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Preface 

This abstract book represents the work of contributors to the 19th World Congress of the International Society for 

Prosthetics and Orthotics (ISPO), held in Guadalajara, Mexico from 24 to 27 April 2023. The ISPO World Congress 

provides a unique platform for the global community to discuss leading edge scientific and clinical advances, research on 

technologies, techniques, materials and innovations, that aim to improve quality of care and quality of life for persons who 

may benefit from prosthetic, orthotic, mobility, and assistive devices. Taking inspiration from the vibrant backdrop of 

Guadalajaraôs cultural and contemporary art scenes, the 19th World Congress theme óThe Art and the Scienceô invites 

reflection on these two critical aspects of prosthetic, orthotic and mobility care.  The Art can refer to elite craftsmanship 

and clinical experience that is applied when providing appropriate services for assistive technology consumers. Art can 

also relate to the personalisation and artistic aspects of device design that incorporates the userôs personality and 

preferences, moving an assistive device beyond ñjustò a piece of technology. The Science incorporates innovation, 

evidence, and knowledge translation across the spectrum of prosthetic, orthotic and mobility services to enable end-users 

to receive appropriate services at the right time, the right place, and the right cost.  The interdisciplinary programme 

features invited keynote lectures, symposia, instructional courses, free paper and poster presentations, as well as 

exhibitor workshops. Through its scope the congress delivers the latest achievements, scientific and technological 

developments in the field and offers delegates a unique opportunity for continued development through discussion and 

knowledge exchange.   

 

Review procedures and abstract compilation:  Abstracts submitted for symposia and instructional courses were reviewed 

by the World Congress Scientific Committee for quality and relevance. Symposia present thematically related research 

addressing significant problems or controversies in prosthetics, orthotics, mobility and assistive devices, and aim to 

present differing perspectives through scientific debate. Instructional courses present information on practical applications 

of specific topics at a level suited to the practitioner. Abstracts submitted for free paper and poster presentations were 

peer reviewed by experts invited by the World Congress Scientific Committee for relevance, appropriateness of method 

and conclusions, and overall quality. Abstract reviewers are acknowledged in this Abstract Book for volunteering their time 

and expertise. No remuneration or incentive was provided for their efforts. The Abstract Book was compiled using Oxford 

Abstracts. In each abstract, the name of the presenting author is underlined. A limitation of the electronic submission of 

documents is that figures are often compressed or minimised in size at various times in the process of upload from the 

authors and compilation into the final Abstract Book. As such, we apologise in advance where figures have not been 

depicted clearly in this final compilation. 
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1.01 Knud Jansen Lecture: Art & Science: An equation that requires passion! 
Rosielena Jované C. 

ISPO Panama - ISPO Uniendo Fronteras and Sales manager / Int'l Customers, Becker Orthopedic, Troy, USA 

Abstract 
Craft and Technology are intrinsically linked, and we can delight in the artistic work of O&P professionals in bringing 

beauty to the shape and form of devices, leading to body movement through our inherent creativity and genius in enabling 

restoration through rehabilitation. This a common narrative from early lovers of natural laws creating the underlying 

knowledge through scientific research. 

The human right to mobility and freedom to move was enshrined in Common Law a 1000 years ago, inspired by the 

passion shown in the artistic work of craftsmen, scientists, technologists, therapists, medical practitioners and many other 

specialists, as they research to discover, validate with prototypes, manufacture, compose and build what we will 

subsequently use for the goal that was identified. 

The extraordinary scientific and technological evolution that we have been able to experience has facilitated the 

participation of disabled people in activities of daily living and offered us the opportunity to be true artists in everything that 

we do. Between science and artistic and technological development we find a direct link that evolves in an interwoven 

way, motivated by the passion that energizes our actions. 

In our varied and complex field of continuous learning and work the multi-disciplinary team members complement each 

other in the same way as our ISPO society is nourished, grows and progresses thanks to the contributions of its 

members. Their respective and different specialties combine, evolve and bring strength to our continuing quest for 

knowledge in order to mitigate the disability that affects those who need our help. 

 

1.02 IC2A Inspirational Lecture: Learning to fallé and rising up 
Ana Paulina Chavira-Mendoza 

Journalist, prosthetic user, Mexico City, Mexico 

Abstract 
Since I was a child, I fell a lot. But beyond clumsiness, I never thought that I would have to learn to fall because I was 

going to have only one leg. And later because I would wear a prosthetic leg that sometimes defies the laws of gravity. 

I've been wearing my prosthesis for 25 years and I've been through a lot of fallsé and not just the physical ones! How 

was it that I learned how to fall but, more important, how to get up? What inspired me? What motivated me to keep on 

going?  

Although not having a leg sometimes seemed like the end of the world, on many occasions it turned out to be the best 

opportunity in life. 
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1.03 The Alternative Limb Project: The path to self-expression ï 10 years on 
Sophie de Oliveira Barata1, Chris Parsons2 

1Alternative Limb Project, Lewes, United Kingdom, 2Design Prosthetics Ltd, Lewes, United Kingdom 

Abstract 
In this talk, Sophie and Chris will discuss the key stages, successes and challenges of the Alternative Limb Project. 

Chris will briefly discuss his prosthetic career history and why he believes in the importance of the congress theme ñThe 

Art and the Scienceò. Heôll go on to talk about his collaboration with Sophie and the Alternative Limb Project and how this 

has changed aspects of his clinical approach, explaining the crossover between a medical device and wearable prosthetic 

art and how he brings his clinical experience into the creative process to produce ñevocative, provocative and inspirational 

routes for individual expression for amputees and those with limb differenceò. He will then introduce Sophie to tell her 

story. 

Sophie will describe what it was like to start out as a technician being an artist in this medical field, and how that has led to 

inspiring a generation of designers to help bridge the world of medicine and art. She will outline how she works closely 

with prosthetists such as Chris to create interesting wearable designs that not only inspire the general masses but 

empower the wearer through engagement and ownership, reflecting something other than fit and function. Finally, Sophie 

will describe the processes involved in some of the works undertaken by the Alternative Limb Project and how they have 

contributed to changing the general publicôs perceptions of amputees and challenged insurance companies about 

replacing like for like. 
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1.04 Modelling, models and masterpieces: Translating research into clinical practice 
Nachiappan Chockalingam 

Staffordshire University, United Kingdom 

Abstract 
Evidence-based guidelines are important for effective clinical management. Without this evidence and appropriate 
scientific optimisation, the use of assistive devices results in poor treatment outcomes and poor patient experience. 
Although best practice guidelines have been published for describing orthotic interventions, there are gaps such as the 
lack of standardisation of the terminology. 

Using our research data this talk will start by highlighting the need for further, structured work in this area. Currently, there 
is a paucity of detail reported in research studies regarding the design and material used in various orthotic interventions. 
Such a lack of detail not only has the potential to affect the validity of the reported outcomes and the ability to reproduce 
the studies but could also misinform clinical practice. Whilst arguing for wider research on clinical effectiveness and cost-
effectiveness of orthotic interventions, the talk will propose practical ñnext stepsò on reducing the ambiguity of the 
description of the devices used. 

The talk will also discuss that whilst scientific approaches underpin the development of interventions, artistic aspects of 
device design are extremely important to improve patient compliance. Devices which are not utilised by the user result in 
a failed intervention, regardless of the underpinning scientific approaches. Then advances in technology will be presented; 
we now have modelling techniques to help understand individual movement strategies and to provide a meaningful 
interpretation of segmental dominancy using patterns of movement control. Combining the resulting biomechanical 
knowledge with appropriate design characteristics we can create masterpieces to provide effective management and 
monitoring of interventions. The talk will conclude by focusing on how the current clinical practice needs to evolve to meet 
future needs including telehealth options. 
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1.05 The Northwestern University sub-ischial socket: A journey from idea to development, 
research, dissemination, and implementation 
Stefania Fatone 

University of Washington, Seattle, USA 

Abstract 
Our journey to develop a sub-ischial socket for persons with transfemoral amputation began about 15 years ago sparked 

by an idea that had its roots in the clinical practice of my colleague and collaborator Ryan Caldwell. This idea and 

partnership between a clinician and a researcher launched us on a journey that led to United States Department of 

Defense funding for development of what became a straightforward and standardized sub-ischial socket technique that 

can be taught to prosthetists. Since then, we have engaged in dissemination activities aimed at translating this technique 

into practice in parallel with conducting clinical trials aimed at exploring the efficacy and effectiveness of the sub-ischial 

socket technique. Dissemination has taken many forms, including presentations at conferences and meetings, 

publications in peer reviewed journals and trade magazines, and conducting hands-on workshops for prosthetists all 

around the world. Our experience with these efforts illustrates the breadth of activities required of clinicians and 

investigators to see their research ideas implemented in clinical practice. Sustained effort is required to accomplish this 

and it is not without challenges. I hope that our journey inspires others to merge clinical creativity with science and 

research to influence clinical practice for the benefit of all prosthesis and orthosis users.
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Symposium: Seating and wheelchair 

2.01 Launch of the WHO Wheelchair Provision Guidelines 
Kylie Shae1, Chapal Khasnabis1, Frederico Montero1, Claude Tardif2, Alex Kamadu3, David Constantine4, Rachel Cowan5, 

Almah Kuambu6 

1World Health Organization, Geneva, Switzerland. 2International Society for Prosthetics and Orthotics, Brussels, Belgium. 
3International Society for Wheelchair Professionals, Pittsburgh, USA. 4Wheelchair Provision Guidelines Development 

Group, Bristol, United Kingdom. 5Wheelchair Provision Guidelines Development Group, Birmingham, USA. 6Wheelchair 

Provision Guidelines Development Group, Port Moresby, Papua New Guinea 

Abstract 
Join WHO, ISPO and the International Society of Wheelchair Providers in celebrating the launch of WHO Wheelchair 
Provision Guidelines. Wheelchairs are one of the most commonly used mobility devices, and have the potential to 
enhance individualôs health, independence, productivity and quality of life. However, many people are denied access due 
to a lack of services and/or have poor outcomes due to their needs not being matched to the best wheelchair solution for 
them.  

These Guidelines build on lessons learned from the 2008 WHO Wheelchair Guidelines and have drawn on the growing 
body of knowledge of best practice in wheelchair provision in order to provide evidence-based recommendations and best 
practice guidance to support countries in developing or improving essential wheelchair services. The Guidelines aim to 
ensure wheelchair users everywhere have the opportunity for timely access to, and support to use, an appropriate 
wheelchair through wheelchair services that are people-centred and responsive to their individual needs and goals.  

The session will include presentations from a range of speakers and a Q&A. 

Statement of the objective / learning objectives 
Attendees will hear perspectives from wheelchair users on the status of wheelchair provision globally, learn how the 
Guidelines were developed using the WHO Guidelines methodology, and have an overview of the Guideline 
recommendations. 
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Symposium: Rehabilitation medicine and surgery 

2.02 How about the treatment of stiff knee gait post-stroke? 
Corien Nikamp1,2, Erik Prinsen1,2, Martin Tenniglo1,3 

1Roessingh Research and Development, Enschede, Netherlands. 2University of Twente, Enschede, Netherlands. 
3Roessingh, Centre for Rehabilitation, Enschede, Netherlands 

Abstract 
Stiff knee gait is a common gait deviation observed after stroke and characterized by a decreased peak knee flexion 
during swing. Overactivity of the rectus femoris muscle is often related to this reduced peak knee flexion, and stiff knee 
gait is linked to limited walking speed, stumbling and falls. This symposium will include basic scientific research on the 
treatment options for stiff knee gait post-stroke with implementation of results into clinical practice. 

The symposium will start with scientific research performed at Roessingh Research and Development and includes the 
results of a RCT on botulinum toxin injections in the rectus femoris after stroke, as treatment option for a stiff knee gait. 
Patient examples and clinical recommendations from this RCT will be discussed.   

The symposium will continue with a stroke case from the clinical practice of Roessingh, Centre for Rehabilitation. The 
clinical gait analysis and treatment options will be discussed, including botulinum toxin injections and surgical intervention 
like rectus femoris transfer.  

To conclude, we will present a special case study of the Roessingh Diagnostic Centre, concerning a young stroke patient 
that used to exercise at high level (triathlons) and requested for a rectus femoris transfer surgery to improve running. We 
will demonstrate the clinical decision making process of this case as, to our knowledge, no scientific evidence of such a 
surgical intervention to improve running post-stroke is available. The debate highlights the importance of including 
situations other than straight line walking in clinical decision making, related to the ambitions of the patient.  

Statement of the objective / learning objectives 
To get insight in the scientific evidence of treatment options of stiff knee gait post-stroke and to understand how this 
evidence is incorporated in clinical decision making of treating stroke patients presenting stiff knee gait.  
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2.03 Intra- & interprofessional experiences in O&P education: What does it look like and where 
is it going? 
Jeremy Sherman1,2, Lisa Abernethy1, Ashley Mullen1 

1Baylor College of Medicine, Houston, USA. 2New Life Brace and Limb, Houston, USA 

Abstract 
Orthotic and prosthetic (O&P) education programs must introduce students to a plethora of content, including the 
rehabilitation team and component manufacturers.  Given the educational requirements as outlined by the International 
Society for Orthotics and Prosthetics and national accreditors, interweaving manufacturer-created content and inter-
professional learning experiences can be a challenge for educators.  This symposium will provide evidence-based 
recommendations and evaluate programmatic approaches to intra- and interprofessional education in orthotics and 
prosthetics.    

Part one will focus on intra-professional collaboration.  O&P has a variety of roles within the profession, including but not 
limited to technicians, manufacturers, and administrative staff.  We will discuss considerations for incorporating various 
O&P professionals into clinician-level curricula through active learning methodologies.    

Part two will focus on interprofessional collaboration.  Orthotists and Prosthetists must communicate effectively with 
physicians and therapists in order to ensure the most appropriate and effective plan of care.  We will provide examples of 
interprofessional activities with medical and therapy students which offer ways explain professional roles and establish 
communication pathways.    

Part three will focus on future ways to integrate intra- and interprofessional education into the spectrum of learning, from 
classroom instruction to clinical residency and professional development.  We will apply principles from parts one and two 
to discuss the intricacies of the rehabilitative care team and workplace dynamics.     

Statement of the objective / learning objectives 
Attendees will be able to define intra- and interprofessional education, apply evidence-based teaching methodologies, and 
discuss the application of educational approaches to ñreal-worldò clinical scenarios.  
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Symposium: Outcome measurements 

2.04 A national approach to collect patient experience data for orthotic/prosthetic providers in 
Australia: The AOPA consumer experience programme 
Leigh Clarke1, Emily Ridgewell1, Michael Dillon2 

1The Australian Orthotic Prosthetic Association, Melbourne, Australia. 2La Trobe University, Melbourne, Australia 

Abstract 
Patient experience surveys are widely used to measure healthcare quality. When collected in a transparent and 
standardised way, patient experience data can be used by orthotic/prosthetic (O&P) service providers to identify areas for 
improvement and track the effectiveness of interventions to improve patient experience over time. The aggregation of 
these data across O&P service providers can be used to establish a national benchmark that allows individual service 
providers to compare their own service to others across the country. The national benchmark data can also be used by 
professional associations to identify opportunities for targeted education that supports services providers to improve 
patient experience and to monitor the effectiveness of initiatives. When made publicly available, these data can also be 
used by patients to help make an informed and well-evidenced decision about their choice of service provider. 

In this symposium we describe the AOPA Consumer Experience Program (CEP) ï a national approach to the systematic 
collection, analysis, and reporting of patient experience data for orthotic/prosthetic providers in Australia. We provide an 
overview of the CEP and describe the development of the CEP's novel components: the survey instrument, a real-time 
reporting portal, and national benchmarking. In addition, the symposium will outline the anticipated benefits of the CEP 
and share the challenges of developing and implementing this program on a national scale, including perspectives from 
enrolled service providers.  

We provide detailed information about the CEP to support others wishing to implement similar national-level patient 
experience programs, in their own jurisdictions.  

Statement of the objective / learning objectives 
Attendees will learn about: the motivation to develop the AOPA Consumer Experience program, how the CEP works, the 
programôs innovative features, the benefits of the program, and the implementation challenges. 
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Symposium: Orthotics: Lower limb neurological 

2.05 Microprocessor stance and swing control orthoses are a milestone for patients with lower 
limb paresis dependent on knee-ankle-foot orthoses 
Andreas Kannenberg1, Shane Wurdeman2, Arun Jayraman3, Andreas Hahn4 

1Otto Bock Healthcare LP, Austin, USA. 2Hanger Clinic, Austin, USA. 3Shirley Ryan Ability Lab, Chicago, USA. 4Otto Bock 

Healthcare Products Ges mbH, Vienna, Austria 

Abstract 
Locked knee-ankle-foot orthoses (LKAFOs) that force patients to always walk with a stiff orthotic leg are the standard of 
care for individuals with knee instability due to neuromuscular or central nervous disease. Technological ñadvancesò, 
made decades ago, such as posterior-offset KAFOs and stance control orthoses lock the orthotic knee during stance and 
unlock it for free swing. However, the benefits of these orthoses are primarily limited to level walking. Thus, orthotists and 
KAFO users are faced with a tremendous technology and clinical benefit gap compared to the prosthetic options for 
patients with amputations. A microprocessor stance and swing control orthosis (MP-SSCO ï C-Brace®) that closes this 
gap has been available for about 10 years. The symposium will give a comprehensive overview on the clinical research 
performed with the C-Brace. It will summarize all published studies and present yet-unpublished clinical results of two 
ongoing trials. One study is investigating the potential benefits of the MP-SSCO in the post-acute rehabilitation of patients 
with incomplete spinal cord injuries. The second trial is an international, randomized, multi-center study with 75 current 
KAFO users at 14 sites in 4 countries. Preliminary results shortly after completion of the study showed statistically 
significant and clinically meaningful improvements in risk of falling, actual falls, performance-based and patient-reported 
function and mobility. First subgroup analyses revealed important differences between patients with different underlying 
conditions and types of conventional orthoses currently used. The complete statistical analysis will give orthotists valuable 
guidance for the differential orthotic treatment of their KAFO patients. 

Statement of the objective / learning objectives 
1. Understand the current body of evidence for the MP-SCCO. 
2. Be able to apply the evidence on differential benefits of the MP-SSCO on patient groups with different medical 

conditions and current KAFO types. 
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Symposium: Orthotics: Lower limb neurological 

2.06 Precision orthotics: Evidence and new technologies to individualise ankle foot orthosis 
stiffness 
Niels Waterval, Merel Brehm 

Amsterdam UMC, Amsterdam, Netherlands 

Abstract 
In many diseases such as neuromuscular disorders and cerebral palsy, ankle foot orthoses (AFOs) are applied to 
normalize the gait pattern and augment walking ability. However, a large percentage of the provided AFOs do not 
normalize the gait pattern and/or improve walking ability, leading to suboptimal treatment effects and non-use. As the 
effect of AFOs on improving gait depends largely on their mechanical properties, an inadequate match between AFO 
properties and patient impairments can explain part of this ineffectiveness. To maximize treatment effects of AFOs, the 
stiffness needs to be optimized for each individual user, which we have coined Precision Orthotics.  

In this symposium, we will demonstrate the beneficial effects of applying Precision Orthotics in the prescription of AFOs as 
demonstrated by clinical trials in Cerebral Palsy, Neuromuscular diseases and Neurological disorders. Thereafter, we will 
demonstrate two innovative techniques that are currently being developed to optimize AFOs quickly. Regarding the first 
technique, a demonstration about how forward dynamic simulations work, what they have taught us about AFO 
individualization and how they might be used to predict the optimal AFO stiffness will be given. With regards to the second 
technique, we show a newly developed stiffness-adjustable AFO for which the stiffness can be changed instantaneous 
during walking. This allows for a rapid optimization procedure, making it easier to implement optimization of AFO stiffness 
in daily practice. The first tests with the ADJUST-AFO will be conducted in the winter of 2022. 

Statement of the objective / learning objectives 
Participants will learn about the beneficial effects of Precision Orthotics and become familiar with innovative techniques to 
implement Precision Orthotics in clinical practice in the near future. 
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Symposium: Gait and balance 

2.07 Instrumented gait analysis in the fields of prosthetics and orthotics: Are we doing it 
right? 
Erik Prinsen1,2, Corien Nikamp1,2, Nerrolyn Ramstrand3, Saffran Möller3 

1Roessingh Research and Development, Enschede, Netherlands. 2University of Twente, Enschede, Netherlands. 
3Jönköping University, Jönköping, Sweden 

Abstract 
Instrumented gait analysis has become the gold standard to assess gait-related outcomes in the fields of prosthetics and 
orthotics. However, there is no consensus on the best way to perform an instrumented gait analysis or how to report the 
results. In addition, while the majority of trials have investigated kinematic and/or kinetic parameters during straight-line 
overground walking, one may question whether those conditions are most clinically relevant.   

This symposium challenges the current practices in instrumented gait analysis by offering three new perspectives gained 
in both orthotic and prosthetic gait research. The first challenge is whether normalizing the gait cycle from heel contact to 
heel contact forms the best base for comparing gait analysis over time. What if the main changes occur in shifting the 
subphases in gait? How will this influence the results if we do not take this into account? The second challenge is whether 
we know what the day-to-day variation of the gait pattern is. How large is this variation? How do we know whether 
differences identified in the gait pattern are true differences or the mere results of normal spread in gait data? How many 
steps should we collect? The third and final challenge is whether we are collecting outcome measures that are clinically 
relevant to the orthotic and prosthetic user. Should we focus only on spatiotemporal, kinematic and/or kinetic variables of 
gait? Are there other outcome variables related to effort and attention that are more meaningful? What do these outcome 
measures show us?  

Statement of the objective / learning objectives 
The learning objectives of this symposium are offering a critical reflection on current gait analysis practices and presenting 
a starting point on how to move this field forward. 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

32 of 400 

Symposium: Prosthetics: Lower limb 

2.08 Body-device interface interactions: Things you should know about mechanobiology 
Arjan Buis1,2, Marisa Sargent1, Anton Johannesson3, Morag Robertson1 

1University of Strathclyde, Glasgow, United Kingdom. 2University of Rwanda, Kigali, Rwanda. 3Ossur, Reykjavik, Iceland 

Abstract 
Understanding how load is transferred from the prosthetic socket to the weight bearing structure, the skeleton, is still 
limited. Considerable efforts are therefore required to further optimise body-device interface design and reduce instances 
of discomfort and injury. One of the next frontiers in this area is the mechanobiology of body-device interactions. The aim 
of this symposium is to discuss in a multidisciplinary team from the researcher, user, and clinician perspective.  

1. what is already known about body-device interface mechanobiology,  
2. where the most significant gaps in our understanding are, and  
3. how this information could benefit the design, prescription, and management of body-device interfacing 

technologies.  

More specifically, an introduction to prosthesis-related tissue injuries will be given, which also discusses the reaction of 
skeletal muscle to prosthesis-related loading, as well as open challenges in the prosthetic interface system. Beside the 
risk for deformation-induced soft tissue injury, mechanical loading can also affect the vascular supply. Current results from 
oximetry studies will therefore be reviewed and the need for further research highlighted. Lastly, different approaches to 
postoperative treatments and shape capturing methods will be discussed from a clinical perspective, which have a direct 
influence on pressure distribution across the residual limb and therefore the mechanobiological environment. 

The session will conclude with an interactive discussion between the panel members and the audience focussing on ways 
that mechanobiology can and should influence prosthetic design and decision making. 

Statement of the objective / learning objectives 
To provide an understanding of the interplay between mechanics and biology within the residual limb, present current 
research methods to explore this relationship, highlighting the importance of considering mechanobiology for creating a 
successful prosthesis-limb interface. 
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Symposium: Low- and middle-income countries 

2.09 Sustainable design of lower limb prosthetic components for low-resourced regions 
Tim Bryant1,2, Heinz Trebbin3, Jan Andrysek4,5,6, Eduardo Sotelo7, Thanh-Duc Nguyen8 

1Queen's University, Kingston, Canada. 2Centre for Health Innovation, Kingston, Canada. 3DOI ortho-innovativ GmbH, 

Durach, Germany. 4University of Toronto, Toronto, Canada. 5Bloorview Research Institute, Holland Bloorview Kids 

Rehabilitation Hospital, Toronto, Canada. 6LegWorks, Inc., Toronto, Canada. 7Horus Prosthetics, Lima, Peru. 8Department 

Human-Machine Interaction, Fraunhofer Institute for Manufacturing Engineering and Automation, University of Stuttgart, 

Stuttgart, Germany 

Abstract 
This symposium will address the availability of high-quality lower limb prosthetic components in low-resourced 
regions.  Prosthetic device design processes can be described in four phases: i. Needs analysis; ii. Scientific research; iii. 
Product development and testing; and iv. Manufacturing and distribution.  Best practices in these phases must be 
undertaken for products intended for all prosthesis users.  However, there are significant challenges to providing 
sustainable devices for low-resourced regions. Case studies of knee and foot component design will be discussed by 
scientists, manufacturers, clinicians and NGOs.   Three presentations will be followed by a panel discussion with 
questions from the audience. 

1. NGO Experiences. This presentation will focus on the needs for lower limb devices in low-resourced regions and the 
strategies employed by international NGOs over the past 30 years to address these issues.  

2. Prosthetic Knee and Foot Design Research. This presentation will describe design principles and research studies 
undertaken to develop two unique devices and challenges faced in making them available for low-resourced regions. The 
All-Terrain (AT) Knee is a 4-bar prosthetic knee joint that fulfills the security needs of low mobility users while still meeting 
the demands of active amputees. The Niagara Foot is a durable component that can be individually adapted to control the 
mechanical response for a broad range of users. 

3. Applications and Challenges. Clinical experiences with knee and foot devices available in low-resourced regions will 
be described. Issues of affordability, durability, system compatibility and long-term sustainability will be discussed, and 
challenges identified for future work.  

Statement of the objective / learning objectives 
Participants will gain knowledge of sustainable design practices for lower limb components used in low-resourced 
regions.  An interdisciplinary paradigm will be used that includes viewpoints from science, engineering, clinical, societal, 
manufacturing, NGO, and business perspectives. 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

34 of 400 

Symposium: Prosthetics: Lower limb transfemoral 

2.10 Influence of co-morbid health and component selection on mobility and fall risk among 
older diabetic/dysvascular amputees 
Phillip Stevens1,2, Shane Wurdeman3,4 

1Hanger Institute for Clinical Research and Education, Salt Lake City, USA. 2Department of Physical Medicine and 

Rehabilitation, University of Utah Health, Salt Lake City, USA. 3Hanger Institute for Clinical Research and Education, 

Austin, USA. 4Department of Biomechanics, University of Nebraska at Omaha, Omaha, USA 

Abstract 
While much of the historical evidence in lower limb prosthetic rehabilitation has relied upon smaller studies conducted 
among younger, traumatic amputations, the older diabetic/dysvascular amputee has represented the majority of 
individuals in the United States with increasing prevalence across the world.  Drawing upon a series of peer-reviewed 
multi-site retrospective analyses of real-world outcomes, this presentation will challenge conventional assumptions 
regarding older diabetic/dysvascular amputees. In the Mobility Analysis of AmpuTees (MAAT) series, evidence found that 
diabetes was not a significant predictor of mobility with a prosthesis (n=596, MAAT 2), the integration of microprocessor 
knees (n=450, MAAT 3) and microprocessor ankle-foot mechanisms (n=738, MAAT 5) are associated with increased 
mobility, and patients report good quality of life years after dysvacular amputation (n=341, MAAT 6). Additionally, an 
analysis of 11,995 lower limb prosthesis users provided normative mobility data to understand specifically how individual 
patients are performing relative to their peers (MAAT 7). Further, in the first study within the Stability And Falls Evaluation 
in AMPutees (n=881, SAFE-AMP) series, it was noted that a microprocessor knees significantly reduces odds of an 
injurious fall among diabetic, above-the-knee amputees. This presentation will enrich awareness of current trends in 
effective prosthetic rehabilitation for the older diabetic/dysvascular amputee. 

Statement of the objective / learning objectives 
Attendees will learn the impact of comorbid health conditions on prosthetic mobility in older patients, and the methods 
available to positively impact prosthetic mobility and fall risk mitigation including utilization of modern technology. 
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Symposium: Device fabrication and design 

2.11 Digital transformation of prosthetic and orthotic services 
Ben Oldfrey1, Edward Lemaire2, Jeff Erenstone3 

1University College London, London, United Kingdom. 2University of Ottawa, Ottwawa, Canada. 3Operation Namaste, 

Lake Placid, USA 

Abstract 
35ï40 million people globally need prosthetic and orthotic (P&O) services, with the global need expected to double by 
2050. WHO estimates that only 5ï15% of the people who could benefit from assistive products have access to 
appropriate devices. To improve access to services, digital technologies could be a facilitating factor. 

Traditionally, manufacturing prostheses and orthoses depends on several steps and processes, requiring a high degree of 
craft expertise. It is a labor and infrastructure-intensive process that requires machinery and tools, deployed through 
facilities that can be costly to establish and operate.  

Digital transformation of the manufacturing process could be one of the most promising methods to meet the growing 
need for prosthetic and orthotic services. However, discussions continue within the prosthetics and orthotics community 
about the potential opportunities for, and concerns about, digital transformation linked to the manufacture of prosthetic 
and orthotic devices, as well as provision of services aimed at improving access and service quality.  

This symposium will share recent work undertaken by ISPO and GDI Hub to better understand the current evidence for 
digital transformation for manufacturing of prostheses and orthoses and discuss how barriers in the evidence base could 
be overcome. It will cover the following areas: 

1.     Systematic review and global survey outcomes: 

¶ Level of evidence and practice for digital processes and products across: 
o Prosthetics 
o Orthotics 

¶ Gaps & Recommendations 

3.    Expert Panel bringing together clinical, industry and academic points of view on how to respond to these gaps 
together and fully potentiate digital fabrication. 

Statement of the objective / learning objectives 
We will overview the level of evidence for different digital products and processes that could transform prosthetic and 
orthotic manufacturing and give recommendations for how the community could address current barriers. 
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Symposium: Healthcare policy and services 

2.12 Introducing the WHO Standards for Prosthetics and Orthotics Assessment Package: A 
new tool to support standards implementation and data collection 
Louise Puli1, Chapal Khasnabis1, Claude Tardif2, Anders Eklund3, Emma Tebbutt1 

1World Health Organization, Geneva, Switzerland. 2ISPO, Brussels, Belgium. 3Tutegny, France.  

Abstract 
World Health Organization (WHO) published Standards for Prosthetics and Orthotics, consisting of the Standards (Part 1) 
and an Implementation Manual (Part 2), in 2017. Developed in collaboration with the International Society for Prosthetics 
and Orthotics (ISPO) and a wide group of international specialists, the document presents Standards for countries to use 
in developing or strengthening essential, affordable, accessible, effective, efficient, safe prosthetics and orthotics services 
of high quality.  

The Standards Assessment Tool has been developed to help countries to objectively measure the degree to which the 
WHO Standards are being implemented. It guides the users through the assessment and generates a score on the 
implementation for each Standard and Standard Area. It also provides recommendations on steps that can be taken to 
increase Standards implementation and thereby further develop and strengthen prosthetics and orthotics services. 

Statement of the objective / learning objectives 
By the end of the symposium, participants will be aware of the prosthetic and orthotic standards and of the assessment 
tool developed to measure the degree to which the standards are implemented  
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Symposium: Education 

2.13 ICRCôs approaches to the training and education of prosthetists and orthotists, present 
and future 
Subhash Kumar Sinha1, Mohammad Jubayer Hossain2, Mamta Kumari3, Nizar Akhtar4, Aziz Ahmad5 

1The International Committee of the Red Cross, Kigali, Rwanda. 2Bangladesh Health Professions Institute (BHPI), Centre 

for the Rehabilitation of the Paralysed (CRP), Dhaka, Bangladesh. 3The International Committee of the Red Cross, Erbil, 

Iraq. 4The International Committee of the Red Cross, Sana'a, Yemen. 5The International Committee of the Red Cross, 

Khartoum, Sudan 

Abstract 
The Rehabilitation workforce is one of the six pillars of strengthening Rehabilitation in Health System and achieving 
Rehabilitation 2030 goals. The Education and Training of rehabilitation professionals is key to improving quality and 
sustainability of physical rehabilitation programs in any country. The International Committee of the Red Cross (ICRC) has 
been supporting more than 10 education programs in low- and middle-income countries since 2005, acquiring vast 
experience in this field.  

During the symposium on Education, the ICRC will present its experience in conducting/supporting formal training, will 
share the challenges faced due to uncertain political or security situations related to infrastructure, curriculum, 
employment, brain drain, etc and how these have been overcome.  

The ICRCôs internal capacity and access to experts in delivering continuous professional development and ñon the jobò 
training helps with developing the capacity of local trainers in the short term and upgrading of their qualifications in the 
long term. Conventional training methods are used alongside blended learning modes respecting international standards. 
Building capacity of the local partner institutions and developing a regional education and training hub are the preferred 
approaches of the ICRC. The goal is sustainable education programmes that ensure quality of services.  

Three presentations from the Asian, African, and Middle Eastern contexts will present and discuss challenges, facilitators, 
and opportunities in their education projects. Educators, clinical practitioners, policy makers and exhibitors will all learn 
from the ICRC experience. Ideas generated through participation in the discussion will help shape the new ICRC 
Education and Training strategy. 

Statement of the objective / learning objectives 
The symposium will provide an overview of the ICRC approaches to the Training and Education of Prosthetists and 
Orthotists as well as present challenges, facilitators and opportunities faced in low-and middle-income countries. 
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Symposium: Prosthetics: Lower limb transfemoral 

2.14 Prosthetic knee selection for individual patients: Technical, biomechanical, clinical and 
evidence considerations 
Andreas Kannenberg1, Shane Wurdeman2, Phil Stevens3, Malte Bellmann4, Andreas Hahn5 

1Otto Bock Healthcare LP, Austin, USA. 2Hanger Clinic, Austin, USA. 3Hanger Clinic, Salt Lake City, USA. 4Ottobock SE & 

Co.KGaA, Göttingen, Germany. 5Otto Bock Healthcare Products, Vienna, Austria 

Abstract 
Prosthetic knee joints may utilize a variety of stance control mechanisms ï lock, friction-brake, 4-bar, multiaxial, non-
microprocessor and microprocessor-controlled hydraulic ï and swing control mechanisms ï lock, friction, non-
microprocessor and microprocessor-controlled pneumatic or hydraulic. All mechanisms have specific safety and mobility 
benefits but also specific requirements to the patient´s residual function(s) to operate them safely and effectively. 
Therefore, the prosthetist is tasked with the challenge to match the physical (and cognitive) abilities, safety and mobility 
needs of the patient with the best-suited prosthetic knee mechanism. Unfortunately, clear recommendations for prosthetic 
knee selection for individual patients are currently lacking. This symposium will present technical, biomechanical, clinical, 
and evidence considerations to guide the prosthetist in determining the best knee mechanism for an individual patient. It 
will cover the pros and cons of all non-microprocessor and microprocessor-controlled prosthetic knee mechanisms, 
discuss technical, biomechanical, clinical, and evidence considerations for prosthetic knee selection including a decision 
tree for non-microprocessor-controlled knee mechanisms, debunk myths on certain knee mechanisms, and provide 
guidance to clinicians through the maze of manufacturer claims. The technical, biomechanical, and clinical considerations 
of knee selection will be further strengthened by a review of the published clinical and scientific evidence on the various 
prosthetic knee mechanisms. 

Statement of the objective / learning objectives 
1. Understand the differences between the different types of prosthetic knee mechanisms. 
2. Understand the criteria for selecting different types of non-microprocessor knees. 
3. Understand the clinical criteria for selecting microprocessor-controlled knees. 
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Symposium: Gait and balance 

2.15 Balance and postural control of people with lower limb amputations: Perspectives from 
an interdisciplinary group of professionals 
Cleveland Barnett1, Bill Miller2, David Rusaw3, Sarah Anderson4, Aditya Dhariwal2 

1Nottingham Trent University, Nottingham, United Kingdom. 2The University of British Columbia, Vancouver, Canada. 
3Jönköping University, Jönköping, Sweden. 4La Trobe University, Melbourne, Australia 

Abstract 
Balance, postural control and issues related to falling and the fear of falling are major problems for people with leg 
amputations. Structural changes after an amputation that affect balance and postural control include asymmetry of limb 
length. The inability to actively control posture via an intact foot and ankle complex on the affected side as well as altered 
sensory input may affect postural control. Such changes can be considered intrinsic factors as these are specific to the 
individual. Prosthetic restrictions that attempt to mitigate the above intrinsic limitations can be considered extrinsic factors. 
These intrinsic and extrinsic factors interact to determine an individualôs balance which is a key determinant of their 
likelihood of falling and/or fear of falling. 

The aim of this symposium is to bring together representatives from a variety of related fields relevant to lower limb 
amputation to provide a holistic view of the topic and future directions.  

As a basis for the symposium, the progress and current results of a scoping review to summarise the current state of 
research in balance and postural control will be presented. Based on this, we aim to explore future directions in both 
clinical care and research. The review will be summarised in two categories: intrinsic factors (person/patient-related) and 
extrinsic factors (prosthesis/environment).  

We will also provide additional viewpoints from a variety of perspectives, highlighting the interdisciplinary nature of this 
issue. These include practical aspects of physical therapy, balance and self-confidence and biomechanics, among 
others.  

Statement of the objective / learning objectives 
The aim of the symposium is to communicate the different approaches to research on this topic, in addition to the issues 
arising in clinical practice. Participants are be encouraged to join in the discussion. 
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Symposium: Prosthetics: Lower limb transfemoral 

2.16 Evidence-based clinical practice guidelines and novel approaches to transfemoral socket 
interface design 
Marlo Ortiz1, Michael Schaefer2, Jason Kahle3, Malte Bellmann4 

1Ortiz Internacional SA de CV, Guadalajara, Mexico. 2Pohlig GmbH, Traunstein, Germany. 3Op Solutions, Tampa, USA. 
4Otto Bock, Duderstadt, Germany 

Abstract 
Over 20 percent of individuals living with limb loss have above the knee amputees (AKA). The most reported prosthetic 
problems, including disuse are related to the socket. An uncomfortable socket has been deemed the primary complaint 
among prosthetic users. The socket interface is the most crucial aspect of the prosthesis, as it stabilizes the pelvis during 
stance, provides the user prosthetic control and influences how the components will function. Despite the problems 
reported, advancements in socket designs have not kept pace with other prosthetic technological advancements. For 
decades traditional Ischial-ramus containment (IRC) has been and currently remains the standard socket design.  

The advent of newer approaches such as vacuum, liner alternatives, flexible interfaces, custom silicone, and advanced 
rigid frame designs have created improved versions of the AKA sockets. These alternatives are clinically available and 
recent reports have demonstrated the benefits of alternative socket design to increase patient comfort and 
performance.  While the traditional IRC design reportedly assists in coronal stability and aid in femur adduction during the 
gait cycle by incorporating high trim lines, research has demonstrated that novel alternative approaches in AKA socket 
interface design can equally possess coronal stability, while providing improved comfort, range of motion and gait. These 
improvements can lead to increased use and improved activities of daily living in real-world situations. Alternative designs 
have demonstrated equivalence or superiority to traditional IRC in key functional indicators such as gait, balance, mobility, 
pressure, comfort, and preference without indications of compromise compared to traditional IRC.  

Statement of the objective / learning objectives 
Clinical practice guidelines with high quality evidence will demonstrate newer advanced novel approaches to transferal 
socket interface e design. Alternative designs can empower clinicians to offer creative choices to their patients while 
improving overall outcomes. 
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Symposium: Prosthetics: Upper limb 

2.17 Factors associated with elevated well-being in individuals with upper limb amputation 
Phillip Stevens1,2, Shane Wurdeman3,4 

1Hanger Institute for Clinical Research and Education, Salt Lake City, USA. 2Department of Physical Medicine and 

Rehabilitation, University of Utah Health, Salt Lake City, USA. 3Hanger Institute for Clinical Research and Education, 

Austin, USA. 4Department of Biomechanics, University of Nebraska, Omaha, USA 

Abstract 
Following upper limb amputation, well-being is threatened by limitations in upper limb function, interruptions to prior 
employment, impacts on activity and participation, and a range of common pain experiences.  The roll of prostheses in 
restoring well-being among upper limb amputees has not been fully explored.  Drawing upon a series of recent 
publications, this session will introduce observed usage patterns (unilateral vs bilateral engagement, captured via 
instrumented accelerometry (n=22)) as well as self-reported preferences in prosthetic engagement across one and two-
handed activities (n=411).  The relationship between bimanual functional capacity (as measured by a recently validated 
custom PROMIS short-form (n=269)) and well-being based on a retrospective analysis of patient-reported outcomes 
(n=250) will be presented, along with the associated impacts of activity and participation levels, prosthesis satisfaction, 
pain interference, daily wear times and times since amputation.  Viewed collectively, these publications suggest that well-
being is best pursued through thoughtful prosthetic prescription and training that addresses the restoration of bimanual 
function in those activities native to an individualôs current activities and participation. 

Statement of the objective / learning objectives 
Attendees will observe the quantified engagement trends of upper limb prostheses and their relationships with self-
reported usage patterns.  The relationship between bimanual engagement, prosthesis satisfaction and activity and 
participation with self-reported well-being will be described. 
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Symposium: Orthotics: Spinal 

2.18 Digital orthotic design and management of adolescent idiopathic scoliosis 
M. S. Wong1, Babak Hassan Beygi1, Alex Kee2, Lydia Shang1, Echo Liu1, JoJo Zou1 

1The Hong Kong Polytechnic University, Hong Kong, Hong Kong. 2Prince of Wales Hospital, Hong Kong, Hong Kong 

Abstract 
Scoliosis is a 3-dimensional (3-D) spinal deformity with lateral curvature of the spine and vertebral rotation.  Most cases 
are with unknown cause and found in adolescence, therefore, it is termed as adolescent idiopathic scoliosis (AIS).  For 
severe cases, surgeries will be considered but for moderate AIS, the conventional treatment method is to apply rigid 
spinal orthoses to patients during their puberty to mechanically support the spine and prevent further deterioration. The 
outcome of orthotic treatment for AIS is generally considered being associated with the orthosis design and patientôs 
compliance. Although scoliosis is a 3-D spinal deformity, there is lack of non-invasive, inexpensive and accurate 
assessment method to allow clinicians to reveal the change of deformity during the processes of orthotic design and 
patient fitting. Moreover, the current orthotic methods and techniques are lack of enough scientific evidence although 
there are some studies demonstrated the spinal orthosis being effective. In this symposium, the speakers will share with 
delegates their research studies, clinical experiences and scientific evidence to better understand the science behind the 
phenomenon that orthoses appear effective and go further for evidence-based practice. Moreover, application of the 
state-of-art ultrasound technique to the assessment of spinal deformity and flexibility, as well as in the design and fitting of 
spinal orthosis will be discussed and the relevant clinical results will be reported.  

Statement of the objective / learning objectives 
The advanced technology of 3D assessment and design of spinal orthosis to AIS will be introduced and updated clinical 
findings will be discussed in the symposium.   
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Symposium: Orthotics: Lower limb neurological 

2.19 Biomechanics and gait training of ankle-foot orthoses for individuals post-stroke 
Hiroshi Hashimoto1,2, Toshiki Kobayashi3, Sumiko Yamamoto4, Soji Tanaka5 

1Pacific Supply Co., Ltd., Daito, Japan. 2Osaka Metropolitan University, Habikino, Japan. 3Department of Biomedical 

Engineering, Faculty of Engineering, The Hong Kong Polytechnic University, Hong Kong, Japan. 4Department of Assistive 

Technological Science, Graduate School, International University of Health & Welfare, Tokyo, Japan. 5Saiseikai 

Higashikanagawa Rehabilitation Hospital, Kanagawa, Japan 

Abstract 
Various designs of ankle-foot orthoses (AFOs) are used for individuals post-stroke in clinical settings. It is important to 
know the biomechanical effects of AFOs on gait, and adjust the AFO stiffness/resistance and alignment appropriately for 
each individual to improve their gait. 

 AFO stiffness/resistance in plantar flexion affects rocker functions, toe clearance during swing phase, and upper body 
alignment. Appropriate stiffness/resistance can reconstruct the rocker functions for smooth movement of affected limbs. 
Excessive stiffness/resistance may induce negative effects, such as excessive flexion or hyperextension of the knee joint.  

AFO stiffness/resistance in dorsiflexion is necessary for some individuals to assist insufficient activity of the plantar 
flexors, but this may impede smooth dorsiflexion in stance phase for others. Inappropriate dorsiflexion stiffness/resistance 
of AFOs could induce hyperextension or excessive flexion of the knee joint. AFO alignment also affects ankle and knee 
joint movement throughout the stance phase.  

 In order to advance gait improvement, gait training using AFOs is indispensable. Knowledge about AFO functions can 
facilitate optimal selection or design of AFOs and provide better gait training. Gait training with AFOs can optimize muscle 
activity of the lower limbs during gait in individuals post-stroke. It is crucial to evaluate each individual to properly design 
training tactics. 

In this symposium, biomechanics of AFOs, AFOôs clinical effects, and gait training with AFOs in individuals post-stroke will 
be discussed from an interdisciplinary perspective of engineers, biomechanists, orthotists and physical therapists. Some 
case studies will also be included to show practical applications. 

Statement of the objective / learning objectives 

¶ To discuss biomechanical effects of AFOs on gait in individuals post-stroke. 

¶ To discuss gait training with AFOs for stroke rehabilitation. 
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Symposium  

2.20 Sustainable prosthetic and orthotic assistance in Ukraine 
Jon Batzdorff1, Antonina Kumka2, Anton Johannesson3, Claude Tardif4, Oksana Lytvynenko5 

1ProsthetiKa, Santa Rosa, USA. 2Ukraine Prosthetic Assistance project, Hamilton, Canada. 3Ossur, Oslo, Norway. 
4International Society for Prosthetics and Orthotics, Brussels, Belgium. 5Ortsabo, Kharkiv, Ukraine 

Abstract 
Ukraine has had a sudden increase in need for prosthetic and orthotic services by prosthetists, orthotists, doctors and 
therapists. Usual resources in Ukraine are overwhelmed by the need. There has been a large outpouring of aid and 
assistance to Ukraine in all areas of health care and rehabilitation. This symposium will explore the existing system for 
providing P and O services in Ukraine, the current needs, and some of the programs that have been deployed by both 
domestic and international organizations and teams to meet those needs.  

Statement of the objective / learning objectives 
Attendees will learn about emergency response in prosthetic and orthotics in general and about specific emergency 
response in Ukraine, identifying short term versus long term goals.  
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Symposium: Education 

2.21 Studentsô perception of prosthetics and orthotics education in East Africa 
Akouetevi Aduayom-Ahego1,2,3, Robert Clement Hakorimana4, Anarème Kpandressi5 

1Research and Development Division, Dream GP Inc., Osaka, Japan. 2Ahelite Brace, Accra, Ghana. 3Department of 

Orthotics and Prosthetics, School of Allied Health Sciences, University of Health and Allied Sciences, Ho, Ghana. 
4Prosthetics and Orthotics Department, College of Medicine and Health Sciences, University of Rwanda, Kigali, Rwanda. 
5Departement des Techniciens Orthoprothésistes, Ecole Nationale des Auxiliaires Médicaux, Lomé, Togo 

Abstract 
According to the World Health Organization, people in need of assistive devices globally will be beyond two billion by 
2050 and only one in 10 could get access to the assistive product. Eighty percent of people living with some form of 
disability worldwide live in low-resource countries. In sub-Saharan Africa, progress in training and provision of prosthetics 
and orthotics (P&O) services has been observed. However, the perceptions of the quality of the training program from the 
students in East Africa specifically in Rwanda, Kenya, and Uganda have not been explored. The profession of P&O in 
sub-Saharan Africa faces many challenges in strengthening its educational ethos as well as meeting the huge demands 
on quality training.  

While there is a huge demand for P&O services in sub-Saharan Africa, this symposium will highlight the studentsô 
perceptions of the current training programs. We will discuss the potential factors influencing the program as the overall 
teaching and learning curriculum. 

The speakers with their professional experiences in the sub-Saharan African region will discuss the current status of P&O 
education in Africa in general. Specifically, presenters will highlight the studentsô perceptions of prosthetics and orthotics 
education in Rwanda, Kenya, and Uganda. Further action plans to address the current challenges the field is facing will be 
recommended. 

Statement of the objective / learning objectives 
Participants will be aware of the current status/challenges and development of P&O education in East Africa and practical 
action plans for stakeholders will be discussed.  
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Symposium: Education 

2.22 Interprofessional rehabilitation education: Developments, opportunities and benefits for 
the prosthetics and orthotics profession 
Martina Lukin1, Larisa Hoffman2,3, Angela Patterson4,5, Shala Cunningham6,7, Cheryl Footer2 

1Physiopedia, Tbilisi, Georgia. 2Physiopedia, Evergreen, Colorado, USA. 3Regis University, Denver, Colorado, USA. 
4Physiopedia, Omaha, Nebraska, USA. 5Creighton University, Omaha, Nebraska, USA. 6Radford University, Virginia, 

USA. 7Physiopedia, Virginia, USA 

Abstract 
Rehab 2030 established the need to strengthen and integrate Prosthetists / Orthotists (POs) and other rehabilitation 
professions into health systems around the world. Unfortunately, limited opportunities in entry-level education and 
continuing professional development has impacted the rehabilitation workforce capacity, particularly in low-resourced 
areas. Multidisciplinary courses that are widely available, easily accessible and offer opportunities for interprofessional 
education (IPE) may offer a solution by enabling the education of more rehabilitation professionals and promising more 
effective and efficient education.  

We explore the opportunities and benefits of multidisciplinary learning across rehabilitation professions including PO, 
Physiotherapy, Occupational Therapy and Speech and Language Pathology and introduce a world where rehabilitation 
providers learn alongside each other in the classroom and in clinical practice, sharing knowledge and resources and 
drawing upon the distinctive skills connected with their unique professions in person-centred care. A key step towards 
making this vision a reality is to better understand the education, competencies, standards and practice expectations 
across the professions, drawing upon commonalities and appreciating differences. We present the outcomes of the 
process undertaken by an international and interprofessional rehabilitation team in developing a framework to review, 
compare, and contrast education strategies and expectations across rehabilitation professions.  

The wider benefits of interprofessional collaboration for the PO profession include improved ability to educate more PO 
with limited human resources as well as improved awareness of the role of PO within other rehabilitation professions and 
across the wider health system thus ensuring stronger interdisciplinary collaboration and rehabilitation service provision 
worldwide.  

Statement of the objective / learning objectives 
To identify multidisciplinary collaborative learning opportunities across rehabilitation professions, including Prosthetics and 
Orthotics, and discuss the benefits and possibilities of interprofessional education.  
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Symposium: Prosthetics: Lower limb transfemoral 

2.23 Safe travels: Gait strategies and features of prosthesis design that support balance when 
walking with a transfemoral prosthesis 
Matthew Major1,2, Cleveland Barnett3, Hiroaki Hobara4 

1Northwestern University, Chicago, USA. 2Jesse Brown VA Medical Center, Chicago, USA. 3Nottingham Trent University, 

Nottingham, United Kingdom. 4Tokyo University of Science, Tokyo, Japan 

Abstract 
Walking with a transfemoral prosthesis carries inherent risks to balance due to the lack of joint control and sensory 
feedback when using conventional prosthetic systems. For this reason, people with lower limb loss frequently experience 
falls and fall-related injuries, many of which occur while walking. Transfemoral prosthesis users must rely on their residual 
anatomy and compensatory mechanisms to manage prosthesis motion and ground forces to ensure forward progression, 
knee stability, and foot clearance. In this symposium, we will discuss aspects of gait that transfemoral prosthesis users 
demonstrate to maintain balance across different mobility scenarios and how features of the prosthesis can support safe 
movement. Additionally, we will introduce clinical and biomechanical measures used to quantify balance and their 
respective insight into the question of gait stability. Our symposium will discuss three specific topics through a series of 
three talks: 1) the management of ground forces and limb segment dynamics to support balance in walking, 2) how 
combinations of different commercial prosthetic feet and knees interact with the user to support balance and mobility, and 
3) the influence of systematically adjusting features of prosthesis design on aspects of safe mobility. This symposium will 
be relevant to both researchers and clinicians with an interest in measuring and promoting safe mobility for transfemoral 
prosthesis users. 

Statement of the objective / learning objectives 
1. Understand biomechanical challenges of maintaining safe gait for transfemoral prosthesis users. 
2. Identify elements of transfemoral prosthesis design that contribute to walking safely. 
3. Describe clinical and biomechanical measures of balance and gait stability. 
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Symposium: Education 

2.24 Evidence-based practice in education for prosthetic orthotic occupations 
Helen Cochrane1,2, David Rusaw1,3, Ashley Mullens4, Sue Spaulding5, John Brinkman6 

1ISPO, Brussels, Belgium. 2University of Pittsburgh, Pittsburgh, USA. 3Jonkoping University, Jönköping, Sweden. 4Baylor 

College of Medicine, Houston, USA. 5University of Washington, Washington, USA. 6Northwestern University, Chicago, 

USA 

Abstract 
This symposium aims to present the current state of evidence-based practice in education for prosthetic orthotic 
occupations.  Presenters will share the current evidence, best practices and ongoing development of a research plan for 
prosthetic orthotic educators.   

The symposium will follow on from the Global Educators Meeting (GEM) in June 2022 the symposium will present the 
findings of the educator focus groups held during the GEM and discuss the educators survey. 

Presented by educators aimed at educators this symposium offers an opportunity to learn, contribute and discuss how to 
get the most out of educational time.  

The objective of this symposium are to help educators in prosthetic orthotic occupations; 

¶ become more aware of the current evidence, best practices and the work currently ongoing to advance the 
evidence base for teaching in the field. 

¶ cultivate collaborations among educator peers. 

¶ develop and diversify educational practices to stimulate an effective learning environment. 

Statement of the objective / learning objectives 
The objectives of this symposium are to help educators in prosthetic orthotic occupations; 

¶ become more aware of the current evidence, best practices and the evidence base  

¶ cultivate collaborations  

¶ develop and diversify educational practices  
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Symposium: Prosthetics: Lower limb transtibial 

2.25 Assessment of stump-socket interaction load: Critical appraisal of state-of-the-art 
measurement techniques to quantify in-socket tissue stress and strain 
Han Houdijk1, Arjan Buis2,3, Niels Jonkergouw4, Morag Robertson2, Alex Dickinson5 

1Dept Human Movement Sciences, University Medical Centre, University Groningen., Groningen, Netherlands. 2Dept 

Biomedical Engineering, University of Strathclyde, Glasgow, United Kingdom. 3College of Medicine and Health sciences, 

University of Rwanda., Kigali, Rwanda. 4Military Rehabilitation Centre Aardenburg, Doorn, Netherlands. 5Faculty of 

Engineering and Physical Science University of Southampton, Southampton, United Kingdom 

Abstract 
Prosthetic socket fit related discomfort and pain are among the most prevalent problems experienced by prosthetic users. 
Despite exciting developments in socket design and manufacturing, they remain a considerable challenge for the 
prosthetist. This is partly due to the fact that tissue load occurring inside the socket during use are complicated to 
quantify.  

Over the years, measurement techniques have been developed to quantify tissue load and deformation within the socket, 
some with clinical application potential. These techniques include, amongst others, ultrasound, oximetry and pressure 
measurement, and numerical modelling for prediction. 

These techniques assess different aspects of tissue load and response. Ultrasound can quantify tissue deformation and 
especially residual bone movement within the socket. Oximetry can be used to assess the oxygenation of the stump 
tissue, which is affected by load as it can influence blood saturation and perfusion. Finally, pressure and shear stresses at 
the stump-socket interface can be measured by dedicated sensors. Results from these techniques can be used to in 
image based finite element analysis, to better understand tissue mechanics and adaptation and guide socket fitting.  

In this symposium, weôll critically discuss the state-of-the-art in the application of such technology to assess and improve 
socket fit. Questions to discuss are: 1) what is the current state of these techniques? 2) what is the validity of these 
assessments? 3) what is the current clinical applicability? 4) what future development are required? Three experts in the 
field will deal with these questions based on their recent research results. 

Statement of the objective / learning objectives 
In this symposium the attendees 

¶ get insight in the state-of-the-art of several methods to quantitatively assess socket-stump interaction. 

¶ Critically discuss validity and potential clinical application of these methods with the presenters. 
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Symposium: Prosthetics: Lower limb transfemoral 

2.26 Improving the safety of direct skeletal fixation: Essential information to develop failsafe 
devices 
Peter Lee1, Laurent Frossard2, Juan Ochoa3 

1University of Melbourne, Melbourne, Australia. 2Griffith University, Southport, Australia. 3Blatchford, Hampshire, United 

Kingdom 

Abstract 
Lower limb amputees with Direct Skeletal Fixation (DSF) prostheses require a failsafe device to protect the bone and 
implant from mechanical overload. Although several failsafe devices have been developed, they are each based on 
different design criteria particularly related to the type of load (direct forces, bending moments, or torsional moments) they 
protect against and the magnitudes of loads at which the devices are triggered. Consequently, the extent of protection 
against overload varies between devices and makes comparisons between devices problematic. To address some of the 
challenges associated with testing failsafe devices, the ARC Training Centre for Medical Implant Technologies 
(cmit.arc.edu.au) hosted a virtual workshop with major DSF implant manufacturers in August 2020. Critical questions 
raised at the event included: Are standards required for the failsafe device? What are the safety concerns relating to the 
failure of a failsafe device? Is it to prevent bone fracture? Is it to avoid implant failure? What type of prosthetic loading 
profile data is currently used by engineers to inform the design of the failsafe device? The proposed symposium aims to 
address some of these questions by presenting: 

1. Limitations of using the current ISO10328 to test failsafe devices. 
2. The state-of-the-art in-vivo measurement techniques and data of loadings in patients with DSF. 
3. Experimental and computational modelling technique to develop a safety envelope for designing failsafe devices. 

The overarching goal is to establish a test standard for DSF failsafe devices to protect against mechanical overload and to 
ensure patient safety.  

Statement of the objective / learning objectives 
Identify the critical relationship between safety, efficacy and daily loading profile applied on Direct Skeletal Fixation. 
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Symposium 

2.27 The O&P Global Project: Uniting national member associations 
Leigh Clarke1,2, Emily Ridgewell1,3, Michael Dillon1,3 

1O&P Global, Melbourne, Australia. 2The Australian Orthotic Prosthetic Association, Melbourne, Australia. 3La Trobe 

University, Melbourne, Australia 

Abstract 
Regulation of the O&P workforce is critical to ensure people have access to safe and effective services. Regulation of a 
profession builds government and stakeholder confidence which strengthens practice (e.g., independent prescribing) and 
supports workforce growth (e.g., practitioner retention). There are nine core regulatory standards for allied health 
professions, including minimum education/training, competency standards and code of conduct as examples. Globally few 
countries have all nine regulatory standards in place for O&P (Clarke et al., 2022). 

In contrast, other allied health professions (e.g., physiotherapy, occupational therapy) are well regulated globally and 
enjoy the aforementioned benefits. Regulation of these professions is supported through a global organisation that guides 
a network of national associations and supports national-level regulation.  

Recently, there have been calls for the establishment of an equivalent global body for O&P (Clarke, 2019; Clarke, 2021) 
to support the development of national O&P associations and professional regulation for O&P.  The O&P Global project 
has been established to lead the investigation, development, and public consultation to establish this global body for 
O&P.  

This symposium will introduce the full suite of allied health regulatory standards and explore the benefits to workforce 
growth and development. It will outline the extent to which these regulatory standards are in place globally for O&P. 
Finally, the symposium will introduce the O&P Global project including the upcoming global consultation. 

We invite delegates to collaborate with O&P Global, participate in the consultation and subscribe for updates: 
https://www.op-global.org/connect 

Statement of the objective / learning objectives 
Attendees will learn how improved national-level regulation will support growth and development of the O&P profession 
and improve access to high-quality care, and the role the O&P Global Project in achieving this aim. 

https://www.op-global.org/connect
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Symposium: Prosthetics: Upper limb 

2.28 The science of overuse injuries after upper limb absence and the art of treating it 
Sietke Postema1, Corry van der Sluis1, Pamela Gallagher2, Tallie van der Laan1, Anneliek Peters1 

1University of Groningen, University Medical Center Groningen, Department of Rehabilitation Medicine, Groningen, 

Netherlands. 2Dublin Psychoprosthetics Group and School of Psychology, Dublin City University, Dublin, Ireland 

Abstract 
To gain the highest level of functioning in individuals with upper limb absence (ULA; acquired or congenital), we should 
pay more attention to prevention and treatment of overuse injuries. Overuse injuries may be specific, for example carpal 
tunnel syndrome and tendonitis, or non-specific, such as chronic musculoskeletal complaints of neck or back. Whether or 
not a prosthesis is used, individuals with ULA have a two times higher risk for development of overuse injury compared to 
the general population. These injuries are known to increase disability and are related to poorer general and mental 
health. Our review about overuse injuries showed that both biomechanical and psychosocial risk factors play a role, 
making it challenging to treat these injuries successfully. In the past years, we have published several studies about 
overuse injuries in individuals with ULA and we aim to bring the results together in this symposium. We will start with 
presenting the current scientific knowledge on overuse injuries in individuals with ULA. While using the ICF-model, we will 
reveal biomechanical and biopsychosocial risk factors known in this population, such as compensatory movements, 
muscle fatigue and personal factors. As we hypothesize that one of the risk factors for overuse injuries is a mismatch in 
capacity and performance, we will have a look at the scientific background of this hypothesis and elaborate on what this 
means for treatment. By addressing these concepts, we invite the audience to discuss with us the art of preventing and 
treating overuse injuries in individuals with ULA.  

Statement of the objective / learning objectives 
To gain an overview of the current scientific knowledge on prevalence and biomechanical and psychosocial risk factors of 
overuse injuries in individuals with upper limb absence, and to discuss the art of treating these injuries.  
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Symposium: Education 

2.29 ExceedOnline: Legacy of covid pandemic on prosthetic and orthotic education: Adoption, 
adaptation, advancement for innovative solutions 
Sisary Kheng1, Carson Harte2, Audrey Harte2 

1Exceed Worldwide/National Institute of Social Affairs, Phnom Penh, Cambodia. 2Exceed Worldwide, Belfast, United 

Kingdom 

Abstract 
Prosthetic and Orthotic (P&O) education worldwide was significantly impacted by the Covid pandemic. The majority of 
P&O programmes were on campus with face-to-face training prior to Covid with few components of virtual education. 
Covid restrictions, lockdowns, travel restraints and other on-site teaching activities provided opportunities for creative 
responses, alternative learning and teaching P&O in a new setting, and the ultimate development of a virtual programme. 
The focus on the development of studentsô core competencies and facultyôs capacity and capability in virtual P&O 
education ranges from situational analyses, Training Need assessments for both students and faculty for effective 
teaching and confident learners, technology assessment, curriculum revision, Learning Management System reviews, 
online mentoring/tutoring, and student feedback system. ExceedOnline resulted from the experience of P&O education in 
South East Asia training programmes coupling from the impacts of Covid. The management and leadership commitment 
to the continuation of studentsô education evolved international networks, experience exchanges, studentsô collaboration, 
resource sharing, and modified learning/teaching models for responsive and resilient learning for students from diverse 
backgrounds with support from local clinical/technical mentors. The advancement of P&O education post-Covid is seen to 
be inevitably and sustainable with a potential hybrid model that will enhance better access to P&O training worldwide. 
Successful shifts to virtual/hybrid mode need adaptation to engaging/dynamic curricular activities, learner-focused, 
strategically planned, and efficiently managed with appropriate technology to the local context and needs of an individual 
learner, resource investment, and capacity development. 

Statement of the objective / learning objectives 

¶ Share experiences on the development of ExceedOnline Education 

¶ Link P&O programmes to work together responding to the learning needs of students during the pandemic 

¶ Facilitate resources for online education worldwide drawing from international collaborations 
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Symposium: Training and therapy 

2.30 A clinical framework for lifelong care for people living with lower limb loss 
Natalie Vanicek1, Christopher Kevin Wong2, Bill Miller3 

1University of Hull, Hull, United Kingdom. 2Columbia University Irving Medical Center, New York, USA. 3University of 

British Columbia, Vancouver, Canada 

Abstract 
Lower limb loss is a lifelong condition. Many healthcare professionals focus on helping patients maintain their health, daily 
activities and quality-of-life. Yet, many patients do not receive sufficient follow-up care tailored to their personal, often 
complex, needs. These may relate to issues with their mobility and functional gait performance, or to managing their 
prosthesis, or engaging in more physical activity. Consequently, many patients lead more sedentary lifestyles, which 
exacerbates existing health comorbidities, and suffer from musculoskeletal pain and experience more social isolation. 

We recognize that it is important for health professionals to identify innovative ways to support patients in the long-term to 
improve their outcomes. In this symposium, we will discuss a clinical framework for providing comprehensive lifelong care 
for people living with limb loss. We will share the experience of three researchers from different countries (USA, UK, and 
Canada). Specifically, we will discuss clinical rehabilitation guidelines emphasizing how manual therapy could be utilized 
to optimize functional movement potential. We will also discuss the implementation of a community-based exercise 
program and its impact on physical and mental health outcomes. Finally, we will discuss the potential of an online, self-
management program designed to equip patients with skills to better manage their condition. The session will conclude 
with an interactive discussion between the panel and audience focusing on strategies for overcoming barriers to lifelong 
care within the context of different healthcare frameworks. 

Statement of the objective / learning objectives 
This session will focus on the provision of lifelong care to help patients achieve their long-term goals and expected 
outcomes. We will explore innovative approaches to enhance physical and social involvement in daily living. 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

55 of 400 

Basic instructional course: Training and therapy 

3.01 Phantom motor execution treatment using augmented and virtual reality to relieve 
phantom limb pain 
Corry K. van der Sluis1, Maria Munoz-Novoa2, Shahrzad Damercheli3, Max Ortiz-Catalan3 

1University Medical Center Groningen, Groningen, Netherlands. 2University of Gothenburg, Gothenburg, Sweden. 
3Chalmers University of Technology, Gothenburg, Sweden 

Abstract 
Phantom limb pain (PLP) remains difficult to treat, despite a huge number of available treatments. About 30-80% of 
persons with a limb amputation experience PLP, which can have a major impact on daily life functioning. The Phantom 
Motor Execution (PME) program, developed by Prof. Max Ortiz Catalan and his team, uses phantom exercises in 
augmented and virtual reality to treat PLP. The patient sees himself through a webcam on a computer screen, where a 
virtual limb is projected over their stump. Electrodes on the remnant limb are used to control the virtual limb. In this way, 
the patient (re)learns to move his phantom limb, which in turn reduces PLP. A recent international randomized controlled 
trial into the effectiveness of the PME treatment showed that six months after finishing the treatment, half of the 
participants still had significantly less PLP. This treatment has since then been improved by using Phantom Motor 
Imagery (PMI) to facilitate phantom movements prior to execution, as well as by incorporating sensory training using a 
tactile display. Since this treatment might be an interesting addition to current treatment methods for many rehabilitation 
teams, we propose an instructional course to demonstrate the PME treatment. The first part of the instructional course will 
cover theoretical aspects and quantitative and qualitative research results, followed by an explanation of the different 
parts of the treatment. The second part of the instructional course will be a live demonstration of the treatment. 

Statement of the objective / learning objectives 
Participants will learn about theoretical aspects of PLP, they will learn about the content of the novel PME treatment and 
how they could apply this to their own clinical practice. 
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Basic instructional course: Sports and physical activity 

3.02 Sport as a physical and psychological rehabilitation tool for the amputee patient (El 
deporte como herramienta de rehabilitación física para el paciente amputado) 
Alejandra Siller 

CIDOP, San Luis Potosí, Mexico 

Abstract 
Sport has an important role in the lives of all individuals, but it has benefits beyond those applicable to all for individuals 
with a disability. According to studies less than 40% of the amputee patients participate in sports.  

There are many barriers that contribute to this number including physical impairments, prosthesis failure, psychological 
beliefs, clinician´s lack of knowledge, etc. Clinicians need to understand the power that sports have on the amputee.  

Sports has many benefits, besides from the physiological effects on the body it also reduces the focus on the impairment 
and focuses on the personôs ability, leading to greater self-confidence. It reduces the sense of isolation, frustration, and 
inferiority increasing their sense of inclusion. It delays loss of independence and symptoms of depression. I have seen all 
this since I founded an amputee soccer team 3 years ago. 

Clinicians can use different assessment tests prior to recommending to the amputee patients which sport is best for them. 
They should consider past medical history, medications, wound assessment, prosthesis, Amp Pro Test, VO2 Max, and 
the most important the objectives of the patient.  

The sessions need to be followed under supervision. This will help to avoid any chance of injury. With the proper 
guidance, the risk of injury to physically disabled individuals is no greater than that to athletes without disability.  

Improving the clinician´s knowledge of sports impact and how to apply it can eradicate many barriers for the amputee to 
participate in and get all the benefits. 

Statement of the objective / learning objectives 
Contribute through my clinical experience and knowledge so that other clinicians can learn about and apply the benefits of 
sport to their patients. Learning to evaluate, adapt the sport and enjoy.  
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Basic instructional course: Sports and physical activity 

3.03 Adapting physical activity training to mixed ability groups of people with lower limb 
amputation (UR:Enabled) 
Miranda Asher1, Kiera Roche2 

1Walk:Enabled, London, United Kingdom. 2LimbPower, Surrey, London, United Kingdom 

Abstract 
Supporting participation in physical activity (PA) for people with lower limb amputation (PLLA) who are sedentary is an 
important factor in facilitating long term rehabilitation, quality of life, and longevity. Our responsibility as clinicians and 
researchers is to offer interventions which both improve components of fitness and address the range of barriers 
experienced by PLLA: capacity (physical ability and associated limitations of the prostheses), safety (perceived, potential, 
and experienced physical injury and pain), and psychosocial (availability of suitable resources or locations and the 
attitudes of self and others).  

While a well fitted 
prosthetic limb is 
crucial for weight 
bearing activities, 
prosthetic wear can be 
limited for periods of 
time (e.g., due to skin 
issues, availability of 
components, 
recasting) and 
individuals should not 
be excluded or remain 
sedentary during these 
periods. Therefore, we 
must adapt 
interventions to allow 
participation in PA both 
when the limb cannot 
be worn and, with or 
without a sports limb. 

UR-Enabled is a 
bespoke and adaptive 
programme which has undergone a successful feasibility trial. This unique programme can be used by a range of 
clinicians and exercise specialists to support PLLA participation in PA. The programme includes agility challenges which 
can be sufficiently adapted to accommodate each individualôs current ability in order to limit the risk of injury, while 
remaining demanding enough to elicit physical improvement. Adapted challenges can be practiced at home (reducing 
barriers associated with costs and locations) and performed in the group (allowing competition) all factors which keep 
participants engaged and motivated. 

Statement of the objective / learning objectives 
(1) Experience exclusion, a group activity where your needs have not been accommodated.  
(2) Develop working knowledge on adapting agility exercises, building on established methods, to address the range of 
barriers experienced by PLLA. 
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Basic instructional course: Prosthetics: Lower limb transtibial 

3.04 No gait lab? Let us play with alignment and gait deviations 
Carolina Schiappacasse1,2, Damiana Pancho1,3, Favio Montané4,5 

1British Hospital, Buenos Aires, Argentina. 2Clínica Las Araucarias, Buenos Aires, Argentina. 3Clinica Las Araucarias, 

Buenos Aires, Argentina. 4Maimonides University, Buenos Aires, Argentina. 5O&P Educational Portal, Buenos Aires, 

Argentina 

Abstract 
A PMR doctor will be lecturing on levels of amputation and pathologies of the stump and generalities of amputations and 
then we will have a PT talking about basic and advanced training for lower limbs amputees and then a CPO will talk about 
different prostheses, alignment, and biomechanics. 

We will then present cases and analyse them from a multidisciplinary approach. 

Statement of the objective / learning objectives 
To understand the concepts related to the management of TT to improve their knowledge and apply this concept in their 
clinic. 

To understand the importance of a multidisciplinary approach as a tool for their practice 
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Basic instructional course: Low- and middle-income countries 

3.05 Peer group training among people living with a spinal cord injury in rural Cambodia 
Pia Nolstedt1,2, Rune Nilsen1,2 

1Rehabilitation Science Organisation, Oslo, Norway. 2Sophies Minde Ortopedi, Oslo, Norway 

Abstract 
A spinal cord injury (SCI) is often described as one of the most devastating injuries one can experience. People with a 
SCI in Cambodia are underserved in the healthcare system and at risk of short life expectancy, pressures sores, urinary 
tract infections, psychological problems and tend to score low in all domains that people consider important for quality of 
life.  

This instructional course will establish how studies, activities, and projects from 2009 until today, have led to the collective 
conclusion that peer group training is an appropriate recommendation for people living with SCI in a low-resource setting, 
such as rural Cambodia. In addition to general knowledge about SCI, quality of life and the challenges posed by limited 
healthcare resources, this course will demonstrate how peer group training can be implemented in a nonurban 
environment. Furthermore, the need for appropriate assistive technology will be discussed. 

Statement of the objective / learning objectives 
Attendees will learn how peer group training may be implemented in low-resource settings and gain a deeper 
understanding of how peer group training can impact quality of life among people living with spinal cord injury.  
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Basic instructional course: Outcome measurements 

3.06 Integrating biomechanical-based instrumentation with performance-based outcome 
measurement in prosthetics and orthotics in resource-limited settings 
Gary Guerra1, Manunchaya Samala2, Sirirat Seng-iad2 

1Exercise and Sport Science Department at St. Mary's University, San Antonio, Texas, USA. 2Sirindhorn School of 

Prosthetics and Orthotics, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand 

Abstract 
Biomechanics has been the cornerstone of Prosthetics and Orthotic research for many decades. Outcome measurement 
is a standardized instrument used in clinical and research settings to evaluate change in patient performance to an 
intervention. Outcome measures are broadly categorized as patient-reported (PROM), performance-based (PerfOM) and 
biomechanical outcome measurement. 

This course will explore the biomechanical assessments readily accessible in resource-limited settings, the integration of 
biomechanical assessments with performance-based outcome measurement, and how such information can guide 
development and promote our understanding and use of current outcome measurement in orthotics and prosthetics. The 
contents also cover the possibilities and challenges of incorporating biomechanical-based and performance-based 
instrumentation and outcome measurement into undergraduate prosthetic and orthotic education and clinical services. 

Statement of the objective / learning objectives 
Aims to provide prosthetic and orthotic professionals with technically-rich knowledge on cost-effective biomechanical-
based measurements and their integration with performance-based measurement for clinical and research 
instrumentation, as well as prosthetic and orthotic education in austere settings. 
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Basic instructional course: Prosthetics: Upper limb 

3.07 Bilateral upper limb loss and occupational therapy: An overview of resources, adaptive 
equipment and prosthetic training 
Shawn Johnson 

Enhancing Skills for Life, Houston, USA 

Abstract 
Upper limb loss is rare compared to lower limb loss. Bilateral upper limb or quadruple limb loss is even more rare and 
presents extensive challenges as there is no remaining arm/hand to help perform daily self-care tasks.  Because of this, 
these individuals will be completely dependent on others for some period of time to help with their most basic needs like 
eating, bathing, dressing, and toileting.  

This course will focus on the process of bilateral upper limb loss rehabilitation. Resources and adaptive equipment for 
activities of daily living (ADLôs) will be addressed as well as pre-prosthetic and post prosthetic therapy needs.  Along with 
an experienced team, Occupational Therapists skilled in the area of bilateral upper limb loss, can help individuals missing 
both arms be quite independent, either with or without prosthetic arms.   Key aspects of this process include knowledge of 
the resources, adaptive equipment and connections with peers, either virtually or in person.  

Please be advised that there are entire conferences dedicated to this topic, so this course wonôt be able to cover the 
entirety of this topic in one hour but aims to offer resources and information for limb loss individuals and health care 
providers. 

Statement of the objective / learning objectives 
After this course, participants will be able to list pre and post prosthetic therapy needs, bilateral upper limb loss/absence 
adaptive equipment for ADL's as well as helpful resources including Enhancing Skills for Life. 
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Basic instructional course: Education 

3.08 Applying the clinical practice guidelines for use of AFO or FES post stroke: Shared 
decision-making in action 
Lisa Brown1, Therese Johnston2 

1Boston University, Boston, USA. 2Arcadia University, Glenside, USA 

Abstract 
The application of Ankle Foot Orthosis (AFO) or Functional Electrical Stimulation (FES) to address the activity limitations 
and participation restrictions of individuals with gait dysfunction is common practice post stroke. The Clinical Practice 
Guideline (CPG) for the Use of AFO and FES Post-Stroke provides evidence to guide the shared decision-making 
process. This educational session will focus on knowledge translation by demonstrating the application of a clinical 
decision-making framework focused on implementing the CPG. Videos and a case-based approach will be used to 
exemplify the shared clinical decision-making process applying Action Statement 2: AFO or FES to Improve Gait Speed in 
Chronic Stroke. Using a hypothesis driven exam, the case will present a patient specific participation and activity limitation 
related to gait speed. The examination process will include gait analysis highlighting common gait deviations post stroke 
and use of the appropriate outcome measures. The potential device effects to consider in the chronic phase of stroke will 
be discussed. A comparison of FES and various AFO types and their potential impact on gait speed will be illustrated to 
recommend the most appropriate device type. Clinical decision-making considerations will be highlighted to emphasize 
the need for a patient centred approach to best meet the needs of the individual. Evidence from the CPG will be 
highlighted in the case and integrated throughout the presentation to further guide decision making. 

Statement of the objective / learning objectives 

¶ Perform a hypothesis driven exam to identify gait deviations in an individual with chronic stroke 

¶ Apply The CPG for the Use of AFO or FES Poststroke into the shared decision making for a patient case 
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Basic instructional course: Seating and wheelchair 

3.09 Evolution of standards in the wheelchair sector: Standardising products, services and 
training 
Mary Goldberg, Jon Pearlman 

University of Pittsburgh, Pittsburgh, USA 

Abstract 
There is an immense global need to standardize wheelchair products, services, and training as mechanisms to increase 
access to wheelchairs for the 75 million people worldwide in need (WHO, 2018). The prosthetics and orthotics community 
has long been committed to quality wheelchair service provision. ISPO led a consensus conference over 15 years ago to 
support the first globally led guidelines development for wheelchairs. This session will describe the history of the 
development of standards and related documents including the World Health Organization óGuidelines on the provision of 
manual wheelchairs in less resourced settingsô, follow-on World Health Organization wheelchair service standards led by 
ISPO and the International Society of Wheelchair Professionals, and various product standards that are recognized by the 
International Standards Organization and other bodies. We will also describe the inclusion of wheelchair content in 
professional rehabilitation organizations' education standards and the role they can play in competency development of 
future providers. We will also cover other products like certification for individuals and service accreditation that serve as 
models for ensuring quality provision. In the interactive portion of the course, we will select 2-3 attendeesô countries as 
case studies and identify how the presence or lack of wheelchair standards have influenced provision and brainstorm 
action plans for adoption and implementation. 

Statement of the objective / learning objectives 

¶ Describe three ways standards can help promote access to quality provision.  

¶ Identify at least two published standards for wheelchairs. 

¶ Identify at least one strategy for how to implement standards.  
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Basic instructional course: Paediatrics 

3.10 Peculiarities in orthoprosthetic care of children with congenital malformations 
Michael Schaefer, Tim Baumeister 

POHLIG GmbH, Traunstein, Germany 

Abstract 
The individual care of children with congenital malformations requires 
specialist knowledge of the clinical pictures, but also an intense 
cooperation of all disciplines involved in the care team (doctors, 
therapists, friends, family, orthopedic technicians). 

Compared to children with amputation loss, children with congenital 
malformations do not feel the loss of the missing body part. The experience of many fittings shows that the acceptance of 
prosthetic aids in the first years of life is essentially determined by the functional benefit and the wearing comfort. The 
focus here is on ensuring the best possible age-appropriate development and participation with children of the same age. 

The following course is intended to systematically discuss and clarify the everyday requirements for the prosthetic fitting of 
the upper and lower extremities as well as the technical realization in the design of the individual fitting solutions using 
various examples from these two major fitting areas. The differentiated consideration of longitudinal and transverse defect 
forms and their consequences also has a significant influence on the design and configuration of the corresponding aids. 
The effects of endangered joint malpositions as well as additional surgical treatment measures must be included in the 
layout of the aids. 

It should be shown that a targeted supply of aids, taking into account the daily recurring needs, supports and promotes 
the age-appropriate development of the children. 

A final outlook is intended to show solution approaches for the requirements and possibilities of future care concepts for 
people with congenital malformations. 

Statement of the objective / learning objectives 
The variety of congenital malformations and their effects on the mobility and functionality of the child require a deficit-
oriented approach in the treatment. The course is intended to highlight the essential features of care. 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

65 of 400 

Basic instructional course: Education 

3.11 The Alternative Limb Project: Bridging the creative and clinical 
Chris Parsons1,2, Sophie De Oliveira Barata1 

1The Alternative Limb Project, Lewes, United Kingdom. 2Design Prosthetics Ltd, Lewes, United Kingdom 

Abstract 
This will be a fun and interactive workshop. Starting with creative divergent and forced thinking games, brainstorming for 
creative idea generation. With practical elements, we will explore examples of the types of demands for alternative 
prosthetics and understand how to translate those ideas into reality. 

Ending with focus groups and case studies to explore creative solutions for hypothetical clients.  We will leave you 
inspired and unconstrained. 

Statement of the objective / learning objectives 
Participants will be familiar with the creative/design processes, emphasis on the creative as part of the clinical approach. 
Mitigating risk through planning and the importance of establishing partnership parameters.  
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Basic instructional course: Rehabilitation medicine and surgery 

3.12 Interdisciplinarity at the heart of prosthetic rehabilitation for patients with upper limb 
amputation 
Marie-Helene Forest, Josee Dubois, Natalie Habra 

IRGLM, Montreal, Canada 

Abstract 
Upper limb amputations significantly impact many aspects of a personôs function. Early interdisciplinary patient care is 
therefore of utmost importance in order to address the patientôs individual needs and disabilities. The goal of this 
interdisciplinary care is to optimize the patientôs autonomy with and without a prosthesis, and maximize their performance 
satisfaction during activities of daily living, ultimately, improving their quality of life. 

This presentation will explain the bases of interdisciplinarity, including a review of the current literature on the subject. 
How these concepts were adapted to the Quebec (Canada) health care system will then be described. The advantages of 
an interdisciplinary team approach for upper limb amputations will be exposed, detailing the different therapeutic 
interventions used for this population. Finally, the application of this team approach for prosthetic rehabilitation will be 
illustrated through a case study of a patient with upper limb amputation. 

Statement of the objective / learning objectives 
Understand the importance, role and strengths of the interdisciplinary team (physiatrist-occupational therapist-prosthetist) 
as it relates to prosthetic rehabilitation for upper limb amputations 
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Basic instructional course: Low- and middle-income countries 

3.13 Capacity building in prosthetic and orthotic education in Tanzania 
Pia Nolstedt1,2, Rune Nilsen1,2 

1Rehabilitation Science Organisation, Oslo, Norway. 2Sophies Minde Ortopedi, Oslo, Norway 

Abstract 
There is a huge need for well-trained prosthetists orthotists who can fit assistive devices, such as prosthetics and 
orthotics, especially in low-income countries.  

This instructional course will provide insight on how Rehabilitation Science Organisation (ReSciO) has structured and 
conducted a three-year capacity-building project for teachers at the Tanzanian Training Center for Orthopeadic 
Technologists. The course will emphasize the importance of appropriate assistive technology regarding the community 
and context in which you are working, as well as the significance of recipient-determined project content in terms of 
ensuring long-term benefits. Furthermore, the concept of ñtraining the trainersò with the goal of building a sustainable 
knowledge base will be discussed and the mutually beneficial effects of capacity-building on the workforce of tomorrow, 
for both recipient and instructor, will be reviewed.   

Statement of the objective / learning objectives 
Attendees will gain a deeper understanding of appropriate assistive technology in low-income countries, be presented 
with a real-world example of how collaboration and capacity-building may be implemented and learn about the ñtraining 
the trainersò concept.  
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Basic instructional course 

3.14 Health Economics 101: An introduction to health economic evaluations and their use in 
prosthetics and orthotics 
Leigh Clarke1,2, Michael Dillon1 

1La Trobe University, Melbourne, Australia. 2The Australian Orthotic Prosthetic Association, Melbourne, Australia 

Abstract 
Health Economic Evaluations (HEEs) bring together the costs and benefits of interventions to establish a cost-benefit 
ratio. This ratio allows the cost-benefit of one intervention to be compared to another (e.g., the decision to invest in 
rehabilitation services for people living with stroke, or extend the list of available componentry for people living with limb 
loss). 

Given that HEEs provide the evidence to inform these sorts of difficult policy and investment decisions, high-quality HEE 
research is critical to ensure that the limited healthcare funding is invested into interventions that produce the greatest 
benefit. Despite the importance of HEEs, there are only a small number of prosthetic and orthotic HEEs which limits the 
ability of policy makers and funders to compare the costs and benefits of different prosthetic and orthotic interventions and 
consider them alongside other healthcare priorities. 

If we are to help inform these policy and investment decisions into the future, we need to build a greater understanding of 
HEEs. As such, in this instructional course we will discuss: 

¶ different types of HEE evaluations and the policy and investment decisions theyôre designed to inform, 

¶ key method design consideration such as time horizons, user or funder perspectives, choice of outcome or benefit 
measures, 

¶ the unique challenges of conducting high-quality HEEs prosthetics and orthotics. 

We hope that the symposium will help reduce barriers to accessing and understanding HEEs and encourage greater 
awareness. 

Statement of the objective / learning objectives 
Attendees will gain introductory knowledge of the different types of health economic evaluations, their key method 
features, and the unique challenges of conducting high-quality prosthetic and orthotic health economic evaluations. 
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Basic instructional course: Seating and wheelchair 

3.15 Importance of appropriate wheelchair maintenance for improving the safety of wheelchair 
users 
Anand Mhatre1, Lorena Rodriguez2 

1Ohio State University, Columbus, USA. 2Instituto Nacional de Geriatría, Mexico City, Mexico 

Abstract 
Wheelchair users experience wheelchair part failures every 2-3 months in low- and middle-income countries (LMICs) and 
rural areas of high-income countries. One-third of part failures lead to adverse physical, social, psychosocial, and 
economic consequences to wheelchair users, which increases the public health and personal burden. Wheelchair 
maintenance has been found to reduce the frequency of wheelchair breakdowns, but compliance with maintenance is 
extremely low. Our research shows an overall lack of maintenance training and knowledge. Few training programs exist in 
research settings. But, they include generic maintenance tasks, lack appropriateness to user ability and wheelchair 
design, and do not reflect how and where the wheelchair is being used. This has led to poor maintenance adoption and, 
subsequently, a rise in wheelchair part failures and adverse consequences to the user.  

Our interactive course will poll the audience as we present three studies. The first study will introduce wheelchair failures 
occurring globally and demonstrate the impact of wheelchair maintenance on failures. The second study will introduce 
WheelTrak, a smartphone-based, low-cost, scalable maintenance application that leverages artificial intelligence tools to 
provide maintenance recommendations tailored to wheelchair use. The third study demonstrates the application of the 
technology in Mexico; we are conducting a human subjects trial in Mexico to develop usage-based maintenance 
schedules and perform usability testing. As we present the study, we will engage practitioners and clinicians in a 
brainstorming session on maintenance tasks for users and service providers. Overall, our course will highlight the 
importance of appropriate maintenance in wheelchair service provision. 

Statement of the objective / learning objectives 
Participants will learn about prevalent wheelchair part failures, reactive repair practices and the need for usage-based 
maintenance led by appropriate technology. Participants will understand the barriers and facilitators for maintenance 
reported by our study subjects. 
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Basic instructional course 

3.16 Silicone as an outstanding material for individual approaches in O&P 
Michael Schaefer, Tim Baumeister 

POHLIG GmbH, Traunstein, Germany 

Abstract 
The specific and diverse properties, such as elasticity, biocompatibility, high density, smooth surface characteristics, 
individual colour design options, changeability of the mechanical material behaviour give the material silicone a special 
position in the production of individual orthoses and prostheses. 

Due to the complex requirements for processing this material, the material has not yet been able to establish itself across 
the board in orthopaedic workshops. This material is very sensitive to contamination and environmental conditions in the 
workshop. 

Specialized equipment is often required for professional processing, which does not normally exist in an orthopaedic 
technical workshop and the professional use of which must first be learned. Too little teaching and specialist knowledge is 
taught about this material in schools of our profession and universities, which also hinders its spread. 

The instructional course is intended to illuminate the special features of the material selection and processing of this 
elastic material as well as give an insight into the everyday supply of specialized suppliers. Based on various individual 
fitting solutions from the field of O&P, the special features of this material in everyday use can be demonstrated as 
examples and individualized fitting solutions relevant to everyday life using this technology can be shown to the audience. 
In particular, the versatility of a differentiated material selection, the influencing of the material properties and the various 
possible applications with regard to specific physical requirements in the production of an individual prosthesis or orthosis 
made of silicone come into their own. 

Statement of the objective / learning objectives 
Although silicone can demonstrate many successful supply solutions as an elastic material in O&P, its processing has not 
yet established itself in workshops worldwide. This course aims to create understanding and break down barriers. 
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Basic instructional course 

3.17 ñDigital Center Management Systemò: A digital solution supporting the physical 
rehabilitation to enhance the services provided to health services users 
Alice Charline Boubour1, Aïcha Benyaich1, Phalla Keo2, Un Samkol3 

1ICRC, Geneva, Switzerland. 2ICRC, Phnom Pehn, Cambodia. 3MoSVY, Kompong Speu, Cambodia 

Abstract 
About 2.4 billion people are currently living with a health condition benefiting from rehabilitation (WHO 2019). This 
estimated need for rehabilitation is increasing every year especially in conflict and development countries, where only 5 to 
15% (ICRC) of People with Disabilities receive support for mobility needs. There is also an important informational gap on 
sex, age and disability reducing the effectiveness of humanitarian response.  

To address those needs, the International Committee of the Red Cross (ICRC) developed a digital tool; ñthe Digital Centre 
Management Systemò (DCMS), an open-source solution supporting data collection and management of the Physical 
Rehabilitation (PR) Center. It includes an Electronic Medical Record (EMR) on Open-MRS and an Enterprise Resource 
Planning platform on Odoo (ERP).  

The EMR enables the collection ñat point of careò of the information about Health Service Users (HSU), service delivery 
(physiotherapy, assistive technologyé), referrals, assessment and evaluations, follow-up and repairs, according to 
international standards (International Classification of Function). The ERP enables the management of procurement 
system, manufacturing, invoicing, maintenance, HR, and dormitory. Both supports the efficiency of the PR services with 
disaggregated data collection.  

In November 2020, the DCMS was piloted in Kampong Speu Center (Cambodia) with 35 employees, where 15ô735 HSU 
have been registered (until 30 August 2022). During this period, the DCMS contributed to positive outcomes, monitoring 
the services based on ñHSU centered approach" with a better transparency. Today the DCMS is deployed in seven PR 
Centers and is planned to be deployed at the global level for ICRC partners.  

Statement of the objective / learning objectives 
The DMCS facilitates an optimized (clinical) decision-making that meets the increasing needs in the rehabilitation sector 
and provide a support to the management of the PR Center when delivering assistive technologies and physical 
rehabilitation services. 
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Basic instructional course: Training and therapy 

3.18 Training in assistive products: Introducing the WHOôs innovative online open access 
training resource to grow the global AT workforce 
Kylie Shae1, Louise Puli1, Ritu Ghosh2, Almah Kuambu3, Emma Tebbutt1 

1WHO, Geneva, Switzerland. 2Mobility India, Bangalore, India. 3National Orthotics and Prosthetics Service, Port Moresby, 

Papua New Guinea 

Abstract 
The World Health Organization (WHO) and UNICEF co-published the Global Report on Assistive Technology (Global 
Report) in 2022 which showed that there is a large, unmet need for assistive technology worldwide. Recommendation 
three of the Global Report is to: Enlarge, diversify, and improve human resource capacity. The Global Report suggests 
that reaching adequate personnel capacity at all levels (community/primary, secondary and tertiary) will demand a 
combination of AT specialists and generalists, as well as shifting roles of other professionals in task-shifting and task-
sharing models.  

In this interactive instructional course, WHO will introduce participants to Training in Assistive Products, a new WHO open 
access resource to support growing the global assistive technology workforce through increasing access to fit-for-purpose 
training.   

Training in Assistive Products (TAP) aims to build capacity at community and primary health care level, to enable the 
workforce to recognise those who may benefit from assistive products, and to provide simple, priority assistive products 
safely and effectively.  TAP is free and accessible to all.  

TAP can also be used to deliver AT curriculum within pre-service education, such as nursing or occupational therapy 
degrees, or as continuing professional development for many health professionals who wish to add simple AT provision to 
their skillset.     

Participants will learn about TAP, itôs features, functions and uses and will hear from people with experience of 
implementing TAP. Following this, participants will have the opportunity to interact with TAP, explore the suite of TAP 
resources, and ask questions.  

Statement of the objective / learning objectives 
1. Raise awareness of the potential of TAP to grow the global assistive technology workforce. 
2. Build understanding and capacity in effective use of the TAP platform, its resources, and country implementation. 
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Basic instructional course: Healthcare policy and services 

3.20 The evolution of assistive technology and rehabilitation in Togo, West Africa: Strategies, 
achievements and human resource development 
Anarème Kpandressi1, Patchassi Kadanga2 

1ENAM Lomé, Lomé, Togo. 2Ministry of Health of Togo, Lomé, Togo 

Abstract 
Assistive technology and rehabilitation in low- and middle-income countries face many challenges which stem from lack of 
government policies, strategies and funding, low production and limited quality, financial barriers, and lack of human 
resources. Many reports and scientific papers have evidenced this situation. In Africa, precisely in Togo, all the above-
mentioned challenges were evident until recently when reflexions, and strategies from the government and supported by 
international NGOs started to emerge towards overcoming the challenges and developing assistive technology and 
rehabilitation sectors. Through the new strategies and special involvement of key national and international stakeholders, 
a lot could be achieved, and a new day is rising for assistive technology and rehabilitation in Togo. During this 
symposium, we will share the previous specific challenges we faced in the country, the strategies that were developed, 
the initiatives and the actions taken as well as the achievements, including the development and availability of human 
resources. 

Statement of the objective / learning objectives 
The participants will learn from the different strategies implemented to develop assistive technology and rehabilitation 
sectors and the great achievements and this would be beneficial for those whose countries are in a similar situation. 
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Advanced instructional course: Rehabilitation medicine and surgery 

4.01 Prosthetic care for bionic bone-anchored limbs: From practical experience to clinical 
guidelines 
Laurent Frossard1,2, Stefan Lau3, David Lee Gow4 

1Griffith university, Southport, Australia. 2YourResearchProject, Brisbane, Australia. 3APC, Alexandria, Australia. 
4ProMotion Prosthetics, Moorabbin, Australia 

Abstract 
Bionics bone-anchored prostheses (BAP) using osseointegrated implants are gaining recognition as a suitable alternative 
prosthetic attachment, particularly for young, active, non-vascular individuals suffering from lower or upper limb 
amputations who experience unattainable complications with conventional socket prostheses.  

Bionics BAP required specific prosthetic care. The fitting of components is critical to maintain Goldilockôs loading zone 
during rehabilitation and beyond that are critical to promote osseointegration, avoid loosening, minimise challenging 
loading and falls, as well as breakages of residual bone and implant parts. Altogether, suitable prosthetic care can 
contribute to prevent recurrent superficial and deep infections.   

As a primary point of care, Prosthetists can impact the clinical efficacy and safety of bionics solutions. Often, they can only 
partially rely on peer-reviewed evidence to make clinical decisions when treating this unique type of users. Clearly, 
prosthetic care clinical guidelines are missing. 

Consequently, this lack of practical information about recommendations and alignment of bionics BAP leaves Prosthetists 
more exposed to make ill-informed clinical and business decisions (e.g., risk of litigations).  

This symposium will outline the importance of components to ensure clinical safety of BAP (e.g., evidence-based 
prescription state-of-the-art components). Prosthetists with decades of experience working with bionics BAP will share 
valuable insights (e.g., pitfalls and solutions). Finally, we will suggest some directions to take toward a collegially agreed 
standard of prosthetic care for the fitting of BAP.     

Altogether, the symposium will contribute to further delineating the specific roles of prosthetists and developing prosthetic 
care clinical guidelines around the provision of bionics solutions.  

Statement of the objective / learning objectives 
1. Understand the importance of prosthetic care for bionics solutions.   
2. Minimise ill-informed clinical decisions in absence of standard of care. 
3. Appreciate pitfalls and risks associated with the delivery of prosthetic care for BAP.  
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Advanced instructional course: Education 

4.02 Teaching methodology in times of crisis 
Marcelo Alvarez, Christian Schlierf 

Human Study, Nuremberg, Germany 

Abstract 
The Covid 19 pandemic has changed the world and certainly it has changed the approach of training and education in the 
field of Prosthetics and Orthotics. 

Human Study is known as an ISPO accredited Blended Learning Education Program for more than 15 years and yet, the 
impact of the crisis was high, despite that a lot of e-learning methods have already been in place by standard. Especially 
the elements of clinical hands-on demonstrations, training and examination where still challenged to a great extent. 

This instructional course aims to present solutions that were developed by Human Study, based on the organizationôs vast 
experiences in Blended Learning Methodology, to effectively deliver clinical training and clinical examinations without 
onsite presence of the educator teams. While looking into these new methods in general, a detailed look on its 
effectiveness and potential risks, but also necessary adaptations to address various context, will be provided, in order to 
discuss the outcome of these methods when applied under different circumstances. 

Along this instructional course, Human Study will provide a detailed insight to the new methods and tools developed and 
share effective methods for their safe application. 

Statement of the objective / learning objectives 
Attendees will gain a detailed insight to new methods and tools, developed to enable clinical elements of P&O education 
in times of pandemic crisis and share effective methods for a safe application. 
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Advanced instructional course: Seating and wheelchair 

4.03 The Wheelchair Educators' Package (WEP): A tool to integrate wheelchair-related content 
into prosthetics and orthotics curricula 
David Rusaw1, Mary Goldberg2, Yohali Burrola-Mendez3 

1Jönköping University, Jönköping, Sweden. 2University of Pittsburgh, Pittsburgh, USA. 3Université de Montréal, Montréal, 

Canada.  

Abstract 
Only 5-15% of the 75 million people worldwide that require a wheelchair to fulfill their human rights have access (WHO, 
2018). This lack of access increases inequity and limits the ability for countries to meet their obligations under the United 
Nations Convention on the Rights of Persons with Disabilities. 

Although lack of access to an appropriate wheelchair is a multifaceted issue, recent evidence highlights limited wheelchair 
service delivery education in professional rehabilitation programs worldwide. Indeed, only 50% of Prosthetics & Orthotics 
educational programs. This situation perpetuates a rehabilitation workforce that often lacks the competencies required for 
comprehensive wheelchair service delivery. 

The WEP was developed as an online, ólivingô resource to guide educators in the integration of wheelchair content into 
university health care professional programs and regional training center curricula. Developed by a team of wheelchair 
provision experts from across professions and settings, the WEP is intended to be applicable worldwide. 

Given the established growing global need for access to appropriate wheelchairs and the expressed focus on educational 
strategies to increase these competencies in the global prosthetic and orthotics (P&O) community (ISPO Education 
Standards for Prosthetic/Orthotic Occupations), this course will focus on providing participants with a walk-through of the 
WEP and with practical examples on how to use it provided by instructors.  Additionally, participants will be provided with 
a supported real-time exploration of the WEP and discussions covering integration within multiple contexts. 

Statement of the objective / learning objectives 

¶ describe the Wheelchair Educatorsô Package (WEP) purpose and content; 

¶ identify how the WEP can enhance wheelchair education provided within P&O programs; 

¶ understand how the WEP may be adapted to improve utility within multiple contexts. 
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Advanced instructional course: Rehabilitation medicine and surgery 

4.04 Rehabilitation of bone-anchored prosthesis users: Worldwide lessons learned and the 
way ahead 
Ruud Leijendekkers1, Kerstin Hagberg2, Guy Lev3 

1Radboud university medical center, Nijmegen, Netherlands. 2Sahlgrenska University Hospital, Gothenburg, Sweden. 
3UCHealth Physical Therapy and Rehabilitation Clinic, Denver, USA 

Abstract 
Persons with a lower extremity amputation who aim to regain their walking ability are generally provided with a 
conventional socket-suspended prosthesis. However, up to 63% of the prosthetic users suffer from chronic skin problems 
and pain associated with the socket. These problems have a negative impact on their quality of life (QoL), function level, 
activity level, and participation level. 

Bone-anchored prostheses (BAP) using a transcutaneous osseointegration implant (OI) are gaining popularity as a 
solution for socket-suspended prosthesis users suffering from socket-related problems. The BAP using a screw type OI 
was introduced in 1990. Since then, various osseointegration implants have been developed (e.g. the press-fit OI) and 
surgical techniques altered (e.g. two-stage vs single stage). This had an impact on the rehabilitation programs. In addition, 
insight in the adverse events and functional outcomes after OI surgery also led to evolution of rehabilitation programs.  

Presentations will be delivered by experts in rehabilitation care, providing long-term (Sweden, 33 year), mid-term (The 
Netherlands, 14 year), and short-term (United States, 4-year) experience with BAP care after a lower limb amputation. 
Topics covered include the philosophy behind the programs and the differences, the evolution of the programs, the 
procedure and necessity to combine usual care with data collection for research purposes and to facilitate a continuous 
learning cycle, and facilitate reimbursement, and the pitfalls when setting up a new BAP treatment centre. 

Statement of the objective / learning objectives 
Long-term, mid-term, and short-term experience in BAP user rehabilitation, including the philosophy behind the programs 
(both screw type and press-fit type OIôs), the evolution, and the implications for the future. 
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Advanced instructional course: Orthotics: Lower limb neurological 

4.05 Why orthotic treatment should be a first line approach for early gait rehabilitation 
following stroke 
Paul Charlton1, Bryan Malas2, Lisa Brown3 

1Peacocks Medical Group, Newcastle Upon Tyne, United Kingdom. 2Ann & Robert H. Lurie Children's Hospital of 

Chicago, Chicago, USA. 3Boston University, Boston, USA 

Abstract 
This multidisciplinary workshop will build upon the November seminar 2022 of the same title which provides an in-depth 
background to the reasoning for this approach. For those who did not see this event, a recording may be viewed on the 
ISPO website.  

The workshop will commence with an overview highlighting the main objectives identified.   

These include:  

¶ Assessment and decision making  

¶ Simulation  

¶ Prompt Provision  

¶ Treatment planning  

¶ Review and progression  
 

These objectives will then be practically demonstrated in a live patient assessment by a physiotherapist and orthotist 
during the workshop.  

The physiotherapistôs and orthotistôs assessment will be demonstrated and shared including an assessment technique for 
orthotists; The Hemiplegia assessment test which assess patientôs ability and deficits as well as providing indications for 
orthotic design. Techniques for simulating the effect and impact of orthotic intervention will be demonstrated.   

Treatment by provision of a temporary orthosis will be demonstrated for the patient using a removable cast made the 
previous day to the presentation. Details of the method will be shared. The cast will be tuned during the symposium.  

Dosage of orthotic treatment and physiotherapy intervention for both in and out of the orthosis will be discussed along with 
prescription development for improvement and recovery.  

Statement of the objective / learning objectives 
To understand and assess when this approach is appropriate. To be able to communicate the importance of this approach 
to other members of an MDT 
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Advanced instructional course: Gait and balance 

4.06 New insights for orthotic and prosthetic alignment from research with wearable sensors 
David Boone1,2,3, Toshiki Kobayashi2, Sarah Chang3 

1Prosthetics and Orthotics International, Seattle, USA. 2The Hong Kong Polytechnic University, Hong Kong, China. 
3Orthocare Innovations, Edmonds, USA 

Abstract 
Over a decade of research into orthotic and prosthetic gait optimization through controlled alignment will be presented. 
Findings from this peer-reviewed, published research will be used to illuminate new insights into the alignment process of 
lower limb mobility aids that will enhance the traditional observational gait analysis used in clinics today.  

Wearable, wireless gait instruments have been created that do not greatly add to the mass or bulkiness of ankle foot 
orthoses (AFO) or transtibial prostheses being used by a patient. The design, performance, and validation of the wearable 
gait instrumentation developed will be described as well as their intended purpose as clinical tools to provide orthotists 
and prosthetists with real-time quantitative feedback on kinetic and kinematic measures of gait throughout alignment.  

Artificial intelligence techniques analyse the wearable sensor data to help guide the orthotist/prosthetist by transforming 
the quantification of gait into the interpretation of function in a clinically meaningful way. Attendees will learn how the data 
are wirelessly streamed to custom tablet apps for visualization, interpretation, and reporting by the clinician. Video 
examples of real AFO and transtibial prosthesis patient interactions during gait optimization will be presented.  

Statement of the objective / learning objectives 
Participants will be able to interpret kinetic and kinematic effects of changing alignment on an articulated AFO and a 
transtibial prosthesis as measured by embedded wearable sensor systems. Strategies for gait optimization will be taught. 
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Advanced instructional course: Rehabilitation medicine and surgery 

4.07 International update on bone anchored prosthesis for individuals with limb amputation 
Jan Paul Frölke1,2, Jason Stoneback3, Aditya Khemka4, Robert Turcotte5 

1Radboudumc, Nijmegen, Netherlands. 2AOFEclinics, Utrecht, Netherlands. 3University of Colorado Hospital, Denver, 

USA. 4Osseointegration India, Mumbai, India. 5McGill University, Montreal, Canada 

Abstract 
Bone-anchored prosthesis (osseointegration implants) are currently regarded as an excellent solution for prosthetic 
attachment in individuals with a transfemoral or transtibial amputation, who are unable to wear a socket. New 
developments in surgical technique, implant design and safety connectors widen the indication field for individuals with 
short residuum, small bone-implant contact area, reduced muscular leverage or poor bone quality. 
In this instructional course, experienced surgeons from different areas around the globe will give an update on this field 
and discuss future perspectives. Selection of patients, preferred surgical techniques and available implants will be 
discussed from an international perspective also including various reimbursement issues. 

Statement of the objective / learning objectives 
In this advanced instructional course, surgeons, prosthetists and rehabilitation physicians will learn about the current 
international state of art regarding bone anchored prostheses in individuals with limb amputation. 
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Advanced instructional course: Prosthetics: Lower limb ankle & foot 

4.08 The experience of providing self-aligning and micro-processor ankle-feet to bilateral 
transtibial prosthetic users in Scotland: Who benefits? 
Fiona Davie-Smith1, Laura Ritchie2, Hazel Anderson1, Rosie Carr1, Elena Harris1 

1NHS, Glasgow, United Kingdom. 2Blatchfords, London, United Kingdom 

Abstract 
This advanced instructional course (IC) is intended for prosthetists, physiotherapists and rehabilitation consultants who 
wish to gain an insight into the experience of providing self-aligning and micro-processor ankle-feet to bilateral transtibial 
(BTT) prosthetic users, from the perspective of the Scottish Specialist Prosthetic Service (SSPS). 

SSPS has been providing self-aligning ankle-feet to high activity users since 2015. The majority of BTT prosthetic users 
have had their amputations in quick succession due to dysvascular causes which adds to their multi-morbidity. In addition, 
the gait challenges are fourfold: limited ability to self-select their cadence; increased step width; hip-hitching and greater 
metabolic effort; all compounded with limited standing balance. Despite this, there is a growing body of evidence that 
users with BTT will achieve greater prosthetic mobility than those with a unilateral transfemoral amputation. To this end it 
is crucial to optimise their mobility and function to overcome environmental barriers such as uneven terrain so that quality 
of life can be improved as much as possible.  

This Instructional Course will give an overview of the literature around this cohort and details of the features of the self-
aligning ankle-feet available currently i.e. non energy storage and return (ESR), increased range of motion, torsion and 
shock absorption. Data analysis of measures gathered pre and post provision e.g. L-Test, 2 min TWT, Activities Balance 
Confidence score shall be reported. We will outline who have and have not benefitted from these ankle-feet prescriptions 
and why. Using case studies, we will highlight the rehabilitation implications and prescription implications.  

Statement of the objective / learning objectives 
This will assist the audience to accurately identify which type of ankle-foot is the most practical to the bilateral transtibial 
user, whilst developing an understanding of the unique challenges faced by this specific cohort. 
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Free paper session: Prosthetics: Lower limb - Gait biomechanics 

5.01.1 Effect of side load carriage on limb loading and unloading in individuals with unilateral 
transtibial amputation 
Satria Ardianuari1,2, Glenn Klute1,2, Krista Cyr1, Richard Neptune3 

1VA Puget Sound Center for Limb Loss and MoBility, Seattle, WA, USA. 2University of Washington Department of 

Mechanical Engineering, Seattle, WA, USA. 3The University of Texas at Austin Walker Department of Mechanical 

Engineering, Austin, TX, USA 

BACKGROUND 
Asymmetrical weight transfer in individuals with lower limb amputation, which has been demonstrated by increased 
loading rates (LR) on their intact limb, may elevate the risk of secondary musculoskeletal injuries and loss of mobility [1-3]. 
Carrying a load may exacerbate the asymmetrical limb loading, depending on which side, prosthetic or intact, an 
individual with unilateral transtibial amputation (UTTA) carries it. 

AIM 
The purpose of this study was to examine limb loading and unloading rates (LR & ULR) in individuals with UTTA while 
carrying a side load. We used the vertical ground reaction force (vGRF) as a surrogate for limb loading. 

METHOD 
Ten individuals with UTTA (2 female, age: 46±15 yr, mass: 96.3±16.7 kg, height: 1.8±0.1 m) provided informed consent to 
participate in this institutional review board-approved study. Each participant wore the Sierra foot (Freedom Innovations) 
in their prescribed size and stiffness category, and carried a padded load of 30 lbs while walking overground at their self-
selected speed with no load, load on their prosthetic side, and load on their intact side across five embedded force plates 
(AMTI). A motion capture system (Vicon) recorded the vGRF data at 1,200 Hz. The data were analyzed using MATLAB 
(Mathworks) to calculate LR and ULR (Figure) and in R (RStudio) for statistics. 

RESULTS 

 

Although LRint was on average higher than LRpro (Wilcoxon P = 0.036), no significant difference was found across load 
conditions (no load vs. intact load, no load vs. prosthetic load, intact load vs. prosthetic load), and between LR int vs. LRpro 
or ULRint vs. ULRpro within each load condition (Table). 

DISCUSSION AND CONCLUSION 
We found no change in LR or ULR whether carrying no load, a load on their intact side, or a load on their prosthetic side, 
which suggests that participants quickly adapted their gait to accommodate the side loads and provide a more 
symmetrical limb loading and unloading. Additional research is required to confirm these adjustments to LR and ULR with 
a larger subject sample and discover the compensations used. 

REFERENCES 
1. Hobara et al. Gait Posture. 39, 386-390, 2014.  2.  Hobara et al. Clin. Biomech, 77, 104999, 2020.3.  Esposito et 

al Clin. Biomech. 30, 1049-1055, 2015. 

ACKNOWLEDGEMENTS: Funded in part by the Dept. of VA Rehabilitation Research and Development Service 
(RX003138 & RX002974) and a 2022 OPERF Fellowship. 
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5.01.2 Walking coordination in lower limbs of individuals with unilateral transfemoral 
amputation 
Mingyu Hu1, Toshiki Kobayashi1, Genki Hisano2,3,4, Daisuke Ichimura4, Hiroaki Hobara5 

1Department of Biomedical Engineering, Faculty of Engineering, The Hong Kong Polytechnic University, Hong Kong, 

China. 2Department of Systems and Control Engineering, Tokyo Institute of Technology, Tokyo, Japan. 3Research Fellow 

of Japan Society for the Promotion of Science (JSPS), Tokyo, Japan. 4Artificial Intelligence Research Center, National 

Institute of Advanced Industrial Science and Technology, Tokyo, Japan. 5Faculty of Advanced Engineering, Tokyo 

University of Science, Tokyo, Japan 

BACKGROUND 
Individuals with unilateral transfemoral amputation (uTFAs) ambulate by using the two different lower limbs. They show 
different kinematic and kinetic characteristics in gait. Coordinating the two lower limbs to generate effective gait patterns 
reflects a skilled control mechanism in the neuromusculoskeletal system. Continuous relative phase (CRP) tools can 
quantify the lower limb coordination during gait in uTFAs. Understanding the coordination might help the prosthetic gait 
rehabilitation. 

AIM 
The aim of this study was to understand the coordination differences between the right limb of able-bodied individuals, the 
prosthetic limb, and intact limb of uTFAs. 

METHOD 
Thigh, shank and foot segment angles during preferred speed overground walking in 14 uTFAs and 14 able-bodied 
individuals were obtained using a 3D motion capture system. The sagittal plane CRP angle at the thigh-shank and shank-
foot couplings were calculated based on the segment angles. The right limb of able-bodied individuals (control), prosthetic 
limb, and intact limbs of uTFAs were compared with each other. Statistical analyses for the discrete parameters (e.g., 
Mean CRPshank-foot) were performed using SPSS, significant levels were set as p<0.05. Time series of CRP angle 
curves during the gait cycle in each limb were compared by using statistical parametric mapping method (SPM) derived 
from random field theory.    

RESULTS 
The mean CRPshank-foot value 
and its variability in prosthetic 
limb were significantly smaller 
than the other two limbs. No 
significant differences were 
observed in the mean CRPthigh-
shank values in three limbs. SPM 
revealed significant differences in 
the CRPshank-foot curves during 
stance phase. Post hoc test 
revealed that the control and 
intact limbs were significantly 
different during the first half of the 
stance phase. Significant 
differences were found by SPM in 
CRPthigh-shank curves during 
almost the entire gait cycle, post hoc test revealed significant differences in middle of the gait cycle between the control 
and intact limbs. The CRPthigh-shank in the prosthetic limb was significantly different in stance phase compared to the 
intact limb and in the early stance compared to the control limb.  

DISCUSSION AND CONCLUSION 
The smaller mean CRPshank-foot value in the prosthetic limb might be due to the fact that the prosthetic shank-foot is a 
passive structure and generate no voluntary movement during gait. Similar mean CRPthigh-shank values were achieved, 
while the SPM revealed significantly different patterns in three limbs. This indicated that specific strategies were applied in 
each limb in coordinating the thigh-shank coupling. Findings suggest that uTFAs are applying different strategies to 
coordinate each limb while walking. 

Figure. CRP curves and SPM results 
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5.01.3 Sagittal and transverse ankle angle coupling can influence prosthetic socket transverse 
plane moments 
Glenn Klute1,2, Connor Mulcahy1 

1CLiMB, Dept. of Veterans Affairs, Seattle, USA. 2Dept. of Mechanical Engineering, University of Washington, Seattle, 

USA 

BACKGROUND 
The intact foot and ankle comprise a complex set of joints that allow rotation in multiple planes of motion. One of these 
joints, the talo-crural joint, is inclined downwards and laterally, coupling dorsiflexion (plantarflexion) of the foot with internal 
(external) rotation of the shank. This sagittal:transverse ankle angle coupling is not replicated in prosthetic feet and 
ankles. 

AIM 
This research aims to determine if there is a sagittal:transverse ankle angle coupling ratio that minimizes transverse plane 
socket torque. 

METHOD 
A novel, Torsionally Active Prosthesis was used to couple sagittal and transverse plane motions using a 60-watt motor. 
An embedded controller generated transverse plane rotation trajectories corresponding to sagittal:transverse coupling 
ratios of 1:0 (i.e., rigid), 6:1, 4:1, 3:1, 2:1. After prosthesis fitting, each subject was allowed ~15 minutes to acclimate. 
Subjects then walked multiple trials in a straight line (ST), and around a 1m radius circle with the prosthesis on the inside 
(PI) and outside (PO), at self-selected speed. The coupling ratio order was blinded to the subject and randomized. 
Repeated measures ANOVAs with significance at p<0.05 were used to detect differences between conditions. 

RESULTS 
Ten males with transtibial amputations provided informed consent to participate in this institutional review board-approved 
protocol (90±10 kg, 1.76±0.06 m, 54±16 years; 7 trauma, 2 diabetic, 1 infection). The results suggest a quadratic 
relationship between transverse plane moments and the sagittal:transverse ankle angle coupling ratio with a minimum at 
6:1 (see figure). However, only the 6:1 vs. 2:1 and the 3:1 vs. 2:1 ratios during ST walking and the 6:1 vs. 2:1 and the 6:1 
vs. 3:1 during PO walking were statistically different in pairwise comparisons (p<.05). 

 

Fig. Transverse-plane socket moments normalized 
to body mass while walking straight (ST) and with 
prosthesis on inside (PI) and outside (PO) around a 
circle. Legend indicates coupling ratio. Brackets 
indicates pairwise significant difference. 

 

 

 

DISCUSSION AND CONCLUSION 
The trends exhibited suggest a coupling ratio of 6:1 may reduce transverse plane moments during straight and circle 
walking, while a coupling ratio of 2:1 or 3:1 may increase them. Future field studies using the Pivot-Flex Foot, a passive 
device that can produce a 6:1 coupling, aim to determine if it can reduce prosthetic socket transverse plane moments, 
discomfort, and incidence of residual limb skin injuries vs. a standard of care. 

ACKNOWLEDGEMENTS: Dept. of Veterans Affairs, Rehabilitation Research & Development Service (RX002456 & 
RX002974). 
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5.01.4 Ground clearance and compensatory strategies ï influencing factors for lower limb 
prosthetics 
Thomas Maximilian Köhler, Malte Bellmann 

Clinical Research and Services, Research Biomechanics, Ottobock SE & Co. KGaA, Göttingen, Germany 

BACKGROUND 
Tripping is a safety risk for lower limb amputees, and it is mainly affected by ground clearance during prosthetic side 
swing phase. To compensate for a lack of ground clearance, compensatory movements can be performed, but reduce 
walking efficiency and are therefore unwanted. Thus, a prosthesis that provides a technical solution for ensuring adequate 
ground clearance during swing phase on the prosthetic side is desirable1-3. 

AIM 
The aim of this pilot study was to investigate influencing factors of different prosthetic components and alignments on the 
resulting ground clearance and possible compensatory strategies.  

METHOD 
The following influencing factors were investigated: different prosthetic knee joint principles (monocentric and polycentric), 
swing phase control, ap-position of the prosthetic knee joint and foot, length of the prosthesis. Three unilateral 
transfemoral amputees participated in this study. Kinematic and kinetic parameters were recorded in a gait laboratory with 
a 12-camera optoelectronic system (Vicon, GB) and two piezoelectric force plates (Kistler, CH) embedded in a 12-m 
walkway. The measurements were performed during level ground walking with self-selected slow, mid, and fast velocity. 

RESULTS 
Multiple systematic effects were observed. With increasing maximum knee flexion angle in swing phase minimum ground 
clearance (MGC) was increased. Differences of up to 42 mm were measured. A more anterior shifted knee joint and more 
posterior shifted foot also resulted in increased MGC of up to 23 mm. Main compensatory strategy for inadequate ground 
clearance was plantar flexion on the contralateral side during prosthetic side swing phase (vaulting). 

DISCUSSION AND CONCLUSION 
The results showed that the prosthetic alignment as well as the swing phase control of the prosthetic knee joint have a 
strong impact on the resulting ground clearance and compensatory strategies. A more anterior aligned prosthetic knee 
joint and a more posterior aligned foot can enhance ground clearance. Furthermore, a swing phase control that enables 
adequate knee flexion independent to the walking velocity is crucial for ensuring ground clearance. 

REFERENCES 
1. Sensinger JW; 2013 IEEE Trans Neural Syst Rehabil Eng 21(1):74ï80 
2. Lechler K; 2018 Can Prostheht Orthot J 2(1) 
3. Köhler TM; 2020 Can Prosthet Orthot J 3(1) 
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5.01.5 Bilateral transfemoral amputees are at risk of hip joint disease when using articulated 
prostheses 
Diana Toderita, David P. Henson, Clément D. Favier, Vasiliki Vardakastani, Anthony MJ Bull 

Department of Bioengineering, Imperial College London, London, United Kingdom 

BACKGROUND 
Bilateral transfemoral amputations (BTF) were more common than unilateral transfemoral amputations among United 
Kingdom military personnel wounded in the Afghanistan conflict [1]. Commercial BTF prostheses include full-length 
articulated (microprocessor knees and dynamic response feet) and fore-shortened non-articulated stubbies. Anecdotal 
evidence shows that amputees who regularly use articulated prostheses also use stubbies on occasion when they feel 
tired. However, the biomechanical effects of these prostheses on musculoskeletal system function and loading are 
unknown. Biomechanics can be used to understand these effects. 

AIM 
Using biomechanics approaches, this study aims to compare BTF function and loading during level-ground walking 
between full-length articulated and stubby prostheses. 

METHOD 
Four BTF male traumatic amputees (age 36±3 years) underwent gait analysis with full-length articulated and stubby 
prostheses. Musculoskeletal modelling was performed using Freebody [2]. Comparison analyses between prostheses 
were performed using a repeated measures design.   

RESULTS 
Full-length articulated prostheses introduced larger stride length (by 0.5m, p=.001) and walking speed (by 0.3m/s, p=.009) 
than stubbies. Cadence was lower with articulated prostheses by 12.6 steps/min (p=.037) than stubbies. BTF with 
articulated prostheses showed increased peak hip extension angles (of 10.1°), flexion moment (of 1.0Nm/kg, p=.002) and 
second peak hip contact force (of 3.8 bodyweight, p=.011) than stubbies.   

DISCUSSION AND CONCLUSION 
Lower walking speeds indicate lower functional abilities with stubbies than articulated prostheses. The higher cadence 
with stubbies indicate attempts to maintain similar speeds to articulated prostheses. BTF adopted longer strides to swing 
the full-length prosthesis from larger hip extension, leading to larger hip flexion moments and contact forces, which cause 
joint degeneration [3]. Conversely, stubbies present hip loading similar to able-bodied people [4]. Prosthesis choice should 
be based on activity goals and joint health factors. Future work should investigate fatigue. 

REFERENCES 
1. Edwards, 2015, Clin.Orthop.Relat.Res.  
2. Cleather, 2015, R.Soc.OpenSci.  
3. Felson, 2013, Osteoarthritis and Cartilage. 
4. Ding, 2019, IEEETrans.Biomed.Eng 

ACKNOWLEDGEMENTS: The funding from the Royal British Legion for Centre for Blast Injury Studies is gratefully 
acknowledged.  
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Free paper session: Outcome measurements - Limb loss 

5.02.1 Sharing data in prosthetics and orthotics: Does synthetic data hold the key? 
Cleveland Barnett1, Jane Bonnell1, Sarah Anderson2 

1Nottingham Trent University, Nottingham, United Kingdom. 2La Trobe University, Melbourne, Australia 

BACKGROUND 
In prosthetics and orthotics, patient datasets are often small and lack statistical power, limiting their benefit to clinical 
practice. Data sharing would help to overcome this problem. However, privacy and ethical issues are barriers to sharing 
data. Generating synthetic data sets, mimicking the original clinical data, may overcome these issues. However, it is not 
clear whether synthetic data generation processes are appropriate for common prosthetic and orthotic data. 

AIM 
To explore the efficacy of using synthetic data generation processes on clinical data commonly used in prosthetic and 
orthotic practice. 

METHOD 
Clinical (CLIN) datasets from the UK (National Health Service) and Sweden (https://swedeamp.com/) were obtained. 
Synthetic data (SYN) were generated from these CLIN datasets using the open-source R package ósynthpopô [1] with the 
default classification and regression tree (CART) procedure employed [2]. The similarity of the CLIN vs. SYN data was 
assessed visually by comparing univariate distributions. Coefficients from inferential statistical analyses and relationships 
between were also contrasted between data sets. 

RESULTS 
Demographic information such as age (61.7±16.9; 
SYN 60.1±18.7 years) and clinical information 
such as the number of physiotherapy (CLIN 
18.3±18.9; SYN 15.8±15.7 visits) and prosthetic 
visits (CLIN 9.8±5.7; SYN 10.0±4.6 visits) were 
comparable between data sets. Sockets comfort 
scores were also similar between data sets (CLIN 
7.3±2.4; SYN 7.3±2.5). The positive relationship 
between the LCI-5 and ABC scores followed the 
same pattern in both CLIN (rs(88) = .862, p < 
0.001) and SYN (rs(89) = .754, p < 0.001) data 
sets (Figure 1). 

DISCUSSION AND CONCLUSION 
The initial analyses presented here show that 
applying synthetic data generation processes, 
even to relatively small (n<100) clinical datasets 
sets, results in useful and representative synthetic 
data. It may be possible to share this anonymised synthetic dataset, more easily and more widely compared to sensitive 
clinical data. Further work to determine whether the data type, sample size and data characteristics influence the efficacy 
of synthesis is ongoing. 

REFERENCES 
1.    Nowok, B. et al. J. Stat. Softw 2016; 74(11), 1-26. 
2.    Reiter, J. P. J Off Stat 2005; 21(3), 7-30. 

Figure 1. Visual representation of the relationship between LCI-5 
and ABC scores using both clinical and synthetic data sets. 
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5.02.2 A review of outcome measures for patients with lower limb loss undergoing out-patient 
prosthetic rehabilitation- consideration of clinically meaningful change 
Laura Burgess, Chloe Boobier 

Imperial Healthcare NHS Trust, London, United Kingdom 

BACKGROUND 
The óBACPAR Evidence based clinical guidelines for the physiotherapy management of adults with lower limb prosthesesô 
highlights that outcome measures should be used in evaluating prosthetic rehabilitation. Patients attend for specialised 
out-patient physiotherapy and prosthetic rehabilitation 3 times a week with a prosthetic service on site.  The amputee 
rehabilitation physiotherapy team aims to complete outcome measures at the start of patientsô prosthetic rehabilitation and 
when they are discharged from physiotherapy. 

AIM 
The aim of this service evaluation is to review the changes in patientsô outcome measures discharged from prosthetic 
rehabilitation in 2021/2022 and establish if they are clinically meaningful based on the current evidence. 

METHOD 
The literature was reviewed highlighting what was the meaningful change for each outcome measure. Outcome measures 
used are: Timed Up and Go (TUAG), 2 Minute Walk Test (2MWT), L Test and Special Interest Group in Amputee 
Medicine (SIGAM) mobility scale. Patient self-reported outcome measures used include Locomotor Capabilities Index-5 
(LCI-5) and Prosthetic Limb Users Survey of Mobility (PLUS-M). A database of outcome measures is kept and from our 
database we were then able to analyse the outcome measure data for patients discharged from rehab from January 2021 
to September 2022 to look into trends. 

RESULTS 
38 patientsô results from 2021/2022 were reviewed and are reported 
as a percentage of all patients in whom there was a complete data 
set. For our objective measures, the TUAG (68%) and L Test (88%) 
had a clinically meaningful improvement. With the 2MWT while 
there was an improvement in time, it was only clinically meaningful 
in 35% of patients. Patient self-reported measures LCI-5 and Plus-M 
showed positive improvements in scores which were clinically 
meaningful.  SIGAM scores were improved in 79% or patients and 
remained static in 21%. 21% achieved SIGAM E or F and 34% 
achieved D (ability to walk over 50 metres with or without aids). 

Full completion of outcome measures was observed for TUAG and 2MTWT. Patients with complete measures were: L-
Test 89%; LCI-5 71% and Plus-M 34%. 

DISCUSSION AND CONCLUSION 
Ongoing outcome measure collection will allow reviews of a future larger data set.  Work needs to be done to improve 
completion of all measures both at initial assessment and discharge. Prosthetic physiotherapy outcome measures were 
analysed reviewing clinically meaningful change. Apart from 2MWT, all outcome measures used had a higher percentage 
of patients with a clinically meaningful change than with no clinically meaningful change, indicating a positive effect from 
their prosthetic rehabilitation. 

REFERENCES 
1. BACPAR Evidence Based Guidelines for the Physiotherapy Management of Adults with Lower Limb Prostheses 

2020. 
2. Resnik,L.2011. Reliability of outcome measures for people with lower-limb amputations: distinguishing true 

change. PhysicalTherapy-91(4) 
3. Rushton,PW 2015. Minimal clinically important difference of the L Test for individuals with lowerlimb amputation. 

P&OInternational-39(6) 
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5.02.3 COMET: Clinical Outcome Measures Electronic Toolkit mobile app for multi-lingual 
evaluation of patient outcomes 
Sarah Chang, Jung Kim, Natalie Harold, Hayden Richins, David Boone 

Orthocare Innovations, LLC, Edmonds, USA 

BACKGROUND 
Orthotic and prosthetic (O&P) professionals are under increasing external demand to provide evidence-based clinical care 
and demonstrate positive patient performance [1,2]. However, it can be challenging to efficiently incorporate the collection 
of outcome measures into the clinical workflow due to time and resource constraints. Additionally, outcome measures are 
commonly completed in the English language, resulting in the collection of these measurements simply being skipped for 
patients whose preferred language is non-English. 

AIM 
The aim was to develop an outcome measures mobile app that supports O&P practitioners in efficiently administering the 
measurements, automatically calculating the results, and providing the outcome measures in a patientôs preferred 
language. 

METHOD 
Validated outcome measures that are typically in paper format were identified and digitally transformed for inclusion in a 
mobile app. Features were implemented in the app to display each question with response options for an individual 
outcome measure, automatically calculate the resulting score, and generate a PDF report of the results. Language 
switching features included in the app allow the patient to select their preferred language to complete the outcome 
measure. Once the patient completes the outcome measure, the results can be reviewed in the health care providerôs 
preferred language.  

RESULTS 
Clinical Outcome Measures Electronic Toolkit (COMET) mobile app allows users to easily select the appropriate measure 
for a patient to complete, administer the test, and use that data immediately to inform clinical decisions (Figure 1). 
COMET includes a variety of patient-reported outcome measures and timed physical tests, such as Numeric Pain Rating 
Scale, Socket Comfort Score, and 10-Meter Walk Test. The app can 
be used in English or Spanish. At completion of the measure, a PDF 
can be exported in English or Spanish that documents the patientôs 
responses and can be included in the electronic medical record or 
shared with the patient. The COMET mobile app has been released to 
iOS and Android App Stores for O&P clinics to download and use.  

DISCUSSION AND CONCLUSION 
COMET can be used to measure, record, and analyze the outcome 
measure data that support evidence-based clinical care and quantify 
patient outcomes. The first languages available in the app are Spanish 
and English. The mobile app is designed to be easily extended to other 
languages when valid translations are available. Furthermore, the 
mobile app can instantly switch between patient-preferred and 
provider-preferred languages to reduce communication barriers and 
increase understanding between patients and providers.  

ACKNOWLEDGEMENTS: This work was supported by Orthocare Innovations, COPL, AOPA, and National Institute on 
Minority Health and Health Disparities (Grant# R43MD018240). 

 
Figure 1. COMET mobile app displayed in 
Spanish and PDF report in English 

REFERENCES 
1. Lavallee DC, et al. Incorporating patient- reported outcomes into health care to engage patients and enhance care. 

Health Aff (Millwood). 2016;35(4):575-582.  
2. Hyland CJ, et al. Implementing patient-reported outcomes in routine clinical care for diverse and underrepresented 

patients in the United States. J Patient Rep Outcomes. 2022;6:20.  
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5.02.4 Daily life activity in individuals with an established amputation above the knee - an 
accelerometer study 
Kerstin Hagberg1,2, Roy Tranberg1,2, Roland Zûgner1,2 

1Department of Orthopaedics, Sahlgrenska University Hospital, Gothenburg, Sweden. 2Department of Orthopaedics, 

Sahlgrenska Academy, Gothenburg University, Gothenburg, Sweden 

BACKGROUND 
Mobility restriction following lower limb amputation might lead to a sedentary lifestyle affecting health. Today step-
monitors or accelerometers have added the possibility to assess activity in normal life [1]. However, in amputees most 
studies have focused on number of steps taken with the prostheses, leaving out activity information without wearing the 
prosthesis. This study was initiated to enhance knowledge of daily activity among prosthetic users and to what degree the 
prosthesis is used. 

AIM 
To report daily activity in individuals with an established transfemoral amputation or knee- disarticulation and to describe 
the amount of activity that was performed with the prosthesis. 

METHOD 
This study included 42 individuals with an established unilateral transfemoral amputation or knee-disarticulation, using 
prosthesis in daily life since >1 year and able to walk 100 m with no more support than one stick/crutch. Participants gave 
descriptive information and prosthetic mobility was assessed. The participants were then supplied with two activPALTM 
accelerometers [2] placed on the non-amputated thigh and prosthesis, respectively. The accelerometer recordings lasted 
for 7 continuous days. Instructions included to ñlive life like normalò, make short dairy notes and to send the devices back 
in a pre-paid envelope. The mean of the daily activities was calculated and compared between the non-amputated and 
prosthetic side. The study has ethical approval. 

RESULTS 
Simultaneous accelerometer data were obtained for 39/42 participants (92% for 7 days). The study group (n=39; 22 
men,17 women) was between 21-79 years, had amputation due to trauma (59%), tumor (28%) or other cause (13%) and 
had used prosthesis in mean 24 (SD 17.3) years at assessment.  

Accelerometer data from the non-amputated side showed that the participants took in mean 6125 steps/day, performed 
38 sit to stand transitions/day, and spent 1.5 h/day in walking. In addition, mean time/day in sitting was 10.2 h, 
standing/walking was 5.0 h and laying was 8.7 h. The prosthesis was used for in mean 73% of all steps (4449 steps), 85% 
of all sit-to stands (32 sit-to stand) and 68% of time spent in walking (1.0 h/day walking). There were no differences 
between sex, but large individual differences.  

DISCUSSION AND CONCLUSION 
This study shows a method to assess physical activity in daily life among prosthetic users. However, some pitfalls during 
accelerometer registrations were observed and must be considered. In conclusion the results showed that established 
users of transfemoral or knee-disarticulation prostheses uses their prosthesis to a large extent in their daily activities, 
although the largest part of the day was spent in sitting position.  

REFERENCES 
1. Chadwell, 2020, JNER  
2. Edwardsson, 2017, JSHS 
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5.02.5 Case studies of the use of outcome measures to demonstrate medical necessity of 
prosthetic and orthotic devices for individual patients. 
Andreas Kannenberg 

Otto Bock Healthcare LP, Austin, USA 

BACKGROUND 
In many healthcare systems, demonstration of the medical necessity of interventions for individual patients is a key 
requirement of insurance coverage policies. By experience, many prosthetists and orthotists struggle with the 
understanding of the concept of medical necessity and meeting its requirements for healthcare payor approval. This paper 
will present three case studies from the U.S. of how medical necessity was established and insurance approval obtained 
using outcome measure assessments. 

AIM 
The aim of these case studies was to demonstrate that the assessment of outcomes to establish medical necessity of 
O&P devices is suitable and successful for obtaining healthcare payor approval. 

METHOD 
Prosthetists and orthotists who received denials of their applications for prosthetic or orthotic devices from the healthcare 
insurances of their patients contacted the Reimbursement Department of a manufacturer in the U.S. After review of the 
medical and prosthetic/orthotic records and a phone interview of the patients, the reimbursement specialists gave advice 
on what unmet patient needs to document and what outcome measures to assess to demonstrate medical necessity of 
the prosthetic/orthotic devices requested. The individual cases were followed until payor approval was obtained. 

RESULTS 
Three case studies whose claims were originally denied by the patients´ insurances will be presented:  (1) a patient with 
an above-knee amputation using a mechanical prosthetic knee but requesting a microprocessor knee, (2) a patient with a 
paresis of leg muscles after spinal surgery using a locked KAFO but requesting a C-Brace, and (3) a patient with a 
transtibial amputation requesting a replacement of his powered prosthetic foot. The phone interviews found that the 
records of all 3 patients were missing important unmet needs that helped establish medical necessity of the requested 
devices, such as falls and fall-related injuries, pain, and restrictions to the daily routine and work. Assessments of suitable 
patient-reported outcomes over the phone and performance-based outcomes in the clinics helped establish medical 
necessity that ultimately resulted in approvals of the requested devices by the patients´ insurances. 

DISCUSSION AND CONCLUSION 
Medical necessity means to weigh unmet patient needs and potential benefits of an intervention against its potential risks 
to protect patients from unnecessary adverse effects. Healthcare payors have adopted this concept to control access to 
interventions they consider ñtoo expensiveò. Proper understanding and leveraging the components of medical necessity 
and outcome measures help overcome that barrier and increase approval rates of prosthetic and orthotic technology for 
the benefit of patients. 
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5.02.6 Measuring changes in mobility, comfort and pain over prosthetic treatment milestones 
for individuals with lower limb loss 
Brittany Mae Pousett1, David Moe1, Malena Rapaport1, Tessa Richardson1, Jesse Spellen1, Charlene Harasym2, William 

C Miller3 

1Barber Prosthetics Clinic, Vancouver, Canada. 2University of British Columbia, Vancouver, Canada. 3G.F. Strong 

Rehabilitation Research Program & Department of Occupational Science and Therapy, Faculty of Medicine, University of 

British Columbia, Vancouver, Canada 

BACKGROUND 
Using Outcome measures (OMs) in clinical care has many benefits. However, to be clinically applicable, the OM must be 
easy to use, and the score must have meaning. The Minimal Detectable Change (MDC) is one way to give a score 
meaning, as it specifies a threshold above which change has occurred. By measuring changes in these outcomes over 
time, one can quantify the effect of prosthetic intervention and determine numerically if the anticipated goal was met.  

AIM 
This study seeks to provide evidence of the 1) ability of four commonly used OMs to measure changes in mobility, 
comfort, or pain at different treatment milestones, and 2) usability of these measures in the clinical setting.  

METHOD 
A retrospective chart review of OMs collected between January 1, 2015 and July 15, 2021 was conducted. The OMs 
included the Socket Comfort Score (SCS), Pain Scale (PS), 2 Minute Walk Test (2MWT), and Prosthetic Limb Users 
Survey of Mobility (PLUS-M). For individuals with a recent amputation, measures were taken 2-3 weeks after their first 
prosthesis fitting (baseline) and at discharge from rehabilitation. For individuals needing a replacement socket, data was 
collected at initial evaluation and definitive delivery. Changes in measures were calculated and compared to the published 
MDC values and those calculated from this study. To identify usability, 5 clinicians who collected the data were asked for 
feedback.  

RESULTS 
Twenty-seven individuals with transtibial 
amputation provided data during rehabilitation and 
81 individuals with lower limb amputations 
provided data while getting a replacement socket. 
For individuals in rehabilitation, the PS and PLUS-
M most commonly captured a change, while for 
individuals getting a replacement socket, the PS 
and SCS did (Table 1). Clinicians reported that the 
SCS was easy to conduct and provided patients 
and prosthetists helpful feedback, and that the 
2MWT was easy to conduct but most useful during 
rehabilitation. Cliniciansô feedback regarding the 
PS and PLUS-M varied, as some found patients 
have more challenges completing them.  

DISCUSSION AND CONCLUSION 
The OMs did not frequently show a statistically significant change had occurred at treatment milestones. The clinicians 
preferred using the SCS and 2MWT in the clinical setting, as they were easy to use and understand, but they were often 
the least responsive to measuring change. This highlights the need for OMs which are sensitive to measuring changes in 
treatment and are easy for patients and prosthetists to use, as a critical component of the successful use of OMs.  

REFERENCES 
1. Hafner; 2016 J Rehabil Res Dev 53: 797ï812.    
2. Resnik; 2011 Phys Ther 91: 555ï565.  

ACKNOWLEDGEMENTS: Thank you to the team at Barber Prosthetics Clinic for support of this study.   

Table 1: Average Changes in Scores and Minimal Detectable 

Changes at Specific 

Milestones 
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Free paper session: Paediatrics - Lower limb prosthetics 

5.03.1 Defining paediatric prosthetic knee technical specifications: an inverse dynamics 
approach using a novel open sim model of a child with limb-loss 
Caitlin E Edgar1, Richard K Jones2, Anthony MJ Bull1 

1Imperial College London, Dept Bioengineering, London, United Kingdom. 2University of Salford, School of Health and 

Society, Salford, United Kingdom 

BACKGROUND 
Prosthetic knees for children with knee-disarticulation amputation in low-resourced environments lack essential features 
for increasing gait symmetry and walking speed such as swing phase control, which can be specified as a torque 
requirement [1]. As children are not simply small adults, their prosthetics require unique specifications for the changing 
environment of childhood growth. The field lacks the toolset to identify these unknown technical specifications. A 
modelling tool can determine the torque requirements of a swing phase control mechanism throughout growth. 

AIM 
This study aims to develop a novel inverse dynamics model of a child with knee-disarticulation to determine the technical 
specifications of prosthetic knee swing phase torque required to best emulate able-bodied gait throughout growth. 

METHOD 
3D gait data of 10 able-bodied children was gathered (height 1.41±0.16m). For each participant two models were created 
from a validated OpenSim model of an able-bodied child [2]. This model was first linearly scaled for each participant, and 
a corresponding knee-disarticulation amputation model produced by removing the bodies below the knee and replacing 
with prosthetic componentry. Long established low-cost prosthetic componentry and a novel polycentric knee were 
chosen, and inertial properties determined using a reaction board and oscillation technique [3]. The ankle joint was fixed, 
and the polycentric instantaneous centre of rotation defined. For each participant, inverse dynamics were conducted and 
torque requirements for the prosthetic knee derived [4]. 

RESULTS 
Figure 1a shows differing prosthetic inertial 
properties impacts on the torque required from 
the knee joint during swing phase for one 
participant. All participants showed the same 
trend.  

Results determined whether a trend between 
the growth parameter height and knee torque 
exist. The prosthetic knee joint extension torque 
at the start of swing ï the instigation of the 
swing phase control mechanism (SPCM) ï is 
correlated with the height of the child (Figure 
1b). 

DISCUSSION AND CONCLUSION 
This research produced the first OpenSim musculoskeletal model of a child with limb-loss. The model determined the 
torque requirements for a swing phase control mechanism. As anticipated, the inertial properties of the prosthetic limb 
impacted the knee torque required to emulate the ideal able-bodied kinematics. For the first time, the child's body height 
was shown to influence the torque required from an SPCM. These flexible models are appropriate for multiple future 
studies and current results should influence paediatric prosthetic design. 

REFERENCES 
1. Furse; 2011 JoMBE.  2. R. Hainisch; 2020 CMBBE. 3. J.D. Smith: 2014 JoVE. 4. Y.S. Narang: 2015 IEEE TNSRE 
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5.03.2 Development of the Childrenôs Amputee Mobility Predictor 
Sharon Eylon1, Nurit Stern1, Itai Schurr1, Patrice L. Weiss1, Tzaki (Itzhak) Siev-Ner2, Anat Kristal3 

1ALYN Hospital Childrenôs & Pediatric Rehabilitation Center, Jerusalem, Israel. 2Adi Negev Nahalat Eran Medical 

Rehabilitation Center, Ofakim, Israel. 3Department of Physical Therapy, University of Miami, Miami, USA 

BACKGROUND 
Outcome measures are utilized for people with lower limb loss to determine their functional capacity by assessing their 
activities of daily life (ADL) performance. The types of ADLs evaluated in children are different from those for adults and 
include, but are not limited to, standing up from the floor, running, and throwing or kicking a ball. Currently, there is no 
assessment that evaluates ADLs specifically for children with lower limb loss. 

AIM 
The study purpose was two-fold: 1) to develop the Childrenôs Amputee Mobility Predictor (CAMP), and 2) to determine the 
reliability of the CAMP. 

METHOD 
The CAMP tasks and operational definitions were developed and agreed upon by a focus group of interdisciplinary 
rehabilitation professionals and informed by the Amputee Mobility Predictor (AMP)  [1]. Social validity was examined using 
ratings provided by children with lower limb loss or their families. Participants observed recordings of a child performing 
CAMP tasks and scored their relevance to performance of ADLs. A five-point Likert scale was used (1 = non-relevant and 
5 = completely relevant). A convenience sample of children with lower limb loss was recruited and completed two trials of 
the CAMP within a 14-day interval; intra-rater and Inter-rater reliability were calculated. 

RESULTS 
The CAMP includes 26 tasks with scores adjusted to fit children in different age groups: 1) 2-3 Years Old, 2) 4-5 Years 
Old, 3) 6-7 Years Old, and 4) 8-18 Years Old. The total CAMP scores ranged from 0-59 with a prosthesis and 0-55 
without a prosthesis. The CAMP tasks demonstrated excellent social validity, with scores relevance ranging from 4.0 to 
5.0. To date, the CAMP was examined in 9 children with lower limb loss and a mean age of 6.1 years (SD 3.4). The 
CAMP has demonstrated good intra-rater reliability (r=0.87, 95% CI:0.37-0.97) and excellent interrater (r=0.92, 95% CI: 
0.66-0.98) reliability. 

DISCUSSION AND CONCLUSION 
The CAMP's development and social validity testing included a diverse group of stakeholders. Study results show that the 
CAMP includes a range of ADLs for children with lower limb loss that are socially valid. The results suggest that the 
CAMP evaluates and quantifies multiple functional capabilities of children with lower limb loss. The results of our initial 
analysis appear to be promising. More robust results will be presented at the conference. 

REFERENCES 
1. Gailey RS, et al. 2002 Archives of Physical Medicine and Rehabilitation. 83(5):613-27. 
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5.03.3 Effect of limb lengthening surgeries on the use of extension-prosthesis for lower limb 
deficiencies 
Sharon Eylon1, Etzyona Eisenstein2, Oren Barzel3, Tzaki (itzhak) Siev-Ner4, Dan Atar5, Vladimir Goldman6 

1ALYN Hospital Childrenôs & Adolescent Rehabilitation Center, Jerusalem, Israel. 2Dept. of Physical Therapy, Haim Sheba 

Medical Center, Ramat Gan, Israel. 3Dept. of Orthopedic Rehabilitation, Haim Sheba Medical Center, Ramat Gan, Israel. 
4Adi-Negev Rehabilitation Hospital, Ofakim, Israel. 5Lewis National Rehabilitation Institute, Ramat Gan, Israel. 6Dept. of 

Orthopedic Hadassah Medical Center, Jerusalem, Israel 

BACKGROUND 
Lower limb deficiencies result from congenital pathologies, trauma, infection, malignancies. Treatment include limb 
lengthening surgeries that advanced greatly during the last 2 decades. Until surgery is relevant or until surgery achieves 
adequate length, patients are fitted with Extension-prosthesis for mobility and independent ADL. These are personally 
fitted to deformity, body dimensions and functional goals, and are usually very cumbersome. Some choose Extension-
prosthesis as their sole solution. Adults will continue to use Extension-prosthesis or change to wheelchair mobility. 

AIM 
We evaluate the evolution in use of Extension-prosthesis in paediatric patients, considering the increase in limb 
lengthening surgeries.  

METHOD 
Retrospective review of all patients, aged <18 years, who were prescribed with Extension prosthesis between the years 
2000-2021. Data included demographics, medical diagnoses, surgeries, prosthetic prescriptions, and usage. Patient data 
was collected from our national orthotics and prosthetics institute clinics databases.  

RESULTS 
Forty patients were prescribed an Extension prosthesis (26 males). Data for one patient was incomplete. Diagnoses 
included congenital deficiencies (n=35), trauma (n=1) and infection (n=3). There were 30 unilateral and 9 bilateral cases. 
Thirty-five percent (n=14) of patients did not undergo surgery and continue using an Extension-prosthesis. Sixty-five 
percent (n=25) of patients had surgery including hip stabilization, deformity correction, lengthening, amputation or 
combinations of these. For 13 of these patients, the prescription was changed to shorter orthoses, shoes, prostheses, 
wheelchair usage or no device; twelve patients still need an Extension-prosthesis.  

DISCUSSION AND CONCLUSION 
The evolution of limb lengthening surgeries may change the orthotic/prosthetic needs of children and thus affect mobility 
and use of assistive devices during the child's growth.  

REFERENCES 
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5.03.4 Understanding the development of crawling in typically developing infants and children 
with limb loss 
Mark Geil1, Colleen Coulter2, Jill Cannoy2, Sarah Grayson1, Micah Poisal1, Emma Stockwell1 

1Kennesaw State University, Kennesaw, USA. 2Children's Healthcare of Atlanta, Atlanta, USA 

BACKGROUND 
Crawling is variable and unpredictable, but it is being accepted as an important aspect of mobility development in infants. 
Studies indicate that approximately 93% of infants progress through at least one stage of crawling during development of 
locomotion [1,2]. Our understanding of crawling in both typically and atypically developing infants has been hindered by 
the multiple difficulties of applying traditional motion analysis techniques to this form of gait. Consequently, no normative 
data exist with which to understand atypical development. 

AIM 
This study seeks to quantify kinetic and temporospatial aspects of stages of crawling using a novel, non-invasive 
technique in typically-developing children and children with limb loss. Comparisons will provide information for clinicians to 
improve therapies towards more typical mobility development. 

METHOD 
Crawling was assessed using a 4.2m (14ô) x 0.6m (2ô) Zeno pressure transducer mat (Protokinetics, Havertown PA). The 
mat incorporates a distributed array of 1 cm2 force sensors that output 16 levels of pressure. PKMAS4 software, originally 
designed for animal-based studies of quadrupedal gait, is used to capture infant crawling. 

Following informed parental permission, subjects were placed on one end of the mat and encouraged to crawl. The mat 
surface provides a contrasting color, and a variety of encouragement techniques were used to promote a crawling 
response. Five primary outcome measures were assessed: crawling speed, cadence, percent limb support, anterior-
posterior pressure ratio, and bilateral pressure ratio. 

RESULTS 
The study is in progress. We have completed a pilot with a longitudinal typically 
developing infant from the age of onset of crawling to the transition to walking 
(Fig. 1). The pilot showed an age-related increase in speed and cadence, 
except when a new pattern was adopted. Kinetic asymmetries were present 
both anterior-posterior and bilateral, even in a typically developing infant. 
Normalized A-P ratios showed a shift of weight-bearing from hands to legs with 
development. 

The study also showed that the mat hardware could be more optimally tuned to 
the expected pressure range encountered in a study of only small children. 
Consequently, hardware and gain changes have been implemented in our 
pressure mats to improve pressure discrimination. The ongoing study is using 
the optimized hardware to test development in 75 typically developing infants 
and 15 children with limb loss. 

DISCUSSION AND CONCLUSION 
The preliminary data and subsequent baseline tests have shown that the method is feasible. In the small pilot, a transition 
between crawling patterns showed a surprising choice to sacrifice speed to gain motor pattern development. In addition, 
analysis of both bilateral and A-P force ratios showed that the kinetics of quadrupedal crawling sometimes approach 
trilateral loading, with one limb remaining largely unloaded throughout the cycle. 

REFERENCES 
1. Robson, P. (1984). "Prewalking locomotor movements and their use in predicting standing and walking." Child 

Care Health Dev 10(5): 317-330. 
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Early Hum Dev 89(9): 655-659. 
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Free paper session: Gait and balance - Amputee gait 

5.04.1 Gait requires elevated muscle activation of the hip flexors in the residual limb of 
unilateral transfemoral and through-knee amputees 
Alice M Benton, Pouya Amiri, Anthony M J Bull 

Imperial College London, London, United Kingdom 

BACKGROUND 
The loss in musculoskeletal capacity for unilateral transfemoral and through-knee amputees makes walking more 
demanding than for able bodied persons [1]. It is well documented that unilateral amputees adopt compensatory 
asymmetrical gait strategies [2]. However, how these gait changes affect the resultant muscle recruitment strategies and 
how these link to acute muscle fatigue is not known. Optimising muscle activations will address this fatigue and so 
increase functionality.  

AIM 
Quantify hip muscle force activations of unilateral transfemoral and through-knee amputees to inform the development of 
a rehabilitation intervention to optimise muscle activations and so reduce fatigue.  

METHOD 
3 Gait trials were collected of 6 unilateral transfemoral (5) / through-knee (1) amputees. Muscle forces were quantified 
with FreeBody [3], an inverse dynamic musculoskeletal model validated for amputees [4]. Linear scaling to an able body 
anatomical dataset was used for the intact side and a bilateral transfemoral anatomical dataset for the amputated side 
which is adapted to account for atrophy. The datasets were selected for each subject using regression models that reduce 
error in predictions [4] [5].  

RESULTS 
 

DISCUSSION AND CONCLUSION 
Our results demonstrate increased recruitment of the 
iliacus and psoas major in the residual limb, likely 
due to the loss of the plantar flexors. The increased 
activation of these muscles indicates risk of fatigue. 
The reduced recruitment of the hamstrings and 
adductor magnus in the residual limb is expected, as 
these muscles become functionally compromised 
when re-attached in the surgery. Methods to 
enhance muscle recruitment strategies, targeting the 
relief of the residual limb hip flexors, are required to 
reduce fatigue. 
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5.04.2 Force transmission capacity of the lower limb amputees with bone-anchored 
prostheses compared with socket prostheses and persons with hip replacements 
Siegmar Blumentritt1, Frank Layher2, Thomas Schmalz3, Horst-Heinrich Aschoff4 

1Private University of Applied Sciences, Göttingen, Germany. 2UniversityJena, Orthopaedic Clinic, Dept. Biomechanics, 

Eisenberg, Germany. 3Ottobock SE & Co. KGaA, Research Biomechanics, Göttingen, Germany. 4University Clinic 

Rostock, Dept. of Traumatology, Rostock, Germany 

BACKGROUND 
Restoring the ability to stand and walk with an exoprosthesis is considered as fundamental rehabilitation goal after lower 
extremity amputations. An essential prerequisite for achieving this goal is adequate force transmission between the 
prosthesis and the body. For centuries, prosthetic sockets have been shaped and manufactured for the purpose of force 
transmission. Transcutaneous osseointegrated prosthesis systems (TOPS) offer an alternative. However, the knowledge 
about the effect on gait mechanics of both anchorages is rare. 

AIM 
Does bone anchorage of an artificial limb permit a more normal force transmission and centre of gravity (COG) movement 
during level walking compared to a socket prosthesis used by transfemoral amputees? 

METHOD 
Parameter: During walking the vertical component of ground reaction force (GRF) and the bodyweight cause the vertical 
motion of centre of gravity. The GRFs of both legs are in normal subjects identical. For unilateral impaired leg function the 
GRF is expected to be reduced. Thus, GRF seems to be a suitable parameter measuring the force transmission capacity 
of leg. 

Measurement: Instrumented gait analysis (VICON-cameras, Kistler force plats).  

Subjects: 15 healthy persons (NA), 9 unilateral TF-amputated persons with bone fixed prostheses (TF-Osseo), 9 unilateral 
TF-amputated persons with socket prostheses (TF-Socket) and 18 patients with unilateral hip replacement (HTEP). All 
participants walk several times at comfortable walking speed (SSWS), slower and faster. 

RESULTS 
The speed dependency of GRF is significantly different between the groups (Fig. 1A). Lowest forces were measured for 
TF-Osseo, in contrast the highest contralateral. Group HTEP shows values which are similar of NA (Fig.1B). The vertical 
COG movement of the subjects in groups NA and HTEP has an extent of about 3.5 cm for both legs at a speed of 1.3 
m/s. The symmetry of the COG movement of both legs is also noticeable in the TF-Osseo amputees. However, the height 
movement is 5 cm. The amputees with socket prostheses do not move the COG symmetrically. During the prosthesis-side 
stance phase, the vertical movement is about 3.5 cm, as in subjects NA and HTEP, but about 4.5 cm during contralateral 
stance. 

DISCUSSION AND CONCLUSION 
Osseointegrated amputees have a special gait mechanism that has a relieving effect on the prosthetic leg. The force 
transmission is asymmetrical, as in socket prosthesis wearers.  Expecting a normal gait pattern also remains unrealistic 
due to the continued lack of muscles and joints. Individuals with HTEPs have this advantage. Therefore, according to this 
study, bone-anchored exoprostheses can be recommended for transfemoral amputees when the rehabilitation goal with 
the patient is a walking speed lower than 3 km/h. 

Figure 1: Maximum of GRF (A), vertical GRF at 1.3 m/s (B), vertical movement of COG (C) 
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5.04.3 Comparison of balance and gait speed between transtibial prosthetic users with pin 
lock and vacuum assisted suspension systems 
Özge Çiftçi1, Yasin Yurt1, Cansu Koltak1, Osman Söyler2 

1Eastern Mediterranean University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Mersin, 

Turkey. 2Bilim Ortopedi, Prosthetics and Orthotics Application Center, Ankara, Turkey 

BACKGROUND 
There is a potential deterioration of gait and balance in lower limb amputees compared to able-bodied subjects [1]. In 
addition, the type of prosthesis is known to affect locomotor abilities [2-3]. Pin lock and vacuum-assisted suspension 
systems are widely used in transtibial amputees however, it is not clear whether there is any difference between them in 
terms of balance and gait speed [4-5]. 

AIM 
To compare balance and gait speed between transtibial prosthetic users with pin lock and vacuum-assisted suspension 
systems. 

METHOD 
Thirty-nine unilateral transtibial amputees (pin lock n=21, vacuum assisted n=18), able to walk 30 meters independently 
and use the prostheses for at least six months, participated in the study. Gait capacity was assessed with 2-minute walk 
test (2MWT) in terms of distance. Timed Up & Go (TUG) and Functional Reach (FR) tests were used to assess balance. 
Because the body length was found different between groups, distance parameters were normalized by dividing the 
distances to the body length. The research procedure was approved by the local ethical committee, and all participants 
signed an informed consent form. 

RESULTS 
Age, amputation reason, years of amputation, body weight, and body mass indexes were similar between groups (p>.05). 
However, body length and numbers of male subjects were higher in the vacuum-assisted group (p<.05). Normalized TUG 
and FR distances were better in the vacuum-assisted group (p<.05), but there was no difference between groups 
regarding walking speed (p>.05, Table 1).  

 

DISCUSSION AND CONCLUSION 
Transtibial amputees using the vacuum-assisted suspension system prosthesis have better balance than the pin lock 
users. Our results show that the vacuum suspension may improve balance abilities in transtibial prosthetic users in 
accordance with previous studies.2,4 Protective role of vacuum-assisted suspension against fallings should also be 
investigated with prospective studies in the future. 

REFERENCES 
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5.04.4 Do prosthetic and non-prosthetic limbs react differently to simulated tripping falls in 
individuals with unilateral transtibial amputation? 
Hui-Ting Shih1,2, Yo Shih3, Szu-Ping Lee1 

1University of Nevada Las Vegas, Department of Physical Therapy, Las Vegas, USA. 2Baylor Scott & White Research 

Institute, Dallas, USA. 3University of Oklahoma, Health Sciences Center, Oklahoma City, USA 

BACKGROUND 
Individuals with unilateral transtibial amputation (UTTA) are at high risks of falling especially when they encounter 
destabilizing perturbations.1 This population exhibited asymmetric movement patterns when performing various activities, 
and these patterns may be manifest during postural perturbation and subsequent recovery.2 Understanding the side-to-
side differences in tripping and fall recovery response can be valuable in developing more effective rehabilitation protocols 
and prosthetic components to reduce fall risks in individuals with UTTA. 

AIM 
Compare the fall recovery responses between conditions where the prosthetic and non-prosthetic limbs were perturbed in 
individuals with UTTA. 

METHOD 
Participants were exposed to unexpected, unilateral perturbations during walking on a split-belt treadmill. Five events 
were identified from the stepping recovery responses: perturbation onset (Onset), contralateral limb off (Contra Off; when 
the contralateral limb is lifted off the ground), contralateral limb contact (Contra On; when the contralateral limb makes the 
first ground contact of the first recovery step), ipsilateral limb off (Ipsi Off), and ipsilateral limb contact (Ipsi On).We 
extracted the durations that comprised the fall recovery: the unloading and swinging durations of each step. Knee and hip 
joint range of motion corresponding to each duration were also extracted for our comparisons. 

RESULTS 
The duration of the first recovery step (dRS1) and 
the swing time of this step (dSwing1) were 
significantly longer when the non-prosthetic limb 
was perturbed in which the movement was 
executed by the prosthetic limb. No significant 
differences were observed in the second recovery 
step. The knee and hip range of motion were not 
significantly different side to side. 

DISCUSSION AND CONCLUSION 
Our findings indicated that it takes longer time for 
the prosthetic limb to perform the initial recovery 
step after a perturbation. The slower movement was 
mainly attributed to the longer swing time. The 
prosthetic limb stepping performance (i.e., 
quickness) may be a benchmark for improvement 
when prescribing training and componentry. 
Furthermore, individuals with UTTA may be at a 
higher risk of tripping falls when the non-prosthetic 
limb is perturbed during walking. 

REFERENCES 
1.    Ülger O. et al.; Top Geriatr Rehabil 2010;26(2):156-163. 
2.    Vanicek N. et al.; Arch Phys Med 2009;90(6):1018-1025. 
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Figure 1. Responses during a walking perturbation trial. 
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5.04.5 Changes in gait speed in new lower limb prosthetic users within the first three months 
after inpatient prosthetic rehabilitation 
Shea Teevan1,2, Heather Batten1, Salih Salih1,3, Paulose Varghese1,3, Suzanne Kuys2 

1Princess Alexandra Hospital, Brisbane, Australia. 2Australian Catholic University, Brisbane, Australia. 3The University of 

Queensland, Brisbane, Australia 

BACKGROUND 
Self-selected gait speed in new lower limb prosthetic users is slower than healthy populations at time of discharge from 
inpatient prosthetic rehabilitation [1].  It is currently unknown whether new lower limb prosthetic users have the capacity 
and if so, to what extent, increase their gait speed.  Nor is it known if either self-selected or fast gait speed changes once 
new lower limb prosthetic users return to the community after their inpatient admission. 

AIM 
To measure changes in self-selected and fast gait speed in new lower limb prosthetic users at time of discharge from 
inpatient rehabilitation and in the 12 weeks period after discharge into the community. 

METHOD 
All people 18 years or older who underwent first major (transtibial or higher) unilateral lower limb amputation and were 
prescribed their first prosthesis during inpatient rehabilitation were identified from the rehabilitation unit at the Princess 
Alexandra Hospital.  Participants completed inpatient prosthetic rehabilitation as per usual care before completing a 
comfortable (self-selected) and fast 10-metre-walk test prior to discharging from hospital the following day 
(T0).  Participants returned at 2 (T1), 6 (T2), and 12 weeks (T3) post discharge to complete follow-up comfortable and fast 
10-metre-walk tests.  Repeated measures ANOVA was performed to track changes in gait speed over time.  

RESULTS 
Nine participants (89% male, 89% trans-tibial amputation level, 
89% dysvascular aetiology) completed the study.  Mean 
(95%CI) self-selected gait speed increased from 0.83m/s (0.53, 
1.09) at T0, to 0.89m/s (0.64, 1.14) at T1, to 0.97m/s (0.69, 
1.24) at T2, with fastest self-selected gait speed of 0.98m/s 
(0.74, 1.22) observed at T3 (F = 4.837, p = 0.048).  Mean 
(95%CI) fast gait speed increased throughout the study 
protocol from 1.06m/s (0.71, 1.42) at T0, to 1.15m/s (0.82, 
1.49) at T1, to 1.24m/s (0.90, 1.58) at T2, before slowing on 
average slightly at T3 to 1.22m/s (0.92, 1.52) (F = 1.204, p ï 
0.386). 

 

DISCUSSION AND CONCLUSION 
Participants in this study made improvements in self-selected and fast gait speeds after discharge from inpatient 
prosthetic rehabilitation but remained slower than healthy populations [2].   These results also demonstrate that new 
prosthetic users are, on average, able to increase their walking speed if needed.  It appears that the rate of improvement 
in both self-selected and fast walking speeds slows by three months post discharge from inpatient rehabilitation. 

REFERENCES 
1. Batten; 2015 Prosthet Orthot Int. 
2. Kasoviĺ; 2021 Clin Interv Aging 
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5.04.6 Relation between the kinematic gait profile score and daily activity data in individuals 
with amputation above the knee 
Roland Zügner 

Department of Orthopaedics, Sahlgrenska Academy, Gothenburg University, Gothenburg, Sweden 

BACKGROUND 
Gait while using a transfemoral or knee-disarticulation prostheses have been shown to affect the lower limb kinematics 
involving the hip, pelvis and spine often resulting in an asymmetrical gait [1-2]. The kinematic gait profile score (GPS) is a 
clinical index, based on instrumented gait analysis, which can be used to describe overall gait pathology [3]. 

The impact of asymmetrical gait on the daily activity among prosthetic users needs to be further explored. 

AIM 
To explore the relation between the kinematic gait profile score and daily activity data in established prosthetic users with 
a transfemoral amputation or knee-disarticulation. 

METHOD 
This ethical approved study included 23 individuals with a unilateral transfemoral amputation (TFA) or knee-disarticulation 
(KD), using prosthesis in daily life since >1 year. All individuals were able to walk 100m with no more support than one 
stick/crutch. An unaided gait analysis was performed using a 16-camera motion capture system and 4 synchronized force 
plates. A 2-minute walk-test was conducted and the PLUS-M questionnaire was answered. Finally, an activity monitor 
(activPALTM), was attached to the prosthesis to record 7 days of everyday activity. The mean of daily activities was 
calculated and compared with the GPS-score using Pearsons Correlation test. 

RESULTS 
The study group consisted of 12 men and 11 women (n=19 TFA, n=4 KD; mean age 50 years (21-75), being prosthetic 
users since mean 20 years (2-54). Amputation was due to trauma (n=11), tumour (n=8) or other cause (n=4).  

The mean GPS-score was 10.3 (6.6-14.9). Accelerometer data showed a mean of 4729 (1061-9976) steps/day and mean 
1.03 (0.27-1.94) hours/day spent in walking. The mean 2-minute walk-test was 138 (76-241) meter and mean PLUS-M T-
score was 51.3 (38.6-67.1). Table 1 present the correlation statistics between measures.  

Table 1. Correlations between GPS-score and data on prosthetic activity and mobility 

  
Mean number of daily steps 
with prosthesis 

Mean hours of daily time 
walking with prosthesis  

Mean 2-minute walk-test 

Mean Plus-M T-score 

  

GPS-score -0.62, p=0.002 -0.62, p=0.002 -0.45 p=0.036 -0.33 p=0.13 

  

DISCUSSION AND CONCLUSION 
In established prosthetic users with TFA/KD a more symmetrical gait pattern was moderately to highly related to more 
daily prosthetic steps, more walking and a longer distance covered during the 2-minute walk-test. Self-reported prosthetic 
mobility showed no correlation to symmetrical gait.  

In conclusion this study showed clear relationship between a more symmetrical prosthetic gait pattern and higher 
everyday prosthetic activity, emphasizing the importance of appropriate rehabilitation and gait training.  

REFERENCES 
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Free paper session: Orthotics: Lower limb ï Ankle foot orthoses I 

5.05.1 360° Treatment concept for lower limb orthotic interventions ï a case series 
Ana Maria von Corvin-Wiersbitzki1,2, Marcelo Lofiego3,4 

1MSc. Orthotic Rehabilitation Studies, Lueneburg, Germany. 2FIOR & GENTZ GmbH, Lueneburg, Germany. 3Universidad 

Nacional de la Matanza, Buenos Aires, Argentina. 4Ortopedia Alemana, Buenos Aires, Argentina 

BACKGROUND 
This case series uses a 360° treatment concept for the orthotic intervention in patients with neurological or functional 
deficits of the lower limb. A biomechanical analysis is crucial for the stabilization and the application of individually 
adjusted corrective forces to obtain the best possible control of stance and gait. [1] 

AIM 
This paper aims to demonstrates the benefits of a structured lower limb orthotic intervention including an accurate patient 
assessment and an orthotic configuration which considers the biomechanical forces for the selection of the correct 
components and fabrication technique. 

METHOD 
Three neurological patients with lower limb mobility impairment were selected to make individual orthotic configurations 
with an online tool. The casting position was biomechanically optimized [2] and the orthoses were fabricated with the 
functional components required to compensate the deficits. The orthoses were aligned on the workbench, statically and 
dynamically to provide stability in stance and restore the physiological gait as much as possible. Two tests were 
performed in a randomized order; one at baseline with standardized shoes and a second with the optimally adjusted 
orthosis. The kinematic outcome measures were analysed. Additionally, two functional tests were included: the Timed Up 
and Go and a 6-Minute Walking Test. 

RESULTS 
The results observed confirm an improvement in the velocity, step length, cadence and gait symmetry. The functional 
tests showed a reduction in the time required for the chores and more endurance in general while the stability and trunk 
balance were noticeably better. The structured intervention method included bench alignment to match the optimal 
position of each patient, a static alignment to control the placement of the joints relative to the base of support and 
adjustments made if necessary to obtain a correct tibial inclination and stable stance. The dynamic alignment was 
checked to adjust the plantar flexion and dorsiflexion range of motion and the resistance/assistance forces of the springs. 
Furthermore, a bending and torsion resistant orthosis was applied to maximize the function of the components. All of 
these aspects contributed to the good results of the orthotic intervention. 

DISCUSSION AND CONCLUSION 
It can be concluded that a 360° treatment orthotic concept is advantageous. The components should be adjusted to the 
patientôs needs and the structural stiffness of the orthoses should maintain the biomechanically optimized alignment and 
enhance the function of the components provided. A good orthotic intervention stabilizes the patient during stance and 
supports the physiological gait pattern improving functionality and consequently increasing the participation and quality of 
life of the subjects with lower limb impairment.  

REFERENCES 
1. Bedotto R, 2006.  Phys Med Rehabil Clin N Am 
2. Meadows B, 2019, Atlas of Orthoses and Assistive Devices (Fifth Edition) 

ACKNOWLEDGEMENTS: FIOR & GENTZ GmbH provided the components for the fabrication of the orthoses.  
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5.05.2 Comparison of static and dynamic shank to vertical angle measurements for ankle-foot 
orthosis optimisation in standing and walking. 
Sean Donald, Julie Reay, Richard Jones 

University of Salford, Salford, United Kingdom 

BACKGROUND 
During ankle foot orthosis (AFO) prescription, clinicians use shank to vertical angles (SVAs) to guide shank kinematic 
optimisation at temporal mid-stance (TMST), which is considered to facilitate typical walking [1]. The static SVA, 
measured in standing, may mimic the dynamic SVA at TMST [1] and is easier to measure. However, evidence comparing 
static and dynamic SVAs is conflicting, whilst various shank models and TMST definitions are used [2-4], leading to the 
validity of the static SVA to be questioned. 

AIM 
Using 3-dimensional gait analysis (3DGA), assess the difference between various 3D shank models.  Assess static SVA 
validity by determining the correlation between static and dynamic SVA measures. 

METHOD 
Participants (22-38yrs, 6M:6F) underwent 3DGA, using the CAST marker array [6], 13 opto-electric cameras (QUALISYS, 
Sweden) and two force-plates (AMTI, USA). Three additional markers on the proximal, mid, and distal anterior tibial 
border (ATB), defined four 3D shank models to calculate the SVA, the knee and ankle joint centre intersect, and the full, 
proximal, and distal ATB. Table 1 details the SVA conditions tested. For each, SVAs were measured from the four models 
simultaneously, using 3DGA, with the mean determined across three repeats. Pearsonôs correlation coefficients the SVA 
conditions and models were determined, with 30% of the gait cycle and the joint centres model as the gold standard 
baseline. 

RESULTS 
Comparison of 30% GC SVAs measured using the 3D shank models: Compared to the joint centre model, the full (r=0.86, 
P=0.000) and proximal ATB (r=0.84, P=0.001) had similar, significantly high correlations, whilst the distal ATB model was 
not significantly correlated (r=0.57, P=0.052). 
Comparison between static and dynamic SVAs using the joint centre model: There was a significantly strong correlation 
(r=0.92, P=0.000) between the dynamic measures (30% GC and TMST), however, weak, insignificant (P<0.05) 
correlations between 30% GC and static conditions. Marching (r=0.41) produced the highest, whilst normal standing (r=-
0.08) and EWD (r=0.09) showed no correlation. 
 
Table 1. SVA conditions and how they were measured within the study. EWD = Equal Weight Distribution, GC = Gait 
Cycle 

 

DISCUSSION AND CONCLUSION 
Strong correlations for the full and proximal ATB models and TMST condition are beneficial to clinical practice as they aid 
visual measuring of the SVA, using video. However, the low correlation between static and dynamic SVAs, highlights the 
need for further work to assess validity for clinical settings. 

REFERENCES 
1. Owen, ACPC Journal, 2014; 2. Eddison, J Prosthet Orthot, 2017; 3. Kerkum, Gait and Posture, 2015; 4. Jagadamma, 
Disabil Rehabil Asist Technol, 2015; 5. Eddison, Prosthet Orthot Int, 2015; 6. Cappozzo, Clin Biomech, 1995 

ACKNOWLEDGEMENTS: Supported by the UK EPSRC grant EP/S02249X/1 for the Centre for Doctoral Training in 
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5.05.3 Userôs preference during prescription of off-the-shelf carbon ankle foot orthoses 
Lysanne de Jong1,2, Mitchel van der Waard2, Noel Keijsers2,3,4 

1OIM Orthopedie, Assen, Netherlands. 2Sint Maartenskliniek, Nijmegen, Netherlands. 3Radboudumc, Nijmegen, 

Netherlands. 4Radboud University, Nijmegen, Netherlands 

BACKGROUND 
The prescription process of off-the-shelf ankle-foot orthoses (AFOs) is ambiguous. The choice for a specific AFO is often 
based on the preference of treatment team, knowledge of available products and/or clinical experience. Although the 
userôs preference has been identified as important, it is often not considered. Moreover, it is unclear whether users 
preference of AFO is related to the functional performance of an AFO.  

AIM 
Investigate if the AFO preference corresponds with a better efficacy in terms of L-test performance. 

METHOD 
Fourteen individuals with reduced ankle push-off power were fitted with two off-the-shelf carbon AFOs (Sprystep Max and 
BlueRocker). After AFO fitting, individuals performed a L-test on both AFOs and choose their preferred AFO (baseline). 
Subsequently, participants used both AFOs at their home for four weeks. In the first two weeks, participants were 
instructed to wear each AFO consecutively for one week. The order of the AFOs was randomized across subjects. 
Thereafter, individuals wore both AFOs according to their own preference for another two weeks. Finally, individuals 
returned for a follow-up measurement in which they performed L-tests and indicated their preferred AFO again.  

RESULTS 
The L-test was performed in 30.6 s for both the preferred (SD 8.9) and less preferred AFO (SD 7.7, p=0.98). At baseline, 
64% (9/14) preferred the AFO in which they performed best on the L-test. After four weeks, L-test performance improved 
4.2 s (SD 2.9, p<0.001) for the preferred and 3.8 s (SD 3.6, p=0.002) for the less preferred AFO indicated at follow up. At 
follow up, 71% (10/14) chose the best AFO according to their L-test performance. The preference of the AFO changed in 
43% (6/14) of the participants after the four weeks home use. The L-test performance at follow up was 26.3 s (SD 6.8) for 
the preferred AFO and 26.9 s (SD 7.4) for the less preferred AFO (p=0.08).   

DISCUSSION AND CONCLUSION 
The userôs preference was mainly in accordance with the performance on a functional test. However, some participants 
performed worse with their preferred AFO, indicating user preference seems not related to functional performance alone. 
Furthermore, AFO preference changed in a substantial part of the participants after home use, suggesting that a 
habituation period at home may be helpful in the prescription process to increase AFO adherence.  

ACKNOWLEDGEMENTS: All Sprystep Max and BlueRocker AFOs were provided at no costs by Thuasne and Basko, 
respectively. 
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5.05.4 Effectiveness of ankle foot orthoses for patients with weakness of the plantar and 
dorsiflexors: biomechanical comparison of different orthotic concepts 
Thomas Schmalz1, Malte Bellmann1, Meike Burkhardt2, Heiko Drewitz3, Andreas Kannenberg4 

1Ottobock SE & Co. KGaA, Clinical Research & Services / Biomechanics, Göttingen, Germany. 2University Freiburg, 

Freiburg, Germany. 3Otto Bock HealthCare Deutschland GmbH, Göttingen, Germany. 4Otto Bock HealthCare LP USA, 

Austin, USA 

BACKGROUND 
Patients with both plantar and dorsiflexor weakness often show abnormal knee loading in addition to instabilities of the 
ankle joint. This can be treated using ankle-foot orthoses (AFO) that utilize effects of the ground reaction force (GRF) 
[1,2].  Options are jointless carbon fibre orthoses (JLO) and articulated orthoses, which can be further differentiated into 
AFOs with conventional ankle joints (small ROM, rigid stops ï CAJ) and those with expanded ROM and customizable 
resistance to both movement directions (ñreactive-dynamic ankleò ï RDA [3]). 

AIM 
The aim of the present study was to compare the effectiveness of different AFO concepts for supporting movement 
patterns of daily living using biomechanical parameters. 

METHOD 
Seven patients (91±15kg, 1.85±0.10m, 57±15y) with plantar and dorsiflexor weakness resulting from various neurological 
conditions (manual muscle test grades 1-3 [4]) were enrolled in the study. All patients currently use an RDA-AFO (4 
bilaterally, 3 unilaterally) and have previous experience with either JLO or CAJ. Four orthotic configurations (RDA, CAJ, 
JLO, no orthosis - WO) were studied during the following movement patterns: self-paced level walking at medium speed, 
walking up and down an incline (10°), and standing on an incline (+10°, 0°, -10°). Kinematic data was measured with an 
optoelectronic system (VICON) coupled with two force plates (KISTLER) to measure GRF. 

RESULTS 
Walking without orthoses, two patients showed 
knee hyperextension, one a distinct crouch gait, 
two a tendency towards crouch gait, and two 
normal knee joint characteristics. The 
unphysiological dorsi and plantarflexion WO was 
reduced by all AFO-types. With CAJ, excessive 
reductions of 6-7° dorsiflexion and 7-9° 
plantarflexion at push-off were measured in all 
tasks compared to RDA and JLO (p<0.01). This 
effect was accompanied by reduced horizontal 
propulsion forces, reduced peak ankle power at 
push-off and partially abrupt knee extension during stance. No significant differences were found between RDA and JLO; 
both AFOs stabilised the ankle and normalised knee movement and loading (Fig.1). When standing WO, slightly 
increased knee flexion (2-12°) and forward trunk inclination (1-5°) were found in all tasks. All AFOs show a normalising 
effect when standing uphill. 

DISCUSSION AND CONCLUSION 
CAJ restrict the physiological dynamics of locomotion and lead to partially abnormal knee loading. RDA and JLO show 
considerably greater patient benefits. In the studied movement tasks, these two orthosis concepts show similar effects 
and largely normalise movement and loading patterns of the knee. For more demanding activities, e.g., steeper inclines or 
uneven surfaces, patients anecdotally report advantages of RDA over JLO. These activities should be investigated in 
future studies. 

REFERENCES 
1. Tyson, S. F. et al. (2013). Clinical Rehabilitation, 27(10), 879ï891; 2. Kobayashi, T. et al. (2017). Clinical 
Biomechanics, 45, 9ï13; 3. Schmalz, T. et al. (2022). Journal of Prosthetics and Orthotics; 4. Janda, V. (1972). 
Muskelfunktionsdiagnostik. (11th ed.). Berlin.: INTERDRUCK Graphischer Großbetrieb  
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5.05.5 Spring-like ankle foot orthoses increase ankle work and reduce compensatory hip work 
in severe but not in mild push-off deficits 
Niels Waterval, Frans Nollet, Merel-Anne Brehm 

Amsterdam UMC, Amsterdam, Netherlands 

BACKGROUND 
People with plantar flexor weakness generate less ankle push-off work while walking. This reduced push-off work is 
compensated for by inefficient hip compensations, causing walking energy cost to increase [1]. Spring-like dorsal leaf 
ankle foot orthoses (AFOs) can potentially support push-off work. However, whether this support reduces hip 
compensations and whether all people are able to increase push-off power is unknown. 

AIM 
We aim to determine whether spring-like dorsal leaf AFOs reduce compensatory hip work in people with bilateral 
plantarflexor weakness. Additionally, we aim to determine in which patients the spring-like AFO is most effective in 
normalizing joint work distribution. 

METHOD 
We included 18 people with bilateral plantar flexor weakness due to a neuromuscular disease. 3D gait analysis at self-
selected walking speed with shoes only and with a dorsal leaf AFO with an optimized stiffness for walking energy cost 
was performed. To account for differences in walking speed, we calculated the relative joint work generated at the 
individual joints of the right leg for the whole gait cycle and different gait phases. Participants were divided into 
ñresponders,ò the 10 participants in which ankle work increased (difference>0), and 8 ñnon-responders,ò for whom ankle 
work decreased. Differences between conditions were tested using dependent t-tests, and differences between 
responders and non-responders with independent t-tests. 

RESULTS 
No differences in the relative contribution of ankle, knee and hip work were found between walking with and without AFO 
(p>0.499). However, a higher percentage of positive ankle work was generated during push-off when walking with AFO 
(shoes: 72.4±27.1 vs AFO: 85.3±9.1%, p=0.026) while positive hip work shifted from pre-swing (shoes: 34.1±10.4 vs AFO: 
31.9±7.4%, p=0.038) to loading response (shoes: 11.9±9.8 vs AFO: 18.0±11.0%, p=0.022). In the responders, hip work 
decreased significantly compared to the non-responders when using the AFO (responders: -5.8±10.3% vs non-
responders: +3.6±6.8%, p=0.040). Responders had relatively less ankle work when walking without AFO compared to 
non-responders (8.5±3.7 versus 24.2±11.1, p=0.001). 

DISCUSSION AND CONCLUSION 
We showed that spring-like AFOs increased ankle work and reduced compensatory hip work compared to shoes only in 
people with severe, but not in those with mild ankle push-off deficits. In this latter group, the AFO even increased hip 
work, especially of the extensors in early stance. These findings implicate that in people with severe push-off deficits, 
stiffness optimized spring-like AFOs have beneficial effects on joint work distribution, which may reduce overuse 
symptoms and reduce walking energy cost. 

REFERENCES 
1. Waterval, et al. (2018). Compensations in lower limb joint work during walking in response to unilateral calf 

muscle weakness. Gait & Posture, 66, 38-44.  
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Free paper session: Prosthetics: Upper limb - Device outcomes 

5.06.1 Sensory substitution of elbow proprioception to improve myoelectric control of upper 
limb prosthesis 
Matthieu Guémann1, Christophe Hanlgand2, Léo Borrini3, Éric Lapeyre3, Aymar de Rugy2 

1École Universitaire de Kinésithérapie Centre Val de Loire, Orléans, France. 2HYBRID Team, INCIA, CNRS, UMR 5287, 

Bordeaux, France. 3Physical and Rehabilitation Medicine Department, Percy Military Hospital, Clamart, France 

BACKGROUND 
Current myoelectric prostheses lack proprioceptive information and rely on vision for their control. Sensory substitution is 
increasingly developed with non-invasive vibrotactile or electrotactile feedback, but most systems are designed for 
grasping or object discriminations, and few were tested for online control in amputees. 

AIM 
The objective of this work was to evaluate the effect of novel vibrotactile feedback on the accuracy of myoelectric control 
of a virtual elbow by healthy subjects and participants with an upper-limb amputation at the humeral level. 

METHOD 
Sixteen healthy participants and 7 transhumeral amputees performed myoelectric control of a virtual arm under different 
feedback conditions: vision alone (VIS), vibration alone (VIB), vision plus vibration (VIS + VIB), or no feedback at all (NO). 
Reach accuracy was evaluated by angular errors during discrete as well as back-and-forth movements. Healthy 
participants' workloads were assessed with the NASA-TLX questionnaire. 

RESULTS 
Reach errors were higher in NO than in VIB, indicating that our vibrotactile feedback improved performance as compared 
to no feedback. Conditions VIS and VIS+VIB displayed similar levels of performance and produced lower errors than in 
VIB. Vision remains therefore critical to maintain good performance, which is not ameliorated nor deteriorated by the 
addition of vibrotactile feedback. 

DISCUSSION AND CONCLUSION 
Our novel vibrotactile feedback improved myoelectric control of a virtual elbow as compared to no feedback. Although 
vision remained critical, the addition of vibrotactile feedback did not improve nor deteriorate the control and was preferred 
by participants. Longer training should improve performances with VIB alone and reduce the need of vision. 

ACKNOWLEDGEMENTS: Thanks to the PRM department of Percy military hospital and the Institute Robert Merle 
dôAubign® of Valenton. 
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5.06.2 Evaluation of a new low-cost body-powered hand system 
Laura Miller1,2, Kristi Turner1, Frank Ursetta1, Levi Hargrove1,2 

1Shirley Ryan AbilityLab, Chicago, USA. 2Northwestern University, Chicago, USA 

BACKGROUND 
The impact of upper limb loss on individualôs function and participation is compounded by the difficulty in accessing 
resources and trained personnel in developing countries. We have developed a socket system that can be fabricated with 
limited resources [1] as well as a hand system that could be combined in a fitting kit.   The low-cost hand (LCH) is 
designed to be fabricated for under $100 USD using an internal sheet metal frame and injection-molded outer cosmetic 
shell. 

AIM 
The goal of this study is to evaluate, in US home trials, a new prosthetic hand and socket system designed for use in low- 
and middle-income countries.  

METHOD 
Three individuals with transradial level limb absence were fit with socket systems. They completed home trials 
randomizing the Ottobock voluntary closing hand and a LCH prototype.  The LCH was voluntary closing with an optional 
back lock.  The passive thumb could be positioned lateral for a flat palm, medial for a tripod grasp, and at a mid-point for a 
cylindrical grip.  After each home trial, participants completed the Box and Blocks Test, the Activities Measure for Upper 
Limb Amputees (AM-ULA), Southampton Hand Assessment Procedure (SHAP) and the Jebsen-Taylor Test. Participants 
also provided subjective feedback on each. The project was approved by the Northwestern University IRB. 

RESULTS 
Participants were comfortable in the socket system for the two 2-
week home trial.  They able to move more blocks with the LCH 
(19.25+3) than with the Ottobock hand (14.00+3.11).  Scores were 
also higher for the LCH than the Ottobock for the SHAP index of 
function scores (44.67+3.21 vs 36.33+5.77) and AM-ULA 
(13.52+3.25 vs 12.41+1.40).  Jebsen scores were better (lower) for 
the Ottobock hand (268.00sec+27.78) compared to the LCH 
(281.39sec+10.10). Subjectively, participants found the three locking 
positions for the thumb useful but had difficulty operating the button 
to enable or disable the back-lock feature.  The additional degree-of-
freedom at the proximal interphalangeal (PIP) joint also made picking 
up small objects more difficult. 

DISCUSSION AND CONCLUSION 
The new LCH demonstrates improvement in function for individuals 
with transradial level absence.  However, additional design 
refinements may be beneficial.  Though trained on the back lock, 
users did not find the mechanism to be intuitive.  Trials with the PIP 
joint immobilized will be repeated to determine if fine grasp is 
improved. This may also improve long-term durability.  Following 
current trials and improvements in design, international trials will then 
be planned. 

REFERENCES 
1. Miller, L. A., et al. (2020) Prosthet Orthot Int: 309364620950850. 

ACKNOWLEDGEMENTS: Supported by the National Institute on Disability, Independent Living, and Rehabilitation 
Research (NIDILRR grant numbers 90RE5014 (2013-2028) and 90REGE0003 (2018-2023).  

 
Figure 1. Mechanism of the low-cost 
hand.  Thumb can be rotated to 3 different 
locking positions. 
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5.06.3 Progress towards an inclusive fit-for-purpose upper limb prosthetic device for Ugandan 
context 
Benedict Mulindwa1, Ali Hussaini2, Peter Kyberd2, Bob Radocy3, Louise Ackers4, Laurence Kenney4, Robert Ssekitoleko1 

1Makerere University, Kampala, Uganda. 2University of Portsmouth, Portsmouth, United Kingdom. 3Fillauer TRS 

Prosthetics, Colorado, USA. 4University of Salford, Salford, United Kingdom 

BACKGROUND 
When designing purely mechanical prosthetic hands, it is generally assumed that there is a trade-off between highly life-
like cosmetic hands with limited functional restoration, and highly functional non-anthropomorphic devices. In this study, 
we describe a process of designing fit-for-purpose upper limb prosthetic devices for the Ugandan context by leveraging a 
discrete choice-based co-design and co-selection approach, and 3D printing to support the local manufacture of prosthetic 
devices for upper limb amputees. 

AIM 
To explore how a discrete choice-based co-design and co-selection approach, and 3D printing can contribute to designing 
fit-for-purpose prosthetic devices for upper limb amputees in Uganda. 

METHOD 
We divided the codesign process into two phases. In phase one, 21 co-designers with any level of upper limb amputation 
were presented with a digital selection tool showing four images and videos of terminal devices ranging from purely 
cosmetic to very functional. Co-designers were asked to make discrete choices based on activities of daily living identified 
from the earlier interviews [1]. Based on the findings of phase one, 17 of the 21 co-designers were then presented with 
three models of a selected passive terminal device and asked to make a subjective rating of the shape, colour and 
texture. We then explored methods of 3D printing to make a terminal device. 

RESULTS 
Co-designers in phase one demonstrated a preference for a terminal device that resembled a hand, but still had some 
functionality.  

Phase two co-designers found the general shape of the passive terminal device acceptable, although some adjustments 
were recommended, such as separating the thumb from the other fingers or separating all fingers to give it a more 
realistic appearance. The texture for the selected commercial device was preferred, as it felt smoother, while the texture 
of the 3D-printed device was not explicitly criticised. In terms of colour, a brown passive device was favoured over pitch-
black because it was closer to the skin tone. 

DISCUSSION AND CONCLUSION 
Because it facilitates user involvement throughout the design process, co-design has potential to positively impact design 
of fit-for-purpose prosthetic devices since it leads to more acceptable products. Although 3D printing as a local 
manufacturing technique has pros and cons, it is worth exploring for prosthetic device manufacturing in resource-limited 
settings. To satisfy both functionality and cosmesis, we developed both a passive and a functional terminal device, which 
can be fitted onto an adjustable socket depending on the userôs need. 

REFERENCES 
1.  D. Z. Morgado Ramirez et al., ñThe lived experience of people with upper limb absence living in Uganda: A 
qualitative study,ò Afr. J. Disabil., vol. 11, p. 890, 2022, doi: 10.4102/ajod.v11i0.890. 

ACKNOWLEDGEMENTS: This work was funded by the UK government GCRF through the EPSRC and NIH, grant 
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5.06.4 A comparison between multi-grip and standard myoelectric hand prostheses on all ICF-
levels and cost-effectiveness 
Nienke Kerver, Verena Schuurmans, Elise Karssies, Henk Groen, Raoul M. Bongers, Corry K. van der Sluis 

University Medical Center Groningen, Groningen, Netherlands 

BACKGROUND 
Multi-grip myoelectric hand prostheses hands (MHP), with five movable and jointed fingers, have been developed to 
increase functionality. However, literature comparing MHPs with the standard myoelectric hand prostheses (SHPs), only 
capable of producing one grip, is limited and inconclusive. No studies on cost-effectiveness of these hands exist to our 
knowledge. 

AIM 
To compare MHPs with SHPs on all categories of the International Classification of Functioning, Disability, and Health-
model (ICF-model) and on cost-effectiveness. 

METHOD 
I. 14 MHP users (64% male, mean age=49 years) participated.  Measurements and within-group comparisons performed 
within the ICF-categories óBody Functionô and óActivitiesô  included joint angle coordination, Refined Clothespin Relocation 
Test(RCRT), Tray-task, Box and Blocks Test, and the Southampton Hand Assessment Procedure(SHAP), These were 
executed with MHP and SHP one week apart.  

II. 19 SHP users (68% male, mean age=58 years) and 14 MHP users (part I) participated. Measurements and between 
group comparisons performed within the ICF-categories óActivitiesô, óParticipationô, and óEnvironmental Factorsô included 
RAND-36, EQ-5D-5L, visual analogue scale (VAS), Dutch Quebec User Evaluation Satisfaction assistive Technology (D-
QUEST), and patient-reported outcome measure assessing preferred usage features of upper limb prostheses (PUF-
ULP). 

III. Cost-effectiveness: 106 prosthetic users completed a cost questionnaire (societal perspective), EQ-5D-5L, PUF-ULP. 

RESULTS 
I. óBody Functionô and óActivitiesô: 10 of 14 users of MHPs had similar joint angle coordination patterns with an MHP as 
with an SHP. The RCRT in the upward direction was performed slower in the MHP condition compared to the SHP 
condition. No other differences in functionality were found.  

II. óActivities/Participationô: MHP users had a lower EQ-5D-5L utility score; experienced more pain or limitations due to 
pain (i.e., measured with the RAND-36). óEnvironmental Factorsô: MHPs scored better than SHPs on the VAS-item 
holding/shaking hands. The SHP scored better than the MHP on five VAS-items (i.e., noise, grip force, vulnerability, 
putting clothes on, physical effort to control) and the PUF-ULP.  

III. In the cost-effectiveness-study, MHPs appeared to be more than twice as expensive as SHPs, mostly due to higher 
acquisition costs and MHPs were not cost-effective compared to SHPs. 

DISCUSSION AND CONCLUSION 
No relevant differences between MHPs and SHPs were found on any of the ICF-categories. MHPS were not cost-effective 
compared to SHPs. This underlines the importance of carefully considering whether an MHP is the most suitable option 
for an individual who wishes to use a myoelectric prosthesis hand.  

  



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

112 of 400 

Free paper session: Psychosocial issues / quality of life - Psychological, social 
and economic issues I 

5.07.1 Social and community participation following traumatic lower limb amputation: an 
exploratory qualitative study 
Sarah Anderson1, Abby Hutchinson1, Kate D'Cruz1, Jemma Keeves2 

1La Trobe University, Melbourne, Australia. 2Monash University, Melbourne, Australia 

BACKGROUND 
Lower limb amputation (LLA) is a life altering condition that can result in severe disability. In Australia, more than 8000 
LLAs are performed each year (1). Amputation as a result of traumatic injury is typically performed in younger patients 
with fewer medical comorbidities. In this population, the physical and psychosocial disability persists several years 
following amputation. The long-term experience following LLA is reported to have a negative impact on activity levels and 
participation in social and community functioning (2).  

AIM 
To explore barriers and facilitators to social and community participation experienced by people at least two years post-
traumatic lower limb amputation (LLA) 

METHOD 
An exploratory qualitative study of people with traumatic LLA in Victoria, using semi-structured interviews was undertaken 
using the Braun and Clarke model of thematic analysis. 

RESULTS 
Participants highlighted barriers to participation being the inaccessibility of the built environment and the physical 
challenges associated with prosthetic mobility. Factors that further limited social and community engagement included 
chronic and complex health concerns experienced as a result of their injuries with these resulting in physical and 
emotional distress for some. Participants highlighted that following traumatic LLA the benefit of peer-support networks and 
the value of supportive community groups in assisting the transition to their pre-amputation family, work, and social roles. 
Participants also felt that a strong, positive attitude and being self-motivated were important to aid in their return to social 
and community participation. 

DISCUSSION AND CONCLUSION 
Following traumatic LLA, people experience a number of physical, psychological and environmental challenges to 
participation beyond two years post-amputation. The role of peer-support networks, community groups and personal 
attitudes are important facilitators to assist a return to family, work, and life roles.  

REFERENCES 
1.   Dillon MP, Kohler F and Peeva V. Incidence of lower limb amputation in Australian hospitals from 2000 to 
2010. Prosthetics and orthotics international 2014; 38: 122-132. 
2.   Penn-Barwell JG. Outcomes in lower limb amputation following trauma: a systematic review and meta-
analysis. Injury 2011; 42: 1474-1479. 2011/08/13. DOI: 10.1016/j.injury.2011.07.005. 
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5.07.2 Understanding mental and behavioral health in individuals with physical disabilities and 
limb loss 
Mark Geil 

Kennesaw State University, Kennesaw, USA 

BACKGROUND 
Physical disability, including limb loss, often represents a life-altering event. A recent ACA survey found that physical and 
mental health affect one another [1]. In many healthcare systems, care for individuals facing limb loss is managed by 
orthopedic physicians, prosthetists, and physical therapists. These disciplines often lack training in mental and behavioral 
health, and patients are provided tools to navigate the physical changes, but not the mental changes.   

AIM 
The purpose of this study was to assess mental health issues in a large sample of individuals with physical disability, and 
to specifically determine provision of mental and behavioral health care in individuals with limb loss. 

METHOD 
A custom survey was developed using validated instruments related to disability, mental and behavioral health, and 
quality of life.  This included the NIH Common Data Elements for Lower Limb Loss Research, which aggregates 
instruments such as PROMIS, Disability Rating Scale, WHO QoL, Social Support Questionnaire, and CES Depression 
Scale. The 15-minute survey, with branching for specific physical conditions, was administered using Qualtrics (Seattle, 
WA) to adults in the United States who self-identified as an individual with a physical disability. 

Aggregate results were analysed to determine prevalence, type, and degree of mental health issues. Sub-populations 
related to prosthetics and orthotics were analysed to further assess access to mental health care and resources.   

RESULTS 
Complete results were received from 4,889 individuals with physical disabilities. The majority acquired their disability 
between the ages of 19-39 years (N=2,015). Among all respondents, the most commonly reported comorbidities were 
depression (Fig. 1) and anxiety, with 1,172 and 1,333 indications that these severely influence daily functioning, 
respectively. 2,348 individuals (48%) indicated causation, answering that ñMy mental health became worse as a result of 
my physical disability.ò 

In O&P-specific 
populations, 1,012 
individuals reported 
using an assistive 
device. Among 80 
individuals with limb 
loss, difference, or 
impairment, 48 
indicated poorer 
mental health as a 
result. Over 60% 
reported a clinical diagnosis of a depressive disorder. Over 41% received no mental or behavioral healthcare related to 
their limb loss. Among those who did, 29% received it from a provider not trained in mental health or from a peer support 
group. 

DISCUSSION AND CONCLUSION 
The survey indicated high prevalence of mental health issues among individuals with physical disabilities, and the 
correlation between physical and mental health. Many individuals received no specifically trained clinical care. In open 
responses, individuals reported that they did not expect the degree of physical limitations they face. Beyond the physical, 
however, several reported direct mental health impact, such as feeling unwanted or misunderstood. The O&P profession 
should consider improved ways to infuse mental health resources into patient care. 

REFERENCES 
1.  Amputee Coalition of America. ñAmputee Coalition Community Survey Results.ò amputee-coalitilion.org 2022. 
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5.07.3 Association of psychosocial issues in females with transtibial amputation 
Izaz Khan 

Chal Foundation, Islamabad, Pakistan. PIPOS, Peshawar, Pakistan 

BACKGROUND 
Dating back to the prehistoric times, one of the oldest known surgically performed procedures are lower extremity 
amputations. Factors associated with positive adjustment to limb loss include greater time since amputation, more social 
support, greater satisfaction with the prosthesis, active coping attempts, an optimistic personality disposition, and a lower 
level of amputation in the case of lower limbs. Additionally, older adults were more depressed than younger adults during 
the first year and a half after an amputation. 

AIM 
The aim of the present study was to determine the correlation of psychosocial issues in females following with transtibial 
amputations. 

METHOD 
The study was conducted on 90 females with transtibial amputation from PRSP, CFRC and Indus hospital Muzaffargarh. 
A nonprobability convenience sampling technique was used to collect data. Two questionnaires were administered to 
assess social issues (WHOQOL scale-BREF) and psychological issues (HAMD).  

RESULTS 
There were 65 amputations caused by trauma (72%), 17 amputations caused by disease (19%) and 8caused by diabetes 
(9%). The multinomial regression indicates age and social isolation are positively correlated for QOL (r=1.03, OR=2.81) 
and transport (r=0.86, OR= 2.81) respectively.  This indicates that as age increases social issues decrease Similarly, age 
of participant has a weak negative correlation with anxiety (r= -0.20, OR=0.81) and depression (r= -0.04, OR= 0.95) 
respectively.  This indicates decreased depression and anxiety with increased in age. 

DISCUSSION AND CONCLUSION  
This study concluded that there are considerable psychosocial problems in female amputees. This study also showed that 
most female patients have a psychosocial problem. Younger patients have more psychosocial issues as compared to 
older patients because they felt sadness and worried about the future; most patients stopped their education due to 
disability. However, psychosocial issues decreased with education. The majority of the patients have problems in traveling 
because of accessibility. 

REFERENCES 
1. Ertl JP, Pritchett JW, Ertl W. Amputations of the lower extremity. eMedicine Specialties.  
2. Grech C, Debono RF. The lived experience of persons with an amputation. Malta Journal of Health Sciences.  
3. Dadkhah B, Valizadeh S, Mohammadi E, Hassankhani H. Psychosocial adjustment to lower-limb amputation: A 

review article. HealthMED.  

ACKNOWLEDGEMENTS: I would like to express my deepest gratitude to my supervisor, Mr. Nizar Akhtar, for his 
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ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

115 of 400 

5.07.4 Prosthesis usersô perceptions of daily life ï a phenomenographic study 
Nerrolyn Ramstrand1, Anders Stener2, Lina Palmér2 

1Jönköping University, Jönköping, Sweden. 2University of Borås, Borås, Sweden 

BACKGROUND 
Clinicians involved in prosthetic rehabilitation have expressed difficulties in adopting a person-centred approach to 
care.  This has been attributed in part to difficulties in helping clients shape their expectations of rehabilitation outcomes 
[1].  Increased knowledge of the personal experiences of people who have undergone a limb-amputation can provide 
clinicians and their clients with important knowledge to facilitate holistic, person-centred consultations and to generate 
realistic expectations of what life will be like as a prosthesis user. 

AIM 
The aim of this qualitative study was to explore the personal experience of living life as an active lower-limb prosthesis 
user.  

METHOD 
A qualitative, phenomenographic approach was adopted to shed light on perceptions of everyday life of lower-limb 
prosthesis users. Phenomenography was chosen as a research method as it focuses on understanding different ways in 
which people experience a phenomenon (i.e., life as a prosthesis user) rather than identifying common themes [2].  15 
active prosthesis users participated in semi-structured interviews and open-ended questions were used to explore the 
phenomenon. Interview transcripts were analysed using the seven principles outlined by Dahlgren and Fallsberg [3]; 
familiarization, articulation, condensation, comparison, grouping, labelling, and contrasting. 

RESULTS 
Participantsô perceptions of life as a prosthesis user 
resulted in a hierarchy of categories (figure 1). Results 
indicated that, after a period of existential adjustment, 
prosthesis users were motivated to move on from their 
amputation and live active, fulfilling lives. The extent 
to which they were able to adjust was perceived to be 
facilitated by social interactions with other prosthesis 
users, access to relevant information and their ability 
to balance desired activities against their physical 
and/or cognitive capacity. Social media played a 
particularly important role in establishing connections 
with other prosthesis users, as well as being 
perceived as a useful source of information. 

DISCUSSION AND CONCLUSION 
Results can provide staff with a clearer picture of issues that are perceived as important by their clients, as well as 
knowledge to assist their clients in expressing their personal goals and values. The extent to which participants in this 
study could move forward with life post amputation was dependent upon existential adjustment but also influenced by 
external factors. Interactions with other prosthesis users served as an informal form of peer support as well as a valued 
source of information. 

REFERENCES 
1. Sanders P. et al. (2020). Qualitative Health Research, 30(13), 2049-2063; 2. Marton, F. et al. (Eds.). (2008). 

London: Routledge; 3. Dahlgren, L.-O. et al. (1991). J Social Administrative Pharm, 8(4), 150-156.  

ACKNOWLEDGEMENTS: This research was financed by the Swedish Knowledge Foundation. In kind support was 
provided by TeamOlmed, Aktiv Ortopedteknik and UNYQ. 

 

Figure 1. Hierarchy of categories 
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5.07.5 Optimising prosthetic product design using Kansei engineering 
Nerrolyn Ramstrand, Michael Ceder, Maria Riveiro, Lars Eriksson 

Jönköping University, Jönköping, Sweden 

BACKGROUND 
To optimise user satisfaction, prosthetic products should be comfortable, functional and have an appearance which is 
appreciated and accepted by the end user [1]. Kansei engineering uses product development methods which aim to 
translate end-user perceptions and feelings regarding specific product features into concrete design parameters and to 
determine which specific elements are most likely to evoke a positive emotional response from a user [2]. 

AIM 
The aim of this presentation is to demonstrate how the principles of Kansei engineering can be used to design lower-limb 
prostheses which match the types of feelings and the image a client desires from their device.   

METHOD 
We will describe the process we are using to capture the image and psychological feelings individual clients wish to 
achieve in their device and match these with specific prosthetic design features. This is done by using focus groups and 
individual interviews to capture adjectives (Kansei words) describing prosthetic limbs and then aggregating these words 
down to a limited number which are considered to best represent the product. We then ask clients to rate a range of 
products with different design characteristics on analogue-visual scales and use prediction modelling to link design 
attributes and product ratings. 

RESULTS 
Specific design features of limb prostheses evoke very different emotional responses from prosthesis users.  Feelings 
towards a particular design are highly individual and are influenced by personal characteristics of the client as well as 
design features related to colour, texture, and form. Results of our work will demonstrate how specific Kansei words are 
linked to prosthetic products and can be used in a dialogue with a client to personalise their device and ultimately optimise 
their level of satisfaction with the product. 

DISCUSSION AND CONCLUSION 
Product development within the field of prosthetics has tended to focus heavily on functionality and there has been limited 
attention to the aesthetics and the types of feelings that are induced by specific design parameters. Prosthetic users have 
different expectations for their device and results from our work can be used in a client consultation to select design 
features which match individual client preferences for their device.   

REFERENCES 
1. Sansoni et al. (2015) J of Design. 9. 
2. Nagamachi (2008) The TWM Journal. 1754-2731. 
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5.07.6 Quality prosthetic service provision ï a phenomenographic study of clientsô 
perceptions 
Nerrolyn Ramstrand 

Jönköping University, Jönköping, Sweden 

BACKGROUND 
Clientsô perceptions are central to quality healthcare improvement providing important insights into levels of quality care 
as a function of overall satisfaction [1]. Investigations into the quality of prosthetic services have tended to use quantitative 
methods to measure specific aspects of client satisfaction [2].  However, responses to quantitative measures of client 
satisfaction may differ from qualitative experiences [3].  

AIM 
To explore lower-limb prosthesis usersô personal experiences of prosthetic service provision.  

METHOD 
A phenomenographic approach was used to further understanding of how prosthesis users experience the prosthetic 
services they receive. 15 lower-limb prosthesis users participated in semi-structured interviews and open-ended questions 
were used to explore their perceptions of prosthetic services. Interviews were transcribed verbatim and analysed using 
methods outlined by Dahlgren and Fallsberg [4].  

RESULTS 
A hierarchy of categories that contribute to clientsô perceptions of quality prosthetic service provision was generated 
(figure 1).  Participants experienced variation in the quality of prosthetic services received and tended to seek out facilities 
where the treating prosthetist was perceived as genuinely caring about their client and where services were considered 
easy to access. Financial constraints were considered to influence service quality, but these constraints were perceived 
as being beyond control of the treating clinician. 

 

DISCUSSION AND CONCLUSION 
This study provides insights into areas of prosthetic service delivery that are prioritised by prosthesis users and should be 
considered as part of quality improvement processes. These include improving the communication and pedagogical skills 
of clinicians, timely provision of services and exploring possibilities to improve access to services. 

REFERENCES 
1. Al-Jabri et al. (2021) J Patient Exp. 8. 
2. Erwin et al. (2018) Medicine. 97:39:pe12296 
3. Santuzzi et al. (2009) Q Manage Health Care.18:1:2-17. 
4. Dahlgren et al. (1991) J Social Admin Pharm. 8:4:150-156 
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Free paper session: Developing the O&P workforce 

5.08.1 Regulation of the global orthotist/prosthetist workforce: what can we learn from allied 
health professions with international-level regulatory support? 
Leigh Clarke1,2, Louise Puli2, Emily Ridgewell2, Michael P Dillon3, Sarah Anderson3 

1O&P Global, Melbourne, Australia. 2The Australian Orthotic Prosthetic Association, Melbourne, Australia. 3La Trobe 

University, Melbourne, Australia 

BACKGROUND 
By 2050, the global demand for orthotic/prosthetic services is expected to double [1] which the orthotist/prosthetist (O&P) 
workforce is not well placed to meet. Strengthening O&P workforce regulation will be key to meeting future demand, 
however little is known about the extent of O&P regulation nor the mechanisms through which regulation could best be 
strengthened. Several allied health professions have international-level regulatory support that may serve as a model for 
strengthening O&P regulation. 

AIM 
To describe the national-level regulation of the O&P workforce globally, and the international-level regulatory support 
provided to allied health professions. 

METHOD 
Two environmental scans benchmarked the national-level regulation of the global orthotist/prosthetist workforce and the 
regulatory support provided by non O&P international allied health professional bodies using a set of nine core practitioner 
regulatory standards  (core standards). These included Minimum Training/Education, Entry-level Competency Standards, 
Scope of Practice, Code of Conduct and/or Ethics, Course Accreditation, Continuing Professional Development, 
Language Standard, Recency of Practice, and Return-to-Practice. In addition, each identified country was also 
categorised by income status (i.e., High-, Upper-Middle-, Lower-Middle-, and Low-Income countries). 

RESULTS 
Some degree of regulation of the O&P workforce was identified in 30 (15%) of the worldôs 197 countries. All core 
standards were present in 6 of these countries. Countries of higher income status had more core standards in place than 
countries of lower economic status. International-level professional bodies were identified for 14 of 20 allied health 
professions. International bodies for the physical therapy (8 core standards) and occupational therapy (5 core standards) 
professions provided regulatory support to help national associations meet most of the core standards. 

Given the small proportion of countries that have national practitioner regulatory standards in place, most O&Ps are 
working under little-to-no regulation. This presents an opportunity to develop rigorous national-level regulation that can 
support workforce growth to meet future workforce demands.  

DISCUSSION AND CONCLUSION 
There are significant financial and expertise barriers that hinder the development of a more regulated O&P workforce, 
particularly for Low- and Lower-Middle-Income countries. Therefore, we recommend the establishment of an international 
professional body with the express purpose to support national-level regulation of O&Ps, and subsequently increase 
access to high-quality orthotic/prosthetic care ï something that can only be achieved through a well-regulated profession. 

REFERENCES 
1.  World Health Organization. WHO standards for prosthetics and orthotics (Part 1). Report no. 9241512482, 

Geneva: World Health Organization; 2017. 
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5.08.2 The changing demographics of the orthotist/prosthetist workforce in Australia: 2007, 
2012 and 2019 
Emily Ridgewell1,2, Leigh Clarke1, Sarah Anderson2, Michael Dillon2 

1The Australian Orthotic Prosthetic Association, Camberwell, Australia. 2La Trobe University, Bundoora, Australia 

BACKGROUND 
Previous workforce analyses conducted in 2012 [1] revealed a small orthotist/prosthetist (O&P) workforce with a low 
practitioner prevalence (i.e., number of O&P practitioners per 100,000 Australians). Since this time, there have been 
major changes to the profession (e.g., avenues for skilled migration, introduction of a second O&P training school and the 
introduction of the National Disability Insurance Scheme) which require up-to-date workforce data. 

AIM 
The aim of this research was to compare demographics of the O&P workforce in Australia, and each state/territory, 
between 2007, 2012 and 2019.  

METHOD 
This retrospective time series analysed data from Australian Orthotic Prosthetic Association member database and 
Australian Bureau of Statistics (ABS) population reports [2]. De-identified demographic data were exported and 
summarized for the nation and for each state/territory. Service location was classified as metropolitan or regional/remote 
using employer postcode in keeping with the ABS standards. Changes in practitioner age were analysed using the 
Kruskall-Wallis H test. Changes in gender and service location were analysed using the Chi-square test of homogeneity. 
The absolute number of practitioners and practitioner prevalence were described. 

RESULTS 
Between 2007 and 2019, workforce size increased 130% from 179 to 410 practitioners. Practitioner prevalence increased 
90% from 0.85 to 1.62 practitioners per 100,000 Australians. Median practitioner age reduced between 2007 and 2019 
(41.5 vs 35 years, p=0.001). The proportion of female practitioners increased between 2007 and 2019 (30% vs 49%, 
p<0.05); noting a substantial reduction in the proportion of female practitioners over age 40 (22%) compared to males 
(49%). The proportion of practitioners servicing a regional/remote location did not change over time. 

DISCUSSION AND CONCLUSION 
The Australian O&P workforce became younger and more female. While the proportion of females in the workforce 
increase over time, these data indicate difficulty retaining female practitioners over age 40 years of age which may impact 
future workforce capacity. Research is needed to: explore workforce barriers in geographic areas with continued low 
practitioner prevalence, and the reasons why practitioners leave the profession. These data can help inform workforce 
initiatives to retain a younger and more female workforce. 

REFERENCES 
1. Ridgewell, E., et al., (2016).  Australian Health Review, 40(5), pp.555-561. 
2. Australian Bureau of Statistics. 2020. 3218.0 Regional Population Growth, Australia, 2018-2019 
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5.08.3 An exploration of the UK prosthetic and orthotic workforce 
Nicola Eddison1,2, Aoife Healy2, Enza Leone2, Caroline Jackson3, Bracken Pluckrose3, Nachiappan Chockalingam2 

1The Royal Wolverhampton NHS Trust, Wolverhampton, United Kingdom. 2Staffordshire University, Stoke on Trent, 

United Kingdom. 3Chas A Blatchford and Sons, Basingstoke, United Kingdom 

BACKGROUND 
Workforce data for people working within the prosthetics and orthotics (P&O) profession in the UK is incomplete [1,2] 
resulting in an unknown national picture. This prevents accurate service planning and projection requirements. There is 
very limited additional data from the statutory regulator Health and Care Professions Council (HCPC). To design and plan 
services and to ensure an adequate workforce to meet future demands, detailed data on the workforce is required. 

AIM 
This study captured a wide variety of demographic and work-related information relating to the current and future UK P&O 
workforce. The results will help inform national and local planning of P&O services.  

METHOD 
Available data on the UK P&O workforce was reviewed and any gaps were identified. The analysis of this data guided the 
design of mixed methods cross-sectional online survey aimed at the entire UK P&O workforce, including 
prosthetists/orthotists, prosthetic/orthotic technicians, prosthetic/orthotic support workers and current prosthetic/orthotic 
students/apprentices. This survey was conducted during Autumn 2022 and focused on four key areas 1) Demographics 2) 
Current role 3) Skills 4) Career goals. 

RESULTS 
A scoping review of workforce data available for the P&O workforce in the UK highlighted a dearth of data. The National 
Health Service (NHS) does not code the P&O workforce that it currently contracts.  The contracted sector accounts for 
70% of the P&O UK workforce [2]. The HCPC with which all UK prosthetists and orthotists must be registered to practice 
has data [3] based on 31% of the P&O registrants (346/1,114) but only looked at a small number of demographic factors. 
The data does not supply information on skills, place of work, current role, career goals, skills, or training needs.  It also 
doesnôt include the wider workforce (e.g., technicians and support workers).  

 The workforce-wide survey devised by this research team is the first to be undertaken on the P&O workforce in the UK. 

DISCUSSION AND CONCLUSION 
There is currently limited data on the P&O workforce, with neither the HCPC nor the NHS recording sufficient data to 
understand the national workforce and inform future service design. This lack of data requires urgent attention.  

This is the first study to gather detailed information on the entire UK's current and future P&O workforce, gathering views 
on demographics, employment, salaries, education, skills, and views on future requirements for the workforce.  

REFERENCES 
1. Health Education England. The Future of the Orthotic and Prosthetic Workforce in England. Response to the NHS 

England Report. 2018 
2. NHS England. Improving the Quality of Orthotics Services in England; 2015.  
3. The Health and Care Professions Council. HCPC Diversity Data Report 2021: Prosthetists and Orthotists. 
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5.08.4 Exploring national human resource profile and trends of Prosthetists/Orthotists in 
South Africa from 2002 to 2018 
Luphiwo Mduzana1, Ritika Tiwari2, Lieketseng Ned2, Usuf Chikte2 

1Walter Sisulu University, Mthatha, South Africa. 2University of Stellenbosch, Caper Town, South Africa 

BACKGROUND 
The World Health Organization (WHO) in 2017 estimated that around 35-40 million people require prosthetic or orthotic 
services. The Framework and Strategy for Disability and Rehabilitation 2015-2030 for South Africa highlights a shortage 
of human resources for disability and rehabilitation services to manage the various risks and types of impairments faced 
by the population. 

AIM 
To describe the demographic trends of Prosthetists/Orthotists (P/O) registered with the Health Professions Council of 
South Africa (HPCSA) from 2002 to 2018. 

METHOD 
The study was a retrospective record-based review of the Health Professions Council of South Africa (HPCSA) database 
from 2002 until 2018. The database of registered Prosthetists/Orthotists was obtained from the HPCSA. 

RESULTS 
Data were analysed using the Statistical Package for the Social Sciences (SPSS version 22.0). In 2018, there were 544 
P/Os registered with the HPCSA with a ratio of 0.09 P/Os per 10,000 population. There has been an average annual 
increase of 6% from 2002 to 2018. The majority (71.9%) of P/Os are located in the more densely populated and urbanized 
provinces, namely Gauteng, KwaZulu-Natal and Western Cape. The majority of registered P/Os identified as white (61%) 
followed by Black (22%), Indian (7%) and Coloured (2%). Most of registered P/Os are under the age of 40 years (54.2%) 
and males make up 73% of the registered P/Os. 

DISCUSSION AND CONCLUSION 
This study highlighted the unequal spatial distribution trends of P/Os which could be accounted for by South Africa's 
apartheid history and subsequent slow pace of transformation. Addressing the existing shortages is necessary to expand 
access to P/Os services and to ensure the motivation, planning and provision of adequate infrastructure to provide these 
services. The study presents a compelling case for the prioritization and strengthening of workforce for the achievement of 
effective universal health coverage for persons with disabilities. 
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5.08.5 Need assessment for continuous professional development of Prosthetists & Orthotists 
working in ICRC partner Physical Rehabilitation Centers in Pakistan 
Abdul Nasir, Hasan AL-AGELE, Abdul Haseeb 

ICRC, Islamabad, Pakistan 

BACKGROUND 
Continuous professional development (CPD) is required for enhancing the skills and knowledge of the professionals for 
quality services to patients1. Prosthetic and Orthotic services in Pakistan can be better provided by improving P&O's 
competencies for professional development. Graduates in Pakistan have limited opportunities and access to professional 
development2. ICRC Pakistan is supporting 17 Physical Rehabilitation Centers (PRCs) for P&O services. To develop a 
need based CPD plan for partner P&O's, ICRC decided to come up with a comprehensive plan of action. 

AIM 
This study was aimed at identifying the training and capacity building needs of P&Os in Pakistan to pave ways for 
developing a tailor-made CPD program for P&Os working in ICRC supported PRCs.  

METHOD 
This study represents formative research to identify the needs of the clinical staff in terms of CPD. A training needs 
assessment questionnaire for P&Os was designed using SurveyMonkey. All the questions were closed-ended. The 
survey questionnaire was validated by a team of P&Os and PTs within the ICRC Physical Rehabilitation Program before 
disseminating to respondents from ICRC supported PRCs. Samples were taken through convenient sampling method. 
Inclusion criteria for participation in the study questionnaire was P&Os working in the ICRC supported PRCs as clinicians 
and supervisors while trainee P&Os and P&Os working on non-clinical positions were excluded. Data was collected using 
online tool survey monkey (https://www.surveymonkey.com/). 

RESULTS 
Total 40 out of 65 respondents completed the survey of 9 questions. Female respondents were 31% (12). ISPO cat-2 

graduates were 82% (33), whereas 7.7% (3) were each Masters in P&O & BS in P&O without ISPO categorization while 

2.56% (1) respondent was ISPO cat-1 graduate. Respondents having experience between 2 and 6 years were 65% (26), 

whereas 12.5% (5) respondents had under 2 yearsô experience. Regarding specific P&O module, 65% (26) of 

respondents chose to strengthen their knowledge and skills in Ischial containment socket, while 62.5% (25) chose 

designing and prescription of lower-limb orthotics. Spinal orthotics & Transtibial prosthetics were chosen by 37% & 35% 

respondents respectively. When asked about competencies related to P&O procedures, 75% (30) chose significance of 

biomechanical significance on device function. Clinical Assessment, Dynamic alignment & gait were chosen equally by 

55% (22) respondents. 

DISCUSSION AND CONCLUSION 
This study was important to obtain the first-hand feedback of the practitioners. P&Os are willing to learn new socket 
design. They want to learn about clinical decision making, prescription principles and to enhance their competencies in 
biomechanical principles, dynamic gait assessment and dynamic alignment. 

In a CPD plan, all areas of required competencies for clinical reasoning and biomechanical concepts should be 
considered. similarly priority need to be given to modern prosthetic designs which can be fabricated within existing 
technology 

REFERENCES 
1. McDonald CL, Kartin D, Morgan SJ. A systematic review in prosthetics and orthotics education research. 

Prosthetics and Orthotics International. 2020;44(3):116-132. doi:10.1177/0309364620912642é 
2. Magnusson, Lina & Ramstrand, Nerrolyn. (2009). Prosthetist/orthotist educational experience & professional 

development in Pakistan. Disability and rehabilitation. Assistive technology. 4. 385-92. 
10.3109/17483100903024634. 
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Free paper session: Footwear - Footwear 

5.09.1 Efficiency of subsensory vibration on balance of healthy elderly and subjects with 
reduced plantar foot sensation 
Atefeh Aboutorabi, Monireh Ahmadibani 

University of Social Welfare and Rehabilitation Sciences, Tehran, Islamic Republic of Iran 

BACKGROUND 
Postural instability is considered a normal result of aging and is caused by some diseases like neuropathy. 

AIM 
The purpose of present study was to analyze and compare the effect of subthreshold vibration that was applied to the 
plantar surface of feet on balance control of healthy elderly and young subjects with simulated decreased plantar feet 
sensation. 

METHOD 
24 subjects (12 elderlies and 12 young persons with decreased plantar feet sensation) were included in this randomized 
crossover study with double blinded design. Participants were divided into intervention groups; 1) orthopedic shoe with 
vibration mechanism on and 2) orthopedic shoe with vibration off. Primary outcomes were Center of Pressure (COP) 
parameters including mean velocity, phase plane portrait, standard deviation (SD) of amplitude, and SD of velocity. 
Secondary outcomes were Berg Balance score and Timed Up-and-Go (TUG). The standing balance tested with different 
conditions; eye opened/closed and foam/rigid surface. General linear mixed models tests were used for statistical 
analysis.  

RESULTS 
Study showed very large effect sizes (Partial Eta Squared, ɖ2>0.2) with application of vibration in compared to vibration 
off for COP parameters with greater effects in condition with more baseline fluctuations. There was significant change in 
Berg balance test (Cohen d: 0.6, CI= -0.215 to -1.421). The time on TUG test was decreased and it was approached 
significance (P=0.06).  

DISCUSSION AND CONCLUSION 
The immediate effect of study showed that subthreshold vibration can improve static and dynamic balance in healthy 
elderly people and people with decreased plantar feet sensation. By conducting more studies with conclusive results in 
the field of vibration effectiveness in the elderly, we can hope to reduce the rate of falls in the elderly.  

REFERENCES 
1. Aboutorabi, A., et al., Effect of vibration on postural control and gait of elderly subjects: a systematic review. Aging 

clinical and experimental research, 2018. 
2. Aboutorabi, A., et al., Design and evaluation of vibratory shoe on balance control for elderly subjects. Disability 

and Rehabilitation: Assistive Technology, 2018 
 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

124 of 400 

5.09.2 Users' satisfaction with diabetic foot offloading devices and service in the Gaza Strip 
Mazen Hamam1, Gulapar Srisawasdi2, Navaporn Chadchavalpanichaya2, Mohammed Idwaima1 

1The Artificial Limbs and Polio Center, Gaza, Palestine. 2Mahidol University, Bangkok, Thailand 

BACKGROUND 
In Palestine, 11.8% people have diabetes. Of them, 15% develop diabetic foot (DF). In Artificial Limb and Polio center 
(ALPC); main provider in Gaza, 34.8% of amputations is due to diabetes. Therefore, since 2017, International Committee 
of Red Cross (ICRC) has supported diabetic foot offloading services at ALPC and fitted 206 cases with different types of 
offloading devices. There is information-gap, as almost nothing is available to measure device and service satisfaction. 
Therefore, need for this evaluation is particularly acute. 

AIM 
To evaluate patient satisfaction with Diabetic foot (DF) offloading devices and services to provide preliminary data and 
clients perspectives for improvement and developing the clinical care. 

METHOD 
A cross-sectional study was conducted by phone interviews with 206 clients who had DF offloading services from ALPC 
from Jan 2019 to Sep 2021, using Orthotics and Prosthetics Users Survey (OPUS) instrument that evaluate satisfaction 
with device and services, it has 21 questions (11 related to device and 10 to services). Data collection took place in 
November through December 2021 with a response rate 81.1%. Data was analysed by using SPSS version 26. 

RESULTS 
Of clients, 167 responded: 67.1% males and 32.9% females, 77.8% have other health conditions and 58.7% using 
assistive device. Mean age since diagnosed with diabetic is 17.4 years and started to suffer from foot problem since mean 
years of 5.28, almost half of them unilaterally affected. Devices received are 68.9% diabetic shoes, 23.4% air cast, 16.2% 
sandals, 3% slippers, 1.8% PTWB AFO, 0.6% insole and 1.2% others. Of users received once is 64.7% while 35.3% 
received twice or more. Highest score of satisfaction was for 'free of wear and tear from device' (4.25/5) while lowest 
score was for 'affordability' (2.67/5). For satisfaction of service, highest score was 'level of courtesy and respect by staff' 
(4.65/5) and lowest was ñinformation about equipment choices' (3.58/5). Mean score of service satisfaction was 
significantly higher than device satisfaction (figure 1). 

 

Figure 1. Overall Satisfaction 

DISCUSSION AND CONCLUSION 
The results of the study provide opinions and experiences from 167 DF patients who received offloading devices/shoes, 
considered as foundational information to build on further future studies. In summary, it indicates general satisfaction and 
identifies areas that need improvement at the same time to increase the level of satisfaction. The results aid in exhibiting 
the effect and implications of ICRC and ALPC services. This work will serve to provide a vision for policy, service 
providers and donors. 
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5.09.3 Effect of insoles on pain, foot posture and plantar pressure in children with flexible 
flatfoot: one-year follow up 
Cansu Koltak, Yasin Yurt, Tuĵba Paksoy, Merve Paksoy, Aleyna Gºker 

Eastern Mediterranean University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Mersin, 

Turkey 

BACKGROUND 
Flexible flatfoot is a common foot problem since childhood, which may include loss of height of the medial longitudinal 
arch, valgus of the hindfoot, and abduction of the midfoot relative to the hindfoot.1 It has been reported in studies that 
custom-made insoles may play a beneficial role in normalizing the forces acting on the feet of individuals with flexible 
flatfoot and reducing pain.2,3  

AIM 
To investigate the effects of long-term use of insoles on foot posture, plantar pressure and pain in children with flexible 
flatfoot.  

METHOD 
Fifty-four children (19 girls, 35 boys) with flexible flatfoot were included in the study. Foot postures of the children were 
evaluated with the Foot Posture Index (FPI), plantar pressures were evaluated with a pedobarograph (Medilogic, platform 
basic; Germany), and pain was evaluated with the Visual Analog Scale (VAS). Peak pressure values were calculated for 
each region by dividing the foot plantar pressure measurements into 7 regions. Evaluations were made before and after 
treatment. CAD/CAM insoles were applied to use with sports shoes.  

RESULTS 
The mean age of the children included in the study was 10.1±3.4 years, and the mean body mass index was calculated as 
21.1±4.9 kg/m². Significant improvement was found in FPI and VAS scores after treatment (p<.05). Peak plantar 
pressures were increased under 2-5 toes, lateral forefoot, midfoot, and lateral heel in both feet (p<.05). It was decreased 
under medial heel for the left side (p<.05). Big toe, medial forefoot peak pressures did not change in time (p>.05, Table 1). 

Table 1. Comparison of pre-treatment and post-treatment assessments 

Variables 
Pre-treatment Post-treatment p* 

X±SS   

VAS (cm) (n=27) 4.7±1.3 2.8±1.2 <0,001 

FPI (n=54) 
Right  7.2±1.8 6.7±1.9 0.001 

Left  6.8±1.4 6.4±1.5 0.004 

*p: Wilcoxon Signed Rank Test, VAS: Visual Analog Scale, FPI: Foot Posture Index. 

DISCUSSION AND CONCLUSION 
Custom made insoles can improve pain and foot posture in developing children. In addition, lateralization of peak plantar 
pressures during walking may help to achieve better plantar pressure distribution.   

REFERENCES 
1. Bresnahan PJ, 2020, Front Pediatr. 
2. Açak, M, 2020, Sci. Rep.  
3. Hsieh, R. L, Medicine 
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5.09.4 Validation of an industrial test platform for foot health devices 
Zain Shahid1, Daniel Parker1, Chris Nester2 
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BACKGROUND 
The current standard for innovation of insoles, orthotics and footwear is inefficient due to a reliance on product prototyping 
and in-vivo testing to drive design decisions. One key area of high risk is product testing that requires gait laboratory 
studies with human participants, often to assess how clinical biomechanical criteria are met by a specific product design. 
These tests can be slow, costly, and difficult to perform, and consequently impact the innovation process. 

AIM 
This industry-linked project aimed to develop and validate a physical test platform for the performance evaluation of 
insole, orthotic and footwear products, thus informing design decisions and enabling product claims to be substantiated. 

METHOD 
A test platform comprising three parts was developed: (1) A phantom-foot comprising a rigid, 6-segment skeletal system 
[1] and phantom-plantar tissue structure, which represented a healthy Japanese 65kg male sample [2], (2) KUKA KR160 
robotic arm to load the foot similar to in-vivo walking gait and (3) Measurement system capturing pressure, force and foot 
kinematics to characterise changes in foot biomechanics as a result of a foot care product. Validation tests included 
compression of the phantom-plantar tissue to determine alignment to cadaveric material properties [3] and cyclic loading 
to determine agreement with healthy in-vivo datasets for biomechanical outcomes: peak pressure, plantar contact area 
and joint segment kinematics. 

RESULTS 
Within stance phase, the phantom-calcaneus segment reproduced close alignment to in-vivo gait motion in the sagittal 
(NRMSE=0.58) and coronal planes (NRMSE=0.10), and the phantom-midfoot in the coronal plane (NRMSE=0.08) when 
normalised to the mean. Peak sub-heel plantar pressure aligned closely to in-vivo results (366.6kPa and RMSE=13.4 
kPa) however, sub-heel contact area was significantly lower (21.12 cm2 and RMSE=11.16cm2) and the Youngôs modulus 
of the phantom-plantar tissue greater than cadaveric samples (1.374MPa and difference from target=0.174MPa). 

DISCUSSION AND CONCLUSION 
The test platform reproduced broadly representative peak plantar pressure measurements under the heel and in the 
timings of peak loading forces. Bone segment kinematics demonstrated good agreement for the target region (heel). This 
system enables improved product design, objective product evaluation and will enable evaluation of products pre-post 
wear to assess ongoing performance and suitability. Further work will allow direct comparison between the test platform 
and in-vivo clinical gait laboratory studies to validate the system for evaluation of product performance. 

REFERENCES 
1. Nester, J Foot Ankle Res 2014. 
2. Mitsuhashi, Nucleic Acids Research 2009. 
3. Pai, J Biomech 2010. 
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5.09.5 Orthotic pressure sensing insole using FSR (Force Sensitive Resistor) Sensor for 
people suffering from foot pronation 
Shiv Lal Yadav1, Munish Dudi2, Sarita Kumari2 

1All India Institute of Medical Sciences, New Delhi, India. 2Deenbandhu Chhotu Ram University of Science and 

Technology, Murthal, Sonipat, Haryana, India 

BACKGROUND 
Impact forces during running or walking propose that impact forces are input signals that produce muscle tuning shortly 
before the next contact with the ground to minimize soft tissue vibration and reduce joint & tendon loading. During stance 
phase, the forces act as an input signal processing a muscle reaction. Orthotics reduce muscle activity.  

AIM 
To correct the foot pattern during walking, running.  

To increase the bodyôs natural shock absorbing capability, to reduce suffering from knee pain, metatarsal pain and other 
disorder caused by over pronation, and under pronation.  

METHOD 
The design of pressure-sensing insole using FSR sensor is to help the people suffering from foot pronation. The force 
distribution of a userôs foot measured using FSR sensors, while ATMega 16 and a custom printed circuit board (PCB) 
collect and process the force data. If force thresholds are exceeded, the software attempts to vary the stiffness of the 
insole in order to adjust the forces to an acceptable level. The software does this by triggering solenoid valves and an air 
compressor to control air-flow inside the shoe that will modify its stiffness. The design of the pressure-sensing insole has 
data collection, processing system and control of the shoe variable stiffness.  

RESULTS 
The analysis of patient facing foot problems like pain in the knee, metatarsal pain, problems with Achilles tendon caused 
by incorrect foot posture, was studied on 6 participants. The process begins when the userôs foot strikes. Sensors placed 
around the sole of the shoe, pick up the difference in resistance. This is then translated and interpreted through ATMega 
16 microcontroller. In microcontroller, a pressure threshold value is set. If the pressure exceeds the threshold value, then 
the microcontroller suggests an action in order to correct the pronation or supination involved. Microcontroller gives the 
command to the air compressor to fill the air in the shoe through valves. It provides the air support in a shoe, after 
providing air support to the feet the compressor gets off when again pressure exceeds the threshold value then process 
repeat again. 

DISCUSSION AND CONCLUSION 
This orthotic device is designed to adapt the changing condition of foot strike and automatically take an action to correct 
the posture of the foot. When foot pronation is detected, the compressor automatically starts and provides the air support 
in the sole. After providing air support the compressor automatically shuts off. When exceeding pressure is detected again 
the compressor turns on and provides air support again in the sole to avoid pain in the knee, metatarsal pain, Achilles 
tendonitis caused by incorrect foot posture.  

REFERENCES 
1. Jungyoon Kim et al. ñDevelopment of an active ankle-foot orthosis to prevent foot drop & toe drag in hemiplegic 
patientsò, volume 8 (2011).  

2. Inaki Diaz, Jourge Juan Gil, and Emilio Sanchez, ñLower limb robotic rehabilitationò, 5 September 2011.  
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Free paper session: Prosthetics: Lower limb - Gait and components 

5.10.1 Objective assessment and understanding of using machine learning: Applications in 
individuals with unilateral trans-tibial amputation. 
Maria Bisele1, Martin Bencsik1, Martin G. C. Lewis2, Cleveland T. Barnett1 

1Nottingham Trent University, Nottingham, United Kingdom. 2Qualisys AB, Göteborg, Sweden 

BACKGROUND 
In research, machine learning algorithms can provide an objective assessment and understanding of gait. Translating 
these methods into clinical practice has demonstrated the ability to classify pathologies correctly supporting the specialists 
during diagnosis and treatment recommendations. Using machine learning algorithms to understand the differences 
between the gait of individuals with lower-limb amputation and able-bodied individuals can help provide better prosthetic 
rehabilitation. This study will highlight how such methods can be implemented to understand the differences between two 
groups during research.   

AIM 
This study aimed to demonstrate an objective method to find differences between the gait of individuals with trans-tibial 
amputation and able-bodied individuals using machine learning algorithms. 

METHOD 
Eleven individuals with unilateral trans-tibial amputation (UTTAs) (age 50±12y; height 1.7±0.1m; mass 83.94±13.59kg) 
and thirty able-bodied individuals (ABs) (age 39±20y; height 1.7±0.1m; mass 73.76±14.02kg) provided informed consent 
to participate. Participants walked along a 15m walkway at self-selected walking speed. For all trials, kinetic and kinematic 
data were captured at 1000 Hz and 100 Hz, respectively. The twenty 
biomechanical variables measured were commonly reported in the 
literature during the investigation of forward progression and dynamic 
stability. Principal component analysis (PCA) was applied for data 
reduction and discriminant function analysis (DFA) was applied for 
feature selection and classification of the data [1]. 

RESULTS 
The overall results indicated that the prosthetic and non-prosthetic 
limbs of UTTAs differed from the right and left limbs of ABs, and the 
eigenspectrum of PCA and the DF spectrum allowed the causal 
factors of these differences to be established. Using PCA, the causal 
factors between the two groups were vertical ground reaction force 
(GRF), sagittal hip joint moment and sagittal knee joint angle. Using 
DFA, the causal factors were medio-lateral GRF, vertical GRF and 
sagittal knee joint angle. Both PCA and DFA, identified the vertical 
GRF as a parameter which differs between UTTAs and ABs, and this 
difference can be seen in the profile of the vertical GRF (Figure 1). 

DISCUSSION AND CONCLUSION 
Using PCA and DFA, it was possible to objectively identify which parameters differ between the group of individuals with 
unilateral trans-tibial amputation and the able-bodied individuals. The results demonstrated that important parameters 
which differ between these groups are vertical GRF and sagittal knee joint angle. This highlights the importance of 
machine learning algorithms as automatic gait recognition tools which can be used in research and clinical settings to get 
a better overall understanding of the group under investigation.  

REFERENCES 
1.  Bisele, M., Bencsik, M., Lewis, M.G. and Barnett, C.T., 2017. Optimisation of a machine learning algorithm in 

human locomotion using principal component and discriminant function analyses. PLoS One, 12(9), p.e0183990.  

 

Figure 1. The mean ± standard deviation of 
the vertical GRF profile of the prosthetic 
(PROS) and non-prosthetic (NONPROS) 
limbs of UTTAs and the left and right limbs 
of ABs. 
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5.10.2 Material properties and performance in running specific prostheses: a literature review 
Leila Rahnama1, Mark Geil2 

1California State University, Los Angeles, Los Angeles, USA. 2Kennesaw State University, Kennesaw, USA 

BACKGROUND 
Running specific prostheses (RSPs) operate as a leaf spring to return energy during unloading. Although material 
properties of RSPs can affect running performance, manufacturers do not consistently report them. Instead, they place 
their RSPs into arbitrary stiffness categories recommended to clinicians based on the userôs body mass/size and their 
expected activity [1,2]. In use, various running activities metabolically different from one another [3], and it can be 
challenging to match a foot to an individual and activity. 

AIM 
The present study systematically reviewed existing literature to characterize and compare numerical values of RSP 
stiffness and hysteresis and evaluated how these properties affect athletic performance in individuals with limb loss.   

METHOD 
We conducted a comprehensive search strategy through twelve well-known databases from inception until April 2022. 
Additionally, we searched the following publishers to ensure a thorough search: Elsevier, Nature, Frontiers, and SAGE. 
Database-appropriate search syntax was used based on the following, intended to capture articles about both limb 
prostheses and their material properties:   

(prosthe* OR cheetah OR blade) AND (run OR running) AND (mechanical OR stiff* OR energy OR hysteresis OR 
modulus) NOT (implant).  

We included all studies in which at least one RSP was assessed for mechanical properties and studies that evaluated the 
relationships between these mechanical characteristics with any aspects of the running performance. 

RESULTS 
The initial search process generated 3,048 articles. Among those, 15 fully matched criteria and were included in the 
review. Mechanical stiffness was calculated as load divided by deflection. In studies that used a material testing machine, 
the peak load ranged from 1000 N up to 3500 N, with 1500-2000 N applied in most studies. The loading rate varied from 
50 mm/s to 100 mm/s. Loading techniques varied across the reviewed studies. Some loaded the prosthesis up to the 
maximum amount, sometimes in a linear ramp profile and other times with static loading or drop testing, while others used 
cyclic loading-unloading at a specific frequency. The prosthetic placement in the testing machine also varied. Subsets of 
studies assessed properties and performance, based on speed, step length, reaction force, and metabolic cost.  

DISCUSSION AND CONCLUSION 
Several studies did not report the numerical data for material properties despite measuring them. Relatively few articles 
measured both material properties and running performance and assessed correlations. Poor outcome reporting and lack 
of consistency in measuring RSP material properties suggest the need to develop a standard guideline on measurement 
and reporting of RSP material properties. Clinicians would benefit from objective, data-based comparisons of the 
attributes of different RSPs; however, inconsistencies in the literature do not currently permit this. 

REFERENCES 
1. Beck ON, Taboga P, Grabowski AM. Journal of Applied Physiology. 2017;123(1):38-48. 
2. Beck ON, Taboga P, Grabowski AM. Journal of the Royal Society Interface. 2017;14(131):20170230. 
3. Grobler L, Ferreira S, Vanwanseele B, Terblanche EE, Prosthetics and Orthotics International. 2017;41(2):141-8. 

 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

130 of 400 

5.10.3 Should transtibial prosthetic dynamic alignment be tuned first in the sagittal plane or in 
the coronal plane? 
Hiroshi Hashimoto1,2, Masataka Kataoka3, Toshiki Kobayashi4 
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BACKGROUND 
Dynamic alignment of transtibial prostheses is important because it affects energy expenditure and gait. It should be 
adjusted in sagittal and coronal planes. However, it is unclear in which plane the adjustment should be performed first. As 
socket reaction moment (SRM) is reported to be sensitive to alignment changes, it is likely that effects of alignment 
change on out-of-plane SRM (i.e., effects of sagittal alignment changes on coronal SRM) may be helpful to determine the 
appropriate order of dynamic alignment1,2. 

AIM 
The aim of this study is to investigate the appropriate order of dynamic alignment in sagittal and coronal plane using SRM.  

METHOD 
Ten participants with transtibial amputation were asked to walk under twelve alignment changes (3-degree flexion and 
extension, six-degree adduction and abduction of the socket, anterior, posterior, lateral, and, medial translation of the 
socket, and three-degree dorsiflexion and plantarflexion, six-degree inversion and eversion of the foot) to measure 
walking speed and out-of-planes SRM. In the sagittal plane, peak extension and flexion moments, and %stance of peak 
extension and flexion moment were extracted. In the coronal plane, SRM at 5%, 20%, and 75% stance were extracted. 
Data was classified into six groups and repeated measures of ANOVA or Friedman tests were performed (p<0.05).  

RESULTS 
It is found that the alignment 
changes of the foot did not affect out-
of-plane SRMs. There were no 
significant differences in walking 
speeds. There were significant 
differences of 20% stance of coronal 
SRM under sagittal socket alignment 
changes (baseline alignment, 
posterior translation of the socket, 
flexion, p=0.02). Other socket 
alignment conditions did not 
significantly affect out-of-plane SRM. 

DISCUSSION AND CONCLUSION 
Previous studies showed that socket 
alignment changes in sagittal plane 
affected coronal SRM, however, 
coronal alignment changes did not. If 
coronal alignment is adjusted first, it will not affect sagittal SRM. However, after sagittal alignment is adjusted 
consequently, this might affect the coronal SRM, which have been determined by the first adjustment of coronal 
alignment. Therefore, it is recommended that the adjustment of transtibial alignment is should be performed first in the 
sagittal plane, and then in the coronal plane. 

REFERENCES 

1. Kobayashi T, et al. Effect of transtibial prosthesis alignment changes on out-of-plane socket reaction moments 

during walking in amputees. J Biomech. 2012;45(15):2603-2609.  
2. Hashimoto H, et al. Angulation vs translation of transtibial prosthetic socket: their difference analyzed by socket 

reaction moments. Gait Posture. 2022;97:137-146. 
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5.10.4 A data-driven approach to prosthetic system mechanical characterization using sparse 
identification of nonlinear dynamics 
Seth Donahue1, Trevor Kingsbury2, Kota Takahashi3, Matthew Major1,4 

1Northwestern University, Chicago, USA. 2Naval Medical Center, San Diego, USA. 3University of Utah, Salt lake City, 

USA. 4Jesse Brown VA Medical Center, Chicago, USA 

BACKGROUND 
Prosthetic feet typically demonstrate non-linear mechanical behaviour and this has previously been modelled with 
lumped-parameter, viscoelastic systems [1,2]. Addition of componentry such as hydraulic ankles and shock-absorbing 
pylons (SAPs) makes modelling these prosthetic systems more complex and difficult, as their interactions must often be 
inferred or estimated. Recently, data-driven non-linear dynamical modelling tools have been developed for the 
identification of equations governing unknown, complex mechanical systems [3].  

AIM 
This work characterized and modelled assembled prosthetic systems (ankle, foot, and SAP) with unknown dynamics at 
critical instances during stance phase; Initial Contact (IC), Midstance (MS), and Terminal Stace (TS).  

METHOD 
Twelve systems of different component assemblies were tested at three orientations: Horizon and Odyssey K3 (College 
Park Industry, USA), two hydraulic ankle resistance settings, and three SAPs (Fillauer, USA) of varying stiffness. Systems 
were loaded to 1230 N and unloaded to 100 N at 200 N/s five times [4].  The first four cycles were used to identify the 
governing equation with the Sparse Identification of Nonlinear Dynamics with control (SINDYc), while the last cycle served 
as validation [3]., Root Mean Squared Error (RMSE) was calculated between measured and modelled hysteresis curves, 
and absolute and relative errors are presented for energy returned. 

RESULTS 
The dynamics of the system were 
accurately modelled with a non-linear 
differential equation (Figure 1) [3]. The 
output from the SINDYc algorithm for all 
prosthetic systems was a nonlinear 
ordinary differential equation, including a 
squared displacement term. Where the 
behaviour is governed by the current 
displacement and force. The range of the 
RMSE for the models were 0.19 to 0.46 
mm for IC, MS 0.05 to 0.18 mm for MS 
and 0.49 to 1.26 mm at TS.  The models 
tended to slightly underestimate the 
measured energy return across all 
orientations. The absolute difference 
ranged from -4.33 to 2.31 % energy returned.   

DISCUSSION AND CONCLUSION 
We have demonstrated that without prior knowledge of the system, we can derive dynamics through generalized 
equations and accurately model a prosthetic systemôs loading-unloading response at critical moments during stance 
phase. This novel data-driven characterization method permits universal interpretable comparison of mechanical behavior 
across prosthetic systems and can be incorporated into a simulation of prosthesis user response and virtual prosthetic 
design platforms. Future work involves modelling across the entirety of stance phase. 

REFERENCES 
1. Geil, M; 2002, JBiomech, 35; 2.  Klute, G; 2004, JRRD, 41(4); 3. Brunton, S; 2016, IFAC, 49(18); 4. Major, M; 

2022, PLOS One,17(1) 

ACKNOWLEDGEMENTS: This work was supported by the US DoD (Award #W81XWH-21-2-0007). It does not reflect 
positions of the US Government.  
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5.10.5 Effect of prosthetic stiffness on intact limb loading in a change of direction task 
Lewis-Alexander Burgess1, Laura Ritchie2,1, Siobhan Strike1 
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BACKGROUND 
Increased loading on the intact limb (IL) of people with transtibial amputation (PTTA) compared to that experienced by 
people without disability is thought to be related to the higher rates of overuse injury in the intact limb. In walking and 
running the increased loading on the IL has been associated with the reduced propulsion during push-off from the 
prosthesis [Morgenroth et al, 2011]. No research has been conducted on how the IL behaves in a change of direction 
(CoD) task. 

AIM 
The first aim of the research was to determine if the stiffness of the prosthesis influenced the loading on the IL. The 
second aim was to determine if there are differences in the load on the IL compared to controls. 

METHOD 
Data were collected during a controlled CoD task for 18 participants (9 PTTA, 9 matched controls) using motion capture 
integrated with a force platform. PTTA used a BladeXT prosthesis with their prescribed stiffness and 1 grade stiffer. 
Vertical ground reaction force peak (Fz) and the time from ground contact to 1 body weight (Fzs) plus the bodyôs vertical 
(vVPel) and horizontal velocity (hVPEL) at touchdown (TD) which are sensitive to the propulsive impulse by the prosthetic 
side were analysed by paired t-tests to assess the effect of prosthetic stiffness. The GRF variables were analysed to 
determine differences in load on the IL compared to controls using independent t-tests.   

RESULTS 
Changing the stiffness of the prosthesis affected horizontal velocity at TD and the loading rate on the IL. There was no 
difference in loading between the PTTA and Controls. 

Table 1. Mean (SD) loading and TD characteristics in the prescribed prosthesis and 1 category of stiffness higher; and the 
loading for the prescribed prosthesis compared to control. 

  Prescribed  Stiff 

Fz (N/kg) 24.5 (4.4) 24.0 (4.3) 

Fzs (s) 0.03 (0.007) 0.04  (0.007)* 

vVPel (mm/s) -519 (212) -424 (238) 

hVPEL (mm/s) 1734 (167) 1816 (152)* 

  Prescribed  Control 

Fz (N/kg) 24.5 (4.4) 21.6 (2.8) 

Fzs (s) 0.03 (0.007) 0.04  (0.01) 

*Indicates a significant difference at p<0.05 

DISCUSSION AND CONCLUSION 
When executing a controlled, low-velocity CoD task, changing the stiffness of the prosthesis altered the horizontal velocity 
at TD. This indicates the stiffness affected the propulsive capacity of the prosthetic limb. Increasing prosthetic stiffness led 
to reduced vertical loading rate. There was no evidence of higher load on the IL compared to matched controls. This is in 
contrast to movements such as running and walking. 

REFERENCES 
1. Morgenroth et al; 2011; Gait and Posture. 
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5.10.6 Predicting the effect of prosthetic alignment on knee moment using IMUs 
Gilmar F. Santos1, Carina Gempfer1, Marco Gustav1, Christof Hurschler1, Henning Windhagen2, Eike Jakubowitz1 

1Laboratory for Biomechanics and Biomaterials, Department of Orthopaedic Surgery, Hannover Medical School, 

Hannover, Germany. 2Orthopaedic Clinic in Diakovere Annastift, Hannover Medical School, Hannover, Germany 

BACKGROUND 
The gait of transtibial amputation patients is dependent on prosthetic setup and alignment. Inappropriate position of the 
prosthetic foot relative to the socket could lead to osteoarthritis or low back pain [1]. However, the interpretation of optimal 
prosthetic alignment is subjective [2]. The use of inertial measurement units (IMUs) in conjunction with machine learning 
allows the measurement outside the gait laboratory and could assist the prosthetist in finding the optimal prosthetic 
alignment. 

AIM 
The aim of this study is to use IMU measurements and machine learning to predict changes in knee moment caused by 
differences in prosthetic alignment. 

METHOD 
Motion capture data of eleven unilateral transtibial amputees walking at self-selected gait speed were collected and data 
from 5 IMUs were obtained. The amputees walked with optimized prosthetic alignment defined by a prosthetist 
(reference), eversion of prosthetic foot and 7 further alignment perturbations. The knee moment was calculated using 
inverse dynamics. A Long Short-Term Memory network was trained for the reference condition. The knee moment of the 
prosthetic side was predicted for the reference and eversion conditions of one patient using unseen IMU data as input. 
Statistically significant differences between conditions were analysed using statistical parametric mapping (SPM) paired t-
test (p<0.05). 

RESULTS 
The eversion of the prosthetic foot increased the knee rotation moment both in inverse dynamics and in prediction during 
the stance phase (Figure 1). However, SPM did not reveal significant difference in the peak knee rotation moment. 
Statistically significant differences were observed in the beginning of the gait cycle and during the swing phase for inverse 
dynamics. The decrease of knee rotation moment at the end of the gait cycle was predicted in our results, but to a lesser 
extent. The SPM of the prediction also showed a statistically significant difference in eversion condition at around 65% of 
the gait cycle, which was not observed in inverse dynamics (Figure 1).        

 

Figure 1. Knee rotation moment and SPM from inverse dynamics and prediction for reference and eversion conditions 

DISCUSSION AND CONCLUSION 
We were able to predict knee moment, but the network was not capable to predict all changes observed in inverse 
dynamics. Possible explanations are the inter-individual variability of amputees and a relatively small number of subjects, 
which may affect the neural network training. The results indicate that the IMU can be used to predict altered knee 
moments in transtibial amputees as a function of improper prosthetic alignments. 

REFERENCES 
1. Zhang T et al.; 2020. Gait Posture, 76: 85-91. 
2. Jonkergouw N et al.; 2016. PLoS One, 11(12): e0167466. 

ACKNOWLEDGEMENTS: The work was funded by the Bundesministerium für Wirtschaft und Energie (Germany) 
(ñVarioFitò no. 16KN089720).  
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Free paper session: Orthotics: Lower limb - Proximal and AFO 

5.11.1 The immediate effects of dorsiflexing the footplate of a rigid ankle-foot orthosis (AFO) 
on lower limb kinematics and user feedback 
Renad Albasri, Chris Cox, Craig Childs, Roy Bowers 

University of Strathclyde, Glasgow, United Kingdom 

BACKGROUND 
Rigid ankle-foot orthoses (AFOs) are widely used within clinical practice to address pathological gait. A literature review 
search illustrated AFO footplate variations are under investigated, despite this being a key design feature in AFO 
prescription. There are currently no studies investigating how dorsiflexing the footplate would affect lower limb kinematics 
and user feedback. 

AIM 
To evaluate the effects of dorsiflexing the footplate on hip, knee and ankle kinematics and user feedback. 

METHOD 
Healthy participants (n = 10) were provided with rigid AFOs with full-length footplates. Participants were tested under four 
test conditions: shoe-only, rigid AFO with 0° of dorsiflexion at the footplate, rigid AFO with 15° of dorsiflexion at the 
footplate and rigid AFO with 30° of dorsiflexion at the footplate. Data on hip, knee and ankle kinematics was obtained from 
midstance to pre-swing. User feedback was established through verbal free text comments and scoring the visual 
analogue scale. 

RESULTS 
The most preferred condition was the AFO with 15° of dorsiflexion at the footplate (n = 6), followed by the AFO with 30° of 
dorsiflexion at the footplate (n = 4), the least preferred condition was the AFO with 0° of dorsiflexion at the footplate (n = 
0). Participants described the dorsiflexed footplates as ómore naturalô, óeasier to walk inô and ósmootherô compared to the 
flat footplate. No statistically significant differences were observed; however, trends in hip, knee and ankle kinematics 
were identified. 

DISCUSSION AND CONCLUSION 
The most significant finding in this study is identifying 100% of the participants preferred a dorsiflexed footplate over a flat 
footplate. We recommend orthotists consider dorsiflexing the footplate of rigid AFOs as part of routine clinical practice. 
Further research is required to comprehend the effects of dorsiflexing the footplate on pathological gait and to determine a 
suitable prescription criterion. 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

135 of 400 

5.11.2 Prescription practices for rigid ankle-foot orthoses among UK orthotists 
Paul Charlton1, Nicola Eddison2, Michael Gandy3, Nachiappan Chockalingam2 

1Peacocks Medical Group, Newcastle Upon Tyne, United Kingdom. 2Centre for Biomechanics and Rehabilitation 

Technologies, Staffordshire University, Staffordshire, United Kingdom. 3Royal Wolverhampton NHS Trust, Staffordshire, 

United Kingdom 

BACKGROUND 
The authors recognize that the design of bespoke rigid AFOs should be tailored to the individual needs of each patient. 
However, there is a need to understand common clinical practice among orthotists as to the design of bespoke rigid AFOs 
for the adult, male population. This may help inform the production of guidelines for AFO prescription.  

AIM 
To investigate whether there is a consensus on baseline AFO design among UK orthotists.  

METHOD 
After necessary ethics and research governance approvals from Staffordshire University Research Ethics Committee, this 
cross-sectional online survey was distributed to UK orthotists by the British Association of Prosthetists and Orthotists to all 
its member orthotists (n = 334). The survey consisted of 25 questions, largely close-ended (n = 24) (see online 
supplementary file 1, http://links.lww.com/POI/ A95). The questions were based on a typical bespoke AFO specification 
form used by orthotic manufacturers, in addition to the knowledge of experienced clinicians and researchers. 

RESULTS 
A total of 100 survey responses were received. Seventy-one percent (n = 71) of the respondents said that they had a 
standard baseline prescription for adult bespoke rigid AFOs. Those who answered ñnoò (n = 29) were presented with a 
further open-ended question, which asked how they decided on the specifications for their AFOs. AFO material and 
reinforcements Fifty-one percent (n = 51) of the respondents chose 4.5 mm copolymer polypropylene as the material from 
which to fabricate the AFO. Other responses included 3 mm (n = 4) and 6 mm (n = 5) copolymer polypropylene and 4 mm 
(n = 1), 4.5 mm (n = 20), 5 mm (n 5 1), and 6 mm (n = 4) homopolymer polypropylene. One participant chose carbon fiber.  

DISCUSSION AND CONCLUSION 
Respondents had varying levels of orthotic experience, ranging from less than 1 year (n = 6), 2ï5 years (n = 25), 6ï10 
years (n = 25), 11ï15 years (n = 15), to more than 15 years (n = 31). The results indicate a clear consensus of a baseline 
prescription for AFO design for an adult male, as described in this study.   

REFERENCES 
1. Eddison N, Mulholland M and Chockalingam N. Do research papers provide enough information on design and 

material used in ankle foot orthoses for children with cerebral palsy? a systematic review. J Child Orthop 2017.  

ACKNOWLEDGEMENTS: The authors would like to thank all participants who responded to this survey in addition to 
their clinical work. 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

136 of 400 

5.11.3 Optimization of the design of rigid ankle foot orthoses (AFOs) 
Panagiotis Chatzistergos1, Nicola Eddison1,2, Nachiappan Chockalingam1 

1Staffordshire University, Stoke on Trent, United Kingdom. 2The Royal Wolverhampton NHS Trust, Wolverhampton, 

United Kingdom 

BACKGROUND 
Currently, there are no guidelines which dictate how an AFO prescribed to be rigid should be designed to ensure it is rigid 
enough to do the job it is designed to do [1]. Material thickness and the design of reinforcing features can significantly 
affect AFO stiffness. However, their effect on AFO stiffness is not quantified and thus remains poorly understood.  

AIM 
To quantify the effect that AFO thickness and the design of reinforcing features have on AFO stiffness and to set the basis 
for quantitative guidelines for the design optimisation of rigid ankle AFOs.  

METHOD 
A polypropylene AFO was produced according to UK standard practice and its stiffness was experimentally measured for 
30Nm [2] of dorsiflexion (Figure 1a). Its geometry and mechanical characteristics were utilised to create a finite element 
(FE) model of a typical rigid AFO. Following validation, the model was used to quantify the effect of material thickness and 
reinforcement design (i.e., reinforcement placement and length) on stiffness. A final set of AFO samples were produced to 
experimentally confirm key findings. 

RESULTS 
AFO stiffness decreased linearly with thickness down to a thickness of 3.60mm (Figure 1b). Further thinning after this 
point led to buckling for the same external load and thus to a substantial further reduction in stiffness. With regards to the 
placement of reinforcement elements, FE modelling showed that stiffness is maximised when reinforcements are placed 
at the anterior-most position possible. These key findings were experimentally confirmed. The stiffness of an AFO 
reinforced according to standard practice with lateral and medial ribbing was 4.4Nm/deg±0.1Nm/deg. Instructing the 
technician to move the riggings anteriorly increased stiffness by 22%. Further stiffening is achieved by ensuring they 
extend from the footplate to at least two-thirds of the AFOôs total height. 

 

DISCUSSION AND CONCLUSION 
There is a threshold of thickness below which the AFO cannot effectively resist flexion and it buckles (figure 3). For the 
reference AFO and for the loading conditions studied here this threshold was 3.6mm. Reinforcement elements should be 
placed at the anterior-most position that is possible and they extend from as close to the footplate to at least two-thirds of 
the AFOôs total height.  

REFERENCES 
1. Eddison et al.; 2022, Foot. 2022 Mar;101924 ; 2. Fatone et al.; 2020, J Prosthetics Orthot. 34(1):2ï7 

ACKNOWLEDGEMENTS: The authors would like to thank Peacocks Medical Group for the provision of AFO samples. 
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5.11.4 The effect of offloading knee braces on pain 
Mariam Hussain 

Sandwell and West Birmingham NHS Trust, Birmingham, United Kingdom 

BACKGROUND 
Knee Osteoarthritis (OA) is a degenerative disease. The pathological changes contribute to pain and inflammation. This 
can have an adverse effect on quality of life impacting both physical and psychological parameters. OA management aims 
to control knee pain, improving function and quality of life. Inactivity and disuse can compound joint damage as the 
absence of mechanical loading induces further cartilage degeneration, highlighting the importance of activity. Offloading 
knee braces can be used to reduce pain, permitting increased pain-free activity. 

AIM 
This pragmatic review looks at the effect of offloading knee braces use on pain. 

METHOD 
Between 1st April 2021 and 31st March 2022, patients were referred into the Orthotics department at Sandwell General 
Hospital via Trauma and Orthopaedic consultants, physiotherapists and GPs. To quantify patient's pain the Oxford Knee 
Score (OKS) was used. This was developed to categorise patients suffering with OA in their knees, giving a score out of 
48. It allowed the comparison before and after intervention. At the initial assessment an OKS was taken. Six weeks 
following the supply of an offloading knee brace another OKS was taken over the phone. 

RESULTS 
138 patients were provided with offloading knee brace(s). Bilateral braces were counted as one patient. Out of 138, 110 
results were collected. The OKS for the 110 patients used in the sample were representative of the 138. 28 could not be 
contacted for the planned review; these patients were representative.  

85% reported an improvement of OKS, reduction in pain. 90% reported an improvement in stability and that they could 
walk for longer without pain, permitting increased activity. 

There was no relationship between the initial OKS and the degree of pain reduction, suggesting that offloading knee 
braces are appropriate for different pain levels and OA severities. 

17 from 110 patients reported rubbing. Five were resolved with five with further fitting guidance. 12 patients required an 
alternative brace. 

Three patients presented with more pain, not related to rubbing, therefore discontinued use.  

 

DISCUSSION AND CONCLUSION 
Overall, patients reported a reduction in knee pain and increased stability when mobilising with an offloading knee brace. 
It should be noted that the review took place during a period when other treatments could have been occurring 
simultaneously. The six week follow up period helped overcome this and represents Orthotic specific results; however the 
pragmatic approach of this review is reflective of actual clinical practice, and highlights the benefits of offloading knee 
braces 
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5.11.5 Effect of two types of ankle foot orthosis on thoracic and pelvic movements of patients 
with stroke during gait 
Hua LING1, Sumiko Yamamoto2 

1China Rehabilitation Science Institute, Beijing, China. 2International University of Health and Welfare, Tokyo, Japan 

BACKGROUND 
Impairments of trunk movements in the gait of stroke are often reported. Ankle foot orthosis (AFO) is commonly used to 
improve the gait of stroke, however, the effect of different types of AFOs on the thorax and pelvis during the gait of stroke 
has not been clarified. 

AIM 
This study aimed to investigate the effect of different designs of the AFOs on the gait of stroke from the perspectives of 
thoracic and pelvic movements through clinical trials. 

METHOD 
Thirty-four patients with stroke were randomly allocated to undergo 2 weeks of gait training by physiotherapists while 
wearing a rigid AFO (RAFO) with fixed ankle or an AFO with an oil damper (AFO-OD) that provides plantarflexion 
resistance and free dorsiflexion. A motion capture system was used to measure shod gait without an AFO at baseline and 
after training with and without the allocated AFO. Two-way repeated ANOVA, Wilcoxon signed-rank test, and Mann-
Whitney U test were performed for the data after the gait training to know the effect of different kinds of AFOs. 

RESULTS 
Twenty-nine patients completed the study (AFO-OD group: 14, RAFO group: 15). Interactions were found in pelvic 
rotation angle, change of shank vertical angle (SVA) in stance, and paretic to non-paretic step length, which all were 
increased in AFO-OD group (p<0.05), the SVA decreased in RAFO group (p<0.05). Main effects were found in pelvic 
rotation at contralateral foot off, and thoracic tilt at foot off when an AFO was worn. SVA was positively correlated with 
pelvic rotation in AFO-OD group (r=0.558), with pelvic tilt at contralateral foot off (r= 0.670), and with pelvic tilt at initial 
contralateral contact (r= 0.568) in RAFO group. At initial contact, pelvic rotation was positively correlated with thoracic 
rotation in both groups. See Figure 1 for more details. 

 

DISCUSSION AND CONCLUSION 
This randomized controlled trial assessed the effect of a rigid AFO, which relatively stopped both dorsiflexion and 
plantarflexion, and the AFO-OD which generated plantarflexion and enabled free dorsiflexion on gait of stroke. Pelvic 
rotation and lower limb kinematics exhibited significant improvements with AFO-OD, reflecting more desirable gait 
performance. On the other hand, the increase in thoracic in-phase rotation might expose the effect of insufficient trunk 
control and dissociation movement. 
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5.11.6 Optimizing KAFO fittings: What is the effect of different orthotic ankle joints? 
Thomas Schmalz1, Malte Bellmann1, Sophia Rauch2, Andreas Kannenberg3 

1Ottobock SE & Co KGaA, Clinical Research and Services / Biomechanics, Göttingen, Germany. 2Private University 

Göttingen, Göttingen, Germany. 3Otto Bock Health Care LP, Austin, USA 

BACKGROUND 
Conventional orthotic ankle joints (CAJ) allow a limited dorsi- and plantarflexion restricted by stops. A group of novel 
orthotic ankle joints enables both an adjustable control of dorsiflexion and plantarflexion as well as an increased range of 
motion (ROM). This novel generation of orthotic ankle joints is well established in AFO fittings [1,2]. However, there is only 
little data on the patient benefits in KAFOs [3].  

AIM 
In the present study, the aim was to evaluate the biomechanical effects of the new orthotic ankle joint generation in 
KAFOs. 

METHOD 
Five patients, fitted unilaterally with a microprocessor-controlled KAFO (C-Brace) and having previous experience with the 
SCO E-MAG Active were enrolled in the study (3male, 2female, 48±16 years, 171±9 cm, 81±20 kg). In the investigation, 
the orthotic ankle joint Nexgear Tango (NGT) representing the novel generation was tested. Its modular construction 
allows for configuring it as a CAJ or NGT. Four orthotic configurations (C-Brace and E-MAG Active with NGT and CAJ) 
were analysed biomechanically during level walking, short steps, ascending and descending ramps (10 deg), and 
standing on inclines. Kinematic data were measured with an optoelectronic system (VICON) coupled with two force plates 
(KISTLER).  

RESULTS 
During level walking with NGT, significantly increased mean maximal dorsiflexion angles were measured (+7.1° for C-
Brace, +7.6° for SCO, p<0.05). The orthotic side mean external peak extension moment at mid stance was slightly 
reduced by 0.12 Nm/kg for both KAFOs. During ascending ramps, the mean maximal dorsiflexion with NGT was 
significantly increased (+8.7° for C-Brace, +11.4° for SCO, p<0.05), together with an improved ratio between decelerating 
and accelerating horizontal ground reaction forces and reduced external knee peak extension moment (-0.16 Nm/kg for 
C-Brace, -0.24 Nm/kg for SCO). During descending ramps, the motion pattern was dominated by the orthotic knee joint 
principle. For biomechanics during uphill standing, an increased dorsiflexion (+4°, p<0.05) with NGT was found for both 
KAFOs, combined with a more regular lower limb loading.    

DISCUSSION AND CONCLUSION 
The increased and controlled dorsiflexion with NGT may enable an improved roll-over behaviour of the orthotic limb with 
easier swing phase initiation independent of the KAFO principle. In SCOs, increased reliability of switching from locked 
into unlocked state can be expected. 

The novel ankle joint principle may improve the functionality of KAFOs, especially in more difficult motion patterns. 
Therefore, the new principle represents an additional option to optimize individual KAFOs. 

REFERENCES 
1. Kerkum, Y.L. et al. Plus One 2015. doi:10.1371/journal.pone.0142878  
2. Kobayashi, T. et al. Clinical Biomechanics 2018. doi:10.1016/j.clinbiomech.2018.08.003  
3. Schmalz, T. et al. Prosthetics Orthotics International 2019.  doi:10.1177/0309364614546524  
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Free paper session: Paediatrics - Orthotics  

5.12.1 Effect of orthoses on balance in children with cerebral palsy: Solid AFO versus ankle-
foot orthoses footwear combination 
Kristie Bjornson1,2, Stefania Fatone2, Michael Orendurff3, Chuan Zhou1, Garth Shippen4 

1Seattle Children's Research Institute, Seattle, USA. 2University of Washington, Seattle, USA. 3Oregon Biomechanics 

Institute, Ashland, USA. 4Hanger Clinics, Bellevue, USA 

BACKGROUND 
Ankle Foot Orthoses (AFO) are a fundamental rehabilitation strategy to facilitate balance and walking in children with 
cerebral palsy (CP), yet reviews [1,2] suggest that efficacy of the solid AFO (SAFO) with 90-degree alignment remains 
equivocal. A novel decision tree of orthotic prescription proposes a patient-specific method for adjusting AFO alignment 
and integrating footwear modifications (Ankle Foot Orthoses-Footwear Combinations, AFO-FC [3].  

AIM 
The purpose of this study was to examine the effect of the AFO-FC approach on balance as compared to the SAFO (with 
uniform alignment and without shoe modifications) in children with CP. 

METHOD 
A randomized cross-over study. Inclusion criteria: bilateral spastic diplegia, Gross Motor Function Classification System 
(GMFCS) II or III, abnormal leg segment alignment during stance, sufficient calf muscle length/tone for 90-degree ankle 
dorsiflexion, triplanar midfoot bony alignment, and 4 to <10 years of age. 19 children with CP were recruited and 
randomized to SAFO (n=10) or AFO-FC (n=9) and followed for 3 months. Average age was 6.9 (4.2ï9.8) years, GMFCS 
levels II (15) and III (4), and 15 were male. AFOs were fabricated at the same lab, cast/fit by the same orthotist, and wore 
consistent footwear modified per group. Pediatric Balance Scale (PBS) was administered with devices/shoes. 

RESULTS 
Baseline total PBS scores were similar at 32.7 
(SD 10.6) and 31.5 (15.8) (p=0.84) for the 
AFO-FC and SAFO groups, respectively. After 
wearing assigned devices for 3 months, the 
AFO-FC group had significantly increased 
total scores compared to the TSAFO group 
[45.5 (13.5) vs.35.0 (16.7), p=0.03, Figure 1]. 

DISCUSSION AND CONCLUSION 
Results suggest that the AFO-FC approach 
had a positive effect on balance in ambulatory 
children with spastic diplegic CP as compared 
to SAFOs. Documented AFO-FC improvement 
is 2 times the PBS Minimal Clinically Important 
Difference (MCID) of 5.8, while the change in 
total score for SAFO did not reach the MCID. 
Simple clinical outcomes of balance have 
potential to inform orthotic management and 
should be interpreted along with patient/parent 
reported and community-based outcomes. 

REFERENCES 
1. Neto et al. Ped Phys Ther. 2012.  
2. Aboutorabi et al., Ann Phys Rehab 

Med. 2017.  
3. Owen E. Prosthet Orthot Int. 2010. 

ACKNOWLEDGEMENTS: Funded by NIH (Award #R21HD094823). https://clinicaltrials.gov/ct2/show/NCT0375671 

  

Figure 1. Pediatric Balance Scale (PBS) total scores at baseline 
and after 3 months of wear for the Ankle Foot Orthosis-Footwear 
Combination (AFO-FC) and Solid Ankle Foot Orthosis (SAFO) 
groups 
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5.12.2 Gait Outcomes Assessment List (GOAL): Randomized trial of orthotic management in 
ambulatory cerebral palsy 
Kristie Bjornson1,2, Stefania Fatone2, Michael Orendurff3, Chuan Zhou2, Garth Shippen4 

1Seattle Children's Research Institute, Seattle, USA. 2University of Washington, Seattle, USA. 3Oregon Biomechanics 

Institute, Ashland, USA. 4Hanger Clinics, Bellevue, USA 

BACKGROUND 
Ambulatory children with Cerebral Palsy (CP) demonstrate altered lower limb biomechanical alignment in walking, 
experiencing activity limitations that negatively influence their ability to participate in daily life. A fundamental strategy to 
facilitate walking in children with CP are Ankle Foot Orthoses (AFO), however reviews [1,2] suggest equivocal evidence 
for efficacy of the solid AFO with 90-degree alignment. A patient specific algorithm of orthotic prescription [3] proposes a 
method for AFO alignment combined with footwear modifications (Ankle Foot Orthoses-Footwear Combinations, AFO-
FC).  

AIM 
This study examined the effect of the AFO-FC on parent-reported gait priorities and functional mobility compared to the 
SAFO (with uniform alignment and without shoe modifications). 

METHOD 
A randomized cross-over study design. Inclusion criteria: bilateral spastic diplegia, Gross Motor Function Classification 
System (GMFCS) II or III, abnormal leg segment alignment during stance, sufficient calf muscle length/tone for 90-degree 
ankle dorsiflexion, triplanar midfoot boney alignment, and 4 to <10 years of age. 19 children with CP were randomized to 
SAFO (n=10) or AFO-FC (n=9) and followed for 3 months. Average age was 6.9 (4.2ï9.8) years, GMFCS levels II (15) 
and III (4), and 15 were male. AFOs were at the same lab, cast/fit by the same orthotist, and consistent footwear (Figure 
1). Parents completed the Gait Outcomes Assessment List (GOAL). 

RESULTS 
Results suggest that the AFO-FC approach, 
as compared to SAFO, has a significant 
positive effect on parent report of overall gait 
priorities and functional mobility in ambulatory 
children with spastic diplegic CP. Physical 
activity domain and total score increased 1 to 
2 times more than the mean absolute 
differences of 5 for the test-retest GOAL. AFO-
FC approach should be considered in the 
orthotic management of ambulation in children 
with CP. Parent-reported outcomes have 
potential to inform orthotic management and 
should be interpreted along with clinic and 
community outcomes. 

DISCUSSION AND CONCLUSION 
Results suggest that the AFO-FC approach, 
as compared to SAFO, has a significant 
positive effect on parent report of overall gait priorities and functional mobility in ambulatory children with spastic diplegic 
CP. Physical activity domain and total score increased 1 to 2 times more than the mean absolute differences of 5 for the 
test-retest GOAL. AFO-FC approach should be considered in the orthotic management of ambulation in children with CP. 
Parent-reported outcomes have potential to inform orthotic management. 

REFERENCES 
1. Neto et al., Ped Phys Ther. 2012.;  
2. Aboutorabi et al., Ann Phys Rehab Med. 2017;  
3. Owen E. Prosthet Orthot Int. 2010. 

ACKNOWLEDGEMENTS: Funded by NIH Award #R21HD094823. https://clinicaltrials.gov/ct2/show/NCT0375671. 

  

Figure 1. AFO-FC with shoe modifications and SAFO without shoe 
modifications. 
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5.12.3 Effectiveness of cranial orthoses in recovery of plagio and brachycephaly 
Sara Marques, Paulo Oliveira, Mariana Maia 

MGOrtopedia, Porto, Portugal 

BACKGROUND 
The number of babies with some sort of cranial pathology as increased, due to gestational or positional 
reasons (Headlines, 2002), these pathologies can be classified as plagiocephaly, brachycephaly, scaphocephaly, and 
trigonocephaly (dP, 2005). In such cases itôs usual to prescribe cranial orthoses, however the efficiency of these is still 
widely discussed between physicians who require studies to confirm it.  In this study we present data relative to patients 
with brachy and plagiocephaly that use cranial orthoses. 

AIM 
To demonstrate the efficiency of cranial orthoses in aiding recovery of plagio and brachycephaly. Bring the values of CI 
and CVAI as close as possible to their recommended values, CI value being used in brachycephaly and CVAI value in 
plagiocephaly. 

METHOD 
The size of the anteroposterior (AP), mediolateral (ML), diagonals and perimeter of the cranium of six babies who use 
cranial orthoses were registered. These measurements were obtained by using Rhino 7 CAD CAM software after a 3D 
scan with the EinScan H scanner. 

Through these measurements, the values of Cranial Index (CI), Cranial Vault Asymmetry Index (CVAI) and asymmetry 
were calculated using the following equations: 

¶ CI= ML*100/AP 

¶ CVAI=(Diagonalmajor-Diogonalminor/Diagonalmajor)*100 

¶ Asymmetry= Diagonalmajor-Diagonalminor  
These measurements were gathered over multiple months to better compare the evolution of the patient cranium, for this 
study there were only considered patients who use the orthoses for at 
least 5 months. 

RESULTS 
Of the 6 patients from which the measurements were taken, 2 of them 
suffered from plagiocephaly and 4 from brachycephaly.  In plagiocephaly 
the patients showed an average improvement of 0.55% and 0.08% per 
month on its CVAI (main measure of plagiocephaly improvement). 
Improvements are visible in the charts below. 
As for the four remaining patients, they all had cases of brachycephaly, 
with one of them having acute case at 99% CI.  These patients showed 
an average improvement of 0.25%, 0.23%, 0.41% (corresponding to the 
patient with 99%CI) and 0.70%. Thus, the mean CI monthly rate in all 
patients was -0,34434% while CVAI was -0,03614%. 

DISCUSSION AND CONCLUSION 
Through these results we can conclude that there were improvements in 
all patientsô conditions, even though the rate of development being 
completely different from patient to patient. These differences can be 
explained by such factors as parentsô compliance to the orthosis, 
individual growth and the CI/CVAI percentage at the beginning. This 
study lacks a bigger patient pool as well as a control group. 

REFERENCES 
1. dP (2005). Description and clinical signs and symptoms of the main forms of simple craniosynostosis. Rivista di 

Neuroradiologia.  
2. Headlines (2002) - Craniofacial Support No 1 - What causes Craniosynostosis? A general discussion, with a 

focus on genetic aspects (syndromes).  
3. Mark A Holowka (2017). Plagiocephaly Severity Scale to Aid in Clinical Treatment Recommendations. 
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5.12.4 Bracing Complications in Congenital Talipes Equinovarus 
Carrie Kollias, Ellen Neville, Leah McLachlan, Sharon Vladusic 

The Royal Children's Hospital, Melbourne, Australia 

BACKGROUND 
Congenital Talipes Equinovarus (CTEV) is a developmental disorder that involves one or both feet fixed in plantarflexion 
and supination. The Royal Childrenôs Hospital (RCH) has utilised the Ponseti method since 2003, which involves serial 
casting, heel cord tenotomy and boots and bar wear until the age of 4years. At present there is a lack of short to medium 
term studies in the CTEV population that cover casting, surgical interventions, and brace fitting complications. 

AIM 
At present there is a lack of short to medium term studies in the CTEV population that cover casting, surgical 
interventions, and brace fitting complications. 

METHOD 
Subjects: 984 charts reviewed; 279 patients included. 

Apparatus: Retrospective analysis of medical files from RCH CTEV patients. Chart reviews performed between October 
2021- April 2022. 

Procedure: Clearly defined brace fitting complications where identified pre-audit and agreed on by all clinicians.  

Descriptive statistics and the Chi square test were used to analyse brace fitting complications and requirements for 
subsequent surgery. 

RESULTS 
Brace fitting complications were identified in 51.42% with no significant difference between Mitchell and Markell boots. 
The rate of pressure sores was statistically significant between the two boots with Mitchell boots at 22.9% vs Markell's at 
12.6% (p=0.0009). 19.8% of patients required brace changes, of those 57% were outside the Ponseti brace protocol. 
There were 13% of children who had behavioral intolerance which led to premature abandonment of bracing. 

Parental non-compliance was found to be 33.2%. This resulted in 31.2% of the total population requiring re-casting. 

Tibialis tendon transfer (TATT) rate for those aged 6+ was 44%. Patients with parents refusing to apply the boots and bar 
or admitting to non-compliance with the recommended hours were significantly more likely to require this surgical 
procedure (OR=2.3). 

Lost to follow-up rates: 0-4 years old: 23.9%, 4-10 years old: 32.5%. 

DISCUSSION AND CONCLUSION 
Bracing complications are common in the CTEV population at The Royal Childrenôs Hospital. Pressure sores more 
commonly affected patients treated in the Mitchell boot.  

Non-compliance doubles the patient's chance of requiring a tibialis anterior tendon transfer. The reported rate of a TATT is 
from 11% [1] - 53% [2]. Our rate of TATT was 44%. 

This study has improved the education provided to the CTEV population and has highlighted the need for improved 
departmental processes. 

REFERENCES 
1. Jeans KA; 2018. Functional Outcomes Following Treatment for Clubfoot.  
2. Cooper DM; 1995. Treatment of idiopathic clubfoot. A thirty-year follow-up note.   
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5.12.5 Reliability and validity of assessing lower limb muscle architecture of patients with 
cerebral palsy using ultrasound: a systematic review 
Liu Wei, Wu Huidong, Yan To Ling, Queenie Tsung Kwan Shea, Christina Zong-Hao Ma 

The Hong Kong Polytechnic University, Hong Kong, China 

BACKGROUND 
Abnormalities of lower-limb muscle architecture have been typical characteristics in patients with cerebral palsy (CP), 
which were associated with an individualôs locomotion ability. A comprehensive understanding of muscle architecture 
could facilitate appropriate treatment decision-making for patients with CP. While numerous studies have documented the 
application of ultrasound imaging in assessing the muscles of CP patients, a structured overview of its reliability and 
validity has been lacking. 

AIM 
To systematically review the reliability and validity of the architecture measurements of lower-limb muscles obtained using 
clinical ultrasound in patients with CP. 

METHOD 
Databases of Medline, PubMed, Cochrane library, Web of Science, ScienceDirect, and Embase were systematically 
searched with the keywords ñcerebral palsyò, ñmuscleò, and ñultrasoundò on 30th August 2022. English articles were 
selected if assess the reliability and/or validity of architecture measurements of lower-limb muscle obtained from 
ultrasound in CP patients. Two reviewers independently extracted relevant data and assessed the methodological quality 
of the included articles using the criteria appraisal instrument. The data were analysed and synthesized qualitatively. 

RESULTS 
Among the eleven selected articles, most focused on the gastrocnemius of CP children aged 3.8-12.1 years and did the 
ultrasound assessment in a position with the muscle resting. Five selected studies were of high quality, including two 
investigating inter-rater reliability, one analysing intra-&inter-rater reliability, and two focusing on validity. Nine and three 
selected studies focused on reliability and validity analyses, respectively. The ultrasound measurements of muscle 
thickness (intra-), muscle length (intra-&inter-), cross-sectional area (intra-&inter-), muscle volume (intra-&inter-), fascicle 
length (intra-&inter-), and pennation angle (intra-&inter-) showed high reliability, with most of intraclass correlation 
coefficient values > 0.9. Moderate-to-excellent correlations between ultrasound and magnetic resonance imaging 
measurements were observed for muscle thickness, cross-sectional area, and muscle volume (correlation 
coefficient=0.62-0.99). Most of these findings were supported by a limited level of evidence. 

DISCUSSION AND CONCLUSION 
Ultrasound presented high reliability and validity in the architectural assessment of lower-limb muscles in patients with CP, 
which, however, were supported mainly by a limited level of evidence. More high-quality reliability-validity studies on CP 
are needed. Nevertheless, ultrasound has the potential to serve as a useful tool for the assessment of muscle and 
ultimately facilitate the clinical management of patients with CP. 

REFERENCES 
1. Maenner, M. J. et al. Prevalence of cerebral palsy and intellectual disability among children identified in two U.S. 

National Surveys, 2011-2013. Ann Epidemiol 26, 222-226, doi:10.1016/j.annepidem.2016.01.001 (2016). 
2. Graham HK, Rosenbaum P & Paneth N. Cerebral palsy. Nat Rev Dis Primers 2, 15082 (2016). 
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Free paper session: Prosthetics: Lower limb - Osseointegration methods and 
techniques 

5.13.1 The worldôs first steps on Transcutaneous Pelvic Osseointegration ï A case series of 
prosthetic management in hip disarticulation with osseointegration. 
Marta Geada1, Warrick Heald2 

1APC Prosthetics, Sydney, Australia. 2Osseointegration International, Sydney, Australia 

BACKGROUND 
Hip disarticulation Amputees (HDAs) are rare, comprising only 1ï3% of all lower limb amputees (1). Regardless of the 
presence of comorbidities, only 10ï35% are able to walk with a hip prosthesis (2). Given the low numbers of patients, 
solutions for the ones that wish to increase mobility are scarce. We were presented with a series of hip disarticulation with 
osseointegration cases and had to develop a prosthetic approach to extend functionality in daily life of these individuals. 

AIM 
In this paper we aim to report the development of the process of designing the prosthetic attachment, fitting and functional 
outcomes in these rare cases of hip disarticulation with osseointegration. 

METHOD 
Document 3 patients with hip disarticulation and osseointegration, of whom 1 had necrotizing fasciitis, 1 traumatic 
amputation and 1 infection. In 2 patients the operation was done as the first definitive procedure. All patients completed a 
minimum of 6weeks static loading prior prosthetic intervention. 
We divided our approach in 4 phases and analysed them chronologically. 

¶ Phase 1- Initial fitting and static alignment. First 3D prototype Pelvic Angle Connection (PAC) linking prosthetic 
hip joint to osseointegration abutment. 

¶ Phase 2 ï Dynamic alignment and mobility training. Design adjustments in prototype and fitting with aluminium 
PAC. 

¶ Phase 3 ï Fitting definitive prosthesis including bespoke designed PAC in titanium. 

¶ Phase 4 ï Follow up/planning ongoing care. 

RESULTS 
In addition to hip disarticulation and osseointegration, the first case had a transtibial amputation with osseointegration on 
the contralateral side. It was the first bilateral case with osseointegration at the pelvic level and contralateral amputation 
case documented in the world. There were no guidelines and a trial and error approached was challenging on all levels. 

The process of developing the PAC was long and challenging but allowed to establish a new way to approach prosthetic 
treatment options at this amputation level.  All 3 patients were able to use a prosthesis to complete daily activities such as 
self-care, housework, participate in the community using a prosthesis and walking aids: (n=2) 2 crutches, (n=1) 1 crutch. 
One patient uses his prosthesis to do his farm work and one was able to achieve her ultimate goal of returning to 
horseback riding!  

DISCUSSION AND CONCLUSION 
Fitting prosthesis to hip disarticulation amputees with osseointegration successfully is possible and undoubtedly one of 
the most demanding tasks in lower limb prosthetics. This experience has shown that it can be done successfully. Major 
points for success were patient motivation, multidisciplinary team approach and high level of commitment from all parties 
involved. There are still future improvements to be implemented and we are looking forward to continual learning to 
improve patient mobility outcomes. 

REFERENCES 
1. Mizuochi K, Epidemiology of lower limb amputation, J Rehabil Med, 2018; 2. Jain R et al., Outcome after 

disarticulation of the hip for sarcomas. Eur J Surg Oncol, 2005; 3. Unruh T., et al, Hip disarticulation. An 11-year 
experience. Arch Surg. 1990 

ACKNOWLEDGEMENTS: We would like to thank our patients, who pushed us thinking outside the box to find solutions 
and inspire us!
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5.13.2 Six-Dimensional Failure Envelope for Osseointegrated Bone-Implant Construct 
Hans Gray, Ryan Tiew, Dale Robinson, David Ackland, Peter Lee 
 

Department of Biomedical Engineering, University of Melbourne, Melbourne, Australia 

BACKGROUND 
Osseointegrated implants have several advantages over sockets when used to attach a prosthetic limb to an amputated 
femur. However, these implants are associated with a high rate of femoral fractures (5% within 12 months) [1]. A well-
designed fail-safe device (weak link) that sits between the prosthetic limb and osseointegrated implant may reduce the 
fracture rate. To design such a device it is imperative to be able to differentiate between safe and unsafe loads for the 
bone-implant construct.   

AIM 
We aimed to quantify all loading combinations of forces and moments that, when applied on the osseointegrated implant, 
were just sufficient to fracture the femur ï thereby creating a novel 6-dimensional failure envelope.  

METHOD 
A patient-specific finite element model of one right femur with an osseointegrated implant was created from CT data 
(details in [2]). A set of 116,444 six-dimensional (6D) unit vectors defined unique linear combinations of three moment and 
three force components that were applied to the distal end of the implant. The force and moment components were scaled 
up gradually until the femur fractured. Femoral fracture was assumed when the volume of contiguous failed elements 
reached 350 mm3 [3]. 

RESULTS 
A 6-Dimensional failure envelope with 116,444 points defining its surface was generated in 25 hours of computing time 
(Fig. 1). The bone-implant construct was more than three times stronger under forces in the superior-inferior direction than 
under forces in the transverse plane. It was also twice as strong under bending moments as it was under torsional 
moments applied at the distal end of the implant. 

 
Figure 1. The six-dimensional (6D) failure envelope for the amputated femur with an osseointegrated implant. Box A ï 
three views of the 3D envelope for the sagittal plane. Box B ï three views of the 3D moment envelope. Box C ï three 
views of the 3D force envelope. Units: 1 BW = 1 Body Weight = 814 N, 1 BWK = 1 Body Weight applied laterally at the 
Knee = 125 Nm. 

DISCUSSION AND CONCLUSION 
The methods used in this study were capable of generating a failure envelope within a reasonable computing time frame 
(25 h) and gave comprehensive information about the strength of the bone-implant construct. A limitation of the proposed 
method is that the modelling needed to be linear and therefore assumed complete osseointegration between the implant 
and bone. 

REFERENCES 
1. J. S. Hoellwarth et al.; 2020, Bone Jt. J., vol. 102 B, 162ï169; 2.  D. L. Robinson et al. ; 2020, Clin. Biomech., vol. 

73, 201ï212; 3.  W. B. Edwards et al.; 2012, Med. Eng. Phys., vol. 34, 290ï298 

ACKNOWLEDGEMENTS: Australian Research Council, Blatchford UK 
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5.13.3 Press-Fit Osseointegrated Reconstruction and Rehabilitation of Above Knee Amputees 
- Minimum 5-year Follow-up 
William Lu1,2, Atiya Oomatia1,2, Munjed Al Muderis1,2,3 

1Osseointegration Group of Australia, Sydney, Australia. 2Macquarie University, Sydney, Australia. 3Notre Dame 

University, Sydney, Australia 

BACKGROUND 
Osseointegration has been established as a promising approach for the reconstruction of amputated limbs, particularly for 
amputees suffering from problems related to the traditional socket-mounted prosthesis (TSP). While Osseointegration was 
originally developed with a screw fixation design, several Osseointegration devices adopting a modern press-fit design 
have also been introduced. In this study, we report on the medium-term outcomes among 93 patients rehabilitated with 
the two most common press-fit osseointegration implant used worldwide.  

AIM 
This study reports on the 5-year outcomes among 93 patients rehabilitated with the two most common press-fit 
osseointegration implant used worldwide.  

METHOD 
This is a cross-sectional analysis of an ongoing clinical database containing a cohort of Osseointegration patients treated 
in several centres worldwide. We analysed a total of 93 patients with an average follow-up time of 6.52 years (range 5.01-
10.54). Patients with unique customized implants were excluded. Functional, Quality of Life Outcomes and patient 
surveys were collected during follow-up and analysed referencing hospital records. All postoperative adverse events 
(infection, revision surgery, fractures, and implant failures) were also analysed.  

RESULTS 
Crude analysis of the data indicated that all 93 patients continue to use their osseointegrated prosthesis. Significant 
improvements for all outcome measures were detected compared to pre-operative conditions. However, several adverse 
events including 19 implant revisions, 8 periprosthetic fractures and 43 surgical debridement interventions due to deep 
infection were also reported where 12 patients underwent multiple debridementôs. A detailed analysis was performed on 
each adverse event type to evaluate possible causes.  

DISCUSSION AND CONCLUSION 
At 5 years post-surgery, Osseointegration continues to provide amputees with improvements on function and quality of life 
which were previously unattainable via the socket-mounted prosthesis. This represents a great improvement over the 
50% abandon rate commonly reported with the TSP. However, the benefits are accompanied with a relatively high risk of 
adverse events. Further research in standardizing clinical practice and the development of better implant may offer a 
reduction to these risks.  
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5.13.4 An FE Model Investigating the Bone-implant Interface of Osseointegrated Prosthetics to 
better Understand how Forces are Transferred under Loading 
Tiereny McGuire, Anthony M J Bull 

Imperial College London, London, United Kingdom 

BACKGROUND 
Osseointegrated prostheses (OIP) represent a viable solution to the issues faced by transfemoral amputees using socket-
based attachment methods. The bone-anchored fixation method enables loads to be transferred through the 
musculoskeletal system directly, circumventing the need for a socket. Mechanical complications such as bone fracture, 
loosening, and implant failure represent a barrier to OIP success - it is important to understand the mechanical profiles of 
these implants under loading and how it affects the anatomical health of users. 

AIM 
To simulate the bone-implant interface under loading using a 3D finite element (FE) model and quantify force distribution. 
Produce hypotheses on bone remodelling and implant failure to inform implant design and rehabilitation protocols. 

METHOD 
Eight femur models (4 female) were generated from healthy adult CT scans and material properties extracted from 
grayscale values. Bone-implant assemblies were formed as 3D FE models (minimum element size 3mm) and the bone 
subdivided into seven Gruen Zones (GZ). The model was fixed proximally and a static load from the literature applied at 
the distal face of the implant abutment1. FE analysis data were filtered and statistical analyses undertaken to understand 
differences in stress and strain between: bone, implant and adapter; male and female anatomy; and Gruen Zones. Non-
parametric tests were used as the data were skewed and variance was non-homogenous. Significance tested at p<0.05. 

RESULTS 
Median stresses and strains were: bone (1.53MPa, 0.406%); implant (17.49MPa, 0.014%); adapter (10.89MPa, 0.008%). 
No significance was observed between genders. Bone analysis showed significantly higher strains in the proximal femur 
(GZ4), decreasing distally along the bone. Significantly lower levels of stress were seen in GZ1 and GZ7. In contrast to 
strain, highest stresses were seen in GZ2 and GZ6. Pairwise comparison showed significance between all zones except 
lateral-medial pairings. [Fig.1] 

 

DISCUSSION AND CONCLUSION 
The model interprets force transmission across the bone-implant interface. Results support statements in the literature 
highlighting the occurrence of fractures in the proximal femur, whilst low stress distally compared to loading in healthy 
bone2 demonstrates stress shielding. This model enables the quantification of force distribution, allowing predictions of 
bone remodelling and mechanical complications. 

REFERENCES 
1. Niswander, 2020, Med Eng & Phys; 2.  Yousif & Aziz, 2012, IOSRJEN 

ACKNOWLEDGEMENTS: This work was supported by the UK EPSRC grant EP/S02249X/1 for the Centre for Doctoral 
Training in Prosthetics and Orthotics. 
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5.13.5 Experimental Validation of a Composite Femur with an Osseointegrated Implant 
Ryan Tiew, Hans Gray, Dale Robinson, David Ackland, Peter Lee 

University of Melbourne, Melbourne, Australia 

BACKGROUND 
Osseointegrated implants for lower limb amputees have been gaining popularity over the past few decades as an 
alternative to conventional socket-based prostheses. Although computational modelling is often used to study the loading 
conditions of these bone-implant constructs, there has only been one study validating such a model [1]. Therefore, there 
is a need to validate a broader range of these bone-implant construct models fitted with different implant designs.  

AIM 
The aim of this project was to validate a specimen specific computational model fitted with an Osseointegration Prosthetic 
Limb (OPL) implant.  

METHOD 
The implant was surgically fixed into a composite femur, and a finite element (FE) model of the bone-implant-construct 
was generated using a set of QCT images. Four triaxial strain rosettes were bonded to the proximal-medial, proximal-
anterior, distal-medial and distal-anterior sides of the femoral shaft. A vertical load of 1BW (600N) was applied to the 
femoral head while the distal end of the implant abutment surface was clamped rigidly. These loading and boundary 
conditions were replicated in the FE model, and the respective experimental and computational principal surface strains 
calculated, compared, and fitted with a linear regression model. 

RESULTS 
Maximum and minimum principal strains obtained experimentally and computationally fit the linear model with a 
Concordance Correlation Coefficient (CCC) of 0.938, which is similar to previous results [1]. Minimum principal strains at 
the proximal end of the femoral shaft recorded errors between experimental and computational values at 34% and 1% for 
the medial and anterior rosettes, respectively, while maximum principal strain at the proximal-medial side recorded a 15% 
error between measured and simulated values. 

 

Figure 1: A linear regression model fitted the experimental and computational 
 results with a Concordance Correlation Coefficient (CCC) of 0.938. 
 

DISCUSSION AND CONCLUSION 
The computational model is in good agreement with the experimental results for strain values obtained at the proximal 
femur. However, discrepancies between the experimental measurements and model predicted strain values were high at 
the distal end (>50%), which was previously reported to be caused by modelling criteria sensitivity [1]. Experimental 
validation of implanted cadaveric femurs is underway and will focus on improving modelling accuracy by better 
representing the bone-implant interactions and material properties. 

REFERENCES 
1. K. Ahmed et al.; 2020, Ann Biomed Eng, vol. 48, no.4, 1382-1395 
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5.13.6 Optimalization of patient selection in persons with a bone-anchored prosthesis. 
Charlotte van Vliet-Bockting, Robin Atallah, Jan Paul Frölke, Ruud Leijendekkers 

Radboudumc, Nijmegen, Netherlands 

BACKGROUND 
Persons with a lower limb amputation (LLA) using a socket suspended prosthesis (SSP) are often limited by socket-
related problems. Consequently, general and disease-specific health-related quality of life (G-HRQL and D-HRQL) are 
negatively affected. An osseointegrated implant (OI) may solve this problem by elimination of the prosthetic socket (PS). 
We intend to include persons for OI-surgery with a favourable ratio between potential adverse events related to OI-
surgery and potential improvement in HRQL. A tool to assess these persons is absent. 

AIM 
1.Describing change in G-HRQL and D-HRQL in persons with LLA after OI-surgery and rehabilitation at six-months, one-
year, and two-year follow-up compared to baseline. 2.Establishing an association model for 2-year follow-up change in G-
HRQL and D-HRQL. 3.Describing 2-year follow-up safety-related outcomes. 

METHOD 
All consecutive persons who underwent OI-surgery in the Radboudumc between 05-2014 and 04-2020 were eligible for 
this study. 1.G-HRQL was assessed, from 09-2017, using the SF-36 physical component score (PCS) and mental 
component score (MCS). D-HRQL was assessed, from 05-2014, using the Q-TFA global-score. 2.The initial association 
models included the following factors at baseline: a) G-HRQL; 6MWT, G-HRQL, prosthetic use, amputation level, and 
age. b) D-HRQL; 6MWT, D-HRQL, prosthetic use, prosthetic comfort, amputation level, BMI, cause of amputation, and 
age. 3.Adverse events were analysed for the entire cohort and included; infection, implant failure (breakage or loosening), 
stoma problems (hypergranulation/keloid formation or stoma redundant tissue), and periprosthetic fracture. 

RESULTS 
196 persons were eligible for inclusion. This preliminary analysis included 131 participants (G-HRQL: n=44, D-HRQL: 
n=131). 96% had an unilateral amputation and trauma was the main cause of amputation. Amputation level: 72% TFA, 
22% TTA, 4% knee-exarticulation, 1% foot-amputation, 1% received OI after primary amputation. 19% did not use a 
prosthesis. 1) SF-36-PCS and Q-TFA global-score improved significantly at all timepoints compared to baseline (p< 
0.001). SF-36-MCS did not change significantly at all timepoints compared to baseline (pÓ 0.353). 2.Low baseline G-
HRQL had a significant association with improvement in G-HRQL between baseline and two-year follow-up and explains 
34.6% of this change in the study population. High 6MWT and low D-HRQOL had a significant association with 
improvement in D-HRQL between baseline and two-year follow-up and explains 43.1% of this change in the study 
population. 3.Adverse events have not yet been analyzed. 

 

DISCUSSION AND CONCLUSION 
G-HRQL PCS, D-HRQL, and the overall situation as amputee at 2-years after OI-surgery improved compared to baseline. 
Persons are most eligible for OI-surgery if they have a high age, high 6MWT, and a low G-HRQL and D-HRQL at 
baseline. These findings are helpful to optimize patient selection. We intend to include persons for OI-surgery with a 
favourable ratio between potential adverse events and potential improvement in HRQL. As adverse events were not 
analysed, a favourable ratio is not known yet.  
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Free paper session: Psychosocial issues / quality of life - Psychological, social 
and economic issues II 

5.14.1 Barriers and facilitators to community reintegration for people following traumatic 
upper-limb amputation. 
Sarah Anderson1, Abby Hutchinson1, Jemma Keeves2, Kate D'Cruz1 

1La Trobe University, Melbourne, Australia. 2Monash University, Melbourne, Australia 

BACKGROUND 
Amputation of an upper limb has immediate, profound and potentially lifelong implications in daily living. This includes 
reintegration to community-based roles and activities.  Although major upper limb amputation  (at the wrist level and 
above) accounts for a small number (3%) of the near 2,000 major amputation procedures performed yearly in Australia 
[1], studies examining the differences between peopleôs experiences following upper limb amputation, suggest the 
experiences of this small cohort should be recognised as both unique and complex.  

AIM 
The purpose of this study is to explore and better understand peopleôs lived experience of community reintegration 
following a traumatic upper limb amputation, including the influence of various barriers and facilitators. 

METHOD 
Approach: Grounded within a constructivist epistemology, this exploratory and inductive qualitative study utilised semi-
structured interviews and thematic content analysis to investigate barriers to community integration.  
Subjects & Procedure: Data was collected via individual, in-depth interviews of ten adults who have sustained a major 
upper limb amputation within Australia. Topics for exploration include transitioning from rehabilitation and centre-based 
therapy to community-based services, engagement in everyday community-based tasks and functional prosthetic use in 
the community. 
Data Analysis: Data was collected and analysed concurrently, with two investigators undertaking coding and analysis 
using Braun and Clarke methods.  

RESULTS 
Three key themes were identified from the data.   

¶ Finding new ways of being and doing:  Participants reflected following ULA there was a need and process of 
physical, cognitive and functional adaptation. 

¶ Drawing upon the support of others:  A recognition of the influence of others on perceptions of self-worth and 
abilities to motivate and empower to reintegrate back into the community. 

¶ Positioning self at the centre of recovery:  A sense of loss of identity at time of amputation, as well as the 
motivation to reintegrate into the community as part of re-establishing or re-defining oneôs self was identified. IA 
dynamic association between themes acknowledges their interaction and inter-connectedness within the participant 
experience. The influence of time on all themes was recognised by the participants, most notably on adaptive 
processes. 
 

DISCUSSION AND CONCLUSION 
The three themes identified in understanding peoples experience of community reintegration following ULA, focused on 
change, support and self-efficacy. These themes all interacted, however their influence was not equal. Environmental 
factors were less prominent than personal factors. Positive personal factors were able to overcome environmental 
barriers. Persistence and resilience were identified as more being facilitative than the functionality of a prosthesis or 
equipment.    

REFERENCES 
1.  Australian Institute of Health and Welfare 2019. Procedures and health interventions (ACHI 10th) Australia 2017-

2018. 

ACKNOWLEDGEMENTS: This work was funded through an Epworth Medical Foundation Research Grant. 
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5.14.2 Identifying and linking prosthetic outcomes to the ICF: a step to inform the benefits measured in prosthetic 
health economic evaluations 
Leigh Clarke1,2, Michael P Dillon1, Alan Shiell1 

1La Trobe University, Melbourne, Australia. 2The Australian Orthotic Prosthetic Association, Melbourne, Australia 

BACKGROUND 
Prosthetic research seems focused on measuring gait-related outcomes that may not adequately measure real-world 
benefits of prosthetic interventions. Systematically cataloguing a comprehensive range of outcomes is an important 
steppingstone towards developing a holistic way to measure the benefits of prosthetic interventions for future health 
economic evaluations.  

AIM 
This study aimed to identify and catalogue the outcomes measured in lower-limb prosthetic research using the ICF 
framework and a custom clinical framework, and thereby describe the existing research focus and identify evidence gaps.  

METHOD 
A structured literature search identified systematic reviews of lower-limb prosthetic interventions. Reported outcomes 
were extracted from included studies and linked to the ICF- and a clinical-framework by two independent linkers in accord 
with the ICF linking rules [1]. The Gwetôs AC1 was used to quantify agreement between the two independent linkers. 

RESULTS 
The structured search identified 848 systematic reviews of which 28 met the inclusion criteria. From the 28 systematic 
reviews, 1297 outcomes were extracted, with 1060 linked to the ICF framework. Most outcomes linked to ICF second- 
(63.8%) or third-level categories (33.4%), such as Gait Pattern Functions (b770, 49.8%). Most of these outcomes (31.2%) 
describe temporospatial, kinematic or kinetic gait measures as categorised by the clinical framework. There was strong 
agreement between independent linkers (81.19%; AC1 = 0.81; 95% 0.79-0.83, p<0.001). 

 

Figure 1. Frequency of prosthetic outcomes linked to (A) the clinical framework (domains and categories) and (B) the ICF 
framework (components and chapters). Colours represent ICF components: red: body functions (b); blue: activities and 
participation (d); green: environmental factors (e); grey: not linked (e.g., nc, nd, pf). 

DISCUSSION AND CONCLUSION 
Lower-limb prosthetic research is focused on laboratory-based measures of gait. There are evidence gaps describing 
participation in real-world activities. Investigating and measuring real-world activities is important, in particular to inform 
policy and investment decisions, that ultimately determine the prosthetic interventions available for people with limb-loss.  

REFERENCES 
1.  Cieza et al., (2019). Disabil. and Rehabil.41(5), 574-583. 

ACKNOWLEDGEMENTS: This work was supported by a research grant from the AOPA-COPL (RFP 043018). 
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5.14.3 Health Economic Evaluations in orthotics: a systematic review 
Leigh Clarke1,2, Michael P Dillon1, Alan Shiell1 

1La Trobe University, Melbourne, Australia. 2The Australian Orthotic Prosthetic Association, Melbourne, Australia 

BACKGROUND 
Health economic evaluations are essential to support health care policy and investment decisions. HEEs in orthotics are 
in their infancy often focused on the cost-effectiveness of short-term interventions for acute conditions (e.g., ankle braces 
for acute ankle sprain), rather than custom-made interventions used by people with disabilities. Understanding the 
evidence gaps and method design issues in the existing literature can help inform the design of future HEEs and advance 
knowledge to inform policy and investment decisions. 

AIM 
This systematic review aimed to critically appraise the existing orthotic/prosthetic health economic evaluation literature 
with a focus on determining evidence gaps, critical method design issues, and determining the extent to which the 
literature informs orthotic policy and investment decisions. 

METHOD 
Search strings related to the intervention (e.g., orthosis) and health economic evaluations were developed and tested. A 
comprehensive range of databases were searched using intervention and HEE related terms. The Consolidated Health 
Economic Checklist ï Extended and the Checklist for Health Economic Evaluation Reporting Standards were used to 
identify issues with method design and reporting. Data extraction and appraisal was conducted by two reviewers. Given 
the heterogeneity of the published literature, a narrative review was conducted to examine factors that most introduce 
bias. 

RESULTS 
The systematic search yielded nine orthotic HEEs. Studied were narrowly focused on acute and chronic clinical 
presentations including: ankle sprain, carpal tunnel syndrome, heel ulcers, chronic plantar heel pain, rheumatoid arthritis 
of the foot, and osteoarthritis of the knee (Table 1).  

 

Table 1: Summary of HEE study design and interventions of included orthotic HEEs 

Critical appraisal of the literature identified method design (e.g., cost identification and valuation) and reporting issues 
(e.g., lack of detail about the study population) that limited the extent to which this literature can inform policy and 
investment decisions. 

DISCUSSION AND CONCLUSION 
HEEs comparing a wider variety of interventions are required, particularly for commonly used orthoses (e.g., ankle-foot 
orthoses) and clinical presentations (e.g., post-stroke). There are opportunities to strengthen future orthotic HEEs by 
adopting method design features (e.g., micro-costing and sensitivity analyses) as recommended in HEE appraisal and 
reporting tools. 
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5.14.4 Ambulatory and Social Performance Status After Transfemoral Prosthetic 
Rehabilitation: Age, Gender, and Marital Status Perspective 
Shafiq Khan 

Pcp, Peshawar, Pakistan 

BACKGROUND 
This study aims to determine the association of ambulatory and social performance status of transfemoral prosthetic users 
with their age, gender, and marital status. 

AIM 
Aims to determine the association of ambulatory and social performance status of transfemoral prosthetic users with their 
age, gender, and marital status. 

METHOD 
A cross-sectional study was conducted on 400 transfemoral prosthesis users. The sample consisted of both genders, 
aged 10-60 years, using the appliance for at least one year using non-probability convenience sampling method recruited 
from the Pakistan Institute of Prosthetic and Orthotic Sciences from July 2019 to December 2019. Lower 
extremity functional scale and 36-item short-form health survey questionnaire were used for data collection. Then, the 
obtained data were analysed. 

RESULTS 
Ambulatory status as measured by the total lower extremity functional scale revealed significant association (P<0.001) 
with age with the highest score belonged to the age group of 10-30 years. Also, it has a significant association (P=0.003) 
with marital status, with the highest scores belonged to single individuals. However, no significant (P=0.705) gender 
association was noted though scores were higher for the male gender. Regarding social performance as measured by the 
36-item short-form health survey questionnaire, significant associations (P<0.05) were found between most domains of 
SF-36 with age groups with the highest scores for the age group of 10-30 years. Also, a significant association was found 
with the gender with higher scores in females in most domains. At the same time, no significant association with marital 
status was noted in most domains. 

DISCUSSION AND CONCLUSION 
Ambulatory status has a significant association with age and marital status with no significant gender association. In 
contrast, social performance has a significant association with gender, while most domains reveal a significant association 
with age groups. However, no association with marital status is present. 
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Free paper session: Education - Education I 

5.15.1 Effectiveness of Online Teaching in Prosthetics and Orthotics Education in Covid-19 
Pandemic: Studentsô Perspective 
Sadeeq Ali1, Naveed Ahmed2 

1OsloMet university, Oslo, Norway. 2Keele university, Staffordshire, United Kingdom 

BACKGROUND 
In response to Covid-19, universities and colleges requested their teachers and students to stay home to maintain social 
distancing to control the spread of Covid-19. All the teachings in universities and colleges were shifted to online teaching. 
In Prosthetics and orthotics education, students are required to attend clinical patients, do practical work to fabricate 
prosthetics and orthotics devices, face-to-face demonstrations, and class lecture to be able to achieve their learning 
outcomes. 

AIM 
The aim of this study was to see the effectiveness of online teaching in prosthetics and orthotics education in Covid-19 
pandemic.  

METHOD 
This study is based on an online cross-sectional survey design. This survey was conducted among the prosthetics and 
orthotics education students. The respondents of the study were selected using convenience snowball sampling. We first 
collect the details of the prosthetics and orthotics schools from International Society of Prosthetist and orthotist (ISPO) 
website and other online resources. The survey was then designed on google forms, and its URL was circulated to PO 
students via the prosthetics and orthotics schools, researchers, social media, email, and through organizations. 

RESULTS 
Total 299 respondents from 15 countries participated in this study. Majority of the respondents have found that they did 
not clearly understand the ideas and concepts through online teaching and additionally online discussion was not better 
than in class face-to-face discussion. The results revealed that online learning is not effective in developing patient 
assessment, casting, fabrication, fitting, and communication skills. These results indicate that there is significant 
difference between the mean values of knowledge (Mdifference= 0.221, t=2.705, p<0.009), accessibility (Mdifference= -
0.778, t= -6.02, p<0.000), psychological effect (Mdifference= 0.474, t=3.828, p<0.000) and satisfaction (Mdifference= -
0.464, t= -2.84, p<0.006) between the developed and non-develop countries.  Majority of the respondents (54.1%) were 
not satisfied with the online teaching. 

DISCUSSION AND CONCLUSION 
Online teaching can improve the theoretical and management aspects of the students but to develop the verbal 
communication and clinical skills during the clinic may be more difficult in prosthetics and orthotics education. Online 
teaching is a useful alternative to face-to-face teaching in other fields of education, but it is less effective in more clinical 
and practical based subjects.  
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5.15.3 A Novel Approach for Guiding Orthotic and Prosthetic Education Program Transition to 
Client-Centric Training 
Christopher Hovorka 

Midwestern University College of Health Sciences, Glendale, USA 

BACKGROUND 
Curriculum in U.S. Orthotic and Prosthetic (O&P) practitioner education is significantly informed by the NCOPE Masterôs 
Curriculum Guide [1] which contains limited practitioner knowledge and skills content and substantial device knowledge 
and skills content. Advances in technology and changes in healthcare suggest a need to expand curricular content in 
evidence-based client assessment, and treatment. Hence, a shift toward client-centric education may enable future O&P 
graduates to cope with evolving demands in healthcare [2]. 

AIM 
Various approaches in clinician training were evaluated to inform a new client-centered model of O&P practitioner 
education. The goal is to enable future graduates to manage new challenges and opportunities in technology and 
healthcare. 

METHOD 
A literature review was conducted on theory, design, and outcomes of clinical education (focusing on client-centered 
training) and on project-based learning. Thirty-five articles were identified of which 16 articles on clinical education and 
five articles on project-based learning were reviewed. Article content was examined for relevance and application to 
training O&P clinicians within a scope of practice [3], particularly in such areas where training is less informed (e.g., 
evidence-based best-practice of client assessment, prognosis, formulation of the treatment plan, and assessment of 
treatment outcomes). 

RESULTS 
Three conceptual frameworks have the potential to be adapted to O&P clinician education. The ICF provides a unifying 
biopsychosocial framework for classifying the consequences of disease [4,5] and can help students understand the 
interaction between function and disability, and development of 
treatment plans using the whole-person perspective [6,7]. The POP 
model adapts ICF to clinical O&P processes [8] whereby aspects of 
the ICF are conceived as different levels of functioning, and the 
clientôs goals related to activities are realized by achieving goals 
related to body functions and structures. The modified CanMEDS 
(Figure 1), a framework for practitioner training, adds the provider 
dimension to ICF by characterizing core competencies healthcare 
providers must exhibit, thereby establishing a template for training 
O&P students in areas they need to cultivate [9]. 

DISCUSSION AND CONCLUSION 
Collectively, the modified CanMEDS practitioner training model, in 
conjunction with the ICF and POP model presents a comprehensive 
framework in which students in O&P can learn how to use the ICF for 
O&P client-centered practice [10]). This approach provides a wider 
ñlensò in which to view the client, formulate goals, and translate the 
plan of care to address the clientôs needs and to produce evidence for 
clinical outcomes. 

REFERENCES 
1. NCOPE; 2017.; 2.  Kogler. Can. Prosthet. Orthot. J.; 2021.; 3.  ABC; 2021.; 4.  ICF, WHO; 2001.; 5.  ICF, WHO; 

2007.; 6. Allan. Interprof. Care; 2006.; 7.  Geertzen. POI; 2011.; 8.  Jarl. POI; 2018.; 9.  Frank. Royal Coll. Phys. 
Surg. 2015.; 10.  Hovorka. O&P Edge. 2022. 

 

 

Figure 1. The Modified CanMEDS 

Framework. 
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5.15.4 Survey of continuous professional development of Ortho-Prosthetist Professionals 
through job training at the ICRC-supported Physical rehabilitation centres. 
Anum Ishtiaq, Abdul Haseeb, Abdul Nasir, Hamid Dawood 

ICRC, Islamabad, Pakistan 

BACKGROUND 
Continuous professional development for Ortho-Prosthetist professionals is essential to improve knowledge, skills, and 
quality. It helps to maintain the high standards of services and ensure that the professionals are up to date with industry 
change by constantly updating their skill set and filling in gaps in competencies and knowledge. ICRC supports 18 
rehabilitation centres in Pakistan and does capacity building through formal and on-the-job training. 

AIM 
This survey aims to collect feedback from the P&O trainees to incorporate the suggestions and provide tailor-made 
training regarding future demands. 

METHOD 
In Pakistan rehabilitation centres, most of the P&Os are lacking practical skills at the entry level. To upgrade their skills, 
ICRC and rehab centre management are doing capacity building of P&Os through on-job and formal training. We 
developed an online questionnaire through google forms and validated it by presenting and discussing it with P&O 
colleagues. We set the inclusion and exclusion criteria for this study. All the P&O professionals and technicians working in 
ICRC-supported rehabilitation centres and receiving training were included. The P&Os working in a managerial post and 
non-P&O professionals were excluded. The questions concerning content, frequency, and mode of ICRC training. 

RESULTS 
The survey form was sent to 50 P&Os, out of which 27 P&Os answered the survey. It shows that 70% of study 
participants have more than 5 years of experience. Among them, 63% prefer on-job training over the formal training that 
ICRC provides in Pakistan. 90% of the participants prefer group training of a -week duration. Several training types exist, 
but 100% of our participants choose theory and practical blended methods performed on actual service users. More than 
50% of the participants preferred training on Transfemoral & Hip disarticulation prosthesis, Knee ankle foot, and Thoraco-
lumbosacral orthosis. More than 70% were interested in reviewing assessment and rectification procedures. Schedule 
timing preference was a whole working day, and 60% expected coaching sessions to integrate their learning into clinical 
practice. As a result, 70% feel that on-job training is productive and recommendable. 

DISCUSSION AND CONCLUSION 
The on-job training method is well-perceived in the Pakistan P&O community. It might bring results in improving the 
quality of services. The results comfort the evidence that it is essential that activity has to include the assessment of 
training material preferences, as well as pedagogy and the inclusion of suggestions from the professionals in the 
preparation phase of the training.  

We can do face-to-face interviews for in-depth study, but our lack of time and resources was a big challenge. 

 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

158 of 400 

5.15.5 Roles of ISPO-NMS Cambodia for Continuing Professional Development and Capacity 
Building of Clinicians and Technicians through Covid pandemic-Twinning, Inspiring, 
Influencing 
Chanvichet Kheng1,2, Sisary Kheng3,4,5 

1Cambodian Association of Prosthetists and Orthotists, Phnom Penh, Cambodia. 2Department of Prosthetics and 

Orthotics (National Institute of Prosthetics and Orthotics), Phnom Penh, Cambodia. 3University of Salford, Manchester, 

United Kingdom. 4National Institute of Social Affairs, Phnom Penh, Cambodia. 5Exceed Worldwide, Phnom Penh, 

Cambodia 

BACKGROUND 
The Cambodian Prosthetist and Orthotist Association (KhAPO) was established in December 2002 by a group of qualified 
prosthetists/orthotists, engineers, and technicians. The aim of NMS Cambodia is to empower prosthetists/orthotists in 
Cambodia to achieve the quality of prosthetic and orthotic services to a high standard with international practice 
guidelines. In 2014, KhAPO became ISPO-NMS Cambodia and has been twinning with ISPO Norway. The main mission 
of ISPO NMS Cambodia is "Enhancing Quality of Life through Retention of Professionals".  

AIM 
The aim of this paper is to share experiences on how NMS plays important roles in mentoring, coaching, capacity 
building, and monitoring of quality standards of practice throughout the pandemic for its members from both twinning and 
local resources. 

METHOD 
NMS-Cambodia used Training Need Assessments, Surveys, Satisfaction Questionnaires, and Performance Reviews by 
managers at different clinics as well as virtual focused group discussions with members, board members and executive 
committees to identify the topics for continuing professional development activities, mentoring, coaching programmes, and 
also capacity assessment, and evaluation post-training programme. A team of two and four senior professionals were 
assigned to support specific topics and mentoring/coaching activities at various clinics based on their areas of expertise. 
The Twining programme with ISPO-NMS Norway has contributed to an assignment of an international mentor for ISPO-
NMS Cambodia where the team could reach out and request professional support and advice as necessary. 

RESULTS 
In November 2021, KhAPO arranged a virtual annual congress and invited speakers within the profession as well as the 
interdisciplinary team to share experiences among members and other professions. It has been evidenced that there is a 
tremendous bank of knowledge and experience in the Cambodian members since they have been working across a 
number of clinics in Cambodia, with exposure to international experiences such as Japan, Australia, Norway, Sri Lanka, 
Philippines, Indonesia, Thailand, Tanzania, Malaysia, Malawi, and America. 

Upon the reopening to normal services, KhAPO also revised its strategic plan, and activities to respond to the changes 
that were left by Covid. KhAPO has been working with partner organizations to provide onsite training and traveled to 
scared centers in the provinces around Cambodia to provide adaptive training based on different resource settings which 
has been feedback with positive results. 

DISCUSSION AND CONCLUSION 
Despite uncountable COVID impacts on direct clinical services, NMS-Cambodia has been working to adapt our activities 
to respond to government restrictions. Virtual training workshops were conducted in collaboration with all eleven 
rehabilitation centers in Cambodia. KhAPO believes that the profession will live on if there is a will from the association to 
enhance the quality of service, standards of care, and continual improvement of interventions provided by both clinicians 
and technicians in a multidisciplinary approach to care. 

ACKNOWLEDGEMENTS: ISPO-NMS Norway, Exceed Worldwide, Department of Prosthetics and Orthotics (National 
Institute of Social Affairs), ICRC, H&I, Access, and MoSVY 
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5.15.6 Prosthetics and Orthotics Studentsô Perspective of Blended Learning in Thailand: A 
Focus Group Interview 
Manunchaya Samala, Pattaraporn Kongsatan, Wisavaporn Niamsang 

Sirindhorn School of Prosthetics and Orthotics, Faculty of Medicine Siriraj Hospital, Bangkok, Thailand 

BACKGROUND 
Across 1.5 billion students in 191 nations were affected by COVID-19 in 2019, which had an impact on educational 
systems all over the world.1 In order to teach the curriculum effectively during the COVID-19 pandemic, the curriculum 
was shifted from face-to-face to blended learning.2 Online and onsite instruction are combined to create blended 
learning.3 Prosthetics and orthotics schools require technical practice and theory (Standard for ISPO Education)4, have 
been forced to offer an innovative and flexible curriculum. 

AIM 
This phenomenological study aimed to explore the perspectives of prosthetics and orthotics students toward blended 
learning in Thailand. 

METHOD 
A qualitative design using focus group semi-structured interviews was conducted on January 2022 via Google Meet 
platform. Focus group interviews with a total of 23 undergraduate students were performed. The participants were 
selected in a purposive sampling approach. Third-year prosthetics and orthotics undergraduate students were invited to 
participate according to their prior participation in online and onsite courses. The focus group interviews were audio-
recorded and transcribed verbatim. The interviews were analysed with qualitative content analysis using NVivo. The data 
were reported using the Consolidated criteria for reporting qualitative research (COREQ) checklist.5 

RESULTS 
Twenty-three participants were included, of whom the majority were female (n = 17), with a median age of 21 years (aged 
20-23 years old). Four Themes and 17 subthemes that emerged from the thematic analysis were identified (Fig.1): Theme 
One. Advantages and disadvantages, 62.7% of the 
advantages reported time management, recorded video, 
and accessibility, whereas the disadvantages reported 
were concentration, health, and cost., Theme Two. 
Course management, with the majority of students 
prioritizing study material (19.12%), followed by study 
schedule (17.65%) and class activity (15.44%), Theme 
Three. Infrastructure, the study environment, the Internet, 
and devices were noted as subthemes. Theme Four. 
Studentsô self-evaluation, the majority of student report 
was about their attitudes. Students' perspectives toward 
blended learning are both negative and positive 
depending on the issue and each student's surroundings. 

DISCUSSION AND CONCLUSION 
The finding of this study gives insight into the implementation of conducting blended learning. The result can help them 
create a curriculum or course and plan group discussions surrounding different topics. If blended learning continues, 
several downsides, including health and cost, should be more of a worry. Essential infrastructure such as Internet, 
devices, and study environment must be addressed in order to deliver the best practice to students. Educators can use 
this finding to improve Prosthetics and Orthotics education. 

REFERENCES 
1.    Education: from school closure to recovery | UNESCO   
2.    Al-Kahtani, N. (2022) 
3.    Hrastinski, S. (2019)  
4.    ISPO Education Standards for Prosthetic/Orthotic Occupations | ISPO 
5.    Tong, A., Sainsbury, P., & Craig, J. (2007) 
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Figure 1. Themes of blended learning from thematic 
analysis. 
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Free paper session: Prosthetics: Lower limb - Simulation and theory 

5.16.1 A modular open-source platform for lower limb prosthetic control and locomotion 
decoding (LocoD) 
Bahareh Ahkami1,2, Kirstin Ahmed1,3, Morten Bak Kristoffersen1,3, Max Ortiz-Catalan1,2,3,4 

1Center for Bionics and Pain Research, Mölndal, Sweden. 2Department of Electrical Engineering, Chalmers University of 

Technology, Gothenburg, Sweden. 3Department of Orthopaedics, Institute of Clinical Sciences, Sahlgrenska Academy, 

University of Gothenburg, Gothenburg, Sweden. 4Operational Area 3, Sahlgrenska University Hospital, Gothenburg, 

Sweden 

BACKGROUND 
Powered prosthetic legs for those with a transfemoral amputation use information from non-biological sensors such as 
Inertial Measurements Units (IMUs) and loadcells for control. There is currently no commercial device that uses 
electromyographic signals (EMG) as a control input. In the absence of any open-source software to record and process 
EMG signals during gait to accelerate research in prosthetic control, we developed an open-source modular software 
platform for recording and processing EMG and non-biological sensor data to decode motor volition. 

AIM 
Develop a modular and open-source platform (LocoD) to record and process EMG signals during gait, in which we can 
then statistically compare the accuracy of classifying locomotion modes using three different configurations of sensors 
(EMG, IMU, or EMG + IMU). 

METHOD 
LocoD was developed in MATLAB, and here we validated it in a study with able-bodied participants. We recorded signals 
while participants were moving between different terrains such as stairs and ramps. Features extracted from filtered 
signals were passed through a mode-specific classifier which classified windows in two gait phases, heel contact, and toe-
off. For each new window, and based on the previously predicted windows, the classifier predicts either continuation of 
the current locomotion mode (walking, ramp-ascent, ramp-descent, stair-ascent, stair-descent) or transition to another 
locomotion mode. In the end, we used LocoD to compare the accuracy of the predicted locomotion modes in the three 
different configurations of sensors. 

RESULTS 
We used a signed rank test to compare the accuracies of the locomotion mode prediction for every different configuration 
of sensors. Results align with the literature, showing that using EMG+IMU is significantly better than using EMG or IMU 
alone (p-value <0,01). In this study, we also showed that LocoD could be used to record and process signals with the 
possibility to change and modify algorithms at any level, due to its modular architecture. 

DISCUSSION AND CONCLUSION 
The results confirmed that LocoD was able to use EMG in addition to non-biological sensors to improve the accuracy of 
predicting locomotion modes. LocoD as an open source and modular platform can therefore facilitate research in the next 
generation of lower limb active prosthetics and ultimately allow users to have a more natural control. The next step will be 
testing LocoD in real-time with participants with transfemoral amputation. 

ACKNOWLEDGEMENTS: Research supported by Promobilia Foundation and IngaBritt and Arne Lundbergs Foundation. 
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5.16.2 A novel method for monitoring longitudinal post-amputation changes in lower limb 
residuum volume 
Elena Seminati1,2, Vimal Dhokia3, Martin Twiste4, Joshua W. Steer5,6, Alexander S. Dickinson5, James Bilzon1,2 

1Department for Health, University of Bath, Bath, United Kingdom. 2CAMERA Centre, University of Bath, Bath, United 

Kingdom. 3Department of Mechanical Engineering, University of Bath, Bath, United Kingdom. 4School of Health and 

Society, University of Salford, Salford, United Kingdom. 5Bioengineering Sciences Research Group, Faculty of 

Engineering and Physical Sciences, University of Southampton, Southampton, United Kingdom. 6Radii Devices Ltd, 

Bristol, United Kingdom 

BACKGROUND 
Residuum volume in lower limb amputees reduces in the postoperative phase, leading to challenges when fitting 
prostheses. Several measurement systems have been used to quantify these changes1,2, but it remains unclear when the 
residuum stabilises for different categories of amputees. A new open source package3 (AmpScan), is available for the 
analysis of 3D scans of residua, which could provide more accurate information regarding acute (within day) and chronic 
(over weeks and months) changes in residuum volume. 

AIM 
The aim of this study was to use AmpScan to analyse shape and volume changes in the residua of a diverse sample of 
lower limb amputees. 

METHOD 
20 lower limb amputees participated in the study (17 males and 3 females, 15 transtibial -TT and 5 transfemoral - TF), 
who had an amputation between 6-10 weeks earlier (age 52.9 ± 11.4 years, height 1.7 ± 0.1 m, mass 87.9 ± 30.4 kg). 
Their residua were monitored monthly for 9 months, using a previously validated 3D scanner (Artec Eva)1,2. In the first and 
last month of monitoring, participants were scanned twice a day with a minimum of 4 hours between measurements. The 
3D scans were processed using AmpScan to extract volume and shape parameters and to graphically visualise the 
residuum changes. 

RESULTS 
Preliminary results revealed a consistent reduction 
of the residuum volume across the different 
amputee groups (-25% for TT and -13% for TF, 48 
weeks after amputation). In terms of residuum 
shape changes, the AmpScan tool allows 
quantification of the perimeters of the cross-
sectional areas of the residuum and the sagittal 
plane width over the length of the residuum (Fig 1). 
These changes are not constant along the length of 
the residuum, and most of them occur 40-80% 
proximal to the distal end of the residuum (Fig 1). 
Within-day measurements of residuum volume 
revealed small changes of ~2% of the original 
volume, which represents an increase in volume 
between the first and second scan. 

DISCUSSION AND CONCLUSION 
The combined use of a 3D scanner and AmpScan proved to be efficient to calculate and visualise residuum volume and 
shape changes in different amputee populations. Preliminary results show that the residuum volume and shape stabilises 
6-7 months post-operatively. Small within-the-day fluctuations are still present after this time. These results have the 
potential to support clinicians in designing personalised fitting solutions for prosthetic rehabilitation. 

REFERENCES 
1. Seminati E., et al., POI, 2022; 2. Seminati E., et al., Plos One, 2017; 3. Steer JW et al., JOSS, 2020.  
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5.16.3 The effect of microprocessor controlled exo-prosthetic knees on limited community 
ambulators: systematic review and meta-analysis, 2023 update 
Andreas Hahn1, Simon Bueschges2, Melanie Prager1, Andreas Kannenberg3 

1Otto Bock, Vienna, Austria. 2Stat-Up, Munic, Germany. 3Otto Bock, Austin, USA 

BACKGROUND 
The clinical benefits of microprocessor-controlled prosthetic knees (MPK) in unlimited community ambulators are well-
established. A systematic review in limited community ambulators published in 2014 found benefits in safety, function and 
perception in a limited number of studies1. In the meantime, the topic received continued scientific attention and the body 
of evidence increased significantly in quality and quantity. 

AIM 
This work provides an update of a systematic review and a meta-analysis of all published data [1]. 

METHOD 
Literature search was conducted in nine scientific data bases. Search terms related to MPK, transfemoral amputation, 
MFCL-2 and low mobility.  Rating followed the recommendations of the American Academy of Orthotics and Prosthetics. 
Inclusion required the studies to comprise quantitative and analysable information on low mobility subjects allowing a 
direct comparison to non-MPKs. Outcomes were categorized whether they favour the use of MPK, non-MPK or were 
inconclusive. Mean differences (MD) or standardized mean differences (SMD) were calculated with 95% CIs. Selected 
effect sizes for SDMs were calculated using Heges `g. Conclusions were based on a random effects model only. 

RESULTS 
Thirteen research projects presented in 15 publications were identified. Overall validity was ñhighò in nine studies, 
ñmoderateò in three and ñlowò in one. The literature described a total of 2,366 patients, with 704 classified as limited 
community ambulators.  

The use of MPKs in limited community ambulators led to a reduction in falls (SMD g:-0.59;95%CI[ -0.85,-0.32;I^2=0%]), 
fear of falling (SMD g:1.2;95%CI[0.55,1.85;I^2=80%]), risk of falling as indicated by the TUG (SMD g:-0.45, 95%CI[ -0.87,-
0.02;I^2=0%]), an improvement in mobility grade (0.51;95%CI[0.47,0.55]), self-selected walking speed (SMD 
g:0.47;95%CI[ 0.14,0.81;I^2=0%]), and patient-reported ambulation (MD9.32;95%CI[3.61,15.02;I^2=7%]), and utility 
(MD7.76;95%CI[2.05-13.47;I^2=0%]). Other outcomes exhibited trends in favour of MPK use or remained insensitive. No 
outcome was identified favouring non-MPKs. 

DISCUSSION AND CONCLUSION 
The results of this updated systematic review and meta-analysis suggest that limited community ambulators may 
experience reduced falls and fear of falling, improve mobility grade and patient-reported of ambulation and utility. The 
availability of meaningful clinical evidence has increased significantly. Trial fittings of limited community ambulators with 
MPKs may be considered a means to identify specific responders. Further research to study the specific needs and 
characteristics of that population may be considered. 

REFERENCES 
1.   Hahn et al. Disabil Rehabil 2021 doi: 10.1080/09638288.2021.1989504 .  
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5.16.4 Mechanical response customization by finite element analysis of a prosthetic foot made 
with continuous fiber reinforcement additive manufacturing 
Fabian Porras-Jiménez1,2, Olga Sánchez-Brenes1, Magaly Sánchez-Brenes3, Miguel Araya-Calvo1,2 

1Instituto Tecnológico de Costa Rica, Escuela de Ingeniería en Diseño Industrial, Cartago, Costa Rica. 2Instituto 

Tecnológico de Costa Rica, Escuela de Ciencia e Ingeniería de los Materiales, Cartago, Costa Rica. 3Instituto 

Tecnológico de Costa Rica, Escuela de Producción Industrial, Cartago, Costa Rica 

BACKGROUND 
The most advanced and functional prosthetic feet are cost-prohibitive for many patients in less developed countries [1]. 
This research implements finite element analysis (FEA) for the design iteration of the ergoFoot, a dynamic prosthetic foot 
produced with continuous fiber reinforcement additive manufacturing. The combination of these technologies streamlines 
decision-making during the development process, reducing costs and tailoring the mechanical response of the foot to the 
functional needs of the patient [2]. 

AIM 
To evaluate the relationship between the ergoFoot geometry and its stiffness through FEA, determining the design 
specifications that would allow matching the mechanical response to the patient's functional needs. 

METHOD 
The study was performed in three stages. First, the eFoot base design was characterized by compressive pseudo-
dynamic mechanical testing following the standards ISO-10328, ISO-22675, and the AOPA's Prosthetic foot Project 
testing guideline. Then, the finite element model was developed and validated using the mechanical testing results as a 
reference. Finally, the iterative design process was developed by doing controlled design modifications to the base design 
and evaluating them through FEA. Then, ten design modifications were simulated to measure three stiffness values 
(initial, final, and component stiffness), the maximum displacement or deformation, and the Von-Misses peak stress. 

RESULTS 
The finite element model was validated with less 
than 5% variations concerning mechanical 
testing results. In addition, the force-
displacement curves described a very similar 
behaviour (Figure 1a). As shown in Figure 1b, 
all the design modifications evaluated affected 
the mechanical response. It was possible to 
reduce the stiffness by 45.1% and increase it by 
111.06%. With the design specifications from i1 
and i7 will be possible to manufacture more rigid 
feet adequate for less demanding functional 
levels such as K0 and K1. In contrast, the i6 and 
i10 modifications would make a more dynamic 
device suitable for the more demanding 
functional levels such as K3 and K4. All the 
design modifications evaluated serve as a 
design input to adjust the ergoFoot mechanical 
response. 

DISCUSSION AND CONCLUSION 
The results evidenced a successful implementation of FEA to redesign the ergoFoot. It is possible to adjust the stiffness 
and maximum deformation with precise and controlled modifications. These design specifications provided the starting 
point for the ergoFoot tailored prescription, possibly adapting its mechanical response to the patient's functional needs. 
The presented methodology also establishes the basis for evaluating other materials combinations and new design 
modifications. 

REFERENCES 
1. Justin; 2018 J Nov Physiother. 
2. Milan; 2012 Med Eng Phys. 

Figure 1. Mechanical characterization versus finite element model 
validation (a). Design iterations versus FEM(b). 
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5.16.5 MRI measured muscle volume and fat fraction adaptation in patients with transfemoral 
bone-anchored prostheses: Preliminary 6-month analysis and results 
Elmer Rutjes 

Radboudumc, Nijmegen, Netherlands 

BACKGROUND 
Around 2150 major leg amputations are performed per year with 20% non-vascular/diabetic causes. Hip abductor 
muscles undergo atrophy and strength loss after transfemoral amputation (TFA). Gait is influenced by reduced hip muscle 
strength and usage of socket-prostheses. Supposedly 48% of lower extremity amputations use a socket-prosthesis, 34%-
63% experience socket-related problems. Patients with socket-related problems qualify for osseointegration implant (OI) 
surgery. The new method of walking and loading might reverse hip abductor muscle atrophy and fatty degeneration.  

AIM 
We aim to show an increase in hip abductor muscle volume and decreased fat fraction of the residual limb after OI 
surgery in transfemoral amputation patients. We suspect a more functional usage of the hip muscles resulting in muscle 
hypertrophy.  

METHOD 
7 patients were included in this prospective one-year follow-up before-after cohort study. This part of the study 
encompasses the 6-month measurements. MRI scans were made before OI surgery, six months, and twelve months after 
OI surgery. T1-weighted and Dixon sequence images were made. Using the T1-weighted images, segmentations were 
created of the hip abductor muscles gluteus maximus/medius/minimus, tensor fasciae latae, and piriformis. These 
segmentations were registered over the Dixon images to calculate the fat fraction (FF) of the hip abductor muscles. 
Wilcoxon signed-rank tests were executed to assess the differences between the baseline and 6-month measurements 
for the sound and residual limb (n=7). 

RESULTS 
Sound limb muscles showed no statistically significant 
difference after 6-months. Most hip abductor muscles of the 
residual limb showed statistically significant increases in 
muscle volume after 6-months OI implant usage (cm3) 
presented as Median (Q1-Q3): gluteus maximus baseline 
659.1 (550.8-785.6) and 6-months 683.2 (575.6-823.3) 
p=0.028, gluteus medius baseline 241.6 (191.8-267.4) to 6-
months 257.4 (192.4-291.6) p=0.043, gluteus minimus 
baseline 53.9 (39.2-64.5) to 6-months 61.9 (55.9-72.2) 
p=0.018, piriformis baseline 16.5 (10.3-22.5) to 6-months 
20.4 (14.1-27.5) p=0.018. Fat fraction (%) only decreased in 
the gluteus minimus of the residual limb from baseline 9.5 
(7.1-16.7) to 6-months 8.2 (7.3-11.2) p=0.043.  

DISCUSSION AND CONCLUSION 
This study is the first to analyse the hip abductor muscle volume and fat fraction changes after osseointegration surgery in 
transfemoral amputation patients. An increase in muscle volume of the residual limb was observed, suggesting a specific 
and expeditious effect of the OI surgery on the hip abductor muscles. Completion of the 12-month follow-up 
measurements analysis is necessary for more valid conclusions. Methods to minimize the number of excluded patients 
are being explored. 

REFERENCES 
1. Leijendekkers RA, 2019, Physiother Theory Pract. 
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5.16.6 openlimb: an Open Source Transtibial Residual Limb Model for Simulation and Design 
Fiona Sunderland1, Jennifer Bramley2,1, Rami Al-Dirini3, Joshua Steer2,1, Peter Worsley1, Alex Dickinson1 

1University of Southampton, Southampton, United Kingdom. 2Radii Devices Ltd, Bristol, United Kingdom. 3Flinders 

University, Adelaide, Australia 

BACKGROUND 
Computer aided design and manufacturing (CAD/CAM) may enable evidence-based socket design through data science 
methods by leveraging prior CAD/CAM records [1] or when matched with simulation for socket fit prediction [2]. However, 
few researchers have access to the required volumetric medical imaging data, and there is cost, inconvenience, and risk 
associated with putting our relatively small community of eligible participants through CT or MRI scanning. 

AIM 
To produce an óopenlimbô open-access Statistical Shape Model (SSM), describing a population of residual limb shapes in 
a general manner, that can be published and shared with other researchers whilst preserving the security of the 
underlying imaging data. 

METHOD 
An SSM was generated using 11 MRI scans of transtibial residual limbs collected with ethical approval and written 
consent (Figure left). Scans were segmented (ScanIP, Synopsis Inc) to describe the skin surface and bones, exported 
as .stl meshes, and size-normalised to intact tibia length, estimated using the personôs height [3]. Meshes were aligned by 
the residual tibia and registered (Figure middle top). Finally, the mean vertex locations were calculated (Figure middle 
bottom), and Principal Component Analysis (PCA) was used to extract the datasetôs variation (Figure right). 

RESULTS 
Principal modes of variation represented 
independent changes in the length and profile 
of both bone and soft tissues. Synthetic 
individuals around the mean shape were 
created by selecting characteristics from these 
modes of variation. This model is only 
preliminary, as it is trained upon a limited 
population of residual limbs with similar 
morphology and ethnicity. Assumptions cannot 
be made about how it will represent limbs 
outside the training dataset. In a Leave-One-
Out cross-validation test, the mean shape was 
reconstructed with root-mean-squared-error 
(RMSE) of 0.64ï2.51mm (median 1.05mm). However, the left-out shapes were reconstructed with higher RMSE (3.27ï
11.3mm, median 4.8mm), indicating the training dataset must be expanded.  However, to provide access and encourage 
other researchers to contribute their data, following appropriate approvals, this resource has been made publicly available 
at https://github.com/abel-research/openlimb, open access. 

DISCUSSION AND CONCLUSION 
Previously SSMs have described the exterior limb surface [1], but this is the first open access residual limb SSM and 
includes bone geometry. This can provide researchers a wider pool of limb shapes for biomechanical analysis of socket 
designs and materials and may enable estimation of personalised models to assess socket fit, predicting the bone 
geometry from external limb shape data. However, the model must be expanded with additional data, and we invite the 
community to contribute. 

REFERENCES 
1. Dickinson et al (2021), Prosthesis, https://doi.org/10.3390/prosthesis3040027; 2. Steer et al. (2020), Biomech 
Model Mechanobiol, https://doi.org/10.1007/s10237-019-01195-5; 3. M. Trotter (1970), Estimation of stature from 
intact long limb bones. 
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Free paper session: Prosthetics: Upper limb - Grasping 

5.17.1 The Use of Eye Tracking to Assess Upper Limb Prosthetic Behaviour: A Scoping 
Review 
Kodi Cheng1, Jacqueline Hebert2 

1Department of Biomedical Engineering, Faculty of Medicine & Dentistry, College of Health Science, University of Alberta, 

Edmonton, Canada. 2Division of Physical Medicine & Rehabilitation, Department of Medicine, Faculty of Medicine & 

Dentistry, College of Health Science, University of Alberta, Edmonton, Canada 

BACKGROUND 
Advanced upper limb prostheses aim to restore coordinated hand and arm function. However, this objective can be 
difficult to quantify as coordinated movements require an intact visuomotor system. Eye tracking is a technology used to 
measure eye movements and it has only recently been applied to study the visuomotor behaviours of upper limb 
prosthesis users [1]. 

AIM 
This scoping review aims to characterize the visuomotor behaviours of upper limb prosthesis users, to summarize the eye 
tracking metrics used to describe prosthetic behaviour, and to identify gaps in the literature and potential areas for future 
research. 

METHOD 
Medline, Embase, PsycInfo, ProQuest and Google Scholar were searched for academic literature. The included literature 
involved the use of an upper limb prosthetic device to perform an experimental task, while eye tracking data were 
collected to quantify behaviour. Title and abstract screening were performed, followed by a full-text review of the identified 
literature. Data on the level of amputation, type of prosthetic device, type of eye tracker, primary eye metrics, secondary 
outcome metrics, experimental task, aims, and key findings were extracted and tabulated to understand the ways in which 
eye tracking has been used to evaluate upper limb prosthesis use. 

RESULTS 
Eighteen studies were included. Studies utilized participants with and without amputation and involved various prosthetic 
devices and experimental tasks. To describe visuomotor behaviours, number of fixations, gaze sequence, percent 
fixation, eye latencies, and target locking strategy were recorded. The reviewed articles consistently demonstrated that 
prosthesis users spent more time fixating the hand and less time fixating the target when manipulating objects, and their 
gaze switched between the hand and the target [1-4]. There was also a delay for the eyes to disengage from the current 
target and shift to the next target [2,4]. Novel control, sensory feedback, and training interventions were shown to 
modulate visuomotor behaviours to reduce the visual demand of prosthetic use [4-6]. Pupil dilation and fixation duration 
were other eye tracking metrics identified in preliminary studies to evaluate cognitive load [7,8] and sense of agency [9], 
respectively. 

DISCUSSION AND CONCLUSION 
A distinctive visuomotor behaviour was identified for upper limb prosthesis users despite differences in experimental 
protocols and devices across research studies. Eye tracking provided a quantitative assessment of human behaviour and 
was sensitive to novel interventions. Future work should investigate the relationship between skill in using a prosthesis 
and gaze behaviour. Additional studies are also needed to determine the validity of using eye metrics to assess cognitive 
load and sense of agency. 

REFERENCES 
1. Bouwsema H; 2012, JRRD; 2. Hebert J; 2019, JAMA; 3. Sobuh M; 2014, JNER; 4. Parr J; 2019, JNER; 5. 
Chadwell A; 2021, Sci Rep; 6. Marasco P; 2021, Sci Robot; 7. Zhang W; 2016, IEEE; 8.  White M; 2017, IEEE; 9. 
Kaspersen T; 2020, Chalmers ODR 
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5.17.2 Prediction of grasping movements as a function of neurofunctional representations 
Eike Jakubowitz1, Thekla Feist1, Alina Obermeier1, Carina Gempfer1, Christof Hurschler1, Henning Windhagen1, Max-

Heinrich Laves2 

1Hannover Medical School, Laboratory of Biomechanics and Biomaterials, Hannover, Germany. 2Leibniz University 

Hannover, Institute of Mechatronic Systems, Hannover, Germany 

BACKGROUND 
Myoelectric upper-limb prostheses can be controlled arbitrarily to a certain degree. However, intuitive, flowing and 
merging natural grasping movements are still not possible. Part of this control problem is a timely inadequate signal 
generation and processing. In contrast, synergistic hand postures are encoded at a cortical level [1] and neurofunctional 
activation is already present during the grasping planning [2]; i.e., before the actual movement execution. 

AIM 
The presentôs study aim is to prove whether it is in principle possible to distinguish different grasps in time to possibly use 
neurofunctional representations (NR) for a more intuitive prosthetic control. 

METHOD 
EEGs of subjects S1-S13 performing 16 grasps considering prosthetic hand postures were captured (Fig#1a). Data sorted 
into grasping taxonomies served to train classification models on features from different signal spectra at different epochs 
before initial hand movements. For a prosthetic application target subject fine-tunings were evaluated using pre-trainings 
with selected subject data, resulting in adaptation scenarios A-D (A = adaptation of hyper-parameters S1-S11 without pre-
training; B = pre-training using S1-S11 without hyper-parameter adaptions during fine-tuning for S12 or S13; C = like 
scenario B but with hyper-parameter adaptions during fine-tuning for S12 or S13; D = like scenario C but using only S13 
for pre-training and S12 for fine-tuning). 

RESULTS 
A support vector machine algorithm with spatial covariance matrices as EEG signal descriptors based on Riemannian 
geometry (TS_SVM) without pre-training showed the highest balanced accuracy with a mean of up to 0.91 ± 0.05 SD over 
all applied classifiers when discriminating five grasping categories according to the Cutkosky taxonomy [3] during a long 
epoch EL = 1500ms (Figs#1b-c). Improvement of results by a downstream fine tuning was not observed for any of the 
classifiers. No significant 
accuracy differences were 
observed when comparing 
different frequency spectra. 
Although a shorter and 
earlier epoch (ES = 
1000ms) lead to accuracy 
losses of 4-10% for all 
applied classifiers on 
average, the classification 
performances remained 
significant (p<0.01). 

DISCUSSION AND CONCLUSION 
NR allow highly accurate discrimination of five grasping categories. It is possible to use NR sufficiently in time for 
prosthetics. Conventional sEMG control could be complemented by EEG control predicting discrete grasping tasks. To 
enhance desired natural appearances, prosthetic hands could already be kinematically pre-shaped for upcoming grasping 
tasks. Although NR shortly after first movements would improve discrimination accuracy, results demonstrate decision 
making is already possible even before actual hand movements. Pre-training seems not to be beneficial in NR control. 

REFERENCES 
1. Leo et al. 2016;doi: 10.7554/eLife.13420, 2. Erdler et al. 2000;doi: 10.1006/nimg.2000.0579, 3. Cutkosky 1989;doi: 
10.1109/70.34763. 

ACKNOWLEDGEMENTS: This research was funded by the European Unionôs Horizon 2020 Research and Innovation 
Programme (Grant Agreement No. 688857, SoftPro). 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

168 of 400 

5.17.3 The modulation of muscular synergies as a function of unexpectedly perturbed 
grasping tasks. 
Eike Jakubowitz1, Leonard Schmidt1, Alina Obermeier1, Christof Hurschler1, Svenja Spindeldreier2 

1Hannover Medical School, Laboratory of Biomechanics and Biomaterials, Hannover, Germany. 2Leibniz University 

Hannover, Institute of Mechatronic Systems, Hannover, Germany 

BACKGROUND 
Muscle synergies (MS) are central building blocks for motion production and offer the potential of a more intuitive control 
compared to conventional pattern recognition methods in upper limb prosthetics since they accompany grasping 
movements without delay [1]. However, it remains unclear until now to what extent a prosthetic pattern recognition control 
based on MS is affected by external perturbations. 

AIM 
The aim of the study is to investigate the modulation of a MS model in the presence of external perturbations. 

METHOD 
The activity of 12 arm muscles in 15 healthy volunteers was measured using EMG during object manipulation tasks with 
and without unexpected weight change. The movements of instrumented grasping objects were tracked using a VICON 
optical system. MS were extracted with a non-negative matrix factorization (NNMF) during different grasping phases and 
grouped with a k-means cluster analysis. Their reconstruction was then performed once with temporal-fixed and once with 
spatial-fixed synergy components. A significant drop in reconstruction quality would indicate that activation changes 
cannot be modulated by the respective unfixed component. Statistically, a Wilcoxon signed-rank and a Wilcoxon rank-sum 
test were applied. 

RESULTS 
Independent of the motor correction 
due to external perturbations, the 
number of recruited MS remained 
unchanged for each grasping phase. 
While there was a significant 
reduction in the reconstruction 
quality of perturbation-induced 
muscle activation in temporal-fixed 
NNMF, this quality remained 
unchanged in spatial-fixed NNMF. 
The temporal modulation of subject-
invariant MS significantly depended 
on the context of the perturbation, 
whereas the MS activation profiles 
showed a correlation with the object 
trajectories. 

DISCUSSION AND CONCLUSION 
MS appear to be modulated by their temporal rather than their spatial components during perturbations. Thus, modulated 
MS do not affect the pattern recognition of prosthesis control and the classification accuracy should not be changed. The 
context dependence of modulation may find introduction in prosthetics as a complementary control signal to detect the 
nature of perturbation. It could be used to automatically correct the prosthetic hand (e.g., a follow-up grasp in case of an 
unexpectedly heavy object). 

REFERENCES 
1. Batzianoulis et al. 2018;doi: 10.1186/s12984-018-0396-5. 
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5.17.4 Comparing the Clinical Standard of Care Linear Discriminant Analysis Electromyogram 
Classification System to Fuzzy C-Means Classification 
Stephanie Lorelli, Richard Weir 

University of Colorado: Denver | Anschutz Medical Campus, Aurora, USA 

BACKGROUND 
Currently, the standard of care for electromyogram (EMG) pattern recognition is the Linear Discriminant Analysis (LDA) 
system.  LDA is preferred due to utilizing simple mathematical principles and single posture means for separating 
datasets.  In contrast, Fuzzy C-Means (FCM) systems use multiple centres to spread out across a datasetôs space.  This 
approach could be analogous to using a net to catch more points in a given space versus a fishing line to catch points one 
small area at a time.  

AIM 
To cover a greater area of a posture in an FCM system with multiple centres and classify more validation data points 
correctly rather than misclassifying them when a distance is split between two posturesô central means in an LDA system. 

METHOD 
We acquired raw EMG data for 11 postures (off, hand close, hand open, thumb abduction, thumb adduction, wrist 
extension, wrist flexion, wrist pronation, wrist supination, wrist radial deviation, wrist ulnar deviation) for training and 
validation datasets.  Each trial consists of 10 seconds lead in & out time with 5 seconds ñONò and alternating 5 seconds 
ñOFFò for each posture for 10 times. Bandpass filters from 30-480 Hz with notch filters at intervals of 60Hz were then 
applied.  The ñONò sections were extracted and features of root mean square (RMS), zero crossings (ZC), wavelength 
(WL), and slope sign change (SSC) were calculated.  These were then fed into LDA and FCM algorithms. 

RESULTS 
In contrast to the single mean and distance LDA 
comparison system, the FCM spreads out multiple 
cluster centres over the entire area of a postureôs 
feature space [1].  These centres are then 
converted into linguistic rules through an input 
membership function. An example rule:  RMS 
feature [EMG 1 (low), EMG 2 (high)] = {hand 
open}.  Therefore, a validation data point will have a 
degree of truth (DOT) to how close it matches with 
a rule and the highest DOT will be the classified 
posture.  Preliminary testing may show that while 
the LDA system has a higher accuracy during the 
ñONò sections, there is a lack of consistency in 
going to the ñOFFò posture.  Meanwhile, the FCM 
system is able to reliably maintain the ñOFFò signal 
during the rest times.   

DISCUSSION AND CONCLUSION 
Further research must be done to increase the overall accuracy of the FCM algorithm; however, when it does classify to a 
posture, it guesses more precisely than the LDA system.  This in theory should be better for a control system since people 
would rather have a prosthetic arm at rest than constantly jumping to ñwrongò postures. In the future, we would like to 
apply FCM to create more accurate and natural classification control systems for myoelectric prosthetic hands [1]. 

REFERENCES 
1.  Ajiboye, A., & Weir, R. (2005). A Heuristic Fuzzy Logic Approach to EMG Pattern Recognition for Multifunctional 

Prosthesis Control. IEEE Transactions on Neural Systems and Rehabilitation Engineering,13(3), 280-291. 
doi:10.1109/tnsre.2005.847357 

2.  Lorelli, S. A. (2019). Predicting Prosthetic Finger Postures Via Parallel Fuzzy C-Means Classification (Masterôs 
thesis, CU Denver). 
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Figure 1: Multiple FCM centres fit to RMS values [2]
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5.17.5 Evaluation of gender differences in hand grasp and motion kinematics for finger 
prosthetic design, a pilot study 
Manuela Paulina Trejo Ramirez1, Neil Evans1, Joseph Hardwicke1,2, Michael Chappell1 

1University of Warwick, Coventry, United Kingdom. 2University Hospitals Coventry and Warwickshire NHS Trust, 

Coventry, United Kingdom 

BACKGROUND 
Evaluations of hand grasp frequency during activities of daily life (ADLs) have shown that each individual has different 
preferences and manipulation strategies [1], one of the possible reasons being biomechanical gender finger differences. 
Diverse options for finger prosthetics exist in the market with different levels of adaptability and workspace capabilities. 
However, no standards exist for how finger prosthetic design should meet such criteria and adapt to specific gender 
needs [2]. 

AIM 
To evaluate gender differences in joint kinematics during motion and selected grasps, to determine functional finger 
requirements for gender-specific prosthetic design. 

METHOD 
A full hand marker set developed at the University of Warwick was used to track the right-hand finger motion of 3 male 
and 3 female participants. Participants performed 3 maximum/minimum movements of all finger joints. Joint 
maximum/minimum angles and range of motion variables were calculated. Participants used pre-determined objects to 
execute selected grasps as frequently observed in previous ADL studies [3], namely: medium wrap, power sphere, tip 
pinch and lateral pinch. Three static trials per grasp were recorded. To evaluate kinematic differences between genders, 
independently sampled t-tests were performed. 

RESULTS 
Findings showed gender differences in joint angles during the range of motion trials and grasps (p<0.05). Females 
showed increased finger adduction in the ring and little fingers, as well as increased ring proximal flexion. Conversely, 
males presented increased little finger distal flexion and thumb interphalangeal extension. Gender differences in joint 
angles were observed in all grasps 
except for tip pinch. Males presented 
larger flexion of the distal joint of the little 
finger and the metacarpal joint of the 
middle finger for the medium wrap grasp; 
similar increased flexion was observed in 
males for the little finger proximal joint of 
the power sphere. For the lateral pinch 
grasp, females showed increased index 
finger distal flexion and thumb 
interphalangeal joint extension.  

DISCUSSION AND CONCLUSION 
Differences in adduction between genders might be due to pre-shaping of the fingers during early reach [4]. Differences in 
middle, ring and little fingers might be due to involuntary movement synergies, as such fingers share flexor tendons. 
Findings confirm the role of the thumb in precision tasks for each gender. Gender kinematic differences could potentially 
inform prosthetic design and drive larger cohort studies, determining specialised understanding of gender-specific design 
needs, leading to improved prosthetic finger dexterity and quality of life.  

REFERENCES 
1. I.M. Bullock, et al., 2013. IEEE Trans. Haptics. 6(3): 296-308.  
2. S. R. Kashef, et al., 2020. Mech. Mach. Theory. 145:103677.  
3. A. M. Dollar, et al., 2014. Springer Tracts Adv. Robot. 95:201-216.  
4. L. F. Schettino, et al., 2003. Exp. Brain Res. 151(2): 158ï166. 
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Figure 1. A-C: Kinematic differences between genders (blue: male, red: 
female). D-F: Joints presenting differences between genders during 
grasps (orange dots).  
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Free paper session: Prosthetics: Lower limb - Knees 

5.18.2 Development of transfemoral prosthetic knee for safe running 
Mai Murabayashi1, Koh Inoue2 

1Graduate School of Engineering, Kagawa University, Kagawa, Japan. 2Area of Mechanical Systems Engineering, 

Kagawa University, Kagawa, Japan 

BACKGROUND 
Falls caused by the unintended prosthetic knee flexion are a major barrier to practicing running for transfemoral 
amputees. However, existing prosthetic knees for running do not have a function to prevent unintended knee flexion 
during prosthetic stance. In our previous study, we developed a passive knee mechanism that restricts flexion with ground 
reaction forces (GRFs) [1]. The evaluation experiment indicated that the mechanism requires an appropriate condition of 
GRFs and cannot completely avoid unintended prosthetic knee flexion. 

AIM 
The present study aims to propose a new passive prosthetic knee mechanism for running that prevents unintended knee 
flexion during stance without GRFs. 

METHOD 
The proposed mechanism was designed to restrict flexion except in the first half of the prosthetic swing. The available 
time of flexion (pawl motion of the mechanism) is mechanically controlled with a spring and damper to be nearly constant 
regardless of running speed. We constructed a prototype and conducted a running experiment. An intact participant 
attached a simulated thigh socket, the prototype knee, and a running-specific prosthesis (1E91, OttoBock) on the right 
limb. The running motion was recorded with a motion system (MAC3D, Motion Analysis). The pawl motion was recorded 
with a rotary potentiometer (CP-2FBSJ, Midori precisions). After the practice session, five trials were recorded. 

RESULTS 
The participant who was a beginner could run without unintended knee flexion in all trials. The running speed was 1.27 ± 
0.21 m/s. The results showed that the proposed prosthetic knee functioned as designed. The prosthetic knee flexed in the 
first half of swing phase and extended in the second half. Then, the prosthetic knee did not flex over the range of the 
backlash of the mechanism during prosthetic stance. The results of the pawl motion indicated that the flexion restriction of 
the prosthetic knee was released right before prosthetic leg take-off of the ground and that the pawl restricted knee flexion 
again before prosthetic leg touch-down of the ground.  

DISCUSSION AND CONCLUSION 
The proposed mechanism appropriately functioned and prevented an unintended knee flexion during stance in running. 
The flexion restriction of the prosthetic knee was released for a certain time after the prosthetic leg take-off of the ground. 
The previous study suggests that the swing time is nearly constant, regardless of the running speed [2]. The present 
mechanism could accommodate safe running at different speeds preventing an unintended knee flexion. 

REFERENCES 
1. M. Murabayashi; 2022, Prosthesis. 
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5.18.3 Comparative study of gait results in transfemoral amputees: A pilot study using Rehab 
Impulse Knees 
FABIAN PEDRAZA1, Anthony McGarry2, Lina Florez1 

1SENA/Design and Metrology Centre, Bogotá, Colombia. 2University of Strathclyde, Glasgow, United Kingdom 

BACKGROUND 
The International Committee of the Red Cross in recent decades has provided, through polypropylene technology, 
accessible and functional prosthetic devices for people with amputations. For transfemoral amputees, a mechanical 
monocentric knee with a free axis and manual locking has historically been provided [1]. A couple of years ago the 
polycentric model was designed and distributed in different countries. However, no formal study including gait analysis 
has been conducted to assess polycentric knee performance compared to the monocentric model. 

AIM 
To evaluate gait outcomes for users with unilateral transfemoral amputation following the provision of Rehab Impulse 
Knees  

METHOD 
As part of the research project for the MSc Rehabilitation studies in Prosthetics and Orthotics degree at the University of 
Strathclyde, 12 adults with transfemoral amputation (Age range 18-60 years) previously treated at an ICRC partner center 
in Colombia decided to participate in the study.  Current unilateral users of a transfemoral prosthesis with monocentric 
Rehab Impulse Knee. Transfemoral users of at least 12 months, independent walking without external aids. New sockets 
were made and the assembly of the prosthesis, static and dynamic alignment with polycentric and monocentric knee were 
performed. Three-dimensional gait analysis was developed in a randomized manner. A gait report for each user and 
tested knee were obtained. 

RESULTS 
The Polycentric Rehab Impulse Knee provides more symmetry and 
improves temporal-spatial parameters, as well as kinematics and 
kinetics in the sagittal plane compared with the Monocentric Rehab 
Impulse Knee (Fig.1). This pilot study suggests that unilateral 
transfemoral using the Polycentric Rehab Impulse Knee improve their 
gait pattern and biomechanical factors and gets a better Gait Profile 
Score (GPS) and Gait Deviation Index (GDI) compared when using 
the monocentric one. 

DISCUSSION AND CONCLUSION 
This pilot study of an experimental nature was able to evaluate, 
through 3D gait analysis, the performance and functionality of the 
Rehab Impulse polycentric knee compared to the monocentric one, 
demonstrating the biomechanical advantages from the kinetic and 
kinematic analysis. Factors such as the use of the SACH foot versus a medium energy return foot, as well as the ischial 
versus quadrilateral socket design, and the possibility of a longitudinal investigation project the future continuity of this 
study. 

REFERENCES 
1.  Andrysek, J., (2021). Functional outcomes and user preferences of individuals with transfemoral amputations 

using two types of knee joints in under-resourced settings.  
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5.18.4 Polycentric prosthetic knees with spring extension assist mechanisms: Design choices 
can improve gait symmetry in unilateral transfemoral amputees 
Diana Toderita, Clément D. Favier, Giovanni S. Milandri, Vasiliki Vardakastani, David P. Henson, Anthony MJ Bull 

Department of Bioengineering, Imperial College London, London, United Kingdom 

BACKGROUND 
Extension assist mechanisms in passive prosthetic knees are designed to improve swing phase during gait of 
transfemoral amputees [1]. In conventional polycentric knees using a four-bar linkage, the extension assist mechanism 
links one of the bars to the body of the prosthesis. This design introduces a singularity in the delivery of the spring action: 
past a certain knee flexion angle, the spring pushes towards flexion. A novel polycentric knee design has been created 
that pushes the knee towards extension. 

AIM 
This study investigates the effect of different spring extension assist mechanisms in polycentric knees on the walking 
capacity of unilateral transfemoral amputees (UTF) and their satisfaction with the prosthesis.  

METHOD 
Gait data were collected from eight UTF traumatic amputees using a 10-camera motion capture system with two force 
plates. Participants trialled the novel design and a commonly used polycentric knee with a conventional extension assist 
mechanism, both coupled to a passive foot. They underwent gait analysis and completed SAT-PRO prosthesis 
satisfaction questionnaires [2] for both prosthetic knees. Comparison analyses were performed between the trial 
conditions. 

RESULTS 
Participants were able to walk faster by 0.1m/s (p=.004) with the new extension assist design. Investigating gait 
symmetry, the mean difference between the intact and prosthetic knee peak flexion was 8.9° with the new spring 
extension assist mechanism, and 19.0° with the conventional mechanism. Overall, participants reported levels of 
satisfaction of 72% with the new design, and of 65% with the conventional design in the SAT-PRO questionnaires. 
Participants reported higher scores for functionality, efficiency, durability, and safety with the new extension assist design. 

DISCUSSION AND CONCLUSION 
The new extension assist mechanism improved the symmetry between the intact and prosthetic knee angles by 
preventing excessive prosthetic knee flexion in swing. When using the new extension assist, participants did not need to 
wait for the knee to come back from a position of higher flexion and therefore could walk faster. The improved functionality 
of the new mechanism is also supported by the findings of the SAT-PRO questionnaires. 

REFERENCES 
1. Kent, 2021, IEEETransNeuralSystRehabilEng 
2. Bilodeau, 1999, Canadian Journal of Occupational Therapy 

ACKNOWLEDGEMENTS: The funding from the Royal British Legion for Centre for Blast Injury Studies and UK EPSRC is 
gratefully acknowledged.  
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Free paper session: Low- and middle-income countries - Healthcare policy and 
services I 

5.19.1 The need for mobility assistive devices in people with lower limb conditions in Nepal 
Lucy Gates1, Alex Dickinson1, Mahesh Puri2, Amos Channon1 

1University of Southampton, Southampton, United Kingdom. 2Center for Research on Environment Health & Population 

Activities, Kathmandu, Nepal 

BACKGROUND 
Lower limb conditions (LLCs) can result in pain and mobility limitation, and sufferers may benefit from mobility assistive 
devices. In Nepal, a large proportion of the population live in remote areas with little access to quality healthcare. The 
burden and treatment of LLCs is not well known, but it is likely these conditions have profound consequences on 
individuals and society. It is important to understand the needs of those with LLCs and the challenges of accessing 
treatment such as devices. 

AIM 
To investigate the need for mobility assistive devices in people with LLCs across a range of communities and diverse 
geographical regions in Nepal  

METHOD 
A three-staged cluster sampling technique was used to select 500 men and women with LLCs (18 and above years) in 
three selected districts of Nepal. Three districts were selected from each of Nepalôs three ecological zones: Mountain 
(Dolakha), Hill (Lamjung) and Terai (Dang). Screening for an LLC was undertaken on 2,525 households and as targeted, 
survey interviews were conducted on 500 people with an LLC condition and in-depth interviews (IDIs) on 15 individuals. 
Surveys included questions to assess LLCs and related issues, such as access to healthcare, treatment, mobility aids, 
related economic hardship and comorbidities. Data were collected between July and August 2021. 

RESULTS 
Within the LLC population (n=500), 97% reported a musculoskeletal LLC, 1% amputation, 7% deformity, 30% 
injury/trauma and 1% wounds. Of those with a given condition who reported using an assistive device, the type of device 
used is shown in table 1. A total of 82 LLC suffers reported the need for a cane or stick, 34 the need for prosthesis or 
orthoses, 15 for crutches, 10 for a 
walking frame, 8 for a wheelchair, 
and 5 for therapeutic footwear. 

Of those with lower limb 
amputation, none had a 
prosthesis. The reason for this 
was either the cost of treatment, 
not knowing where to go for 
treatment or because of 
pain/discomfort.   

IDIs revealed a heavy reliance on devices, in particular crutches and sticks and the significant challenges faced in getting 
quality replacements that are appropriate for the given environment. 

DISCUSSION AND CONCLUSION 
Given the social and economic variation in the country, it is important to understand the needs of those with LLCs. 
Quantitative findings show the variation in devices used for different conditions. Many LLC sufferers rely on the use of 
canes, sticks or crutches and a high number report the need for additional devices. Qualitative findings highlight just how 
dependant LLC sufferers are on mobility assistive devices and the issues faced with accessing quality replacements that 
are fit for purpose. 
 
ACKNOWLEDGEMENTS: We thank all Nepali participants for their contribution to this study.  
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5.19.2 Using WHO Training in Assistive Products to expand the scope and reach of Papua 
New Guinea's National Orthotic Prosthetic Services 
Almah Kuambu1, Emma Tebbutt2 

1National Orthotics and Prosthetics Service, Port Moresby, Papua New Guinea. 2World Health Organization, Geneva, 

Switzerland 

BACKGROUND 
The National Orthotics and Prosthetics Service (NOPS) provides prosthetics and orthotics including mobility assistive 
technology (AT), from a National tertiary centre and via eight satellite clinics around the country. The Service struggles to 
meet the need, a key barrier to access being distance to services and geographical challenges including limited number of 
satellite clinics across the country. Many clients also need other types of AT, e.g., for vision or self-care [1]. 

AIM 
To expand the scope and increase access to National AT services by expanding the range of AT provided by NOPS and 
initiating AT service provision at community level, in partnership with eye care and primary health care services.  

METHOD 
Between 2019 and 2022, the NOPS team used the World Health Organizationôs Training in Assistive Products (TAP) 
online training resource to develop capacity to provide self-care AT (toilet/shower chairs and incontinence products). 
Using TAP resources, the team supported primary health care managers and mentored staff at 8 primary health care 
centres to enable them to start to provide walking aids and identify clients with referral needs. In addition, the NOPS team 
collaborated with the National eye care service to create a referral network to better meet the needs of people in need of 
more than one type of AT (e.g., for self-care and/or mobility and/or vision). 

RESULTS 
44 personnel were trained using TAP, including 33 nurses and nurse assistants from 10 primary health care centres 
(PHC) and 10 orthotic/prosthetic staff from NOPS. These personnel went on to provide over 4000 assistive products, 
including reading glasses, toilet/shower chairs, absorbent incontinence products and walking aids. Both NOPS and PHC 
personnel built competence to also provide a basic vision screening service and refer to the eye care service when needs 
identified. New referral networks were successfully established between NOPS, National Eye Care service and the PHC 
centres. A successful model of mentoring was also established, whereby NOPS and National Eye Care personnel 
provided ongoing support to PHC personnel as they developed competence for safe, effective AT provision. Data from 
interviews and focus groups was very positive and highlighted important learning for future scaling up. 

DISCUSSION AND CONCLUSION 
TAP enabled easy access to training in AT provision beyond O&P. This allowed NOPS staff to expand their scope and the 
reach of their service and facilitated new links between services for more integrated patient care. Pressure on tertiary 
services reduced as a result of services at community-level. The biggest challenge was lack of sustainable AT product 
supply to meet the need. AT financing and supply chain needs addressing in order for these new services to be 
sustainable.  

REFERENCES 
1. National Guidelines on the Provision of Assistive Technology in Papua New Guinea, Zero Draft - 2016. Accessed 

on 10.10.2022 at: https://www.motivation.org.au/resources/guidelines.   
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5.19.3 Access to assistive technology services for women with disabilities in the General 
Hospital of Kinshasa 
Josue Mbonga1, Christian-Serge Bashinge2, Elia Bernabeu Mira2 

1General Hospital of Kinshasa, Department of Functional Rehabilitation, Kinshasa, Congo, the Democratic Republic of 

the. 2International Committee of the Red Cross (ICRC), Kinshasa, Congo, the Democratic Republic of the 

BACKGROUND 
Studies show that different socio-economic and structural factors can limit access to healthcare for women with 
disabilities. Access to healthcare in general and to physical rehabilitation services and assistive technology is a big 
facilitator to acquire access to education, the labour market, and to full participation in social life. 

Due to their gender, disability, and poverty, women with disabilities frequently experience triple discrimination. Women 
represent only 38.89% of patients in Kinshasa's rehabilitation facilities, suggesting that there are still ongoing hurdles. 

AIM 
This study aims at providing a preliminary understanding of the access of women with physical disabilities to the 
orthopaedic and rehabilitation services. 

METHOD 
This quantitative analysis is a retrospective study using existing data collected with the Digital Centre Management 
system in the Functional Rehabilitation Department (DRF) of the General Hospital of Kinshasa. The extraction of the data 
allowed an analysis disaggregated by gender first, and after by age, and type of service provided. Files that were not 
complete or treatments that were not finalized were not included. The percentage found was used as a proxy indicator for 
barriers existence to women obtaining services. 

A total of 923 patients with mean age 34.74 benefited from rehabilitation services from May 2021 to August 2022 

RESULTS 
The common leading age groups were 18-40 years old (n=301, 32.61%) and 40-60 years old (n=299, 32.39%). 36.51% of 
the adult service users are women. Contrary to adults, children do not exhibit a significant gender access disparity 
(54.05% boys and 45.95% girls). The biggest gap encountered is for the persons with amputations: 3 out of 4 are males 
(n=243- 75% of all adult amputees) and 82 are females (25%). Another disparity in access was found among the 
wheelchair users: 157 service users received wheelchairs, 55 were females (38,5%). When it comes to orthoses, women 
appear to have more equitable access (48.91% of all orthotic users). These findings show that adult women amputees 
and wheelchair users experience larger access challenges when seeking out rehabilitation services in DRF. 

DISCUSSION AND CONCLUSION 
This study allows us to understand that adult women seeking prosthetics and wheelchairs services face the most barriers 
to access available rehabilitation services in DRFs. However, children and women needing orthotics have a similar access 
than man. Additional qualitative studies could unable in-depth comprehension of the challenges and lead to improvements 
in the service. 

ACKNOWLEDGEMENTS: Thanks to the International Committee of the Red Cross who support the ongoing work. 
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5.19.4 Egalitarian public policy in Israeli healthcare 
Ayala Parag1,2, Carmit Cahana3,1 

1Lewis Institute, Tel Hashomer, Israel. 2formerly Ministry of Health, Jerusalem, Israel. 3Ministry of Human Services, 

Jerusalem, Israel 

BACKGROUND 
Israelôs State Health Insurance Law of 1994, based on principles of justice, equality and mutual aid, established obligatory 
provision of health insurance to all Israeli citizens. It stipulates the basket of services provided through health insurance 
funds. A few services are provided directly by the government, including ambulation devices, specifically prosthetics, 
orthotics and custom-made medical shoes. The Ministry of Health issues a public tender for managing service provision. 
The Lewis Institute, which secured the tender is the current manager. 

AIM 
Describe how Israel adheres to egalitarian principles in provision of a scope of devices, tailored to their specific needs and 
level of function and describe how co-payment is adjusted to income, so that people of low income are exempt. 

METHOD 
Clinics run by qualified physicians and physiotherapists are dispersed throughout Israel where disabled clients are 
examined. A detailed prescription stipulating the device to be custom-made, as well as the particular adjustments 
necessary to support ambulation of the client according to their particular disability is filled out. Prior to arrival at the clinic 
clients requiring a prosthesis are examined by a physiotherapist who performs an AMP (ambulation mobility prediction) 
test, so that the prosthesis provided reflects functional status. The client submits the prescription to a technician who 
fabricates the device. The client returns to the clinic with the device for a final examination. Specific policies will be 
elaborated during the talk. 

RESULTS 
The number of clients seen annually according to category (last 3 years). The number of citizens purchasing 

independently is negligible. 

 Total Number of Devices Provided 2019-2021    

         

 Prosthetics  Orthotics   Shoes  

         

total no. clients devices  clients devices  clients devices 

2019 906 990  4599 7491  4177 4210 

2020 853 928  4274 7173  3055 3067 

2021 763 832  4663 7934  3180 3198 

DISCUSSION AND CONCLUSION 
All citizens, regardless of income, are examined by qualified professionals and receive devices adapted to their functional 

and ambulatory needs. The maximum co-payment is 25% of cost. Co-payments are adjusted according to income, as well 

as number of devices needed or number of family members requiring devices. In this manner, the cost burden is 

minimized. The number of clients who purchase privately is negligible. 
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Free paper session: Outcome measurements - O&P 

5.20.1 Orthotic Patient-Reported Outcomes ï Mobility (OPRO-M): An item response theory 
based outcome measure for assessing mobility in lower limb orthosis users 
Geoffrey Balkman1, Phil Stevens2, Eric Weber2, Alyssa Bamer1, Rana Salem1, Sara Morgan3,1,4, Brian Hafner1 

1University of Washington, Seattle, USA. 2Hanger Institute for Clinical Research and Education, Austin, USA. 3Gillette 

Childrens Hospital, Minneapolis, USA. 4University of Minnesota, Minneapolis, USA 

BACKGROUND 
Patient-reported outcome (PRO) measures can be used to evaluate the effects of orthotic interventions by measuring 
individualsô perceived mobility in real-world situations. An item bank is a type of PRO instrument that can be administered 
using computer adaptive testing (CAT) or short forms. A qualitative item review was performed previously to develop a 
pool of candidate items for measuring mobility in lower limb orthosis users.1  

AIM 
To calibrate items for the Orthotic Patient-Reported Outcomes ï Mobility (OPRO-M) item bank. 

METHOD 
Cross-sectional study of English-speaking orthosis users in the United States was conducted. Participants included adults 
with 6+ months experience using orthoses. Convenience sampling was supplemented with targeted recruitment to ensure 
representation of specific device types, health conditions, and activity levels. Participants completed an online or paper 
survey that included candidate OPRO-M items.  

Procedures followed established development guidelines.2 Confirmatory factor analysis (CFA) was performed to assess 
unidimensionality and items were evaluated for local independence. After removing locally dependent items, a graded 
response model was fit to the remaining items. Differential item functioning (DIF) by sex, age, or clinical condition was 
assessed. Short forms were developed for different clinical and research applications. 

RESULTS 
1036 participants completed the study. Half the participants were female and mean age was 60 years (range: 19-94 
years). CFA results supported unidimensionality. A set of 39 items without local dependence was calibrated and included 
in the final item bank. No significant DIF was identified. 20- and 12-item forms (and corresponding scoring tables) were 
created for public dissemination (Figure 1). A CAT was also coded for electronic administration. 

DISCUSSION AND CONCLUSION 
Results indicated that OPRO-M items were 
unidimensional, locally independent, and functioned 
without bias due to characteristics unrelated to 
mobility. OPRO-M is the first item response theory 
based item bank developed specifically for evaluating 
mobility of lower limb orthosis users. OPRO-M may 
be valuable to clinicians, as the abbreviated forms 
minimize interruptions to patient care and the items 
include situations that are likely to be affected by 
orthotic interventions. OPRO-M instruments are 
available free-of-charge for clinical and research use 
at https://uwcorr.washington.edu/measures/.  

 
REFERENCES:  

1. Balkman, et al. 2020 AOPA National Assembly (abstract); 2. Reeve, et al. Med Care 45:S22-31, 2007  
 

ACKNOWLEDGEMENTS: This work was funded by the American Orthotic and Prosthetic Association and the U.S. 
Department of Defense. 

 

Figure 1. OPRO-M instructions and example items 
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5.20.2 Sensitivity to change of patient-reported and performance measures for custom AFO 
users 
Allen Heinemann1,2, Stefania Fatone3, Sherri LaVela4,1, Michelle Peterson5, Billie Slater5, Nicole Soltys2, Mary Kwasny1 

1Northwestern University, Chicago, USA. 2Shirley Ryan AbilityLab, Chicago, USA. 3University of Washington, Seattle, 

USA. 4Edward Hines, Jr. VA Hospital, Hines, USA. 5Minneapolis VA Health Care System, Minneapolis, USA 

BACKGROUND 
Patient-reported outcome measures (PROMs) are not used widely to evaluate the benefits of lower-limb orthoses, 
reflecting the lack of consensus on what to measure and limited psychometric evidence. This study builds on our efforts to 
assess patient and clinician perspectives on quality-of-care topics that are important to measure for custom ankle-foot 
orthosis (AFOs) users [1]; identify instruments to assess care quality [2], and assess orthotistsô and physiotherapistsô 
perspectives on quality-of-care [3]. 

AIM 
Aims of this report are to assess sensitivity to change of instruments measuring quality-of-care topics valued by patients 
and clinicians. 

METHOD 
We recruited a convenience sample of adults receiving a new or a major new component of a custom AFO from 2 VAs 
and a rehabilitation hospital. We selected the EQ-5D; PROMIS Pain Interference, Physical Function, Participation in 
Social Roles and Activities, and Satisfaction with Social Roles and Activities short forms; Rivermead Mobility Index; and 
OPUS Quality-of-Life and Lower Extremity functional status. Staff recruited participants and administered instruments and 
recorded PROM responses before device delivery, ~1 month after delivery, and 1 month later. Participants provided 
consent. We calculated descriptive statistics and used generalized linear mixed models to test if measures changed over 
time. All models assumed an autoregressive (1) covariance structure. 

RESULTS 
The sample of 31 adults (52% male) had a mean age of 57+/-14 years and body mass index of 28+/-6. Patient 
impairments necessitating a custom AFO resulted from strokes (35%), neurological conditions (26%), traumatic conditions 
(13%), and various other conditions (26%). The Table shows estimated means and standard errors for the measures. We 
observed statistically significant improvement for the EQ-5D total score, PROMIS Physical Function, Rivermead, and 
OPUS Quality of Life. Gains in PROMIS Participation in Social Roles and Activities, and OPUS lower extremity function 
approached statistically significant improvements. 

DISCUSSION AND CONCLUSION 
Results provide evidence of sensitivity to change in four of the nine measures. Had the sample size been larger, we likely 
would have detected significant improvement in two additional measures. Clinicians may consider these PROMs for 
evaluating patientsô experiences with orthotic services. Findings are specific to custom AFO users; future studies should 
evaluate measurement properties in other populations. Findings fill a knowledge gap regarding the sensitivity to change of 
PROMs that are suitable for use with custom AFO users. 

REFERENCES 
1. Fatone S et al. Identifying Instruments to Assess Care Quality... Arch Phys Med Rehabil, 102(4), 709-734.  
2. Heinemann A et al. (2020). Patient and Clinician Perspectives... Am J Phys Med Rehabil, 99(6), 540-549.  
3. Heinemann A et al. (2021). Orthotists' and physical therapists' perspectives... Assist Technol, 33(4), 206-216. 

ACKNOWLEDGEMENTS: This project was funded by the United States Department of Defense, Award number 
W81XWH-16-1-0788. 
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5.20.3 Satisfaction with prosthetic and orthotic services ï s Swedish national survey 
Nerrolyn Ramstrand1, Isabella Gigante2, Anas Mussa1 

1Jönköping University, Jönköping, Sweden. 2Linneaus University, Kalmar, Sweden 

BACKGROUND 
Careful monitoring of progress toward desired outcomes is an essential component of the prosthetic and orthotic service 
delivery process [1]. To evaluate outcomes, it is necessary to not only measure functional improvements associated with 
the provision of specific devices but also the end-userôs perceptions of how their needs have been met and their overall 
level of satisfaction with services.  

AIM 
This cross-sectional study aimed to evaluate patient satisfaction with prosthetic and orthotic and services in the Swedish 
context as well as identify factors which have the greatest influence on client satisfaction. 

METHOD 
Prosthetic and orthotic clinics in Sweden were invited to participate. Every third month questionnaires were sent to a 
random sample of clients who had received new prostheses or orthoses. Questionnaires were marked with a personalised 
code and reminders were sent to clients who did not respond after 3-weeks.   

The questionnaire comprised of 24 items drawn from validated instruments. Satisfaction with services was measured 
using OPUS(CSS) [2].  Other items included demographic variables, type of device, frequency of use, perceived health 
status, quality of life, the extent to which perceived needs were met and comfort of the device.  

RESULTS 
44 of the total 50 prosthetic and orthotic clinics in Sweden participated in this study with approximately 2000 responses 
received over a 1-year period. Response rates across clinics varied between 30 and 40% with prosthesis users 
responding to a greater extent than orthosis users. Most respondents were aged between 65 and 80 years (40%). 

Preliminary analysis reveals an average OPUS(CSS) score of 57.2 (SD 19.2) from a highest possible score of 100. No 
difference in OPUS scores was observed when comparing different types of devices (p>0.05) or sex of respondents 
(p>0.05).  A significant difference was observed between age groups (p<0.05) but this did not exceed the smallest 
detectable difference (17 points). Clients were most satisfied with the courtesy and respect afforded to them by their 
clinician and least satisfied with the coordination of services with therapists and doctors. 

DISCUSSION AND CONCLUSION 
This study represents one the largest studies of client satisfaction within the field of prosthetics and orthotics.  Overall 
results indicate moderate levels of satisfaction with service provision. Average satisfaction scores were similar to those 
reported for both prosthetic and orthotics users in a smaller study [3], but higher than scores reported for veterans with 
upper limb amputation [4]. Age, sex and the type of prosthetic or orthotic device did not appear to influence clientsô 
satisfaction with the services they received. 

REFERENCES 
1. Desideri et al. (2016). Assist technol:official journal of RESNA 2016; 28: 30-40.  
2. Jarl et al. (2014) Prosthet Orthot Int. 38:21-26. 
3. Ghoseiri et al. (2012) Disabil Rehabil. 34:1328-1332. 
4. Resnik et al. (2021) Fed Pract. 38:110-120. 

ACKNOWLEDGEMENTS: This project was financed in part by the Swedish Prosthetic and Orthotic Branch Organization 
(OTB). 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

181 of 400 

5.20.4 Outcome measures related to prosthetics and orthotics in Thailand: A scoping review 
Kittiya Phatthrarak, Chonlada Chowthai, Hirun Hanwinyanan, Sirintip Kaewtip, Jutima Rattanakoch, Pitchaya Rayothee, 

Sirirat Seng-iad 

Sirindhorn School of Prosthetics and Orthotics, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand 

BACKGROUND 
Outcome measure, the standardized instrument to assess the impact of the intervention, is commonly integrated and 
researched by various healthcare professionals [1-2]. ISPO has recommended the use of outcome measures in routine 
clinical practice in prosthetics and orthotics (P&O) [3]. Recently, outcome measures in P&O are widely used and studied 
worldwide. However, in Thailand, the use of outcome measures in P&O practice and research remains unclear, and the 
information specific to P&O outcome measures is limited. 

AIM 
The objectives of this scoping review were to explore and map outcome measures related to P&O in research literature 
conducted in Thailand; to identify the research gap; and to provide evidence and recommendations for further research 
and clinical application. 

METHOD 
This scoping review was underpinned by the 5-stage methodological framework by Arksey and OôMalley [4] and Levac et 
al. [5], consisting of 1) identifying the research question, 2) identifying relevant studies, 3) study selection, 4) charting the 
data, and 5) collating, summarizing and reporting the results. Twelve Thai and international electronic databases were 
searched for studies in Thai and English, published from 2010 to 2021. All studies were screened independently by two 
members, and inclusion/exclusion criteria were applied for the selection of relevant studies. Articles related to outcome 
measures in P&O and related fields in Thailand were included. Quantitative and qualitative data were extracted, charted, 
and analysed. 

RESULTS 
Approximately 900 articles were included in the full-text review. Currently, full-text screening, extracting, charting, and 
analysing were completed for the included articles published in 2019 - 2021. The preliminary result of 2019-2021 indicated 
a total of 288 studies. Most of the included studies were conducted in the field of geriatric rehabilitation. The main clinical 
outcomes of interest in the included studies were pain and disability. The majority of outcome measures used (44%) were 
performance-based outcome measures, in which TUG, 6MWT, and FTSST were the most commonly used. P&O-specific 
outcome measures among P&O users were used in 9 studies, with 7 studies in people with lower limb amputation. Fifty-
one studies focused on cross-cultural adaptation and psychometric properties of the Thai version of outcome measures. 
The continuation of the remaining articles from 2010-2018 is currently in progress to finalize the findings.  

DISCUSSION AND CONCLUSION 
The findings of the preliminary result of 2019-2021 indicated some degree of outcome measure availability related to P&O 
with the limited use of P&O-specific outcome measures in research conducted in Thailand. Hence, it is considered as 
research and clinical practice gaps in P&O and denoted for improvement, planning, and application of outcome measures 
in P&O in Thailand. The more complete data of the articles from 2010-2018 will complement more in-depth and breadth of 
this scoping review. 

REFERENCES 
1. Smith et al., 2015, OUP Oxford. 
2. Wade, 1999, Clinical Rehabilitation.  
3. ISPO, 2022, Education Standards - ISPO.  
4. Arksey and O'Malley, 2005, Int. J. Soc. Res. Methodol. 
5. Levac et al., 2010, Implementation Science. 
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5.20.5 Spanish translation of the Orthotic Patient-Reported Outcomes ï Mobility (OPRO-M) 
item bank 
Ximena Vargas, Brian Hafner, Geoffrey Balkman 

University of Washington, Seattle, USA 

BACKGROUND 
The Orthotic Patient-Reported Outcomes ï Mobility (OPRO-M) is the first item response theory based item bank 
developed for lower limb orthosis users.1 OPRO-M instruments are available for free in English, but are not available for 
lower limb orthosis users who read other languages. Translation of OPRO-M into other languages such as Spanish will 
expand access to these promising instruments and allow clinicians and researchers in the United States and Latin 
America to better assess mobility outcomes in lower limb orthosis users. 

AIM 
To perform a formal Spanish translation of the OPRO-M item 
bank. 

METHOD 
Formal translation of OPRO-M instructions, items, and 
response options was performed. Procedures conformed to 
guidelines for translation of health surveys (Figure 1).2 The 
translation was overseen by an experienced coordinator. 
Two independent forward translations were performed by 
bilingual medical professionals. Forward translations were 
reconciled and decisions coded by the translation 
coordinator using recommended methods.3 The reconciled 
translation was back-translated by a native English speaker 
fluent in Spanish. The back-translation was reviewed by the 
coordinator and developers; revisions were made as 
needed. The full translation record was reviewed by three 
bilingual reviewers from different Spanish-speaking 
countries. The coordinator and developers reviewed their 
feedback and revised items as needed.    

RESULTS 
The coordinator selected translation A (or revised A) for 25 
items and translation B (or revised B) for 8 items. 5 items 
were translated the same, and 1 item used parts of both 
translations. The developers approved 34 reconciled 
translations and requested revisions to 5 items. Feedback 
from expert reviewers is pending. 

DISCUSSION AND CONCLUSION 
Access to quality translations of valid and reliable surveys, like OPRO-M, will help facilitate standardization in outcomes 
measurement around the world. The rigorous translation process resulted in a robust Spanish translation of OPRO-M. 
OPRO-M instruments can now confidently be administered to both English and Spanish-speaking orthosis users. The 
linguistic clarity and cultural applicability of the Spanish translation of the OPRO-M item bank will next be assessed via 
cognitive interviews with target respondents.  

REFERENCES 
1. Balkman, et al. 2022 ISPO World Congress (abstract). 

2. Eremenco, et al. Eval Health Prof 2005;28:212-32.   

3. Koller et al. Pharmacoecon Outcomes Res 2021;12:189-97. 

ACKNOWLEDGEMENTS: This work was funded by the American Orthotic and Prosthetic Association.  

Figure 1. OPRO-M translation process
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Free paper session: Training and therapy - Training and therapy  

5.21.1 Exploring the energy efficaciousness of reciprocating gait orthoses and powered 
exoskeletons for adults with traumatic paraplegia ï a literature review 
Mini Krishnan, Karyn Ross 

University of Strathclyde, Glasgow, United Kingdom 

BACKGROUND 
Although there are numerous physiological, psychological and social benefits associated with the use of reciprocating gait 
orthoses (RGOs) and powered exoskeletons for ambulation in adults with paraplegia as a result of spinal cord injury 
(SCI), a major factor contributing to non-adherence is the high energy expenditure associated with their use.(1)  A greater 
understanding of the energy consumption and activity intensity associated with ambulation in these orthotic devices might 
facilitate further design improvements and augment rehabilitation training. 

AIM 
This literature review will produce a synthesis of evidence pertaining to energy expenditure while walking with RGOs and 
powered exoskeletons as prescribed for adults with traumatic paraplegia and explore whether advanced orthotic solutions 
positively impact energy cost and improve adherence. 

METHOD 
Population Intervention Comparison Outcome method and the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses guidelines were used to search for and report pertinent literature. Search terms including parapleg*, 
orthos*, RGOs, exoskeletons, energy* connected with Boolean operators AND/OR were used within search engines 
including SUPrimo Library, PubMed, Web of Science, IEEE Xplore, ProQuest and clinicaltrials.gov website. Inclusion 
criteria comprised studies reporting energy outcomes with commercially available RGOs and FDA approved exoskeletons 
involving adults with traumatic paraplegia. Eleven and seven studies pertaining to RGOs and exoskeletons respectively 
were graded using Scottish Intercollegiate Guidelines Network grading system which was also used to collate levels of 
evidence and provide grades of recommendations. 

RESULTS 
Energy outcomes for RGOs and exoskeletons did not differ significantly, despite weight difference between devices. 
Compared to RGOs, ReWalk and Indego, EksoGT showed the most energy efficient scoring as demonstrated by 
heartrate response (HR), O2 consumption and O2 cost even with higher levels of SCI. Isocentric RGO (IRGO) showed 
improved scores with energy parameters including HR and Physiological Cost Index with the introduction of articulated 
AFOs with dorsiflexion assists lowering metabolic cost with improved velocity. The Louisiana State University RGO 
showed improved scores with VO2 rate, O2 cost, energy expense and energy cost, with the addition of functional 
electrical stimulation demonstrating improved cardiac output, although impact on energy remained inconclusive. 
Respiratory exchange ratio values indicated that RGO walking is a strenuous activity, while metabolic equivalent of task 
scores demonstrated that walking with exoskeletons is classified as light to moderate activity. 

DISCUSSION AND CONCLUSION 
 Although the level of evidence is low, with insignificant energy score differences between exoskeletons and RGOs, there 
is an indication that EksoGT is more efficient than other exoskeletons and RGOs. Evidence regarding which RGO is more 
energy efficient remains inconclusive. Longitudinal studies with larger sample sizes, exploring energy outcomes out with 
gait laboratories, evaluating the impact of training to increase aerobic capacity, muscle strength and endurance and 
subgroup analysis based on participant demographics would contribute to evidence-based practice.  

REFERENCES 
1. D'Ambrosia R, Solomonow, M., & Baratta, R. V. Current status of walking orthoses for thoracic paraplegics. Iowa 

Orthop J. 1995;15,: 174ï81. 
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5.21.2 Therapeutic benefits of lower limb prostheses: a systematic review 
Elke Lathouwers, María Alejandra Díaz, Alexandre Maricot, Bruno Tassignon, Kevin De Pauw 

Vrije Universiteit Brussel, Brussels, Belgium 

BACKGROUND 
Enhancing the quality of life of people with a lower limb amputation is critical in prosthetic development and rehabilitation. 
Yet, no overview is available concerning the impact of passive, quasi-passive and active ankle-foot prostheses on quality 
of life. 

AIM 
To systematically review the therapeutic benefits of performing daily activities with passive, quasi-passive and active 
ankle-foot prostheses in people with a lower limb amputation.  

METHOD 
We searched the Pubmed, Web of Science, Scopus and Pedro databases, and backward citations until November 3, 
2021. Only English-written randomised controlled trials, cross-sectional, cross-over and cohort studies were included 
when the population comprised individuals with a unilateral transfemoral or transtibial amputation, wearing passive, quasi-
passive or active ankle-foot prostheses. The intervention and outcome measures had to include any aspect of quality of 
life assessed while performing daily activities. We synthesised the participants' characteristics, type of prosthesis, 
intervention, outcome and main results, and conducted risk of bias assessment using the Cochrane risk of bias tool. This 
study is registered on PROSPERO, number CRD42021290189. 

RESULTS 
We identified 4281 records and included 34 studies in total. Results indicate that quasi-passive and active prostheses are 
favoured over passive prostheses in the short-term. None of the included studies investigated the long-term effects of the 
prostheses, and none of the studies compared active with quasi-passive prostheses. Among the included studies, quality 
of life has been evaluated in the short-term using biomechanical (n = 26), physiological (n = 10), performance-related (n = 
19) or subjective measures (n = 10). These measures were collected during level walking (n = 34), slope walking (n = 9), 
standing (n = 2), circuit walking (n = 1), stair climbing (n = 1), standardized clinical tests (n = 1) and rock climbing (n = 1). 
All studies had a moderate to high risk of bias. 

DISCUSSION AND CONCLUSION 
Compared to passive ankle-foot prostheses, quasi-passive and active prostheses significantly enhance the quality of life. 
Although short-term therapeutic benefits have been established favouring more advanced prostheses, outcome 
measures' discrepancies prevail, and the long-term benefits remain unknown. Investigating these aspects within 
prosthetic development and evaluation may improve the quality of life of people with a lower limb amputation. 
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5.21.3 Utilizing novel smart wearable assistive technology to facilitate sensorimotor training of 
stroke survivors: Towards home/community-based rehabilitation 
Kejing Li1, Alan KL Chung1, Michael Wy Lam1, Christina Zh Ma1,2 

1Department of Biomedical Engineering, The Hong Kong Polytechnic University, Hong Kong, China. 2Research Institute 

for Smart Ageing, The Hong Kong Polytechnic University, Hong Kong, China 

BACKGROUND 
Stroke survivors often retain a deteriorated motor and sensory function even after rehabilitation in early-stage, causing 
inconvenience in daily life. The high cost, limited access to, and lack of rehabilitation treatments and resources have 
further restrained them from receiving the adequate rehabilitation treatment. To address this issue, an affordable and 
easy-to-get rehabilitation strategy is urged to be developed and investigated. 

AIM 
To provide an easy-to-get and assistive-technology-based rehabilitation strategy for improving the sensorimotor function 
of stroke survivors, in an attempt to help relieve the heavy burden of the global rehabilitation system. 

METHOD 
A home/community-based sensorimotor 
training strategy has been designed and 
developed, including a wearable intelligent 
device for daily monitoring and training of 
community-dwelling stroke survivors. A 
total of 22 stroke survivors were then 
recruited to complete ten sensorimotor 
training sessions within 2-3 weeks, each 
session involved a 60-min sensorimotor 
training. Participants were randomly 
assigned into two groups, one for training 
with the system on and another one for 
training with the system off. The 
questionnaires, kinematics and kinetic 
analysis, and position sense threshold 
were used to evaluate the short-term and 
long-term effectiveness of this newly 
developed sensorimotor training strategy in 
community-dwelling stroke survivors. 

RESULTS 
The development of the wearable sensorimotor training system was completed, including: 1) four Inertial Measurement 
Units (IMU) to evaluate and monitor the lower-limb sensorimotor function and training progress of stroke survivors, when 
performing daily physical exercises; and 2) an Android-based mobile app and user-interface (UI) installed on a smart 
phone to provide the individualized feedback/reminders and improve the training outcomes of stroke survivors (Figure 1). 
The validity of the system and the feasibility of the strategy has been confirmed.  

DISCUSSION AND CONCLUSION 
This study provided a novel rehabilitation strategy/approach for the lower-limb sensorimotor training of stroke survivors, by 
utilizing the novel smart wearable assistive technology. It is expected that the positive results of this study could provide 
more evidence regarding the feasibility and effectiveness of such rehabilitation strategy in short-term and long-term. We 
will also continue such efforts and investigate the effectiveness of the developed system on stroke survivors in home-
/community-based settings. 

 

Figure 1. Illustration of the system and the training circle 
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5.21.4 Phantom motor imaginary treatment reverted the decision to perform euthanasia due to 
phantom limb pain: a case study 
Maria Munoz-Novoa1,2, Joanne van Veldhoven3, Morten B. Kristoffersen2,4, Eva Lendaro5, Sietke Postema3, Kajsa 

Lidstrom-Holmqvist6,7, Els Keesom8, Max Ortiz-Catalan2,4,9,10, Corry K van der Sluis3 
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Gothenburg, Gothenburg, Sweden. 2Center for Bionics and Pain Research, Mölndal, Gothenburg, Sweden. 3University of 

Groningen, University Medical Center Groningen, Department of Rehabilitation Medicine, Groningen, Netherlands. 
4Department of Orthopaedics, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, 

Gothenburg, Sweden. 5Department of Brain and Cognitive Sciences, McGovern Institute for Brain Research, 

Massachusetts Institute of Technology, Cambridge, Cambridge, USA. 6University Health Care Research Center, Faculty 

of Medicine and Health, Örebro University, Örebro, Sweden. 7Department of Neurology and Rehabilitation medicine, 

Örebro university hospital, Örebro, Sweden. 8Department of Pediatric Rehabilitation of Treant, Emmen and Hoogeveen, 

Hoogeveen, Netherlands. 9Department of Electrical Engineering, Chalmers University of Technology, Gothenburg, 

Sweden. 10Operational Area 3, Sahlgrenska University Hospital, Mölndal, Gothenburg, Sweden 

BACKGROUND 
Phantom limb pain (PLP) is a debilitating and common condition suffered by people after amputation that directly affects a 
person's quality of life (QoL). PLP can lead to depression, increase in anxiety, and even suicide or euthanasia. A recent 
randomized clinical trial (RCT) used Phantom Motor Imaginary (PMI) as a control treatment for treating PLP [1]. A case 
study was initiated to deeply investigate a participant with severe PLP who became pain-free after PMI treatment.  

AIM 
To explore the perception and subjective experience of a person with chronic PLP, his journey, and the impact of PLP and 
the Phantom Motor Imagery (PMI) treatment had on his life.  

METHOD 
A 68-year-old male with a transfemoral amputation and chronic PLP was included in the PMI group at PLP RCT(1). PMI 
consisted of imagining the movement of the phantom limb guided by virtual reality (1). Eighteen assessment visits were 
done at the trial to measure PLP intensity, intrusion of PLP in sleep, and QoL (1). After one monthôs follow-up (FU), the 
participant decided to leave the RCT due to an increase in PLP and was provided with the PMI software at home to 
intensify the training. After six months of home training, the assessments and a semi-structured interview were applied to 
explore the participant's perspective about his PLP journey. 

RESULTS 
Before the PMI treatment, the participant had arranged euthanasia to end the suffering, depression, and insomnia that 
PLP brought to his life. He stated: ñI was done with itò. During the RCT, PLP decreased from 8 to 0 on the Visual Analog 
Scale, and hope in life returned until the one-month FU when the PLP increased to 5 and euthanasia was reconsidered. 
However, during the PMI home training, the PLP disappeared. He said: ñNow I am completely pain-free. As rebornò.  The 
participant reported an increase in QoL from 3 to 9 on a scale were 10 represents the best QoL. He no longer 
experienced intrusion of PLP in sleep, expressed hope for the future, and had no more thoughts about euthanasia. 

DISCUSSION AND CONCLUSION 
PLP can lead a person to consider euthanasia. PMI helped one person to decrease PLP and returned the desire to live by 
increasing his QoL. PMI is possible to perform in a home environment and might be a solution to reduce chronic PLP. 
However, larger studies about amputees' PLP journey and PMI must be performed to draw any conclusions for the 
population. 

REFERENCES 
1. Lendaro E, Hermansson L, Burger H, et al. Phantom motor execution as a treatment for phantom limb pain: 

protocol of an international, double-blind, randomised controlled clinical trial. BMJ Open. 2018;8(7):e021039. 
Published 2018 Jul 16. doi:10.1136/bmjopen-2017-021039   
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Free paper session: Prosthetics: Lower limb - Osseointegration outcomes 

5.22.1 Have surgery and implant modifications been associated with a reduction of soft-tissue 
complications in transfemoral bone-anchored prostheses? 
Robin Atallah, David Reetz, Nico Verdonschot, Marinus De Kleuver, Jan Paul Frölke 

Radboud University Medical Center, Nijmegen, Netherlands 

BACKGROUND 
The most frequently occurring adverse events in individuals with a transfemoral amputation treated with a bone-anchored 
prosthesis are soft tissue infections and stoma-related complications. These soft tissue complications are believed to be 
influenced by surgical technique and implant design, but little is known about the effect of changes to treatment on these 
events. 

AIM 
To assess the result of surgery and implant modifications on the incidence of soft tissue infections and stoma-related 
complications in individuals who received a press-fit bone-anchored prosthesis, depending on implant design and surgical 
technique.  

METHOD 
Individuals with a transfemoral amputation experiencing socket-related problems were treated with 2-stage 
osseointegration surgery between 2009 and 2018. Between 2009-2013 treatment occurred using a conventional surgical 
technique and a Cobalt-chrome-molybedenum implant. Between 2015-2018 treatment occurred using an adapted surgical 
technique, resulting in a more shallow stoma, and a titanium alloy implant was used. The period between 2013-2015 was 
a transitional period and was excluded from the analysis, also to keep groups comparable. A standardized 2-year follow-
up was used. Outcomes studies were (1) soft tissue infections and stoma-related complications (hypergranulation/keloid 
formation, stoma redundant tissue), and (2) bone or implant infection, aseptic loosening, implant stem breakage, 
periprosthetic fracture and death. 

RESULTS 
Patients treated with the adapted surgical technique and titanium implant (group 2) experienced fewer soft tissue 
infections (13 vs 76 events, absolute risk 0.16 (95% CI 0.09-0.31) vs 0.84 (95% CI 0.56-1.25); p< 0.01), which were 
treated with less invasive measures, and fewer events of stoma redundant tissue (0 vs 5 events, absolute risk 0 vs 0.06 
(95% CI 0.03-0.14)); than patients treated in group 1. This is contrasted by an increased incidence of surgical site 
infections, occurring between surgical stages 1 and 2, after implementation of treatment changes (group 1 vs group 2: 1 
vs 11 events: absolute risk 0.01 (95% CI 0.00-0.08) vs 0.14 (95% CI 0.08-0.25); p= 0.02). Patients in group 2 did not 
experience potentially disastrous complications, while bone infections did occur (6 events, 8% (3/40) of patients) in group 
1.  

DISCUSSION AND CONCLUSION 
Ongoing treatment adaptations to surgical technique, implant design, as well as learning curve and experience, have 
resulted in a decrease of incidence and severity of soft tissue infections and stoma redundant tissue; contrasted by an 
increase in surgical site infections prior to stoma formation. Furthermore, potentially disastrous complications were 
infrequent in this 2-year follow-up period. Therefore, we advise surgeons to aim for a more shallow stoma with a stable 
soft tissue envelope. 
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5.22.2 Safety and effectiveness of the bone anchoring device for artificial limbs in Individuals 
with transtibial amputation: a two-year follow-up study 
Jamal Mohamed, Robin Atallah, Charlotte Van Vliet-Bockting, Jan-Paul Frölke, Ruud Leijendekkers 

Radboudumc, Nijmegen, Netherlands 

BACKGROUND 
We describe safety and effectiveness of patients with a transtibial amputation treated with the Bone Anchoring Device for 
Artificial Limbs (BADAL X) with a 2-year follow-up. 

AIM 
The aim of this two-year follow-up study was to present the safety and effectiveness of the BADAL X in patients with a 
transtibial amputation. 

METHOD 
All individuals with a transtibial amputation who were treated with the BADAL X in our center (Radboud University Medical 
Center, the Netherlands) between March 2015 and March 2020 were eligible for this study.  

The BADAL X was considered to be safe when device failure (implant loosening and/or breakage requiring revision 
surgery) occurred in less than 10% of cases, and/or soft tissue events requiring surgical treatment occurred in less than 
15% of cases, within the first two-years after implantation. 

Performance and quality of life were evaluated using the Questionnaire for Persons with a Transfemoral Amputation (Q-
TFA) Prosthetic Use Score (PUS) and Global Score (GS).  

RESULTS 
Sixty-one individuals were included of which 45 (74%) were male. Mean age at implantation was 53.6-years. There was 1 
patient with a bilateral amputation. In total 62 tibia osseointegration implants were implanted. The number of secondary 
surgical events reported were: 2 (3%) patients with septic implant loosening resulting in a transfemoral amputation. There 
were no implant breakages seen in this cohort. Also, there was no soft tissue events requiring surgical treatment.  

The Q-TFA PUS and GS at baseline were median [25th to 75th percentile (PCTL)]: 70.97 [51.61 ï 90.32] and 41.67 [25 ï 
50], respectively. The PUS and GS improved statistically significant to 100 [25 ï 100] and 75 [66.7 ï 87.5], respectively, at 
2-years follow-up (P<0.001).  

DISCUSSION AND CONCLUSION 
This study suggests that the BADAL X is a safe treatment option in patients with a transtibial amputation suffering from 
socket-related problems. Further research with longer follow-up is needed to study the safety of the BADAL X in long-
term. 
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5.22.3 Radiological signs of osteoarthritis of hip and knee in lower limb amputees that apply 
for bone anchored prostheses 
Jamal Mohamed, Andrew Wong, David Reetz, Robin Atallah, Jan-Paul Frölke, Ruud Leijendekkers 

Radboudumc, Nijmegen, Netherlands 

BACKGROUND 
In the pre-surgical screening of amputees applying for a Bone-Anchored Prosthesis (BAP) we have seen that quite a few 
subjects have shown radiological signs of probably disuse osteoarthritis (OA) of the ipsilateral joint immediately proximal 
to the amputation level. Since with BAP the axial loading of these joints is restored, it is important to know the clinical 
consequence of the radiological signs of OA and potential progression in time. 

AIM 
To determine the pre-surgical incidence of hip or knee OA in persons with a lower extremity amputation and to investigate 
the course of OA after implantation of a BAP. 

METHOD 
In a single-centre cross-sectional study, all subjects who underwent osseointegration implant (OI) surgery between May 
2009 and November 2019 were included. Two independent raters (JM, AW) used the Kellgren-Lawrence (KL) 
classification to grade the level of OA of the hip or knee of the residual limb on standard radiographs taken before surgery 
and at 1, 2, and 5-year follow-up. According to the classification grade 2 or higher was defined as OA. Cohens Kappa was 
used to measure the inter-rater reliability.  

RESULTS 
Two hundred and twenty-eight subjects were included of which 168 (74%) were male. The mean time between 
amputation and OI surgery was 14.5-years. One hundred and twenty-six (55%) and 147 (67%) subjects had radiological 
signs of OA at respectively pre- and in average 3.1-years post-OI surgery. In 177 transfemoral amputees 101(57%) and 
120 (68%) had radiological signs hip OA respectively pre- and 3.7-years post-OI surgery. In 51 transtibial amputees 
respectively 25 (49%) and 27 (53%) had radiological signs of knee OA at pre-, and 1.2-years post-BAP surgery. One 
patient underwent hip resurfacing surgery because of severe hip OA. Inter-rater Cohens Kappa was 0.56 (considered as 
moderate) with a percent agreement of 78%.  

DISCUSSION AND CONCLUSION 
In this study it is shown that radiological signs of OA are a common incidental finding in the pre-OI surgical diagnostics 
and in time it appears that the number of subjects with radiological signs of OA slightly increases. However, it is not 
known whether these radiological signs of AO have any clinical consequences. Further research is needed to evaluate the 
relation between radiologic signs and clinical symptoms. 
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5.22.4 Examining the complication and re-operation rates after osseointegrated reconstruction 
William Lu1,2, Atiya Oomatia1,3, Munjed Al Muderis1,2,4 

1Osseointegration Group of Australia, Sydney, Australia. 2Macquarie University, Sydney, Australia. 3Macquarie University, 

Sydney, Australia. 4Notre Dame University, Sydney, Australia 

BACKGROUND 
Osseointegration has emerged as a promising alternative to rehabilitating with a traditional socket mounted prosthesis. 
Advantages have been reported to include improved functional mobility, better osseoperception, improved comfort, 
reduced pain, better biomechanical alignment and better gait, which all lead to a less restricted lifestyle and significantly 
improved quality of life. A major concern of the Osseointegrated approach lies in the risk of infections occurring from the 
permanent transcutaneous opening often referred to as the stoma.  

AIM 
In addition to commonly anticipated complications including fractures, surgical debridements or revisions, this study has 
identified several significant events in which a patient may require to be readmitted and go through additional surgery. 

METHOD 
A detailed analysis has been performed on all osseointegration surgeries performed by the Osseointegration Group of 
Australia and its affiliates since 2010. The majority of surgeries took place in Australia, the United States, the Middle East 
as well as in Europe. All events leading to a re-admission and subsequent re-operation have been identified through 
hospital operation records and pooled together for meta-analysis. Events identified include revision of implants, 
periprosthetic fracture fixation, surgical debridement due to infections, neurectomies and soft- tissue refashioning. 

RESULTS 
Over 800 surgeries have been identified with a minimum 12-month follow-up time and included in this study. These 
included tibial, femoral and humeral, radial-ulnar and transpelvic osseointegration cases. The majority of these were 
performed using a single stage protocol. While general complications such as infection and soft tissue refashioning are 
common, serious events such as revision and fracture are rare. Interestingly, the rate of debridements and soft-tissue 
refashions were found to be higher among patients who were operated using a two-stage surgery. Among all cases, there 
were a total of 399 re-operation events recorded which occurred among 163 patients, indicating a high recurrence rate 
among the same patients. We recorded a total of 112 washouts, 93 neurectomies, 117 soft tissue refashions, 53 implant 
revisions and 24 periprosthetic fracture fixations. 

DISCUSSION AND CONCLUSION 
Many events leading to readmission after the primary surgery may not necessarily be graded as a complication of the 
osseointegration technique. This study has identified several addition possible reasons in which an osseointegration 
patient may need to be re-admitted into hospital for additional surgery. It was identified that through the implementation of 
improved surgical techniques and rehabilitation protocols, the rate of several of these re-operation events can be largely 
reduced, thus improving the overall outcomes of patients undergoing osseointegration surgery. 
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5.22.5 Removal of press-fit transtibial osseointegration implants 
Germane Ong1,2, Jason Hoellwarth2, Munjed Al Muderis2,1,3, Atiya Oomatia2,1, Kevin Tetsworth2,1 

1Macquarie University, Sydney, Australia. 2Osseointegration Group of Australia, Sydney, Australia. 3Notre Dame 

University, Sydney, Australia 

BACKGROUND 
Approximately 2,000 osseointegration procedures have been performed worldwide as of 2020, more than half of which 
have been performed by the Osseointegration Group of Australia using a press-fit technique with either ILP or OPL 
implant designs. Despite the demonstrated clinical benefits, concerns regarding potential complications have slowed its 
widespread adoption. As more patients are followed for a longer period of time, longitudinal studies have confirmed 
complication rates are very acceptable, similar to those of total ankle and total elbow replacements. 

AIM 
Aim this study was to investigate the complications and technical issues associated with transtibial osseointegration 
implant removal. The focus here will be on the press-fit ILP and OPL implants, including the indications for removal and 
patient outcomes following removal.  

METHOD 
A review of our osseointegration registry between November 2010 and March 2022 was performed. Inclusion criteria were 
patients who have undergone removal of a transtibial osseointegration implant due to any cause. Selected patients either 
had a follow-up of at least two years or had their index osseointegration surgery at least two years prior to when the study 
was performed. Patients who have had osseointegration at other anatomic levels, and patients who underwent 
simultaneous total knee replacement with transtibial osseointegration were excluded from the registry search. 

RESULTS 
A total of 148 transtibial osseointegration procedures performed, with 97 (65.5%) males and 51 (34.5%) females. The 
average of patients is 50.4 years (range 16.8-87.9, SD 14.1). In the study cohort of 22 cases requiring implant removals, 
12 (54.5%) were male and 10 (45.5%) were female. The average age at first stage osseointegration procedure in this 
cohort is 51.3 (range 37.4-82.6, SD 10.7) and average BMI 30.3 (range 21.9-40.9, SD 5.8). Although men comprised the 
majority of removals, women had a greater relative risk (Fisher exact test p=0.032). The average duration from time of 
STOI to removal was 2.6 years (range 0.1-6.8, SD 1.9) within this 11.5 year follow-up period. The most frequent indication 
was infection (54.6%, n=12) followed equally by pain (13.6%, n=3), aseptic loosening (13.6%, n=3) and implant fracture 
(13.6%, n=3), and lastly failure to integrate (4.6%, n=1). 

DISCUSSION AND CONCLUSION 
Of the 22 removals, 12 were reimplanted at the same anatomical level. 11 of these cases currently wear their prosthetic 
legs for more than 13 hours daily. 1 case was recently reimplanted. Of the patients who were not reimplanted, few 
returned to wearing traditional socket prosthesis successfully and 3 cases are currently awaiting transtibial 
osseointegration reimplantation. 1 patient was deceased. 1 patient was lost to follow-up. 
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5.22.6 Patientsô preferences for osseointegration after lower extremity amputation, a discrete 
choice experiment in The Netherlands (PREFER1) 
Kyrillos Saleib1, Marcel Jonker2, Ruud Lijendekkers3, Oscar van Waes1 

1Erasmus MC, Trauma Research Unit Department of Surgery, Rotterdam, Netherlands. 2Erasmus Choice Modelling 

Centre, Erasmus University Rotterdam, Rotterdam, Netherlands. 3Orthopedic Research Laboratory, Radboud Institute for 

Health Sciences, Radboud University Medical Center, Nijmegen, Netherlands 

BACKGROUND 
The rising popularity and utilization of osseointegration (OI) in developed countries in lower extremity amputees with 
socket-related issues has led to increasing interest in the measurement of functional outcomes and improvements in 
quality of life. However, none of these assessed the value of the different characteristics of OI treatment from the patient's 
preferences perspective, nor the relationship between these characteristics.  

AIM 
This study determined (i) the relative importance of specific characteristics of OI, (ii) the quality-of-life trade-offs (WTQ) 
patients are willing to make and (iii) the willingness to pay (WTP) for given levels.  

METHOD 
We conducted a multicentre prospective Discrete Choice Experiment (DCE) at the two only tertiary academic referral 
centres in The Netherlands to offer OI. Mixed method sessions with all health practitioners of OI teams, experienced 
patients with OI, and eligible patients for OI were conducted to determine the essential and important attributes with 
corresponding levels for the DCE survey. The survey was pre-tested on conversance, improved to reduce the cognitive 
and time burden and optimized for a Bayesian D-efficient design (n=20). To determine the relative importance of the 
attributes and corresponding levels, and to estimate the WTQ and WTP with assumed linearity a multinominal logistic 
regression was utilized. 

RESULTS 
Between January and October 2022, 74 patients completed the survey, which had OI therapy between 2017 and 2022. 
Most common (mode) age group was 40-49 years. 72% were male and the mean year of amputation was 2006 (SD 17) 
with transfemoral amputation as the most common type (n = 50 (67%)). Quality of life (QOL) was the most important 
attribute (31%) followed by long term complications and the price attribute (both 23%). Opting not for OI had the most 
negative preference, and patients would even prefer a decrease of 1 QOL point with OI (from one to ten QOL-points). 
Participants found long-term complications less preferable than short-term complications. Participants were willing to pay 
ú12,160. ï per QOL-point improvement. Implant removal would lead to loss of 3.3 QOL-points and be compensated by 
ú40,200. ï. 

DISCUSSION AND CONCLUSION 
This study summarized patient preferences for OI treatment, provided WTQ and WTP estimates for QOL, short- and long-
term complications and implant durability with OI. The outcomes of this study can be utilized by OI teams during shared 
decision-making for OI eligibility and information sessions on the perceived value of OI treatment elements by OI patients. 
Furthermore, the study outcomes can be used by policymakers and health managers to evaluate OI as treatment option. 
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Free paper session: Prosthetics: Lower limb - Various topics 

5.23.1 Development and alpha testing of a patient shared decision aid for prosthesis design 
after lower limb amputation 
Chelsey Anderson1,2,3, Stefania Fatone4, Mark Mañago1,2, Laura Swink1,2, Andrew Kittelson5, Dawn Magnusson1, Cory 

Christiansen1,2 

1Department of Physical Medicine and Rehabilitation, Physical Therapy Program, University of Colorado, Aurora, USA. 
2Department of Research, Geriatric Research, Education, and Clinical Center, VA Eastern Colorado Healthcare System, 

Aurora, USA. 3James M. Anderson Center for Health Systems Excellence, Cincinnati Children's Hospital, Cincinnati, USA. 
4Department of Rehabilitation Medicine, Division of Prosthetics and Orthotics, University of Washington, Seattle, USA. 
5Department of Physical Therapy and Rehabilitation Science, University of Montana, Missoula, USA 

BACKGROUND 
Lower limb amputation (LLA) is a chronic health condition that introduces a lifetime of complex healthcare decision-
making, including multiple decisions associated with the design and maintenance of a prosthesis. Several options for 
prosthesis design exist, but decisions about prosthesis design do not always reflect a prosthesis userôs needs, values, 
and preferences.  

AIM 
The purpose was to develop a patient decision aid (PDA) prototype to guide prosthetists and new prosthesis users in 
making prosthesis design decisions for the first prosthesis after LLA, and to assess the PDA prototypeôs usability, 
accuracy, and comprehensibility.  

METHOD 
We used an iterative user-centred approach to develop a PDA, including a qualitative needs assessment with 38 
prosthetists and 17 new prosthesis users, and alpha testing with steering groups of 5 prosthetic professionals and 6 
experienced prosthesis users. Alpha testing included qualitative semi-structured interviews reviewing the PDA for general 
feedback, and quantitative ratings of usability, accuracy, and comprehensibility on a 10-point Likert scale. The PDA 
development process was guided by the steps outlined in the International Patient Decision Aid Standards (IPDAS) [1], 
and content of the PDA was guided by both the IPDAS and the Patient Roadmaps for Chronic Illness Model [2]. 

RESULTS 
Three steering group meetings and two rounds of revisions resulted in a PDA 
that included six sections based on four identified decisional needs of end 
users, including: 1) acknowledging complexity in communication, 2) clarifying 
values, 3) recognizing the role of experience to inform preferences, and 4) 
understanding the prosthetic journey. Sections of the PDA include: 1) 
Amputation and Early Recovery, 2) Communication, 3) Values, 4) Prosthesis 
Design, 5) Preferences, and 6) the Prosthetic Journey (Figure 1). The PDAôs 
usability, accuracy, and comprehensibility were rated as 9.2, 9.6, and 9.6 out 
of 10 respectively by prosthetic professionals, and 9.4, 9.6, and 9.6 out of 10, 
respectively by prosthesis users.   

DISCUSSION AND CONCLUSION 
A standardized, iterative method was used to develop a PDA for use by new lower limb prosthesis users and prosthetists 
when considering prosthesis design decisions. The PDA incorporated guidance by relevant stakeholders and was rated 
favourably, emphasizing a need for shared decision-making support in prosthesis design. The resulting PDA is designed 
to advance shared decision-making by supporting new prosthesis users and prosthetists in making prosthetic design 
decisions. 

REFERENCES 
1. Joseph-Williams N, et al. Med Decis Making. 2014;34(6):699-710.; 2. Scherer LD, et al. MDM Policy & Practice. 

2021;6(1):23814683211019947. 

ACKNOWLEDGEMENTS: This work was funded by the Orthotic and Prosthetic Education and Research Foundation and 
by NIH/NCATS Colorado CTSA UL1-TR002535.  

Figure 1. Final patient decision aid for 
prosthesis design. 
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5.23.2 Innovative adaptive socket technology for prosthesis users with pelvic amputations 
Tim Baumeister1, Olaf Gawron2, Michael Schäfer1 

1Pohlig, Traunstein, Germany. 2Pohlig, Heidelberg, Germany 

BACKGROUND 
Prosthetic fitting of users with pelvic amputations is a major challenge for orthopaedic technology as well as for the user. 
Novel process and manufacturing techniques bring significantly improved usage characteristics and increase the quality of 
care for users. 

AIM 
The lecture presents different options for prosthetic treatment. This shows that the use of individual silicone interfaces as 
skin protection and as a compressing medium to prepare the residual limb/abdomen for the prosthesis socket plays a key 
role. 

METHOD 
The lecture presents different fitting options for prosthetic fitting after amputation in the pelvic region. It is shown that the 
use of individual silicone interface as skin protection and as a compressing medium to prepare the residual limb/abdomen 
for the prosthesis socket plays a major role, especially for active prosthesis users. The silicone pants can have different 
designs.  

The prosthesis socket in carbon pre-preg technique, can be implemented in a two-piece design with dorsal closure 
technique and also in a two-piece design with dorsal semi-elastic intermediate piece and ventral closure technique. The 
advantages and disadvantages of both systems will be discussed in the lecture. 

RESULTS 
The conventional design of a classic pelvic cage in cast resin technique, possibly with a flexible inner socket, has almost 
completely given way to the socket techniques described in our company. The fit results achieved are convincing due to a 
reduced residual limb socket pseudarthrosis, due to an optimized loading situation on the skin surface, due to the good 
cleaning possibilities and the associated socket hygiene. Furthermore, users report improved adaptation to different 
volumes and better control options for the prosthesis. 

DISCUSSION AND CONCLUSION 
The authors consider the presented socket systems to be in a special position compared to conventional systems. The 
outcome of the restoration is excellent. These systems are faced with increased effort in fabrication, a high degree of 
expertise, necessary operating equipment for the implementation of the manual tasks and thus higher costs compared to 
the conventional socket systems.   



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

195 of 400 

5.23.3 Assessing non-steady state metabolics during a short walking interval for individuals 
with transtibial amputation 
Andrea Ikeda1, Jessica Siegler1, Ann Simon1,2, Shawana Anarwala1, Levi Hargrove1,2,3 

1Center for Bionic Medicine, Shirley Ryan AbilityLab, Chicago, USA. 2Dept of Physical Medicine and Rehabilitation, 

Northwestern University, Chicago, USA. 3Dept of Biomedical Engineering, Northwestern University, Evanston, USA 

BACKGROUND 
Measuring metabolic parameters during a 6-minute steady state walk is the most commonly accepted method for 
assessing energy expenditure. However, there are limitations to implementing this method including the requirement to 
walk at a constant speed for 6 continuous minutes. This may be particularly difficult for individuals with limited mobility, 
such as those with lower limb amputation. Blokland et al. 2021 have shown that steady state results may be estimated 
from shorter periods of walking by including recovery time. 

AIM 
The goal of this study was to determine if oxygen consumption during a 2-minute constant speed walk plus recovery 
correlates with oxygen consumption during the last 2 minutes of a 6-minute steady state walk, in individuals with 
transtibial amputation.  

METHOD 
Individuals with unilateral transtibial amputation were 
recruited. Participants self-selected a treadmill walking 
speed to be representative of how they would walk in 
their everyday life. A Cosmed K5 system was used to 
measure oxygen consumption (V→O2) during 2 minutes 
seated rest, 2 minutes walking at the pre-selected speed, 
10 minutes seated rest, and 6 minutes walking at the 
same pre-selected speed. Total V→O2 for the 2-minute 
walk plus recovery was calculated similarly to Blokland et 
al. 2021 and steady state V→O2 was calculated from 
minutes 4-6 of the 6-minute walk. Pearsonôs r was 
calculated for the relationship between total V→O2 and 
steady state V→O2. 

RESULTS 
Nine participants (age: 52.8 ± 13.2 years; 7 male, 2 
female; time since amputation: 16.7 ± 16.1 years) 
provided informed consent and completed the study. 
Total V→O2 showed a strong positive correlation with 
steady stated V→O2, Pearsonôs r = 0.87 (Figure 1). 

DISCUSSION AND CONCLUSION 
These results indicate that measuring total V→O2 for 2 minutes of walking plus recovery may be sufficient to assess energy 
expenditure. This may be particularly useful for those who cannot walk for 6 continuous minutes. Limitations of this study 
include a small sample size and data collection from only one self-selected constant speed. Further investigation into 
short duration, non-steady state metabolic parameters may lead to development of outcome measures more suitable for 
individuals with lower limb amputation. 

REFERENCES 
1. Blokland et al. (2021) Int J Sports Med 
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5.23.4 Front and side mounted approaches for a powered hip joint 
Edward Lemaire1,2, Kelly Brannen1, Sarah Mroz1, Farshad Golshan1, Natalie Baddour1 

1University of Ottawa, Ottawa, Canada. 2Ottawa Hospital Research Institute, Ottawa, Canada 

BACKGROUND 
People with hip level amputation often have difficulty walking with prostheses and less than 50% use a prosthesis in 
everyday life. Microprocessor-controlled and powered joints have improved lower limb amputee mobility; however, 
powered or microprocessor-controlled devices are not available for hip-level amputations. A power hip prosthesis would 
help restore a more natural gait and be better able to adapt to the walking environment and stumbles.  

AIM 
Create and evaluate powered hip joints that can be attached anterior or lateral to the pelvis.  

METHOD 
Two powered hip joints were designed, simulated, 
and prototyped. Both joints used the Össur Power 
Knee motor and utilized pulley-based transmission 
to transfer motor torque to the hip. Since the motor, 
battery, and electronics are located in the thigh, 
both anterior and lateral joint locations were 
enabled. Following successful design simulation 
and prototyping, ISO 15032 standard loads were 
applied to prototypes to evaluate the ability to 
safely function, based on a 100 kg user. A proof-of-
concept test was completed by walking with the 
two joints using a hip prosthesis simulator [1]. 

RESULTS 
Both front mounting and lateral mounting joints 
successfully passed ISO 15032 proof and ultimate 
tests. The front mounted design was lighter (3.9 
kg) than the lateral mounted design (5.1 kg). 
Walking was achieved with both approaches. 

DISCUSSION AND CONCLUSION 
Powered moments at the hip should provide a great improvement in hip amputee mobility. This research has 
demonstrated that both anterior and lateral mounted prosthesis have potential for walking and should withstand everyday 
loads. Even as first prototypes, both joints were less than 5.2 kg. Future testing with HD amputees will help determine 
which design approach is preferred. 

REFERENCES 
1. Fanous A, Botros M, Gholizadeh H, Baddour N, Lemaire ED (2022) A Hip Disarticulation Prosthesis Simulator. 

Orthotics Prosthetics Canada National Conference. August, Whistler. 

ACKNOWLEDGEMENTS: This project was funded by MITACS and Ossur. Hossein Gholizadeh provided prosthetist 
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Figure 1. Side mounted power hip joint (left) and joint mounted 
on prosthesis simulator (right). 
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5.23.5 The effect of the amputee's body mass index on the functional status upon admission 
to rehabilitation: a retrospective audit 
Neģa Majdiļ1,2, Simon Drole1, Helena Burger1,2 

1University Rehabilitation Institute Soļa, Ljubljana, Slovenia. 2Medical Faculty, University of Ljubljana, Ljubljana, Slovenia 

BACKGROUND 
Most lower limb amputations are directly or indirectly related to an unhealthy lifestyle: diet, smoking, and excessive 
alcohol consumption. As a result, when admitted to rehabilitation, many patients are obese and, therefore limited in 
functional mobility. Despite known allometric inaccuracies, body mass index (BMI; a measurement obtained by dividing a 
person's weight by the square of the person's height) is still the most commonly used method for obesity classification. 

AIM 
To analyse the effect of the obesity stages on the functional status upon admission, using an adjusted BMI, a Six-Minute 
Walk Test (6MWT), and a measurement of the functional status of lower-limb amputees without the use of a prosthesis 
(AMPnoPRO). 

METHOD 
We included inpatients who had been admitted to Rehabilitation Department for Patients after Amputation at the 
University Rehabilitation Institute in Ljubljana between March 2021 and May 2022. Based on the adjusted BMI, according 
to the level of amputation, the patients were divided into five classes, from normal body weight to extreme obesity (class 
III). Mean 6MWT and AMPnoPRO values were compared using one-way ANOVA. Levene's test was used to assess the 
equality of variances. 

RESULTS 
One-hundred-eight patients (aged 47-91, mean 71 years; 71% men) walked on average 98 m (SD 94 m) in 6 minutes and 
scored an average of 21 points (SD 14 points) on AMPnoPRO. One patient had a foot amputation, 51 had a below-knee 
amputation, 35 had an above-knee amputation, and 12 had bilateral amputation (a combination of below-knee, above-
knee, and foot amputation). They belonged to five classes: 25 had BMI in the normal weight range, 33 were overweight, 
31 had class I obesity, 14 had class II obesity and 5 had class III obesity. There were no significant differences in the 
6MWT (p= 0.797) and AMPnoPRO (p= 0.374) between the groups according to the adjusted BMI. 

DISCUSSION AND CONCLUSION 
High BMI does not seem to have a significant effect on inpatientsô functional status (AMPnoPRO and 6MWT). Based on 
the results of our and similar studies 1, high BMI should not be a deciding factor as to whether a patient is entitled to 
rehabilitation and fitted with a prosthesis. Nevertheless, the correlation between obesity and comorbidities that affect the 
rehabilitation outcome remains significant. Integration of nutritional interventions in rehabilitation programs should be 
considered in all amputees with an increased BMI.2 

REFERENCES 
1. Vivas LLY; 2017, Disabil Rehabil.  
2. Capodaglio P; 2014, Eat Weight Disord.  
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5.23.6 The qualitative experience of a hydraulic self-aligning prosthetic ankle-foot for older 
adults with a transtibial amputation categorised as ñK2 usersò 
Natalie Vanicek1, Heather Leggett2, Cleveland Barnett3, Martin Twiste4, Natasha Mitchell2 

1University of Hull, Hull, United Kingdom. 2University of York, York, United Kingdom. 3Nottingham Trent University, 

Nottingham, United Kingdom. 4University of Salford, Salford, United Kingdom 

BACKGROUND 
In the UK, many patients with a transtibial amputation, who are categorised as having ñlimited community mobilityò (K2 
users), are prescribed a standard ankle-foot which does not self-align to sloped surfaces. This can make walking more 
difficult and uncomfortable and may stop patients from using their prosthesis. Self-aligning ankle-feet are seldom 
prescribed to K2 users on the NHS because their effectiveness for this patient group has not been demonstrated and they 
are more costly.  

AIM 
The aim of this qualitative study was to explore the experience of a self-aligning ankle-foot for older adults categorised as 
K2 users. Understanding patientsô experience is important for the design of clinical trials and prosthetic prescription. 

METHOD 
Ten male participants with a non-traumatic transtibial amputation (age range 53-86 years) were purposively recruited from 
the STEPFORWARD randomised controlled feasibility trial intervention group (ISRCTN15043643). All were established 
prosthesis users >1 year and replaced their standard ankle-foot with a hydraulic self-aligning ankle-foot (Avalon K2, 
Blatchford, UK) for at least 12 weeks as part of the trial. They completed semi-structured interviews about their experience 
of the new self-aligning ankle-foot compared to their standard ankle-foot, including the fitting, adjustments and impact on 
daily living. A thematic analysis was undertaken to search for common themes running through the conversations. 

RESULTS 
Four themes were identified about the experience of the self-aligning ankle-foot: adapting; mobility; benefits and 
drawbacks. Most participants stated that the self-aligning ankle-foot afforded them improved mobility compared to their 
standard foot and they adapted within a couple of weeks: ñthe flexibility took a bit to getting used toò. Several participants 
reported important differences on slopes: ñI walk down a short maximum steepness hill and before I used to walk down 
like a crab...And now I walk down like a gentleman and that is the differenceò. Some participantsô mobility was limited by 
their age. Several reported benefits related to experiencing less pain, having greater movement and confidence and being 
able to wear their prosthesis for longer. The main drawback was that some participants reported feeling ñwobblyò on the 
self-aligning ankle-foot. 

DISCUSSION AND CONCLUSION 
Overall, participants were largely positive about their experience of a self-aligning ankle-foot compared to their standard 
ankle-foot. They reported less pain, better mobility and ability to do more than previously, although this was relative to 
their own perceived óstarting pointô. Some participants placed a lot of emphasis on how the new ankle-foot could make a 
difference to their mobility and quality-of-life. The findings support a robust clinical evaluation of the effectiveness and 
cost-effectiveness of a self-aligning ankle-foot for K2 users. 

ACKNOWLEDGEMENTS: This paper presents independent research funded by the NIHR under its Research for Patient 
Benefit Programme (Grant Reference Number PB-PG-0816-20029). 
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5.24.1 Hand function and independent donning of lower limb prosthesis 
Helena Burger1,2, Tonja Robida1, Agata Kriģnar1, Lea Gabrovġek1 

1University Rehabilitation Institute Soca, Ljubljana, Slovenia. 2Faculty of Medicine, University of Ljubljana, Ljubljana, 

Slovenia 

BACKGROUND 
In our previous study (1) we found out that people with lower limb loss (LLL) had decreased grip strength and dexterity. 
They need functional hands not only for the usual daily activities, but also for transfers, propelling wheelchair and walking 
with walking aids. It is not clear how hand function influences the ability to independent don their prosthesis. 

AIM 
The aim of our study was to find out whether independent donning of a prosthesis depends on hand function, mainly grip 
strength and dexterity, and whether there are differences between different sockets designs and suspension systems in 
this respect. 

METHOD 
All patients admitted for primary rehabilitation after trans-tibial (TT) and trans-femoral (TF) amputation to our institute in 
2020 and 2021 were included into study. At admission and before discharge we measured grip strength with Jamar digital 
dynamometer and hand dexterity with Nine Hole Peg Test. All the participants were included into a comprehensive 
rehabilitation program and fitted with prosthesis based on cardiorespiratory function, Amputee Mobility Predictor no-
prosthesis score, range of motion of joints of lower limbs, muscle strength of lower limbs and results on the Montreal 
Cognitive Assessment Procedure. Functional Independence measure (FIM) was used for assessing functioning. The 
study was approved by the Medical Ethics Committee of our institute. 

RESULTS 
We included 149 patients (112 men) after TT and 90 (55 men) after TF amputation, 68 and 71 years old on average, 
respectively (SD TT 11 years, TF 10 years). The main cause of amputation was diabetes in those after TT amputation 
(84) and peripheral vascular disease in those after TF amputation (52 patients). In patients after TT and TF amputation, 
we observed statistically significantly lower grip strength and dexterity of both hands among those who were not fitted with 
a prosthesis, with no statistically significant difference between those independently donning prosthesis and those not 
able to do that. After TT amputation, patients fitted with roll-on liner had lower grip strength then those fitted with foam 
liner on average. After TF amputation, those fitted with skin-fit suction had higher grip strength than those fitted with roll-
on liner on average.  

DISCUSSION AND CONCLUSION 
It appears that grip strength is more important than dexterity for rehabilitation of patients after LLL, especially for selection 
of socket type and suspension system for both amputation levels. Neither grip strength nor dexterity appear to influence 
independent donning of a prosthesis.  

REFERENCES 
1. Robida T et al; 2022 Rehabilitacija. 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

200 of 400 

5.24.2 Prosthetist and Orthotists taking hands with the multi-disciplinary team: A Way to step 
up and be involved. 
Mariette Deist 

ISPO, Pretoria, South Africa. SAOPA, Pretoria, South Africa. HPCSA, Pretoria, South Africa 

BACKGROUND 
ISPO has challenges with retaining old members and getting new members on board. ISPO is claiming that we are multi-
disciplinary, however, the efforts of reaching other professionals are not very clear. The chair and vice chair of the 
membership committee will put forward some suggestions for stepping up to bring professionals together. The strategies 
have been discussed in the committee and the idea is to motivate ISPO members to "step up" to assist with this task. 

AIM 
Presenting strategies how to involve more multidisciplinary members within each National Membership Society (NMS) to 
make ISPO stronger where the persons that using assistive devices benefit the most. 

METHOD 
The membership committee had meetings once a month for the past two years with the aim of growing numbers. The 
presidents of various NMS'e were contacted and a list was made of the challenges and ideas received. A short survey 
was done parallel within one NMS where the multidisciplinary team was approached. Qualitative questions were asked to 
determine the relationship that they have with the Prosthetist and Orthotist and if they were willing to be more involved in 
a "team setup".  

RESULTS 
Challenges such as COVID, finances, and international support was raised by the presidents. Timing of the membership 
and the benefits was a main focus. New ideas were discussed at the committee level. 

The audience that was reached through the small survey consisted of physio's, occupational therapists, orthopaedic 
surgeons, biokinetisists and psychologists.  A question was asked rating the essentiality of orthoses and prostheses. Out 
of 10, the average was 9. Another question was asked if they would want to be involved with any research project with the 
P&O. There was a 100% positive response. Each was asked if they had some idea of a topic or field of research and 80% 
could provide us with a topic that related to their field of study. 

DISCUSSION AND CONCLUSION 
The challenges that ISPO faced has been noted, discussed and debated. Where possible, solutions were provided and a 
new strategy from the membership committee grew out of it. 

ISPO members need to "step up" and be more involved in the activities of our multi-disciplinary team members. The 
important role that they are playing needs to be showcased. A few practical ways and ideas to grow ISPO will be shown 
and discussed to encourage participation.  

ACKNOWLEDGEMENTS: Membership committee; Executive Board; Support from head-office ISPO 
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5.24.3 Effects of a full body electro-stimulation garment in subjects with cerebral palsy, 
multiple sclerosis, and stroke on spastic movement disorder 
Andreas Hahn1, Susan Moeller2, Arne Schlausch2, Matilda Ekman3, Gautier de Chelle4, Marie Westerlund3, Winfried 

Mayr5 

1Otto Bock Healthcare Products GmbH, Vienna, Austria. 2Otto Bock, Duderstadt, Germany. 3Exoneural Network, 

Danderyd, Sweden. 4Rossetti Specialty Healthcare Center, Nice, France. 5Medical University Vienna, Vienna, Austria 

BACKGROUND 
Impairments, disease, or injuries to the central nervous system as induced e.g., by stroke, multiple sclerosis (MS) or 
cerebral palsy (CP) may inflict spastic movement disorder (SMD) [1]. The manifestation of symptoms results from 
alterations of supraspinal and peripheral input signals to segmental interneuron processing. Substitution of missing input 
by peripheral afferent input by electrical stimuli has been identified as a promising modality [2,3]. 

AIM 
Electrical stimulation provided by a 58-electrode full body garment [4] was investigated in an observatory setting during 
trial fitting. 

METHOD 
Subjects were required to be walkers and cognitively able to follow instructions. Testees were assessed prior to 
stimulation wearing the suit (T0), after a one-hour stimulation (T1) and after four weeks of use (T2). 

RESULTS 
Data from 72 testees were retrieved. Age averages 36.6 (19.8) ys with 44 females. The cohort spans infantile cerebral 
paresis (N=29), multiple sclerosis (N=23) and stroke (N=20) as leading etiologies. Data were stratified for analysis by 
etiology and BBS Score <45 indicating an increased risk of falling.  

Effects sizes (Cohen`s d) indicating improvement were in CP: Berg Balance Scale (BBS) 1.64***, Timed up and Go (TUG) 
0.29*, Functional Gait Assessment (FGA) 1.59***, 10 meter walk test (10mWT) 0.76(t), Wolf Motor Function Test (WMFT) 
1.0***, Euroqol Quality of Life questionnaire (EQ5D5L) 0.5*, Pain (derived from EQ5D5L) 1.28***; in MS: BBS 1.83***, 
TUG 0.83***, FGA 1.28**, 10mWT 0.93*, EQ5D5L 1.11**, Pain 0.78** and Stroke: BBS 1,28**, TUG 0,78**, FGA 0.89, 
10mWT 0.92**, WMFT 0.71, EQ5D5L 1.26* and pain 0.78* where significance levels are indicated by *: p<0.05, **: 
p<0.01, *** p<0.001, (t): p<0.1. 

DISCUSSION AND CONCLUSION 
Individualized multi-site transcutaneous electrical stimulation increases ambulation related skills in subjects with SMD 
stemming from CP, MS and stroke. These results show effects on static and dynamic balance, fall risk, mobility, upper 
extremity improvement as well as an overall increase in health utility and a reduction in spasticity related pain. Effects are 
immediate as well as sustained. The results may excel individual trial fittings as well as inform controlled trials that are 
most clearly warranted. 

REFERENCES 
1. Trompetto et al.  BioMed Research International, vol. 2014, Article I 354906, pages, 2014.  
2. Amreen et al. Am J Phys Med Rehabil 2018 Nov;97(11):793-807.   
3. Bosques et al. J Pediatr Rehabil Med 2016 May 31;9(2):83-99  
4. Instruction For Use EXOPULSE Mollii 3.00 - EN  
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5.24.4 Known racial/ethnic disparities in lower limb amputation rates in the U.S. persist into 
functional recovery after amputation 
Sheila Clemens1, Kiarri Kershaw2, Szu Ping Lee3 

1University of Kentucky, Lexington, USA. 2Northwestern University, Chicago, USA. 3University of Nevada, Las Vegas, Las 

Vegas, USA 

BACKGROUND 
Lower limb amputation (LLA) is one of the costliest, debilitating and potentially preventable chronic conditions affecting 
American society. Persons of color (Black, Hispanic, Native American people) and those from disadvantaged 
backgrounds are at increased risk of LLA, likely due to the prevalence of chronic diseases like diabetes in underserved 
populations. There is a dearth of amputation research inclusive of minority populations, and no study has directly 
examined factors that may affect prosthetic mobility in persons of color (POC).  

AIM 
The purpose of this research was to measure prosthetic mobility in a diverse group of people with dysvascular LLA and 
investigate disparities in functioning.  

METHOD 
This cross-sectional study enrolled 56 English or Spanish-speaking adults with dysvascular LLA. Participants were 
recruited through prosthetic clinics in metropolitan locations based in Florida, Nevada, and Utah. Participants completed 
the PLUS-MÊ and PROMIS Ability to Participate surveys to assess perceived mobility and community reintegration and 
were administered surveys to assess barriers or facilitators to recovery. Research personnel administered Component 
Timed-Up-and-Go test (cTUG) and 2-minute walk tests to assess capacity for mobility. Statistical analyses were 
administered to examine group differences between racial minority and white participants, and between males and 
females. Hedgesô g effect size was calculated to indicate practical significance of differences. 

RESULTS 
Thirty-one participants were categorized as 
non-Hispanic White and 25 as POC, 22 
participants (39.2%) were female. 
Participants of color were younger than non-
Hispanic White participants and exhibited 
lower scores on all measures of prosthetic 
mobility, activity participation and self-efficacy 
(Table 1). When the data was examined by 
sex, females with dysvascular LLA performed 
significantly worse than males on all 
measures of prosthetic mobility, 
accompanied by medium to very large effect 
sizes (Table 1). Overall, females of color 
exhibited the worst scores on outcomes 
despite having the youngest average age. 
Correlations between capacity for prosthetic 
mobility and participation in activities were 
stronger in POC (cTUG: -0.64 vs -0.47, 
p<.001; 2 MWT: 0.54 vs 0.30, p<.001). 

DISCUSSION AND CONCLUSION 
This is the first study to examine prosthetic outcomes focused on collecting performance-based data in a diverse sample 
of people with LLA. Despite sample size limitations, our results indicate that disparities in prosthetic functioning are 
evident by race/ethnicity. Furthermore, females are exhibiting consistently poorer scores on outcomes after LLA. In 
conclusion, these results provide the foundation for future research in a larger diverse sample of people with LLA to 
further investigate factors that may be influencing prosthetic outcome disparities. 

ACKNOWLEDGEMENTS: Research was supported by the NIMHD (U54MD012393), Florida International University 
RCMI and AOPA (EBP-043021). 
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5.24.5 Grip strength and hand dexterity in patients with lower limb loss 
Tonja Robida1, Helena Burger2,3, Lea Gabrovġek2, Agata Kriģnar2 

1University Rehabilitation Institute, Republic of Slovenia Soļa, Ljubljana, Slovenia. 2University Rehabilitation Institute, 

Republic of Slovenia, Ljubljana, Slovenia. 3Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia 

BACKGROUND 
People with lower limb loss (LLL) need good grip strength and hand dexterity for activities of daily living as well as for 
transfers, walking with walking aids and donning their prosthesis. In spite of this, we did not find any study investigating 
hand grip and dexterity in this patient group. 

AIM 
The aim of study was to determine the grip strength and dexterity in patients with LLL admitted for primary rehabilitation 
after amputation. The secondary objective was to determine whether diabetes influences hand function, and if an 
occupational therapy program improves them. 

METHOD 
All patients admitted for primary rehabilitation after LLL to our institute in 2020 were included into the study. As part of our 
rehabilitation programme, we measured grip strength with Jamar digital dynamometer and hand dexterity with Nine Hole 
Peg Test at admission and before discharge. The OT programme included individual meaningful activities that might also 
improve grip strength and hand dexterity. The study was approved by the Medical Ethics Committee of our institute.  

RESULTS 
We included 118 patients (82 men), 68 years old on average (SD 12 years, range from 38 to 91 years). The main cause 
of amputation was diabetes (60 patients), followed by peripheral vascular disease (48 patients); the majority of patients 
(78) had trans-tibial amputation. At admission, we observed lower grip strength and worse dexterity than the norms for 
healthy subjects in all age groups. There was no statistically significant difference in grip strength either in dominant or in 
non-dominant hand between patients with and without diabetes, either at admission or at discharge. The patients with 
diabetes had worse dexterity of both hands on average than those without it at admission, whereas at discharge the 
differences disappeared. The OT programme resulted in significant improvement in grip strength and hand dexterity of 
both hands. 

DISCUSSION AND CONCLUSION 
In our study we found that both grip strength and hand dexterity in patients with LLL are decreased compared to the 
healthy population, more so in patients amputated due to diabetes. The main limitation of our study is that we did not 
analyse the influence of grip strength and hand dexterity on performance of daily activities, which we will do in the future. 
The OT program improves both, so it is important that it is a part of rehabilitation program. 
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Free paper session: Prosthetics: Lower limb - Socket function 

5.25.1 Subischial vs Ischial Containment Sockets: a multicentre randomized cross-over trial to 

assess comfort and mobility in ecologic daily life situations. 

Laurine Calistri1, Remi Klotz2, Isabelle Loiret3, Marie Thomas-Pohl4, Iris Permentiers5, Clement Duraffourg1 

1PROTEOR, Dijon, France. 2UGECAM La Tour de Gassies, Bruges, France. 3Centre Louis PIERQUIN - IRR - UGECAM, 

Nancy, France. 4HIA Percy, Clamart, France. 5PROTEOR, Pessac, France 

BACKGROUND 
Transfemoral prosthetic socket is the interface between the residual limb of people with above-knee amputation and their 
prosthesis. It is a key element for comfort and mobility. Recently, NUPOC developed a new socket design with a trimline 
distal to the ischium: the subischial socket (NU-Flex) [1]. A clinical investigation showed improved comfort [2], but no 
distinction was made between specific situations, such as sitting, standing or walking, despite lower limb amputees 
spending most of their time sitting or lying [3]. 

AIM 
This clinical trial aimed to compare above-knee socket designs, ischial containment vs subischial, assessing comfort, 
including situations of daily living; and evaluating mobility capacity. 

METHOD 
The trial was registered and approved by an Ethics Committee. Persons with transfemoral amputation, equipped with a 
definitive ischial containment socket, were recruited by 10 investigator sites. After providing written informed consent, 
participants got a new subischial socket. Evaluations were randomly run after wearing each socket for at least two weeks. 
Outcome measures were (i) to assess comfort: Socket Comfort Score (SCS) at 2 weeks, Comfort scores specific to four 
daily situations (sitting on a rigid seat, standing steady, walking, sitting in a car); and (ii) to assess mobility capacity: 
PLUS-M12 questionnaire, the distance measured at the two-minute walk test (2MWT). 

RESULTS 
25 subjects were enrolled. 22 participants completed the 
study with full (n=21) or partial (n=1) data. We got a wide 
range of activity level (CIF d4600 to d4608), etiology, and 
age (32 to 79 yo). With subischial sockets, comfort scores 
were significantly improved * in all situations. The best 
improvements are about seated positions, the mean 
differences being greater than the minimum detectable 
change (MDC 90% CI) [4]. The T-score calculated from 
PLUS-M12 is significantly improved with subischial sockets 
(p=0.04). No significant difference was detected with the 
2MWT. 

DISCUSSION AND CONCLUSION 
Socket Comfort Scores obtained here are quite similar to 
NUPOC results [2]. Going into deeper details to understand 
this comfort improvement through four specific questions 
revealed the critical situations are seated positions. 
Subischial sockets seem to provide a very good solution, 
compared to classical devices.  

REFERENCES 
1. Fatone, Caldwell (2017). doi: 10.1177/0309364616685229 
2. Fatone et al. (2021), doi: 10.1016/j.apmr.2021.05.016 
3. Pépin et al. (2019). doi: 10.1097/CPT.0000000000000091 
4. Resnik, Borgia (2011). doi: 10.2522/ptj.20100287 
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5.25.2 Manual vs. Digital: a feasibility study on the manufacturing of lower limb prosthetic 
sockets 
Arezoo Eshraghi1, Clara Phillips2,3, Winfried Heim2, Steven Dilkas2, Crystal MacKay2, Zonsire Riondato2, Stefania Lehkyj2 

1Prosthetic & Orthotic Services, West Park Healthcare Centre, Toronto, Canada. 2West Park Healthcare Centre, Toronto, 

Canada. 3University of Toronto, Toronto, Canada 

BACKGROUND 
Digital technology has been long employed in the medical industry, but some areas are still underdeveloped. Prosthetic 
socket manufacturing is experiencing a revolution by shifting towards digital manufacturing techniques. However, globally, 
clinicians still prefer manual methods as there is no sufficient evidence of satisfactory outcome measures, and the 
learning curve is steep.  

AIM 
To explore the feasibility of analysing differences in digital vs. manual socket manufacturing through comparing geometric 
differences, patient experience and socket comfort score.  

METHOD 
Adult inpatients with below-knee amputation who needed a preparatory prosthesis to ambulate were recruited. Ethics 
approval was gained through Joint West Park ï Toronto Grace Research Ethics Board. Two sockets were 3D printed 
(FDM, Stratasys) for each participant through: (1) hand-casting and manual modification, then hand-held 3D scanning to 
obtain the printable socket model; and (2) scanning the residuum then digital modification and printing. The final socket 
file geometries were compared. Two preparatory prostheses were aligned identically and fitted. Socket Comfort Scores 
(SCS) were quantified. Patient experience was measured using a questionnaire. Feasibility data were collected to 
measure procedure implementation fidelity to inform a future larger study. 

RESULTS 
Nine participants with trans-tibial amputation were recruited in total. Geometry analysis results are presented in figure & 
table. Vertical distance from the distal end of the residual limb to the patellar tendon showed that the 70% of manual 
sockets were taller than the digital. Half of the participants chose digital socket over manually; there was no significant 
difference. Mean SCS was 8.1/10 on day one fitting. 80% of the participants followed intended protocol, no participants 
dropped out, and only one adverse event was reported. 

 

 

DISCUSSION AND CONCLUSION 
Overall, the participants equally chose digital and manual sockets, and in 50% of the cases the participants reported 
similar comfort scores with both sockets; thus, randomly chose one socket to be used for their prosthetic rehab. Even 
though we found geometrical differences in the sockets, it seemed that the participants experienced similar comfort. 
Overall, the study feasibility was shown successful, and a larger study will be conducted on a larger sample and more 
relevant outcome measures. 

 
Vertical distance from 
distal end to patellar 
tendon (mm) Difference (mm) 

 Manual Digital 

WPHC01 188.728 174.442 14.286 

WPHC02 190.297 186.637 3.66 

WPHC03 209.390 198.896 10.494 

WPHC04 163.167 159.633 3.534 

WPHC05 190.97 194.853 -3.883 

WPHC06 117.736 118.392 -0.656 

WPHC07 125.891 134.23 -8.339 

WPHC08 167.894 164.188 3.706 

WPHC09 210.233 202.181 8.052 

Figure: Manual & digital sockets comparison for 
participant WPHC01. 
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5.25.3 Perspiration and lower limb suspension: hybrid dynamic air exchange versus as-P 
prescribed versus perforated liner 
Glenn Klute1,2, Jocelyn Berge1, George Kaufman1, Christina Carranza1, Charles King1,3 

1CLiMB, Dept. of Veterans Affairs, Seattle, USA. 2Dept. of Mechanical Engineering, Seattle, USA. 3Arusha Control, Inc., 

Cumberland, USA 

BACKGROUND 
Accumulation of perspiration inside a prosthesis can led to an insecure adherence, limiting the mobility of individuals with 
lower limb amputation. One approach to address perspiration suspension problems is an elastomer liner with small 
perforations (PERF) that allow perspiration to exude into the interstitial space between the liner and the socket. Another 
uses a novel vacuum technology to expel perspiration into a distal chamber (DAE-RED). 

AIM 
Compare DAE-RED, as-prescribed prosthesis (RX), and PERF outcomes in laboratory conditions that produce profuse 
perspiration and, in the home, work, and community environments using a cross-over experimental design. 

METHOD 
Subjects were randomized to PERF or DAE-RED to wear in their home, community, and work environments. After two 
weeks, skin hydration and transepidermal water loss (Courage & Khazaka, GER) were measured along with the Socket 
Comfort Score [1]. In a 35° C and 50% relative humidity chamber, subjects acclimated for 30 minutes then treadmill 
walked for 30 minutes at self-selected speed. After resting for 30 minutes at 20° C and 30% relative humidity, perspiration 
and liner slippage were measured. Subjects then wore their RX for two weeks, after which the procedures above were 
repeated. Finally, the subject wore the remaining study prosthesis for two weeks and the procedures repeated. 

RESULTS 
Eight individuals with transtibial amputations provided informed consent to participate in this institutional review board-
approved protocol (91±11 kg, 1.75±0.08 m, 47±15 years; 6 trauma, 1 diabetic, 1 infection). Results are shown in the 
Table. 

Table. Perspiration, liner slippage, and skin health metrics (mean ± std. dev.). 

 

 

 

 

 

 

DISCUSSION AND CONCLUSION 
In a hot and humid environment, the PERF accumulated the least perspiration while the DAE-RED provided better 
adherence (less slippage). Contralateral limb perspiration remained relatively constant, suggesting repeatable test 
conditions. In the field, skin hydration was very dry (<30) for all three study prostheses but maintained barrier function as 
indicated by the low transepidermal water loss (<15; healthy skin). All three were reasonably comfortable to wear. 

REFERENCES 
1.    Hanspal; 2003 Disabil Rehabil 25(22): p. 1278-80. 

ACKNOWLEDGEMENTS Dept. of Defense, Peer Reviewed Orthopaedic Research Program (W81XWH-18-1-0559). 
Dept. of Veterans Affairs, Rehabilitation Research & Development Service (IK6 RX002974). 

  DAE-RED Rx Perf 

Perspiration residual limb (g) 2.0±1.9 1.3±1.4 0.5±0.6 

Perspiration contralateral limb (g) 0.7±0.6 0.6±0.4 0.5±0.4 

Liner slippage (mm) 3±5 15±15 6±7 

Skin hydration residual limb (arbitrary units) 18±2 21±2 26±2 

Skin hydration contralateral limb (arbitrary units) 25±2 23±2 29±2 

Transepidermal water loss residual limb (g/h/m2) 12±0 13±0 9±0 

Transepidermal water loss contralateral limb (g/h/m2) 6±0 6±0 7±0 

Socket Comfort Score (0:10 scale) 7±1 8±1 7±2 
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5.25.4 Ventilating liner and socket suspension interface reduces humidity on transfemoral 
amputee's residual limb 
Jóna Valgerður Kristjánsdóttir1, Margrét Sól Ragnarsdóttir1, Jeffrey A Denune2, Surya Gnyawali2, Bryce Hockman2, Knut 

Lechler1, Sashwati Roy2 

1Össur, Reykjavik, Iceland. 2Indiana Center for Regenerative Medicine and Engineering (ICRME) Indiana University 

School of Medicine, Indianapolis, USA 

BACKGROUND 
Sweat accumulation on the residual limb inside a roll-on silicone liner is a common problem for prosthetic users that may 
affect quality of life [1]. Residual limb skin perspiration is a side-effect of occlusive gel liners and interfaces connecting the 
residual limb to the rest of the prosthesis [2]. Skin perspiration is often the root cause of many residual limb skin problems 
and suspension issues that may cause near-falls or falls. 

AIM 
The aim was to evaluate the efficacy of a ventilating socket and liner interface (intervention) in reducing humidity build-up 
on an amputee's residual limb compared to a conventional suspension interface (control).  

METHOD 
The study design was a randomized controlled crossover. High active individuals with transfemoral amputation, current 
Direct Socket, and Seal-In Silicone liner users were recruited and fitted to the ventilating liner and socket interface. After a 
minimum of two weeks, subjects were randomized into two groups and scheduled for two measurement sessions of 
relative humidity using sensors (MSR Data Logger, Switzerland). Measurements were conducted on two separate days, 
same time of the day. During the measurement sessions, participants conducted activities in a heated and humidity-
controlled room. Additional outcome measures were the patient's perceived perspiration, stability, suspension, and 
comfort. 

RESULTS 
Nine TF amputees completed the entire protocol 
procedures. Relative humidity (rH%) inside the liner 
was plotted for all participants on both interfaces. The 
area under the curve (AUC) was calculated over the 
same time for all subjects. A generalized linear model 
was used to compare the two suspension solutions. 
The model tested the ability to predict AUC, given 
liner and socket solution, and controlling for baseline 
relative humidity. The model confirmed that the AUC 
was statistically significantly smaller when wearing 
the intervention interface (p<0.0001). Using the 
ventilating solution, participants reported significantly 
less sweat on their residual limbs (p=0.04, paired t-
test). Non-inferiority was shown between solutions 
regarding patient-perceived stability, suspension, and 
comfort. 

DISCUSSION AND CONCLUSION 
A lower overall humidity (AUC) level for the intervention indicates that the ventilating interface allows humidity to escape 
from the skin and out of the liner and socket. The participants also experienced the ventilating effect and reported less 
sweat wearing the intervention interface. The study results confirm the performance of the ventilating suspension interface 
in reducing humidity build-up within the liner. 

REFERENCES 
1. Ghoseiri, Kamiar and Safari Reza; 2014. J Rehabil Res Dev. 
2. Baars, EC; 2018. Medicine. 

ACKNOWLEDGEMENTS The investigation was funded by Össur Iceland ehf.  

Figure 1: Area under the curve (AUC) for relative 

humidity comparing ventilating suspension solution 

and non-ventilating suspension solution. 
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5.25.5 Developing a repeatable methodology for humidity measurements within a prosthetic 
interface 
Margrét Sól Ragnarsdóttir, Jóna Valgerður Kristjánsdóttir, Sigurður Hannesson, Rowan Cain 

Össur, Reykjavik, Iceland 

BACKGROUND 
Sweat and humidity within a prosthesis is a common problem amongst prosthetic users leading to suspension and skin 
health issues [1]. To analyse effectiveness of potential prosthetic solutions, it is important to have objective and reliable 
tools to evaluate the interface solutions. An evaluation method is needed that can be reliably performed using 
commercially available equipment and applicable to use with any socket and liner interface. 

AIM 
The objective was to develop a reliable and accurate methodology for objectively measuring humidity within a prosthetic 
liner and socket interface.  

METHOD 
Data is collected on each interface under investigation on separate days at the same time of day. Relative humidity (RH) 
and temperature sensors (MSR Datalogger, Switzerland) are applied on the skin on the prosthetic and sound side. The 
procedure starts with a period where the subject dons the liner and socket with resting intervals to investigate the effect of 
donning on the humidity. Then the subject walks (self-selected speed) on a treadmill in a heated room, followed by rest, a 
four-step-square-test (FSST), and stair walking. Actions are taken to minimize intra-subject variability to effectively 
evaluate the difference between interface systems.  

RESULTS 
This methodology was used in a study 
where nine TF amputees completed full 
protocol procedures. RH on the skin was 
plotted and area under curve (AUC) 
calculated from liner don to exit hot room 
as the primary outcome to evaluate the 
performance of each interface during 
instigation of perspiration in a single 
value. Comparison of AUC between 
interface solutions for each subject 
proved to be a good comparator, 
showing significant difference between 
the interfaces under investigation. 
Temperature difference between systems 
was not significant, which is a 
precondition for direct comparison of RH. 
No user reported discomfort due to the 
sensors. 

DISCUSSION AND CONCLUSION 
This work describes a procedure suitable 
for assessing perspiration in liner and socket interfaces of individuals of any activity level, in a controlled way using 
commercially available equipment. New solutions for mitigating sweat within a prosthesis are emerging. Having a robust, 
reliable, accurate, and objective method for evaluating if the solution alleviates the problem is beneficial to both prosthetic 
designers and clinicians while selecting devices for their patients.  

REFERENCES 
1.   Meulenbelt, Henk E., et al. 2009, Arch. Phys. M. 

ACKNOWLEDGEMENTS The investigation was funded by Össur Iceland ehf. 

 

Figure 1. Schematic diagram of the measurement protocol along with 
RH data from one subject on two interface systems during the protocol 
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Free paper session: Paediatrics - Upper limb 

5.26.1 Comparison of compensation strategies for an active elbow support in healthy 
subjects, an exploratory pilot study 
Suzanne Filius1, Mariska Janssen2,3, Herman van der Kooij4, Jaap Harlaar1,5 

1Department of Biomechanical Engineering Technical University of Delft, Delft, Netherlands. 2Department of 

Rehabilitation, Radboud University Medical Center, Donders Institute for Brain, Cognition and Behaviour, Nijmegen, 

Netherlands. 3Klimmendaal, Rehabilitation Center, Arnhem, Netherlands. 4Department of Biomechanical Engineering, 

University of Twente, Enschede, Netherlands. 5Department of Orthopedics & Sports Medicine, Erasmus MC University 

Medical Center, Rotterdam, Netherlands 

BACKGROUND 
There is a need for active arm supports in people with progressive muscle weakness such as Duchenne Muscular 
Dystrophy (DMD) to support functional arm movements during daily activities. Arm supports can increase the quality of 
live by retaining independent task execution and social participation. This study serves as an exploratory pilot study in the 
development of a full arm support for daily use in boys and men with DMD (Brooke Scale >3). 

AIM 
To develop 4 different high level control strategies (modelled-based, hybrid-based, measured-based, and personalized-
based) and compares the compensation efficacy and preferences in an elbow support with healthy male subjects. 

METHOD 
The study exists out of 2 sessions with 12 healthy male subjects: 1) measurement of the passive interaction forces around 
the elbow joint in both horizontal and vertical workspace (relaxation-task) 2) comparison of the compensation strategies in 
vertical workspace (position-task). The passive interaction forces were measured with a force-torque sensor at the sleeve 
interface and the compensation support was provided by the newly developed series elastic actuator at the elbow joint. 
The compensation efficacy was determined by surface electromyography (sEMG) and interaction forces at the sleeve 
during a target position tracking task. Moreover, NASA-Task-Load-Index and personal preferences were collected in 
session 2. 

RESULTS 
Out of the 12 participants (aged 24 to 35 years), 4 
preferred the modelled-based (weight compensation 
only based on kinematic model), 4 preferred measured-
based (all passive forces measured in session 1), 3 
preferred personalized-based (model of gravity and joint 
impedance fit to the passive forces measured in session 
1), and 1 hybrid-based (kinematic gravity model with 
measured joint impedance) compensation strategy. The 
experiments are finalized and the sEMG and interaction 
forces are currently analysed to examine the 
compensation efficiency, expected end 2022. 

DISCUSSION AND CONCLUSION 
The passive forces measured in the horizontal 
workspace are considered as joint impedance and 
seem to play a substantial role in the vertical 
workspace. Suggesting, the compensation strategy 
should account for joint impedance, especially in 
populations such as DMD with elevated muscle stiffness. However, 4 out of 12 participants preferred the conventional 
modelled-based strategy, not taking the joint impedance into account. The sEMG and interaction forces are expected to 
give more insight in the compensation efficiency between the different strategies. 

ACKNOWLEDGEMENTS This work is part of the Wearable Robotics program (P16-05), (partly) funded by the Dutch 
Research Council (NWO), The Netherlands. 

Figure 1. Left graph shows an example of the measured passive 
forces in the horizontal and vertical workspace measured in a 
single subject. Right graph shows the different support torque 
profiles applied in the active elbow support for the same subject. 
Note: Measured-based curve is based on measurement in 
vertical workspace plus weight component of support interface. 
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5.26.2 Design requirements for upper extremity support for home use in people with severely 
impaired arm function in Duchenne Muscular Dystrophy 
Suzanne Filius1, Jaap Harlaar1,2, Herman van der Kooij3,1, Mariska Janssen4,5 

1Department of Biomechanical Engineering, Technical University of Delft, Delft, Netherlands. 2Department of Orthopedics 

& Sports Medicine, Erasmus MC University Medical Center, Rotterdam, Netherlands. 3Department of Biomechanical 

Engineering, University of Twente, Enschede, Netherlands. 4Department of Rehabilitation, Radboud University Medical 

Center, Donders Institute for Brain, Cognition and Behaviour, Nijmegen, Netherlands. 5Klimmendaal, Rehabilitation 

Center, Arnhem, Arnhem, Netherlands 

BACKGROUND 
Optimizing orthotics to real user needs is a basic challenge in our field. A variety of upper extremity supports is available 
for people with severe muscle weakness, such as Duchenne Muscular Dystrophy (DMD). Unfortunately, the rate of disuse 
of these products is high due to multiple reasons, among which mismatch between the specific user needs and design 
requirements. Moreover, in the more advanced disease stages (>Brooke scale 3), there seem to be no suitable wearable 
arm supports (i.e., motorized).  

AIM 
This paper aims to 1) provide clinical guidance to match the technology to patient needs, and within this framework 2) 
formulate functional and technical design requirements for the development of an active exoskeleton for people with DMD 
Brooke 4. 

METHOD 
A clinical meaningful classification was developed based on available literature over the past 1.5 years and data from the 
Dutch Dystrophinopathy Database (DDD) was reused. The DDD is the Dutch national register for Duchenne and Becker 
muscular dystrophy, in which natural history data is collected. For boys and men with DMD Brooke scale 4 the functional 
level was elaborated: the muscle force/torque, active and passive range of motion, reachable workspace, and 
performance of upper limb (PUL) scores. From these, technical design requirements were formulated to restore arm 
function to achievable levels, aligned with the needs of the user.  

RESULTS 
Figure 1 gives a summary of the classes per 
Brooke scale with comprehensive descriptions 
of characteristics. Elaborating on DMD patients 
with Brooke 4, their range of motion is limited to 
what they can reach with elbow and wrist 
movements. As a results of increased muscle 
stiffness, their joint impedance around the elbow 
and shoulder is elevated. The muscle strength of 
their arm muscles varies between 3-25 N (i.e., 
0.8-9 Nm of torque). Intuitive force-based 
support with active weight and joint impedance 
compensation is expected to best match their 
needs. Both the shoulder and elbow should be 
supported and there are important safety 
considerations that are specific to this population. 

DISCUSSION AND CONCLUSION 
This paper can be used to make the prescription and further development of arm supports more user centred. It is 
important to closely match target population to design requirements in order to prevent non-use. Active arm supports with 
weight and joint impedance compensation are expected to best match the needs of boys and men with DMD Brooke 
Scale 4. In addition, (and beyond our scheme) it is important to also consider the (personal and environmental) barriers 
that could result in non-use.  

ACKNOWLEDGEMENTS We would like to thank the Duchenne Centre Netherlands (DCN). This work is part of Wearable 
Robotics (P16-05) funded by NWO. 

Figure 1. Natural arm function in DMD 
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5.26.3 Problems in the use of prosthesis in children with congenital upper limb deficiency in 
social participation situations 
Mio Kobayashi, Sayaka Fujiwara 

The University of Tokyo Hospital, 7-3-1, Hongo, Bunkyo-ku, Tokyo, Japan 

BACKGROUND 
When children with congenital upper limb deficiency bring and use their prosthesis to social activities such as nursery 
schools, kindergartens, and elementary schools, there are advantages such as making it easier for them to perform tasks 
and so that their operating skills can take root. However, the current situation has not been clarified, such as the actual 
use of prosthesis in social participation situations, the understanding and perception of their surroundings including 
schoolteachers and other staff. 

AIM 
The aim of this study was to clarify the situation and problems of wearing a prosthetic hand in social participation 
situations of children with upper limb deficiency. 

METHOD 
The subjects were the children with upper limb deficiency visiting our outpatient clinics, and their nursery school teachers, 
and kindergarten and elementary school teachers. The children and their parents were informed about the survey by the 
doctors and occupational therapists during their regular visits to the clinic, after obtaining consent the school teachers 
were asked to cooperate in the web-based survey. The survey asked whether the children were using the upper limb 
prosthesis, how often and how long they wore them, the situations in which they used them, any problems they 
experienced. This study is conducted with permission from the Ethics Committee. 

RESULTS 
Responses were obtained from 24 teachers at 13 facilities where children attend. Twenty-two of the 24 respondents 
indicated that their child brings the prosthetic hand to school. The types of prosthesis brought were passive prostheses for 
16, myoelectric prostheses for 15, and activity-specific prosthetic for gymnastics for one. About 82% indicated that the 
children wear their prosthesis almost every day. Eight of the 22 respondents reported that their children had problems of 
donning and using their prosthesis. Specifically, 7 reported difficulties of donning and doffing their prosthesis, 5 reported 
problems with handling, maintenance, and breakdowns of prosthetic hands that are expensive or precision instruments, 
and 1 reported problems with ensuring that the child had enough time to use the prosthesis. The results are shown in the 
table below.  

 

DISCUSSION AND CONCLUSION 
The collaboration of teachers is essential for children to use the prosthetics in social participation situations. The results of 
this survey showed that teachers are collaborative and positive about their children's use of prosthetics. On the other 
hand, this has led teachers to various difficulties. Providing sufficient and appropriate information on how to deal with 
these problems will lead to comfortable prosthetic use at the facility for both the child and the teacher. 

ACKNOWLEDGEMENTS We would like to thank all the children, their parents, caregivers, and teachers who contributed 
to this study. 
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5.26.4 FIRST prosthesis ï a new concept prosthesis for the initial treatment of children with 
congenital malformations of the upper extremities 
Michael Schaefer1, Stefan Kunz2 

1POHLIG GmbH, Traunstein, Germany. 2POHLIG GmbH, Köln, Germany 

BACKGROUND 
In the provision of prostheses for children with congenital malformations of the upper extremities, both the teaching 
opinions and the experiences from everyday care vary significantly with regard to the point in time of the first prosthetic 
fitting. While the experience with passive initial prostheses is modest to bad, the purpose and the resulting goals of this 
initial prosthesis are absolutely understandable and desirable. 

AIM 
The FIRST concept stands for First, Integrative, Rehabilitative and Situation-oriented Training prostheses. It is a concept 
prosthesis that is used in the early fitting phase of children. The FIRST prosthesis was conceptually adapted to the age-
appropriate development [1] of the child. 

METHOD 
The first prosthesis consists of a partially flexible (thermoplastic) or elastic (silicone) inner socket. Due to its material 
properties, this can be reshaped (thermoplastic) or stretched (silicone). This inner socket is also responsible for the 
bedding comfort of the malformed extremity. With the integration of 3D printing methods [2], a multifunctional adapter with 
different tools could be integrated into this prosthesis. Tools that the child handles very early on depend on the situation 
and can change independently. The number and type of tools are increasingly expanded and built up based on the 
development of the child and is therefore a good step towards a first myoelectric prosthesis. 

RESULTS 
Last year, 22 children with congenital malformations of the upper extremities were fitted with this concept prosthesis. The 
mean age at the time of initial care was 28 months, with the youngest child being 9 months and the oldest being 69 
months. The children started with 3 age-dependent tools, which were expanded to up to 6 tools as they grew older. As 
part of the initial treatment, all children received therapeutic support to learn how to operate and use the tools. In 
comparison to the traditional passive initial prosthesis, a significantly more active perception and use of the prosthesis in 
everyday life can be seen after this short fitting phase. 

DISCUSSION AND CONCLUSION 
The FIRST prosthesis concept starts exactly where traditional passive first prosthesis concepts fail in everyday life: the 
interest and attention of the child. Such a fitting concept only has a chance of successful fitting if this is ensured. With the 
FIRST concept, a playful and changing approach with a corresponding variety of uses was deliberately chosen, since this 
is exactly where traditional prostheses failed.   

REFERENCES 
1. Michaelis R, Niemann G; Entwicklungsneurologie und Neuropädiatrie; 5. überarbeitete Auflage; Thieme-Verlag 

2017: S.106 
2. Kienzle C, Schäfer M: Integration additiver Fertigungsverfahren (3D-Druck) in den orthopädie-technischen 

Versorgungsalltag; OT-Verlag Dortmund 5/2018: S.18-23 

ACKNOWLEDGEMENTS Special thanks to the POHLIG Upper-X-prosthetics-Team and POHLIG Therapy-Team for the 
successful implementation of this new approach.  
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5.26.5 A literature review:  Paediatrics congenital transverse deficiency (peromelia) of the 
upper limb and advanced prosthesis use and abandonment. 
Indra Vijay Singh, Smita Nayak, Mohit Gupta 

Pandit Deendayal Upadhyaya National Institute for Persons with Physical Disabilities, New Delhi, India 

BACKGROUND 
Paediatric congenital transverse deficiency or Peromelia refers to congenital absence or malformation of the extremities. 
The appearance of the arm is like an amputated stump. According to reviewed literature, a congenital limb deficiency may 
influence psychosocial domains of quality of life. It is doubtful that currently available prostheses fulfil these aims since 
abandonment rates range from 35% to 45% in the paediatric population. 

AIM 
To investigate the reasons for prosthesis rejection in congenital transverse deficiency (Peromelia).  

METHOD 
A wide literature search updated to March 2015 has been performed from the following databases: PubMed, Google 
Scholar, and Cochrane Database of Systematic Reviews to obtain comprehensive information about Peromelia, focusing 
on current recommendations for the prosthetic management of Peromelia (e.g. prosthetic fitting, stump lengthening). This 
study summarizes the current literature which focused on the etiology, pathogenesis, and specific treatment algorithms for 
children with Peromelia. Current studies stated that children with trans-radial or trans-humeral Peromelia should 
preferably be fitted with passive /cosmetic prostheses at the age between 6 to 24 months, followed by myoelectric 
prosthetics at 2 to 4 years. 

RESULTS 
There were many recorded reasons for rejection or partial rejection, and for each child, there were usually several 
contributory reasons. When these were grouped together and all the different appliances were considered, it was found 
that the commonest cause for rejection was the mechanical inefficiency of the prostheses. The next most common cause 
of rejection was the child's preference for using his or her own residual limbs. In relatively few cases, the lack of 
cooperation of parents or children was a major reason for rejection. The provision of prostheses for children with upper 
limb deficiency starts at an early age. However, the optimal age for prosthetic fitting is still controversial. Many authors 
believe that early fitting can enhance and increase physical skills and decrease prosthesis rejection time. 

DISCUSSION AND CONCLUSION 
The principal reasons for rejection of a prosthesis are lack of function, including some cases in which the device impaired 
function, and lack of comfort. Moreover, further studies are still required to improve sensory feedback and also focus on 
the development of new upper limb prosthetic microprocessors in electronic components for the paediatric population, 
which provide several new benefits. More research needs to be directed towards conferring sensibility to the prosthetic 
user. 

  



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

215 of 400 

Free paper session: Low- and middle-income countries - Healthcare policy and 
services II 

5.27.1 The changing needs for prosthetics services: learning from digital centre management 
data 
Alex Dickinson1, Lucy Gates1, Sisary Kheng2, Bunthoeun Sam2, Cheryl Metcalf1, Charlotte Owen1, Amos Channon1 

1University of Southampton, Southampton, United Kingdom. 2Exceed Worldwide, Phnom Penh, Cambodia 

BACKGROUND 
Development and delivery of prosthetic services relies on quality data describing population needs in specific contexts. 
However, most existing data come from High-Income Countries or small geographic areas [1-3], which are not commonly 
comparable across services and locations. There are also few longitudinal studies that investigate multiple countries or 
assess service user demographics in detail [4] and the dynamics of prosthetics service user demographics are under-
reported across all income contexts. 

AIM 
To provide insights into the characteristics of people accessing Cambodian prosthetic services, evaluating how their 
needs have changed over time and forecasting future service requirements.  

METHOD 
Using digital patient records for three Cambodian prosthetic clinics [Phnom Penh (Urban), Sihanoukville and Kampong 
Chhnang (Rural)], we investigated trends over three decades in birth year, sex, year and reason for limb absence, and 
prosthesis type. We extracted cross-sections in 2005 and 2019 indicating how the population accessing prosthetics 
services has changed. The dataset contained 50,144 entries between December 1992 and December 2019, representing 
clinical contacts for 7,117 individuals, 2,820 of whom were classified as óactiveô (having had at least one appointment in 
the last 7 years). 

RESULTS 
Temporal trends aligned with Cambodiaôs socio-political history. The predominant reason for limb absence was weapon 
trauma during and following conflict (77% overall, neglecting missing data), but non-communicable disease (NCD) and 
road accidents were most common since 2000. Transtibial remained the most prevalent amputation level (65% overall) 
but transfemoral amputation had higher incidence in road traffic accidents (46% vs 43%). The most common age at 
amputation was 20-29yrs for all reasons except congenital conditions (0-9yrs), animal bite (10-19yrs), and illness, which 
showed increasing incidence with age, with 45% of individuals aged over 50yrs stating this reason for amputation. Both 
transfemoral and older-aged groups experience particular rehabilitation challenges. The high proportion of individuals with 
amputation due to 'unspecified disease' may indicate an under-estimate of diabetic and vascular disease. The impact of 
comorbidities will accentuate these figures. 

DISCUSSION AND CONCLUSION 
The study presents a description of Cambodian prosthetics service user populations, and their changing demographics 
over time, based upon standardised, routinely collected data across multiple clinics. Similar analysis of data from services 
run by other providers and in other countries would give researchers, service providers, policymakers and industry 
insights into future challenges, and enable them to develop appropriate technologies and adaptive service access models 
which maintain closer alignment with prosthetic limb usersô changing needs. 

REFERENCES 
1. Dobson A et al, J. Neuroeng. Rehabil. 2018; 15. 
2. Davie-Smith F, Hebenton J & Scott H. A Survey of the Lower Limb Amputee Population in Scotland, 2020. 
3. Kamrad I et al, Acta Orthop 2020; 91. 
4. Barth CA et al, BMJ Open 2021, 11:e049533 
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5.27.2 Estimation of unmet needs of assistive devices in Rawat, Islamabad, Pakistan 
Mujahida Islam 

International Committee of The Red Cross, Islamabad, Pakistan 

BACKGROUND 
Disability and unmet need of assistive devices is a serious public health concern. Fifteen percent of the worldôs population 
is living with disability, among them about 3.8% people between 15 to 65 years have marked functional limitations. [1] 
Pakistan Bureau of Statistics shows that 3,286,630 persons are living with disabilities in Pakistan. [5] Current knowledge 
is that the provision of Assistive devices is insufficient in Pakistan. There is a great necessity to address unmet needs of 
assistive devices among people with disabilities.  

AIM 
Provision of assistive technology devices in Pakistan is insufficient. This study assessed unmet need of assistive 
technology in Rawat, Pakistan. 

METHOD 
A descriptive cross-sectional study was conducted in Rawat, which is a town situated 30.9 km away from Islamabad with 
a population of 17,860. Rawat was selected deliberately as a study area because of its low socioeconomic status. A 
survey was conducted using the WHO Rapid Assistive Technology Need Assessment Tool. 32 different types of assistive 
devices were addressed in the questionnaire including 18 different devices used for physical functional limitations, 2 for 
auditory disabilities, 6 for visual limitations, 1 for speech limitations and 2 for intellectual disabilities. Printed data collection 
tools were provided to female health workers to complete the data from study population selected by systematic random 
sampling.  

RESULTS 
75 households were selected, representing 350 people. 180 (51.42%) were females and 170 (48.5%) were males of 
different age groups. 85 (24.28%) people needed assistive devices for different type of functional limitations. Out of those 
85 (24.28%) only 15 (4.3%) people were using assistive devices, whereas 70 (20%) people were not using any assistive 
devices.  

DISCUSSION AND CONCLUSION 
Current findings of the study suggest that policy and service delivery systems for AT in Pakistan may not be reaching all 
people who need assistive devices. Research data shows that each disability group has substantial unmet demand for 
AT. Efforts should be made to improve access to AT.  

REFERENCES 
1. http://www.who.int/news-room/fact-sheets/detail/disability-and-health 
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5.27.3 Macro-environmental analysis of prosthetic and orthotic services in Cambodia: 
political, economic, social, technological, environmental, and legal (PESTEL) factors 
Sisary Kheng 

National Institute of Social Affairs, Phnom Penh, Cambodia. University of Salford, Manchester, United Kingdom. Exceed 

Worldwide, Phnom Penh, Cambodia 

BACKGROUND 
The World Health Organisation estimates that over one billion people globally experience a disability, of whom 2-4% 
experience a significant loss of physical functioning. Physical rehabilitation services in Cambodia were developed in the 
early 1990s as an emergency response to landmine victims and have been generously supported by international aid 
through various non-governmental organisations. These physical rehabilitation services in Cambodia have historically 
been free-of-charge. There is a significant reduction in financial income from international aid to continue providing free 
care. 

AIM 
This study aimed to analyse facilitators and barriers including strengths, weaknesses, past and present business 
situations at a macroenvironment level with the use of Political, Economic, Social, Technological, Environmental, and 
Legal (PESTEL) factors on prosthetic and orthotic services in Cambodia.  

METHOD 
The analysis is made with the use of 8 steps, the recommendations of best practices for document analysis, by Ardu 
(2019) and the integration of PESTEL factors: 1. Name of document; 2. What type of document is it?; 3. When was it 
produced?; 4. Why does this document exist (purpose)?; 5. Who produced the document?; 6. What kinds of information 
can we get from the document?; 7. What did this document mean to people during that time (audience)?; 8. What does 
the document tell us about the time period? Interpretation: Which aspects of the document directly or indirectly address 
the question, and what do the selected relevant considering the context? 

RESULTS 
27 legal documents with direct involvement to prosthetic and orthotic services and another 25 other related studies and 
assessment related to physical rehabilitation in Cambodia were included in this analysis. A catastrophic expenditure 
coverage on assistive devices and individualised rehabilitation service will be a burden to the government and public 
finance responsibility. For social protection for people with disabilities (PWDs), government actions on the protection of 
economic security, and promotion of an enabling environment for economic security for PWDs should be founded. The 
other considerations on discount goods and services for PWDs have not yet been discussed in a public policy forum. A 
cash transfer programme for the disability benefit arrangement in five provinces between 2019 and 2021 has proven to be 
a new action for disability support service. Cambodia may require disability service reform to improve multiple approaches 
to enhance service quality, accessibility, and sustainability. 

DISCUSSION AND CONCLUSION 
The main findings affirm that there is a world-class prosthetic and orthotic service in Cambodia. The service financing 
requires cross-cutting cooperation, interdisciplinary inputs, government strategies, and support for the investment toward 
entrepreneurship for long-term sustainability and impacts of services. Stakeholder engagement and participatory 
development contribute to a successful framework for sustainability. The principles of co-design, co-creation, and co-
ownership of a long-term vision for inclusive and sustainable financing strategies post-international aid with mutually 
beneficial, respected, and productive for the targeted beneficiaries. 

REFERENCES 
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5.27.4 Exploring attitudes and perceptions of stakeholders on social enterprise supporting 
sustainability of prosthetic and orthotic service financing in Cambodia 
Sisary Kheng 

University of Salford, Manchester, United Kingdom. National Institute of Social Affairs, Phnom Penh, Cambodia. Exceed 

Worldwide, Phnom Penh, Cambodia 

BACKGROUND 
The foundation of this interest is based on the evolution of funding availability toward sustainable financing strategies for 
prosthetic and orthotic services. Along multi models funding, the rehabilitation workforce could be built and continuously 
develop to respond to the need and demands of the country from multiple sources of funding to enhance service quality, 
accessibility, and sustainability. This research explores whether social enterprise is a feasible model to support financial 
sustainability for prosthetic and orthotic (PO) services in Cambodia. 

AIM 
The study aims to explore specific contextual and cultural settings focusing on the exact problems, priorities, abilities, 
perceptions, attitudes, and potential solutions exclusive to the long-term sustainability of prosthetic and orthotic service 
financing in Cambodia. 

METHOD 
The study employs a qualitative research method with the use of semi-structured interviews. The semi-structured 
interviews were made with 20 key stakeholders in physical rehabilitation, health, social protection, social security fund, 
health, economy and finance, and user organisations in Cambodia between February and September 2022. The semi-
structured interview was chosen over other qualitative research methods (i.e. focus group discussion or structured 
interview) for it allows flexibility in the topic of discussion, and independent discussion without being influenced by the 
authority, power, or nomination of other people in the interview. 

RESULTS 
It was found that Social Enterprise could be a model contributing to the sustainability of PO service financing in 
Cambodia. However, pluralistic models with considerations on disability service system strengthening, rehabilitation 
workforce integration, disability and rehabilitation information system, changes of disability service-seeking behaviours, 
policy framework on PO service delivery, cost-effectiveness, and impact assessment on the current model of PO service 
financing. The advancement of National Social Security scheme and the National Social Protection scheme for vulnerable 
groups are deemed to be possibilities influencing both public and private insurance. System thinking, system reforms, and 
system approach have to be embedded in all legal requirements, policies, guidelines, and practices for diversified sources 
of funding. The development and revolutions for innovations, responsive, resilient, timing, effective, and sustainable 
financing strategies with diversified funding sources from global, national, and local communities are required for 
Cambodia. 

DISCUSSION AND CONCLUSION 
The inefficiency of the PO service financing mechanism in Cambodia has resulted from a focus on the extreme 
expectations, either government or international aid support, that are not realistic and achievable. Yet, Cambodia has 
proven to be successful in the delivery of mixed methods of healthcare financing models in the last two decades. This 
study embraced the present contributing factors both perceptions and attitudes of key stakeholders in the future 
sustainability of PO service financing in Cambodia.  

REFERENCES 
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5.27.5 Lived experiences of prosthesis and orthosis users in Cambodia: a qualitative study 
Nerrolyn Ramstrand1, Alan Maddock2, Malin Johansson1, Lisa Felixon1 

1Jönköping University, Jönköping, Sweden. 2University College Dublin, Dublin, Ireland 

BACKGROUND 
It is likely that provision of prosthetic and orthotic devices leads to an improvement in many diverse aspects of a userôs 
life. While improvement in mobility and functioning have been well documented, there is limited research focusing upon 
the effects that prosthetic and orthotic devices may have on other aspects of a personôs life, including daily living [1], 
psychological outcomes [2], and participation [3].  

AIM 
The aim of this qualitative study was to explore the life experience of people who use lower-limb prosthetic or orthotic 
devices in Cambodia. 

METHOD 
Fifteen participants were recruited from urban and rural prosthetic and orthotic clinics run by the same non-governmental 
organisation in Cambodia. All participated in individual, semi-structured interviews. Questions were based on five domains 
from the WHO Disability Assessment Schedule (WHODAS 2.0). Interviews were transcribed verbatim and analysed using 
a thematic analysis approach. 

RESULTS 
Three main themes representing life as a prosthesis or orthosis user in Cambodia were identified. These included 1) a 
more positive outlook with an assistive device, 2) assistive devices reduce barriers but do not eliminate them, and 3) 
disability creates social exclusion while assistive devices facilitate inclusion. Main themes and sub-themes are presented 
in figure 1. 

 

Figure 1.  Main themes and sub-themes representing life as a prosthesis or orthosis user in Cambodia 

DISCUSSION AND CONCLUSION 
Findings reflected many important areas related to exclusion of persons with disability. These have been highlighted in 
previous work [4] and involve difficulties gaining employment, the experience of social exclusion and discrimination. 
Prosthetic and orthotic devices were identified to facilitate inclusion, positively affecting participation in social activities, 
empowering participants and improving their sense of self-worth.   
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4. Yeo et al. (2003) World development:31:571-590 

ACKNOWLEDGEMENTS This work was financed by a grant from the Swedish International Development Cooperation 
Agency  



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

220 of 400 

Free paper session: Prosthetics: Lower limb - Physical activity 

5.28.1 Correlation between physical activity and knee osteoarthritis outcomes in people with 
lower-limb amputations 
Vibhor Agrawal1, Scott Love2, Nick LaRosa2, Warren Chisler2, Madison Self2, Kerry Mallini2 

1University of St. Augustine for Health Sciences, Miami, USA. 2University of St. Augustine for Health Sciences, St. 

Augustine, USA 

BACKGROUND 
Individuals with a unilateral lower limb amputation (LLA) have a higher prevalence of knee osteoarthritis (OA) and are at a 
higher risk of developing intact limb OA than the non-amputee population [1]. In non-amputees, regular exercise and 
physical activity have been shown to improve functional performance and quality of life (QoL), and therefore play a critical 
role in knee OA management [2]. However, in individuals with LLA, the association between physical activity and knee OA 
outcomes remains unknown. 

AIM 
To determine the effects of physical activity on knee OA outcomes of pain, OA symptoms, difficulty with functional 
activities of daily living as well as sports/recreational activities and QoL.  

METHOD 
Eleven individuals with a unilateral lower limb amputation participated in the study [4 transtibial amputation (TTA); 2 knee 
disarticulation amputation (KD) and 5 transfemoral amputation (TFA)]. Subjects completed questionnaires for 
demographics, amputation history, prosthesis use (hours/day), physical activity (standing/walking in hours/day) and the 
Knee Osteoarthritis Outcomes Score (KOOS). Correlation coefficients between each of the 5 subscales of KOOS and 
prosthesis use, as well as KOOS and physical activity were calculated. For data analysis, TTA and KD subjects were 
grouped together. A correlation coefficient > 0.7 was considered as a strong correlation and p<0.1 was considered 
significant due to the small sample size.  

RESULTS 
The mean age of the TTA+KD group was 52.5±7 years, while that 
of the TFA group was 46±15 years. The mean activity for the 
TTA+KD group and TFAs was 4.8±1.9 hours/day and 3.8±2.7 
hours/day, respectively. For the TTA+KD group, there was a strong 
positive correlation between physical activity and knee-related QoL 
(r = 0.71; p<0.1) (Figure 1) as well as between physical activity and 
function during sports/recreation (r = 0.88; p<0.1). Prosthesis use 
had a poor correlation with all KOOS subscales in both TTA+KD 
subjects as well as TFA subjects.     

DISCUSSION AND CONCLUSION 
Results indicate that greater physical activity is associated with a higher QoL and lesser difficulty with sports/recreational 
activities, in individuals with TTA and KD amputations. While a correlation does not imply causation, results suggest a 
trend for improved OA outcomes with higher physical activity in TTA and KD patients. Data were inconclusive for TFA 
subjects due to high variability between subjects. This is an ongoing study, and a greater sample size would increase 
generalizability of the results.  
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5.28.2 Quantifying step counts in new prosthetic users following inpatient rehabilitation 
Heather Batten1, Shea Teevan1,2, Salih Salih1,3, Paulose Varghese1,3, Suzanne Kuys2 

1Princess Alexandra Hospital, Brisbane, Australia. 2Australian Catholic University, Brisbane, Australia. 3The University of 

Queensland, Brisbane, Australia 

BACKGROUND 
People with lower limb amputation face challenges to regain their previous physical activity level. Wongôs [1] recent 
scoping review found people walking with lower limb prostheses have significantly lower activity levels compared to the 
10,000 steps generally recommended or the 6000 steps common in people with diabetes, however found no data along 
the recovery continuum. It is unknown if people walking with a new lower limb prosthesis increase their activity after they 
leave inpatient rehabilitation and return home.   

AIM 
To measure changes in daily step count in new lower limb prosthetic users at time of discharge from inpatient 
rehabilitation, and in the 12-week period post discharge into the community.  

METHOD 
All patients 18 years or older, who underwent first major (transtibial or higher) unilateral lower limb amputation and were 
prescribed their first prosthesis during inpatient rehabilitation, were identified. Participants wore an activPAL activity 
monitor for seven days to measure step count at four time points (one week prior to discharge from inpatient rehabilitation 
(T0), and at 2 (T1), 6 (T2), and 12 weeks (T3) post discharge from inpatient rehabilitation. Repeated measures ANOVA 
was performed to track step count over time. 

RESULTS 
Ten participants (90% male, 90% trans-tibial amputation level, 90% dysvascular aetiology) completed the study. Mean 
(SD) steps per day increased from 961 (514) at T0, to 1360 (1821) at T1, 1692 (2697) at T2 and 2245 (3007) at T3.  

 

Figure 1. Comparison of steps per day 

DISCUSSION AND CONCLUSION 
Participants in this study took significantly fewer daily steps than previous studies (Wong 2021) and recommended activity 
levels, however these participants were new prosthetic users.  

These results demonstrate that new unilateral lower limb prosthetic users are not very active when they leave hospital 
post inpatient rehabilitation. However, their activity gradually increases over the first three months that they are back at 
home.  
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5.28.3 One-year analysis of demographics, clinical characteristics, and functional mobility 
level of bilateral lower limb amputees 
Dina Grǭnberga1, Dace StirǕne1,2, Katie Marie Leatherwood3, ǚriks ĠvǛde1,2, Anda Nulle1 

1National rehabilitation centre ñVaivariò, JȊrmala, Latvia. 2Riga StradiǺġ University, Rǭga, Latvia. 3Designed to Live 

OrtopǛdija, CǛsis, Latvia 

BACKGROUND 
Bilateral (BL) amputation is complex and can take significant rehabilitation resources. For increased objectivity in the 
provision of care decisions, information about the population of bilateral amputation should be analyzed. In Latvia, there is 
significantly limited information available about the amputee population in the country. In prior research, data was used to 
analyze the population of general lower limb amputation patients who received prosthetic limbs in Latvia [1]. In this 
research, data was used to analyze the bilateral amputee population. 

AIM 
This study aims to analyze amputation characteristics and demographics of patients in Latvia with acquired bilateral 
amputation who received prosthetics from the National Assistive Device system in Latvia in 2019. 

METHOD 
Quantitative retrospective design. Data was collected from the National Assistive Device system in Latvia from the year 
2019 patient information forms. Analyzed data: age, gender, amputation level, cause of amputation, mobility level 
(Bilateral amputee mobility predictor [2]), and use of assistive devices (AD), including use of lower limb prosthetics. 
Performed data analysis: descriptive statistics. 

RESULTS 
In Latvia, 45 BL (n=4 female) prostheses were received. The mean age was 58.62 years (SD 13 years). Bilateral 
amputation levels were: transtibial (TT) (n=22), transfemoral (TF) amputation (n=6), TT/TF combination (n=6), and 11 
mixed amputation levels. Cause of amputation was trauma (n=32), vascular (n=12), and congenital (n=1). Mobility levels 
for BL amputees were: K1 (n=11), K2 (n=19), K3 (n=14), K4(n=0) cases. The most often used AD was a wheelchair 
(n=18, 8 patients were without prostheses and 10 were prosthetic users), crutches (n=10), cane (n=6), walking frame 
(n=1), and electrical wheelchair (n=1). In 9 (20%) cases, patients did not use any AD for ambulation in addition to the 
prostheses (from that TT amputation n=4). For bilateral TT amputees (n=22) in 9 cases, patients mostly used wheelchairs 
for ambulation, crutches (n=4), cane (n=3), walking frame (n=1), and scooter (n=1). 

DISCUSSION AND CONCLUSION 
Data from this study is important for understanding bilateral amputee profiles in the Latvian population. Research data 
showed that in Latvia patients with bilateral amputations most likely are men and with amputations caused by trauma. 
Despite receiving prosthetic treatment, patients still prefer to use wheelchairs in everyday life. Unfortunately, none of the 
bilateral patients reached the highest mobility level (K4 level). Further research is necessary to determine descriptors of 
the bilateral amputee population and rehabilitation outcomes in Latvia. 
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5.28.4 AMPREDICT PROsthetics: predicting prosthesis mobility to aid in prosthesis 
prescription and rehabilitation planning 
Daniel Norvell1,2,3, Mary Lou Thompson4, Aaron Baraff2, Alison Henderson1,2, Joseph Czerniecki1,2 

1Center for Limb Loss and MoBility, Seattle, USA. 2VA Puget Sound Health Care System, Seattle, USA. 3Department of 

Rehabilitation Medicine, University of Washington, Seattle, USA. 4Department of Biostatistics, University of Washington, 

Seattle, USA 

BACKGROUND 
The ability to ambulate after lower limb amputation is associated with higher levels of function and independence via 
improved self-care and mobility, quality of life, and employment success. The current paradigm for prescription of a lower 
limb prosthesis (LLP) is largely driven by ñK-levelsò which rely on clinicians to estimate future mobility based upon their 
clinical experience. Clinicians have expressed a significant lack of confidence in this system and their own ability to 
predict a LLP candidateôs future mobility.   

AIM 
To develop and validate a patient-specific multivariable prediction model that utilizes readily available predictors to predict 
12-month mobility at the time of prosthesis prescription to assist in selecting a prosthesis that will match future demands 
and rehabilitation planning. 

METHOD 
Mixed-methods cohort study that identified patients retrospectively through a large U.S. Veteranôs Affairs (VA) dataset 
then prospectively collected their patient reported mobility. Veterans who underwent an incident transtibial or transfemoral 
amputation for chronic limb threatening ischemia and received a qualifying definitive LLP between March 1, 2018, and 
November 30, 2020 were approached through phone calls and mailings. A machine learning methodology was used for 
variable selection to predict four categories of mobility for the same patient: wheelchair, household, basic community, or 
advanced community using the Amputee Single Item Mobility Measure. The final model was validated internally with 
bootstrap sampling. As a sensitivity analysis, 10-fold cross validation was also performed. 

RESULTS 
Three hundred and fifty patients meeting study criteria agreed to participate. A total of 72 individuals (20.2%) reported 
AMPSIMM scores indicating wheelchair mobility, 63 (17.6%) household ambulation, 110 (30.8%) basic community 
ambulation, and 112 (31.4%) advanced community ambulation. Among transtibial amputees, this distribution was 52 
(19.5%), 41 (15.4%), 73 (27.4%), and 100 (37.6%), respectively. Among transfemoral amputees, 20 (22.0%), 22 (24.2%), 
37 (40.7%), and 12 (13.2%), respectively. The final model included 23 predictors across a wide range of domains 
including amputation level, time to prescription, age, body mass index, marital status, several comorbidities and mental 
health diagnoses and prior revascularization. The model effectively discriminated household ambulation from basic 
community ambulation and from advanced community ambulation ï levels of key clinical importance when estimating 
future prosthesis demands. 

DISCUSSION AND CONCLUSION 
We have successfully developed the AMPREDICT PRO prediction model to be applied at the time of prosthesis 
prescription using predictors available in the medical record. This model will meet the perceived clinical need for 
assistance in determining future prosthesis mobility and the appropriate LLP to accomplish these goals. A more accurate 
prediction of mobility will assist the rehabilitation team in formulating appropriate rehabilitation goals and will improve the 
shaping of patient expectations.   
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5.28.5 50-Yard Dash and Biodex testing results in children affected by bilateral lower 
extremities Hemimelia 
Ophelie Puissegur1,2, Kelly Jeans3, Sophia Ulman3,1 

1UTSOUTHWESTERN Medical School, Dallas, USA. 2Scottish Rite For Children, Dallas, USA. 3Scottish Rite For 

Children, Dallas, USA 

BACKGROUND 
Fibular and Tibial hemimelia are congenital limb deficiencies where the bone is partially or entirely missing resulting in 
shorter leg(s) and malfunctioning joint(s). In approximately 30% of cases, children are affected bilaterally and a common 
treatment is a bilateral amputation increasing their daily life potential. 

AIM 
This study aimed to evaluate the strength and running performance of adolescents affected with hemimelia that have 
undergone bilateral amputation in early childhood. A secondary goal was to analyse the association between self-reported 
function via a questionnaire and physical performance. 

METHOD 
11 participants (3 females,15.8±2.2 years) diagnosed with bilateral tibial and/or fibular hemimelia enrolled in a prospective 
IRB-approved research study. All amputations were recorded to have happened before they reached 2 years of age 
(16.0±21.9 months) and were either Symes or Transtibial amputations. Patients using their prostheses for at least a 12-
week period prior to testing, completed the Pediatric Outcome Data Collection Instrument (PODCI) questionnaires, 
including Sports/Physical Functioning (SPF) and Global Functioning (GF) Scores. Participants were asked to perform 
bilateral isokinetic hip strength testing and a 50-yard dash. Mann-Whitney-U tests were performed to identify significant 
group differences, and Wilcoxon signed-ranks tests were performed to identify side-to-side differences in strength. 

RESULTS 
SPF scores varied between 
44.7 to 90.2. Median was 
computed to 65.3 and used 
to divide HIGH (n=6) and 
LOW (n=3) SPF-Groups. 
Specifically, group strength 
significantly differed in right 
hip Flexion (p=0.020) and 
extension (p=0.020). (Table 
1). GF scores varied between 
60.5 to 81.4, and median was 
74.0, used to create HIGH 
(n=5) LOW (n=4) GF-groups. 
A significant difference in hip strength between HIGH- and LOW GF-groups was found, specifically, in right flexion 
(p=0.014), extension (p=0.014), adduction (p=0.027), and bilateral abduction (Left p=0.021, Right p=0.014). Hip 
Adduction strength deficit was also noted to be significant (p=0.021). Side-to-side differences in both hip flexion 
(p=0.005) and extension (p<0.001) strength were observed. 50-yard dash velocity exhibited differences in the 
Sports/Physical Functioning (SPF) scores in HIGH (n=5) versus LOW (n=6) groups (p=0.018), as well as Global 
Functioning (GF) scores in HIGH (n=5) vs LOW (n=5) groups (p=0.047) (Table 1.2) 

DISCUSSION AND CONCLUSION 
Both SPF- and GF-related differences in strength and 50-yard dash performance indicate that self-reported function via 
the PODCI is a good indicator of physical performance in bilateral hemimelia pediatric amputees. To the author's 
knowledge, this is the first time that Pediatric Outcome Data Collection Instrument (PODCI) SPF- and GF- domains were 
compared to isokinetic strength and 50-yard dash testings in bilateral hemimelia children.  

REFERENCES 
1. Stanitski DF, Stanitski CL. Fibular hemimelia: a new classification system. J Pediatr Orthop. 2003;23(1):30-34.  
2. McQuerry J, Gammon L, Carpiaux A, et al. Effect of Amputation Level on Quality of Life and Subjective Function 

in Children. J Pediatr Orthop. 2019;39(7):e524-e530. doi:10.1097/BPO.0000000000001321 
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Free paper session: Prosthetics: Upper limb -Various topics 

5.29.1 Gamified exercises and surface electromyography for rehabilitation in individuals with 
upper limb impairment 
Sarah Chang1, Jung Kim1, Jessica Zistatsis1, Yusha Liu2, Jennifer Erickson2, Aaron Bunnell2, David Boone1 

1Orthocare Innovations, LLC, Edmonds, USA. 2University of Washington/Harborview Medical Center, Seattle, USA 

BACKGROUND 
Life-changing neurological injuries lead to devastating impacts on patientsô function, independence, and quality of life. 
Individuals with spinal cord, traumatic brain, and peripheral nerve injuries, or stroke frequently experience severe muscle 
weakness and require rehabilitation to maximize strength and functional recovery. Standard therapy is not fully initiated 
until muscles are strong enough to achieve visible movement, resulting in delayed therapy and missing the critical window 
for recovery that may never be regained.  

AIM 
Our aim was to develop an interactive therapeutic gaming platform using surface electromyography (sEMG) to provide 
individuals with upper limb impairment with a biofeedback-based therapeutic option, sensitive enough to use soon after 
injury and simple enough to use at home. 

METHOD 
A highly sensitive, low-cost sensor measured electrical signals generated during muscle activation via noninvasive 
electrodes placed on the skin surface overlying the muscle of interest. A mobile app was designed to provide visual 
confirmation of muscle activity even if no visible muscle or limb movement was present. The mobile app translated the 
raw sEMG signals into input for gameplay. Because each patientôs 
exercise and therapy needs are different due to injury type and varying 
strength, endurance, and muscle activation control, these parameters for 
the exercise game can be customized for each patient. 

RESULTS 
An exercise game in a mobile app was developed that requires the user to 
break plates using a slingshot and a ball (Figure 1). The ball is flung to 
break the plates when the user activates their muscle as measured by the 
sEMG sensor. Different exercise types were created that focus on muscle 
bursts (quick repetitions) and holds (endurance). The exercises can be 
customized to the number of sets, number of target plates (repetitions), 
and duration of muscle activation required to activate the slingshot. 
Through this exergaming option, the users were engaged and motivated 
during the exercises by providing biofeedback and a gamified approach to 
rehabilitation. 

DISCUSSION AND CONCLUSION 
Motivation and interest are essential in maintaining adherence to therapeutic interventions over the long course of 
recovery, and adherence to standard rehabilitation therapy is generally poor. Therapeutic gaming at home with a low-cost 
sEMG sensor and mobile app can encourage individuals to complete their rehabilitation and have better outcomes [1].  

REFERENCES 
1.  Donoso Brown EV, et al. Preliminary investigation of an electromyography-controlled video game as a home 
program for persons in the chronic phase of stroke recovery. Arch Phys Med Rehabil. 2014;95(8):1461-1469.  

ACKNOWLEDGEMENTS This work was supported by Orthocare Innovations, Shepherd Center, NIDILRR (Grant # 
90DPHF0004), and the University of Washington CoMotion.  

 

Figure 1. sEMG exercise game 
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5.29.2 Outcomes of upper limb press fit osseointegration 
Atiya Oomatia1,2, William Lu1,2, Munjed Al Muderis1,2,3 

1Osseointegration Group of Australia, Sydney, Australia. 2Macquarie University, Sydney, Australia. 3Notre Dame 

University, Sydney, Australia 

BACKGROUND 
Upper extremity amputations are associated with the most severe traumatic injuries. Bilateral upper extremity amputations 
are rare and are often the result of blast injuries. Osseointegrated (OI) reconstruction of the upper limbs is an option for 
amputees who are unable to use prosthetics due to socket-related problems, by directly attaching the prosthesis to the 
skeletal residuum.  

AIM 
Our aim was to study the indications and outcomes following osseointegrated reconstruction in upper limb amputees. 

METHOD 
A retrospective review of our osseointegration registry identifying patients who have undergone an upper limb 
osseointegration reconstruction from 2014 - 2019. Analysis was performed of their causes of amputations, preoperative 
and postoperative outcomes, and complications. 

RESULTS 
A total of 24 patients underwent 26 upper limb osseointegrated reconstructions. Two patients had bilateral OI, 23 
transhumeral and 3 transradial amputations, average age of 50 years (range of 20-67 years). This study cohort had 22 
male and 2 female patients. Twenty-five and these patients had single stage and 1 patient had two stage OI 
reconstruction. All 24 patients had amputations related to trauma - 16 were acute traumatic amputations, and the other 8 
were all secondary to trauma; blast injury in 4 patients, electrocution and brachial plexus injuries in 2 patients each. 12 
patients sustained military blast, combat related, or military service-related traumatic injuries and surgery was generally 
performed on humanitarian grounds. The average length of follow up was 1.9 years (range of 6 months to 6 years). Major 
complications: mortality - 0; deep infection necessitating removal of implant ï 1 

DISCUSSION AND CONCLUSION 
We identified 26 osseointegrated reconstructions performed for upper limb amputations. Acute traumatic amputation was 
the main cause in 16 patients. Two patients had bilateral surgeries. Single case of loosening related to deep infection 
required explant. We recommend the use of this novel technology (osseointegration) in selected patients after upper limb 
amputations, for those amputees unable to use a prosthetic limb due to socket ï residuum interface problems. 
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5.29.3 Evaluating the reliability of a shape capturing process for transradial residual limb 
using a non-contact scanner 
Calvin Ngan1,2, Harry Sivasambu1, Sandra Ramdial1, Jan Andrysek1,2 

1Holland Bloorview Kids Rehabilitation Hospital, Toronto, Canada. 2University of Toronto, Toronto, Canada 

BACKGROUND 
Advancements in digital imaging technologies hold the potential to transform prosthetic and orthotic practices. Non-
contact optical scanners can capture the shape of the residual limb quickly, accurately, and reliably. However, their 
suitability in clinical practice, particularly for the transradial (below-elbow) residual limb, is unknown. 

AIM 
This project aimed to evaluate the reliability of an optical scanner-based shape capture process for transradial residual 
limbs related to volumetric measurements and shape assessment in a clinical setting. 

METHOD 
A dedicated setup for digitally shape capturing transradial residual limbs was developed, addressing challenges with 
scanning of small residual limb size and aspects such as positioning and patient movement. Two observers performed 
three measurements each on 15 participants with transradial-level limb absence. Interclass correlation coefficients (ICC) 
were calculated to assess intra- and inter-rater reliability of the digital scanning process in terms of volumetric 
measurements, as well as the overall Medial-Lateral and Anterior-Posterior measurement of each scanned model. A 
threshold of ICC > 0.90 was selected for the level of reliability. In addition, BlandïAltman plots were used to assess the 
agreement between observers. 

RESULTS 
Overall, the developed shape capture process was found to be highly repeatable. The assessment of reliability showed 
high levels of intra- and inter-rater reliability on volume measurements, with all ICCs ranging from 0.998 to 0.999. Blandï
Altman plots of the reliability analysis demonstrated good agreement within and between observers. Regarding the shape 
measurement, there were high levels of intra- and inter-rater reliability on the overall M-L measurement of the residuum 
model, with all ICCs ranging from 0.991 to 0.996. ICCs for the overall A-P measurement of the model ranged from 0.918 
to 0.946, but their 95% CIs ranged between 0.832 and 0.980, that is, the lower bound of the CIs was lower than the 
selected threshold. 

DISCUSSION AND CONCLUSION 
This paper uniquely evaluated the reliability of a digital shape capture process for transradial residual limbs based on 
direct scans of the limb. The results indicate that transradial limb scans can be acquired reliably, and on par with static 
models. This study demonstrated the feasibility of using non-contact scanners for the quantification of the shape and 
volume of transradial residual limbs, and possibly for the design and fabrication of prosthetic sockets and devices. 

ACKNOWLEDGEMENTS We wish to thank all the participants in this study. We acknowledge the support of the NSERC 
and Holland Bloorview. 
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5.29.4 Prosthetic care for upper limb amputees at the CRAORF in Mopti. 
Aboubacar Sangaré1,2, Almamy Kiré1,2 

1Regional Center for Orthopedic Equipment and Functional Rehabilitation of Mopti, Mopti, Mali. 2International Committee 

of the Red Cross, Bamako, Mali 

BACKGROUND 
Mali is now affected by regular attacks and other security incidents led by unidentified armed groups, particularly in the 
center and north of the country, which lead to a large number of people with disabilities. The determinants of a good social 
reintegration of these people are not yet clearly established, but one part would be the prosthetisation of upper limb 
amputees. 

AIM 
Evaluate the quality of the prosthetisation of amputees fitted with the upper limb prosthesis at the Regional Center for 
Orthopedic Equipment and Functional Rehabilitation (CRAORF) in Mopti; evaluate their satisfaction according to the 
expectations indicated on the prescription and identify the determinants of this social reintegration. 

METHOD 
This is a study, using open and closed structure questionnaires, on the prosthetic care of upper limb amputees received at 
the CRAORF, all ages, of 30 beneficiaries of the orthopaedic reintegration package (PRP / CICR) residing in central and 
northern Mali. 

RESULTS 
In this study, a strong representation of the male sex over the female sex was observed (89%/11%). In addition, a high 
number of subjects with a level of trans-brachial amputation was observed. Regarding the distribution according to the 
causes of amputation, our results show that most amputations are traumatic causes, directly and/or indirectly linked to 
conflicts (armed, inter-ethnic, etc.). 

DISCUSSION AND CONCLUSION 
A better understanding of the factors underlying the prosthetisation of upper limb amputees remains the key to better 
oriented interventions in their favour. 

ACKNOWLEDGEMENTS: Regional Center for Orthopedic Equipment and Functional Rehabilitation of Mopti (CRAORF); 
International Committee of the Red Cross, Mali 
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5.29.5 Rehabilitation after upper limb amputation: toward the development of guidelines 
Beth Sheehan1,2, Laurent Frossard1,3, Sandra Sexton1,4, Nils-Odd TØnnevold1 

1IC2A, -, Belgium. 2Beth Sheehan Consultancy, Scotland, United Kingdom. 3YourResearchProject, Brisbane, Australia. 
4Rehabskills Ltd, Wishaw, United Kingdom 

BACKGROUND 
One in seven or 15% of the worldôs population live with a disability [1]. Upper limb loss has been reported to range from 
1.2 to 4.4 per 10 000 people to 11.6 per 100 000 [2, 3]. Rehabilitation guidelines ensures that an amputeeôs needs on all 
levels are taken into consideration whilst allowing a consistent approach from surgery through to lifelong skills. Currently 
there is no clinical guideline available that specifically addresses treatment for upper limb loss rehabilitation. 

AIM 
Provide a cohesive clinical guideline for upper limb amputation that ensures clinicians and users to experience safe and 
effective standard rehabilitation pathway to support their individual rehabilitation.  

METHOD 
A literature review was undertaken as part of the OneHand Project funded by the European Unionôs Horizon 2020 
research and innovation programme. We reviewed evidence-based as well as grey literature. An expert panel consisting 
of therapists and amputees globally provided feedback while the guidelines were formulated. 

RESULTS 
As a result of the literature review and expert feedback, the guidelines have been separated into key phases that include 
acute or postsurgical, subacute or pre-prosthetic training, basic prosthetic training and advanced long-term rehabilitation 
or ongoing care. These phases outline key personnel to be involved at each stage, as well as key elements that will 
ideally be included for each phase. Alongside these guidelines are key resources to support the amputee along their 
rehabilitation journey. These include frequently asked questions (FAQs) for upper limb amputees and regularly used 
rehabilitation exercises for each level of upper limb amputation.  

DISCUSSION AND CONCLUSION 
The next phase of development of these guidelines will be to engage more widely with all stakeholders including the ISPO 
communities of interest. We anticipate that this final stage of the preparation will ensure that these guidelines can be 
utilised by rehabilitation teams both in low income to high income countries to encourage safe and efficient access to 
services globally. 

REFERENCES 
1. World Health Organization. Standards for Prosthetics and Orthotics: Part 1. 2017.  
2. Nissler C. et al. VITA an everyday virtual reality setup for prosthetics and upper-limb rehabilitation. 2019. 
3. Ostlie K, et.al. Adult acquired major upper limb amputation in Norway: prevalence, demographic features and 

amputation specific features. A population-based survey. 2011. 

ACKNOWLEDGEMENTS IC2A would like to acknowledge the European Unionôs Horizon 2020 research and innovation 
program that has funded this work. 
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Free paper session: Telehealth and mobile services 

5.30.1 Consumer experiences and satisfaction with orthotic/prosthetic telehealth services ï a 
qualitative and quantitative pilot study 
Michael Dillon1, Katie Bishop1, Emily Ridgewell2, Leigh Clarke2, Saravana Kumar3 

1La Trobe University, Bundoora, Australia. 2Australian Orthotic Prosthetic Association, Camberwell, Australia. 3University 

of South Australia, Adelaide, Australia 

BACKGROUND 
Telehealth is one innovative model of service delivery that may help improve access given the growing demand for 
orthotic/prosthetic (O&P) services. Telehealth has been widely used in recent years to minimise the transmission of 
SARS-CoV-2 (COVID-19). There is limited evidence about which O&P services were provided via telehealth, to whom, 
and what the consumer experience and satisfaction was with those services. 

AIM 
To describe the population receiving O&P services via telehealth in Australia, the types of services provided, and the 
consumer experience and satisfaction.  

METHOD 
Participants were O&P users Ó 18 years of age (adult subgroup) or parent/guardian of children O&P < 18 years of age 
(parent/guardian subgroup). Participants were convenience sampled following a recent O&P telehealth service. An online 
survey included: demographic questions, Telehealth Usability Questionnaire (TUQ) [1], and Orthotic Prosthetic Users 
Survey ï Satisfaction with Services Module (OPUS-SSM) [2]. Survey respondents were invited to participate in a semi-
structured interview to learn more about their experience and satisfaction. Demographic data were analysed using 
descriptive statistics. OPUS-SS and TUQ data were analysed according to the instrumentôs instructions. An inductive 
approach was used to identify themes describing the consumer experiences and satisfaction.  

RESULTS 
Most participants (12 adult subgroup, 3 parent/guardian subgroup) were female (60%) adults between 30-59 years of age 
(59%) who lived in major cities (40%) or inner-regional centres (47%). Most participants chose telehealth given the 
distance to the O&P service (40%), irrespective of whether they lived in metropolitan cities or regional areas. Most 
telehealth services were for routine- (27%) or unscheduled-reviews (40%). Based on the TUQ, participants were satisfied 
with the telehealth system (5.9/7) given its usefulness (6.1/7), ease of use (6.0/7), effectiveness (5.8/7), and reliability 
(4.5/7). Participants were highly satisfied with the orthotic/prosthetic services they received (OPUS-SSM T-score = 
74.6±23.3). Satisfaction was underpinned by high-quality interpersonal interactions, agency and control over the choice to 
use telehealth, and a high degree of health literacy.  

DISCUSSION AND CONCLUSION 
While O&P users were highly satisfied with the telehealth mode, technical issues affected reliability and detracted from the 
user experience. Many of these issues could be addressed with thoughtful planning that included scheduling 
appointments. Interviews highlighted the importance of high-quality interpersonal communication, agency and control over 
the decision to use telehealth, and a degree of health literacy from a lived experience of using an orthosis/prosthesis. 

REFERENCES 
1. Parmanto et al. (2016) Int J Telerehabil. 8(1):3-10. 
2. Heinemann et al. (2003) Prosth Orthot Int. 27(3):191-206.  

ACKNOWLEDGEMENTS This work was supported by a research grant from the AOPA-COPL (RFP 04032019). 
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5.30.2 Exploration of the barriers and facilitators influencing use of telehealth for 
orthotic/prosthetic services in the United Stated of America. 
Michael Dillon1, Emily Ridgewell2, Leigh Clarke2, Saravana Kumar3, Katie Bishop1 

1La Trobe University, Bundoora, Australia. 2Australian Orthotic Prosthetic Association, Camberwell, Australia. 3University 

of South Australia, Adelaide, Australia 

BACKGROUND 
Telehealth may help meet the growing demand for orthotic/prosthetic (O&P) services; particularly for underserved 
communities. While telehealth is often synonymous with video conferencing, there are many modes including: phone 
calls, emails, text messages, photo sharing. Understanding of the complex barriers and facilitators that influence the use 
of telehealth is important to improve access to O&P services via telehealth, and the effectiveness of those services.  

AIM 
To explore the orthotist/prosthetistôs perspective of the barriers and facilitators influencing use of telehealth in the United 
States of America (USA). 

METHOD 
Participants were certified orthotists and/or prosthetists who were purposefully sampled through the American Board for 
Certification in Orthotics, Prosthetics & Pedorthics. In-depth, semi-structured interviews explored the services being 
provided using telehealth, and the barriers and facilitators influencing use of telehealth in the USA. Data describing 
participant and service demographics were summarised using descriptive statistics appropriate to the data type. 
Interviews were transcribed verbatim and analysed using an inductive approach to derive themes that were supported by 
illustrative first-person quotes.  

RESULTS 
Participants (n=30, 16M:14F, mean age 47.7 years) had an average of 19.8 years of experience and were employed at a 
diverse range of service providers across the USA. Services were delivered using a range of telehealth modes including: 
video, phone call, text messages, emails and postal services. Of these modes, video conferencing was used for the most 
diverse range of clinical activities: multi-disciplinary consultations, trouble-shooting, routine follow-up, accessing specialist 
support, and preliminary screening. Barriers to providing O&P services using telehealth included: poor phone/internet 
connection and lack of access to technology; lack of capability or support; and the impact of poor-quality systems, 
communication, attitude, and patient knowledge of healthcare. Facilitators to using telehealth to provide O&P services 
included: excellent communication and interpersonal skills; a patient-focused attitude; and recognition of the benefit of 
telehealth services to those involved. 

DISCUSSION AND CONCLUSION 
The barriers and facilitators to telehealth can be considered on a spectrum from óessentialô through to óvalue-addsô. For 
example, it is essential that people have access to the necessary technology and a reliable phone/internet connection. At 
the other end of the spectrum, a satisfactory O&P service delivered by telehealth can become exceptional in the presence 
of value-adds such as excellent communication and interpersonal skills, a patient-focused attitude, and a genuine belief in 
the benefits of a telehealth service.  

ACKNOWLEDGEMENTS This work was supported by a grant from the AOPA-COPL (04032021).  



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

232 of 400 

5.30.3 Do UK prosthetists and orthotists have adequate guidelines and training to provide 
telehealth patient consultations? 
Aoife Healy1, Nicola Eddison1,2, Enza Leone1, Carolyn Royse3, Nachiappan Chockalingam1 

1Staffordshire University, Stoke On Trent, United Kingdom. 2The Royal Wolverhampton NHS Trust, Wolverhampton, 

United Kingdom. 3Dorset County Hospital NHS Foundation Trust, Dorset, United Kingdom 

BACKGROUND 
The COVID-19 pandemic caused a rapid transition to remote consultations and services may have been unprepared for 
telehealth implementation. The UK National Health Service (NHS) was undergoing digital transformation prior to the 
pandemic, but the transformation was slow. Healthcare systems needed to develop policies and training to move to a new 
model of care delivery, however, some of these requirements may have been bypassed during the pandemic. 

AIM 
The aim of this study was to explore the UK prosthetic and orthotic servicesô organisational telehealth readiness, focusing 
on guideline implementation and staff training, through the perspectives of NHS prosthetists and orthotists. 

METHOD 
A cross-sectional online survey exploring available telehealth guidelines and staff training was distributed among 
prosthetists and orthotists and prosthetic and orthotic service managers between May and June 2021. The survey 
covered questions related to telehealth implementation, financial, and technical considerations and was developed based 
on the findings of our previous scoping review [1]. This study focuses on the survey sections related to available 
telehealth guidelines for clinicians and telehealth consultation training for clinicians. Data were analysed using SPSS. 
After classifying participants based on their role (clinician or manager), descriptive statistics were computed for the two 
groups. All variables were presented as frequencies and corresponding percentages. 

RESULTS 
Responses were received from 51 orthotists and 4 
prosthetists. A breakdown of the types of consultations 
for which telehealth was used is provided in Figure 1. 
Most clinicians (91%) who responded were using 
telehealth consultations. Just over half of the clinicians 
(52%) stated that their service had implemented 
telehealth guidelines, with the guidelines predominantly 
produced by their NHS trust (37%) or their professional 
body (23%). Regarding the quality of the guidelines, 
some respondents stated that they had areas of 
ambiguity (33%) and that they lacked detail in certain 
areas (24%). Most clinicians reported that they had not 
received training in all telehealth aspects listed and 
many considered training on how to deal with an 
emergency during a telehealth consultation (67%) 
and how to conduct a risk assessment (45%) was 
needed. 

DISCUSSION AND CONCLUSION 
The areas of the most ambiguity/lack of information identified were how the clinician is protected from litigation should a 
telehealth consultation go wrong and how to deal with an emergency during a telehealth consultation. Nationally accepted 
guidelines for telehealth consultations are needed, with collaboration required between the NHS and professional bodies. 
Training should include not only technical but also practical skills in telehealth consultations.  

REFERENCES 
1.  Leone E, et al. (2021) BMJ Open 2021;11:e055823. 

ACKNOWLEDGEMENTS The project was funded by Public Health England (PHE) through the British Association of 
Prosthetists and Orthotists (BAPO) (reference: 6719098). 

Figure 1. Types of consultations for which telehealth was used. 

 



ISPO 19th World Congress, 24-27 April 2023, Guadalajara, Mexico ï Abstract book 

233 of 400 

5.30.4 Prediction of the functionality and step activity of transtibial and transfemoral amputees 
via telehealth: a preliminary study 
Noelle W.K Lau, Mingyu Hu, Toshiki Kobayashi 

Department of Biomedical Engineering, Faculty of Engineering, The Hong Kong Polytechnic University, Hong Kong, China 

BACKGROUND 
The rise of the COVID-19 pandemic and social distancing measures have hindered routine hospital check-ups for 
patients, revealing the need for telehealth development. Individuals with lower limb amputation are one of the most 
influenced groups in this pandemic. After long-term inactivity, the prostheses may become unfit for their residual limbs and 
mobility will be lost gradually. Therefore, simple tools enabling clinicians to remotely assess patientsô functionality and 
physical activity are crucial. 

AIM 
To predict the functionality and step activity of transtibial and transfemoral amputees using easily obtainable patient-
reported outcome measurements to identify patients with higher risks of losing independence and walking ability under 
conditions where face-to-face contact is impracticable. 

METHOD 
We obtained data on questionnaires (PHQ9, SF36, PEQ), demographics, 6-minute walk test (6MWT), and step activity for 
at least 25 days from 22 amputees (13 transfemoral and 9 transtibial) between October 2021 and August 2022. Among 22 
participants, 15 are males and 7 are females (mean ± standard deviation: age 54.9 ± 9.7 years, body mass 72.1 ± 15.3 
kg, height 168.7 ± 9.3 cm). Multi-linear regressions were conducted to predict the results of 6MWT and step activity 
respectively by questionnaires and demographic data using SPSS. All variables were tested on assumptions and violated 
variables were excluded. 

RESULTS 
After the exclusion of invalid variables, only specific parts of SF36 and PEQ contributed to the prediction model. The 
goodness of fit (adjusted R²) of step per day (SPD) and 6MWT prediction model was 0.909 and 0.863 respectively. 
Predictors encompassed emotional perspectives, physical health status, and mental well-being. As shown in Table 1 and 
2, common significant predictors of SPD and 6MWT included óRole limitation due to physical healthô (SPD: ɓ = -0.412, P 
=0.053; 6MWT: ɓ = -0.877, P < 0.001), óFrustrationô (SPD: ɓ = -1.795, P < 0.001; 6MWT: ɓ = -1.538, P < 0.001), and 
óWellbeingô (SPD: ɓ = 0.896, P = 0.011; 6MWT: ɓ = -2.017, P = 0.001).  

 

DISCUSSION AND CONCLUSION 
The 6MWT and step activity, which indicate ambulation endurance and physical activity level, may be accurately predicted 
by the scores of specific sections of SF36 and PEQ such as óFrustrationô and óWellbeingô. Even amid situations where 
face-to-face check-ups are not allowed, medical institutions may still monitor the physical and mental health of patients 
and predict their functionality by regularly collecting questionnaire data. Interventions should be given to high-risk groups 
before the patients lose ambulation ability permanently.  
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Free paper session: Prosthetics: Lower limb - Osseointegration gait and 
biomechanics 

5.31.1 Transfemoral bone-anchored prostheses: load applied on osseointegrated implant by 
state-of-the-art knees 
Laurent Frossard1,2, Stefan Laux3, Marta Geada3, Vigdís Vala Valgeirsdóttir4, Steinþóra Jónsdóttir4, Knut Lechler4 

1YourResearchProject Pty Ltd, Brisbane, Australia. 2Griffith Centre of Biomedical and Rehabilitation Engineering 

(GCORE), Griffith University / Menzies Health Institute Queensland, Gold Coast, Australia. 3APC Prosthetics Pty Ltd, 

Alexandria, Australia. 4ÖSSUR, Reykjavik, Iceland 

BACKGROUND 
Efficacy and safety of surgical implantation of osseointegrated fixations are confounded by the fitting of bone-anchored 
prostheses (BAP) during rehabilitation and beyond [1]. Microprocessor-controlled knees are commonly prescribed as they 
can increase stability and walking capacity, attenuate excessive daily loading and reduce risks of falls [2]. Evidence 
confirming the biomechanical advantages of state-of-the-art components is emerging [3, 4]. A deeper understanding of 
loading profile applied by BAP fitted with several state-of-the-art components during daily activities is needed. 

AIM 
This study (A) presents the load profile applied by transfemoral BAP fitted with the Power Knee (ÖSSUR), and (B) 
compares the loading boundaries applied by Power Knee, Total Knee (ÖSSUR) and Rheo Knee (ÖSSUR) during daily 
activities and a fall. 

METHOD 
This cross-sectional cohort study included 20 participants fitted with a press-fit transfemoral osseointegrated implant 
(4F/16M, 59±14 yrs, 1.74±0.10 m, 89.04±17.20 kg). Loading datasets were measured with the tri-axial transducer 
(iPecsLab, RTC Electronics, USA) fitted between the implant and the knee unit. 

RESULTS 
We analysed 2,155 steps. The cadence ranged between 33±8 and 48±11 strides/min. The resultants and the components 
of the average absolute maximum of forces and moments applied 
on and around the long, anteroposterior and mediolateral axes of 
the implant across all activities were 99±10%BW, 98±10%BW, 
18±6%BW, and 9±3%BW as well as 5.5±1.4%BWm, 
0.9±0.3%BWm, 3.1±1.1%BWm, and 4.6±1.7%BWm, 
respectively. The resultant loading boundaries for the forces and 
moments applied by Power Knee were comparable to those 
applied by Total Knee and Rheo Knee during daily activities and 
noticeably smaller to those applied during a fall (Figure 1). The 
outcomes suggest that the BAP considered can restore 
ambulation safely and effectively whilst applying relevant loads at 
the interface with the osseointegrated implant. 

DISCUSSION AND CONCLUSION 
New benchmark loading data applied by transfemoral BAP fitted with selected state-of-the-art components were shared. 
This study contributed to systematic recording, analysis, and reporting of ecological prosthetic loading profiles applied by 
lower limb BAP. Furthermore, this work contributed to closing the evidence gaps between prescription and biomechanical 
benefits of state-of-the-art BAP components. Hopefully, this will contribute to improve safety and efficacy of bionic 
solutions becoming available to the growing number of individuals with limb loss worldwide.   

REFERENCES 
1. Berg et al. CPOJ, 2021. 4(2): p. 1-22; 2. Frossard et al. Clin Biomech, 2021. 89: p. 105457; 3. Frossard et al.DIB, 
2022. 41: p. 107936; 4. Thesleff et al., IEEE TMRB, 2020. 2(3): p. 497-505; 5. Frossard. DIB, 2019. 26: p. 104492 

ACKNOWLEDGEMENTS This study was founded by ÖSSUR, Iceland in collaboration with APC, and 
YourResearchProject, Australia.  

 

Figure 1: Overview resultants of loading boundaries. 
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5.31.2 Margin of safety of load applied by transfemoral bone-anchored prostheses fitted with 
state-of-the-art components 
Laurent Frossard1,2, Stefan Laux3, Marta Geada3, Vigdís Vala Valgeirsdóttir4, Steinþóra Jónsdóttir4, Knut Lechler4 

1YourResearchProject Pty Ltd, Brisbane, Australia. 2Griffith Centre of Biomedical and Rehabilitation Engineering 

(GCORE), Griffith University / Menzies Health Institute Queensland, Gold Coast, Australia. 3APC Prosthetics Pty Ltd, 

Alexandria, Australia. 4ÖSSUR, Reykjavik, Australia 

BACKGROUND 
Transfemoral bone-anchored prostheses (BAP) fitted with microprocessor-controlled knees (MPKs) can contribute to 
increase efficacy and safety of osseointegrated implants (e.g., auto adaptive stance and swing control, stumble recovery, 
push off functions) [1]. Preliminary studies showed that loading boundaries applied by BAP fitted with selected basic and 
state-of-the-art components during standardized daily activities were significantly smaller than the ones applied during a 
fall [2-4]. There is a need for more quantitative evaluations of the safety of BAP fitted with state-of-the-art components. 

AIM 
This study tested the hypothesis that the regular load applied of osseointegrated implant by BAP fitted with Power Knee 
(ÖSSUR, Iceland) have a margin of safety unlikely to compromise healthy bone/implant coupling. 

METHOD 
Twenty participants fitted with a press-fit transfemoral osseointegrated implant participated in this study (4F/16M, 59±14 
yrs, 1.74±0.10 m, 89.04±17.20 kg). Loading boundaries were measured during walking, ascending and descending ramp 
and stairs at self-selected pace with the tri-axial transducer (iPecsLab, RTC Electronics, USA). Maximum loads were 
conservatively extracted from a study reporting internal constraints applied on femur of able-bodied during running [5]. 
Factor (FoS) and margin (MoS) of safety were calculated for forces (F) and moments (M) applied on long (LG), 
anteroposterior (AP) and mediolateral (ML) axes expressed as percentage of bodyweight (BW). A MoSÓ3 was deemed 
unlikely to compromise the integrity of bone/implant coupling. 

RESULTS 
The overall minimum and maximum load applied on 
the implant across all activities  (2,155 steps) ranged 
between -305 N and 1,258 N or -32 %BW and 
147 %BW on FLG, -331 N and 224 N or -47 %BW 
and 25 %BW on FAP and -47 N and 234 N or -
6 %BW and 21 %BW on FML as well as -17 Nm and 
19 Nm or -2.2 %BWm and 2.0 %BWm on MLG, -74 
Nm and 20 Nm or -6.6 %BWm and 2.0 %BWm on 
MAP-82 Nm and 91 Nm or -10.3 %BWm and 
9.9 %BWm on MML, respectively. As detailed in Table 
1, the MoS across all forces and moments ranged 
between 3.78 and 17.62. 

DISCUSSION AND CONCLUSION 
The MoF>3 of the loads confirmed the hypothesis that the regular daily usage of the BAP considered could hardly be held 
responsible for mechanical damages, let alone catastrophic failures, of healthy bone/implant coupling. More work is 
needed to assess the MoF considering the load required to create periprosthetic fractures and breakage of implantôs 
parts. This work was a worthwhile contribution toward innovative designs of bone/implant interfaces and bionic 
components capable of tolerating high impact activities currently contraindicated.  

REFERENCES 
1. Thesleff et al., IEEE TMRB, 2020. 2(3): p. 497-505; 2. Frossard et al. Clin Biomech, 2021. 89: p. 105457; 3. 
Frossard et al. DIB, 2022. 41: p. 107936; 4. Frossard. DIB, 2019. 26: p. 104492; 5. Edwards et al. Clin Biomech, 
2008. 23(10): p. 1269-78 

ACKNOWLEDGEMENTS This study was founded by ÖSSUR, Iceland in collaboration with APC, and 
YourResearchProject, Australia.  

Table 1: Factor of safety ([High impact load / absolute 
maximum load measured across all activities]-1) of load 
applied by Power Knee. 
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5.31.3 Comparison of two treatment options: socket fitting and transcutaneous 
osseointegrated prosthesis systems for transfemoral amputees 
Eike Jakubowitz1, Christof Hurschler1, Markus Örgel2, Horst-Heinrich Aschoff2, Michael Schwarze1, Bastian Welke1 

1Hannover Medical School, Laboratory for Biomechanics and Biomaterials, Department of Orthopaedic Surgery, 

Hannover, Germany. 2Trauma Surgery, Hannover Medical School, Hannover, Germany 

BACKGROUND 
The standard treatment for patients with transfemoral amputation is still the conventional socket. The socket causes 
problems during wear, such as skin irritation and pressure ulcers, in nearly half of the patients, especially in short stumps 
[1, 2]. Transcutaneous osseointegrated prosthesis systems (TOPS) have been an alternative for almost 30 years now 
when indicated.  

AIM 
The aim of this study was to compare the two treatment options for transfemoral amputees with regard to gait pattern, 
development of osteoarthritis in the hip joint and patient satisfaction. 

METHOD 
A total of thirty-seven unilateral transfemoral amputees (17 socket, 20 TOPS) were included. A motion analysis was 
performed with the subjects at a self-selected speed in the plane. In addition, the Six Minute Walk Test (6MWT) and 
Timed Up & Go (TUG) were conducted. An MRI of the lower extremity was done on the same day of the examination. The 
questionnaires SF36 and Q-TFA were used to assess the mobility and satisfaction of the subjects. 

RESULTS 
Radiological evaluation of the MRI scan revealed signs of osteoarthritis in the contralateral hip joint in 50% and in 59% of 
the TOPS and socket-supplied subjects, respectively. On the amputated side, osteoarthritis was evident in 65% of the 
TOPS-supplied subjects and in 88% of the socket-supplied subjects. In the questionnaires SF36 and Q-TFA used, no 
significant difference was found in any of the subscores or sum scores between the two groups. We also saw no 
significant difference in the two tests 6MWT and TUG. Only in the temporary gait parameter step width we found a 
significant difference (p=0.001). The step width in TOPS was 0.24±0.04m and in the socket group 0.19±0.04m. 

DISCUSSION AND CONCLUSION 
The propagated advantages due to the direct coupling of the prosthesis with TOPS compared to the socket could not be 
shown in this study. We have found only few differences in the studied parameters. Mobile patients with a good socket 
fitting are on a similar high level regarding their mobility and quality of life. However, there were large individual 
differences within the groups, so that the outcome does not appear to be primarily dependent on the type of treatment. 

REFERENCES 
1. Tranberg, R., Zügner, R. & Kärrholm, J. Improvements in hip- and pelvic motion for patients with osseointegrated 

trans-femoral prostheses. Gait Posture 33, 165ï168 (2011). 
2. Hagberg, K. & Brånemark, R. One hundred patients treated with osseointegrated transfemoral amputation 

prostheses--rehabilitation perspective. J Rehabil Res Dev 46, 331ï344 (2009). 
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5.31.4 Cortical rhythm changes when walking with a transfemoral prosthesis; differences 
between socket suspended or bone-anchored 
Vera Kooiman, Ruud Leijendekkers, Vivian Weerdesteyn 

Radboudumc, Nijmegen, Netherlands 

BACKGROUND 
After transfemoral amputation (TFA), patients must adapt to walking with a socket-suspended prosthesis (SSP). Previous 
research [1] demonstrated that initial adaptation to walking with a prosthesis is reflected in changes of cortical rhythms in 
the frontal-central and parietal cortex. However it is unclear whether these altered cortical activation patterns persist in 
experienced prosthetic walkers and if so, whether different suspensions (SSP or bone-anchored prosthesis (BAP)) may 
influence these activation patterns.  

AIM 
To identify differences in cortical rhythms between able-bodied (AB) persons and persons with TFA, and between persons 
using an SSP and persons using an BAP during walking. 

METHOD 
Highly-active AB, and experienced transfemoral SSP- and BAP-users were recruited. Participants walked at their 
preferred speed on a treadmill (200 steps), while high-density EEG was recorded (128 channels). Independent 
component analysis was used to separate brain- and non-brain-related independent components in the EEG. The activity 
of the brain related components was segmented into gait cycles and analysed in the time-frequency domain to reveal 
relative enhancement or suppression of intrinsic cortical rhythms. Preliminary result regarding the frontal-central and 
parietal cortex will be discussed below. 

RESULTS 
We included 18 AB persons (age: 55±10years) and 20 
persons with TFA; 10 BAP-users (age: 59±15years, 
time since amputation: 25±17years) and 10 SSP-users 
(age: 56±13years, time since amputation: 27±14years). 
Preliminary results of the frontal-central cortex show 
decreased beta power in the  TFA group before heel 
strikes. The power decreases around heel strike with 
the prosthetic limb (HsP) seem more prominently 
present in BAP than SSP users. Further, just before 
HsP decreased theta and alpha power is shown for 
TFA and decreased beta power ifor AB. In the parietal 
cortex, the TFA group and AB groups both show a 
decrease in theta and beta power around heel strike. 
For SSP users, this power decrease can mainly be 
found around heel strike with the intact limb, whereas in 
the BAP users this is mainly observed around HsP. 

DISCUSSION AND CONCLUSION 
These preliminary results suggest increased cognitive top-down control and sensorimotor integration in people with TFA. 
This seems to be more focused around the prosthetic heel strike for BAP and more around intact heel strike for SSP. 
Final analyses will be available at the time of the conference.  

REFERENCES 
1.  Kooiman et al; 2020 JNER 
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5.31.5 Comparison of Cognitive Load in Prosthesis Users with a Transfemoral Bone-anchored 
versus a socket-suspended prosthesis 
Saffran Möller1, Kerstin Hagberg2,3, Nerrolyn Ramstrand1 

1School of Health and Welfare, Jönköping University, Jönköping, Sweden. 2Department of Orthopaedics, Sahlgrenska 

University Hospital, Gothenburg, Sweden. 3Department of Orthopaedics, Sahlgrenska Academy, Gothenburg University, 

Gothenburg, Sweden 

BACKGROUND 
When compared to people using a socket-suspended prosthesis, persons using a bone-anchored device experience an 
increased feeling of their prosthesis being part of their body [1]. Moreover, an improved ability to detect vibrations through 
the bone-anchored prosthesis as compared to the socket-suspended device have been reported [2]. It is not clear if these 
benefits are associated with a decrease in cognitive load during walking.  

AIM 
To compare cognitive load in level walking for trans-femoral prosthesis users with a bone-anchored prosthesis versus a 
socket-suspended device.  

METHOD 
This cross-sectional study involved 16 persons with a unilateral transfemoral amputation. Eight used a bone-anchored 
prosthesis (1 woman, 7 men, mean age 52 years) and were matched in relation to sex, age and height with 8 people who 
used a socket-suspended device. Both groups used microprocessor-controlled prosthetic knees (MPK). Functional near-
infrared spectroscopy (fNIRS) was used to estimate cognitive load by measuring the relative concentration of oxygenated 
haemoglobin (oxyHb) in the dorso-lateral pre-frontal cortex of the brain during level walking. Temporospatial gait variables 
were also recorded. 

RESULTS 
Figure 1 presents average oxyHb data for both 
groups. As can be seen on this graph, no group had 
consistently higher or lower levels of oxyHb. This 
suggests that there is little difference in cognitive load 
when comparing the group with bone-anchored 
prostheses and the group with socket-suspended 
prostheses during level walking. Temporospatial data 
suggests however that the group with bone-anchored 
prostheses walked significantly faster than those with 
a socket-suspended prosthesis (p<0.05). 

DISCUSSION AND CONCLUSION 
Results revealed similar patterns of brain activity in 
persons with a bone-anchored prosthesis and those 
with a socket-suspended prostheses during level 
walking. Given that previous results, using identical 
methods, have demonstrated significant differences 
in transfemoral prosthesis users fitted with an MPK 
versus non-MPK(3) it is likely that choice of prosthetic componentry may have a greater effect on cognitive load than the 
suspension mechanism used.  

REFERENCES 
1. Lundberg et al.  (2011) Prosthet Orthot Int. 35:2:207-214. 
2. Häggström et al. (2013) JRRD. 50:10:1423-1434. 
3. Möller et al. (2019) Prosthet Orthot Int. 43:3:257-265. 
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Figure 1.  Mean oxyHb for the group using bone anchored 

prostheses (black) versus socket-suspended prostheses (grey) 
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5.31.6 Osseointegration promotes activity in amputees with socket-related issues: a 
retrospective, case series with continuous monitoring of daily activity 
Kyrillos Saleib1, Esther van Lieshout1, Dorien Verduin2,3, Heleen de Graaff1,3, Marieke Paping2,3, Michiel Verhofstad1, 

Oscar van Waes1,3 

1Trauma Research Unit, Department of Surgery, Erasmus MC, University Medical Center Rotterdam, Rotterdam, 

Netherlands. 2Rijndam Rehabilitation Centre, Rotterdam, Netherlands. 3Osseointegration Center Rotterdam, Rotterdam, 

Netherlands 

BACKGROUND 
Following lower extremity amputation, patients can opt for a bone-anchored prosthetic limb if socket-related complications 
are experienced with standard care. Knowledge on functional outcomes of patients with osseointegration (OI) with socket-
related problems is increasing, however little is known about the objective quantity of activity of daily living of patients with 
OI. Data on continuous monitoring of activity in daily living of the patientôs own environment are collected to measure out 
of clinic change with OI. 

AIM 
The primary aim was to measure activity of daily living in patients without OI and with OI over time. The secondary aim 
was to measure the mobility and walking ability over time.  

METHOD 
All patients aged between 18 and 99 years who underwent surgery for a transfemoral or transtibial OI between September 
11, 2017, and February 11, 2021, were included in this retrospective case series. Activity of daily living was measured 
through a continuous recording with an activity monitor (Activ8) in hours (h) without OI, and at six, 12, and 24 months with 
OI. Furthermore, mobility was assessed by the Timed Up and Go test (TUG) in seconds (s) and walking ability by the 6 
Minutes Walk Test (6MWT) in meters (m) at the same follow-up moments.  

RESULTS 
Informed consent was obtained from 47 of 56 persons with OI. The median age at baseline was 59 (P25-P75 51-64) 
years, and 36 (77%) were males. Median daily total activity without OI was 1.68h (P25-P75 1.02-2.09) per day and 
increased to 1.95h (P25-P75 1.24-2.39) at six months, 1.97h (P25-P75 1.34-2.65) at 12 months and 2.37h (P25-P75 1.80-
2.50) at 24 months (Figure 1). Median daily walking time increased from 1.29h (P25-P75 0.74-1.92) without OI to 1.76h 
(P25-P75 1.06-2.14) at six months, to 1.70h (P25-P75 1.14-2.42) at 12 months and 1.70h (P25-P75 1.23-2.05) at 24 
months. TUG decreased from a median of 11.66s (P25-P75 9.04-14.17) without OI to 9.23s (P25-P75 7.69-12.50) at 24 
months. The 6MWT increased from a mean of 278m (SD 99) without OI to 323m (SD 65) at 24 months. 

 

DISCUSSION AND CONCLUSION 
Osseointegration has a positive effect on the activities of daily living, mobility level, and walking ability for patients with 
socket-related problems. These results indicate that patients could walk faster, more frequently, rise faster from a chair, 
and be more active, with OI than when wearing a socket prosthesis in less than two-year follow-up. Clinicians are 
encouraged to advise patients suffering from (severe) socket complaints to consider osseointegration for functional 
improvement in activities of daily living.  
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Free paper session: Low- and middle-income countries - Device fabrication and 
testing 

5.32.1 investigation on the outcome of recycled gypsum in limb modelling 
Akingbade Akinniyi1,2, Olalekan Salami1,2 

1Federal College of Orthopaedic Technology (FECOT), Igbobi Lagos, Lagos, Nigeria. 2National Orthopaedic Hospital, 

Igbobi Lagos, Lagos, Nigeria 

BACKGROUND 
Recycled gypsum in limb modelling is geared towards cost effective management of hospital resources, reducing hospital 
cost expenditure, and cost reduction of Prosthetics and Orthotics rehabilitation care involving Plaster of Paris (POP) 
bandages. A hollow replica of body segments and POP mould 3-dimensional solid impressions of body segments. POP 
materials purchasing cost continually escalates due to economic downturn and foreign exchange rate in Nigeria. Annually, 
average of POP powder expended at National Orthopaedic Hospital Igbobi Lagos is worth millions of Naira. 

AIM 
Recycling saturated gypsum in form of POP cast for limb modelling back to the Hemi-hydrated gypsum state for 
successful reuse for limb modelling consecutively, making use of shavings and crumplings of positive cast at cast 
modification room. 

METHOD 
Collection of samples of shavings of saturated gypsum positive cast limb models; initial weighing of samples pre-drying; 
oven drying; variations of duration of oven drying; weighing of samples post-drying; reuse testing and outcome of oven 
dried samples. 

RESULTS 
Oven dried hydrated gypsum samples dried at 223 C two and half hours (sample "B") readily complied to reuse for limb 
modelling test for formation of Plaster of Paris positive cast within same stipulated time as commercial Plaster of Paris. 
Samples dried at 223 C for five and half hours (sample "C") showed better improved limb modelling characteristics only 
discoloration of initial white appearance to a grey coloration. Comparison of expelled water of varied duration of oven 
drying of samples at 233 C was conducted. The percentage of expelled water by mass is approximately 31% for both two 
and half, and five and half duration of oven drying. A hand compression grip exertion on samples show sample "C" to be 
hardest; sample "B" least hard of the three samples and sample "A" commercial Plaster of Paris of reference standard 
hardness. 

DISCUSSION AND CONCLUSION 
Oven dried hydrated gypsum samples dried at 223 c for two and half hours readily complied to reuse for limb modelling 
test for formation of Plaster of Paris positive cast within same stipulated time as commercial Plaster of Paris. This is in 
agreement with Shangali, Shiyo, & Nagels (2020), who stated that under controlled conditions of grinding size, heating 
temperature, time and contamination avoidance, used Plaster of Paris continual recycling and reuse is achievable, and 
recycled products stronger and workable. 

REFERENCES 
1. Acharya, H.N., & Chandak, A.C. (2013). Production of Plaster of Paris using solar energy. International journal of 

Research in Engineering and Technology, 2(4), 516-519. 
2. Lokuliyana, D.R., et'al. Studies on production of Plaster of Paris from discarded moulds. Journal of the National 

Science Foundation of Sir Lanka, 16(1). 
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5.32.2 A multimethod transdisciplinary approach towards prosthetic design 
Michael Berthaume1, Gemma Ranson1, Gitanjali Sathiadas2,3, Jeya Ganeshamoorthy3 

1London South Bank University, London, United Kingdom. 2University of Jaffna, Jaffna, Sri Lanka. 3Jaffna Jaipur Centre 

for Disability Rehabilitation, Jaffna, Sri Lanka 

BACKGROUND 
There are approximately 31.6 million lower-limb amputees (LLAs), worldwide. Sociocultural, economic, and demographic 
variability affect product availability and user preferences and needs; effective prosthetic design must take this variability 
into account. This can be done by using data obtained through published literature, medical/prosthetic and orthotic centre 
records, fieldwork, and/or analysis of broken prosthetics. Each method reveals unique information about sociocultural, 
economic, and demographic variability, but methods are rarely used in tandem. 

AIM 
Using northern Sri Lanka as a case study, develop a framework for combining information from these different methods 
for the improvement of prosthetic design. In particular, focus on the design of locally manufactured prosthetic feet. 

METHOD 
First, a statistical analysis of an anonymized database from the largest P&O centre in northern Sri Lanka to identify local 
amputee trends (n = 3,665 patients). Second, a literature review of published amputee data from countries involved in a 
conflict with 25,000+ deaths since 1945 and machine learning was used to identify global patterns in LLA data. Third, a 
wear analysis on broken SACH prosthetic feet (n = 27) from northern Sri Lanka to identify how they are failing. Finally, an 
ethnographic study in northern Sri Lanka consisting of surveys, interviews, and observations of LLAs to identify what 
people want, and how they use their prosthetics. 

RESULTS 
The database analysis revealed that most amputees in northern Sri Lanka were transtibial amputees, and <90% suffered 
from lower limb loss. This is largely consistent with other studies in the literature. Both the database and literature pointed 
towards gender gaps in P&O provisioning, as the vast majority of reported amputees were males. Prosthetic foot failure 
analysis revealed excessive wear under the end of the keel and around the edge of the foot, being particularly high at the 
heel and under the toes: these failure mechanisms are not captured by the ISO 10328 prosthetic standards. Ethnography 
revealed issues with prosthetic function (e.g., difficulties in carrying heavy loads) and ways in which prosthetics are failing 
to get individuals back to pre-amputation activities (e.g., farming, walking on the beach).  

DISCUSSION AND CONCLUSION 
Each method provided unique data about the needs of the local amputee population. Amputee needs can vary drastically, 
but in a somewhat predictable way. Global indicators are useful, but local data is needed. There is large variation in how 
prosthetics are used, that are reflected in amputee desires. Amputee desires can vary dramatically, based on gender, 
occupation, and area they live. Combining multiple fields (anthroengineering, prosthetics, data science) has helped create 
design criteria for northern Sri Lankan prosthetic feet. 

ACKNOWLEDGEMENTS The authors would like to thank the JJCDR (Jaffna Jaipur Centre of Disability Rehabilitation). 
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5.32.3 Measuring Current Usage of Silicone Gel Liners and Potential Impact provided by 
Access to a Low-Cost Option in LMICs 
Jeffrey Erenstone, Jan Weber 

Operation Namaste, Lake Placid, USA 

BACKGROUND 
In April 2022 Operation Namaste launched a research effort to gather data to guide distribution planning and funding 
development for the óNamaste Linerô and óNamaste Limb Solutionsô; the low-cost silicone prosthetic liner and DIY 
manufacturing package developed by Operation Namaste. This survey, designed to quantify the current availability of 
silicone gel liners in the developing world and estimate the potential impact of a low-cost version, is a key element of that 
market research.  

AIM 
To gather data to guide distribution planning and funding development for the low-cost silicone prosthetic liner and DIY 
manufacturing package developed by Operation Namaste by gaining a better understanding of patient and clinician 
needs. 

METHOD 
An online survey was distributed to members of the International Society for Prosthetics and Orthotics, and to subscribers 
of the OandP-L forum. The survey sample base included over 3,000 prosthetics and orthotics industry professionals who 
deliver care in 80 countries across the Americas, Europe, Africa & Middle East, Asia and Oceania. This survey was 
designed to gather feedback from practitioners who provide prosthetic devices in the developing world ï specifically those 
serving patients who struggle to pay for basic prosthetic care. The 12-question survey was delivered to prospective 
respondents via email link. We received responses from 102 prosthetic clinicians representing their experience providing 
a lower-limb prosthesis to 27,000+ financially disadvantaged amputees annually.  

RESULTS 
Survey respondents verified that access to silicone gel liners for amputees in the developing world is very limited with only 
20% of amputees currently using a silicone/gel liner on average, and 45% of respondents indicated that less than 10% of 
their patients benefit from this basic prosthetic component; cost was the most common obstacle. Survey participants said 
the current cost of providing a silicone liner in the communities they serve averages $352 USD. For a component 
requiring frequent replacement, this cost is prohibitive for low-income patients according to 89% of responding 
clinicians. With regard to the potential impact of a ~$50 silicone liner, 90% of survey respondents said availability at that 
price would increase the number of patients to whom they could provide one. 

See Full Results Here: www.operationnamaste.org/post/results-of-our-prosthetic-liner-survey 

DISCUSSION AND CONCLUSION 
Expanded distribution of the elastomeric prosthetic liner would increase the number of amputees who would benefit from 
it, including allowing financially disadvantaged amputees to enjoy community life and the results support investment in 
delivery of a low cost liner. The 39% increase in the likelihood of patients returning to work is projected to generate a 5:1 
return on investment based on the incremental income potential. Global Report on Assistive Technology noted the óripple 
effectsô of reduced costs and income generating capacity of family caregivers.  

REFERENCES 
1. Global report on Assistive Technology. Geneva: World Health Organization and the United Nations Childrenôs 

Fund (UNICEF), 2022.  
2. Elastomeric Liners for People with Transtibial Amputation: Survey of Prosthetists' Clinical Practices. Hafner BJ, 

Cagle JC, Allyn KJ, Sanders JE. Prosthet Orthot Int. 2017 Apr; 41(2):149-156.   

ACKNOWLEDGEMENTS: Collaborative Orthotic and Prosthetic Care Alliance / Operation Namaste; Jeffrey L Erenstone 
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5.32.4 User Requirements and Testing Protocols for a Prosthetic Knee for Global Use 
Giovanni Milandri, Clement Favier, David P Henson, Vasiliki Vardakastani, Anthony MJ Bull 

Imperial College London, London, United Kingdom 

BACKGROUND 
User requirements for an appropriate prosthetic knee have been generated previously for resource constrained settings 
[1,2]. However, those have not highlighted specific requirements appropriate for a global market such as 
kneeling/squatting, fast walking, and compatibility with different fitment systems. Despite proven clinical and user 
advantages, through knee (TK) amputation surgery is seldom used due to a lack of suitable prosthetic designs [3,4]. To 
increase TK prescription, prosthetic knees should include this use case, necessitating additional requirements, including 
cosmesis.  

AIM 
The aim of this study was to establish requirements and suitable testing protocols for prosthetic knees for a global market 
to increase functionality of device designs for above knee and TK amputees. 

METHOD 
User requirements were generated using semi-structured amputee interviews in Cambodia, expert interviews and a 
literature study, and reviewed against global standards [5]. The user and laboratory testing protocols were designed and 
selected to demonstrate outcomes according to these requirements using the three principles and nine ethical 
considerations of the ISPO/ERN position paper on conducting clinical research studies in low- and middle-income 
countries [6].  

RESULTS 
The key additional user requirements are in Table 1. Novel requirements which were identified are full (165°) range of 
motion (ROM) for kneeling/squatting, safety during fast walking, and compatibility with the ICRC polypropylene system. 
Cosmetic requirements (particularly for TK amputees) which were identified were minimal thigh lengthening, and no shank 
shortening (important for sitting symmetry). Tests of note which were identified included compatibility tests with the ICRC 
and pyramid systems, ROM testing with a socket, kneeling testing, fast walking testing, and cosmetic checks. The 
standard ISO10328 prosthetic strength and fatigue tests were recommended for testing durability and strength. 

 

DISCUSSION AND CONCLUSION 
The user requirements generation yielded novel requirements which are particular to low- and middle-income countries 
and TK amputees. These requirements demonstrate that prosthetics designed for high income countries may not be 
suitable in terms of both cost and functionality for these settings. These requirements required novel tests, such as for 
example kneeling/squatting tests with amputees, cosmetic checks and fitment compatibility tests. 

REFERENCES 
1. Wyss D; 2015 Prosthet Orthot Int 39(2):102-111. 
2. Narang YS; 2013 MSc thesis, MIT. 
3. Penn-Barwell JG; 2011 Injury 42(12):1474-1479. 
4. Hagberg E; 1992 Prosthet Orthot Int, 16:168-173. 
5. WHO Guideline; 2017 Standards for Prosthetics and Orthotics. 6. ISPO/ERN joint position paper, 2021. 

ACKNOWLEDGEMENTS This work gratefully acknowledges the financial support of the EPSRC (grant EP/R014248/1) 
and the Find A Better Way charity. 
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5.32.5 Difference between Laminated Sockets and 3d Printed sockets: A Qualitative Study 
Ankit Singh 

 
Instalimb India Pvt. Ltd, Haryana, India 

BACKGROUND 
3D-printing is revolutionizing the Orthotics and Prosthetics industry in a diverse way. Its applications can be seen not only 
in Orthotics but in the Prosthetic industry too. They are competing with laminated sockets by saving fabrication time, 
hence decreasing the patientôs wait time for the final fitment. Previous literature has discussed a lot about their durability 
but less is discussed on the patient feedback on the 3d printed sockets.  

AIM 
The current study aims to analyze the drawbacks of 3d printed prosthetic sockets on the basis of patient feedback using a 
qualitative approach and biomechanical considerations. 

METHOD 
The study was conducted by 3d scanning the stump of 10 secondary transtibial healthy stump patients, having a stump 
length between 10-15cms. The sockets were then 3d printed through the scanned data to produce the final sockets. On 
the contrary, manual casting was also done to fabricate the final laminated prosthetic sockets for the same patients. The 
material used for 3d printing the sockets was PLA Pro 1.75mm with a socket thickness of 5mm and the other one was 
fabricated through the use of resin of hardener to produce a 5mm thickness socket. Both the sockets were assembled 
with the same type of suspension, structural components and prosthetic foot. 

RESULTS 
The feedback stated that the patients were much more confident and comfortable with the laminated socket in comparison 
to the 3d printed ones. It also reflected that the gait was much more normal in the laminated socket type. The patients 
stated that they felt more confident and independent while walking with the laminated socket. They felt hesitant and 
cautious while walking with the 3d printed ones. 

DISCUSSION AND CONCLUSION 
The gait analysis of the patients was analysed during the first trial and later on, after 30 minutes the PEQ was taken. The 
PEQ for both socket types were recorded and compared. There could be several factors affecting the study but the 
patientôs psychology and habitualness of using laminated sockets for several years could be a major reason for the 
above-stated result. 
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Free paper session: Orthotics: Lower limb - AFO neuromuscular disease and 
stroke 

5.33.1 Ankle-Foot Orthoses for Improving Walking in Calf Muscle Weakness due to 
Neuromuscular Disorders: A Cochrane Systematic Review and Meta-Analysis 
Elza van Duijnhoven1,2, Niels Waterval1,2, Fieke Koopman1,2, Alberto Esquenazi3, Frans Nollet1,2, Merel-Anne Brehm1,2 

1Amsterdam UMC, location University of Amsterdam, Department of Rehabilitation Medicine, Amsterdam, Netherlands. 
2Amsterdam Movement Sciences, Rehabilitation & Development, Amsterdam, Netherlands. 3MossRehab and Jefferson 

University of Medicine, Department of Rehabilitation Medicine, Elkins Park, PA, USA 

BACKGROUND 
Calf muscle weakness is a common symptom in neuromuscular disorders (NMD), which can cause walking problems like 
falls, pain and fatigue. To improve walking, the mainstay of treatment is the provision of ankle-foot-orthoses (AFOs). 
However, an up-to-date overview of the effectiveness of AFOs to improve walking in adults with calf muscle weakness is 
missing. In order to support clinical decision-making and guide AFO selection in NMD, we reviewed current evidence. 

AIM 
To review the evidence for effects of AFOs for improving walking in calf muscle weakness due to NMD in comparison to 
no intervention. 

METHOD 
For this Cochrane review, we searched six databases on 20 August 2021 for RCTs and non-randomized studies that 
examined effects of AFOs in adults with calf muscle weakness caused by NMD compared to no intervention (i.e. shoes-
only). We used the methodological procedures as described in the Cochrane Handbook [1]. We summarized findings for 
the primary outcome (objectively measured walking effort) and secondary outcomes (perceived walking effort, walking 
speed, balance performance, use, satisfaction and adverse events). Where possible, we synthesized effects in metaȤ
analyses grouped according to AFO material. We used the GRADE approach to rate the certainty of the evidence. 

RESULTS 
We included 9 non-randomized studies (175 participants, sample sizes from 8 to 37 participants) that examined custom-
made or prefabricated AFOs of carbon, polypropylene, silicone, or elastic materials. For carbon AFOs, we found low-
quality evidence for a reduction in walking energy cost of 0.86 J/kg/m (95%CI; -1.33 to -0.39; 2 studies), and an increase 
in walking speed of 0.19 m/s (95%CI; 0.11 to 0.27; 4 studies) compared to shoes-only, and moderate-quality evidence for 
a beneficial effect on satisfaction while walking. For polypropylene AFOs, (very) low-quality evidence showed no effects 
on perceived walking effort (1 study), walking speed (2 studies), and balance performance (1 study). For silicone AFOs, 
low-quality evidence showed no effect on perceived walking effort (1 study). For elastic AFOs, low-quality evidence 
showed no effect on walking speed (1 study).  

DISCUSSION AND CONCLUSION 
The available evidence for AFOs to improve walking in people with calf muscle weakness originates from a few small non-
randomized studies of overall low quality with heterogeneity in intervention characteristics and outcome assessment, 
which highlights the need for well-designed studies. Evidence indicates that carbon AFOs may reduce walking effort, 
increase walking speed, and enhance satisfaction, while polypropylene, silicone, and elastic AFOs might not improve 
perceived walking effort, walking speed, and balance.  

REFERENCES 
1.  Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane Handbook for 
Systematic Reviews of Interventions version 6.3 (updated February 2022). Cochrane, 2022. Available from 
www.training.cochrane.org/handbook  

 

http://www.training.cochrane.org/handbook
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5.33.2 Specialised Orthotic Care to Improve Functioning in Adults with Neuromuscular 
Disorders: Results of a Prospective Randomised Open-label Blinded End-point Study 
Elza van Duijnhoven1,2, Fieke Koopman1,2, Jana Tuijtelaars1,2, Viola Altmann3, Rimke Lagrand1,2, Frans Nollet1,2, Merel-

Anne Brehm1,2 

1Amsterdam UMC, location University of Amsterdam, Department of Rehabilitation Medicine, Amsterdam, Netherlands. 
2Amsterdam Movement Sciences, Rehabilitation & Development, Amsterdam, Netherlands. 3Klimmendaal Rehabilitation 

Centre, Arnhem, Netherlands 

BACKGROUND 
People suffering from leg muscle weakness caused by neuromuscular disorders (NMDs) are often provided with leg 
orthoses to reduce walking problems. However, evidence for the effectiveness of ankle-foot orthoses and knee-ankle-foot 
orthoses to improve walking ability is scarce. In 2012, the Dutch multidisciplinary guideline for the prescription of leg 
orthoses in NMD was published to standardize the provision of orthotics in this population. We propose that guideline-
based orthotic care in a multidisciplinary expert setting may improve treatment outcomes.  

AIM 
To assess the effects of specialised orthotic care on functioning in adults with leg muscle weakness due to NMD 
compared to usual orthotic care. 

METHOD 
In our currently ongoing prospective randomised open-label blinded end-point study, we included adults with calf and/or 
quadriceps muscle weakness due to NMD who experienced walking problems and were indicated for a (new) leg orthosis. 
After inclusion, participants were randomly assigned to specialised orthotic care (intervention) or usual orthotic care 
(control). The primary endpoints, measured at baseline and at 3 and 6 months follow-up, include gross walking energy 
cost (J/kg/m) assessed during a 6-minute walk test and achievement of personal goals, measured with the Goal 
Attainment Scale (GAS). Secondary endpoints include comfortable walking speed, gait biomechanics, stability, physical 
functioning, falls and fear of falling, perceived fatigue and satisfaction.  

RESULTS 
From May 2019 to February 2022, we screened 71 adults with various NMD. Sixty-one participants (40 males) with a 
mean (SD) age of 61.6 (12.6) met the inclusion criteria and performed the baseline measurements. At baseline, 46 
subjects (75%) already used (high) orthopaedic shoes or a leg orthosis. At this moment, 49 participants have completed 
the follow-up measurements. We expect the last measurement in the beginning of February 2023. Results on primary and 
secondary outcomes will follow then.  

DISCUSSION AND CONCLUSION 
After we finish data collection in February 2023, we will be able to present the results during the ISPO 19th World 
Congress. Insights into effectiveness of specialised orthotic care in NMD could lead to a better quality of orthotic care, 
improving overall functioning of adults with NMD in daily living. 
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5.33.3 A Comparison Between Ankle-Foot Orthosis Lateral Flare and Ankle-Foot Orthosis with 
Shoe Modification on Stability in Stroke Patients 
Khin Zar Lynn1, Manunchaya Samala1, Gary Guerra2, Pichitpol Kerdsomnuek3, Wisavaporn Niamsang1 

1Siridhorn School of Prosthetics and Orthotics (SSPO), Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, 

Thailand. 2Department of Exercise and Sport Science, St. Maryôs University, San Antonio, Texas, USA. 3Department of 

Orthopaedic Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand 

BACKGROUND 
Stability plays a crucial role in performing daily activities. However, stroke survivors struggle with balance. Fortunately, 
modifications to the rigid ankle-foot orthosis (AFO), such as tuning with a rigid AFO or a lateral flare with shoe modification 
offer medial-lateral stability. However, in southeast Asia countries, indoor use of shoes is not typical and is even restricted 
in some settings. 

AIM 
To compare the effect of a rigid ankle-foot orthosis with lateral flare (Intervention I1) and lateral shoe modification with a 
rigid ankle-foot orthosis (Intervention I2) on stability and patient satisfaction in patients who had experienced stroke.  

METHOD 
Seven participants who had experienced stroke were recruited (mean age 59.57 ± 7.37 years; 7 male, 5 hemorrhagic and 
2 ischemic stroke) and were assessed using biomechanical outcome measurement. The study was approved by the 
Siriraj Institutional Review Board (SIRB). Static and dynamic stability under three conditions were evaluated: a rigid ankle-
foot orthosis with lateral flare (I1), rigid AFO with lateral shoe modification (I2), and barefoot. 

RESULTS 
The results of participant satisfaction using the Quebec User Evaluation of Satisfaction with Assistive Technology 
(QUEST) were 4.32 (I1) and 3.87 (I2). Static and dynamic stability results are detailed in Table 1.   

Table 1. Data for static and dynamic stability under three conditions 

* m: meter, mm: millimeter, m/s: meter per second  

DISCUSSION AND CONCLUSION 
In static stability test, the study found better symmetry index was obtained in I1. The I2 showed less static mediolateral 
CoP displacement. In dynamic stability, clear stability improvements were obtained in I1. Moreover, participants were 
better satisfied with the I1 than the I2. Future investigations with larger participants must be performed. 

REFERENCES 
1. H. Razavi, ñA Comparison between Static and Dynamic Stability in Postural Sway and Fall Risks,ò 2017, doi: 

10.4172/2165-7556.1000186. 
2. I. Z. Supervisor, ñSHOE MODIFICATIONS IN LOWER-EXTREMITY ORTHOTICS*.ò 
3. T. Truelsen, S. Begg, C. Mathers, ñThe global burden of cerebrovascular disease,ò Glob. Burd. Dis., pp. 1ï67, 

2000. 

ACKNOWLEDGEMENTS This research was possible by funding from the research development grant of Faculty of 
Medicine Siriraj Hospital, Mahidol University.  

Test Parameters 

Barefoot 

Mean± SD 

I1 

Mean± SD 

I2 

Mean± SD 

p-value 

Static 
stability 

Symmetry index(%) 21.86 ± 21.79 11.14 ± 18.77 18.29 ± 29.4 0.56 

MLCoP displacement (mm) 1.21 ± 0.13 1.31 ± 0.59 1.18 ± 0.16 0.15 

Dynamic 
stability 

Step length (m) 0.29 ± 0.13 0.36 ± 0.13 0.32 ± 0.12 0.101 

Stride width (m) 0.21 ± 0.03 0.22 ± 0.03 0.24 ± 0.05 0.367 

Walking speed (m/s) 0.40 ± 0.21 0.47 ± 0.24 0.39 ± 0.21 0.156 

MLCoP displacement (mm) 39.91 ± 16.46  32.13 ± 8.59 37.64 ± 8.59 0.778 

ML CoP velocity (m/s) 0.71 ± 0.26 0.38 ± 0.13 0.63 ± 1.23 0.028 * 
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5.33.4 Effect of posterior leaf spring and carbon composite ankle foot orthosis on gait and 
functional mobility of hemiparetic stroke patients 
Zidikheri Msechu, Ahmad Qureshi 

King Fahad Medical City, Riyadh, Saudi Arabia 

BACKGROUND 
Stroke is the most prevalent clinical disease of the cerebral blood vessels leading to death or long-term disability. About 
2/3 of survivors achieve independent walking function but continue to have difficulty walking and remain at high risk of 
falls due to imbalance. Different orthoses are used to treat gait impairment. Ankle Foot Orthoses (AFOs) are among the 
orthoses commonly used to improve gait in hemiplegic stroke survivors. 

AIM 
This study aimed to assess and compare the effect of PLS-AFO and C-AFO on functional mobility, walking speed and 
satisfaction among hemiplegic stroke survivors. 

METHOD 
Twenty-seven hemiplegic ambulatory stroke survivors who had completed a rehabilitation program and were already 
using AFO were included in the study. Subjects were randomly assigned either PLS-AFO or C-AFO, and assessment was 
done with and without AFO. Functional mobility, walking speed and satisfaction were assessed using the Timed Up and 
Go (TUG) test, the 10-meters walking test (10MWT), and the Orthotics and Prosthetics Usersô Survey (OPUS) 
questionnaires, respectively. 

RESULTS 
The two types of AFO improved functional mobility. PLS-AFO and C-AFO reduced TUG time by 4.4 seconds (10.5%) and 
7 seconds (22.4%), respectively. Walking speed increased during the self-selected walking speed in both AFO users by 
0.1m/s (33.4%) and 0.5m/s (40%) for PLS-AFO and C-AFO, respectively. Similarly, an increase in fast walking speed was 
observed in PLS-AFO and C-AFO users by 0.05m/s (12.5%) and 0.01m/s (1.42%), respectively. Participants were 
satisfied with both AFOs regarding weight, fitting and comfort (>90%). Satisfaction with the durability while using PLS-AFO 
and C-AFO were 73% and 92%, respectively. Free from irritation and skin abrasion with PLS-AFO and C-AFO were 
81.8% and 85.7%, respectively. Pain was reported by 8.1% of PLS-AFO users as compared to 28.6% of C-AFO users. 

DISCUSSION AND CONCLUSION 
The study showed that C-AFO and PLS-AFO can improve the walking ability of hemiplegic stroke survivors, including 
walking speed and functional mobility. C-AFO has shown the ability to provide a better self-selected walking speed, while 
PLS-AFO was slightly better in fast waking speed. Both AFOs provided a high level of user satisfaction. Pain reported with 
C-AFO suggests the need to redesign. A future study of the AFO users grouped in different levels of walking speeds 
should be considered. 

ACKNOWLEDGEMENTS Acknowledgement to King Fahad medical city for providing financial support and facility to 
perform the study. 
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5.33.5 From science into daily clinical practice: Implementation of early AFO-provision in the 
rehabilitation after stroke 
Corien Nikamp1,2, Martijn Postma3, Emile Rens4, Erik Prinsen1,5, Johan Rietman1,3,5, Jaap Buurke1,2,3 

1Roessingh Research and Development, Enschede, Netherlands. 2University of Twente, department of Biomedical 

Signals and Systems, TechMed Centre, Enschede, Netherlands. 3Roessingh, Centre for Rehabilitation, Enschede, 

Netherlands. 4Roessingh Revalidatie Techniek, Enschede, Netherlands. 5University of Twente, department of 

Biomechanical Engineering, TechMed Centre, Enschede, Netherlands 

BACKGROUND 
In a randomized controlled trial (RCT), resulting in a PhD-thesis [1], we showed that early provision of ankle-foot orthoses 
(AFOs) after stroke has substantial short-term functional benefits compared to delayed AFO-provision, without negative 
effects on muscle-disuse. To ensure the uptake of these scientific results into daily clinical practice of our rehabilitation 
centre, we conducted a structured implementation by means of a consultation hour to facilitate early AFO-provision after 
stroke. The process and results will be presented in this contribution. 

AIM 
Implementation of early AFO-provision in the rehabilitation after stroke in daily clinical practice.  

METHOD 
Based on the results of the RCT, Roessingh Centre for Rehabilitation, Enschede, the Netherlands, wanted to implement 
the scientific results into clinical practice and facilitate early AFO-provision after stroke. Clinicians and management were 
involved in the process of setting-up a new workflow. The former way of working regarding AFO-provision post-stroke was 
identified and new plans were assessed, taking into account the results of the RCT. In an iterative process a new weekly 
multidisciplinary consultation hour was set-up, including a specialized physical therapist, orthotist and, if needed, a 
rehabilitation physician. A 6-months pilot was conducted and afterwards all involved clinicians and management were 
included to evaluate the new workflow. 

RESULTS 
Within the new workflow, stroke patients admitted for inpatient rehabilitation care are screened for AFO-indication on the 
day of admittance. In case of AFO-indication, a physical examination is planned, followed by a consultation hour 2-3 
weeks after admittance. Within this hour, the gait pattern is observed and various AFO-types are available to assess 
effects. In case of AFO-indication, provision follows in the next week. Standard evaluation of the effect is planned 2-3 
weeks after provision. Evaluation of the 6-months pilot revealed that on average 3 consults per week were planned and 
consults were performed 23 days after admittance. 87% of the referred patients were provided with an AFO. Clinicians 
were enthusiastic about this new set-up. The possibility of easy referral early in the rehabilitation post-stroke, together with 
multidisciplinary assessment of the need for, and type of AFO, were highly valued.  

DISCUSSION AND CONCLUSION 
Evaluations of the pilot period revealed that clinicians were enthusiastic about the multidisciplinary consultation hour. 
Points of improvement that were mentioned mainly focussed on the communication about the trajectory after AFO-
provision. Based on the results of the pilot, early referral for AFO-indication post-stroke appears to be feasible. Currently, 
the new consultation hour is implemented in the usual daily clinical practice of Roessingh. Suggestions for improvements 
during the pilot were incorporated and continuous evaluation is performed.   

REFERENCES 
1.  Nikamp-Simons CDM. The sooner the better?! Providing ankle-foot orthoses in the rehabilitation after stroke. May 
2019, ISBN: 978-90-365-4747-5. 

ACKNOWLEDGEMENTS The purchase of the AFOs used in the consultation hour was funded by Stichting Steun 
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5.33.6 Effect of stiffness-optimized ankle-foot orthoses on gait stability in people with 
neuromuscular diseases and bilateral calf muscle weakness 
Wessel van der Steen, Merel-Anne Brehm, Elza van Duijnhoven, Frans Nollet, Niels Waterval 

Department of Rehabilitation, Academic Medical Center, University of Amsterdam, Amsterdam Movement Sciences, 

Amsterdam, Netherlands 

BACKGROUND 
Calf muscle weakness in people with neuromuscular diseases is a common symptom and negatively impacts gait stability 
and walking energy cost [1]. Recently, it has been shown that stiffness optimized ankle foot orthoses (AFOs) reduce the 
energy cost of walking compared to conventional AFOs [2]. However, it is unknown whether stiffness optimized AFOs 
improve gait stability as well. 

AIM 
We aimed to compare gait stability, quantified as gait variability and the margins of stability, in people with bilateral calf 
muscle weakness walking with shoes only, conventional AFOs, and stiffness-optimized AFOs. 

METHOD 
We included ten participants from the PROOF-AFO trial [2] who had bilateral calf muscle weakness and walked without a 
walking aid (e.g. cane, stick). Participants walked at comfortable speed in three conditions: 1) walking with shoes-only, 
and 2) with the conventional AFO at baseline, and 3) walking with the individually stiffness-optimized AFO after 3 months 
of use. For each condition, we assessed step length variability, step width variability, and the mediolateral and 
anteroposterior margins of stability (ML_MoS and AP_MoS) as measures for gait stability using 3D gait analyses. 
Differences between conditions were assessed with Generalized Estimating Equations. To correct for the effect of walking 
speed, this outcome was included as covariate. 

RESULTS 
No significant effects of stiffness-optimized AFOs were found on gait stability measures compared with conventional 
AFOs (Table 1). Both conventional and stiffness-optimized AFOs increased ML_MoS compared to shoes only 
(Wald=12.6, P=0.002), however no difference in ML_MoS was found between conventional and optimized AFOs.   

DISCUSSION AND CONCLUSION 
The utilization of AFOs while walking improved mediolateral gait stability independent of gait speed in people with bilateral 
calf muscle weakness. However, stiffness-optimization of the AFO did not further improve this. The AFOs were optimized 
for walking energy cost, not for stability which requires other mechanisms such as ankle strategy and foot placement. 
Therefore, gait stability parameters should also be considered when optimizing AFOs to improve gait pattern in people 
with bilateral calf muscle weakness. 

REFERENCES 
1. Perry J, et al; 1993 Arch Phys Med Rehabil 174:165ï9. 
2. Waterval NFJ; 2020 IEEE Transactions on Neural Systems and Rehabilitation Engineering 28:2296ï304.  

Table 1. Gait stability measures  

 Shoes Conventional orthosis Optimized orthosis Wald p Pairwise comparison 

Walking speed (m/s) 0.86 (0.74-1.02) 1.05 (0.97-1.14) 1.14 (1.07-1.21) 16.3 <0.001 S-C# S-O# C-O* 

Step width variability 
(cm) 

3.73 (3.09-4.38) 3.36 (2.74-3.97) 3.24 (2.66-3.81) 2.17 0.34  

Step length 
variability (cm) 

3.5 (2.7-4.4) 3.2 (2.7-3.6) 3.7 (3.0-4.4) 4.35 0.114  

ML_MoS (m) 0.049 (0.043-0.053) 0.059 (0.051-0.067) 0.061 (0.053-0.069) 12.6 0.002 S-C* S-O# 

AP_MoS (m) 0.17 (0.15-0.18) 0.16 (0.14-0.17) 0.16 (0.15-0.18) 1.69 0.43  

All measures are in mean (95% confidence interval) 

*p<0.05 #p<0.001 

S=shoes only, C=conventional orthosis, O=optimized orthosis 
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Free paper session: Education - Education II 

5.34.1 Embedding Global Citizenship Competence into the Prosthetics & Orthotics Curriculum 
through the Virtual International Collaborative Learning Activity 
Babak Hassan Beygi1, Percy Hung1, Kubert Wang1, Sirintip Kaewtip2, Sirirat Seng-Iad2, Man Sang Wong1 

1Department of Biomedical Engineering, The Hong Kong Polytechnic University, Hong Kong, China. 2Sirindhorn School of 

Prosthetics and Orthotics, Mahidol University, Bangkok, Thailand 

BACKGROUND 
With rapid evolving of globalization, universities would endeavour global citizenship education for preparing their 
graduates to this Volatile, Uncertain, Complex, and Ambiguous (VUCA) world [1]. Some scholars have demonstrated that 
incorporating internationalized curriculum model fosters personal transformation and global citizenship in terms of 
understanding local and global health issues [2-4]. This study highlights a virtual international collaborative learning 
activity as a tool for global citizenship education in prosthetics and orthotics (P&O) education.  

AIM 
The study aimed to assess the perceptions and experiences of P&O students from different cultural backgrounds toward 
global citizenship through an international learning activity.  

METHOD 
A validated global citizenship instrument was used to examine the development of global citizenship for students of two 
universities participating in a virtual learning activity. It included P&O educational elements as well as cultural 
components. Twenty-four undergraduate P&O students (17 from Hong Kong, and 7 from Thailand) responded to a pre- 
and post-survey embedding 27 Likert-scale questions. Studentsô perceptions on different dimensions of global citizenship 
including social responsibility, global competence, and sustainable development goals (SDG) were assessed. The study 
also examined the experience and development of the students as they learned to become global citizens.  

RESULTS 
Upon conducting this study, the internal consistency (reliability) of survey in sub-domains of global competence and SDG 
was satisfactory (Cronbach alpha coefficient > 0.8). The analysis of responses of total number of students (n=24) by using 
the Wilcoxon Signed Ranks to pre- and post-survey indicated an overall significant change (p < 0.05) in the respondentsô 
interest and appreciation towards two sub-domains of global competence (intercultural communication and global 
knowledge) as it reflected in the following three questions: ñI often adapt my communication style to other peopleôs cultural 
background.ò, ñI feel comfortable expressing my views regarding a pressing global problem in front of group of people.ò, 
and ñI am able to write an opinion letter to a local media source expressing my concerns over global inequalities and 
issues.ò  

DISCUSSION AND CONCLUSION 
The results of this study revealed a positive trend in the responses of the P&O students from two universities regarding 
global citizenship in some respects upon completion of the virtual learning activity. This preliminary study could potentially 
provide a new perspective about embedding global citizenship attributes into P&O curriculum to empower the graduates 
not only on required clinical and research skills but also to become responsible about global issues and be active 
promoters of sustainable and open-minded societies. 

REFERENCES 
1. Stein, S; 2021; Glob.Soc.Educ.  
2. Law, K; 2006; Nurse Educ. Pract. 
3. Hanson, L; 2010; J Stud Int Educ. 
4. Morais, A; 2011; J Stud Int Educ. 
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5.34.2 Educational programmes about electronics in orthotics and prosthetics bachelorôs 
degree 
Octavio Diaz-Hernandez 

Escuela Nacional de Estudios Superiores Unidad Juriquilla, Universidad Nacional Autónoma de México, Queretaro, 

Mexico 

BACKGROUND 
The need to have professionals in the area of orthotics and prosthetics has led UNAM to create a study programme at the 
undergraduate level. During its design and planning, engineering subjects were included, such is the case of those related 
to applied electronics, knowledge with which the student will be guided towards the generation of biomechatronic orthoses 
and prostheses, as well as other auxiliary devices in rehabilitation. 

AIM 
Emphasize the importance of including the electronic area in the orthotics and prosthetics study plans and programmes 
during the degree. 

METHOD 
In the study programme of the bachelorôs in Orthotics and Prosthetics, four subjects related to electronics are: 1) Circuit 
Analysis, 2) Basic Electronics, 3) Digital Circuits and 4) Amplification and filtering of biomedical signals. This project 
focuses on creating practice manuals for each subject, ensuring that all units of knowledge are covered and help meet the 
objectives of the current syllabi. Also, small "projects" within the manuals, which is an innovation to this type of academic 
product since the students achieve a greater retention of the information because they integrate concepts of two or more 
isolated practices, seeking to be projects oriented to the needs of orthotists and prosthetists. 

RESULTS 
So far, four practice manuals have been designed with which the subjects have been taught following the order of the 
proposed activities and the students have managed to integrate the knowledge into their career as a multidisciplinary 
section. Projects have been achieved with the help of applied electronics, on the one hand, there is a KAFO with 
automatic unlocking of the knee during walking, the substitution of proprioceptive feedback was studied, and the 
development of a didactic model of the spinal cord (project transversal that involved three subjects). More labs and 
projects are expected as students progress to more advanced semesters and topics, such as spinal orthoses. 

DISCUSSION AND CONCLUSION 
The bachelor's degree in orthotics and prosthetics has the responsibility of providing transdisciplinary education, which 
implies studying in depth the topics of the areas involved to link them through examples, activities, practices and projects 
applied to orthoprosthetic devices. 

The study of this area opens up the possibility of updating, modernizing and revolutionizing orthoprosthetic practice, as 
well as favouring the study of a postgraduate degree in both the engineering area and the medical sciences. 

ACKNOWLEDGEMENTS: Author thanks to UNAM-DGAPA that through PAPIME PE102022 this work was made. 
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5.34.3 Abstract Title: Using Curriculum Mapping to Facilitate Programme Self-assessment and 
Support the Accreditation Process 
Eric Worlawoe Gaba1, Ann Yamane2, Nana Kwaku Agyei1, Karen Freisem2, Susan Spaulding2, Michael Murphy1, Cody 

McDonald2 

1Br. Tarcisius Prosthetics & Orthotics Training College, Nsawam, Ghana. 2University of Washington, Seattle, USA 

BACKGROUND 
A professional learning community (PLC) of Brother Tarcisius Prosthetics and Orthotics Training College (BTPOTC) and 
University of Washington (UW) instructors has collaborated on various projects since 2017. PLC conversations raised 
questions about potential gaps and redundancies between BTPOTC curriculum and ISPO Standards. To support program 
review efforts, curriculum mapping was selected as a structured process to facilitate programme assessment [1], 
document and align content across the programme, and identify gaps [2].  

AIM 
This project used collaborative curriculum mapping processes to support programme assessment and restructuring of the 
BTPOTC education programme to meet the ISPO Education Standards.  

METHOD 
From August 2021-March 2022, we mapped the BTPOTC curriculum to the ISPO Standard I Evidence of Compliance 
categories. To begin, an Excel template was created [3]. ISPO categories were listed on separate sheets with 
corresponding subcategories in separate columns. Each sheet listed the BTPOTC courses chronologically in rows to 
create a matrix. To map the curriculum, first we discussed the ISPO subcategory and documented our interpretation. 
Next, PLC members identified where the content occurred within the BTPOTC curriculum and designated the 
developmental level as introduced, reinforced, mastered, or assessed. Throughout, we focused on content alignment 
across the programme.  

RESULTS 
To date, 33 BTPOTC courses have been 
considered against six of the 12 Evidence of 
Compliance categories. Through shared 
interpretation, a comprehensive understanding of 
each category was achieved, which facilitated 
curriculum restructuring. The curriculum mapping 
helped to realign ten theoretical courses with five 
core practical courses which ensured that theory 
courses containing prerequisite knowledge needed 
for teaching subsequent courses were taught at the 
appropriate time. Identification of developmental 
levels within the 33 courses helped in the revision 
of the course objectives for ten courses and 
facilitated removal of redundant introduction of 
topics in multiple courses providing time to build on student prior knowledge (Table 1).  

DISCUSSION AND CONCLUSION 
Collaborative curriculum mapping provided a structured process and visual tool to support programme assessment and 
realignment of course content. Theoretical coursework, now taught at appropriate times, allows BTPOTC tutors and 
students to easily draw relevant connections between theory and practice. Challenges to the mapping process included 
internet connectivity, time commitment, and coordination of schedules. Other educational programmes could use a similar 
process to align content and improve student learning. 

REFERENCES 
1. Kies, SM. Med Sci Educ; 20(2):e0243748, 2010.  
2. Harden, RM. Medical Teacher; 23(2), 2001. 
3. University of Hawaii at Manoa, https://manoa.hawaii.edu/assessment/resources/curriculum-mapping-curriculum-

matrix/, accessed August, 2021. 

Table 1. Examples of identified outcomes of the mapping process 
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5.34.4 Identifying interprofessional rehabilitation education opportunities through comparative 
review of competencies and standards 
Martina Lukin1, Larisa Hoffman2,3, Angela Patterson4,5, Shala Cunningham6,7 

1Physiopedia, Tbilisi, Georgia. 2Physiopedia, Evergreen, Colorado, USA. 3Regis University, Denver, Colorado, USA. 
4Physiopedia, Omaha, Nebraska, USA. 5Creighton University, Omaha, Nebraska, USA. 6Physiopedia, Virginia, USA. 
7Radford University, Virginia, USA 

BACKGROUND 
Rehab 2030 established the need to strengthen and integrate Prosthetists/Orthotists (POs) into health systems worldwide. 
Multidisciplinary courses with opportunities for interprofessional education (IPE) make this a possibility by promising more 
effective and efficient education through shared resources and improved awareness of the role of POs. Nevertheless, 
opportunities for multidisciplinary learning are still limited, particularly in low-resourced settings. Improved understanding 
of education competencies and standards across rehabilitation professions can help identify new opportunities for IPE.  

AIM 
To identify opportunities for interprofessional education (IPE) across rehabilitation professions. 

METHOD 
International competencies, standards of practice (SOP), and standards of education for PO, Occupational Therapy (OT), 
Physiotherapy (PT) and Speech Language Pathology (SLP) were assessed. To compare and contrast the entry-level 
competencies, each profession's SOPs were mapped to the domains, competencies, and activities of the WHO 
Rehabilitation Competency Framework (RCF). A comprehensive course list for each of the common competencies was 
created. University curricula from 63 rehabilitation programs representing the 4 professions across 28 countries were then 
compared to the course list. The 10 courses with the highest frequency count amongst university curricula were identified 
as opportunities for multi-disciplinary education, where students can learn alongside each other. 

RESULTS 
Ten common roles of the rehabilitation 
professional were identified within the five 
competency domains of the RCF; Expert: 
Knowledge, Expert: Skills, Expert: 
Activities, Professional, Communicator, 
Collaborator, Teacher, Manager, Leader 
and Scholar (Figure 1). The outcome of 
the curricular mapping process of the 63 
programs was a comprehensive course 
list. The ten courses with the highest 
frequency count across the rehabilitation 
professions were: Clinical Reasoning, 
Professional Behaviours, Screening, Examination, and Evaluation, Communication (professional), Business and Practice 
Management, Inter-professional Practice and Teamwork, Applied Evidence Based Practice, Assistive/ Adaptive 
Technology- Adaptive Equipment and Devices, Documentation and Digital Literacy, Teaching and Learning. 

DISCUSSION AND CONCLUSION 
Identifying opportunities for IPE across PO, PT, OT and SLP is an important step towards strengthening the rehabilitation 
sector and improving integration into health systems worldwide, particularly in low-resourced settings. The common 
knowledge and skills identified as the foundation of the ten common courses provides an opportunity to practice IPE core 
competencies and improve resource efficiencies in rehabilitation education while ensuring PO have the ability to work 
within an interprofessional team both in clinical practice and beyond. 

REFERENCES 

1. Mills JA, et al., Arch Phys Med Rehabil. 2021 Jun 1;102(6):1113-23; 2. Interprofessional Education Collaborative. Core 
Competencies for Interprofessional Collaborative Practice. 2016. 

ACKNOWLEDGEMENTS Physiopediaôs interdisciplinary ReLAB-HS team for diligently assessing the data and guiding 
the mapping process. 

 

Figure 1. Number of courses mapped for each competency domain within the RCF 
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5.34.5 The Prosthetic and Orthotic Instructors' Perception on Usability in Blended Learning 
during the Covid-19 Pandemic in Thailand 
Manunchaya Samala, Wisavaporn Niamsang, Pattaraporn Kongsatan 

Sirindhorn School of Prosthetics and Orthotics, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand 

BACKGROUND 
Due to COVID-19, face-to-face classroom learning is disrupted around the globe [1]. As a result, most of the country 
would rapidly migrate to blended learning in the 2020ï2021 academic year [2]. "Blended learning" is defined as combining 
online and face-to-face instruction [3]. Clinical and practical sessions are examined as a majority of curricular activities [4], 
which cannot be replaced by online learning. With the restrictions and limitations, the Prosthetics and Orthotics curriculum 
adopts blended learning as a teaching model during the new normal. 

AIM 
This study aimed to investigate instructors' perceptions of the usability of blended learning in the Prosthetics and Orthotics 
field during the COVID-19 pandemic in Thailand. 

METHOD 
A qualitative study was conducted through individual structured interviews via face-to-face or online platforms between 
November 2021 and January 2022. Twenty Sirindhorn School of Prosthetics and Orthotics instructors were recruited for 
participant-structured interviews exploring instructors' perspectives in terms of effectiveness, efficiency, satisfaction, user 
experience, and accessibility of blended learning as five major aspects [5]. The interviews were audio-recorded, 
transcribed, and Spielberg's 3-step process of intuiting, analysing, and describing was used to thematically analyse [6]. 

RESULTS 
Twenty SSPO lecturers (Male 6; Female 14; 
aged 24-49 years) completed one-to-one 
interviews. Five major aspects were 
determined for the usability of blended 
learning. A sub-theme originated from Concept 
Map,5 and an inductive sub-theme was 
developed and emerged. Various perspectives 
on usability in blended learning were reported 
by lecturers (Fig.1). 54.4% of the interviewees 
revealed an effectiveness report, followed by 
efficiency (17.5%), accessibility (17.1%), 
satisfaction (8.4%), and user experience 
(2.6%). Most lecturers would prioritize course 
content and course material (31.0%) in terms 
of effectiveness and time management (48.9%) 
is the most influence the efficiency of blended 
learning. Nevertheless, the devices and 
applications (42.5%) are the greatest impacts on accessibility. Although the perspective/attitude 'before/after' of lecturers 
has various perspectives, 58.3% of the interviewees reported satisfaction with blended learning. 

DISCUSSION AND CONCLUSION 
The findings shed light on the usability that explains instructors' blended learning experience during the COVID-19 
pandemic. Discussion and recommendations for blended online learning were also concluded from the study. Instructors 
and policymakers may bring the recommendation to make better decisions that ultimately could lead to better 
achievement and improvement over time. 

REFERENCES 
1. Ulla, M.B., & Perales, W.F. (2021); 2. Finlay, M.J., Tinnion, D.J., & Simpson, T. (2022); 3. Oliver M, Trigwell K. 
(2005); 4. ISPO Education standard; 5. Arora, A., Rodríguez, C., Carver, T.E., Teper, M.H., Rojas-Rozo, L., & 
Schuster, T. (2021); 6. Daecher, J. (2016) 
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5.34.6 Knowledge translation in prosthetic and orthotics: A course development, 
implementation, and outcome evaluation in postgraduate prosthetics and orthotics education 
Sirirat Seng-iad1, Gary Guerra2,1, Juthamas Siriwatsopon3, Pakwan Naulnim1 

1Sirindhorn School of Prosthetics and Orthotics, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, 

Thailand. 2Department of Exercise and Sport Science, St. Maryôs University, San Antonio, Texas, USA. 3Sirindhorn 

School of Prosthetics and Orthotics, Faculty of Medicine Siriraj Hospital, Mahidol University, ƑŲBangkok, Thailand 

BACKGROUND 
Recently, knowledge translation (KT) has gained international healthcare policy and research attention [1-3]. There is a 
need for the development of knowledge and skill in KT, particularly in post-secondary education curricula [4]. The Master 
of Science in Prosthetics and Orthotics at Mahidol University offered a course entitled ñKnowledge Translation in 
Prosthetics and Orthoticsò with an aim to enhance the learning experience in KT following outcome-based education. 
Course development, management, and outcomes were explored and discussed in this study. 

AIM 
To describe the approach and content of ñKnowledge Translation in Prosthetics and Orthoticsò; to describe and discuss 
course development, implementation, and outcome evaluation; and to share reflections and learning experiences of 
postgraduate students and educators. 

METHOD 
The compulsory one-credit course, ñKnowledge Translation in Prosthetics and Orthoticsò, was designed and embedded 
into a revised MSc in PO curriculum. This course was first launched in 2021 as a synchronous online course due to the 
pandemic. Course development utilized outcome-based education [6], and curriculum mapping [7] with the constructive 
alignment of learning outcomes. Constructivism, active learning, and learner-centred pedagogies include problem/project-
based learning [8], collaborative learning, small group discussion, student reflection, and various activities/assignments. 
Various online platforms were used based on different purposes. Summative/formative assessments and feedback were 
included formally and informally throughout the course. Course evaluations were conducted mid-course and at course 
completion. 

RESULTS 
Course development focusing on learning outcomes and key learning elements was comprehensively addressed, which 
contributed to course content, teaching strategies, learning experiences, and evaluation strategies. The class size ranged 
from 5-10 Thai and international students with prosthetics/orthotics and healthcare backgrounds. Despite similarities in 
professional background, students had different experiences and diverse interests. Therefore, the main project was 
formulated by focusing on studentsô interests. Initially, students developed 2-3 KT issues of interest and subsequently 
selected and sustained one issue/topic throughout the course. The core course content was delivered in 12 sessions 
through interactive lectures, various class activities, assignments, and a KT proposal. Evaluation strategies were 
effectively utilized throughout the course. This course was effectively planned and implemented as reflected in student 
achievement of learning outcomes, student feedback, and course evaluation, including student engagement and 
participation in the classes/activities. 

DISCUSSION AND CONCLUSION 
Course design and applied pedagogies enhanced meaningful learning experiences, problem-solving skills, and 
independent and critical thinking skills for a diversity of students. Students who participated in this course were uniquely 
positioned in the field to be future knowledge translators and thus greatly benefited from the course. Students indicated 
the potential application of KT in their future clinical/practical practice despite the limitation of actual implementation and 
evaluation of their KT project due to time limitations. 

REFERENCES 
1. Straus et al., CMAJ. 2009; 2. Jones et al., Physical therapy, 2015; 3. O'Leary et al., Implementation Science, 

2012;  4. Moore et al., Pediatric Physical Therapy, 2017; 5. Best et al., 2010; 6. Harden, Medical teacher, 2007; 7. 
Holycross, JPAE, 2006; 8. Savin-Baden, McGraw-Hill Education, 2000. 
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Free paper session: Prosthetics: Lower limb - Ankle & foot 

5.35.1 Benefits of a Microprocessor-Controlled Prosthetic Foot on Steeper Slopes 
Michael Ernst1, Björn Altenburg1, Thomas Schmalz1, Andreas Kannenberg2, Malte Bellmann1 

1Research Biomechanics, CR&S, Ottobock SE & Co. KGaA, Göttingen, Germany. 2Medical Affairs, Otto Bock Healthcare 

LP, Austin, USA 

BACKGROUND 
Energy storage and return (ESR) feet are prescribed for persons with a lower-limb amputation to restore lost mobility. 
However, due to the limited adaptability of their rigid ankles and springs, situations like walking on slopes or uneven 
ground remain challenging tasks. Previous studies reported benefits of a microprocessor-controlled foot (MPF) with very 
limited range of motion (ROM) on shallow slopes of 5° only [1,2]. 

AIM 
To investigate in more detail the effects of a MPF with larger ROM on the gait on steeper slopes. 

METHOD 
Seven persons each with a unilateral transtibial amputation (TTA) and unilateral transfemoral amputation (TFA) as well as 
ten able-bodied subjects participated. Participants were studied while using a commercially available MPF and their 
prescribed standard ESR feet. The MPF generates hydraulic plantar- and dorsiflexion resistances, offers instant terrain 
adaptation and a ROM of 14° dorsiflexion and 22° plantarflexion. The study investigated participants ascending and 
descending a 10° slope. Kinematic and kinetic data were recorded with a motion capture system. Biomechanical 
parameters, in particular leg joint angles, shank orientation and external joint moments of the prosthetics side were 
calculated. A Wilcoxon signed rank test was used to test for differences between feet. 

RESULTS 
Prosthetic foot- and subject group-dependent joint angle and moment characteristics were found for both situations. The 
MPF showed a larger and situation-dependent ankle ROM compared to the standard feet. Furthermore, it remained in a 
dorsiflexed position during swing. 
While ascending, the MPF adapted 
the dorsiflexion moment and reduced 
the knee extension moment. At 
vertical shank orientation, it 
significantly reduced the knee 
extension moment by 26% for TFA 
and 49% for TTA compared to the 
standard feet (p<0.05). For 
descending, differences between feet 
in the biomechanical knee 
characteristics were found for the TTA 
group, but not for the TFA group. At 
the vertical shank angle during slope 
descent, TTA demonstrated a 
behavior of the ankle moment similar 
as able-bodied controls when using 
the MPF. 

DISCUSSION AND CONCLUSION 
The studied MPF facilitated walking on slopes by adapting instantaneously to inclinations and enabling a larger ankle 
ROM and, thus, easing the forward rotation of the leg over the prosthetic foot. It reduces the moments acting on the 
residual knee of TTA compared to the prescribed ESR feet. The effect size is amputation-level dependent. Moreover, for 
TFA, the prosthetic knee seems to be more important for slope descent than the foot. 

REFERENCES 
1.  McGrath M, et al., J Rehabil Assist Technol Eng 2018 
 2.  Struchkov V, et al., Clin Biomech 2016 

 

Fig.1 Knee moment as function of the shank angle. 
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5.35.2 High-Level Mobility of Trans-Tibial Prosthesis Users Wearing Commercial and sPace 
Energy-Storing Prosthetic Feet 
Thanyaporn Rakbangboon1, Gary Guerra2, Saloottra Kla-arsa1, Uthumporn Padungjaroen1, Pairat Tangpornprasert3, 

Chanyaphan Virulsri3, Kazuhiro Sasaki1 

1Sirindhorn School of Prosthetics and Orthotics, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, 

Thailand. 2Department of Exercise and Sport Science, St. Maryôs University, San Antonio, Texas, USA. 3Department of 

Mechanical Engineering, Faculty of Engineering, Chulalongkorn University, Bangkok, Thailand 

BACKGROUND 
Lower limb amputation is a global public health issue. Much work has been done to enhance the function of prosthetic 
technologies. The energy storage and return (ESR) prosthetic feet improve the gait and satisfaction of users compared to 
traditional non-energy-storing feet. An ability to traverse across uneven terrain is another hallmark feature of ESR feet. 
However, improvements in accessibility to design and testing, as well as manufacturing technologies have led to the 
development of locally designed ESR foot called sPace.  

AIM 
To investigate the functional outcomes of users provided with a commercial ESR Vari-Flex foot (Össur) and the locally 
designed sPace foot and to examine the free-living physical activity of users wearing their own Solid Ankle Cushion Heel 
(SACH) or single-axis foot and the sPace.  

METHOD 
This study was approved by the Siriraj Hospital, Faculty of Medicine Institutional Review Board (IRB 593/2560) with each 
participant signing an informed consent form before participation. All participants performed the Amputee Mobility 
Predictor to make certain functional activity level was at least a K3 (high-activity). Eleven individuals with unilateral trans-
tibial amputation participated. Participants were randomly allocated to be fit with either sPace and Vari-Flex foot and 
completed; ten and twenty-meter walk tests (10/20MWT) at comfortable and fast walking speeds (CWS/FWS), Two-
Minute Walk Test (2MWT) and Comprehensive High-Level Activity Mobility Predictor (CHAMP). A subgroup was provided 
with a pedometer to record 7-day steps on their own foot and later sPace.  

RESULTS 
Results from even terrain 10MWT CWS and FWS showed non-
inferiority was met with a mean difference of 0.01 m/s, and a mean 
difference of 0.40 m/s respectively. Uneven terrain 10MWT CWS 
mean difference was 0.03 m/s. However, uneven terrain 10MWT 
FWS did not achieve non-inferiority, mean difference of 0.05 m/s. 
Results from even terrain 20MWT CWS and FWS achieved non-
inferiority, with mean differences of 0.01 m/s and mean differences 
of 0.02 m/s for CWS and FWS respectively. Uneven terrain 
20MWT CWS and FWS did not achieve non-inferiority with mean 
differences of 0.008 (m/s) and mean difference of 0.04 (m/s). The 
2-MWT saw a difference of 1.82 m, however, this result did not 
satisfy non-inferiority testing. Figure 1 provides a panel overview of 
differences seen in participants wearing the two study feet. 

DISCUSSION AND CONCLUSION 
This study measured the differences in performance-based outcome measures in trans-tibial prosthesis users wearing a 
local and commercial ESR prosthetic foot. There were no clear differences between the prosthetic feet across various 
measures of mobility, high-level mobility and activity. The sPace foot performed well in a battery of high-level mobility 
outcome measures. Taken together, these data suggest the potential use of the sPace prosthetic foot for limb-different 
persons in low-income countries. 

REFERENCES 
1. McDonald, C.L., 2021, Prosthetics Orthot. Int.; 2. McDonald, C.L., 2018, Gait Posture; 3. Houdijk, H., 2018, J. 
Neuroeng. Rehabil; 4. Ernst, M., 2020., Prosthetics Orthot. Int.; 5. Rakbangboon.,2018, Arch. Phys. Med. Rehabil. 
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5.35.3 Scoping review of the published evidence on commercially available powered 
prosthetic ankle-foot components 
Andreas Kannenberg 

Otto Bock Healthcare LP, Austin, USA 

BACKGROUND 
Powered prosthetic ankle-foot (PwrAF) components have been available for about a decade. However, acceptance by 
prosthetists and healthcare payers are still very limited. Early studies had shown benefits in faster walking speed and 
metabolic energy consumption. However, later studies could not or only partially confirm these results. Therefore, a 
scoping review of the existing literature on commercially available PwrAF was conducted to identify proven patient 
benefits and potential research gaps. 

AIM 
The aim of this study was to scope the existing body of evidence for proven patient benefits and evidence gaps for 
commercially available powered prosthetic ankle-foot components. 

METHOD 
A literature search with search terms pertaining to PwrAF for persons with transtibial amputations (TTA) was performed in 
4 literature databases and archives of several medical and prosthetic and orthotic journals. Identified publications were 
screened for pertinence by title and abstract review first. Papers with unclear pertinence were reviewed as full texts. 
Methodological quality of pertinent publications was assessed using both the criteria of a previous Cochrane review on 
prosthetic feet [1] and the criteria of the American Academy of Orthotists and Prosthetists (AAOP, [2]). Findings of 
publications with sufficient methodological quality were extracted and are presented descriptively. 

RESULTS 
The literature search yielded 628 publications. After removal of non-pertaining articles and publications on prototypes not 
commercially available, 29 publications remained for full-text review, with 23 having sufficient methodological quality to be 
included in this review. 

Undisputed benefits of commercially available PwrAF were improved prosthetic ankle power (3), unloading of the sound 
knee, reduced sound, residual knee, and low-back pain (4), and gait stability on level ground and slopes. Conflicting 
results were found for self-selected walking speed (SSWS), metabolic energy consumption, and patient-reported mobility 
outcomes. No improvements have been reported in performance-based outcome measures other than SSWS. 

Several studies reported that, depending on the outcome measure(s) assessed, only 35-50% of participants benefited 
from a PwrAF. However, information on characteristics of responders is still sparse and requires further research. 

DISCUSSION AND CONCLUSION 
Persons with unilateral TTA may benefit from PwrAF through reduced knee and/or low-back pain. Selected patients may 
benefit through faster self-selected walking speed and/or reduced metabolic energy consumption during overground 
and/or slope walking. Evidence suggests that the adaptation of neuromuscular control to the power delivered by a PwrAF 
may not be intuitive for many potential users. Further research is needed to better characterize responders and/or develop 
a device-specific training program. 

REFERENCES 
1. Hofstad C, Linde H, Limbeek J, Postema K. Prescription of prosthetic ankle-foot mechanisms after lower limb 
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5.35.4 Vulcanized Rubber Single Axis foot 
Odom Teap, Sisary Kheng 

Exceed Worldwide, Phnom Penh, Cambodia 

BACKGROUND 
In Cambodia, patients who need the prosthetic foot have limited choices for their prescribed prosthetic foot. Only Solid 
Ankle Cushion Heel (SACH) foot is prescribed for every client in all physical rehabilitation Centers. So far, the single axis 
foot has not been produced locally to meet the needs where the price of an imported single axis foot cannot be afforded 
by most Cambodian people with disabilities and the imported single axis foot does not last long with Cambodiaôs climate.   

AIM 
To explore possibilities in producing local, affordable, and durable single axis to meet some patientsô needs. We expect 
that the new foot design will last at least for one year. 

METHOD 
The idea of developing vulcanized single axis was evolved from a modified volcanized SACH foot attached with Chinese 
ankle axis adapter. That modified vulcanized rubber single axis foot was tested with two patients for one year. The result 
of that modified single foot worked well. The proper moulded vulcanized rubber single axis foot was recommended. 
Through the Cambodian Association of Prosthetists and Orthotists (KhAPO), a proposal was requested to ISPO Norway 
to sponsor development of proper foot mould and foot keel to produce a vulcanized rubber single axis foot. An aluminium 
mould was ordered and feet samples were produced and tested, followed up and interviewed every 3 months up to 12 
months.   

RESULTS 
Only three testing samples were able to 
collect the feedback. Those three model 
patients were happy with the tested feet 
compared with their previous prescribed 
SACH feet. Within one year, the client 
can walk with that vulcanized single axis 
foot without any problem. Participants 
feel more confident and faster to walk 
with that tested foot compared with the 
SACH foot. They also feel more stable 
and easier to walk on uneven terrain. 
From P&Oôs point of view, that tested 
foot does improve gait pattern compared 
with SACH foot. In terms of 
maintenance, there is not any broken 
point found in that tested foot, but the 
mechanical axis is required to be 
lubricated every 5-6 months to prevent 
rust, whereas with the prescribed SACH 
foot this is not required.   

DISCUSSION AND CONCLUSION 
Comparing with the vulcanized rubber SACH foot, it is clearly found that the patient got several benefits from that tested 
foot. The tested feet are more durable compared with imported polyurethane single axis foot. Regarding to the cost, if it is 
made in mass production, the vulcanized rubber single axis foot will be cheaper than imported single axis foot. To help 
patientsô needs with their environment and availabilities, the investment should be done to produce that kind of foot.  

REFERENCES 
1. Cambodian Lower limb prosthetic manual, 4th Edition 2018  
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