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Guest Commentary

Bearing Conclusions
An interview with Javad Parvizi,  
President of the 14th BIOLOX® Symposium 

The 14th BIOLOX® Symposium in Las Vegas, May 19–20, 2012, 
was the first to be held in conjunction with the Current 
Concepts in Joint Replacement (CCJR) Spring Meeting in Las 
Vegas, allowing participants to benefit from participating in 
both meetings. The Symposium focused on “Bearing Surface 
Options in Total Joint Replacement: The Experts Provide the 
Evidence”, attracting participants from all continents and 
providing the venue for intense discussion. CeraNews talked 
to the Symposium’s President, Javad Parvizi. 

BIOLOX® Symposium

What were your objectives in chairing the 14th 
BIOLOX® Symposium?
In organizing a Symposium of this type, the first 
thing to do is to define the mission. For me this 
was clear: the growing use of hip and knee arthro-
plasty as a solution for degenerative joint disease 
has extended its domain to include younger, more 
active patients as well as the attending longevity of 
our senior population on a global basis. To accom-
modate this increasing in-vivo requirement, a num-
ber of articulating bearing options have emerged 
coupled with continuous ongoing improvements 
that assure material durability and host acceptance. 
This symposium presented a contemporary view of 
clinical and laboratory experiences from a group 
of globally recognized orthopaedic surgeons and 
researchers involved in the achievement of these 
goals.

The organization of the Symposium was quite unique 
in that it was closely coupled with the well recog-
nized Spring Meeting of Current Concepts in Joint 
Replacement. What was your contribution in order 
to make this happen?
When CeramTec approached me about presid-
ing over the Symposium, I wanted to create a very 
unique educational venue with an intensive focus 
on advanced bearings for the active patient. I then 
began to study how to best achieve this goal and 
came to the conclusion that a “stand-alone sym-
posium” was somewhat overused in orthopaedics 
today. It was then that the idea of holding the 
BIOLOX® Symposium in conjunction with a well rec-
ognized educational course came to life. I contacted 
the course director of Current Concepts in Joint 
Replacement, Dr. A. Seth Greenwald, and he was 
receptive to the concept. Dr. Geenwald has con-
ducted two highly intensive and impressively edu-
cational meetings every year for the past 29 years. 
In particular he is extremely skilled in developing a 
focused educational program, so it also made a lot 
of sense to ask him to be the program chairman. 

Dear Reader,

Successful long-term results of total hip arthroplasty 
are mainly due to two facts, the long-term stabil-
ity of the implant and the minimizing of wear at 
the articulating surfaces. We have to be aware that 
wear issues are still a challenge and a major obstacle 
to achieving the ultimate goal of total hip arthro-
plasty: an implant functioning well during the whole 
lifetime of every patient.
The importance of tribology is clearly documented in 
the scientific programs of many professional meet-
ings throughout the world, like the congesses of the 
great Asian, North American and European ortho-
paedic organizations. Next year’s EFORT Congress 
in Istanbul, held June 5–8, 2013, will again feature 
a full Tribology Day dedicated to the problems of 
wear in total hip and knee arthroplasty. 
There is a broad consensus that the surgeon him-
self is the most important factor in guarantee-
ing the success of an arthroplasty. Implanting the 
prosthetic components correctly is the first goal to 
achieve. Additionally, the surgeon has to be aware 
that the articulating components – acetabular inlay 
and femoral ball head in the hip – have to be posi-
tioned and implanted correctly, too. Even if made 
from materials of the highest quality, they will fail if 
not implanted and fixed properly.
In his opening lecture at the BIOLOX® Symposium in 
Las Vegas this year, Prof. Dr. Rothman counted total 
hip replacement to be the most rewarding surgical 
procedure in the history of medicine. He invited all 
surgeons to keep this procedure safe, effective and 
durable. It is up to the industry to give us proper 
tools, well-designed implants, safe and durable 
materials. It is the duty of all surgeons to use these 
tools in a way that enables each patient to receive an 
implant according to the gold standard of total hip 
arthroplasty.

Univ. Prof. Dr. Karl Knahr  Prof. Dr. Hakki Sur
Orthopädisches Spital  Ege Üniversitesi 
Speising, Vienna (Austria) Tip Fakültesi, Izmir (Türkey)
   Chairman LO, 14th EFORT  
   Congress, Istanbul 2013

Links to information about the mentioned congresses:  
page 25, “Acronyms and further information”
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Now that the Symposium has taken place, do you 
believe that it accomplished the objectives that you 
had in mind?
I have no doubt that the participants at the Sympo-
sium left the Symposium with some clear conclu-
sions about tribology and bearings in arthroplasty. 
The first was that large-ball-head metal-on-metal 
systems are to be used rarely and for very unique 
patients. Small-ball-head metal-on-metal systems 
should be used rarely and metal-on-metal resurfac-
ing systems do not perform as well as conventional 
total hip replacements.

What about ceramics?
Ceramic-on-ceramic systems are increasingly being 
used in active patients whether young or old. The 
clinical evidence supporting their use is extensive 
and has a worldwide foundation. European and 
Asian surgeons provided much of the long-term 
data; however, prospective studies in the U. S. are 
now offering ample proof of excellent performance 
in active patients with follow-up periods between 13 
and 15 years.

Is there any news on polyethylene?
Highly crosslinked poly is performing well and has 
by far the largest market share in the U. S. How-
ever, the data available today generally applies to 
the overall patient population and not to the highly 
active or even the active patient. In many cases it 
is focused on the latest generation of this material 
not in its earliest renditions. The surgical commu-
nity continues to develop the “perfect” poly, but 

we are not there yet, as indicated by the fact that 
we are now creating new versions with additions of 
antioxidants such as Vitamin E. We believe that the 
use of a ceramic ball head in conjunction with the 
new polys is a worthwhile investment in order to 
“protect” the poly in active patients likely to have 
increased wear. I am very pleased that we are con-
ducting studies at both the Rothman Institute (ret-
rospective analysis of more than 600 patients) and 
the Hospital for Special Surgery (prospective study 
on 100 patients) in order to provide the convincing 
clinical proof needed that the use of a ceramic ball 
head results in a further protective element against 
wear in the active patient.

“Evidence Based Medicine” was also discussed at 
the Symposium. What can be done to get more evi-
dence into clinical practice?
We have a number of mechanisms in orthopaedics 
that help us in evaluating new technologies and 
their effectiveness. Case evaluations are usually car-
ried out by an expert or designer based on his own 
experience. However, these types of reports are dif-
ficult to compare since they are usually based on 
a single device or technology, and of course they 
are not representative of results from all surgeons. 
Retrospective analyses of patient results with a new 
technology can be important but their applicability 
may be limited. The ideal tool is the prospective ran-
domized clinical trial. Clearly, this is the gold stand-
ard, but it is very expensive, provides delayed results 
and in general is not practical in the short term, as 
it is of limited value unless it has medium to long-
term follow-up.

Is there an alternative to randomized trials?
Meta-analysis pooling of well-controlled studies can 
help; however, again, this has significant limitations, 
as randomized studies are not available. Finally, we 
have the data generated by registries. Unfortu-
nately, they also offer delayed responses unless the 
data clearly indicates a severe problem. Their gener-
alization of the data can often lead to misinterpre-
tation. I believe that proper “Evidence Based Medi-
cine” decisions rely upon a careful analysis of all of 
the available data generated by these mechanisms 
prior to making a judgement on the technology. 

Javad Parvizi, MD, studied medicine at the 
University of Sheffield, UK. He completed his 
orthopaedic surgical training at the Mayo 
Clinic in Rochester, Minnesota, USA, which 
included the achievement of a master's degree 
in molecular biology. Today, he is vice chair-
man of research and director of joint research 
at the Rothman Institute in Philadelphia, USA. 
As an orthopaedic surgeon, Parvizi is special-
izing in pelvis, hip, and knee reconstruction 
with a special interest in hip pain in young 
adults and joint preservation procedures.
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Focus on Implant Position and Clinical Outcome  
with Various Bearing Surfaces 

Presentations at the 79th Annual Meeting of the American Academy  
of Orthopaedic Surgeons, San Francisco, February 2012

The outcome with various bearing surfaces was again the subject of much debate at the 
AAOS congress. International experts discussed the current status of bearing surfaces, 
particularly regarding local and systemic reactions to metal ions and wear debris-related 
failures associated with MoM bearings. In this context, John Skinner (UK) said that “all 
bearings can and do fail.” Hard-on-hard bearings and the consequences of component 
malpositioning have sparked renewed interest in implant positioning. Component posi-
tioning plays an increasingly important role in ensuring the longevity of bearing surfaces 
and successful clinical outcomes in hip replacement patients.  
 
Focusing on this issue, CeraNews has monitored discussions and here gives an overview 
of the latest results. We also introduce two new studies on the outstanding long-term 
outcomes achieved with CoC bearings.

AAOS

There is no so called “forgiving material” 
from a clinical point of view – Outcome  
in relation to implant positioning

Studies have shown that PE wear can cause 
subluxation or dislocation and, on the other 
hand, that instability can cause PE wear.1,2 

Malpositioning of the acetabular component 
has been linked to increased PE wear3,4,8,9, hip 
instability5 and XPE liner fracture.6,7

Study: 

PE wear is sensitive to implant position

Geraint E. Thomas et al. (United Kingdom) have 
now presented the results of a prospective dou-
ble-blind randomized study in 55 patients using 
radio stereometric analysis (RSA). The implant posi-
tion correlated closely to the extent of PE wear 
(p=0.002). Liner penetration was significantly differ-
ent at 8 years, measuring 0.55mm in the group with 
conventional PE liners and 0.33mm in the group 
with XPE liners (p=0.005). 
 
The authors therefore hypothesized that XPE may 
be less sensitive to implant position, though the 
mid- and long-term outcome of XPE in relation to 
implant positioning is not known.

Fig. 1a–c: 47-year-old female patient, THA due to develop-
mental dysplasia of the hip (Fig. 1a); cup with high inclina-
tion, PE wear and decentralization of the femoral ball head 
(ca. 3mm) as early as one year postoperatively (Fig. 1b). 
After another six months, decentralization of the femoral 
ball head (> 8mm) and PE wear have increased (Fig. 1c). 
Revision with correction of the cup position, stem remains 
in situ.
Source: With kind permission of I. Shubnyakov, MD, R. R. Vreden  
Orthopaedic Institute, St. Petersburg (Russia)

1a

1b 1c
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Study: 

Cup positioning improves with clinical 
feedback

Young-Min Kwon et al. (USA) pointed out that 
cup malpositioning correlates with numerous 
adverse clinical outcomes including dislocation, liner 
fracture and increased wear. They drew attention to 
results showing that surgical technique factors were 
most predictive of PE wear. 
 
The authors analyzed data on 2,061 patients who 
received THA or HR between 2004 and 2008. 
These results were compared with data on THA 
or HR performed by the same surgeons in 385 
patients between 2009 and 2010. The purpose 
was to determine if cup positioning improved as a 
result of knowledge of the previous cup position-
ing study. 
 
Kwon et al. were able to show in this study that the 
accuracy of cup positioning significantly improves 
over time when surgeons receive increased feed-
back on the resulting measurements. 

Study: 

Tighter tolerance for cup anteversion 
with 36mm MoM bearings

Jacob Elkins et al. (USA) reported that the position-
ing of MoM bearings involves significant tradeoffs 
which are not necessarily ideal in terms of reduc-
ing contact stress and wear. This applies particularly 
against the background of adverse reactions to 
metal wear debris and metal ions. 

2

Fig. 5a,b: 74-year-old male 
patient, 8 years after THA 
revision
Source: With kind permission of 
H. Kiefer, MD, PhD, Lukas-Kranken-
haus Bünde (Germany)

5a 5b

Fig. 2: Female patient, 67 years old at primary THA. Pain 
and cracking noise in hip joint 13 years postoperatively;  
impingement and severe PE wear. Cup revision and exchange 
of the femoral ball head.
Source: With kind permission of H. Kiefer, MD, PhD, Lukas-Krankenhaus 
Bünde (Germany)

Fig. 3a,b: 81-year-old male 
patient, severe PE wear and 
4 dislocations altogether. 
Firm osseointegration of 
the cup, hence it is not  
revised. A PE insert is  
cemented into the metal 
cup and positioned corre-
ctly.
Source: With kind permission of 
H. Kiefer, MD, PhD, Lukas-Kranken-
haus Bünde (Germany)

Fig. 4a,b: 65-year-old 
female, left hip (Fig. 4a), 
15 years postoperatively, 
decentralized PE insert 
(Fig. 4b)
Source: With kind permission of 
H. Kiefer, MD, PhD, Lukas-Kranken-
haus Bünde (Germany)

3a

4a

3b

4b
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Their current data for 36mm MoM implants sug-
gests a tighter tolerance for cup anteversion and 
indicates the need for precise and correct position-
ing of large diameter MoM THA.

2 Studies: 

Stripe wear in MoM bearings – implanta-
tion technique is a relevant factor 

Stripe wear was first identified in CoC bearings. 
Stripe wear can now also be demonstrated in MoM 
bearings in THA. Christopher L. Peters, Ian Clarke 
et al. (USA) examined the surface topography of 16 
retrieved MoM large diameter THA and compared 
wear surface data with CoC bearing data. All bear-
ings showed stripe wear on the femoral ball head 
with corresponding stripe wear within the cup. The 
authors reported that MoM bearings with multiple 
stripe lines and/or deeply etched stripe lines corre-
lated with histologic findings revealing lymphocytic 
inflammatory response. All patients were asympto-
matic for subluxation (patients did not notice). The 
authors therefore used the term repetitive sub-
clinical subluxation. They noted that most stripe 
lines occur from excessive subclinical wear. 
 
According to the authors, surgical technique is a 
relevant factor for optimal wear situations in large 
diameter MoM bearings. They pointed out that hip 
bearings should be carefully positioned and appro-
priate femoral offset should be used to reduce sub-
clinical subluxation.

In a further study carried out by the same research 
group, Edward J. McPherson, Ian Clarke et al. 
(USA) reported on the results of a retrieval analy-
sis of 75 large diameter MoM THA bearings from 4 
manufacturers. Analysis of the surface topography 
demonstrated that all MoM bearings showed stripe 
wear on the femoral ball head with corresponding 
stripe wear within the cup. The stripe wear was 

caused by repetitive subclinical subluxation. In the 
majority of retrievals, multiple stripe wear sites were 
visualized. MoM bearings with such multiple stripe 
lines correlated with histologic reports of lympho-
cytic inflammatory response. Among other things, 
the authors recommend optimizing hip biomechan-
ics (offset) and component position to reduce stripe 
wear. 

The results of two long-term CoC THA 
studies highlight the benefits of ceramics 

Study: 

> 10-year results with CoC THA  
in patients ≤ 30 years

Young-Hoo Kim et al. (South Korea) reported 
on the excellent long-term clinical and radio-
graphic outcomes of cementless alumina CoC THA 
(BIOLOX®forte, 28mm). They prospectively reviewed 
124 CoC THA in 93 patients with a mean age of  
24 ± 5 years. The main diagnoses were osteone-
crosis (55.6%) and developmental dysplastic hip 
(21%). The HHS had increased to a mean value 
of 96. At the latest follow-up, 100% of the stems 
and 99% of the cups were well fixed. There were 
no migrations of the cup and stem. No failure of 
ceramic components or noises was observed.
 
The authors concluded that the absence of osteoly-
sis and high survivorship underline the benefits of 
alumina CoC bearing couples.

AAOS (continued)

 To reduce repetitive subclinical 
subluxation, hip bearings – built of any 
material design – should be carefully 
positioned. 

- Christopher L. Peters, MD

Source: CeramTec
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 The different histological aspects observed in revisions 
are probably the most important factors to explain the 
absence of dislocation at the most recent follow-up in  
the ceramic group, even in women older than 80 years,  
in cognitively impaired patients, or in patients with occur-
rence of a neurologic disease.  

- Philippe Hernigou, PhD

Study: 

Low long-term dislocation rate of  
CoC THA compared to CoP THA –  
20-year results

It is known that PE wear debris can lead to an 
inflammatory response which may result in subse-
quent instability.10 A study has shown that PE parti-
cles may act as a trigger mechanism for an inflam-
matory process, which leads to increased produc-
tion of fluid and capsular distension, reflecting the 
degree of intracapsular synovitis.11

 
Philippe Hernigou et al. (France) have now pre-
sented the latest results from an evaluation of 126 
patients who had each received bilateral THA treat-
ment with a cemented CoP bearing couple on one 
side and a cemented alumina CoC bearing couple 
on the other. The mean age was 50 (30–60) years at 
the time of surgery. Only one stem type was used. 

All patients were treated with 32mm femoral ball 
heads. The mean follow-up was 20 (15–30) years. 
 
The cumulative risk of dislocation was greater for 
the CoP group compared to the CoC group. In the 
CoP group, the cumulative risk of dislocation was 
2% at 1 year, 4% at 10 years, 8% at 20 years and 
13% at 30 years. In the CoC group, the cumula-
tive risk of dislocation was 2% at 1 year and did 
not change over 20 or 30 years. In this context, the 
authors pointed out that better adhesion, absence 
of wear in the CoC group and the histological 
changes observed in CoP revisions (e.g. liquid in 
joint, thin capsule) are probably the most important 
factors explaining the absence of dislocation in the 
CoC group at the latest follow-up.

 Alumina-on-alumina ceramic bear-
ings provide a high rate of survivorship 
without osteolysis. 

- Young-Hoo Kim, MD, PhD

McPherson EJ et al.  
Stripe Wear in 
Metal-Metal THA: 
Retrieval Analysis. 
P077, AAOS 2012 
can be accessed here.
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EFORT

Malpositioning influences outcomes

John Fisher (UK) urged that the everyday chal-
lenges associated with unfavorable stresses as well 
as implant positioning resulting in increased edge 
loading and subluxation be simulated as early on 
as during the preclinical phase. The positioning of 
implants demands the greatest attention alongside 
other factors such as material fatigue, activity pro-
files and the constitution of the individual patient. 
Fisher drew a distinction between rotational mal-
positioning and translational malpositioning. 
He reported that rotational malpositioning is easy 
to detect in radiographs and can be corrected by 
inclining the acetabular cup at the correct angle. 
In translational malpositioning, the centers of rota-
tion of the acetabular cup and the femoral stem 
are incongruent. The cause may lie in the medial 
malpositioning of the acetabular cup or the lateral 
malpositioning of the stem in the case of offset mal-
positioning. Fisher pointed out that edge loading 
due to translational malpositioning cannot be seen 
in radiographs and might be the cause of implant 
failures that so far could not be explained.

Study:

CoC THA in patients < 30 years old –  
no cases of osteolysis after > 10-year 
follow-up

Young-Hoo Kim (Korea) performed a prospective 
analysis of 124 cementless CoC THA (BIOLOX®forte) 
in 93 patients under 30 years. In all cases a 28mm 
femoral ball head was used. The mean age at the 
time of surgery was 23.7 ± 5.2 years. The most com-
mon indications were osteonecrosis of the femoral 
head (55.6%) and dysplasia (21%). After a mean 
follow-up of > 10 years, there was no radiologic evi-
dence of osteolysis. No ceramic fractures or noises 
were observed. The survival rate with the endpoint 
of aseptic loosening was 100%. Kim cited the surgi-
cal technique along with the optimal positioning of 
the components as the reasons for this outstanding 
result in a young and healthy patient population.

Kim also reported on the medium-term results in 
another group of 70 patients who underwent 111 
cementless CoC THA (BIOLOX®forte, 28mm). After 
a mean follow-up of 5.7 (5–6.5) years, there have 
been no cases of osteolysis or loosening observed 
to date. 

Outcome:

> 7,000 CoC THA – no cases of osteolysis 
after 15-year follow-up

Aldo Toni (Italy) was able to perform a retrospec-
tive analysis of a total 7,474 CoC implantations with 
different generations of BIOLOX® ceramics since 
1994 to determine the long-term results. The revi-
sion rate after 15 years totaled 1.2%. There was no 
evidence of osteolysis.
 
Since 2006, 2,166 CoC bearing couples made 
of BIOLOX®delta had been implanted. He hasn’t 
observed any ceramic fractures in BIOLOX®delta 
femoral ball heads. Similarly, evaluation of the 
arthroplasty registry for the region of Emilia 
Romagna showed that out of 6,004 implanta-
tions using BIOLOX®delta femoral ball heads (28, 
32, 36mm) there had thus far been no instance of 
ceramic fracture. By contrast, BIOLOX®delta inserts 
exhibited a fracture rate of 0.13%.
 
As causes for this, Toni named intraoperative mis-
takes made while inserting the ceramic insert into 
the acetabular cup* and excessively anteverted 
cup positioning, which results in impingement and 
microseparation. He used film sequences of surger-
ies to provide a clear indication of how to implant 
components correctly. Implantation errors should 
be corrected during surgery if possible.
 
The benefits of a reduced dislocation risk and a 
large range of motion could be well exploited by 
using large-diameter CoC femoral ball heads. How-
ever, in Toni's estimation, it is necessary to wait for 
further study results before using femoral ball heads 
with diameters in excess of 40mm.

* For further information, please see the article "Complication Rate of  
Ceramic Components – an Update" (pp. 16–19) of this issue.

 The alumina CoC bearing couple has 
been well-proven with a high survival 
rate after a 15-year follow-up. No oste-
olysis was observed. 

-
 
Young-Hoo Kim, MD, PhD

Focus on Tribology
Highlights from the 13th EFORT Congress 2012  

The 13th congress of the umbrella organization of the orthopae-
dic societies in Europe (EFORT) was held in Berlin, May 23–25, 
2012. More than 9,000 orthopaedic surgeons and scientists 
from about 100 countries took part. "Tribology Day" was a fo-
cal point of the most important European specialist event of the 
year, which is attracting increasing numbers of participants from 
countries outside Europe. CeraNews followed the papers and 
discussions on the latest findings related to bearing couples.
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Study:

CoC reduces the risk of dislocation –  
30-year outcomes vs. CoP  

Late-stage hip joint instability is potentially 
attributable to PE wear. However, not enough 
is known about the exact mechanism. It is assu-
med that PE wear particles trigger an inflamm-
atory reaction which can result in capsular 
loos ening and subsequent instability.1

Philippe Hernigou (France) now reported on the 
retrospective findings from 126 patients (252 hips), 
which he had treated 30 years previously with CoC 
(alumina) in one hip and CoP contralaterally. The 
average age at the time of surgery was 50 (30–60) 
years. The same type of cemented femoral stem 
was implanted in each case with a ceramic femoral 
ball head (32mm) using the posterior approach. The 
dislocation rate for the CoP THA rose steadily from 
2% after 1 year to 4.5% after 10 years, 8% after 20 
years and 13% after 30 years. There was no correla-
tion between the amount of PE wear and the dislo-
cation rate. With the CoC THA the dislocation rate 
was 2% after 1 year and did not change thereafter.

Hernigou presumes that histological differences in 
the capsular tissue for the two bearing couples are 
responsible for this remarkable result. In the case 
of the CoC THA, the capsular tissue was taut and 
fibrous (Figure 1) but soft and more elastic in the 
case of the CoP THA (Figure 2); this was presumably 
induced by the release of polyethylene particles.

For CoC THA, the taut joint capsule acted to 
prevent dislocation.

Hernigou was honored for this study by the EFORT 
Award Committee with the EFORT Free Paper 
Award 2012.

Philippe Hernigou, MD, PhD, holds a Chair 
of Orthopaedic Surgery at the Université Paris 
Est (France) and is Director of the Department 
of Orthopaedic Surgery at the Hôpital Henri 
Mondor in Créteil. His affiliations include 
membership of the International Hip Society 
and the Société Internationale de Chirurgie 
Orthopédique et de Traumatologie (SICOT). 
He specializes in hip and knee surgery, 
bone marrow transplantation, and stem cell 
research.

Fig. 1: Histological image of the capsular tissue from a CoC 
bearing couple

Fig. 2: Histological image of the capsular tissue from a CoP 
bearing couple

Source: By kind permission 
of Philippe Hernigou, MD, 
PhD, Hôpital Henri Mondor, 
Créteil, France

1 2
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Case study:

Diagnostic assessment in case of a  
fractured, non-dislocated ceramic insert

Roozbeh Shafafy (UK) reported on an 82-year-
old male patient with a cementless CoC THA who 
experienced squeaking in his hip joint with no expli-
cable cause 10 months after surgery. The patient 
had minor symptoms. X-ray imaging did not reveal 
any abnormalities, with the implants well aligned. 
As the symptoms persisted, an x-ray image intensi-
fier was used for imaging after another 3 months. 
The intensified images were clearly evaluable and 
showed the ceramic insert to be fractured but not 
dislocated. This procedure proved to be effective 
and simple for the detection of the non-dislocated 
ceramic fracture. Shafafy argued for the squeaking 
in the hip joint to be taken seriously and a thorough 
diagnostic assessment to be performed.

Study:

Up to 40% lower XPE wear rate with  
ceramic femoral ball heads

Javad Parvizi (USA) presented the initial findings 
from a multicenter study in which 500 patients were 
treated using a second generation XPE and 150 
using a first generation XPE. In both groups, metal 
and ceramic femoral ball heads (BIOLOX®delta) 
were used with the same implant system. After 3 
years, the group with the second generation XPE 
exhibited an annual wear rate of 0.125mm for 
MoXPE and 0.075mm for CoXPE. In the first gen-
eration XPE group, annual wear rates of 0.105mm 
for MoXPE and 0.076mm for CoXPE were obtained. 
In this study, a 28% reduction in wear could be 

shown with the use of ceramic femoral ball heads 
(BIOLOX®delta) in combination with the first gen-
eration XPE and a 40% reduction with the second 
generation XPE.

Registry:

10-year outcomes with XPE and PE inserts

Richard de Steiger (Australia) presented 10-year 
results with XPE and PE inserts from the Australian 
arthroplasty registry. The revision rate was 4.7% for 
MoXPE and 7.1% for MoP. For CoXPE, a revision 
rate of 6.3% was observed, along with an 8.2% 
revision rate for CoP. However, all reasons for revi-
sion were recorded. Therefore, the results cannot 
directly be attributed to the bearing couples.

Study:

Adverse reactions to metal wear in large-
diameter MoM implants due to loosening 
of the taper fixation

The working group of Christoph H. Lohmann 
(Germany) was honored by the EFORT Tribology 
Committee with the Tribology Award. 
 
The scientists had analyzed 114 cases of revision of 
MoM arthroplasties with a large-diameter femoral 
ball head. The revisions had been performed after 
an average of 46 (26–68) months. In 61 cases, 
radiologic findings indicated osteolysis and signs of 
loosening. Of note were joint effusion with pseudo-
tumor formation and extensive areas of necrosis. 
Lymphocyte infiltration was detected in 106 cases, 
with macrophages predominating in 8 cases. Cobalt 
and chromium particles were present in all tissue 

EFORT (continued)

Source: CeramTec
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specimens. In 94% of cases, loosening of the taper 
fixation was detected intraoperatively. There was 
also evidence of corrosion. In all 106 cases, tita-
nium and iron were detected and were interpreted 
as clear evidence of a problem related to wear in 
the femoral stem taper and the femoral ball head 
fixation.
 
It was shown in this study that the tissue reactions 
were adverse reactions to the corrosive components 
which originated from the loosened taper fixation. 
The scientists concluded that MoM implants with 
large-diameter femoral ball heads cannot currently 
be recommended for primary hip arthroplasty.

Study:

Metal wear results from MoM bearing 
couple and taper fixation

Antoni Nargol (UK) presented the results of a com-
parative study of 180 MoP implantations (28mm) 
and 262 MoM implantations (36mm) performed 
with the same femoral stem system. The total revi-
sion rate from the MoP group was 3.6% after 10 
years, while the revision rate for the MoM group 
was 10.3% after 6.5 years. The reasons for revi-
sion were comparable, with 19 of the revisions in 
the MoM group due to adverse reaction to metal 
debris (ARMD). The acetabular cups in the ARMD 
cases were all within the safe zone for inclination 
and anteversion.
 
The metal wear resulted both from the bearing cou-
ple and from the fixation between the femoral stem 
and the metal femoral ball head. High magnification 
microscopic examination of the receptacle detected 
substantial traces of wear from the titanium femo-
ral stem taper. In his summary, Nargol stated that 
future follow-up studies examining MoM implants 
with large-diameter femoral ball heads must focus 
on evaluation of the taper fixation.

In a further analysis of 111 MoM implant retriev-
als (large-diameter femoral ball heads) from various 
manufacturers, Nargol was able to detect abrasion 
in the taper fixation in 66% of cases. This might 
explain why wear-induced loosening is observed 
despite optimal positioning of the acetabular cup. 
According to Nargol, this problem also applies for 
the MoP bearing couple and he considered this 
thought-provoking.

He also pointed out that there is no correlation 
in the case of MoM between the increase in volu-
metric wear and the incidence of pseudo-tumors. 
Therefore, ARMD must be understood in terms of 
individual immune response.

Registry:

Higher revision rates from MoM arthro-
plasties with large-diameter heads – mix 
& match may result in wear problems

Keith Tucker (UK) used UK registry data (National 
Joint Registry for England and Wales) to show that 
MoM arthroplasties with large-diameter femoral ball 
heads required revisions after 5 years significantly 
more frequently than conventional THA. MoM 
arthroplasties with large-diameter heads exhibited 
increased metal wear and ARMD. The evaluation of 
registry data revealed that femoral stems and femo-
ral ball ball heads from different manufacturers 
were frequently combined. This can lead to major 
problems with wear as there is no standard for the 
12/14 taper geometry.

Karl Knahr (Austria), the initiator of Tribology Day, 
explained his views on bearing couple selection at 
the end of the symposium. He reported that he 
had given up on MoM articulations 10 years ago. 
For elderly patients he uses a CoXPE couple. For all 
other patients, he recommends the use, where pos-
sible, of a CoC articulation (BIOLOX®delta) with a 
36mm head diameter. With regard to outcome, he 
alluded to the importance of surgical technique for 
all forms of implants.

The report was compiled in cooperation 
with Martin Ihle, MD, Berlin.

Reference:
1 Coventry MB. Late dislocations in patients with Charnley total hip  
arthroplasty. J Bone Joint Surg-Am 1985;67:832–841
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BIOLOX® Symposium

Bearing Couples – The Key to Success?!
Highlights from the 14th International BIOLOX® Symposium,  
Las Vegas, Nevada, USA, May 19 – 20, 2012

The BIOLOX® Symposium was held for the first time in conjunction with the Current Con-
cepts in Joint Replacement (CCJR) Spring Meeting in Las Vegas, Nevada, USA, making it 
possible for participants travelling to Las Vegas from countries worldwide to engage in a 
lively exchange of expertise. The president of the 14th BIOLOX® Symposium, Javad Parvizi 
from the Rothman Institute in Philadelphia, and Seth Greenwald, chairman of the scientific 
committee, endeavored to ensure a challenging scientific program. 

In his introductory presentation, Richard H. Roth-
man (USA) provided an overview of the history and 
current state of development of hip arthroplasty, 
which he praised as the most successful procedure 
in surgical medicine. Some care providing centers 
located worldwide reported a survival rate of over 
99% after 10 years, due to which much had already 
been achieved. However, they also reported that 
this was no reason to feel content as there is still a 
need for more long-term data.
 
Rothman reminded the audience that new and 
innovative technologies will as a rule bring with 
them new risks. Therefore, according to Rothman, 
surgeons must define precisely which clinical prob-
lem they would like to solve and perform a thor-
ough check to determine whether evidence-based 
data exist which demonstrate that the new tech-
nology is superior to the standard procedure. He 
admits that the MoM bearing couple has no future 
prospects. Rothman primarily uses the CoC bearing 
couple for patients under 50 years old. He uses the 
CoXPE bearing couple for patients aged between 
50 and 70 years and the MoXPE bearing couple for 
patients over 70 years of age.

A current overview of bearing couples was pre-
sented in the first session, which was chaired 
by John Fisher (UK) and Michael M. Morlock 
(Germany).

Update: 

Bearing couples in THA and TKA

Stuart B. Goodman (USA) compared the advan-
tages and limitations of different bearing couple 
materials for THA and TKA. According to Goodman, 
publications reporting on wear in large diameter 
MoM implants resulting from the taper connection 

give rise for concern. He provided an overview of 
the large number of crosslinked polyethylenes on 
the market which differ substantially in terms of 
their manufacturing processes. Crosslinked polyeth-
ylenes exhibit lower medium-term wear rates than 
traditional polyethylene.
 
While medium-term outcomes are available for the 
use of crosslinked polyethylenes in hip arthroplasty, 
none are available for knee arthroplasty. Steven M. 
Kurtz (USA) also addressed this in his presentation. 
One analysis revealed that there are only 2 clinical 
studies reporting on the short-term outcomes with 
crosslinked polyethylene in knee arthroplasty. Kurtz 
demanded more clinical studies examining outcomes 
from the use of second generation crosslinked poly-
ethylenes in hip and knee arthroplasty.

Justin Cobb (UK) pointed out that MoM bearing 
couples from different manufacturers also differ sig-
nificantly, above all in terms of their metallurgy and 
design. These variables might, combined with surgi-
cal errors, explain the unacceptable variability of out-
comes among women and for some MoM designs.

Aldo Toni (Italy) addressed the topic of fretting 
corrosion. He referred to published results from a 
series of removed shafts with large-diameter metal 
femoral ball heads (36–40mm) in which corrosion 
was detected in the taper connection in 42% of 
all cases.1 He had no concerns of this nature with 
BIOLOX®OPTION femoral ball heads (femoral ball 
head from BIOLOX®delta, titanium casing) with a 
diameter of 40mm. However, he did demand more 
clinical data.

Toni described the CoC bearing couple with large 
diameter femoral ball heads as probably the best 

 Total hip replacement is the most rewarding 
operation in the history of medicine. Keep it safe, 
effective and durable. 

- Richard H. Rothman, MD, PhD (USA)

 Currently, too few clinical studies are 
available to systematically review the 
outcomes of second generation highly 
crosslinked polyethylenes in either the 
hip or the knee. 

- Steven Kurtz, MD (USA)
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choice and reported that so far 3,774 CoC THA 
with BIOLOX®forte and BIOLOX®delta (32, 36, and 
40mm) had been recorded in the Rizzoli Hip Regis-
ter for the period 2005–2010.

The notion that fatigue fractures in XPE may 
also play a role in hypersensitivity reactions to 
metal wear and osteolysis in TKA was demon-
strated based on clinical case reports later on 
in a session moderated by Javad Parvizi (USA), 
during which Wolfram Mittelmeier (Germany) 
and Kantilal H. Sancheti (India) were among 
those who presented papers.

In the second session, which was moderated 
by Justin Cobb and Atsushi Kusaba (Japan), 
Thomas P. Schmalzried (USA) provided an over-
view of the various methods used to measure 
wear in vivo. John Fisher and James P. Waddell 
(Canada) presented results regarding wear. 

Study: 

In vitro wear measurements under  
extreme conditions show less wear for 
BIOLOX®delta than for BIOLOX®forte

John Fisher (UK) reported that BIOLOX®delta under 
standard conditions results in a lower level of wear 
(< 0.05mm3/million cycles). An increase in inclina-
tion to 65° did not lead to a higher volume of wear 
or stripe wear. Translation errors* (microseparation) 
resulted in a reduced increase in wear (0.13mm3/
million cycles), while the femoral ball head exhib-
ited stripe wear. However, stripe wear was found in 
BIOLOX®delta to a significantly smaller extent than 
in BIOLOX®forte. By contrast, MoM bearing cou-
ples exhibited a wear rate of 3mm3/million cycles 
to 5mm3/million cycles under standard conditions. 
Fisher pointed out that translation errors result in 
increased stripe wear in all bearing couples.

Study:

Less wear with CoC than with CoP 
in patients < 60 years old after 8-year 
follow-up

James P. Waddell (Canada) presented medium-
term results from a randomized, prospective long-
term study with CoC and CoP THA in 55 patients 
under 60 years of age. A CoC bearing couple was 

used in 30 cases and a CoP bearing couple was used 
in 26 cases. A 28mm diameter head was used.
 
The CoC group had a mean age of 41.5 (19–56) 
years, while average age in the CoP group was 
42.8 (31–56) years. The mean follow-up was 8 
years. There were no differences in medium-term 
clinical scores between the two groups. However, 
radiologic analysis revealed significant differences 
in linear wear rate per year, which was reported as 
0.02mm for the CoC group and 0.11mm for the 
CoP group.
 
Waddell concluded that the CoC bearing couple is 
a safe and long-lasting option which can help avoid 
the potential risks associated with metal ions and 
osteolysis triggered by PE wear.

Study: 

Less wear with CoC than with MoXPE and 
MoP in patients < 65 years old after 5-year 
follow-up

James P. Waddell (Canada) also presented a 
report on the clinical and radiologic results from 
a randomized, prospective study with CoC, MoP 
and MoXPE THA. 102 THA were performed on 91 
patients with a mean age of 53 (19 – 64) years. 
A 28mm diameter head was used in all cases. 87 
patients were available for follow-up examination 
after a period of 5 years. There were no differences 
in medium-term clinical scores between any of the 
3 groups. In the CoC group, 3 cases of squeaking 
were observed but none of these required revision. 
However, the radiologic assessment did reveal sig-
nificant differences in wear rate. The annual linear 
wear rate in the CoC group was lowest at 0.006mm, 
followed by 0.059mm for the MoXPE and 0.151mm 
for the MoP group.

A podium discussion was moderated by 
William J. Maloney (USA). The participants 
included Fares H. Haddad (UK), Christian Hen-
drich (Germany), Richard H. Rothman (USA), 
Aldo Toni (Italy) and William L. Walter (Aus-
tralia). They examined the issue of treatment 
failures associated with different bearing cou-
ples, their causes and their clinical manage-
ment. The discussion of hip problems, compli-
cations associated with bearing couples, their 
solutions and clinical experience continued in 
three further sessions led by James P. Waddell 
(Canada) and Karl Knahr (Austria), Donald S. 
Garbuz (Canada) and Stephen B. Murphy (USA) 
as well as Steven M. Kurtz (USA) and Carsten 
Perka (Germany). 
 
Experienced experts such as Michael D. Ries 
(USA), Craig J. Della Valle (USA), Matthew S. 
Austin (USA), Yonggang Zhou (China), Hee-

 Adverse condition simulation testing  
in vitro, showed lower wear for BIOLOX® 

delta ceramic compared to BIOLOX®forte 
ceramic. 

- John Fisher (UK)
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Joong Kim (Korea), Robert Legenstein (Aus-
tria), Jean-Yves Lazennec (France) and Michael 
Morlock (Germany) analyzed factors including 
those specific to the implantation procedure, 
the implant and the individual patient.
 
Of particular note was the presentation of 
Raghu Raman (UK), who reported on 4-year 
outcomes with CoC THA (BIOLOX®delta) and 
on 3-year outcomes with CoC (BIOLOX®delta) 
used in revisions.

Study: 

CoC in patients ≤ 65 years old – no cases 
of osteolysis after 4-year follow-up

Raghu Raman (UK) reported on excellent clinical 
and radiological results from a long-term, rand-
omized, prospective study involving 519 CoC THA 
(BIOLOX®delta, 36mm and 40mm) in 502 patients. 
The mean age was 64.9 (11–82) years. The mean 
follow-up was 46 months. No dislocations of ace-
tabular insert migrations occurred. In one case, 
the ceramic insert fractured after an implantation 
error. CT imaging did not reveal any evidence of 
wear in the acetabular area. The survival rate with 
an endpoint of aseptic loosening was 100% after 
4 years. Raman concluded that when the implants 
are handled correctly and the proper implantation 
technique is used, outstanding clinical performance 
can be achieved with CoC.

Study: 

CoC in hip revisions – no cases of osteoly-
sis after 3-year follow-up

Raghu Raman (UK) also presented clinical results 
with the ceramic revision ball head (BIOLOX®OPTION, 
36mm, 40mm). A BIOLOX®OPTION femoral ball 
head was used in combination with a BIOLOX®delta- 
insert in 138 revisions. The survival rate with an end-
point of aseptic loosening was 100% after 3 years. 
No cases of osteolysis, dislocation or complications 
associated with the bearing couple were observed.

The selection of bearing couples in Europe, 
Asia, and North and South America were 
examined in closer detail in a session moder-
ated by Peter F. Sharkey (USA) and Jun-Dong 
Chang (Korea).

Analysis: 

Global distribution of bearing couple use

Gerald Pflüger (Austria) provided an overview 
regarding the use of bearing couples in Europe. In 
his analysis, he drew on various sources (registry, 
Eucomed). In Europe, 4% of the inserts used are 
metal, 24% ceramic, 39% XPE and 33% PE. With 
regard to femoral ball heads, the breakdown is 
approximately 43% ceramic ball heads versus 57% 
metal. In Pflüger's view, there are multiple factors 
affecting the differences in bearing couple use 
between European countries, with traditions, differ-
ences in healthcare systems and populations playing 
a role. He identified the growing demand for CoC 
and CoXPE alongside a drop in the shares of MoM 
and MoP use as clear trends in Europe.

Kyung-Hoi Koo (Korea) explained that femoral 
head necrosis is one of the most common diagno-
ses in Asia and that the patients affected are very 
young, with average ages between 40 and 50 years. 
He has been using CoC bearing couples since 1998. 
In his experience, these provide better outcomes 
than other bearing couples in this patient popula-
tion. In his view, ceramic fractures and noises can be 
avoided using the appropriate implant designs and 
the correct implantation technique.

Jonathan P. Garino (USA) pointed out that the 
selection of bearing couples in North America con-
tinues to be the subject of controversy. Enthusiasm 
for MoM THA with large-diameter heads has fallen 
substantially in view of discussions surrounding 
potential local and systemic risks associated with 
metal ions. By contrast, CoC bearing couples and 
XPE bearing couples exhibit good results. However, 
noises have occurred with certain CoC implant 
designs and there is a lack of long-term data for the 
various generations of XPE bearing couples.

 The results of this study show an excellent clinical 
and functional outcome and support the use of a fully 
coated prosthesis with ceramic bearing couples. 

- Raghu Raman (UK)

 The ceramic bearings have superb out-
comes in 10-year studies, and the results 
are better than any other bearings in young 
patients. 

- Kyung-Hoi Koo (Korea)

 The advent of multi-bearing cup and 
questions regarding the long-term dura-
bility of highly cross-linked polyethylene 
will continue to keep ceramic-on-ceramic 
bearings as a very viable option for 
younger and active patients. 

- Jonathan P. Garino (USA)

BIOLOX® Symposium (continued)
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Luiz Sergio Marcelino-Gomez (Brazil) predicted 
that the share of THA performed in South Amer-
ica will grow significantly in the coming decades, 
especially among the population over 65 years old, 
which is expected to triple by 2030. In the same 
period, the 20 to 55 age group will grow to approx-
imately 70 million. In South America, CoC is the 
most frequently used bearing couple. In Brazil and 
Argentina, the proportion of CoC bearing couples 
is already approximately 50%. Marcelino-Gomez 
pointed out that the selection of bearing couples in 
South America is influenced by the different health-
care policies in the individual countries.

The contributors agreed on one thing: 
CoC bearing couples exhibit only minor or 
negligible wear, meaning that wear-related 
osteolysis can largely be avoided. Above all, 
the careful handling of components and the 
proper implantation technique are decisive 
for success. However, that is the case for all 
bearing couples.**
 
 
* For further information, please see the article "Focus on Tribology"  
(page 8 of this issue).

** For further information, please see the article "Focus on Implant Position 
and Clinical Outcome with Various Bearing Surfaces" (page 4 of this issue).

References:
1 Engh CA et al. Metal on Metal Local Tissue Reaction is Associated  
with Corrosion of Head Taper Junction. Poster 068, AAOS 2012

BIOLOX® Award 

This year's BIOLOX® Award was given on the occa-
sion of the Las Vegas symposium to Ian C. Clarke 
(USA) for his work on "Roughness of Alumina 
Ceramic Hip Bearings: Retrievals Compared to 
Autoclaved/Simulator Wear on Femoral Ball Heads" 

and Peter Thomas (Germany) for his work on 
"Peri-Implant Histology & Cytokine Pattern in Metal 
Allergic Knee Arthroplasty – Patients with Improve-
ment After Revision with Hypoallergenic Materials."

At the ceremony for the BIOLOX® Award: chairman of 
the scientific committee of the BIOLOX® Symposium, A. 
Seth Greenwald, award winner Ian C. Clarke (Orthopedic 
Research Center, Loma Linda University, USA) and Dieter 
Burkhardt (CeramTec)

The president of the BIOLOX® Symposium, Javad Parvizi, 
award winner Peter Thomas (Klinik für Allergologie und 
Dermatologie der Ludwig-Maximilians-Universität, Mu-
nich) and Dieter Burkhardt (CeramTec) (from left)

You can access 
the prize-winning 
articles and other 
articles from the  
14th BIOLOX®  
Symposium here. 

Best wishes!

Heinz Mittelmeier celebrated his 85th birthday in October. On this 
occasion, CeramTec would like to wish this pioneer in the use of 
ceramics in hip arthroplasty the very best and continued excellent 
health!

In the 1970s, Mittelmeier was one of the first surgeons in Germany to 
replace the metal femoral ball head in hip arthroplasties to minimize 
wear. In honor of his lifetime achievement, the German Society for 
Orthopaedics and Orthopaedic Surgery (DGOOC) in conjunction with 
CeramTec awards the annual Heinz Mittelmeier Research Prize on the 
occasion of the German Congress for Orthopaedics and Trauma Sur-
gery (DKOU). 

Photo from: W. Mittelmeier, M. Haenle, Leben für die Orthopädie, Shaker-Verlag 2011
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BIOLOX®forte / BIOLOX®delta (1/2000 – 6/2012)

BIOLOX®forte In % BIOLOX®delta In %

Femoral ball heads/ 
in-vivo ceramic failure

21 in 100,000 0.021 1 in 100,000 0.001

Total number of femoral ball 
heads sold

2.97 million 1.61 million

Inserts/in-vivo ceramic failure 38 in 100,000 0.038 26 in 100,000 0.026

Total number of inserts sold 0.99 million 0.80 million

Fig. 2: In-vivo fracture rates of BIOLOX® components, reported from January 2000 to June 2012. 
Source: CeramTec

Facts and Figures

Complication Rate of Ceramic Components – an Update

General complications

The data on the complication rate after hip arthro-
plasty surgery vary between 2.2% and 27.5%, 
depending on the case study.1 Aseptic loosening, 
dislocation and infection are named as principal 
causes for hip revision.2,3,4,5

Fracture rate of hip implants

Fractures of femoral ball heads and inserts made 
of BIOLOX® ceramics are rare complications in hip 
arthroplasty. According to arthroplasty registries, 
a relatively small share of 1.3 to 3.3% of all revi-
sions are due to implant fractures (metal, PE, XPE 
and ceramic components).2,3,4,6 Fractures of inserts 
(ceramics, metal, PE, XPE) account for 0.6% of all 
revision causes, according to the Australian registry.7 
Fatigue fractures of metal components in arthro-
plasty are more frequent than fractures of ceramic 
components.3,7 The risk of femoral stem fracture 
(Fig.1) is indicated as approximately 270 in 100,000 
(0.27%) implanted stems8,9 and is thus higher than 
the risk of fracturing of a ceramic component.4

Fracture rate of BIOLOX® components

To document the quality of outcomes, CeramTec 
made the company's internal complaint database 
public more than 15 years ago. All data in the cur-
rent statistical evaluation of the database relate to 
complications reported to CeramTec from January 
2000 to June 2012 (Fig. 2).
 
In that time, approximately 4.58 million BIOLOX® 
femoral ball heads (approximately 2.97 million 
BIOLOX®forte femoral ball heads and 1.61 million 

BIOLOX®delta femoral ball heads) as well as approx-
imately 1.79 million BIOLOX® inserts (approximately 
0.99 million BIOLOX®forte inserts and 0.80 million 
BIOLOX®delta inserts) were supplied. The compli-
cation rate reported during the same time period 
for in-vivo fractured BIOLOX®forte femoral ball 
heads was 0.021% (21 in 100,000), and for in-vivo 
fractured BIOLOX®delta femoral ball heads it was 
0.001% (1 in 100,000). A 20-fold lower fracture rate 
was achieved with BIOLOX®delta femoral ball heads 
compared to BIOLOX®forte femoral ball heads. The 
in-vivo fracture rate for BIOLOX®forte inserts was 
0.038% (38 in 100,000), and for BIOLOX®delta 
inserts it was 0.026% (26 in 100,000).

Meanwhile the BIOLOX®delta material has become 
established the as standard material both for 
ceramic femoral ball heads and ceramic inserts. 
BIOLOX®delta inserts by now account for approxi-
mately 90% of all BIOLOX® inserts sold (Fig. 3).

In contrast to the clinical experiences gained with 
BIOLOX®delta femoral ball heads, BIOLOX®delta 

Fig.1: Femoral stem 
fracture 
Source: CeramTec

1
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inserts do not yet exhibit a clear improvement of 
the complication rate. The most common causes 
for fractures of ceramic inserts are essentially incor-
rect handling, for instance, misaligned insertion of 
the insert, contamination of the interface between 
cup and insert by foreign bodies (e.g., tissue, bone, 
cement), insufficient fixation of the insert in the 
cup, intra-operative damage to the acetabular taper 
(Fig. 4–6), inappropriate combinations as well as 
impingement.10,11,12,13,14,15,18

Due to the tendency toward larger head diameters, 
the wall thickness of the metal cups was reduced. 
These can exhibit a tendency toward deformation 
in connection with pressfit fixation. It is therefore 
crucial to employ the correct surgical technique 
and to take the utmost care when performing an 
implantation. When inserting the ceramic inserts, 
the surgeon must perform this procedure precisely. 
This is described in detail in the respective instruc-
tions for use.

The positioning of inserts (ceramics, metal, XPE, 
PE) in connection with cup and stem implantation 
is generally highly demanding in terms of surgical 
technique in order to avoid premature failure and, 
under certain conditions, deterioration of wear char-
acteristics as well as increased wear of the material. 
When patient factors are taken into account, it is 
important for the quality of outcome in hip arthro-
plasty not only to choose the optimal implant but 
also to employ the proper surgical technique.

Optimal function and maximum longevity of the 
hip replacement are primary objectives. With 
proper handling and avoidance of subluxation and 
impingement constellations and a sufficient range 
of motion, very low wear rates can be achieved with 
the ceramic-on-ceramic bearing couple, thereby 
avoiding osteolysis due to wear.

BIOLOX®forte BIOLOX®delta
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Fig. 3: Percentage distribution of BIOLOX®forte and 
BIOLOX®delta inserts supplied from January 2003 to  
January 2012  
Source: CeramTec 

Fig. 4: 51-year-old female, developmental  
dysplasia of the right hip (Crowe II), cementless 
CoC THA (BIOLOX®forte), fracture of the ceramic 
insert 7 years and 6 months after primary  
surgery

5 64

Fig. 5: Implant retrieval, ceramic fragments  
(BIOLOX®forte)

Fig. 6: The cause of the failure was obvious: the intra-operative picture 
shows scratches and deformations at the edge of the metal cup (ar-
rows). The metal cup had been damaged due to the use of an unsuit-
able instrument during primary surgery.

Source: by courtesy of Prof. Atsushi Kusaba, Institute of Joint Replacement and 
Rheumatology, Ebina General Hospital, Kanagawa (Japan)



18

C
er

aN
ew

s 
2 

/ 2
01

2

Measures for reducing the complication rate

In close cooperation with orthopaedic surgeons 
and implant manufacturers, CeramTec pursues the 
objective of further reducing the complication rate 
of BIOLOX® components, particularly of inserts.

• Experts from CeramTec are available for sur-
geons and OR personnel for training and educa-
tion courses with regard to handling of ceramic 
implants.

• CeraFacts (on USB stick) provides comprehensive 
information on ceramic implants for primary surgery 

and for revisions, including handling of the implants 
(live surgery videos, animations and clinical and 
technical information). This can be obtained from 
CeramTec or the implant manufacturers (see fax).

• The website www.biolox.de provides quick 
access to tips on the secure handling of ceramic 
implants as well as literature references.

• Implant manufacturers provide insertion instru-
ments which may help avoid the misaligned inser-
tion of the insert.

Facts and Figures (continued)

• NEW: Insertion instrument for BIOLOX® inserts

Fig. 8: Handling of the insertion instrument 
(from animation) 
Source: CeramTec

Fig. 9: Insertion instrument in pre-clinical  
application test: insertion of BIOLOX®delta 
insert 
Source: CeramTec, by courtesy of Christian Hendrich, 
MD, PhD, Orthopaedic Hospital Schloss Werneck, 
Germany

Fig. 10: Insertion instrument in pre-clinical ap-
plication test: after inserting the BIOLOX®delta 
insert by means of the inserter, the surgeon 
checks with his finger ("finger test") whether 
the edge of the metal component finishes 
flush with the edge of the ceramic component 
Source: see Fig. 9

* Kristin Winterfeld, Sales Manager,  
OHST Medizintechnik AG, Grünauer Fenn 3, 14712 Rathenow, Germany 
Phone +49 3385 542027, Fax +49 3385 542099,  
e-mail: k.winterfeld@ohst.de, http:/www.ohst.de/en/home 

The inserter (Fig. 7–10) is an instrument that was 
specifically developed to enable the secure inser-
tion of the BIOLOX® insert into the metal cup. 
When the instrument is handled correctly, mis-
alignment of the insert during insertion is avoided 
– even in operations with impaired visibility condi-
tions.

After insertion of the BIOLOX® insert, a final "fin-
ger test" (Fig. 10) must be performed, which 
allows the surgeon to verify the correct position 
of the insert by palpating the edge of the cup: the 
edge of the metal component must finish flush 
with the edge of the ceramic component.

The insertion instrument is presently going through 
the approval procedure. Interested surgeons are 
advised to contact their implant supplier, through 
whom the instrument can be obtained. Fur-
ther information on the insertion instrument for 
BIOLOX® inserts can be obtained directly from the 
instrument manufacturer.*

Liner handle

Mounting device
Connector

Ceramic insert

Fig. 7: Insertion instrument for BIOLOX® inserts  
Source: CeramTec

Scan QR code via 
smartphone and down-
load more detailed 
information on the 
insertion instrument for 
BIOLOX® inserts.

8 9 10
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Design
 
Furthermore, modular pre-assembled systems 
and assembled monoblock systems, in which the 
metal cup and the ceramic insert are connected so 
that they are hard to separate, as well as design 
optimization of modular BIOLOX®delta inserts 
by rounding of edges, show a clear reduction in 
the complication rate.

Modular pre-assembled and assembled mo no-
block systems have the advantage that possible 
complications due to handling, which can occur in 
the course of intra-operative insertion of a ceramic 
insert, are to a large extent avoided.

In modular pre-assembled systems (Fig. 11), a 
standard ceramic insert (XLW) is pressed into the 
standard metal cup by means of a special procedure 
already at the factory. The system is available for 
head diameters from 28mm to 40mm. Reports of 
first clinical experiences with pre-assembled systems 
have been published.16,17

In assembled monoblock systems (Fig. 12), 
the customer-specific thin-walled ceramic insert is 
pressed into a customer-specific thin-walled metal 
cup. The system is available for head diameters from 

32mm to 48mm. Thin-walled metal cups allow for a 
smaller outer diameter to be combined with a larger 
inside diameter of the ceramic insert. Thus, a larger 
head diameter can be used even for a smaller pelvis.

With approximately 30,000 BIOLOX®delta 
inserts sold since 2010 for modular pre-assem-
bled and assembled monoblock systems, no 
instance of failure has been reported to Cer-
amTec.

In the design optimization of modular 
BIOLOX®delta inserts by rounding of edges (a) 
(Fig. 13), the edge strength and the self-centering 
ability are significantly enhanced by rounding of the 
edges, and insertion of the insert is facilitated due 
to the elongated taper portion (b), which enables 
better guidance of the insert.

The design-optimized modular BIOLOX®delta 
inserts showed an approximately 80% lower 
in-vivo fracture rate, based on approximately 
100,000 components sold up to now.

References:
1 Mohajer AM et al. CeraNews 2008(2):4–5
2 Swedish Hip Arthroplasty Register, http://www.shpr.se/en/Publications.aspx
3 Australian National Joint Replacement Registry, http://www.dmac.adelaide.
edu.au/aoanjrr/publications.jsp
4 National Joint Registry for England and Wales, http://www-new.njrcentre.
org.uk/njrcentre/Default.aspx
5 Norwegian Arthroplasty Register, http://nrlweb.ihelse.net/eng/default.htm
6 Emilia Romagna Register of the Orthopaedic Prosthetic Implants (Italy), 
https://ripo.cineca.it
7 Ellenrieder M, Bader R, Mittelmeier W. Komplikationen nach 
endoprothetischen Eingriffen. In: Krukemeyer MG, Möllenhoff G (Hrsg.). 
Endoprothetik. Leitfäden für Praktiker. De Gruyter, Berlin, New York, 2009:189
8 Schmalzried TP. How I Choose a Bearing Surface for My Patients.  
J Arthroplasty 2004;19(8), Suppl.3:514
9 Böttner F. Orthopädie und Unfallchirurgie. Facharztkompendium 2010. 
OrthoForum Verlag, Berlin, 2010:41
10 Traina F et al. Revision of a Ceramic Hip for Fractured Ceramic 
Components. Scientific Exhibit at the 78th AAOS Annual Meeting,  
San Diego, 2011:1–8

11 Traina F et al. Revision of Ceramic Hip Replacements for Fracture  
of a Ceramic Component. J Bone Joint Surg Am. 2011;93:e147:1–9
12 Kusaba A et al. Uncemented Ceramic-on-Ceramic Bearing Couple  
for Dysplastic Osteoarthritis: A 5- to 11-Year Follow-up Study. Semin Arthro 
2011;22:240–247
13 Chevillotte C et al. Nine years follow-up of 100 ceramic-on-ceramic 
total hip arthroplasty. Int Orthop 2011;35(11):1599–1604
14 McCarthy MJ et al. Lining up the liner: 2 case reports of early ceramic 
liner fragmentation. J Arthroplasty 2007;22:1217–22
15 Hannouche D et al. Thirty years of experience with alumina-on-
alumina bearings in total hip arthroplasty. Int Orthop 2011;35:207–13
16 Dagrenat D et al. Acetabular cup with pre-assembled ceramic liner.  
A progress to avoid ceramic liner breakage. Abstract 26778, 17th SICOT/
SIROT Annual International Confererence, Gothenburg, 2010
17 Beya R et al. A Multicentric Prospective Analysis of 344 Ceramic 
on Ceramic Bearings in Total Hip Arthroplasty. The Journal of Clinical 
Rheumatology & Musculoskeletal Medicine (SLM Rheumatology,  
JCRMM 2012)
18 Hohman DWH et al. Ceramic-on-Ceramic Failure Secondary to  
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Fig. 11: Modular pre- 
assembled system 
Source: CeramTec

Fig. 12: Assembled mono-
block system 
Source: CeramTec

Fig. 13: Design optimization by rounding of 
edges (a) and elongated taper portion (b)
Source: CeramTec
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Science

Clinical Data with Ceramics

Hari P. Bezwada (USA) reported on the use of 
CoC bearing couples in hip arthroplasty at the Inter-
national Congress for Joint Reconstruction in San 
Diego. In his judgment, CoC is the best bearing 
couple option. It exhibits hardly any wear compared 
with PE bearing couples and it helps prevent wear-
related osteolysis. Also, hypersensitivity reactions are 
not to be expected. He reported that, furthermore, 
the risk of fracture with fourth generation ceramics 
is very low and pointed out the possibilities offered 
by the use of the revision ceramic ball head* in hip 
revisions. Bezwada also noted the importance of 
positioning implant components correctly in order 
to achieve outstanding long-term outcomes.

*BIOLOX®OPTION (CeramTec)

Bezwada HP. Why ceramic-on-ceramic is the best bearing option in THA. 
Presented at the International Congress for Joint Reconstruction San Diego 2012

Study:

CoC THA – no cases of osteolysis  
after 14-year follow-up

Sugano et al. (Japan) evaluated 100 cementless CoC 
THA (BIOLOX®forte, 28 mm). The mean age was 56 
(41–73) years. The survival rate with the endpoint of 
all revisions was 95.7% after 14 years. One patient 
reported clicking. However, this did not recur. In 
one case, a fractured insert (chipping) was observed. 
 
The patient underwent a revision and had a new 
CoC bearing couple implanted. No osteolysis was 
observed.

Sugano N et al. Eleven- to 14-year follow-up results of cementless total hip 
arthroplasty using a third-generation alumina ceramic-on-ceramic bearing. J 
Arthroplasty 2012;27(5):736–41

Study:

CoC THA – no cases of osteolysis  
after 10-year follow-up

Yeung et al. (Australia) analyzed 301 cementless 
CoC THA (BIOLOX®forte) in 283 patients. The mean 
patient age was 58 years. There were no post-op 
ceramic fractures. In one case, intraoperative chip-

ping occurred when the insert was being posi-
tioned. One patient reported squeaking. However, 
this could not be reproduced. The most common 
complication in this series was femoral fracture 
(2%). No wear-related osteolysis was observed. 
The survival rate (Kaplan-Meier) with the endpoint 
of aseptic loosening was 99.6%. The authors con-
cluded that the CoC bearing couple exhibits excel-
lent clinical results after 10 years.

Yeung E et al. Mid-Term Results of Third-Generation Alumina-on-Alumina 
Ceramic Bearings in Cementless Total Hip Arthroplasty. J Bone Joint Surg-Am 
2012;94;138–144

Study:

CoC in patients < 50 years old – no cases 
of osteolysis after 10-year follow-up

In a retrospective study, Hsu et al. (USA) reported 
on the results after 82 CoC THA in 64 patients (42 
men, 22 women). The mean age was 38.6 (16.3–
48.9) years. The mean follow-up was 10.1 (10–12) 
years. The survival rate (Kaplan-Meier) with the 
endpoint of all revisions was 96.3%. In two cases, 
a ceramic fracture (insert) occurred due to trauma. 
Squeaking was observed in one patient. No cases of 
instability, signs of loosening or aseptic loosening 
were observed. The authors concluded that the CoC 
outcomes in this group of young, active patients are 
comparable with those for older patients found in 
the literature.

Hsu JE. Ten-Year Follow-Up of Patients Younger Than 50 Years With Modern 
Ceramic-on-Ceramic Total Hip Arthroplasty. Semin Arthro 2011;22:229–233

Study:

CoC in patients ≤ 50 years old – no cases 
of osteolysis after 7-year follow-up

Steppacher et al. (USA) evaluated outcomes 
obtained retrospectively from 350 CoC THA 
(BIOLOX®forte, 28mm in 102 hips, 32mm in 240, 
and 36mm in 8) in 305 patients with a mean age 
of 42 (18–50) years. A cemented stem was used 
in 4% of cases. The mean follow-up was 7 (2–14) 
years. The survival rate with the endpoint of all revi-
sions was 97.2%. Five patients reported squeaking. 
However, this could not be reproduced in any of 
these cases. A fractured ball head occurred in one 
case (due to trauma), while a fractured insert was 
observed in another case. No cases of dislocation or 
wear-related osteolysis were observed.

Steppacher SD et al. Absence of Osteolysis in Uncemented Alumina Ceramic-
on-Ceramic THA in Patients Younger Than 50 Years After Two to 14 Years. 
Semin Arthro 2011;22:248–253

 Overall, I think ceramic-on-ceramic is the better 
option for younger patients. 

- Hari P. Bezwada, MD (USA) 
In: Orthopedics Today, June, 2012. International Congress for Joint Reconstruction  

San Diego 2012 in Zusammenarbeit mit Orthopedics Today, 27.–29.04.2012, San Diego
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Study:

CoC in patients ≤ 20 years old – no cases 
of osteolysis after 4-year follow-up

Finkbone et al. (USA) reported on short to 
medium-term outcomes from 24 CoC THA (28, 32, 
and 36mm) in 19 patients with a mean age of 16 
(12–20) years. The main diagnoses were osteone-
crosis of the femoral head and juvenile rheumatoid 
arthritis. The mean follow-up was 4.3 (2–10) years. 
The survival rate with the endpoint of all revisions 
was 96%. No ceramic fractures or noises occurred. 
The authors concluded that the study yielded highly 
promising results for the CoC bearing couple in this 
young patient population.

Finkbone PR et al. Ceramic-on-Ceramic total hip arthroplasty in patients 
younger than 20 years. J Arthroplasty 2012;27(2):213–199

Study:

Higher survival rate and no cases  
of osteolysis in CoC versus CoP after  
10-year follow-up  

D’Antonio et al. (USA) compared the data from 
144 CoC THAs (BIOLOX®forte, predominantly 
32mm) with those from 72 MoP THA (primarily 
28mm). The mean follow-up was 10.3 (10–12.4) 
years. The mean age was 54 (21–75) years. In the 
CoC group, the revision rate was 3.1%, which was 
significantly lower than in the MoP group (10.5%). 
In the MoP group, osteolysis was observed in 26% 
of cases, while no cases of osteolysis were observed 
in the CoC group. In the CoC group, 2 patients 
reported squeaking. However, this could not be 
reproduced under clinical conditions. The authors 
concluded that this result supports the use of CoC 
bearing couples and that these offer a high success 
rate after more than 10 years of follow-up.

D’Antonio JA et al. Ceramic bearings for total hip arthroplasty have high sur-
vivorship at 10 years. Clin Orthop Relat Res.2012;470(2):373–381

Study:

Less wear with CoC vs CoP after 8-year 
follow-up  

Lewis et al. (Canada) reported on the results from a 
randomized, prospective, long-term study in which 
26 CoC THA and 30 CoP THA were examined to 
determine the degree of wear in the bearing cou-
ples. In all cases a 28mm femoral ball head was 
used. The mean age was 42.2 (19–56) years. The 
follow-up was 5–10 years. Linear wear was meas-
ured for the CoC bearing couples after an average 
of 8.3 years and after an average of 8.1 years for 
the CoP bearing couples. The CoC bearing couples 
exhibited a mean wear rate of 0.02mm/year. How-
ever, wear was only observed in 12 of 23 cases. The 
CoP bearing couples exhibited a mean wear rate of 
0.11mm/year. The authors concluded that the use 
of CoC bearing couples constitutes a safe and dura-
ble option for young patients.

Lewis P et al. Prospective randomized trial comparing alumina ceramic-on-
ceramic with ceramic-on-conventional polyethylene bearings in total hip 
arthroplasty: up to 10 years follow-up in patients under age 60. J Bone Joint 
Surg-Br 2011;93-B, Issue SUPP III:253. Proceedings, COA 2010

 The current study shows that ceramic-
on-ceramic THAs in the young patient 
population have a very low revision rate 
with absence of wear or osteolysis for 
uncemented stems. 

- Steppacher et al. (USA) 
 In: Semin Arthro 2011;22:252

 The use of a ceramic-on-ceramic bearing is a safe and 
durable option in the young patient avoiding the concerns 
of active metal ions and osteolytic polyethylene debris. 

- Lewis et al. (Canada)
In: J Bone Joint Surg-Br 2011;93-B, Issue SUPP III:253. Proceedings, COA 2010



22

C
er

aN
ew

s 
2 

/ 2
01

2

Turkey

With BIOLOX®delta the Interest in Using Ceramics  
Increased Dramatically
 
An interview with A. Mazhar Tokgozoglu, MD, PhD, Hacettepe University Faculty of Medicine, Ankara

Turkey is a modern, dynamic developing country in the Middle East with a popu-
lation now approaching almost 75 million. How has hip arthroplasty developed 
in Turkey in the last few decades?

As in Europe, the early 1960s saw a dramatic change in orthopaedics in Tur-
key. Orthopaedics, once a subspeciality within general surgery, became a dis-
cipline in its own right with fellowship-trained surgeons in the United States 
and United Kingdom. A paradigm shift occurred and orthopaedics departments 
were established, first in university medical centers and later in state-owned 
hospitals. These orthopaedic surgeons maintained their relationships with their 
mentors and, when total hip arthroplasty became available, they were able to 
go to the United Kingdom for training. After they returned, total hip arthro-
plasty was first performed in university hospitals in the early 1970s. The number 
of total hip arthroplasties performed has since increased dramatically along with 
training in the area.

What are the hot topics of discussion in THA in Turkey at the moment?

New bearing surfaces and experiences related to them are the hottest topics. 
Since we have many young patients with hip dysplasia, or patients who have 
been treated for dysplasia during childhood, we have a lot of patients with early 
hip arthritis. These patients are now presenting for treatment of their hip pain 
and they are already armed with a lot of internet-based information regarding 
new bearing technologies.

Why is dysplasia the major problem?

Being a country with strong attachment to its traditions, babies have always been 
wrapped in swaddling cloths, especially among the rural population and in the 
east half of the country. This has resulted in hip dysplasia inadvertently becoming 
a major problem in Turkey. A thesis study has also recently shown that in Turkey 
patients with hip dysplasia have a significant mutation of the GDF-5 gene caus-
ing joint laxity. This indicates that there is a tendency for hip dysplasia in Turkey, 
which is probably why total hip arthroplasty has been performed more than total 
knee arthroplasty. Improvements in prenatal care, effective screening of newborn 
infants and education to ensure that swaddling is less widespread have reduced 
the incidence of hip dysplasia in Turkey. Also, with the new obesity epidemic we 
are now observing an increasing number of knee replacements. 

How many hip and knee surgeries are being performed in Turkey?

Unfortunately, since we do not have a registry we do not know the exact num-
ber of arthroplasties performed annually. However, we believe that approxi-
mately 26,000 primary total hip arthroplasties and 3,000 revisions  are per-
formed in Turkey each year. We estimate that the number of knee replace-
ments is now approaching 40,000 a year.

Why are more and more patients undergoing hip replacement surgery in Turkey?

Initially, as elsewhere, total hip arthroplasty was a surgical procedure reserved 
for individuals with a life expectancy of 10 years. As results have improved, the 
age at which we perform total hip arthroplasty has come down significantly. 
Since hip dysplasia has been, and continues to be, a major problem in our 

A. Mazhar Tokgozoglu, MD, PhD, is Pro-
fessor of Orthopaedics and Traumatology at 
the Faculty of Medicine of the Hacettepe Uni-
versity in Ankara, Turkey. His main research 
area is primary and revision arthroplasty 
focusing on joint reconstruction after infec-
tion and tumor. Between 2004 and 2006, 
Tokgozoglu was President of the European 
Hip Society. Currently he is a member of the 
executive board of the Faculty of Medicine at 
the Hacettepe University, Delegate of Turkey 
at the European Federation of Orthopaedic 
and Trauma Surgery (EFFORT), and member 
of the EFORT Finance Committee. Tokgozo-
glu is on the editorial boards of the scientific 
journals “Hip International” and “Orthopae-
dics Today Europe.” 

Contact:
Faculty of Medicine, 
Hacettepe University
Department of Orthopaedics 
and Traumatology, 
06100 Sihhiye 
Ankara, Turkey
Phone: +90 312 305 10 80
Fax:  +90 312 310 05 80
e-mail: mazhart@hacettepe.edu.tr
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country, we have started to employ this procedure in younger and more active 
individuals. In the last decade, we have faced a demand from individuals in their 
second and third decades of life seeking help for their early arthritis. Even with 
the improvement of polyethylene technology it is difficult to provide solutions 
for these young and extremely active individuals. 

What is going to be the focus of THA in Turkey over the next few years?

I think most of the discussion is going to be around the new bearing surfaces 
and the opportunities these technologies will provide. I have seen major interest 
in using larger femoral ball heads. However, one limitation can be the fact that 
most young patients have hip dysplasia requiring smaller acetabular sizes, which 
limits our use of large heads. The interest in minimally invasive surgery has lost 
some momentum. However, I personally try to minimize my surgical approach, 
even in revision cases. 

What is the existing clinical experience with BIOLOX® ceramics in Turkey?

Since the 1980s, we have been seeking an answer in this country to the ques-
tion of how we can overcome the problems of wear and shortcomings of hip 
arthroplasty in patients of a less advanced age. With the advent of ceramic 
technology in the 1980s, a number of Mittelmeier ceramic-on-ceramic hip 
replacements were performed at our institution. However, problems with the 
design of the implants and with the quality of the ceramics available at that 
time left us disappointed with the early results. Later on, in the early 1990s, 
new implants with alumina ceramics became available in Turkey. However, con-
cerns regarding fracture, and later squeaking, prevented the widespread use of 
ceramics. With the advent of the new generation of BIOLOX®delta ceramics, 
there has been a dramatic increase in interest regarding the use of ceramics. 
Since 2008 we have started to use BIOLOX®delta ceramics in young, active 
individuals. The Turkish Social Security Administration, the body which oversees 
government reimbursement for medical treatment, provides reimbursement for 
the use of ceramics in individuals under the age of 65. We therefore reserve the 
use of ceramics for young and active individuals. To date, we have not observed 
any fractures, wear-related issues or squeaking in patients in whom we used 
BIOLOX®delta ceramics. 

Professor Tokgozoglu, the 14th EFORT congress in 2013 will take place in Istanbul. 
You are a member of the Local Organising Committee and Scientific Committee. 
Why should orthopaedic surgeons register for this EFORT congress in particular?

Well, Istanbul is a beautiful city, being at the junction of Europe and Asia. It has 
been a place where East meets West for centuries. Istanbul is an unbelievable 
melting pot, combining centuries of civilizations, different religious beliefs and 
cultures. It is a center of entertainment and enjoyment. I am sure that those who 
come to the congress will have their expectations fully met with regard to ortho-
paedic education while enjoying the city. We are already seeing a high level of 
enthusiasm for attending the meeting. The scientific program is in its final stages, 
with exciting symposia, interactive complex case discussions, and sessions on tri-
bology. One of the main topics of the meeting will be an update regarding new 
technologies, including ceramics in total hip arthroplasty, during tribology ses-
sions. We also hope to present our early results with new ceramics during the sci-
entific paper presentations. I would not miss the opportunity to come to Istanbul.
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Clinical Experiences with Ceramic-on-Ceramic Bearings 
by Remzi Tozun, MD, PhD 

Case Reports

Case 1: CoC THA in Ficat stage IV osteonecrosis of the hip

Diagnosis
29-year-old female with systemic lupus erythematosus (SLE) receiving high-dose 
steroids. Bilateral femoral head osteonecrosis (ON), with both hips graded as 
Ficat stage IV (Fig. 1). The patient complained of severe joint pain and a restric-
tion of movements. 

Treatment
One stage bilateral cementless CoC THA, BIOLOX®forte, 28mm (Fig. 2). The 
patient was without pain and showed excellent clinical results with a full range 
of motion. She now continues to enjoy ballroom dancing, trekking and cycling. 
After 10 years, both hips were functioning well (Fig. 3). 

Remzi Tozun, MD, PhD, is Director of the 
Department of Orthopaedics, Traumatology 
and Arthroplasty at Acibadem Maslak Hospital 
in Istanbul, Turkey. He specializes in hip and 
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President of the Turkish Society of Orthopae-
dics and Traumatology (TSOT). Remzi Tozun 
is a member of the American Academy of 
Orthopaedic Surgeons (AAOS), the European 
Federation of Orthopaedic and Trauma Sur-
gery (EFORT), the European Hip Society (EHS) 
and the Société Internationale de Chirurgie 
Orthopédique et de Traumatologie (SICOT). 
He has authored numerous book chapters 
and journal articles, mostly on the subject of 
arthroplasty and reconstructive surgery with a 
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Remzi Tozun started using ceramic-on-ceramic 
(CoC) bearings as soon as they became avail-
able in Turkey in 2001. Until then he had 
experienced many aseptic failures due to 
wear related osteolysis. Prof. Dr. Tozun first 
used BIOLOX®, then BIOLOX®forte and is now 
using BIOLOX®delta exclusively. He chooses 
CoC bearings mainly for physiologically young 
patients with a life expectancy of more than 
15 years. For older patients he prefers alumina 
femoral ball heads (BIOLOX®forte) in combina-
tion with PE inserts. Between 2001 and 2011, 
Remzi Tozun performed 791 CoC THA in 652 
patients with an average age of 54 (18–70) 
years. The mean follow-up is 6.6 (1–11) years.

Contact: 
Acibadem Maslak Hospital
Buyukdere Cad. No. 40 Maslak 
34457 Istanbul, Turkey
Phone: +90 212 304 4444
Fax:  +90 212 304 4414
e-mail: tozun@superonline.com
 rtozun@gmail.com 

Fig.1: Pre-operative radio-
graph, 29-year-old female 
with SLE and bilateral ON, 
Ficat stage IV 

Fig. 3: Post-operative radio-
graph, bilateral CoC bearing  
couple, 10 years after  
primary surgery

Fig. 2: Post-operative  
radiograph, bilateral CoC 
bearing couple
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Case 2: CoC THA for bilateral Crowe type-IV hip dislocation

Diagnosis
36-year-old female 
with untreated bilateral 
developmental dysplasia 
of the hip (DDH, Crowe 
IV) (Fig. 1) suffering 
from a bilateral Trende-
lenburg gait, with sig-
nificant pain on the left 
hip. She had been using 
a cane on the right for 4 
months. 

Treatment
A cementless CoC THA 
(BIOLOX®delta, 28mm) 
was performed in the 
left hip after a step-
cut shortening femoral 
osteotomy (Fig. 2). The 
patient was walking 
with a toe touch weight 
bearing for 6 weeks 
following surgery and, 
after that, with a gradu-
ally increased weight 
bearing, reaching 100% 
after another 6 weeks. 
When she could com-
fortably bear her full 
weight on the left hip, 
4 months after surgery, 
a second CoC THA was performed on the right, using a similar technique and 
similar implants (Fig. 3). The clinical result was excellent, with equal leg lengths, 
a complete resolution of the Trendelenburg gait and no pain (Fig. 4).

Fig. 1: Pre-operative radiograph, bilateral Crowe IV  
dislocation

Fig. 2: Post-operative radiograph, left hip, step-cut shorten-
ing femoral osteotomy, CoC THA

Fig. 3: Post-operative radiograph, right hip with CoC THA,  
performed 4 months after CoC THA in left hip

Acronyms and further information:

ARMD = Adverse Reactions to Metallic Debris

CoC = Ceramic-on-Ceramic

CoP = Ceramic-on-Polyethylene

CoXPE = Ceramic-on-XPE

DDH = Developmental Dysplasia of the Hip

HHS = Harris Hip Score

HR = Hip Resurfacing 

MoM = Metal-on-Metal

MoP = Metal-on-Polyethylene

MoXPE = Metal-on-XPE

PE = Polyethylene

ROM = Range of Motion

THA = Total Hip Arthroplasty

TKA = Total Knee Arthroplasty

UHMWPE = Ultra High Molexular Weight Polyethylene

XPE = Crosslinked Polyethylene

Fig. 4: Post-operative radiograph, 6 months (right hip) and  
10 months (left hip) after CoC THA. The patient can carry 
her full weight without restrictions.

Please find further information, references and links  
regarding the topics of this issue of CeraNews at: 
 

www.ceramtec.de/biolox/ 
mediathek/ceranews-plus/
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Research, Teaching and Communication
An interview with Robert Streicher, PhD

Robert M. Streicher, PhD, has been working as Vice President 
Science and Clinical Affairs in the field of medical technology at 
CeramTec since March 1, 2012. Apart from this, Streicher, who 
is an expert in the field of biomaterials and tribology, teaches at 
universities in Italy and Switzerland. He is General Secretary of 
the International Society for Technology in Arthroplasty (ISTA), 
a member of numerous specialist societies and of the editorial 
boards of several scientific journals. CeraNews asked him about 
his tasks and goals, and about the present controversy over ar-
throplasty in the German media.

What qualifications and experiences have brought 
you to CeramTec?

I first studied synthetic material engineering, fol-
lowed by mechanical engineering, in Vienna, and 
subsequently worked in a variety of industrial sec-
tors. After a number of jobs in automotive and light-
ing engineering, I joined a large medical technology 
company in 1981. I have since then been working 
in this field, amongst other positions as director of 
research in the areas of materials and tribology, bio-
mechanics, simulation and clinical research. I have 
now been working in research and development 
for orthopaedic implants for more than 30 years in 
total – in basic research, technical development and 
clinical testing.

What triggered your interest in tribology?

One of my first assignments in medical technology 
was to work on improving bone cement and poly-
ethylene. In connection with my work on the opti-
mization of polyethylene, I specifically had to deal 
with the issue of wear, and so I started at a very 
early stage to develop test methods and simulators 
that allow the characteristics of a material to be reli-
ably examined. During this time, we developed and 
tested several new material combinations, some 
of which are still on the market today. Thus, I also 
intensely occupied myself with all known bearing 
couples used in arthroplasty. In 1993, I wrote my 
dissertation on the tribology of hip replacements. 
For more than 10 years, I have focused on tribo-
logical and biomechanical issues related to ceramics 
and published in this field. 

Does this also apply to your teaching activities?

Biomechanics, tribology and biomaterials such as 
ceramics play an important role in my teaching activ-
ities, but I also teach on other issues. For example, 
I give lectures on “Industrial Research and Devel-
opment at the Interface of Biomaterials and Drug 

Interview

Robert Streicher, PhD,  
Vice President Science 
and Clinical Affairs at   
CeramTec Medical  
Technology

Delivery” as a lecturer at the Faculty of Material Sci-
ences at the Swiss Federal Institute of Technology 
in Zurich (ETH). I have an additional assignment as 
Professor for Biomaterials and Biomechanics at the 
Medical Faculty of the University of Varese, Italy. 
There, I teach medical doctors specializing in ortho-
paedics and traumatology. While in Zurich I teach 
scientists from a variety of specialist fields such as 
material science, biology and pharmacology.  

What are your tasks in your new position 
at CeramTec?

I am responsible for all research activities in the 
field of medical utilization of ceramics, both with 
regard to material science and to clinical evaluation: 
How do ceramics work in different applications? 
What don't we know yet? Where is research most 
urgently needed? We are continually reassessing 
the existing technologies and searching for new 
solutions. My department supervises the large num-
ber of scientific studies and manages our coopera-
tion with hospitals, scientific institutes and universi-
ties. Of course, we also cooperate very closely with 
CeramTec's Technical Development Department. 
Communicating with our customers – implant com-
panies as well as hospitals and medical doctors – on 
tribological issues is also very important to me. Their 
work, and thus our work, can only be successful 
if they understand precisely what is happening in 
tribology. In this regard there is still quite a lot of 
catching-up to do.

Which channels do you intend to use for 
communication?

A classic channel is that of giving lectures at rele-
vant scientific events. Up to now, I have given more 
than 700 presentations on a variety of orthopaedic 
topics, and I will continue this, of course. Publish-
ing research results in the relevant specialist press 
is another channel, as are articles in CeraNews 
or other newsletters. Specialist committees, for 
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instance, the Executive Committee of the German 
Arthroplasty Registry, or various specialist societies 
in the field of materials are of course also important 
panels where I will represent CeramTec. Moreover, 
we are in the process of setting up a comprehensive 
training program in tribology for medical doctors. 
CeraNews will report on this as soon as we have 
completed planning. 

What are you aiming to achieve with your work 
at CeramTec?

My greatest concern is to enable decision makers 
and users in the field of arthroplasty to make well-
considered choices for the benefit of the patient. 
In order to select the best possible treatment 
approach, they need to know how the products 
work and which biomechanical and material sci-
ence-related aspects should be taken into account 
when determining indication, implantation tech-
nique and follow-up treatment, as well as when 
making purchase decisions. It is my aim to provide 
the know-how required and to spread it as widely 
as possible, even beyond the circle of medical doc-
tors and clinics.

What are you thinking of in this context?

The responsible executives at the health insurance 
companies and in politics are also involved in mak-
ing decisions on which the well-being of patients 
may ultimately depend. They should likewise under-
stand the possibilities of modern implant technol-
ogy and where this technology still has objective 
limits. It is my aim, with the means at my disposal, 
in this way also to assuage the doubts triggered 
by German media reports on allegedly unreliable 
hip replacements – not only amongst patients, but 
also amongst physicians and medical technology 
companies. It must once more become clear to all 
involved that a high-quality, well-positioned implant 
works very reliably over decades. This is substanti-
ated by all clinical data and all national arthroplasty 
registries. The failure rate after 10 years is less than 
10%. A success rate of over 90% is an enormous 
achievement of which one hardly dares to dream 
in many other fields of medicine. It also shows that 
reputable implant companies have been manufac-
turing very good products with utmost diligence for 
five decades now. These implants help millions of 
people to reduce pain and improve their quality of 
life. One should not forget: implantation of a hip 
replacement is one of the most successful and cost-
effective surgical procedures.

THA Tribology –  
A Concise Update

by Philippe Massin, MD PhD

This book gives an updated review of the 
most recent advances in the tribology of 
total hip replacement, such as crosslinked 
ultra-high molecular weight polyethylene 
(UHMWPE), metal-on-metal and ceramic-
on-ceramic bearings.

Crosslinked UHMWPE. In crosslinked UHMWPEs, 
free radicals can be eliminated by two different 
methods: remelting and annealing. Annealing has 
a lesser effect on the cristallinity of the UHMWPE 
because the melting point of the polymer is not 
reached during the heating process. As a result, 
some free radicals remain. This is the reason why 
long-term clinical studies are mandatory to validate 
the performance of moderately crosslinked UHM-
WPE in terms of wear. In this respect, Grimm et al.’s 
randomized study is highly interesting because it 
confirms low wear and osteolysis rates using mod-
erately crosslinked and annealed UHMWPE within 
the first 13 years of use.1 

Zietz et al. have shown that crosslinked UHMWPE 
appears compatible with large femoral ball heads, 
although wear rates in simulator tests increased 
in comparison to 28mm-diameter heads.2 How-
ever, according to Beck et al., this difference dis-
appeared with a higher degree of crosslinking.3  
In any case, the wear rates observed with 36mm- 
and 44mm-diameter heads against crosslinked 
UHMWPE stay well below those observed with 
conventional UHMWPE. It remains to be seen 
whether the reduced liner thickness resulting from 
the use of large-diameter ball heads will jeopardize 
the mechanical strength and fatigue properties of 
the polymer in vivo. 

More recently, antioxidant agents were incorpo-
rated into crosslinked UHMWPE in the hope of opti-
mizing the long-term mechanical properties, by sup-
pressing the in-vivo polymer oxidation. As described 
by Costa et al.4, there are several techniques for 
infiltrating UHMWPE with Vitamin E. Among these, 
blended additivated UHMWPE appeared the best 
solution because of a more homogeneous distribu-
tion of the vitamin within the polymer. This particu-
lar polymer showed better mechanical properties 
than conventional crosslinked UHMWPE due to 
the elimination of the remelting process (which is 
otherwise required to completely remove the free 
radicals). Furthermore, the better resistance of the 
crosslinked UHMWPE to wear was maintained over 

Book Review 
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Book Review (continued)

Philippe Massin, MD, PhD is an orthopaedic  
surgeon at the Hôpital Bichat-Claude Ber-
nard in Paris, one of the hospitals of Paris 
Diderot University. His professional asso-
ciations include membership in the French 
Orthopaedic Society, the European Ortho-
paedic Society, the European Hip Society, 
European Knee Associates, and the European 
Society of Sports Traumatology, Knee Sur-
gery and Arthroscopy (ESSKA). From 2003 to 
2010, Massin was Chairman of the Société 
Française de Recherche en Chirurgie Ortho-
pédique et Traumatologique (SOFROT).

Contact:
Philippe Massin, MD, PhD
CHU Bichat-Claude Bernard
46 rue Henri Huchard
75877 Paris Cedex 18
Phone: +33 1 40 25 75 03
Fax: +33 1 40 25 71 84 
e-mail: philippe.massin@bch-aphp.fr 

time in spite of the blending process. In fact, the amount of oxidation products 
(ketones concentration) was drastically reduced throughout the extended test-
ing phase. 
 
Because Vitamin E limits the degree of crosslinking due to its scavenging effect 
on free radicals, an alternative method was proposed by Traynor et al.5 While 
Vitamin E was blended into the UHMWPE powder, a fixed dose of irradiation was 
delivered before the residual free radicals were annealed by a technique involving 
pure mechanical effects, not thermal. This allowed a crosslinked UHMWPE to be 
produced, offering a prolonged resistance to oxidation while maintaining optimal 
mechanical properties.

Metal-on-metal. Metal-on-metal bearings were promising but appeared 
to be very sensitive to edge loading or cup malpositioning. Indeed, vertical 
cups and suboptimal design (insufficient cover angle, head/cup clearance) 
explained the production of wear particles leading to adverse reactions to 
metal debris (ARMD), such as synovitis and pseudotumors. An individual 
patient’s sensitivity to metal debris could also play a major role, as Skinner et 
al. have remarked.6 
 
As reported by these authors, serum ion levels appeared higher in patients 
implanted with large-diameter metal-on-metal bearings in modular total hip 
replacements than in patients with hip resurfacing, raising the problem of cor-
rosion at the morse taper junction. This is why most authors nowadays caution 
against the use of large-diameter femoral ball heads in total hip replacement.7 

Ceramic-on-ceramic. Ceramic fractures have become extremely rare since 
the introduction of enhanced third-generation ceramics. Squeaking remains 
the major problem, according to Pokorny and Knahr8, but it appears to be 
design-related. Several causes were discerned, such as edge loading whatever 
the cause, microseparation and implant positioning. However, developments 
in contemporary designs make it likely to become as rare as ceramic fractures.
 
The most recent type of ceramic includes tetragonal zirconium particles (17% 
of the total volume) with an average grain size of 0.2 micrometers, as Masson 
and Kuntz explain.9 The transformation phase of zirconia from the tetragonal to 
the monocyclic phase helps to stop the propagation of micro-cracks within the 
substance, as shown by tests after accelerated aging and cyclic loading.

Finally, Fisher remarks that, although contemporary bearings (metal-on-
crosslinked UHMWPE, metal-on-metal and ceramic-on-ceramic) deliver excel-
lent wear performance in normal walking conditions, substantial differences 
appear in suboptimal bearing conditions such as edge loading. In this respect, 
the advantage of ceramic ball heads (involving ceramic-on-ceramic or ceramic-
on-metal friction) appears significant.10

1–10  Please see www.ceramtec.de/biolox/mediathek/ceranews-plus/?qrc=ceranews  
for references. 

Total Hip Arthroplasty. 
Wear Behavior of  
Different Articulations

187 p., Softcover
Springer, 2012 
Language: English
ISBN-10: 3642273602
ISBN-13: 978-3-642-273605
Size: 15,5 x 0,8 x 23,5 cm

continued from p. 27



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. 

CeramTec GmbH

Medical Products Division

CeramTec-Platz 1–9

D-73207 Plochingen, Germany

Phone: +49 7153 611 828

Fax: +49 7153 611 950

medical_products@ceramtec.de

www.biolox.com

This information does not replace the instructions for use. The Information given in the instruction for use is binding and must always be observed. (October 2012)       

CeraFacts
Comprehensive library, 
all about BIOLOX® 
ceramics, with helpful 
animations and videos 
for your clinical practice  
on USB stick

1, 3, 6, 7, 8, 9, 10 Figure Source: CeramTec 
2 Figure Source: Prof. A. Kusaba (2009) 
4, 5 Figure Source: Prof. H. Kiefer (2011)

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.

CeramTec GmbH

Medical Products Division

CeramTec-Platz 1–9

D-73207 Plochingen, Germany

Phone: +49 7153 611 828

Fax: +49 7153 611 950

medical_products@ceramtec.de

www.biolox.com

This information does not replace the instructions for use. The Information given in the instruction for use is binding and must always be observed. (October 2012)       

CeraFacts
Comprehensive library, 
all about BIOLOX® 
ceramics, with helpful 
animations and videos 
for your clinical practice  
on USB stick

1, 2, 3, 6 Figure Source: 
Prof. D. Höntzsch (Tübingen, Germany)

4, 5 Figure Source: CeramTec 

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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