
Is XPE more brittle? In most cases the XPE is first irradiated and then melted to
eliminate the remaining free radicals and the risk of oxidation. Unfortunately,
the melting process changes the crystal structure slightly, somewhat decreasing
the material properties. This leads to the concerns about rim fracture and cen-
tral peg fracture in total knees. There is one variety of XPE that is not melted but
heated for some time to sub-melting temperature. That material has superior
material properties but contains free radicals. Again, we have to wait for solid
conclusions. You could say we are waiting for one plastic to fracture and for the
other to oxidize, but that hasn’t happened yet.

What about the difference between metal and ceramic heads articulating with
XPE? After several years of optimizing my measuring method, today I am able
to image a ceramic femoral bearing which is translucent on X-ray. Together with
Prof. Christian Hendrich we have compared two large groups with the same to-
tal hip – one with ceramic and the other with metal ball heads. In this matched
historical control group study we have seen a significantly decreased wear rate
with ceramic heads, with 89µ per year for the ceramic and a 131µ per year for
the metal. The results are highly significant, with a P value of less than 0.01.
They showed a clear advantage for the ceramic.

What conclusions have you drawn from your own clinical practice? The differ-
ence of roughly thirty per cent is exactly what we could expect based on the dif-
ference in the coefficient of friction, the smoother surface finish and the ceram-
ic’s superior wettability as it tends to self-lubricate more effectively than metal.
After reducing the wear rate from 0.13mm to 0.013mm with XPE, decreasing
that by a further thirty per cent is probably not a big benefit. However, when
there is third body debris, for example after the failure of braided cables, or a
heavily damaged ball head, ceramic heads have a clear advantage over metal
ball heads. 

Precision Measure

In-vivo Wear Rates in Hip Arthroplasty
and their Consequences

Study: Moving Age Conference: No Threshold The World of Ceramics

John M. Martell, MD is widely recognized
for his research on the measurement of
polyethylene wear in total hip arthro-
plasty, biomechanical analysis of total hip
reconstructions and for the development
of screening tools to assess the risk of
polyethylene wear in patients with total
hips. The “Martell Method” has become
the most accepted method for measuring
PE wear in vivo.

What actually is the Martell Method? It is a software
package that uses advanced imaging techniques 
on digital X-rays that very precisely measure the
amount of wear in total hip replacement. We take a
baseline film which shows us the coordinates of the
femoral head center compared to the acetabular
center. The acetabular center is found precisely over
time, even with different observers. This allows us to
track femoral head migration as the plastic wears.

How precise is precise? With formerly used meth-
ods utilizing concentric circle templates, good ob-
servers had standard tolerance rates of plus-minus
half a millimeter – in highly crosslinked polyethy-
lene (XPE) that is ten years of wear. Our specially
developed image analysis software gives us an ac-
curacy of less than 70 microns.

What conclusions have you reached regarding the
wear of XPE? The reduction in wear in comparison
to conventional PE is significant, between 60 and
90 per cent reduction, depending on the specific
material and the investigator. In standard PE osteo-
lysis occurred after about five years. The earliest
studies on XPE are just reaching their sixth year.
Some XPE debris is slightly different in character
from conventional PE. Although we are not too
concerned that it will be more osteolytic we’ll just
have to wait for longer term clinical results.

Prof. John M. Martell, MD is an Associate Professor of Orthopedic Surgery 
at the University of Chicago.
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Isn’t that reason enough to use ceramics on a regular
basis? In the US ceramic ball heads cost nearly three
times more than metal heads. If cost was not an 
issue, the use of ceramic components would be a
reasonable option for all cases. The new ceramics
are much tougher and not likely to fracture. I have
never had a ceramic component break in my clinical 
practice.

What criteria do you apply when selecting the bearing material for your 
patients? For most patients I use highly crosslinked polyethylene liners and 
ceramic bearings for high demand patients, particularly if there is any concern
of third body wear and in revision cases. If I don’t change the stem I would
choose the new BIOLOX® Option revision head designed for use in conjunction
with an old stem taper. The metal sleeve reduces the hoop stresses. 

What is your opinion about large diameter wear couples? I see a greater risk of
increased wear, with either normal PE or even with XPE. Large bearings place
higher demands on the articulation. I do not see it as wise to increase the diam-
eter of the articulation to the point where even XPE could fail. Increased diam-
eter components may be designed with inadequate plastic thickness on the rim
to properly maintain the integrity of the locking mechanism. So I would not

consider using a small diameter cup with a large 
diameter liner. We know that large diameters with
conventional PE have a significantly higher osteo-
lysis rate. I expect the large diameter bearings im-
planted today with XPE will have higher wear in ten
years. I am also concerned about metal ion release
in the body, so I wouldn’t choose a metal-on-metal
pairing. For the very young and active patient, my
choice would be ceramic-on-ceramic. This wear
couple has the lowest wear rate and because of this
fact the large diameters have no disadvantage. They
give the patient an increased stability and range of
motion without the concern of problems resulting
from wear.

2

BIOLOX® Ceramic Components for 
Hip Arthroplasty (Standard Products)

Interview (continued)

Product Overview

Femoral Ball Heads

Inserts

* The outside diameters of acetabular liners correspond with the size of the matching cup shells specific to implant system and manufacturer.

Head size Ø Neck length Material

22.2mm s, m, l BIOLOX®delta

28mm s, m, l BIOLOX®delta, BIOLOX®forte

32mm s, m, l BIOLOX®delta, BIOLOX®forte

32mm xl BIOLOX®delta

36mm s, m, l, xl BIOLOX®delta, BIOLOX®forte

40mm s, m, l, xl BIOLOX®delta

Inside Ø  femoral ball head Outside Ø metalback * Material

22.2mm not available not available 

28mm 42–70mm BIOLOX®delta, BIOLOX®forte

32mm 46–70mm BIOLOX®delta, BIOLOX®forte

36mm 50–70mm BIOLOX®delta, BIOLOX®forte

40mm 54–70mm BIOLOX®delta
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Trends in Arthroplasty

Dear Reader,
we have seen very strong growth in the use of
ceramic components in the field of hip arthroplas-
ty for many years. However, during 2006 growth
in North America has been somewhat slower, par-
ticularly compared to Europe. One of the main
reasons for the discrepancy has centered on the
fact that FDA market approval procedures are
significantly more complex and time-consuming
than the European regulatory agencies.

Throughout the last three years, the FDA has
issued numerous key approvals for ceramic com-
ponents. As a result, orthopaedic surgeons in
North America now have access to a broad range
of ceramic implants. This development has led to
an even greater interest in our products. Today, all
major orthopaedic implant manufacturers offer
ball heads and cup liners made of BIOLOX®forte
ceramics. Additional sizes, revision heads and the
new BIOLOX®delta material can now be deployed
for an ever expanding range of applications.

A growing number of orthopedic surgeons
are taking advantage of these options, making
information on the subject of ceramic materials
more necessary. For this reason, we will be present
at the upcoming 74th Annual Meeting of the
AAOS in San Diego in booth 718.

All of our sales executives and numerous other
CeramTec experts will be available at this year’s
event to answer your questions in person. We
would be delighted to have an opportunity to
welcome you in our booth in San Diego!

Yours sincerely,

Götz Griesmayr

Götz Griesmayr is the
American Business 
Manager for CeramTec’s
Medical Products Division.

Editorial

Crosslinked Wear

New PE Varieties Have 
Osteolytic Potential 

Professor John Fisher, BSc, PhD, DEng, is
Director of the Institute of Medical & 
Biological Engineering at the University of
Leeds. He has vast experience in Hip Joint
Wear Simulator Research and has recently
completed a study comparing 36mm femoral heads of cobalt-
chrome and of alumina ceramics articulating with highly cross-
linked polyethylene (XPE).

What was the main result of your study? After 10 million cycles, the average
wear rate with the metal femoral heads was about 10mm3 per million cycles
whereas the rate for the ceramic heads was 6mm3 per million cycles.

After reducing wear with XPE by a factor of ten, does a difference of 40 per cent
at this low level matter at all? I think it does. A difference in wear particle vol-
ume of 4mm3 per million cycles is quite significant. Some simulator studies
have failed to show realistic finite wear rates with metal heads on XPE. One rea-
son for this is the use of very high levels of protein concentration in the test
serum which artificially mask the wear. Secondly, the use of a gravimetric
method leads to blurred results because of the absorption of fluid and proteins
by the polyethylene. If you look at the wear in vivo, using the Martell method,
you have to take into account the creep deformations in the early years after
implantation that mask the wear. You start to see the difference in wear only 
after about two million cycles. 

What about size and volume of the XPE particles? We have previously shown
that there is a tendency of the crosslinked particles to be smaller and more 
reactive than conventional PE particles. We determine the specific biological 
activity in cell cultures by taking a prescribed volume of particles and culturing
these with a predetermined number of macrophages, and then measure the re-
lease of osteolytic cytokines. XPE particles are predominantly sub-micron in size
and highly reactive with the cells in the body. They stimulate osteolysis.

What about head diameters? Increasing the diameter of the femoral head will
increase the wear rate of the polyethylene. That applies to conventional as well
as to highly crosslinked PE.

Do diameters beyond 44mm make any sense? They will give you more range of
motion and more stability. The real benefit is difficult to judge, it possibly de-
pends on the individual patient. From my perspective it wouldn’t make sense to
use larger head sizes with PE liners, neither conventional nor crosslinked.

Which bearing would you recommend? Clearly, PE is an adequate bearing for the
low-demand patient, with low activity, over the age of 65. There are new stud-
ies that measured real life activity levels of up to 5 million cycles a year, with a
probably realistic average of 2 million. So, I believe that for younger and more
active patients the lifetime demand is between a 100 and 200 million cycles,
ten times greater than we previously thought. Considering this, even the rela-
tively low wear rates of highly crosslinked polyethylene are too high. For
younger patients with longer lifetimes and greater activity levels I would always
go for a hard-on-hard bearing. 

Prof. John Fisher
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Moving Age

Surprisingly High Real-Life Activity Levels of Hip Patients

Three factors have a major impact on the amount of wear par-
ticles produced by a hip prosthesis. These include the material
used for the bearing couples, the diameter of the bearings, and
real-life patient activity levels. Until recently, the latter factor
could only be estimated, with in vitro studies assuming one 
million load cycles per year. Researchers at Würzburg University
and the Schloss Werneck Orthopaedic Hospital in Germany found
that the actual number is approximately twice as high. CeraNews
talked with Professor Christian Hendrich about the study.

What exactly was the study designed to measure? If we want to know the im-
pact of the single factors of wear we need to know their relative importance.
Up until now, patient activity levels have represented an unknown variable
whose value we have had to estimate on the basis of the patient’s age, occu-
pation and stated involvement in sports activities. Given that wear-related
osteolysis is probably the biggest roadblock to further progress in arthroplasty,
we need exact data.

What was your methodological approach? We first developed the Würzburg
Questionnaire to gather data about real-life patient activity levels. The patients
enrolled in the study filled out the questionnaire and used an electronic step
counter for five to seven days. We then compared the data from the question-
naires and the step counters.

What were the results? The correlation between the questionnaire data and
the step counter data was between 0.7 and 0.8. This value is well above the
usual scores. For instance, the UCLA score comes in at less than 0.5 and the
Harris Hip Score at less than 0.4. The extrapolated average number of steps per
year for the subjects in the study group was around 2 million – twice as high
as what was previously assumed. We had also assumed that younger patients
have considerably higher activity levels than older patients. These assumptions
have led to a practice of treating older patients with prosthetic components of
lower quality. In light of our study results, this practice now appears rather
questionable.

Why? Our patients are not only much more active than we previously thought;
they are also more active for a longer period of time. A 70-year-old patient is

Science

only around 20% less active than a 55-year-old pa-
tient. Our notion of older patients as significantly
less active is thus in need of considerable revision.

What conclusions do you draw from the study re-
sults when it comes to selecting bearings? The 20%
difference cannot be regarded as a decisive factor
when selecting bearings. If the patient’s life ex-
pectancy is more than ten years, then the only bear-
ings that come into question for me are high-qual-
ity bearings. And if I also consider the results of the
study I carried out with Professor John Martell to
compare metal and ceramic ball heads, then I’m
more than inclined to regard ceramics as my first
choice.

Can the Würzburg Questionnaire also be used as an
instrument for diagnosis? Absolutely. We’re work-
ing on a modification of the questionnaire that will
enable it to achieve the same high correlation after
a single use. It could then be used to arrive at a very
accurate preoperative assessment of the patient’s
real-life activity level.

The Würzburg Questionnaire for determining patient 
activity levels is available as PDF from:

www.kh-schloss-werneck.de 
under the selection “Aktuelles”

Reference:
N. Wollmerstedt, U. Nöth, F. Mahlmeister, A. Lotze, A.
Finn, J. Eulert und C. Hendrich  
Aktivitätsmessung von Patienten mit 
Hüfttotalendoprothesen 
Orthopäde 2006 · 35: 1237–1245
www.springerlink.com/content/b70585m74865g28q/

Professor Christian 
Hendrich is Medical 
Director of the Schloss
Werneck Orthopaedic
Hospital.
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Events

No Threshold

The Biological Implications of Metal-on-Metal Articulations,
Bristol, November 2–3 2006

The conference held in collaboration with the British
Orthopaedic Association considered the biological
implications of metal-on-metal articulation. The
Committee on Mutagenicity of Chemicals in Food,
Consumer Products and the Environment in the
United Kingdom has recently released a statement
indicating that cobalt chrome-on-cobalt chrome and
cobalt chrome-on-polyethylene joint replacements
are associated with an increased incidence of geno-
toxicity.1

It is recognised that metallic debris may be re-
leased from joint prostheses by abrasion of a loose
prosthesis, by corrosion, from modular interfaces,
and from metal-on-metal articulation. The size of
the particles will differ, depending on how they have
been generated. While speciation of the metals is
important, it was suggested that particle size played
a more important role in defining the biological re-
sponse – and nanoparticles were likely to have the
greatest effect at the genetic level.

Prof. Ian D. Learmonth is 
Head of the University 
Department of Orthopae-
dic Surgery in Bristol

It was agreed that metal-on-metal articulations
are associated with an increased serum level of
cobalt and chrome, these levels were equal to, or
higher, than the acceptable level determined by
statutory regulation in the industrial setting. It was
further agreed that while the wear rate of metal-on-
metal couples was generally very low, malorienta-
tion of the implants could result in rim loading with
excessive wear and very high serum metal levels. At
this stage, there is no established toxicity threshold
for the levels of metal in the blood. 

Various papers were presented confirming the
presence of a hypersensitivity reaction, although
this may not always conform with the ALVAL (atyp-
ical lymphocytic and vasculitic associated lesion) re-
ported by Willert.2 In addition, there was good evi-
dence to suggest that there was an immunological
response with a relative reduction in the number of
CD8+ lymphocytes. 

Virtually all the research showing chromosome
damage emanated from one laboratory. It was
agreed that it was desirable to repeat and validate
this work. However, if there is a three- to five-fold 
increase in the incidence of chromosome translo-
cation and aneuploidy in patients receiving metal-
on-metal articulations, a programme of research 
is required to define the long-term biological impli-
cations and the potential influence on the repro-
ductive system and the central nervous system. 

When considering all these issues, it was clearly
important to place these theoretical risks in per-
spective against the proven advantages of a metal-
on-metal articulation. However, ignorance is no
cause for complacency and further research is clear-
ly urgently required in this area. 

Prof. Ian D. Learmonth

1 see CeraNews 2/2006 and
www.advisorybodies.doh.gov.uk/com/hip.htm
2 Willert HG, Buchhorn GH, Fayyazi A, Flury R, Windler
M, Koster G and Lohmann CH. Metal-on-metal bearings
and hypersensitivity in patients with artificial hip joints. 
A clinical and histomorphological study.  J Bone Joint
Surg Am. 2005 Jan; 87(1):28–36
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See You in San Diego!

CeramTec will have a large island booth in the ex-
hibit hall at the AAOS annual meeting. There, we
will be highlighting samples of new products,
brochures, presentations and any other information
required in order to answer any questions about ce-
ramics and provide all of the supporting information
that you need. Goetz Griesmayr and Ricardo Heros
will be joined by our new President, Mr. Karl Billau
and a number of other key company people who
will be available during exhibition hours.

In the booth, we will have a wide variety of our ex-
isting products plus some of our new developments
such as our Unicondylar and Bicondylar Femoral
Knee Components, our BIOLOX® OPTION System,
our DUOLOX® Bipolar Ball Head System, our new 
40mm ceramic wear couples and a variety of
brochures and supporting technical information.
We look forward to your visit.

CeramTec in the Exhibit Hall – Booth 718

Win a Racing Experience 
Weekend for Two!

Enjoy a high-speed weekend with fast cars and
racetrack atmosphere. Want to know more? Visit
us in Booth 718 at the AAOS annual meeting. If
you leave us your contact information there you
will take part in our draw after the AAOS meeting.

Perspectives

DGOOC Research Award 2006

The Research Award of the German Society for Orthopaedics and Orthopaedic
Surgery (DGOOC) for the year 2006 was conferred at the joint congress of
German Orthopaedic Surgeons and Trauma Surgeons, which took place in
Berlin from 2 to the 6 of October 2006, to Christine Schultze, Engineer at 
Rostock University, and Dr. Lutz Bornebusch of the Caritas Hospital in Bad
Mergentheim, Germany. Christine Schultze received the award endowed by
CeramTec AG for her work in developing a finite-element procedure for deter-
mining the ideal anchoring of a newly developed ceramic knee prosthesis and
evaluating the resulting stress in the ceramic implant, bone and cement. 
Dr. Bornebusch was recognized for his evaluation of a new hip prosthesis 
featuring a ceramic
bipolar head. In his
work, Dr. Bornebusch
discusses the clinical
advantages of the
DUOLOX® ceramic bi-
polar solution in the
treatment of femoral
neck fractures and
femoral head necrosis
when compared to
conventional TEP.

DGOOC Research Award 2007 – A Call for Submissions

The CeramTec-endowed Research Award of the German Society for Or-
thopaedics and Orthopaedic Surgery (DGOOC) is conferred to young doctors,
engineers and scientists for outstanding research and development work in the
area of bioceramics and wear-related problems in the field of arthroplasty. The
winners of the award receive 5,000 Euro. The work may be published in a 
scientific journal or in book form. Unpublished manuscripts that are intended
for publication or whose publication is forthcoming, as well as advanced aca-
demic dissertations, will also be considered. The only exceptions are works that
have already received comparable awards. The deadline for the submission of
applications (5 copies) in English or German is 31 July 2007.

The exact terms and conditions of participation are available at:
www.ceramtec.de –>Divisions –>Medical Products –>Medical Professionals –>
News & Events –> Research Award

BIOLOX Award 2006 at the SOFCOT in Paris

On the occasion of the 81st annual meeting of the French Society of Or-
thopaedic Surgeons (SOFCOT) in
Paris from the 6 to the 9 of No-
vember 2006, Karl Billau, Head of
the Medical Products Division at
CeramTec, conferred the BIOLOX®

Award 2006. The year’s recipient
was Dr. Gregory Biette (Hôpital
Pitié Salpétrière, Paris) who was
distinguished for his work entitled
“Total Hip Replacement with All
Alumina Bearings in Patients un-
der 30 Years of Age”. Highlight-
ing the significance of ceramic-on-ceramic bearings for younger patients, Dr.
Biette’s work shows that these bearings offer the best long-term prognosis
due to their high resistance to wear and the generation of wear debris as well
as due to their excellent long-term biocompatibility.

From left to right: Professor Jochen Eulert (President of
the DGOOC), Karl Billau (CeramTec), Christine Schultze
(Rostock), Dr. Lutz Bornebusch (Bad Mergentheim) and
Professor Fritz U. Niethard (Secretary General of the
DGOOC)

From left to right: Professor Laurent Sedel
(Paris), Dr. Grégory Biette (Paris), Karl Billau
(CeramTec) and Bernard Masson (CeramTec
France)
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This ceramic material can withstand considerably
higher temperatures than the cast iron and steel
used for less sophisticated vehicles. It also produces
hardly any wear debris and is highly resistant to de-
formation.

The cylinder liners on the Porsche engine are
also reinforced with a ceramic material. In the case
of composite materials made of metal and ceramics
(Metal Matrix Composite), a metallic base material
is reinforced with abrasion resistant particles. 

This allows to combine the strength of the abra-
sion-resistant material with the lightweight alloy of
the engine block under tribological, mechanical and
thermal stress. Highly porous ceramic preforms are
infiltrated with the molten metal when casting the
lightweight alloy to ensure a seamless bonding of
the materials. In executing a local reinforcement of
the cylinder liners in the engine block of the Porsche
Boxster and 911, CeramTec has enabled the appli-
cation of a whole new class of composite materials.
The uncompromising combination of high engine
power, lightweight materials and enormous durabil-
ity is made possible by this technology.

High-speed Safety

Ceramic Materials Make Sports Cars
Drive Fast and Stop Fast

Accelerating and braking are the two
most important tasks that a motor vehicle
is required to master. Both involve the
transformation of energy and motion. A
modern sports car can reach a speed of
100 kilometers per hour in a few seconds
– and a mark of 200 a few moments later.
Such feats involve the generation of gi-
gantic forces in remarkably small spaces.
Even relatively large sports car engines
normally don’t have more than three to
four liters displacement. Hundreds of
horse power are unleashed from exploding
petrol vapor – the energy of a large horse
farm concentrated in the space of a few
milk bottles.

The exposed surfaces used for braking are even
smaller. The annihilation of the vehicle’s thrust takes
place across a remarkably small number of square
centimeters between the brake disks and linings. In
the case of a Porsche GT2 traveling at its top-speed
of 320 kilometers per hour, 6,000 kilojoules of en-
ergy is transferred to the four wheels as the vehicle
brakes to a standstill, a braking capacity correspon-
ding to 730 horse power. It is no small feat to bring
1.6 tons of automobile to a stop in just 9 seconds.

The standard brakes of a typical passenger vehicle
would not come close to surviving an attempt to
match this braking performance. The task of taming
the ferocious heat that is produced by the tremen-
dous friction involved requires special high-tech ma-
terials. The brake disks of the Porsche are made of
a carbon-fiber-reinforced silicon carbide material.

7

The World of Ceramics

The preforms are filled
with the molten light 
metal. The bonding of 
the two materials ensures 
very smooth surfaces,
high engine longevity,
and minimal weight.
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A new CeramTec brochure is dedicated to wear couples in hip arthroplasty. 
The brochure provides discussions of the crucial properties of various bearing
materials and combinations. It is also focused on clinical results and presents the
latest information on materials, wear, and osteolysis. In addition to this, the
brochure offers an overview of how BIOLOX®forte and BIOLOX®delta can be
combined with one another and with conventional or highly crosslinked poly-
ethylene. The brochure also contains a table of available sizes for ball heads and
cup liners made of BIOLOX®.

The brochure comes with a CD-ROM with an extensive bibliography, numerous
illustrations, video clips, and PowerPoint presentations that you are free to use
for educational and scientific purposes.

We would be happy to send you issues of the brochure. Simply fill out and use
the enclosed fax form, or enter your address at
www.biolox.com –> Medical Professionals –> Literature & Brochures

CeramTec Services

Wear Couples Overview

New Brochure with a Scientific Focus

Imprint
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� February 14–17
AAOS Annual Meeting
Convention Center
San Diego (CA), USA
Booth N°. 718
www.aaos.org

� March 9–10 
Endoprothetik im Spannungsfeld 
zwischen Erfahrung und Innovation
Münster, Germany
Booth CeramTec

� March 12–16 
Journées d'orthopédie 
de Fort de France
Fort de France, Martinique
Booth CeramTec
www.jofdf.fr

� April 19–21 
38. O.T.O.D.I.
Tirrenia, Italien
Booth CeramTec

� May 11–15 
8th EFORT Congress
Fortezza da Basso
Florenz, Italien
Booth CeramTec
www.efort.org 

� May 20–23 
Current Concepts in Joint 
Replacement (Spring)
Las Vegas (NV), USA
Booth CeramTec
www.ccjr.com

� June 14–15 
IORS
Turin, Italien

� June 21–23
Société Orthopédique de l'Ouest 
Centre des Congrès "Vinci"
Tours, Frankreich
Booth CeramTec
www.soo.com.fr

Upcoming Events
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CeramTec AG
Innovative Ceramic Engineering
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Fabrikstr. 23–29
D-73207 Plochingen, Germany
Phone: +49 / 7153 / 6 11-828
Fax: +49 / 7153 / 6 11 838
medical_products@ceramtec.de
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Götz Griesmayr 
Phone: +1 / 301 / 22 96 704 
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(for North America)
Paul Silberer
Phone: +49 / 71 53 / 611 522
p.silberer@ceramtec.de 
(all other countries)

Text and Layout:
LoopKomm 
Firmenzeitschriften 
Terlaner Straße 8
D-79111 Freiburg i. Brsg.
Phone: +49 / 7634 / 55 19 46
Fax: +49 / 7634 / 55 19 47
mail@loopkomm.de
www.loopkomm.de

Concept and coordination:
Sylvia Usbeck
Heinrich Wecker
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