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Chief Biomaterials Scientist 

Director, Biomaterials and Engineering Section 

Office of Laboratories and Scientific Services 

Department of Health and Ageing 

Therapeutic Goods Administration 

PO Box 100 

Woden ACT 2606 

25th February 2011 

Dear-

C S 

Orthodynamics GmbH 
Grapengiel3erstr. 34 
23556 LUbeck 
Germany 

Telefon: 
+49 [0) 451 89000-0 

Fax: 
+49 (0) 451 89D00-40 

E-Mail: 
office@orlhodynamlcs.de 

Internet: 
1W1W.ort!10rlynamlcs.de 

Re: ESKA Adapter (cementless} Femoral Stem Prosthesis and ESKA Bionik Resurfacing Femoral 

Head 

I am writing in response to your letter to ESKA Australia of the 1th January 2011 regarding your 

observation of higher than expected revision rates for the ESKA Adapter {cementless} Femoral Stem 

Prosthesis and the ESKA Bionik Resurfacing Femoral Head. 

I would firstly like to thank you for granting an extension of the reporting period to the 281h 

February, the additional time has provided us with the opportunity to carry out a thorough review of 
the issues raised in your letter of the 17th January to I would also take this 
opportunity to advise you that information supplied by ESKA Australia in September 2010 had not 
been verified or reviewed by Orthodynamics GmbH 

Whilst ESKA Australia is the distributor of the implants identified in your letters, you may be aware 
that the manufacturer of these devices was ESKA Implants AG, although this company ceased to 
exist on 31st March 2010. 

The assets of ESKA Implants AG were acquired by The Summit Medical Group on the 31st March 
2010, and a new entity was formed "Eska Orthodynamics GmbH". This business was subsequently 
rebranded as "Orthodynamics GmbH" in October 2010. Orthodynamics GmbH continues to 
manufacture and supply the above devices to the Australian market via our distributor ESKA 
Australia. 

In response to your invitation to further review and expand on information previously supplied, the 
executive management at Orthodynamics GmbH commissioned a comprehensive review of the 
products currently being placed on the market in Australia. This review was conducted by Regulatory 
Affairs, Design and Development and Customer Services Managers at our facility in Lubeck, 
Germany. Additional product testing by Director of Surgery and Orthopaedic 
Laboratories at UNSW, was also commissioned. ESKA Australia is currently in liaison with -

- in order to obtain the final version of this test report; it will be forwarded to you as soon as it 
becomes available. The main report attached does reference the findings of this test report, based 
on early communication of the results from 
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It is our view that this report provides data and reasoned arguments to demonstrate that these 
devices provide a safe and effective solution in the management of clinical procedures for which 
they are indicated and as such should remain available to surgeon and patients in the Australian 
market. 

Should you have any questions regarding the report, or require any further information, please do 
not hesitate to contact me directly. 

Yours sincerely, 

c.c.-ESKA Australia 
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Investigation into Australian Orthopaedic Association National Joint Replacement Registry Data 

for the ESKA Adapter (cementless) Femoral Stem Prosthesis and the ESKA Bionik Resurfacing 

Femoral Head 

The Australian Orthopaedic Association National Joint Replacement Registry (NJRR) demonstrates a 

higher than expected revision rate for the ESKA Adapter (cementless) Femoral Stem and Bionik 

Resurfacing Femoral Head. 

Interpretation of Adapter stem joint registry data 

The Adapter stem has a revision rate of 2.11 revisions/100 obs. years compared to 0.78 

revisions/100 obs. years for conventional total hip arthroplasty1
. 

Detailed investigation into the Adapter stem NJRR data shows that the majority of its usage in 

Australia (63%) has been with a large metal-on-metal bearing combination. The metal-on-metal 

bearing also accounts for 17 of the 23 revisions (74%). It is well documented throughout the industry 

that this bearing combination has been associated with higher revision rates. This has led to a 

Medical Device Alert for all metal-on-metal bearings in the UK2
, and increased vigilance by the FDA3• 

The UK National Joint Registry demonstrates a revision rate of 7.7% at five years with large head 

metal-on-metal bearings compared to 3.4% for cementless total hip arthroplasty4. This compares to 

an overall revision rate of 4.1% for the Adapter stem between 2005 and 2009 as reported by the 

NJRR (4.8% for metal-on-metal bearings, and 2.8% for cementless total hip arthroplasty). 

It could be argued that it is therefore slightly misleading to compare the performance of the Adapter 

stem to conventional total hip arthroplasty. The UK National Joint Registry demonstrates that the 

Adapter stem falls within reported revision rates at five years when compared with other large metal 

head bearings, and cementless hip arthroplasty (both of which are demonstrated to have a higher 

revision rate than conventional cemented hip arthroplasty). 

However, there is also reason to believe that there may be design factors associated with the Bionik 

femoral head which could account for a higher than expected revision rate. In July 2007, the external 

geometry of the Bionik femoral head was modified upon feedback from the Australian surgeons to 

avoid irritation of the iliopsoas tendon'. This was followed by a further design change of the Biosurf 

surface in September 2008 to improve wear results (this is discussed further in the Bionik resurfacing 

head section). A review of the NJRR data for cementless adaptor stems and large Bionik femoral 

heads
6 

shows a strong correlation between stem and head revisions, and a reduction in revision rate 

since the implementation of the latest design in 20087
• 

Reviewing the reasons for revision in the NJRR demonstrates that the Adapter stem's performance is 

directly comparable to other total conventional hip prostheses in Australia for loosening, dislocation, 

infection and fracture (the four most common causes of revision). The incidence of revision due to 

pain is higher with the Adapter stem, but that could be attributed to many factors including wear 

particles from the metal-on-metal articulation rather than purely complications with the stem (given 

that three quarters of the revisions are on joint replacements with a metal-on-metal articulation). 
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This argument is strengthened when investigating the types of revision. This demonstrates that 

there were eight femoral stem revisions (excluding one case of infection which cannot be attributed 

to the implant). The remaining fourteen revisions all involved replacement of bearing components, 

rather than the stem. This gives the Adapter stem a revision rate of 0.73%/100 obs. years which is 

below the 0.78% reported for conventional total hip arthroplasty in the NJRR. 

There was also a significant design change to the liner which was implemented into the Australian 

market in February 20098
• This design change introduced a locating pin to the liner to ensure that 

the liner is centrally positioned within the metal shell. This design change is also likely to have 

contributed to the decline in revision rates reported by the NJRR in 2009. 

The Adapter stem has been widely used in the German market, in far larger numbers than those 

reported in Australia, with very low incidence of complaints and adverse incidents9
• However, the 

use of the Adapter stem with large metal heads is not common in the German market, which may 

account for the discrepancy of results when compared to those witnessed in the Australian market ('". \ 

and described in the NJRR. 

Adapter stem clinical literature 

Published clinical literature to support the Adapter stem is limited, although one abstract presented 

at the 56'" Annual Meeting of the Association of South German Orthopaedic Surgeons in Baden­

Baden May 2008 demonstrated good results10
• This followed up 42 surgeries to a period of up to 

four years with excellent clinical outcomes, as measured by the Harris Hip Score of 98, and 100% 
survivorship. 

The same design of taper cone adaptor is also used on the G2 Adapter stem marketed in Europe. The 

G2 Adapter stem is very similar in design to the GHE Adapter stem, and can be considered 

equivalent when looking at the stem/modular taper interface". Zurstegge12 followed up 100 stems 

over four years and concluded that the taper/stem connection was effective with no evidence of 

fractures or loosening. 

As well as the Adapter stem, Orthodynamics GmbH manufactures a monoblock variant which is 

identical in geometry to the Adapter stem, but without the modular neck taper. This stem has 

clinical publications of larger cohorts which demonstrate that the stem design is clinically safe and 

effective. 

Kinner et al13 followed up 200 surgeries up to four years and showed three revisions, none of which 

were directly attributable to the stem. Patient outcome was good with a high Harris Hip Score of 97, 

and the three revisions account for a revision rate of 1.5%. Ogawa et al14 followed up 48 stems for a 

period of just over six years. They witnessed no revisions and an average Merle d' Aubigne score of 

16.1. Similarly, Kusaba et al15 also followed up a cohort of 166 patients for a period of just over six 

years. They also witnessed no revisions, and good clinical outcomes with a Harris Hip Score of 91. 

2 

" l 
I ' \,_, 



ORTHOOVNAMICS 

Overall, these three studies of the monoblock GHE stem followed up over 400 patients and 

witnessed just three revisions at a minimum of four years follow-up (none of which could be 

attributed to the stem). This amounts to a low revision rate of 0.7% for the monoblock variant of the 

Adapter stem. 

As well as the published clinical data in support of the Adapter stem and its variants, Orthodynamics 

GmbH has also obtained surgical testimonies from experienced Adapter stem users in our domestic 

market"·". This is further evidence that the Adapter stem is achieving satisfactory clinical results, 

although again it should be stressed that these users are not using the stem in combination with 

metal-on-metal bearings as is often the case in Australia. 

Adapter stem mechanical testing 

A review of the pre-clinical testing for Adapter stems showed that whilst the worst case stem, taper, 

head combination had been fatigue tested to ISO 7206-6, the testing had not been conducted in 

saline. Upon reviewing the NJRR data, Orthodynamics GmbH commissioned a further fatigue test in 

saline to determine if fretting corrosion could lead to mechanical failures of the Adapter stem. This 

test" was performed by an eminent, independent party in Australia, Professor Bill Walsh of the 

University of New South Wales, to 3.SkN and 10m cycles (beyond the ISO 7206-6 requirements). 

The results showed that the stem exceeded the fatigue requirements of ISO 7206-6. Analysis of the 

taper adapter after testing showed that there was evidence of fretting, particularly on the medial 

side of the taper adapter, and the corresponding area of the female femoral stem connection. 

However, fretting is observed in all modular taper connections after fatigue testing. The amount of 

fretting documented varies with Kretzer et al19 observing low amounts of Titanium release (in the 

region of µg) and Traina20 et al witnessing Titanium release in the region of 0.6mg/million cycles. 

Both studies conclude that the amount of wear debris and associated risk of fretting is acceptable, 

given the clinical benefits of modularity. Grupp et al21 demonstrate that a Cobalt chrome modular 

neck adapter, as utilised with the Adapter stem, offers significant reductions in fretting when 

compared to Titanium neck adapters. A subjective comparison of fretting witnessed with these 

accepted levels in the published literature shows no evidence of increased risk associated with the 

Adapter stem. The level of wear particles is certainly low when compared to those witnessed from 

metal-on-metal bearings" (1mm' is equivalent to 8.28mg). 

Adapter stem conclusion 

A review of the joint registry data shows there to be identifiable factors and reasons to explain the 

higher than expected rate of revision for the Adapter stem when compared to conventional hip 

arthroplasty. 

Firstly, the high revision rate is believed to be linked to the comparatively high metal-on-metal usage 

in Australia, and problems with earlier designs of large metal heads irritating the iliopsoas tendon 

and potential high wear rates. However, the five year results are favourable when compared to the 

UK National Joint Registry data where there has been large metal-on-metal implant usage, and there 

is a clear downward trend in revisions being recorded by the NJRR as a consequence of the design 

changes to the Bionik femoral head and liner. 
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Aside from pain, which is believed to be linked to metal-on-metal wear particles from the metal-on­

metal articulation, the Adapter stem has a comparable record with the conventional hip 

replacement results reported in the NJRR. Breaking down the data to femoral stem revisions, shows 

a revision rate of 0.73 revisions/100 obs. years (lower than the standard for conventional hip 

arthroplasty of 0.78 revisions/100 obs. years). 

The successful clinical performance of the stem is supported by good clinical results and published 

data in Europe, with lower revision rates than those witnessed in Australia. Again, this is believed to 

be attributable to the fact that the stem is not used with a large metal-on-metal bearing ih Europe. 

Whilst the stem/adapter stem interface has shown evidence of fretting during mechanical testing, 

this is believed to be comparable to similar products and acceptable for a modular implant. Wear 

rates associated with taper junctions are very low for cobalt chrome taper adapters when compared 

to the wear rates seen in metal-on-metal articulations. 

The NJRR and UK NJR analysis, the published literature, the surgeon testimonies and the fatigue test 

results all demonstrate that the Adapter stem is clinically safe and effective when used for its 

intended purpose of primary hip arthroplasty. The NJRR data which demonstrates a higher than 

expected revision rate for the Adapter stem has been distorted by metal-on-metal failures which can 

be attributed to a former design of the femoral head component and liner. 

Given the low risk associated with the Adapter stem, and the clinical benefits of the modular neck 

system, it is Orthodynamics GmbH's belief that there is sufficient data to enable continued usage of 

the device in the Australian market. 

Interpretation of Bionik resurfacing head registry data 

The Bionik resurfacing head has a revision rate of 2.75 revisions/100 obs. years compared to 0.99 

revisions/100 obs. years for all hip resurfacing23
• 

The Bionik. resurfacing system data supplied by the NJRR covers four different types of femoral c"- -
1 

component24
: a conventional hip resurfacing component, a conventional hip resurfacing component 

with "BioSurf", a femoral head shell "Onlay'' with "Biosurf', and a Cera-Metal device (no longer 

supplied to the Australian market). 

The Cera-Metal device was a ceramic coated metal head, but it has never been manufactured or 

supplied by Orthodynamics GmbH and is no longer available on the market worldwide. There was 

one Cera-Metal failure in the market, but the revision rate was 11.11 revisions/100 obs. years. This 

figure obviously distorts the remaining Bionik resurfacing data and should be discounted. The 

revision rate for the other Bionik resurfacing variants is 2.52 revisions/100 obs. years. 

The data is also potentially skewed by a 20% revision rate in Tasmania (2 revisions from 10 

implantations, at 7.67 revisions/100 obs. years). Although it is clear that the revision rate is higher 

than expected when compared to other resurfacing data from the NJRR, there have only been nine 

revisions of the Bionik resurfacing head. New South Wales and Tasmania account for 131 of 178 

implantations (73%), and have witnessed all of the revisions. Even discounting the Bionik data, these 
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centres have the highest resurfacing revision rates of 1.11 revisions/100 obs. years and 2.77 

revisions/100 obs. years respectively. 

The UK National Joint Registry reports a resurfacing revision rate of 6.2% at five years4• The NJRR 

data shows that the Bionik resurfacing head has a revision rate of 5.1%. 

The NJRR data also demonstrates that all of the revisions involved the femoral component, and that 

conventional resurfacing Biosurf and femoral shell On lay Biosurf components account for 75% of the 

revisions excluding Cera-Metal (3 conventional revisions and 3 Onlay revisions). The dimpled Biosurf 

surface is identical on the conventional resurfacing and On lay devices, and is also used on the Bionik 

femoral head. It is believed that earlier design iterations of the Biosurf components could have led to 

higher than expected revision rates due to high wear (see mechanical testing section below for 

further information). The earlier design of liners without the centralising peg could also be a factor 

causing slight elevations in wear. These factors were also discussed as reasons for the higher than 

( ) expected revision rates of the Adapter stem. 

() 

The case for metal wear particles being a cause for revision is strengthened by the fact that 5 of the 

9 revisions (56%) are due to loosening or lysis. The other predominant failure rate is fracture; this 

was the cause of 3 of the 9 revisions (33%). However, the incidence of fractures is in line with those 

witnessed in the NJRR for resurfacing at around 1.5%. The cause of fractures may be more related to 

the general resurfacing surgical technique rather than specific implant features. 

The resurfacing components have been widely sold into the German market, but currently the 

revision rate appears to be much lower than that reported in Australia25
• 9 of 181 stems sold into 

Australia have been revised (4.97%) compared to 17 of 1973 worldwide (0.86%). 

Bionik resurfacing head clinical literature 

The clinical literature for the conventional resurfacing and Onlay resurfacing prostheses is good. 

Gerdesmeyer's most extensive follow-up is of 104 surgeries at 3 years26
• The follow-up is conducted 

on an Onlay device with Biosurf and shows excellent clinical outcomes with a good Harris Hip Score 

of 98 and a revision rate of 0.96%. The one revision is due to femoral neck fracture, and therefore 

not strictly implant related. This relates favourably to the revision rate reported in the NJRR data. 

Gerdesmeyer et al
27 

performed a second study that investigates the same device but with a 

minimally invasive approach. This time 31 surgeries were followed up at one year. Again, the clinical 

outcome was very good with an excellent Harris Hip Score of 97 and no revisions. 

Ruder! et al
28 

followed up 20 patients with the conventional hip resurfacing and Biosurf to 1.5 years. 

The clinical outcomes were satisfactory with Harris Hip Scores of 92, but a high revision rate of 10% 

was reported. It is believed that this data is skewed by the low numbers in the study. Of the two 

revisions, one was due to dislocation and the other was due to femoral neck fracture. There were no 

implant failures due to loosening as reported in the NJRR. 
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Literature suggests that implant positioning and alignment is of increased importance during hip 

resurfacing procedures, and this can significantly affect the long-term results29
• This may also be a 

factor in the differences in revision rates reported in Germany compared to Australia. 

Bionik resurfacing head mechanical testing 

The Bionik femoral and resurfacing heads were brought to market on the basis of a successful hip 

simulator wear test to ISO 14242 in 200330
• Conventional resurfacing parts were used, one with 

Biosurf and one without. The results of the test were 2.lmg/million cycles for the Biosurf and 

5.Smg/million cycles for the non-dimpled surface. These were converted into volumetric wear rates 

of 0.25mm3/year and 0.66mm3/year, and shown-to be comparable with the lower end of reported 

wear rates in the literature21
• Based upon the successful wear test, established cobalt chrome 

bearing materials, and established manufacturing tolerances", the Bionik femoral heads were CE 
marked. 

Following design changes to the external geometry of the Biosurf surface, a further wear test was () 

commissioned in 200732
• This test was performed using three conventional femoral heads. The 

results identified a higher mean wear rate of 10.83mg/million cycles which equates to 

1.31mm3/year. These wear results are in the middle range of the reported values in the literature. 

The results were also inconsistent with a large standard deviation. 

Concern about these results led to an improvement in polishing of the Biosurf components.and a 

further test of four components33
• This testing demonstrated a significantly higher wear rate again, 

and a wider range of results. The wear rate varied from 2.2mg/million cycles to 52.2mg/million 

cycles. Conversion of these results gives a mean volumetric wear rate of 3.29mm3/year which is 
beyond the levels reported in the published literature22

• 

Due to the wide range of results witnessed, it is not clear whether this problem related to all parts 

that had been previously manufactured or just the latest design iteration. The devices were left on 

the market by Eska Implants AG until a design change was approved in September 2008. This 

remains the latest design iteration, and it was approved on the basis of achieving three consistently 

low results from the wear simulator testing for both surfaces34
'
35

• These latest wear results of 

1.51mg/million cycles for the Biosurf and 1.81mg/million cycles (0.18mm3/year and 0.39mm•/year) 

for the conventional surface were lower than those seen in the original testing, and are at the low 
end of reported results in the literature. 

The design was improved by moving the region of the dimples closer to the equator and reducing 

the number and depth of the dimples36
. Following the successful wear results, the latest design of 

device replaced all previous issue stock in the Eska Implants warehouse and all previous issue 

consigned European stock. It is understood that Australian stock was not replaced by the then 

owners of Eska Implants AG and/or Eska Australia. It should be stressed that this action was 

performed long before the change of ownership, and is in no way condoned by Orthodynamics 

GmbH. A review of stock currently held by the Australian distributor, Eska Australia, and their 

customers, confirmed that there were still previous issue femoral heads in stock at their facility. 

Arrangements have now been put in place to ensure that this previous issue stock is returned to 

Orthodynamics GmbH to prevent its usage in the Australian market. 
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Bionik resurfacing head conclusion 

The NJRR data demonstrated that even allowing for the small numbers, there is a higher than 

expected revision rate for the Bionik revision femoral head. However, given the low numbers and 

possible reasons for a slightly higher rate such as Cera-Metal and poor results at one centre, the 

revision rate of 5.1% is not excessive for resurfacing devices, as demonstrated by the UK National 

Joint Registry data. 

The NJRR data indicates that there may be a problem with femoral heads, with them being revised in 

all 9 cases, and with Biosurf, as that product was involved in six of the eight metal revisions. The fact 

that loosening and lysis is higher than expected also suggests that metal wear particles may be a 

contributory factor. 

The clinical literature does not match the conclusions of the NJRR with predominately positive 

clinical results published. The sales and complaint data from the rest of the world also indicate more 

positive results than the high revision numbers from the NJRR. 

The mechanical testing results indicate a possible problem with potentially high and unreliable wear 

rates for earlier designs of the Biosurf femoral head. It is not clear whether this will affect all 

previous Bionik femoral head designs, but there is certainly evidence that heads manufactured in 

2007 and before September 2008 could have a higher than normal wear rate. It is believed that this 

could be a contributory factor to the higher than expected revision levels of the Bionik resurfacing 

head and the cementless Adapter stem when used with a metal-on-metal bearing. 

However, the problem was rectified by a design change in September 2008, and the NJRR is 

reporting lower revision rates, certainly for the Adapter stem and conventional Bionik femoral head, 

since the design change. It can be confirmed that our distributor has advised there is no stock 

available for implantation in Australia to the previous issue design, so Orthodynamics GmbH would 

expect to witness an increase in survivorship of all of its metal-on-metal bearing combinations over 

the next few years. 

( ) Even assuming the potential high wear rate, the clinical data gathered by Professor Dr. Gerdesmeyer 

et al and Dr. Rudert demonstrates that good clinical results are obtainable with this device when it 

used correctly and for suitable indications. 

Given that the higher than expected revision rate can be attributed to a former design of femoral 

head, and the successful clinical and mechanical test results outside of the NJRR data, it is believed 

that the Bionik resurfacing head is clinically safe and effective for its intended use, and this 

information is sufficient to enable the continued usage of the device in the Australian market. 

Report completed by: 

Quality Management and Regulatory Affairs Manager - Implants 

23rd February 2011 
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Medical Device Alert 

Ref: MDN2010/033 Issued: 22 April 2010 at 14:00 
. . 

Device 

All metal-on-metal (MoM) hip replacements. 

Problem Action 

The MHRA has received reports of revisions of 
MoM hip replacements involving soft tissue 
reactions. These reactions may be associated 
with unexplained hip pain. 

Action by 

• Medical directors 
• Orthopaedic departments 
• Orthopaedic surgeons 
• Staff involved in the management of 

patients with joint replacement implants. 

CAS deadlines 

Action underway: 21 May 2010 
Action complete: 17 June 2010 

Note: These deadlines are for systems to be in 
place to take actions and not for the completion 
of patient follow-up and testing. 

Put systems in place for the follow-up of 
patients implanted with MoM hip 
replacements including, where appropriate, 
blood metal ion measurements and cross 
sectional imaging. 

Medicines and Healthcare products Regulatory Agency Page 1 of 4 
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Issued: 22 April 2010 at 14:00 Ref: MDA/2010/033 

Problem 
The majority of patients implanted with MoM hip replacements have well functioning hips and are thought to 
be at a low risk of developing seriou.s problems. 

A small number of patients implanted with these hips may, however, develop progressive soft tissue 
reactions to the wear debris associated with MoM articulations. The debris can cause soft tissue necrosis 
and adversely affect the results of revision surgery. Early revision of poorly performing MoM hip 
replacements should give a better revision outcome. 

Following extensive consultation with orthopaedic experts and using information from the National Joint 
Registry for England and Wales, the MHRA is issuing this interim advice to healthcare professionals 
involved in the management of patients implanted with MoM hip replacements. 

The MHRA is continuing to monitor the situation in consultation with orthopaedic experts and may issue 
further advice. 

-.A:ction 
For patients implanted with MoM hip replacements: 

• follow up patients at least annually for five years postoperatively and more frequently in the 
presence of symptoms. Beyond five years, follow up in accordance with locally agreed protocols 

• investigate patients with painful MoM hip replacements. Specific tests should include evaluation 
of cobalt and chromium ion levels in the patient's blood and cross sectional imaging including 
MRI or ultrasound scan 

• consider measuring cobalt and chromium ion levels in the blood and/or cross sectional imaging 
for the following patient groups: 

> patients with radiological features associated with adverse outcomes including 
component position 

> patients with small component size (hip resurfacing arthroplasty only) 
> cases where the patient or surgeon is concerned about the MoM hip replacement 
> cohorts of patients where there is concern about higher than expected rates of failure 

• if either cobalt or chromium ion levels are elevated above seven parts per billion (ppb), then a 
second test should be performed three months after the first in order to identify patients who le·~,,_ 
require closer surveillance, which may include cross sectional imaging 

• if imaging reveals soft tissue reactions, fluid collections or tissue masses then consider revision 
surgery. 

Note: Measurements of cobalt or chromium ions should be carried out by laboratories participating in the 
Trace Elements External Quality Assessment Scheme (TEQAS) {http://www.sas-centre.org/home.html). 

Distribution . 
This MDA has been distributed to: 
• NHS trusts in England (Chief Executives) 
• HSC trusts in Northam Ireland (Chief Executives) 
• NHS boards in Scotland (Chief Executives) 
• NHS boards and trusts in Wales (Chief Executives) 
• Care Quality Commission (Headquarters) 
• Primary care trusts in England (Chief Executives) 

Medicines and Healthcare products Regulatory Agency Page 2 of 4 



ff~' 
V 

Issued: 22 April 2010 at 14:00 Ref: MDA/2010/033 

Onward distribution 
Please bring this notice to the attention of all who need to know or be aware of it. This may include 
distribution by: 

Trusts to: 
CAS and SABS (NI) liaison officers for onward distribution to all relevant staff including: 
• Clinical governance leads 

Medical directors 
• Nursing executive directors 
• Orthopaedic departments 
• Orthopaedic surgeons 

Outpatient clinics 
• Outpatient theatre managers 

Outpatient theatre nurses 
Pathologists 

• Radiology departments 
• Radiology directors 

Risk managers 
• Theatre managers 

( 
)Care Quality Commission (CQC) (England only) to: 

, ' The MHRA considers this information to be important to: 
Hospitals in the independent sector 

• Independent treatment centres 
• Private medical practitioners 

Primary care trusts to: 
Directors of public health 
General practitioners 

• NHS walk~ln centres 

England 
If you are in England, please send enquiries about this notice to the MHRA, quoting reference number 
MDA/2010/033 or 2010/004/019/291/007 

Technical aspects 
Ms Feza Haque or Dr Crina Cacou or Dr Khalid Razak 
Medicines & Healthcare products Regulatory Agency 
Market Towers 
1 Nine Elms Lane 

( )London SW8 5NQ 

'- Tel: 020 7084 /3066/ 3338/ 3200 
Fax: 020 7084 3106 

Email: feza.haque@mhra.gsi.gov.uk 

Clinical aspects 
Dr Susanne Ludgate 

crina.cacou@mhra.gsi.gov.uk 

Medicines & Healthcare products Regulatory Agency 
Market Towers 
1 Nine Elms Lane 
London SW8 5NQ 

Tel: 020 7084 3123 
Fax: 020 7084 3111 

Email: susanne.ludgate@mhra.gsi.gov.uk 

How to report adverse incidents 
Please report via our website http://www.mhra.gov.uk 

Further information about CAS can be found at https://www.cas.dh.gov.uk/Home.aspx 

Medicines and Healthcare products Regulatory Agency 

khalid.razak@mhra.gsi.gov.uk 
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Northern Ireland 
Alerts in Northern Ireland will continue to be distributed via the NI SABS system. 

Enquiries and adverse incident reports in Northern Ireland should be addressed to: 

Northern Ireland Adverse Incident Centre 
Health Estates Investment Group 
Room 17 
Annex 6 
Castle Buildings 
Storrnont Estate 
Dundonald BT4 3SQ 

Tel: 02890 523 704 
Fax: 02890 523 900 

Email: NIAIC@dhsspsni.gov.uk 

http://www.dhsspsni.gov.uk/index/hea/niaic.htm /-.,. 
(~ 

----------------------------------------1 
How to report adverse incidents in Northern Ireland 
Please report directly to NIAIC, further information can be found on our website http://www.dhsspsni.gov.uk/niaic 

Further information about SABS can be found at http://sabs.dhsspsni.gov.uk/ 

Scotland · 
Enquiries and adverse incident reports in Scotland should be addressed to: 

Incident Reporting and Investigation Centre 
Health Facilities Scotland 
NHS National Services Scotland 
Gyle Square 
1 South Gyle Crescent 
Edinburgh EH12 9EB 

Tel: 0131 275 7575 
Fax: 01313140722 

Email: nss.iric@nhs.net 

http://www.hfs.scot.nhs.uk/online-services/incident-reporting-and-investigation-centre-iric/ 

Wales 
Enquiries in Wales should be addressed to: 

Dr Sara Hayes 
Senior Medical Officer 
Medical Device Alerts 
Welsh Assembly Government 
Cathays Park 
Cardiff CF10 3NQ 

Tel: 029 2082 3922 

Email: Haz-Aic@wales.gsi.gov.uk 

MHRA is an executive agency of the Department of Health 
© Crown Copyright 2010 

Addressees may take copies for distribution within their own organisations 

Medicines and Healthcare products Regulatory Agency 

I'...-

Page 4 of 4 



(
. ) 

,, 

Metal-on-Metal Hip Implants 

~ U.S. Food and Drug Administration 
Home> Medical Devices> Products and Medical Procedures> Implants and Prosthetics 

Medical Devices 
Metal-on-Metal Hip Implants 
Hip joint deterioration can lead to symptoms such as pain, stiffness or 
difficulty walking. When symptoms do not respond to conservative 
treatment, patients may be advised to undergo total hip replacement or 
hip resurfacing. Patients may receive a "metal-on-metal" hip implant in 
which the "ball and socket" of the device are both made from metal. 

Metal-on-Metal Hip Implant Systems 

Total Hip Replacement Hip Resurfacing 

In this website, the FDA describes hip implants, how metal-on-metal 
implants differ from other hip implants and gives information and 
recommendations for patients and physicians about the benefits and risks 
of these products. 

Links on this page: 

mhtml:file://F:\Australia\3- FDA Metal-on-Metal Hip lmplants.mht 

Seite 1 von 1 

28.02.2011 
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Table 3.2 Revision at three and five years for primary hip replacement procedures, undertaken between 1" April 
2003 and 31" December 2009, which were linked to a HES/PEDW episode . 

Category 

Prosthesis type 

Males <55 years 

Total replacement using cement 

Total replacement not using cement 

Hybrid total replacement 

Hip resurfacing 

LHMoMTHR 

Males 55 - 64 years 

Total replacement using cement 

Total replacement not using cement 

Hybrid total replacement 

Hip resurfacing 

LHMoMTHR 

Males 65+ years 

Total replacement using cement 

Total replacement not using cement 

Hybrid total replacement 

Hip resutiacing 

LHMoMTI-IR 

Females<55 

C Total replacement using cement 
~ Total replacement not using cement 

"' .Q Hybrid total replacement 
1ii z 
© 

Hip resurfacing 

LHMoM THR 

Females 55-64 

Total replacement using cement 

Total replacement not using cement 

Hybrid total replacement 

Hip resurfacing 

LHMoM TI-IR 

Females65+ 

Total replacement using cement 

Total replacement not using cement 

Hybrid total replacement 

Hip resuriacing 

LHMoMTHR 

Patient physical status 

P1 - fit and healthy 

P2 - mild disease not incapacitating 

P3+ - incapacitating systemic 
disease or worse 

Type of provider r 

NHS hospital 

NHS treatment centre 

Independent hospital 

ISTC 

• - 1,669 

3,858 

1,498 

4,215 

1,564 

5,560 

8,035 

2,990 

3,852 

1,857 

27,694 

14,499 

7,748 

980 

1,444 

Revision rate 
at three years23 

(95% Cl) 

2.7% (1.9% to 3.8%) 

2.9% (2.3% to 3.6%) 

1.8% {1.2% to 2. 7%) 

3.6% (3.0% to 4.3%) 

4.5% (3.3% to 6. 1 %) 

1. 7% (1.3% to 2.1 %) 

2.8% (2.3% to 3.2%) 

1.8% {1.3% to 2.4%) 

3.3% (2. 7% to 3.9%) 

4.0% (2.9% to 5.4%) 

1.5% {1.3% to 1.7%) 

2.5% (2.2% to 2.8%) 

2.2% (1.9% to 2.6%) 

5.4% (4.1% to 7.3%) 

3.4% (2.2% to 5.1 %) 

Revision rate 
at five years" 

(95% Cl) 

4.4% {3.2% to 6.0%) 

4.0% {3.1% to 5.1%) 

2.6% (1. 7% to 3.8%) 

5.6% (4.5% to 6.9%) 

6.4% (4.5% to 8.9%) 

2.6% (2. 1 % to 3.2%) 

3.5% (2.9% to 4.2%) 

2. 7% (2.0% to 3. 7%} 

4.5% (3.6% to 5.6%) 

5.5% (3.9% to 7.8%) 

2.0% (1.8% to 2.3%) 

3. 1 % (2. 7% to 3.6%) 

3.0% (2.4% to 3. 7%) 

6.0% (4.4% to 8.2%) 

6.4% (3. 7% to 11.0%) 

2,174 2.5% (1.8% to 3.4%) 3.6% (2.7% to 4.8%) 

5,082 2.7% (2.2% to 3.3%} 4.3% (3.4% to 5.5%) 

1,840 2.2% (1.5% to 3. J %) 4.0% (2.8% to 5.8%) 

2,647 5.4% (4.5% to 6.5%} 8.3% (6.8% to 10%) 

1,037 6.3% (4.6% to 8.6%) 9.2% (5.9% to 14.1 %) 

8,239 1.6% (1.3% to 2.0%) 2.5% (2. 1 % to 3.0%) 

10,735 2.5% (2.2% to 2.9%} 3.7% (3.1%to4.4%) 

4,474 1.6% (1.2% to 2.1 %) 2.9% (2.2% to 3.8%} 

1,854 5.4% (4.4% to 6.6%) 7 .9% (6.3% to 9.8%) 

1,526 6. 7% (5.2% to 8. 7%} 9.5%(7.4% to 12.3%) 

54,023 1.1% (1.0% to 1.2%) 1.6% {1.5% to 1.8%) 

20,728 2.3% (2.0% to 2.5%) 3.0% (2.7% to 3.4%) 

13,112 1.5% (1.3% to 1.8%} 2.0% (1.6% to 2.4%) 

305 7.1% {4.5% to 11.1%) 8.8% (5.2% to 14.7%) 

1,454 3.6% (2.5% to 5.2%) 10.5% {6.1 % to 17.8%) 

37,244 2.3% (2.2% to 2.5%) 3.4% {3.1 % to 3.7%) 

138,701 1.9% (1.9% to 2.0%) 2.8% (2.6% to 2.9%) 

40,748 2.1% (2.0% to 2.3%) 2.8% (2.6% to 3.1%) 

180,937 2.1 % (2.0% to 2.2%) 2.9% (2.8% to 3.0%) 

13,554 1.8% (1.5% to 2.1 %) 2.9% (2.4% to 3.4%} 

13,378 2.0% (1.7% to 2.4%) 2.6% (2.2% to 3.1 %) 

8,824 2.3% (1.8% to 2.8%) 2.9% (2.2% to 3.9%) 

Hazard ratio" 
(95% Cl) 

1.10(0.77 to 1.57) 

0.68 (0.42 to 1.09) 

1.37 (0.98 to 1.92) 

1.52 (1.01 to 2.28) 

1.56 (1.22 to 2.01) 

1.09 (0. 78 to 1.52) 

2.14 (1.53 to 2.80) 

2.19 (1.56 to 3.07) 

1 

1. 73 (1.48 to 2.02) 

1.48 ('1.22 to 1.80) 

3.85 (2.83 to 5.23) 

2.21 (1.55 to 3.16) 

1 

1.22(0.89to 1.71) 

0.97 (0.64 to 1.48) 

2.32 (1.67 to 3.21) 

2.22 (1.48 to 3.32) 

1.54 (1.24 to 1.91) 

1.06 (0. 79 to 1.43) 

3.61 (2. 78 to 4.68) 

3.73 (2.80 to 4.96) 

1 

2.21 (1.94 to 2.53) 

1.43 (1.20 to 2.53) 

6.59 (4. 17 to 10.41) 

3.65 (2.57 to 5.00) 

1 

1.06 (0.98 to 1.16) 

1.29 (1 .16 to 1.43) 

0.83 (0. 73 to 0.96) 

0.85 (0. 73 to 1.00) 

1.09 (0.91 to 1.31) 
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Konstruktionsanderungsbericht - Anlage 1 

Bericht-Nr.: 16/07 

Art.-Bez.: 

Index: 

Metallkopf Biosurf silver "BS" 

AD = 38/44/48 mm 

03 

Beschreibung der Anderung: 

Datum: 02.08.07 

Der metallische GroBkopf Biosurf "BS" mil 12/14er Steckkonus wird seit mehreren Jahren 
erfolgreich eingesetzt und findet Verwendung in hemiprothetischen Versorgungen, in Paarun­
gen mit Polyethyleninlays und in Metall-Metallpaarungen. Hier is! insbesondere die Mi:iglichkeit 
der Revision von Kappenprothesen zu nennen, bei der unter Erhalt der Pfannenversorgung auf 
einen Standard- bzw. Adapterhuftstiel mi! einer GroBkopf-ME-ME-Paarung umgerOstet werden 
kann. 

Im Jahr 2007 hat ESKA insbesondere aus dem australischen Markt Ruckmeldungen Ober 
klinische Beschwerden von derart versorgten Patienten erhalten, die van den Klinikern aufgrund 
anderer fehlender Ansatzpunkte einer Reizung der lliopsoas-Sehne durch die Kante des 
GroBkopfes zugeordnet werden. Der Mechanismus wird mit den Anwendern weiterhin 
kontrovers diskutiert, die anatomische Mi:iglichkeit ki:innte jedoch gegeben sein. Allein diese 
Vermutung hat uns veranlasst, eine Anderung der Geometrie der GroBkopfprodukte einzuleiten. 

Des weiteren ist van unseren klinischen Partnern der Wunsch geiiuBert warden, eine 
zusiitzliche Kopfliinge zur Verfugung zu stellen, um eine weitere Option zur Einstellung des (c··-,,. 
Bandapparates zur Stabilisierung der Versorgung zu haben. 

Im Rahmen der konstruktiven Oberarbeitung wird die Bauhi:ihe der GroBkopfe "BS" nach distal 
entsprechend H = D/2 + 10 vergri:iBert, so dass eine groBzOgige Verrundung moglich wird. Die 
untere umlaufende Kante der GroBkopfprodukte der Durchmesser 38 mm wird mittels eines 
Radius 7,5 mm (respektive 8 mm bei 44 und 48 mm Durchmesser) verrundet (s. Abb. 1 ). Die 
Gestaltung der spezifischen "Biosurf'-Oberflache isl hiervon nicht betroffen. 
Gleichzeitig wird dazu der innere Rezess im Durchmesser van 32 mm auf 24 mm reduziert. Die 
Radiusumfangsfliiche ist nicht Artikulationsfliiche im Gelenk und wird daher nicht 
feingeschliffen. Durch die Vergr6Berung der Bauhi:ihe und die Reduzierung des Rezesses 
erhi:iht sich das Gewicht der GroBkiipfe um 4,5 bis 6%. 

Die beschriebene konstruktive Anderung der GroBki:ipfe "BS" beinhaltet zudem, dass der 
Offsetsprung zwischen der Halslange medium und short von 3,5 mm auf 2,5 mm verringert wird 
(s. Abb. 1 ), d.h. der Mittelpunkt verschiebt sich 1 mm nach proximal. 
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Diese zusatzliche Anderung ist aufgrund der moglichen Kombination des Grof),kopfes "BS" mit 
der Cut "A"-Prothese erforderlich, da es bei der Verwendung eines Gror..kopfes der Halslange 
short sons! zur Kollision mit der Prothese bzw. dem Schenkelhals und somit zu keiner 
konischen Verklemmung von Kopf und Konusadapter kommen kann. 
Durch die Reduzierung des Offsets ist gewahrleistet, dass die Kombination mit dem 10° bzw. 
20° -Adapter der Gror..e medium uneingeschrankt moglich isl. Die Kombination eines 
Gror..kopfes "BS" der Halslange short mit Konusadaptern fOr Cut "A" mit 10° und 20° der Gror..e 
short isl aufgrund der oben beschriebenen Begebenheit zukOnftig nicht mehr moglich. 

Die Produktgruppe der Gror..kopfe 38, 44 und 48 mrn in short, medium und long wird durch 
jeweils eine x-long-Version erganzt, bei der der innere Konus um 3,5mm versetzt gefertigt wird. 
Durch diese Erganzung wird im Vergleich zum Produkt XL-28 und XL-32mm-Kopf keine 
kritische Erhohung der Lange und damit auch keine mar..gebliche Steigerung der 
Biegebeanspruchung der Prothese erzeugt, da die Gror..kopfe konstruktiv bereits 2,5 mm 
,,kOrzer" als die 28 und 32 mm-Kopfe ausgefOhrt sind (s. Abb. 2). Somit isl auch der Wunsch der 
Anwender nach der Option der Halslange XL zu erklaren. 

For die veranderte AusfOhrung der Gror..kopfe "BS" sowie fur die zusatzliche Halslange XL sind 
neue Probekopfe fur das lnstrumentarium herzustellen. Zur Information der Anwender Ober die 
Einschrankung der Verwendung des short-Gror..kopfes "BS" mit dem Cut "A" in Kombination mil 
einem short-Konusadapter ist ein entsprechender Anwenderhinweis zu erstellen. 

Die vorliegende Anderung verursacht kein zusatzliches oder erhohtes Risiko bei der 
Herstellung, Handhabung oder Anwendung. Durch die Anderung werden aktuellen 
Erkenntnissen Rechnung getragen, um so die Produktqualitat und -sicherheit zu erhohen. 
Das Risiko durch die eingeschrankte Verwendung der Gror..kopfe short mit der 
Schenkelhalsprothese Cut "A" kann durch eine umfassende Information der Anwender und 
durch Zusatzinformationen zum Produkt minimiert werden. 



Modifizierung Metallkopfe Biosurf ,,BS" 
038, 044, 048 

Ausfertigung ,,ALT" (Index 02): (Beispiel 038) 

H=26, GroBensprung 3.5mm 

E jmedium 

Ausfertigung ,,NEU" (Index 03): (Beispiel 038) 

e 

H=D/2 + 10 = 29 (Beispiel 038), GroBensprung von short zu medium 2.5mm, 
weitere 3.5 mm 1( 

Abb. 1: Vergleichende Darstellung der neuen (Index 03) zur alten 
Ausfuhrung (Index 02) (Darstellung Metallkopf silver "BS") 
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Modifizierung Metallk6pfe Biosurf ,,BS" 
038, 044, 048 
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Abb. 2: Vergleich der Offset-MaBe fur verschiedene Halslangen beim 
Metallkopf "BS" und Standardkopf (0 28/32 mm) 



Artikel - Obersicht 
GriiBe 

Artikel Bezeichnung Seite Fer!.·KZ 

10250138 METALLKOPF BIOSURF SILVER "BS" SHORT 
10250138 K12/14 AD=38MM 

10250144 METALLKOPF BIOSURF SILVER "BS" SHORT 
10250144 K12/14 AD=44MM 

10250148 METALLKOPF BIOSURF SILVER "BS" SHORT 
10250148 K12/14 AD=48MM 

10250238 METALLKOPF BIOSURF SILVER "BS" MEDIUM 
10250238 K12/14 AD=38MM 

10250244 METALLKOPF BIOSURF SILVER "BS" MEDIUM 
10250244 K12/14 AD=44MM 

10250248 METALLKOPF BIOSURF SILVER "BS" MEDIUM 
10250248 K12/14 AD=48MM 

10250338 METALLKOPF BIOSURF SILVER "BS" LONG 
10250338 K12/14 AD=38MM 

10250344 METALLKOPF BIOSURF SILVER "BS" LONG 
10250344 K12/14 AD=44MM e 10250348 METALLKOPF BIOSURF SILVER "BS" LONG 
,0250348 K12/14 AD=48MM 

10250438 METALLKOPF BIOSURF SILVER "BS" X-LONG 
10250438 K12/14 AD=38MM 

10250444 METALLKOPF BIOSURF SILVER "BS" X-LONG 
10250444 K12/14 AD=44MM 

10250448 METALLKOPF BIOSURF SILVER "BS" X-LONG 
10250448 K12/14 AD=48MM 

1. August 2007 Seite 1 
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Dahlke 

Von: Heil1enberg 
Gesendet: Montag, 30. Juli 2007 12:58 
An: 

Betreff: 

Alscher: Apelt; Baasch; Bertram: Dahlke; Eisenblatter; Foerster; Frank; Goegel; Goetze; Gunther; Hahm; Hennig; Knorr; Kock; Krey; Krezic; 
Krotowski Fr.; Krotowski Hr.; Kwasniok; Liebsch; Lohrke; Nassutt; Okonnek; Reiher; Riechert: Rieck; Ro11teutscher: Schlupp; Schmidt; 
Schmitz; Schroder; Schuett; Setzke; Silberstorff; Sperfeld; Tzola; Wenskus; Wittler: Wordell; Borchert: Treyde; QSlnstru; Hunger 
Artikelanlage Gro11kopfe "BS' 

Das Sortiment der Grol1kopfe wird milder Kopfhalslange "X-Long" erweitert. 

Herr Wittler: Bille um Freigabe der Liefersperre 

ARTNR i ETIBEZ1 
10252438 METALLKOPF SILVER "BS" 
10252444 METALLKOPF SILVER "BS" 
10252448 METALLKOPF SILVER "BS" 
10250438 METALLKOPF BIOSURF SILVER "BS" 
10250444 METALLKOPF BIOSURF SILVER "BS" 
10250448 METALLKOPF BIOSURF SILVER "BS" 

IETIBEZ2 
K12/14 
K12/14 
K12/14 
K12/14 
K12/14 
K12/14 

AD=38MM 
AD=44MM 
AD=48MM 
AD=38MM 
AD=44MM 
AD=48MM 

1 

IGROESSE 
·x-LONG 
X-LONG 
X-LONG 
X-LONG 
X-LONG 
X-LONG 

iSEITE 



Checkliste Grundlegende Anderungen n!ESKA [!It IMPLANTS 

Anlage zum Anderungsbericht Nr.:. __ 1_6_10_7 ___ _ 

Die,Aiideruiin•betnfft:.. ··.. • ·.. => bitte ieWeils aiikteuzefr . ... •·· ...••. 1 ia . nein 
I. ALLGEMEINE ANFORDERUNGEN 
1. PRODUKTAUSLEGUNG X 

2. PRODUKTSICHERHEIT X 

3. PRODUKTAUSLEGUNG, LEISTUNG UNO FUNKTION X 

4. RISKANTE ANOERUNG DER PROOUKTEIGENSCHAFTEN WAHREND X 
DER LEBENSOAUER 

5. LAGERUNG UNO TRANSPORT X 

6. UNERWONSCHTE NEBENWIRKUNGEN X 
II. ANFORDERUNGEN AN DIE AUSLEGUNG UND KONSTRUKTION 
7. CHEMISCHE, PHYSIKALISCHE und BIOLOGISCHE EIGENSCHAFTEN 

7.1 Werkstoffauswahl - Toxizitat, Biokompatibilitat X . .,. 
7.2 Schadstoffarmut X ( 

7.3 Risiken. bei Laaerung, Transport und Anwendung X '--· 
7.4 Arzneimittel auf dem Produkt X 

7.5 Entweichende Stoffe X 

7.6 Eindrinaen von Fremdstoffen X 
8. INFEKTION UNO MIKROBIELLE KONTAMINATION 

8.1 lnfektionsrisiko durch Herstellunasverfahren und Produktauslegung X 

8.2 (Ti eris ch es Gewebe) X 

8.3 Aufrechterhaltuna der Sterilitat X 

8.4. Validieruna des Herstellunasverfahrens steril ausaelieferter Produkte X 

8.5 Voraussetzunq fOr die Sterilisation - sterile Produkte X 

8.6 Voraussetzuna tor die Sterilisation - unsterile Produkte X 

8.7. Steril-Kennzeichnung X 
9. EIGENSCHAFTEN IM HINBLICK AUF DIE KONSTRUKTION UNO DIE UMGEBUNGS-

BEOINGUNGEN 

9.1 Verbindunasstelle zu Anschlussprodukten X 
9.2 Risikominimierung X 

,. ·:, 
9.3 (Brand- und Explosionsrisiko) x'~ 
10. PROOUKTE MIT MESSFUNKTION 

10.1 Messtoleranzen X 
10.2 Ablese-Eraonomie X 
10.3 Gesetzliche Einheiten X 
11 .. SCHUTZ VOR STRAHLUNGEN 

CHECKLISTE Grundlegende Anderungen 19-04-2005-Rev002 Seite 1 von 2 



Checkliste Grundlegende Anderungen BIIESKA 
[!II IMPLANTS 

Anlage zum Anderungsbericht Nr.: __ 1_6_1_0_7 ___ _ 

o;e1'A.nae,UriaiBe1riffi:iif;\\r:r:::r:{t};:r:\'f¥}f6Jtte'YeJviitsxiif8feflzJJ'fl!;,cJ,r}W?ff ?Lt~1r,x\:?tWr; ?:::ja· •. < :, '.: ,.,.;:~ .. •;····::. 
-n~m.· 

12. ANFORDERUNGEN AN PRODUKTE MIT EXTERNER ODER INTERNER ENERGIEQUELLE 
12.7 Schutz var mechanischen und thermischen Risiken X 
12.7.1 Festigkeit und Stabilitat, bewegliche Teile X 
12.7.2 Schwingungsdampfung X 
12.7.3 Larmreduzierung X 
12.7.4 Anschlusse fur externe Energiequellen X 
12.7.5 Schutz var Warme X 
12.8 Schutz var Risiken infolge der Abgabe von Energie oder Staffen an den X 

Patienten 
12.8.1 Justierung der Stoffabgabe X 
12.8.2 Storungsalarm X 
12.9 Markierung von Bedienungseinrichtungen X 
13. BEREITSTELLUNG VON INFORMATIONEN DURCH DEN HERSTELLER 
13.1 Kennzeichnung, Gebrauchsanweisung X 
13.2 Symbole X 
13.3 Kennzeichnung X 
13.4 Zweckbestimmung X 
13.5 ldentifizierung X 
13.6 lnhalt der Gebrauchsanweisung X 
14. KLINISCHE PROFUNG UNERWONSCHTER NEBENWIRKUNGEN 
FOr jede der o.g. Fragestell u ngen, die mit "ja" beantworten wurde, ist fur den ent-
sprechenden Abschnitt der Risikoanalyse eine erneute Bewertung durchzufuhren. X 
1st demnach eine Neubewertung erforderlich? 
FDA-Anforderungen: 
Grundlegende Aspekte der Sicherheit und Funktion des/der Produkte(s) sind X 
betroffen => Eine neue/ erweiterte/ geanderte 51 O(k)- Zulassung ist erforderlich I 

CHECKLISTE Grundlegende Anderungen 19-04-2005-Rev002 Seite 2 van 2 
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An/age zu Bericht Nr.: _~,J'-'--'b=.,_/_'.9t-.::--'--
HAUPT· FLUSSDIAGRAMM ZUR ENTSCHEIDUNGSFINDUNG HINSICHTLICH EINER 510 ( k) 
ZULASSUNGSERWEITERUNG NACH ANDERUNG EINES ZUGELASSENEN MEDIZINPRODUKTES 

Produktanderung aufgrund 
eines ProduktrOckrufs oder 
einer Korrektur maBnahml! 

Anderung der 
Gebrauchsanweisung/ 
Produktbeschreibung, 

OP-Anleitung, etc. 

Q;t 
Anderungen In 

der Technologie oder 
an den Leistungs-

merkmalen 

Nein l 
Anderungen in 
der Material-

zusammensetzung 

Nein 
V 

Dokumentation 

Ja 

Ja 

Ja 

siehe 510 ( k) Anforde-
rungen bei Massnahmen zur 

Fehlerkorrektur an 
zuri.ickgerufenen 
Medizinprodukten 

gehe zu 
Diagramm A 

gehe zu 
Diagramm B 

gehe zu 
Diagramm C 

F8 51 Ok-Entsd1ei,du11gsfin1fong 15-05-2004-RevOOO.~!s 
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FLUSSDIAGRAM "B": LJEGEN ANDERUNGEN IN DER TECHNOLOGIE 
ODER DEN LEISTUNGSMERKMALEN VOR? 
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Bionik Total Conventional Hip Acetabular Prosthesis 

This analysis compares the Bionik Total Conventional Hip Acetabular Prosthesis with all Other Total 
Conventional Hip prostheses. This Acetabular Prosthesis has been identified as having a significantly 
higher revision rate. 

For a detailed explanation of the process used by the Registry that results in identification of prostheses 
that have a higher than anticipated rate of revision please refer to the' Prostheses with Higher than 
Anticipated Rates of Revision' chapter of the most recent AOANJRR Annual Report, 
http://www.dmac.adelaide.edu.au/aoanjrr/publications.jsp. 

TABLE 1 

Revision Rate of Primary Total Conventional Hip Replacement 

The Revision Rate of the Bionik Total Conventional Hip Acetabular Prosthesis is compared to all Other 
Total Conventional Hip prostheses. 

Table 1: Revision Rates of Primary Total Conventional Hip Replacement 

Component N Revised N Total Obs. Years Revlslons/100 Obs. Yrs 

Bionik 28 565 1103 2.54 I 1.69, 3.671 

Other Total Conventional 5049 170539 651215 0.78 

TOTAL 5077 171104 652317 0.78 (0.76, 0,80) 

TABLE 2 

Yearly Cumulative Percent Revision of Primary Total Conventional Hip Replacement 

The Yearly Cumulative Percent Revision of the Bionik Total Conventional Hip Acetabular Prosthesis is 
compared to all Other Total Conventional Hip prostheses. 

Table 2: Yearly Cumulative Percent Revision of Primary Total Conventional Hip Replacement 

CPR 

Bionik 

Other Total Conventional Hip 

1 Yr 

3.2 (2.0, 5.2) 

1.5 I 1.5, 1.6) 

."·DA. I !o/iono/ );.)in/ Fsr,,l:JCeirie-n! Pe9bi1y Doto 
(l Sep1-2111b0r 19,;;?-31 DEc>::r,iber2(F)9} 

3 Yrs 

6.9 (4.6, 10.2) 

2.7 (2.6, 2.8) 

5 Yrs 7 Yrs 9 Yrs 

3.5 (3.4, 3.6) 4.4 (4,3, 4.5) 5.4 (5, 1, 5.7) 

Ser:,t 2(11(1 



FIGURE 1 

Yearly Cumulative Percent Revision of Primary Total Conventional Hip Replacement 

The Yearly Cumulative Percent Revision of the Bionik Total Conventional Hip Acetabular Prosthesis is 
compared to all Other Total Conventional Hip prostheses. In addition, Hazard Ratios are also reported. 

Hazard Ratios are reported for specific time periods during which the Hazard Ratio is constant. This is 
done to enable more specific and valid comparisons of the risk of revision over time. The pattern of 
variation in risk has important implications with respect to the underlying reasons for any difference. 

Figure 1: Cumulative Percent Revision of Primary Total Conventional Hip Replacement 
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Bionik 

O!her To!al Conventional Hip 

3.0 4.0 5.0 6.0 

Years Since Primary Procedure 

0 Yr 1 Yrs 2 Yrs 

565 412 267 

170539 142248 117869 

AOA Notional Join/ Replacement Registry Doto 
(1 September 1999-31 Decernber2009J 

7.0 8.0 9.0 

HR- adjusted for age and gender 

Bionik vs Other Total Conventional Hip 

Entire Period: HR=2.41 (1.66, 3.49),p <0,001 
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TABLE 3 

Primary Diagnosis for Revised Primary Total Conventional Hip Replacement 

This table identifies the diagnosis af the primary procedure which was subsequently revised. This 
information is provided as there is a variation on outcome depending on the primary diagnosis. It is 
therefore important when considering the reasons for a higher than anticipated rate of revision that 
there is identification of the primary diagnosis. This information should be compared to the primary 
diagnosis for the revisions of all other Total Conventional Hip prostheses. 

Table 3: Primary Diagnosis for Revised Primary Total Conventional Hip Replacement 

Osteoarthritis 

A vascular Necrosis 

Fractured ts.leek Of Femur 

Rheumatoid Arthritis 

Developmental Dysplasia 

Foiled Internal Fixation 

Tumour 

Other lntlammatory Arthrilis 

Fracture/Dislocation 

Arthrodesis Takedown 

Other 

TOTAL 

TABLE 4 

Number 

27 

28 

Bionlk 

Percent 

96.4 

3.6 

100.0 

Other Total Conventional Hip 

Number Percent 
·--~"'-·------

4257 84.3 

253 5.0 

249 4.9 

96 1.9 

87 1.7 

32 0.6 

32 0.6 

29 0.6 

7 0.1 

5 0.1 

2 0.0 
..... -······---------------

5049 100.0 

Revision Rates of Bionik Primary Total Conventional Hip Replacement by Fixation. 

This analysis is provided as some prostheses have more than one fixation option. Additionally there are 
prostheses where an alternative to the recommended approach to fixation was used e.g. a cementless 
prosthesis that has been cemented or vice-versa. 

Table 4: Revision Rates of Bionik Primary Total Conventional Hip Replacement by Fixation 

Fixation N Revised 

Cemented 0 

Cement!ess 22 

Hybrid 6 

TOTAL 28 

. .:..O/, 1-1c!/ic,riol ),:,/1 d 1?0plocems-nl f"'.sgis/iy Dclic 
{1 S,:pl2.1nhE.1 ic·>?- 31 Or:-.cE:rnl:-er :2C{19) 

N Total 

2 

481 

82 

565 

Obs. Years 
Revlsions/100 Obs. Yrs 

(95% Cl) 
··-----·---·---·--·-

5 0.00 (0.00, 76.12) 

942 2.34 (1.46, 3.54) 

156 3.85 .41, 8.37) 

1103 2.54 (1.69, 3.67) 



TABLE 5 

Revision Rates of Bionik Primary Total Conventional Hip Replacement by Bearing Surface. 

This analysis is provided as some prostheses are combined with a variety of different bearing surfaces. All 
bearing surfaces used with this Acetabular Prosthesis are listed. 

Tobie 5: Revision Rotes of Bionik Primary Total Conventional Hip Replacement by Bearing Surface 

Bearing Surface 

Ceramic/Ceramic 

Ceramic/Polyethylene 

Metal/Metal 

Metal/Polyethylene 

TOTAL 

TABLE 6 

N Revised 

22 

4 

28 

N Total 

8 

43 

418 

96 

565 

Obs. Years 
Revislons/100 Obs. Yrs 

(95% Cl) 

4 25.87 (0.65, l 44. 1 J 

75 1.33 (0.03, 7.38) 

885 2.49 (1.56, 3.77) 

139 2.88 (0.78, 7.37) 

1103 2.54 (1.69, 3.67) 

Type of Revision Performed for Primary Total Conventional Hip Replacement 

This analysis identifies the components used in the revision of the Bionik Total Conventional Hip 
Acetabular Prosthesis and compares it to the components used in the revision of all Other Total 
Conventional Hip prostheses. 

The reason this analysis is undertaken is to identify whether there is one or more components which are 
being replaced that differ from the components replaced for revisions of all Other Total Conventional 
Hip prostheses i.e. is there a difference in the type of revision undertaken for the Bionik Total 
Conventional Hip Acetabular Prosthesis compared to all Other Total Conventional Hip prostheses. 

Table 6: Primary Total Conventional Hip Replacement - Type of Revision 

Blonlk Other Total CorvenHonal Hip 

Revision Type Number Percent Number f?e·rcent 

Femoral Only 7 25.0 1481 29.3 

Acetabular Only 5 17.9 1260 25.0 

THR (Femoral/Acetabular) 4 14.3 623 12.3 

Cement Spacer 3.6 244 4.8 

Removal of Prostheses 41 0.8 

Reinsertion of Components 6 0.1 

Bipolar. Head and Femoral 2 0.0 

Saddle 2 0.0 

N Major 17 60.7 3659 72.5 

Head/Insert 7 25.0 920 18.2 

Head Only 3.6 285 5.6 

Minor Components 82 1.6 

Insert Only l 3.6 70 1.4 

Head/Neck 2 7.l 30 0.6 

Neck Only 2 0.0 

Neck/Insert 0.0 

N Minor 11 39.3 1390 27.5 ---·-------. ·----------·--·-----
TOTAL 28 100.0 5049 100.0 

AOA National Join/ Replacement Regist1y Doto 
{l September 1999 - 31 Decenrber 2009) 4 Sept 2010 

1:;:'I. 
L 
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TABLE 7 

Reason for Revision of Primary Total Conventional Hip Replacement 

This is reported in two ways; a percentage of all revisions and also as a percentage of all primary 
procedures. 

This analysis includes a comparison of reasons for revision to all Other Total Conventional Hip prostheses. 

This analysis is undertaken to identify if there are differences in the reasons for revision and the number of 
revisions pertormed for those reasons between the Bionik Total Conventional Hip Acetabular Prosthesis 
and all Other Total Conventional Hip prostheses. 

Table 7: Primary Total Conventional Hip Replacement - Reason for Revision 

Bionik 
Number % Revision Revision Diagnosis ........... ----------.. 

Loosening/Lysis 7 
Prosthesis Dislocation 7 

Infection 3 
Fracture 2 
Pain 5 
Other 

leg length Discrepancy 

Metal Sensitivity 
Malposition 

Wear Acetabulum 

Implant Breakage Stem 

Implant Breakage Acetabular 

Incorrect Sizing 
Instability 

Implant Breakage Head 

Heterotopic Bone 

Tumour 
A vascular Necrosis 

N Revision 28 
N Primary 565 

AOA Uoiionol Join/ Rep/ocerne-nl F:e9is/1)," Delio 
! 1 S,;:piE-miJE-1 1999 - 31 Dcc-5mbe.r 20CJ<.-·J 

25.0 

25.0 

10.7 

7.1 

17.9 

3.6 

3.6 

3.6 

3.6 

100.0 

Other Total Conventional Hip 

--~ Primary __ Number % Revision % Pri~ary -·--·-··---· 
1.2 1512 29.9 0.9 
l.2 1393 27.6 0.8 
0.5 843 16.7 0.5 
0.4 742 14.7 0.4 
0.9 99 2.0 0.1 

67 1.3 0.0 
0.2 63 1.2 0.0 
0.2 61 1.2 0.0 

54 1.1 0.0 
0.2 51 1.0 0.0 

35 0.7 0.0 
0.2 32 0.6 0.0 

29 0.6 0.0 

28 0.6 0.0 

20 0.4 0.0 
8 0.2 0.0 
8 0.2 0.0 
2 0.0 0.0 

2 0.0 0.0 
···-----------

5.0 5049 100.0 3.0 
170539 



FIGURE 2 

Revision Diagnosis Cumulative Incidence by Time to Revision for Primary Total Conventional Hip 
Replacement 

This figure details the cumulative incidence of the most common reasons for revision. 

The five most common reasons for revision are included as long as each of these reasons account for 
more than l O procedures or at least 5% of all revisions for the Bionik Total Conventional Hip Acetabular 
Prosthesis . A comparative graph is provided of the cumulative incidence for the same reasons for 
revisions for all Other Total Conventional Hip prostheses. 

Figure 2: Cumulative Incidence Revision Diagnosis for Primary Total Conventional Hip Replacement 
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TABLE 8 

Revision Rates of Primary Total Conventional Hip Replacement by State 

This enables a state by state variation to be identified for the Bionik Total Conventional Hip Acetabular 
Prosthesis and provides the comparative data for each of the states for all Other Total Conventional Hip 
prostheses. 

This analysis is undertaken for similar reasons as those outlined above for Table 8. 

Table 8: Revision Rates of Primary Total Conventional Hip Replacement by Slate 

Component State N Revised 

Bionik NSW 

Bionik VIC 

Bionik QLD 

Bionik WA 

Bionik SA 

Bionik TAS 

Bionik ACT/NT 

Other Total Conventional Hip NSW I 
Other Total Conventional Hip VIC I 
Other Total Conventional Hip QLD ' 
Other Tota! Conventional Hip WA 

Other Total Conventional Hip SA 

Other Total Conventional Hip TAS I 
Other Total Conventional Hip ACT/NT 

-1---· 
TOTAL I 

AO."'. Uoiionol Join/ F'ep/ocernen1 fi:eghirv Doi'c 
j1 S':1>t0-ri"1ba:;1 1999 31 [htcc-1-nbEr 2((,9) 

18 

3 

0 

0 

6 

0 

1401 

1378 

867 

647 

462 

162 

132 

5077 

N Total Obs. Years 

306 610 

75 145 

20 55 

22 11 

5 5 

136 276 

l 0 

50349 180275 

46238 176180 

27406 105373 

18995 76125 

17571 74846 

6112 24253 

3868 14161 

171104 652317 

Revisions/100 Obs. Yrs 

2.95 (l .75, 4.67) 

2.07 (0.43, 6.04) 

l.81 (0.05, 10.08) 

0.00 (0.00, 32.84) 

0.00 (0.00, 69.02) 

2.18 (0.80, 4.74) 

0.00 (0.00, 1773) 

0.78 (0.74, 0.82) 

0.78 (0.74, 0.82) 

0.82 (0.77, 0.88) 

0.85 (0.79, 0.92) 

0.62 (0.56, 0.68) 

0.67 (0.57, 0.78) 

0. 93 (0.78, 1.11 ) ·-~---~ 
0.78 (0.76, 0.80) 



TABLE 9 

Number of Revisions of Bionik Primary Total Conventional Hip Replacement by Year of Implant 

This analysis details the number of prostheses reported eoch year to the Registry for the Bionik Total 
Conventional Hip Acetabular Prosthesis. It also provides the subsequent number of revisions of the 
primaries reported in that year. 

Primary procedures performed in later years have had less follow up time therefore the number revised 
is expected to be less than the number revised in earlier years. For example, a primary procedure 
performed in 2009 has a maximum of one year to be revised, whereas a primary performed in 2007 has 
a maximum of three years to be revised. 

Table 9: Number of Revisions of Bionik Primary Total Conventional Hip Replacement by Year of Implant 

Year of Implant Number Revised Total Number 

2005 0 11 

2006 13 147 

2007 6 136 

2008 5 137 

2009 4 134 

TOTAL 28 565 

TABLE 10 

Revision rates of Bionik Primary Total Conventional Hip Replacement by Catalogue Number Range 

Many prostheses have a number of catalogue ranges. The catalogue range is specific to particular 
design features; more than one catalogue range usually indicates a minor difference in design in a 
particular Bionik prosthesis. 

This analysis has been undertaken to determine if the revision rate varies according to the catalogue 
number range. 

Table 10: Revision Rates of Bionik Primary Total Conventional Hip Replacement by Catalogue Number 
Range 

Catalogue Range Catalogue Description 

Acetabular 

Bionik 10201050-10201064 METAL SHELL BS TINB COAT 

Bionik I 0201150-10201164 METAL SHELL BS !!NB COAT SCREW FIX 

Bionik 10201248-10201264 METAL SHELL CEMENTLESS !!NB COAT SCREW FIX 

Bionik 10201346-10201366 METAL SHELL TINB CAP SCREW FIX 

Bionik 10202154-10202164 METAL SHELL CEMENTLESS DYSPL.TINB C. SCREW FIX 

Acetabular 
N Revised Range 

10201050-10201064 

10201150-10201164 6 

10201248-10201264 4 

N Total 

23 

126 

52 

Obs. Years 

54 

271 

101 

10201346-10201366 17 361 672 

10202154-10202164 i O 3 4 
TOTAL I . 28 . 565 . .. . 1103 . 

AOA National Join/ Replacemenl Registrv Data 
(1 September 1999-31 December2009) 8 

Revisions/100 Obs. Yrs 
(95%CI} 

l.84 (0.05, 10.23) 

2.22 (0.81. 4.83) 

3.95 (1.08, 10.12) 

2.53 (1.47, 4.05) 

0.00 (0.00, 87.78) 

2.54 (1.69, 3.67) 

Sept 2010 

/'~"' 

t 
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TABLE 11 

Revision rates of Bionik Primary Total Conventional Hip Replacement by Component 

A prosthesis may be combined with multiple components. 

This analysis has been undertaken to determine if the revision rate varies according to the component 
with which it is combined. 

Table 11: Revision Rates of Bionik Primary Total Conventional Hip Replacement by Femoral Stem 
Component 

Femoral Stem 
N Revised Component 

----------- -------~---· ·-Adapter • 27 i 
Corail I 0 

Custom Made (Eska) [ 0 

Edinburgh 0 

K2 1 

S-Rom 0 -- --{ ·-
TOTAL i 28 

4():". 1+:if/ond J<:,ini Per·hcemeni re,;;;i::lr;, Ocie 
11 :·,::i:•i<:'IY1bcr !'?0 9-31 DECC1Y1i~-C:;i :ocv; 

N Total 

560 

565 

Obs. Years 

1097 

0 

3 

0 

1103 

Revisions/100 Obs. Yrs 
(95%CI) _,,.,_ _____ _ 

2.46 (1.62, 3.58) 

0.00 (0.00, 806.8) 

0.00 (0.00, 246.8) 

o.oo 10.00. 128.1 J 

1304.46 (33.03, 7268) 

0.00 (0.00, 687.4) 
-- ·---· -·"---···· ---------

2.54 (1.69, 3.67) 
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Graph comparing revisions of Adapter stems and Bionik femoral heads 
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Konstruktionsanderungsbericht - Anlage 1 

Bericht-Nr.: 09/06 Datum: 15.05.06 

Art.-Bez.: Metall-lnlay "BS" 

Index: 01 

Beschreibung der Anderung: 

Aus den operativen Erfahrungen ist die Notwendigkeit konstruktiver Korrekturen fur das 
Metall-lnlay"BS" abgeleitet warden. Zurn sicheren intraoperativen Setzen der Inlays wird am 
Boden ein Zapfen als Zentrierhilfe vorgesehen, der in die Gewindebohrung des Metallsockels 
eingefOhrt wird und ein Verkippen der Inlays verhindert (Abb. 1). Die konstruktive AusfOhrung 
des Zapfens erfolgt in Anlehnung an das PE-Inlay "BS" unter BerOcksichtigung der 
Bauhiihendifferenz der Inlays. 

lntraoperativ entfallt bei Verwendung eines Metallinlays mit Zapfen (Index 01) die 
Verschlu~schraube fur den Metallsockel "BS". 

(;:_) 
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Konstruktionsande,ungsbencht-Anlage 2 

Bericht-Nr.: 09/06 - Nachtrag 

Art.-Bez.: 

Index: 

Metall-lnlay "BS" 

01 

Beschreibung der Anderung: 

Datum: 20.07.2006 

Der Index 00 bleibt aus zulassungstechnischen Grunden fur den australischen Markt vorerst 
gOltig. 



Metall-lnlay Silver 11BS'1 

I F ertigungsindex 00 I 

Ln + 

Metall-lnlay Silver "BS" 

F ertigungsindex 01 

0 
¢ 4,5 -01 

' 
0 

Ln_ 
rn 

Zapfen PE-Inlay "BS" 
mit Metallabdeckung 

-----------i--------------------------· ::,,; N 
C >, 
OJ ru 

/""\ aJc ~ 
U"l 4-I-' 
~-- :t:w 'f 

Abb. 1: Alte (Index 00) und \...J lio..-;;; 
.C C+-

neue Ausfuhrung (Index 01) 1ls-sl 
.c (/) 

Metall-lnlay Silver "BS" fi:·:i:""e! 
CON:::, 



Artikel - Obersicht 
GrciBe 

Artikel Bezeichnung Seite 

10220038 METALL-INLAY SILVER 1188" 1D=38MM 
79110038 F0RAD=46MM 

10220040 METALL-INLAY SILVER 119311 1D=40MM 
79110040 F0RAD=48MM 

10220042 METALL-INLAY SILVER 119311 1D=42MM 
79110042 F0RAD=50MM 

10220044 METALL-INLAY SILVER 119311 1D=44MM 
79110044 F0RAD=52MM 

10220046 METALL-INLAY SILVER UBS" 1D=46MM 
79110046 F0RAD=54MM 

10220048 METALL-INLAY SILVER 1188 11 1D=48MM 
79110048 F0RAD=56MM 

10220050 METALL-INLAY SILVER 11BS 11 1D=50MM 
79110050 F0RAD=58MM 

10220052 METALL-INLAY SILVER 119311 1D=52MM 
{9110052 F0RAD=60MM 

( CI0220054 METALL-INLAY SILVER 119311 1D=54MM 
79110054 F0RAD=62MM 

10220056 METALL-INLAY SILVER nssor 1D=56MM 
79110056 F0RAD=64MM 

10220058 METALL-INLAY SILVER 09311 1D=58MM 
79110058 F0RAD=66MM 

10224438 METALL-INLAY SILVER nggu 1D=38MM 
79114438 F0RAD=44MM 

10224838 METALL-INLAY SILVER "BS" 1D=38MM 
79114838 F0RAD=48MM 

10225038 MET ALL-INLAY SILVER n93n 1D=38MM 
79115038 F0RAD=50MM 

10225238 MET ALL-INLAY SILVER 119511 1D=38MM 
79115238 F0RAD=52MM 

10225438 METALL-INLAY SILVER 119311 1D=38MM 
79115438 F0RAD=54MM 

)10225444 METALL-INLAY SILVER 11g311 1D=44MM 

( 79115444 F0RAD=54MM 

10225644 METALL-INLAY SILVER ng3u 1D=44MM 
79115644 F0RAD=56MM 

10225844 METALL-INLAY SILVER 1188 11 1D=44MM 
79115844 F0RAD=58MM 

10226044 METALL-INLAY SILVER 118811 1D=44MM 
79116044 F0RAD=60MM 

10226248 METALL-INLAY SILVER 118811 1D=48MM 
79116248 F0RAD=62MM 

10226448 METALL-INLAY SILVER 119311 1D=48MM 
79116448 F0RAD=64MM 

10226648 METALL-INLAY SILVER "BS11 1D=48MM 
79116648 F0RAD=66MM 

15. Mai 2006 Seite 1 



Checkliste Grundlegende Anderungen ESKA 
IMPLANTS 

Anlage zum Anderungsbericht Nr.: __ 0_9_1_06 ___ _ 

t@le\JifJlWff!Uif{lflfffflffl}(i{#i\tfftllliilliil&llfJJHJi}JJ~~ft!li1ti}171li!J~l!J1lit41fl/l}\!t~!ijlfl~i!1lfjfJl~ [?r!!Tli 
I. ALLGEMEINE ANFORDERUNGEN 

1. PRODUKTAUSLEGUNG X 

2. PRODUKTSICHERHEIT X 

3. PRODUKTAUSLEGUNG, LEISTUNG UNO FUNKTION X 

4. RISKANTE ANDERUNG DER PRODUKTEIGENSCHAFTEN WAHREND 
DER LEBENSDAUER 

X 

5. LAGERUNG UNO TRANSPORT X 

6. UNERWONSCHTE NEBENWIRKUNGEN X 

II. ANFORDERUNGEN AN DIE AUSLEGUNG UND KONSTRUKTION 

7. CHEMISCHE, PHYSIKALISCHE und BIOLOGISCHE EIGENSCHAFTEN 

7.1 Werkstoffauswahl - Toxizitat, Biokompatibilitat X 

7.2 Schadstoffarmut X 

7.3 Risiken bei Lagerung, Transport und Anwendung X 

7.4 Arzneimittel auf dem Produkt X 

7.5 Entweichende Stoffe X 

7.6 Eindringen von Fremdstoffen X 

8. INFEKTION UNO MIKROBIELLE KONTAMINATION 

8.1 lnfektionsrisiko durch Herstellungsverfahren und Produktauslegung X 

8.2 (Tierisches Gewebe) X 

8.3 Aufrechterhaltung der Sterilitat X 

8.4. Validierung des Herstellungsverfahrens steril ausgelieferter Produkte X 

8.5 Voraussetzung fur die Sterilisation - sterile Produkte X 

8.6 Voraussetzung fur die Sterilisation - unsterile Produkte X 

8.7. Steril-Kennzeichnung X 
9. EIGENSCHAFTEN IM HINBLICK AUF DIE KONSTRUKTION UNO DIE UMGEBUNGS-

BEDINGUNGEN 

9.1 Verbindungsstelle zu Anschlussprodukten X 

9.2 Risikominimierung X 

9.3 (Brand- und Explosionsrisiko) X 

10. PRODUKTE MIT MESSFUNKTION 

10.1 Messtoleranzen X 

10.2 Ablese-Ergonomie X 

10.3 Gesetzliche Einheiten X 

11. SCHUTZ VOR STRAHLUNGEN X 

CHECKLISTE Grundlegende Anderungen 20-11-2003-Rev001 Seite 1 von 2 
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Checkliste Grundlegende Anderungen 

Anlage zum Anderungsbericht Nr. : __ 0_9_10_6 ___ _ 

12.7 

12.7.1 

12.7.2 

12.7.3 

12.7.4 

12.7.5 

12.8 

12.8.1 

Schutz vor mechanischen und thermischen Risiken · 

Festigkeit und Stabilitat, bewegliche Teile 

Schwingungsdampfung 

Larmreduzierung 

Ansch!Osse tor externe Energiequellen 

Schutz vor Warme 

Schutz vor Risiken infolge der Abgabe von Energie oder Staffen an den 
Patienten 

Justierung der Stoffabgabe 

12.8.2 Storungsalarm 

12.9 Markierung von Bedienungseinrichtungen 

13. BEREITSTELLUNG VON INFORMATIONEN DURCH DEN HERSTELLER 

13.1 Kennzeichnung, Gebrauchsanweisung 

13.2 Symbole 

13.3 Kennzeichnung 

13.4 Zweckbestimmung 

13.5 ldentifizierung 

13.6 lnhalt der Gebrauchsanweisung 

14. KUNISCHE PR0FUNG UNERWONSCHTER NEBENWlRKUNGEN 

Grundlegende Aspekte der Sicherheit und Funktion des/der Produkte(s) sind 
betroffen => neue/ eiweiterte/ geanderte 51 O(k)- Zulassung ist erforderlich I 

CHECKLlSTE Grundlegende Anderungen 20-11-2003-Rev001 
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An/age zu Bericht Nr.: _,_Q.,...,,8"-'-I _O_~---
HAUPT· FLUSSDIAGRAMM ZUR ENTSCHEIDUNGSFINDUNG HINSICHTLICH EINER 510 ( k) 
ZULASSUNGSERWEITERUNG NACH ANDERUNG EINES ZUGELASSENEN MEDIZINPRODUKTES 

Produktanderung aufgrund Ja siehe 51 o ( k ) Anforde-
rungen bei Massnahmen zur 

eines ProduktrOckrufs oder Fehlerkorrektur an 
elner Korrektur maBnahme zurOckgerufenen 

Medizinprodukten 

Q 

Anderung der Ja 

Gebrauchsanwelsung/ gehe zu 

Produktbeschreibung, 
Dlagramm A 

OP-Anleitung, etc. 

8 
Anderungen In ~ der Technologie oder gehe zu 

an den Leistungs- Dlagramm B 
merkmalen 

Nein l 
Anderungen in Ja 
der Material- gehe zu 

zusammensetzung Diagramm C 

Nein 1 
Dokumentation 

FB 51 Ok·Entscheldungsfindung 15-06-2004-RevOOO.x\s 
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FLUSSDIAGRAM "B": LIEGEN ANDERUNGEN IN DER TECHNOLOGIE 
ODER DEN LEISTUNGSMERKMALEN VOR ? 

Jo 

Jo 

Jo 

Ja 

-<-------~----

• 

8 8.1 -·-

Jo 

8 8,3 wgrfen die 
Resultate der Design· 

Vatid!erung neue Fragen beigL der 
Sicherheit und Wirksamkeil 

'"~ 

8 10.1, 
Anderung 

in den Lelstungsspezlfilrntionen 
oderVerminderung der Steri· 

lisationssicherheit 
(SAL)? 

G 

Ja 

Ja 

Doku­
mentation 

Ja 

B7 

88 

B 10 

Fot1setzung des 
Hauptfluss­
dlagrsmms 

t 

Nein 

B 9 AnderuJJg 
des Verpackuogs. 

Sterilisations· 
ablau[zeit­
raums? 

"''" 
neuer 510 {k) 
erforderl!ch 

Nein 
L _________________ __.,_ Daku· 

menta!lon 

FB 510k-Entscheidungsflndung 15-06-2004-RevOOO.xls 
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Orthodynamics GmbH Sales and Complaints Data, Cementless Adapter Stem 

2005 Adapter (Cementless) Femoral Stem 20 475 0 0 1 1 

2006 Adapter (Cementless) Femoral Stem 143 338 0 0 9 9 

2007 Adapter (Cementless) Femoral Stem 136 398 0 0 6 6 

2008 Adapter (Cementless) Femoral Stem 129 351 0 0 4 4 

2009 Adapter (Cementless) Femoral Stem 169 427 0 0 3 3 

-D 



() 

56. Jahil'estagung 
deil' Vereinigung 
Silddeutscher Orthopaden e. V. 

1. bis 4. Mai 2008 
in Baden-Baden 

Wissenschaftliche Leitung: 
Univ.-Prof. Dr. med. H. Reichel, Ulm 

Kurzrefera.te der Vortrage 

Sonderausgabe 
der ORTHOPADISCHEN PRAXIS 

MEDIZINISCH LITERARISCHE VERLAGSGESELLSCHAFT MBH 
Posttaeh 11151/ 11 52, D-29501 Uelzen 
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onen. lntraoperativ traten 3 Schaftfissuren aul, 
bei 6 Patienten lockerten sich Pins des Fixa· 
teurs. Es traten 4 Neivenlasionen, 3 Fruhin­
fekte und ein Spatinfekt auf. 

Vortrag Nr.,14 

Offset- und Beinliingen· 
rekonstruktion · mit modularen 
Steckhiilsen - wie viel Modularltiit 
wlrd im klinlschen Afltag benotigt? 

P. Aldinger, H. Ulrich, K. Kramer, G. Aldinger, 
Heidelberg 

Einfiihrung: Die durch die Modularitat verbes­
serte Biomechanik in der primilren Hiiftendo­
prothetik hat das Potential die Operation zu 
vereinfachen und die Gelenkrekonstruktion zu 
verbessem. Wie viel Modularitiit wird im kli­
nischen Einsatz benotigt, um das Offset und 
die Beinlilnge exakt zu rekonstruieren? Kann 
die Luxatlonsrate durch deren Einsatz verrin· 
gert werden? 
Material und Methoden: Wlr untersuchten die 
ersten 154 konsekutiven lmplantationen eines 
zemenllreien Geradschaftes mil elnem Steck­
hals, der in 12 verschiedenen Geometrien er­
halllich ist. Es besteht eine Auswahl van zwei 
Schaftvarianten, 4 Halslilngen, 3 Offsetvari· 
anten sowie 5 Anteversionen (European Hip 
System [EHS)/Profemur E, Wright Medical 
Technology Inc., Arlington, TN, USA). Pril- und 
postoperativ wurden radiologisch die Beinlan­
ge und das Offset im Vergleich zur Gegensei­
te gemessen. Die Luxationsrate im 10-Jahres­
zeitraum wurde gemessen. 
Ergebnisse: Das Offset konnte mil dem modu­
laren Steckhalssystem in 98 %, die Beinlilnge 
in 94 % der Falla korrekt rekonstruiert warden. 
Es traten im Zeitraum von 1 o (9-13) Jahren 
keine Luxationsereignisse auf. Offset-Re· 
konstruktion: Frauen pril-OP 40, 1 (31,6--48,3) 
mm, post-OP 44,4 (35,3-52,2) mm; Manner 
pra-OP 44,5 (35,7-53,3) mm, post-OP 49,4 
(40,4--58,4) mm. Die gemessene Offsetver· 
gr013erung resultierle aus der Verwendung 
vcn Pressfitpfannen, die den Drehpunkt zen· 
tralisieren. Beinlangendifferenz: Frauen pra­
OP 0,8 (0-2,8) mm, post-OP 0,2 (0--0,7) mm; 

Manner prii-OP 0,9 (0-2,6) mm, post-OP 0,3 
(0-1,2) mm. Verwendete lmplantate: Schaft: 
Standard 59 % (91), Plus 41 % (63); Schall· 
groi3en:7,51 %(1), 10,510%(16), 11,525% 
(39), 12,527 % (41), 13,525 %(38), 14,5 7 % 
(11), 15,5 5% (8). Sleckhalsversion: varus 
68 % (105), gerade 15 % (23), valgus 1 % (2), 
Retroversion 8'/.15' 4/3 % (6/4), Anteversion 
8'/15' 5/5 % (7f7); Halslange: extra kurz 10 % 
(16), kurz 18 % (27), mlttel 1 % (1), lang 71 % 
(110). Kopf: kurz 45 % (69), mittel 26 % (40), 
lang 29 % (45). 
Schlussfolgerung: Die Rekonstruktion der Ge­
lenkmechanik bezogen au! die gemessenen 
Parameter Offset und Beinlange war mit dem 
Steckhalssystem in Ober 90 % der Fiille exakt 
mOglich. SteckMlse kllnnen durch die groBe 
Auswahl an verschiedenen Halsgeometrien 
dazu bettragen, die Gelenkmechanik zu var· 
bessem und die Luxationsrate zu senken. 

Vortrag Nr. 15 

Die metaflspongfose Hiift­
endoprothese mlt Konusadapter -
Erste klinfsche Erfahrungen elner 
radiologischen Nachuntersuchung 

S. Thomas, J. Scholz, B. Latif, Berlin 

Einleitung: -Melallspongiose Endoprothesen 
warden von uns seit 1983 verwendet. Bei die­
sem Prothesensystem handelt es sich um 
eine H(iftgelenktotalendoprothese aus einer 
Chrom-Koball-Molybdiln-Basislegierung mit 
einer makroporosen Oberflachenstrukturie­
rung. Das lmplantat war im Bereich der Huft· 
gelenkstiele bis 2004 in einer Standardvari· 
ante mil einem CCD-Winkel vcn 135' und in 
einer lateralisierten Variante vcrhanden. Um 
grllBere VariationsmOglichkeilen zu erreichen 
und die Lagerhallung Im Bereich der Klinik zu 
reduzieren, wurde entschieden, den Konus -
Euro-Konus 12/14-als Doppelkonus zu kons­
truieren und somit eine Adapter-Situation zu 
schaffen, die es dem Operateur ermoglicht, 
in einer O'·, 10'· und 20'-Variante den CCD­
Winkel zu beeinllussen und in einer Offset-Va­
riante den Offset zu gestallen. Mil dieser kli­
nischen Studie soil Oberpriift warden, ob die 
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Adapter-Variante des Stiels in der friihen kli· 
nischen Nachuntersuchungszeit im Vergleich 
zum Festkonus eine Verbesserung des kli· 
nischen Outcomes bring! und inwieweit me­
chaniseh• Prob.leme der Doppelkonus-Situa­
tion entstehen konnen. 
Methode: Zur Beantwortung dieser Fragestel­
lung wurden im HELIOS K!inikum Emil van 
Behring, Stiftung Oskar-Helene-Heim, 40 Pa· 
tienten klinisch und radiologisch nachunter· 
sue ht. Die klinische Nachuntersuchung erfalgte 
na.ch dem Harris Hip Score. Die Patienten wur­
den radialogisch durch. ein Standard-R6ntgen­
bild in zwei Ebenen nachuntersucht. 
Ergebnisse: Der durchschnittliche Harris Hip 
Score betrug fOr 40 Patienten mit 42 Huft· 
endaprolhesen 98 Punkte. Dabei reichte 
die Variatiansbreite van 87 Punkten bis 1 oo 
Punkte. 
Radiologische Ergebnisse: Die Oberpriifung 
des Sitzes der Endaprothesenstiele und der 
Endoprothesenpfannen ergab in 41 van 42 
Endoprolhesen kelnen Anhaltspunkt !Or elne 
Pralhesenlockerung. In kelnem Fall kam es 
zu einer Dislokatian des Konus oder zu einem 
Bruch des Konus. 
Schlussfolgerung: Die Variante des Doppelko­
nus im Sinne des Adaptersliels hat in der rru­
hen klinischen Erp(obungsphase keine nega­
~en Begle,tersche,nungen mil sich gebracht. 
D1e Konen wiesen weder Konusbriiche noch 
vermehrt metallischen Abrieb im Lager auf. 
D_as klinische Nachuntersuchungsergebnis mlt 
e,nem durchschnittlichen Harris Hip Score van 
98 .Punkten belegt. dass durch die Variations· 
mOglichkeit der CCD-Winket und der Adapter· 
konen die primilre anatomische Situation bes­
ser nachgestaitet warden kann und samit ein 
besseres klinisches Outcome zu erzielen 1st. 

! " 
! 
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Vortrag Nr. 16 

Periprothetlsche Knochendichte­
veriinderungen nach Implantation 
zementfreier und zementierter 
Endoprothesenstlele mit iden· 
tlschem geometrischen Design 

R. D~ng, A. Bieger, H. Reichel, Ulm 

Fragesteliung: Die Reduktion der periprothe· 
tischen Knochendichte ist ein oft beschrie­
benes und vieldiskutiertes Problem nach Im­
plantation zementierter und zementfreier 
Endoprolhesenstiele. Wahrend eine Reihe 
von Publikationen die Knochendichteveran­
derungen unterschiedllcher Schllfte im iongi­
tudinalen Verlauf verfo!gt hat, gab es bis date 
keinen publlzierten Vergleichzwischen zemen· 
tierter und zementfreler Versorgung bei ScMf· 
ten mit identischem geometrischen Design. 
Pallenten und Methoden: in einer prospektiven 
Studie wurden 25 Patlenten mit einem anato· 
misch adaptierten" zementfreien Stiel u~d wei· 
tere 18 PaUenten mil elnem geometrlsch iden­
tischen zementierten Stiel versorgl. 
Beide Patientengruppen wurden Ober 12 Mo­
nate sowohl klinisch a!s auch radiologlsch 
nachuntersucht. Die periprothetlschen Kno­
chendlchteveranderungen wurden mittels 
DEXA longitudinal ilber den gteichen Zeitraum 
erfasst. 
Fiesultat: in belden Gruppen kam es zu elnei 
d.eutlichen Reduktion der Knochendichte im 
Verlauf der ersten 12 postoperativen Monate. 
Wlihrend diese Reduktion betm zementfreien 
Sc haft proximal medial und lateral sehr ausge­
pragt war (-18 und -16 %), war die Reduktion 
im proximalen Schaftbereich be! den zemen­
tie.rten Endoprothesen var allem auf die me­
diale Seite beschriinkt (-16 %), wilhrend ver­
muUich die homogenere Krafteinleitung Ober 
den ganzen Schatt hinweg zu einer Knochen­
reduktion auch in den Grunschen Zonen 2 bis 
6 fOhrte. 
Sowohl die zementierte als auch die zement­
freie Verankerung fuhrt bei dam untersuchten 
anatomisch adaptierten Schatt zu elner Kno­
chenresorption, die sich jedoch in ihrer Vertei­
lung deutlich zwischen zementfreiem und ze­
mentiertem implantat unterscheidet. 

' ' ' t-·'\\ 
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equal design characteristics of adapter hip stem "G2" and "GHE" 

Adapter hip stem 
11G211 

5,667° 

014,7 

Dual cone 
for all adapter hip stems 

(example 0°) 

/ Adapter hip stem 
11GHE 11 

23.02.2011, A. Riechert 
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Bei Revisionsoperationell kallll femurseitig der Konusadapter ausgetauscht Ulld erneut ein Standard­
Keramikkopf aufgesetzt werden. Der Zugang zum Acetabulum kanll im Bedarfsfa]I durch Abllehmen des 
Konusadapters erleichtert werdell. 

Speziclle Indikationen Ulld Kontraindikationen von Adapterhiiftstielen 
Elltsprechend Ullserer Erfahrungen sind die Adapterhliftstiele ftir folgellde llldikationell besonders geeignet: 

I. Varus- und Valgusfehlstellungell des Schenkelhalses 
2. Torsions-/Rotationsfehlstellungen 
3. Hiiftpfannenfehlbildnllgen 

Spezielle Kontraindikationen VOil Adapterhiiftstielen/Konusadaptern sind: 
• Adipositas permagna 

Klinische Erfahrungen und klinische Einschatzung 
Im Zeitraum VOil Januar 2006 bis August 2009 wurden in unserer Klillik ca. 100 Patientell mit dem CL­
Adapterhiiftstiel ,,02" versorgt. Hauptsachlich wurde der HUftstiel mil einem lateralisierenden Konusadapter 
(86%) kombiniert. 

86% lateralisierend 

Ii:110% 0° 

&112% 10~ 

112% 20° 

Abb. 1: prozentuale Verteilung der implantie1ien Konusadapter 

Klinische Ergebnissc: 
• gute bis sehr gute klinische Et"gebnisse beziiglich Bewegungsumfang und Stabilitat 
• einfache Handhabung der Konusadapter, gutes Gelenkalignement 

Komplikationen: 
In genanntem Zeitraum traten keine Briiche oder Lockerungell der eillgesetztell Konusadapter auf. 

e 





hopadie 
und ihre Grenzgebiete 

hrungen n1it einer Hydroxylap 
roporos strukturierten Hiiftend 

m•r 1
, G. Wil/mam,-', S. Storz 1, J. Kimu•r 1 

Ur l Juf.tlkhirur]!ii: und Onlmpildll·. S11L,hiwlw Kli11H;cn E\,lillFt:ll, E"~lillfl'll <1" N. {, 
I'i..·,· A< i. J'/od1intc11 
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114 Z. Orthop.137 (1999) 

Erfahrungen mit einer Hydroxylapatit-beschichteten, 
makroporos strukturierten Hiiftendoprothese 

B. Kinner 1-, G. Wilhhiinif2, S. Stotz z, J. Kinner1 

1 Klin~kfllr Unfallc,hirurgiC und Orthop!idie. Stiidlischc Kliniken Esslingen, Esslingen a. N. (A.rztJ. Direktor: Dr.J. ;Kinner) 
2 CeramTec.AG,Plochingen 

iusammenfassung 

Frag~ellung: Makroporiis strukturierte, zementlose 
I-fiiftendoprothesen haben die an sie gestellten Erwar­
tungen nur bedingt erfiiUt. Mittelfristige Ergebnisse zei­
gen im Vergleich zuzeinenlierten Implantaten oft nicht 
diec erhofften Vorteile, da die sichere Sekundiirstabilitiit 
d\JJCh foste k116cherne Einheilung nicht immer gewiihr­
leistet ist. Es gait daberzukliiren, ob eine zusiitzliche Be­
scmchtung mit Hydtoxylapatit die Ergebnisse verbes­
sert. 
111.ethode: 200. aµfeinanderfolgende Patienten (9/1992-
3/1'{96), die mit einer Hydroxylapatit besi;hichteten Hlif­
tendoprothese mit makroporosel' Oberflachenstruktu­
rierung versorgt wurden, konnten prospektiv verfolgt 
werden. 
Postoperativ wurden die Patienten klinisch und radiolo­
gisch gemiiB der Kriterien von Jolmston et al. (1990) 
nachuntersucht. Als Mall filr das klinische Ergebilis wur­
de der HHS berecbnet, zur radiologiscben Beurteilung 
d~r Sc;ore. n, Engh jrerangezogen. 
Erge~niSl;e:9l% der Patienten kon.nten regelmaGlg und 
vollsta.ndig untersucht werden, Bisher war keine Revi­
sicm aufgriind ¢ineraseptischen-Lockerung notig. Femo­
ra.~e ;,_AnpJ1~:s_ungs~c,ti.n1erz_~nH s~nd nicJit me_t1_r 0aufgetre· 
tep, Der .r11ittlereHHS nac.b 2.Jahren. betrug97. 
Die radfologjscheUntersuchung zeigte eine friihe und 
J(ornpl~tte knocherne Einheilung aller Prothesenkompo­
nentei1. 
$cl1Jullf9lgerung: Unsere Ergebnisse baben uns ermutigt 
ili~I~f ~ndopro.thesenmodell weiter anzuwenden. Es 
biefol neben der Primlirstabilitlit elne sichere und frilh­
zeitlge ~ekundlire Stabilisierung als Voraussetzung £Ur 
efqi;:dauerhafte Fixation der Prothese. 

Scldiis$eii,,&rter:.Hilftendoprothese- Oberfllichenstruk­
turietung- Hydroxylapatit 

Elnleitung 

Zementlose Hilftendoprothesen haben unsere Erwartun­
gen zwar bedi!]gt. erfulli, sind aber noch verbesserungs­
fahig, Das zeigen nichf nur die Auswertungen der skandi­
navischen Endoprothesenregisler [11,12], sondern auch 
die_ bisherigen Erfahrurtgen rnit der von uns verwendeten, 
makroporos strukturierten Prothese (Fa. ESKA/S&G). 
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ExperieJice "ith a Hydroxypalik-Coaled and 
Macroporous-surfaced Hip Prosthesis 

Introduction: Cementless hip arthroplasty is not com­
pletely satisfactory - even with macr,oporous structured 
siitface. Medium terril results ate Soritetimes disappoint· 
ing because of insufficient secondary stability. Thus our 
aim was to. improve fixation by addition.al coating with 
hydroxyapatite. 
Methods: 200 consecutive patients who had hydroxyapa­
tite-coated cementless hip repla~ement with .a macropor­
ous hip prosthesis (OQ/92-03/96) were studied prospec­
tively. All patients were included in a prospective follow 
up. sced11le according to th.e criteria of ]ohnston 
et al. As measure of clinical outcome we calculated Har­
ris Hip Score as.well as Enghs Score to assess radiologic 
fixation and stal:>ility. 
Rest/Its: 91 % could be followed up regularly. No revision 
becaus.e of aseptic loosening had to be done. Analysis of 
clinical results showed almostpainlesspatients from ear­
ly after the operation - especially no !high Nin. Average 
HHS after 2 years was 9.7, 
Radiological evaluaiio11 showed early and. complete oste­
ointegration of all components/.According to Engh­
Score they are.stable a11d well fixed. 
Conclusion; HA ~oated m~cropor().Us implants provide 
some striking advantages, whiclj enc:<mr~ged us I? con­
tinue with this system. By early and secure bony ingrowth 
a fibrous interface is avoided and thereby alscilorig-last­
ing thigh pain. 

Key words: Hip arthroplasty - surf~ce structure - hy­
droxyapatite 

Sielewicz et al. (1997) berichten mit dieser zementfreien 
Hiiftendoprothese eine Revisionsrate von 6% nach 10 bis 
12 J ahren. Wenn wir die Prothesen dazuzahlen, die noch 
nicht gewechselt wurden, aber gewandert sind C>der sonsti­
ge Zeichen einer Lockerung zeigen, mull man von einer 
Lockerungsrate von bis zu .16% in o. g. Zeitintervall aus­
gehen. Das deckt sich mit einer Rate von 21 % mliBiger bis 
schlechter klinischer Resultate [17] und entspricht auch 
unseren eigenen Erfahnlllgen. 

Bei genauerer Betrachtung der Revisionsfalle und der Ex­
plantate bzw. des entsprechenden lnterfaces konnten wir 
eine bindegewebige Fixierung der Prothesen mil unzurei­
chender Sekundiirstabilitiit feststellen (Abb. la u. b) [10]. 
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Abb. 1a u. b Schaftwechsol wegen andauernder Ober­
schenkelschmerzen (ohne BeschlChtung), a Explantierte Pro· 
these, b Interface Prothese - Wirtsknochen. Histo!ogischer 
Schnltt 
Oberwiegend btndegewebige Fixierung des nicht-beschichte· 
ten Schafles 

In Kcnntnis dicscr FtHlc muB man auch all jcnc Paticntcn 
kritisch bclrnchtcn, die langc postopcrativ Ober Schnft· 
schmcrzcn klagcn. Auch hicr isl von cincr bindcgcwchi· 
gen Fixation bzw. biomcchanisch unzurcichcndcn knO· 
chcrncn Einhcilung auszugchcn. Dicsc knOchcrnc Tcil­
cinhcilung knnn darUbcr hinaus cine iiuBcrst schwicrigc 
\Vcchsclopcrntion 1rnch sich zichcn, bci dcr die punktucll 
kni',chcrn fixicrtc Prothcsc schwicrig ,1us dcm Implantat~ 
hell zu Wscn isl. 

Abb. 2 HA-be­
schichtete ESKA­
Prothese: anato­
misch getormter 
Schaft aus einer 
CrCoMo-Legie-
rung mit teilstruk· 
turierter Ober-
flache. Modulares 
Pfannensystem 
aus Metallsocke! 
und Insert - wahl­
weise PE oder 
Bio!ox forte;. (16), 
Sph8rische Pfan-
ne, mit zwei Anh· 
rotationsflUgeln 
zur Rotations· 
sicherung. Be· 
schtchtung jeweils 
nach Korundstrah· '!Ill\ 
Jung mit Os prov it" 
{CeramTec) durch 
das Plasmaspritz· 
verfallran (Air plas· 
ma-spraying). 
Schicl,tdicke ca, 
80µm 

Dies war Anla13 rnr uns. Uher rvtodifiknlioncn dcr ESKA· 
Prothcsc nachzudcnkcn, ohnc dus Priniip cincr biolog_i· 
schcn Vcrnnkcrung tlcr Prothcsc mittcls inlcrkonncktic­
rcnc.lcr makropornscr Ohcrfliichc nufz.ugcbcn. indcm zur 
Gcwilhrlcistung cincr sichcrcn Einhcilung un<l Vcrmci­
dung des hindcgcwchigcn Interfaces einc HA~Bcschich­
tung (Osprovil•) aufgchracht wurdc (Ahb. 2 u. 3). 

Dicscs HA·hcschichlctc Implant al isl nun scil Uher 5 Jah­
rcn im klinischcn Einsatz. Es ist dahcr Zcit cine Zwi· 
schcnbilanz zu zichcn und cine Vcrsngcnsanalysc uml 
-prognosc abzugcbcn. 

Oplimierung dcr Fixation cincs lmpluntnfcs 

Es giht vcrschicc.lcnc M6glichkcitcn. die Fixation ztmrnnt· 
frcicr lmplantatc im Implnntnthctt zu vcrhcsscrn (Tah.1). 

Abb. 3 Detail·Aufnahme der Oberf!8che nach Beschichtung mit Osprovit' Grundeinhe11 der Obelflilchenstrukturierung: 
aufgesinterte Tripoden, aus jeweils 6 tr.abekeliihnlichen Stegen Maxirnale BauhOhe 3 rnm, 1nterkonnekt1erende Poren von 
1-3 mrn Weite, Poros1tbt 80% 
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Tab. 1 MOglichkeiten Zllf Verbesserung der Fixation zement­
freier ·1mplantate 

MaB.nahme 

1. groBflachiQe proximale 
Krafteinleitung 

Ziel 

keln stress shielding 

2". a.natom.isch gestaltet.e Im.. keine pun.ld-pder linienformige 
plantate Krafteinleitu.ng 

3. QUte Prim8rfixatidn 

4. zweizeitige lfi'lplcintations­
te.chnik !in der Endoprothe· 
tik nicht m6glich) 

5. strukturierte Oberfliiche, 
z, B. bead.s, mesh, Tripo­
den-Stri.Jktur, rauhe Ober~ 
fliiche durch Beschichtung 
d1it Tit9n oder Korurid­
strahlen 

6. bioaktive Oberflache 
\osseokonduktisj 

7. osteoin.duktive Efrekte 

Untefbindl.lng von Mikrobewe­
gung 

Unterbindung von Mikrobewe­
gung 
Einheilung ohne Belastung 

bony in-growth start bony on­
g_rqw.th MaXimieru.ng der Kon­
taktflache 

bony in-growth, Verbund­
osteogeriese 

NBubildung von kh6Chernem 
Gewebe am lmplantat {z. B. mit 
BMPJ 

Dabei ist wohl die wesentlichste Voraussetzung die Bil­
dung eines bindegewebigen Interfaces AVischen Implan­
tatbett und Implantat zu verbindem. Hier diirlten die 
wichtigsten Mallnahri\en die RuhigStellung,des Implanta­
tes und die Unterbindung von Mikrobewegpng sein, 

Dies kann z.B .. mit. einer str11kturierten Jmplantatqbet­
f!Hche erreicht werden: 
- Makrnporose Gestaltun,g der Implantatoberflliche, z. B. 

aufgesinterten Ktigelchen (beads), aufgebrachten Netz­
strukforen (mesh), d~r Spongiosa nachgeste!lten ma­
kroporosen Strukturen (Spongiosa-Metall®, Metall-

,p.. spdngiosa®, Corallo-Metal!® oder Tripo®-Metall 
\ (Tripoden,Struktur) [13])1

• 

- I1)ikr~RQr~se Qestaltung der OberfWche, Aufrauen der 
Ob~rflliche, z. B. durch Bescbichtung mil Titan oder 
Kortihdsfrahlen. 

WiU !l}a.n jedoch eine Verbundosteogenese ( =bony in­
growth) erreichen, dann m.ullman die Oberfliichen der Im­
plantate bioaktiv [24] gestalten. Stand der Technik ist seit 
et was m.ehr als 10Jah.ren die Beschichtung mit bioaktivem 
Hy<)roxylapatit [4, 6, 7). 

Kombiniert man eine makrop~ros.e Oberflachenstruktur 
(z.13. Tripoden-Sttuktur) ni.it. einer bioaktiven HA-Be­
scJ1icl1tung, dann ethalt maIJ die beste Option, ein bony 
in,growth zu en:eichen ... Der Knochen wird durch die 
osseokonduktiven Eigenschaften des HA an die Implan• 
tatob~rfliiche herangefilhrt und er kann in die Makropo­
ren einwachsen [8]. 

Mit diesem Konzept kann auch die Obertragung von Zug­
kriiften zwischen Implantat und Implantatbett bescbleu-

1 Diese.Begriffe werden bzw. wurden von der Firma ESKA und S&G 
fifr ihrestrukturjerten Oberfliichen beniltzt. 

B. Kinner et al. 

nigt und deutlicb verbessert werden. Filr HA Mt bereits 
Osborn auf diese Option hingewieseti. Et hat ftir die 
Gro.Be der. Makroporen postuliert 11nd nachgel'iieseti,.da8 
sje einen.Durchmesser von iiber 0,2 mm haben sollen [15]. 

Htdroxylal'atit -S(and der Keririfuisse und der Tecllnik 

Es gil>t vieleJ!eweise <lurch Tjeryer~uch~ und klinische Er­
probung, da13 das Konzept der HA-Beschichtung.die Fixa­
tion eines Implantates zielfiihrend beeinflu.Bt [4, 7, 18]. 

l:lydroxylapatit (HA) ist aufgrynd mange\nder mechani­
scher Festigkeit [22] mr Jasttra!iende Funktionen vpn Im­
plahtaten nicht geeignet, als HA-Beschichtung ist aber die 
attn1ktive Bioaktivitat des Hydroxylapatits nutzbar [4, 7. 
15., 18, 21, 22]. 

Der Stand der Tcchnik be! dcr HA-Beschichtung is.t wie 
folgt:Alle Eiolegierungen (Edelstahl, cp-Titan, Titan- und 
Kobalt-Chrmn-Legierungen) und all~ Oberflachenstruk­
turen (z. B. mesh, Spongiosametall® bzw. Tripoden, 
porous coating, aufgerauhte Oberfliiche etc.) konnen heu­
te obne technische Probleme beschichiet werden. Richt­
wert.e fiir die Eigenschaften vo11 HA konnert der einschla­
gig!'n Literatur entnommen werden [13]. 

Die Dicke der HA-Beschichtung wird liblicherweise zwi­
schen 0,05 mm und 0,25 mm gewahlt. Es wurden in vivo 
keine Prol,lem.e ntit. Abplatzern oder Delaminati.onen be­
obachtet [4, 7, 18, 23]. Uber die optitn.ale Dicke der HA­
Beschichtung wurde bisher noch keine Einigkeit erzielt. 
Techµischjst alles im Bereich von rund 0,05 bis 0,25 mm 
moglich [22]. 

Isl beim ESKA-System <lurch die Tripoden-Struktur 
knocherne.s Gewebe in die Makrdporen mit Hi,Jfe des HA 
hineingefilhrt warden, dann.ist d.ie Prothese sekundfir gut 
fildert und die Beschichtung mit HA hat eigentlich ihre 
Funktion erfUllt. Filr das ESKA-System hat man sich, die­
ser Argumentation folgend, ftlr HA-Schichten um 0,1 mm 
entschieden. 

David et al. fanden durch Messung des A.usdrehmomentes 
beschichteter Schanz-Schrauben, dal> alle die Osteointe­
gration beherrschenden Prozesse nach 4 Wocheh v6l!ig 
abgeschlossen waren [2].Bei beschichteten Schrauben war 
das Ausdrehmoment runcj Sm.al so hoch wie das von unbe­
schichteten. Dies ist ein schlilssiger Beweis filr die gute 
Osteointegration van HA-beschichteten Implantaten.Da­
bei erfolgt die Einbeilung ohne bindegewebige Zwi­
schenschicht, auch wenn Mikrobewegungen am Implantat 
stattgefunden haben [18, 19]. 

Heute isl eine Reihe von Langzeituntersuchurtgen mil 
HA,beschichteten Endoprothesen verfilgbar. Das gleiche 
gilt filt aktue!le Reviews mil mittelfristigen klinischen Er­
gebnissen [4, 7], Diese beweiseh den Erfolg und die Ver­
besserungen durch HA-Beschichtung. 

Patienten u. Methodik 

200 aufeinanderfolgende Patienten, die zwischen Septem­
ber 1992 und Marz 1996 mit einer HA-beschichteten, ana-

t 
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tomiscben. Htiftendoprothese mit offen makroporoser 
Oberfliiche versorgt wurdcn, konnten prospektiv verfolgt 
werden (Abb. 2 u.3), 

Alie Prothese1i .. wurden von einem standardisierten 
posterolateralen Zugang implantiert. Die ped- und post­
operative. Thrombo-Embolieprophylaxe erfolgte mit 
LMWH. Intraoperativ wurden '.2 g Cefotiam zur lnfek­
tionsprophylaxe gegeben. Ab dem ersten postop. Tag er­
hielten die Patienten eine fraktionierte Rontgentiefen­
bestrahlung (insges. 16 Gy, Orthovolt) in Kombination 
mit 100 mg/d Diclofenac zur Prophylaxe periartikuliirer 
Ossifikationen filr insgcsamt 3 Wochen. 

Die Mobilisation der Patienten erfolgte frUh-postoperativ 
mit einer Teilbelastung von 20 kp fiber 3 Wochen. 

Das mittlere Alter der Patienten bei der Operation betrag 
64 (34-81) Jahre. 17 Patienten waren jilnger als 55 und 
6 Patienten alter als 75 Jahre. Die Geschlechterverteilung 
warm:w = 1:1,6. 

Wir ope,ierten unscrc Patienten unter den in Ahb. 4 dar­
gestellten Diagnosen. Die Indikation zu einem zement­
losen HOftgelenksersatz stell!en wir ausschlieBlich auf­
grund des priioperativen biologischen Alters und 
Aktivitiitslevels. 

Alie Patienten wurden in cin Naclrnntersuchungsproto­
koll aufgcnommen, das sich an den Kriterien vonlohnston 
et al. [9] orientierte. 

Wir konnten unsere Patient en sowohl klinisch als auch ra­
diologisch (BcckepUbersicht und Hilfte axial) regelmaBig 
nach 3, 6 m1d 12 Monaten, dannjiihrlich nachuntersuchen. 
Dazu dientecin nach den Kri!erie11 von ]qhnston et at 
(1990) standardisiert~: Erheb1mgsboge11, Al~ MaB rnr das 
klinisi,he Ergebnis \vurde der Harris-1\ip-score berechnet. 
Zur Beurteilung der radiologischeri Stabilitiit und Festig­
keitzogen wir den.Score n, Eng/I [3] hernn, Dieser Score 
berilcksichtigt neben. rl>ntgenmorphologischen Kriterien 
auch meBteclrnische Oaten (Abb. 5). Die Auswertung er­
folgte entsprechend der Gruen-Zonen am Schaft bzw. der 
DeLee-Chamley-Zonen an der Pfanne. 

Die Schaftsinterung berechneten wir nach Engh et al. [3], 
indem jeweils die Distanz zwischen Spitze d. Trochanter 
major und Prothesenschulter in der Beckenilbersichtsauf­
nahme gemessen wurde. Als signifikantes Ergebnis wurde 
cine Wanderung von >2 mm gewerteL Eine Wanderung 
der Pfanne analysierten wir nach der Methode von Nunn ~ 
[14]. 

Die mittlere Nachuntersuchungszeit betrug 4 (2-5) Jahre. 
Die exakten Oaten des follow up sind in Abb. 6 wiederge­
geben. Die Untersuchung ist als Langzeitstudie angelegt. 

Ergebnisse 

Die Komplikationen sind in Tab. 2 wiedergegeben. 2 Pa­
tienten slarben wilhrend der postoperativen Phase, 2 wei­
tere wahrend des Beobachiungszeitraumes, ohne da.B es 

o Coxarthrose Abb. 4 Priioperative Diagnose 

Verlinderungen an der glatten Ober~ 
fliiche 
Pod""'1, Vorhanden 

.3 S 
Calcarmodefmg Hypertrophle 

-40 
Implant detoriatlon (Zunahme des Vorhandcn 
Saums, vom ImplMtat divergicrende -2,S 
radiolucente Linien 
Migration Vorhanden 

-5.0 
Particle shedding (2.B, durch das Vorhandcn 
Abscheren von HA·Partikeln -s.o 

0 

0 

0 

0 

0 

o Dysplasiearthrose 

o idopath. 
HOftkopfnekrose 

•c.P. 

• Schenkelhalsfraktur 

Fchlt 
+2 5 
Atrophie 
+3 0 
FeWt 
+2,5 

Fehlt 
+3 0 
Fehlt 
+1 0 

Abb. 5 Engh-Score 
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Tab. 2 Komplikationen 

Luxation 
revis/onsbedUrftige Luxation 
SJ3rom 
H6ITlatom 
Wundinfekt 
Thrombose 
L~ng~m·embolie 
Pnet.Jmonie 
unklares Fieber 
H_arnwegsinfekt 
Tod 
Ni'eteninsuffiziE!nz 

k8ine 

n 

4( 2,0%) 
11 d.5%) 
11 0,5%) 
11 0,5%) 
21 1,0%) 
311,5%) 
3( 1,$%) 
3( 1,5%) 
31 1,15%) 
6( :i,0%) 
2( 1,0%) · 
3( 1,!l%) 

168 (84,0%) 

einen Zusammenhan1, z.u der operierten Hiifte gegeben 
hlitte, Ein Patient muBte aufgrund rezidiyierendet Luxa­
tionen revidiert und mit einem liingeren Hals, bzw. exzen­
td~_Cl:iem_ I_nsert versqrgt werd_en. 2 weitere Revisionen 
waren aufl,fun.d eines Hamatoms bzw. Seroms nolwendig. 

Klinfsche Ergebnisse 

Bisher war keine Revision wegen einer aseptischen Im­
plantatlockerung notwendig. 97% der Patienten sind mit 
dem Behandlungsergebnis zufrieden oder m.ehr als zu­
frieden. Der Harris-hip-score wahrend ct.es Nachunter­
suchungszeitraumes ist in Abb. 7 dargestellt. 

Besonders niedrig war .das Auftreten v.on Sc;h,nerzen von 
Beginn an. Bereits 3 Monate postoperativ g,iben 76% der 
Patienten an, schmerzfrei zu sein, 18% hatten noch· mini~ 
male bis leichte Schmerzen und 6% klagten ilber ma8ige 
Beschwerden. Kein Patient gab an, unter erheblicben 
Schmerzen zuleiden. Nach 2 wie nach 4Jahren gaben 89% 
der Patienten an schmerzfrei zu sein, 6% klagten Ober 
minimale und 5% ilber !eichte bis maBige Schmerzen. Ins­
besondere klagte kein Patient Uber Oberschenkel-Scbaft­
schmerzen. 

Wenn Schmerzen angegeben wurden, bezogen sich diese 
auf Narbenschmerzen, Wetterfilhligkeit, Probleme Ober 

B. Kinner et al. 

Abb. 6 Follow up 

dem Trochanter major bzw. uncharakteristische, nicht ge­
nau lokalisierbare Beschwerd.en. 

Ahnlich gUnstig waren die funktionellen Ergebnisse. Kein 
Patient hatte eine Einschriinkung der Gehst.recke auf­
grund der operierten HUfte. Die mittlere HOftbeugung 
nach 2 J ahren betrug 120°(80-140°). 

Radiologische Etgebnisse 

Bereits nach 3 bis 6 Monaten waren leichte, aber typische 
knochetne Reaktionen des Implantatlagers im konventio­
nellen Rontgenbild zu verzeichnen. 

ZuniichS,t kam es _zu cin,er §})on&i()_sa\,cfrdi~htun_g in: den 
Gru.en-Zonen 2 und 6 [9, 13]-'d, h.'am Ubergang zwischen 
strukturiertem/beschlchtetem und glattem Schaftteil ~ die 
stetig Ober d.en. Be"b.aclltungszeitra\lm .. zw1ahm. Diese 
Spongiosaverdiclitupg. erscheint typischerweis.e in der 
Form sog. Spot welds [3, 5], d. h. Kriochentrabekeln, die in 
Richtung makroporose Oberfliiche wachsen. ~tellvertre­
tend sei die. Verteilung dieser Spot welds nach 2 Jahren in 
Abb. 9a und 10a dargestellt. 

Eine weitere typische rontgenmorphologische Erschei­
nung ist das Auftreten sog. reactive lines [3, 5]. Hierbei 
handelt es sich um eine zarte rontgendich(e. Line um die 
nichtbeschichtete Prothesertspitze. Die Verteilung reakti­
ver Lihien nach 2 J ahren ist in Abb. ~b und 10b dargestellt. 

Sog. Pedestals - d.h. endostale Knochenneubildung [3) 
um .die Schaftspitze- traten. in 7% um dere.n l~terale Zir­
kumferenz auf, ohn.e dall sich eine Kortelation zu Schmer­
zen oder weitere Zeichen einer Schaftlockerung gezeigt 
hlitten. 

Regelmiillig kam es zum Remodelling am Calcar, im We­
sentlichen in Form einer Abrundung (86% ). Nie trateine 
Calcarhypertrophie - im Sinne der Definition von Engh 
el al. [3] - auf. 

Auch zur Kortikalishypertrophie kam es nurin 14%. Zurn 
einen Tei! (7%) zusammen mit einer Spongiosahypertro-

t 
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Abb. 7 Harris-hip-score als MaB !Ordas klinische Ergebnis 
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Abb. 8 Eng.Score als Ma/1 fur die radiologische Einheilung 
und Stabilitiit 

phic in Zone 2, 61 zum anderen zusammen mit oben be­
schriebenen Pedestals (7% ), nie jedoch in Verbindung zu 
reaktiven Linien um die Beschichtung. 

Im Bereich der Zone 1 war es bei 64% (2 Jahre) der Pa­
tienten zu einer milden Reduktion der Knochendichte 
g.ekommen als Ausdruck der eher etwas distaler - am 
Ubergang des beschichteten zum nicht-beschichleten 
Schaftanteil - gelegenen Krafteinleitung. 

Die knochemen Reaktioncn um die Pfanne sind sehr iihn­
lich, lediglich in ihrer Auspragung noch feiner. Auch bier 
kommt es frilhzeitig ( nach 6-12 Monaten) zur Ausbildung 
sog. spot welds, typischenveise an 3 Stellen: Zone I lateral, 
sowie am Obergang der Zonen I/II und II/Ill nach DeLee 
u. Chamley (Abb. 9 u.10). 

Bis jetzt kam es zu keiner Ausbildung eines Sa urns oder re­
aktiver Linien im gesamten strukturierten/beschichteten 
Bereich - weder an der Pfanne noch am Schaft. Die Kno­
chenstruktur dort ist-wie obcn dargestellt-v. a. durch das 

Vorhandensein von spot weld_s bestimnit. Gcnauso weilig 
wal' es zu e,iner signifikanten W_p.nderimg yon PfoJhe~en­
komponenten gekommen. D.ies \)ezieht sich sow"hl aufei­
ne mllgliche kraniale und mediale Wanderung dei Pfanne 
(>2 nim) als auch auf eine Verlinderung' der Pfann~?kip­
pung oder Elevation. Auch eine signifikante Schaftsinte­
rung (>2 mm) konnte nach Aus01essen der Ri:intgenbil­
der ausgeschlossen werden. 

Anzeichen flir ein A.bscheren vonHA-Partikeln gab es 
ebensowenig wie ein Brechen dersog. Tripciden. Das Aus­
messen der Kopfposition in bezug auf das Pfannenzen­
trum ergab keinen Anhalt filr ein.en wie auch immer gear­
teten Abrieb. 

Besonders niedrig war auch die Rate periartikuliirer Ossi­
fikationen prophylaktisch behandelter Patienten; ver­
glcichsweise niedriger, als fUr iihnliche in der Literatur be­
schriebene Prothesen (6]. Die exakten Ergebnisse werden 
an anderer Stelle dargestellt. ~ 

Als Mall fur die Stabilitat und Festigkeit lallt sich der Score 
nach Engh [3] anhand o.g. Kriterien berechnen. Bin Wert 
von > 10 Punkten gilt als sichere knocherne Einheilung. 
Die entsprechendcn Ergebnisse wahrend des Verlaufs 
sind in Abb. 8 wiedergegeben. Demnach sind alle Prothe-
sen bereits nach 6 Monaten als sicher knOchern eingehcilt 
zu bewerten. 

Abb. 9 Radiologl­
sches Ergebnis nach 2 
Jahr0n, a ausg'edehnte 
spot-weld-Formatio_n in 
den Gruen-Zon0n 2 
und 6, b Reaktlve 
Linien in dert Gruen-­
Zonen 2 und 6 
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Entsprechend den heutigen Standards der Endoprothetik 
fand sich eine sehrniedrige Komplikationsrate, vergieichw 
bar mit anderen Untersuchungen und Protbesemnodellen 
[18]. Spezifische HA-bezogeneKomplikationen sind nicht 
aufgetreten. 

Insbesondere_ kam, -~_s._ln keinem Fall zu_einer Delamination 
von HA. Wir wider~pre_chen dalierder Mei11ung vqn Bauer 
[1]. es sei scbwierig eine qu,uitativ hoch1veftige Beschich­
tung auf makrotexturierten ImµJau.taten herzustellen. 

Die klinischen.Ergel>nisse zeigen, daB si.ch mit de111 unter­
suchten Mode II der sog. Sdiaft • oder Anpassungsschrnerz 
sicher vermei<;!en liiJ3t. Dies wird in ahtllicherri AusmaB 
aucb vqn anderen Antoren bench.tel \6] uric\ ist. ein Zei­
~hen filr die frillle )ll1d siche;e knh\Cherne EinheHung. die 
nach radlologischen Kritetien inje<:leI11 Fall erieicht wur­
de. Die Fixation der Implantaie vollzieht sich nicht iiber 
ein bindegewebiges Interface, das in vie!ert Fallen ffir die 
Schmerzen verantwortlich gemacht w~rden nud3 utid eben 
atich bei makro- und mikropor5s,strn.kturi.erten Prothe­
sen; wie eingangs dargestellt, auftreten kann. 

DamiJ 'l"ird aber auch die in manchen Fallen notwendige 
imd von vielen gefiirchtete aufwendige Wechseloperation 
wege":. ein_er~ _ mit_ ,Sch_merzen __ einhe,rgehenden,, unzurei­
c!il;!nden kn5cherrieti Fixierung vermie'den. 

Radiologisch zeigen sich. ,ill<! Kriterien einer sicheren 
knocherrien Einheilung \md Stabiliti!t, die von Engh et al. 
(1990) beschriebe.n w.urden: Fehleh kompletter reaktiver 
Linien, fehlende Implantatwanderung, spot welds an der 
Ubergangszone beschichteter/unbeschichteter Teil des 
Schaftes. 

RegelmaL1ig traten reaktive Linien um die Sthaftspitze 
auf. Die Vrsache dafilr ist nicht endgiiltig gekliirt, aber ty­
pisch fiir proximal HA-beschichtete Protbesen [5]. Die 
meisten Autoren sehen darin einen Ausdruck des Elasti­
zitatsunterschiedes zwischen Knochen und Prothese und 
den bei fehlender Beschichtung auftretenden Mikrobewe­
gungen (sog. Windshield-whipe!' sign [5, 6]). Sie konnen 

1 (0%) -2 (0%) -3 (4%) -

B. Kinner et al. 

Abb. 10 a Verteilung derspot 
welds nach 2 Jahren, bVerteilung 
rea~t!ver Lin_ien nach 2 Jahren 

aber auch als Ausdruck einer dynamischen Fixation der 
Prothese weit proximalim spongiosen Knochen sein. 

Diese radiologischen Kriterien werden dadurch erfiillt, 
daB das HA das Knochenwachst.um direkt und tief in die 
Makroporen der Tripoden-Oberflache leitet. 

Dies.e Eigenschaft des Hydroxylapatits filhrt auch dazu, 
daB Prothesen mit suboptimalem Sitz oder unbefriedigen­
der Implantation fest knochern eirtheilen konnen. Experi-
1:'enteUe Untersuchungen haben gezeigt, daB die knocher­
ne Heilung aucb liber Spalten zwischen K11oc.hen und 
Prothese von > l 1mn erfolgt(4, 8). Wie Geesink [6] wollen 
wir daher den feh(erverzeihenden Charakter HA-be­
schichteter Implantate be.to.nen. 

Darllber hinaus haben experimentelle Studien gezeigt, 
daB auch unter Infektbedingungen ein Einheilen der Pro­
these moglich ist Wie/ke et al. [20] di.skutieren sogar, ob ei­
ne infizierte HA-beschicbte.te Protbese. in jedeni Fall ex­
plantiert werden muB. 

Die Funktionsfahigkeit eines Implantates hiingt nicht nur 
von der BioaktivitiltseinerOberfliiche ab .. Vielmehr.ist das 
Zusammenspiel aller EinfluBgroJ3en - Biomechanik, 
Oberflachenstrukturierung urid Bioaktivitiit - entschei­
dend. 

Aufgrund eigener Erfahrungen sowie der Literatur [5, 13] 
halten wir es fiir besonders gilnstig, eine makroporos 
struktmierte Prothese zu beschichten. Diese Struk.turie­
rung erhoht die Widerstandsfiihigkeit der Beschichtung 
gegen reine Sc.herkrafte [5]. Eine tiefe oder fanige 
Osteointegration (bony ingrowth) ist nur bei makroporo­
ser Oberflachenstruk\ur .zu erreichen. Bei mikroporosen 
01:ierflachen wird ledigliclt ein Heranwacltsen des Kno­
chens an die Prolhese erreicht (bony ongrowth). Mit einer 
erhohten Lockerungsrate muB hierbei nach Jahren ge­
rechnet werden. 

Weiterhin b<os\ehl Besorgnis da:riiber, wie der Knocben­
Prothesenkontakt aussehen mag, wenn die HA-Beschich­
tung resorbiert ist - und davon, das beweist die Literatur 
ebenfalls, isl in jedem Fall je nach Beschichtungsstiirke 
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auszugehen [4]. Im Fall oberflachenstrukturierter lmplan­
tate bleibt der f<:ste und tiefe Knochen-Prothesen-Kontakt 
erhalten [8]. Wir seben daher im HA vor allem die Starter­
Funktion [4], die uns cine skhere knocherne Heilung ge­
wahrleistet, indem das sog. kritische ,.lnterperiodikum" 
[15] iiberbrlickt wird. Die sekundare StabiliUit wird nach 
wie vor durch die interkonnektierenden Knochen-Prothe­
sentrabekel, die zu einer dynamischen Auflliingung der 
Prothese im Prothesenlager fUhrt, gewahr!eistet. Auf­
grund der zu erwartenden Resorption .des HA sind daher 
in ganz besonderem MaB makrosirukturierte Implantate 
als Grundlage ftir eine Beschichtung geeignet. 

Bedenken gegen Beschichtung makrostrukturierter Im­
plantate (z.B. beads) aufgrund technischer Probleme [4] 
sind mit modernen Verfahren unseres Erachtens haltlos. 
Experimentelle Untersuchungen (pul!-out-Versuche) so­
wie die Qualitatskontrollen der eigenen Beschichtung ha­
ben durchweg bessere Resultate im Vergleich zu glatten 
Oberf!acben ergeben [2[. 

Einen weiteren Vorteil HA-beschichteter Implantate se­
hen wir wie andere Autorcn f4. 6. 8J in der mOgJic]Jen 
,, Versiegelungn des Femurs gegcn das Einwandern von PE 
in das sag. Interface, das bei Vorhandensein eines fibrOsen 
Interface maximal isl [4]. 

Diese VorteiJe soJlten zu einer deut!ic/Jen V crkilrzung des 
Krankenhausaufenthaltes, eincr schnelleren Rehabilita­
tion sowie Wiedereingliederung in den ArbeitsprozeB 
filhren. Weiterhin ist eine niedrigere Revisionsrate, ein ge­
ringerer Aoalgetikaverbrauch sowie eine Rcduktion von 
Arztkontakten moglich. Es ist daher von diesem Implantat 
ein hoher Kosten-Nutzen-Effekt trotz initial hilherer Im­
plantatkosten zu erwarten. Diese Hypothese mu8 aller­
dings durch Langzeitstudien bewiesen werden. 

Schlu8folgerung 

200 aufeinanderfolgende Patienten, die mit einer Hy­
droxylapatit beschicl1teten HUftendoprothese mit makro­
porOser Oberfliichenstrukturierung versorgt wurden, 
konnten prospektiv verfolgt werden.13isher warkeiue Re­
vision aufgrund einer aseptischen Lockerung notig. Femo, 
ralc .,Anpassungsschmerzen" sind nicht mehr aufgetreten. 
Der mittlere HHS nach 2 Jahren betrug 97 und die radio­
logische Untersuchung zeigte eine frlihe und komplette 
kn<icherne Einbeilung aller Prothesenkomponenten. 

Unsere Ergebnisse haben uns daher ermutigt, dieses En­
doprothesenmodell weiter anzuwenden. Es bietet neben 
der Primiirstabilitiit eine sichere und frlihzeitige sekunda­
re Stabilisierung als Voraussetzung flir eine dauerhafte 
Fixation der Prothese. Ob eine bessere Fixierungdurch die 
Verbindung einer makroporosen OberfWche mit HA-Be­
schichtung sich langfristig bestHtigt, wird durch <las weite­
re follow up zu beweisen sein. 
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ABSTRACT-We evaluated the influence of osteoblastic 
response to osteoarthrosis of the hip on the outcome 
of cemcntless acetabular cup after 91 total hip replace­

ments in 79 patients. Of the 91 hips, 23 were atrophic, 37 
normotrophic, and 31 hypertrophic, according to Bom­

belli's criteria. There were no clinical or radiographic 
differences among tile three groups at the final follow-up 
(average 7 (5-11) years}, when stable bone growth bad 
been achieved by all of the acetabular cups in patients 
with the atrophic type, 35/37 of the normotrophic type, 
and all the hypertrophic type. Revision of the acetabular 
cup was performed on 1 hip of the normotrophic type, in 
connection with severe polyethylene liner wear and pro-
grcssive osteolysis. • 

Osteoblastic response by host bone to implant sur­
face may be an imp011ant factor affecting longev­
ity of total hip arthroplasty (THA). In patients 
with osteoarthrosis (OA), the type of osteoblastic 
response, in terms of Bombelli's (1983) classifi­
cation, has been reported to predict loosening of 
the cemented acetabular socket (Saito et al. 1987, 
Kobayashi et al. 1997). The atrophic OA type 
hips showed a higher incidence of unsatisfactory 
clinical results and radiographic loosening of the 
cemented cup than did the hypertrophic or normo­
trophic OA type hips. The influence of osteoblastic 
response on cementless THA has nOt been studied. 
We thought that cemelltless fixation may need a 
higher osteoblastic response to achieve good bone 
ingrowth or ongrowth fixation. Therefore we inves-

tigated whether there was any association between 
osteoblastic response and outcome in cementless 
THA, as previously reported in cemented THA. 

Patients and methods 

Between 1987 and 1993, a cementless THA, using 
the Spongiosa Metal Total Hip System (ESKA, 
Liibeck, Ge1many), was performed in a consecu­
tive series of I 00 hips for 87 patients with OA. All 
the cases were secondary to acetabular dysplasia 
or congenital subluxation or dislocation of the hip. 
No cases of primary osteoarthrosis, or completely 
dislocated hip were included, The stem and metal 
socket of this system are made of cobalt chrome 
molybdenum alloy with the entire surface covered 
by a spongy metal structure similar to cancellous 
bone. The meta} cup has a hemispherical shape 
with two spikes wedged into the anterior and 
posterior acetabular rims and one peg inserted 
into the ischium. The curved stem with a collar 
anatomically matches the medullary canal of the 
proximal femur. An interior polyethylene liner 
(ESKA, Ltibeck, Ge1many) and a modular alumi­
num ceramic head, having a diameter of 28 mm 
(Biolox: Ceramtech, Plochingen, Germany), are 
used for the articulation. As a rule, the cup was 
placed in the anatomical position of the acetabu­
lum, and a block bone graft from the resected fem­
oral head was used in 14 hips and chip grafts in 
23 hips to fill the superolateral bony defect in the 
acetabulum. Partial weight bearing was stai1ed at 
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_MorptiO_i~Qi~l-tyP'eS of -6_stEi()'arth'rb_§is_iJf tti-e- h(f'.) a:Cco'r,diriQ 
to [3_6mb_elli'~ criteria: cl) atr_0Rh_i9_ QA _typ_e, s_howing poor 
osteophyte formation and gradual reducticin in size of the 
femoral head, b) normotrophic OA type, showing a mode­
rately sized osteophxte formation, c) _hypertrophic OA type, 
having large _osteophytes on the margins and floor of the 
acetabulum as well as around the femoral head. 

6 weeks and full weight bearing was allowed at 
12 weeks after the operation. Clinical and radio­
graphic assessments were done annually. 

2 patients, accounting , for 3 hips, died within 
5 years after smgery due to causes unrelated to 

Acta Orthop Scand2001; 72 (4): 34&-347 

the hip. Deep infection occurred in 1 hip 4 years 
postoperatively, and both the acetabular cup and 
stem were removed. 5 patients (5 hips) were Jost 
to follow-up within 5 years after surgery, but they 
showed excellent clinical and radiographic results 
when last reviewed. The remaining 91 hips of 79 
patients were the subjects for subsequently ana­
lyzed with a minimal follow-up of 5 years. The 
average age of the patients was 52 (29-67) years at 
the time of operation, and the average follow-up 7 
( 5-11) years. 

The clinical assessments were based on the Merle 
d' Aubigne and Postel (1954) hip score, which allo­
cates up to 6 points for each type of pain, mobility, 
and function, with a total of 18 points given to a 
normal hip. Osteoblastic response of the arthrotic 
hips was evaluated with Bombelli's (1983) criteria 
on preoperative radiographs (Figure). These radio­
graphs were interpreted blindly by two of the 
authors without knowledge of the clinical and 
radiographic outcomes. Both observers had the 
same view about 78 hips, but came to an agree­
ment about the remaining cases. 23 hips were clas­
sified as atrophic OA type (A-type), 37 as normo­
trophic OA type (N-type), and 31 as hypertrophic 
OA type (H-type). All patients were female, except 
1 in the A-type group and 2 in the N-type group. 
The follow-up period was about the same in the 
three groups (mean months (SD): 85 (20) in the 
A-type group, 85 (19) in the N-type group, 87 (15) 
in the H-type group). The patients' ages at opera­
tion differed significantly: 56 years (SD 6) in the 
A-type group, 53 years (7) in the N-type group, 
49 years (8) in the H-type group, the latter being 
younger than the A-type group (p = 0.003, Scheffe 
test). 

At the annual postoperative follow-ups, antero­
posterior and lateral radiographs were evaluated 
for evidence of radiolucent lines, implant fixation, 
and osteolysis by a zonal interface analysis of 
the acetabular cup with DeLee and Charnley's 
method (1976). Fixation of the cup was evaluated 
by a modified DeLee and Charnley classification 
(McPherson et al. 1995), according to which fix­
ation by bone ingrowth (type I) has three sub­
types: lA means the absence of radiolucent lines 
or migration of the cup, lB has a radiolucent line 
in one zone, and 1 C has a radiolucent line in two 
zones. Stable fibrous fixation (type 2) has a com-
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Incidence of radiolucent lines around the acetabular cup and cup fixation at the final follow-up 

Type of Radiolucent line Cup fixation 
osteoarthrosis 

Present in one or Zone 1 Zone 2 Zone3 1A 18 1C 2 3 
more zones 

Atrophic 2/2 2/2 0 0 20/21 2/2 0 0 0 
(Cl 0-0.22) 

Normotrophic 717 1/1 4/4 5/5 27/29 4/4 f/2 0 2/2 
(Cl 0.06-0.35) (Cl 0-0.14) 

Hypertrophic 313 0 0 3/3 24/28 3/3 0 0 0 
(Cl 0.02-0.24) 

Values are number of patients/hips, Cl = 95 % confidence interval of incidence ratios 

plete radiolucent line less than 2 mm in width. 
Unstable fibrous fixation (type 3) has a complete 
radiolucent line equal to or greater than 2 mm in 
width, a progressive zone 3 radiolucent line, or cup 
migration by more than 2 mm. 

Statistical analysis was performed with StatView 
software (version 5.0; SAS Institute, Cary, North 
Carolina) and a p-value less than 0.05 was consid­
ered significant. 

Results 

Clinical results 

The mean Merle d' Aubigne and Postel hip score 
of all patients improved from 7.6 (pain 1.2, mobil­
ity 3.7, function 2.7) before operation, to 17 (pain 
5.9, mobility 5.3, function 5.6) 2 years post­
operatively, and to 17 (pain 5.9, mobility 5.3, 
function 5.5) at the final follow-up. All three 
groups achieved good hip score improvement 
from preoperative examinations to the final fol­
low-up: from 8.0 points to 17 in the A-type group, 
from 7.7 to 17 in the N-type group, and from 
7.2 to 17 in the H-type group. There was no sta­
tistically significant difference in the hip scores 
among the three groups at the final follow-up 
(one-way analysis of variance). The resuls were 
unsatisfactory, indicated by a total score of 14 
or less, in 2 N-type hips due to stem fracture or 
disability from osteoarthrosis of the contralateral 
hip, and in I H-type hip due to disability from 
lumbar spondyloarthritis. 

Radiographic results 

Radiolucent lines in one or more zones around 
the acetabular cup were seen in 2 patients in the 
A-type group, 7 patients in the N-type group, and 3 
patients in the H-type group at tl1e final follow-up 
(Table). When adjusted for other factors, includ­
ing age, sex, follow-up period, and perfonnance 
of block bone graft, osteoblastic response type 
showed no significant correlation with the occur­
rence of a radiolucent line (logistic regression anal­
ysis). Satisfactory fixation of the acetabular cup 
was achieved in all 3 groups at the final follow-up. 
All patients in A-type and H-type groups, and 32 
patients in the N-type group showed bone ingrowth 
fixation (grades IA, IB, or JC). Osteolysis around 
the acetabular cup was most marked in the N-type 
group (6 patients), while only I patient in the 
A-type group and none in the H-type group showed 
osteolysis. 

Two revision operations were perfonned during 
the study: 1 hip in the N-type group underwent 
a revision of the acetabular cup due to unstable 
fibrous fixation, and 1 hip in the N-type group 
underwent revision of the femoral stem due to stern 
fracture without loosening of the cup. 

Discussion 

The morphological type of osteoarthrosis is said 
to affect the outcome of cemented THA (Saito et 
al. 1987, Kobayashi et al. 1997): atrophic type 
hips had a high incidence of unsatisfactory clini­
cal results and acetabular loosening. Histological 

RI G H TS L l N ,<~) 



346 

examinations showed that bone specimens from 
hypertrophic type hips had many osteoblasts with 
few osteoclasts on the surface of subchondral tra­
beculae, while bone specimens from atrophic type 
hips had many osteoclasts with fewer osteoblasts 
(Saito et al. 1987). 

These findings suggest that the results with mor­
phological types of osteoarthrosis may be similar to 
those with acetabular cups after cementless THA. 
Heinandez-Vaquero et al. (1996) compared the 
outcome of threaded acetabular cups after cement­
less THA among the atrophic, nonnotrophic, and 
hypertrophic types of hips at a mean follow-up of 
6 years, and found that periprosthetic radiolucent 
lines and loosening of the acetabular cups occurred 
significantly oftener in the atrophic hips. Our study, 
however, showed no significant differences in clin­
ical results, incidence of radiolucent lines or cup 
fixation after 7 years among the three groups. The 
discrepancy between the findings of Hernandez­
Vaquero et al. ( 1996) and ours may be due to the 
tendency of threaded cups to fail after a few years 
(Snorrason and KiiiTholm 1990, Yahiro et al. 1995). 
Adequate bone ingrowth and long-tern1 fixation 
of the acetabular cup can be achieved only by 
stable initial fixation into the acetabular bone. If 
stability is insufficient, minimal bone ingrowth can 
be expected because of weak osteoblastic activity 
in atrophic type hips. Here we used a press-fitting 
technique with underreaming to obtain stable fix­
ation of the acetabular cup. The results half-way 
through the study using this technique for cup fix­
ation were satisfactory (Morscher 1992, Dorr et 
al. 1998). Linder et al. (1988) showed that osseo­
integration with the implant surface was usually 
attained even in patients with compromised bone 
quality, such as osteoporosis and rheumatoid arthri­
tis, and adequate initial stability with the acetabu­
lar cup we used should have resulted in adequate 
subsequent bone ingrowth fixation and a success­
ful outcome, even in hips of the atrophic type. 

Our study has certain limitations: almost all 
patients were female, and osteoarthrosis secondary 
to dysplasia or congenital subluxation or disloca­
tion of the hip was evaluated exclusively because 
these are the main causes of osteoa1throsis in 
our country. This may have affected the relation 
between the outcome of the arthrop!asty and the 
osteoblastic types of hip. We found no significant 

Acta Orthop Scand2001;72 (4): 343-347 

difference among the three groups as regards clin­
ical and radiographic outcomes. However, there 
may be a true difference among the groups (type II 
en-or), because of the limited sample size (Freed­
man and Bernstein 1999). Further studies in more 
patients including more males and various _causes 
of osteoarthrosis are needed to increase the reli­
ability of the statistical analysis and extrapolate the 
findings to the usual type of osteoarthrosis of the 
hip or a population with more males. 

No benefits in any fom1 have been received or will be 
received from a commercial party related directly or indi­
rectly to the subjects of this article. No funds were received 
to support this study. 
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5 BIS 9 JAHRE NACHUNTERSUCHUNGSERGEBNISSE 

DER ZEMENTFREIEN KERAMIK/KERAMIK· 

T OTALENDOPROTHETIK BEi DYSPLASIECOXARTHROSEN 

Atsushi Kusaba, Kiyohiro 
Nagase, Saiji Kondo, Yujiro 
Mori, Yoshikatsu Kuroki * 1 

Schliisselwi:irter: 
Dysplasiecoxarthrose, Aluminium­
oxidkeramik, zementfreie Keramik. 

Einleitung 
Die aseptische Lockerung isl lang­
fristig ein Hauptproblem der ze­
mentfreien HOftendoprothetik. 
Die Versorgung junger und aktiver 
Patienten mit Dysplasiecoxarthrose 
ste\lt hierbei eine Herausforderung 
dar. Seit 10 Jahren verwenden wir 
das modulare Spongiosa Metal 
II"' Endoprothesensystem (ESKA 
Implants, Lubeck) mit einer Alu­
miniumoxidkeramik-Gleitpaarung 
(BIOLOX®forte, Kugelkopf 28 mm, 
CeramTec AG, Plochingen), da 
wir ein besseres Abriebverhalten 
und eine langere Lebensdauer der 
Endoprothese erwarten 11 ]. 

Material und Methoden 
Von Oktober 1998 bis Dezem­
ber 2007 wurden 1153 primare 
Totalendoprothesen mit einer 
Ke ram i k/l<eram i k-G I eitpaaru ng 
eingesetzt. Bei 151 Patienten mil 
Dysplasiecoxarthrose erfolgten 166 
lmplantationen. Dabei verteilte 
sich das Patientengut auf 4 mann­
liche und 147 weibliche Patienten. 
In alien Fallen ergab die praope­
rative Diagnose eine Dysplasie­
coxarthrose, darin eingeschlossen 
10 fehlgeschlagene Osteotomien, 
3 Femurkopfnekrosen (l<alamchi 
und McEwen Typ II) 121 und 2 Dis­
lokationen (l<lassifizierung nach 
Crowe, Grad IV) 131. Der Alters­
durchschn itt zum Operationszeit-

pun kt lag bei 57 (44-75) Jahren. Die 
durchschnittliche Operationsdauer 
betrug 78 (38-159) Minuten. Um 
die gro&te Pfanne (d.h. ein l<erami­
kinsert mit maximalerWandstarke) 
verwenden und das HOftzentrum 
entsprechend wiederherstellen zu 
konnen, wurde das Acetabulum bis 
zur Lamina interna ausgefrast. Bei 
8 HOften erfolgte zusatzlich eine 
Pfannendachplastik mil Schrauben. 
Ein autologes l<nochentransplantat 
wurde am Pfannenrand bei 60 
H Often verwendet. Bei 3 0 1-1 Often 
wurde eine Adduktorentenotomie 
durchgefOhrt. Ein ausgedehntes 

_sich von praoperativ 62 (3 0-83) 
Punkte au/ 91 (69-100) Punkte 
postoperativ. Die Oberlebensra­
te betrug fur Pfanne und Schaft 
100%. l<ein Patient beniitigte eine 
Revision. Es traten keine Dis\oka­
tionen oder Gerausche [4] auf. Es 
zeigten sich keine implantatspe­
zifischen Komplikationen. Tiefe 
Thrombosen, Lungenembol ien 
oder lnfektionen waren nicht zu 
verzeichnen. Der durchschnittliche 
lnklinationswinkel betrug 39 (29-
49) Grad, der Anteversionswinkel 
im Durchschnitt 18 (10-30) Grad. 
Im Beobachtungszeitraum waren 

Abb. links: A.p.-Aufnahme priioperativ. Abb. rechts: A.p.-Aufnahme 7 Jahr 
postoperativ. Das Acetabulum wurde bis zur Lamina interna ausgefriist. 

Weichteilre\ease erforderten 5 I-I Of­
ten. Osteophyten wurden sorgfaltig 
entfernt, um Impingement zu ver­
meiclen. Der Nachuntersuchungs­
zeitraum lag bei durchschnittlich 
6,3 (5-9) Jahren. 

Klinische und radiologische 
Ergebnisse 

Der Harris Hip Score (HHS) hat 
sich bei al !en Patienten verbesse,t. 
Der durchschnittliche HHS erhohte 

alle Prothesen stabil IS]. In einem 
Fall kam es innerhalb der ersten 2 
Jahre nach Implantation zu einer 
geringfugigen Positionsanclerung 
des Schaftes (Varuskippung), die 
sich jedoch im weiteren Verlauf 
stabilisierte. Radiologisch fanden 
sich Lysesaume bei 4 HOften (2%) 
im Pfannenbereich (Zone 111), bei 
20 HO/ten (12%) in den proxi­
malen Schaftzonen. Osteolysen 
wurden nicht beobachtet. 
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Diskussion 

Der Vorteil von Keramik/Keramik­
Gleitpaarungen besteht in ihrem 
ausgezeichneten Abriebverhalten 
[6]. Keramikabriebpartikel zeigen 
ein bioinertes Verhalten und es 
kommt selten zu Osteolysen [7, 
8]. In einer Studie unseres Insti­
tutes zeigte sich, dass Osteolysen 
weniger oft bei Prothesen mit 
Kera mi k/Kera mi k-G I eitpaaru n gen 
als vergleichsweise mit Keramik/ 
Polyethylen-Gleitpaarungen auftra­
ten [1]. Diskutiert wird das Bruch­
risiko von l<eramikkomponenten 
[9]. In unserem Patientengut der 
Studie trat bisher keine Fraktur 
auf. Nach Garcia-Cimbrelo et al. 
wurde bei 319 Huftendoprothe­
sen nur in einem Fall ein Bruch 
einer Keramikkomponente bekannt 
[1 OJ. Bizot et al. verwiesen darauf, 
dass sowohl der lnnenkonus der 
Metallpfanne als auch die Kera­
mikkomponente beim Einsetzen 
des Keramikinserts in die Pfanne 
beschadigt werden konnen [11 J. 
Um das Frakturrisiko zu minimie­
ren sollten Operateure darauf ach­
ten, dass Pfanneninnenkonus und 
Schaftkonus nicht mit lnstrumenten 
in Beruhrung kommen oder durch 
Gewebereste verschmutzt sind. 
Yoo et al. wiesen darauf hin, dass 
bei einer Fehlpositionierung der 
Pfanne oder exzessiver Weichteil­
spannung wahrend der Operation 
l<eramikkomponenten beschadigt 
werden konnten, mit der Folge 
eines erhohten Bruchrisikos und 
vermehrten Abriebs [12, 13]. 
Nach Lusty et al. beeinflusst die 
Positionierung der lmplantate 
das Abriebverhalten keramischer 
Gleitpaarungen [6]. Bader et al. 
empfehlen die Verwendung von 
Ke ram i k/Keram i k-G le itpaaru ngen 
nur bei gunstiger lmplantatpositi­
on, um lmpingementund mogliche 
Folgen wie Materialversagen (z.B. 
Randabplatzer oder Bruch) und 
Dislokation zu venneiden [9]. 

Schlussfolgerung 

Die Spongiosa Metal I JI® Endo­
prothese ermoglicht bei Dyspla­
siecoxarthrosen eine exzellente 
Primarstabilitat und erweist sich 
als geeignet in Kombination mit der 
keramischen Gleitpaarung. Auch 
bei stark dysplastischen Acetabula 
muss der Operateur eine gute Pri­
marstabilitat und Pfannenpositio­
nierung gewahrleisten. Daher sind 
korrekte lmplantationstechnik und 
operative Sorgfalt [14] unerlasslich, 
um die tribologischen Vorteile der 
Keramik nutzen zu konnen und 
Komplikationen zu vermeiden. 

lnstitut filr Endoprothetik und 
Rheumato/ogie, Aflgemeines 
Krankenhaus Ebina, 1320 Kawara­
guchi, Ebina, Kanagawa 2430433 
Japan. 
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Abstract Modular neck implants are an attractive treat­
ment tool in total hip replacement. Concerns remain about 
the mechanical stability and metal ion release caused by the 
modular connection. Five different implant designs were 
investigated in an experimental set-up. In vivo conditions 
were simulated and the long-term titanium release was 
measured. Finally, the modular connections were inspected 
for corrosion processes and signs of fretting. No mechanical 
failure or excessive corrosion could be identified for the 
implants tested. The titanium releases measured were 
extremely low compared to in vivo and in vitro studies 
and were not in a critical range. 

Resume Dans les protheses totales de hanche !'utilisation 
d'implants avec col modulaire est d'une utilisation fte­
quente et pratique. Neanmoins, cette utilisation laisse 
persister des doutes sur la stabilit6 mCcanique et sur le 

J. P. Kretzer (18J) • E. Jakubowitz 
Laboratory of Biomechanics and Implant Research, 
Department of Orthopaedics, University of Heidelberg, 
Schlierbacher Landstrasse 200A, 
691 J 7 Heidelberg, Gennany 
e-mail: philippekretzer@web,de 

M. Krachler 
Institute of Earth Sciences, University of Heidelberg, 
Heidelberg, Gennany 

M. Thomsen 
Gennan Red Cross Hospital, 
Lilienmattstr. 5, 
76530 Baden-Baden, Gennany 

C. Heisel 
ARCUS Kliniken Pforzheim, 
Department of Orthopaedics and Traumatology, 
Rastatter Strasse 17-19, 
75179 Pforzheim, Gennany 

relargage des ions metalliques. 5 diffefents implants ont ete 
eh1diCs en reproduisant les conditions in vivo, en mesurant 
le relargage de titane et en 6valuant la corrosion et les 
16sions du col. Ce travail n'a pas pennis de mettre en 
evidence d '6chec secondaire a une corrosion excessive, et 
les taux de titane sont restes extrCmement bas dans les 
limites de !'acceptable. 

Introduction 

In current total hip arthroplasty, modularity between the 
head-neck cmmection of the femoral stem is well estab­
lished [I]. More recently, implants with an additional 
modular connection between the neck and stem have 
become more popular. The ability to adjust the head centre 
relative to the stem axis intraoperatively, by connecting the 
neck in different positions, guarantees high versatility dur­
ing surgery. 

The mechanical loading conditions of the neck-stem 
cmmection fundamentally differ from the well-established 
head-neck connection. The forces at the established head­
neck connection are transmitted centrally through the head 
resulting in low stresses. In contrast, the eccentric load on 
the modular neck-stem connection leads to higher stresses 
at the connection. 

Fretting caused by micro-motion between the modular 
components may lead to particle and ion release to the 
surrounding tissue [4, 12, 21). Titanium-containing par­
ticles may cause the release of cytokines that are associated 
with periprosthetic bone loss [25]. Such particles may get 
trapped between the articulating surfaces of the artificial 
joint resulting in third-body wear [21 ]. Furthennore, 
mechanically assisted crevice corrosion (as a combination 
of fretting and crevice conosion) may attack the alloy and 
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lead to implant failure [7]. Modularity is often associated 
with corrosion effects and is seen as a weak link with a 
possible source of complications [24]. A multicentre 
retrieval analysis of 231 modular hip implants revealed 
corrosion processes at the modular head-neck connection in 
more than 28% of the cases [8]. 

The aim of this study was to analyse and compare the 
corrosion effects and to evaluate the particle and ion release 
of the modular neck hip implants currently used. The 
following questions were addressed: (!) Are there differ­
ences in the total titanium release between different implant 
designs? (2) How does the geometry of the taper influence 
the titanium release? (3) Are there differences in the 
titanium release over time? 

Material and methods 

Three implants were analysed (Fig. !): Eco-Modular® 
(Endoplant, Marl, Gennany), Varicon® (Falcon Medical, 
Modling, Austria), Metha® (Aesculap, Tuttlingen, Germany) 
and SPS-Modular® (Symbios, Yverdon, Switzerland). All 
implants were made of Ti-6Al-4V alloy. Additionally, a 
universal modular neck adapter (Bio-Ball®, Merete, Berlin, 
Germany) which is connectable to standard hip stems (12/14 
taper) was included. This adapter was combined with a 
CF30®-stem (Zimmer, Warsaw, IN, USA). The Metha® and 
SPS-Modular® taper shapes were oval, designed wi.th a 
female stem connection. All other taper geometries were 
round and had a male stem connection (Fig. !). 

The stem and neck sizes were chosen on the basis of the 
femoral size of an average patient. Comparab_le biomechan~ 
ical loading conditions were achieved by selecting .similar 

Fig. 1 Implant designs investi­
gated. The oval modular taper 
of the t\vo designs on the right 
side are female connections 
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femoral anteversion and head neck diaphyseal (CCD) 
angles and lateral offsets for all implants (anteversion: 
6.8°; CCD: 133.1°; lateral offset: 46.5 mm). 

The taper angles were determined using a coordinate 
measuring machine (CMM) (MarVision MS 222, Mahr, 
Gottingen, Germany; accuracy: ±2.3 µm) and the surface 
roughness was analysed using a roughness measurement 
instrument (Perthometer M2, Mahr, Gottingen, Germany; 
accuracy: 12 nm). The stems and modular necks of each 
design were randomly paired. The resulting taper angle 
differences (cone angle differences) were calculated and the 
total smface roughness of each couple was determined 
quadratically. All geometrical measurements were repeated 
five times. 

The assembly load and environment play a major role in 
the initial stability of modular connections [16]. To simulate 
surgical conditions the modular connections were (,e 
connected wet by a hammer stroke. The stems were 
orientated in I 0° adduction and in 9° flexion resulting in 
bending and torsional loading of the stem and stem­
modular neck connection according to ISO 7206 (Fig. 2). 
A sinusoidal load of between 0.3 kN (min.) and 2.3 kN 
(max.) was applied for !Ox 106 cycles. The frequency was 
repeatedly altered between 3 Hz (100,000 cycles) followed 
by 15 Hz (900,000 cycles). 

The particles and ions released from the stem-modular 
neck connection were measured using a fluid reservoir 
filled with 800 ml calfsenun (diluted to a protein content of 
30 g/1, at 37°C, pH: 7.4). Serum was chosen because 
proteins are reported to affect the corrosion resistance of 
titanium alloy [11, 14]. The serum was continuously 
circulated by a peristaltic pump from the reservoir to a 
small simulation chamber which surrounded the modular 
connection (Fig. 2). 

e 
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Fig. 2 Alignment of the stem and modular neck relative to spatial 
coordinates. The peristaltic pump continuously circulates semm 
between the fluid reservoir and simulation chamber 

The titanium concentrntion of the semm was analysed using 
HR-ICP-MS (Element2, Thenno Fisher Scientific, Bremen, 
Gennany) at intervals of 0, 1 x 106

, 2 x I 06
, 4.5 x I 06, 7 x 106 

and 10 x 106 cycles. In order to detect not only ions but also 
particles in the semm, the samples were first digested with 
high purity nitric acid (HN03) and hydrogen peroxide (H20 2) 

following a standardised, well-established procedure [!OJ. 
The titanium mass was calculated based on the test medium's 
volume and the measured titanium concentration. 

All data are presented as mean ± standard deviation 
(SD). An analysis ofvaiiance (ANOVA) was used to prove 
whether there were differences between the prostheses in 
total titanium release. Pearson's correlation test was 
performed to deal with geometrically related influences 
(total surface roughness, mean cone angle and delta cone 
angle) on total titanium release. Student's t-test was used to 
detect possible influences of the taper shape (round vs 
oval). Regression analysis was perfonned to demonstrate a 
progression in titanium release over time. All statistical 
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analyses were performed using SPSS® software (SPSS® for 
Windows 16.0.1, SPSS Inc. Chicago, IL, USA). A p value < 
0.05 was considered significant. 

Finally, the tapers were carefully disconnected and 
inspected by scanning electron microscope (SEM) (Type 
440, Carl Zeiss, Cambridge, UK) for corrosion effects. 

Results 

The total titanium release of all systems varied between 12 
and 44 µg at the end of the test (Fig. 3). No significant 
differences in total titanium release were found between the 
tested implants (p=0.66). Table 1 summarises the results of 
the geometrical measurements. Neither the mean cone angle 
(p=0.45), the cone angle difference (p=0.30) nor the shape 
of the taper (p=0.44) had a significant influence on the total 
titanium release. Based on an almost significant (p=0.06) 
negative correlation coefficient of r=-0.86, the total 
surface roughness indeed seemed to have an effect. A 
significant linear progression in titanium release over time 
was found for the Eco-Modular' implant (p<0.01, r= 
0.98), the SPS-Modular® implant (p<0.01, r=0.99) and the 
Bio-Ball® implant (p=0.04, r=0.90). No linear correlation 
was found for the Varicon® implant (p=0.30, r=0.59) and 
the Metha® implant (p=0.19, r=0.70). 

SEM revealed moderate signs of fretting in all tested 
connections. Figure 4 shows scars caused by micro-motion 
which perpendicularly obliterate machine lines. No severe 
corrosion effects were detected in any of the implants 
investigated. 

Discussion 

The literature unequivocally demonstrates that design- and 
material-related parameters influence micro-motion and 
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Fig. 3 Titani\lm release of the five implant designs during the course 
of simulation 
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Table 1 Results of the cone geometry measured 

Total surface roughness (µm) 

Endoplant Eco-Modular® 1.28 ± 0.31 
Falcon Varicon® 3.48 ± 0.17 
Aesculap Metha® 0.72 ± 0.02 

Symbios SPS® 0.34 ± 0.01 
Merete Bio-Ball® 12.15 ± 0.39 

fretting of implant connections [8, 9, II, 13, 15]. However, 
no differences in total titanium release were found for the 
implant designs tested here. Compared to other studies the 
titanium release of all systems investigated in this study is 
low. A similar study on a modular neck hip implant design 
made of a titanium alloy revealed material loss of between 
280 and 1,640 µg after 5.5xJ06 loading cycles [22]. 
Another study on a titanium plate-screw connection 
resulted in a titanium release of 849 µg after 1.2 x I 06 

loading cycles [13]. Lower concentrations ranging from 3 
to 21 µg were also reported for plate-screw connections 
[II]. However, this study was only pe1formed for Q.4x 106 

loading cycles. 
The surface roughness showed a negative linear corre­

lation to the total titanium release. With increasing surface 
roughness the titanium release decreased. Higher surface 
roughness may locally increase and evenly distribute the 
contact pressure [2] and thus decrease micro-motions 
between both components. The reported effect of increased 
micro-motion and fretting depending on the cone. angle 
difference [20,.23] was not seen in this study. The implants 
shoWed different p'attems with respect to progression in 
titanium release over time. For the Symbios SPS®, Endo­
plant Eco-Modular® and Merete Bio-Bpll® implants the 
titanium release proceeds in a linear manner. However, the 
Aesculap Metha® andFalcon Vari~on® systems showed a 
titaniu1!1 reltfase, which __ ,irlcreased_ d1irillg _the'- first 2 x 106 

Fig, 4 Fretting sca'rs run petpendicUia:r to machine lines 
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Mean cone angle (0
) Cone angle difference (0

) 

5.67 ± 0.02 0.04 ± O.Q4 

5.80 ± 0.01 0.31 ± O.QJ 

3.69 ± 0.01 0.09 ± 0.04 

5.01 ± 0.01 0.10 ±0.02 

5.68 ± 0.00 0.11 ± 0.03 

cycles and subsequently remained stable (Fig. 3). Similar 
progressions are reported for wear studies on metal-on­
metal joint bearings in total hip replacement [10]. During 
the initial run-in phase of those implants, the surface 
geometries of both counterparts adapt to each other. Such 
a mechanism may also occur at the modular connection 
leading to decreased micro-motion and resulting in a more 
stable connection. The explanation for the measured steady­
state titanium concentrations over time in two of the five 
tested implant designs may be related to a limited fluid 
transfer between the crevice of the modular c01mection and 
the surrounding fluid. If the fluid transfer is restricted, metal 
ions caused by fretting may not enter into the surrounding 
fluid. In this cas~ mechanically assisted crevice corrosion as 
reported by Gilbert et al. [7] may occur. Based on fretting 
and subsequent repassivation of the titanium, the local 
concentration of free oxygen will drop and this will result 
in an increased concentration of free metal ions in the 
crevice. The excess of metal ions then attracts chloride ions 
to fom1 metal chlorides. These metal chlorides will react 
with water to form metal hydroxide and hydrochloride acid, 
lowering the pH and resulting in a hydrochloric acid 
solution with a very low pH in the crevice. The metal then 
loses its passive film and becomes thermodynamically 
unstable. Subsequent failure of the modular connection 
might occur. However, in this study ne,ither mechanically 
assisted crevice corrosion nor other severe corrosion effect$ 
could be identified by final SEM analysis. No gross 
material failure occurred. 

Forces ofnonnal gait were applied in this study [3]. For 
active or obese patients higher forces may occur in vivo, 
especially in combination with high offset necks. 

Titanium is the commonly used implant material. In spite 
of its functional benefits and local biocompatibility, con­
cerns exist about the Jong-tem1 risks caused by the metal 
particles and ion release. Macrophage activation caused by 
titanium particles and increased cell mediator release has 
been observ.ed in vitro and in vivo [18, 19]. In vitro 
chromosomal damage caused by high concentrations of 
titanium particles have also b.een reported [5, 6]. Neverthe­
less, such reactions depend strongly on the applied particle 
or ion concentration. Rogers et al. investigated the effect of 
different titanium particle concentrations on the cell 
mediator release and cytotoxicity [18]. They applied 



( ) 

International Orthopaedics (SICOTJ (2009) 33: 1531-1536 

particle concentrations of between 14 and 58 µg/ml to 
human monocytes in vitro and reported an increase in cell 
mediator release depending on the particle concentration. 
However, a sigflificant toxicity was not seen in their study. 
Assuming a patient activity of 2 x I 06 cycles/year [ I OJ, the 
mean titanium release of all tested systems in our study 
would correspond to an annual total titanium release of 
about 6 µg to the whole organism. Compared to in vivo or 
other in vitro studies this concentration is extremely low. 
Clinically, reactions to titanium are rare and in vivo studies 
also confirmed no genotoxicity or cytotoxicity of titanium 
[ 17). Consequently, the authors believe tl1at the clinical use 
of these implants would appear to be appropriate. 

The titanium concentrations exhibited quite a high 
variability. The measurement of small values near the 
threshold of a specific measuring method generates wide 
ranges. Thus, the variability measured for some values in 
this study may be related to the low values generally 
measured. 

Conclusion 

The results of this study are prom1smg and can support 
limited clinical use of these implants. Very low concen­
trations of titanium release were found. No differences 
between the different designs in total titanium were seen. 
However, the surface roughness of the taper connection 
seems to affect the total titanium release of the implants 
tested. Different modes of titanium release over time were 
measured. No mechanical failure or excessive corrosion 
processes could be identified on the implants tested. 
Compared to in vivo and other in vitro studies extremely 
low concentrations of titanium release were seen. From the 
authors' point of view the measured titanium concentrations 
are within a clinically non-critical range. The safety of the 
modular neck-stem connection still needs to be proven in 
clinical studies. 
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Modular acetabular designs, due to their versatility, are widespread used in primary total hip 
replacements while primary modular stem designs are rarely employed. Nevertheless primary stem 
modularity could be useful to manage difficult cases, when the anatomy is ovetthrown, and for mini­
incision approaches. Stem modularity, as a matter of fact, provides an increased adaptability without any 
need for a large inventory of monoblock prostheses or expensive custom made prostheses. Besides the 
availability of a variable geometry stem could be useful to restore the leg length or the hip offset and to 
correct a pathological femoral anatomy. 
While revision modular stems, with different interchangeable components 1•2•3 are every day more often 
employed and well documented, very little is repotted on primary modular stems. 

The stem employed for the pre-clinical validation and in the clinical practice is a titanium alloy stem 
(Ti6Al4V) anatomically shaped (ANCA-Fit, Wright-Cremascoli), grit blasted (Ra 6 µm) and coated with 
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80 µm high crystalline plasma sprayed 
hydroxyapatite (Ca/P rate of 1.67±0.05; purity 
>97%; crystallinity >60%) in the proximal third. 
In the proximal end a double tapered housing for 
the modular necks is provided. The distal 2/3 of 
the stem are tapered and grit blasted (Ra 2 µm) . 

Fig. 1 a) Schematic drawing showing the possible implant 
solution with a straight, an 8° and a 15° retrove1ted neck. b) 
Different possible implant lengths and offset with a straight or 
a varus neck of the two lengths. c) Picture of the ANCA Fit hip 
system. 

The modular necks are made of titanium (Ti6Al4V), present an oblong section and a conical design to 
1
( 

limit the risk of impingement. A thin titanium oxide layer (2-5 nm thickness) cover the whole neck 
surface providing an exceptional corrosion resistance. The neck is connected with the modular head by a 
cylindrical taper fitting, while is connected to the stem by a taper fitting having a rectangular cross 
section with semicircular short sides. Necks present two different lengths: short (28 mm) and long (38.5 
mm). For both lengths there are 6 different models: straight, varus-valgus of 8°, antive1ied-retrove1ted of 
8° or 15°, the combination of 6° of varus and 4.5° of retroversion for the left and the right side. The 
modular heads are available in three sizes: short (-3.5 111111), medium (0 mm) and long (+3.5 mm) 
providing with the two necks a range of possible lengthening of 17 .5 mm. 

g~ ij~ ~~ ~~ ~~ ~~ 
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Straight Varus•Va1gus Alite-Retro8' Ante,-Retro15' AR-Wl AR.VV2 

+35 +7 +10.5 "' +17.5 

Fig. 2 Modular necks: drawings representing the possible length 
solution and the different geometrical designs. 
AR-VVl: retroverted of 6° and varus of 4.5° for the left side; 
AR-VV2: retroverted of 6° and varus of 4.5° for the right side. 



The aim of the study was to present the pre-clinical validation and the clinical results of 1734 modular 
neck primary prostheses at 8 years of survival. 

The fretting-corrosion behaviour of the neck-stem coupling was investigated. A validated internal 
procedure4

•
5
, defined on the basis of the ISO 7206 recommendations for fatigue test of hip stem, was used. 

Different testing conditions were fixed to investigate the effect of the environmental condition, applied 
load, stem size, and test duration (that represents the in vivo prosthesis life) on the damage process of the 
coupling. The coupling surface underwent to microscope analysis to determine the morphology of the 
damage. Finally, the amount ofpmiiculate produced during the test was calculated by means of the weight 
loss of the neck. 

xpenme11 a esu s 
Although long load history (3300 N applied for 20 million cycles that conventionally represent 20 years 

( ) of active patient use) or high load level (4200 N applied for 5.5 million cycles that would represent 5 
years of jogging activity), no mechanical fracture of the neck-stem coupling occurred during the 
tests. The neck was firmly assembled to the stem at the end of the test. 

( 

The microscopical analysis of the coupling surface showed no evidence of primary corrosion also when 
the test was conducted in chemically aggressive environment (FeC1

3 
solution). Flakes of spalled material 

were observed in the burnished areas suggesting the presence of a mechanical damage due to micromotion 

Fig. 3 a) Schematic drawing showing the experimental set-up. b) Picture of a modular 
neck during the tests. c) Modular neck after 5.5 million cycles at 3300 N: red circles 
show the burnished areas. 

(fretting). Nevertheless, the 
extension of the damaged 
area was affected by the 
test environment suggesting 
a mechanical damage 
chemically enhanced. The 
damage extension 1s 
linearly related to the load 
level, the stem size and the 
number of applied load 
cycles. However, the 
amount of fretted 
material was estimated 
0.6 mg/million cycles. 

From August 1995 to August 2003, 1752 primary surgeries were performed with a modular neck stem in 
our Hospital; all the prostheses present a ceramic coupling with 28 mm head. To evaluate the influence of 
the learning curve with modular neck prostheses the population was divided in two coh01is. The first 864 
consecutive surgeries performed from August 1995 to December 2000 were included in the first cohmi, 
and of these patient 16 were lost to follow-up leaving under observation 848 prostheses. The following 
888 consecutive surgeries performed between January 2001 and Angust 2003 were included in the second 
coh01i: in this group 2 patients were lost to follow-up leaving 886 prostheses under control. Summarizing 
18 patients (1.02%) out of 1752 were lost to follow-up, the remaining 1734 patients were investigated. 



Considering the pre-operative diagnosis, with the conventional related anatomical deformity of the hip 
joint, the 1734 prostheses were divided in 4 major gronps: A) Normal hip morphology; B) Mild hip 
deformity; C) Moderate hip deformity; and D) Severe Hip Deformity (Figure 4). 
The demographic features of the 2 cohorts and of the whole population are shown in Table 1: there is not 
any statistically difference for age, gender and pre-operative diagnosis between the three. 
Modular neck distribution was investigated in relation to the four different groups of hip morphology and 
in relation to the surgeons' learning curve. 
The modular stem survival was estimated by the Kaplan-Meier method6• All the patients considered 
followed up had at least one follow-up control in the last 18 months; patients who were not reviewed in 
the last 18 months were checked by phone to assess their clinical status and the survival of the stem. 
Patients who were not reached by phone were considered truly lost to follow-up. 

Normal Mild 
hip morphology hip deformity 

Moderate 
hip deformity 

Severe 
hip deformity 

\ Fractures 
Necrosis ~

Arthritis I~ · Pediatric diseases 
Post-traumatic arthritis · \ Chondromatosis 
Rheumatic diseases \Anchylosis 
Septic arthritis Coxa vara 

\

DDH 
Coxa profunda t;:.:'l 

· Paget disease (_ 

A Exostosis C · 

Fig. 4 Patients pre-operative diagnoses were grouped in 4 major categories considering the conventional related anatomical 
deformity. 

Aug 1995 - Dec 2000 Jan 2001 -Aug 2003 Aug 1995 -Aug 2003 
848 prostheses 886 prostheses 1734 prostheses 

Surgeries/year 111111 lli 111111111 
,s !lG 97 9B 99 2000 2001 2002 2003 95 96 97 98 99 2000 2001 2002 2003 

Average age 54.7 years (16-81) 56.4 years (14-86) 55.5 years (14-86) 

Gender 

--------
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,•'-) '· 0' '·') ,;~, ' .,, .J ' 

Pre-op diagnosis 
\ ! '·~ I . \ I ' I ID \ : ). 1 '· ) /D i '·~~ 

I }B 1 re ) ID ,A . •B ,c 'I B ,A 

6.6% 66.7% 1.8% 24.9% 9.3% 66% 1.5% 23.3% 8% 66.4% 1.6% 24% 

Tab. 1 Demographic features of the two cohorts and the whole population. 

Clinical Results 
None of the 1734 prostheses needed revision for a modular neck failure. In our experience the straight 
neck was implanted in 56.5% of the cases of group A, 55.4% of B, 39.3% of C, and 21.6% of D (Figure 
5). This distribution shows how modularity is always more over useful increasing the difficulty of the 
case, but also how frequently a non-straight neck is employed in easy or standard cases (A and B). Figure 
6 shows how non-straight necks were more employed in the second 886 cases because of the increased 
familiarity of the surgeons with modularity oppottunities. 
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Dislocation rate of the 1734 prostheses, with a ceramic coupling without a liner lip, was 1.4% (25 
patients), 6 cases of recurrent dislocation leaded to revision surgery (0.3%). Eighteen implants failed, 6 
for recurrent dislocation, 5 for late aseptic loosening, 3 for early failure (2 cases for intra-operative cracks 
leading to femoral fractures, I for stem undersizing), and 3 for septic loosening. The survival rate of the 
modular neck stem, without septic loosening, is 97.5% (C.I. 94.9-100%) at 8 years (Figure 7). 
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Fig. 5 Necks distribution for different anatomical deformity. Top: non-straight necks were used mostly for difficult cases 
(C-D) but also in about 45% of the easier cases. Bottom: Neck length choice is not related to the preoperative diagnosis. 
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Fig. 6 Necks distribution in relation to surgeons learning 
crnve. Non-straight necks were more employed in the 
second cohort when surgeons fami1iarity with modularity 
oppmtunities increased. 
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Fig. 7 Swvival analysis at 8 years of the modular neck stem. 
No stern failure was due to the modular neck. 



Modular necks present several advantages, the 2 neck lengths and the 3 head lengths enable a good 
modulation of the implant length and offset: indeed, the former can vary between 24.5 mm (28 mm - 3.5 
mm) and 42 mm (38.5 mm+ 3.5 mm) considering the 2 different neck lengths matched with the available 
3 head lengths. Furthermore, neck modularity allows the surgeon to correct intra-operatively the implant 
configuration, based on intra-operative trials of the hip range of motion, reducing the risk of impingement 
(Figure 8). Besides, different neck designs allow the correction of a pathological anatomy respecting the 
hip center of rotation or, in very difficult cases, allow to change the hip center of rotation respecting the 
hip offset (Figure 10). In addition, the modular prosthesis allows the surgeon to replace only the modular 
components of the implant; in case of revision this could be very useful, for example, for revisions due to 
recurrent dislocation when a very easy substitution of the neck could be the only surgery needed. 

Fig. 8 In the drawing is shown how modular necks could be useful in case of impingement: a long retroverted neck prevents 
the impingement inducible extra-rotating the leg with a short straight neck. 

Fig. 9 a) Two superimposed CT scan 
slices of a DDH case showing a highly 
pathological femoral neck anteversion. 
b) a straight neck does not allow an 
anatomic reconstruction. 
c) a 15° retroverted neck allows the 
correction of the deformity. 
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Fig. 10 a) X-ray of a DDH: Single leg stance. C: hip center of rotation; F: resultant force of abductor muscles; W: body 
weight; aF: moment arm of the abductor muscles force; aw: moment arm of the body weight. The condition for the rotational 
equilibrium of the pelvis about C is F•aF=W•aw, b) Ideal solution of hip replacement with a straight short neck and the cup 
in the ideal hip center. c) By this solution the hip offset is restored and a good leg lengthening is achieved, but an 
augmentation technique with a bone graft is needed for the cup stability. d) To avoid bone grafting the cup should be 
implanted with a higher center of rotation. e) Despite the high hip center of rotation, with a long varus modular neck, the hip 
offset, the leg lengthening and the moment arm of the system are respected (aR = ay), 
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Case 1. Female, 54 years old, showing a bilateral DOH. 
Right hip: a) Pre-op frontal view; b) Post-op frontal view: a short 15° retrove1ted neck was employed; 
b') Post-op frog view; c) and c') 7.5 years follow-up. 
Left hip: a) Pre-op frontal view; d) Post-op frontal view: a long 8° retroverted neck was employed; 
d') Post-op frog view; e) and e') 6.5 years follow-up; 
I) frontal view at the last follow-up. 

SHORTVARUS 

Case 2. Female, 64 years old, primary arthrithis. 
a) Pre-op frontal view; b) Post-op: a short 8° varus 
neck was employed; c) Post-op frog view; d) 8 years 
follow-up; e) Follow-up, frog view. 

LONG STRAIGHT 

Case 3. Female, 57 years old, primary mthritis. 
a) Pre-op frontal view; b) Post-op: a long straight 
neck was employed; c) Post-op frog view; 
d) 7 years follow-up; e) Follow-up, frog view. 



Modular prostheses allow the surgeon to correct the length of the lower limb by choosing the offset, the 
length and the anti-retroversion of the neck; besides, this is possible avoiding the long-waiting times and 
high costs of custom-made prostheses, and assuring the reliability of mechanical tests (done on standard 
prostheses). Such modularity is particularly useful in cases where the femoral deformity is threatening 
(only in the 2.1.6% of group D and in the 39.3 % of group C a straight neck was employed) but also in 
standard cases as shown in Figure 5. Indeed in about 45% of the prostheses implanted with a normal or a 
mild anatomically deformed hip (groups A and B) a non-straight neck h.as been employed. This results 
show . the poor predictive vafue of a 2D teinplating that usually underestimate the fomoral neck 
anteversion and is not useful to predict the possible causes of impingement. Furthermore the 
impingement due to a cup· malpositioning is usually corrigible, during surgery, by a modular neck. 
Besides, the possibility of increase the stem length enhances the implant stability, this is particularly 
useful with the old age patients with muscular weakness and in the cases where the acetabular anatomy is 
badly compromised (group D). Indeed in our series the rate of dislocation is only 1,4% and there is not 
any significant difference between patients over and under 65 years old and between the 4 joint 
morphological cohorts (A; B; C; D) contradicting what was expected considering the letterature. 
In spite of these advantages, a modular prosthesis has some concerns related to the risk of corrosion, ir"·, 
fretting7,8,9,10,11 , dislocation. of the modular components12,13,14 and mostly of fracture of the modular _ 
neck15 • These potential problems risen in presence of two coupled components (head-neck) could be 
worsened in case of a fmther modularitv between the neck and the stem. The exnerimental studv tried to 
address the causes of concern. The investigated modular necks have shown a good mechanical behaviour 
in vitro. The neck-stem coupling undergoes to a fretting damage process. However, the amount of 
produced fretting debris (0.6 mg per million cycles) seems negligible considering that a stable prosthesis 
is likelv to nroduce more than 10 m<>/vear of metal debris4•5• 

These experimental findings are in agreement with the clinical outcomes. Besides, among the 1734 
modular necks implanted in our hospital, out of more than 50.000 rnodular necks already implanted in 
Europe, no one needed a revision for mechanical failure. In the explanted cases, the cause of revision was 
not related to the neck-stem modularity. Furthermore, the comparative analysis between retrieved necks 
and those experimentally studied confirmed the absence of corrosion16 and the completely absence of 
periprosthetic metallosis. These good results are to be related to the .corrosion resistant features of the 
titanium-titanium coupling and the design of the taper. 
In conclusion the use of a modular prosthesis should be routinely reserved for difficult primary surgeries 
or revision. surgeries, where the non-modular prostheses could be not satisfactory. Nevertheless in our · 
experience modular necks are very useful even for standard procedure to achieve a good implant stability e 
and the best implant offset. 
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Modular titanium alloy neck adapter failures 
in hip replacement - failure mode analysis 
and influence of implant material 
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Abstract 

Background: Modular neck adapters for hip arthroplasty stems allow the surgeon to modify CCD angle, offset and 
femoral anteversion intraoperatively. Fretting or crevice corrosion may lead to failure of such a modular device due 
to high loads or surface contamination inside the modular coupling. Unfortunately we have experienced such a 
failure of implants and now report our clinical experience with the failures in order to advance orthopaedic 
material research and joint replacement surgery. 
The failed neck adapters were implanted between August 2004 and November 2006 a total of about 5000 devices. 
After this period, the titanium neck adapters were replaced by adapters out of cobalt-chromium. Until the end of 
2008 in total 1.4% (n = 68) of the implanted titanium alloy neck adapters failed with an average time of 2.0 years 
(0.7 to 4.0 years) postoperatively. All, but one, patients were male, their average age being 57.4 years (36 to 75 
years) and the average weight 102.3 kg (75 to 130 kg). The failures of neck adapters were divided into 66% with 
small CCD of 130° and 60% with head lengths of L or larger. Assuming an average time to failure of 2.8 years, the 
cumulative failure rate was calculated with 2.4%. 

Methods: A series of adapter failures of titanium alloy modular neck adapters in combination with a titanium alloy 
modular short hip stem was investigated. For patients having received this particular implant combination risk 
factors were identified which were associated with the occurence of implant failure. A Kaplan-Meier survival-failure­
analysis was conducted. The retrieved implants were analysed using microscopic and chemical methods. Modes of 
failure were simulated in biomechanical tests. Comparative tests included modular neck adapters made of titanium 
alloy and cobalt chrome alloy material. 

Results: Retrieval examinations and biomechanical simulation revealed that primary micromotions initiated fretting 
within the modular tapered neck connection. A continuous abrasion and repassivation process with a subsequent 
cold welding at the titanium alloy modular interface. Surface layers of 1 O - 30 pm titanium oxide were observed. 
Surface cracks caused by fretting or fretting corrosion finally lead to fatigue fracture of the titanium alloy modular 
neck adapters. Neck adapters made of cobalt chrome alloy show significantly reduced micromotions especially in 
case of contaminated cone connection. With a cobalt-chromium neck the micromotions can be reduced by a 
factor of 3 compared to the titanium neck. The incidence of fretting corrosion was also substantially lower with the 
cobalt-chromium neck configuration. 

Conclusions: Failure of modular titanium alloy neck adapters can be initiated by surface micromotions due to 
surface contamination or highly loaded implant components. In the present study, the patients at risk were men 
with an average weight over 100 kg. Modular cobalt chrome neck adapters provide higher safety compared to 
titanium alloy material. 
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Background 
Total Hip Arthroplasty {THA) has become a successful 
clinical treatment to restore the function of the joint, with 
a positive impact on the patient's quality of life. Modular 
connections for hip prostheses have been used since the 
early 70ies for heads with different neck sizes or diameters. 
Later in the 90ies, modular neck adapters have been intro­
duced [1,2] for intraoperative adjustment of collum-caput­
diaphysis (CCD) angle and femoral anteversion to optimise 
offset and leg length, irrespective of the hip stem 
implanted. These solutions have been proven their rele­
vance in total hip arthroplasty [3,4]. Several failures of 
modular connections in hip replacement including primary 
and revision stem components [5-8] were reported. Long­
term experiences with modular heads made of cobalt-chro­
mium alloy (CoCr29Mo6) in combination with the cone of 
the stem out of titanium alloy {TiAl6V4) have revealed, 
apart from traces of fretting corrosion, no adverse events 
such as fractures of the tapers in clinical use [9-17]. Fail­
ures of modular neck adapters have been rarely documen­
ted [5-7]. In 2007, we reported three cases of a failure of a 
modular short hip stem [SJ. The purpose of this paper is to 
present the state-of-the-art research and the recent find­
ings of the failure analysis. 

Case history 
The failed neck adapters were implanted between 
August 2004 and November 2006. After the third inci­
dent, the titanium neck adapters were replaced by adap­
ters out of cobalt-chromium [8]. A typical x-ray of a 
failed titanium neck adapter is shown in Figure 1. 

The failure of the neck did not cause further damage 
on the acetabulum side. Subsequently, there was no 
need to revise the cups in all of these cases. Modular 
cup inserts were replaced in some cases due to visible 
signs of damage originated by the neck failure or for 
reasons of precaution. About 5000 hip joints have been 
implanted with the titanium stem and titanium neck 
adapter material combination. Until the end of 2008 
1.4% (n = 68) of the titanium alloy neck adapters failed 
after an average time in vivo of 24 months (Figure 2). 
All, but one, patients were male and most patients 
(59%) had a weight above 100 kg and an average body 
mass index (BM!) of 31.6 {24 to 42) {Figure 3). 

An overview about the average age, weight and post­
operative time until failure of the titanium alloy neck 
adapter in 68 patients and the distribution of neck adap­
ter geometry, head size and length is given in Table 1. 
The implant size did not have a detectable influence on 
the occurrence of neck failure. The neck adapter failures 
were divided into 66% with a CCD angle of 130", 34% 
with a CCD angle 135" and none with 140". 

A Kaplan-Meier survival analysis (Statistica 7, StatSoft 
Europe GmbH, Hamburg, Germany) was undertaken 
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Figu_re 1 x~r-iiy Of a hip 'with a failed neck. 

with revision due to failed neck adapter as an endpoint 
(confidence interval ± 95%). A cumulative survival rate 
of 98.6% was calculated with fractured neck adapter as 
the causative factor of failure (Figure 4). 

There was no correlation between implant failures and 
a specific clinic or surgeon. 

Methods 
Implant component description 
The modular neck adapters and stems used in our study 
were in all cases the Metha Short Hip Stem Prosthesis 
(Aesculap AG, Tuttlingen, Germany). Adapters and 
stems were made of titanium alloy. With its circumfer­
encial pure titanium porous coating and additive thin 
layer of dicalcium phosphate dehydrate (Plasmapore• 
µCaP, Aesculap, Tuttlingen, Germany), the stem is 
designed for cementless anchorage (Figure 5). The mod­
ular neck adapters were used in three different CCD­
angles (130", 135" and 140") in combination with neutral, 
anteverted and retroverted (± 7.5") versions to adjust the 
CCD-angle intraoperatively [4]. 
Retrieval analysis 
In the retrieval analysis, the failed neck adapters were 
subjected to a detailed examination to which most 
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Figure 2 Occurrence of clinical neck failures in a postoperative time period in months. 
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Table 1 Overview about the average age, weight and time in vivo until failure of the titanium alloy neck adapter in 
68 patients and distribution of neck adapter and combined head geometry 

age 

weight 

time in vivo 

neck adapter 
((CD-angle) 

head length 

head diameter 

head material 

130'/0" 

29 

s 
4 

130~ ± 7S 

16 

M 

22 

28 mm 

11 

CoCrMo 

13 

0 57.2 years (36 - 75 years) 

0 102.3 kg (75 to 130 kg) 

0 24 months {8 to 48 months) 

135'/0' 135° ± 75' 140°/0~ 140° ::t 7.5° 

18 5 

L XL XXL unknown 

26 6 3 

32 mm 36mm 

so 
Biolox forte Biolox delta 

53 2 
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Figure 4 Kaplan-Meier survival analysis for failed neck adapter as reason of revision (± 95% confidence interval). 

patients consented. The analysis is in every case based 
on the failed neck adapter and the hip stem including 
the remaining distal part of the neck adapter. The 
revised modular heads and cup inserts were in most of 
the cases not available and not subject of this examina­
tion. The present report is based on the retrieval analy­
sis of 47 devices, the complete investigation data being 
compiled at the end of 2008. The fracture and modular 

130° 

Figure 5 Metha Short Hip Stem System. 

connection surfaces were evaluated using light micro­
scope and scanning electron microscope (SEM) (Zeiss 
EVO 50, Carl Zeiss NTS GmbH Oberkochen, Germany). 

The fragment of the broken adapters which remained 
inside the shaft was cut through axially. One half of the 
adapters was cautiously removed from the shaft to 
examine the contact zone between the two components. 
The other half was left inside the shaft to enable the 
metallographic investigation of the interface and the 
microstructure of the materials. To enable the metallo­
graphic investigation of the neck adapter/stem interface 
the samples were prepared by mechanical cutting using 
a cut off-wheel (Secotom 10 Struers A/S, Denmark). 
After embedding into epoxy resin (Polyfast Struers A/S, 
Denmark) th_e cross section was prepared by grinding, 
polishing and etching according to the method by Kroll 
(composition 100 ml distilled H20, 1 ml HF, 3 ml 
HN03). The investigation was performed by light micro­
scope (Wilde M3Z Herrenbrugg, Switzerland) with a 
magnification up to 500-times. 

The chemical composition of the abrasive substances 
found in the crevice of the cone connection was deter­
mined using energy dispersive analysis (EDX) (Oxforth 
EDX-Analysensystem INCA 7059 Oberkochen, Ger­
many) and wet chemical digestion. The surface of the 
cone was rinsed cautiously using dilute acid. After hot 
digestion and dilution the analysis of the elements was 
performed using inductively coupled plasma optical 
emission spectrometry (ICP-OES Horiba Ultima II Jobin 
Yvon Longjumeau, France). 
Micromotion analysis of the modular neck stem interface 

To quantify the relative motion in the interface of the 
modular hip stem out of titanium alloy a total of eight 
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Figure 6 Test setup for measurement of mkromotions in the modular cone connection {left) and particle·contaminated joining area 
(right) [18, 19] 

specimens with neck adapters out of titanium alloy and 
cobalt-chromium alloy were examined. As it appears 
that intraoperative contamination of the cone connec­
tion with bone particles has an considerable impact on 
the magnitude of fretting in the interface due to 
increased micromotions, a specific test setup was devel­
oped at the Biomechanics Section of the Hamburg Uni­
versity of Technology (Prof. Michael M. Morlock) and 
each device being tested with a clean and with a particle 
contaminated joining area (small porcine bone grafts 
approximately 1 mm in diameter) [18,19]. To determine 
the relative motion between neck adapter and stem a 
contactless measurement system (Micro-Epsilon Type 
U05(78) Messtechnik Ortenburg, Germany) was used. 
Two sensors with a range of 500 µm and a sensitivity of 
0.025 µm were fixed on an aluminium plate and 
mounted on the neck adapter. Two steel plates fixed on 
the resection plane of the stem served as targets for the 
sensors (Figure 6). 

The stem was combined with neck adapters with 130° 
CCD angle, embedded in bone cement (Palacos R, Her­
aeus Medical GmbH Wehrheim, Germany) and tested 
on a servohydraulic testing machine (MTS 850.2, MTS 
Systems Corporation Eden Prairie MN, USA). A sinusoi­
dal axial force between 50 and 2500 N was applied via a 
ceramic head with neck length L at a frequency of 1 Hz 
for 2000 cycles to measure the relative displacement 
between neck adapter and stem with regard to irreversi­
ble settling and micromotions. A statistical analysis was 
performed to distinguish between independent groups 
( clean and particle contaminated joining area) (paired 
Student's t test) for both neck adapter materials (SPSS 
15.0), 
Pre-clinical fatigue testing 
To determine the endurance properties of the neck 
region comparative tests were performed according to 
ASTM F 2068-03 and ISO 7206-6:1992(E) (MTS Mini 
Bionix II, MTS Systems GmbH Berlin, Germany). The 
hip contact force was set at 5340 N with a sinusoidal 
loading mode (ratio Fmin/Fmax = 0.1). In a saline 

medium (0.9%, pH 7) the number of cycles was set at 
10 million load alterations at a frequency of 15 Hz. In a 
worst case scenario using a 32 mm diameter XL head, 
neck fatigue was tested on the smallest modular stem in 
combination with neck components with 130° CCD 
angle and 7.5° retrotorsion out of titanium and cobalt­
chromium alloy, respectively. A paired Student's t test 
was used to differentiate the fatigue behaviour of the 
two neck adapter materials (Statistica 7, StatSoft Europe 
GmbH, Hamburg, Germany). 

To evaluate the coaction of the stem/neck modularity 
with the hip stem, the modular stems were tilted both 
in the frontal plane (o: = 10°) and in the sagittal plane 
(j:l = 9°), Based on CT scans on several human femurs 
and the specific stem design the level of embedding was 
set to 45 mm below the centre of the head to simulate a 
deficiency of proximal support due to bone loss in the 
neck and trochanter region (Figure 7). 

For these customised test, the hip contact force was 
set at 2300 N for 5 million cycles according ISO 7206-
8:1995(E) followed by a stepwise load increase (Locati 
method 500 N, 1 million cycles) until failure. These cus­
tomised test setup was introduced to analyse if the 
mode of fatigue failure occurs in the modularity or in 
the stem region outside of the neck/stem connection. 

To simulate the clinical failure modes in vitro, para­
meters for the titanium neck adapters were varied as 
shown in Table 2. 

The resultant hip contact force was set at 3800 N to 
simulate a higher strain as in overweight or active 
patients. The test frequency was decreased from 15 Hz 
to 1 Hz to detect a possible influence on fretting corro­
sion in the modular neck interface. To simulate the 
patient's situation in daily life more realistically frequent 
stress phases alternated with rest phases. Taking into 
account the clinical conditions of hip replacement 
assembly, the connection was contaminated with blood, 
serum and cortical bone particles (approximately 1 mm 
in diameter) to provoke a mechanical disturbance in the 
interface. Additionally, the surrounding chemical 
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Figure 7 Test setup for neck test (left) a'nd Stem test (right) with reference electrode to measure corrosion' potential. 

conditions were altered by modifying pH values and 
enhancing chloride concentrations with the use of NaCl, 
CaC12 and FeC13 to accelerate any eventual tribochem­
ical processes. To determine the continuous abrasion 
and repassivation of the titanium alloy surfaces in the 
neck/stem connection the redox potential was measured 
(InLab• 301 Mettler Toledo Balingen, Germany). 

Results 
Findings of the retrieval examination in clinical failures 
All retrieved modular adapters showed similar breakage 
cross-sections. The fatigue fracture starts in the antero­
lateral area at the upper part of the conical connection, 
the area subjected to maximum biomechanical stress. 
The fatigue fracture is followed by the residual forced 
fracture (Figure 8). 

Metallographic analyses showed that microcracks 
developed on the surface of the cone in the clamping 
range (Figure 9). It appears that these microcracks 
induced the fatigue crack which finally led to the 
implant failure. Microcracks were analyzed using a scan_­
ning el€dron microscope. Figure 9 shows a potential 
rilicro crack in an area where fretting marks can be seen 
on the surface of the cone. 

The examination did not indicate any product devia­
tion, manufacturing failure or batch correlation, thus 
excluding any manufacturing influence as cause for 
implant breakage. In the majority of cases, the. surface 
of the cones was significantly modified and showed 
signs of fretting corrosion. Among the forty-seven of the 
revised cones available for examination, a total of 87% 

Table 2 In vitro model to simulate the clinical failure 
mo_des with Various parameters 

Hip contact force 3800 N 

Frequency 1 Hz/15 Hz 

Stress and rest phases 1,000 cycles, 1.5 minutes rest, 1,000 cycles, 
1.5 minutes rest repeat 

Contamination Dry, Blood, Serum, Cortical bone particles 

Surrounding medium Saline 0.9% pH 7 Saline 1.8% pH 2 CaCl2 
solution pH 2 FeCl3 solution pH 0.5 

presented substantial fretting overlaid by laminar corro­
sion of different intensity (Figure 10). 

The findings of the corrosive alteration apart of fret­
ting have not been corroborated b)' biomechanical tests 
so far [8,14]. Metallographic cross sections of the cone 
show a 20 µm up to 30 µm thick layer developing in the 
modular joinihg area of most of the revised implants 
(Figure 11), a layer composed of different abrasive and 
corrosive substances including a high amount of tita­
nium_ dioxide. The layer was formed due to abrasion of 
the passive oxide layer protecting the titanium alloy 
against corrosion. Continued abrasion and repeated 
repasslvation of the titanium alloy surface produced the 
oxide layer's characteristic thickness. 

Additionally in some cases this process accelerated 
through crevice corrosion as the reduction of the pH to 
values of about 2-3 indicates. 

In one patient weighing 100 kg, a revision had to be 
carried out_after 26 months to improve the offset'due to 
cup loosening, thus providing the possibility to examine 
a faultless titanium adapter. (Figure 12). 

The surface of the cone adapter which was not cleaned 
after revision waS examined using a scanning electron 

Figure 8 Fati9~e fracture su,rface ~fa ~1-illicall/f~-if~d-titani~m 

neck adapter. 
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Figure 9 Metal\ographic analyses revealed microcracks on the cone surface (left) and a potential microcrack in a fretting area (right). 

microscope. No calcium or phosphor could be detected. 
There was no indication of a contamination of the cone 
connection by bone particles. Besides mild abrasion on 
the surface, no signs of fretting corrosion could be found. 
Influence of micromotions on the modular neck stem 
interface 
The major part of the observed displacement was 
caused by elastic deformation of the neck adapter. The 
micromotions of the titanium neck adapter were in a 
clean condition 6 ± 4 µm (medial) and 6 ± 2 µm (lat­
eral) and with particle contamination 18 ± 3 µm (med­
ial) and 15 ± 4· µm (lateral). In each contaminated 
joining area, the displacement and the micromotions 
were larger than in a clean condition. The fully unconta­
minated components showed a distinct and definitive 
settling within the first 20 cycles. In case of a contami­
nated joining area the settling process of the neck adap­
ter did not come to an end and lasted over the entire 
test duration (2000 cycles) (Figure 13). 

The titanium alloy neck adapter showed a significant 
increase of micromotions in the interface of the parti­
cle-contaminated joining (p < 0.01) in comparison to 
clean conditions (Figure 14). The micromotions of the 

surface 
morphology 

<>mount of the 
cones 

time to failure 

averaged time 

panfaf large ffakfng 

10-36 month 
24 month 

neck adapter out of cobalt-chromium were in a clean 
condition 3 ± 1 µm (medial) and 3 ± 1 µm (lateral) and 
with particle contamination 5 ± 6 µm (medial) and 3 ± 
2 µm (lateral). 

In the case of the cobalt-chromium alloy neck adapter, 
the contamination of the joining area did not influence 
the micromotions significantly (p = 0.4·3). 
In vitro fatigue behaviour of the stem/neck modularity 
The neck adapters made of titanium and of cobalt-cluo­
mium alloy showed significantly different (p = 0.009) 
endurance behaviour. The Ti6Al4V adapters combined 
with a 28 L Biolox forte head failed after 2.45 million 
cycles (range 0.189 to 4.43). No failure occurred with 
the cobalt-chromium adapters (32 XL Biolox option) up 
to 20 million cycles. 

Simulating a deficiency in proximal stem support the 
fatigue behaviour of the coaction of the stem/neck mod­
ularity wi.th the hip stem was examined in a customised 
test setup. The titanium alloy neck adapters fulfilled the 
ISO 7206-8: 1995(E) requirements (2300 N for 5 million 
cycles) and failed during a stepwise increase of the 
applied force (Locati method) at a high load level of 
5300 N after 0.7 million cycles (range 0.63 to 0.75). In a 

no change 

8-39 mon1h 16-38 month 
22 month 27 mon1h 

Figure 10 Overview of interface characteristics and time to failure of the retrievals. 
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Figure 11 Brittle layer in cone connection between stem and 
neck adapter. 

direct comparison, the cobalt-chromium neck adapters 
did not fail in the Locati test until the stem fractured at 
6800 N load after 0.3 million cycles (Figure 15). Further­
more, the cobalt-chromium neck components did not 
fracture at 5300 N during 10 million cycles. 

Contamination with cortical bone particles in the inter­
face was found to be the main influence factor on the fati­
gue behaviour of the titanium alloy neck adapter. With a 
hip contact force of 3800 N the contaminated titanium 
alloy neck adapters failed after 3 million cycles (range 2.7 
to 3.3) while no failure occurred under clean interface 
conditions (run-out limit 10 milliOn cycles). This is mainly 
due to the increase of micromotions and the resulting fret­
ting corrosion in the modu_lar neck interface. In clean con­
ditions, the load has to be increased up to 5300 N to 
provoke a similar failure mode. The redox potential mea­
sures fretting corrosion and tepassivation_ on metallic sur­
faces. It shows_- impressively that intr_oducing cortical 
particles into the modular neck interface generates a 
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mechanical disturbance which triggers repassivation pro­
cesses in high frequency (Figure 16). 

Discussion 
This study confirmes that the failure of the adapter can­
not be attributed to any niaterial or processing deviation 
or incorrect dimensionfng. A twisted assembling of the 
adapter can also be excluded. 

Due to mechanical perturbation in the modular con­
nection, micro-movements caused fretting on the surface. 
Microcracks developed in the fretting zone, ultimately 
leading to the dynamic fatigue fracture of the implant. In 
87% of the cases, fretting was accompanied by corrosion 
[17,20-25] as it initiates crevice corrosion [26,27]. The 
combination of fretting and crevice corrosion destroys 
the passive layer permanently. The electrochemical reac­
tions provoke a shift in the pH value into the acidic 
range. The corrosion process generates a fissured surface 
of the connecting cone and can also generate micro­
cracks. The examinations revealed that corrosion does 
not trigger the implant failure but does accelerate the 
process [26]. Cone adapters free from corrosive attack 
last the longest period up to failure (Figure 10). 

In general, the titanium alloy provides excellent corro­
sion resistance and high biocompatibility because it 
quickly develops a thin passive layer with a thickness 
under 1 µm. Under inadequate conditions of cone 
assembling and in case of micro-movements within the 
modular connection, the protective passive layer is 
abraded initiating a continued abrasion and repassiva­
tion process which depletes the oxygen inside the cre­
vice [17J. The metallic surface in the crevice becomes 
anodic relative to the outer surface, thus triggering an 
electrolytic process. The presence of chloride ions which 
disturb the passivity, induces pitting corrosion in the 
crevice leading to a quick dissolution of the metal 

Figure 12 Retrie'ved fal.lltless titanium alloy neck adapter (left) and stem (right) without contamination and any signs of corrosion. 
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Figure 13 Settling behaviour of a clean titanium alloy neck adapter (left) and a particle-contaminated joining (right) 1181 

accompanied by an acidification of the electrolyte 
[12,20,21,28]. 

Inside the layer, the elements calcium and phosphor 
could be detected and verified by different analytical 
methods. The crystalline composition of the calcium 
phosphate compound seems to indicate that the wear 
debris contained bone particles. Impurities which get 
inside the cone during intraoperative assembly may con­
tribute to a mechanical perturbation which manifests 
itself as micro-movements which initiates fretting. 

The study suggests the following hypothesis as to the 
cause of the damage. Fretting occurs when two surfaces 
in contact experience small amplitude oscillary relative 

e 
3161---­
~ 
0 

~ 
E 
g 10 +---~ 
Ia 

6 

Tl6Af4V media! Tl6Al4V lateral 

motion; damage is induced on the fretting region. If the 
fretting fatigue strength of the material is exceeded1 

microcracks develope on the surface. In addition, tribo­
chemically activated particles can discharge their con­
tent from the surface. These particles react with oxygen 
spontaneously, thus leading to fretting corrosion. 

The severity of corrosion depends mainly from the 
frequency of the fretting action. For lower cyclic rates 
such as in a hip implant, the debris is usually oxidized if 
the environment is chemically active. The repeated 
removal of oxide films due to continued abrasion and 
repassivation produces thick oxide layer's. Such oxides 
are normally harder than the virgin titanium alloy 

EJ clean 

a contaminated 

CoCrMo medial CoCrMo lateral 
Figure 14 Micromotions in a dean and particle-contaminated interface (Mean ± STD) for titanium and cobalt-chromium alloy neck 
adapters {medial and lateral). 
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Figure 15 Endurance behaviour of the modular stem and different failure mechanisms for neck components made of titanium (failure 
of the neck adapter) and of cobalt-chromium alloy (fractured stem at a level below the embedding). 

leading to greater surface damage [29-31] These 
damages then accelerate the crack nucleation [32,33]. 

Fretting reduces the fatigue strength of the titanium 
significantly [34]. To a great extent, this can be avoided 
by using of cobalt-chromium. The criteria listed in 
Table 3 show the compa,rison of the 4ifferent materials 
which have been verified by biomechanical investigation. 
At a load of 5300 N the adapter made of the cobalt­
based alloy did not break. At this high load level. the 
titanium adapter fractured after 2.45 million cycles. 

0 
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The surface damage of the titanium alloy adapters 
caused by the microcracks or by corrosive deterioration 
accelerates the propagation of cracks by the cyclic loads 
bringing about the dynamic fatigue failure of the adap­
ters. Micro~movements cause fretting in the cone con­
nection. They can be incre_ased by contamination of the 
cone connection through tissue or other particles intrao­
peratively. To anticipate this process any contamination 
of the connection should be avoided and the compo­
nents dried before assembling. For this purpose 
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Figure 16 Free redox potential with frequent repassivation processes in the particle-contaminated modular neck interface (red curve) 
compared with a dean joining (blue curve). 
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Table 3 Assessment of the cone adapter made of the 
different materials - (ooo = excellent oo = good 
o = moderate) 

TIAl6V4 CoCr29Mo6 

mechanical properties 

fatigue strength 000 000 

stiffness/modulus of elasticity 00 000 

notch sensitivity 0 000 

crack propagation 0 00 

abrasion 0 000 

corrosion characteristics 

passive layer 000 000 

re-passivation 000 00 

fretting corrosion 0 000 

crevice corrosion 000 00 

allergic potential 000 0 

abrasion-resistant cleaning rods are supplied together 
with the implants. 

Conclusions 
The change of the material of the adapter from titanium 
alloy to a cobalt-based alloy (CoCr29Mo6) increases the 
safety of the cone connection significantly. The combi­
nation of the cobalt-based alloy and the titanium alloy 
of the shaft shows a considerably higher rigidity. The 
smaller micro-movement,;; reduce abrasion. Furthermore, 
the highly stable passive layer of the cobalt-based alloy 
provides an improved resistance against fretting. Due to 
its structure, the cobalt alloy has a much lower notch 
sensitivity compared to the titanium alloy. Th.is 
enhances fatigue strength. 

Among patients treated with the titanium alloy neck 
adapter, a combination of different parameters was iden­
tified as risk factors of implant failure. The parameters 
are intraoperative particle contamination of the cone 
connection, excessive loading due to a patient weight 
above 100 kg or high activity level, and male gender. In 
addition, the risk for failure rises with CCD angles of 
the cone adapter of 135° and smaller. 
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5.3.3 Verschleill, Gleitpaarung Metall / UHMWPE 
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Adapter (cementless) Femoral Stem Prosthesis 

Sponsor. ESKA Australia 
Manufacturer. ESKA 

NJRRData: 

' . 
567 

. ' 
1092 

652317 0.8 0. 76 - 0.80 

The numbers in shaded italics are the comparison figures for the same type of implant. In most cases this is the 
numbers for all implants of the same type received by the NJRR 

Number of implanting hospitals: 34 
Number of hospitals where revisions occurred: 10 

Reason for Revision N % 
Loosenina/Lvsis 5 21.7 

Dislocation 5 21.7 

Pain 4 17.4 

Infection 3 13.0 
Fr~cture (Bone) 2 8.7 

Lea Lenath Discreoancv 1 4.3 
Metal Sensitivity 1 4.3 

Wear Acetabulum 1 4.3 

Implant BrakaQe Acetabular 1 4.3 

Total 23 100% --- -------------------

Type of Revision N % 
Femoral Onlv 6 26.1 

Acetabular Onlv 5 21.7 

Femoral and Acetabular 2 8.7 

Cement Spacer 1 4.4 

Head/Insert 5 21.7 

Head/Neck 2 8.7 

Head Only 1 4.3 

Insert Onlv 1 4.3 

,T,~tal 
·, 

. 23 100% . - . P ~, e -



TGA Obseivations on NJRR Data 

The revisions seem .to be evenly distributed among using hospitals, which would imply that if 
there is a problem it is not technique or surgon related. The cummulative revision rate 
appears to get steadily worse and diverging from the cummulative revision rate of all other 
similar implants. Pain, leg leg discrepancy, metal sensitivity, wear and implant breakage are 
all over-represented as reasons for revision in this set. 

TGA Obseivations on Manufacturers Reply 

In this case the sponsor approach has been to explain, on a case by case basis why the 
implants have been revised, and then to provide published literature that suggests that this 
femoral stem prosthesis has had excellent results elsewhere in the world. 

The 6 femoral only revisions and the 5 acetabular only revisions are said not to be due to 
"the failure of the device", but rather due to the "learning stage of the surgeons". However no 
supporting such as the manufacturer's own investigation records etc are provided to back up 
the statement, and the NJRR report contains no information about the surgeons who put 
these implants in or when. 

One of the total revisions is blamed on the "high level of chromium that the patient had" 
requiring a change from a metal on metal bearing to a ceramic on ceramic bering - the 
sponsor considers this not to be implant related. The second total revision is said to have 
happened because an inexperienced surgeon chose to use too small an acetabulum, the 
revision was required to rectify this. (Note: this explanation was provided for one of the two 
femoral + acetabular revisions. 

The sponsor provides an explanation for all all of the revisions in the "Type of Revision table 
in terms of surgical error, but no supporting evidence for the assertions ( eg a cross reference 
to investigation reports, implant retrieval analysis etc is provided) is provided. However, the 
sponsor states that he has received no complaints about the Adapter stem and 23 adverse 
event reports. Presumably this means that the sponsor has received an adverse event 
report from a surgeon that matches every revision cited by the NJRR. The sponsor states 
that there have been no complaints or adveserse events rep'orted elsewhere in the world. 

As with other sponsors, ESKA have supplied a table summarising the available literature 
and copies of key publications. 

Closer inspection of the paper by Sielewicz et al - reveals that the studies described in that 
paper were not without their complications (eg loosening, intraoperative stem fracture, pain). ·, 
Also the relationship between the stem used by Sielewicz in 1983-88 and the Adapter stem 
is not clear other than the fact that both have a spongy surface. 

Gollwitzer et al reports very good results with an ESKA hip system - presumably Adapter 
(76 hips, mean follow up 7.9 years, 1 femoral component revision and 2 acetabular 
component revision and good hip scores). 

Gotze et al report a cummulative survival rate on 90 ± 8 % at for the acetabular and 86 ± 5 
%for the stems at 14.9 years. 137 patients were followed in this study and the authors stage 
that four prosthesis (a relatively large number) were revised dure to implant fracture. These 
are not great results. The authors conclude that 

"The long term results of the spongy metal cup are good, whereas the high loosening 
and fracture rate of fully coated stem are a source of concern especially with regard 
to the difficult revision scenario with frequent massive bone loss." 

Gotze et al state that the stem has since been modified to proximal coating only but it is not 
clear how similar the Adapter stem is to the stem used in this study. 



( 

Sholtz et al reviewed 165 consecutive ESKA hip arthroplasties conducted between 1983 
and 1985. 32 patients had died of unrelated causes, 14 hips had been revised. The 
minimum follow up was 12 years the mean follow up time was 13 years. Of the 14 that were 
revised: 1 was due to infection - 11 (femoral only) were due to loosening - 1 was due to 
stem fracture and one (acetabulum only) doue to loosening. The survival rate was calculated 
to be 88% at 15 years with good hip scores. 

Powerpoint slides of the Scholtz data set were also provided. 




