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Establishing structures
for professional treatment &

In every country in the world there are physicians and
nurses. Also health professions like physical therapy
are known and established today in many countries.
Professions producing orthopedic appliances used to
have a hard time to be recognized and to establish the
respective training and treatment structures. Whereas
prosthetics and orthotics have managed to establish
this profession in many countries via the Internati-
onal Society for Prosthetics and Orthotics in the last
decades, pedorthics still has trouble with this. For many
years the focus of this profession has been very much
on Central Europe. This was also related to the long
tradition of the profession in this region. Modern
pedorthics has evolved from the shoemaking trade.
Examples from Japan, Australia and Canada show
that this is not necessarily the basis for the develop-
ment of this profession. More than 25 years ago pedort-
hics still was in its beginning in those countries and
yet there has been a fast development. In 2003 Japan
hosted the IVO-congress and in 2012 the internatio-
nal community of pedorthists met in Sydney, Austra-
lia. This year the Pedorthic Association of Canada was
the host for the IVO-congress in Toronto and could
welcome participants from altogether 25 countries.
While visitors from European countries were the majo-
rity, there were also visitors from Africa, Arabic coun-
tries and from Asia. There the profession of a pedorthist
does not exist, however there is a demand for individual
solutions of foot problems. This is why we should not
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underestimate the attendance of these countries, even
if there were only few people present. At international
congresses not only topical knowledge is communi-
cated, like it happened in Toronto perfectly. It is also
shown - among others with a specialized exhibition -
what this profession can achieve and what standards
there are today concerning knowledge and technology.
And first of all contacts and networks are established
that are helpful to build structures for the professio-
nal treatment of foot problems in a country. There are
already initiatives of this type, such as in Vietnam,
where the necessary knowledge is transferred with the
support from Europe.

This is why international congresses play such an im-
portant role in the world-wide further development of
pedorthics. Let’s wait and see where the IVO-congress
will take place in ten or twenty years.

Wolfgang Best
Chief editor
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For the first time a congress of the International Association of Pedorthics (IVO)
took place in the English- speaking part of Canada from 12 to 14 April 2018.
The Pedorthic Association of Canada (PAC) was the host of the congress in Toronto,

where the international community of pedorthics met for three days.
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Friendly people, pedorthic needs and
flat bureaucratic structures — Samuel
Welter has been heading a pedorthic
company in Ireland for one and a half

years.
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Running barefoot or with shoes? Page 21

About 10 years Natural Running was the new trend.

But soon it showed that many runners were over-

whelmed with the new shoes. Martin Daumer, a
convinced “minimalistic” runner dealt with the topic

on a scientific level.
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PEDORTHICS INTERNATIONAL

IVO-Congress 2018:
Exchange of knowledge and ideas

WOLFGANG BEST

For the first time a congress of the International Association of Pedorthics (IVO) took place
in the English- speaking part of Canada from 12 to 14 April 2018. The Pedorthic Association
of Canada (PAC) was the host of the congress in Toronto, where the international community

of pedorthics met for three days.

welve years ago a German pedorthist
living in Australia had announced
his attendance of the annual congress in
Winnipeg, Jonathan Strauss, managing
director of the Pedorthic Association
of Canada (PAC) narrated at the begin-
ning of the congress. Nobody had known
him and his request had been unknown
at that time. The pedorthist was Karl-
Heinz Schott. The reason for his visit
was to present the International Associ-
ation of Pedorthics (IVO) and to suggest
to the PAC to become a member of the
association.
Schott’s successful,
since only shortly after the PAC actually

mission was

became a member of the IVO, where it
cooperated very actively right from the
start and where they applied for host-
ing the IVO-congress in 2018 some years

J

ago. This congress constitutes the pre-
liminary peak of a rapid development.
The PAC was founded only in 1990. Bri-
an Scharfstein, one of the first members
of the PAC, said that at the first events in
the beginning of the nineties there had
been four exhibitors and 50 participants.
But within few years the PAC managed
to establish an education system with its
own college and state-approved degree
and to become a negotiation partner of
the health insurance companies with
the help of active corporate policies and
a clear strategy.

Visitors from 25 countries

ThePACtodayconsistsofabout 650 mem-
bers from all over the English-speaking
Canada. The French-speaking part of
Canada has already had its own asso-

Karl-Heinz Schott (r.) received a Canadian hockey jersey as a gift from Jonathan Strauss for

introducing the PAC to the IVO.

ciation, the AOPQ, that hosted the first
IVO-congress in Canada 25 years ago.
Members of the associations PAC and
AOPQ account for the majority of the
around 500 visitors of the congress. 106
visitors came from abroad, the biggest
part thereof from Europe. Altogether
there were participants from 25 years
attending the congress, among others
from Vietnam, Thailand, Bangladesh,
China, the Bahamas, Saudi-Arabia and
Japan. The fact that so many countries
were represented shows how big the
need is for knowledge of the treatment
of foot problems world-wide. In many
countries there has not been any edu-
cation or recognition of the profession
yet. But also for this purpose interna-
tional congresses are important. With
the help of the communication with
colleagues you can learn how to create
the respective structures in your own
country. Also the specialized exhibition
was a lot bigger this year. 80 companies
exhibited their goods and services at
altogether 102 stands, 25 of the compa-
nies were from abroad. Jonathan Strauss
said, “Never before did we have so many
exhibitors at an event”.

As a special guest, the PAC could wel-
come Edward Lamaire, president-elect
of the ISPO-International (Internation-
al Society of Prosthetics and Orthotics).
He affirmed in his greeting how import-
ant it is to exchange views and to visit
each other. Lamaire considered it a posi-
tive and important step that the IVO
did a session on foot-care at the last
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ISPO-congress in South Africa. He en-
couraged the IVO to become involved
in the elaboration of international stan-
dards for foot-care and invited the IVO
to participate again in the next ISPO-
congress in Kobe, Japan, in 2019.

Combining science and practice

The PAC composed a manifold special-
ized program for the IVO-congress, big
parts of which were interpreted simul-
taneously into German and French. The
selection of the topics and speakers
showed the self-conception of the PAC.
Already at an early stage the PAC sought
contact with science. Not only the
training is established in the college. An
essential goal of the association’s work
is to scientifically examine and confirm
its own experience. This was also re-
flected in the congress program, where

PEDORTHICS INTERNATIONAL

Delegates, exhibitors and speakers from 25 countries attended the IVO-Congress in Toronto.

repeatedly references to findings from
research could be found.
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muscular activity and muscle training
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PEDORTHICS INTERNATIONAL

Edward Lemaire

to the training of the toes that play an
important role in the fall prophylaxis.
Dr. Michael Ryan, sports physician and
pedorthist explained how difficult it is to
gain scientific findings on foot orthotics,
since not only the concepts of foot or-
thotics but also the studies differ very
much from each other. Can we therefore
relinquish science? As a practitioner you
never know how good the foot orthot-
ics really are, according to Ryan. If the
foot orthotics are not effective, the cus-
tomers could simply not come any more
or go to a competitor. Even if the state
of the studies is contradictory, Ryan re-
quires that also practitioners should
be able to read and evaluate studies.
And the state of the studies actually is
not that bad at all. Ryan presented first
results from his own multi-center study
that show that foot orthotics for the
most part remove pain or at least con-
tribute to an essential improvement.

Kelly Robb is a pedorthist trained
in Canada, who dedicates herself to
science and who currently does her PhD
on neural mechanics, muscular activi-
ty and foot orthotics. She presented in
her lecture findings on the effect of foot
orthotics with structured surfaces for
gait improvement in Parkinson patients.
Also Klaas Postema, professor for reha-
bilitation from the Netherlands, dealt
with studies on foot orthotics provid-
ing a sensory input to the foot via their
surface or vibration. His focus was on
the effect of structured surfaces of foot
orthotics for the fall prophylaxis in
older people.

Tom Michaud

Micheal Ryan

In spite of all the science the practi-
cal experience did not come up short.
Kevin Fraser, a pedorthist who heads the
technical orthopedic department in the
Sunnybrook hospital in Toronto, showed
with various examples how the interdis-
ciplinary cooperation can be successful
for the treatment of patients. “Each of
us has to know, when he or she should
send the patient to a different special-
ist and you have to ask yourself if you
indeed know the other specialist,” he
considered as the most important condi-
tion for a successful cooperation. Fraser
said that it was also scientifically proven
that the interdisciplinary approach im-
proves the treatment. Together with his
colleague Gordon Ruder, a trained or-
thopedic technician, Fraser showed with
three case studies how pedorthists and
orthopedic technicians can cooperate in
the treatment of patients.

Dr. John Embil, a diabetologist from
Winnipeg, Canada, explained in his
lecture that it is not only important
within the treatment of diabetes to ac-
quire the efficiency of the medical ther-
apy, such as for example the duration
of the wound healing. The benchmark
should be the patients’ health-related
quality of life. Here not only the physi-
cal health is important, but also to what
degree the disease impacts and limits
daily life. Concerning the cooperation
of the patients Embil emphasized that
the patient has to understand that there
is a problem and that he himself can be
part of the solution. To scare patients
does not help at all. You should keep the

John Embil

message simple, repeat it over and over
again, but also allow time for decisions
if you want to get the patients to coop-
erate.

Karl-Heinz Schott talked about his
experience when he started his com-
pany in Australia 30 years ago. The start
had been quite difficult, since his pro-
fession was practically unknown there
and foot problems had only been treat-
ed with foot orthotics or orthoses. Over
the years however he has managed to es-
tablish as a therapy a combination of an
individual foot orthotic and an individ-
ually manufactured shoe that also can
have an effect of an orthosis. Using dif-
ferent examples, Schott showed which
treatment options orthopedic shoes
can provide. Today also in Australia the
custom orthotic shoe is known, even if
it still not as much accepted as other
therapies. But a custom orthotic shoe is
a low priced care, Schott emphasized, if
you consider how many costs it can save
elsewhere.

There are more and more analyzers
being worn on the athletes’ bodies. Al-
ready today many runners used support-
ing technologies when doing sports that
collect data on their behavior and their
movements, Reed Ferber from the Uni-
versity Calgary explained. Due to these
data the athletes changed their behav-
ior, also to avoid injuries. Ferber can
imagine a similar development in pa-
tients’ care. “Practitioners used to have
an advantage in the knowledge of what
helps a patient”, Reed said concern-
ing the wearable. But science caught up
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and the advantage was shrinking, Ferber
said.

Will this help to detect what is wrong
with the athlete before he notices it
himself, as Chris Lawrie of Fitfoot360
phrased it at the panel discussion in-
novations in pedorthics? And does this
technology make the pedorthist redun-
dant?

There were different opinions on this
topic during the discussion. Stephen
Paris, a pedorthist from Vancouver,
warned with all technology around not
to neglect the direct relationship to the
customer that also played a decisive role
for the success in a treatment.

We will have much more data, Reed
Ferber believed. But we need people
to implement these data. “The expert
knowledge will stay,” Fred Holtkamp
from the Netherlands was convinced,
he developed a glove for the collection
of 3D-data. Also Chris Lawrie does not
think that technology substitutes ex-
perts. Treatment should be supported by
technology and not be driven by tech-
nology.

Further topics of the congress were
the motion analysis, an indication ma-
trix for footwear and foot orthotic care,
wound care, the international nomen-
clature, sensorimotor foot orthotics and
the pressure reduction in the treatment
of diabetic feet.

PEDORTHICS INTERNATIONAL

The social night at the Hockey Hall of Fame in Toronto turned out to be one of the highlights
of the congress. Many visitors showed up in their own hockey jerseys.

Further education and networking
with colleagues

The PAC proved to be the perfect host
during the entire congress that offered
ideal conditions for further education
and networking for the international
community of pedorthists. The hotel
and the congress centre were under the
same roof, so all participants had only
short ways. And a direct hit was the ven-
ue for the festive evening. In the Hock-
ey Hall of Fame in Toronto everything
important related to Canada’s national
sport is shown and it provided the suit-
able environment for the event. Instead

of suits the dress code was “ice hockey
jerseys”. Not only many Canadians, also
foreign guests followed this invitation
and showed up in the ice hockey jerseys
of their local clubs.

The next IVO-congress will take place
in 2021. After 21 years Germany will be
the host once more. The Central Asso-
ciation for Pedorthics (Zentralverband
Orthopédieschuhtechnik) and C. Maur-
er Fachmedien will then invite everyone
to Cologne, where the IVO-congress will
take place on 22 and 23 October 2021 to-
gether with the trade fair “ORTHOPADIE
SCHUH TECHNIK” (“PEDORTHICS”). ™

80 companies in 120 booth presented their products and services at the exhibition.

www.footandshoe.de
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In Ireland signs are pointing to green

ULRIKE KOSSESSA

Friendly people, pedorthic needs and flat bureaucratic structures - Samuel Welter has
been heading a pedorthic company in Ireland for one and a half years. After many years in
Germany he specifically looked for a country with comparatively low bureaucratic hurdles.

amuel Welter has always been in-
Sterested in the world and in people.
After he joined the company Ferdinand
Bohnen (Essen-Werden) he came to Si-
erra Leone Makeni (OTC Orthopéadisches
Technisches Centrum) 30 years ago via
the development aid AGEH Koln. There
the young man experienced a time that
defined him personally and also profes-
sionally: For more than three years the
trained master pedorthist committed
himself to development aid. As assis-
tant head of the OTC Samuel Welter was
responsible for the training of lo-
cal skilled personnel in Makeni. Unrest
made him leave the country and return
to Germany. There he worked for more
than 18 years in the Cologne Wallenborn
GmbH as head of the workshop and ob-
tained numerous additional qualifica-
tions, for example in diabetes care.

His tasks were meaningful and ful-
filling to him until the increasing bu-
reaucratization more and more influ-
enced his professional daily routine.

Administrative work, the cooperation

10

with health insurance companies in-
creasingly demanded time from him that
he preferred to spend with people and
his manual work. Samuel Welter with
50 years was young, experienced and
qualified enough to get started once
more, to discover and experience some-
thing new. Being used to thinking out-
side the German box, he inquired in-
to alternatives abroad. Where could he
use his knowledge and skills for peo-
ple? Where are there needs, where are
the bureaucratic hurdles comparatively
low? He proceeded in a pragmatic way
and challenge chance — with an adver-
tisement or an application for a post in
English speaking countries.

With success

His journey took him to Ireland in 2015,
to Tutty’s Handmade Shoes, an expert
for pedorthic footwear. Here Samuel
Welter could use his skills specifically
and help many people, also those with
problematic feet. Supporting the foot,
balancing weak spots, satisfy private and

1 The brothers
Christoph (left) and
Samuel Welter at

SCHUHTECHNIK in
Cologne.

the 4. ORTHOPADIE-

occupational requirements concerning
walking and standing with the help of
shoes, feeling good in shoes: Samuel
Welter regards people holistically, from
the foot via the knee to the back.

Even though there are many excellent
orthopedic specialists in Ireland work-
ing in prosthetics and helping people to
maintain their mobility, there are only
limited capacities to treat people for ex-
ample with an orthopedic last and with
foot orthotics. So the profession of a
pedorthist on the “Emerald Isle” does
not exist the way we are used to in
Germany- at least there is no training
for it and thus also no specialized asso-
ciations and organizations. But there is a
demand for it. Samuel Welter found out
that the Irish like to be consulted by spe-
cialists and thankfully accept pedorthic
offers that noticeably help them. This
positive experience and the openness
for his specialized trade encouraged the
master pedorthist to open his own busi-
ness in 2017. Samuel Welter personal-
ly feels very much at ease on the Emer-
ald Isle with its warm, easy-going peo-
ple. And the youngest ones of his five
children can grow up bilingually here.
His 22-years-old son Heinrich Welter al-
ready now works as an apprentice in the
company.

Samuel — Sam, as he is called in Ire-
land, was helped by his brother Chris-
toph Welter when he set up his business.
Together they managed the necessary
paperwork like a business plan or tax
issues. They bought a complete work-
shop in Germany, shipped it over and
reconstructed it in a hall in Naas near
Dublin. Today both are registered as
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directors in the limited company and
complement each other personally and
professionally: Samuel Welter as pe-
dorthist is responsible for the work-
manship, Christoph Welter heads the IT
area (marketing, optimization of pro-
cesses). Whereas raw materials so far
have been bought and imported in Ger-
many for the most part, the Welter
brothers are now trying to increase
their cooperation with regional suppli-
ers. Here many reliable business con-
tacts have already developed. Valuable
help with establishing the business was
provided by LEO, the Local Enterprise
Office. This EU-sponsorship appreciated
and supported the Start-Up, whose ef-
forts in the end also help the people and
the economy in Ireland.

“Lord of the Shoes”

Cross-linking and optimization of pro-
duction processes are very important
for the present and the future: “We had
a positive first business year 2017 and
meanwhile work with five employees.
The order situation does not only sta-
bilize itself, the demand, especially for
orthopedic footwear, steadily grows”,
Christoph Welter tells us. The motto is
as pragmatic as it is productive: “Feel
the Difference at your Feet”. Welter’s
Personalised Footwear Ltd. focuses
entirely on the needs and the disease
of the customer concerning the pro-
duction or modification of footwear
and orthotics. Whether for daily life,

Visit us online:

PEDORTHICS INTERNATIONAL

3 Questions to Samuel Welter

OST: Which products/services are most in demand in your company?
Samuel Welter (SW): Mainly foot orthotics, they account for 60 to 70 percent of
the order volume. This is followed by shoe modifications and more and more
custom orthotic shoes. We work with a very committed team to carry out these
manifold tasks. Part of the team has been for quite some time now also Liz Dun-
bar, highly qualified, strong organizer and meanwhile associate of the company.
Being Irish she represents our practical and spiritual connection to the Irish
market, she knows the people, their mentality. My son Heinrich Welter is an
apprentice in his first year, then there is Vinni (Vinicius Baez), workmanship-wise
we are excellently positioned, and then there is still my brother Christoph and I.
We are looking for competent staff at the moment.

OST: What is different in Ireland?

(SW): Not only the weather, also the attitude in various respects. The family is
number one. We can work in a much more relaxed way, people here are open,
forthcoming and sociable. At the same time | must not and do not want to discard
my typical German way of thinking towards perfectionism, this is what | need for

the quality of my work.

OST: Would you go to Ireland again?
(SW): Anytime. | like the people and the
nature - and the flat bureaucratic struc-
tures. | especially enjoy that | can render
a service to people’s health and to their
well-being with the kind of work | do and
that this is appreciated with “thank you”
and with friendliness.

2 Samuel Welter in his workshop
in Naas, Ireland. Here the manu-
facturing of individually adapted
foot orthotics is the main part of
his tasks.
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3 Alookin the practice of Samuel Welter in the Dublin Merrion Gates Medical Centre:
Here he is available for customers on two days per week.

sports and business, for diabetes care
or children’s feet —the master pedorthist
always has an eye on the holistic
well-being. He relieves and avoids pain

— with hand-manufactured custom or-
thotic shoes, with therapeutic foot-
wear, foot orthotics and bandages. The
production takes place in a big hall in

Naas. Two days a week Samuel Welter
works for customers in his practice in
the Dublin Merrion Gates Medical Cen-
tre and one day in Naas, in the M7 Busi-
nesspark Newhall,- the integration in a
medical centre in Dublin provides syn-
ergies and contacts. “We cooperate with
physicians from diverse clinics as well as
with GPs and health care profession-
als. This leads to a vivid exchange and
technical further education. Interest-
ingly people here on the island have
downright “endemic” foot problems
that are often passed along to the next
generation. Such as talipes calcaneus
cavus. In that case individual help to be
pain-free and to have more walking
comfort is openly accepted,” Samu-
el Welter says. Welter’s Personalised
Footwear Ltd. contributes to a new
awareness for health-promoting foot-
care.

Pedorthics in Ireland

About 2.3 million people of the altogether 4.7 million inhabitants live in the wider area of Dublin. The education is often limited
to private schools. If you have the money and an idea, you will find good conditions here to realize your professional ideas even
without the learnt expert knowledge. This is a result of low bureaucratic hurdles, but it also limits the number of specialists.
This is also valid for master pedorthists that so far have not been apprenticed in Ireland the way we are used to in Germany.
Thus there are only limited capacities for individual footcare. Concerning the trade, it is organized in the “Independent Foot-
wear Retailers Association for Great Britain and Northern Ireland”.

There are quite some qualified podiatrists in Ireland. The infrastructure and the public transportation system are only
constructed in a limited way. People are used to walking a lot. This is why they take special care of their feet. Welter’s
Personalised Footwear Ltd has already had an interchange with some podiatrists and therapists, they introduced the team
and their work in health centres. Often it can be heard: “Samuel Welter is German. | am sure he works very thoroughly and
efficiently as a master pedorthist” This way of thinking opens doors, but on the other hand it implies high expectations.
Our performance has to be more than good, so that we maintain our reputation”, Welter says.

Foot orthotics authorized by the state health service “Health Service Executive (HSE)” are free of additional payments. But the
customer always has to pay the service of the applicant. 20 percent of the costs are tax-deductible. There is a long way to a
prescription: Foot orthotics first have to be prescribed by a physician, physical therapist, chiropractor or a osteopath, then it has
to be authorized by a physical therapist.

The costs for foot orthotics are only born very rarely and in extreme cases. Here among other things three estimates
have to be compared. The situation is similar for custom orthotic shoes. The majority of the Irish are privately insured.
It depends on the respective insurance policy if and how far pedorthic care is covered.

The rates for individual foot orthotics are basically substantially higher than in Germany. The procurement costs for the raw
materials alone are extremely high in Ireland. But this way aids and appliances of this type and the manufacturing and the
customer service is “valued” higher in Ireland. Each process contains a free debriefing/test that is carried out three weeks upon
receipt of the product. The aid is supposed to fit and be actually used. In the end also Samuel Welter uses a mixed calculation,
but he fares well with it in Ireland. He criticizes that pedorthists in Germany not only have to deal with too much bureaucracy:
“They can just make a living working about 60 to 70 hours a week. This is a pity for the attractiveness of a very beautiful and
meaningful profession”
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Right now Welter is looking for a fur-
ther pedorthist. Maybe he or she will
be found at the World Congress of Bio-
mechanics that only takes place ev-
ery four years and in the year 2018 the
venue is Dublin. Here Welter’s Person-
alised Footwear Ltd. will represent pe-
dorthics as the only exhibitor in Ireland.
“We are currently working on an idea
to promote the export of our products
and possibly to benefit from a further
EU-sponsorship,” according to Samuel
Welter. At the moment Germany is the
strongest export country. “Customers
actually follow me. They do not get the
special foot orthotics any more the way I
made them back in Germany - for exam-
ple neuro-muscular therapeutic insoles.
Some customers also use the short peri-
od of time when I am back in Germany to
have their feet measured and then they

PEDORTHICS INTERNATIONAL

Photos: Samue-

4 Modern technology is connected with profound technical know-how at Welter’s Personalised

Footwear Ltd.

when they need it”, Welter tells us. As
a next project, the specialist would like
to deepen his business activity with the

and England - “slowly but surely”. Rome
wasn’t built in a day — another concept
that the Irish learn to respect and appre-

place their orders with me once more direct neighbouring countries Scotland ciate. [ |
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Pedorthic Footwear - Assessment
and Treatment

or 16 years Klaas Postema was a
Fprofessor for rehabilitation at the
University Medical Center Groningen
(UMCQG) in the Netherlands. One of his
main interests, besides amputations and
prosthetics, was the treatment of move-
ment disorders, especially the influence
of orthotic treatment - including orthot-
ic footwear - on movement and motion
control.

Six years ago he started to put his
scientific knowledge and practical ex-
perience in the field of pedorthics be-
tween the two covers of a book. When
the outline of the book was ready, he in-
vited three other editors with outstand-
ing experience in pedorthics: Karl-Heinz
Schott (Australia), Dennis Janisse (USA)
and Clemens Rommers (The Nether-
lands) to join him. In the end, 54 experts
from pedorthics, medical science, bio-
mechanics, footwear research, engineers
and physiotherapists contributed to a

Pedorthic footwear
Assessment {Iﬂd treatment

14

book that now encompasses more than
500 pages, 550 illustrations, 33 tables
and covers most aspects of the treat-
ment of foot and gait disorders.

The book starts with background
knowledge about functional anatomy,
biomechanics and the development of
children’s feet and changes in foot func-
tion in adults and elderly people. Then
the process of history taking, examining
patients and gait analysis for pedorthic
assessment is introduced.

The next chapters of the book deal
with different aspects of pedorthic
footwear, like the process of providing
pedorthic footwear, last making for
custom orthotic shoes, the construc-
tion and structure of footwear, materi-
als in pedorthic footwear or the orthotic
management of lesser toe deformities.
Two of those chapters explain in detail
the possibilities of shoe-modifications
and the biomechanical effect of rocker
profiles, which is not of-
ten found in books about
pedorthics.

In the introduction to
the book the editors talk
about their astonishment
in their early years in re-
habilitation when they
had to experience that
the shoes that they had
prescribed were not worn
by patients, even though
the shoes were made by
a specialist after a thor-
ough examination and
gait analysis. Not only
the fit and the function of

The book is available
through the website of
the foundation
(https://berjalan.org).
On the website also
additional material

is available.

the shoe are important for the patient,
the editors conclude. Many psychologi-
cal aspects also play a role. To ensure ac-
ceptance and wearing of pedorthic foot-
wear, communication with the patient is
crucial. In several chapters readers will
find background information about why
prescribed footwear is rejected and how
a pedorthist can communicate with the
patient to positively influence his or her
wearing behavior.

Foot and gait problems in children
and adults which pedorthists have to
deal with in daily practice make up
the main part of the book. Different
experts describe the background of the
problem, how foot function and gait are
affected and give advice on how it can be
treated with orthoses, foot orthotics or
pedorthic footwear.

“The aim of this book is to share the
knowledge of different aspects concern-
ing pedorthic footwear with all the dif-
ferent professionals that are involved in
foot care.” With regard to all the contrib-
utors, many of them internationally re-
nowned specialists, this mission is truly
accomplished.

What makes this book special is, that
it is not only aimed at an audience which
is already well trained, but that it wants
to spread knowledge about pedorthics
also into countries which only have just
begun to develop the profession.

Since 15 years Klaas Postema has been
teaching almost every year in Suraba-
ya, Indonesia and in other Asian coun-
tries. For the publication of the book,
Postema has established the foundation
“Berjalan”. Its purpose is to enhance the
knowledge about foot and motion dis-
orders and their treatment in Asia fo-
cusing Indonesia. All the revenues of
the book will go to the foundation to
support courses and other educational
activities in cooperation with local pro-
fessionals. [ |
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CHAPTER 6: MEASURING AND SIZING

6.5 Creating a negative plaster mold

More than 80% of custom-made orthotic footwear is created in
this or a similar way (Fig. 6-8).

An essential basic task for the pedorthist is creating an exact
negative plaster mold of the foot. Prerequisite to this is a correct,
manual examination of the active and passive musculoskeletal
system of the lower extremities (see Chapter 22). This provides
information about the optimal position of the foot in the shoe.
Ideally, the patient will have already been treated by a physio-
therapist so that an optimal range of motion can be used when
creating the mold.

The mobility of the ankle is tested based on the corrected
hindfoot, the position of which is paramount to treatment (Fig.
1a - d). The calcaneal tuberosity is maximally corrected for a
non-contracted valgus hindfoot. An equinus foot deformity is
tolerated. The procedure is similar for a clubfoot: maximum
hindfoot correction, plantigrade adjustment of the ankle. To
achieve a consistent left-right result in the plaster mold, the
deformed foot is plastered first and then the healthier foot is
adjusted.

Preparations:

1. Welcome.

2. Medical history.

3. Findings.

4. Foot as non-edematous as possible.

5. Optimal patient positioning (on a chair, in bed, on a seat
shell, on mother’s lap, ...).

6. Explain and define treatment goals.

Material (Fig. 7):

1. Original/planned footwear (socks, compression stocking,
bandage...).

2. Plaster area.

3. Plaster bandages (4 cm x 12cm).

4. Insulating foil.

5. Scalpel, knife.

6. Cutting mat.

7. Container with water.

8. Latex gloves, sized appropriately.

9. Block for the heel pitch.

Procedure (Fig. 7, 8):

1. Wrap foot with foil from distal to proximal in the intended
direction of correction: On the one hand, the edema is
pressed out, and on the other, the foil protects the foot
from plaster residues.

Fig. 7 Set up the plaster working area.

]
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Fig. 8 Cutopen plaster  Fig.9 Finished plaster negative.
on the cutting mat with
scalpel.
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10. Cut open with the knife.

11. Carefully pull off the negative mold. "

12. Close with a strip of plaster.

13. Remove foil and clean area.

14. Make the next appointment and explain the further proce-
dure before seeing the patient out.

9. Allow the plaster to harden. l

6.6 3D foot scan

Fig. 11 Scanner (manufacturer: Gebiom).

3D scan technology is becoming more and more important (Fig.
10 - 12). A distinction is made between:

A Scanning in the box: The patient is put into a position where
the foot can be scanned from every side. The surface of the
skin is registered. Corrections are not possible for patients re-
quiring custom orthotics. Itis easier to treat patients when the
frontal median is not important and a template is available
from the shoe last archive or the digital last library.

Hand scanners have the advantage that they can be used
around the patient, allowing the patient to maintain a more re-
laxed posture. Good corrections, however, are not always pos-
sible with these (Fig. 11, 12). Newer and smaller scanners are
available from the company Gebiom, among others.

w

Fig. 12 Scanning a positive shoe last (manufacturer: Spenle).
6.7 Plaster negative and scan technology -ﬂ
One way to take advantage of the positive correction capabilities
of the plaster cast and the advantages of scanning is to combine
these two methods. A plaster cast is first made as described
above, and subsequently scanned. For this method, it is also
possible to use a last from the shoe last archive. The virtually
generated raw lasts can also be modeled on the computer with
the aid of suitable software, and then milled.

6.8 Foot foam and scan technology

With special software, the data from different scans can be com-
bined and assembled into a virtual object. In this way, the foot-
sole mold can be scanned from the corrected foot foam and
then mirrored (Fig. 13, 14). The dorsal portion of the foot and =

lower leg is scanned directly on the patient. The object to be

scanned should move as little as possible. Subsequently, the two :l
virtual halves are joined to form the complete foot. The change-

over from manual work to virtual computer modeling is parti-

cularly challenging in this case.

Fig. 13 Scanning the foot in the foot foam.

Fig. 14 Scanning the corrected foot foam.

Baumgartner, Méller, Stinus
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Pedorthic Association of Canada
Clinical Practice Guidelines

n 2010 the Pedorthic Association of
Canada (PAC) for the first time ex-
pressed its desire to draw up practical

clinical guidelines. They were supposed
to assist the members in the treatment
of their patients and to standardize the
treatment process, but they were also
supposed to enable a dialogue with the
public, other health professions and po-
litical decision makers on pedorthic foot
care.

As early as in 2012 the first edition of
the Clinical Practice Guidelines could be
presented containing all important dis-
eases that pedorthists deal with in their
daily practice.

In 2017 the board of management of
the PAC concluded that it was about
time to review the Guidelines, since
there had been enough new develop-
ments in this specialized area to justi-
fy a revision of the Guidelines. Before
the revision the members were asked
to supply their feedback on the first
edition and to make proposals for the
second edition. Authors of the first edi-
tion were asked to update their articles.
Seven new chapters were added for the
second edition. A whole team of review-
ers made sure that all articles includ-
ed state-of-the-art knowledge. It was a
common project where more than 100
participants including authors, review-
ers, people from the project team of the
association and the production team
cooperated.

The effort was well worth it. Now more
than 65 diseases are described in in-
dividual chapters — from the little toes
up to the hip. The proven design of the
first edition was maintained. Each chap-
ter begins with a summary of the essen-
tial messages. Then the disease is in-
troduced, a description of the patholo-
gy, explanations about the differential
diagnosis and the suitable test proce-
dures as well as the contra-indications

16

Clinical Practice
Guidelines

A rrl'-rrrlll.r EmarnL

bl practicr in pedoathic care

Pedorthic Association of Canada: Clinical Practice Guidelines
400 pages. Price: Free of charge for members of the PAC. 99 $ (CAN) for the
printed version and 49 $ (CAN) for the electronic version for non-members.

(https://www.pedorthic.ca)

follow. After the evaluation of the diag-
nosis you would expect that the authors
directly proceed to the therapy process
and to the pedorthic treatment. But in
between there is a crucial subchapter
inserted: The patient’s perspective.
Here important hints are given how the
patients themselves experience the
disease, what symptoms they suffer
from and what effect the various mea-
sures have from their point of view.

After a detailed description of pos-
sible therapy options, the important
issues that should be taken into consid-
erations during therapy are summarized
as a conclusion under the headline “Key
Considerations”.

An extensive list of literature at the
end of each chapter shows that the au-

thors did not only write the articles
based on their own practical experience,
but also on the basis of the state-of-the-
art knowledge.

For those who are still learning, the
Clinical Practice Guidelines provide a
comprehensive overview of the profes-
sional discipline pedorthics. And those
who are already experienced in the pro-
fession will be happy to be able to con-
sult the book in cases of doubt, in or-
der to assure themselves or to get advice
on how to find the best solution for the
patient. The consistent construction of
the chapters makes it easy for the read-
er to find the necessary information on
a disease, either medical background
information or practical tips for the
treatment. |
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15es Journées de lAppareillage

du Pied
Toulouse - 14 & 15 March 2019

The Fédération Francaise des Podo-Orthésistes (FFPO)
will hold their annual congress 2019 at the Centre de Con-
gres Pierre Baudis in Toulouse in the southwest of France.
Congress topic will be multiple disabilities and there will
be a lot of opportunities to discuss this subject from a
medical perspective as well from a pedorthist perspective.
President of the Scientific Comitee will be Prof. Emmanuel
Coudeyre, Head of Physical Medicine and Rehabilitation at
the CentreHospitalier Universitaire de Clermont-Ferrand.
More information: http://www.ffpo.fr/

Pedorthic Association of

Canada - 2019 Symposium
Vancouver, Canada, April 11 - 13,2019

PAC’s annual Symposium is an educational event known
internationally for bringing together some of the best
keynote, plenary and workshop speakers from around the
world. Footwear Science will be the main topic in 2019.
The symposium will be held at the Westin Bayshore in
Vancouver, Canada. In addition to high quality presenta-
tions, the Symposium features a tradeshow. More informa-
tion: www.pedorthic.ca

5. ORTHOPADIE SCHUH
TECHNIK - International

trade fair and congress
Cologne, Germany, 18 - 19 October 2019

The ORTHOPADIE SCHUH TECHNIK is the only special-
ized trade fair for pedorthists and suppliers of pedorthists
in Europe. The trade fair, the congress and the seminars
are aimed at the owners of orthopedic shoe technological
companies and their staff, at schools and junior employees
as well as at manufacturers and dealers from this area.

175 exhibitors used the occasion in 2017 to present
themselves in Cologne. They met almost 4000 interest-
ed professional visitors that kept them busy in their fair
stands. 39 exhibitors from abroad underlined the event’s
international emanation. The congress offers the possi-
bility for focused further education with 30 specialized
lectures and additionally almost 30 seminars.

More information: www.OST-Messe.de

www.footandshoe.de

ORTHOPADIE
SCHUH
TECHNIK

International Trade Show
and Congress

18/19 October 2019, Cologne

Abstracts

Final date for submission:
1st February 2019

www.0ST-Messe.de/call-for-abtracts
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Plantar fasciitis — Combining

orthopedic and sensorimotor foot
therapeutical concepts

LOTHAR JAHRLING

The sensorimotor foot orthotic activates or blocks muscles; the classic orthopedic foot orthotic
supports and beds: However this notion is too easy. Classic approaches in the foot orthotic care
sometimes create the conditions so that the sensorimotor system once more can function correctly.
This can be seen with the example of foot orthotic care in case of a plantar fasciitis.

As it is known to all readers dealing
with the sensorimotor system, this
system ideally is supposed to provide au-
tomatically motion to the body. We have
trained and thus automized this motion
pattern before through many repeti-
tions. At the same time the sensorimo-
tor system is a strategy system that ac-
tively interchanges information with all
other systems in the body (Laube, 2009).
Here pain is a big interference factor,
because it changes learned motion pat-
tern. This is also the case with pain at
the plantar fascia. The nociceptive sys-

1 Simplified illustration of the mechanism of how
a strong tension of the calf muscles pulls the heel
bone up and thus creates tension on the plantar

fascia.
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tem requests the patient to not use any
more the area of pain or to avoid motion
causing pain as much as possible. Nocio-
ception is the perception of stimuli that
can harm the body potentially or actual-
ly. These stimuli are registered by noci-
ceptors and via afferent pain fibres con-
ducted to the brain, where pain percep-
tion develops.

Do not only look at feet when doing
cause studies

The reason of origin of plantar fasciitis
has not been conclusively scientifically

2 Simplified illustration of a sunken
foot from plantar. The thus caused
medial distension of the foot leads
to an overloading and inflammation
of the plantar fascia.

resolved. More than likely there are var-
ious factors that play a role. Overweight
people, but also above-average active
people like runners and athletes are con-
sidered to be endangered. Also standing
up for a long time at one’s workplace can
trigger an overload of the plantar fascia.
Most often plantar fasciitis occurs at the
age between 40 and 60 years.

Typical of plantar fasciitis is radiating
pain from the heel to the medial side of
the foot arch. In my professional practice
I have observed for many years that most
patients with plantar fasciitis rather have
a highly lifted foot. If such a foot lowers
in the medial longitudinal arch, inevita-
bly tension on the plantar fascia follows.
A flat foot, according to my experience,
does not create problems that often.

Since we always also ask our patients
about their living circumstances, we
know that a plantar fasciitis is often the
consequence of burdening living situa-
tions and stress. Of course this does not
directly effect the plantar fascia. But we
know from fascia research that messen-
gers are produced when we are in stress
that can lead to a slow fascia stiffening.
This can also have an effect on the foot
via myofascial chains, for example via
the so-called superficial back line, also
called dorsal chain.

This goes from the metatarsophalan-
geal joints over the plantar fascia and
the rear side of the body up to the crani-
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al vault to the eyebrows.

Here the footsole, the Achilles tendon,
the calf muscles, the rear femoral mus-
cles, the long musculus erector spinae
and the connective tissue lamina of the
cranium are in myofascial connection.
The function of the superficial back line
is supposed to be the support of the body
in extension movements (stretching)
and stabilization in upright position.
(According to: Schleip/Baker, 2015). Dis-
turbances and motion limitations in this
chain can thus also have an effect on the
foot. If we treat plantar fascia, we should
not only look at the foot, but we should
always also consider the living circum-
stances and the fact that pain can be
caused not only by the foot itself.

First goal: Pain reduction

In order for the sensorimotor system to
do good and undisturbed work again, the
first task is to eliminate pain. Since pain
results from the inflammation of fascial
structures, we have to fight the inflam-
mation first. In the literature there are
several methods described, for example
to bring oxygen into the system to ac-
celerate the decomposition of the in-
flammation. Also transversal flexion of
the fascia, diverse stretching exercis-
es, but also treatment with equipment
from shockwaves to laser therapy are
described.

MEDICINE & TECHNOLOGY

3 Placing a pelotte beneath the sustentaculum tali to upright the foot.

This means for the foot orthotic care
in case of severe pain that the foot first
only is embedded and unloaded. The
sensorimotor foot orthotic can and
should be an important part in the fur-
ther course of the therapy, because it not
only can unload painful, inflamed areas
through appropriate bedding. It can also
fight the causes of the inflammation by
creating new conditions for locomotion.

Righting the foot and enabling
locomotion

If you look at the foot in an isolated way,
often the cause for a plantar fasciitis is
a lowering process of the foot. The sim-
ple illustration (picture 1) shows the
hyperextension of the plantar fascia in
case of a lowering of the foot. But who
only looks at the foot in an isolated way,
overlooks that in most patients the dor-
sal fascial chain is too short. Patients
with these symptoms usually also have
back pain due to this shortening.

In the next simple illustration (picture
2) you can recognize the foot from plan-
tar and how the position of the joints to
each other changes by the lowering of

ering and buckling of the foot and a hy-
perextension of the plantar fascia is the
consequence. This is the basis for the re-
quirement of the sensorimotor foot or-
thotic. The excentric task of the M. tibialis
posterior is to be stimulated. Beneath the
Sustentaculum tali and the short part of
the talus, the highest point of the medi-
al pelotte is placed (picture 3). The plan-
tar fasciae hereby remain unloaded and
the opposite support at the lateral side
secures the hindfoot on the foot orthot-
ic. (Picture 4 a,b).

- advertisement -

Orthopedics Plastics | since 1962

POPULAR
ALL OVER THE

WORLD

BEIL - products have been
successfully proven in practice for

years.

They are adaptedicontinuously to

4a,b A lateral pelotte in the heel area
provides the necessary stability in the rear
foot with the medial pelotte beneath the
sustentaculum tali. The plantar fascia is
spared and remains unloaded.

www.footandshoe.de

the foot. The resulting medial hyperex-
tension of the foot leads to an inflamma-
tion in this area. Therapy should right
the foot again and thus take the tension
away from the plantar fascia .

The muscle requirements to secure the
righting of the foot arch are as follows if
you only regard the shank: The M. tibialis
posterior does not work enough between
the stance phase and the push phase. The
M. triceps surae works too much and pulls
the Os calcaneus up in the back over the
Achilles tendon. Since the medial part of
longitudinal tension arch of the foot is
higher than the lateral part, a medial low-

the increasing demands of mar-
kets and the safety regulations.

www.BEIL-PEINE.de

Tel. +49(0)5171/70990
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5 The retrocapital pelotte in the forefoot is elaborated in steps in order to achieve an

elongation of the dorsal muscle chain.

tarsal bones (a) and a longitudinal arch support, that supports the foot completely and thus
Llimits or prevents motion (b, red area).

From the point of view of classic pe-
dorthics first it is a mechanic righting
of the calcaneus. And that is how the
pelotte is supposed to take effect. From
the sensorimotor point of view it is im-
portant what we actually effect with this
righting. With the righting of the foot we
extend the dorsal chain and shorten the
way of the M. tibialis posterior. The im-
mediate effect is that we also bring the
insertion and the origin of the plantar
fascia together and thus unload it. But
the M. tibialis posterior is also stimu-
lated to more activity by this shortening
of the way. The tonicity is thus increased
and the muscle actively contributes to
the righting of the foot. With the exten-
sion of the way at the dorsal chain (calf
muscles) we reach a reduction of tonici-
ty and thus a relaxation and a decreased
tension on the plantar fascia.

So using a classic pedorthic measure,
we have created a new condition so that
the sensorimotor system can organize
motion newly and more physiologically.
If this works, depends to a large extent

20

on how we elaborate and place the medi-
al pelotte. If we support the longitudinal
arch of the foot holohedrally, we para-
lyse the talonavicular joint and thus pre-
vent motion. This only makes sense in
case of severe pain, if the foot has to be
immobilized as much as possible in or-
der to avoid painful motion. But as soon
as motion is possible again, we have to
enable and stimulate motion in the tal-
onavicular joint with the help of our foot
orthotic. Only this way the sensorimotor
system is able to organize motion that
leads to muscular balance and thus un-
loads the foot permanently.

The retrocapital pelotte in the fore-
foot is elaborated with steps in order to
create an extension of the dorsal muscle
chain (picture 5). This way we put pre-
tension on the dorsal myofascial chain
and this way reach a reduction of the to-
nus order and thus relaxation.

The sensorimotor system rules mus-
cular motion in our body. Each modifi-
cation of this motion, created between
foot and floor, has to be corrected by the

central nervous system (aktio=reaktio).
The aim of the sensorimotor foot orthot-
ic is to create this motion more physi-
ologically and to maintain the patient’s
own motion pattern, as far as possible.

By extending and shortening of the
respective myofascial areas the senso-
rimotor system receives a new request
for motion. In every case of foot orthot-
ic care you should be aware that basical-
ly there are no foot orthotics that do not
have a sensorimotor effect. Each modifi-
cation beneath the foot makes new de-
mands on the sensorimotor system, al-
so a foot orthotic built according to clas-
sic orthopedic principles. This raises the
question which reaction is caused by the
foot orthotic. A static foot orthotic that
only supports the foot and limits motion
cannot lead to better motion repetitions
since not all motions are provided by
the foot orthotic or are prevented by it.
The difference is often not very big (pic-
ture 6). Three millimeters less beneath
the Os navikulare and already we give
the chance to the mechanoreceptors to
require a muscle activity of the neuro-
nal system and to modify motion. Thus
it is also important to examine the foot
before the foot orthotic care and to test
how it will react to the orthotic.

If the new motion result leads to bet-
ter motion than the previous one, it can
cause reduced stress for the plantar fas-
cia. This way also the cause for the in-
flammation can be eliminated. Senso-
rimotor foot orthotics have developed
from conservative foot orthotic care.

If a foot orthotic has a sensorimotor
effect, this does not mean that it does
not also include classic principles like
support, retaining, guiding. As opposed
to purely supporting foot orthotics, the
sensorimotor foot orthotic does not re-
move the task to organize motion itself
from the sensorimotor system. It stimu-
lates the sensorimotor system to discov-
er motion newly and to automize it. M

Address of the author:
OSM Lothar Jahrling
Schiffenberger Weg 59
35394 Gieen, Germany
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From shoe to foot

WOLFGANG BEST

SCIENCE

About 10 years ago the running shoe market turned euphoric: Natural Running was the new trend,

at the same time it was the counterdraft of the previous running shoe concepts. But soon it showed
that many runners were overwhelmed with the new shoes. But does this contradict the concept of the
shoes? Martin Daumer, a convinced “minimalistic” runner, dealt with the topic on a scientific level.

or more than 20 years the sports
F shoe industry has gone into cushion-
ing and pronation with constantly new
technologies and shoe constructions.
The aim was to reduce the injury rate
through improved stability and control
by the shoe and better cushioning. But it
increasingly became apparent at the end
of the last decade that there is no scien-
tific proof for that. Very elaborated sole
designs with strong heel lifts were even
under suspicion to harm the foot instead
of protecting it.

The first successfully
counterdraft to this concept was Ni-
ke Free, launched in 2004, that allowed
the foot full range of motion, but that
also demanded more from the mus-
cles. The success brought the other pro-
ducers to the scene, so that soon it could
be considered a trend. Running was sup-

introduced

posed to be more natural, better, inju-

ry-free with these shoes, that all had a
flat, flexible sole. And shoes went on sale
that are little more than a slipcover for
the foot. The initial elation soon slowed
down with the first reports on over-
loading damages caused by the shoes.
Many athletes returned to the conven-
tional running shoe concepts or more
supporting shoes requiring less muscu-
lar stabilization. Since that time bare-
foot running shoes have had a hard time
in the trade, because no shoe retail-
er knows if his customer is ready for a
possibly longer transition phase or if he
runs directly into overloading.

Martin Daumer, physicist, mathema-
tician and professor for “Computational
Medicine” at the TU Miinchen, is a ded-
icated long-distance and mountain run-
ner and designs barefoot running shoes
himself. He asked runners in an interna-
tional study that successfully managed

Jenner/fotolia

The skin of the footsole is not robust any more and can be easily injured, Martin Daumer says.
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Martin Daumer

the transition (see box on page 22). He
explains in an interview why he believes
that barefoot running shoes are sold
short in the market:

Mister Daumer, in your study some
runners told you that by switching to
barefoot running they got rid of over-
loading problems that they suffered
from with normal shoes. Should all
runners change over to barefoot run-
ning in order to avoid problems?

If somebody does not have any prob-
lems, there is no reason for him to
change his running habits. Because if he
changes the shoe, possibly also the run-
ning style changes and thus the load and
the risk of overloading. This problem ex-
ists in every kind of sports if you change
something. In case of cross-country ski-
ing there used to be only the classic
style, until skating came up that was a
lot faster. With the transition there were
however many injuries, so that skating
in the beginning was considered a very
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The transition phase is the most difficult one

Running barefoot or running in so-called barefoot running shoes increases the
risk of injuries, some people say. Others say that running barefoot can heal and
avoid many injuries. Where do these controversial statements come from? Martin
Daumer and his research colleagues asked themselves. Is the reason for that the
fact that the studies refer to different time periods and do not respect enough the
transition phase, from running with shoes to barefoot running?

Runners know that the transition phase is a critical time for injuries. So far nobody
has quantified that, however. This was the aim of Martin Daumer and colleagues.
They designed an online-questionnaire that all runners could fill out that used
to run in normal running shoes and that now - after a transition phase — mostly
run barefoot or in barefoot running shoes. The website “Barefoot Runners Society”
promoted the participation in the survey. Age and gender were asked, but main-
ly running habits and injuries before and after the transition phase. Furthermore
there were questions on the personal reasons for the change and what advantages
they see in barefoot running.

226 runners filled in the questionnaires. Yet only those runners were evaluated
that ran at least 50 kilometers per week before and after the transition. 173 run-
ners remained that informed on their running quota and their injuries sometimes
in a very detailed way, because the questionnaire also provided the option to
enter a text freely.

The evaluation of the answers showed that the number and the kind of injuries strongly
increased in the transition phase between running with sports shoes and barefoot shoes
or barefoot. According to the evaluation of the answers of the participants the injuries in
this phase were three times as frequent as before. But the evaluation also showed that
the runners reported on significantly less injuries after the transition time, compared to
running with shoes. Afterwards the injury rate was only half as high.

Is this then the proof that barefoot running is healthier than running with shoes?
The authors themselves indicate that we should interpret the results in this
respect cautiously. Many of the participants had changed because they had had
problems running in normal running shoes and would consider the injury risk
possibly as not as big as it actually was. Also those runners that have no prob-
lem with running with normal running shoe, had not been reached at all. Consi-
dering the dramatic rise of the injury risk in the transition phase there is no real
doubt: Only those runners participated in the study that “survived” the transition
phase. Those who tried the barefoot running and - perhaps due to severe injuries -
returned to normal shoes, were not even included in the study. The factor 3 detec-
ted in the study more than likely underestimates the actual risk.

The questioning shows that those who maintained barefoot running now have
less injuries than before. But according to the authors of the study this is not
sufficient evidence due to the above mentioned limitations, that barefoot running
or running in barefoot running shoes could be recommended to all runners.

The problematic phase is the transition phase. “Too much too fast” were the most
frequently given reasons of runners of why they had more injuries as before
during this phase. The adaption of neuromuscular control, that possibly requires
years or thousands of kilometers until they have an effect, seems to play the most
important role, the authors suggest and draw parallels to playing piano.Also here
thousands of hours of practice are necessary in order to become a good musician.
Original article: Daumer M. On the Measurement of Running Style 1: Risks and
Benefits in Transitioning To Barefoot/Minimal Footwear Running. J J Sport Med.
2015,2(3): 014
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risky technology. But the muscles and
the tendons simply were not trained suf-
ficiently for this technology. Today skat-
ing has been established as an indepen-
dent technology.

That is no different with barefoot run-
ning. People are quick to underestimate
that here you have a completely different
motion and load process as with running
with shoes. The body can adapt to this,
but you have to allow time for it. “Too
much, too fast”, was the explanation
quoted the most by runners in our sur-
vey why there were injuries during the
transition. The runners asked too much
of themselves during the transition.

Are there any clues when it makes
sense to change shoes and/or the run-
ning style?

That is hard to say, also because there
has been a big change in research in the
last years. One of the most renowned
sports shoe researchers, Benno Nigg, ad-
mitted some years ago that what used
to be considered as trigger of injuries —
mainly overpronation and lacking cushion-
ing — could not bear scientific testing.
Today there are new theories, such as
the preferred motion path of the joints
or comfort as indicator for the selection
of the correct shoe. Also this has to be
still scientifically established and proven
in practice. Scientifically you cannot say
clearly if running shoes so far have led to
a reduction of injuries at all.

A classical problem when running is
a knee problem. It has been cited fre-
quently in our survey and there are
some runners who overcame this prob-
lem with the change of normal shoes to
barefoot running shoes. But these are
statements of individual runners and no
hard scientific findings.

Could we predict typical injuries in
a running analysis and then recom-
mend a change?

Unfortunately there are only few
sophisticated studies in this area. Most
studies are in addition based on lab
tests. These can be transferred only in a
very limited way to the running practice.
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The problems do not occur in the
lab, but in the many, many hours when
people run outside. That is why I feel
that clinical studies in the future will use
mobile sensors, so-called wearables, to
measure the everyday life of the runners.
This way it is probably easier to detect if
and how running technology and foot-
wear impact the development of injuries,
especially if the runner is tired. Over the
course of an entire race, such as a mara-
thon, you can see how the running style
changes that often is very different from
the one you can see in the running lab.

But it is not clear yet how I can detect
data during a race or in everyday life of
runners that indeed provide information
on loads.

If a runner changes to a barefoot run-
ning shoe or a minimal shoe, what
should he be prepared for?

For the pure barefoot run you have to
consider the skin first. The skin of the

footsole is not robust any more and can
be easily injured. On the other hand you
will not get any blisters from shoes.

Muscularly mainly the metatarsus and
the calf muscles with the Achilles tendon
are stressed. They are exposed to clearly
higher forces than in case of the heel run.
The calf muscles can suffer from a clas-
sic muscle ache, but also from inflamma-
tions or ruptures of muscle fibres. Over-
loading of Achilles tendons can lead to
chronic inflammations or to a rupture.

Also the M. tibialis posterior that sets
the foot upright, has to work more if the
foot is not supported by the shoe any
more. For that there are no studies, as far
as I know, whereas the stronger stress of
the calf muscles and the Achilles tendon
is well proven in literature.

What kind of stress is dangerous for
the runner?

That always depends on how well the
runner is trained. But sometimes it does

SCIENCE

not take much. We once tested three run-
ners that had a similar standard of per-
formance, one, that always runs in nor-
mal sports shoes, one in the transition
phase towards barefoot running and an
experienced barefoot runner. All three
ran without any problems a distance
of about 400 meters in shoes, and two
weeks later the same distance in mini-
mal shoes. The runner in the transition
phase suffered from unexpectedly strong
muscle ache in the following days, and
the runner that has not run in minimal
shoes before, even had to stop his train-
ing for several months because he over-
strained his muscles and mainly the
Achilles tendon. That is why you should
not run more than 200 meters with the
unfamiliar shoes in the beginning and
only very slowly increase the distance.

We cannot caution runners enough
about an overload. If only once I was too
fast or did too much, a long-term injury
can follow.
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If you can do too much too fast, then
there are no typical warning signals
for an overload, I imagine?

Every runner knows that after a cer-
tain time of running the experience of
pain is reduced and you can bear more
pain than usually. During running you
will not necessarily notice that you over-
load yourself.

If you are a barefoot runner and you
really run long distances, there are
phases when your calf muscles get tired.
After the forefoot touch the heel crashes
to the ground without brakes, because
the calf muscles cannot dampen the im-
pact. If then the experience of pain is re-
duced, it can lead even to a broken heel
bone. There are some cases described in
the literature.

Does it help to wear the shoes in ev-
eryday life first during the transition
phase, also if the load when running
is actually different?

I do not know of any studies that show
that this makes sense. But it certain-
ly is not unreasonable. But you always
have to be aware that the stress lat-
er on when running is much higher. If
you want to get used to it, you have to
run with the shoes, but in the beginning
only very short distances. You should
also not make the mistake of running on
soft underground such as for example
sand. This is a completely different type
of running and strains the muscles even
more and first of all totally differently.
A more solid surface makes more sense
here, either forest floor, but also asphalt.

How do you run correctly barefoot or
with minimal shoes?

I would ask first how a running style
typically changes if runners change their
shoes? If someone runs barefoot or with
minimal shoes, very often the stride fre-
quency increases and the step length
gets shorter, at the same speed. The foot
touches down closer to the body’s center
of gravity and the so-called overstriding
is reduced. Overstriding means that the
foot touches down with the heel far be-
fore the body’s center of gravity and first
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a blow back occurs that has to be over-
come. Many runners run “at low revs”
too much, which means with a stride
frequency that is too low for the given
speed and they compensate that with a
bigger step length.

The higher stride frequency actually
has the effect that I put my foot more
beneath than before my body and I
thus run more gently?

Yes, and this can be easily implement-
ed, also with shoes. If I increase my
stride frequency, almost automatical-
ly the running style and the foot strike
changes. And some experts say that this
is the way towards a healthier running
style. A guidance level is about 180 steps
per minute, of course depending on the
training state and in case of quite some
speed, from about 11-12 km/h. This is
a parameter that can easily determined
and that is easy to understand for run-
ners.

If someone was a heel runner with
shoes and runs then barefoot or with
minimal shoes, how does that change
the running style?

Usually he will not be a heel runner
any longer. But this is not necessarily so.
If you do not only measure in the lab but
also in a real run, there is more variabil-
ity in the running styles than what you
would think.

If for example a barefoot runner runs a
cross run and runs straight ahead on soft
forest floor, he will change to a metatar-
sal or heel run once he is tired. This way
the calf muscles can get some rest. And
if the underground gets harder again, he
changes back to the forefoot. You always
adjust to the underground when run-
ning. This is why you have to go outside
with your analyses. This cannot be seen
in the stride lab.

How much influence does my foot-
wear have on my running style?

Of course the footwear impacts the
running style. Daniel Liebermann, who
influenced the discussion on bare-
foot running decisively with his works,
says:”How people run might be more

important than what is on their feet. But
what is on your feet can influence the
way you run.”

If you wear heavy shoes with a thick
cushioning beneath the heel, you will be
more frequently a heel runner that takes
big steps than a runner with a shoe with
a thin, flexible sole. But if you concen-
trate, you can also implement a clean
forefoot run with a heavy shoe.

Does that mean that once you have
internalized a motion pattern you
can also defend it against the shoe?

You have to learn it before and you

have to implement it consciously. There
are some shoes however where this does
not work mechanically, because the heel
lift is too big and you cannot stretch the
forefoot enough in order to touch the
floor before the heel.
You write in your study that it can
take a very long time until the neu-
romuscular system is adapted to the
loads of the forefoot run? What does
that mean in terms of weeks, months,
kilometers?

Unfortunately there are no convincing
long-term studies for that. It is more
a conclusion by analogy, that you can
deduct how long it takes from the
experience of runners, from books on the
topic or from surveys among runners.
One thing however is sure: I will not
turn into a barefoot runner by simply
taking off my shoes.

Due to my own experience and to the
experience in the literature, I estimate
that it takes at least two years until you
can say I am an experienced barefoot
runner. It needs time and many run kilo-
meters, until the many trivia and opti-
mizations in the neuromuscular con-
trol that are important for a “good”, so
to speak adjusted to the individual mar-
ginal conditions of the runner, bare-
foot running style becomes your second
nature. This is probably the reason why
some runners are said to run elegantly
and beautifully and others do not. [ |
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The effect of foot orthoses with forefoot
cushioning or metatarsal pad on forefoot
peak plantar pressure in running

MICHAELA HAHNI! | ANJA HIRSCHMULLER? | HEINER BAUR! ABSTRACT

Abstract

Background: Foot orthoses are frequently used in sports for the treatment of
overuse complaints with sufficient evidence available for certain foot-related
overuse pathologies like plantar fasciitis, rheumatoid arthritis and foot pain
(e.g., metatarsalgia). One important aim is to reduce plantar pressure under
prominent areas like metatarsal heads. For the forefoot region, mainly two
common strategies exist: metatarsal pad (MP) and forefoot cushioning (FC).
The aim of this study was to evaluate which of these orthosis concepts is
superior in reducing plantar pressure in the forefoot during running.

Methods: Twenty-three (13 female, 10 male) asymptomatic runners partici-
pated in this cross-sectional experimental trial. Participants ran in a rando-
mised order under the two experimental (MP, FC) conditions and a control
(C) condition on a treadmill (2.78 ms-1) for 2 min, respectively. Plantar pres-
sure was measured with the in-shoe plantar pressure measurement device
pedar-x®-System and mean peak pressure averaged from ten steps in the
forefoot (primary outcome) and total foot was analysed. Insole comfort was
measured with the Insole Comfort Index (ICl, sum score 0-100) after each run-
ning trial. The primary outcome was tested using the Friedman test (« = 0.05).
Secondary outcomes were analysed descriptively (mean * SD, lower & upper
95%-Cl, median and interquartile-range [IQR]).

Results: Peak pressure [kPa] in the forefoot was significantly lower wearing
FC (281 + 80, 95%-Cl: 246-315) compared to both C (313 * 69, 95%-Cl: 283-
343; p =.003) and MP (315 * 80, 95%-Cl: 280-350; p = .001). No significant
difference was found between C and MP (p = .858). Peak pressures under the
total foot were: C: 364 + 82,95%-Cl: 328-399; MP: 357 + 80,95%-Cl: 326-387;
FC:333 %81 95%-Cl: 298-368.Median ICl sum scores were: C 50, MP 49, FC 64.

Conclusions: In contrast to the metatarsal pad orthosis, the forefoot cus-
hioning orthosis achieved a significant reduction of peak pressure in the
forefoot of recreationalrunners.Consequently,the use of a prefabricated forefoot
cushioning orthosis should be favoured over a prefabricated orthosis with
an incorporated metatarsal pad in recreational runners with normal height
arches.

1 Bern University of Applied Sciences, Health, Physiotherapy, Murtenstrasse 10, 3008 Bern, Switzerland.

2 University Hospital Freiburg, Clinic for Orthopaedics and Traumatology, Hugstetter Strasse 55,
79106 Freiburg, Germany.
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Background
Due to its positive effects on cardio-
respiratory and muscular fitness and
its accessibility, running is a common
recreational sport with increasing pop-
ularity [1 - 3]. According to a survey
conducted in 2014, 23.3% of the Swiss
population (aged 15 to 74 years) runs at
least once a week [4]. In the EU, the to-
tal number of runners can be estimated
to be 50 million [5] and in the USA more
than 40 million people run regularly [6].
Despite the health benefits of running,
there is, however, a yearly incidence
of 19.4% to 79.3% in runners suffering
from a running-related injury [3, 7].
Overuse is an important cause of run-
ning injuries, whereas debates continue
about the aetiological factors. Possible
risk factors reported by several authors
are long weekly training distances, his-
tory of previous injuries, altered gait
biomechanics and foot posture [3, 7-13].
A retrospective study which examined
2002 patients with running-related in-
juries showed the ankle/foot area to be
the second most common overuse injury
location after the knee [13]. Such over-
use injuries include forefoot overuse
complaints like metatarsalgia, stress
fractures and plantar fasciopathy [14,
15]. Previous studies of long-distance
runners found a significant increase in
plantar pressure in the forefoot after
compared to before the run [2, 14]. This
might explain the risk of running inju-
ries like stress fractures of metatarsals
or metatarsalgia in long-distance run-
ners [2, 14].

Foot orthoses have been identified
as one potential tool for decreasing the
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incidence of lower extremity injuries
by reducing the magnitude and rate of
loading [16, 17]. It has been conclusive-
ly shown that foot orthoses can relieve
symptoms in certain types of foot-re-
lated pathologies, like plantar fasciitis,
rheumatoid arthritis and foot pain (e. g.,
metatarsalgia); moreover, they improve
comfort [18 - 23].

Contoured prefabricated foot ortho-
ses can be used to reduce plantar pres-
sure under the forefoot [24, 25]. In cur-
rent practice in central Europe, there are
generally two main concepts concerning
foot orthoses to reduce plantar pressure
in the forefoot. One is placing a metatar-
sal pad proximal to the metatarsal heads
and the other one is integrating forefoot
cushioning. A previous study investigat-
ed the effects of three foot pads (meta-
tarsal pad, U-shaped pad and dough-
nut-shaped pad) on the plantar pressure
of participants with pes planus foot type
during running, metatarsal pads being
reported to be most effective in signifi-
cantly reducing peak pressure [26]. This
work is complemented by the results of
several experimental trials showing that
a metatarsal pad (metatarsal pad (cen-
trally just proximal to the 2nd, 3rd and
4th metatarsal heads (MHs)), metatar-
sal bar (proximal to the MHs), metatar-
sal dome (5 mm proximal to the 2nd and
4th MHs, 5 mm distal to the MHs)) can
significantly reduce plantar pressure on
the central and medial forefoot in walk-
ing individuals [20, 27 — 33]. As for the
cushioning orthoses, two other stud-
ies reported effective reduction of peak
pressure in the forefoot during walking
and running in military boots [34, 35]. In
addition to these two concepts, pressure
redistribution to the midfoot by full con-
tact orthoses is used in the Anglo-Amer-
ican area.

Despite the widespread use of ortho-
ses to reduce plantar pressure in the
forefoot of runners, no previous studies
have investigated the comparison of a
forefoot cushioning orthosis and an or-
thosis with a metatarsal pad. This indi-
cates a need to understand which foot
orthosis strategy is best to reduce plan-
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tar pressure in the forefoot of runners.

The present study evaluated and com-
pared the effect of forefoot cushioning
and a metatarsal pad on peak pressure
in the forefoot of asymptomatic recre-
ational runners.

It was hypothesised that there would be
no difference in peak pressure in the fore-
foot between the forefoot cushioning or-
thosis and the metatarsal pad condition.

Methods

Design/Setting

This cross-sectional experimental trial
was conducted from December 2013 to
May 2015. Every participant had to run
on a treadmill (2.78 ms-1) in a regular
neutral running shoe (model: Duramo 6,
Adidas®, Herzogenaurach D, year: 2014)
with three different types of foot ortho-
ses (neutral, forefoot cushioning and
metatarsal pad) in a randomised order.

Participants
The descriptive characteristics of the
twenty-five recreational runners (15 fe-
males and 10 males) participating in this
study are shown in Table 1. They had
been recruited via e-mail and from the
local running community. Criteria for
inclusion were as follows: recreational
runners (at least two running sessions
per week) aged between 18 and 65 years,
and being accustomed to treadmill run-
ning. The exclusion criteria were fore-
foot strike running pattern, history of
an injury of the lower extremity within
the last 6 months before the study, acute
disorders in the lower extremities and
spine, history of surgery on the lower
extremities and lumbar spine in the last
24 months, acute infection and other
complaints that would have impeded
completing the protocol. Foot charac-
teristics were documented using the
normalised navicular height truncat-
ed (NNHt) [36], which classified all of
the participants’ feet as normalarched
with no significant side difference (see
Table 1).

The study protocol was approved
by the Ethics Committee of the Can-
ton of Berne, Switzerland (16.10.2012

Participant characteristics Mean = SD
(n=25)

Age (years) 31.7+94
Weight (kg) 64.0%8.6
Height (cm) 172.7 £ 8.9
BMI (kg/cm2) 214+18
Training volume (min/week) 327177
Running volume (min/week) 166 =101
NNHt right foot 0.26 £ 0.03

Table 1 BMI body mass index, NNHt norma-
lised navicular height truncated, SD standard
deviation.

Nr. Z039/12) and written consent was
obtained from all participants. The
study was carried out in accordance with
the stipulations of the World Medical
Association Declaration of Helsinki [37].

Orthoses construction

The foot orthoses used in this study
(Movecontrol®, IETEC®, Kiinzell, D)
were made of polyurethane foam ma-
terial (shore 25; with an ethylene vinyl
acetate EVA core, shore 55, compression
moulded and semirigid) and prefabri-
cated. The basic shape (control condi-
tion) comprised a concave-shaped heel,
a minimal medial longitudinal arch
support and a low metatarsal pad (see
Fig. 1). The forefoot cushioning pad
(PU, shore 12) had a thickness of 6 mm
and covered the complete forefoot
(Fig. 2 — right). The metatarsal pad (PU)
had a size of 5.0 by 5.0 cm with a width to-
wards the forefoot of 5.0 cm and a width
towards the mid- and rear foot of 2.5 cm.
The height increased from its boarders
to a maximum of 8 mm. The basic form
of the foot orthoses already had a small
pad integrated (3.5 by 3.5 cm, height:
2 mm). This pad is part of all basic foot
orthosis forms of this type (Movecon-
trol®, IETEC®, Kiinzell, D) and smoothly
transfers to the longitudinal arch sup-
port. It was implemented in the control
condition and in the forefoot cushioning
condition. Therefore, the pad condition
resulted in a pad with an additional
height of 6 mm compared to the control
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condition (and compared to the forefoot
cushioning condition).

The orthoses were selected accord-
ing to the foot length of each partici-
pant. Additionally, an identical blue felt
layer of 1 mm was fixed onto each upper
surface of the three orthoses (see Fig. 1).
This standardised form of fabrication
enabled a visual blinding of the partic-
ipants in terms of the type of orthosis
they were running with and provided
standardised testing conditions for the
measurements. For the application of
this type of orthosis in patients, howev-
er, the orthoses are made and adapted by
customising on an individual basis.

Procedure

After obtaining written informed con-
sent from the participants, background
demographic data (age, weight, height,
shoe size, and running and training fre-
quency) were collected and foot mea-
surements for the NNHt were taken.
Subsequently, each participant did a
warm-up on the treadmill (Kettler Mar-
athon TX 1, Kettler, Ense-Parsit, D) for
6 min at a running speed of 2.78 ms-1,
wearing a neutral running shoe (model:
Duramo 6, Adidas®, Herzogenaurach,
D, year 2014), which was fitted before-
hand. Afterwards the plantar pressure
measurement device (pedar-x®-System
(Novel®, Miinchen, D)) was mounted on
the participants’ feet. The insoles with
99 capacitive sensors resulting in ap-
proximately one sensor per 2 cm2 (de-

pending on insole size) were placed in
the neutral running shoes. The order of
testing conditions was randomised us-
ing the online tool Randomization. com.
None of the participants used this type
of foot orthoses during their regular
running sessions.

The measurements took 2 min per
condition during treadmill running. The
first minute served for familiarisation
with the orthosis and the second for da-
ta collection.

Plantar pressure data were collected
for one minute sampled at 100 Hz and
the mean peak pressure of ten steps was
analysed. Percentage masks were used
for definition of forefoot area. The fore-
foot mask was defined from 62% to 80%
(from total foot length, heel: 0%). This
ensured exclusion of the metatarsal pad
from the forefoot area. To control for
possible confounding information about
foot orthoses design, sampling of da-
ta was performed without informing the
participants about the current orthosis
condition and the exact moment of test-
ing [38]. After completion of each bout
of running, participants had to fill out
the Insole Comfort Index (ICI, see be-
low), asking for an individual comfort
rating of foot orthosis condition [39, 40].

Data processing

Data were checked for plausibility with
the manufacturer’s measurement soft-
ware package (pedar®-x Recorder, ver-
sion 19.3.30, novel®, Munich, D). All

Fig.1 Upper surface of the orthoses used in this study. Left to right:
control, metatarsal pad, forefoot cushioning (shore 12)
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files were verified for rearfoot strike run-
ning pattern and continuous COP paths
in each step. Incomplete steps were re-
moved from further analysis. Finally,
data from 10 steps of the right foot (to
avoid using paired data) [41] were aver-
aged (Novel® scientific software, version
19.3.42, Novel®, Munich D) to achieve a
representative pressure distribution per
condition [25]. After checking data for
plausibility, data from two participants
were excluded (dropouts) because of not
having used a rear foot strike running
pattern. Thus, 23 runners remained for
the final analysis. The outcome mea-
surements were the following:

(1) Primary outcome: Peak plantar pres-
sure in the forefoot area: Measured with
the in-sole plantar pressure measure-
ment system pedar-x®-System (Novel®,
Miinchen, D) a valuable and reliable tool
in the assessment of plantar pressure
distribution [42- 45]. The reliability of
this outcome was previously checked in
our laboratory using a test-retest design
with 17 healthy participants measured
one week apart with the same protocol.
Forefoot peak pressures showed excel-
lent reliability with an ICC of 0.97, a
test-retest variability expressed as a per-
centage of 4.9 + 6.5% and a systematic
error (bias) of 4.1 kPa with limits of
agreement according to Bland and Alt-
man (standard deviation*1.96) of 49.5
kPa [46]. The software pedar®-x-expert
(Version 19.3.30, Novel®, Miinchen, D)
and novel scientific (Version 19.3.42,
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Fig.2 Bottom surface of the orthoses used in this study. Left to right:
control, metatarsal pad, forefoot cushioning (shore 12)
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Novel®, Miinchen, D) were applied for
data logging and evaluation.

(2) Secondary outcomes:

a. Peak plantar pressure in the total foot
area: Peak pressure of the total area was
extracted from pressure data. Similarly,
for total foot peak pressures, reliabili-
ty was checked as mentioned previously
and revealed an ICC of 0.97, a test-retest
variability of 4.7 £ 4.5% and a bias of 1.2
kPa with limits of agreement of 49.1 kPa
[46]. Data on the total foot were extracted
to allow comparison to other studies ir-
respective of methodological differences
to appraise general peak pressure ranges
measured.

b. Insole Comfort Index (ICI): Ortho-
sis comfort was rated on five indepen-
dent (overall comfort, forefoot comfort,
heel comfort, roll off comfort and com-
fort compared to no orthosis) visual ana-
logue scales ranging from “very comfort-
able” to “not comfortable” [39, 40]. For
statistical evaluation, sum scores of all
items were calculated [0-100]. ICI based
on visual analogue scales (10 ¢cm) is con-
sidered to be a reliable tool to assess
footwear comfort during running [39].

Statistical analysis

An a priori analysis of effect size and
sample size was made for a desired pow-
er of 80% and an a-error of 0.05. Effect
size was taken from unpublished pilot
data in walking (1.11 ms-1) on this topic
with the same dependent (forefoot peak
pressure) and independent variables (or-
thosis type). Sample size was calculated
using the G*Power 3 software [47] and
estimated a minimum sample size of 16

Prior to the statistical analysis, da-
ta from case report forms were entered
manually into a prepared database. Data
were then checked for normal distribu-
tion (Shapiro- Wilk test (p > 0.25)). The
Shapiro-Wilk test revealed that peak
pressure at the forefoot significantly
deviates from a normal distribution for
the two tested conditions (metatarsal
pad: p = 0.017, forefoot cushioning: p =
0.004). Only pressure data for the nor-
mal condition were normally distributed
(p = 0.061). Nevertheless, mean (SD) and
95% CI of peak pressure data are report-
ed in descriptive statistics in addition
to the median (IQR) to compare the re-
sults of this study with the current liter-
ature. Subsequently, peak pressures for
the right forefoot and the total area of
the right foot were analysed descriptive-
ly with calculation of mean, standard
deviation (SD), 95% confidence inter-
vals (95% CI), median and interquartile
range (IQR). Finally, the initial hypo-
thesis (no differences in peak pressure
in the forefoot between conditions) was
tested using the Friedman test (p = 0.05)
and post hoc Wilcoxon signedrank test.
Post hoc analysis was conducted apply-
ing a Bonferroni correction, resulting in
a significance level set at p < .017. Fur-
thermore, peak pressure of the total foot
area and sum scores of ICI were ana-
lysed using descriptive statistics (me-
dian (IQR)). The statistical analysis was
performed using SPSS software version
22.0 (IBM, SPSS, Inc., Chicago, IL, USA).

Results
Peak pressure in the forefoot area
Analysis of peak pressure in the forefoot

sis (x 2(2) = 19.143, p < .001). The post
hoc analysis revealed statistically signif-
icant lower peak pressure in the forefoot
for the cushioning orthosis compared
to both control condition (p =.003) and
metatarsal pad orthosis (p = .001). On
average, peak pressure in the forefoot
of runners wearing the forefoot cush-
ioning orthosis compared to the control
condition was reduced by 11% and com-
pared to metatarsal pad orthosis by 12%,
whereas no significant difference in
peak pressure in the forefoot was found
between the control condition and the
metatarsal pad orthosis (p =.858).

The results obtained from the de-
scriptive analysis of peak pressure in the
forefoot for the three conditions are pre-
sented in Table 2.

Peak pressure in the total foot area

Considering the total foot area, peak
pressures [kPa] were 364 * 82 kPa (mean
+SD, lower-upper 95%-CI: 328-399) and
median (IQR) 348 (310 to 440) for the
control condition, 357 * 70 (326-387)
and 348 (303 to 393) for the metatarsal
pad and 333 £ 81 (298-368) and 323 (270
to 363) for the cushioning orthosis.

ICI sum score

Overall, participants reported medium
to high comfort when wearing the dif-
ferent types of orthoses. Median values
(IOR) of sum scores in comfort rating of
the three different conditions are 50 (39
to 74) for the control condition, 49 (35 to
62) for the metatarsal pad and 64 (43 to
76) for the cushioning orthosis.

Discussion
Peak pressure
The purpose of this study was to com-

participants. showed a significant difference between  pare the effect of forefoot cushioning
the three different conditions of ortho-  and a metatarsal pad orthosis on the
Peak pressure [kPa] in the forefoot wearing the three different types of foot orthoses (conditions)
Condition Mean SD Lower 95%-Cl Upper 95%-ClI Median IOR
control 313 69 283 343 300 258 to 348
pad 315 80 280 350 300 255 to 348
cushioning 281 80 246 315 268 235 to 323

Table 2 Control condition, pad metatarsal pad orthosis, cushioning forefoot cushioning orthosis, SD standard deviation, Cl confidence interval, IQR

interquartile range.
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peak pressure in the forefoot of running
healthy recreational runners. The prin-
cipal finding was that the forefoot cush-
ioning orthosis showed a lower peak
pressure in the forefoot in comparison to
the metatarsal pad orthosis and the con-
trol condition. These findings support
previous research where it was shown
that shock absorbing and cushioning
insoles reduce peak pressure in the
forefoot during walking and running in
military personnel [34, 35]. Additionally,
in the current literature about footwear
and orthoses in sports medicine [48],
forefoot cushioning orthoses are rec-
ommended for various conditions due
to the positive experiences of clinicians
but without any support of evidence in-
cluding plantar pressure measurements.

The mean values of peak pressures for
the forefoot area of this study are con-
sistent with the current literature re-
porting peak pressures in runners with-
out foot orthoses. One study examined
the effect of foot type on in-shoe plan-
tar pressure; the resulting pressure [kPa]
in the forefoot was 304.6 * 118.6 (mean
* SD) [9]. Another study analysed the ef-
fect of plantar fasciitis on pain and plan-
tar pressure; the peak pressure [kPa] in
the forefoot of the controls was 374.4 =
96.4 [49]. A further study compared the
plantar loads during treadmill and over-
ground running; peak pressure [kPa] in
the forefoot in treadmill running was
350.8 * 82.3 [50]. These studies under-
line the validity of the current forefoot
pressure data. Also, the total foot pres-
sure data [kPa] of the mentioned stud-
ies above (305 to 381) were comparable
to the current study (328 to 399), which
further underlines the validity of mea-
sured data. Nonetheless, the method-
ologies of the mentioned literature dif-
fer from the present study mainly with
respect to the running surface, running
speed and running shoe or foot ortho-
sis type. These differences may account
for the small variations in total foot and
forefoot pressure data in the findings of
the studies mentioned above [17].

In contrast to earlier studies, however,
the metatarsal pad used in the present
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study showed no significant pressure re-
duction in the forefoot in comparison to
the two other conditions. These results
differ from those of the current litera-
ture demonstrating that in running and
walking individuals a metatarsal pad po-
sitioned just proximal to the metatar-
sal heads achieves optimal pressure re-
duction in the forefoot [20, 26, 29, 30,
51]. A possible explanation for this dis-
crepancy might be the huge variabili-
ty among the methodologies used (e.g.,
characteristics of the participants, foot-
wear, and position of the metatarsal
pad) and that the present study was the
only one which used a full contact or-
thosis with an integrated pad (compared
to isolated pads without full contact
orthoses). In addition, the individual
anatomical variations of the position
of the metatarsal heads could influence
the optimal positioning of metatar-
sal pads [31]. This point could not be
in this study because
prefabricated orthoses were used. By
using customised orthoses, the metatar-

considered

sal pads can be positioned individually
according to the metatarsal head posi-
tion. This presumably may lead to dif-
ferent results in pressure reduction.

Comfort

In accordance with the presented re-
sults, it has been reported that recre-
ational runners often wear foot orthoses
for the treatment of running-related
injuries, as a support or comfort device,
and potentially to improve performance
[52]. Authors pointed out that comfort is
an important characteristic of footwear
and may be influenced by impact per-
ception and cushioning [53]. Hence, the
participants in this study had to rate the
perceived comfort of the three different
conditions to obtain an impression of
the individual subjective wear comfort
of the orthoses. In this study, partici-
pants to a small extent (plus 15 points
on ICI) preferred the forefoot cushion-
ing orthosis over the two other condi-
tions. These results are in accordance
with the findings of an earlier study, in
which healthy participants prioritised
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contouring or soft orthoses over hard
orthoses [39, 54]. Each of the three test-
ed conditions in this study was rated as
comfortable. It can therefore be assumed
that orthosis comfort did not influence
the running sequences or the pressure
measurements negatively.

Limitations

Questions have been raised about the
comparability of studies which have
been conducted either with prefabri-
cated or customised orthoses [16, 48].
However, a growing body of literature
suggests that there seem to be only mi-
nor differences in the effects on plantar
pressures between customised and pre-
fabricated orthoses [25, 55-57]. By using
prefabricated orthoses, the metatarsal
pads could not be placed individually
according to the metatarsal head loca-
tion. This may lead to different results in
forefoot pressure compared to custom-
ised orthoses with an individually locat-
ed pad. The rationale of using prefabri-
cated orthoses with identical surface de-
signs (as presented in this study) was to
guarantee a standardised measurement
setting.

Several authors discussed the trans-
ferability of laboratory measurements
made on a treadmill to overground run-
ning [50, 58-61]. In one study, it was
concluded that treadmill running re-
sulted in lower maximum pressures
in the medial forefoot and toe regions
[50]. Nevertheless, the treadmill set-
ting allows optimal conditions for stan-
dardised measurements [58, 59]. In or-
der to guarantee the reproducibility of
the in-shoe plantar pressure measure-
ment system pedar-x®-System, it is es-
sential to control running speed [43].
Furthermore, authors pointed out that
a familiarisation time of at least 6 min
is required prior to data capturing; this
recommendation has been respected in
the present study [61]. Another limita-
tion could be that the in-shoe plantar
pressure measurement system provides
a reliable measure of the vertical load-
ing but no information about shear forc-
es [32, 42, 62]. Hence, the effect of the
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3D-shape of the tested orthoses could
not be analysed precisely. However, in
this study, the region of interest was the
forefoot, which is a nearly flat area of
the foot and therefore the “true” vertical
component that is measured is assumed
to be comparable to the normal force
and can be assessed with sufficient ac-
curacy. Moreover, the hypothesis of this
study referred to the testing of relative
differences in pressure values, which are
likely to be more robust than absolute
values [45]. Furthermore, in this study,
only the peak pressure was reported as
a pressure parameter because of its high
correlation with the mean pressure and
pressure-time integral [63-65]. The pe-
dar-x®-System is used in foot orthoses
and plantar pressure studies because it
can be considered as the gold standard
in plantar pressure assessment [24, 25].

The felt layer, which was fixed onto
the surface of the orthoses used in this
study for blinding reasons, could have
reduced the cushioning effect of the
forefoot cushioning orthosis. This as-
pect could not be considered in the re-
sults of this study but it can be assumed
that it affected the results. Maybe a fur-
ther reduction of peak pressure could be
achieved without the layer that was in-
tegrated to blind the forefoot for all par-
ticipants in this study.

Since the study was limited to run-
ners with a heel-to-toe running pattern,
no conclusion can be made for runners
with a forefoot strike pattern [9]. In ad-
dition, all the runners participating in

this study had normal-arched feet and
therefore no statement can be made for
runners with other foot postures.

Validity of the insole comfort index
is limited because two criteria have not
been met [39]. Firstly, subject-specific
repeatability has not been established
and secondly, the test has not been re-
peated over separate sessions [39]. The
comfort rating of the orthoses was on-
ly used to exclude apparent discomfort
during measurement. It was not a main
outcome.

Despite these limitations, this study
has considerable strengths to be men-
tioned. All the participants ran with the
same neutral running shoe on a tread-
mill with a standardised running speed
and therefore any speed or shoe-spe-
cific effect was avoided [66]. Consider-
ing the influence of foot type on in-shoe
plantar pressure [9], the foot type of all
participants was assessed and classified
with the NNHt. As mentioned before in
the methods section, all the participants
in this study had normal-arched feet.
Thus, the influence of differences in foot
morphology should not have biased the
results of this study. Furthermore, to
control for possible gender-related dif-
ferences in gait biomechanics, a hetero-
geneous group of female and male run-
ners was recruited for this study [67].

Conclusions

It is concluded that in contrast to the
foot orthoses with a metatarsal pad, the
forefoot cushioning orthosis was able to

achieve a significant reduction of peak
pressure in the forefoot of recreational

runners. Consequently, prefabricated

orthoses with forefoot cushioning re-
duce peak pressure in the forefoot more
than prefabricated orthoses with an in-
corporated metatarsal pad. Therefore,
cushioning should be considered if pres-
sure reduction is the primary aim in run-
ners with normal height arches.

Further research should investigate if
patients with a forefoot-related overuse
injury (e.g., metatarsalgia) benefit from
intervention using foot orthoses with
forefoot cushioning in prospective stud-
ies. |
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