I was 

familiar with) or exploring the technical and regulatory issues of wireless telemetry. Wireless 

power transmission was new to me so I chose that aspect to work on.  
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(16) I spoke to each member of the team to capture the design requirements. The implanted 

electronics would sit in the peritoneal cavity and require approximately 900 mW from an 

external source via a pair of magnetically coupled coils. In-vivo and ex-vivo coils would be 

separated by differing thickness tissues for different patients (I considered 10 to 40 mm).  
 

(17) I carried out a literature review of circuit designs used for power and data transmission in 

clinical and industrial applications. This introduced many variables, for example: the type of 

power generating circuit (the class of amplifier or resonant converter), the coil parameters 

(diameter, number of turns and coil spacing), the power and data waveform characteristics, 

and the coding and failsafe methods.  
 

(18) 5ŀǘŀ Ŏŀƴ ōŜ ƳƻŘǳƭŀǘŜŘ ƻƴǘƻ ŀ ǇƻǿŜǊ ΨƭƛƴŜΩ, but I chose to split power and data, and use the 

resonant inductive coupling method used by Donaldson N. de. N. and Perkins T.A. (1983) for 

implant power transmission. The circuit (Appendix C1) uses a self-oscillating LC component to 

drive the transmitter and receiver coils at a tuned resonant frequency. Prior to this work I had 

very limited experience with analogue and RF electronics. However, the circuit required hand-

winding four inductors onto a toroid, one of which was 2.3 turns (making attachment to the 

circuit board very tricky!). The board itself also induced capacitances that effected resonance. It 

proved difficult to maintain a stable self-oscillating frequency at resonance, so after many coils 

and board designs (Figures 3) I replaced the self-oscillator with a programmable oscillator. I 

ordered an MFJ-201 grid dip metre to measure the resonant coupling of the two 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  

 

(19) Data communication was relatively straightforward by comparison. Commercial-off-the-

shelf low power radio modules have previously been used in implants. So after reviewing 

various options I purchased a development kit for the Chipcon CC1100 radio, which is a 4 mm 

ǎǉǳŀǊŜ ǎǳǊŦŀŎŜ Ƴƻǳƴǘ ǊŀŘƛƻ ǘǊŀƴǎŎŜƛǾŜǊ ŘŜǾƛŎŜ ǘƘŀǘ ƳŜǘ ǘƘŜ ǇǊƻƧŜŎǘ ǊŜǉǳƛǊŜƳŜƴǘǎΦ /ƘƛǇŎƻƴΩǎ 

reference design is based on the 8051 microcontroller (which was used within MIC), and a PCB 

track antenna. To enable code development I set up and tested the radio in a hardware loop 

(Appendix C2).  
 

(20) In parallel to technical work I reviewed the safety and governance issues of implantable 

radio devices, using the concept of biocompatibility to structure my review. For example: the 
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effects of the implant on the host (harm to the patient from non-Ionising 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 (predominantly radio EMC within a hospital environment). 

Aspects of this review are included in Appendix C3. In view of the wide-ranging standards and 

regulations applicable to radio implants I found it useful to seek the views of external 

organisations. The UK Governments Office of Communications special projects team review UK 

and European radio regulations, and confirmed my understanding of bandwidth allocation. 

They could also advise the implant team. I contacted NHS Innovations and learnt that as St 

DŜƻǊƎŜΩǎ ƛǎ ŀ ǎǳōǎŎǊƛōŜǊ ǘƻ ǘƘŜƛǊ ǎŜǊǾƛŎŜ the team can request standards reviews, EMC and CE 

testing and guidance on marketing and sales. I also met with the Trusts intellectual property 

advisor to gain a better understanding of the IP issues medical engineering departments may 

experience within the NHS. I then carried out a risk assessment of the proposed clinical 

operation of the bone distractor to help consider how operational risks could be reduced 

during the design stage.  
 

(21) The Medical Physics and Bioengineering Department held regular ΨƭǳƴŎƘǘƛƳŜ ǎŜƳƛƴŀǊsΩ to 

provide an opportunity for staff to give updates of their work and share ideas. On completion 

of the placement I gave a seminar on the bone distractor project. This was a useful chance to 

practice delivering a technical project talk, and receive feedback on my work. The placement 

provided the experiences I sought however implant design can involve many years of research, 

so my contribution did feel less valuable at the time than it apparently was.  

 

2.3 Physiological Measurement       October 2006 ς March 2007 

 
(22) aȅ tƘȅǎƛƻƭƻƎƛŎŀƭ aŜŀǎǳǊŜƳŜƴǘ όtaύ ǇƭŀŎŜƳŜƴǘ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ŀǘ {ǘ DŜƻǊƎŜΩǎ IƻǎǇƛǘŀƭΣ 

under the supervision of Mr Fred Mitchell Principal Clinical Scientist (now retired). I chose 

Physiological Measurement to gain exposure to a broad range of clinical services and medical 

devices that may not be possible with other placements. I worked in Audiology, Lung Function 

and Neurophysiology, and spent a short time with the Neonatal Unit.  

 

2.3.1 Audiology 
 

(23) During six weeks in the Audiology department I conducted hearing and vestibular 

measurements with patients under the supervision of Clinical Scientist Paul Radomskij. I 

developed equipment to enable the Late Latency Response test to be carried out with 

neonates ǿŜŀǊƛƴƎ ƘŜŀǊƛƴƎ ŀƛŘǎΣ ŀƴŘ ǳǇŘŀǘŜŘ ǘƘŜ vǳŜŜƴ aŀǊȅΩǎ IƻǎǇƛǘŀƭ ŀǳŘƛǘƻǊȅ ōǊŀƛƴǎǘŜƳ 

response normal dataset. I witnessed a fascinating range of psycho-acoustic and neuro-

otological tests, including eye tracking and caloric irrigation tests in the Vestibular Testing 

Laboratory.  

 

 

 



 

19 
 

2.3.2 Late Latency Response Project 
 

(24) A need arose from the new-born hearing screening programme for an objective technique 

to fit and evaluate hearing aids for neonatal and young 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 presents short duration stimuli clicks and tonebursts to the patient. This 

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 elicit an ABR response from a free-field. 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 stimulus, so could reduce 

unwanted transient effects in the DSP circuitry, improve the signal-to-noise ratio and eliminate 

free-field errors from the test. Note: A typical ABR stimulus is a 100 µs click with 49.1 Hz pulse 

repetition rate. A typical cortical stimulus is a tone burst with a 10 ms rise time, 60 ms plateau 

and 0.25 ς 0.8 Hz pulse repetition rate. I was asked to look at how to practically elicit a late 

latency cortical response through a hearing aid for neonatal screening. 
 

(25) Modern digital hearing aids can be fitted with a plastic interface known as a direct input 

shoe that permits direct audio connection to ǘƘŜ ǳǎŜǊΩǎ ƳŜŘƛŀ ǇƭŀȅŜǊ, or for communication 

with a contra-lateral hearing aid. I proposed that during late latency testing the cortical 

stimulus be presented through a ΨDI shoeΩ and then to the patient through a calibrated ear 

insert coupled to the hearing aid.  
 

(26) Using a Siemens Prisma Pro hearing aid to test this idea, I contacted Siemens UK Hearing Aid 

Division and was directed to a commercial company Connevans Ltd, which produce consumer 

leads for different DI shoes. I made enquiries with an online hobby groǳǇ ƪƴƻǿƴ ŀǎ άHearing 

ŀƛŘ ƘŀŎƪǎέ devoted to hearing aid modifications, to find the pinouts of the DI shoe.  The full 

scale output of the NavPro stimulator (used in the Department for late latency testing) was 

ǎǳƛǘŀōƭŜ ŦƻǊ ŘƛǊŜŎǘ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘŜ ƘŜŀǊƛƴƎ ŀƛŘ ǿƛǘƘ ƛƴŎƭǳǎƛƻƴ ƻŦ ŀ оол ƪʍ ŎǳǊǊŜƴǘ ƭƛƳƛǘƛƴƎ 

resistor as suggested by Siemens. I produced a cable for use with two hearing aids and 

mechanically turned the connector housing to suite the NavPro case.  
 

(27) Calibration is required to ensure the stimulus presented to the ear conforms to the 

standards required by each test protocol enacted. I proposed a calibration method whereby 

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 level metre. The stimulus shape can 

then be modified with either the NavPro or with an Aurical (hearing aid programmer) to suite 

the clinical protocol. I tested the new cable and used this calibration method and found the 

desired late latency cortical response could be elicited through a hearing aid.  
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2.3.3 Normal Auditory Brainstem Response Database Project 
 

(28) I was asked to update the auditory brainstem response (ABR) normal database used in the 

!ǳŘƛƻƭƻƎȅ 5ŜǇŀǊǘƳŜƴǘ ŀǘ vǳŜŜƴ aŀǊȅΩǎ IƻǎǇƛǘŀƭΣ ōȅ ŎƻƭƭŜŎǘƛƴƎ ABR data from a population 

with no reported hearing problems. The database then in use was produced in 1993 and 

provided mean values for the absolute latency of peaks I, III and V, and the inter-latencies I-III, 

III-V and I-V, for the local population.  
 

(29) I recruited 11 adult subjects from staff ǿƛǘƘƛƴ vǳŜŜƴ aŀǊȅΩǎ IƻǎǇƛǘŀƭΦ ¢ƘŜȅ ǎŜƭŦ-reported no 

history of neurological hearing disorders, tinnitus, or noises in the ear. They had symmetrical 

hearing and no history of ear infections, perforations or middle ear effusion. I 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 existing standards. Once subjects 

were seated, I explained the test procedure and checked the state of their outer ear using an 

otoscope. Using the 20:10 electrode placement convention I prepared electrode sites and 

placed disposable Ag/AgCl electrodes at FzςA1, FzςA2, and at a common ground Fpz. Impedances 

were checked to ensure absolute impedances were less than 5 ƪҠ ŀƴŘ ŘƛŦŦŜǊŜƴǘƛŀƭ ƛƳǇŜŘŀƴŎŜs 

were less than 2 ƪҠΦ Headphones were placed over the pinna of each ear and I initiated the test 

protocol with each subject quiet and relaxed.  
 

(30) The incoming waveform gives an indication of the state of relaxation of the patient. I 

observed the presence of artefacts and responded accordingly, by stopping the test, re-

checking electrodes or headphone placement, and state of the patient. It is beneficial to 

observe the shape of the averaged signal as it formed, to help when manually determining the 

location of the peaks. I repeated the test three times for each ear, alternating the ear receiving 

the stimulus, and then identified waves I, III and V for each test. Figure 4 shows a typical 

example of four trials of unprocessed data taken from one subject.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 Sample of unprocessed ABR data from one test subject 
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(31) Despite reporting to two decimal places, the Biologic NavPro software 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, 5.91. This was more 

problematic with sharp peaks, but on investigation did not alter the normal mean dataset. 
 

(32) ²Ƙƛƭǎǘ L ƘŀŘ ǇǊŜǾƛƻǳǎƭȅ ŎƻƭƭŜŎǘŜŘ !.w ŦǊƻƳ ȅƻǳƴƎ ŎƻƭƭŜŀƎǳŜǎ ŀǘ {ǘ DŜƻǊƎŜΩǎΣ L ŦƻǳƴŘ ƛǘ 

fascinating to work with a larger more varied group of people. There are no outward 

appearances that indicate retro-cochlear function, but I could not help try to predict what the 

ABR waveforms might look like as I met each individual. Being aware of this natural inclination 

alerted me to the potential for operator bias. Fortunately in this case the test is well controlled 

(data are collected autonomously, electrode impedance is quantifiable and the patients and I 

were not communicating during the test).  

 

2.3.4 Lung Function / Sleep Studies 
 

(33) 5ǳǊƛƴƎ ǎƛȄ ǿŜŜƪǎ ǿƛǘƘƛƴ ǘƘŜ [ǳƴƎ CǳƴŎǘƛƻƴ κ {ƭŜŜǇ {ǘǳŘƛŜǎ /ƭƛƴƛŎ ƻŦ {ǘ DŜƻǊƎŜΩǎ Hospital 

Chest Clinic I carried out assessment of respiratory function for in- and out-patients. The 

respiratory tests included spirometry, whole-body plethysmography and single breath carbon 

monoxide diffusion testing. The clinic also provide a home sleep study service using actigraphy, 

pulse oximetry and poly-somnography for patients with obstructive apnoea. Out-patients 

experiencing shortness of breath were referred by their GP. In-patient cases included 

preoperative assessment for the validity of anaesthesia administration and repeat referrals for 

drug impact assessment, such as chemotherapy drugs. I observed patient setup and review 

appointments, and carried out the tests on patients, colleagues and myself. I tutored a 

Respiratory Technologist in some of the technical aspects of the work for her registration 

examinations. This demonstrated to me how Clinical Engineers can add value when working 

across fields.  
 

(34) Throughout the course of my training I have carried out all of the tests on myself, so that I 

can experience what is expected of patients, and consider the decision-ƳŀƪƛƴƎ ǾŀƭǳŜ ƻŦ ΨǇǳǘǘƛƴƎ 

ǇŀǘƛŜƴǘǎ ǘƘǊƻǳƎƘΩ ŀ ǇŀǊǘƛŎǳƭŀǊ ǘŜǎǘΦ L ōŜƭƛŜǾŜ ǘƘƛǎ ƛƴǎƛƎƘǘ ƻǳǘǿŜƛƎƘǎ ǇƻǘŜƴǘƛŀƭ ŀƴȄƛŜǘȅ Ŧrom what 

a test may reveal to a trainee.  

 

2.3.5 Neurophysiology 
 

(35) During five weeks in the Neurophysiology Department I observed the use of 

electroencephalography for the assessment of seizures in a dedicated in-patient monitoring 

suite, during out-patient clinics, and on adult and pediatric intensive care wards. I observed the 

use of electroneurograghy, needle electromyography and transcranial magnetic stimulation for 

the assessment of peripheral nervous system disorders. I conducted all of the tests on myself 

and colleagues under supervision.  
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(36) Whilst on the PICU I noticed poor utilisation of available bedside monitor channels for a 

patient medicated for persistent absence seizures. The Consultant Pediatric Neurologist had 

access to only one channel of EEG to guide the use of pharmaceutical interventions. I sought 

permission from the SHO and neurophysiology staff to change the setup. Unplugging pieces of 

equipment from behind an intensive care bed was a nerve-wracking experience, and a surprise 

for me to see that the mains plugs were not labelled! But I set up 8-channels and started the 

recording feature. The Consultant was grateful for my intervention and the ward reviewed their 

staff training.  
 

(37) hōǎŜǊǾƛƴƎ 99D ǘǊŀŎŜǎ Ŏŀƴ ƛƴƛǘƛŀƭƭȅ ŀǇǇŜŀǊ ǎƻƳŜǿƘŀǘ ƻŦ ŀ ΨōƭŀŎƪ ŀǊǘΩΦ But within a short period 

of time I was able to view 16 traces of EEG more in terms of anatomical volumes rather than 

time series plots ς identifying subtle prodromal signs of a seizure, then the localised activity of 

focal seizures, occasionally progressing through different brain regions, to the full symphony of 

a tonic-clonic seizure. It was particularly fascinating to see responses to seizure stimuli, and 

watch how electro-static subtleties in the test room can produce artefacts.   

 

2.3.6 Blood pressure measurement on the Neonatal Unit  
 

(38) The Neonatal Unit at St George's Hospital is the regional centre of excellence for South West 

London and the South East of England. Each year the Unit care for over 500 new-born 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 pregnancy. Blood pressure is monitored for any sick baby, including: those with 

urinary tract abnormalities, chronic lung disease, those on steroids and infants of drug addicted 

mothers, and newborn infants suspected of having a cardiac abnormality are also monitored. 

Any baby on ventilatory support or FiO2>30% has an indwelling arterial line for continuous BP 

measurement. ICU technicians can check transducer linearity and range using an aneroid 

manometer if required, but the accuracy of the measurement can be adversely affected by the 

system dynamics (or the setup of system components by nursing staff). I wanted to learn more 

about how the dynamics of fluid-filled catheter systems effect accuracy, so I set up an 

experiment to find out.  
 

(39) I used a Biotek Model 601A blood pressure calibrator to generate blood pressure 

waveforms. The device simulates normal and pathological ABPs, but I connected a function 

generator to additionally provide a sinewave input function to the moving coil piston (with a 

varying frequency from 1Hz to 60Hz, in 1Hz increments). I set up a fluid circuit from new, giving 

a true reflection of the configuration used on the wards, using an Edwards LifeScience 

combined ABP/CVP pressure line kit. The fast flush input (normally connected to an IV bag) was 

sealed with a non-vented cap. I calibrated the gain and DC offset of a differential amplifier 

using a mercury manometer and displayed the output in millivolts on a PC, via my digital 

oscilloscope. I primed the system according to the standard protocol, boiled 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 3-way stopcock, plotting the frequency response with and without the air bubble 

(figure 5).  

The resonant frequencies were 

found from the graph, and the 

damping factors (z) were found 

from the relationship: 
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1 and M90 is the magnitude in 

decibels at 900 (without bubble 

z= 0.22, with bubble z= 0.25).  

 
Figure 5 Arterial catheter frequency response with and without air bubble 
 

(40) Using the setup I then replicated the distortion an ABP waveform experiences through over- 

and under-damping, by varying tube lengths and diameters, using different compliance tubing 

(not designed for blood pressure measurement), increasing resistance to flow by compressing 

the circuit and adding bubbles of various length and number. I performed the traditional 

transient response test (using a burst surgical glove) and by inputting a square wave from the 

function generator. Monitoring systems on wards are attached to people inputting their own 

arterial pressure waves, so there is no constant steady-state baseline. In this instance an 

empirical observation is made by pulling and releasing the fast-flush tab to inject a unit step 

impulse. I performed this test on the adult Intensive Care Ward, under the supervision of the 

Chief Clinical Technologist, and identified and removed air bubbles from a patient connected 

system.  
 

(41) Whilst I had a good understanding of PID dynamics from a control engineering degree, it 

was captivating to see a physical example of a fluid system and plot similar second order 

responses (such as shown in Figure 6) that I have often measured in RLC and mass spring 

damper systems; and to see the immediate importance of these principles in hospital wards 

and for nursing staff training.  

 

 

 
Figure 6 Under-damped waveform from transient response test, detailing enlarged section of trace 

 

(42) During the PM placement I attended all of the lunchtime seminars in the Medical Physics 

and Bioengineering Department; a study day to learn about suction pumps, and the 6th Annual 

Education Symposium for Clinical and Biomedical Engineers at the Barbican London, which 

covered a broad range of clinical engineering and physiological measurement subjects. I also 

arranged for a tour of the Anatomy Department with the Anatomist, and witnessed the process 

donors undergo in preparation for dissection, and the dissections of a torso and head.  
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2.4 MSc Biomedical Engineering            October 2005 ς November 2007 

 

2.4.1 Taught Component 
 

(43) Prior to the hospital placements I undertook the taught part of an MSc in Biomedical 

Engineering at the University of Surrey. From October to December 2005 core modules were 

delivered in Human Biology, Biomechanics, and Instrumentation. Specialist modules were 

delivered from January to May 2006 and included: Safety and equipment management, 

physiological measurement and equipment management, principles of biomaterials, 

microengineering in medicine, orthopaedic biomechanics and biomaterials, gait analysis and 

human movement, and rehabilitation (sensory and physical). The specialist modules were 

predominantly delivered by external experts in each field, which was a great pleasure, and the 

topics gave excellent theoretical preparation for the experiences I encountered during the 

placements.  

 

2.4.2 Research Project 
 

(44) Whilst in the Audiology Department at St George's I became aware of the high prevalence of 

noise-induced hearing loss (NIHL) and the association with MP3 player use. I suggested that 

automatic gain controllers could be used to limit the acoustic exposure from MP3 players that 

contribute to NIHL and pursued this idea as an MSc project under the supervision of Professor 

David Ewins at the University of Surrey. Professor Ewins suggested I appraise the scope of the 

problem before presenting a technical solution.  
 

(45) I carried out an extensive literature review of noise exposure standards and recreational 

noise exposure since the 1980s (when portable music players started to emerge on the 

market), and found wide variation in published exposure figures. Previous work used 

measurements of maximum headphone output and output during listening tests to determine 

acoustic intensity; and questionnaires and interviews to assess duration. The subjective nature 

of the latter methods contributed to variation in the data which limited the ability to assess the 

risk of media player use. There was therefore a need to improve our understanding of media 

player users listening habits.  
 

(46) I designed a data-logger that could be discretely used with the Apple iPod to measure user 

listening habits in a large-scale population study. The device measures voltage output and 

applies A- and C-weighting physiological response filters, and a headphone transfer function to 

relate voltage to exposed acoustic pressure. The transfer function can be calibrated using a real 

ear (mannequin) measurement. I demonstrated the principle in software (requiring the design 

of a hardware anti-aliasing filter), and presented a study to sample n=2000 of the UK 

population (Appendix B2). Today this can be improved upon because the data logging 

algorithms proposed can ōŜ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ŀƴ ΨŀǇǇΩ ŀƴŘ ƳŀŘŜ ŦǊŜŜƭȅ ŀǾŀƛlable to a much 

larger sample with no need for external hardware.   
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(47) At the time of this work a range of National organisations were campaigning to raise the 

issue of noise-ƛƴŘǳŎŜŘ ƘŜŀǊƛƴƎ ƭƻǎǎ ǿƛǘƘ ȅƻǳƴƎ ǇŜƻǇƭŜΦ ¢ƘŜ ¦YΩǎ LƴǎǘƛǘǳǘŜ ƻŦ IŜŀǊƛƴƎ wŜǎŜŀǊŎƘ 

estimated that (in 2006) 4 million children in the UK were at risk of hearing damage. In the 

same year 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 music, ǘƘŀǘ ƭŜŘ ǘƻ ǿƘŀǘ ƛǎ ƪƴƻǿƴ ŀǎ ǘƘŜ άƭƻǳŘƴŜǎǎ ǿŀǊέ among music 

producers, it is unlikely the trend in noise-induced hearing loss will decline in the near future. 

Charities and public bodies continue to campaign on this issue today.  
 

(48) A requirement of the MSc course was for students to deliver a short presentation every two 

weeks to update the department of their project work. The sessions were in part to help 

students experience the type of questions they may expect in a viva-voca examination, and to 

provide feedback on the work carried out and approach. They were well attended by staff, 

postgraduate researchers and our peers. As such the presentations were often perceived with 

anxiety by many students. I enjoyed the opportunity to talk about my work and found feedback 

from people not familiar with the topic very useful. It was also an expedient way to keep up-to-

date with research in the department.  

 

2.5 Biomechanical Evaluation and Function           March ς November 2007 

 

2.5.1 Introduction and Local Context 
 

(49) My Biomechanical Evaluation and Function (BEF) placement was carried out over a 22-week 

period within the Gait Laboratory of the 5ƻǳƎƭŀǎ .ŀŘŜǊ wŜƘŀōƛƭƛǘŀǘƛƻƴ /ŜƴǘǊŜ ƛƴ vǳŜŜƴ aŀǊȅΩǎ 

Hospital (QMH) Roehampton, under the supervision of Consultant Clinical Scientist Professor 

David Ewins. The MSc project was timetabled into this placement. I chose a BEF placement 

primarily for the long-held interest I have with locomotion and feedback control, which led me 

to study robotics as an undergraduate; and to help apply technology to gait rehabilitation.  
 

(50) The Douglas Bader Rehabilitation Centre was part of the Adult Directorate of Wandsworth 

PCT under Rehabilitation Services. The Centre has a long history in amputee rehabilitation and 

comprises a prosthetics and orthotics service, a rehabilitation gym, a specialist amputee 

physiotherapy service, the gait laboratory, wheelchair services and specialist seating. The 

/ŜƴǘǊŜΩǎ ŎƭƛƴƛŎŀƭ ƭŜŀŘ ƛǎ ŀ /ƻƴǎǳƭǘŀƴǘ ƛƴ wŜƘŀōƛƭƛǘŀǘƛƻƴ aŜŘƛŎƛƴŜΦ  

 

2.5.2 Clinical Work 
 

(51) During my time in the laboratory I predominantly saw adult, and some pediatric patients, 

with a range of neurological and orthopaedic conditions. Specifically: Trans-femoral and trans-

tibial amputees, patients with MS, stroke, CP, hip and knee disarticulations, trauma and pain, 

polio and spina bifida. I assisted in patient clinics using a wide range of gait assessment 

techniques, and carried out technical projects to help improve the quality of the service. I also 
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spent time in the prosthetics casting, workshop and fitting rooms, in orthotics, with the 

amputee physiotherapy team and with an independent specialist seating provider.  
 

(52) Given the broad range of patients seen by the laboratory, the cases are discussed prior to 

patient attendance and measurement tools are selected to help address specific referral 

questions. All patients are given one of two functional mobility questionnaires to help gain a 

broader understanding of their mobility in the community. It is not always necessary or 

appropriate to use marker-based motion capture with each patient, so a battery of additional 

tools are used including: observational gait analysis aided by video and video-vector and 

quantified with the Rancho scale or Edinburgh gait score, plantar pressure measurement (using 

an ambulatory Tekscan device), EMG, and the timed-up-and go and 6 minute walk tests. I 

participated in pre-assessment meetings and patient sessions, and used each of these tools 

during my placement either with patients or colleagues. I processed and analysed gait data, 

wrote clinical reports and participated in the review meetings.   
 

(53) The service ran a ǿŜŜƪƭȅ ΨǿŀƭƪƛƴƎ ǎŎƘƻƻƭΩ ŎƭƛƴƛŎ ǳǎƛƴƎ ǾƛŘŜƻ-vector to provide feedback and 

quantify limb loading for amputees, their prosthetists and physiotherapists. Similarly video-

vector was used during an orthotics tuning clinic developed by a previous trainee, to help 

optimise patients AFOs. I observed and participated in both of these clinics, and visited the 

orthotics team to see patient review and fitting appointments.  
 

(54) The laboratory see patients referred with dropped-foot who may benefit from the use of 

Functional Electrical Stimulation (FES). Patients attend an assessment appointment, followed 

by a setup appointment if appropriate, then ongoing reviews. I participated in each of these 

sessions. I also updated the Laboratory risk assessments for the use of FES and instrumented 

gait analysis.   
 

(55) An upper limb service was being developed towards the end of my ǘǊŀƛƴƛƴƎ ŀǘ vǳŜŜƴ aŀǊȅΩǎ 

Hospital. I assisted with some of the patient sessions, using the nine-hole peg test, the Jebson-

Taylor hand function test and the Action Research arm test. It was interesting to consider a 

movement task afresh, and see the contrast of the upper limb measurement problem against 

the well-defined kinematics of gait. Since upper limb movement is a many-to-many problem, 

consideration of functional goals plays a central role in honing the measurement protocol.  

 

2.5.3 Technical Work 
 

 (56) I carried out a series of experiments to become more familiar with the measurement tools, 

and quantify systemic errors in the Qualysis ProReflex motion capture system. For example: to 

see where marker reflections converged in software and how that might affect marker choice 

for different limb segments; to examine the capture volume calibration accuracy, to look at the 

effect of gap filling interpolation on joint angle data, and how electrostatic noise from force 

plates may interact with EMG signals.  
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(57) Unlike many gait laboratories in the UK where small AMTI or Kistler plates are used, the 

QMH Laboratory developed 3-metre long plates to capture multiples strides from one walk. 

¢Ƙƛǎ ƛƴŎǊŜŀǎŜǎ ŦƻǊŎŜ ǇƭŀǘŜ ΨƘƛǘǎΩ and reduces the demand on patients. The laboratory had 

recently moved to a new hospital building under a PFI scheme, so I became involved in the 

installation of these custom plates in the new hospital building (Figure 7).  
 

(58) This was a particularly challenging task for a number of reasons: the concrete pit specified in 

the building plans was too shallow for the plate assemblies (so had to be chiselled down by 

hand), each assembly weighed 34 kg and millimetric alignment accuracy was required on a 

rough concrete floor, there was also a slight slope in the floor of approximately 2 mm between 

each end. This was a valuable and somewhat rare experience of the practicalities of 

commissioning a structural component of a gait laboratory. It was particularly rewarding to 

later see the plates in use with different patient groups and clinicians, and see the clinical value 

in different contexts.  

 

 

 

 

 

 

 

 

 

 

 
Figure 7 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      
 

(59) Force plate calibration requires assessment of the location and the orientation of applied 

forces, moments and of shear forces. I produced a calibration rod to enable assessment of the 

force and moment components, and carried out a project to assess COP accuracy over the 

plate surfaces. In addition, the force plates were originally powered by a benchtop PSU. I 

purchased an open 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 out an overnight 

benchtop electrical safety test. This then became a permanent replacement to the PSU. The 

kinetic data were not used during my placement (due to lack of shear calibration), so this 

became an opportunity for me to visit the Gait Laboratory at the Nuffield Orthopaedic Centre 

in Oxford, to observe their data collection and review sessions.   
 

(60) After limb fitting, amputees follow a programme of progressive loading onto their prosthesis 

to approach symmetry. The risk of overloading and importance of experiencing a sense of 

weight distribution is particularly pertinent to amputees fitted with an osseointegrated 

abutment, where there is a risk of implant-bone failure. A previous trainee had developed an 
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instrumented loading frame (based on a walking frame to provide visual feedback of the 

ŀǇǇƭƛŜŘ ƭƻŀŘ ŦƻǊ ΨƻǎǎŜƻΩ ǇŀǘƛŜƴǘǎ. The device used a range of plug-in resistors packaged for easy 

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

weight. I modified the circuit to ensure full scale deflection of the visual dial, wrote a risk 

ŀǎǎŜǎǎƳŜƴǘ ŦƻǊ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ŦǊŀƳŜ ƛƴ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƘƻƳŜ ό!ǇǇŜƴŘƛȄ CнΦмύΣ ŀƴŘ ŎƻƳǇƛƭŜŘ 

a technical file for the device in compliance with ISO 13485.    
 

(61) There 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 is more variable in the community (compared to impairments from a stroke or CP for 

example), and where repeated measures can be undermined by 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 amputees in part to explore this, and asked me to develop a 

clinical protocol for the routine use of the indices (Appendix E1). I did this and carried out the 

protocol using laboratory staff as subjects. To improve my understanding of energy 

expenditure measurement I visited the Sport Performance Assessment and Rehabilitation 

Centre (SPARC) at Roehampton University, to see what methods they use to monitor the 

energy consumption of the people they see. SPARC provide nutritional, psychological, and 

physiological training, advice and measurement predominantly to amputees and athletes (from 

amateur to Olympic standard). The physiology team have the facility to measure a number of 

parameters. Oxygen consumption and 
max2OV# were demonstrated during the visit using open-

loop spirometry. 
 

(62) Since many areas of the Assistive Technology placement are relevant to biomechanical 

function, I arranged to spend a day at the Royal Hospital for Neurodisability to see how 

engineers met the needs of their residential patients. I 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 discuss their use of assistive technology.  
 

(63) I met many patients during my Part 1 training whose experiences and stories will stay with 

me and be a reminder that the greatest education through clinical training comes from 

patients. There were instances for example, where the hidden nature of disability became 

apparent. For example a gentleman revealed a wooden prosthesis behind the cubical curtain 

ŀƴŘ ŜȄǇƭŀƛƴŜŘ Ƙƻǿ Ƙƛǎ ƭŜƎ ǿŀǎ ŘŜǎǘǊƻȅŜŘ ōȅ DŜǊƳŀƴ ƳŀŎƘƛƴŜ Ǝǳƴ ŦƛǊŜ ƛƴ ǘƘŜ мфплΩǎΦ ! Ƴŀƴ 

with polio walked with apparent ease 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. During my employment in 

Derriford A&E prior to this training I quickly learnt the importance of calm professionalism in 

the face of patient vulnerabilities. Part 1 training helped me to deepen that understanding, in 

the conversations we choose to have (or not), in the humility, dignity and humour we show, 

and how we check ourselves to ensure we maintain the professionalism we may expect to be 

met with when we are patients.  
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3. PhD 
 

3.1 Biofeedback Research      April 2008 ς December 2012 

 
(64) My PhD research stemmed from my interests in feedback control and the clinical 

experiences I gained using video-vector feedback with amputees at QMH. The aim was to 

ŘŜǾŜƭƻǇ άǊŜŀƭ-time biofeedback for gait re-ǘǊŀƛƴƛƴƎέΦ Subsequently ǘƻ Ψfind a thesisΩ L 

investigated how real-time biofeedback had been applied to gait re-training; identified benefits 

and shortfalls, and then defined and conducted a programme of work. I undertook the work at 

the University of Surrey from April 2008 in collaboration with vǳŜŜƴ aŀǊȅΩǎ IƻǎǇƛǘŀƭ όQMH), 

under the principal supervision of Dr Salim Ghoussayni (from 2008 ς 2011) and then Dr Serge 

Cirovic (from 2011 ς 2012), with co-supervision throughout from Professor David Ewins, 

Consultant Clinical Scientist at the Douglas Bader Rehabilitation Centre, QMH. The research was 

part-ŦǳƴŘŜŘ ōȅ vǳŜŜƴ aŀǊȅΩǎ IƻǎǇƛǘŀƭ ŀƴŘ by a 3 ½ year EPSRC CASE award. At the start of the 

PhD I attended an IPEM Part II Trainee Induction conference in York, and was advised there 

ǿŜǊŜ ǘƻƻ ŦŜǿ ŜȄŀƳǇƭŜǎ ƻŦ tŀǊǘ LL ǘǊŀƛƴŜŜǎ ǳƴŘŜǊǘŀƪƛƴƎ tƘ5Ωǎ ŦƻǊ registration to be 

recommended. Subsequently I did not register for Part II training. I submitted a thesis in 

December 2012, successfully defended it in March and was awarded a PhD in July 2013 

(Appendix A2). 

 

3.1.1 Literature 
 

(65) To understand the scope of biofeedback work I approached the literature to find principles 

of operation that could underpin any therapeutic benefits; how they had been applied, with 

what success, and what shortcomings may warrant further work. I reviewed approximately 500 

journal articles spanning a 42 year period from 1970, including meta-analyses, Cochrane 

reviews, National clinical guidelines, newspaper and out of print documents held at the British 

Library. I spoke to clinicians working with SCI patients at Stoke Mandeville Hospital, to those 

working with older people at the Royal Surrey County Hospital, and I led a discussion group 

with amputee physiotherapists at the Douglas Bader Rehabilitation Centre. 
 

(66) Unlike the physical principles underpinning other clinical interventions (such as the three 

point contact principle in orthotics, or the electrophysiology of muscle stimulation with FES) a 

clear physical principle did not emerge from the literature. Biofeedback can be viewed as the 

acquisition of physiological measures, comparison of those measures with targets, and progress 

presentation to patients undergoing a motor learning task. Biofeedback is an instrumented aid 

to motor learning. Typical measurement systems used in gait have included EMG, kinematics 

and kinetics. Stimuli have included visual (and virtual), auditory, haptic, vibro-tactile, electro-

tactile modalities and combinations of these. Much of the previous research has therefore 

come from an engineering perspective ς using different combinations of measurement and 

stimuli. The field of biofeedback also encompasses or overlaps with neurofeedback, sensory 

augmentation and substitution, and virtual rehabilitation.  
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(67) Through the search I had identified many areas for development but was not satisfied that 

heuristics existed to guide why one approach should be chosen to promote retention in a given 

motor task. For example: Why would representing knee joint angle as a change in pitch or 

visual bar graph aid motor skill retention? How often should stimuli be present? And so on. 

Without clear underpinning principles it is difficult to justify the application of an intervention, 

and hence make technological developments. I turned to the motor learning literature to find 

heuristics, and spoke to neuropsychologists and the few authors of the current textbooks on 

motor learning and human performance (Winstein 1991; Shumway-Cook and Woollacott 2007; 

Schmidt and Wrisberg 2008). There was a widely held view that the body of knowledge on 

motor learning and retention within the field of psychology had been developed in upper limb 

studies, where the temporal-spatial consistency of the environment and tasks are different to 

gait.  
 

(68) The clinical evidence was promising, but too weak for National guidelines 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. 

/ƻƴǎŜǉǳŜƴǘƭȅ ǿƛǘƘ ŀ ƭŀǊƎŜ ΨǘƻƻƭōƻȄΩ ƻŦ ŘŜǾƛŎŜǎ ŀǘ ǘhe disposal of clinicians and a disparate 

evidence base, clinical uptake of biofeedback had been slow. I felt it would be unproductive to 

ΨŀŘŘ ŀƴƻǘƘŜǊ ŘŜǾƛŎŜ ǘƻ ǘƘŜ ǘƻƻƭōƻȄΩ ǿƛǘƘƻǳǘ ŎƻƴǎƛŘŜǊƛƴƎ the fundamental issue of efficacy 

mechanisms.  

 

3.1.2 Aims and Approach 
 

(69) 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. I required that a training device 

would help lower clinical evidence heterogeneity in future, and be suited to the study of 

biofeedback principles. 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 widespread use and assist in the continuity of care across 

contexts. It would have applications outside healthcare to promote use, in for example: 

ergonomics, space, performance art, veterinary science, occupational therapy and sports 

training.  
 

(70) To provide movement information from a range of motor activities I chose to use optical 

motion capture, confident that body-worn sensors will replace this technology in future with 

minimal impact on my design. Qualysis (Gothenburg, Sweden) the manufacturers of the motion 

capture hardware used in the department, had released the first real-time data communication 

protocol, making this a viable route to pursue.  
 

(71) I viewed visual, virtual, auditory, haptic, vibro-tactile and electro-tactile stimulus modalities 

as broadly being either central or peripheral in nature (audio-visual information having 

markedly different neural characteristics and bandwidth to haptic and tactile). I focused on the 

peripheral modes. They can be used across different environments, with minimal encumbrance 
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to higher senses, and can be used in conjunction with the other modes. I rejected haptics due 

to the cost of mechanical complexity, and developed prototypes of vibro-tactile (section 3.1.3) 

and electro-tactile stimulation (ETS) devices. Lee, Lin et al. (2006) used stochastic resonance 

stimulation below sensory threshold to provide feedback in a postural sway task, and found 

improvements in the task. This indicated an intriguing possibility that corrective feedback could 

be applied without conscious involvement, the consequences of which are very exciting. I 

chose ETS to apply sensory information to the body surface via an array of independent 

electrodes, enabling stimuli to be presented according to any configuration or rule chosen by 

the clinician. For example: with static or moving boundaries relative to body movement; or 

stimuli coded temporally, spatially, and/or with differing intensities.  
 

(72) I focused on one clinical problem to demonstrate the general approach - the reduction of 

habitual circumduction and abduction gait patterns seen in trans-femoral amputees. The 

feedback coding strategy I chose for this problem is illustrated in the angle-angle graph (Figure 

7) of the hip 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 the gait cycle 

(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 become active. The angle of the vector 

(the error angle) determines the electrode selection. For the user this would result in the 

sensation of a moving boundary around their limb. The intensity can be adjusted, and a 

temporal window can confine feedback to a particular range within the gait cycle. I weighted 

coronal and sagittal components to enable the clinician to adjust the shape of the boundary (or 

influence of electrode selection). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7 Angle-angle graph of 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 vector angle is divided into eight numbered arcs. In this case data for 

the right leg are shown.  
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(73) The programme of work required the development of software to enable real-time 

processing of gait data from an optical motion capture system, and the design and 

development of a multi-channel electro-tactile stimulator and electrode array. Sensory 

threshold tests with healthy individuals and amputees were required to find suitable ETS 

waveform parameters to present discernible information in a safe and comfortable manner, 

before integrating the system and evaluating it with a group of amputees.  
 

(74) L ǇǊŜǎŜƴǘŜŘ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ŀǎ ŀ ǇƻǎǘŜǊ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ǳǊǊŜȅΩǎ tƻǎǘƎǊŀŘǳŀǘŜ wŜǎŜŀǊŎƘ 

Conference (Appendix B4), and the ETS application in an abstract talk and poster to the 1st 

Annual Conference of the International Functional Electrical Stimulation Society (UK and Ireland 

Chapter) at the University of Salford (Appendix B6). All other speakers at Salford presented 

muscle stimulation work. This slightly different work was well received, I 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 Development of Sensory Stimulus 
 

(75) Prior to selecting electro-tactile stimulation I investigated vibro-tactile stimulation to 

experience the sensations produced, and determine if the technology would benefit from 

further development for amputees. There were no commercially available devices, so I 

purchased similar brushless DC vibration motors that are used in mobile phones, embedded 

then into a belt with amplifiers and DAQ hardware and wrote software using LabVIEW to 

activate each one using PWM (Figure 9).  
 

(76) I carried out a short study with healthy staff and student volunteers from the University of 

Surrey to see if they could discriminate the sensory locations whilst sitting, standing and 

walking over-ground through the Gait Laboratory. Subjects found the locations easy to 

discriminate, with all of the activations correctly located whilst sitting, standing and walking. 

The subjects were indifferent to changes in sensation with varying duty cycle, and none of the 

sensations produced were uncomfortable. Whilst the sessions lasted only 30 minutes, subjects 

suggested the sensation would be acceptable on a longer-term basis. 
 

(77) To find out if these positive indications were experienced with the motors embedded into a 

prosthetic socket, I produced a rigid glass reinforced plastic cuff (Figure 9) to suite my thigh 

following the normal lamination process used in prosthetic socket production, with help from 

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

directly.  
 

(78) The resulting sensations were considerably diminished and it was not possible under any of 

the conditions to attribute the location of the stimulation to one particular motor, but rather 

quadrants (medial, lateral, anterior and posterior). Whilst this implementation of vibration 

feedback is unsuitable for amputees, there is merit in 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), vibro-tactile belt (c), and laminated thigh cuff with vibration 

motors (d and e) 
 

(79) Guidance on the design of sensory stimulators and electrodes is sparse. Prior examples 

focused on the presentation of high resolution spatial information to small areas of the body, 

for example the stimulation of a fingertip (Kajimoto, Kawakami et al. 2004) and tongue 

(Vuillerme 2009) to enable perception of graphics and text. The dynamic range of electro-

tactile stimulation is a function of electrode size, inter-electrode spacing, material and 

placement, as well as the stimulation waveform parameters and widely differing receptive field 

densities across the skin surface. I based my electrode design on the work of Buma and Veltink 

(2001) and manufactured 30 electrodes with different sizes to enable experimentation (Figure 

10). I based stimulator design on an available FES circuit, on the basis it would provide 

sufficient output voltage and current range; and produced a 16-channel asymmetric biphasic 

device with PC control of pulse width, frequency and intensity (Appendix C5).  
 

(80) After some initial experimentation on myself I recruited staff from the department to 

further reduce the permutations of electrode geometries down to one. The chosen electrode 

and waveform characteristics provided the greatest separation between the thresholds of 

sensation and discomfort; the greatest consistency at each threshold and the most innocuous 

sensation.  
 

(81) I then recruited 13 healthy subjects to determine the sensation thresholds between 

perception and discomfort for each electrode location on the thigh; and the ability to 

discriminate between different stimulus locations, speeds and directions of stimulus 

movement, under four conditions: Whilst supine (assumed no muscle activity), seated 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 

(e) 

(d) 



 

34 
 

frequencies and conducted in a similar manner to pure tone audiometry. All tests were 

repeated twice. I designed the study to investigate the effect of differing frequencies, to 

determine if the presence of muscle activity masked the electro-tactile sensations, and see if 

moving stimuli could be discriminated.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10 Electrode fabrication: Hydrogel stock roll (a), punching the hydrogel (b), gel and backing material (c), raw 

flexible copper/polyimide material (d), assembled electrodes with hydrogel and connections (e), selection of 

electrode sizes in-situ (f) 
 

(82) I presented the results in an abstract talk and poster at the 3rd Annual Conference of the 

International Functional Electrical Stimulation Society (UK and Ireland Chapter) at the 

University of Birmingham (Appendix B7 and B8). In brief ς I found a comfortable range of 

sensations between the thresholds of perception and discomfort. The range increased with 

muscle activity, which could be attributed to a raised discomfort threshold. Greatest 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 stimuli. The subjective nature of describing the 

sensations and defining the discomfort thresholds were noted. Male subjects demonstrated 

higher threshold levels for perception and discomfort compared to female subjects. The results 

helped finalise my training system design and supported the suitability of using ETS for gait re-

training. Suitability with trans-femoral amputees was indicated in a later study (section 3.1.5).  
 

(83) To ensure the safety of participants throughout this work, I carried out risk assessments 

covering the use of the vibro- and electro-tactile stimulators connected to the PC whilst in use 

on a treadmill, and acted upon the assessments. The stimulator employed handshaking with 

the PC and safely shut down if a communications fault occurred. Error handling was used 

throughout the code, and user controls were enabled and disabled according to the process, to 

force the user into planned operation. Optical isolation of the serial port was used between the 

(b) (a) 

(e) 

(c) (d) 

(f) 
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battery-powered stimulator and PC, and an RCD used with the PC providing mains and patient 

isolation.  
 

(84) I submitted an ethics application to the University for this work, which was accepted 

following minor amendments. My involvement in the Faculty ethics committee (section 3.4) 

proved to be beneficial for this process. Subsequently I do not now consider a study design to 

be complete if ethical considerations have not been made.   

 

3.1.4 Real-time Kinematics and Biofeedback Software 
 

(85) Software design was particularly challenging. Qualysis (Gothenburg, Sweden) launched 

version 1.0 of their real-time communications protocol at the start of this work, which enabled 

marker coordinate data from a motion capture system to be transmitted via a TCP port. 

However this was at a variable sample rate, in variable packet lengths, using 36-bit and 64-bit 

formatting in a combination of numerical and non-industry standard XML formats. The 

supporting documentation did not describe sufficient detail. My software was required to read 

marker coordinate data, calculate joint angles and detect gait events, compare the patient data 

against a normal database in real-time, and control the connected stimulator such that 

appropriate stimuli were delivered without noticeable latency to the connected patient. An 

overview of the code is included in Appendix C4.  
 

(86) To overcome the variable sample rate I oversampled the data into a buffer and read this at 

120 Hz into the rest of the code. I manually de-ciphered the data stream byte-by-byte. 120 Hz 

was required for ΨŎƭƛƴƛŎŀƭ ǉǳŀƭƛǘȅΩ gait data collection, but is close to the limit for a standard PC 

operating MS Windows. As such I placed emphasis on optimising code throughout software 

development to reduce TCP packet dropouts. I monitored the frame number to detect packet 

dropouts and interpolated each data component within neighbouring frames using a cubic-

spline algorithm. This was initially adequate, but packet losses increased as greater demands 

were placed on the software. I therefore kept regular contact with National Instruments UK 

and with the NI architects in Texas to find new ways of optimising the code as functionality was 

added. Later peer-reviewed work compromised by sampling at 40 Hz. In my final 

implementation I achieved no packet losses at 120 Hz. 
 

(87) Marker trajectories were found in the data stream (which also included EMG and force data) 

and paired up to the appropriate labels. I wrote an XML parser for this task. Alongside real-time 

packet interpolation I used linear extrapolation to fill drop-outs in the marker trajectories. It is 

not possible to double-pass or zero-phase filter in real-time so I used a cascaded IIR filter to 

implement a 2nd order low pass Butterworth filter of maker data. A producer-consumer 

architecture provided buffers to help control data flow rate at these stages. I then used the 

sacrum-to-toe marker maxima and minima 3D distance to find initial contact and toe-off events 

respectively. To validate this I carried out a comparison study collecting data from a subject 

walking over force plates, and compared events to the algorithm. Initial contact was 
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determined within 1 frame of the force plates. This was suitable for the work but may be 

unsuitable for other pathologies, and requires further exploration.   
 

(88) I based the kinematic model on the Helen Hayes marker set, because it is commonly used 

among different gait laboratories. I validated the model using a mechanical rig and with joint 

angle data calculated from commercially available software. Since this worked in real-time it 

was fascinating to change processing and modelling parameters whilst someone walked on a 

treadmill and see what effect filtering and joint centre estimates had on joint angle data. 
 

(89) It is not currently possible to perform gait biofeedback in real-time without knowing where 

the patient is in the gait cycle. This limitation is not mentioned in the literature but highlights 

an interesting requirement for instantaneous gait detection. Allied to this problem is the 

requirement to compare a real-time frame of patient data (of unknown cycle time) against the 

similar frame in a cycle-normalised reference dataset. Since my system was initially intended 

for treadmill use, I assumed constant walking speed and took the average stride time over 3 

strides, then re-sampled the reference dataset at each initial contact to make it the same 

ƭŜƴƎǘƘ ŀǎ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŎȅŎƭŜΦ This worked well. I produced a normal dataset using 144 strides 

from a previous project.  
 

(90) From the literature and discussions with staff from Qualisys and Vicon this appeared to be 

the first biomechanics application using real-time data from an optical motion capture system. 

It was very exciting to watch each graph of normalised data plot as my colleagues walked on 

the treadmill, and is particularly poignant when considering the time and cost involved in 

processing gait data in the NHS. I tested hardware latency in a short study and found it to be 

negligible. The system does require a relatively consistent gait on a treadmill, but this work 

indicated the viability of real-time gait analysis. To this end I implemented a report generator, 

not included in the thesis.  
 

(91) The software architecture was complex. It was required to handle real-time data flow within 

a user event-driven structure and provide the user with ability to operate the stimulator 

manually or automatically within the real-time loop. As a safety feature the stimulator used 

continuous handshaking with the PC (within the RT loop) and responded in the event of a fault. 

This required careful combination of different software design structures (parallel producer-

consumer loops, event structures, semaphores and state machines) that stretched my software 

skills. See Appendix C6 for screenshots.   
 

Additional features included: 
 

Å A Microsoft Excel patient database to store anthropometric and subject data. The 

Biofeedback software takes control of Excel to transfer data between the database and 

specific variables within the software.  

Å Marker coordinates and anatomical landmarks were plotted in three 2-dimensional displays, 

showing a stick figure of the biomechanical model. This was useful for the operator to check 

the markers had been captured and labelled correctly. 



 

37 
 

Å Marker coordinates were displayed graphically against time as continuous real-time 

variables, as were calculated joint angles of the hip and pelvis.  

Å Patient and reference joint angle displays as continuous and normalised variables, and as an 

angle-angle graph. The error vector and activation window are shown. Controls were 

provided to set the activation window and take control of the stimulator in manual or 

automatic modes.  

Å Settings to allow the operator to change capture settings (IP connection, and capture 

frequency), serial port hardware settings, a graphical refresh rate, gap filling and filtering 

parameters, and the assignment of physical electrode channels to different software 

channels. The user can also select which variables to save to a RT TDMS file.  
 

(92) Since the requirements placed a high demand on the use of LabVIEW, I was asked by 

National Instruments to present a paper at their Worldwide Graphical Systems Design 

Conference in the IET building in London. This was used as a healthcare case example in their 

promotional material (Appendix B5). The data acquisition section of code was provided to 

Qualysis and released as a plugin for LabVIEW users. Over the course of development I also 

provided Qualysis developers with ongoing amendment suggestions which were incorporated 

in later versions of the RT communications protocol.  

 

3.1.5 System Evaluation with Amputees 
 

(93) To help evaluate the completed biofeedback system, I recruited trans-femoral amputees 

from those attending the Prosthetics Department at the Douglas Bader Rehabilitation Centre. 

The study aimed to explore the dimensions in Table 1. Investigation of electro-tactile sensations 

followed the same protocol used with the non-amputees. I developed a questionnaire to assess 

system viability in discussion with the participants, and a one way repeated measures study 

was planned to assess therapeutic effects, with time as the independent variable and the error 

vector magnitude on the prosthetic side as the dependant variable. The 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 

Dimension  Aspect  Outcome measures (and tools)  

1. Electro-tactile 
sensation  

Perception and discomfort threshold 
levels  

Peak current (measured in mA)  

Discrimination of stimulus location, 
speeds and direction 

Pass / Fail (cue cards, questioned) 

Change in sensation from walking to 
standing 

Participant perspectives 
(questioned) 

2. System viability Practicality Qualitative analysis (observation, 
participant questionnaires and 
discussion) User acceptance 

3. Therapeutic 
effects  

Gait changes  Gait analysis (observation and 
kinematics)  
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(94) I 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.  
 

 (95) Unfortunately patient recruitment was problematic. 20 potential subjects were identified by 

the Prosthetics Department and contacted. 6 expressed an interest in participating, of which 5 

attended. Socket suction was not maintained in one case, and he withdrew from the study. 

None of the remaining four subjects walked with a circumduction gait pattern, contrary to the 

specified inclusion criteria. I 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 was not possible to assess therapeutic effects, all subjects were able to 

perceive and understand the feedback and relate the information to their movement, and in 

some cases make positive changes to their gait. Sensory thresholds and discriminations abilities 

were found. 
 

(96) An immediate advantage of the system when used with a treadmill was the ability to 

capture hundreds of strides from each patient without concern for the processing time. With 

software modifications the system could in future be used during over-ground gait in lower 

limb rehabilitation, or in upper limb movements; and if incorporated with body-worn 

measurement technology the ETS can be used in ambulatory and community rehabilitation - 

towards my initial aim of developing a ubiquitous system for use throughout the rehabilitation 

pathway. The analysis software has potential to be developed to provide real-time 

interpretation of gait patterns. In future it would be particularly interesting to explore the 

potential for subthreshold sensory feedback. This may lead to wearable rehabilitation devices 

that positively alter movement habits without the user consciously involved.   
 

 

3.1.6 Personal Development  
 

(97) Throughout the PhD I meet supervisors on a weekly basis, and distributed minutes of each 

meeting. The Faculty required monthly and 6-monthly written updates and an annual review. 

Gantt charts and work breakdown structures helped with time and project management. I also 

met colleagues from other gait laboratories and rehabilitation centres to share ideas and talk 

about the work. To better understand the nerves of the lower limb, I visited the {ǘ DŜƻǊƎŜΩǎ 

Hospital Anatomy Department and arranged to observe a complete lower limb superficial 

dissection.  
 

(98) At various milestones through the PhD I gave seminars to staff within the Medical Physics 

and Bioengineering Department ŀǘ {ǘ DŜƻǊƎŜΩǎ IƻǎǇƛǘŀƭΦ L ŀǘǘŜƴŘŜŘ ŀ tǊƻǎǘƘŜǘƛŎǎ !ǿŀȅ 5ŀȅ ŀǘ 

QMH and chaired a discussion on biofeedback with the amputee physiotherapists at QMH. 

These were all invaluable opportunities to help keep me focused on the practicalities patients 

and clinicians would demand of the work. 

 

(99) ¢ƘŜ ¦ƴƛǾŜǊǎƛǘȅ Ψ{ǘǳŘŜƴǘ tŜǊǎƻƴŀƭ [ŜŀǊƴƛƴƎ ŀƴŘ {ǘǳŘȅ IǳōΩ ǇǊƻǾƛŘŜŘ ŀ ǊŀƴƎŜ ƻŦ ǿƻǊƪǎƘƻǇǎ ŦƻǊ 

postgraduate researchers covering research and technical topics, personal and management 
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skills. I participated in relevant workshops, and one-to-one sessions with the service manager 

to help with presentation and interview techniques. I maintained a link with staff at the Douglas 

Bader Rehabilitation Centre throughout, and participated in NHS staff training where possible 

(Appendix F6).  
 

(100) ¢ƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƳŀǊƪŜǘƛƴƎ ŘŜǇŀǊǘƳŜƴǘ ƛƴǾƛǘŜŘ ƳŜ ǘƻ ƛƴŎƭǳŘŜ ǘƘƛǎ ǿƻǊƪ ƛƴ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ 

EPSRC portfolio, and enlisted a private journalist to interview me and write an article. I 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 I had developed through my NHS and academic 

trainingΦ bŜǾŜǊǘƘŜƭŜǎǎ ǘƘŜ ŀǊǘƛŎƭŜ άHelping Amputees to Walk Naturallyέ ōŜŎŀƳŜ ŀƴ EPSRC 

Pathways to Impact Case Study for the University (Appendix B9). 
 

(101) The Human Capabilities Domain of the Ministry of Defence released a funding call from the 

Centre for Defence Enterprise (CDE) for prosthetics and amputee rehabilitation work. I 

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 Re-training. No attendees at the event focused on the latter, and my work was 

enthusiastically received by the Rehabilitation Consultants who requested the call.   
 

(102) I was invited to present the biofeedback work to an audience of amputees and clinicians at 

ǘƘŜ άCapability after limb loss ŎƻƴŦŜǊŜƴŎŜέ at the West Midlands Rehabilitation Centre in 

Birmingham (Appendix B10). The work attracted enthusiasm from the clinicians, researchers, 

amputees and commercial companies for different aspects.  

 

3.2 Lecturing, Teaching and Departmental Support 

 

3.2.1 Lecturing and Teaching Support 
 

(103) The Centre for Biomedical Engineering at Surrey is part of the MMA group comprising the 

Centres for Mechanical, Medical and Aerospace engineering. During my PhD I delivered 

lectures on the MSc Biomedical Engineering course, and gave tutorials and practical 

demonstrations on second year Mechanical, Medical and Aerospace Engineering BEng courses, 

as follows:   
 

Topic  Module (level) 

¶ Electrophysiology (lecture)  Safety and physiological measurement (M) 

¶ Plantar pressure (lecture)  Gait analysis and human movement (M) 

¶ Functional Electrical Stimulation (lectures) Healthcare practice and phys. meas. (M) 

¶ Medical instrumentation (tutorial series)  Medical instrumentation (2nd Year) 

¶ Engineering project (tutorial series)  Engineering projects (2nd Year) 

¶ Control engineering (tutorial series / demos) Control engineering (2nd Year) 
 

See Appendix B14 for an ŜȄŀƳǇƭŜ ƻŦ ƻƴŜ ƻŦ Ƴȅ ƭŜŎǘǳǊŜǎΣ ƻƴ ά.ƛƻŜƭŜŎǘǊƛŎ {ƛƎƴŀƭǎέΦ  
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(104) I participated in the MSc examinations board, and in the interview of a prospective MSc 

student.  

 

3.2.2 Widening Participation and Departmental Support 
 

(105) Medical engineering remains to me a very exciting area of work, and I feel fortunate to 

have had the opportunity to hear the enthusiasm of many lecturers and guests during my MSc. 

I therefore sought every opportunity to share my enthusiasm with students, school children 

and members of the public. To this end I represented the Department and profession wherever 

possible. Each year I hosted groups of school leavers to the Laboratory for UCAS open days and 

taster days, and guests invited to the University by the central administration.  
 

(106) As a Tutor on the Headstart Programme (with the Engineering Development Trust) each 

year I talked to groups of 15 to 17 year olds interested in careers in engineering, and organised 

group experimental work. The programme is a one-week residential course based on campus 

giving students an opportunity to do experiments in facilities around the University. It was 

particularly rewarding when the Medical, Mechanical and Aerospace streams met at the end of 

the week to present their group work to peers and University staff. In 2006 I carried out a 

similar role as a Facilitator for the Smallpeice Trust residential Bioengineering Course at the 

University of Southampton.  
 

(107) The Centre for Biomedical Engineering shared common research goals with the then 

European Institute of Health and Medical Sciences (later the Faculty of Health and Medical 

Sciences). Neither held seminars for research staff, so I organised a joint seminar programme to 

help encourage greater collaboration and learning. During an opening presentation I 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 I found it 

increasingly difficult to encourage new 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.  
 

(108) The MSc project presentations (mentioned in paragraph 48) continued through my PhD and 

I attended as often as possible. As an MSc student the presentations kept me up-to-date with 

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

was familiar to me, so I shifted focused to 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 I continue to attempt to emulate today. One that strikes a balance between 

ŜƴŎƻǳǊŀƎƛƴƎ ǎǘǳŘŜƴǘǎ ǘƻ ǘƘƛƴƪ ƛƴŘŜǇŜƴŘŜƴǘƭȅ όƛΦŜΦ ƴƻǘ ŎƻŀŎƘƛƴƎ ΨŀƴǎǿŜǊǎΩύ ǿƘƛƭǎǘ ƳƻǘƛǾŀǘƛƴƎ 

them in the midst of their degree course pressures.  
 

(109) I required a method to test the latency in the biofeedback system, so presented it as an 

MSc project, which I then co-supervised with Professor Ewins. This provided me an opportunity 

to learn how to support a student, and manage personal expectations for my work against the 
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educational needs of the student. Throughout my involvement with the MSc course I have 

found it fascinating to see the different ŜǘƘƻǎΩ students have towards their work for a degree.   
 

(110) To improve my technical understanding of the LabVIEW programming language I attended 

a week of training with National Instruments in Newbury. The Intermediate I course provided a 

foundation of good software development practices, which was built on during the 

Intermediate II course in performance and connectivity. The training was invaluable for my 

software development, and also to help support MSc, PhD and Part 1 trainee student projects.    
 

(111) The Gait Laboratory at Surrey was used for teaching and research work. To encourage 

better practice I produced a Code of Practice document for all users, specifically to provide 

information for new laboratory users and to help formalise working practices (Appendix F1). I 

also instructed new members of staff in the calibration and operation of equipment, and 

supported their project work.    

 

3.3 Journal reviews 

 
(112) During the PhD I reviewed journal submissions on biofeedback for the IMechE Journal of 

Sports Engineering and Technology, and the ISB Journal of Applied Bionics and Biomechanics. 

This has proved very useful in helping me better understand the journal publication process 

and quality of some work prior to publication.   

 

3.4 Ethics Committee Membership 

 
(113) The University of Surrey operated two tiers for reviewing the ethical nature of the 

academic and commercial activities within the business. Four Faculty Committees reviewed 

applications from undergraduate and postgraduate taught work within the four Faculties. The 

University Ethics Committee (UEC) reviewed applications from postgraduate research, 

doctorate, staff and all other areas, and have overall responsibility for providing ethical 

guidance.  
 

(114) I applied to join a Faculty Committee to improve my understanding of the review process, 

and see the breadth of scenarios presented for consideration, but also to become more 

informed for my own submissions. Biomedical Engineering is part of FEPS but I applied and 

joined the Faculty of Health and Medical Sciences Ethics Committee. FHMS have close ties with 

Biomedical Engineering and review more applications due to the nature of work. I reviewed 

approximately six applications every two weeks from MSc student projects, and participated in 

monthly Committee meetings. The meetings were a chance for experienced members to coach 

new members through specific queries and issues, and to receive instructions and notices from 

the main UEC. It was extremely useful to see patterns emerge in good and poor submissions, 

and how submissions can be written to aid the Committee. When the range of submissions 

became familiar to me I applied to join the UEC and was appointed after a brief interview.  
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(115) The UEC comprised a Chair (the Deputy Vice Chancellor), two ƭŀȅ ƳŜƳōŜǊǎΣ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ 

Chief Medical Officer, two to three representatives from each faculty (one of whom was a 

Deputy Chair) and two student representatives. Where possible the Clerk assigned submissions 

to two members within their expertise, provided there were no conflicts of interest. 

Submissions were not linked to course schedules, so were more distributed throughout the 

year. I reviewed approximately 5 submissions per month in subjects ranging from nursing, 

sociology, psychology, engineering and arts. Common principles can be applied to reviewing a 

submission, and I frequently referred to the respective codes of practice and ethical principles 

from the HCPC (the Standards of Conduct, Performance and Ethics), the British Sociological 

Association, The British Psychological Society, The Medical Research Council and The Social 

Research Association. The Health Research Authority guidance on defining research provides a 

particularly good summary aimed at addressing a commonly asked question ς what is 

research? (Health Research Authority. 2009). I met the Deputy Chair on a two-weekly basis to 

discuss specific cases or examples and used these discussions and experiences to develop my 

own structure for considering research ethics.   
 

(116) The UEC periodically undertook internal audits of completed work or work in progress to 

gauge ethical compliance. I was asked to chair two such audits, the first being a completed 

psychology PhD project, the second a staff sociology project. Audits were conducted by two 

Committee members. In the first instance I was joined by a Professor of Law (practicing 

Barrister and QC) with considerably more experience on the UEC than I. As such she chaired the 

meeting and discussed individualities of the process afterwards. This proved very instructive for 

the second audit which I chaired. Both were carried out in an informal manner, asking the 

students and supervisors about the work, problems they encountered and how they were 

resolved, and the concluding protocols of the work. Issues with the ethics submission and 

process were also raised and fed back to the Committee. 
 

(117) Ethics submissions can be viewed by new applicants as a hindrance to their work, one that 

may require re-scheduling project tasks. Through my involvement with the Faculty and Central 

Committees it became clear that the process can be quite the opposite. The requirement 

demands that 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 to treat the 

ǇǊƻŎŜǎǎ ŀǎ ŀ ƳŜŀƴǎ ƻŦ ΨƻǳǘǎƻǳǊŎƛƴƎΩ ǘƘŜ ǇǊƻƻŦǊŜŀŘƛƴƎ ƻŦ ǘƘŜƛǊ ǎǘǳŘŜƴǘΩǎ ǿƻǊƪΦ L ōƻǳƎƘǘ ƻƴŜ ŎŀǎŜ 

to a full UEC meeting, where the conflicting expectations of the student, supervisor and a 

sponsoring company were evident in the submission. In some instances the proposed analyses 

did not include the outcome tools quoted in the protocol, and in others the accommodation of 

subject needs had not been considered at all. Many public-facing study documents were 

written in a formal academic style using poor templates that had been shared among students. 

I sought to address many of these issues in my own later studies (Section 5.1), and worked with 

the Committee Clerk to update the guidance documents available on the University website.  
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3.5 Other Activities 

 
(118) Different charities support amputees in a variety of ways. LimbPower is one that aims to 

encourage new amputees to try sports they might not otherwise consider, and in doing so they 

provide a supportive social community. A key annual event to facilitate ǘƘƛǎ ƛǎ ǘƘŜ ά!ƳǇǳǘŜŜ 

DŀƳŜǎέ where participants of any age or ability are encouraged to try new sports. I met the 

founder of LimbPower during my PhD and attended the 2nd and 3rd Amputee Games held at 

Stoke Mandeville Stadium, to provide support. The events were attended by approximately 80 

amputees and ambulant disabled people, disability sports associations, rehabilitation 

companies and a small number of clinicians. Between administrative tasks, I took part in 

wheelchair volleyball lessons and the social activities. The charity also run annual overseas 

expeditions. In 2010 I joined their team to climb Mount Kilimanjaro. In preparation I spent a 

weekend camping in the Brecon Beacons and climbed Pen-y-fan with a group of uni- and bi-

lateral amputees. I was just short of the funding target so did not go with the team to 

Kilimanjaro. But In 2012 I joined them again to complete the 100 km London Nightrider 

challenge, cycling through London at night. Through each of these events my pre-conceptions 

of disability were challenged, and the group helped me see more clearly the artificial barriers 

that exist between patients and clinicians. Whilst I did not attend 'as a scientist', I learnt a great 

deal about prosthetics, amputee rehabilitation, and the care and social pressures some people 

face.    
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4. .ƭŀǘŎƘŦƻǊŘΩǎ [ǘŘ 
 

4.1 Introduction       September ς December 2012 
 
(119) After PhD funding ended I took up a full-time post with Chas A. Blatchford Ltd and worked 

in the groups Head Office as a Clinical Research and Development Engineer. I was based with 

the New Product Development (NPD) team under the direct supervision of the Company 

Technical Director Professor Saeed Zahedi, and Head of Research Dr David Moser for different 

aspects of work.   
 

(120) My ŜƳǇƭƻȅƳŜƴǘ ǿƛǘƘ .ƭŀǘŎƘŦƻǊŘΩǎ is covered by a confidentiality agreement, which I 

adhere to. The prosthetics market is highly competitive, so given the position I held in the 

Company I have chosen to be additionally cautious in this Chapter.   
 

4.2 Exo-Leg Project 
 
(121) BlatchfordΩǎ ǎŜŎǳǊŜŘ funding with other EU partners from an FP7 Active Assisted Living 

fund, to develop a lower limb exoskeleton to extend the mobility of older people. The 

consortium comprised six engineering companies, clinical centres, and research groups from 

three Universities, as follows:  
 

¶ Hocoma AG  Rehabilitation robotics company, Switzerland 

¶ Gigatronik Technologies GmbH  Systems engineering company, Germany 

¶ MRK Systeme GmbH  Robotics company, Germany 

¶ Mobile Robotics Sweden AB Robotics company, Sweden 

¶ Projecto Control Montaje SL Electro-mechanical design  company, Spain 

¶ Chas A Blatchford Ltd  Prosthetics and orthotics company, UK  

¶ Karlsruhe Institute of Technology  University research group, Germany  

¶ University of Gävle University research group, Sweden 

¶ Universidad Politecnica de Cartagena University research group, Spain 
 

(122) Blatchford had responsibility for commercialisation (demonstration, dissemination and 

exploitation), standards compliance, developing service models for each Country, contract 

management, and validation testing in the UK. I was assigned to take over from Professor 

Zahedi and represent the interests of Blatchford within the consortium. In addition to the 

defined work packages, the nature of commercialisation required that I also had an 

involvement with the other work packages (Appendix C7).  
 

(123) As a representative of one of only two medical engineering companies in the consortium, I 

was asked to promote human factors in the early stages of the project. I met consortium 

members face-to-face and via video-conferencing to provide biomechanics training, and input 

to each of the work package teams. I was tasked by Blatchford to advise the consortium on 

differing device standards and possible implications for product development and marketing, 
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to review all of the documentation outputs from each of the work packages, and to develop 

alternative conceptual designs for different strategic eventualities. I also reviewed draft 

standards documentation to support Professor Zahedi's involvement on ISO committees.  
 

(124) End user testing required that each Country established 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 groups for 

example). I was asked to set up an end user group for the UK, and define the routes and 

requirements for clinical testing. I started the process by gauging interest from a large and 

broad number of organisations and individuals; and discussed clinical testing routes with the 

National Research Ethics Service.  
 

4.3 Other Projects 
 
(125) Blatchford's required a ΨScience Knowledge bŀǎŜΩ to incorporate published articles and 

unpublished technical reports relating to the performance of prosthetic components across the 

ŎƻƳǇŀƴȅΩǎ product range. Aspects of the database were intended for internal use by the 

development team, and externally by marketing and product support staff. I collated 

documentation held across the company, supported by variously themed literature reviews. 

The company used a scoring system to rate the quality of evidence. I expanded this, scored 

each article, and created a database of evidence. This project was particularly fascinating by 

showing what information a commercial product development company has and where that 

sits on the markets technology curve.  
 

(126) Teams are formed around new products, each under the direction of a product champion. 

The teams remain assigned to that product through the complete lifecycle. I 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, tested and released to 

field staff with high priority. I 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.       
 

(127) The NPD team met on a regular basis to present updates on all of the products in the 

company portfolio. Since whole lifecycle support is provided, the discussions ranged from the 

conceptual to disposal. I represented the Exo-Leg project during these meetings. The team 

comprised engineers from a range of backgrounds (in hydraulics, electronics, materials and 

mechatronics), amputees and prosthetists. It was particularly enjoyable to develop a greater 

understanding of product development from such a diverse group.  
 

(128) The Technical Director called upon a small core of staff to support his work in 

conceptualising new products for the longer-term business strategy. As part of that group I 

participated in meetings with external industry and academic partners, predominantly to 

review emerging technology. Additionally I reviewed study proposals, draft business plans and 
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journal articles from external and internal sources, and provided feedback to individuals and 

organisations. 
 

(129) It proved difficult to find time to write up my PhD thesis whilst meeting these varied 

commitments, so I had to step down from the role to complete my thesis. The option of 

splitting the role was not available. The work gave me a great insight into long-term 

development strategies of prosthetics, medical devices and the ancillary support products; and 

gave me a greater understanding of the formulation of ISO standards. I also found it fascinating 

working with different types of stakeholders across Europe on a complex medical engineering 

project.   
 

4.4 St JosephΩǎ {ǇŜŎƛŀƭƛǎǘ {ŎƘƻƻƭ ŀƴŘ /ƻƭƭŜƎŜ          2013 
 
(130) Cǳƭƭ ŦǳƴŘƛƴƎ ǘƻ ǊŜǘǳǊƴ ǘƻ .ƭŀǘŎƘŦƻǊŘΩǎ ǿŀǎ ƴƻǘ ŀǾŀƛƭŀōƭŜ in the new financial year once I had 

submitted a thesis. So whilst waiting for other funding decisions I required temporary work, 

and specifically sought employment that would provide a different kind of challenge to my 

previous experiences, and one that would enhance my understanding of disability. I took up a 

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

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

is noted here because the experiences I gained relate to working with vulnerable children.  
 

(131) The School cater for approximately 100 children (50 of whom are full-time residential) 

through primary to college education. The children have emotional and behavioural issues, and 

learning difficulties that arise from: Autism, foetal alcohol syndrome, DownΩs syndrome, 

oppositional defiance disorder, pathological demand avoidance and emotional attachment 

disorders. !ŦǘŜǊ ƛƴƛǘƛŀƭ ΨǎŜƭŦ-ŘŜŦŜƴŎŜΩ ǘǊŀƛƴƛƴƎ I was assigned to a Key Stage 3 class of six children 

to support their learning on a one-to-one basis. I gave regular updates to parents and care-

workers, completed incidence reporting, and followed CPD activities in the school (learning 

Makaton sign language and positive behaviour management strategies). I conducted a small 

research project to look at the effect of iPad use on student behaviour.   
 

(132) L ǘƘŜƴ ŎƻƳǇƭŜǘŜŘ ŀŘǾŀƴŎŜŘ ǘǊŀƛƴƛƴƎ ƛƴ άCǊƻƴǘ-ƎǊƻǳƴŘ ǊŜŎƻǾŜǊȅέ όǊŜǎǘǊŀƛƴǘύ ŀƴŘ ά¦ǎŜ ƻŦ 

ƻōƧŜŎǘǎ ŀǎ ǿŜŀǇƻƴǎέ όƘƻǿ ǘƻ ŘƛǎŀǊƳ ǇŜƻǇƭŜ ŎŀǊǊȅƛƴƎ ƪƴƛǾŜǎΣ ŎƘŀƛǊǎ ŜǘŎΦύ ŀƴŘ ǿŀǎ ŀǎǎƛƎƴŜŘ ǘƻ 

one child who was not able to participate in the school due to his violent behaviour. He was a 

ΨƭƻƻƪŜŘ ŀŦǘŜǊ ŎƘƛƭŘΩ ό[!/ύ ǿƘƻ ƘŀŘ ōŜŜƴ ŀōŀƴŘƻƴŜŘ ŀǎ ŀ ōŀōȅ ŀƴŘ ƳƻǾŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ŎŀǊŜ ŀƴŘ 

probation systems for most of his young life. Consequently he had an attachment disorder and 

a limited concept of consequence, which regularly manifested in violent fatalistic behaviours. I 

worked with him on a three-to-one basis in a separate building. One role of positive behaviour 

management is to reduce anxiety through spoken word and body language, and covertly 

intǊƻŘǳŎŜ ŜŘǳŎŀǘƛƻƴŀƭ ŜȄǇŜǊƛŜƴŎŜǎ ǿƘŜƴ ǇƻǎǎƛōƭŜΦ Lƴ ǘƘƛǎ ŎƘƛƭŘΩǎ ŎŀǎŜ Ƙƛǎ ŀƴȄƛŜǘȅ ƭŜǾŜƭ ǿŀǎ ǎƻ 

high at the start of each day we often experienced physical confrontation as the Taxi door 

opened, demanding continued use of the lessons learnt in training throughout the day. The 

post did challenge me in stark contrast to academia, and provided many issues to contemplate.  
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5. Post-Doctoral Work 
 

5.1 Ageing Mobility Project             July 2013 ς January 2014 

 

5.1.1 Introduction 
 

(133) Funding became available (part by Blatchford Ltd and part by a University impact 

acceleration account) for a 6-month post-doctoral project to investigate the mobility issues 

affecting older people. Specifically to conduct a literature review, run focus groups with older 

people and their carers, and provide recommendations to Blatchford to guide product 

development. I carried out this work under the management of Professor David Ewins, and 

supported Dr Khim Horton (Senior Lecturer in the School of Nursing) during the focus groups.  

 

5.1.2 Review 
 

(134) The review was a wide-ranging look at the biomechanical issues affecting mobility in older 

people, covering: National prevalence and incidence statistics, major underlying physiological 

changes with age (to muscle composition, strength, joint range of motion and neuromuscular 

response); and how those changes effect the biomechanics of selected activities of daily living 

(e.g. standing balance, gait, and the use of ramps and stairs). There are serious implications for 

falling in older people, so I also reviewed the biomechanics of trips and falls, and foot clearance.  

 

5.1.3 Focus Groups 
 

(135) To support the review I organised three focus groups, recruiting 42 older people and their 

carers. Learning from my Ethics Committee involvement and with guidance from Dr Horton I 

ŘŜǎƛƎƴŜŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘ ǎƘŜŜǘǎ ǘƻ ōŜ ƭŜǎǎ ΨǎŎƛŜƴǘƛŦƛŎ ƭƻƻƪƛƴƎΩ ǘƘŀƴ Ƴŀƴȅ ƻŦǘŜƴ ŀǊŜ ό!ǇǇŜƴŘƛȄ 

D2). For people who may have poor vision a yellow background 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 from different 

recruitment locations, so I tracked document control through the process (Appendix D2.1).  
 

(136) To direct the conversations I developed an interview guide and a mobility questionnaire 

which were used alongside a published health survey. This was my first experience of using 

focus groups in research and was useful to see how Dr Horton led the sessions, kept everyone 

on topic informally, and then extracted qualitative data from audio tape. The process was 

similar to taking a clinical history from a parent, but with more people involved and greater 

emphasis on responding to issues that emerged through group discussion.  
 

(137) The literature review formed part of a report to .ƭŀǘŎƘŦƻǊŘΩǎ (Appendix B11) along with 

results from the focus groups and my recommendations for product development. I also gave 

updates of the research findings ǘƻ .ƭŀǘŎƘŦƻǊŘΩǎ ŦƛƴŀƴŎƛŀƭ ǎǇƻƴǎƻǊ ŀƴŘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅΦ 
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5.2 Movement at Surrey 

 

5.2.1 Background 
 

(138) Gait laboratories have a high floor space cost, so I was asked by the Director of the Centre 

for Biomedical Engineering to look at ways of improving awareness of the facility to potential 

collaborators within the University. I chose to host a networking event to bring together 

potential collaborators, and organised ǘƘŜ ŜǾŜƴǘ ŦǊƻƳ ΨōƻǘǘƻƳ-ǳǇΩ ŀƴŘ ΨǘƻǇ-ŘƻǿƴΩ 

perspectives, i.e. by approaching individual researchers ŀƴŘ ΨƭƻōōȅƛƴƎΩ ǎŜƴƛƻǊ ƳŀƴŀƎŜǊǎΦ L 

identified 40 members of staff across the University conducting research in aspects of motion 

capture or movement analysis, and met them individually to gauge collaboration potential. At 

the same time I had meetings with members of the University Executive Board and Senior 

Management Team to gain support, advice and possible funding. These included the Vice-

President (Enterprise and Growth), the Chief Executive of the Surrey Sports Park, the Chief 

Operating Officer, and the Faculty Deans and Associate Deans. These meetings culminated in 

ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƎƛǾŜ ŀ р ƳƛƴǳǘŜ ΨŜƭŜǾŀǘƻǊ ǇƛǘŎƘΩ ǘƻ ǘƘŜ 5ŜǇǳǘȅ ±ƛŎŜ /ƘŀƴŎŜƭƭƻǊΣ ǿƘƛŎƘ ƭŜŘ ǘƻ ŀ 

series of informal meetings with the Vice Chancellor, Professor Sir Christopher Snowden. At 

that time Professor Snowden was appointed Presidents of the IET, the Royal Academy of 

Engineering and Universities UK, and to the Prime Ministers advisory Council for Science and 

Technology. So whilst it was very useful to speak about movement analysis, the meetings 

presented an excellent opportunity for me to learn about research management and funding in 

the UK, particularly in the months prior to ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ w9C ǎǳōƳƛǎǎƛƻƴΦ ¢ƘŜǎŜ ƳŜŜǘƛƴƎǎ ƭŜŘ 

to assistance from the Director of the Research Enterprise Support (RES) unit, who allocated a 

project team (three members of staff) to help me manage the networking event.  

 

5.2.2 Corporeal Computing  
 

(139) At the same time the School of Arts and the Department of Computing hosted a joint 

international ŎƻƴŦŜǊŜƴŎŜ ƻƴ άCorporeal computingέ - άto discuss the use of motion responsive 

and motion-calculative systems in digital live performanceέ. The event was attended by 

choreographers, dancers, digital artists, software developers and installation artists who all 

worked with motion capture. Three issues become apparent to me: 1. The presenters had 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 Microsoft Kinect sensors to 

enable mixed reality stage performances. Also, where clinical research software has often been 

concerned with presenting simple virtual environments, attendees presented environments 

that played on emotions and psychological cues as VR users move between virtual and real 

environments whilst interacting with physical objects. 2. None of the attendees were 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 the Ψemotional qualityΩ of 

movement. Each of these issues suggested there is great potential for collaboration in 
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developing healthcare solutions. Through the conference I met researchers and Department 

Heads enthusiastic to collaborate in movement science.  

 

5.2.3 Networking Event  
 

(140) I wrote a programme (Appendix B12) for a half day event involving presentations 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 fund for catering. 25 members of staff 

attended from 3 faculties, and for many this was the first time they had met. After months (or 

years in some cases) of having discussions with individuals about aspects of movement science, 

I found it an absolute joy to see the room full of people from different backgrounds talking 

passionately about ΨƳȅ subjectΩ. Staff from the School of Veterinary Medicine offered to host a 

follow-up meeting. To encourage continued momentum I set-up an on-line collaboration tool 

prior to the event (using Microsoft Sharepoint), which incorporated shared ǎŜǊǾŜǊ ǎǇŀŎŜΣ ΨǿƛƪƛΩ 

pages each individual research centre and a discussion forum.  
 

(141) I was encouraged by the Vice Chancellor to submit a report (Appendix B13) to the Deputy 

Vice Chancellor and the Faculty Deans (who direct internal funding) to present movement 

science as a case example of the need for a specific cross-Faculty research funding scheme.  
 

(142) An impact assessment was carried out by RES shortly after I left the University and found 

that 7 cross-Faculty research projects had been set up as a consequence of the event. 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. 

 

5.2.4 Marketing 
 

(143) Allied to networking I sought to promote a brand for the gait laboratory, which could be 

used during a similar event for external collaborators. I designed pull-up stands (Appendix F4) 

and other marketing material, and obtained funding for their purchase. I re-designed the 

/ŜƴǘǊŜΩǎ ǿŜōǎƛǘŜ and provided content to the Faculty IT team.  

 

5.3 Grant applications  

 
(144) I submitted an application for an EPSRC fellowship (Appendix F3) to develop biofeedback. 

The application was reviewed internally and I attended an interview but this was unsuccessful. 
 

(145) Following the networking event I submitted a grant application (Appendix F4) in 

collaboration with a digital artist in the School of Arts, for pump-priming funds to develop data 

transfer between the Kinect sensor and software used by video games developers, to enable 

patients to interact with video games using the Kinect sensor. We chose to focus the work for 

upper limb stroke patients. This was unsuccessful.   
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6. DǳȅΩǎ IƻǎǇƛǘŀƭ 
 

6.1 Introduction and Local Context            April 2014 to date 

 
(146) In April 2014 I began part-time 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. 

¢ƘŜ [ŀōƻǊŀǘƻǊȅ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ 9ǾŜƭƛƴŀ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ƛƴ ǘƘŜ DǳȅΩǎ ŀƴŘ {ǘ ¢ƘƻƳŀǎΩ CƻǳƴŘŀǘƛƻƴ 

NHS Trust. The clinical lead is Mr Martin Gough, Consultant Orthopaedic Surgeon. The Gait 

Laboratory see adults and children with mobility problems ς predominantly children with 

cerebral palsy but patients with a range of neurological and orthopaedic conditions are also 

referred (see Appendix E4).  

 

6.2 Clinical Work 

 
(147) The Laboratory was founded in 1998 and now see 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. I am typically involved in 3 of the patient assessments per week. 

Two clinicians are involved in each session, and as one of the clinicians my initial duty is to set 

up the gait laboratory prior to appointments. This involves carrying out daily quality assurance 

tests of the force plates, calibrating the motion capture system, and checking consumables and 

the state of the laboratory with the cleaner. I respond to telephone queries which are often 

from the parents of patients or the medical secretaries of referring clinicians. I also participate 

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

(148) If the patient is new to the service I add them into an in-house patient database and 

prepare the required documentation (consent form, mobility questionnaire and data collection 

sheets). I periodically update the patient and 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 I become more familiar 

with the in-house MS Access database I make minor amendments as needs arise. Over the past 

two years we have changed from storing video onto tape to solid-state 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 there is further scope to 

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

(149) As I become increasingly familiar with the nuances of the measurement hardware, the need 

for daily QA checks becomes 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 I 

prefer to have a detailed picture of where and why a fault has occurred, in order to highlight 

any potential maintenance requirements. I do not believe it is acceptable to assume any 
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engineering system is ok if an artefact momentarily disappears, and I try to encourage 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 force plates from a 

known weight on a daily basis. Whilst there is no requirement to review the data over time I 

noticed an Ғнb ǎƛƴǳǎƻƛŘŀƭ ǊƛǇǇƭŜ όҒр҈ ƻŦ ǘƘŜ ŀƭƭƻǿŀōƭŜ ōŀƴŘύ ƻǾŜǊ ǘƘŜ с ȅŜŀǊ ǇŜǊƛƻŘ ǘƘŀǘ ǿŜ 

have continuous data for. After filtering and some investigation I 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 informative and helps practice investigational skills.  
 

(151) I 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 patterns 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 I can demonstrate one of the Trusts core values of 'putting patients first'. 

I 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 English language comprehension, which 

is particularly relevant when collecting informed (understood) consent. Interpreters have to be 

requested beforehand or requested on-call if deemed appropriate. I have requested and 

worked with interpreters. The dynamic with parents is often different when working through 

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

(152) Within the session I work with a colleague to collect gait and postural data. This involves 

carrying out a clinical examination, placing reflective markers and EMG electrodes, and 

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 I used during my BEF placement at QMH) for patients referred with high 

pressures of concern underfoot. Standing balance is assessed from ground reaction COP under 

two perturbation conditions if appropriate. Muscle strength is assessed manually by 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 I have scanned myself and other 

members of staff, and have used ultrasound in schools talks (Chapter 8).  
 

(153) There is potential for a range of errors to enter the data through each stage through human 

error. So I have evolved a number of rules-of-thumb and routines to ensure consistent practice. 

For example: through how I hold and manipulate goniometers, or how I manually annotate and 

check data recording sheets. Numerical readings are called out between colleagues and any 

apparent inconsistencies are raised and re-assessed. I have learnt that it is far better to pause a 

session and make repeat measurements than realise poor quality 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 

quality). Before the patient leaves the gait laboratory I double-check completeness of all of the 

data recording sheets.  
 

(154) After the patient leaves I process the data and compile them into a clinical report. Human 

error presents another risk during data processing. As such I encourage colleagues to highlight 

any issues that emerge. Similarly errors in reporting are detected during case review. Data are 

interpreted by State Registered colleagues, but I have also written gait reports (Appendix E2 

and 3) and presented these at review meetings with the Consultant Clinical Scientist and 

Orthopaedic Surgeon. The reports combine technical descriptions of both qualitative and 

quantitative data as well as kinematic and kinetic graphs. The data are then used as evidence 

for a number of clinical findings and recommendations which can range from exercise to multi-

level surgery. I regularly discuss cases with colleagues to help critically appraise my knowledge 

and learn more about specific pathologies, neurology or biomechanical mechanisms.  
 

(155) Over the past two years I have participated in the assessment of 188 patients (m=114, f=74) 

from the ages of 3 ½ years to 59 years, with a mean age of 12. A detailed summary of the 

patients I have seen is included in Appendix E4. 
 

(156) I have ŀǘǘŜƴŘŜŘ DǳȅΩǎ ϧ {ǘΦ ¢ƘƻƳŀǎΩ CƻǳƴŘŀǘƛƻƴ bI{ ¢Ǌǳǎǘ ƳŀƴŘŀǘƻǊȅ ǘǊŀƛƴƛƴƎ ƛƴΥ 

Safeguarding for vulnerable adults, child protection, basic paediatric life support, manual 

handling, equality diversity and human rights, fire safety, health and safety, and infection 

prevention. As a former staff training manager (for HMP Portland) I understand the importance 

of staying up-to-date with training. All training records are accessible via the Trust intranet, so I 

identify new or refresher sessions and attend as required.  
 

(157) The Clinical Movement Analysis Society (CMAS) UK was ŦƻǊƳŜŘ ƛƴ нллн ǘƻ άencourage 

professional interaction, develop and monitor operational standards and training, and to 

ǎǘƛƳǳƭŀǘŜ ŀƴŘ ŀŘǾŀƴŎŜ ǎŎƛŜƴǘƛŦƛŎ ƪƴƻǿƭŜŘƎŜ ƛƴ ǘƘŜ ŦƛŜƭŘǎ ƻŦ ŎƭƛƴƛŎŀƭ Ƴƻǘƛƻƴ ŀƴŀƭȅǎƛǎέΦ L ƘŀǾŜ 

followed the work of CMAS since 2005 and the development of laboratory standards which aim 

to promote the quality of service provision. More recently the άClinical Scientists in Clinical 

aƻǾŜƳŜƴǘ !ƴŀƭȅǎƛǎΥ {ǘŀƴŘŀǊŘǎ ŦƻǊ tǊŀŎǘƛŎŜέ provides useful professional context for staff 

working in clinical movement analysis. Similarly I have read a number of the Health and Care 

Professions Council standards of proficiency, for Clinical Scientists and other allied professions 

to improve my awareness of expectations across the multi-disciplinary team.  
 

(158) I routinely work with colleagues to ensure the Gait Laboratory maintains high operational 

standards. I have helped carry out annual assessments of the ultrasound machines, force plates 

and weighing chair; and have participated in repeatability assessments of aspects 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 clinical services among colleagues, we hold 

regular Referrers Day seminars. These serve to educate clinicians about our service capabilities, 
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our referral expectations and the reporting processes. I attended at St Thomas' Hospital in 

2015, spoke about instrumented analysis, and supported small groups during a case study 

session. A similar event is planned for 2016. I have represented the Gait Laboratory at a Clinical 

{ŎƛŜƴŎŜ ŎŀǊŜŜǊǎ ŜǾŜƴǘ ŀǘ {ǘ ¢ƘƻƳŀǎΩΤ ŀƴŘ ǊŜƎǳƭŀǊƭȅ ǎǳǇǇƻǊǘ о-day ΨwŜŀŎƘ hǳǘϥ ŜǾŜƴǘǎ ƛƴ ǘƘŜ 

Laboratory which provide school pupils with practical experience of rehabilitation engineering 

themes.  
 

(160) The Gait Laboratory actively support the training and personal development of NHS 

Trainees on the Scientist Training Programme. In a continuation of my teaching role at KingΩs 

College I 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 in challenging my knowledge.  

 

6.3 Technical Work 

 
(161) ¢ƻ ǇǊƻǾƛŘŜ ǘƘŜ DǳȅΩǎ ŀƴŘ {ǘ ¢ƘƻƳŀǎΩ tƘȅǎƛƻǘƘŜǊŀǇȅ 5ŜǇŀǊǘƳŜƴǘ ǿƛǘƘ ƴŜǿ quantitative 

measures of balance performance with older people, and those with neuro-vestibular 

impairments, I have developed software to acquire data from the Nintendo WiiFit Balance 

board, and calculate centre of pressure (COP). To validate the COP measures and determine 

clinical utility of the device I am co-supervising two physiotherapy MSc students. They will 

compare data from the board with COP measures taken from our force plates; provide 

measurement protocols for standing, sit-to-stand and sit-to-walk tasks, and then evaluate the 

feasibility of using the board in existing clinics. This project will involve greater collaboration 

with the physiotherapy team, in setting up motion capture hardware and the manufacture of a 

ǿŀƭƪǿŀȅ ƛƴ ŀ ƭŀōƻǊŀǘƻǊȅ ǎǇŀŎŜ ŀǘ {ǘ ¢ƘƻƳŀǎΩ ƘƻǎǇƛǘŀƭΦ  
 

(162) ¢ƘŜ tƘȅǎƛƻǘƘŜǊŀǇȅ ǘŜŀƳ ǿƛǘƘƛƴ ǘƘŜ hƭŘŜǊ tŜǊǎƻƴǎ !ǎǎŜǎǎƳŜƴǘ ¦ƴƛǘ ŀǘ DǳȅΩǎ IƻǎǇƛǘŀƭ ŀǊŜ ƛƴ 

the process of developing their test of dynamic visual acuity. The current protocol requires a 

physiotherapist to manually shake the patients head in time with a metronome 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 Department has assessed reliability of a head-mounted rate gyroscope which can be 

used to automate and synchronise the protocol with the optotype display. I have been asked to 

write software to enable this. This will involve the development of the sensor interface, guided 

user interfaces to enact static and dynamic visual acuity testing, user access controls, a patient 

database and facility for report generation. I am currently in the process of defining the project 

scope and software specifications with the lead physiotherapist and the Trusts commercial 

research manager. Conceptually the test is a biofeedback application (indeed the software will 

also be used to train patients with vestibule-ocular-reflex problems); as such this work plays 

very well to the technical strengths I developed during my PhD. It is particularly rewarding to 

work on an engineering project that may directly benefit a clinical service.  
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7. YƛƴƎΩǎ /ƻƭƭŜƎŜ London 
 

7.1 Lecturing                 September 2014 to date 

 
(163) In September 2014 I took up an Honorary Lecturer post ŀǘ YƛƴƎΩǎ /ƻƭƭŜƎŜ [ƻƴŘƻƴ όY/[ύ 

within the Department of Imaging Science and Biomedical Engineering, School of Medicine. I 

continue in that role and teach on the MSc Medical Engineering and Physics, and the MSc 

Clinical Sciences (Clinical Engineering) courses. I 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 of topics and B16 

for an example set of lecture slides, for ά/ƭƛƴƛŎŀƭ {ŎƛŜƴŎŜ ƛƴ !ƳǇǳǘŜŜ wŜƘŀōƛƭƛǘŀǘƛƻƴέύΦ  
 

(164) 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. I focus lecture material towards 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 not available, and CPD resources are not freely 

available to honorary staff. However I 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 (see Chapter 8).  

 

7.2 Assessment and Support               September 2014 to date 

 
(165) For each subject I teach I set examination questions, contribute to coursework 

assignments, and mark student work. I have so far been the internal examiner for six MSc 

projects. The viva-voca 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 I read each thesis at least twice and prepared lists of questions. In 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. I reported 

any issues that emerged through examination to the Course Director for further action, and 

participate in the course examination boards. 
 

(166) I am one of the personal tutors for the engineering students. This has predominantly 

involved responding to student questions and concerns via email, and 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 

 
(167) 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 this portfolio (and recorded in Appendix F6) I continue to improve my 

knowledge of anatomy and physiology through general reading and attending public lectures. 

DǳƴǘƘŀ ±ƻƴ IŀƎŜƴΩǎ 2008 ά.ƻŘȅ ²ƻǊds 4έ exhibition at the O2 arena provided a fascinating 

insight into comparative anatomy. I follow the work of biological anthropologists via social 

media to reflect on the developmental divergences and commonalities in our anatomical 

history. I have a long held interest in neurology, and in the 1990s had an ambition to build a 

bipedal robot with an emergent control system in order to learn more about how we control 

gait. That ambition has since been tempered, but sƛƴŎŜ ǿƻǊƪƛƴƎ ŀǘ DǳȅΩǎ IƻǎǇƛǘŀƭ ǿƛǘƘ ŀ 

predominantly neurological patient group I have followed two online courses to update my 

knowledge of neurology: ά¢ƘŜ bŜǳǊƻǎŎƛŜƴŎŜ ƻŦ 9ǾŜǊyŘŀȅ [ƛŦŜέ ŘŜƭƛǾŜǊŜŘ ōȅ tǊƻŦessor Wang 

from Princeton University, and the άhǊƛƎƛƴǎ ƻŦ ǘƘŜ IǳƳŀƴ aƛƴŘέ ŘŜƭƛǾŜǊŜŘ ōȅ tǊƻŦessor 

Hinshaw from University of California, Berkeley.  
 

(168) Since 2014 I have delivered annual medical physics and engineering talks to pupils at a local 

secondary school. The science department present these ŀǎ ΨƳŀǎǘŜǊŎƭŀǎǎesΩ that give real-world 

context to their lessons. I initially spoke to top set year 12 pupils, and now cover key stages 4 

and 5 (years 10, 11 and 12) groups in larger combined sessions. For pupils interested in learning 

more I direct them to the summer schemes run by educational trusts (such as the Smallpeice 

and Headstart schemes), and I am looking for work experience placements locally. The school is 

a teacher training provider, so the training staff provide valuable feedback about my 

communication and presentation skills. In particular it has been valuable to learn how to 

accommodate the needs of blind pupils. To encourage staff to use more healthcare examples in 

their teaching I am currently working on mapping topics in the National Science Curriculum 

against healthcare examples, with a view of encouraging medical engineering themed lesson 

plans and activities. For example moments and work as introduced in Key Stage 3 Physics can 

be presented in the context of musculoskeletal lever arms and the differing demands on the 

body, which can also be referred to in PE and other subject areas.     
 

(169) I have provided one-to-one tuition privately for pupils on the International Baccalaureate, 

A-Level and GCSE mathematics and physics programmes; and have supported a home-schooled 

pupil who wished to learn more about modern science. Working across the educational 

spectrum is an invaluable experience that continues to invigorate my own enthusiasm for 

medical engineering.  

 
(170) The opportunities and experiences I 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 I have followed the progress of 3rd sector work in poorly financed regions of the world, 

and have looked for opportunities where I might make an impact. This ethos was in-part 

ƛƴǎǇƛǊŜŘ ōȅ ǘƘŜ ǎƛƎƴ ŀōƻǾŜ ǘƘŜ bǳŦŦƛŜƭŘ hǊǘƘƻǇŀŜŘƛŎ /ŜƴǘǊŜ ƛƴ hȄŦƻǊŘ ǿƘƛŎƘ ǊŜŀŘǎ άǘƘŜ hȄŦƻǊŘ 

/ŜƴǘǊŜ ŦƻǊ 9ƴŀōƭŜƳŜƴǘέΦ 9ƴŀōƭŜƳŜƴǘ ŦƻǊ ƳŜ ƛǎ ǘƘŜ ǊƻƭŜ ƻŦ ŀ /ƭƛƴƛŎŀƭ {ŎƛŜƴǘƛǎǘΦ ¢ƻ ǘƘƛǎ end I am 

currently working with a Principal Clinical Scientist, in Urodynamics at University College 

London, developing a low cost cystometry system to address an under-represented assessment 

need for clinicians volunteering overseas. We aim to produce a simple automated 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 

 
(171) As an engineer I have focused my career into clinical engineering to help deliver technical 

solutions for patients and clinicians. Yet I believe the role and appreciation of clinical engineers 

in the NHS is increasingly viewed with ambiguity as commercial involvement increases, and 

roles are harmonised and over-specified through Department of Health policies. Because of this 

there has never been a greater need for engineers and scientists to drive innovation, 

capitalising on the knowledge we acquire from our daily involvement with patients. I look 

forward to playing a part in that process and using my skills to contribute to exciting 

developments in future projects.  

 

  



 

57 
 

REFERENCES 
 

Buma, D. and P. Veltink (2001). Effect of stimulation level on sensation during continuous 
electrocutaenous stimulation, Case Western Reserve University. 
  
Donaldson N. de. N. and Perkins T.A. (1983). "Analysis of resonant coupled coils in the design of 
radio frequency transcutaneous links." Med. & Biol. Eng. & Computing(21): 612-627. 
  
Health Research Authority. (2009). "Defining Research ". 
  
Kajimoto, H., N. Kawakami, et al. (2004). "SmartTouch: Electric Skin to Touch the Untouchable." 
IEEE Computer Graphics and Applications: 36-43. 
  
Lee, M. Y., C. F. Lin, et al. (2006). "Design of a new biofeedback proprioceptive neuromuscular 
facilitation system for below-knee amputees." Biomedical Engineering and Appl Basis Comm18: 
190-197. 
  
Schmidt, R. A. and C. A. Wrisberg (2008). Motor learning and performance. A Situation-Based 
Learning Approach. Champaign, IL. 
  
Shumway-Cook, A. and M. Woollacott (2007). Motor Control Translating Research into Clinical 
Practice Lippincott Williams and Wilkins. 
  
Vuillerme, N. (2009). "Effectiveness of a tongue-placed electrotactile biofeedback to improve 
ankle force sense following plantar-flexor muscles fatigue." Gait and Posture30: 556-659. 
  
Winstein, C. J. (1991). "Knowledge or Results and Motor Learning - Implications for Physical 
Therapy " Movement Science Series71(2): 140-149. 
 
  



 

58 
 

APPENDICES 
 

A EDUCATION 
 

A1 Academic Qualifications 
 

 

University  

2013 tƘ5 άwŜŀƭ-time biofeedback for amputee gait re-ǘǊŀƛƴƛƴƎέ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ǳǊǊŜȅ 

2008 IPEM Postgraduate Diploma in Clinical Science  

2007 MSc (with merit) in Biomedical Engineering, University of Surrey 

2002 BEng (honours) 1st Class. Robotics and Automated Systems, University of Plymouth  

1998 Foundation Engineering degree, University of Plymouth  

 

College  

1995 NVQ Level 2 Business Administration  

1995 NVQ Level 3 Engineering Manufacture  

1993 NVQ Level 2 Engineering Manufacture  

1994 City and Guilds 230 Computer Aided Engineering (distinction) 

1994 City and Guilds 228 Mechanical Production Competences (distinction) 

1994 City and Guilds 201 Basic Engineering Competences ς Mechanical Production (distinction) 

1993 City and Guilds 201 Basic Engineering Competences ς General Engineering (distinction) 

 

Secondary School  

1992  5 GCSE at A-C level, (Maths, Double Science, Technology, Design)  
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A2 Certificates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

60 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

61 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

62 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

63 
 

B REPORTS, PRESENTATIONS and TEACHING 
 

B1 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 overall process 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 construction centred on easily sourced local material, lightweight aluminium 

sections and pre-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 visual oōǎŜǊǾŀǘƛƻƴǎ ǿŜǊŜ ƳŀŘŜ ƻŦ ǘƘŜ ǿŀƭƪƛƴƎ ƎŀƛǘΣ ǘƘƛǎ ƘƻǿŜǾŜǊ ŘƛŘƴΩǘ 

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 workload 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 information about the 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 the power source. The RF 

transmission systems performance was increased from 22.2% to 43% 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.  

The sonar ƳƻŘǳƭŜ ǿŀǎ ŦƻǳƴŘ ǘƻ ƘŀǾŜ ŀƴ ŀǾŜǊŀƎŜ ƳŜŀǎǳǊŜƳŜƴǘ ŜǊǊƻǊ ƻŦ тΦст҈ ƻǾŜǊ ƛǘΩǎ ŜƴǘƛǊŜ 

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 attempt was also 

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 

components 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 Abstract (2007) 
 
Thesis title:  Method for the Measurement of Media Player Use 
Supervisor:  Professor David Ewins, University of Surrey 
 
 

Abstract 
 

There has been ongoing concern that prolonged use of MP3 players can lead to noise-induced 

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 

questionnaires and interviews. The subjective nature of these latter methods has led to 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 new data-logging 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 data-logger, to relate output voltage to 

exposed pressure. It is proposed that 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. A data-logger 

was designed 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 

ƳŀŘŜ ƻŦ ǘƘŜ ǳǎŜǊΩǎ ƴŀǘǳǊŀƭ ƭƛǎǘŜƴƛƴƎ ƘŀōƛǘǎΣ ƻǾŜǊ ŀ ƭƻƴƎ ǇŜǊƛƻŘ ƻŦ ǘƛƳŜΣ ǿƛǘƘ a resolution 

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 gave an 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 the region 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 research, to increase understanding of the risks of this aspect of 

recreational noise.  
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B3 PhD Abstract (2012) 
 
Thesis title:  Real-time Electro-tactile Biofeedback for Amputee Gait Re-Training 
Supervisors:  Professor David Ewins, University of Surrey 
  Dr Salim Ghoussayni 
  Dr Serge Cirovic 
 

Abstract 
 
Biofeedback is a real-time training technique that involves measuring a physiological function and 
conveying information back to the patient, to help them learn to adjust their performance. Biofeedback 
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 impaired. During physiotherapy patients have a 
limited view of their body, and the physiotherapist may not be best physically placed to witness gait 
changes. Outside the clinic patients often adopt poor walking patterns, such as circumduction and 
abduction, which can lead 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 trans-femoral amputees. Guided by a review 
of the literature, a training system was developed that uses electro-tactile sensory stimulation to 
ǇǊƻǾƛŘŜ ŦŜŜŘōŀŎƪ ƻŦ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǘƘƛƎƘ Ƴƻǘƛƻƴ ǿƘƛƭǎǘ ǘƘŜȅ ǿŀƭƪ ƻƴ ŀ ǘǊŜŀŘƳƛƭƭΦ  
 
A greater understanding of the psychophysical response to electro-tactile 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. The 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 numbered electrode locations they 
demonstrated an ability to perceive spatially coded information presented to the thigh using electrical 
stimulation.  
 
A camera-based motion capture system was incorporated into the completed biofeedback system, and 
software was written to capture kinematic data in real-time. To enable the calculation of feedback 
stimuli, a 3-ŘƛƳŜƴǎƛƻƴŀƭ ōƛƻƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭ ǿŀǎ ŎƻƴǎǘǊǳŎǘŜŘ ŀƴŘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƘƛǇ Ƨƻƛƴǘ ŀƴƎƭŜǎ ǿŜǊŜ 
compared to a joint angle reference database. Kinematic event detection made 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 possible to assess 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 ability to discriminate stimuli were also found in the amputee group to be 
comparable with the non-amputees.  
 
This work has potential to become integrated into prosthetic components, and can be adapted for use 
with a broader range of patient groups with upper and lower limb movement disorders. The analysis 
software has potential to be further developed to provide real-time interpretation of gait patterns. 
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B4 University of Surrey Postgraduate Research Conference Poster 
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B5 NI Days Worldwide Graphical Systems Design Conference, London. 2009 
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B6 First Annual Conference of the International FES Society 2010 
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B7 Third Annual Conference of the International FES Society 2012 Abstract 
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B8 Third Annual Conference of the International FES Society 2012 Conference Poster 
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B9 EPRSC Pathways to Impact Case SǘǳŘȅ ŦƻǊ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ǳǊǊŜȅΩǎ 9t{w/ portfolio 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

72 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

73 
 

B10 Capability after limb loss, West Midlands Rehabilitation Centre, UK. 2013 Abstract 
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B11 Summary of Report to Chas A. Blatchford and Sons Ltd ς Ageing Mobility Literature 
Review and Recommendations for Powered Orthosis Development 

 
 
 
 
 

Ageing Mobility Literature Review  
& 

Recommendations for  
[   ] Development   

 
 

Prepared for Chas A. Blatchford Ltd 
 

Author:   Dr Graham Webb  
   Research Fellow  
 
Project Manager:  Professor David Ewins 
   Professorial Research Fellow  
 
Date:    24th January 2014 
Issue:   1.0  
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Summary 
 
This report reviews the key biomechanical issues that cause the functional capacity declines 
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 then hip 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 major cause of injury and death in older people. Stair descent accounts for 
75% of stair-related 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 to be a key deficiency in 
mobility, resulting in a hip pull-up 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 of [      ], a range of outcome 
measures are reviewed. No systematic methods for assessing gait were found to be in routine 
use in general practice or in NHS falls services in the UK. However a number of tests have been 
recommended for use with older people and are reported in the literature.  An outcomes 
package is suggested to enable assessment of [    ] within a range of 
studies. The package comprises the use of instrumented analysis (kinetics, kinematics and 
EMG) and qualitative tools (the Dynamic Gait Index, Timed-Up-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 are included 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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B12 Movement at Surrey Networking Event Programme  
 

Movement at Surrey 
Networking event 

 40AA03 
Tuesday 5th 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. Set-up technology user groups  
 

PROGRAMME 
 
09:30 ς 09:45  Registration and Refreshments       
 
09:45 ς 10:00 Introduction  

Graham Webb, Research Fellow Centre for Biomedical Engineering 
Charlie Kang, Research Development Officer (RES) - Facilitator 

 
10:00 ς 11:20  Centre introductions: 
 

10:00   Centre for Biomedical Engineering       
David Ewins, Professor of Biomedical Engineering       
Aliah Shaheen, 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, Senior Lecturer in Dance and Digital Arts 

 10:30 Department of Computing        
  Paul Krause, Professor of Software Engineering 

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

10:50  Department of Psychology        
 Annette Sterr, Professor of Cognitive Neuroscience and Neuropsychology 

11:00  School of Veterinary Medicine        
 Constanza Gomez Alvarez, Lecturer in Veterinary Medicine 

 
11:10 ς 11:20  The Funding Landscape  

Charlie Kang, Research Development Officer (RES)    
 

11:20 ς 11:40 Break (tea & coffee) 
 

11:40 ς 13:00 Facilitated Group Discussion & lunch    
 

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

Organisers: Graham Webb and Aliah Shaheen, Centre for Biomedical Engineering  
 
With thanks to Helen Ellis, Anne Hrassnigg and Charlie Kang from Research and Enterprise Support for their 
invaluable assistance, and to MILES for sponsoring this event.  
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B13 Summary of Report to the Deputy Vice Chancellor and Faculty Deans of the University 
of Surrey ς άaƻǾŜƳŜƴǘ wŜǎŜŀǊŎƘ ŀǘ {ǳǊǊŜȅέ 

 
 
 

Movement Research at Surrey 
ς Moving forward together 

 
 

Author:  Dr Graham Webb  Research Fellow, Centre for Biomedical Engineering  
  
To:   
 
 
 
 
 
Date: 1st December 2013  

 
 
Executive Summary  
 
Movement is presented as a new research theme for potential cross-Faculty collaboration. 
There is extensive research 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 
ǘƻ Ƴŀƴȅ ƻŦ ǘƘŜ 9¦ DƻǾŜǊƴƳŜƴǘΩǎ ǘƻǇ ǇǊƛƻǊƛǘƛŜǎ ŦƻǊ ǎǳǎǘŀƛƴƛƴƎ ƘŜŀƭǘƘȅ ǇƻǇǳƭŀǘƛƻƴǎΣ ǿƛǘƘ ϻну 
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. Until recently, many 
members of staff were unaware of others working on campus in related areas. To address this, 
ŀ ƴŜǘǿƻǊƪƛƴƎ ŜǾŜƴǘ άaƻǾŜƳŜƴǘ ŀǘ {ǳǊǊŜȅέ ǿŀǎ ƘƻǎǘŜŘ ōȅ 5Ǌ DǊŀƘŀƳ ²ŜōōΣ ǿƘƛŎƘ ƘƛƎƘƭƛƎƘǘŜŘ 
the potential that greater collaboration could bring for sustainable commercial income 
ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŦƻǊ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ ǊŜǎŜŀǊŎƘ ǇƻǊǘŦƻƭƛƻΦ  
 
The theme can be developed with the creation of cross-Faculty thematic sub-groups, led by 
discipline champions to develop specific project areas. The networking event highlighted 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 cross-Faculty groups by identifying specific project areas, and developing 
multi-disciplinary bids to external funding agencies for a minimum of £400k in 2-3 key 
activities 

2. Set up technology user groups and online tools to improve collaboration and resource 
use  

 
Movement is a potentially unique selling point for Surrey. Without coordination the benefits to 
the University would not be realised. 
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B14 Lecture example: ά.ƛƻŜƭŜŎǘrƛŎ {ƛƎƴŀƭǎΥ /b{έ for the MSc Biomedical Engineering, 
University of Surrey 
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B15 Lectures presented for the STP MSc Clinical Sciences (Clinical Engineering) course at 
Kings College London 

 

 

Module   Topic    

Clinical measurement  Human Movement I: Kinematics  

Human Movement II: Force and Pressure  

Respiratory Assessment  

Audiological Assessment 

Rehabilitation   Mechanics Refresher  

Kinematics     

ICF and Physical Disability  

Biomaterials   

Emerging Technology in Rehabilitation   

Further Rehabilitation  Functional Electrical Stimulation  

Orthotics  

Clinical Science in Amputee Rehabilitation  

Orthopaedic Biomechanics  

Implantable Prosthetics   
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B16 [ŜŎǘǳǊŜ ŜȄŀƳǇƭŜΥ ά/ƭƛƴƛŎŀƭ {ŎƛŜƴŎŜ ƛƴ !ƳǇǳǘŜŜ wŜƘŀōƛƭƛǘŀǘƛƻƴέ ŦƻǊ the STP MSc Clinical 
Sciences (Clinical Engineering) course at Kings College London 
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C TECHNICAL WORK 
 

C1 Bone distractor power telemetry circuits 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Coil driving circuit prototype 1  

 

The 28-turn inductor and parallel capacitors (18pF and 68pF) are set to oscillate at a set 

frequency. A 2.3 turn inductor is mutually coupled to the oscillator providing an input to the 

feedback transistor (BC337). The 30kW resistor 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 an n-type MOSFET in anti-phase 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 330W resistor limit the overlap 

current between the two switched FETs. Since, in an LC circuit, current 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. C1 is represented by the 150pF capacitor, the 18pF 

capacitor provides variability to tune the transmitting coil.  

 

 

 

 

 

 

18pF 

18pF 68pF 

30kW 

470pF 

21t 

7t 

11t 

2.3t  

BC337 

IN914 

IN914 
330W 

RB 

BS170 

BS250 

150pF 

Transmitting coil 
 
60mm diameter 
8 turns of 0.25mm 
copper wire 

+22VDC 

0V 

10mm rf 
ferrite toroid 

+ 

+ 

+ 

+ 
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MAX232 
Line Driver 

PIC16F876 

LTC6904 
Programmable 
Oscillator 

4-bit 
ripple 
counter 

PC 

& 

& 

16MHz 

8MHz 

4MHz 

4MHz 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

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 stability and 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 resolution. A 16MHz pulse train outputs from the LTC6904 into a 4-

bit ripple counter, the 8MHz and 4MHz outputs are used through some 74HC series logic gates 

to generate the waveforms below.  

            

            

 
 

           

            

 
 

           

FET1    FET1    FET1    

 
 

           

  FET2    FET2    FET2  

 
 
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 adjustment is provided by the LTC6904. 

      

 
8MHz output  
 
 
4MHz output  
 
 
8 AND 4 
 
 
8 AND 4 
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C2 Bone distractor data telemetry development setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hardware used for code development for implant data communications 
 

MAX232 line driver 
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Connector for ¼ 
wave dipole whip 

Radio module 
board 
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CC1100 SMT die 
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CC1100 
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µcontroller 
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MAX232 

SPI bus 
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C3 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 in-patient and out-patient environments. I therefore found it useful to view the 
device-patient safety risks in terms of the concept of biocompatibility. The term is generally used in relation to 
implantable biomaterials and can be summarised as: the effect of the material on the host and the effect of the 
host on the material. I have added a third category - the effect of the material on the environment. Consideration 
of the following properties must be taken into account when assessing the impact of a patient-implant interaction: 
Chemical, Mechanical, Biological ς Immunological, Electromagnetic, Optical, Physical and Thermal. My remit was 
to provide a working prototype for the telemetry system, this does not encompass the production of an 
implantable final product. As such I 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 Non-Ionising Radiation 
Non-ionising 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 hence the boundary 
between ionising and non-ionising radiation is in the region of 10eV. Non-ionising 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 accommodates 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 charges (ions) 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 
όƳύΣ ƛǎ Ƴˋ9

2
κˊΣ όǿƘŜǊŜ ˊ ƛǎ ǘƘŜ ŘŜƴǎƛǘȅ ŀƴŘ 9 ƛǎ ǘƘŜ ǊƳǎ ǾŀƭǳŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ŦƛŜƭŘύΦ ¢ƘŜ ǉǳŀƴǘƛǘȅ ˋ9

2
κˊ ƛǎ ŎŀƭƭŜŘ ǘƘŜ 

specific energy absorption rate (SAR), it is measured in watts per kilogram and used as a quantitative guide to non-
ionising dose rate. Power is dissipated through ohmic losses in conduction currents and dielectric losses in 
displacement currents. There have been numerous studies into the physiological effects of specific non-ionising 
radiation frequencies. But the bandwidth is wide and it is not efficacious to correlate results from in-vitro 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 
commissioned 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 wide-ranging review of the evidence associated with RF interactions with biological 
systems. I found that this echoed and supported much of the guidance on offer from the International Commission 
on Non-Ionizing Radiation Protection (ICNIRP). The interactions fall into two categories: thermal and non-thermal. 
It is suggested that magnetic field effects are due to the level of magnetite (Fe3O4) present in a large number of 
animal cells [60]. Time-varying magnetic fields induce electric fields and it is generally agreed that the electric 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 currents. The electrical resistance of the material through which these currents flow causes heating - 
ŀ ǘƘŜǊƳŀƭ ŜŦŦŜŎǘΦ ¢ƘŜ ƘŜŀǘ ƛƴǇǳǘ ŎŀǳǎŜǎ ŀ ǊƛǎŜ ƛƴ ǘŜƳǇŜǊŀǘǳǊŜΣ ǿƘƛŎƘ Ƴǳǎǘ ōŜ ōŀƭŀƴŎŜŘ ōȅ ǘƘŜ ōƻŘȅΩǎ ŀōƛƭƛǘȅ ǘƻ 
remove that heat; this is done through blood flow 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 0.11

0
C. The IEGMP have shown that a 1

0
C rise in core temperature 

effects changes in neuronal excitability, neurotransmitter function, and innate and learned behaviours [1], in 
addition they state: 
 
άǎǇŜŎƛŦƛŎ ŦǊŜǉǳŜƴŎƛŜǎ ƻŦ ŀƳǇƭƛǘǳŘŜ ƳƻŘǳƭŀǘƛƻƴ ŀƴŘ ŜƴŜǊƎȅ ƭŜǾŜƭǎ Ƴŀȅ ŀŦŦŜŎǘ ƳŜƳōǊŀƴŜ ǇǊƻǘŜƛƴǎΣ ǘƘŜ ŦƭǳȄ 
of calcium and other ions across the ƳŜƳōǊŀƴŜǎ ƻŦ ƴŜǳǊƻƴǎΣ ŀƴŘ 99D ǊƘȅǘƘƳέ ώмϐ  
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Studies have been carried out to assess non-thermal effects for a range of systems and functions, including: 
auditory response, the blood-brain barrier, pineal function - melatonin production, the eye, foetal health, 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 damage, or chromosomal aberrations related to RF radiation. The energy quanta of radiation at 0.9GHz is 
п˃Ŝ±Σ ǿƘƛŎƘ ƛǎ ŀ ŦŀŎǘƻǊ ƻŦ нрлΣллл ƭƻǿŜǊ ǘƘŀƴ ǘƘŀǘ ǊŜǉǳƛǊŜŘ ǘƻ ōǊŜŀƪ ǘƘŜ ǿŜŀƪŜǎǘ ŎƘŜƳƛŎŀƭ ōƻƴŘ ƛƴ 5b!Φ ¢ƘŜǎŜ 
results do not take into account changes to the electric and magnetic fields in near field conditions, or from 
different frequency spectrum and coherence properties. The ICNIRP suggest that human exposure occurs under 
near-field conditions for some devices operating above 10MHz [3]. Conway and Anderson [4] also state that 
inductive heating techniques operate in the region of 10-30MHz, 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 intestine 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 and non-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 electronic 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 with any electronic device, such as a shop security 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 into 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, I 
have assumed the system will initially operate under UK and 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 90/385/EEC) [7] or the In 
Vitro Diagnostics Directive (IVDD 98-79-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] and by Statutory Instrument No 1697 (the Medical Devices (Amendment) Regulations 
нллоύ ώмлϐΦ ¢ƘŜ /ƻƳƳƛǎǎƛƻƴ 9ƭŜŎǘǊƻǘŜŎƘƴƛǉǳŜ LƴǘŜǊƴŀǘƛƻƴŀƭŜΩǎ слслм ǎǘŀƴŘŀǊŘ ƛǎ ŀƴ ŀǳǘƘƻǊƛǘŀǘƛǾŜ ǎǘŀƴŘŀǊŘ 
harmonised across the United States, Canada, the European Union, Japan, Australia and New Zealand. For 
ǇǊƻŘǳŎǘǎ ǿƛǘƘƛƴ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ǘƘŀǘ ŎƻƳǇƭȅ ǿƛǘƘ L9/слслм όƻǊ ǘƘŜ ¦Yǎ .{ 9bслслмύ ǘƘŜǊŜ ƛǎ ŀ άǇǊŜǎǳƳǇǘƛƻƴ 
ƻŦ ŎƻƴŦƻǊƳƛǘȅέ ǘƻ ǘƘŜ aŜŘƛŎŀƭ 5ŜǾƛŎŜǎ 5ƛǊŜŎǘƛǾŜ фоκпнκ99/Φ ¢ƘŜ L9/ слслм ŎƻƳǇǊƛǎŜǎ ŦƻǳǊ ǇŀǊǘǎΥ 
 

¶ The 60601-1 base standard is the core of the standard and with the collateral standards covers all of the 
general requirements for electrical medical products. For example collateral standardIEC60601-1-2 covers 
aspects of electromagnetic compatibility.  

¶ The 60601-2 group are particular standards that include particular device-specific standards. For example 
collateral standard IEC 60601-2-2 covers high frequency surgical devices.  

¶ The 60601-3 group are performance standards that cover performance requirements for specific devices. For 
example IEC60601-3-1 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:  

¶ Class I ς άƭƻǿ Ǌƛǎƪέ ŘŜǾƛŎŜǎΦ DŜƴŜǊŀƭƭȅ ƴƻƴ-invasive and reusable devices, low significant risks to the 
patient. 
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¶ Class IIa ς άƳŜŘƛǳƳ Ǌƛǎƪέ ŘŜǾƛŎŜǎΣ ǎǳŎƘ ŀǎ ǎƛƴƎƭŜ ǳǎŜ ƛƴǎǘǊǳƳŜƴǘǎΣ ƳŜŘƛǳƳ Ǌƛǎƪ ŀŎǘƛǾŜ ŘŜǾƛŎŜǎ ŀƴŘ 
monitors etc. 

¶ Class IIb ς άƳŜŘƛǳƳ-ƘƛƎƘ Ǌƛǎƪέ ŘŜvices, some examples include long term implants, x-ray units, some 
contraceptive devices. 

¶ Class III ς άƘƛƎƘ Ǌƛǎƪέ ŘŜǾƛŎŜǎ ǎǳŎƘ ŀǎ ŘŜǾƛŎŜǎ ǘƘŀǘ ŎƻƴǘŀŎǘ ǘƘŜ ƘŜŀǊǘ ŀƴŘ ōǊŀƛƴΣ ŘŜǾƛŎŜǎ ǿƛǘƘ ƳŜŘƛŎƛƴŀƭ 
substances and animal materials etc. 

 
BS EN 60601-1 defines three classes for medical electronic instrumentation: 

¶ Class I - 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. A fuse is in 
place in the live path 

¶ Class II - As above, without a protective earth, relies on double insulation or reinforced insulation to 
protect against electric shock 

¶ Class III - Safety extra low voltage (SELV) devices Externally powered <24Va.c. or < 50 VDC Not recognised as 
medical devices 

 
The class classifies the level of electrical protection that a device has. Three further classification types exist for 
ǇŀǘƛŜƴǘ ŎƻƴƴŜŎǘŜŘ ŜǉǳƛǇƳŜƴǘ ƻǊ ΨŀǇǇƭƛŜŘ ǇŀǊǘǎΩ ǘƘŀǘ ŎƻƳŜ ƛƴǘƻ ŘƛǊŜŎǘ ǇƘȅǎƛŎŀƭ ŎƻƴǘŀŎǘ ǿƛǘƘ ǘƘŜ ǇŀǘƛŜƴǘΦ  

¶ B - An internal or external connection (excluding direct cardiac connection) 

¶ BF - Type B with a floating (isolated) input 

¶ CF - Suitable for direct cardiac application 
 
According to rule 8 (surgically invasive, long-term use and implantable devices) of the 93/42/EEC guidance 
document [11], the implantable bone distractor system is a Class IIb device. Whilst the externally worn device is 
classified, according to 60601-1, as a Class II, type B device. 
 
Electromagnetic compatibility (EMC) 
EMC is defined as:  
 
άŀ ƳŜŀǎǳǊŜ ƻŦ ŀ ŘŜǾƛŎŜǎ ŀōƛƭƛǘȅ to perform its intended function within a given electromagnetic 
environment without adversely affecting or being adversely affected by other objects sharing that 
ŜƴǾƛǊƻƴƳŜƴǘέ ώмнϐ 

 
A topical example of an EMC concern is the use of mobile phones in hospitals, where there exists a wide range of 
safety-ŎǊƛǘƛŎŀƭ ŜƭŜŎǘǊƻƴƛŎ ŜǉǳƛǇƳŜƴǘΦ Lƴ нллм ǘƘŜ ƻǳǘƎƻƛƴƎ IŜŀŘ ƻŦ aŜŘƛŎŀƭ tƘȅǎƛŎǎ ŀǘ {ǘ DŜƻǊƎŜΩǎ IƻǎǇƛǘŀƭ ƛǎǎǳŜŘ 
the Trusts policy regarding the use of radio communications [13], this was augmented by a telecommunications 
policy in 2004 [14]. The policy divides radio communications devices into six categories:  
 

1. Emergency Radios - used by Ambulance, Police, and Fire Service personnel. 
2. TETRA (Terrestrial Trunked Radio Systems) ς used by emergency services and commercial organisations. 
3. Security Radios - used by security, maintenance, and portering staff. 
4. /ŜƭƭǇƘƻƴŜǎΣ ƛƴŎƭǳŘƛƴƎ ŀƴŀƭƻƎǳŜ ŀƴŘ ŘƛƎƛǘŀƭ ƳƻōƛƭŜ ΨǇƘƻƴŜǎΦ 
5. /ƻǊŘƭŜǎǎ ΨtƘƻƴŜǎΣ ƛƴŎƭǳŘƛƴƎ ǇŀƎŜǊǎΣ ŀƴŘ ǊŀŘƛƻ ŎƻƳǇǳǘŜǊ ƭƻŎŀƭ ŀǊŜŀ ƴŜǘǿƻǊƪǎΦ 
6. Unlicensed Personal Mobile Radios (UPMRs), or walkie talkies, (output power, 500mW), having a power 

output similar to cellphones, UPMRs exhibit the same level of interference as cellphones.  
 
ά.ŜŎŀǳǎŜ ǘƘŜǊŜ ƛǎ ǎƻƳŜ Ǌƛǎƪ ƻŦ ƛƴǘŜǊŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ /ŜƭƭǇƘƻƴŜǎΣ ¦tawǎΣ ŀƴŘ ¢9¢w! ǎȅǎǘŜƳǎΣ ŀƴŘ ǇŀǘƛŜnt 
monitors and life support devices, their use is banned in operating theatres and other treatment areas, and at the 
ǇŀǘƛŜƴǘΩǎ ōŜŘǎƛŘŜ ǿƘŜƴ ƳƻƴƛǘƻǊǎ ƻǊ ƭƛŦŜ ǎǳǇǇƻǊǘ ŘŜǾƛŎŜǎ ŀǊŜ ƛƴ ǳǎŜΦέ ώмнϐΦ 
 
All electromechanical devices are, to some degree, capable of causing and susceptible to electromagnetic 
ƛƴǘŜǊŦŜǊŜƴŎŜΦ ¢ƘŜǊŜ ŀǊŜ ǘǿƻ 9ǳǊƻǇŜŀƴ ǎǘŀƴŘŀǊŘǎ ǘƻ ǘƘŜ 9a/ ƻŦ ƳŜŘƛŎŀƭ ŘŜǾƛŎŜǎΦ  ¢ƘŜǎŜ ŀǊŜ ά¢ƘŜ 9a/ 5ƛǊŜŎǘƛǾŜΣ 
уфκоосκ99/έ ŀƴŘ .{ 9b слслм-1-2. The EMC Directive was enacted 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 60601-1-2 sets out tests and detailed standards for testing a 
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medical device for both its electromagnetic 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: 
 

¶ RF Emissions 

¶ Harmonic Emissions 

¶ Voltage Fluctuations / Flicker Emissions 
 
Quality systems in design and manufacture 
In order to obtain CE marking for devices, it is important 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 devices.  It bases 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 compliant company 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 ISO9001 accreditation, meaning 
that the process for carrying out each piece of work undertaken within the department will follow the procedures 
ƭŀƛŘ Řƻǿƴ ƛƴ ǘƘŜ ŘŜǇŀǊǘƳŜƴǘΩǎ ǉǳŀƭƛǘȅ ǎȅǎǘŜƳ ƳŀƴǳŀƭΦ  9ŀŎƘ ǇǊƻƧŜŎǘ ǘƘŀǘ ƛǎ ǳƴŘŜǊǘŀƪŜƴ ǿƛƭƭ ƘŀǾŜ ŀƭƭ ǎǘŀƎŜǎ ƻŦ ǘƘŜ 
work undertaken, detailing custom requests, 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 forms the basis of a technical file, 
which is required for CE marking.   
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C4 Biofeedback System Overview 
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C5 Stimulator Circuits  
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C6 Graphical user interface for biofeedback training system 
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