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Welcome Address

Not to know is bad; not to wish to know is worse

n African proverb states: “Not to know is bad; not to

wish to know is worse.” This proverb is significant for
everyone who is involved in the many aspects of practice
related to assistive technology, mobility devices, prosthet-
ics and orthotics. There are always gaps in our knowledge
and we are always looking for ways in which we can address
and bridge these gaps. As clinicians we have a constant de-
sire to improve our practice and the outcomes for our pa-
tients. In order to do this successfully, we need to be able to
share our experiences and knowledge and learn from each
other and together.

For many years there have been discussions with-
in ISPO, the German Association of Orthopaedic Tech-
nology and other circles regarding the challenges of
disseminating information which does not fit into the
traditional scientific literature. We have an excellent
array of scientific journals including Prosthetic and
Orthotics International which are an excellent way of
sharing knowledge but not everything which is worth-
while sharing is appropriate for an academic scientific
journal.

ISPO was delighted to receive the invitation form the
German Association of Orthopaedic Technology to work in
partnership in the support of a new publication aimed spe-
cifically at practitioners in prosthetics and orthotics. We
hope that this will fill the current void of communication
particularly related to the technical and practical aspects of
the art of being a practitioner in orthopaedic technology.

Itis envisaged that the journal be available free of charge
as a digital version for all members of ISPO and the German
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SOCIETY FOR PROSTHETICS
AND ORTHOTICS

Association of Orthopaedic Technology. Special editions
in printed copy will also be available at the biennial ISPO
World Congress and in the alternating years at the biennial
OT World Congress.

On behalf of ISPO I would like to thank the German As-
sociation of Orthopaedic Technology for making this jour-
nal possible and for all the work associated with the pro-
duction of this journal. I am very confident that it will be
popular as a resource among the prosthetic and orthotic
practitioners in the field.

Iam very pleased to welcome the readers to this first edi-
tion of “HowToTreat” and wish you much enjoyment as
you read it and much success in your careers.

Friedbert Kohler OAM,
President International Society for Prosthetics
and Orthotics (ISPO)
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Welcome Address

Share experience

S ince 1949, the German Association of Orthopaedic Tech-
nology has been publishing its monthly expert maga-
zine ORTHOPADIE TECHNIK, which has been the indus-
try’s leading trade journal for prosthetists and orthotists
for the German-speaking world.

Established as the mouthpiece for the industry shortly
after World War II, the magazine has continued to evolve
for 70 years. Our goal is to keep our readers informed of the
latest, state-of-the-art orthopaedic devices and share the
expertise on ‘how to treat’.

Even though the issue of healthcare is strongly influ-
enced by the national health services of each individual
country, we are united across all borders and frontiers by
asingle question: How can we improve the quality of care
for our patients? And, indeed, the requisite progress today
needs, more than ever, both global and interdisciplinary
networks where we can exchange ideas and experiences.

Thismagazine HowToTreat aims at actively contributing
to this global exchange of experience. I feel proud to say
that we have been able to win a truly international team
for this magazine.

Special thanks go to ISPO International, with whom we
have been preparing the launch of a magazine focusing on
the practical work of the prosthetists and orthotists for a
very long time.

HowToTreat strives to support the exchange of experi-
ence: What could be more appropriate than its launch at
the ISPO World Congress in Kobe, where all the experts
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come together? A digital edition will be made available to
the members of the associations free of charge. The next
print issue will be published together in May 2020 at the
OTWorld 2020, where the experts will meet for the World
Congress in Leipzig.

We are very pleased that we have also been able to gain
additional international partners. For example, both the
Bundesfachschule fiir Orthopidie-Technik (BUFA) and
Human Study will contribute their know-how. The latter
are particularly proficient in teaching prosthetists and or-
thotists worldwide and contribute to the fact that we can
publish relevant content in the HowToTreat across borders.

I'look forward to launching HowToTreat at the World Con-
gress in Kobe - Let’s start and share experience worldwide.

>

Klaus-Jiirgen Lotz
President Bundesinnungsverband fiir Orthopédie-Technik
(German Association of Orthopaedic Technology)

INTERNATIONAL
SOCIETY FOR PROSTHETICS
AND ORTHOTICS
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From the Industry

3D-printed prosthetic foot:

“The foot walks when it is supposed to walk and stands when it is supposed to stand”

ith the Munich based

medical technology
company, Mecuris GmbH
is bringing a new pros-
thetic foot to market. Itis a
3D-printed prosthetic foot
to be optimised for both a
particularly smooth rollo-
ver-shape and a high range
of motion in the ankle
area. It has been specially
developed for all those wearers who want a prosthetic foot
for slow to moderate walking speeds or for long periods of
standing. It offers good control and a high feeling of safety
even on uneven ground.

The approaches to replace the human foot and ankle can
hardly be more diverse. It is a highly complex mechanism
whose biomechanical properties are difficult to imitate. Af-
ter the success with the tailor-made 3D-printed pediatric
prosthetic foot FirStep and the water-resistant, sauna-proof
NexStep, the company has reached a new level of digital
product development in the prosthetic foot sector with the
Mecuris ComfyStep - developments that Mecuris is driv-
ing forward together with partners in the medical supply
industry.

The ComfyStep’sinnovative design has been developed
from a highly complex metamodel based on Finite Ele-
ment (FE) Simulations and has been validated and certi-
fied by virtual and physical tests. The resulting model is
optimised for a particularly smooth rollover-shape and
also offers a high range of motion in the ankle area (dor-
siflexion-plantarflexion),
completely without com-
plex hydraulics or other
sensitive technology. The
prosthesis is designed to
initiate the rollover im-
mediately upon heelstrike
and provides smooth pro-
gression to terminal stance
without additional energy
from the wearer. In addi-
tion, the precise control
over the foot is perceived
by wearers as positive in
their own walking com-
fort: “The foot walks when
it is supposed to walk and
stands when it is supposed
to stand” describes a test
wearer. It is 3D-printed in
one piece with four inter-
locking spring systems.
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The split-toe design offers high stability (medial-lateral)
and provides safety, even on uneven terrain. “It’s even pos-
sible to walk backward easily and balance on one leg -1
couldn’t do that for a long time,” another test wearer was
pleased to confirm.

In summary, the foot contributes to a natural walk-
ing and standing feeling at moderate speeds or when
standing for long periods of time. This is rated by nu-
merous users as particularly pleasant and relieving for
knees and hips and is currently being validated in a gait
lab study. Due to its construction and performance, the
footis suitable for both transtibial and transfemoral am-
putees in mobility class 2-3 (K2-3). It is worn in a foot
shell (10mm heel height) and available in the lengths
23-29cm (EU) for patients with a maximum weight of
up to 125 kg.



New Brand, New Values

Blatchford presents its new brand at ISPO World Congress, Kobe

or over 20 years, Blatchford has operated under the En-

dolite brand for the distribution of its prosthetic compo-
nents in the US, France, Germany and Russia. What was
perhaps lesser known was that Endolite was a subsidiary of
Blatchford, the second largest provider of prosthetic care
in the UK and a leading prosthetic manufacturer. Over the
last five years, the company has continued to expand, estab-
lishing subsidiaries in both Norway and Turkey, as well as
increasing its distributor network around the world.

In 2015, Blatchford set goals to double its turnover by
2020 and again by 2025, with the aim of becoming a top 3
global supplier of prosthetic components. In late 2018, in or-
der to support this investment in growth, Blatchford agreed
the sale of a majority interest to CBPE Capital, with Stephen
Blatchford taking up a role as a non-executive director and
the company continuing to be led by CEO Adrian Stenson.

The company underscores this ambitious step with a
brand relaunch that aligns Endolite under the single world-
wide Blatchford name, redefines its focus on its business val-
ues and the introduction of new innovations.

Kirsten Abel, editor of ‘HowToTreat’, visited Blatchford
and spoke with Adrian Stenson about Blatchford’s plans
for the future. ‘HowToTreat’ publishes a section of the
interview here:

Kirsten Abel: Let’s speak about your company values. Val-
ues form the foundation of the company culture and help
position you in your stated ambition of becoming a top 3
global supplier. How are things changing?

Adrian Stenson: The values are very important to how we
define ourselves as a business. ‘Integrity’, ‘Innovation’, ‘Col-
laboration’ remain as strong as ever, but we have updated
‘Excellence’ to ‘Performance’, reflecting better the passion
and drive within the organisation and our continued com-
mitment to every customer. In the past we saw the values
more as an internal tool: how we work with and treat one
another within the business. We are now extending the val-
ues out to our customers as an external reflection of who we
are. We strive to have the highest performing products and
want to be measured on that by our customers, whether
that’s delivery performance, the quality and reliability of
the product, or the outcome it achieves for the wearer.

Kirsten: Tore-establish the values was animportantstepin
the new branding. What does a renewed focus on ‘Innova-
tion’ mean to Blatchford?

Adrian: The fabulous idea generation in our Research &
Development team has allowed us to produce award-win-
ning products like Echelon, Elan and Linx, the world’s first
and only fully integrated limb system. While we are par-

Blatchford:

The new company logo

Adrian Stenson, CEO of

the Blatchford Group: After
qualifying in Prosthetics and
Orthotics in 1986, Adrian

has worked in both the priva-
te sector and within the NHS
as an orthotist. He currently
represents the Prosthetic and
Orthotic sections of the British
Healthcare Trades Association
(BHTA); chairing the Orthotic
section and leading the sub-
group on orthotic tariffs. He is a former Treasurer and Executive
Committee member of the British Association of Prosthetists and
Orthotists (BAPO) and a former Chairman of the Trustees of the
Orthotic Education Training Trust. In addition to his clinical qua-
lification, Adrian holds a Diploma in Company Direction and is a
Fellow of the Institute of Directors.
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ticularly strong in innovating ideas, we intend to get better
at harnessing those ideas and bringing them to fruition as
new products more efficiently than we have in the past. We
have always been very patient-driven and make no apology
for that, but we also need to remain mindful of the needs of
the whole market - the clinician, the payer and so on.

Kirsten: Intoday’sworld of ‘innovation’, the term ‘big data’
plays a very important role. How do you see developments
regarding this?

Adrian: Thereisanunderstandable and increasing require-
ment within the medical devices arena to ensure everything
we do is safe, appropriate and represents value for money.
While we’d all agree with the principles, much of the testing
involved, by its nature, is standardised and somewhat artifi-
cial. For example, we may cycle-test an item 3 million times,
but we know it is unlikely this accurately reflects real life.
Every wearer is an individual; they have their own unique
walking style, their own activities. Some may go up and
down stairs a lot, others live in a hilly environment or on
the flat. With connected microprocessor products, we have
enormous potential to collectinformation and design limbs
for the way people actually use them.

There is the potential for all the suppliers to contribute to
avast source of data that could provide compelling evidence
around the benefits prosthetic components can provide, for
example reduced trips, stumbles and falls. Our challenge as
manufacturersis to do thatin a safe, responsible and ethical
way in an area thatis just evolving. We should use the infor-
mation to better inform payer decision-making, as well as
helping us to design ever-improving products and enhance
quality of life for the wearer.

Kirsten: Adrian, thank you for the interview.



More than

|—|°Qm< people in the world need assistive technology

970 million 35 million

need glasses and people need prostheses
low vision aids or orthoses

75 million 94 million

people need people need
wheelchairs hearing aids
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The GATE Initiative

WHO is making UHC inclusive

Support countries
in developing national policy
and standards

assistive products

Support
countries in building
the capacity of their
community-level workforce

Support
countries in developing
a list of national priority

Support
countries in developing integrated
models of service provision

to ensure access to
assistive technology
for everyone, everywhere
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Education Japan

Yukio Agarie
Introduction of the Department

of Prosthetics & Orthotics and Assistive Technology in
Niigata University of Health and Welfare

10

iigata University of Health and Welfare was founded in

April 2001, for the purpose of training professionals in
the fields of health, medicine, welfare, and sports, not only
for Niigata but for the future of Japan. The university was
founded on the spirit of fostering qualified QOL supporters.
The Department of Prosthetics & Orthotics and Assistive
Technology was created in 2007 as the 9th prosthetics and
orthotics training school in Japan. Each class has a capacity
of 40, and there are currently 159 students enrolled. As of
April 1, 2019, the department has graduated a total of 379
students over 9 graduating classes. At the graduate school,
there are international students enrolled in the master’s
course and in the doctoral course. In addition, since 2006
Niigata University of Health and Welfare has created an ac-
ademic exchange agreement with a variety of universities
and hospitals and is putting effort into the international
exchange.

At the Department of Prosthetics & Orthotics and
Assistive Technology, we aim for students to acquire a
wide range of cultivation and specialised knowledge and
skills necessary for prosthetists and orthotists. In addi-
tion, we also foster skills to interpret the role and neces-
sity of prosthetics, orthotics, assistive products and
machines based on the mental and physical condition of
the subject as well as lifestyle and societal factors, to log-
ically consider the influence they will have on the QOL
of the subject, and the ability to explain specifically as
well as basic manufacturing, adjustment, and adaptation
skills.

The special feature of the Department of Prosthetics
& Orthotics and Assistive Technology is that we conduct
courses in prosthetics, orthotics, assistive products, wheel-
chairs and seating, and shoes based on the current situa-
tion of an aging society with a low birthrate. The qualifi-
cations students aim to acquire start with the Prosthetist &
Orthotist National Qualification, and they are working to
acquire certification for Assistive Products Planner, Assistive
Products Consultant, Housing Environment Coordinator
(Level 2), and Wheelchair Safety Mechanic. Furthermore,
we are also striving to teach team medicine and foster talent
relevant to the time.

Our university was inspected to obtain the ISPO School
of Prosthetist and Orthotist qualification on March 2019.
We raise prosthetist and orthotist educational training in
Japan to the international standard and to foster talent that
will contribute to improving the QOL of disabled persons
not only in Japan but worldwide who require prosthetics
and orthotics as well as assistive products.



Shin Sasaki
Introduction to

Kobe College of Medical Welfare (KCMW)

Sanda Campus

CMW (Kobe College of Medical Welfare) Sanda Cam-

pus is the only ISPO recognised school in Japan among
10 schools in the country (4 universities and 6 colleges) as
ISPO Prosthetist & Orthotist (formerly Category I) since its
first recognition in 2012.

KMCW was established in 1997 with several programs
including a Prosthetist & Orthotist 3 year program, and
a Prosthetist & Orthotist 4 year program was also estab-
lished in 2008 which is currently an ISPO recognised pro-
gram.

KCMW hasbeen providing unique curricula for P&O stu-
dents to acquire the basic skills and knowledge for evalua-
tion methods and diagnostic methods in Patient Evaluation
in their first year and learn the orthotics design based on
diagnoses and evaluations in Seminar for Orthotics Man-
agement in the second year. Following their second year of
studies, students gain experience performing physical eval-
uations with actual patients in the course of Clinical Place-
ment. They also consider the patient’s orthotics therapy and
provide alternative proposals. Students work together with
students from other disciplines such as physical therapy,
occupational therapy and speech-language-hearing ther-
apy and discuss how each discipline would approach sev-
eral patients with representative medical conditions. This
series of courses is useful in the training of Prosthetists and
Orthotists who can provide accurate advice to medical pro-
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fessionals and patients with regards to prescribing P&O de-
vices.

KCMW is also the only school in Japan providing train-
ing course of orthopaedic shoemaking, therefore P&O stu-
dents are also able to learn the techniques of orthopaedic
shoemaking as the subject is a part of curricula for the P&O
students.

KCMW plays great role for the ISPO World Congress 2019
in Octoberin Kobe. All of the lectures and students from the
P&O departments officially registered the congress together
with daily volunteer work at each location.
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Osseointegration

Osseointegration in Transfemoral Amputations —

An Overview

For nearly thirty years, osseointegration, i.e. anchoring
the prosthesis in bone, has been an alternative to con-
ventional residual limb enclosure with a prosthesis so-
cket for transfemoral amputations. The advantages and
disadvantages — especially related to the risk of infection
and the strength of the implant — have been the sub-
ject of some controversy. This article gives an overview
of the currently used techniques and their objectifiable
complication rates.

The term “osseointegration” describes a method used for
transfemoral amputations in which a prosthetic body re-
placement partis attached to the body not in the usual man-
ner using soft tissue tension in a prosthesis socket, but with a
metal connector firmly anchored in the bone of the residual
limb (Fig. 1 & 2). The advantage of this method is that the
load is transferred directly to the bone designed by nature to
assume thisload, while, in aconventional socket, a great deal
of control is lost due to the soft tissue coverage. Although
many changes have taken place in recent years relating to
functionality with regard to socket shape and adaptation
options, the parameter that the soft tissues within the resid-
uallimb are notoriginally designed forload bearing can lead
to damage due to excessive stress or sensitive skin. Volume
fluctuations are another parameter that can only be com-
pensated for within the prosthesis socket to alimited extent.
Movement restrictions due to the shape of the socket brim
and discomfort when sitting caused by the socket enclos-

ing the residual limb are perceived to be unpleasant [1]. All
of these problems cannot occur if the residual limb is not
enclosed in a socket, but rather the prosthesis can be at-
tached directly to the bone anchor. This direct connection
also makes controlling the prosthesis more effective and pa-
tients report better ground perception.

When a socket is not required, there are thus several rea-
sons why osseointegration can be superior to the conven-
tional method, but there are also limitations [1]. The pri-
mary limitation is the potential infection of the bone or
soft tissue. The opening in the skin for the connecting cone
is a potential entry port for pathogens that can multiply
along the osseous anchorage and soften it. There is also the
danger of excessive force acting on the bone, which could
lead to a fracture in the implant area.

The advantages and disadvantages of osseointegration
have been debated for years. However, we now have many
objectifiable long-term results that are presented below.
The overview is based on a literature search using the med-
ical database PubMed.

When looking at the study results, it must be considered
that, except for the meta-analyses, the studies were general-
ly based on only one of the three commercial implants cur-
rently available. The oldest and most widespread method
is the OPRA system (Osseointegrated Prostheses for the Re-
habilitation of Amputees, Integrum AB, Molndal, Sweden)
that was introduced in the early 1990s. Around ten years
later, the German endo-exo femur prosthesis (ESKA Ortho-

Fig. 1 Prosthetic components attached
directly to the implant with no socket
encompassing the residual limb.
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Fig. 2 X-ray image with implant
and attached prosthesis.

Fig. 3 Stoma with the exiting
implant a few days after surgery;
the wound is not yet healed.



paedic Handels GmbH, Liibeck, Germany) was marketed,
sometimes designated in international literature as ILP (In-
tegral Leg Prosthesis). The latest product is the OGAP-OPL
System (Osseointegration Group of Australia Osseointegra-
tion Prosthetic Limb, Permedica S.p.A., Merate, Italy). The
OPRA system stems from the field of dental implants and
is therefore screw-anchored, while the other two systems
were derived from the method of cementless press-fitting
in total hip replacements. In this technique, the implant
is covered by a metallic “mesh” into which the cancellous
bone can grow. For all of the systems, a two-stage proce-
dure is recommended: In a first operation, the bone anchor
is implanted, covered with soft tissue, and then there is a
wait until the bone grows into the implant. Only then is
the stoma, the opening for passing through the connector,
made in a second operation (Fig. 3) and then mobilisation
with the prosthesis begun. A waiting period of 6 months
between the operations is recommended with the OPRA
technique, while this is only 6 weeks for the press-fitting
methods. If conditions are optimal, a single-stage method
can also be considered. The initial results are promising [2].
Details of study results for the methods:

OPRA

All of the studies cited below on the OPRA system refer
mainly to the first 100 patients who were treated with this
system in Gothenburg, Sweden, from 1990 to 2008. This
period includes experience with the first version, which -
like the surgical technique - was later modified and devel-
oped several times. In the initial study, relatively high com-
plication rates were reported: Of the 100 patients, only 68
stillused their prosthesis regularly at the end of the observa-
tion period of 18 years. The failure to use the prosthesis was
partly because of the still incomplete, protracted rehabili-
tation process for this model. In 11 patients, the implants
had to be removed permanently; in another 9 patients, the
implant was successfully replaced. The total complication
rate was thus 20% [3]. After the introduction of a structured
rehabilitation protocol in 1999, this rate dropped to 8% [4].
The rate of superficial infections that were treated success-
fully with antibiotics was 55% [4].

For the patients in this group, data were also collected on
the comparison with the previously used socket-mounted
prosthesis. They showed better values for the various vali-
dated scores for prosthesis use, mobility and quality of life
(Questionnaire for Persons with a Transfemoral Amputa-
tion [Q-TFA] and Short Form 36 [SF-36]). The score for prob-
lems using the prosthesis was reduced significantly [4]. Evi-
dence was found for an improved range of movementin the
hip [5] and greater sitting comfort [6]. The use of vibrations
under the prosthetic foot showed evidence of improved
ground perception [7].

Endo-exo femur prosthesis

The published studies have also shown progress in the
endo-exo femur prosthesis, which is used primarily in

Germany (Liibeck), but also in the Netherlands (Ni-
jmegen). The implant design was modified significant-
ly twice. While the first version had a rate of infections
requiring revision of 77%, in the latest version, this rate
has dropped to 0%; however, the observation period
of 5 years is still relatively short [8]. The percentage of
manageable superficial infections was 55%, exactly the
same as with the OPRA system, and makes it clear that
the care of the stoma is essential. Cleaning twice a day
with mild soap is recommended. The correct assessment
of the patient’s approach to care can thus be a crucial cri-
terion for determining suitability for osseointegration.
The functional benefit for the user is similar to the OPRA
system: Compared with conventional socket technique,
improvements were found in the 6-minute walking test
(423 m instead of 321 m), in the timed-up-and-go-test
(8.1s instead of 15.1s) and for oxygen consumption
(1093 ml/min instead of 1330 ml/min). The duration of
prosthesis use and subjective satisfaction also increased
considerably [9].

OGAP-OPL

The OGAP-OPL system is a variant of the endo-exo pros-
thesis that is used mainly in Australia. As this is the latest
system to become available, there are not yet any extensive
study data for it. The largest study published up to now in-
cludes only 22 participants for a period of 2 years. The re-
sults are similar to those for the endo-exo prosthesis: There
were improvements in the 6-minute walking test (128%)
and in the timed-up-and-go test (30%). The scores for qual-
ity of life also improved significantly. The rate of superfi-
cial infections was 68%; no deep infections, fractures or
implant failures were found [10].

Patient selection

Despite the proven advantages for the patients and the
now largely manageable risk of infection, none of the au-
thors cited, all of whom come from the corresponding
treatment centres, recommended osseointegration as the
standard approach. Patients who do not have satisfactory
results with conventional socket systems are considered
to be the most important group of clients. Prerequisites
are that bone maturation must be completed and the fe-
mur must have a physiological structure. The users must
be willing to agree to the prolonged treatment protocol. In
addition, the appearance when the prosthesis is removed
needs some getting used to and the care of the stoma is
essential for successful treatment. Typical contraindica-
tions are serious circulatory disorders and diabetes, al-
though some successful implantations have been report-
ed for these clients. Osteoporosis and high body weight
(>100 kg) are sometimes listed as contraindications. Some
medically necessary additional treatments are contraindi-
cations: osseointegration is not recommended with acute
chemotherapy or radiation or if immunosuppression is re-
quired [1].
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Summary

Studies have shown the improved subjective quality of life
in patients fitted with a bone-anchored transfemoral pros-
thesis. Objectifiable improvement in mobility was also
found. It should also be taken into consideration that this
technique is used primarily when a conventional sock-
et method has not been satisfactory. The risk of infection
for the latest methods is increasingly manageable with cor-
responding patient compliance. No fractures in the im-
plant area have been reported. However, “defined breaking
points” are sometimes integrated into the prosthesis con-
nector so that, in the event of sudden overload, the compo-
nent fails, not the implant. Impact loads, for example from
running or jumping, should therefore be avoided. Another
limiting factor is the considerably longer duration of thera-
py and the associated increased stress for users. Aesthetic or
cosmetic reasons have also been suggested to explain why
osseointegration has not been established as the standard
treatment. Itis thus an alternative method for selected indi-
cations where the user’s personal circumstances allow this
method.
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Osseointegration

Prostheses that are anchored in the
bone by an osseointegrated implant
have — compared with a conven-
tional liner system — several proven
advantages for patients after a trans-
femoral amputation, for example,
improved ability to walk, use of the
prosthesis and quality of life. The aim
of the authors’ custom-made tibia
implant was to develop an implant
shape based on CT scans that corre-
lates exactly with the intramedullary
cavity of the tibia. Ultimately, the
implant was given a drop shape. By
tightly shielding the intramedullary
space, this design was intended to
ensure maximum prevention of im-
plant loosening and block the spread
of bacteria into the intramedullary
space.

Key words: amputation, tibia, osseo-
integration surgery, implant design

Introduction

The conventional way of rehabilitat-
ing individuals with lower limb am-
putation for centuries has been via
socket-suspended prostheses [1] and
even despite significant technological
innovations to both socket materials
and design, individuals with amputa-
tions still exhibit socket-residuum-in-
terface problems that lead to substan-
tial problems such as reduction in
prosthesis use, less ability to mobi-
lise and decreased quality of life [2-
4]. These socket-residuum-interface
problems include skin problems such
as infections, irritation due to me-
chanical problems such as poor sock-
et fit, pain and pistoning and lastly,
problems with balance leading to falls
[5-8]. Individuals with lower limb
amputations using socket-suspend-
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Bone-Anchored Osseointegration
Implants for Transtibial
Amputees: Surgical Aspects
and Implant Design

ed prostheses account most problems
regarding quality of life to physical
disability, pain and decreased energy
level [2, 9].

Over the last 3 decades a new in-
novative technology has emerged
addressing these socket related prob-
lems by eliminating the socket-resid-
uum-interface. This is achieved via
the technique of osseointegration, in
which prosthetic parts are attached to
the skeleton by incorporating an os-
seointegration implant in living bone
[10]. Osseointegration implants have
been well established in the field of
dentistry for the treatment of eden-
tulous jaws for many years with a
10-year survival of dental implants
in mandibular bone of 95% [11-13].
Since its first introduction in 1990
in individuals with an amputation,
bone-anchored prostheses using an
osseointegration implant have been
predominantly used for the treatment
of individuals with above knee am-
putation (transfemoral amputation;
TFA). In patients with socket-related
problems, the use of an osseointegra-
tion implant demonstrated advantag-
es such as improved daily prosthetic
use, reduced energy consumption, os-
seoperception and improved walking
ability possibly leading to increased
quality of life 3, 4, 14, 15].

Over the last years multiple stud-
ies have been published looking at
the safety of this procedure, especial-
ly in individuals with TFA. The incor-
poration of a transcutaneous metal
implant into the bone was supposed
to give rise to concerns of ascending
infections and concomitant implant
loosening or sepsis [16]. Multiple stud-
ies have now reported that this seldom
leads to untreatable infection and/or
septic implant loosening despite the

inevitable presence of bacterial colo-
nisation around the skin-implant in-
terface [16]. Most encountered com-
plications are soft tissue infections as
aresult of redundant soft tissue in the
skin penetration area. This has led to
an adaptation and improvement in
the soft tissue surgical technique re-
sulting in a decrease of soft tissue
complications (data not published).

Bone-anchored prostheses using
osseointegration implants have suc-
cessfully been used for the treatment
of individuals with TFA at a larger
scale. We believe there is enough ar-
gumentation for an attempt in indi-
viduals with transtibial amputation
(TTA). When comparing between
amputation level, it is clear that the
prevalence of transtibial amputation
is even higher or at least equal to that
of transfemoral amputation, depend-
ing on country and etiology of am-
putation [17,18]. Of these individuals
using socket prostheses, 40% expe-
rience at least 1 skin problem, with a
rate substantially higher in individu-
als with TTA (TTA: 45.8 %, TFA: 20 %;
OR: 4.1) as well as an increased rate of
stump pain [5, 18-29] Meulenbelt et
al. [8] even reported on an incidence
of skin problems of up to 68 %, equal-
ly distributed between individuals
with a TTA and a TFA. High frequen-
cies of skin problems and pain are in-
herently linked to intolerance of the
prosthesis and impact the ability to
become independently mobile [21].
Poor socket fit occurs both in individ-
uals with a TTA and with a TFA (TTA:
59%, TFA: 78 %) [22] and dissatisfac-
tion with socket prostheses does not
differ when comparing for level of am-
putation, with only 43 % being satis-
fied with the comfort of their prosthe-
sis [23-25].



Up to this date, there is very little
data assessing the feasibility and po-
tential advantages of osseointegrat-
ed implants (OI) in individuals with
TTA. Only very small series have been
published with variable results [16,
26-28]. Research has to be performed
reporting on the surgical approach
and implant design of osseointegra-
tion for the treatment of individuals
with a TTA. The ability to treat these
patients with OI brings the potential
of significantly reducing socket-resid-
uum-interface problems and improv-
ing mobility, functioning and overall
quality of life.

Referral and assessment

There are multiple ways of referral to
the osseointegration clinics for indi-
viduals with transtibial amputation
experiencing socket-related prob-
lems. Patients return to their pros-
thetic technician who may send pa-
tients back to the rehabilitation phy-
sicians. In the Netherlands we have a
wide network of rehabilitation physi-
cians specialised in amputation with
adequate knowledge of novel treat-
ments such as osseointegration. Since
rehabilitation physicians are not reg-
istered in Germany, this network
includes mostly prosthetic techni-
cians and physical therapists. Gener-
al practitioners or surgeons also refer
patients to the OI clinics. Individuals
with amputations are generally very
well informed about osseointegration
solutions through television, internet
and social media; leading to aware-
ness in the patient population.

The assessment of individuals with
a TTA is similar to that of individuals
withaTFA.Individualsfillin the Ques-
tionnaire for Persons with a Transfem-
oral Amputation (Q-TFA) prior to their
visit to the multidisciplinary group
clinic. Individuals visiting our clinics
undergo standard radiographs and a
musculoskeletal CT scan. With a ple-
nary presentation, information is pro-
vided regarding selection procedures,
surgical outcomes, risks of treatments
and standard follow-up schedules. Ex-
pert-patients take part of the team and
offer their knowledge and experienc-
es with osseointegration to potential
candidates. Eventually, every person
isindividually seen by the entire treat-
ment team for assessment of medical
history, physical examination, radio-

graphy and Q-TFA in order to reach
mutual consensus regarding indica-
tion for treatment. We initiated our
academic osseointegration centre in
the Radboud university medical cen-
tre in 2009 and proceeded with the
treatment of individuals with tran-
stibial amputation in 2014, includ-
ing selected patients with peripheral
vascular disease. In the past 10 years
our practice expanded slowly from a
few patients per year to more than 50
per year in 2018. At the time of writ-
ing,in April 2019, we have treated 213
patients after lower limb amputation
including 165 with transfemoral os-
seointegration and 48 patients with
transtibial osseointegration.

Osseointegration
implant systems

Similar to femoral osseointegration
systems, screw systems as well as press-
fitimplants devices are available. Dif-
ferences between the screw and press-
fit systems include the type of attach-
ment, possible in- or on-growth of the
bone, time interval between surgeries
in the case of 2-stage surgery and reha-
bilitation protocol. Unlike with femo-
ral Olimplants, there are currently no
standard CE-certified press-fit tibia os-
seointegration systems available. For
individuals with transtibial amputa-
tion, a custom-made implant is man-
ufactured as an intramedullary press-
fit device, often including locking
screw fixation for enhanced primary
stability [10]. Because of the satisfy-
ing results of the press-fit transfem-
oral OI (OFP, OTNimplants Arnhem
The Netherlands), we decided to de-
velop a press-fit design tibial implant
with anatomical shape to allow sol-
id attachment to the tibial remnant;
often being short and irregular, with
poor bone quality and vascularisation
especially in subjects with peripheral
vascular disease [27].

Preoperative planning
and implant design

Calibrated radiographs are taken of
the residual limb of individuals with
transtibial amputation as well as
standing full-leg-length radiographs.
The minimum length of the residu-
al tibia should be 50-60 mm and no
shortening is done unless in case of
very long tibia remnants. In those

cases, the tibia needs to be shortened
to 120 mm calculated from the tibia
plafond of the ankle joint. This allows
sufficient space for the osseointegra-
tion quick-release connector and pros-
thetic foot. All custom-made implants
are based and designed on standard
musculoskeletal CT scans accord-
ing to a preset protocol, which is run
through a graphic design program by
engineers. The main goal is to design
implants with a shape that correlates
to the tibial intramedullary canal op-
timally, which tends to have a drop-
like type of shape. With such an opti-
mal shape the goal is to achieve com-
plete press-fit closure of the medullary
cavity (Fig. 1); to allow early ingrowth
at the level of the bone-implant inter-
face and prevent ascending infections
and septicloosening with subsequent
failure of the implant [10, 29].

All implants used in individu-
als with a TTA are custom made and
based on computed tomography
scans (CT) (Fig. 2). Similar to implants
used inindividuals with a TFA, allim-
plants have a macroporous coating/
structure allowing for osseointegra-
tion. When comparing the fixation
of tibial implants to femoral implants
there are some differences. The fem-
oral implants often have a greater
length and thus a larger surface of
osseointegration and the femoral im-
plant is inserted in diaphyseal bone
which has a fairly circular shape,
making implant design less complex.
For the tibial implants, a shorter im-
plant is often necessary, resulting in
a smaller surface of osseointegration.
The tibial implant fixates in the tibi-
al epi- and metaphysis making it nec-
essary, to this day, for a custom im-
plant to be designed, as variations in
the shape of the intramedullary ca-
nal lead to difficulty in implant de-
sign and fixation (Fig. 3).

Surgical protocol

The standard way of osseointegration
treatment is performed preferably in
two-stage surgery in our centre in the
Netherlands with an interval of 6-8
weeks in between. During the first sur-
gery, the implant is inserted in the re-
sidual bone. Surgery is performed un-
der spinal or general anesthesia and
perioperative antibiotic prophylaxis is
administered. Patients are positioned
in supine position, alcoholic chlorhex-
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Fig. 1a-c 3D printed titanium alloy implant with lattice
coated stem and drop shape with niobium coated internal (a)

or external (b) taper connection. Complete seal of the medul-

lary cavity of the tibia (c).

idine is used for disinfection and the
extremity is covered with a fenestrat-
ed extremity drape. At the level of the
distal stump, an incision is made and
soft tissue surplus at the distal stump
is maximally resected. Whenever in-
dicated, a neurectomy is performed.
The medullary canal is retrogradely
reamed in a step-wise fashion with ra-
diographic guidance followed by the
press fit insertion of the intramedul-
lary component (implant) of the osse-
ointegration device. One or two trans-
verse locking screws are inserted from
medial to lateral followed by closure of
the wound (Fig. 3.). During the second
surgery, a stoma is created using a cir-
cular knife which is passed over a guide
wire inserted into the intramedullary
component. The transcutaneous com-
ponent of the osseointegration device
is inserted into the intramedullary
component and secured with an inter-
nal locking screw. In some cases sur-
gery is performed in a single stage ap-
proach. This might be necessary when
there is insufficient skin and soft tis-
sue to cover the intramedullary com-
ponent. The stomais then created after
the insertion of the implant followed
by the attachment of the transcuta-
neous component. The philosophy of
performing osseointegration surgery
preferably in two stages is to create a
period with a sterile environment for
the implant to allow osseointegration
with the bone [10].

20

Rehabilitation protocol

Osseointegration rehabilitation starts
one week after second stage surgery, or
3-6weeks after single stage surgery de-
pending on bone quality [30]. The aim
of rehabilitation is to achieve predeter-
mined individualised functional goals
such asminimising gait compensation
strategies and increasing the level of
activity. To reach these goals rehabil-
itation focuses on increasing hip ad-
ductor strength, core stability and gait
symmetry.

The rehabilitation team consists
of a rehabilitation physician, physi-
cal therapist, occupational therapist
and a prosthetist. The prosthetist at-
taches the quick-release osseointegra-
tion connector to the transcutaneous
component of the osseointegration
device and aims to achieve optimal
alignment of all external compo-
nents during the rehabilitation peri-
od. To prevent overload of the knee
joint due to valgus or varus stress, an
optimal frontal plane alignment is of
extra importance in individuals with
a transtibial OI.

Individuals are instructed by the
physical therapist to gradually load the
prosthesis, from partial weight bear-
ing between parallel bars and with
help of a walking aid to full weight
bearing without walking aids. Gait
and muscle strength is trained in a
functional setting using motor learn-

Fig. 2a und b Preoperative planning of implant with inter-
nal (a) or external (b) taper connection.

ing principles. The occupational ther-
apist provides instructions for daily
stoma care (Fig. 4). The rehabilitation
physician supervises the process of
rehabilitation and treats initial com-
plaints occurring such as stoma pain
due to stoma irritation or infection
and muscle pain.

The rehabilitation is given in group
sessions two times a week of two hours
each and takes 4 weeks in individuals
with a transtibial OI. The rehabilita-
tion can be prolonged depending on
the progress of the individual and
limitations, e.g. due to pain or lack
of muscle strength. These limitations
may lead to an interlude in the prede-
fined rehabilitation program and re-
sultin variability in rehabilitation du-
ration [31] (Fig. 4).

Pre/post outcome
measures

Conventional radiographs are evalu-
ated at baseline as well as 1, 2, 5 and
10 years post-surgery [30]. Functional
outcomesare measured using the Ques-
tionnaire for Persons with a Transfem-
oral Amputation (Q-TFA) to evaluate
prosthetic use, mobility and prosthet-
ic-related quality of life. Up to this date,
there is no validated functional out-
come questionnaire designed specifi-
cally for individuals with a transtibial
amputation. However, the Q-TFA as-
sesses aspects that are also meaning-



Fig. 3a and b Anteroposterior radiograph
of implant with internal (a) and external
(b) taper connection.

ful and relevant for individuals with a
transtibial amputation. Mobility level
is determined using the Time Up and
Go (TUG) and walking ability using
the Six Minute Walking Test (6MWT).
Adverse events related to the osseo-
integration surgery are monitored by
evaluating the medical charts. Infec-
tions associated with bone-anchored
osseointegration prosthesis are grad-
ed as described in our previous arti-
cle [32].

Future developments

Bone-anchored prostheses using os-
seointegrated implants are predomi-
nantly evaluated in individuals with

transfemoral amputation. Over the
years a great deal of knowledge has
been gathered for further adaptations
to implant design and surgical tech-
nique, resulting in a low occurrence
of major complications in individuals
with transfemoral OI. In transtibial
amputees there are no large case series
assessing functional outcomes and
complications up to this date. There-
fore, it is unclear whether the same
principles apply for individuals with a
tibia bone-anchored prosthesis regard-
ing safety and performance. Further
research is required to elucidate this.
Future studies also should focus
on the application of bone-anchored
prostheses simultaneous with initial
amputation. Since bone-anchored
prostheses are now more and more
commonly seen as standard care,
there is a growing demand for this
technique for patients that are sched-
uled for amputation. This question
particularly concerns people sched-
uled for lower limb amputation be-
cause of peripheral artery occlusive
disease or diabetes mellitus. Further
studies are desired to define sensi-
ble inclusion criteria leading to an
acceptable risk/benefit ratio in this
group of vascular amputees [27].
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Osseointegration

This article reviews the indication pro-
cess for patients with transfemoral or
transtibial amputation referred for an
osseointegration implant or ‘bone-
anchored’ prosthesis. Inclusion and
exclusion criteria are discussed with
emphasis on criteria for patients with
lower limb amputation as a result of
vascular pathology. The preliminary
data of a cohort of 116 patients with
121 osseointegrated implants is pre-
sented. For 17 of the cohort of 116 pa-
tients (14.7 %), a vascular pathology
was the reason for their amputation.
Of those 17 patients (17 implants,
average age 62 years, age range 44—
75 years, 4 females, 5 tibia implants,
median follow-up 3 years, follow-up
range 1-5 years), one patient with
a tibia implant had a progressive
course of vascular pathology with soft
tissue infection, eventually leading to
implant failure. There were no (a)sep-
tic implant loosening or untreatable
soft tissue infections in the group of
99 patients without a vascular cause
of the lower limb amputation.

Keywords:amputees, osseointegration,
peripheral vascular diseases, complica-
tions, prosthesis implantation.

Introduction
Referral

In the Netherlands, people with a low-
er limb amputation who encounter
problems with the socket attachment
of their prosthesis are referred to our
specialised amputee osseointegration
centre either by their general practi-
tioner or rehabilitation physician. The
existence of our amputee osseointe-
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Bone-Anchored Osseointegrated
Prostheses for Patients with a Trans-
femoral or Transtibial Amputation:
Indication Criteria with Emphasis
on Vascular Patients

gration centre is known by the broad-
er public because of attention in the
media and the work of the Amputee
Osseointegration Foundation Europe
(AOFE), www.osseointegration.eu, (ac-
cessed April 30, 2019). The AOFE is a
charity foundation established in 2015
with the aim to promote and improve
the quality of osseointegration treat-
ment for people with extremity ampu-
tation in Europe. In this way, more and
more patients are informed through
peer-to-peer contact and ask for a re-
ferral to our clinic.

The indication process

The indication process is performed
in a multidisciplinary team approach.
The osseointegration treatment team
consists of an orthopaedic surgeon, a
case manager, a rehabilitation physi-
cian, a physiotherapist. Patients who
arereferred for a bone-anchored pros-
thesis areinvited by our case manager
to an out-patient group clinic. Prior
to their visit, they complete the Ques-
tionnaire for Persons with a Trans-
femoral Amputation (Q-TFA) [1]. The
outpatient group clinic starts with
radiologic examination of the femur
or tibia remnant and a calibrated to-
tal view of both lower extremities
(Fig. 1a). A CT scan is performed in
patients with transtibial amputation
or patients with a short femur rem-
nant. This CT scan is used to define
the size and design of a custom-made
implant. In a plenary session, all the
details of the treatment are presented
by the surgeon and the rehabilitation
physician, followed by individual
consultations with the entire osseoin-
tegration team. During the individual

talks, the rest of the candidates and
their relatives are introduced to two
individuals with a bone-anchored
prosthesis who successfully complet-
ed their rehabilitation. They inform
new candidates about their experi-
ences and show them their bone-
anchored prosthesis. Finally, mutual
agreement about the indication for
the treatment is achieved based on
in- and exclusion criteria [2], med-
ical history, physical examination,
Q-TFA results, and radiology. Candi-
dates who reveal unrealistic expec-
tations of their future functioning
with a bone-anchored prosthesis are
referred to our clinical psychologist
for discussion and adjustment of ex-
pectations that are probably too high

(Fig. 1).

Inclusion and exclusion
criteria

In 2009, when we started our special-
ized amputee osseointegration centre
in the Netherland, there were many
discussions and doubts among phy-
sicians and prosthetists regarding the
safety of bone-anchored prostheses
(Fig. 1b) particularly regarding the
possible risk of septic loosening, os-
teitis, and osteomyelitis. This encour-
aged our team to apply a restrained
policy regarding inclusion and exclu-
sion criteria [2] and to evaluate thor-
oughly the post-operative safety and
performance results. We assumed that
the application of strict in- and exclu-
sion criteria would lead to the best safe-
ty-performance ratio. In 2016, togeth-
er with the OGAAP osseointegration
group of Australia, we published the
outcome of the first 86 patients with



2 years of follow-up. The study includ-
ed 86 patients and confirmed that the
bone-anchored prostheses treatment
was safe. There were no (a)septic loos-
enings and patients reported an enor-
mous increase in functional perfor-
mance and quality of life [3]. Bone
quality of the residual limb is not an
exclusion criteria for bone-anchored
prostheses since in general, most am-
putees suffer from more or less severe
disuse osteoporosis. In transfemoral
amputees, socket-attached prostheses
support the pelvis and unload the fe-
mur which results in disuse osteoporo-
sis of the diaphyseal and metaphyseal
bone. For subjects with post-traumatic
bone deformation, custom-made im-
plants are designed based on the CT
scan images.

Vascular patients

Since the osseointegration technique
appeared to be safe in a well select-
ed population of amputees, we went
on by carefully including candidates
with slightly more liberal indication
criteria and added criteria to distin-
guish between patients with severe
and mild peripheral arterial dis-
ease (Tab.1 and 2). Patients with a
vascular cause of amputation were
screened by our vascular surgeon
(MW) and for the presence of fem-
oral artery pulsations in the groin
area. The criterion palpable femoral
artery pulsations was acquired from a
study in patients with critical limb is-
chemia indicating that the presence
of palpable pulsations directly prox-
imal of amputation level correlates
with 100% primary wound healing
after amputation [4]. Additional-
ly, skin perfusion oxygen pressure
measured with laser Doppler at the
tip of the residual limb (Fig. 2) was
introduced as measure of local mi-
crocirculatory blood perfusion. The
technique is based on the detection
of the oxygen pressure in the skin
with abeam oflaserlight carried by a
fibre-optic probe placed on the skin.
Transcutaneous oxygen pressure less
than 40 mmHg was adopted as an ex-
clusion criterion for osseointegration
surgery. An oxygen pressure less than
40 mmHg at the amputation site has
been indicated in the literature as a
positive predictive value for wound
healing failure after amputation in
patients with critical limb ischae-

mia (Fig. 3) [5]. For an osseointegra-
tion implant, vital skin and soft tis-
sue conditions with adequate local
blood perfusion are necessary for
successful osseointegration and suf-
ficient resistance against bacterial
infections in the skin penetration
area (stoma). We assumed that the
skin oxygen perfusion pressure level
that guarantees proper amputation
wound healing also may guarantee
conditions for successful osseointe-
gration in vascular amputees.

Methods

Patients included for osseointegration
treatment are scheduled for two stage
surgery with an interval of 6-8 weeks
in between. During the first surgery,
the medullary canal is retrogradely
reamed in a step-wise fashion with ra-
diographic guidance followed by the
press-fit insertion of the intramed-
ullary component of the osseointe-
gration device. Soft tissue surplus in
the distal stump is resected as much
as possible and the wound is closed.
During the second-stage surgery, a
stoma (Fig. 4) is created and the trans-
cutaneous component of the osseo-
integration device is attached to the
intramedullary component. In select-
ed cases the surgery is performed in a
single-stage approach. This might be

necessary when there is insufficient
skin to cover the implant.

Rehabilitation starts one week af-
ter the second surgery, or 3 weeks af-
ter single-stage surgery. The aim of re-
habilitation is to reach predetermined
individualized functional goals [6].
The rehabilitation is given in group
sessions two times a week of two hours
each and a total duration of 4 weeks
and 11 weeks for tibial and femoral
bone-anchored prosthesis users, re-
spectively [7]. Follow-up visits includ-
ing radiologic examination are sched-
uled at 6 months and thereafter at 1,
2,5, and 10 years after stage 2 surgery.
Side effects and performance are evalu-
ated from the medical charts and with
questionnaires. All data are stored and
processed using a web-based database
(Castor EDC).

Results

Between April 2014 and April 2018,
116 consecutive patients (121 im-
plants; S bilateral amputees) with av-
erage age at time of implantation of
53.7 years (range 20-86), including 35
females, underwent osseointegration
implant surgery in our centre. All can-
didates met the in- and exclusion cri-
teria and 29 of the 121 implants were
tibia implants. One patient with trau-
matic transtibial amputation and se-

Fig. 1a X-ray with socket
prosthesis.

Fig. 1b X-ray with bone-

anchored osseointegration
prosthesis.
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Tab.1 Inclusion Criteria:

daily activities

sitting down

irritation

prosthesis are considerable

Inclusion Criteria: osseointegration is indicated
when at least one item is answered yes:
» The prosthesis is used less than 50 hours per week

» The prosthesis restricts walking distance: less than
2 km (with or without walking aids)

» The prosthesis is very unreliably attached during
» The prosthesis is quite uncomfortable when

» The prosthesis causes sores, chafing, or skin

» The prosthesis causes considerable discomfort

due to heat/sweating during hot weather

» The problems experienced with the current

Tab.2 Exclusion Criteria:

» Severe diabetes (including a medical history of
multi-organ failure)

» Systemic/local infection
» Age <18 (immature bone)

» Bone deformity, dysplasia, metabolic bone
disease

» Radiotherapy on residual limb within 3 months
before Ol surgery

» Chemotherapy within 3 months before Ol
surgery

» Immunosuppressive drugs use

» Peripheral arterial disease and no femoral artery
pulsations present (palpable) at the unilateral
groin area and/or percutaneous oxygen pressure
<40 mmHg at the tip of the residual limb

» Unclear stump pain

» Amputees that probably might not comply with
medical instructions

» Amputees with unrealistic expectations of Ol
outcome

» Smoking
» BMI more than 30

Tab. 1,2

vere diabetes did not met the inclu-
sion criteria but was, nevertheless,
implanted with a tibia osseointegra-
tion implant. This patient was not
able to walk with a socket prosthesis
because of recurrent skin ulcerations
and was referred to our clinic for a
transtemoral amputation. Instead of
a transfemoral amputation, a custom
made tibia osseointegration implant

was attempted and this unfortunate-
ly failed because of septic loosening.
Seventeen of the cohort of 116 pa-
tients (14.7 %) had vascular patholo-
gy as cause of their amputation and
met the in- and exclusion criteria as
indicated in Tables 1 and 2. Four out
of these 17 patients had acute arterial
ischaemia because of a vascular injury
or ruptured popliteal/femoral aneu-

Fig. 2 Transcutaneous
oxygen measurement
device.
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rysm. Thirteen out of 17 patients had
chronic peripheral artery occlusive
disease. The follow-up range was 1 to
5 years and 37 patients had at least 3
years follow-up.

Of those 17 patients (17 implants,
average age 62 years, age range 44-
75 years, 4 females, 5 tibia implants,
median follow-up 3 years, follow-up
range 1-5 years) with a vascular cause
of amputation, one patient with a tib-
iaimplant had a progressive course of
his chronic arterial occlusive disease
resulting in soft tissue infection of
his residual limb. This male patient
(age 55) had prior to osseointegration
surgery palpable femoral pulsations
but in the first months after osseo-
integration surgery, he developed a
complete femoral artery occlusion.
Finally, this resulted in progressive
untreatable soft tissue infection and
transfemoral amputation 6 months
after his single-stage surgery. There
were no (a)septic implant loosening
or untreatable soft tissue infections
in the group of 99 patients without a
vascular cause of the lower limb am-
putation (Fig. 5).
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Discussion

In this paper the referral and indica-
tion process of the Dutch Osseointe-
gration group is presented. Our previ-
ous study [3] and the follow-up results
of the present cohort of 99 patients in-
dicate that osseointegration implant
surgery is safe if the candidates are se-
lected according to strict criteria. Addi-
tionally, we presented the application
of osseointegration implant surgery
in a selected group of patients with a
vascular cause of lower limb ampu-
tation. Preliminary results show that
this application is relatively safe tak-
en into account the study limitations
of a small group with relatively short
follow-up. Long term follow-up eval-
uation in a larger group with a vascu-
lar cause of lower limb amputation is
required to elucidate the exact risk-
benefit ratio. Nevertheless, the prelim-
inary results are very promising given
the fact that this vascular group suffers
from a progressive disease with high
morbidity and mortality even without
osseointegration. Subjects with a vas-
cular cause of amputation are possibly
an interesting target population for os-
seointegration implant surgery. This
specific group of vascular amputees is
very large and the beneficial effects of
osseointegration surgery in this group
are to be expected very high. Previous
studies have shown that prosthetic
use, walking distances, and quality of
life increased with respectively 45 %,
27% and 68% with bone-anchored
prostheses compared to socket pros-
theses [2, 7]. Bone-anchored prosthe-
sis might specially benefit amputees

with peripheral artery occlusive dis-
ease since it has been shown that en-
hanced mobility in this group is asso-
ciated with much higher life expectan-
cy [8]. In the Netherlands and proba-
bly also in the rest of Europe, 90-95 %
of thelower limb amputations are a re-
sult of peripheral artery occlusive dis-
ease [9]. Prosthetic use in this group is
often very low. A community-based
study in Finland showed that in 175
transfemoral amputees, 50% did not
use or used their prosthesis less than
7 hours per day [10]. Socket prosthesis
fitting problems, constant stump pain
and sores were identified as signifi-

Fig. 4 Stoma detail of
bone-anchored osseointegration
prosthesis.

cantly limiting factors related to dis-
use [11]. The application of bone-an-
chored prostheses might bring the
desired mobility and quality of life in
these vascular amputees. On the oth-
er hand, peripheral artery occlusive
disease is a progressive disorder. The
vascular status may easily deteriorate
after osseointegration implant surgery
and may lead to osseointegration im-
plant failures or untreatable soft tissue
infection of the residual limb. A cer-
tain calculated risk is to be expected
and should be accepted in this group
as long as the osseointegration tech-
nique brings secure prosthetic attach-
ment, easy donning and doffing, sit-
ting comfort, and quality of life, espe-
ciallyin this older age group. The exact
risk-benefitratio has to be determined,
discussed, and finally accepted. Larger
prospective studies in vascular ampu-
tees are now highly desirable.
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Fig. 5 Freedom in daily life
with bone-anchored osseointegration
prosthesis.
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Prosthetics

Treatment Standards: Improved Quality for Patients

tion, with various treatment concepts existing in dif-
ferent parts of the world. A look at the different healthcare
systems of individual countries shows how wide the spec-
trum is. Especially in developing countries - but not only
there - standardised and generally applicable guidelines for
treatment must be developed, improved or adapted to cur-
rent conditions.
This article offers an overview of the current standards
and the latest discussions. The German quality standard

Quality of treatment continues to be a matter of defini-

German Quality Standard

The compendium “Quality Standard for Lower Limb Prosthet-
ics” was published by the Deutsche Gesellschaft fiir interpro-
fessionelle Hilfsmittelversorgung e.V. (DGIHV; engl.: German
Association for the Interprofessional Supply of Medical Aids) at
OTWorld 2018. Qualified O&P professional master craftsman
Michael Schifer is among the lead authors. He introduces the
background to the quality standard:

“Over many years, a German expert committee, com-
prised of physicians and O&P professionals, drafted a qual-
ity standard reference for prosthetic treatment following
lower-extremity amputations. While avoiding a technol-
ogy-focused presentation, the aim was to place prosthetic
treatment - based on the levels in the respective sections of
treatment - in the context of a systematic treatment path
for the first time.

Michael Schdifer

for lower limb prosthetics is published by the Deutsche Ge-
sellschaft fiirinterprofessionelle Hilfsmittelversorgung e.V.
(DGIHV; engl.: German Association for the Interprofession-
al Supply of Medical Aids). In addition the article presents
the international consensus report by the International So-
ciety for Prosthetics and Orthotics (ISPO), which concerns
the treatment of the lower extremities, as well as the guide-
line published by the World Health Organization (WHO) in
2017 - the “WHO Standards for Prosthetics and Orthotics”.
The ISPO Netherlands is also called upon.

The two symposia concerning quality standards held at the
OTWorld - World Congress 2018 in Leipzig are available
as webcast:

”

* “Quality standards in prosthetic fittings for lower limbs
Chair PD Dr. med. habil. Lutz Briickner and Michael
Schiifer, Pohlig GmbH

* “Quality standards in prosthetic fittings for upper limbs”,
Chair Dipl.-Ing. Merkur Alimusaj Universitdtsklinikum
Heidelberg Technische Orthopddie and Michael Schdifer,
Pohlig GmbH

www.ot-world.com/congress-webcast

The comprehensive treatment approach consisting of
17 stages presents the chronologically necessary steps and
framework conditions for successful prosthesis treatment.
At the same time, it conveys practical measures, recommen-
dations and approaches for the respective amputation situa-
tion, which ultimately enable quality-oriented and sustain-
able prosthesis treatment.

Expert knowledge of amputation surgery among experi-
enced physicians with regard to the respective types of ampu-
tation was incorporated into the study along with qualified
experience from level-related day-to-day prosthetic treatment.
Treatment recommendations and relative and absolute exclu-
sion criteria within treatment are shown very clearly using a
traffic light system. This reference offers valuable information
about successful prosthetic lower-extremity treatment for both
interested physicians and committed O&P professionals.”

WHO: Strengthening Healthcare Systems with Service Standards

The WHO Standards for Prosthetics and Orthotics (P&O) pub-
lished in 2017 are intended to strengthen healthcare systems
so that they can provide improved services. They aim to make
care available, effective and efficient. With their recommen-
dations, the standards cover four areas: (political) guidelines
(governance, financing and information), products (pros-
theses and orthoses), personnel (workers), and the provision
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of services. After all, the challenge is to integrate interdisci-
plinary P&O treatment into every level of healthcare - from
acute and long-term to primary, secondary and tertiary care.

The WHO standards created in an international collabo-
ration represent a milestone, particularly for prostheticand
orthotic treatment in developing countries, where a close
link exists between the frequency of physical disabilities



and the lack of resources. The promise behind this: every-
one everywhere should have access to prostheses and or-
thosesin line with their needs, no one should be left behind.

In addition to the standards, there is a handbook for im-
plementation. This helps the countries to develop or expand
high-quality and affordable P&O services. The demand by
the WHO on governments: The service standards should be
viewed as part of healthcare and be the basis for comprehen-
sive collaboration. Governments play a leading role when it
comes to providing high-quality P&O services, identifying

corresponding national priorities, and creating and coordi-
nating guidelines, plans and programmes.

WHO: Standards for Prosthetics and Orthotics

Part 1 - Standards: http://apps.who.int/medicinedocs/
documents/s23363en/s23363en.pdf

Part 2 - Implementation Manual:
http://apps.who.int/medicinedocs/documents/s23364en/
s23364en.pdf

ISPO Report: Amputations Resulting from Vascular Diseases

The ISPO has placed the “Consensus Report on Major Lower
Limb Amputations” online for discussion and commenting by
the P&O community until May 2018, before it publishes the final
version. The report on lower limb amputations was created as
part of an intensive consensus-finding process. The members of
the ISPO International Consensus Group included orthopaedic
surgeons, rehabilitation physicians, O&P professionals and ther-
apists. The consensus report is intended to provide an updated
version of previous guidelines. It is oriented towards service pro-
viders worldwide, who are involved in treating people with low-
er limb amputations due to vascular diseases. Both the availa-
bility of resources and expert knowledge differ widely in many
parts of the world. For OT, co-author and coordinator Karen L.
Andrews, MD, summarises the updates on the management of
prosthetic treatment from the ISPO report:

An ISPO report was recently created thanks to ISPO Inter-
national, Ottobock, Proteor, Ossur, and Blatchford. The first
draft was presented in 2017 at the ISPO World Congress.
This international report is intended to help countries to
implement their own care guidelines. A brief summary of
the updates on prosthetic treatment outlined in the report
is provided below.

The precise details of a prosthetic prescription include
socket design, suspension, interface, pylon, knee, and foot
components. Prosthetic training should be arranged when
the initial prosthesis is prescribed. A well-fitting prosthesis
with appropriate components, supervised training, and on-
going follow-up optimises the use and function of the device.

The socket interface connects the prosthesis with the
body. This is a critical element in socket design. Thorough
research is needed to inform decisions about socket/liner
prescriptions.

Research findings suggest that hydraulic microprocessor
knees (MPKs) improve patient satisfaction, safety, and ener-
gy consumption. They benefit those with limited mobility,
improve confidence, and decrease cognitive demands. Ad-
ditional studies suggest the benefits of MPKs are not reduced
by age, mobility grade, BMI, and other clinical variables.

A review of ankle foot components concluded that, at
the transtibial level, stride length is greater with a dynam-
ic response foot, than a conventional fixed prosthetic foot.
At high activity levels, better gait efficiency was noted.
Hydraulic and microprocessor controlled feet (MPF) have
recently also become available. They reduce stress on the
amputated limb, optimise residual limb pressure distribu-
tion, increase toe clearance, and feel safer during ramp as-
cent. It is, however, challenging to predict an individual’s

response to a specific prosthetic device/component on clin-
ical variables alone. Empirical knowledge and individual
judgement remain indispensable to determine appropriate
prosthetic management. The opinion of the working group
was that prosthetic management is best accomplished with
a multidisciplinary, specialised treatment team.

Authors

Karen L. Andrews; Malte Bellmann; Helena Burger; Joseph
Czerniecki; Bernard Greitemann; Jan H.B. Geertzen;
Andreas Hahn; Matthew Houdek; Anton Johannesson;
Gert-Uno Larsson; Magnus Lilja; Saffran Moeller; Carolina
Schiappacasse; Ernst Schrier; Harmen van der Linde; Harry
Voesten; Saeed Zahedi.

The complete report can be read at:
www.ispoint.org/?page=lowerlimbconsult

Conclusion

Bringing more knowledge, standardised approaches and
a verifiable quality level into prosthetic treatment - this
unites all three standards. The international reports and
standards from the ISPO and WHO aim to largely set na-
tional implementation processes in motion. The WHO has
published a special implementation handbook that can
ultimately lead to guidelines in individual countries and,
in particular, introduce developing countries to the latest
standards in medicine.

The ISPO Consensus Group drafted the report in con-
junction with the updating of a Dutch guideline from 2012
on amputations and prosthetic rehabilitation due to vascu-
lar diseases. The consensus report summarises current ex-
pert knowledge and formulates updated recommendations
of key points for daily practice, which are based on available
evidence and and expert opinion.

The new standard on prosthetic lower-extremity treat-
ment published by the DGIHV shows: until now, even in
Germany, there was a lack of a standardised understand-
ing of treatment and a definition that could withstand
the requirements of a comprehensive, binding quality
standard. In the compendium, systematic treatment paths
were developed for the first time so that treatment is now
more understandable and verifiable, not only for physi-
cians, O&P professionals and therapists but also for cost
bearers. W
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Prosthetics

Quality Standard
for Lower
Limb Prosthetics

\ The German compendium “Quality Standard for Lower

Limb Prosthetics” was published in 2018. Following the
“Quality Standard for Upper Limb Prosthetics” published

»Quality Standard for in 2014, this is the second of five treatment pathways that
Lower Limb Prosthetics“ are currently being developed by working groups of the

L. Briickner, M. Schiifer et al.

Sessssansnnsns

DGIHV e.V. (German Association for the Interprofession-
al Supply of Medical Aids), the former advisory board for
technical orthopaedics. To give our readers an idea of the

Sessssssasssananns

The complexity and progress in amount of expertise and depth of the treatment standard,
orthopaedic technology and the you will find a complete sample chapter on pages 34 to 39.
_COW@SPOHding new developments We selected Section 3.3 “Amputation at knee level, high

in Freat:nerwt concepts pose new activity level” from Chapter 3 “Knee disarticulation” as our
challenges fOf profession qualificati- sample, which is a useful supplement to this issue’s

on and equipment of modern work- focus: knee prostheses. In the following we also include

shops.

some quotations from the compendium. We furthermore

This quality st: = . . N . .
Nis quality standard defines from provide information on the experts who contributed

today‘s standpoint how providers
can and should ensure state-of-the-
art treatment of the lower limb.

to this German standard work and on the special colour
system that allows readers to see at a glance which meas-
ures are recommended (green) or possible (amber) and
which no longer comply with state-of-the-art treatment
procedures (red).

00 e

Treatment recommendation

Strong recommendation: green @

Can be implemented functionally based on the characteristics
of the residual limb, general biomechanical properties and effects

and mode of action
Recommended under certain circumstances:

Limited functional implementation based on the characteristics
of the residual limb criteria, general biomechanical properties
and effects and mode of action

Not recommended: red o

Based on the characteristics of the residual limb, general biomechanical
properties and effects and mode of action
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From the preface:

“Different amputation levels of the
segment of the limb and their special
features in prosthetic treatment of the
lower limb can be described using the
same system.

For the respective segments of the
limbs, treatment pathways were de-
veloped and applied to different am-
putation levels in correlation with the
actual treatment situation:

—_

. Residual limb length

. Activity level

. Requirements of the
residual limb

. Rehabilitation goal

. Prosthesis recommendation

. Socket design

. Components

. Aesthetics

. Add-ons

. Instructions for use
of the device

11. General information

12. Approval criteria

13. Service and maintenance

14. Training in the use of

the prosthesis

15. Framework conditions

16. Trial fitting

17. Quality assurance

w N

SO X g U

1

They guide readers systematically
through requirements of and meas-
ures for prosthetic fitting of individual
amputation levels of the lower limb. It
is practical information like this that
distinguishes this document from the
rigid system of the catalogue of devic-
es. (...)

We examined established methods
such as classification of amputees in
mobility grades 1 to 4 and discussed
their value for assessment. To satisfy
the requirements of the dynamic de-
vice provision process, a conscious de-
cision was made to place less impor-
tance on this method of classifying
mobility. Instead, indications were
distinguished according to activity
requirements of prosthesis users who
were classified as patients with ‘low ac-
tivity requirement’ and ‘high activity
requirement’. If desired, patients with
low activity requirement could be as-
signed to mobility grades 1 and 2 and
patients with high activity require-
ment to mobility grades 3 and 4.

Experts state that this method of
differentiation according to activity

HowToTreat 1/19 Kobe Edition

requirement describes dynamic pro-
cesses and aims of individual pros-
thetic fitting with respect to the actu-
al situation more accurately.

Following the system used in liter-
ature for this field, we classified ampu-
tation of thigh and lower leg in three
different length categories: short, me-
dium, and long. Separate chapters
were devoted to special lengths with
specific treatment requirements such
as an extremely short residual limb of
the lower leg.

This method also contributes to a
more objective, dynamic assessment,
as treatment differs depending on
amputation level, thus also affecting
the rehabilitation goal. The team of
experts took a clear position on this.
In order to introduce a visual guide-
line to this reference work, a ‘traf-
fic light’ rating system was invented
that clearly indicates which measures
are recommended according to the
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quality standard (green), which are
possible under certain circumstances
(amber), and which should be avoid-
ed (red).

This method should not only facil-
itate the work of orthopaedic techni-
cians, but also assist physicians in pre-
scribing a prosthesis, help physiother-
apists understand the prosthesis, and
support experts and insurance em-
ployees in evaluating the necessary
treatment.

If an orthopaedic technician pro-
vides a device that complies with
the recommendation of the quality
standard (green), it can potentially ac-
celerate the assessment of the service
by the responsible employee in charge
of the case and support an evaluation.
Other options (amber or red) would
require justification and, if necessary,
the specific treatment situation would
need to be discussed with the health
insurance.”
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Certified Orthopaedic
Technician

CEO of ORTHOVITAL GmbH

Dr. med. Armin Koller
Specialist in Orthopaedics
Senior Consultant for
Technical Orthopaedics
Mathias-Spital Rheine

Daniel Merbold
Master of Business
Administration
Certified Orthopaedic
Technician

Owner of D Med Tech
Consulting

Ingo Pfefferkorn
Engineer, Certified
Orthopaedic Technician,
Director of Orthopaedic
Technology

OTB GmbH, Rostock,
President of FOT, e. V.

Bernd Sibbel

Certified Orthopaedic
Technician, Instructor for
Prosthetics at the Federal
Academy of Orthopaedic
Technology, Dortmund




Prosthetics

L. Brlickner, M. Schéfer et al.

Extract from the compendium
“Quality Standard for Lower Limb Prosthetics”

Section 3.3:

Amputation at
Knee Level;
High Activity Level

Residual Limb Length —

Type of Amputation, Require-
ments, and Treatment
Recommendation

- Knee disarticulation
- Transcondylar amputation

Fig. 1a Fig. 1b
Transcondylar Knee disarticu-
amputation. lation.

Unlike the descriptions of other ampu-
tation levels, these two different am-
putation levels (Fig. 1a and b) are de-
scribed together, since their prosthesis
design is very much alike.

Activity level

Normal activity level:

active user, no limitation

of walking distances:

The amputee is able or has the po-
tential to use the device in everyday
routine to move on nearly any terrain
with even and alternating speeds.
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Walking duration and distance are
unlimited.

High activity level: active user, no
limitation of walking distances:

Functional requirements such as high
impactloads, tension, etc. and athletic
activity result in special prosthesis re-
quirements. Devices for children and
adolescents are included in this cate-
gory. Awell-conditioned residual limb
would be optimal.

Requirements of the
residual limb

See Chapter “Knee disarticulation
General information”

Rehabilitation goal

— As much equality with unim-
paired individuals as possible

— Social integration; conduct activi-
ties of daily living (ADL)

— Fitamputee who is able to achieve
the predicted higher activity level

— Independent donning, doffing,
and handling of the prosthesis

Fitting recommendation

— Knee disarticulation prosthesis
produced using custom measure-
ments and/or impression tech-
nique with movable knee joint and
foot component

Further differentiation is made by re-
marks in the general information sec-
tion: types of prostheses, socket tech-
nology, knee and ankle joint function

Special criteria regarding residu-

al limb length, requirements of the

socket:

— Accommodation of residual limb
volume

— Full-contact containment of the
residual limb when standing and
sitting

— Transfer of movement

— Load transfer

— Full-surface adhesion between
residual limb and prosthesis for
fixation

— Minimisation of pressure, tension,
rotation, torsion, and shear forces

— Full contact and end loading

— Accommodation of sensitive bone
protrusions

Requirement:

— Functional knee disarticulation
prosthesis

Justification:

— Participation and greatest possible
independence in everyday life

— Enabling ADL

— Restoration of body integrity

— Restoration of the
support area

— Restoration of a
physiological gait pattern

— Stabilisation

Socket technology

Requirement:

— Full-contact containment of the
residual limb when standing and
sitting

— Transfer of movement

— Load transfer

— Securely fixed to the residual limb

Justification:

— Preservation and protection
of remaining muscle, skin
and bone

— Preservation and support of blood
flow

— Prevention of secondary damage

— Preservation and support of maxi-
mum possible joint and movement
functions

Remarks:
Trial fitting required:



1. Manufacture of at least one analysis
socket

2.Trial prosthesis for use in the man-
ufacturing workshop (fittings, use
training)

3.Trial device with the components
to be tested or selected including a
customised, load-bearing design.
We recommend testing the device
twice: first with the support of the
therapist and orthopaedic techni-
cian and then in the amputee’s dai-
ly routine.

Socket types
see Fig. 2

Commentary on restricted recom-
mendations:

Containment socket with soft inner
socket

Since thissockettypeisusually equipp-
ed with a tensioning adhesion mecha-
nism, it may result in reduced lift sta-
bilityin high activity levels (sport) due
to high inertia.

Special type: Load transfer

via the pelvis ®

This socket type should only be used
if there is no or only a minute pos-
sibility of end loading via femoral
condyles. The major functional ad-
vantages of a distal force transfer
in conjunction with a socket rim
that ends below the ischial level are
nearly eliminated. The same gener-
ally applies to the more physiologi-
cal gait pattern compared to higher
amputation levels. If this socket sys-
tem has proven to be the only usa-
ble socket type, fabrication is oblig-
atory.

Which socket type is chosen de-
pends not only on the individual re-
quirements of an amputee but also
on the quality criteria applied by the
orthopaedics manufacturer (equip-
ment in the workshop and level of
training/expertise of the orthopae-
dic technician).

Adhesion and support
mechanisms (Fig. 3)

Due to slight supracondylar tapering,
the special shape of the residual limb
resulting from wide femoral condyles
allows for the use of a shape tensioning
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adhesion mechanism, regardless of the
choice of socket material. Various ma-
terials are suitable for fitting a prosthe-
sis after knee disarticulation.

Due to an individually adjustable
shape of the rim, flexible and semi-flex-
ible inner sockets made of PE foam, pol-
yethylene, or silicone offer enhanced
comfort.

Note: The criteria for selecting suita-
ble materials for higher activity levels
are determined after identifying the
patient’s specific condition.

Peer-Reviewed Paper — Prosthetics

Note: Criteria for selecting the mate-
rials to be used

Commentary on restricted
recommendations:

Rigid hard socket -

Outer containment @

This type of socket system does not
fulfil the requirements regarding
function, handling, and comfort for
this activity level. It limits the pa-
tient’s possibilities and is not recom-
mended.

*‘ Containment socket with flexible inner socket ‘

i‘ Special form: Loading via the pelvis o ‘

High activity level

Containment socket with flexible inner socket
or HTV silicone inner socket o

Rigid frame with flexible inner socket
HTV silicone socket ()

Fig. 2 Recommended socket systems for knee-level amputation,

higher activity level.

Adhesion and support mechanisms

Rigid type (containment socket)

[ J Fibre composite
materials (cast resin)

‘ Flexible type (thermoplastically modifiable inner socket) %

‘ Custom-produced HTV silicone inner socket

o

Custom-produced HTV silicone liner system:
Strap or retention fixated

‘ Customised silicone liner system: Vacuum

Fibre composite

materials (cast resin,

‘ Elastomer liner system: Vacuum

prepreg)

as semirigid external
containment or semi-

‘ Silicone liner system: Lanyard

rigid/rigid frame socket

Silicone liner system: Ratchet pin and
pin without ratchet

‘ Silicone liner system: Vacuum

Fig. 3 Recommended adhesion principles in socket technology for knee-level

amputations, higher activity level.



Flexible type: PE foam

This adhesion mechanism does not
offer sufficient longitudinal stroke
stability for high activity levels.

Silicone liner system: Lanyard @
This liner system is usually equipped
with a distal cup in standard shape
and does notaccommodate anatomi-
cal requirements of knee disarticula-
tions. In addition, there is considera-
ble lengthening of the socket system
due to the deflector mechanism of
the lanyard that counteracts the bi-
omechanical requirements for a bal-
anced lower leg length. This type of
device is not recommended.

Silicone liner system:

Ratchet closure ®

This liner system is usually equipped
with a distal cup in standard shape
and does notaccommodate anatomi-
cal requirements of knee disarticula-
tions. In addition, there is considera-
ble lengthening of the socket system
due to the closure mechanism that
counteracts the biomechanical re-
quirements for a balanced length of
the lower leg. This type of device is
not recommended.

Silicone liner system:

Passive vacuum @

This liner system usually has a stand-
ard shape that does not accommo-
date the anatomical requirements of
a knee disarticulation and is not rec-
ommended due to fitting issues.

Components
Knee components

see Fig. 4

Commentary on restricted
recommendations:

Knee joint systems 1.0 ®

Joints in this category do not comply
with the manufacturer’s recommen-
dations for this activity level and do
not fulfil the user’s functional re-
quirements. They limit the patient’s
possibilities and are therefore not
recommended.

Knee joint systems 4.0

Can be used under certain circum-
stances, as the generally limited
structural height might not allow
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Knee components

e Electromechanical SP + SW

Knee joint systems 1.0 [ ]
e Locking knee

e Mono- or polycentric axis geometry

Knee joint system 2.0 [ J
e Mechanical: Weight or situation-dependent SP + SW

e Hybrid knee: Mechanical and hydraulic SP + fluid SW

e Hydraulic knee: Hydraulic SP + fluid SW

Knee joint system 3.0 [ )

¢ Microprocessor: Hydraulic or magnetorheological SP + SW

Knee joint system 4.0

e Linked function control of knee & foot, control of SP + SW

Fig. 4 Knee joint systems for knee-level amputations,

higher activity level.

combination. In addition, the weight
of the knee/foot of this combination
may have a negative impact on the
wearer’s comfort.

Knee components
Mechanically controlled resistance
mechanism:

— Bouncing

- Yielding

Electronically controlled resistance
mechanism:

— Yielding

— Fixing

— Freezing

Foot components

The prosthetic foot is the basis of
every prosthesis and makes safe
standing and walking possible. Cur-
rently, classifications are made ac-
cording to the following function-
related selection criteria:

— Heel strike
— Footroll-over
— Push-off

Tabular overview of foot systems
see Fig. 5

Commentary on restricted
recommendations:

Foot systems 1.0 @

Due to limited planes of movement
no physiological stance phase can be
achieved with a locked knee.

Foot systems 4.0

Functional benefits must be weighed
againstavailable structural heightand
increased component weight (possibly
negative effect).

Foot systems 5.0

Functional benefits must be weighed
againstavailable structural heightand
increased component weight (possibly
negative effect).

Foot systems 6.0 ®
No current entries

Tabular overview of foot systems
see Fig. 6

Commentary on restricted
recommendations:

Rotation adapter ®

Due to functional lengthening and a



Foot systems

Foot systems 1.0 [ ]
e Low energy return with short functional forefoot lever

e Main effect in one plane (only partial pro-/supination and rotation)
Foot systems 2.0 o
o Efficient energy return with long forefoot level

e Main effect in all planes (pro-/supination and rotation)

Foot systems 3.0 )
e Mechanically controlled feet

e Multiaxial

Foot systems 4.0

e Passive microprocessor-controlled feet

Foot systems 5.0

e Active microprocessor-controlled feet

Foot systems 6.0 ([ J
e Microprocessor-controlled feet, electronic communication

e Machine/machine; human/machine

Foot systems 7.0 )
e Special type: Prosthetic sports feet

Fig. 5 Foot systems for knee-level amputations, higher activity level.

Rotation adapter [ )

‘ Torsion adapter ‘

‘ Ankle adapter ‘

‘ Adapter for shock absorption ‘

Fig. 6 Functional add-ons for
prostheses for knee-level amputa-
tions, high activity level.

Single-piece shape adapter/

]
cosmetic

Two-piece shape adapter/cosmetic @

Fig. 7 Shape adapter/cosmetic
for knee disarticulation prostheses,
high activity level.

notgenerally limited hip rotationin a
knee disarticulation socket, rotation
adapters should not be used.

Torsion adapter

Test whether torsion adapters offer func-
tional benefits and weigh these benefits
against weight and structural height.

Ankle adapter

When used, check whether negative
effects of adapter’s own weight is pro-
portional to the functional benefit.

Adapter for shock absorption

When used, check whether negative
effects of adapter’s own weight is pro-
portional to the functional benefit.

Shape adjustment

Anatomical and optical shape adjust-
ment of the amputated side, if appli-
cable in two parts for thigh and low-
er leg. Also as protection of prosthesis
components and coating (Fig. 7).

Commentary on restricted rec-
ommendations:

Red @

A single-piece continuous cosmetic
cover limits mobility/functionality of
the prosthetic knee jointand has func-
tional disadvantages. A single-piece
cosmetic cover should be produced
only at the express request of the user.

Add-ons

— Care sets
— Donning aids
— Shoes suitable for prostheses

Instructions for use of
the device by orthopaedic
technicians

— Explain and practice donning
and doffing
— Explain and practice operating
functions
— Explain and practice care
instructions
— Personal hygiene/residual limb
care:
» Daily cleaning with water
and pH-neutral soap; care of
the residual limb with suitable
products
» Cleaning of components:
clean according to
manufacturer’s instructions
» Cleaning the socket: suitable
cleaning of the inner and
outer surface
* Cleaning the liner: daily clean-
ing according to manufacturer’s
instructions

General information/
Hazard information

— Explain uses and limitations
(e.g. water, temperatures, mechani-
cal/chemical influences, etc.)

— Daily inspection
(safety and function)

Approval criteria

Structural check

Prosthesis components must be used
according to the respective manufac-
turer’s guidelines.

Note: Observe manufacturer’s struc-
tural recommendation and Medical
Devices Act. Always conduct a stat-
ic structural check showing vertical
ground reaction forces.
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Trial fitting

We distinguish between two phases of

a trial fitting of a prosthesis

— Static fitting (trial fitting only
when sitting or standing)

— Kinematic/dynamic fitting or
walking trial.

Note: During static fitting, only fit
and socket position are checked and
any changes/adjustments needed are
made. These trial fittings can first be
conducted with a static device, fol-
lowed by a fully assembled prosthesis.
During dynamic fitting, the behaviour
of the prosthesis during movement is
the main point of concern, so any re-
quired changes/adjustments of the
structure and the socket can be made.
Always conduct a static structural
check showing vertical ground reac-
tion forces at the end of a trial fitting.

Phases of a trial fitting

Static fitting:

Check of

— Socket form/functional
containment of the correct volume

— Length

— Foot position

— Proportions

— Flexion/extension

— Abduction/adduction

— Contact of shoe and ground

Dynamic fitting:

Implementation of the values de-

termined during static fitting with

respect to the patient’s dynamics

through gait analysis, e.g.:

— Step and stride length

— Rollover behaviour of the
prosthesis shoe

— Socket system behaviour in stance
and swing phases

— Knee joint movement

— Upper body movement

— Use of upper limb

— Compensation movements

Check of socket fit:

Only a well-fitting socket that com-
pletely contains the residual limb vol-
ume, correct load bearing, and fixa-
tion result in a patient-friendly func-
tional prosthesis that is acceptable for
the patient.
The following are especially impor-
tant:
— Changes in skin structure/

colour (redness)
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— Pressure points
— Skin temperature

Note: For patients with arterial occlu-
sive disease, excessive compression or
pressure points must be avoided at all
costs. The fit of the prosthesis socket
must be checked repeatedly at short
intervals.

Check of fit

— Volume

— Skin redness

— Skin temperature (contralateral
comparison)

— Check of residual limb contain-
ment (especially the distal surface
of the femoral condyle)

— Socket brim

— For patients with arterial occlusive
disease, check blood flow very
carefully

— The prosthesis must remain in
position (stance and swing phases)

— Consider comorbidities and
restrictions of motion, especially
of the preserved joints

Check of overall appearance

— Dimension

— Workmanship

— Body symmetry

— Aesthetics

— Colouration

— Equivalent to dimensions and
alignment of the contralateral side

Check of support mechanisms

— Functional test of all support
mechanisms

Static and dynamic check

— Stance stability

— Check structural criteria
— Prosthesis length

— Clinical gait check

— Stance/swing phase times

Wearing period

— Comparison of the individually
required wearing time with the pa-
tient’s actual wearing time

- Checkindication for an alternative
prosthesis

Functional benefit

— Range of movement/function and
ability to carry out activities of
daily living (ADL)

— Check (questionnaire/demo) ac-
tivities that enable the amputee to

lead an independent life according
to their possibilities

Service and maintenance

Initial prosthesis

(interim prosthesis)

— Check fit every 2 to 4 weeks, more
frequently if necessary

— Check at least once a week during
rehab

— Recommended period of use:
3 to 6 months

Definitive prosthesis

— Check fit semi-annually

— Carry out service and mainte-
nance according to the manufac-
turer’s directions

— Period of use max. 3 to 5 years if
the conditions and requirements
remain the same

Justification:

— Preservation of functionality
and fit

— Comply with warranty rights/
claims

Note: Have the amputee’s mobility,
morbidity, and/or weight changed?

Prosthesis training

Requirements

Interim prosthesis:

— Conditioning the residual limb

— Ensure full end loading and
weight transfer

— Restoration of body balance

— Symmetrical, harmonious gait

— Adaptable to changing residual
limb situations

Definitive prosthesis:

— Improvement and fine adjustment
of ability to walk and stand

— Increase load capacity; coping
with different situations and walk-
ing speeds

— Use of varying walking speeds

— Adaptation of physiological
roll-over

— Stability of shape and function

Goals

Interim prosthesis:

— Support of consolidation measures

— Gait training

— Transfer

— Ramps, stairs, etc.

- Check of potential/anticipated
mobility



Definitive prosthesis:

- Permanent, stable prosthesis with
biomechanical compensation of
the amputation loss

— Forusein ADL

Repeated prosthesis and gait
training
Due to primary movement patterns
that are subconsciously controlled by
the central nervous system, the func-
tional implementation of compensat-
ing for amissing lower limb is - despite
a prosthesis - an extremely complex
task foramputees. The follow-up of the
changed biomechanics and post-am-
putation proprioceptive coordination
of the gait is essential for further care
and depends on several factors:
- Amputee’s age
— Underlying disease and

amputation level
- Condition of soft tissues
- Mental and physical condition
- Accompanying diseases
— Loss of proprioception of the

foot and its afferent effect

on movement coordination of

the central nervous system

Only continuous and systematic train-
ing with the goal of achieving coordi-
nated interaction of the factors listed
above enable individuals with a dis-
ability to achieve self-determination
and participation in social life, guar-
anteed in Art. 3 (3) of Germany'’s Basic
Law. Thisimplies that after every fitting
with a new prosthesis or component, a

combination of prosthesis training and
special gait training under competent
supervision (rehabilitation clinic, out-
patient rehabilitation facility, certified
medical supplier) will be necessary. Am-
putees will therefore be able to practise
coping with the new prosthesis, care
and maintenance, donning technique,
andin gait training rhythm, speed, step
length optimisation, stairs climbing,
walking on slopes, terrain training, fall
training, and fitness training.

Framework conditions
Requirement:

— Pre-qualification

- Certified orthopaedic technology
mechanic and/or professional
instructor

— Certification of the provider

Justification:

— Assuring the required quality of
provider expertise

- Assuring qualification and quality
of care

Note: For complex prostheses, specif-
ic in-depth expertise is necessary; tri-
al prostheses are available for complex
residual limb situations.

(Analysis socket)
Trial prosthesis

Requirement:

1. Production of trial socket (analysis
socket)

2.Trial prosthesis for use in the pro-
duction workshop (trial fittings,
training in prosthesis use)

3.Trial device with the components
to be tested or selected including a
customised, load-bearing design.
We recommend testing the device
twice: first with the support of the
therapist and orthopaedic techni-
cian and then in the amputee’s dai-
ly routine.

Note: Analysis sockets are thermo-
formed, rigid, stable, transparent sock-
ets made of plastic, (e.g. PETG), pro-
duced directly on the moulded mod-
el, used for checking the exact static
fit. These sockets may also be used for
conducting dynamic walking trials
with the amputee. If the prosthesis
has a containment socket with a flex-
ible inner socket, the analysis socket
is to be produced using the definitive
design.

Quality assurance

— Technical and process-oriented
control and quality assurance
for the production of lower limb
prostheses

— Internal and external further
training required

— Dimension sheet/assessment
sheet/ mobility evaluation

— Documentation (video/photo)
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Prosthetics

Current lower limb prosthetics are li-
mited when compared with the hu-
man leg. These prosthetics have a
limited range of motion, lack pow-
er support and have no direct mea-
sure of what the user wants their
prosthesis to do. Myoelectric sig-
nals have been utilized to achieve a
direct link to the users nervous sys-
tem. They can allow the user to con-
trol their prosthesis in a way that
conventional devices simply cannot
offer. For example volitional control
over the ankle flexion whilst walking
is not possible but would be very be-
neficial to the user. In this study we
compared two myoelectric signals,
recorded with surface vs. implan-
ted electrodes, for the control of lo-
wer limb prosthesis. The applicabili-
ty and practicality of a myoelectric
control system was examined. We
found that the implanted electrodes
provided a more robust signal and
currently offer a more practical myo-
electric control than systems using
surface electrodes.

Key words: myoelectric, sensors, im-
plantable, control, prosthesis

Introduction

The Pros and Cons
of Adaptable Prostheses

Of commercially available lower limb
prostheses, the most advanced con-
trol is provided in microprocessor
controlled prostheses. These use in-
formation from kinetic and kinemat-
ic sensors to adapt to the user’s loco-
motion and have no direct measure
of the user intent. A microprocessor
controlled prosthesis can adapt to the
user to certain extent e.g. by adjusting
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Surface vs. Implanted
Electrodes for the Control of
Lower Limb Prosthetics

to different walking speeds. The main
benefits have been shown tobee.g. de-
crease in stumbles and falls leading to
increased safety [1], more natural gait
during stair and ramp descent and as-
cent [2-3], reduced metabolic cost [4]
and improved ambulation [5].

Current shortcomings of micropro-
cessor controlled prosthesis is a long
adaption time and they are not always
intuitive for the users. They also have
a limited range of motion across mul-
tiple planes, offer limited or no power
support and offer no direct volitional
control. Simply put, current devic-
es are quite limited when compared
with their normal lower limb. A hu-
man-machine interface, taking use of
the brain, can address some of these
limitations by tapping into the world’s
greatest control center capable of con-
trolling complex movements while
also thinking about what’s for din-
ner. Advance human-machine inter-
faces use bioelectric signals to direct-
ly connect to the nervous system and
thus utilize the world’s greatest control
center, that is, the brain [6].

Using Electric Muscle Signals

Using the electric activity of muscles,
Electromyographic (EMG) signals have
been used to provide prosthetic users
with both volitional and non-volition-
al control and myoelectric upper limb
prosthesis are commercially available.
Research using surface electrodes sug-
gest that EMG controlled prosthesis
can provide improved function and
prosthesis embodiment while also re-
ducing muscle atrophy and phantom
limb pain [6-9]. By allowing the am-
putee to directly control his prosthesis
in an intuitive way he becomes more
aware of his prosthesis and feels more
like the prosthesisisa partof him. This
should also allow the user to react fast-

erand more appropriately in situations
that the programs are unable to pre-
dict.

Surface vs. Implanted
Electrodes

Despite their promising results in a
lab environment there are no EMG
controlled lower limb prosthesis com-
mercially available. This is largely due
to the limitations linked to the use of
surface electrodes and the challenge
of creating a practical and comforta-
ble surface EMG recording setup. Sur-
face electrodes are sensitive to envi-
ronmental changes such as high forc-
eswithin the amputee’s socket, distur-
bances because of sweat, movement of
electrode position when donning and
doffing, power hum and movement ar-
tifacts [10-11]. These limitations have
resulted in the need of extensive train-
ing and the systems are often only ap-
plicable during sitting or non-ambu-
lation [7].

The Alfred Mann Foundation
developed the first fully Implantable

Fig.1 Photograph taken in the surgery
during the insertion of the IMES.



Fig. 2 A photograph of the implanted
myoelectric sensor.

Myoelectric Sensors (IMES) to over-
come the inherent problems of surface
electrodes. The sensors can be injected
into a residual muscle through a small
(5-10 mm) incision and used to record
muscle activity [12]. They are powered
through a magnetic link which is also
used to wirelessly transmit data to and
from the IMES. The sensors can be eas-
ily turned off by the user by turning off
the magnetic link or by removing the
prosthetic socket. These sensors pro-
vide a robust recording setup and the
environmental factors that cause dis-
comfort and signal disturbance with
surface EMG are completely bypassed
by implanting the electrodes.

The aim of this study was to com-
pare myoelectric signals recorded
with surface electrodes vs. IMES and
the feasibility of their use for control
of lower limb prosthetics.

Equipment & Method
Subjects & Surgery

Two lower limb amputees were recruit-
ed for an IMES study, one transfemo-
ral (TF) and one transtibial (TT). Both
amputees were experienced users at a
K3 activity level. Fine wire electrodes
were used to verify that an adequate
myoelectric signal could be recorded
from each muscle during a volitional
contraction. Two IMES sensors were
subsequently implanted into each
user, into the bicep femoris and the
rectus lateralis of the TF subject and
into the tibialis anterior and the gas-
trocnemius of the TT subject. Each
procedure took about 30 minutes and
was performed under local anesthesia
and mild sedation (figure 1). Both sub-
jects were asked to use crutches instead
of their prosthesis for two weeks after
the operation and allowed a 4-week re-
covery period before testing with the
IMES began.

The IMES System

Each sensorisabout2.5 mm in diame-
ter and 16 mm long with custom elec-
tronics housed within a ceramic cylin-
der. Each end of the cylinder is made
from conductive metal that serve as
electrodes (figure 2). X-rays were taken
after the implantation to confirm the
correctimplantlocation relative to the
intended placement of the socket (fig-
ure 3). After the sensors had been im-
planted into the residual muscles the
coil, which is housed by the prosthetic
socket, can be used to wirelessly trans-
mit power and data to and from the
IMES through a magnetic field. The
coilis controlled by a coil drive module
which modulates the magnetic field.
The IMES controller interface powers,
programs and receives data from the
IMES and is connected to the bionic
signal message broker (BSMB) which
connects the IMES system and Ossur’s
prosthetic devices (figure 4). The IMES
are only capable of sending a filtered,
rectified and integrated signal due to
stability issues and the sampling rate
of the sensors was 236 samples per sec-
ond.

Surface Electrode Setup

Preliminary testing was done to iden-
tify the appropriate surface electrode
setup. Abioamplifer and recording sys-
tem from Kine ehf. was used to record
the surface EMG signal. These amplifi-
ers have a sampling frequency of 1600
Hz and can wirelessly transmit the
EMG data to a computer. Socket fit has
been shown to effect the muscle activi-
ty of theresidual limb and it was there-

Fig. 3 X-rays of the
TF user to the left
and TT user to the
right showing the lo-
cation of the IMES
5ensors.

fore crucial to use the same socket for
both the IMES and the surface EMG re-
cording. The amplifiers were too bulky
to be utilized within the IMES socket
and therefore soft hydrogel electrodes
were placed on the skin and the con-
necting wires passed proximally over
the socket rim to the bioamplifiers lo-
cated on the subjects back. In order to
determine the optimal position of the
electrodes the subjects’ residual limb
was palpated during contractions and
the area of greatest interest was iden-
tified and marked. Iterative measure-
ments were then done to identify the
strongest signal location. Finally elec-
trodes were placed on the strongest
signal location as well as around that
area taking in account the anticipated
displacement by the liner and socket
i.e.in the proximal direction (figure 5).

Testing

Muscle activity patterns vary more be-
tween prosthetic users than between
non-amputees largely because of an-
atomical differences between residual
limbs and due to different walking
strategies [7]. Therefore the natural
muscle activity patterns and volition-
al contractions were initially record-
ed with the Rheo knee and Proprio
foot without EMG control to establish
when and how the controls should be
implemented.

Surface EMG signals were record-
ed during sitting with and without
the liner and during standing on a
prosthesis to evaluate the effect of the
prosthetic interface on the signal. Ad-
ditionally the TT user was asked to vo-
litionally contract his muscles during
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Fig. 4 Shows the
IMES system for a
TT user. The coil is
laminated with-

in the socket and
wirelessly commu-
nicates with the
IMES. The IMES
control interface is
used to control the
coil and send mus-
cle signals to the
BSMB which then
communicates with
the prosthesis.

level ground walking to mimic the
control signal for dorsi- and plantar-
flexion. The muscle activity pattern
was then recorded with the IMES and
surface electrodes during walking,
stair descent, and sit-to-stand and
stand-to-sit movements. The surface
EMG could not be recorded while the
IMES system was turned on due to the
magnetic field produced by the system
and therefor these measurements were
not done simultaneously.

The difference between the IMES
and surface EMG signals were com-
pared, focusing on long term use and
reliability. Signal qualities were exam-

Fig. 5 Determining the region of greatest
interest (green box) and the area of
strongest myoelectric signal (red circle)
was done with iterative measurements.
Electrodes were then placed on and
around the area of interest taking in
account the possible movement of the
strongest myoelectric signal location.
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ined using EMG profiles, comparing
the mean amplitudes and standard
deviation of the signal during multiple
cycles. Practicalities of the two record-
ing methods were assessed in light of
connection failures and user comfort.

Results

No adverse events occurred during the
procedures and the implants are fully
functional three years post implant.
The subjects have not experienced
any discomfort due to the sensors and
they have not had to limit their pros-
thetic use.

The surface EMG recordings of vo-
litional contractions during sitting
showed improved signal-to-noise ra-
tio after donning the liner. The signal
was the strongest during the volitional
contraction of the subjects while they
were standing on their prosthesis. This
might be because the added pressure
from the socket held the electrodes
close to the signal source and/or sub-
jects were able to produce a stronger
contraction while standing. Both sub-
jects’ volitional contractions could be
detected with the surface electrodes
and IMES, during non-weight bearing
and weight bearing situations. How-
ever, the signal quality of the SEMG
was inferior to the IMES signals based
on the EMG profiles.

The signals’ mean amplitude for
both muscles in all weight bearing ex-
ercises (i.e. walking, stair descent and
sit-to-stand and stand-to-sit) was high-
er and showed less variability for the

IMES signal when compared with the
surface EMG signal. This is illustrated
in figure 6 which shows the mean and
standard deviation of the IMES and
surface EMG signals recorded during
stair descent. In this figure it can be
seen that the hamstrings are activat-
ed when the knee starts flexing and
also prior to the subsequent swing
extension. During ambulation a dis-
tinct muscle activity pattern could be
recorded from the TF subject. How-
ever, during volitional contractions
the TF user had difficulties with con-
tracting individual muscles as indi-
cated by both the surface EMG and
IMES measurements. An example of
the sEMG signal check can be seen in
figure 7 where the subject was asked
to relax for 5 seconds and then con-
tract his quadriceps. The contraction
signal of the muscle under investiga-
tion was always stronger than the sig-
nals of co-contracting muscles which
could therefore be ignored in a control
scheme with a simple threshold. The
TT subject did not have any distinct
muscle activity patterns that could be
recorded with either setup duringlevel
ground walking. However, when the
subject was asked to think about lift-
ing his toe during gait a very distinct
activity could be seen.

The surface EMG recording session
lasted for 6 hours while the IMES re-
cording session lasted for 3 hours. The
difference was because of connection
failures of the surface electrodes due
to sweat and motion artifacts which
resulted in more frequent recordings.
The subjects experienced little or no
discomfort during the recording ses-
sion but the electrodes and wires left
visible marks on the subjects’ skin in
both cases. Both subjectsreported that
these marks remained for the rest of
the day.

Discussion

Both the surface EMG and the IMES sig-
nals recorded could potentially be used
for volitional control of lower limb pros-
thesis given the right control scheme.
The distinct involuntary muscle activ-
ity pattern of the TF user seen with the
IMES measurements during all exercis-
es could also be used for control, howev-
er it also need to be taken into account
when implementing volitional control.
When the TF user was provided with di-
rect control over his ankle was prompt-
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ly dorsiflexed due to the involuntary
muscle activity occurring during the
forward movement of the foot.
Standard filtering methods did not
always remove the noise from the sur-
tace EMG signal but the characteris-
tics of the artifacts and muscle signal
differed and therefor useful informa-
tion and viable control signals could
always be extracted from the surface
EMG signal. These results suggest that
the main problem of using myoelectric
signals for lower limb prosthetic con-
trolis not the signal quality but rather
the designing a commercially accept-
able prosthetic interface that is robust
enough and comfortable for the user.
This study was limited to only two
prosthetic interfaces, one for each
subject, but research and experience
has shown that integrating a bioam-
plifer within the prosthetic interface
results in a more comfortable setup
with reduced artifacts [13]. Further re-

References:

[1] Kahle JT. Comparison of nonmicroprocessor knee
mechanism versus C-Leg on Prosthesis Evaluation Ques-
tionnaire, stumbles, falls, walking tests, stair descent, and
knee preference. ] Rehabil Res Dev, 2008; 45 (1): 1-14

[2] Alimusaj M, Fradet L, Braatz F, Gerner HJ, Wolf SI. Kin-
ematics and kinetics with an adaptive ankle foot system
during stair ambulation of transtibial amputees. Gait &

Posture, 2009; 30 (3): 356-363

search on the development of a com-
fortable and robust surface EMG pros-
thetic interface are ongoing and show
the promise of EMG controlled lower
limb prosthetics [6-7, 14-16]. How-
ever, these studies also highlight the
main limitations of the use of surface
electrodes as previously discussed and
lack practicality.

Both myoelectric signals, IMES and
surface, can be used for control provid-
ed if a practical myoelectric recording
system is developed for the surface re-
cording. Surface signals might be used
complimentary to current micropro-
cessor control of bionic prosthesis.

The IMES provide a robust myoe-
lectric recording system allowing for
continued IMES testing. Preliminary
results from these tests are promising
providing the subject with a reliable
direct and spontaneous control over
his prosthesis in different terrains and
circumstances.

Some human activities and mo-
tions can’t be expressed by algorithms
and mechanical data alone. By con-
necting with the nervous system the
user can take the prosthetic control be-
yond existing possibilities. The nerv-
ous system can provide bi-direction-
al information for both sensing and
control, providing information to the
prosthesis from the user and feedback
about the prosthesis to the user. That
is the future, but in the meantime the
focus needs to be on the creation of a
practical, robust and intuitive control
system with a comfortable interface.

For the authors:

Jona Sigrun Sigurdardottir
Ossur Iceland

Grjothals 1-5, Reykjavik, Island
jssigurdardottir@ossur.com

Reviewed paper

pain (PLP) based on augmented reality and gaming con-
trolled by myoelectric pattern recognition: a case study of
a chronic PLP patient. Front Neurosci, 2014; 8: 24

[10] Ortiz-Catalan M, Branemark R, Hakansson B, Del-
beke J. On the viability of implantable electrodes for the
natural control of artificial limbs: Review and discussion.
Biomed Eng Online, 2012; 11 (1): 33

[11] Oskoei MA, Hu H. Myoelectric control systems —

44

[3] Fradet L, Alimusaj M, Braatz F, Wolf SI. Biomechani-
cal analysis of ramp ambulation of transtibial amputees
with an adaptive ankle foot system. Gait & Posture, 2010;
32 (2): 191-198

[4] Delussu AS et al. Assessment of the effects of carbon
fiber and bionic foot during overground and treadmill
walking in transtibial amputees. Gait & Posture, 2013;

38 (4): 876-882

[S] Gailey RS et al. Application of self-report and perfor-
mance-based outcome measures to determine functional
differences between four categories of prosthetic feet. J Re-
habil Res Dev, 2012; 49 (4): 597-612

[6] Zhang X, Liu Y, Zhang F, Ren J, Sun YL, Yang Q, Huang
H. On Design and Implementation of Neural-Machine
Interface for Artificial Legs. IEEE Trans Ind Inform, 2012;

8 (2): 418-429

[7] Wentink EC. Feasibility of Enhanced User Control
and Feedback in Upper Leg Prostheses. Diss. University of
Twente, Enschede, 2013

[8] Hargrove L] et al. Robotic Leg Control with EMG De-
coding in an Amputee with Nerve Transfers. New Engl |
Med, 2013; 369 (13): 1237-1242

[9] Ortiz-Catalan M, Sander N, Kristoffersen MB,
Hékansson B, Branemark R. Treatment of phantom limb

A survey. Biomed Signal Process Control, 2007; 2 (4):
275-294

[12] Weir RF, Troyk PR, DeMichele GA, Kerns DA,
Schorsch JF, Maas H. Implantable Myoelectric Sensors
(IMESs) for Intramuscular Electromyogram Recording.
IEEE Trans Biomed Eng, 2009; 56 (1): 159-171

[13] Hefferman GM, Zhang F, Nunnery MJ, Huang H. In-
tegration of surface electromyographic sensors with the
transfemoral amputee socket: A comparison of four dif-
fering configurations. Prosthet Orthot Int, 2014; 39 (2):
166-173

[14] Zhou P, Lowery MM, Englehart KB, Huang H, Li G,
Hargrove L, Dewald JPA, Kuiken TA. Decoding a New
Neural-Machine Interface for Control of Artificial Limbs.
J Neurophysiol, 2007; 98 (5): 2974-2982

[15] Ha KH, Varol HA, Goldfarb M. Volitional control of
a prosthetic knee using surface electromyography. IEEE
Trans Biomed Eng, 2011; 58 (1): 144-151

[16] Lipschutz RD, Lock BA. A Novel Research And Clin-
ical Approach To Using Gel Liners For Collection Of Sur-
face Myoelectric Signals For Prosthetic Control. In: Pro-
ceedings of the MyoElectric Controls/Powered Prosthetics
Symposium 2011, New Brunswick, Canada, 2011



Fabrication

The article describes the current sta-
tus and prospects for development of
additive manufacturing processes in
technical orthopaedics. In addition
to describing the special advantag-
es, it discusses the existing technolo-
gical, material-based and regulatory
risks and presents a vision of a com-
pletely digital process chain.

Key words: 3D printing, additive
manufacturing, technical orthopae-
dics, prosthetics, orthotics

Introduction

Additive manufacturing (AM), often
also called “3D printing”, is now con-
sidered to be the next industrial rev-
olution. The vision of being able to
produce highly-complex, customised
orthopaedic devices with a high lev-
el of precision practically at the touch
of a button has gained more and more
fans. At the same time, many ortho-
paedic technicians who use conven-
tional methods are concerned and fear
being left behind by the rapid pace of
technological development. Oth-
ers describe 3D printing as the next
“hype” and point to recent develop-
ments that were hailed as revolution-
ary but failed to meet the high expec-
tations - such as osseointegration - or
were only partially successful - such as
industrial service fabrication.

The objective of this article is to de-
scribe the specific advantages of AM
for technical orthopaedics as well as
the technical, material, and regula-
tory risks that could ultimately jeop-
ardise the success of 3D printing. An
attempt is also made to show what a
complete digital supply chain of the
tuture would looklike. This should not
address the use of AM as one potential
fabrication technique among many,
but instead its role as an essential
component of a largely digital supply
chain. When an OT workshop scans

D. Hochmann

3D Printing in Technical
Orthopaedics — Current Status

and Outlook

plaster casts and “3D prints” them
when needed, this may solve the work-
shop’s storage problems, but does not
fundamentally change patient care. In
orthopaedic footwear technology, it is
ultimately irrelevant whether the lasts
are produced conventionally or using
AM if the shoes are still produced us-
ing conventional methods.

The changes brought on by AM
methods can come sooner than ex-
pected. This has already been seen in
other areas of medical technology. For
example, 3D printing for hearing aids
has already led to a revolution - to-
day, over 90% of all hearing aids are
adapted to the shape of the patient’s
ear. This shows that the mass genera-
tive fabrication of medical devices can
already be profitable today and will
push companies that use convention-
al methods out of the market.

Additive manufacturing

The term “3D printing” is often used
for all fabrication methods in which
three-dimensional objects are gen-
erated from a CAD model by adding
layers of material. However, this gen-
eralisation is not quite accurate, as the
various additive methods differ greatly
with respect to the physical principles,
the existing technological challenges
and possible defects of the finished
product. AM methods can be classified
based on the following characteristics:

- Type (metal, polymer) and form
(wire, powder, paste, fluid, etc.) of
the starting material,

- Solidification mechanism (poly-
merisation, separation, adhesion,
chemical reaction, etc.),

- Kind of energy (heat, laser, electron
beam, etc.).

Selective laser sintering (SLS) is men-
tioned here as an example as it has
been used especially frequently in

technical orthopaedics up tonow. This
is a thermal method in which a plas-
tic powder is melted locally and par-
tially with a laser beam in order to en-
sure abond between the particles. The
process is repeated layer by layer until
the desired 3D object has been made.
Thermoplastic materials - both crys-
talline (nylon, polyamide PA1l and
PA12) and amorphous (polystyrene,
polycarbonate) - are primarily used.
Other methods that are now used are
fused deposition modelling (FDM)
and multi jet fusion (MJF).

Because of the fabrication in layers,
AM differs greatly from subtractive
methods that involve removing ma-
terial and from formative fabrication
methods in which a formative con-
tainer defines the desired shape. AM
does not require product-specific tools,
so there are no restrictions due to cer-
tain tools. The components can also be
fabricated in any spatial orientation.
The decisive advantage for medical
technology, however, is that the cost
of items is not connected to their com-
plexity or degree of customisation.
This makes it possible to produce med-
ical devices adapted to the individual
anatomical situation of a specific cus-
tomer within a short time - on the spot
and as needed. Simultaneously, the
designer has the unprecedented free-
dom to produce complex shapes inte-
grating a high degree of functionality
and with a highly efficient use of ma-
terial in a single manufacturing step.
Some disadvantages of AM such as the
limited construction size and the rel-
atively long time needed per piece are
lessimportant in medical technology.
Other disadvantages, however, such as
the (still) limited number of additive
materials available with modest me-
chanical properties and the difficulty
of ensuring quality and process con-
trol are more problematic in the heav-
ily regulated medical devices market.
It is therefore expected that AM pro-
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cesses will become established mainly
in those areas of medical technology
in which their advantages give them a
crucial edge over the current situation
and where their disadvantages are neg-
ligible or can be overcome.

3D printing
is not an end in itself

Orthopaedic and medical supply com-
panies are very interested in additive
manufacturing. As was apparent at
OTWorld 2018 in Leipzig, many com-
panies have already had their first ex-
perience with the new technology. But
many disappointments are also report-
ed. This is due in part to the very high
expectations, but also to an incorrect
approach.

Ifwelookat the products presented
at trade fairs, congresses and on the
internet, there are two extremes: on
the one hand, there are attractive fu-
turistic devices by industrial design-
ers, which are, however, frequently
deficient in biomechanical aspects
regarding force transmission, axis in-
congruence, pressure points, etc. On
the other hand, orthopaedic techni-
cians copy the old product designs in-
tended for conventional fabrication
and they are subsequently criticised
because the functional characteris-
tics are worse. Neither approach leads
to success. The most attractive design
is useless if the requirements of func-
tionality, precise fitand wearing com-
fort are not met. Since the (currently)
available additive materials cannot yet
compete with the mechanical proper-
ties of conventional materials, merely
copying an old design is not very use-
ful, as it entails foregoing the oppor-
tunity to compensate for this disad-
vantage using suitable - i.e. numeri-
cally optimised or bionically inspired

Fig. 1 Improved
breathability and lower
weight due to

= perforated surface.
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- structures. This also shows that there
is often too little understanding of
how shape and functional properties
correlate with the biomechanical ef-
fect of the orthoses.

This makes it clear that devices
made using additive methods must be
redesigned from scratch. The possibil-
ities of producing complex structures
that additive manufacturing opens
up must be taken into consideration
when designing the devices. The de-
signer must have a fundamental un-
derstanding of the biomechanical
mechanisms of action and the func-
tional parameters of the devices. Or-
thopaedic devices are not necessarily
better, less expensive, and available
more quickly simply because they are
made using additive manufacturing.

Additive manufacturing
in technical orthopaedics

Nevertheless, AM has already had ini-
tial success in technical orthopaedics.
Selective design can already lead to
optimised properties, e.g. improved
breathability using perforated surfaces
that are also associated with a lower
weight (Fig. 1).

Another very valuable aspect is the
option of adapting the appearance to
suit the patient’s taste. For idiopathic
scoliosis, which, for female patients,
usually has to be corrected before
adulthood, the success of treatment
is directly related to acceptance of the
device. There have been initial scien-
tific studies that show that giving the
orthosis a modern shape and involv-
ing the patient in its design can have a
lasting effect on acceptance [1]. These
results can also be transferred to other
kinds of orthoses. An example of this is
the “WHO-Spiral-Printorthese®” from
Pohlig (Fig. 2), for which a wide range
of different patterns and colours are
offered that can also be combined in-
dividually [2].

Three areas of use can be defined in
technical orthopaedics that can ben-
efit from the potential advantages of
additive manufacturing:

- Additive manufacturing of previ-
ously custom-made devices (AFO,
KAFO, socket, liner, etc.),

- Customised additive manufactur-
ing as a substitute for standardised
fabrication, i.e. devices that are
prefabricated according to a size

system (positioning splints, cervical
orthoses, etc.),

- Customised additive manufactur-
ing of previously industrially pro-
duced system components (pros-
thetic feet, prosthetic hands, ortho-
sis joints, etc.).

These uses vary widely with respect to
the persons involved, the previously
used production techniques and the
applicable regulatory and clinical re-
quirements.

The first group does not benefit
from the possibilities for customi-
sation offered by AM as these devic-
es are already custom made. At the
same time, these products must meet
the strictest requirements for fit and
functionality, so the advantages of
AM currently lie more in saving mon-
ey and reducing production time. In
their review of the studies conduct-
ed up to now, Bagaria et al. conclude
that 3D printed devices in this group
are usually already comparable with
conventionally produced devices [3].
However, this assessment contradicts
the practical experience in Germany
up to now. The reason for this lies in
the devices tested and in the compari-
son parameters of the studies: Primar-
ily thermoformed drop-foot orthoses
made of polypropylene were used
in the comparisons and only rough
time-distance parameters such as step
length and gait speed were compared.
However, there are initial studies that
show that devices made using additive
manufacturing can be biomechani-
cally equivalentif their functional pa-
rameters are comparable with conven-
tional orthoses. In a study by Harp-
er et al., additive manufactured AFOs
were just as good as conventional dy-
namic AFOs made of carbon prepreg
in the gait analysis when they had the
same joint stiffness [4]. Due to the dif-
ferences in materials, additive manu-
factured AFOs are still heavier, bulkier
and more conspicuous than conven-
tional devices.

A major challenge when using
AM in prosthetics is the fact that, de-
spite the huge improvements made
in recent years, optical 3D scanning
techniques are still not an adequate
substitute for conventional plaster
casts, in which the technician can
put targeted pressure on the tissue
and thus estimate the tissue prop-
erties and compress the tissue if re-



Fig. 2 WHO-Spiral-
Printorthese®.

Fig. 3 3D-printed
postoperative cervical
orthosis.

quired to achieve the optimal shape
for the transfer of force. In the liner
area, the lower precision when meas-
uring the shape can be partially off-
set by elastic properties of the liner.
The first routine uses of this have
been reported [5]. Additive manu-
facturing of prosthesis sockets still
requires more research despite some
promising approaches such as the
possibility of specific thermal regu-
lation [6] and improvements in fit us-
ing CT and MRI data [7].

As a replacement for standardised
orthopaedic devices, additive manu-
factured devices, with their customisa-
tion possibilities, have the advantage
of a better fit to the individual patient
anatomy and thus the possibility of
optimising the transfer of loads, re-
ducing pressure points and improving
wearer comfort. An example of this is
a 3D-printed postoperative cervical
orthosis (Fig. 3), with which good pa-
tient compliance and improved immo-
bilisation can be expected. The disad-
vantages are the higher cost and the
longer time required. Clinical stud-
ies are needed to be able to quanti-
fy the extent of the anticipated pos-
itive effects - without a convincing
cost-benefit analysis, it will be diffi-
cult to obtain reimbursement from
insurers. However, clinical studies are
also associated with costs and time
and due to the pending introduction
of the EU Medical Device Regulation
(MDR), there are few people available
with the necessary qualifications. But
it can still be profitable for manufac-
turers to take this path. Recently, the
first randomised controlled study was
published that proves the advantages

of a custom-made device for plantar
fasciitis compared with prefabricated
devices [8].

The customised additive manu-
facture of system components such
as prosthetic feet has the advantage
of targeted continuous adaptation of
the functional properties to the needs
and activities of patients. At the same
time, the use of highly complex load
and weight optimised structures that
cannot be produced in this form us-
ing conventional methodsreduces the
weight of the device. These advantages
are especially important for paediatric
devices. However, here again, the cur-
rently available materials are still not
sufficient to realise the biomechani-
cal functions of adequate energy stor-
age or damping based on the shape
and structure alone, so additional ele-
ments such as springs or dampers must
beused. Another area for the preferred
use of AM are waterproof prostheses.
The first 3D-printed prosthetic feet are
already available on the market and
have passed the required certification
for ISO 10328 [9] (Fig. 4).

In Germany, there is currently no
major interest in the additive manu-
facturing of prosthetic hands. Howev-
er, internationally, there are many re-
ports of promising approaches where
the focus is not on improving the
functional properties but primarily on
lowering costs and ensuring that more
patients can be supplied. The story of
the then-17-year-old American gym-
nast Easton LaChappelle, who devel-
oped a 3D-printed, EEG-controlled
prosthesisin 2012 that he made availa-
bleunder an open source licence, went
through the international media. Sev-

eral start-ups are working on develop-
inginexpensive 3D-printed prostheses
for victims of land mines in Asia and
Africa [10].

Up to now, no usable products are
known for orthotic components such
as joints or splints. It is true that de-
sign studies for KAFOs for which the
joints can also be “printed” are pre-
sented occasionally. But there is some
doubt as to whether these devices can
meet the extreme requirements with
respect to breaking strength and wear
resistance. Due to the high variability
among patients and the small num-
bers produced, this approach is only

Fig. 4 3D-printed prosthetic foot.
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economically feasible to a limited ex-
tent, sono development is expected in
the near future. The area of orthoses
for use in water is not economically at-
tractive because waterproof carbon-fi-
bre reinforced joints have been availa-
ble for several years.

This overview makes it clear that
AM methods are currently used pri-
marily when the customisation leads
to verifiable advantages for the patient
or it makes it possible to reduce costs,
shorten the production time or im-
prove fabrication processes.

Additive manufacturing
in orthopaedic footwear
technology

Compared with orthopaedic technol-
ogy in general, orthopaedic footwear
technology has a smaller range of prod-
ucts. Despite the high level of anatom-
ical and functional complexity of the
human foot, there are fewer indications
to be treated and some of the general
conditions are better known. In addi-
tion, the use of measuring technology
such as plantar foot pressure measure-
ment has had a firm place in the sector
for years. These are possible explana-
tions for the fact that additive manu-
facturing has advanced more quickly
in orthopaedic footwear technology.

While until just a few years ago, AM
was just being established as a better
alternative for the production of lasts
and insoles, today there are several
providers who offer a complete digital
production process for orthopaedic
footwear technology - from digital
measurement with a 3D scan to CAD
last design and position correction up
to additive production. The number of
patent applications for digital process-
esin orthopaedic footwear technology
is also skyrocketing.

Development is even faster in the
market for conventional shoes: Sever-
al shoe manufacturers have now inte-
grated 3D-printed soles and shoelaces
to their product range. For 2019, sev-
eral companies have announced serial
products that will be produced entire-
ly using 3D printing. Complex hard-
ware and software platforms based on
measuring technology have been de-
veloped that make the customised pro-
duction of made-to-measure shoes pos-
sible [11]. An example of this is the mo-
bile measuring system from Ecco that
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uses a combination of inertial and mi-
croclimate sensors to analyse the indi-
vidual patient needs. The biomechani-
cal measurement data are converted by
the software into shapes for 3D print-
ing; the resulting designs are then val-
idated by FEM simulations. The “Fit-
Station” is even better known - a foot
measuring station from Hewlett-Pack-
ard that was introduced in 2018 and
given the ISPO “Product of the Year”
award. The system uses sensor technol-
ogy with a combination of 3D scan and
dynamic foot pressure measurements.
After measuring and optimising, a cus-
tomised 3D model is made; the prod-
uct is then produced in a multi jet fu-
sion process. When the US Food and
Drug Administration (FDA) approval
as amedical device was obtained, it be-
came clear that this would not be lim-
ited to athletic shoes. Hewlett-Packard
has now entered into various strategic
partnerships, including with Superfeet
for shoe insoles and Go 4-D for ortho-
paedic shoes and foot orthoses.

These and other examples show
that large companies have now also
discovered digital fabrication in or-
thopaedic footwear technology and
are actively promoting the technolo-
gy. It cannot be ruled out entirely that
there will soon be major changes in
the orthopaedic footwear technology
sector, which is currently dominated
by small companies.

Regulatory challenges

Currently, the major obstacles to the
success of AM in medical technology
are not the technological challenges
mentioned, but the regulatory aspects.
Strictly speaking, every individual ad-
aptation is a design change, the safe-
ty of which has to be confirmed with
the appropriate risk management steps
and even new product testing. Thereis
no doubt that this process is not feasi-
ble due to the high costs and ensuing
delays. But there are currently no reg-
ulations that allow a practical way of
ensuring the safety of custom-made
3D-printed medical devices [12].

The concept of custom fabrication
plays a key role in the regulatory con-
siderations for 3D-printed medical
devices at this time because custom
fabrication makes it possible to have
a simplified conformity assessment
procedure without the involvement of
adesignated site and without CE mark-

ing. However, it is debatable whether
the modified definition of custom fab-
rication in the MDR even applies to ad-
ditive manufactured medical devices
- in the USA, the FDA assumes indus-
trial production with all the regulatory
consequences this entails if more than
five custom fabrications of one type per
year are produced. For the future, suit-
able methods for the safety assessment
of customised 3D-printed devices will
be needed that take all the innovative
aspects of 3D printing and existing
relevant requirements such as the FDA
regulations into account, while still
being feasible - especially for smaller
and mid-sized orthopaedic companies.
Solutions are being studied intensely,
for example at Miinster University of
Applied Sciences [12]. Additive manu-
facturing methods are leading to new
business models, especially in the med-
ical field, which, compared with the
previous models, show changes in the
roles and responsibilities of the various
persons involved and lead to new un-
answered questions and uncertainties.

An additional challenge is the sep-
aration between development and
production: especially smaller start-
ups that are searching for new appli-
cations for 3D printing have to depend
on collaboration with external service
providers because of the still very high
costs for equipment. But these provid-
ers are rarely willing to agree to com-
prehensive process validation because
of the small quantities produced. An-
other challenge is the software for con-
trolling the additive manufacturing
processes. Since this software has more
tasks than in conventional production
processes, depending on the purpose
and functionality, it may in some cas-
eshave features that can mean that the
software is classified as a medical de-
vice with the corresponding regulato-
ry requirements.

Digital process chain

AM is only one component of a com-
plete digital process chain that can
make full use of its advantages only in
combination with a digital shape cap-
ture, design, and simulation process.
Some companies are already using dig-
ital solutions for various process steps
- especially for shape capture and the
designing of the devices - but a com-
pletely digitalised process does not yet
exist.
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Fig. 5 Possible digital process chain in technical orthopaedics.

A digital process chain as shown in
Figure 5 must take all the new aspects
of 3D printing and existing relevant
regulations such as the FDA guide-
line [13] into account, but also makes
it possible to integrate complex regu-
latory process steps within a software
platform that would be challenging for
individual medical supply companies
to implement. They include the auto-
matic parametric optimisation of the
product design based on the patient
data and the background simulation
and load testing of the designed devic-
esin the form of a “virtual crash test”.

The key element of the “virtual
crash test” is a numerical simulation
integrated into the software that is val-
idated using measurement technology
methods for compliance with the re-
quired conformity test. In a compari-
son of the simulation results, e.g. with
the specifications of an existing stand-
ard, the admissibility of the modifica-
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Conclusion

There are many different future mile-
stones on the road towards the mass
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use of additive technologies in tech-
nical orthopaedics. They include in-
creasing the number of available ma-
terials, clarifying and adapting regula-
tory requirements, specifying uniform
production conditions and setting up
digital process chains. However, con-
sidering the advantages described,
it is hardly conceivable that additive
methods will not have an established
place in technical orthopaedics in the
future.
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Insoles

A diabetes-adapted footbed (DAF) is
a footbed especially customised for
the foot of a diabetes patient that
takes the many different changes in
the anatomy, the biomechanics and
in particular the neuropathy-related
sensitivity to pressure points into
account. Its purpose is to allow the
patient to be mobile while protect-
ing the foot that is prone to injuries.
Many design details have to be con-
sidered to meet these requirements.

Key words: diabetes-adapted foot bed,
shaping, material, pressure measure-
ment

Introduction

Because of the complexity of the con-
dition, treatment of diabetic foot syn-
drome (DFS) requires an interdiscipli-
nary treatment approach with close
cooperation between the primary care
doctor, diabetologist, vascular sur-
geon, general surgeon, orthopaedist,
podiatrist, orthopaedic technician,
and orthopaedic footwear technician.
The treatment principles are based on
the guidelines for diabetic foot from
the diabetic foot working group [1].
Before making a DAF, the orthopae-
dic technician or footwear technician
must record the exact status of the foot
and its changes due to diabetes. The
focus is on relieving pressure in the
areas of the foot that are at risk. It is
important to distribute pressure to
the entire foot. The interaction of the
DAF with a suitable protective shoe or
custom-made orthopaedic shoe must
be observed. Effective pressure relief
also depends on other factors. They
include the patient’s life situation and
accompanying circumstances, activ-
ity level, acceptance of the shoe (ap-
pearance), patient compliance and bi-
omechanics.

Foot status

Fitting a patient with a DAF first re-
quires a thorough examination of the
foot. In addition to the orthopaedic as-
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pects that are relevant for every foot
treatment, the neuropathy status, in
particular, must be assessed. The ex-
amination of the mobility of the foot
must include all joints in the foot, as
limited movement is always associat-
ed with an increased biomechanical
load when walking. If limitations of
movement are found, the treatment
team (doctor, therapist) should first
determine whether they can be per-
manently eliminated by a surgical
or therapeutic intervention. If that is
not the case, the orthopaedic (foot-
wear) device must compensate for the
functional impact of the limitation of
movement. For example, limited dor-
sal extension of the metatarsophalan-
geal joints (especially the first ray) al-
ways requires sole reinforcement with
an appropriate roll in order to regain
physiological loading by normalising
the rollover pattern and lever lengths.
There is a similar situation if there are
limitations of movement in the upper
ankle joint. If limited dorsal exten-
sion is overlooked, this often leads to
compensatory eversion movement in
the lower ankle with the correspond-
ing three-dimensional deformation of
the foot contour, which in turn leads
to abnormal pressures - especially on
a footbed adapted to the normal posi-
tion. A pes equinus must be identified
and, if it cannot be treated otherwise,
the footbed must be appropriately
adapted. The absent dorsal extension
must be compensated for by the sole
design. For severely deformed or al-
ready ulcerated feet, a decision must
be made at this time as to how much
load can be put on which regions of the
foot in order to relieve areas especial-
ly at risk.

The neuropathy status is tested us-
ing a tuning fork and a monofilament
(Fig. 1). In addition, sensitivity to heat
or cold and the surface temperature of
the foot can be measured. In the di-
abetic foot guidelines from the foot
working group, the failure to detect a
10 g monofilament is the crucial cri-
terion. The monofilament is applied
to the plantar side of the pad of the

big toe and the metatarsophalangeal
joints of the big and little toes in ran-
dom order three times each for around
two seconds. A mock application must
also always be conducted. The patient
must correctly identify at least two of
three applications in each region. It is
important that the monofilament is
not applied to calluses or the like [2].

The test also includes recording
body weight and shoe size. The pa-
tient should also be asked about their
mobility. If the circulation situation is
unclear, the orthopaedic technician or
footwear technician should ask the pa-
tient’s doctor or diabetologist. All ex-
amination results must be clearly doc-
umented.

After the foot status is assessed, the
treatment guideline for footwear and
risk classes for the diabetic foot syn-
drome and analogous neuro-angio-
arthropathies from the foot working
group can be used to assess the risk
potential and determine the neces-
sary treatment. A DAF is considered
the standard treatment for risk class I1I
(“status post plantar ulcer”) or higher.
If there are defined criteria for a high-
er grade of treatment, a DAF can even
be used for risk class II (“diabetes with
loss of sensitivity due to polyneuropa-
thy/relevant peripheral arterial occlu-
sive disease”). It must be noted that
the treatment recommendations of
the foot working group are currently
the generally recognised basis for the
treatment of the diabetic foot syn-
drome - not the older list of indica-
tions from the catalogue of therapeu-
tic devices (HMV) [3].

Measuring/impression
technique

In addition to the correct planning of
the device, taking measurements and
the precise impression technique of
the foot are the basis for a satisfacto-
ry footbed. The challenge here is that
a static impression method is used to
produce a footbed that must accom-
modate the changed peak loads in
the dynamic situation. This means
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Fig. 1 Sensory test with the Semmes-
Weinstein monofilament.

that the pressure distribution during
movement must also be measured. For
this, what is known as a neutral meas-
urement is conducted using electronic
pedobarography. This should be done
in a neutral shoe. The advantage of
the internal shoe measurement over
a pressure measuring plate is that re-
alistic loading is measured over sever-
al steps, not in a single step that has
to meet the measuring plate exactly,
which influences the rollover behav-
iour. Alternatively, the measurement
can be conducted in a standard pro-
tective shoe for diabetics in which the
footbed will later be worn. This allows
the pressure influence from the later
shoe to be recorded.

In addition to the analysis of dy-
namic loading, when producing the
footbed it is essential to be able to re-
produce the exact position of the pres-
sure points on the model. A blueprint
of the foot is made while standing to
identify the pressure peaks under full
loading. The evaluations of the blue-
print and pressure measurement are
the basis for the further processing of
the later model and for integrating the
relief elements in the footbed.

The actual impression is generally
made as a foam impression while sit-
ting. This technique of making the im-
pression in a situation withoutloading
or with partial loading has become es-
tablished because it gives a very accu-
rate image of the soles. When making
a foam impression while sitting, the
lower leg should be at a 90° angle to
the thigh. One of the orthopaedic or
footwear technician’s hands is placed
on the patient’s knee while the oth-
er hand holds the heel. The knee is

Fig. 2 Foam impression for a DAF. The foot is pressed
manually into the foam while the patient is sitting.

pressed down and the heel is guided.
Then pressure is placed on the top of
the foot to press down the outer side
of the foot, followed by the ball of the
large toe and the other toes (Fig.2).
The heel pitch of the later shoe and
the relative position of the forefoot to
the rearfoot can also be set individu-
ally. This impression method requires
some practice, as it is relatively easy to
press the heel into the foam from the
knee, but considerably more strength
is required to then adjust the forefoot
evenly. This can easily lead to exces-
sive height of the longitudinal arch
support.

Prior to pouring the foams, the ex-
tension at the tip of the foot and mod-
erate lowering at the main pressure
points can be integrated. This saves
the need for later application at these
areas.

If the preliminary work is adequate,
only the areas where a greater load
should occur need to be removed on
the positive model. This must gener-
ally be done at the transverse arch be-
cause the soft tissues cannot be com-
pressed sufficiently when the foam im-

pression is made. Following the bony
transverse arch with the aim of even
pressure distribution should not be
confused with a corrective pad for a
splayfoot - pads and steps on the sur-
face are obsolete in a DAF according
to the provisions of the HMV [4]. Fol-
lowing the bony shape at the junction
from the metatarsal heads to the met-
atarsal shafts - which may look like a
retrocapital support - is not considered
to be a step, but an enlargement of the
load-bearing surface for even pressure
distribution. This reworking must al-
ways be done with great care as incor-
rectly positioned or shaped loading el-
ements can easily lead to overloading.

Fabrication of the dia-
betes-adapted footbed/
selection of materials

In addition to the shape and design
of the shoe, the choice of the materi-
al is crucial for the load-distribution
effect of the DAF. Only materials that
allow effective pressure distribution
for a sufficiently long period should

Fig. 3 Deep draw-
ing the heated ma-
terial over the pro-
cessed model.
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be used. The manufacturer’s test cer-
tificates must be checked. Selection
criteria include Shore hardness, re-
bound elasticity, continuous load ca-
pacity and hygienic properties. Only
with an indication-based combina-
tion of materials of at least three dif-
ferent hardnesses [4], in which the pa-
tient’s weight and activity level must
be accommodated, can optimal pres-
sure distribution in the footbed be
achieved. However, are not enough
data are available on this topic, espe-
cially considering the importance for
successful treatment. While there are
studies [5, 6, 7] that confirm the suita-
bility or non-suitability of certain ma-
terials for the different layers, no con-
crete recommendations can be derived
from them for certain weight classes,
mobility levels or kinds of damage.
However, the studies agree that the dif-
ferent layers have different tasks and
that different requirements for the ma-
terial can be derived from them: The
layer facing the body is designated the
“embedding layer”. Its purpose is to
accommodate the mobility of the foot
and adapt to the varying foot contour
in different load situations, but also
to follow up on long-term changes in
the foot. The middle layer has mainly
a damping function and the third lay-
er is for stabilisation. Pressure-specific
points (such as pressure peaks or ul-
cerations) can be bedded additional-
ly with extra soft material. According
to these requirements, the layer with
the lowest Shore hardness is adjacent
to the foot and the layers moving away
from the foot are increasingly hard. It
is also important that a washable and
disinfectable layer or appropriate cover
is selected to face the foot in order to
meet hygienic requirements. With re-
spect to hygiene, it must be noted that
open-cell materials have good damp-

Fig. 4 Handover
of the finished
diabetes-adapted
footbed.

ing properties, but can also absorb
moisture like a sponge and should not
beused in direct contact with the foot.

The manufacturers of padding ma-
terial for diabetic footbeds have many
different layering panels in different
Shore hardnesses. These layers are
heated and drawn over the model us-
ing a thermoforming technique. The
processing temperatures and holding
times must be adhered to precisely as
overheating results in considerable
changes to the padding properties. In
addition, what are called sandwich or
combination panels are available in
different combinations that are vul-
canised with each other in the man-

ufacturing process. They have the ad-
vantage of eliminating the need for
the adhesive that could have a nega-
tive effect on the material properties.
Fauli et al. showed that the adhesive
does not initially have an effect [6],
but no long-term tests after the adhe-
sive was cured were conducted in this
study. Very soft materials cannot be
processed under the rubber mat, so a
harder material must first be used as
a placeholder which is then replaced
manually with the softer material. The
thermoforming process itself is spec-
ified as a quality requirement in the
HMYV regulations (Fig. 3) [8]. Newer
methods such as milling or 3D print-
ing of footbeds are not yet included in
the HMV.

The DAF should ideally be worn in
protective shoes for diabetics made for
this purpose (HMV 31.03.08.xxxx) or
in custom-made orthopaedic shoes.
The thickness of the footbed varies
and depends on the size of the foot
and the available space in the shoe.
The HMV requires a minimum thick-
ness of 8 mm [4], but this can frequent-
ly be achieved only with special shoes
with an enlarged inner volume. For
custom-made orthopaedic shoes, the
thickness can be determined individ-
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Fig.5a &b
Comparison of
pressure distri-
bution without
a footbed (a)
and with the
DAF (b).
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ually in advance depending on the in-
dication.

Handover

When the DAF is given to the patient
(Fig. 4), it must first be fitted exact-
ly into the intended shoe. The DAF
is considered to be an integral part of
the shoe and is not intended to be a
replacement footbed for other shoes -
even if they are the same basic mod-
el. A new shoe always requires a foot-
bed made specifically forit. Thisis also
why the DAFis listed in product group
31 (shoes), not 08 (insoles).

After fitting in the shoe, the foot-
bed should be held against the foot
and checked for correct positions of
the loading and relief zones. How-
ever, this does not provide any in-
formation about concrete loading
in a dynamic situation, so a control
measurement between the foot and
footbed mustalso be carried out. This
pressure measurement with the foot-
bed can be compared with the neu-
tral measurement to document the
success of the device (Fig. 5a and b.).

References:

There is no scientifically proven lim-
it for the maximum tolerable load
at a point, but a study by Owings et
al. is often cited, in which in a fol-
low-up examination of patients who
remained free from relapse for a long
period after a healed ulceration, a
mean pressure of 207 kPa was meas-
ured at the former ulcerated site [9].
This value is also selected by Bus et
al. as the target parameter for a suc-
cessfully tested algorithm for the
footbed. The second, alternative tar-
get parameter consisted of relief of
at least 25% compared with the un-
treated situation [10]. Because foot
loading can change over the period
the DAF is used - whether due to ma-
terial fatigue or changes in the shape
of the foot - the footbed should be re-
checked at regular intervals.

Even if the pressures measured in a
new footbed appear to be unremark-
able, a new footbed should never be
worn immediately for a whole day. In
the beginning, a visual check of the
feet by the patient himself or by an as-
sistant is urgently recommended after
a specified period of use.

Conclusion

The provision of diabetes-adapted
footbeds is quite challenging for the
orthopaedic technician or footwear
technician. Faulty footbeds can have
more serious consequences than for
other indications due to the neurop-
athy. This is why only licensed pro-
viders with the corresponding certifi-
cation are allowed to provide a DAF.
Complete documentation with pres-
sure distribution measurement is ur-
gently recommended as proof of the
functionality of the footbed when it is
given to the patient. The recommen-
dations of the foot working group and
the requirements of the HMV must be
taken into consideration.
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Keynote Speakers ISPO World Congress Kobe

3 questions to Deirdre Desmond

What does holding a keynote lecture at the
ISPO World Congress mean to you?

Deirdre Desmond: It is a great privilege to have the oppor-
tunity to address the ISPO delegates as a keynote speaker in
Kobe. The interdisciplinary nature of the Society and World
Congress always makes for areally interesting and inspiring
mix of presentations, workshops and exhibitions - I look
forward to a diverse and dynamic programme showcasing
the best research and practice developments of ISPO mem-
bers internationally. It is my favourite event in the confer-
ence calendar and so I am very honoured and excited to
contribute as a keynote speaker in 2019.

What can participants expect from your
keynote lecture?

Deirdre Desmond: My hope is that delegates will be engaged
in a thoughtful way to consider the interface between people
and technology and the transformative potentials of tech-
nology at individual and societal levels. My background in
psychology makes me curious about people and behaviour,
and strategies for people to live and thrive in a complex world.
I hope that my lecture will help nurture curiosity about the
psychological and social aspects of assistive technology use.

What were the reasons that made you specialise
in your field of practice?

Deirdre Desmond: Irish playwright and activist Bernard
Shaw said: “First love is only a little foolishness and a lot

| keep myself motivated by wanting to embrace
life ... Interview with David Constantine

What does it mean to you that you have been
selected to present the Knud Jansen Lecture at
the ISPO World Congress?

David Constantine: After spending some years working in
the provision of mobility devices in low-income countries,
we at Motivation came to realise how important it was to
have ISPO in the sector of prosthetics and orthotics. ISPO
represents the bedrock and jumping-off point for all work
in the sector of providing and fitting appropriate mobility
devices in challenging environments. It also acts as the um-
brella to oversee the education and development of the skills
required in the sector. Without ISPO there would be a huge
vacuum of knowledge, education, collaboration and progress
and disabled people’s lives would not be so well served. As a
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of curiosity”; from early
days, I have been curious
about and interested in
understanding the evolv-
ing challenges and bene-
fits of assistive technology
use and its implications
for individual users, their
circles of support and wid-
er society. I have been in-
credibly fortunate to have
the mentorship, guidance,
inspiration and friendship of the Dublin Psychoprosthet-
ics Group members (past and present) in my research ca-
reer. Working collaboratively with engaged, thoughtful,
inspired and inspiring colleagues and service users is a
huge privilege; one that sustains the endeavour. I am huge-
ly privileged to work with a great team and proud to rep-
resent some of our research endeavours at ISPO’s World
Congress in Kobe 2019.

Deirdre Desmond PhD

Deirdre Desmond PhD is a Senior Lecturer in the Depart-
ment of Psychology and member of the Assisting Living
and Learning (ALL) Institute at Maynooth University,
Maynooth, Ireland. She is also co-director of the Dublin
Psychoprosthetics Group. Her research focusses on psycho-
logical adjustment to illness, injury and disability, rehabil-
itation, self-management and psychosocial aspects of as-
sistive technology.

At ISPO World Congress 2019 she will give the keynote
“Complex Entanglements: People and Assistive Technol-
ogies”.

co-founder of Motivation fo-
cusing on design and provi-
sion of low-cost wheelchairs
in low-income countries,
I have seen first-hand how L
important it is to have ISPO
in our sector. I am therefore
hugely proud and honoured
to have been asked to give the lecture.

David Constantine MBE

What can participants expect
from your keynote?

David Constantine: As a disabled person and wheelchair
user, I know first-hand how important it is to have the
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right product fitted in the right way. Without this life be-
comes very difficult, if not impossible. I know I am very
lucky to live in a country where I have access to the prod-
ucts, the knowledge and the finance that enables me to ac-
cess the right product and therefore live the life I want to.
I'will aim to leave the participants of my keynote with the
understanding and inspiration of why their work is so im-
portant, and, despite all the challenges, that it is worth-
while. My aim will be to bring it back to the focus of the
user.

While you are motivating others, how do you
keep yourself motivated?

David Constantine: I keep myself motivated by wanting to
embrace life and all that it can offer. To do this I need to get
up every day and out of my bed. Without my wheelchair, my
orthosis, I cannot do this. My part in helping to bring mo-
bility to other people in situations much more challenging
than mine motivates me to continue the work alongside the
team at Motivation and the rest of the sector.

How did you get the idea of founding a charity
for people with mobility impairment?

David Constantine: If I'm really honest the idea found me.
While studying design at the Royal College of Art the whole
of my course was given a design challenge assignment in
our first year. The three-week challenge assignment was to
“Design a Wheelchair for Developing Countries”. I just hap-
pened to be at the College that year when the subject of this
assignment was a wheelchair. I teamed up with a fellow stu-
dent Simon Gue and together we won the competition. The
idea for the charity came when we were joined by a third
colleague, Richard Frost, and the three of us travelled to
Bangladesh and realised the enormity of the problem facing
disabled people living in low-income countries.

Within your organisation, which of your
projects of are you specifically proud of?

David Constantine: In 2019 it will be 30 years since Simon
and I designed the first wheelchair that led to the founda-
tion of Motivation. In those 30 years over numerous pro-
jects, design ideas, trainings and collaborations with other
organisations, the most important milestone has to be the
part Motivation played in the initiation and publication of
the World Health Organization ‘Guidelines on the provi-
sion of manual wheelchairs in less resourced settings’. The
publication of these fundamentally change the sector for
the better and personally am very proud to have been part
of the process. ISPO were fundamental in the development
and publication of the Guidelines and I really value work-
ing with ISPO.

What are your visions? Which objectives would
you like to achieve with your organisation in the
future?

David Constantine: I have a vision for the sector where
every person who needs some form of assistive device can
get the appropriate, affordable, properly fitted device for
their needs wherever they live - provided and paid for by
their own government and society. Motivation’s focus has
been on wheelchairs and we would like to continue to use
design to help drive the sector forward, enabling people to
get theright wheelchair in the right way wherever they live
in the world thereby enhancing their quality of life.

David Constantine MBE is the co-founder of Motivation, a
charity which works to improve the quality of life of people
with mobility impairment.

At ISPO World Congress 2019 he will give the Knud
Jansen Lecture (“AT Changed My Life - Practical Solutions
and Education Enabling a Lifetime of Human Potential”).

3 questions to Max Ortiz Catalan

What does holding a keynote lecture at the
ISPO World Congress mean to you?

Max Ortiz Catalan: It’s a great honor to host a lecture at the
ISPO World Congress as the biggest and most important fo-
rum on prosthetics and orthotics in the world. I'm excited
to talk about our latest achievements on the clinical imple-
mentation of highly integrated prosthetic limbs and the
future ahead, as well as on a novel treatment for phantom
limb pain which has shown positive results in patients for
whom available treatments failed.

What can participants expect from your
keynote lecture?

Max Ortiz Catalan: I will present the latest prosthet-
ic technologies with particular focus on the clinical im-
plementation of our osseo-neuromuscular prosthetic

system. Interfacing the neu-
romuscular system to pro-
vide intuitive prosthetic
control and sensory feed-
back has been long thought
as the optimal limb replace-
ment. For the first time, our
osseo-neuromuscular in-
terface allowed the use of
implanted electrodes on
nerves and muscles to con-
trol a prosthetic arm while
also providing sensory feed-
back in daily life and out-
side control environments such as research laboratories.
I will talk about how combining the latest surgical tech-
niques with engineering developments can considerable
increase prosthetic function. I will also present clinical out-
comes on a novel treatment for phantom limb pain which

Dr. Max Ortiz Cataldn,
Ph.D.
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has shown positive results in patients for whom available
treatments failed.

What were the reasons that made you speciali-
se in your field of practice?

Max Ortiz Catalan: I started my career working in automa-
tion for the manufacturing industry, butIsoon realized that
that ultimate purpose of that job wasn’t fulfilling enough
for me. I then decided to quit and obtained a postgraduate
degree in science, from where I continued into research in
biomedical engineering. I've been working in prosthetics
for almost 10 years, and it has been an amazing journey
full of rewarding moments developing technology that help
others and matter to people.

Dr. Max Ortiz Catalan, Ph.D., led the development of
the first bionic arm directly connected to patient’s bone,
nerves, and muscles. This technology allows for safe, long-
term stable, and intuitive closed-loop control of prosthet-
ic hands in daily life. In addition, he developed a novel
treatment for phantom limb pain that has helped chron-
ic sufferers for whom no other treatments were effective.
Dr. Ortiz Cataladn is an Associate Professor at the Depart-
ment of Electrical Engineering, Chalmers University of
Technology, Sweden, where he founded and currently
leads the Biomechatronics and Neurorehabilitation Lab-
oratory (@ChalmersBNL).

At ISPO World Congress 2019 he will give the keynote
“Osseo-Neuromuscular Integration of Prosthetic Limbs and
Neurorehabilitation from Phantom Limb Pain”.

In the very near future, robotics is poised to become one of
the most helpful tools for disabled people...

Activity Assistive Robotics from the Viewpoint

of Rehabilitation Medicine

Eiichi Saitoh MD, DMSc ", Satoshi Hirano MD, DMSc?, Shigeo Tanabe RPT, PhD?

1) Department of Rehabilitation Medicine I, School of Med-
icine, Fujita Health University

2) Faculty of Rehabilitation, School of Health Sciences, Fu-
jita Health University

In the very near future, robotics is poised to become one of
the most helpful tools for disabled people in four domains:
they will assist exercise, assist independence, assist care-
givers, and assist emotional and cognitive activities. We
have been engaged in developing assistive robots for 15
years. This presentation will describe our experience in the
development of the following robots:

# WPAL (Wearable Power Assist Locomotor): To assist walk-
ing in paraplegic people, we developed the Wearable Power
Assist Locomotor (WPAL) in collaboration since 2005 with
Aska Co. (Aichi, Japan). WPAL incorporates a medial hip
joint system composed of medially placed bilateral hip-
knee-ankle motor joints without a pelvic component. To
date, we have used WPAL with more than 20 persons with
spinal cord injury (SCI, including cervical SCI). Patients
were able to don/doff the device by themselves, stand up/
down and from/to their wheelchair, keep standing without
arm support, and walk around on a flat floor. These results
were observed even in cases who could not perform these
activities with orthoses.

# Welwalk (Gait exercise assist robot): We developed a gait
exercise assist robot (Welwalk) in collaboration with the
Toyota Motor Corporation (Aichi, Japan). Welwalk is for gait
exercise in hemiplegia. Use of the robot will be discussed in
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the context of motor learn-
ing.

# STAR (Side Transfer As-
sist Robot): For elderly care
in the community, we pro-
pose a Robotic Smart Home
(RSH) that consists of a
smart home and care assist
robots. In the RSH setting,
the STAR has an important
role in assisting transfers.
STAR consists of an omnidi-
rectional wheel for moving
around and a height-adjust-
able mechanism incorporating a seat, arm rest, and foot rest
forlateral transfers. It provides safe and easy lateral transfers
even in small spaces such as a standard size toilet within a
typical home.

; _/ .
Professor Eiichi Saitoh
(MD, DMSc)

Professor Eiichi Saitoh (MD, DMSc) is a certified physiatrist,
Executive Vice President of Fujita Health University, and
Professor and Chairperson of Department of Rehabilitation
Medicine I, School of Medicine, Fujita Health University,
Aichi, Japan. Professor Saitoh is specifically interested in
dysphagia, robotics, orthosis, motion analysis, locomotion,
exercise science, and psychology.

At ISPO World Congress 2019 he will give the keynote
“Activity Assistive Robotics from the Viewpoint of Rehabil-
itation Medicine”.

Photo: Eiichi Saitoh



Solve the Problem!

The challenges of patient care and the use of modern meas-
uring techniques require professional prosthetists and or-
thotists to have knowledge of biomechanics. In order to up-
grade and broaden this knowledge, the exercises compiled
in thisbooklet address mechanical topics such as force, pres-
sure, moment, centre of mass, velocity and acceleration,
each with examples from the field of orthopaedic technol-
ogy. The integration of biomechanics in the well-known
context aims at reducing the ‘fear’ of the theory. The prob-
lems presented are intended for self-study or as courses for
professional prosthetists and orthotists and bachelor stu-
dents. The mathematical background knowledge required
is nominal. Essentially, one has to know how to construct
a triangle from three given elements (angles or sides), for
example to determine the equilibrium of three forces, how
to apply the lever rule, for example when determining an
unknown force in the equilibrium of moments, and how
to use the trigonometric functions. When adding vectors,
for example when adding two forces, the graphical method
is used exclusively for reasons of clarity. Freehand sketches
suffice in most cases.

There are specific reasons why solving some problems
appears to be difficult at first glance. In the field of biome-
chanics, one is often confronted with complicated struc-
tures and systems. In order to gain insight, it is necessary to
rely on model assumptions and simplifications. However, it
is sometimes difficult to determine which assumptions are
really justified and which simplifications falsify a result. Is
it, for example, permissible to pool the forces of all muscles
effecting the extension of the back into one single muscle
force? Is it permissible to replace the mechanical effect of
pressure distribution in the socket of a prosthesis by the ef-
fect of a single resultant force?

To meet these difficulties, all problems include detailed
instructions for solving them. This approach was selected
deliberately. Starting from practical examples should gen-
erate interest for scientific problem solving. The solution
process thus leads to initial training in the methods and
provides an insight in the line of reasoning of biomechan-
ics. Irrespective of their prior knowledge, students can gain
new knowledge and broaden their horizons.

The book can be used for study as well as for reference.

Burkhard Drerup, Paul Brinckmann, Stefan Stankowski

Biomechanical Basics of Orthopedic Technology.

Selected Problems.

[ =2
= A

Publication Series of the Federal Academy of Orthopedic Technology
(Bundesfachschule fur Orthopéadie-Technik) Dortmund, Germany

Biomechanical Basics of
Orthopedic Technology
Selected Problems

With step-by-step solutions
2nd expanded edition

Burkhard Drerup | Paul Brinckmann | Stefan Stankowski

www.verlag-ot.de
|

Federal Academy of
Orthopedic Technology

2nd expanded edition
160 pages - more than 90 illustrations - paperback € 24,95

Publisher: Verlag Orthopddie-Technik, Germany
www.verlag-ot.de

We have selected for you a problem from the book
“Biomechanical Basics of Orthopedic Technology”.

Solve the problem and win
one edition of the book!

The first ten submissions of the correct solution will
receive a book. Simply send the solution under the
heading “I solved the problem - HTT No. 1” to

info@ot-medien.de until 30.11.2019.

Solve the Problem -
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Shifting the axis of a knee prosthesis in posterior direction

If during prosthetic fitting after a transfemoral amputation, the axis of the knee joint is
placed at its anatomical position, the ground reaction force exerts (as in the unimpaired
state) a flexion moment on the knee (graph at left).

Reference values of the relative ground reaction force F (force divided by the body
Mass My,q,) and the relative moment M, (moment divided by the body mass myq,)
have been determined in the phase of heel-strike from gait analysis:

Frei = 8 N/kg, M, = 0.1 Nm/kg.

These numbers must be multiplied by the body mass to obtain the numerical values
of the force F and the moment M.

Problem

Determine the distance d by which the axis of the knee joint must be shifted in
dorsal direction by means of an adapter so that the flexion moment becomes zero
(right graph). Disregard the fact that the directions of the moment arm d and the
shift effected by the adapter do not agree exactly.

Instructions
In a first step, the moment arm of the ground reaction force in the initial, unimpaired
state is to be determined. The magnitude of the shift is then chosen so that the
moment arm becomes zero. The moment arm in the unimpaired state is determined
from

M=d: F [Nm]

Inserting the reference values for M and F yields
01 : mbody = d . 8 . mbody Nm

The shift d is obtained from this equation.

The first ten persons to submit the correct solution will receive a book. Simply send the solution under the
heading “I solved the problem - HTT No. 1” to info@ot-medien.de until 30.11.2019.
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What is HowToTlreat?

“HowToTreat” is the international special edition for profes-
sional prosthetists and orthotists exclusively for the world
congresses “OTWorld” and “ISPO World Congress”. The
“HowToTreat” magazine is a special issue with articles spe-
cifically for O&P professionals. The special edition will be
published at the World Congresses of ISPO International
and OTWorld - in close partnership with the organising
associations.

“HowToTreat” is supported
by the following organisations:

Bundesinnungsverband fiir Orthopdidie-Technik
(German Association of Orthopaedic Technology)

D

Orthopéddie.Technik

Bundesinnungsverband
The German Association of Orthopaedic Technology repre-
sents more than 2,500 orthopaedic workshops with around
40,000 employees. Each year, the affiliated companies supply
more than 20 million patients with aids. Thus, the association
represents service providers throughout Germany who per-
manently treat their patients with the highest standards,
driving innovation in the German healthcare market.
- www.biv-ot.org

International Society for Prosthetics and Orthotics (ISPO)

INTERNATIONAL
SOCIETY FOR PROSTHETICS
AND ORTHOTICS

ISPOis a multidisciplinary organisation that promotes access
to appropriate and equitable rehabilitation, mobility devices,
and other assistive technology to improve the quality of life
for people with reduced mobility. Prosthetics and orthotics
services enable people with limb amputations or physical
impairments of their limbs or spine to achieve greater func-
tion and independence to participate in society. Alarmingly,
according to the World Health Organization, such services
are not available to an estimated 9 out of 10 people with dis-
abilities globally due to a shortage of personnel, service units
and health rehabilitation infrastructures. To address this,
ISPO has worked to develop the prosthetics and orthotics
sector worldwide since its inception in the 1970s. As a glob-
al, multidisciplinary, non-governmental organisation aim-
ing to improve the quality of life for persons who may bene-
fit from prosthetic, orthotic, mobility and assistive devices,
ISPO provides an effective platform for the exchange and
communication on all aspects of the science, practice, and
education associated with the provision of prosthetic and
orthotic care, rehabilitation engineering, and related areas.
ISPO has approximately 3,500 members from different pro-
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fessional disciplines in over 100 countries: prosthetists and
orthotists, prosthetic and orthotic (P&O) technicians, ortho-
paedic surgeons, rehabilitation doctors, physiotherapists, oc-
cupational therapists, orthopaedic shoemakers, nurses and
biomechanical/rehabilitation engineers.

«% www.ispoint.org

The editorial board of the journal
is also supported by the following institutions:

Verlag Orthopddie-Technik (Verlag OT)

D

The publisher Verlag OT, part of the German Associa-
tion of Orthopaedic Technology, publishes ORTHOPADIE
TECHNIK, which hasbeen theindustry’sleading trade jour-
nal since 1949. It is the official journal of the German Asso-
ciation of Orthopaedic Technology and the International
Society of Prothetics and Orthotics Germany e.V. In addi-
tion, Verlag OT, in close cooperation with the German Asso-
ciation for the Interprofessional Supply of Medical Aids e.V.
(DGIHV) publishes reference works for technical orthopae-
dic devices, incl. the compendium “Quality Standard for
Lower Limb Prosthetics” in 2018. Verlag OT, the exclusive
media partner of OTWorld, the global industry’s most im-
portant event, reports comprehensively on the congress and
trade show. Moreover, in its role as mouthpiece for the indus-
try, itissues publications in English especially for OTWorld.
-& www.verlag-ot.de

Human Study e. V.

SRITEA [

Human Study is a German-based institution offering a
unique model of comprehensive education custom-tailored
for practitioners employed in prosthetic and orthotic work-
shops and clinics. Human Study offers a range of educa-
tional programs that are delivered to students by means
of blended learning methodology. The methodology is an
effective combination of e-learning practices and on-site
clinical training. The blended learning methodology allows
students to study and at the same time stay productive in
their workshop facilities, treating patients and keeping a
regular income. Human Study educational programs are in-
ternationally recognised Associate (Cat. II) and Professional
(Cat.I/BScDegree) level programs, accredited by the Inter-
national Society for Prosthetics and Orthotics (ISPO). In ad-
dition, Human Study offers a range of short and specialised
courses for continuing education (SCOPe).

«# www.human-study.org



Bundesfachschule fiir Orthopiidie-Technik e.V. (BUFA)
(Federal Academy of Orthopaedic Technology)

-
B ABundesfachschule
Orthopadie-Technik
1

BUFA is the leading education centre for professional pros-
thetists and orthotists in the entire German-speaking area.

Each year, more than 2,000 national and international spe-
cialists from orthopaedic and rehabilitation technology as
well as more than 30 percent of young Certified Prosthe-
tists/Orthotists (CPOs) continue their education in various
subject areas in around 170 training continuing education
offers. In addition to teaching, the range of services includes
application research and the development of courses and
new teaching concepts.

~% www.ot-bufa.de

Legal Notice

Publishing House:

OT Medien GmbH

Reinoldistr. 7-9

D-44135 Dortmund, Germany
CEO: Georg Blome

Editorial Board:

Kirsten Abel (DE; responsible according to the press law),
Verlag Orthopédie-Technik (Verlag OT)

Elisabeth Mansfield (USA), John Sullivan (UK),
International Society for Prosthetics and Orthotics (ISPO)

Christian Schlierf (DE), Human Study e.V.

Ludger Lastring (DE), Bundesfachschule fiir
Orthopddie-Technik e.V. (BUFA; Federal Academy
of Orthopaedic Technology)
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The peer-reviewed papers of thisissue of “HowToTreat - Kobe
Edition” - were first published in the German magazine
ORTHOPADIE TECHNIK, the official journal of the Ger-
man Association of Orthopaedic Technology and the Inter-
national Society of Prothetics and Orthotics Germany e.V.

The Advisory Bord for “HowToTreat” No 1/19 Kobe Edition:
The peer-review procedure ensures the quality of the techni-
cal articles. The reviewers are recognised scientists, doctors,
and O&P professionals. All members at:

-3 www.verlag-ot.de/fachzeitschrift/beirat
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