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Guest Commentary

Dear Colleagues, 

Along with the increased use of surgical procedures 
in TJR whose benefits are widely recognized, comes 
the reality that severe complications can affect our 
patients. They are creating a tremendous burden on 
our patients as well as the healthcare system. Their 
treatment must be effective and able to fully resolve 
the complication. It is our responsibility to work 
together and to develop a well-structured methodol-
ogy for transferring established know-how and prom-
ising innovations to healthcare professionals world-
wide. The participation of Prof. Tikhilov in a recent 
consensus meeting on the treatment of infection in 
Philadelphia was an excellent example for such coop-
eration.

We also need the help of colleagues from other fields. 
The allergologist Prof. Thomas developed an approach 
for the assessment of implant-tissue interaction. The 
pathologist Prof. Krenn gives us a practical guide to 
classify potential failure mechanisms in TJR focusing 
on peculiar tissue reaction patterns and the potential 
role of particles. His particle algorithm adds a valuable 
tool to help understand and interpret implant and tis-
sue interaction.

We also have to face the challenges presented by 
the clinical challenge of implant loosening, the man-
agement of overweight patients, infection and by 
metal ion generation in modular connections. Recent 
research such as the one conducted at Drexel Univer-
sity, Philadelphia, presents us with compelling argu-
ment to consider using ceramic components in order 
to minimize metal ion release from these interfaces. 

As we gain further understanding of such issues by 
ongoing interdisciplinary research, it is imperative that 
we work in unison and that our scientific information 
and knowledge be transferred effectively. It has to be 
directed at helping surgeons around the world to uti-
lize improved methods to address complications and 
improve the quality of care when faced with TJR com-
plications. 

Javad Parvizi, MD, PhD

Javad Parvizi, MD, PhD,  
is Vice Chair man of  
Research and Director  
of Joint Research at the  
Rothman Institute in  
Philadelphia, USA.

Rashid Tikhilov is the Managing Director of 
the Association of Orthopaedists and Trau-
matologists of the Russian Federation. Cer-
aNews spoke with him about arthroplasty in 
his country, cooperation with other national 
orthopaedic societies, as well as “Vreden’s 
Readings”, a prestigious orthopaedic con-
ference that his institute has hosted each 
year since 2008.

Prof. Tikhilov, what does it mean to you to work in the 
tradition of Roman Romanovich Vreden, whose name 
your institute bears? 

Indeed, we are backed up by a solid tradition from 
which patients, research and teaching all benefit. R. 
R. Vreden was nominated as the first director of the 
Institute in 1906. I must add, however, that the idea 
of founding the institute did not come from him. 
The conditions for the construction of the facility 
had already been created in 1901 when the former 
court physician of Tsarina Alexandra Feodorovna, Karl 
Christian Horn (1851–1905), was ordered by her to 
set up a model modern orthopaedic facility. The build-
ing was constructed between 1902 and 1906. Horn 
died in 1905, shortly before the completion of the for-
ward-looking project. R. R. Vreden, who enjoyed an 
excellent reputation as a military physician and scien-
tist, was subsequently delegated to head the facility. 
He placed the focus on the development of surgical 
methods to treat orthopaedic deformations. This had 
a critical influence on the conceptual development of 
the institute. At the start of the 20th century, the Vre-
den Institute was the first facility in Russia to carry out 
a wide range of orthopaedic surgeries and is still one 
of the most modern clinics of its type in the world.

Which challenges does the Vreden Institute face today 
in orthopaedics, particularly in arthroplasty?

Today, we consider it equally our task and a chal-
lenge to maintain the Vreden tradition across various 
areas in orthopaedics. We evaluate the results of our 
activities in order to further increase our already high 
standards in arthroplastic surgical techniques and to 

The 3-Pillar Concept  
of the Vreden Institute

 
An Interview with Rashid Tikhilov, MD, PhD

Interview
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ensure high quality results. We consider the primary 
task of our institute to evaluate surgical methods and 
orthopaedic implants that have been developed by us, 
by our colleagues and industry across the world.
With this goal in mind, we initiate clinical trials to 
determine the short-term and long-term results of 
various treatment methods for trauma and diseases 
of the musculoskeletal system. We not only carry out 
total joint reconstructions in our institute, but keeping 
up with our established tradition, our specialists also 
master the art of complex joint preserving surgery. 
Our particular focus is on the continuous education 
and professional development for specialists without 
whom the high quality of results cannot be achieved. 
The rapid development of arthroplasty in Russia, 
which is growing annually by 15–20% on average 
and in some regions by as much as 40–50%, must be 
accompanied by keeping a high standard of education 
for all involved experts. It is therefore our explicit goal 
to familiarize our colleagues with both the relevant 
benchmarks of training in our institute and with the 
experience of our colleagues in the European coun-
tries.

What has been achieved to date?

The most modern methods in trauma surgery and for 
the treatment of diseases of the musculoskeletal sys-
tem are currently applied in our institute. We closely 
follow the development of methods from which the 
best results can be achieved for patients and then 
introduce them to our facility. 
As mentioned previously, the systematic professional 
development and training of orthopaedic surgeons 
play an important role in our activities. More than 
400 surgeons from all parts of Russia and abroad are 
given the opportunity every year to complete profes-
sional development by taking part in courses or in 
customized programs. Depending on the task, the 
surgeons can complete a training program in periods 
of several days to up to 8 weeks in our institute. We 
are convinced that without theoretical and practical 
instruction, without systematic training and an intense 
exchange of experience, the quality of results suffers. 
The range of services offered by our institute includes 
hip and knee arthroplasty and revision arthroplasty. 

 

Rashid Tikhilov, MD, PhD is the Managing Director 
of the Association of Orthopaedists and Traumatolo-
gists of the Russian Federation as well as an honorary 
member of several national professional associations 
for orthopaedics and trauma surgery. In 1988 he was 
appointed head of the Department for Orthopaedics 
and Trauma Surgery in the tradition-steeped S. M. 
Kirov Clinic of the Military Medical Academy in St. 
Petersburg. He continues his teaching and research 
activities there.

Since 2003 Tikhilov has been the Director of the R. 
R. Vreden Research Institute for Traumatology and 
Orthopaedics in St. Petersburg. In this role he is 
responsible for the medical, scientific and economic 
development of the institute.

Tikhilov has specialized in hip and knee joint surgery 
and carries out about 500 operations each year. His 
scientific activities mainly focus on basic research and 
epidemiological studies in the area of joint pathology, 
arthroplasty and reconstructive joint surgery. 

He is the chief editor of the journal published by the 
Vreden Institute “Orthopaedics and Trauma Surgery 
in Russia” and is a member of the editorial board of 
other Russian journals.

Since 2008 the Vreden’s Readings meetings have 
taken place under his direction. They encourage the 
exchange of scientific and practical experience and 
enjoy a high standing among orthopaedic specialists in 
Russia and abroad. As one of the leading orthopaedic 
specialists in Russia, Tikhilov is an expert contact per-
son for the Ministry of Health.

Contact: 
R. R. Vreden Russian Research Institute  
of Traumatology and Orthopaedics  
Acad. Baikov Str. 8 
195427 St. Petersburg, Russia 
Phone: +7 812 670 8687 
Fax: +7 812 670 8905 
e-mail: info@rniito.org
Website ”Vreden’s Readings“: 
www.vredenreadings.org

The R. R. Vreden  
Research Institute  
for Traumatology  
and Orthopaedics  
in St. Petersburg 
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Our surgeons carry out replacement surgery as well as 
complex primary surgery. Revision cases are referred 
to us from all parts of the country. As a result of the 
increase in the number of primary procedures across 
the country, the number of revisions is also increasing 
and already makes up more than 18% of all surgery 
carried out in our institute.

How is the scientific exchange and the cooperation 
with international orthopaedic societes structured?

Cooperation with our colleagues is still not that easy 
for us in a number of respects. On one hand, there is 
the language barrier and on the other hand, for his-
torical reasons we were not able to integrate ourselves 
into the system of extensive cooperation between the 
national societies which had grown over decades. 
Nevertheless, we are already enjoying the first fruits 
of a successful international cooperation. As part of 
the follow-up of an implant, we are involved in a lon-
gitudinal multicenter study run by leading arthroplasty 
manufacturers. The exchange of experience at inter-
national conferences has also become a fixed part 
of our work. During these exchanges we have noted 
that the surgical procedures we have carried out have 
been met with enormous resonance among experts 
from abroad. We encourage active cooperation with 
international orthopaedic societies, such as EFORT 

and SICOT. We now welcome many foreign surgeons 
as consultants and instructors to our events. There is 
an increasingly closer liaison between colleagues at 
a national level. This is also encouraged by the fact 
that already more than half of the Russian orthopaedic 
specialists are members of the new orthopaedic soci-
ety founded in 2010.

How has arthroplasty developed in Russia and what do 
you expect from the future?

Thanks to a special government program target-
ing improvements in patient care using high-tech 
medicine, arthroplasty in Russia has undergone an 
extremely dynamic development over the last 6 to 8 
years. The facts speak for themselves. For example, 
several large orthopaedic centers have been built to 
the highest standards, while existing clinics have been 
modernized and equipped with the latest technology. 
This has allowed a large increase in the number of 
operations. The costs for surgical treatment of patients 
are borne by the state. 
In 2012 more than 60,000 endoprostheses were 
implanted in Russia. In the Vreden Institute in the 
same year about 23,000 patients were treated and 
of these, 20,000 were treated surgically. We have 
carried out arthroplasty procedures on hip and knee 
joints in more than 5,000 patients. Increasing num-
bers of patients with highly complex pathologies are 
also coming to us. The Vreden three-part philosophy 
– education, therapy, analysis of results – continues to 
form the basis for the qualification of physicians.

Which role do other large centers in orthopaedic care 
play in Russia? 

The large orthopaedic centers have embraced not 
only a special therapeutic but also a methodolo gical 
role. Renowned orthopaedic institutes such as CITO 
in Moscow, the National Surgical Center N.I. Pirogov, 
also in the capital, the institutes in Saratov and Nizhny 
Novgorod, the Ural Institute in Yekaterinburg, the 
Novosibirsk Institute for Trauma Surgery and Ortho-
paedics and the Ilizarov Institute in Kurgan work at an 
advanced specialist level across the country. Each cen-
ter has specialized without, however, neglecting the 
care of the population with a wide range of trauma 
surgery and orthopaedic treatments. The Central Insti-
tute for Trauma Surgery (CITO) has traditionally been 
very strong in arthroscopy and in the treatment of 
osseous pathologies. The Nizhny Novgorod Institute 
has long focused on hand surgery while the Novosi-
birsk Institute has accumulated extensive experience 
in spinal surgery. Although the Ilizarov Center still 

Interview (continued)

Arthroplasty in Russia 

According to information from the health authorities in Russia, about 2.2% 
of the approximately 143 million citizens suffer from osteoarthritis. The num-
ber of arthroplasty procedures is estimated at 100,000 annually with about 
60,000 hip and knee arthroplasties implanted in 2012. Young and active 
patients are increasingly treated with ceramic/XPE and ceramic/ceramic bear-
ing couples. The metal-on-metal bearing couple has hardly been used. The 
care of patients is done mostly in large orthopaedic centers, which increasingly 
take on the rehabilitation of patients as well. 

The Vreden Institute 

The R. R. Vreden Institute for Traumatology and Orthopaedics is a modern 
orthopaedic center that is directly managed by the Russian Ministry of Health. 
Founded in 1906, the medical expertise of the Vreden Institute is based on 
a rich tradition. With 22 specialist departments and 830 beds, it is one of 
the largest orthopaedic centers in Russia. Of 23,000 patients in 2012, almost 
20,000 were treated surgically with about 5,000 hip and knee endoprostheses 
implanted. More than 400 physicians from Russia and abroad participate in 
educational training programs in the Vreden Institute each year. Connecting 
research, teaching and health care at the highest level is the trademark of the 
Vreden Institute.
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concentrates on the further development of the Iliza-
rov method, it has increasingly focused its attention 
on reconstructive spinal and joint surgery as well as 
arthroplasty. While all the major sub-specialties are 
represented in the Vreden Institute, we are particu-
larly experienced in the area of complex reconstruc-
tive surgery of large joints. The newly built centers in 
Cheboksary, Barnaul and Smolensk are also pursuing 
a similar development. In each of these centers several 
thousand procedures are carried out each year.

Prof. Tikhilov, how are patients admitted in one of the 
large centers? 

After the diagnosis has been made by a specialist and 
a positive decision has been taken by the local medical 
selection committee, the documents are sent to the 
regional health authority. The health authority then 
sends the documents to a relevant orthopaedic cen-
ter. The treatment plan is prepared in the center. The 
procedure is then done relatively soon. In most regions 
of Russia there are no long waiting periods. Because 
of the large proportion of older patients, the situation 
is a little different in the metropolis of St. Petersburg, 
with its million-strong population. Only about one 
third of the pa tients come to our institute from St. 
Petersburg.

Which trends are there in tribology in Russia?

Fortunately, in Russia we have not followed every 
fashionable trend. The problems that have developed 
in recent years with metal-on-metal bearing couples 
have therefore played a rather minor role for us. As far 
as bearing couples with ceramics are concerned, eval-
uation of the literature shows that outstanding results 
can be achieved when combined with XPE as well as 
with ceramics. For this reason we use ceramics partic-
ularly for young, active patients. I am assuming that 
the proportion of ceramics used in the care of patients 
will increase with rising case numbers but only if the 
costs for ceramic implants can be borne by the hospi-
tals. We will also track and evaluate these results long 
term. There is nothing as valuable as one’s own clinical 
experience. 

Most European countries, Australia and Canada main-
tain a joint registry and in China it will become obliga-
tory for all qualified clinics over the course of this year. 
How do you assess the situation in Russia? 

We are also convinced of the importance of a joint 
registry. Reliable data collected over the long term 
make a significant contribution in terms of the qual-

ity of results and patient safety. In our institute there 
has already been a functional registry for 7 years. Cur-
rently the large centers in Cheboksary and Barnaul link 
to our registry. Of course, such a registry is effective 
only when 90–95% of all arthroplasty procedures in 
the country are recorded. Unfortunately, there are still 
some prerequisites that are not being met. On one 
hand, digital documentation is still not used in some 
centers, and on the other, such a registry cannot be 
comprehensively implemented without overarching 
federal administrative regulations. The additional time 
required also plays a role, time that is not compen-
sated financially. A national registry requires coopera-
tion between the professional orthopaedic society and 
the Ministry of Health in order to be fully realized. 

What can the participants at this year’s annual Vreden 
conference in St. Petersburg expect? 

I am looking forward to an interesting conference 
with inspiring papers and lively discussions. For the 
first time, we are placing the emphasis on the system-
atic transfer of knowledge. More than 20 experts from 
across the whole world, including the U.S., Canada 
and Europe, will discuss various aspects of hip and 
knee arthroplasty with their colleagues from Russia. 
On the first day of the conference the participants will 
be able to familiarize themselves in workshops with 
the latest arthroplasty systems from various companies 
under the guidance of experienced instructors. On the 
following 2 days all the participants will be able to dis-
cuss the latest scientific issues and economic questions 
regarding orthopaedic care. The papers and contribu-
tions to the discussions will be interpreted synchro-
nously into English or Russian and we are pleased that 
participants from abroad have registered. We would 
like to increase the proportion of participants from 
abroad significantly for future conferences. Of course, 
an important prerequisite for this is the integration 
of the Vreden’s Readings meeting into the existing 
European system of conferences and congresses men-
tioned previously, as well as the accreditation as an 
educational event. I believe that in the future it will be 
an attractive option for European physicians to com-
bine attendance at our Vreden’s Readings meeting 
with a visit to our beautiful city of St. Petersburg. 

Prof. Tikhilov, thank you very much for an interesting 
conversation.

The interview was conducted by Volker Atzrodt, PhD 
(Scientific Consultant, CeramTec GmbH).
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In Focus

Study: 

Pathogenesis of pseudotumor formation 

It is not yet clear whether pseudotumors de velop 
because of particle-induced cytotoxicity, hyper-
sensitivity (type IV) or a combination of both. 
The body of data is inconsistent.

The aim of a retrospective study by Grammatopou-
los et al. (UK) was to investigate the histopathologi-
cal changes in periprosthetic tissue from 56 failed hip 
resurfacing implants in connection with the metal wear. 
At the time of the primary procedure the mean age of 
the patients was 56 years. The mean survival time of the 
endoprostheses was 4.7 years.

It was predominantly women who had to have revision 
surgery. Symptomatic pseudotumors (n=45) were the 
most common cause for the revisions. In 80% of the 
pseudotumors with tissue necroses and pronounced 
macrophage responses, high wear values were deter-
mined. This suggests a direct nonspecific cytotoxic 
action of the metal ions that depends on their con-
centration. Perivascular lymphocytic infiltrates (ALVAL) 
as an individual, specific immune response were more 
common in the cases with low wear and they appear 
to favor the formation of pseudotumors.

The authors concluded that although the formation 
of pseudotumors may be reduced by minimization of 
metal wear, even under optimal conditions unwanted 
pseudotumors may develop due to an increased indi-
vidual immune response. 

Study: 

Pseudotumor formation due to cytotoxic 
response to metal wear

Hasegawa et al. (Japan) investigated 108 MoM THA 
with large head diameter (Ø 44mm) in 98 patients (81 
female, 17 male) with a mean age of 65 years.

MRI showed pseudotumors in 9 patients (10 hips, 
9%). Revision surgery was performed in 5 symptom-
atic cases and in 2 cases of cup loosening with peri-
vascular lymphocytic infiltrates and diffuse lymphocyte 
distribution (ALVAL). The metal ion concentration in 
12 patients with pseudotumors or ALVAL (12 hips) 
was compared to those patients with no adverse reac-
tions (96 hips). It was demonstrated that adverse reac-
tions correlated with increased metal wear.

The authors concluded that hypersensitivity (type 
IV) is probably not the dominant biological response 
in pseudotumor formation but rather the cytotoxic 
response to metal wear is likely to play a primary role.

Study: 

Different failure mechanisms with ARMD

Reito et al. (Finland) investigated 90 patients (90 hips) 
who underwent revision surgery due to ARMD and 
whose complete clinical data were available.
The researchers carried out a semi-quantitative analy-
sis of the histological samples (synovia, pseudotumor) 
including determining the fibrin content of the syno-
vial fluid and the number of macrophages and perivas-
cular lymphocytes. 

The Finnish researchers discovered that pseudotu-
mors can be traced back to a lymphocyte-dominant 
immune response while intracapsular responses are 
macrophage-dominant foreign body reactions, which 
are reflected in different MRI images. The inflamma-
tory response appears to be either macrophage-domi-
nant, lymphocyte-dominant or both.

The issue of corrosion and fretting in modular metal taper con-
nections as well as the etiology and histopathology of adverse 
reactions to metal debris (ARMD) play an increasingly important 
role and were recently the subject of lively debates at international 
congresses. There was consensus that a better understanding of the 
pathogenetic mechanisms is necessary to be able to better classify 
adverse reactions to implant materials and also to improve the cur-
rently inconsistent terminology. In the literature various terms are 
used to describe the range of histopathological changes that are 
observed in connection with implant materials. CeraNews summa-
rizes the latest results.

Periprosthetic Tissue Responses with  
Bearing Couples and Corrosion/Fretting  
with Modular Metal Taper Connections
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Study: 

Different lymphocyte responses  
to metal wear

Matharu et al. (UK) pointed out that the term ALVAL 
is used in the literature to encompass different lympho-
cyte responses in failed MoM implants. 

Therefore, it was the aim of their histological investi-
gations to develop a uniform classification to charac-
terize these lymphocyte responses. For this purpose, 
they analyzed 71 MoM hip revisions with suspected 
ARMD that were carried out between 1998 and 2011. 

In all cases macrophage infiltration with intracellular 
metal wear particles was verified. Lymphocytes were 
present in 69% of the cases (n=49) and were char-
acterized as lymphocytic aggregates (37%, n=26) as 
well as diffuse lymphocytic infiltrates with perivascular 
lymphocytes (15%, n=11) and without perivascular 
lymphocytes (17%, n=12). In the cases with lympho-
cytic aggregates, perivascular and diffusely distributed 
lymphocytes were present. In 31% of the cases (n=22) 
phagocytosis but no lymphocytic infiltrates were ver-
ified. In 2 patients with a known metal allergy, a dif-
fuse lymphocytic immune response without formation 
of lymphocytic aggregates was identified.

In the majority of the revised MoM cases, different 
lymphocytic cellular responses were verified, which 
represent the various pathological courses. A correla-
tion between the histopathological results and the 
clinical findings, such as contact allergy, could not be 
found.

The authors called for further investigations to char-
acterize lymphocytic responses in connection with 
metal wear to better understand the pathogenetic 
mechanism.

Study: 

Women are at higher risk of ARMD

Using a large series of MoM THA it has been 
demonstrated for the first time that women have 
a higher risk of developing adverse reactions to 
metal wear (for example, pseudotumors, necro-

ses, cysts, metallosis) regardless of cup position-
ing or the femoral ball head size.

In a prospective study Briant-Evans et al. (UK) inves-
tigated 1,159 primary MoM THA (38mm) in 1,041 
patients (703 female, 446 male) with a mean age of 
67 years. The mean follow-up was 5.4 (2–8.6) years. 
17 patients were not available for the follow-up exam-
ination. 53 patients were revised due to ARMD after a 
mean 4.3 years, and a further 8 revisions are planned. 
The incidence of ARMD was 5.8% overall with the 
rate twice as high in female as in male patients (7.9% 
vs. 3.1%; p=0.002). No statistically significant correla-
tion between ARMD and the external cup diameter 
or the positioning of the cup was determined. An 
increased risk between low patient age and revision 
due to ARMD (p=0.005) was determined, which can 
be ascribed to the possibly higher levels of activity and 
increased wear. 

The authors called for further investigations of the 
pathogenesis of ARMD, particularly in light of the 
higher rate of complications in women.

Study: 

Periprosthetic tissue responses  
with MoM and MoP

Hwang et al. (South Korea) carried out a retrospec-
tive analysis of the extent, characteristics and causes 
of soft tissue masses with MoM and MoP THA. Of the 
patients who received THA between 2000 and 2007, 
5 patients with MoM THA and 5 patients with MoP 
THA were followed up.

The enormous mean extent of the soft tissue masses 
was 14.6cm x 6.2cm x 7.2cm. Osteolysis was detected 
in 3 cases each with MoM and MoP. In all cases 
acute or chronic signs of inflammation and granulo-
matous tissue changes were observed. Lymphocytes 
and eosinophilic granulocytes were present in the 
MoM group and macrophages in the MoP group. The 
mean concentration of cobalt and chromium ions was 
1.43g/L and 1.57g/L in the MoM group and 0.73g/L 
and 0.84g/L in the MoP group. 
The authors concluded that osteolysis and soft tissue 
masses after THA are accompanied by foreign-tissue 
responses to PE wear particles and a hypersensitive 
response to metals.
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Study:

Higher survival rates for CoC vs. MoM

Barbosa et al. (Portugal) compared the results of 22 
MoM large head arthroplasties in 20 patients, (14 
male, 8 female) which were implanted between 2007 
and 2009, with 37 CoC THA in 32 patients (23 male, 
14 female) implanted between 2002 and 2007. 

In the MoM group there were more complications 
than in the CoC group, which corresponded to the 
lower survival rate of 77% for the MoM group. In the 
MoM group there were infections in 3 cases as well as 
1 case each of pseudotumor and aceta b ular osteolysis. 
In the CoC group a femoral ball head fractured in one 
patient and noise developed in 2 cases. The HHS was 
lower in the MoM group (88) than in the CoC group 
(91). In the CoC group 95.2% of the patients were 
satisfied or very satisfied with the result, whereas only 
82% of the patients in the MoM group reported the 
same. Osteolysis was not detected in any patients in 
the CoC group. 

The authors concluded that the absence of osteoly-
sis appears to be a good predictor for the long-term 
behavior of the CoC bearing couple. The excellent bio-
logical behavior of ceramic particles is reflected in the 
lower risk of osteolysis. 

Study: 

Ceramic femoral ball heads appear to re-
duce taper corrosion 

Baleani et al. (Italy) investigated 83 hard-on-hard 
bearing couples for signs of corrosion. These included 
46 MoM bearing couples with head diameters of 
28–54mm and 37 CoC bearing couples with head 
diameters of 28–40mm. In 19 MoM cases and 4 CoC 
cases the femoral ball head had a titanium sleeve. 
Both groups were comparable in terms of the time 
since implantation (MoM 4.8 years, CoC 4.6 years). Of 
83 stem tapers, 58% showed corrosion damage: 25% 
mild, 13% moderate and 4% more severe damage. 
None of the stem tapers showed extreme corrosion 
damage.

It was established that the level of damage due to cor-
rosion increased over time. Likewise, the material and 
the diameter of the femoral ball head play a role in 
taper corrosion. The authors emphasized that ceramic 
femoral ball heads appear to reduce taper corrosion.

The paper “Update to taper corrosion: what 
role do ceramic femoral ball heads play?” 
by Steven M. Kurtz, MD, PhD, was pub-
lished in CN 1-2013 (pp 11–13) and can be 
downloaded via QR code.

William Hozack (USA) stated in a paper on CoC 
bearing couples that taper corrosion in ceramic 
fe moral ball heads probably plays a rather minor role 
while in metal femoral ball heads on titanium stems 
it can actually be a real problem. He also pointed out 
that CoC bearing couples show significantly less wear 
compared to XPE bearing couples. 

Study: 

Histological investigation confirms excel-
lent biological behavior of the CoC bearing 
couple 

Esposito et al. (Australia) reported about the parti-
cle response of the capsular tissue in 21 patients with 
a CoC bearing couple (alumina ceramic, BIOLOX®-

forte, 28 and 32mm femoral ball head diameter) 
after a mean 5.5 years in vivo. The 19 female and 2 
male patients had a mean age of 68 years. In all cases 
the pseudocapsule was examined histologically. No 

 Wear reduction with XLP is only 
by a factor of 10, not like CoC where 
it is 1000 x less. 

– William Hozack, MD,
Proceedings, AAOS 2013:136

 Additionally the ceramic head 
seems to reduce the damage rate on 
the taper surface. 

– Baleani et al., 
Proceedings, AAOS 2013:484

In Focus (continued)
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patient had to be revised due to osteolysis or compli-
cations resulting from wear. 

In the majority of the patients (19 of 21), mild or mod-
erate synovitis was observed. No clinical or intraop-
erative signs of adverse local tissue responses were 
detected in any of the patients as can typically occur 
with MoM THA where it either manifests as tissue 
masses that appear necrotic (inflammatory pseudotu-
mor) or as an unusually cloudy, white joint effusion. 
Only one patient had an implant impingement that 
was conspicuous; however, no extensive necrosis was 
detected as has been described in patients with MoM 
implants and high ALVAL scores. 
The results of this study correspond to those of pre-
vious histological investigations of the periprosthetic 
tissue of CoC THA, which describe a low number of 
macrophages predominantly in the fibrous connective 
tissue, multinucleated foreign-body giant cells only in 
rare cases and minimal necroses. 

The histological picture of the inflammatory 
response to implant materials is influenced by the 
quantity and quality of the particles. Ceramic par-
ticles are inert, nontoxic, do not cause any degen-
erative cellular changes and in this respect appear 
to occupy a special position. 

 

Concept and text: S. Usbeck 
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 With the potential for unforeseen 
wear debris-related complications in all 
types of hip arthroplasties, the results 
of this study should provide some assur-
ance to the orthopaedic community that 
adverse local tissue reactions are unlikely 
to occur in patients with CoC THAs … A 
healthy synovial surface may be import-
ant in the maintenance and lubrication 
of the prosthesis, and may represent one 
of the reasons for the relative success of 
these CoC THAs. 

– Esposito et al., 
J Arthoplasty 2013, 28(5):866 
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Peter Thomas, MD, PhD, has worked in the 
area of metal implants and allergy for about 
15 years. Together with his team, he offers 
special consultation hours, which more than 
1,000 patients with implant allergies or sus-
pected allergies have already attended. 

The scientific focus is to identify the charac-
teristics of these patients. In particular, the 
team researches the mechanisms of lympho-
cyte re ac tivity including mediator production 
and molecular cytokine expression which lead 
to an excessive reaction (delayed type hyper-
sensitivity) or tolerance.

Together with Marc Thomsen, MD, PhD, 
Peter Thomas heads the Implant Allergy 
Working Group of the German Society of 
Orthopaedics and Trauma Surgery (DGOU), 
for which he also acts as an expert allergolo-
gist. He is the lead author of the interdisciplin-
ary statement on implant allergy published 
in 2008 by the DGOU, the German Contact 
Allergy Group (DKG) and the German Soci-
ety for Allergology and Clinical Immunology 
(DGAKI). Interested physicians as well as 
patients can find more detailed information 
about implant allergies on the Allergomat 
information platform, which is linked to these 
scientific societies.

The results of the interdisciplinary research 
efforts have been widely published and rec-
ognized internationally. A diagnostic algo-
rithm for patients with suspected implant 
allergy has been developed.

Contact:
Implant Allergy Working Group Allergomat

Email: implantatallergie.derma@ 
med.uni-muenchen.de 

http://allergomat.klinikum.uni-muenchen.de/
en/

Given worldwide demographic changes, it is not only 
the number of arthroplasties that is increasing but 
also the number of cases of implant failure caused 
by complications. The rates of primary and revision 
arthroplasty are already outnumbering recent initial 
projections.5 The term adverse effects is often used to 
describe the range of unsatisfactory clinical outcomes 
to metal ions and debris from arthroplasties. Clinicians 
require practical guides on how to handle their respec-
tive individual patients. An example is the suggested 
algorithmic approach for diagnosing and managing 
MoM arthroplasty by Lombardi et al.6

However, the available literature provides no such 
guide on how to differentiate between the various 
pathomechanisms, in particular between hypersen-
sitivity/exaggerated inflammatory reaction and, for 
example, smoldering “low-grade” infection. The role 
of increased immune reactivity to peri-implant or sys-
temic metal ion and particle exposure, which are all 
causes of implant failure, is alluded to in numerous 
case reports and cohort studies. From an allergist’s 
point of view, it is interesting to realize that firstly the 
use of materials in joint replacement seems to differ 
somewhat between various countries. Secondly in 
Europe, clinical observations and research efforts on 
nickel contact allergy have led to political awareness 
of nickel-linked risk constellations, which resulted in 
the European Nickel Directive.1 Regulatory actions of 
this kind don’t seem to exist in North America or other 
countries. 

The fact that many aspects concerning local and sys-
temic reactions to metal exposure caused by arthro-
plasty are not well defined is also highlighted by the 
latest consensus statement by Hannemann et al.3 
Early reports had suggested that lymphocyte-domi-
nated inflammation also plays a role in loosened MoM 
arthroplasties.2 In addition, delayed type hypersensi-
tivity which is indicated by a positive patch test and 
increased lymphocyte transformation test (LTT) reac-
tions, was described as a potential elicitor of such fail-
ure.7 

However, in allergological diagnostics, while it is 
important to use evaluated patch test preparations, 
unstandardized metal discs or particle preparations 
should not be used. Assessing the histological picture 

New Steps in Assessing  
Implant Tissue Interaction

P. Thomas, B. Summer
Hospital and Outpatients’ Clinic for Dermatology and Allergology,  
Ludwig Maximilian University, Munich 

Implant Pathology
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of a peri-implant tissue response provides a snap-
shot-like view of what is actually happening during 
this dynamic process. Krenn et al. have created a 
consensus classification to act as a practical guide for 
evaluating potential failure mechanisms.4 This histo-
pathological classification of diseases associated with 
joint arthroplasty lists, among others, peculiar reac-
tion patterns, e.g. lymphocyte-driven reactions and 
the potential role of particles. In order to interpret the 
findings as a whole, the clinical findings should ideally 
be examined alongside the histological picture and 
further techniques used to provide a functional analy-
sis or reveal an underlying pathomechanism. 

An example is the integrated examination of metal 
exposure, the histological picture and functional 
immunological-allergological diagnostics, including 
the molecular mediator expression.8,9 In terms of the 
actual particle algorithm, it is well known that particle 
characterization adds further precious pieces to the 
puzzle of understanding and interpreting implant-tis-
sue interaction. Correspondingly, this algorithm com-
plements the increasing clinical experience gained on 
the range of adverse reactions to metal ion and par-
ticle exposure.

Corresponding author: 
Peter Thomas, MD, PhD 

Klinik und Poliklinik für Dermatologie und Allergologie  

der Ludwig-Maximilians-Universität München 

Frauenlobstr. 9–11 

80337 München 

Germany 

Phone: +49 89 5160 6175 

Fax: +49 89 5160 6206 
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Are you interested in interdisciplinary research into increased immune reactivity/im-
plant allergy? You can help!!

For our ongoing research projects into mechanisms of exaggerated inflammatory reactions and implant 
allergy, any access to patients in whom no “classic causes” for discomfort or implant loss can be found 
would be very helpful. 

If you are interested in collaborating in the form of providing blood and tissue samples as well as (ano-
nymized) clinical data as part of our interdisciplinary research program, please do not hesitate to contact 
the author (peter.thomas@med.uni-muenchen.de).
 
We have drawn up appropriate dispatch and processing protocols and are already working with several 
centers in Europe.
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Introduction 

Implant-associated pathologies in hip and knee arthro-
plasty are a clinical and socio-economic problem. Par-
ticle-induced (aseptic) and infection-related (septic) 
loosening are fundamental pathomechanisms behind 
these pathologies. Particularly for revision arthroplasty, 
the histopathological evaluation is recommended as a 
diagnostic parameter for etiological clarification of the 
implant failure.50 

Histological differentiation of the tissue changes gives 
the orthopaedic surgeon important indicators about 
the localization of the cause of the patient’s symp-
toms. Full clarification of implant-associated pathol-
ogies is done in the review of the histopathological 
diagnosis as well as biomechanical, clinical3, micro-
biological35,39, allergological and imaging results.7 It 
ideally also includes a macroscopic assessment of the 
retrieved implant. 

The Work Manual of the Implant Allergy Work-
ing Group of the DGOOC (  ) provides the surgeon 
with assistance in terms of histopathological differen-
tial diagnostics for adverse reactions to implant mate-
rials, complications due to biomechanical/mechanical 
causes, periprosthetic infection, implant-associated 
arthrofibrosis and osseous pathologies as well as with 
the choice of examinations needed and the classifica-
tion of the results.32 

Standardized histopathological  
classification 

The histopathology consensus classification of the peri-
prosthetic membrane in the original and the expanded 
versions29,30,31,43,44 includes all pathological changes that 
may occur following arthroplasty of major joints and 
which lead to reduced survival time of the arthroplasty. 

Veit Krenn, MD, PhD, has been the expert 
pathologist for the Implant Allergy Working 
Group of the German Society for Orthopaedics 
and Trauma Surgery (DGOU) since 2012. 

His scientific work focuses on the development of 
scoring and typing systems as well as histopatho-
logical classifications for joint pathology. Further 
areas of his research include implant and infec-
tion pathology. 

Between 2002 and 2005 Krenn and his col-
leagues from the Charité University Hospital in 
Berlin developed the histopathological synovitis 
score, which considers the various immunological 
processes in synovitis and describes the spectrum 
of inflammatory and non-inflammatory diseases 
using simple, semi-quantitative criteria. This uni-
form histopathological grading system allows 
standardized, reproducible diagnostics combined 
with specific information for orthopaedic sur-
geons about the origin of the inflammation. 

The various pathomechanisms behind implant 
loosening are defined in the consensus classifi-
cation for implant pathology. This provides infor-
mation about the etiology of the failure and the 
survival time of the implant. Krenn developed the 
addition to the consensus classification together 
with partners from clinical practice and pathology 
using histopathological criteria for implant allergy 
(immunological type IV hypersensitivity) and the 
histopathological grading and typing of arthro-
fibrosis. Both histopathological classification sys-
tems are recognized internationally. 

Histopathological Particle Identification 
(The Krenn Particle Algorithm)

V. Krenn1, P. Thomas2, M. Thomsen3, M. Huber4, J.P. Kretzer5,  
S. Usbeck6, L. Scheuber6, R. Streicher6 

1 MVZ Center for Histology, Cytology and Molecular Diagnostics, Trier 
2 Hospital and Outpatients’ Clinic for Dermatology and Allergology,  

Ludwig Maximilian University, Munich 
3 DRK Hospital, Baden-Baden 
4 Institute of Pathology and Bacteriology, Otto Wagner Hospital, Vienna, Austria 
5 Laboratory of Biomechanics and Implant Research, Hospital for  

Orthopaedics and Trauma Surgery, Heidelberg University Hospital 
6 CeramTec GmbH, Science Department, Plochingen

Implant Pathology
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This comprises aseptic and septic loosening, implant-as-
sociated arthrofibrosis, particle-induced, immunolog-
ical, allergic and toxic mechanisms, functional causes 
and osseous pathologies. 
 
In the expanded consensus classification of 
the periprosthetic membrane, the spectrum of 
arthroplasty-associated pathologies is classified 

by defining highly reproducible histopathologi-
cal diagnostic criteria (Fig. 1). 
For the first time, the neosynovitis/periprosthetic 
membrane of the indifferent type (type IV) is described 
and defined.29,43,44 The etiology of this membrane type 
is diverse. Suboptimal implant positioning and func-
tional causes, among others, are also considered. 

Histopathological particle identification

In the Anglo-American literature the term SLIM (syno-
vial-like interface membrane) is often used to refer 
to the neosynovial tissue and interface tissue or the 
peri-implant tissue respectively.8,9,17,18 The SLIM has 
a heterogeneous structure and is directly involved 
in bone destruction.25,34,37,46,47,49,65 Wear particles in 
the SLIM are formed heterogeneously because of 
the different implant materials and the high vari-
ability of the immunological/inflammatory respo
nse.11,21,26,34,35,38,41,48,49,58,61,62,63,64

The Krenn histopathological algorithm summa-
rizes the particle characteristics, their importance 
for histopathological particle identification and 
differentiation from non-wear particles (Fig. 2).29 

This allows identification of the particles for guidance. 
The particles and wear particles are characterized 
using conventionally stained HE paraffin-embedded 
sections based on three criteria: light-microscopic/
morphological characteristics with a guide to sizing 
and color determination, polarization optical proper-
ties and enzyme-histochemical characteristics (oil red 
O staining and Prussian blue reaction). The Krenn par-
ticle algorithm includes the differential diagnosis of 
non-wear particles in addition to the light microscopic/
enzyme-histochemical properties and sizing informa-
tion for wear particles.

Definition of the particle size

Information about the particle sizes is based primarily 
on data from animal experiments.34 A uniform defi-

nition for macroparticles and microparticles has not 
been established because of the diversity of meth-

Consensus Classification of Implant Pathology

Neosynovitis/periprosthetic membrane Krenn 2012

Type I
Wear type

Particle-
induced

Type II
Infectious 

type

Infectious

Indifferent type

Mechanical/
functional

Type III Type IV
Combined 

type

Infectious + particles

+ Lymphocytosis
Implant

  allergy* 

Arthrofibrosis
Fibrosis and 20-ß-catenin
positive fibroblasts/HPF

Peri-implant bone tissue

Osteomyelitis
Ossification
Osteopenia

Osteonecrosis

Predominance of necroses
a) Microparticulate wear 
b) + Granuloma/garland-like 
    + lymphocytic with metal-on-metal 
       bearing couple 

* with positive allergological findings (standardized patch test)

 

+ Lymphocytosis
Implant

  allergy* 

Source: Prof. Veit Krenn (Germany)

Fig. 1: Histopathological 
consensus classification of 
the 4 types of neosynovitis/
periprosthetic membrane
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ods used. Histopathological particles of the SLIM are 
identified using the resolution capabilities of the light 
microscope. Microparticles and metal ions are not 
detected. 
For reasons of histopathological practicability, it is 
suggested that macroparticles (phagocytosed in mul-
tinucleated giant cells and/or extracellular, ≥ 5µm to 
several mm) and microparticles (phagocytosed in mac-
rophages, ≤ 5µm) are differentiated. The particle sizes 

are determined using a computer-guided interactive 
morphometric analysis (Leica DM 2005, microsystems 
framework 2007). A definitive material identification 
of wear particles, particularly of metal and ceramic 
particles, is only possible using physical procedures 
such as Energy Dispersive X-ray Spectroscopy (EDX) 
and/or Fourier Transform Infrared Microspectroscopy 
(FTIR).33 

Histological characterization of the wear material

Polyethylene particles 
Light microscopy particle findings

Depending on the type of polyethylene, polyethy lene 
particles can be highly crosslinked or non-highly-cross-
linked and, depending on the mechanical loading of 
the implant, they are long, clasp-like and visible under 
the light microscope (Fig. 3).45,65 The majority of highly 
cross-linked polyethylenes are microparticulate and 
the majority of non-linked polyethylenes are mac-
roparticulate, whereby the mechanical loading affects 
the particle size.

Depending on the particle size, it is possible to differ-
entiate macroparticles (> 5µm) from microparticles (< 
5µm). Oil red O staining allows detection of intracyto-
plasmic, microparticulate polyethylene.45

Fig. 3: Polyethylene macroparticles: light, whitish, clasp-like 
polyethylene macroparticles in multinucleated giant cells 
of the foreign body type. Original magnification 350x, HE 
staining

Implant Pathology (continued)

Krenn Particle Algorithm (2013)

Dissolved-out wear particles
(chemical or mechanical)

Wear particles BBR -

Polymethyl acrylate (PMMA), cement ≈ 0.1 – 2mm
Polyethylene (PE) Macroparticular > 1mm

Wear particles
Bleeding residues, BBR +
• Hemosiderin/iron granuloma < 1µm – > 0.5mm
• Gandy Gamna body ≈ 0.5 – 2mm

Crystal deposition
• CPPA (calcium pyrophosphate) POL ++, ≈ 0.3µm

POL ++ POL –/±

• Macroparticular PE > 1 to ≈ 5mm
• Microparticular PE < 1µm (oil red ++)

Metallic non-ferrous particles
Metal-on-metal couple gray ≈ ≤ 1µm

+ Necrosis
+ Garlands/granuloma-like appearance
+ Lymphoid infiltrate  

• Ceramic ≈ 0.2µm – > 1µm
brownish/grey/light

• Aluminum oxide
• Zirconium oxide
• Yttrium oxide
• Niobium oxide

Metallic non-ferrous particles
blackish/intensely black  ≈ 1µm

Titanium
Cobalt
Nickel **
Chromium
Molybdenum
Tantalum
Zirconium
Niobium

Barium sulfate
Zirconium dioxide

X-ray contrast media 
(additive to PMMA)

Particle corrosion
Solid preciptates: oxides, chlorides, phospates etc.
yellowish to greenish, 0.5µm bis 0.5mm
Sources for corrosion based on:
Cobalt/chromium
Titanium/titanium alloy
Iron-based steel alloy

Non-wear particles 

Pure metal and/or alloys
and surface coatings

Source: Prof. Veit Krenn (Germany)

3

Fig. 2: Krenn histopatho-
logical arthroplasty particle 
algorithm.
The assessment is done us-
ing HE sections, Polarisation 
Optical Analysis (POL), Prus-
sian blue reaction (PBR), oil 
red O.
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Metal particles 
Light microscopy particle findings 

Non-ferrous metals and their alloys are used predom-
inantly in arthroplasty while ferrous metals (steel) are 
rarely used. The non-ferrous metals and metal alloys 
include titanium, aluminum, vanadium, cobalt, molyb-
denum, chromium, niobium and nickel in various 
combinations. Metal particles are very small if they are 
not present in aggregated form and they have a mean 
diameter of about 0.05µm to 3.9µm.34 The shape var-
ies from round to polygonal sharp-edged. The intrinsic 
color is a deep black. Metal particles rarely have mini-
mal peripheral birefringence.

Because of their small diameter, metal particles 
may penetrate the superficial and deep com-
partments of the SLIM and the peri-implant tis-
sues where they can be detected (Fig. 4). In rare 
cases metal particles may also be detected in the 
regional lymph nodes.

Metal ions

Due to the small size of metal ions, these elude histo-
pathological detection and can only be detected using 
physical methods.33 

The weakly cytoplasmic Prussian blue reacti vity 
in the macrophages immediately adjacent to 
metal-particle deposits is possibly due to a cellu-
lar reaction mode to a large metal ion load (per-
sonal observation by Krenn).

Ceramic particles 
Light microscopy particle findings 

In hip arthroplasty ceramic is generally used in com-
binations of ceramic/polyethylene or ceramic/ceramic 

bearing couples. A pathogenic reaction to ceramic 
particles is unlikely. Ceramic is made up mostly 
of alumina ceramic (Al

2
O

3
), zirconia ceramic (ZrO

2
) 

or mixed oxide ceramic with additional components 
such as yttrium oxide (Y

2
O

3
), strontium oxide (SrO) or 

chromium oxide (CrO).15 The particle size varies with 
wear-induced ceramic particles occurring in sizes of 
20–100nm. They are detected using high-resolution 
scanning electron microscopy (such as FEG-SEM) or 
transmission electron microscopy (TEM). Data from 
animal experiments show a particle size of up to 
3.9µm.34 There is weak peripheral birefringence in the 
polarization optical analysis. The color of the particles 
varies but is usually yellowish-brownish to gray-brown 
to blackish (Fig.  5). The color and the particle diam-
eter make the histopathological differentiation from 
metal particles difficult, particularly with a gray-black 
appearance. Physical procedures such as energy dis-
persive X-ray spectroscopy (EDX) and/or Fourier trans-
form infrared microspectroscopy (FTIR) are indicated 
here for definitive identification.33 

Corrosion of metal particles

There is a growing number of reports of corrosion 
associated with metal implants. This involves the 
release of metal alloy components which can be 
detected in the joint, the peri-implant tissue and in 
bodily fluids. These carry the risk of adverse local and 
systemic side effects. 

Metal-on-metal bearing couples and modular 
connections between femoral ball head and 
implant taper are a considerable source of cor-
rosion.24,50,63,65,66 Allergic reactions to metallic 
implant materials have been described.52,57,58,59,60 
Corrosion products may favor third-body wear 
and lead to premature implant failure.24 

Fig. 4: MoM: macrophage accumulations with microparti-
culate metal deposits in a SLIM, type I, evidence of a fibri-
noid necrosis. Original magnification 350x, HE staining

4

Fig. 5: CoC: ceramic microparticles in a SLIM, type I, as 
brownish, round to polygonal intracytoplasmic micro-
particles. Original magnification 350x, HE staining

5 The Work Manual of the 
Implant Allergy Working 
Group of the DGOOC 
features high resolution 
versions of these figures, 
see also QR-Code at the 
end of this article (  ).
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The frequency and clinical relevance of the corrosion 
problem have not yet been adequately investigated. 
The presence of corrosion products in peripros-
thetic membranes/neosynovia may be an expression 
of reduced implant material durability or excessive 
mechanical loading. It is thus dependent on the 
design, positioning and loading of the endoprosthe-
ses. Corrosion products can be detected as oxides, 
chlorides or phosphates depending on the metal. For 
example, solid corrosion products of cobalt-chromi-
um-molybdenum alloys are made up of chromium 
orthophosphate.24 They appear yellowish to greenish 
in color in the light microscopy analysis and vary in size 
(<1µm to 500µm). Chromium orthophosphate mac-
roparticles are demarcated from foreign-body giant 
cells (Fig. 6). Microparticles are located intracytoplas-
mically in mononuclear macrophages, occasionally 
mixed with metal wear particles.24 

Wear-particle-induced arthroplasty  
pathologies

The particle-induced, inflammatory/immunological 
and toxicity reaction mode in the SLIM is determined 

by particle quality (for example, material, size, sur-
face), particle quantity as well as tissue and cellular 
particle permeation opportunities.33 There is probably 
a genetic basis underlying the immunologi cal response 
to foreign particulate material.38 

Metal particles possibly have a special position in 
terms of immunology.4

Special reaction pattern with metal particles

Possible correlations with immunological, inflammatory  
and toxic mechanisms in the SLIM

Corrosion products from cobalt-chromium-mo-
lybdenum alloys, metal wear particles and metal 
ions can, depending on the concentration, cause 
a toxic or immunological reaction.12,19,26,33,57,58,59,60 

In hip arthroplasty elevated levels of metal ions (chro-
mium, cobalt) were detected in the blood serum and 
whole blood of patients with MoM bearing couples 
and were associated with persistent pain, adverse 
local tissue reactions, loss of function, osteolysis and 
premature implant failure.10,20 The significance of 
elevated levels of metal ions in the serum and their 
correlation with local and systemic reactions has not 
been adequately investigated. Metal wear in vivo 
resulting from modular implant-taper connections in 
hip arthroplasty (for example, neck-femoral ball head 
or neck-stem connection) due to fretting or corrosion, 
which can lead to adverse local tissue reactions and 
implant failure, is currently the subject of much dis-
cussion.13,19,36,42,62 
The clinical appearance and symptoms of a hypersensi-
tivity reaction to metal particles may be similar to those 
of an infection. This must be excluded using differential 
diagnostics.57 Histopathologically, a possible aller-

gic reaction is determined based on the presence 
of a characteristic immunologi cal tissue pattern. 
An allergic reaction to metallic or non-metallic antigens 
in the form of contact dermatitis (for example, nickel 
allergy) is a relatively common disease and is considered 
a cell-mediated delayed-type (type IV) hypersensitivity 
reaction. Metal-reactive T lymphocytes play a cen-
tral pathogenic role here. In particular, the patho-
genic correlation between metal exposure, lymphocyte 
activation, skin inflammation, histopathological find-
ings and symptoms has been defined.57

Because the skin is an immunocompetent organ but 
the SLIM has a different tissue structure, the immuno-
logical mechanisms and histopathological patterns are 
probably not directly transferrable. In a retrospective 
study of patients with revised me tal-on-metal bearing 
couples, it was apparent, however, that if peri-implant 
lymphocytic infiltrates were present, two thirds of the 
patients showed metal sensitization.54

 

The relationship between toxic, non-immunolog-
ical mechanisms (particle overloading) and immu-
nological hypersensitivity reactions is not clear. 

Fig. 6: Chromium orthophosphate macroparticles: corro sion 
macroparticles from a cobalt-chromium-molybdenum alloy 
apparent as greenish to orange-colored deposits localized 
predominantly extracellularly. Original magnification 350x, 
HE staining

6

Implant Pathology (continued)
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It is assumed that a peri-implant hypersensitive 
allergic reaction is linked to specific functional T 
cell characteristics (including cytokine pattern).60 

In a recent analysis a CD3-positive lymphatic infiltrate 
with a characteristic cytokine pattern was described in 

patients with metallic implants.60 In this work and in 
other studies a significant improvement in the symp-
toms could be achieved after revision using non-sensi-
tive implant materials.2,4,12,22,27,54

Inflammatory pseudotumor

Histopathological pattern of the SLIM with metal-on-metal bearing couple 

A pathogenic reaction to particular components 
of metal implants may occur. However, this must 
be clarified using a clinical assessment and additional 
microbiological and allergological diagnostic methods. 
Reduced survival time has been described for certain 
hip implants with metal-on-metal bearing couples.33,37 

In the SLIM of metal-on-metal bearing couples 
with implant failure, pronounced, often subto-
tal necroses are detected along with lymphocyte 
infiltrates.38,41 The pathological changes are not 
consistent. As also described for corrosion phenom-
ena13,19,24,36, there is apparently a connection to the 
material composition, the non-physiological force 
transmission (for example, large head diameter, incor-
rect positioning of the implant) and the level of activity 
of the patient. 

In the typical pathological cases with me tal-on-
metal bearing couples, in addition to necroses 
and macrophage infiltrates (with intracytoplas-
mic metal microparticles), pronounced, lympho-
cytic and in some cases also lymphofollicular 
inflammatory infiltrates can be detected.41,66 Due 
to tissue interfoldings of the subtotal necrotic tissue, 
granuloma-like structures develop, noticeably in met-

al-on-metal bearing couples and corrosion phenom-
ena, which may appear clinically as pseudotumors and 
should be described as inflammatory pseudotumors.57

 

The pathogenesis of the necrotic-lymphocytic 
pattern or the inflammatory pseudotumor has 
not been fully clarified. In addition to direct toxi city 
due to metal particles in the sense of overloading of 
the tissue with microparticles, there is discussion of a 
possible (secondary) hypersensitivity reaction (type IV) 
to components of metal implants.59, 60

In the literature, for patients treated with arthroplasty 
with conspicuous symptoms and with a positive implant 
material allergy status, it is recommended to change 
to ceramic or surface-treated implants (for example, 
nitrides, oxynitrides)60, which offer outstanding biolog-
ical conditions. For adverse reactions to components 
of metal implants, improvements in the symptoms and 
falling metal ion levels have been described after revi-
sions using metal-free materials (for example, ceram-
ics, highly cross-linked polyethylene) in hip arthro pla-
sty1,2,12,13,14,19,22,27,28,40,53,55,63,64 as well as non-sensitive 
metal materials (surface-treated implants) and ceram-
ics in knee arthroplasty4,5,6,16,51,56,58,60.

Prospects

Differential analysis of tissue changes is usually indi-
catory to determine the treatment of the patient in 
most cases. Continued use of histopathological dif-
ferential diagnostics and the Krenn particle algorithm 
will help to better understand implant patho logy and 
to improve diagnostic information for the surgeon. 
This is critical for the development of causal treatment 
approaches. The overall problem and complexity of 
the issue requires further research across those related 
specialty disciplines.
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Fretting and Corrosion –  
A Problem with the BIOLOX®OPTION System? 

R. M. Streicher, L. Scheuber, M. Flohr, R. Preuss
CeramTec GmbH, Plochingen

Introduction

The problem of corrosion and fretting at the interface 
between modular femoral ball heads and implant 
tapers is being increasingly discussed.1,2,3 With met-
al-on-metal taper connections, corrosion/fretting can 
lead to a massive release of metal ions and metal parti-
cles with corresponding biological consequences.4,5,6,7 
With ceramic femoral ball heads, on the other hand, 
there is clinically a clear reduction in the incidence of 
fretting and corrosion.9,10

Ceramic femoral ball heads for hip revisions (BIOLOX-
®OPTION)8 are designed for diameters up to 48mm 
and have a metallic interface to the stem taper 
because a taper sleeve adapter made from a titani-
um-aluminum-vanadium alloy is used. This means, 
there are concerns in terms of fretting, corrosion and 
clamping force.

Materials and methods

The tests were done using large ceramic femoral ball 
heads (BIOLOX®delta, Ø ≥ 40mm, CeramTec GmbH, 
Plochingen, Germany) combined with taper sleeve 
adapters and tapers made from a titanium-alumi-
num-vanadium alloy (TiAl6V4)8, cobalt-chro mium-
molybdenum (CoCrMo) and implant stainless steel 
(SS). Three different tests were carried out:
 

• Test 1: Standard fretting/corrosion test in  
accordance with ASTM F1875 (Fig. 1)  

• Test 2: Fatigue/corrosion test (ASTM F2345) under 
in-vivo loading conditions  

• Test 3: Moments stress test (frictional torsion test 
using rotation and bending) under approximate 
in-vivo conditions in the hip simulator8 (Fig. 2)

Fig. 1: Standard fretting/corrosion test in accor-
dance with ASTM F1875 (Source: Endolab®)

Fig. 2: Moments stress test (frictional torsion test using rotation and 
bending) under approximately in vivo conditions in the hip simulator8 
(Source: CeramTec)
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Results

The fretting-corrosion test (Test 1) showed decreas-
ing galvanic currents for all taper materials (TiAl6V4, 
CoCrMo, SS). The currents measured were all low and 
indicate a minor corrosion potential for the taper con-
nections investigated.

The corrosion tests under in-vivo loading conditions 
(Test 2) indicated that for the BIOLOX®OPTION Sys-
tem no significantly increased retention forces can be 
expected. In cases of revision surgery, it should be pos-

sible to remove the femoral ball head and the adapter 
sleeve from the stem taper.

The moments stress tests (Test 3) were carried out 
using the hip simulator (EndoLab®, Thansau, Ger-
many). No noteworthy taper damage was detected, 
regardless of the taper material investigated. There 
were only slight micromovements with no indications 
of corrosion.

Summary 

All three investigations (fretting/corrosion test in 
accordance with ASTM F1875, corrosion test under 
in-vivo loading conditions, moments stress test)8 
showed that the fretting, corrosion and wear behavior 
at the interfaces between ceramic femoral ball head 
(large diameter), adapter sleeve and stem taper did 
not have any significant effect on the functionality of 
the BIOLOX®OPTION system. Even under worst-case 
conditions (unfavorable material combinations, high 

forces, high torque, corrosive medium), there were no 
critical effects.

There were no negative consequences recorded due 
to fretting and corrosion with the BIOLOX®OPTION 
System for any of the taper materials investigated, 
whether cobalt-chromium-molybdenum or titani-
um-aluminum-vanadium alloys.
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Introduction

Although a connection between obesity and the 
development of osteoarthritis is considered certain1–10, 
the effect of body weight on the success of total 
hip arthroplasty (THA) is hotly debated. As part of a 
meta-analysis it was investigated if and to what extent 
patient weight affects the result of total hip arthro-
plasty or whether the bearing couple chosen plays 
a role. The background of this investigation was the 
question of whether the increased joint forces in over-
weight patients11 per se lead to an increased risk of 
fracture of the ceramic implants. 

In addition to a literature analysis, experimental friction 
analyses were carried out for commonly used bearing 
couple materials for patients with normal weight and 
overweight patients.

Meta-analysis

The literature database PubMed/MEDLINE was 
searched for publications which described the effect 
of BMI or body weight on the result of THA or ceramic 
fractures. Conference papers were also included in the 
literature review. A total of 55 articles and conference 
papers that conformed to the search criteria were 
found and their key statements were summarized in 
terms of 

• biological complications
• mechanical complications (for example, fracture)
• functional analyses, activity and pain
• quality of life or satisfaction
• patient age
• surgery time, length of hospitalization  

and rehabilitation.12–66 

Some studies reported poorer results for THA regard-
ing one or more of the parameters investigated. Other 
studies, however, did not show any effect due to 
weight (Fig. 1). An increased incidence of biological 
complications (particularly infections), a lower mean 
age of the patients and longer surgery times are 
clearly cited with greater frequency for obese patients.

Michael M. Morlock MD, PhD, is professor of 
biomechanics and head of the Institute of Biome-
chanics at the Technical University Hamburg-Har-
burg (TUHH). He is the coordinator of the medical 
engineering course; co-founder of the regenera-
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Do Overweight Patients have  
a Greater Risk of Fracture of  
Ceramic Components in THA?

M. M. Morlock, E. Hoenig, A. Hothan 
Institute of Biomechanics, Technical University Hamburg-Harburg

Study
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The positioning of the implant components was worse 
for obese patients in half of the studies that investi-
gated this parameter (4 of 8). About 70% of the stud-
ies detected an increased rate of dislocation. Osteo-
lysis caused by friction-induced foreign body reactions 
was, however, observed more frequently in obese 
patients compared to patients with normal weight in 
only 2 of 9 studies. 

In terms of the cause of femoral ball head or insert 
fractures, body weight is often cited as a possible 
cause but has not been verified in any clinical trials. 
Quantitative investigations show increased stresses 
particularly with unfavorable component positioning 
combined with excess weight67–71 or an increased fre-
quency of noise development also in clinical use72,73.

Experimental investigation

Increased joint friction is currently discussed in rela-
tion to implant loosening, taper problems and noise 
development. For this reason, the friction coefficients 
of various combinations of materials established in 
hip arthroplasty (ceramic-on- ceramic, BIOLOX®delta,  
CeramTec; metal-on-metal, ULTAMET®, DePuy; 
ceramic-on-metal, DePuy; highly crosslinked polyeth-
ylene, Marathon®, DePuy, combined with ceramic and 

metal femoral ball heads) were investigated using a 
head diameter of 28mm and a cup inclination of 45° 
with a pure flexion-extension movement of a sinus-
shaped course and a frequency of 1Hz in both dry and 
lubricated (25% bovine serum) states for joint forces 
of 500N, 1500N and 2500N.74

 

Fig. 1: Summary of the literature review on the effect of weight on the result of hip replacement  
(number of publications)

Parameters Result for over- 
weight patients 
poorer [number  
of publications]

Result for over-
weight patients 
same [number  
of publications]

Biological  
complications

Infection 13 5

Thrombosis 3 1

Wound healing 3 0

Mechanical  
complications

Position of cup 2 4

Dislocation 5 2

Osteolysis 2 7

Survival rate 1 8

Position of stem 2 0

Functional  
analysis

Function 4 12

Pain 1 2

Activity 1 0

Quality of life & satisfaction 0 6

Patient age 3 0

Hospitalization Surgery time 4 2

Hospitalization 2 4

Rehabilitation 1 0
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In the lubricated state there was 
• no effect of the joint force observed for hard- 

on-hard bearing couples (CoC: p = 0.527; CoM: p 
= 0.066; MoM: p = 0.912) and 

• an effect of the joint force for hard-on-soft bearing 
couples: the friction value fell with increasing joint 
force (p < 0.001). (Fig. 2a) 

In the dry friction state, deviating slightly from the 
lubricated state, 
• no effect of the joint force for bearing couples with 

at least one ceramic component (CoC:  
p = 0.750; CoM: p = 0.053; CoP: p = 0.344)  
was observed and 

• an effect of the joint force for bearing couples 
without ceramic components (MoM and MoP: fall-
ing friction coefficient with increasing joint force; p 
< 0.02) was stated. (Fig. 2b) 

In the lubricated state the lowest friction occurred 
with low and moderate forces in the ceramic-on- 
ceramic bearing couples. With high forces, however, 
the hard-on-soft bearing couples had the lowest fric-
tion. This is possibly due to the deformability of the 
polyethylene and the subsequently modified contact 
area. With hard-on-hard bearing couples the force in 
the lubricated state did not have any effect on the fric-
tion that developed. Metal-on-metal bearing couples 
had a greatly increased friction value and thus entered 
an area which may be problematic for the fit of the 
cup in terms of the moments developing at high joint 
forces. 

The absence of a lubricating film increased the fric-
tion coefficient significantly in all bearing couples  
(p < 0.035). The effect was greatest in ceramic-on- 
ceramic bearing couples where the friction coefficient 
increased by a factor of 7.

Fig. 2a, 2b: Friction coefficients for various material couples in (a) lubricated and (b) dry state
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Discussion: Material couples in obese patients

The poorer results in terms of dislocation as a rea-
son for revision would indicate the implantation of a 
larger femoral ball head in obese patients. However, 
this is associated with increased wear with hard-on-
soft bearing couples75: in terms of the wear the use 
of a ceramic-on-ceramic bearing couple would con-
sequently be favored. At this point it must be noted 
that correct cup and stem positioning is an essential 
prerequisite to prevent dislocation, subluxation and 
impingement. Such adverse events can lead to prob-
lems, particularly for cup inserts made from thin highly 
crosslinked polyethylene or ceramic. 

The fact that osteolysis in obese patients does not 
occur more often may be due to the reduced level 
of activity of obese patients, compensating for the 
greater joint force that would actually be expected to 
result in increased wear (wear is proportional to the 
applied load, the sliding path and the integral of the 
time).76 

The results from the experimental investigation con-
firm that ceramic-on-ceramic bearing couples with 
lubricated conditions have the lowest friction coef-
ficient or friction coefficients that are just as low as 
those of hard-on-soft bearing couples with high 
forces. However, they are characterized by a high sen-
sitivity for insufficient lubrication. Incorrect positioning 
of the implant components may favor a tear in the 
lubricant film; this risk appears to be increased in over-
weight patients. The associated dramatic increase in 
the friction in the bearing couple may result in prob-
lems in terms of fixation and noise development – 
both of which can be traced back to increased friction 
– particularly for larger head diameters.77 

For obese patients, therefore, the same argument 
applies as for patients with normal weight: provided 

a correct implantation situation can be ensured, cera-
mic-on-ceramic bearing couples should be favored 
from a tribological point of view. If the correct implant 
position cannot be guaranteed, a hard-on-soft bear-
ing couple should be preferred to a hard-on-hard 
bearing couple. As a result of the improved material 
properties of the available ceramic composites and 
the taper problem, particularly with larger metal fem-
oral ball heads, a ceramic femoral ball head should 
be used. This statement should in no way be inter-
preted to mean that incorrect positioning of implants 
could be corrected with hard-on-soft bearing couples. 
This would instead shift the problem to a later point 
in time: the use of a hooded PE insert may reduce the 
dislocation rate, but it increases the wear at the same 
time which may have negative consequences in the 
long term. With incorrect positioning, the implant 
position – which is the actual cause – should always 
be corrected. 

Finally, it may be concluded that correct implant fix-
ation and positioning play a bigger role in the long-
term success of the hip joint replacement than the 
bearing couple chosen.78 

This study was financially supported by CeramTec. 
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Acronyms

AOS American Academy of Orthopaedic Surgeons

ALVAL  Aseptic Lymphocytic Vasculitis  
 Associated Lesions

ARMD  Adverse Reactions to Metallic Debris

BVOU Berufsverband der Fachärzte für Orthopädie  
 und Unfallchirurgie (Professional Association  
 of Orthopeadic and Trauma Surgeons)

CoC Ceramic-on-Ceramic

CoCrMo    Cobalt-chromium-molybdenum

CoM Ceramic-on-Metal

CoP Ceramic-on-Polyethylene

DDH Developmental Dysplasia of the Hip

DGOOC Deutsche Gesellschaft für Orthopädie  
 und Orthopädische Chirurgie (German Society  
 of Orthopaedics and Orthopaedic Surgery)

DGU Deutsche Gesellschaft für Unfallchirurgie  
 (German Society of Traumatology)

FDA U.S. Food and Drug Administration

HE Hematoxylin-Eosin

HHS Harris Hip Score 

MoM Metal-on-Metal

MRI Magnetic Resonance Imaging

PBR  Prussian Blue Reaction

PE Polyethylene

POL Polarisation Optical Analysis

SLIM Synovia Like Interface Membrane

THA Total Hip Arthroplasty

TJR Total Joint Replacement

XPE    Crosslinked Polyethylene
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Survival analysis of 2,395 hip  
arthroplasties with hard-on-hard 
bearing couples in cases of DDH

To date there have been very little data 
derived from large case series with medium- 
to long-term results from cementless pri-
mary total hip arthroplasty in young and 
active patients with developmental dysplasia 
of the hip. 

Atsushi Kusaba MD, PhD, (Ebina General 
Hospital, Kanagawa, Japan) investigated the 
survival time of 2,395 THA with hard-on-
hard bearing couples (552 metal-on-metal, 
1,843 ceramic-on-ceramic – BIOLOX®forte, 
BIOLOX®delta). The paper was evaluated 
as good above average in an anonymized 
review procedure by the German Ortho-
paedic and traumatology societies DGOOC, 
DGU and BVOU. An official notification 
from the congress presidents announced 
its acceptance as a presentation in the pro-
gram of the upcoming German Congress of 
Orthopaedics and Trauma Surgery (DKOU). 

Prof. Kusaba will present his results on 
October 25, 2013, at the DKOU in Berlin.  
 

Approval of the ceramic- 
on-ceramic bearing couple  
(BIOLOX®delta) in Japan 

Aesculap, Biomet and DePuy received 
approval for the ceramic-on-ceramic bear-
ing couple (BIOLOX®delta) in recent months 
and successfully introduced the products to 
the market. Other renowned implant man-
ufacturers are also currently working on 
the approval of the ceramic bearing couple 
BIOLOX®delta. 

Histopathological differential diag-
nostics with implant-allergic reac-
tions 

The manual of the Implant Allergy 
Working Group of the DGOOC provides 
the surgeon with comprehensive assistance 
with 

• histopathological differential diagnoses of 
adverse reactions to implant materials 

• complications with biomechanical and 
mechanical causes 

• periprosthetic infection
• implant-associated arthrofibrosis 
• osseous pathologies 
• choosing the necessary examinations and 

classifying the results. 

The manual can be retrieved in both 
German and English using the QR 
code. 

What to do with patients with 
noise phenomena after THA? 

William Walter, MD, (Sydney, Austra-
lia) has developed a clinical algorithm to 
demonstrate the treatment options available 
for these patients. The paper is available 
in English in a series of publications from 
Springer and is also available as an e-book.

 

FDA approval of a hip implant  
system in the U.S. with 36mm  
ceramic-on-ceramic bearing  
couple from BIOLOX®delta

DePuy Orthopaedics, Inc. announced on 
May 3, 2013, that the company received 
FDA Pre-Market (PMA) Supplement 
Approval for its CERAMAX® Total Hip Sys-
tem with BIOLOX®delta Ceramic-on-Ceramic 
(CoC) 36mm large femoral head. The PMA 
supplement approval comes after initial PMA 
approval of the 28mm size in 2010. 

The safety and effectiveness of the CERA-
MAX® System were evaluated in a pro-
spective, multi-center, non-randomized, 
controlled clinical study of 264 patients 
who required hip replacement surgery for a 
non-inflammatory degenerative joint disease 
that compared the CERAMAX® System to 
ceramic-on-polyethylene hip replacement. 

The study, which was part of the company’s 
PMA application, found no significant dif-
ferences in adverse events or survivorship 
between the two groups, and patients expe-
rienced similar pain relief, improved function 
and range of motion. 

The FDA concluded that the CERAMAX® Sys-
tem was safe and effective. 

Source: DePuy Orthopaedics, Inc.
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1st step

3rd step 4th step

BIOLOX® 
ceramic 
insert

Liner handle 
(curved)

Connector

Mounting 
Device

22ndnd 
step step

BIOLOX® InsertsSafety Reminder

1. Position the cup in 
the Lewinnek‘s Safe 
Zone illustrated. Avoid 
using ceramic inserts 
when the cup is retro-
verted.

2. Remove osteo-
phytes in order to 
avoid impingement. 

3. Ensure that the cup 
and insert are compa-
tible.

4. The cup has to be 
clean and dry before 
placing the insert. 
Liquids and fat are not 
compressible and have 
to be removed from 
the cup. 

5. To protect the cup, 
place a swab into it 
and remove shortly 
before placing the 
insert. 

6. When using an 
insertion instrument, 
please follow its 
instructions for use 
carefully.

7. In order to check 
that it is correctly 
seated, run the finger 
around the rim of the 
insert. 

8. Fixation of the in-
sert is achieved by 
impacting with the 
appropriate impactor 
in axial direction. 

9. Never strike the 
ceramic insert directly 
with a metal hammer. 

10. Check the right 
position of the insert 
in the cup after 
fixation. (e.g. X-ray)

Always remember

• Make sure that the ceramic insert and the cup are compatible. 

• Make sure the position of the acetabular cup and its function 
is thoroughly checked by using a trial insert.

• Make sure that the metal shell is clean and not damaged. 

• Do not use an insertion instrument for impaction. 

• Carefully assemble the components. 

•  Don’t combine products from different manufacturers. 

• Do not use any BIOLOX® femoral insert that have been autoclaved 
and rapidly cooled, dropped to the floor, damaged or previously used. 
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BIOLOX® Ball HeadsSafety Reminder

Fixation of the femoral ball 
head by gently impacting 
on the plastic femoral ball 
head impactor (multiple 
times are permitted) in 
an axial direction. Never 
strike the femoral ball head 
directly with the metal 
hammer.

1. Use taper protective 
cap and do not remove 
until immediately prior 
to placement of the trial 
femoral ball head.

2. Trial reduction with 
trial femoral ball head 
only

3. Careful cleaning 
and drying of the 
stem taper 

4. Correct handling of 
the BIOLOX® femoral 
ball head

5. Fixation of the 
BIOLOX® femoral 
ball head

6. Avoid intraoperative 
damage as well. 

The stem taper could 
become damaged intra-
operatively by surgical 
instruments.

The use of a trial head is 
required because the use 
of an actual ceramic head 
for trailing can modify 
the surface finish of the 
stem taper.

Place femoral ball 
head with clean, 
dry inner taper by 
gently turning it.

Make sure that third body 
particles (soft tissue, fat, 
cement or bone fragments, 
etc.) are not trapped in 
between the connection of 
the stem and ceramic ball 
head tapers.

Always remember 

• Make sure that the ceramic ball head taper and the stem taper are compatible.

• Make sure that the taper surfaces are clean and not damaged.

• Carefully assemble the components.

• Confirm proper assembly and then impact.

• Don’t combine products from different manufacturers.

Do not use any BIOLOX® 
femoral ball heads that 
have been autoclaved and 
rapidly cooled, dropped 
to the floor, damaged or 
previously used.
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Die hart/weich Gleitpaarungen Keramik/Polyethylen (PE), Keramik/Crosslinked Polyethylen (XPE), Metall (CoCrMo)/XPE wurden 
hinsichtlich möglicher Auswirkungen von Keramikpartikeln auf das Abriebverhalten (Dreikörperverschleiß) untersucht.  

Material und Methode

Kugelköpfe:  Aluminiumoxid-Matrix-Verbundwerkstoff   
 (BIOLOX®delta), CoCrMo 

Inserts:  Crosslinked UHMWPE 32 mm, UHMWPE 32 mm

Fremdpartikel: Aluminiumoxidkeramik (Al
2
O

3
)-Partikel    

 (BIOLOX®forte) 

Zwischen den Gleitflächen wurden Keramik-Fremdpartikel bis 5 mm 
eingebracht, um das Abriebverhalten bei simuliertem Dreikörperver-
schleiß zu testen (Abb.1–2).

Das Abriebverhalten von BIOLOX®delta- und CoCrMo-Kugelköpfen 
in Verbindung mit PE- u. XPE-Inserts wurde im Hüftgelenksimulator 
(Endolab® Rosenheim) getestet. Vor Testbeginn wurden Al

2
O

3
-Parti-

kel in die korrespondierenden Inserts eingebracht (Abb. 2). Während 
des Tests wurden weitere Keramikpartikel mittels der Testflüssigkeit 
(Kälberserum) den Gleitpaarungen zugeführt (Abb. 1). Die Gleitpaa-
rungen durchliefen jeweils 5 Millionen Testzyklen. Die Tests wurden 
entsprechend den Normen ISO 14242 Part 1 und 2 durchgeführt. Die 
Schädigung der Gleitpaarungsoberflächen wurde visuell beurteilt. Die 
Abriebmessung erfolgte gravimetrisch. 

Abb. 1: Zwischen den Gleitflächen einge-
brachte Keramikpartikel während des Tests

Abb. 2: Punkte 1–5, an diesen Stellen wurden  
Al

2
O

3
-Partikel vor Testbeginn eingebracht 

Gleitpaarungswahl bei Revision nach Keramikfraktur

Schlussfolgerung

Abb. 7–8: Metallose, 1,5 Jahre nach Metall/PE-Versorgung bei Keramikfraktur 
(Quelle: Prof. C. Lohmann, Orthopädische Universitätsklinik Magdeburg)

1. Von den bislang untersuchten Gleitpaarungen weisen Keramik/Keramik-Gleitpaarungen ein sehr 
geringes Abriebvolumen auf (Abb. 5) 9. Aus tribologischer Sicht stellt die Keramik/Keramik-Gleitpaa-
rung die beste Versorgung nach Keramikfraktur dar.8

2. Die zweitbeste Versorgungsmöglichkeit ist aus tribologischer Sicht die Keramik/PE-Gleitpaarung 
(UHMWPE oder XPE).

3. Die Verwendung der Metall/PE-Gleitpaarung nach Keramikfraktur ist kontraindiziert.1–5 Keramik-
partikel können in das PE-Insert eingepresst werden und zur hochgradigen Zerstörung des Metall-
kugel kopfes führen (Abb. 7–8).

Klinische Erfahrungen bestätigen die Testergebnisse.7 Für die Versorgung nach Keramikfraktur 
stehen BIOLOX®OPTION-Kugelköpfe aus dem Material BIOLOX®delta zur Verfügung.

Resultate

Keramik/PE und Keramik/XPE 

Die Testergebnisse mit Keramik-Fremdpartikeln zeigen, dass die 
Gleitpaarungen Keramik/PE und Keramik/XPE Versorgungsmöglich-
keiten nach Fraktur einer Keramikkomponente darstellen, um abrieb-
bedingte Probleme durch Dreikörperverschleiß und damit verbun-
dene Komplikationen gering zu halten. Bei der Ke/XPE-Gleitpaarung 
war das Abriebvolumen des Kugelkopfes um den Faktor 1000 gerin-
ger als im Vergleich zur Me/XPE-Gleitpaarung (Abb. 6). Eine Quan-
tifizierung des Abriebs der PE- und XPE-Inserts war aufgrund der 
eingebrachten Keramik-Fremdpartikel nicht möglich. Nach 5 Mio. 
Zyklen ist die Integrität beider Oberflächen weiterhin gegeben und 
somit die Funktionalität der Gleitpaarung gewährleistet (Abb. 3–4).

Abb. 3: Oberfläche BIOLOX®delta 
nach 5 Mio. Zyklen

Abb. 5: Primärversorgung

Abb. 4: Oberfläche XPE Insert 
nach 5 Mio. Zyklen

Abb. 7

Abb. 8

Abb. 6: Versorgung nach Keramikfraktur
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