DOCUMENT 67

f

ORTHODYNAMI CS

Orthiodynamics GmbH
_ GrapengieBerstr. 34
23556 Libeck
Chief Biomaterials Scientist Bermany
H f s H i ; Telefon:
Director, Biomaterials and Engineering Section +49 (0) 451 89000-0
Office of Laboratories and Scientific Services Fax:
Department of Health and Ageing +48 (0) 451 89000-40
. - : E-Mall:
Therapeutic Goods Administration affice@orthodynamics.de
PO Box 100 Internek;
.orthodynamics.d
Woden ACT 2606 wvrw . orthodynamics.de

25™ February 2011

Dear NN

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

| am writing in response to your letter to ESKA Australia of the 17" 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.

| would firstly like to thank you for granting an extension of the reporting period to the 28"
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 17" January to | 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 31° March 2010.

The assets of ESKA implants AG were acquired by The Summit Medical Group on the 31% 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 suppiied, 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 Liubeck,
Germany. Additional product testing by_Director of Surgery and Orthopaedic
Laboratories at UNSW, was also commissicned. ESKA Australia is currently in Jiaison 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 resutts from ||| | | |GczNEB
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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 reguire any further information, please do
not hesitate to contact me directly.

Yours sincerely,

c.c. | lcs«A 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 arthroplasty®.

Detailed investigation into the Adapter stem NIRR 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 UK?, and increased vigilance by the FDA®,

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 arthroplasty®. This compares to
an overali 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 metat
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® shows a strong correlation between stem and head revisions, and a reduction in revision rate
since the implementation of the latest design in 2008”.

Reviewing the reasons for revision in the NIRR 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 guarters 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
1o 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 2009%, This design change introduced 2 lacating 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 incidents’. 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 NIRR.

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 results™. 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 adaptoris 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™. Zurstegge™ 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 2 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 al™® 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 al** 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 al*® 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.

T

i



o,

%
ORTHOQDYHNAMICGCS

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 monobtock 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 3.5kN and 10m cycles (beyond the 1SO 7206-6 requirements).

The results showed that the stem exceeded the fatigue requirements of 150 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 al™® observing low amounts of Titanium release (in the
region of pg) and Traina® 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 al*! 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 NIRR. 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 withessed 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 in 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 articulaticns.

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
revisicns/100 obs. years for all hip resurfacing®.

The Bionik resurfacing system data supplied by the NJRR covers four different types of femoral
component®: 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 avaifable 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 Blonik 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 years®. 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
conventionai resurfacing Biosurf and femoral shell Onlay 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 Onlay 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
S 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 1o
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 Australia®®. 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 years®. 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” 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.

Rudert et al®® 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. Jt 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 results”. This may aiso 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 2003%, Conventional resurfacing parts were used, one with
Biosurf and one without. The results of the test were 2.1mg/million cycles for the Biosurf and
5.5mg/million cycles for the non-dimpled surface. These were converted into volumetric wear rates
of 0.25mm*/year and 0.66mm>/year, and shown-to be comparable with the lower end of reported
wear rates in the literature®’. Based upon the successful wear test, established cobait 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 20077, 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
1.31mm’fyear. 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 components®. 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 3.29mm?/year which is
beyond the levels reported in the published literature®.

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 surfaces*. These latest wear results of
1.51mg/million cycles for the Biosurf and 1.81mg/million cycles {0.18mm*/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 dimples®. 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 shouid be stressed that this action was
performed long hefore 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 NIRR 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 aiso suggests that metal wear particles may be a
contributery factor.

The clinical jiterature 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 hefore 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 cementiess Adapter stem when used with a metal-on-metal bearing.

However, the problem was rectified by a design change in September 2008, and the NIRR is
reporting lower revision rates, certainly for the Adapter stem and conventional Bionik femorat head,
since the design change. It can be confirmed that our distributor has advised there is no stock
available for imptantation 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. a

Even assuming the potentfal 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 resuits cutside of the NIRR 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
23" February 2011
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Adaptor (cementless) Total Conventional Hip Femoral Prosthesis — Extract from NJRR 2010
Medlcal Device Alert Ref: MDA/2010/033 issued 22" April 2010
*hto/ /www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/implantsandProsthetics/MetalonMetal
Hiplmplants/default.htm
“ Tabie 3.2 of UK NIR report 2010
® Change report 16-07 for Bionik femoral heads
® Bionik Total Conventional Hip Acetabular Prosthesis — Exiract from NJRR 2010
7 Graph comparing revisions of Adapter stems and Bionik femoral heads — Compiled from NIRR data 2010
® Change report 09-06 for Bionik liners
? Orthodynamics sales and complaint data — Adapter stemn
** Thomas, S.: Scholz, J., & Latif, B, Die metallspongidse Hiiftendoprothese mit Konusadapter - Erste klinische
Erfahrung einer radiologischen Nachuntersuchung, 56. Jahrestagung der Vereinlgung Siiddeutscher
Orthopéden e.V.,, 2008, 1-15
® Design equivalence of GHE and G2 Adapter stems
12 Zurstegge, M., Klinische Einschdtzung von modularen Adapterhtiftstielen G2 mit Konusadaptern von ESKA
Implants AG, Asklepios Stadtklink Bad Tolz, 2010, 1-3
B Kinner, B.; Wiltmann, G.; Storz, 5., & Kinner, J., Erfahrungen mit einer Hydroxylapatit-beschichteten,
makropords strukturierten Hiiftendoprothese, Z Orthop lhre Grenzgeb., Vol.137, 1999/Mar, 114-121
" Nishii, T.; Sugano, N.; Sakai, T.; Haraguchi, K.; Chzono, K., & Yoshikawa, H., Osteoblastic response to
osteoarthrosis of the hip does not predict outcome of cementless cup fixation: 79 patients followed for 5-11
years, Acta Orthop Scand, Vol.72, 2001/Aug, 343-347
Kusaba, A.; Nagase, K.; Kondo, S.; Mori, Y., & Kuroki, Y., 5 bis 9 Jahre Nachuntersuchungsergehnisse der
zementfrelen Keramik/Keramik-Totalendoprothetik bei Dysplasiecoxarthrosen, Orthopadre—Report -
Rheumatoiogte+TraumatoIogle Vol.20, 2009, 127-128
Professor Rudigier’s cemented Adapter stem testimony
7 Dr. Seifert’s cementless Adapter stem testimony
Charactensatlon of taper surfaces following fatigue loading of the modular Orthodynamics stem and adapter
Y Kratzer, 1.P.; Jakubowitz, E.; Krachler, M.; Thomsen, M.; Heisel C., Metal release and corrosion effects of
modular neck total hip arthroplasty, International Orthopaedics (SICOT} (2009) 33:1531-1536
® Traina, F.; Baleani, M.; Vicecont], M,; Toni, A., Modular neck primary prosthesis: experimental and clinical
outcomes, Scientific Exhibit at the71st AAOS Annual Meeting, March 10-14 2004
Grupp, T.M.; Weik, T.; Bloemer, W.; Knaebel, H., Modular titanium ally neck adapter failures in hip
replacement ~failure mode analysis and influence of implant material, BMC Musculoskeletal Disorders 2010,
11 3
% yolumetric wear rates of metal-on-metal articulations — extract from Orthodynamics technical file
Blonlk/Bsomk Total Resurfacing Hip Investigation — Extract from NJRR 2010
Over\new of Bionik femoral options
Orthodynamlcs sales and complaint data — Bionik resurfacing femoral head
Gerdesmeyer L., Manuskript Gerdesmeyer_Confirmation AAOS 2008, 2009
7 Gerdesmeyer, L; Gollwitzer, H.; ; Diehl, P.; Buttgereit, B., & Rudert, M., The Minimally Invasive Anterolaterai
Approach Combined with Hip Onlay Resurfacing, Operative Orthopidie und Traumatologie, 2009, 65-76
% Rudert, M.; ; Gerdesmeyer, L.; Rechl, H.; Juhnke, P., & Gradmger R ber Oberflaichenersatz am Hiftgelenk,
Orthopade Vol.36, 2007/Apr, 304-310
Moflock M.; Bishop, N.; Zustin, J.; Hahn M.; Riither, W.; Amling, M., Modes of implant failure after hip
resUrfacmg morhological and wear analysis of 267 retrieval specimens, J Bone Joint Surg Am. 2008;90:89-95
% Endolab test report 05.030515.10.403, December 2003
Spr:nger B.D.; Connelly, 5.E.; Odum, S.M,; Fehring, T.K.; Griffin, W.L;; Mason, J.B.; Masonis, J.L.,, Cementless
femoral components in young patients, Review and meta-analysis of total hip arthroplasty and hip resurfacing,
The Journal of Arthroplasty Vol. 24 No. 6 Suppl. 1 2009
** Endolab test report 05.070904.10.963, June 2008
B Endolab test report 05.071113.10.981, July 2008
* Endolab test report 05.080109,20:1000, May 2008
Endo!ab test report 05.070731.10.944, January 2008 {Non-Biosurf surface)
%8 Change report 05-08 for Bionik femoral head
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Medical Device Alert

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

Device ¢

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

The MHRA has received reports of revisions of

MoM hip replacements involving soft tissue Put systems in place for the follow-up of
reactions. These reactions may be associated patients implanted with MoM hip
with unexplained hip pain. replacements including, where appropriate,

blood metal ion measurements and cross
sectional imaging.

Actionby

Medical directors

Orthopaedic departments

Orthopaedic surgeons

Staff involved in the management of
patients with joint replacement implants.

* & 8 @

S deadines

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.

Medicines and Healthcare products Regulatory Agency Page 10of 4




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

The majorlty of pattents lmplanted w:th MoM hlp rep!acements have well functlonlng hipS and are thought to
be at a low risk of developing serious 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 ocutcome. '

Following extensive consultatron with orthopaedic experts and using information from the National Joint
Registry for England and Wales, the MHRA is issuing this interim advice to healtticaré 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.

For patlents impianted wrth MoM hrp replacements _ o ', _ r
. foliow up patlents at Ieast annually for five years postoperat:vely 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
compenent 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

» |f either cobalt or c:h_rqh’ﬂum__ 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 (%
require closer surveillance, which may inciude cross sectional imaging C

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:l/www.sas~eentre.orglhome.htm[)‘

This MDA has been distributed to:

NHS trusts in England (Chief Executives)

HSC trusts in Northern 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)

-» * L] * L ] L ]

Medicines and Healthcare products Regulatory Agency Page 2 of 4



issued: 22 April 2010 at 14:00

Onward dlStI‘lbutIOI’l _

5;9

Ref MDAI2010/033

Please bring this notice to the attention of all who need to know or be aware of it. This may inciude

distribution by:

Trusts fo:

CAS and SABS (NI} liaison officers for enward distribution to all relevant staff including:
+ Clinical governance leads
Medical directors

Nursing executive directors
Orthopaedic departments
Orthopaedic surgeons
Qutpatient clinics

Qutpatient theatre managers
Outpatient theatre nurses
Pathologists

Radiology departments
Radiology directors

Risk managers

Theatre managers

& & & * 8 0 & & & 2 s »

yCare Quality Commission (CQC) (England only) to:
~ The MHRA considers this information to be important to:

» Hospitals in the independent sector
» Independent treatmeni centres
¢ Private medical practitioners

Primary care trusts to:
+ Directors of public health

« General practitioners

+ NHS walk-in centres

lfyou are in England please send enguiries about this notice fo the MHRA, quoting reference number
MDA/2010/033 or 2010/004/0158/231/007

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: 0207084 3108
Email: feza.haque@mbhra.gsi.gov.uk crina.cacou@mhra.gsi.gov.uk

Clinical aspects

Dr Susanne Ludgate

Medicines & Healthcare products Regulatory Agency
Market Towers

1 Nine Elms Lane

London SW8 5NQ

Tel: 0207084 3123
Fax: 020 7084 3111

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

khalid.razak@mhra.gsi.gov.uk

How to report adverse incidents
Please report via our website http:/flwww.mhra.gov.uk
Further information about CAS can be found at hitps:/iwww.cas.dh.gov.uk/Home.aspx

Medicines and Mealthcare products Regulatory Agency

Page dof 4




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

Alerts in Norther Ireland will continue to ributed via the NI SABS system
Enguiries and adverse incident reports in Northern Ireland should be addressed to:

Northern freland Adverse Incident Centre
Health Estates Investment Group

Room 17

Annex 6

Castle Buildings

Stormont Estate

Dundonald BT4 35Q

Tel: 02890 523 704

Fax: 02890 523 800

Email: NIAIC@dhsspsni.gov.uk
hitp:/Awww.dhsspsni.gov.uk/index/hea/niaic.htm

How to report adverse incidents in Northern Ireland
Please report directly to NIAIC, further information ¢an be found on our website http:/fwww.dhsspsni.gov.uk/niaic

Further Enformation about SABS can be found at htip:l.’sabs.dhsspsni.gov.uid

Enqurrles and adverse mcldent reports in Scotland shou[d be addressed to:

Incident Reportrng and investlgatlon Centre
Health Facilities Scotland - '

NHS National Services Scotland

Gyle Square

1 South Gyle Crescent

Edinburgh EH12 9EB

Tel: 0131275 7575
Fax: 0131 314 0722

Email: nss.iric@nhs.net |
http://Avww.hfs.scot.nhs.uk/online-services/incident-reporting-and-investigation-centre-iric/

Enqurr[es in Wales should be addressed to

Dr Sara Hayes

Senior Medical Officer
Medical Device Alerts

Welsh Assembly Government
Cathays Park

Cardiff CF10 3NQ

Tel: 0292082 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
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[FDYA 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

FADAM.

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 Implants.mht , 28.02.2011



@© National Joint Registry 2010

Table 3.2 Revision at three and five years for primary hip replacement procedures, undertaken between 1% April
20{33 and 31 o December 2009 WhiCh were linked to a HES/PEDW episode

e .Number

! of patients
Prosthesis ty

Males <55 years:

Total replacement using cement

Total _réplat:err’:eni not using cemient 3,888
Hybrid {otal replacement 1,498
Higs resurfacing 4,215

LHMoM THR
Males 55 - 64 years : T
Total replacerment using cement

1,662

4.5% (3

5,560

Hevision rate
“atthree years23

{95% c1y]

27%(1 9%’(038%
2.9% (2.39 % to 3.6%
1.8% (1.2% 10 2.7%
3.6% (2.0% 1o 4.3%)
3%106

PPN

1mu%mm)

8% (2.3% to 3.29%)
1.8% (1.83% to 2.4%)
3% (2.7% 10 3,9%)

0(29%1054 %)

/o) _

“Revision rate{* "
~at five years®| - - Hazard r.atioz4
{95% CI) ~{95% CI)

4.4% {3.2% to 5.0%) 1

4.0% (3.1% to 5.1%) 1.10{0.77 ta 1.57)
2.6% {1.7% to 3.8%) 0.68 {0.42 to 1.09)
5.6% (4.5% to 6.9%) 1.37 (0.98 to 1.92)
B.4% (4.5% to 8.9%) 1,52 {1.01 to 2.28)

2.5% (2.1% to 3.29%) 1
1.56 (1.22 to 2.01)
1.09 (0.78 to 1.52)
2,14 {1.63 to 2.80)
2.19 {1.56 to 3.07)

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% 1o 7.8%)

1.5% (1 3% to 1.7%)

5% (2.2% 10 2.8%)
2.2% (1.9% to 2.6%)
5.4% (4.1% ta 7.3%)

3.4% (2.2% t0 5.1%)

6.4% (3.7% to 11.0%

2.0% (1.8% to 2,5%) 1
3.1% (2.7% to 3.6%) 1.75 (1.48 to 2.02)
3.0% (2.4% 1o 3.7%) 1,48 (1.22 to 1.80)
B8.0% (4.4% to 8.2%) 3.85 (2.83 to 5.23)

) 2,21 (1.55 to 3.16)

Total replacement not using cement 8,035
Hybrid total replacement 2,990
Hip resurfacing 3,852
LHMoM THR 1,857
‘Males 65+ years : g L
Total replacement using cement 27,604
Total reptacement not using cement 14,499
Hyhrid total replacement 7,748
Hip resurfacing 80
LHMoM THR 1,444
Females <55 o il
Total replacement using cement 2,174
Total replacement not using cement 5082
Hylarid total replacement 1,840
Hip resurfacing 2,647
LHMoM THR

Females 55-64. :
8,239

Total replacement using cement

Total replacement not using cement 10.735
Hybrid total replacement 4,474
Hip resurfacing 1,854
LHMoM THR

1,526

Females 65+ .

Total replecement using cement 54,023

Total replacement not using cement 20,728
Hybrid total replacement 13,112
Hip resurfacing 305
LHMoM THR

‘Patient physical status’ 0

P1 - it and healthy
P2z — mild disease not incapacitating 138,701
P3+ ~incapacitating systemic 40,748

diseaee or woree

NHS hospital

NHS treatment centre 13,654
Independent hospital 13,378
ISTC 8,824

1,037

7.9

1,454 86% (2. 5% t052 6)

37,244

180,937

2.5% {1.8% to 3.4%)

2.7% (2.2% to 8.3%)

2% (1.5% to 3.1%)
5.4% (4.5% to 6.5%)
6.3% (4.6% to 8.6%)

1.6% (1.3% to 2.0%)

2.5% (2.2% to 2.9%)
1.6% (1.2% to 2.1%)
5.4% (4.4% 1o 6.6%)

6.7% (6.2% to 8.7%)

1.1% (1.0% to 1.2%)})
2.3% (2.0% to 2.5%)

1.5% (1.3% to 1.8%)
% (4.5% to 11.1%)

2.8% (2.2% to 2.5%)

1.9% (1.9% to 2.0%)
2.1% (2.0% to 2.3%)

2.1% (2.0% to 2.29%)

1.8% (1.5% to 2.1%)
2.0% (1.7% to 2.4%)
2.3% (1.8% to 2.8%)

3.6% ( 7% 10 4. 8%) 1
4,39% (3.4% 10 5.5%) 1.22 (0.89 to 1.71)
4.0% (2.8% 10 5.8%) 0.97 (0.64 to 1.48)

B:8% (6.8% to 10%) 2.32 (1.67 to 3:21)
2.22(

9.2% (5.0% to 14.1%) 1.48 to 3.32)

2.5%(21%1030 %) 1
3.7% (3.1% to 4.4%) 1.54 (1.24 10 1.91)

2.9% (2.2% to 3.8%) 1.06 (0.79 to 1.43)
7.9% (6.3% to 9.5%) 3.61(2.78 to 4.68)
95%(?4 emma%) 3?3(28010496)

1.6% (1 5% to 1 .8%) 1
3.0% (2.7% to 3.4%) 2.21 (1.94 to 2.53)
2.0% (1.6% to 2.43%%) 1.43 (1.20 to 2.53)
8.8% (5.2% 10 14.7%)  6.59 (4.17 to 10.41)
10.5% (e 1% 10 17.6%) 3.65 (2.67 ta 5.00)

34%(31%t037%) 1
2.8% (2.6% 10 2,.9%) 1.06 {0.98 to 1.16)
2.8% (2.6% to 3.1%) 1.20{1.161a 1.43)

2.9% (2.8% to 3.0

%) 1
2.9% (2.4% to 3.4%) 0.83 (0.73 10 0.96)
2.6% (2.2% to 3.1%) 0.85 (0.73 to 1.00)
2.9% (2.2% to 3.9%) 1.09 {0.91 to 1.31)
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Konstruktions@nderungsbericht - Anlage 1

Bericht-Nr.: = 16/07 Datum: 02.08.07

Art.-Bez.: Metailkopf Biosurf silver "BS"
AD = 38/44/48 mm

Index: 03

Beschreibung der Anderung:

Der metallische Groftkopf Biosun‘ “BS" mit 12/14er Steckkonus wird seit mehreren Jahren
erfolgreich eingesetzt und fi ndet Verwendung in hemiprothetischen Versorgungen, in Paarun-
gen mit Polyethyleninlays und in Metall-Metallpaarungen. Hier ist insbesondere die Moglichkeit
der Revision von Kappenprothesen zu nennen, bei der unter Erhalt der Pfannenversorgung auf
ginen Standard- bzw. Adapterhiiftstiel mit einer GroRkopf-ME-ME- -Paarung umgeristet werden
kann.

Im Jahr 2007 hat ESKA insbesondere aus dem australischen Markt Riickmeldungen (ber
klinische Beschwerden von derart versorgten Patienten erhalten, die von den Klinikern aufgrund
anderer fehlender Ansatzpunkte einer Reizung der lliopsoas-Sehne durch die Kante des
GroRkopfes . zugeordnet werden. Der Mechanismus wird mit den Anwendern weiterhin
kontrovers diskutiert, die anatomische Méglichkeit kdnnte jedoch gegeben seiri. Allein diese
Vermutung hat uns veranlasst eine Anderung der Geometrie der Groﬂkopfproduk_te einzuleiten.

Des weiteren- tst von unseren kimlschen Partnern der Wunsch geauBert worden, eine
zusatzliche Kopflange zur Verfiigung zu stellen, um eine weitere Opt:on zur Einstellung des
Bandapparates zur Stabilisierung der Versorgung zu haben.

Im Rahmen der konstruktiven Uberarbeitung wird die Bauhthe der GrofRkdpfe "BS" nach distal
entsprechend H = D/2 + 10 vergréRert, so dass eine groRzigige Verfundung moglich wird. Die
untere umlaufende Kante der GroRkopfprodukte 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
Gestaitung der speznflschen "B:osurf“ Oberfléche ist hiervon nicht betroffen o

'Gielchzeltig wird dazu der innere Rezess im Durchmesser von 32 mm auf 24 mm reduziert. Die
Radiusumfangsfidche ist nichf Artikulationsfliche im Gelenk und wird daher nicht
feingeschliffen. Durch die Vergrofserung der Bauhthe und die Reduznerung des Rezesses
erhoht sich das Gewicht der GroBkopfe um 4,5 bis 6%. '

Die beschrrebene konstruktlve Anderung der GroRképfe "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.

o,

Y
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Diese zusatzliche Anderung ist aufgrund der méglichen Kombination des GroRkopfes "BS" mit
der Cut "A"-Prothese erforderlich, da es bei der Verwendung eines Grof3kopfes der Halslénge
short sonst 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 gewihrleistet, dass die Kombination mit dem 10° bzw.
20°-Adapter der GréRe medium uneingeschrankt moglich ist. Die Kombination eines
GroRkopfes "BS" der Halslange short mit Konusadaptern fur Cut "A" mit 10° und 20° der GroRe
short ist aufgrund der oben beschriebenen Begebenheit zuklUnftig nicht mehr méglich.

Die Produkigruppe der GroRképfe 38, 44 und 48 mm 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 Erhdhung der Lange und damit auch keine mafgebliche Steigerung der
Biegebeanspruchung der Prothese erzeugt, da die GroRkopfe konstruktiv bereits 2,5 mm
kiirzer® als die 28 und 32 mm-Koépfe ausgefihrt sind (s. Abb. 2). Somit ist auch der Wunsch der
Anwender nach der Option der Halslénge XL zu erkidren.

Fur die veranderte Ausfilhrung der GroRkdpfe "BS" sowie fur die zusétzliche Halslénge XL sind
neue Probeksdpfe fiir das Instrumentarium herzustellen. Zur Information der Anwender tber die
Einschrénkung der Verwendung des short-Groftkopfes "BS" mit dem Cut "A" in Kombination mit
einem short-Konusadapter ist ein entsprechender Anwenderhinweis zu erstellen.

Die vorliegende Anderung verursacht kein zusatizliches oder erhhtes Risiko bei der
Herstellung, Handhabung oder Anwendung. Durch die Anderung werden aktuellen
Erkenntnissen Rechnung getragen, um so die Produktqualitat und —sicherheit zu erhGhen.

Das Risiko durch die eingeschrankie Verwendung der GroRkopfe short mit der
Schenkelhalsprothese Cut "A" kann durch eine umfassende Information der Anwender und
durch Zusatzinformationen zum Produkt minimiert werden.



Modifizierung Metallképfe Biosurf ,,BS"

@38, J44, 248

Ausfertigung ,,ALT" (Index 02): (Beispiel 938)

H=26, Gréfensprung 3.5mm

short

medium

long

Ausfertigung ,NEU* (Index 03): (Beispiel ©38)

H=D/2 + 10 = 29 {
weitere 3.5 mm

Abb. 1: Vergleichende Darstellung der neuen (Index 03) zur alten
Ausfithrung (Index 02) (Darstellung Metallkopf silver "BS™)

X-long

Beispiel @38), Grofensprung von short zu medium 2.5mm,

~

%



Modifizierung Metallkdpfe Biosurf ,BS“
| @38, 044, 048
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Abb. 2: Vergleich der Offset-MaRe fiir verschiedene Halslangen beim
Metalikopf "BS" und Standardkopf (& 28/32 mm)
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Alq't:ikel - Ubersicht

ot Grofte
.4 Artikel  Bezeichnung Seite Fert.-KZ
10250138 METALLKOPF BIOSURF SILVER "BS" SHORT
10256438 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 METALLKCPF BIOSURF SILVER "BS" MEDIUM
10250238 Kiz2/14 AD"—“38M:_M
10250244 METALLKOPF BIOSURF SILVER "B&" MEDIUM
10250244 K12/14 AD=44MM
10250248 METALLKOPF BIOSURF SILVER "BS" MEDIUM
40250248 K12/14 AD=48MM
10250338 METALLKOPF BIOSURF SILVER "BS" LONG
10250338 K12/14 AD=38MM
10250344 METALLKOPF BIOSURF SILVER "BS" LONG
40250344 K12/14 AD=44MM =
10250348 METALLKOPF BIOSURF SILVER "BS" LONG C
0250348 K12/14 AD=48MM
10250438 METALLKOPF BIQSURF 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



A v

Dahlke

Von: Heiflenberg

Gesendet: Montag, 30. Juli 2007 12:58

An: Alscher; Apelt; Baasch; Bertram; Dahike; Eisenblétter; Foerster; Frank; Goegel; Goetze; Giinther; Hahm; Hennig; Knorr; Kock; Krey; Krezic;
Krotowski Fr.; Krotowski Hr.; Kwasniok; Liebsch; Lohrke; Nassutt; Okonnek; Reiher; Riechert; Rieck; Rofiteutscher; Schiupp: Schmidt;
Schmitz; Schrider; Schuett; Setzke; Silberstorff, Sperfeld; Tzola; Wenskus; Wittler; Wordell; Borchert; Treyde; QSInstru; Hunger

Betreff: Artikelanlage Grotkdpfe "BS"

Das Sortiment der GrolRképfe wird mit der Kopfhalslinge "X-Long" erweitert.

Herr Witller: Bitte um Freigabe der Liefersperre

ARTNR | ETIBEZ1

10252438 METALLKOPF SILVER "BS"
10252444 METALLKOPF SILVER "BS"
10252448 METALLKOPF SILVER "BS"
102560438 METALLKOPF BIOSURF SILVER "BS"
10250444 METALLKOPF BIOSURF SILVER "BS"
10250448 METALLKOPF BIOSURF SILVER "BS"

{ETIBEZ2

K12/14
K12/14
K12/14
K12/14
K12/14
K12/14

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

| GROESSE
X-LONG
X-LONG
X-LONG
X-LONG
X-LONG
X-LONG

| SEITE

]
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" Checkliste Grundlegende Anderungen

ESKA
IMPLANTS

Anlage zum Anderungsbericht Nr.:

16/07

Die Anderung betrifft: |~ =5 bjtfe jeweils “ankreuzen . ja | nein

1. ALLGEMEINE ANFORDERUNGEN

1. PRODUKTAUSLEGUNG X

2. PRODUKTSICHERHEIT X

3. PRODUKTAUSLEGUNG, LEISTUNG UND FUNKTION X

4. RISKANTE ANDERUNG DER PRODUKTEIGENSCHAFTEN WAHREND x

DER LEBENSDAUER

5. LAGERUNG UND TRANSPORT X

6. UNERWUNSCHTE NEBENWIRKUNGEN X

if. ANFORDERUNGEN AN DIE AUSLEGUNG UND KONSTRUKTION

7. CHEMISCHE, PHYSIKALISCHE und BIOLOGISCHE EIGENSCHAFTEN

7.1 Werkstoffauswahl - Toxizitat, Biokompatibilitat X Aoy

7.2 Schadstoffarmut X

7.3 Risiken bei Lagerung, Transport und Anwendung X 7

7.4 Arzneimittel auf dem Produkt X

7.5 Entweichende Stoffe X

7.6 Eindringen von Fremdstoffen X

8. INFEKTION UND MIKROBIELLE KONTAMINATION

8.1 Infektionsrisiko durch Herstellungsverfahren und Produkiauslegung X

8.2 {Tierisches Gewebe) X

8.3 Aufrechterhaltung der Sterilitat X

8.4. Validierung des Herstellungsverfahrens steril ausgelieferter Produkte X

8.5 Voraussetzung fir die Sterilisation - sterile Produkte X

8.6 Voraussetzung fiir die Sterilisation -~ unsterile Produkte X

8.7. Steril-Kennzeichnung X

9. EIGENSCHAFTEN IM HINBLICK AUF DIE KONSTRUKTION UND DIE UMGEBUNGS-
BEDINGUNGEN

g1 " |Verbindungsstelle zu Anschlussprodukten X .

9.2 Risikominimiérung X ?’3

9.3 (Brand- und Explosionsrisiko) X N—

10. PRODUKTE MIT MESSFUNKTION

10.1 Messtoleranzen X

10.2 Ablese-Ergonomie X

10.3 Gesetzliche Einheiten X

11. SCHUTZ VOR STRAHLUNGEN

CHECKLISTE Grundlegende Anderungen 18-04-2005-Rev002 Seite 1 von 2



Checkliste Grundlegende Anderungen

ESKA
IMPLANTS

Anlage zum Anderungsbericht Nr.: 16/07

\Die’Anderung betrifft: - T =>'bitte jeweils ankreuzen ' - . wiiioo|ija ] nein

12 ANFORDERUNGEN AN PRODUKTE MIT EXTERNER ODER INTERNER ENERGIEQUELLE

12.7 Schutz vor mechanischen und thermischen Risiken X

12.7.1 Festigkeit und Stabilitat, bewegliche Teile X

12.7.2 Schwingungsdéampfung X

12.7.3 Lérmreduzierung X

12.7.4 Anschlisse fiir externe Energiequellen X

12.7.5 Schutz vor Wérme X

12.8 Schutz vor Risiken infolge der Abgabe von Energie oder Stoffen 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 inhalt der Gebrauchsanweisung X

14. KLINISCHE PRUFUNG UNERWUNSCHTER NEBENWIRKUNGEN

Fiir jede der o0.g. Fragestellungen, die mit "Ja" beantworten wurde, ist fiir den ent-

sprechenden Abschnitt der Risikoanalyse eine erneute Bewertung durchzufihren.] X

Ist demnach eine Neubewertung erforderlich?

FDA-Anforderungen:

Grundlegende Aspekte der Sicherheit und Funktion des/der Produkte(s) sind X

betroffen => Eine neue/ erweiterte/ gednderte 510(k)- Zulassung ist erforderlich |

CHECKLISTE Grundlegende Anderungen 19-04-2005-Rev002 Seite 2 von 2
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Bionik Total Conventional Hip Acetabular Prosthesis

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

For a detdiled explanation of the process used by the Registry that resulis in ideniification of prostheses
that have o higher than anticipated rate of revision please refer to the ' Prostheses with Higher than
Anticipaied Rates of Revision ' chapter of the most recent AOANJRR Annual Repori,
hitp.//www.dmac.adelaide.edu.qu/acanjr/publications jsp.

TABLE 1
Revision Rate of Primary Total Convenfional Hip Replacement

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

Table 1: Revision Rates of Primary Total Conventional Hip Replacement

Revisions/100 Obs. Yrs
Component N Revised N Tofal Obs. Years - (95% Cl) :
Bionik 28 565 1103 2.54 (1.69, 3.67)
Other Total Conventionat Hip 504% 170539 651215 0.78 [0.75, 0.80)
TOTAL 5077 171104 652317 0.78 {0.76, 0.80)
TABLE 2

Yearly Cumulafive Percent Revision of Primary Total Conventional Hip Replacement

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

Table 2: Yearly Cumuiative Percent Revision of Primary Total Conventionai Hip Replacement

e o 3Yrs 5Yrs BRAL ovrs
Bionik | 32(2052)  69(4.6,102)
Other Total Conventional Hip | 1.5 (1.5, 1.6) 2.7 (2.6, 2.8) 3.5 (3.4, 3.6) 4.4 (43, 45) 54 (5.1,5.7)
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FIGURE 1
Yearly Cumuliative Percent Revision of Primary Tofal Convenfional Hip Replacement

The Yearly Cumulafive 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 constani.  This is
done to enable more specific and valid compatisons of the risk of revision over time. The paitfern of
variation in rsk has important implications with respect to the underlying reasons for any difference.

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

30%: Bionik HR - adjusted for age and gender
=== Bioni
J_ Other Total Conventional Hip Bionik vs Other Total Conventiona! Hip

250 Entire Period: HR=2.41 (1.66, 3.49),p <0.001

20%;

Cumulative Percent Revision
=
b2
=)

o ¥ . .. ; - . <y ,
c.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Years Since Primary Procedure

o NomberatRIsk- 0| 0Yr o 1¥rs o 2¥is o 3Yis  AYrs BV S Vis 7Y B e vis
Bionik 565 412 267 132 10 ¢} 0 0 o 0
Other Total Conventionat Hip | 170539 142248 117869 94119 75962 57146 40037 24821 11582 2968
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TABLE 3

Primary Diagnosis for Revised Primary Totfal Convenfional Hip Replacement

This table identifies the diagnosis of the primary procedure which was subsequenily revised.  This
information is provided os there is a variation on outcome depending on the primary diagnaosis. s
iherefore important when considering the reasons for a higher than aniicipated rate of revision that

there is identification of the primary diagnosis.

diagnaosis for the revisions of all Other Total Conventional Hip prostheses.

This information should be compared fo the primary

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

Bionik Other Total Conventional Hip

Primary Diagnosis Number Percent Number Percent
Osteoarthriis 27 4257 84.3
Avascular Necrosis 253 50
Fractured Meck Of Femur 1 249 4.9
Rheurmnaioid Arthritis 26 1.9
Developmenial Dysplasio 87 1.7
Failed Internal Fixation 32 0.6
Tumour 32 0.6
Other Inflammatory Arihritis 29 0.6
Fracture/Dislocation 7 0.3
Arthrodesis Takedown 5 0.1
Other 2 .0 ~
TOTAL 28 5049 100.0
TABLE 4

Revision Rafes 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 alfernative fo 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

Cemen‘réd : o
Cementiass
Hybrid

TOTAL

N Revised
22

28

6

N Total

2
481
82
565

Obs. Years

5
942

s

1103

Revisions/100 Obs. Yis
 {s8%chy

0.00 {0.00, 76.12)
2.34 (1.46, 3.54)
3.85 (1.4, 8.37)

254 (1.69, 3.67)

Sept 2010



TABLE §

Revision Rates of Bionik Primary Total Convenfional Hip Replacement by Bearing Surface,

This analysis is provided as some prostheses are combined with o variety of different bearing surfaces. All

bearing surfaces used with this Acetabular Prosthesis are listed,

Table 5: Revision Rates of Bionik Primary Total Conventional Hip Replacement by Bearing Surface

B’e‘drin'g. Surface N Rewsed ' 3 N T_qif:[ ‘ Obs :Y'eqrs_ Revisto?;ég glc)) Bs. Yrs
Ceramic/Ceramic 1 8 4 25.87 (0.65, 144.1)
Ceramic/Polyethylene 1 43 75 1.33 {0.03, 7.38)
Metal/Metal 22 418 885 2.49 (1.5, 3.77)
Metal/Polyethylene 4 ) 139 2.88 (0.78, 7.37)
TOTAL 28 565 1103 2.54 (1.69, 3.67)
TABLE é

Type of Revision Performed for Primary Tolal Conventional Hip Replacement

This analysis ideniifies 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 8ionik Total
Conventional Hip Acetabular Prosthesis compared to all Other Total Conventional Hip prostheses.

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

o L Bionlk - Other Total Conventionat Hip.
~ Revision Type © Number . Percent . - Number Percer

Femoral Only 7 250 1481 29.3
Acelabular Only - 5 17.9 1260 25.0
THR {Femoral/Acetabular) 4 14.3 623 12.3
Cement Spacer 1 3.6 244 4.8
Removai of Prostheses 4] 0.8
Reinserfion of Componenis 6 0.1
Bipolar.Head and Femoral 2 0.0
Saddle 2 0.0
N Mdajor 17 60.7 3659 72.5
Head/Insert 7 25.0 920 18.2
Head Only 1 3.6 285 5.6
Minor Componenis 82 1.6
Inserf Qniy 1 3.6 70 1.4
Head/MNeck 2 7.1 30 0.6
Neck Cnly 2 0.0
Neck/Insert 1 0.0
N Minor 11 39.3 1390 27.5
TOTAL 28 100.0 5049 100.0
ACA National Joint Replacement Registry Doia

{1 September 1999 - 31 December 2009) 4 Sept 2010



TABLE7

Reason for Revision of Primary Total Conventional Hip Replacement

o

Pracrey

This is reported in two ways; a percentage of all revisions and alsc as a percentage of all primary

procedures.

This analysis includes a comparisen of reasons for revision o all Other Total Conventional Hip prostheses.

S

@

This analysis is undertaken to identify if there are differences in the reasons for revision and the number of
revisions performed 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 Other Total Conventional Hip
Revision Diagnosis Number % Revision % Primary Number % Revision % Primary

Loosening/Lysis 7 25.0 1.2 1512 29.9 0.9
Prosthesis Dislocation 7 25.0 1.2 1393 .6 0.8
Infection 3 10.7 0.5 843 16.7 0.5
Fracture 2 7.1 0.4 742 14.7 0.4
Pain 5 7.9 0.9 99 2.0 0.1
Other 67 1.3 6.0
Leg Length Discrepancy i 3.6 0.2 63 1.2 .0
Metal Sensitivity 1 3.6 0.2 61 1.2 0.0
Malposition 54 1.t 0.0
Wear Acetabulum 1 3.6 0.2 51 1.0 0.0
Implant Breakage Stem 35 0.7 0.0
Implant Breakage Acetabular 1 3.6 0.2 32 0.6 0.0
Incorect Sizdng 29 G.6 0.0
Instabiity 28 0.6 0.0
Irmplant Breakage Head 20 0.4 0.0
Heterotopic Bone 8 0.2 0.0
Tumour 8 0.2 0.0
Avascular Necrosis 2 .0 0.0
Synovifis ) e 2 00 0.0
N Revision 28 100.0 5.0 5049 100.0 3.0
N Primary 5é5 170537

ACA Flodioned Joind Replacemani Feghine Daio

(1 Sepdembzer 1999 - 31 December 200%] & Sepd 2010



FIGURE 2

Revision Diagnosis Cumuldfive Incidence by Time to Revision for Primary Tolal 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 10 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 Convenfional Hip Replacement
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TABLE 8
Revision Rates of Primary Tofal Conventional Hip Replacement by State

This enables a state by state vartation 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 reascns as those outlined above for Table 8,

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

Component State N Revisgd N Total Cbs. Years Rews;o(n: é;?gl? bs. Yrs
sionik NSW 18 w06 610 2.95 (1.75, 4.67)
Bionik vIC 3 75 145 2,07 (0.43, 6.04)
Bionik QLD i 20 55 1.81 {0.05, 10,08}
Bionik WA 0 22 il 0.00 {0.00, 32.84)
Bionik SA 0 5 5 0.00 {0.00, 62.02)
Bionik TAS 6 136 276 2,18 {0.80, 4.74)}
Bionik ACT/NT 0 1 0 0.00 [0.00, 1773}
Cther Total Conventional Hip NSW 1401 50349 180275 0.78 [0.74, 0.82)
Other Total Conventional Hip VIC 1378 46238 176180 0.78 (0,74, 0.82)
Other Total Conventional Hip QLD 867 27406 105373 0.82 [0.77,0.88)
Oiher Total Conventional Hip WA 647 18995 76125 0.85 (0.79, 0.92)
Other Total Cenventional Hip  SA 462 17571 74846 0.62 [0.56, 0.68})
Other Total Conventional Hip  TAS 142 6112 24253 0.67 {0.57, 0.78)
Other Total Cenventional Hip ACT/NT 132 3868 14163 0.93[0.78,1.11)
TOTAL 5077 171104 652317 0.78 (0.76, 0.80)

Sept 2010



TABLE ¢

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

This analysis defails the number of prostheses reported each year to the Registry for the Bionik Total

Conventionat Hip Acetabular Prosthesis.

primaries reported in that year.

It also provides the subsequent number of revisions of the

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 eariier 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 vears to be revised. -

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

Year of Implant | Number Revised  Total Number

2005 0 1
2006 13 147
2007 6 136
2008 5 137
2009 4 134
TOTAL 28 565
TABLE 10

Revision rafes of Bionik Primary Total Convenfional Hip Replacement by Catalogue Number Range

Many prostheses have a number of éo’fologue ranges. The catalogue range is specific to particular
design features; more than one catalogue range usudally indicates a miner difference in designin a
particular Bionik prosthesis,

This analysis has been undertaken to determineg if the revision rate varies according o the catalogue

number range.

Table 10; Revisioh Rates of Bionik Primary Total Conventional Hip Replacement by Catalogue Number

Range

Catalogue Range

Catalogue Description

Acetabular
Sionik 10201050-10201064 METAL SHELL BS TING COAT
Bionik 10201150-10201164 METAL SHELL BS TING COAT SCREW FIX
Bionik 10201248-10201264 METAL SHELL CEMENTLESS TINB COAT SCREW FIX
Bionik 10201346-10201366 METAL SHELL TINB CAP SCREW FIX
Bionik 102021 5410202164 METAL SHELL CEMENTLESS DYSPL, TINB C. SCREW FIX

. Ac:gf‘g;'“' N Revised N Total Obs. Years Re‘”sw?;é;fgﬁbs‘ Yrs
10201050-10201064 ] 23 54 1.84 {005, 10.23)
10201150-102011 64 6 126 271 2.22 {081, 4.83)
10201248-10201264 52 101 3.95{1.08,10.12)
10201346-10201 366 17 341 672 2.53(1.47, 4.05)
10202154-10202164| 3 4 0.00 {0.00, 87.78)
TOTAL ) 28 T ses 1103 2.54 (1.9, 3.67)

AOA Naiional Joini Replacement Regisiry Data

{1 September 1999 -

31 December 2009)
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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 Tolal Conventional Hip Replacement by Femoral Sfem

Component

Fé?;?;r‘:'i:nrp N Revised N Total Obs. Years Revisio??sé’;) glc)) bs. Yrs
Adapter 27 560 097 046162, 3.58)
Corail 0 1 0 0.00 (0.00, 804.8)
Custom Made: (Eska) 0 1 1 0.00 (0.00, 246.8)
Edinburgh 0 1 3 0.00 (0.00, 128.1)
K2 1 1 ¢} 1304.46 (33.03, 7248)
S-Rom O__ - 1 1 _ _ Q.OD A(ELQBLEB?“”
o e P R R — (1.69,745..6;)“

ACHA Morional Joini Fept

o
U Sepiemiber 1999 - 31 Decaminer 200%; ¢ Sept 2010
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Konstruktionsznderungsbericht - Anlage 1

Bericht-Nr.:  09/06 Datum: 15.05.06
Art.-Bez.: Metall-Infay "BS"
Index: 01

Beschreibung der Anderung:

]
Aus- den operativen Erfahrungen ist die Notwendigkeit konstruktiver Korrekiuren flr das C
Metall-inlay- "BS" abgeleitet worden. Zum sicheren intraoperativen Setzen der Inlays wird am
Boden ein Zapfen als Zentrierhilfe vorgesehen, der in die Gewindebohrung des Metallsockels
eingefiihrt wird und ein Verkippen der Inlays verhindert (Abb. 1). Die konstruktive Ausfiihrung
des Zapfens erfolgt in Anlehnung an das PE-Inlay "BS" unter Beriicksichtigung der
Bauhdhendifferenz der inlays.

Intraoperativ entfallt bei Verwendung eines Metallinlays mit Zapfen (Index 01) die
Verschiulschraube fiir den Metallsockel "BS".
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Konstruktionsénderﬁngsbericht - Anlage 2

Bericht-Nr.:  09/06 - Nachtrag Datum: 20.07.2006

Art.-Bez.: Metall-Inlay "BS”

Index: 01

Beschreibung der Anderung:

)
( Der Index 00 bleibt aus zulassungstechnischen Griinden fiir den australischen Markt vorerst
i glitig.
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Artikel - Ubersicht

Grifie
Artikel Bezeichnung Seite
10220038  METALL-INLAY SILVER BG” 1B3=38MM
79110038 FUR AD=46MM
10220040  METALL-INLAY SILVER "BS" ID=40MM
79110040 FUR AD=48MM
10220042 METALL-INLAY SILVER "BS" iD=42MM
79110042 FUR AD=50MM
10220044  METALL-INLAY SILVER "BS" {D=44MM
79110044 FUR AD=52MM
10220046  METALL-INLAY SILVER *BS" |D=46MM
75110046 FUR AD=54MM
10220048  METALL-INLAY SILVER "Bs" ID=48MM
79110048 FUR AD=56MM
10220050 METALL-INLAY SILVER "BS" [D=50MM
78140050 FUR AD=58MM
. 10220052  METALL-INLAY SILVER "BS* ID=52MM
- 79110052 FUR AD=60MM
10220054 METALL-INLAY SILVER "B ID=54MM
79110054 FUR AD=82MM
10220056  METALL-INLAY SILVER "BS" |D=58MM
79110058 FUR AD=64MM
10220058 METALL-INLAY SILVER "BS ID=58MiM
79110058 FUR AD=656MM
10224438 METALL-INLAY SILVER "B ID=38MM
79114438 FUR AD=44MM
10224838 METALL-INLAY SILVER "BS" ID=38MM
79114838 FUR AD=48MM
10225038  METALL-INLAY SILVER "BS® {D=38MM
79115038 FUR AD=50MM
102256238  METALL-INLAY SILVER "BS" ID=38MM
79115238 FUR AD=52MM
10225438  METALL-INLAY SILVER "BS" ID=38MM
D 79115438 FUR AD=54MM
. {31 0225444  METALL-INLAY SILVER BI" [D=44MiM
79115444 FUR AD=54MM
10225644  METALL-INLAY SILVER "BgY ID=44M
79115644 FUR AD=56MM
10225844  METALL-INLAY SILVER "BSH ID=44MM
79115844 FUR AD=58MM
10226044  METALL-INLAY SILVER "BS" [D=44MM
79116044 FUR AD=60MM
10226248  METALL-INLAY SILVER "Bo" |D=48MM
70916248 FUR AD=62MM
10226448 METALL-INLAY SILVER "pg" ID=48MM
79116448 FUR AD=64MM
10226648 METALL-INLAY SILVER "BS" |D=48MM
79116648 FUR AD=66MM
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Checkliste Grundlegende Anderungen

Anlage zum Anderungsbericht Nr.: |

Y

i ALLGEMEINE ANFORDERUNGEN _ L

1. . PRODUKTAUSLEGUNG ' X

2. PRODUKTSICHERHEIT ' ' X

3. "~ |PRODUKTAUSLEGUNG, LEISTUNG UND FUNKTION X

4 RISKANTE ANDERUNG DER PRODUKTEIGENSCHAFTEN WAHREND X

DER LEBENSDAUER

5. LAGERUNG UND TRANSPORT X

B. UNERWUNSCHTE NEBENWIRKUNGEN X

il. ANFORDERUNGEN AN DIE AUSLEGUNG UND KONSTRUKTION

7. CHEMISCHE, PHYSIKALISCHE und BIOLOGISCHE EIGENSCHAFTEN

7.1 Werkstoffauswah! - Toxizitat, Biokompatlbllltat 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 UND MIKROBIELLE KONTAMINATION

8.1 Infektionsrisiko durch Herstellungsverfahren und Produktauslegung X

8.2 (Tierisches Gewehe) X

8.3 Aufrechterhaltung der Sterilitat X

8.4, |Validierung des Herstellungsverfahrens steril ausgelieferter Produkte X

8.5 Voraussetzung fiir die Sterilisation - sterile Produkte X

8.6 Voraussetzung fir die Sterilisation - unsterlle Produkte X

8.7. Steril-Kennzeichnung X

9. EIGENSCHAFTEN M HINBLICK AUF DIE KONSTRUKTION UND DIE UMGEBUNGS-
BEDINGUNGEN

9.1 Verbindungsstelle zu Anschlussprodukien 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



Checkliste Grundlegende Anderungen

o
R
" g1ty

b

7 ESKA

MPLANTS

Anlage zum Anderungsbericht Nr.: 09/06

12. ANFORDERUNGEN AN PRODUKTE MIT EXTERNER ODER SNTERNER ENERGIEQUELLE
12.7 Schutz vor mechanischen und thermischen Risiken X
12.7.1 Festigkeit und Stabilitat, bewegliche Teile X
12.7.2 Schwingungsddmpfung X
12.7.3 " |Larmreduzierung X
12.7.4 Anschlisse fUr externe Energiequellen X
12.7.5 Schutz vor Warme X
12.8 Schutz vor Risiken infolge der Abgabe von Energie oder Stoffen an den X
Patienten
y 12.8.1 Justierung der Stoffabgabe X
(7 |2s2 Stérungsalarm 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 Inhalt der Gebrauchsanweisung X
14. KLINISCHE PRUFUNG UNERWUNSCHTER NEBENWIRKUNGEN X
Grundlegende Aspekie der Sicherheit und Funktion des/der Produkte(s) sind %
betroffen => neue/ erweiterte/ gednderte 510(k)- Zulassung ist erforderlich !

e

C
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Anlage zu Berichf Nr.: 0 8 ‘ O 6

HAUPT - FLUSSDIAGRAMM ZUR ENTSCHEIDUNGSFINDUNG HINSICHTLICH EINER 510 (k)
ZULASSUNGSERWEITERUNG NACH ANDERUNG EINES ZUGELASSENEN MEDIZINPRODUKTES

Anderung der

OP-Anleitung, efc,

Anderungen in
der Technologie cder
an den Leisiungs-
merkmalen

Nein

Anderungen in
der Material-
zusammensetzung

Nein

Dokumentation

F8 510k-Entscheidungsfindung 15-06-2004-Rev000.xls

Produlkdénderung aufgrund
eines Produkirickrufs oder

Ja

siehe 510 ( k ) Anforde-
rungen bei Massnahmen zur

Lalner Korrekiur maBnahrne

Gebrauchsanwalsung/

Ja

Y

Fehlerkorrektur an
zurtickgerufenen
Medizinprodukten

gehe zu

Produktbeschreibung,

Diagratmm A

Ja

gehe zu
Diagramm B

gehe zu

Diagramm C

e

mf;



FLUSSDIAGRAM "B":LIEGEN ANDERUNGEN IN DER TECHNOLOGIE
ODER DEN LEISTUNGSMERKMALEN VOR 7

Fonsetzﬁng des
Hauptfluss-
dlagramms

Anderung
der Kontroll-
mechanismen ?

<)

B2 Anderung
der Haupibedienungs-
Anwendungsmerk-
male ?

A

Anderung des
Typs der Belriebs-

Spaezifikationen der
Umweltbedin-

Ja

der Leistungs-
spezilikationen?

der Ergonomie der
Schnittstelle: Patient/
Anwender

~

Anderung der
maftlichen Spezifika-
tionen 7

4 Neln 4‘
Ba

B 8.1 hat die
Anderung Einflufl auf
die Indikaticns-

bandbreite 7

Anderung
der Software/
Firmware ?

Fy

Hein

weis der Sicharheit und
Wirksamkeit hinslchilich der
_ grundlegenden

Ubereinstimmung Kinische,
Daten

werien die
Resultate der Design-
Validierung neve Fragen bezgl, der
Sicherheit und Wirksamkeit
auf?

B Anderung
des Verpackungs-
Sterilisations-

ablaulzeit-

Anderung
10 den Lelstungsspezifikalionan
oder Vermindzrng der Steri-
lisalionssicherheit
{SALY?

810

Anderung
der Slerilisations-
art 7

Ja

A

Heln

Poku-
mentation

k2

aeuer £10 {k)

erforderiich

FB §10k-Enlscheidungsfindung 15-06-2004-Rev000 xls




2005

Adapter (Cementless) Femoral Stem

475

2006

Adapter {Cementless} Femoral Stern

143

338

2007

Adapter (Cementless) Femoral Stem

136

398

2008

Adapter (Cementless) Femoral Stem

128

351

2008

Adapter (Cementless) Fermoral Stem

168

427
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onen. Intraoperativ traten 3 Schaftfissuren auf,
bei & Patianten lockerten sich Pins des Fixa-
teurs. Es traten 4 Nervenldsionen, 3 Frihin-
fekie und ein Spatinfekt auf,

Vortrag Nr. 14

Offset- und Beiniangen-
rekonstruktion mit modularen
Stecihélsen — wie viel Modularitat
wird im klinischen Alitag bendtigt?

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

Einfihrung: Die durch die Modularitét verbes.
serie Biomechanik in der primdren Hiiftendo-
prothetik hat das Potential die Operation zu
vareinfachen und die Gelenkrekonstruktion zu
verbessern. Wie viel Modularitit wird im kii-
nischen Einsatz bendtigt, um das Offsel und
die Beinldnge exakt zu rekonstruieren? Kann

die Luxationsrate durch deren Einsatz verrin- -

gert werden?

Material und Methoden: Wir untersuchten die
ersten 154 konsekutiven Implantationen eines
zementfreien Geradschaftes mit einem Steck-
hals, der in 12 verschiedenen Geometrien er-
hailfich ist. Es besteht eine Auswahl von zwei
Schaftvarianten, 4 Halslangen, 3 Offsetvari-
anten sowis 5 Anleversionen (European Hip
System [EHS)/Profemur E, Wright Medical
Technology Inc., Arlington, TN, USA). Pra- und
posioperativ wurden radiologisch die Beintan-
ge und das Cffset i Vergleich zur Gegensai-
te gemessen. Die Luxationsrate im 10-Jahres-
zeitraum wurde gemessen.

Ergebnisse: Das Offsel konnte mit dem modu-
{aren Steckhalssystam in 98 %, die Beinlénge
in 84 % der Falle korrekt rekonstruiert werden.
Es traten im Zeitraum von 10 (8-13} Jahren
keine lLuxationseraignisse auf, Offset-Re-
konstruklion: Frauen pra-OP 40,1 (31,6—48,3)
mm, post-OF 44,4 (35,3-52,2) mm; Ménner
pra-OP 44,5 (35,7-53,3) mm, post-OP 45,4
(40,4-58,4}) mm, Die gemessene Offsetver-
grofierung resullierte aus der Verwendung
von Pressfitpfannen, die den Drehpunkt zen-
tralisieren. Beinlangendifferenz: Frauen pré&-
OP 0,8 (0-2,8} mm, post-OP §,2 (0-0,7) mm;

Manner pré-OP 0,8 (0—2,6) mm, post-OP 0,3
{0-1,2) mm. Verwendete implantate: Schaft:
Standard 52 % (91), Plus 41 % (63); Schaft-
groBen: 7,5 1 %(1), 10,510 % {16), 11,525 %
(39), 12,5 27 % (41}, 13,5 25 %(38), 14,57 %
(11), 15,5 5% (8). Steckhalsversion: varus
68 % {105), gerade 15 % (23}, valgus 1 % {2),
Retroversion 8°/15° 4/3 % (6/4), Anteversion
8°N5° 815 % {7/7); Halslange: extra kurz 10 %
{18), kurz 18 % {27), mittel 1 % (1), lang 71 %
{110). Kopl. kurz 45 % {69}, mittel 26 % (40),
jang 28 % (45},

Schlussfolgerung: Die Rekonstruktion der Ge-
lenkmechanik bezogen auf die gemessenen
Parameter Offsat und Beinlinge war mit dem
Steckhalssystem in Gber 90 % der Falle exakt
mdgiich. Steckhélse kénnen durch die grofle
Auswah! an wverschiedenen Halsgeometrien
dazu beifragen, die Gelenkmechanik zu ver-
bessern und die Luxationsrate zu senken.

Vortrag Nr. 15

Die metallspongitse Hiift-
endoprothese mit Konusadapter —
Erste klinische Erfahrungen einer
radiologischen Nachuntersuchung

8. Thomas, J. Scholz, B. Latil, Berlin

Einleitung: Metallspongidse Endoprothesen
werden von uns seil 1983 verwendet. Bei die-
sem Prothesensystem handelt es sich um
eine Hiltgelenktotalendoprothese aus einer
Chrom-Kobalt-Molybdén-Basislegierung  mil
einer makroporésen Oberflachenstruklurie-
rung. Das Implantat war im Bereich der Haft-
gelenkstiele bis 2004 in einer Standardvari-
ante mit einem CCD-Winkel von 135° und in
einer lateralisierten Variante vorhandan. Um
gréBere Variationsmiaglichkeiten 2u erreichen
und die Lagerhaltung im Bereich der Klinik zu
redizieren, wurde entschieden, den Konus —
Euro-Konus 12/14 — als Doppelkonus zu kons-
truieren und somi eine Adapter-Situation zu
schaffen, die es dem Operateur ermdglicht,
in einer ¢°-, 10° und 20°-Variante den CCD-
Winkel zu baeinflussen und in einer Cfiset-Va-
riante den Ofisel zu gestalten, Mit dieser kli-
nischen Studie sofl Gherprifi warden, ob die

13
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Adapter-Variante des Stiels in der frithen Ki-
mischen Nachuntersuchungszeit im Vergleich
sum Festkonus eine Verbesserung des kli-
nischen Outcomes bringt und inwieweit me-
chanische Probleme der Doppelkonus-Situa-
ticn entstehen kdnnen. '

Methode: Zur Beantwortung dieser Fragestel-
lung wurden im HELIOS Kiinikum Emif von
Behring, Stiftung Oskar-Helene-Heim, 40 Pa-
fienten. klinisch  und radiologisch nachunter-
sucht. Die klinische Nachuntersuchung erfolgte
nach dem Harris Hip Score. Die Petienten wur-

~ den radiologisch durch ein Standard-Rantgen-

bild in zwei Ebenen nachuntersucht,
Ergebnisse: Der durchschnittiiche Harris Hip
Score betrug flr 40 Patienten mit 42 HUft-
endoprothesen 98 Punkte. Dabei reichte
die Variationsbreite von 87 Punklen bis 100
Punkte. 3
Radiglogische Ergebnisse: Die Uberprifung
des Sitzes der Endoprothesenstiele und der
Endoprothesanpfannen ergab in 41 von 42
Endoprothesen keinen Anhaltspunkt fiir eine
Prothesenlockerung, In keinem Fall kam es
zu einer Dislokation des Konus oder zu einem
Bruch des Konus.

Schlussfolgerung: Die Variante des Deppelko-
nus im Sinne des Adapierstiels hat in der lrd-
hen Kinischen Ermprobungsphase keine nega-
tiven Begleiterscheinungen mit sich gebracht.
Die Konen wiesen weder Konusbriche noch
vermehrt metallischen Abrieb im Lager auf.
Das Kinische Nachuntersuchungsergebnis mit
einem durchschnitilichen Harris Hip Score von
98 Punkten belegt, dass durch die Variations-
mdglichkeit der CCD-Winke! und der Adapter-
konen die primdre anatomische Situation bes-
ser nachgestailet werden kann und somit ein
hesseres Klinisches Outcome zu erzielen st

14

Vortrag Nr. 16

Periprothetische Knochendichte-
veréinderungen nach Implantation
zementfreler und zementierter
Endoprothesenstiele mit iden-
tischem geometrischen Design

R. Decking, R. Bieger, H. Reichel, Ulm

Fragesteliung: Die Redukiion der periprothe-
tischen Knochendichte ist ein oft beschrie-
benes und visldiskutiertas Problem nach im-
plantation zementieter und zementfreier
Endoprothesenslile. Wahrend eing Reihs
von Publikationen die Knochendichteveran-
derungen unterschiedlicher Schatfte im fongi-
tudinalen Verlauf verfolgt hat, gab es bis dato
keinen publizierlen Vergleich zwischen zemen-
fierter und zementfreler Varsorgung bei Schaf-
ten mit identischem geometrischen Dasign.
Patienten und Methoden: In elner prospekliven
Studie wurden 25 Patienton mit einem .anato-
misch adaptierien” zementireien Stiel und wei-
tere 18 Patienten mit einem geometrisch iden-
tischen zementierten Stiel versorgt.

Beide Patientangruppen wurden dber 12 Mo-
nate sowchl Klinisch als auch radiologisch
nachuntersucht. Die periprothetischen Kno-
chendichteverinderungen wurden  mittels
DEXA longitudinal iiber den gleichen Zeitraum
erfasst. .
Resultat: In betden Gruppen kam es zu einef
deutlichen Reduktion der Knochendichte im
Verlauf der ersten 12 postoperativen Monate.
Wihrend diese Heduktion beim zementireien
Schaft proximal medial und lateral sehr ausge-
pragt war {-18 und -16 %), war die Heduktion
im proximalén Schaftberasich bel den zemen-
tierten Endoprothesen vor allem auf die me-
diale Seite beschrankt (-16 %), wahrend ver-
mutlich. die. homogenere Krafteinleitung Ober
den ganzen Schaft hinweg zu einer Knochen-
raduktion auch in den Grinschen Zohen 2 bis
& fihrte.

Sowghl die zementierte als auch die zement-
freie Verankerung fdhrt bel dem untersuchten
anatomisch adaptisrien Schalt zu einer Kno-
chenresorption, die sich jedoch In ihrer Vertei-
lung deutlich zwischen zementireiem und ze-
mentiertem Implantat unterscheidet.
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equal design characteristics of adapter hip stem "G2" and "GHE"

Dual cone
; for alf adapter hip stems
(example 0%)

Adapter hip stem
IIGHE"

Adapter hip stem
|IG2||
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o Fate Seife 2von 3

Bei Revisionsoperationen kann femurseitig der Konusadapter ausgetauscht und erneut ein Standard-
Keramikkopf aufgesetzt werden. Der Zugang zum Acetabulum kann im Bedarfsfall durch Abnehmen des

Konusadapters erleichtert werden.

Spezielle Indikationen und Kentraindikationen von Adapterhiiftstielen

Entsprechend unserer Erfahrungen sind die Adapterhitfstiele filr folgende Indikationen besonders geeignet:
1. Varus- und Valgusfehlstellungen des Schenkethalses

Torsions-/Rotationsfehlstellungen

Hiiftpfannenfehibildungen

w

Spezielle Kontraindikationen von Adapterhiiftstielen/Konusadaptern sind:
+ Adipositas permagna

Klinische Erfahrungen und klinische Einschiitzung

Im Zeitraum von Januar 2006 bis August 2009 wurden in unserer Klinik ca. 100 Patienten mit dem CL-
Adapterhiifistiel ,,G2 versorgt. Hauptsdchlich wurde der Hiiftstie] mit einem lateralisierenden Konusadapter
(86%) kombiniert.

H10% 0°

B2% 10°

. H|2% 20°
B86% lateralisierend \-

Abb. 1: prozentuale Verteilung der implantierten Konusadapter

K_Iihiéche Ergebnisse:
« gute bis sehr gute klinische Ergebnisse beziiglich Bewegungsumfang und Stabilitét
» einfache Handhabung der Konusadapter, gutes Gelenkalignement

Komplikationen:
In genanntemn Zeitraum traten keine Brilche oder Lockerungen der eingesetzten Konusadapter auf.
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und ihre Grenzgebiete

ahrungen mit einer Hydroxylap
roporos strukturierten Hiiftend

wr!, G, Willmann©, 8. Sterz?, 1 Kinner!
i Uniallchirurgiv vad Ortbopiidie, Stadiische Kliniken Esslingen, Fsslingen a. N, (4
ve Alr Plochiogen
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114 Z. Orthop. 137 (1992)

Erfahrangen mit einer Hydroxylapatlt -beschichteten,
makroporos strukturierten Huftendoprothese

B, Kmner’ G. Willinann?, S. Srorz J. Kinner!

'Klinik filr Unfallchirurgic und Ornthopidie, Stadtlschr. Kliniken Esslingen, Esslingen a. N, (Arztl, Direktor: Dr: J. Kininer)

2CeramTec AG, Plochingen.

Zusammenfassung
Fragesiel]ung Makroporos strukturierte, zementlose
e_ndoprothesen haben die an sie gestellten Erwar-
tungen nur bedingt erfiillt. Mittelfristige Ergebnisse zei-
_ gen'im Verglelch zi'zementierten Implantaten oft nicht
P .| die-erhofften Vorteile, da die sichere Sekundirstabilitit
' durch feste kndcherne Einheilung nicht immer gewéhr-
leistet ist. Bs galt daher zu  klidren, ob eine zusitzliche Be-
scluchtung m1t Hydroxylapatlt die Erpgebnisse verbes-
sert.
Methode: 200 aut'emanderfo[gende Patignten (911992—
3/1996) die mit einer Hydroxylapatit beschichteten Hiif-
tendoprothese mit makroporosez Oberflichenstruktu-

werden.

gisch gem#l der Ktiterien: von: Jofinston et al: (1990)
nachuntersucht. Als Maf fiir das Klinische Ergebhis wui-
de der HHS berechnet, zur radiologischen Beurteilung
der Score n, Engh herangezogen.

Ergebnisse: 91% der Patienten konnten regelmﬁBlg und
volIstan rsucht werden. ‘Bisher war keine Revi-
- sion aufgrund emer ‘ageptischen ' Lockerung nbtlg Fenio-

ten, Der mittlere HELS nach 2 Jahren betrug 97
Dm_ adlologsche Untersuchung ze1gte eine fruhe und

‘em“e déuerhafte leanon der Prothese

Schlnsselworter' Hiiftendoprothese - Oberflichenstruk-
tunerung ~ Hydroxylapatit

rierung versorgt wurden; konnten prospektiv verfolgt et al. As‘measure of clinical outéomeé we calcutated Har-

Postoperatn? wurden die Patienten k]mtsch und radiolo-

clinical results'showed almost painless patients from ear-

Experience with 2 Hydroxypatik-Coated and
Macroporous-surfaced Hip Prosthesis

Introduction: Cementless hip arthroplasty is not com-
pleteiy satjsfactory ~ even with macroporous structured
suifice. Medium term results are sometimes d:sappomt—
mg because of insufficient sedondary stabrhty This our
aim was 1o improve fixation by additional coating with
hydroxyapatite.

Methods: 200 consecutive patients who had hydroxyapa-
tité-coated cementless hip replacement witha macropor-
ous hip prosthesis (09/92-03/96) were studted prospec-
tively. All patients were included in a prospective follow
up scedule according to the criteria of Johnsion

ris Hip Score as well as Enghs Score 10 assess radiologic
fixation and stability.

Results: 91% could be followed up regularly. No revision
bécanse of aseptic loosenmg had to be done. Analysis of

ly after the operanon especially no !hlgh pam Average
HHS after? years was 97,

Radzologm&l ev'aluatwn showed edrlyand comp]ete oste-
ofritegration of all compcnent& According to Engh-
Score they are stable and well fixed.

Conclusion: HA coated macroporom implants provide-
some stnkmg advantages, which ¢ uraged us to.con-
tinte with this system By early and secure bony ingrowth
a fibrous interface is avaided and lhereby also. long-last-
mg th1g11 pam

Key words: Hlp arthroplasty = surface stmcture = hy-
droxyapatite

 Eisleiting
_ Zemenﬂose Huftendoprothesen haben unsere Erwartun-
gen zwar bedingt. erfiilit, sind aber noch verbesserungs-
fihig. Das zeigen nicht nur die Auswertungen der skandi-
navischet Endoprothesenreg:ster [11,12], sondérn auch

die bisherigen Erfahrungen mit der von uns verwendeten,
makropords struktunerten Prothese (Fa, ESKA/S&G)

Z. Orthop. 137 (1999} 114-121
©1999 Georg Thieme Verlag Stutigari - New York

Sielewicz et al, (199’7) benchten niit diésér zememfrexen
Hiifténidoprothése eine Revisionsrate von 6% nach 10 bis
12 Jahren. Wenn wir die Prothesén dazuzihlen, die noch
nicht gewachselt wurden, aber gewandert sind oder sonsti-
ge Zeichen einer Lockerung zelgen, muf man von einer
Lockerungsrate von bis 2u 16% in o.g. Zeitintervall ans-
gehen. Das deckt sich mit einer Rate von 21% miBiger bis
schiechier klinischer Resultate [17] und entspncht auch
unseren eigenen Erfahrlmgen

Bei genauerer Betrachtung der Revisionsfille und der Ex-
plantate bzw. des entsprechenden Interfaces konnten wir
eine bindegewebige Fixierung der Prothesen mit unzurei-
chender Sekundarstabilitit feststellén (Abb. 1a u. b) [10].

Y
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Abb.2 HA-he-
schichiete ESKA-
Prothese; anato-
misch geformier
Schaft aus giner
CriCoMo-Legie-
rung mit teilstruk-
turierter Ober-
flache., Modulares
Plannensystem
aus Metallsocke!
und knsert -~ wahl-
weise PE oder
Biolox farte® {186},
Spharische Plan-
ne, mit zwei Anti-
rotationsiiigeln
zur Rotations:
sicherung, Be-
schichtung jeweils
nach Korundstrah- %
tung mit Osprovit®
(CeramTec) durch
das Plasmaspritz-
verfahran (A plas-
ma-sprayingh,
Schichitdicke ca.
80 urm

Dies wur Anla8 fitr uns, iiber Modilikationen der ESKA-

Abb,1au.b  Schaitwechse! wegen andauernder Qber- Prothese nachzudenken, ohne das Prinzip einer biologi-

schenkelschmerzen {ohne Beschichlung), a Explantierie Pro- - schen Verankerung der Prothese mittels interkonnektie-

g::?sna‘itb Interface Prothese - Wirisknochen. Mistologischer render makropordser Oberfliiche aufzugeben, indem zur
ni

Gewiihrleistung einer sicheren Einheilung und Vermed-
dung des bindegewchigen Interfaces eine HA-Beschich-
tung (Osprovit®) aufgebracht wurde (Abb. 2 u, 3).

Ubarwiggend bindegewebige Fixierung des nicht-beschichie-
ten Schaftes

Dieses HA-beschichiete Implantal ist nun seit Gher 5 Jah-
In Kenntais dieser Fille muB man auch all jene Patienten  ren im Klinischen Einsatz. Es ist daher Zeit cine Zwi-
kritisch betrachten, die lange postoperativ iiber Schaft-  schenbilanz zu zichen und cine Versagensanalyse und
schmerzen klagen. Auch hicr ist von ciner bindegewebi-  -prognose abzugeben.
gen Fixation bzw, biomechanisch unzureichenden knd- %
chernen Einheilung auszugehen. Diese kndicherne Teil-
cinheilung kann dartiber hinaus eine duBerst schwierige  Optimierung der Fixation cines Implantates
Wechseloperation nach sich zichen, bei der die punkiuvell
kndchern fixierte Prothese schwierig aus dem Implantat-  Es gibt verschiedene Maglichkeiten. die Fixation zement-
hett zu [Osen ist, freier Implantate im Implantatbett zu verbessern (Tab, 1),

y as%’ J

BT e i
.;;‘%gh”?‘“ k ’* LY

Abb. 3 DetaiAuinahme der Oberflache nach Beschichtung nut Osprovit®: Grundeinhed der Oberflachenstrukturierung:
aulgesinterte Tripoden, aus jeweils B trabekeldhnlichen Siegen. Maxirmale Bashohe 3 mm, interkonnekierends Poren von
1-3 mrn Weie, Porositas 80%
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Tab.1 Moglichkeiten zur Verbesserung der Fixation zément-

freier Implanitate

fMaknakime Ziel

1. groRflickige proximale  kein siress shielding
Krafteinteitung _

2, anatomisch gestattete Im-  keine punkt- oder linienftrmige
plhtats. . - | Krafteinlgiting _

3. glte Primarfixation Unterbindung von Mikrobewe-
‘ ' gung - _

4, zweizeitigs Implantations~ Untétbindung von Mikrobevire-
technik i der Endoprothe- QUng.

Einheilung ohne Belastung
bty in-growth statt beny on-
growth Maximierung der-Kon-
taktflache '

tik nicht moglich} - .

5, strukturierts Oberfliche,
Z B' peadsa mQSh, Tl'lﬂo'
dep-Struktur, rauha Obar-
flgche durch Beschichtung
it Titan oder Korund-
strahlen _

8. bloaktive Operfliche
{steokond_ukﬁ_\j.f)_

7. osteoinduktive Effekte’

‘bony in-growth; Verbund-
osieDgeNese.. R
Neubildung von knbchermem
Gewebe am Implantat {z. B, mit
BMP)

Dabei ist wohl die wesentlichste Voraussetzung die Bil-
dung eines bindegewebigen Interfaces zwischen Implan-
tatbett und Implantat zu verhindern; Hier diirften dje
wichtigsten MaBnahmen die Ruhigstellung des Implanta-
tes und die Unterbindung von Mikrobeweégung sein.

Dies kann z 8. mil einer strukturierten Tmplantatober-

fliche erreichi werden: . - T

- Makroportse Gestaltung der Implantatoberfliche, 2. B.
aufgesinterten Kiigelchen (beads), aufgebrachten Netz-
strukturen (mesh), der Spongiosa nachgestellten ma-
kropordsen Strukturen (Spongiosa-Metall®, Metall-
spongiosa®, Corallo-Metall® oder Tripo®-Metall
(Tripoden-Siruktur) [13])%

~ mikropordse Gestaltung der Oberfliche, Aufraven der

yberfld z.B. durck Beschichtung mit Titan oder

Korindstrahlen. '

Will man jedoch eine Verbundosteogenese (=bony in-
growth) exreichen, dann mufl man die Oberfiachen der Im-
plantate bioaktiv [24] gestalten. Stanid der Technik ist seit
étwas mehrals 10 Jahren die Beschichtung mit bioaktivem

Hydroxylapatit 4, 6,7)

Kombiniett man éine. maktoporsse Oberflichenstruktur
{z.B. Tripodeén-Struktur) mit: einer. bioaktiven HA-Be-
schichtung, dann erhle maii die beste Option, ein bony
in-growth zu erreichen, Der Knochen wird durch die
osseokonduktiven Eigenschaften des HA an die Implan-
tatobeifliche herangefiibrt und er kann in die Makropo-

rén einwachsen (8] -

Mit diesem Korizept kann auch die Ubertragung von Zug-
kriften zwischen Implantat und Implantatbett beschleu-

! Diese .Begriffg werden bzw. wurden von der Firma ESKA und 8&G
fiir ihre strukturjerien Oberfliichen benilizt,

nigt und deutlich verbessert werden. Fur HA hat bereits

Osborn auf diess. Option hingewiesen. Er hat- fir die
GroBe der Makroporen postuliert und nachigewiesen, dag

‘sie einen Durchmesservon uberOme haben sollen [15).

Hydvoxylapatit - Stand der Kerrithisse iiid der Téchinik

uche und klinische Er-

Es gibt viele Beweise durch T.i,ér,\_r.ersﬁ d| )
schichtung die Fixa-

probung, dali das Konzept der HA.

tion eines Implantates zielfiihrend beeinfluBt [4,7; 18]

Hydroxylapatit (A} ist aufgrund mangelnder mechani-
scher Festigkeit [22] fur lastiragende Funktionen von Tm-

plantaten nicht geeignet, als HA-Beschichtungist aber die

attraktive Bioaktivitat dés Hydroxylapatits autzbar [4, 7,
15,18,21,22]. '

Der Stand der Technik bei der HA-Beschichtung ist wie
folgt: Alle Biolegierungen (Edelstahl, cp-Titan, Titan- und
Kobalt-Chrom-Legierungen) und alle Oberflichenstruk-
turen . (z.B. mesh, Spongiosametall® bzw. Tripoden,
porotis coating, aufgérauhte Oberfliche etc:) konnen heu-
te ohne' technische Probleéme beschichtet werden. Richt-
werte fiir die Eigenschaften von HA korneii der einschla-

gigen Literatur.entnommen werden [13].

Die Dicke dér HA-Beschichtung wird Ublicherweise zwi-
schen 0,05 mm vnd 0,25 mm gewihit, Es wurden in vivo
keine Probleme mit Abplatzern oder Delaminationen be-
obachtet {4, 7,18, 23], Uber die optimale Dicke der HA-
Beschichtung whirde bisher noch keine Einigkeit erzielt.
Technisch ist alles isx Bereich von rund 0,05 bis 0,25 mm
moglich [22].

1§t beim ESKA-System durch die Tripoden-StruXtur
kndchernes Gewebe in die Makroporen mit Hilfe des HA
hinéingefithrt worden, dann jst die Prothese sekundér gut
fixiert und die Beschichtung mit HA hat eigentlich: thre
Funktion érfillt. Fiir das ESKA-System hat mansich, die-
ser Argumentation folgend, fiir HA-Schichten um 0,1 mm
entschieden. ' _

David et al. fanden durch Messung des Ausdrehmomentes
beschichteter Schanz-Schianbes, daf alle die Ostecinte-
gration beherrschenden Prozesse nach 4 Wochen villig
abgeschlassen waren {2, Bei beschichteten Schrauben war
das Ausdrehmoment rund 8mal so hoch wie das von unbe-
schichteten. Dies ist ein schliissiger Beweis filt die gute
Osteointegration von HA-beschichteten Implantaten. Da-

“bei erfolgt die Einheiling ohne bindegewebige Zwi-
schenschicht, auch wenn Mikrobewegungen am Implantat

stattgefunden haben [18, 19].

Heute ist eine Reihe von Langzeituntersuchurigen mit
HA -beschichteten Endoprothesen verfiigbar, Das gleiche
gilt fitr aktuelle Reviews mil mitfelfristigen klinischen Er-
gebnissen [4, 7] Diese beweisen den Erfolg und dié Ver-
besserungen durch HA-Beschichiung,

Patientén u. Methodik

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

-
3
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Oberfliche versorgt wurden, konnten prospekuv verfolgt
werden (Abb 20 3} :

Alle Pr’othés"e:i wurdcn von einem standardisierten
posterolatemlen Ziigang implantiéit. Die peri- iind post-
operative. Thrombo-Embolieprophylaxe erfolgte mit
LMWH. Intraoperativ wurden 2 g Cefotiam zur Infek-
tionspropliylaxe gegebt.n Ab dem ersten postop; Tag er-
hiellen die Patienten eine fraktionierte Rontgentiefen-
bestrahlung (insges. 16 Gy, Orthovolt) in' Kombination
mit 100 mg/d Diclofenac zur Prophylaxe periartikulirer
Ossifikationen fiir insgesart 3 Wochen.

Die Mobilisation der Patienten erfolgte fruh-postoperatw
mit einer Teilbelastung von 20 kp iiber 3 Wochen.

Das mittlere Alter der Patienten bei der Operation betrug
64 (34-81) Jahre. 17 Patienten waren jiinger als 55 und
6 Patienten ilter als 75 Jahre, Die Geschlechterverteilung
warm;w = [:1,6,

Wir operierten unsere Patienten untér den in Abb, 4 dar-
gestellten Diagnosen. Die Indikation zu einem zement-
losen Hiiftgelenksersatz stelllen wir ausschlieBlich auf-
grund des prioperativen biologischen Alters und
Aktivititslevels.

Alle Patienten wurden in ein Nachuntersuchungsproto-
koll aufgenommen, das sich an den Kriterien von.Johnston
et al. [9] orientierte,

Wir konnten unsere Pauenten sowohl khmsch als auch ra- '

diologisch (Beckeniibersicht ind Hiifte axial) regelmaBig
ndch 3, 6 und12 Monaten, dann ]ahrhch nachuntersichen.
Daza dlentc ein: nach den Kntenen von Joknvton et al.

kiinische Ergebms wiirde der Hatris- ‘Hip-score beréchnet.
Zur Beurteﬂung der radiologischen Stabilitat urid Festig-
keit zogen wir den Score n; Engl {3] heran, Dieser Score
berﬁcksmht:gt neben. rbntgcnmorphologlschen Kriterien
auch meBtechnische Daten (Abb, §), Die Auswertung er-
lolgte entsprechiend der Grueri-Zonen am Schaft bzw, der
DeLee-Charnley-Zonen an der Pfanne,

Die Schaftsinterung berechneten wir nach Engh et al. [3],
indem jeweils die Distanz Zwischen Spitze d. Trochanter
major uiid Prothesénsehulter in der Beckeniibersichtsauf-
nahme gemessen wurde. Als signifikantes Ergebnis wurde
eine Wanderung von >2 mm gewertet, Eine Wanderung
der} Pianne analysierten wir nach der Methode von Nuin
[14).

Die mittlere Nachuntersuchungszeit betrug 4 (2-5) Jahre.
Die exakten Daten 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 starben withrend der postoperativen Phase, 2 wei-
tere wihrend des Beobachiungszeitraumes, ohne daB es

20% 1 Coxarthrose

78%

[ Dysplasiearthrose

O idopath.
Huftkopfrekrose

mcP.

N Schenkethalsfraktur

Abb.4 Préoperative Diagnose

Vndemn.scn ander beschlchle
ten/strukturierten Oberfiche {reaksi- |-5.0
ve Linie, Saum)

Abb.5 Engh-Score

Spot welds

T Ausgedehnt (>50%)

Verﬁndcrungen a0 der g]men Ober—.

fliche -3.5
Pedestals Vorhanden o
-3.5
Calcar modefing Hypertrophie 0
140
Implant detoriation (Zunahme des Vorhanden a
Saums, vom Implantat divergiercnde |-2,5
radiolucente Linien)
Migration Vorhanden & Fehlt
=3.0 +3.,0
Particle shedding (2 B, durch das WVorhanden [ Fehlt
Abscheren von HA-Partikeln) 5.0 +1,0

? O_rrbop. 137 (1_999}



a

Z. Crihop, 137 (1999)

B. Kirineretal,

Abb.B Follow up

H prozentusier Antell nachunterstichter Patienfen |

foilow'up:{Jahre):

Tab.2 Komplikationen

Luxation - 4 2.0%)
rewsuonsbeciurfuge Luxation 1( 0.5%)
Serom 1( 0,5%)
Himatom 1{ 0,5%)
Wundinfekt 2 1.0%}
Thrombose 31{ 1,6%}
Lungenembolie 31{ 1,5%!}
Preuriénie 3{ 1,5%])
unklares Fieber 3{ 1.5%)}
Harnwegsintekt 6{ 3.0%)
Tod 2{ 1,0%]
Nserenlnsuff:zuenz 3{ 1,6%])
keine

168 (84,0%)

einen Zusammenhang zu der operierten Hiifte gegeben
h#tte, Bin Patient muBté aufgrund rézidivierender Lixa-
tionen revidiert und mit einer Lingeren Hals, bzw. exzen-
{rischem. Insert versorgt werden, 2 weitere Revisionen
waren Al grund eines Hamatoms bzw. Serorns notwendlg

Klinische Ergebnisse

Bisher war keine Revision wegen einer aseptischen Im-
plantatlockerung notwendig, 97% der Patienten sind mit
dem Behandlungsergebnis zufrieden oder mehr als zu-
frieden. Der Hams-h:p score wiihrend des Nachunter-
suchunpszeitratimes ist in Abb. 7 dargestellt.”

Besonders niedrig war das Auftreten von Schmerzen von
Beginn an. Bereits 3 Monate postoperanv gaben 76% der
Patientén an, schmerzfrei zu sein, 18% hatten noch mini-
male bis leichte Schmerzen und 6% klagten iiber miBige
Beschwerden, Kein Patient gab an, untér erheblichen
Schmerzenzu leiden, Nach 2 wie nach 4 Jahren gaben 89%
der Patienten an schmerzirei zu sein, 6% klagten iber
minithale und 5% tiber leichte bis miBige Schmerzen. Ins-
besondere klagte kein Patient iiber Oberschenkel-Schaft-
schmerzen,

Wenn Schmerzen angegeben wurden, bezogen sich diese
auf Narbenschmerzen, Wetterfiihligkeit, Probleme iiber

dem Trochanter major bzw. uncharakteristische, nicht ge-
nay Iokah51erbare Beschwerden.

Ahnhch gﬂnsttg waren dié funktionellen Ergébnisse. Kein
Patient hatte einé Einschriinkung der Gehstrecke auf-
grund, der operierten Hiifte. Die mittlere Hilftbeugung
nach 2 Jahren betrug 120°(80-140°).

Radiologische Ergebnisse

Bereits nach 3 bis 6 Monaten waren leichte, aber typische
knocherne Reaktiofen des Implantatlagersim konventio-
nellen Rontgenblld zu verzeichnen:

Zunachst kam 6s zu ciner Spong:osaverd:chtung in den
Gritén-Zonen 2 und 6 [9,13] - d. h. am Ubérgang zwischen
strukturiértem/beschichieten und glaltem Schaffteil ~ die
stetig Uber'den Beobachttlngszmtraum zunahm, Diese
Spongiosaverdiclitung erscheint . typische riveise in der
Form sog, Spot welds [3,5], d-h. Knochentrabekeln, die in
Richtung makroporése Oberfliche wachsen. Stellvertre-
tend sei die Verteilung dieser Spot v welds nach 2 Jahren in
Abb. 9a und 10a dargestellt.

Eine: weitere typische rontgenmorphologlschc Erschei-
nung ist das Auftreten sog: reactive lines [3, 5). Hierbei
handelt es sich um eine zarte rontgendichte Line um die
nichtbeschichtete Pr othesenspxtze Die Verteilung réakti-
ver Lihieh nach 2 Jahren ist in Abb. 9b und 106 dargesteilt,

Sog. Pedcstals ~ d. h endostale Knochenneubﬁdung [3]
um dié Schaftspitze - (raten iri 7% um deren laterale Zir-
kumferenz auf, ohine daf sich eine Korfelation zu Schrier-
zen oder weitere Zexchen ciner Schaftlock&rung gezeigt
hitten.

Regelmaﬁjg kam és zumi Remodetling am Calcar, im We-
sentlichien in Form einer Abrundung (86%) Nie trat eine
Calcarhypertrophie — im Sinne der Definition von Engh
et al. [3] - auf.

Auch zur Kortikalishypertrophie kam es nur in 14%. Zum
einen Teil (7% ) zusammen mit einer Spongiosahypertro-

e
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Abb. B EngScore als Mal iir die radiologische Einheilung
und Stabilitat

phic in Zoue 2, 6, zum anderen Zusammen niit 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
pekommen als Ausdruck der eher etwas distaler ~ am
Ubergang des beschichteten zum nichi-beschichieten
Schaftanteil - gelegenen Krafteinleitung.

Die knéchernen Reaktionen um die Pfanne sind sehr dhn-
tich, lediglich in ihrer Ausprigung noch feiner. Auch hier
kommt es frithzeitig { nach 6-12 Monaten) zur Ausbildung
sog. spot welds, typischerweise an 3 Stellen: Zone I lateral,
sowie am Ubergang der Zonen 1/11 und VI nach Delee
w. Charnley (Abb. 9u.168),

Bis jetzt kam es zu keiner Ausbildung eines Saums oder re-
aktiver Linien im gesamten strukturierten/beschichteten
Bezeich - weder an der Pfanne noch am Schalt. Die Kno-
chenstruktur dort ist — wie oben dargestellt — v, a. durch das

119

Vorhandensem von spot welds bestlmmt Genauso wemg- '

war es zu einer &gmﬁkamen Wanderung yon Prothesen-
komponenten gekommen. Dies bezieht sich sowohl auf ei-

ne mogliche kraniale tind medjale Wanderling der Pfanne

{>2 mm) als atich auf eine Verzinderung ‘der Pfannenklp-
pung oder Elevation. Auch eine signifikante Schaftsinte-
rung {>2 mm) konnte nach Ausmcsscn der Rontgenbil-
der ausgeschlossen werden. :

Anzeichen- fiir ein Abscheren von HA—Parthein gab es
ebensowemg, wie ein Brechen der sog. Tripoden, Das Aus-
messen der Kopfpositiod in bezug auf das Pfannenzen-
trum ergab keinen Anhalt filr einen wie auch immer gear-
teten Abrieb,

Besonders niedrig war auch die Rate periartikulérer Ossi-
fikationen prophylaktisch behandelter Patienten; ver-
gleichsweise niedriger, als fur ghnliche in der Literatur be-
schriebene Prothesen [6]. Die exakten Ergebnisse werden
an anderer Stelle dargestellt,

Als MaB fir die Stabijlitit und Festigkeit 1468t sich der Score
nach Engh [3] anhand o.g. Kriterien berechnen, Ein Wert
von > 10 Punkien gilt als sichere knischerne Einheilung,
Die entsprechenden Ergebnisse wihrend des Verlaufs
sind in Abb, 8 wiedergegeben. Demnach sind atle Prothe-
sen bereits nach 6 Monaten als sicher knichern eingeheilt
Zu bewerten.

Abb.8 Radiologi-
sches Ergebnis nach 2
Jahren, s ausgsdehnte
spot-weld-Formation in
dert Gruen-Zonen 2
und 5, b Reaktive
Linier in der Grien-
Zonen 2und B
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Abb, 10 4 Verteilung der spot
welds nachi 2 Jatirén, b Verteilung

! (.W"} reaktiver Linien nach 2 Jafiren

Dislaission

Entsprechend den heungcn Staridards der Endoprothetik
fand sich eitie sehr medngc Komphkanonsratc, vergleich-
bar mit anderen Untersuchungen und Prothesenmodellen
[18). Spezifische. HAmbezogene Komplikationen sind nicht
auigetreten.. ,

Insbesondere kam es in kemcm Fall zu einer Delamination
von HA. Wir wxdersprechen da i‘_ der Meinung von Bauer
[1], es sei schwierig eine gualitativ hochwemge. Beschich-
tung aut makrotextuner ten Impl antaten herzus{ellen.

Die klinischen Ergebmsse zelgcn
suchten Modell dex sog. Sc
sictier vermeiden [48t. Dies wird. in shnfichem Ausmaﬂ
auch von anderen ‘Autoren berichtet [6) und st ein Zei-
chen fiir die friihe und sichere kndcheimne Emhexlung. die
C Hach. radxologlsc}len Kritetien in dc Fall erreicht wor-
de. Die Fixation der Implantate volizieht sich nicht tber
ein bindegewebiges Interface, das:in vielen Fillen fiit die
Schmerzen verantwortlich gemacht werden mul und eben
auch bei makro- und mlkroporés-struktunerten Prothe-
sei; wie eihgangs dargestellt auftreten kant:

daB s:ch mit dcmtunter-

3

Damit: wird aber auch die in mdnchen Fillen notwendige
tind von vielen gefiirchtete aufwendige Wechseloperatmn
wegenl einer, mit Schmerzen einhérgehenden, unzurei-
chenden knfichemen Fixierung vermieden: '

Radiologisch zexgen sich alle Kriterien einer- sicheren
knochernen Einheilung und Stabilitat, die von Efigh et al.
(1990) beschrieben wirden: Fehlen kompleétter reaktiver
Linien, fehlende Implantatwanderu:zg, spot welds an der
Ubergangszone beschlchteter!unbeschlchteler Teil des
Schaftes. : .

Regelmibig traten reaktwe leen um die Schaftspitze
auf. Die Ursache dafiir ist nicht endgiiltig geklart, aber ty-
plSCh fiir proximal HA-beschichtete Prothesen [5]. Die
meisten Autoren seher datin cinen Ausdruck des Elasti-
zitdtsunterschiedes zwischen Knochen und Prothese und
den bei fehlender Beschichtung suftretenden Mikrobewe-
gungen (sog, Windshield-whiper sign [5, 6)). Sie konnen

aber auch als Ausdruck einer dynamisciien Fixdtion der
Prothese weit proximal im spongidsen Knochen sein.

Diese radidlogischen Kriterietf werden dadurch erfillt,
daB das HA das Knochenwachstum difekt und tief in die
Makroporen der Tripoden-Oberfliche leitet,

Diese Elgenschaft des Hydroxylapatits fithrt auch dazu,
dafB Prothesen mit suboptimalem Sité oder unbeéfriedigen-
der Implantation fest knéichern einheilen konnen. Expeti-
menteﬂe Untefsuchungcn haben gezeigt, daB die kndcher-
fie Heﬁung auch aber Spalten zwischen Knochen und
Prothese von > 1min erfolgt (4; 8). Wie Geesink [6] wollen
wir daher den fehlerverzéihenden Charakter HA-be-
schmhteter Implantate betonen.

Dariiber hinaus haben. experimentelie Studien gezeigt,
daB auch unter Infektbed:ngungen ¢in Einheilen der Pro-
these mégtich ist. Wielke et al. [20] diskutleren sogar, ob ei-
ne infizierte HA-beschichtete Prothese in jedem Fall ex-
plantiert wérden muB

Die Funktionsfihigkeit eines Implantates hangt nicht nur
von der Bioaktivitit seiner Oberfliche ab, Vielmehr ist das
Zusammenspiel aller EinfluBgiéfen - Biomechanik,
Oberflachenstrukturierung trd Bioaktivitdt — entschei-
dend.

Aufgrund eigenér Erfahringen sowie der Literatur [5, 13]
halten wir es fiir besonders pitistig, eine makiopords
strukturierte Prothese 7u beschichten. Digse Strukturie-
rung erhéht die Widerstandsfahigkeit der Beschmhtung

gegen reine Scherkrifte {5]. Eine tiefe oder innige.
Osteointegration (bony ingrowth) ist mur bei makroporo-

ser Oberflichenstruking zu erreichen. Bei mikropordsen
Oberflichen wird lediglich ein Teranwachsen des Kno-
chens an die Prothese erreicht (bony ongrowth). Mit einer
erhohten Lockerungsrate muB hierbei nach Jahren ge-
rechnet werden,

Weiterhin besteht Besorgais dariiber, wie der Knochen-
Prothesenkontakt ausschen mag, wenn die HA-Beschich-
tung resorbiert ist — und davon, das beweist die Liferatur
ebenfalls, ist in jedem Fall je nach Beschichtungsstirke
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auszugehen [4]. Tm Fall ober{lichenstrukturierter Implan-
tate bleibt der feste und tiefe Knochen-Prothesen-Kontakt
erhalten [8], Wir sehen daher im HA vor allem die Starter-
Fupktion [4], die uns eine sichere knocherne Heilung ge-
wihrleistet, indem das sog, kritische , Interperiodikum®
[15] tiberbriickt wird. Die sekundire Stabilitdt wird nach
wie vor durch die interkonnektierenden Knochen-Prothe-
sentrabekel, die zu einer dynamischen Aufhiingung der
Prothese im Prothesenlager {ithrt, gewibrleistet. Auf-
grund der zu erwartenden Resorption des HA sind daher
in ganz besonderem MaB makrosirukturierte Implantate
als Grundlage fiir eine Beschichtung geeignet,

Bedenken gegen Beschichtung makrostrukturierter Im-
plantate (z.B. beads) aufgrund technischer Probleme [4]
sind mit modernen Verfahren unseres Erachiens haltlos,
Experimentelle Untersuchungen (pull-out-Versuche) so-
wie die Qualitdtskontrolien der eigenen Beschichting ha-
ben durchweg bessere Resultate im Vergleich zu glatten
Oberflichen ergeben [2].

Einen weiteren Vorteil HA-beschichieter Implantate se-
hen wir wie andere Autoren [4, 6, 8] in der miglichen
» Yersiegelung® des Femurs gegen das Einwandern von PE
in das sog. Interface, das bei Vorhandensein eines fibrgsen
Interface maximal ist [4].

Diese Vorteile sollten zu einer deutlichen Verkiirzung des
Krankenhausaufenthaltes, einer schnelleren Rehabilita-
tion sowie Wiedereingliederung in den ArbeitsprozeB
fithren. Weiterhin ist eine niedrigere Revisionsrate, ein ge-
ringerer Analgetikaverbrauch sowie eine Reduktion von
Arztkontakten méglich. Es ist daher von diesem Tmplantat
ein hoher Kosten-Nutzen-Effekt trotz initial héherer Im-
plantatkosten zu erwarten. Diese Hypothese mufl aller-
dings durch Langzeitstudicn bewiesen werden.

Schlufifolgerung

200 aufeinanderfolgende FPatienten, die mit einer Hy-
droxylapatit beschichteten Hiiftendoprothese mit makro-
pordser Oberflichenstrukiurierung versorgt wurden,
konnten prospektiv verfolpt werden. Bisher war keine Re-
vision aufgrund einer aseptischen Lockerung nistig. Femo-
rale , Anpassungsschmerzen* sind nicht mehr aufgetreten.
Der mittlere HHS nach 2 Jahren betrug 97 und die radio-
logische Untersuchung zeigte eine frithe und komplette
knischerne Einheilung aller Prothesenkomponenten.

Unsere Ergebnisse haben uns daher ermutipt, dieses En-
doprothesenmodell weiter anzuwenden. Es bietet neben
der Primérstabilitit eine sichere und frithzeitige sekundi-
re Stabilisierung als Voraussetzung flir eine dauerhafte
Fixation der Prothese. Ob eine bessere Fixierung durch die
Verbindung einer makroporisen Oberfliiche mit HA-Be-
schichtung sich langfristiy bestiitigt, wird durch das weite-
re follow up zu beweisen sein.
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Osteoblastic response to osteoarthrosis of the hip
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79 patients followed for 5-11 years
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ABSTRACT - We evaluated the influence of osteoblastic
response te osteoartlirosis of the hip on the outcome
of cementless 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 eriteria, There were no clinical or radiographic
differences among the three groups at the final follow-up
(average 7 (5-11) years), when stable bone growth had
been achieved by all of the acelabular 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 noermotrophic type, in
connection with severe polyethylene liner wear and pro-
gressive osteolysis. n

Osteoblastic response by host bone to implant sur-
face may be an important factor affecting longev-
ity of total hip arthroplasty (THA). In patients
with osteparthrosis (OA), the type of osteoblastic
response, in terms of Bombell’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 QA type hips. The influence of osteoblastic
response on cementless THA has not been studied,
We thought that cementless 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,
Litbeck, Germany), was performed in a consecu-
tive series of 100 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
malybdenum alloy with the entire surface covered
by a spongy metal structure similar to cancellous
bone. The metal 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, Litbeck, Germany) 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-
jum, 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 started at
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Bombellis criter] ‘ . showing poor
osteophyfe formation and gr ction in size of the
femoral head, b): normotrophic OA type, showing a mode-
rately sized ostedphyte formation, ¢) hypertrophic OA typa,
having large osteophytes on the marging and floor of the
dcefabulum as well as around the femdral 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 surgery due fo causes unrelated to

the hip. Deep infection occurred in I hip 4 years
postoperatively, and both the acetabular cup and
stem wers removed. 5 patients (5 hips) were lost
to follow-up within 5 years after surgery, but they
showed excellent clinical and radiographic results
when last réviewed. The remaining 91 hips of 79
patients were the subjects for subsequently ana-
Iyzed 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’ Aubigné 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 sarie in the
three groups (mean months (SD): 85 (20) in the
A-type group, 83 (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-
posterfor 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 1) has three sub-
types: 1A meins the absence of radiolucent lines
or migration of the cup, 1B has a radiolucent line
in one zone, and 1C has a radiclucent 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 Zone1 JZone2 Zone3d 1A iB 1C 2 3
more zones
Afrophic 2/2 22 0 0 20/21 22 0 0 0
(Cl0-0.22)
Normetrophic 77 1A 4/4 5/5 27/29 4/4 20 22
(C 0.06-0.35) {C10-0.14)
Hypertrophic 33 0 0 3/3 24/28 33 0O 0 0
(C10.02-0.24)

For personai use only.

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
radielucent 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-vaiue less than 0.05 was consid-
ered significant.

Results

Clinical results

The mean Merle d"Aubigné and Postel hip score
of all patients improved from 7.6 (pain 1.2, mabil-
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 5.3) at the final follow-up. All three
groups achieved good hip score improvement
from preoperative examinations to the final fol-
fow-up: from 8.0 points to 17 in the A-type group,
from 7.7 to I7 in the N-type group, and from
7.2 10 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 the final follow-up
{Table). When adjusted for other factors, includ-
ing age, sex, follow-up period, and performance
of block bone graft, ostecblastic 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 1A, IB, or 1C). Osteolysis around
the acetabular cup was most marked in the N-type
group (6 patients), while only 1 patient in the
A-type group and none in the H-type group showed
osteolysis.

Two revision operations were performed 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
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examinations showed that bone specimens from
hyperirophic 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
(Sa1to etal. 1987). -

These findings suggest that the results W1th mor-
phological types of osteoarthrosis may be similar to
those with acetabular cups after cementless THA.
Herndndez-Vaquero et al. (1996) compared the
outcome of threaded acetabular cﬁps after cement-
less THA among the atrophic, normotrophic, and
hypestrophic 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 Herndndez-
Vaquero et al. (1996) and ours may be due to the
tendency of threaded cups to fail after a few years
(Snorrason and Kéirrholm' 1990, Yahiro et al. 1993).
Adequate bone ingrowth and long-term fixation
of the acetabular cup can be achieved only by
stable initial fixation into. the ace_tabu]ar 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—ﬁttmg
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 arthiri-
tis, and adequate initial stability with the acetabu-
lar cup we used should have resulted in adequate
subsequent bone mgrowth fixation and a success-
ful outcome, even in hips of the atrophic type.

Qur 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 osteoarthrosis in
our country. This may have affected the relation
between the outcome of the arthroplasty and the
osteoblastic types of hip. We found no significant

difference among the three groups as regards clin-
ical and radiographic outcomes. However, there
may be a true difference among the groups (type II
error), 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 ostecarthrosis of the
hip or a population with more males.

No benefits in any form 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 ZEMENTEREIEN Keramik/KERAMIK-
TOTALENDOPROTHETIK BEI DYSPLASIECOXARTHROSEN

Atsushi Kusaba, Kiyohiro

Nagase, Saiji Kondo, Yujiro
Mori, Yoshikatsu Kuroki *

Schlisselworter:
Dysplasiecoxarthrose, Aluminium-
oxidkeramik, zementfreie Keramik.

Einleitung

Die aseptische Lockerung ist lang-
fristig ein Hauptproblem der ze-
mentfreien Hiftendoprothetik.
Die Versorgung junger und aktiver
Patienten mit Dysplasiecoxarthrose
stellt hierbei eine Herausforderung
dar. Seit 10 Jahren verwenden wir
cas modulare Spongiosa Metal
11” Endoprothesensystern (ESKA
Implants, Liibeck) mit einer Alu-
miniumoxidkeramik-Gleitpaarung
(BIOLOX®forte, Kugelkopf 28 mm,
CeramTec AG, Plochingen), da
wir ein hesseres Abriebverhalten
und eine lingere Lebensdauer der
Endoprothese erwarten {1].

Material und Methoden

Von Oktober 1998 bis Dezem-
ber 2007 wurden 1153 primére
Totalendoprothesen mit einer
Keramik/Keramik-Gleitpaarung
eingesetzt. Bei 1571 Patienten mit
Dysplasiecoxarthrose erfolgten 166
Implantationen. Dabei verteiite
sich das Patientengut auf 4 ménn-
liche und 147 weibliche Patienten.
n allen Féllen ergab die praope-
rative Diagnose eine Dysplasie-
coxarthrose, darin eingeschlossen
10 fehigeschlagene Osteotomien,
3 Femurkopfnekrosen {Kalamchi
und McEwen Typ 11) {2] und 2 Dis-
lokationen (Klassifizierung nach
Crowe, Grad 1V) [3]. Der Alters-
durchschnitt zum Operationszeit-

punkt tag bei 57 (44-75) Jahren. Die
durchschnittliche Operationsdauer
betrug 78 (38-159) Minuten. Um
die groBie Pfanne (d.h. ein Kerami-
kinsert mit maximaler Wandstérke)
verwenden und das Hiftzentrum
entsprechend wiederherstellen zu
kénnen, wurde das Acetabulum bis
zur Lamina interna ausgefrést. Bei
3 Hiften erfolgte zusatzlich eine
Pfannendachplastik mit Schrauben.
Ein autologes Knochentransplantat
wurde am Pfannenrand bei 60
Hiften verwendet. Bei 30 Hiften
wurde eine Adduktorentenotomie
durchgefiihrt. Ein ausgedehntes

sich von prioperativ 62 (30-83)
Punkte auf 21 (69-100) Punkte
postoperativ. Die Uberlebensra-
te betrug fir Pfanne und Schaft
100%. Kein Patient bendtigte eine
Revision. Es traten keine Disloka-
tionen odey Gerdusche [4] auf. Es.
zeigten sich keine implantatspe-
zifischen Komplikationen. Tiefe
Thrombosen, Lungenembolien
oder Infektionen waren nicht zu
verzeichnen. Der durchschnittliche
Inklinationswinkel betrug 39 (29-
49) Grad, der Anteversionswinkel
im Durchschnitt 18 (10-30) Grad.
Im Beobachtungszeitraum waren

Abb. links: A.p.-Aufnahme préoperativ. Abb. rechts: A.p.-Aufnabme 1 Jahr
postoperativ. Das Acetabulum wurde bis zur Lamina interna ausgefrast.

Weichteilrelease erforderten 5 Hiif-
ten, Osteophyten wurden sorgfaltig
entfernt, um lmpingement zu ver
meiden. Der Nachuntersuchungs-
zeitraum lag bei durchschnittlich
6,3 (5-9) Jahren.

Klinische und radiologische
Ergebnisse

Der Harris Hip Score (HHS) hat

sich bei allen Patienten verbessert.

Der durchschnittliche HHS erhdhte

alie Prothesen stabil [5]. In einem
Fall kam es innerhalb der ersten 2
Jahre nach Implantation zu einer
geringfligigen Positionsanderung
des Schaftes (Varuskippung), die
sich jedoch im weiteren Verlauf
stabilisierte. Radiologisch fanden
sich Lysesdume bei 4 Hiften (2%)
im Pfannenbereich (Zone 111}, bei
20 Hiiften (12%) in den proxi-
malen Schaftzonen. Osteolysen
wurden nicht beobachtet.
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Diskussion

Der Vorteil von Keramilk/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
Keramik/Keramik-Gleitpaarungen
als vergleichsweise mit Keramik/
Polyethylen-Gleitpaarungen auftra-
ten {1]. Diskutiert wird das Bruch-
risiko von Keramikkomponenten
[9]. In unserem Patientengut der
Studie trat bisher keine Fraktur
auf. Nach Garcia-Cimbrelo et al.
wurde bei 319 Hiftendoprothe-
sen nur in einem Fall ein Bruch
einer Keramikkomponente bekannt
{10]. Bizot et al. verwiesen darauf,
dass sowohl der Innenkonus der
Metallpfanne als auch die Kera-
mikkomponente beim Einsetzen
des Keramikinserts in die Pfanne
beschidigt werden kdnnen [11].
Um das Frakturrisiko zu minimie-
ren sollten Operateure darauf ach-
ten, dass Pfanneninnenkonus und
Schaftkonus nicht mit Instrumenten

in Beriihrung kommen oder durch -

Gewebereste verschmutzt sind.
Yoo et al. wiesen darauf hin, dass
bei einer Fehipositionierung der
Pfanne oder exzessiver Weichteil-
spannung wihrend der Operation
Keramikkomponenten beschédigt
werden kénnten, mit der Folge
eines erhdhten Bruchrisikos und
vermehrten Abriebs [12, 13].
Nach Lusty et al. beeinflusst die
Positionierung der Implantate
das Abriebverhalten keramischer
Gleitpaarungen [6]. Bader et al.
empfehlen die Verwendung von
Keramilk/Keramik-Gleitpaarungen
nur beil giinstiger Implantatpositi-
on, um Impingement und mogliche
Folgen wie Materialversagen (z.B.
Randabplatzer oder Bruch) und
Dislokation zu vermeiden [9].

Schlussfolgerung

Die Spongiosa Metall 1|® Endo-
prothese ermdglicht bei Dyspla-
siecoxarthrosen eine exzellente
Primérstabilitdt und erweist sich
als geeignet in Kombination mit der
keramischen Gleitpaarung. Auch
bei stark dysplastischen Acetabula
muss der Operateur eine gute Pri-
mdrstabilitdt und Pfannenpositio-
nierung gewdhrleisten. Daher sind
korrekte Implantationstechnik und
operative Sorgfalt [14] unerlasslich,
um die tribologischen Vorteile der
Keramik nutzen zu kdnnen und
Komplikationen zu vermeiden.

' Institut flir Endoprothetik und
Rheumatologie, Allgemeines
Krankenhaus Ebina, 1320 Kawara-
guchi, Ebina, Kanagawa 2430433

Japan.
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Abstract Modular neck implants are an attractive freat-
ment tool in total hip replacement. Concerns remain about
the mechanical stability and mietal jon release caused by the
medular connection. Five different implant designs were
investigated in an experimental set-up, In vivo conditions
were simulated and the long-ferm 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.

Résumé Dans les prothéses totales de hanche 1'utilisation
d’implants avec col modulaire est d’une utilisation fié-
quente et pratique. Néanmoins, cette utilisation laisse
persister des doutes sur la stabilité mécanique et sur le
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relargage des ions meétalliques. 5 différents implants ont é&té
étudiés en reproduisant les conditions in vivo, en mesurant
le relargage de titane et en évaluant la corrosion et les
lésions du col. Ce travail n’a pas permis de metire en
évidence d’échec secondaire 4 une corrosion excessive, et
les taux de titane sont restés extrémement bas dans les
limites de 1’acceptable.

Introduction

In current total hip arthroplasty, modularity between the
head-neck connection of the femoral stem is well estab-
lished [1]. 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
connection fundamentally differ from the well-established
head-neck connection. The forces at the established head-
neck conmection 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
cornponents 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 artiticial
joint resulting in third-body wear {21]. Furthermore,
mechanically assisted crevice corrosion (as a combination
of fretting and crevice corrosion) may attack the alloy and

@ Springer
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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 corriplica_tions‘ [24]. A multicentre
retrieval analysis of 231 modular hip implants revealed
corrosion processes at the modular head-neck connectlon in
more than 28% of the cases [8].

The aim of this study was to analyse and compare the
gorrosion effects and to evaluate the particle and ion release
of the modular neck hip 1mplants currently - used. The
following questions were addreéssed: (1) 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 met_:hc_ds

Three implants were analysed (Fig. 1) Eco-Modular®
(Endoplant, Marl, Germany), Varicon® (Falcon Medical,
Médling, Austria), Metha® (Aesculap, Tuttlingen, Germany)
and SPS-Modular® (Symbios, Yverdon, Switzerland). All
implants were made of Ti-6Al-4V afloy. 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 with a
female stém connection. All other taper geométries were
round and had a male stem connection (Fig. 1).

The stem and neck sizes were chosen on the basis of the
femoral size of an average patient, Comparable bmmechan-
ical loading conditions were achleved by select:

Fig. 1 I_mp]ant’ designs investj-
gated: The oval modular taper
of the two designs on the right
side are female connections

@ Springer

femoral anteversion and head neck diaphyseal (CCD)
angles and lateral offsets for all implants (anteversion:
6.8%;, CCD: 133.1° Iateral offset: 46.5 mm).

The taper angles were determined using a coordinate
measuring machine (CMM) (MarVision MS 222, Mabhr,
Géttingen, Germany; accuracy: £2.3 jm) and the surface
roughness was analysed using a roughness measurement
instrument (Perth'oineter M2, Mahr, Géttingen, Germany;
acowracy: 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 surface 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
connected wet by a hammer stroke. The stems were
orientated in 10° 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
{mazx.) was applied for 10x 108 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 fiuid reservoir
filled with 800 ml calf'serum (diluted to a protein content of
30 g/, at 37°C, pH: 7.4). Serum was chosen because
proteins are reported to affect the corrosion resistance of
titanium atloy [11, 14]. The serum was continuously
circulated by a peristaltic pump from the reservoir to a
smiall simulation chamber which sunounded the modular
connectxon (Flg 2)

{6
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Fig. 2 Alignment of the stem and modular neck relative to spatial
coordinates, The peristaltic pump contimionsly circulates serum
between the fluid reservoir and simulation chamber

The titanium concentration of the serum was analysed using
HR-ICP-MS (Element2, Thermo Fisher Scientific, Bremen,
Germany) at intervals of 0, 1x10°, 2x10%, 4.5%10°%, 7x10°
and 10210° eycles. In order to detect not only ions but also
particles in the serum, the samples were first digested with
high purity nitric acid (HNGs) and hydrogen peroxide (H;0.)
following a standardised, well-established procedure [10].
The titaninm mass was calculated based on the test medium’s
volume and the measured titanitm concentration.

All data are presented as mean = standard deviation
{SD). An analysis of variance (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 r-test was used to
detect possible influences of the taper shape (round vs
oval). Regression analysis was performed to demonstrate a
progression in titanium release over time. All statistical

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.

Resuits

The total titaniwn release of all systems varied between 12
and 44 pg at the end of the tesi (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 (pr=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, »=
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, »=0.59) and
the Metha® implant {p=0.19, #=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 titerature unequivocally demonstrates that design- and
material-related parameters influence micro-motion and
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Table 1 Results of the cone geometry measured

Total surface roughness (umy)

Mean cone angle () Cone angle difference (°)

Endoplant Eco-Modular® 1.28

+031
Falcon Varicon® 3.48 +0.17
Aesculap Metha® 0.72 +0.02
Symbios SPS® 0.34 + 0.01
Merete Bio-Ball® 12,15 + (.39

5.67 £0.02 0.04

* 0.04
5.80 £ 0.01. 0.31 *0.03
3.69 £0.01 0.09 4 0.04
501 £0.01 0.10 + 0.02
5.68 *0.00 0.11 *0.03

fretting of implant connections (8, 9, 11, 13, 15]. However,
no differences in total titanium release were found for the
implant desigps 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 pg after 5.5%10° loading cycles [22].
Another study on a titanfum plate-screw connection
resulted in a titanjom release of 849 pg after 1. 2x10°
lodding cyc'les [13]. Lower concentrations ranging from 3
to 21 pg were -also reported for pIate screw comnections
[11]. However this study was only performed for 0.4x 108
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 préssure [2] and thus decrease micro-motions
betweeh both components. The reported effect of increased
micro-motion and frétting depending on the cone angle
d1fference [20 23] was not seen in this study. The implants
showed different patterns with respect to progression in
titanium reledse over titne. For the Symblos SPS®, Endo-
plant Eco-Modular® and Merete Bio-Ball® implants the
titanium release proceeds in a linear manner. However, the
Aesculap Metha® and Falcon Varicon® systems showed a
tltamum rst -

@_ Springer

cycles and subsequently remained stable (Fig. 3). Similar
progressions are reported for wedr 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 counterparis 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 connection and
the surrounding fluid. If the fluid transfer is restricted, metal
ions caused by fretting may not enter into the surrounding
fluid. In this case 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 chioride ions
to form 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 2 very low pH in the crevice. The metal then
loses its passive film and becomes thermodynamically
unstable. Subsequent failure of the modular connection
might gccur. However, in this study neither mechamcaﬂy

. assisted crev:ce corrosion’ nor other severe corrosion effects

could be identified by final SEM analysis. No gross
material failure occurred.

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

Titanjum is the commonly used implant material, In spite
of its functional benefits and local biocompatibility, con-
cerns exist about the long-term risks caused by the metal
pamcles and ion release. Macrophage activation caused by
titanium particles and 1ncreased cell med1ator release has

been observed .in vitro and in vivo [18, 19]. In vitro

chromosonial &amage caused by high concentrations of
titanium partlcles have also been 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
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particle concentrations of between 14 and 58 pgml to
human monocytes in vitro and reported an increase in cell
mediator release depending on' the particle concentration.
However, a significant toxicity was not seen in their study.
Assuming a patient activity of 2x10° eycles/year [10], the
mean titanium release of all tested systems in our study
would correspond to an annual total titanium release of
about 6 pg 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 that the clinical use
of these implants would appear to be appropriate.

The titanjum 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 promising and can support
limited clinical vse 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 rouglness 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 vive 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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Modu1a1 acetabular des1gns ~due to thelr versat:hty, are w1despread 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 overthrown, 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. K -

While revision modular stems, with different mterohangeable componentst?3 are every day more often
employed and well documented, very little is reported on primary modular stems.

The stem employed for the pre-clinical validation and in the clinical practice is a titanium alloy stem
(Ti6A14V) anatomically shaped (ANCA-Fxt Wright-Cremascoli), grit blasted (Ra 6 pm) and coated with
80 wm  high crystalline plasma sprayed
hydroxyapatite (Ca/P rate of 1.67£0.05; purity
>07%; 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 pm).

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

The modular necks are made of titanium (Ti6A14V), present an oblong section and a conical design to
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
mun). For both lengths there are 6 different models: straight, varus-valgus of 8°, antiverted-retroverted 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 mm), medium (0 mm) and long (+3.5 mm)
providing with the two necks a range of possible lengthening of 17.5 mm.

R R R

Stright VarusValgus Ante-Retro 8° Ante-Reteo 15°

Fig. 2 Modular necks: drawings representing the possible Jength
solution and the different geometrical designs.

AR-VV1: retroverted of 6° and varus of 4.5° for the left side;
AR-VV2: retroveried of 6° and varus of 4.5° for the right side,
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The aim of the study was to present the pre-clinical validation and the clinical results of 1734 modular
neck primary prostheses at § years of survival.

The fretting-corrosion behaviour of the neck-stem coupling was investigated. A validated internal
procedure®?, defined on the basis of the ISO 7206 recommendations for fatigue test of hip stem, was used.
Dufferent 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 of particulate produced during the test was calculated by means of the weight
loss of the neck.

gt

Expertmental Kesults

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 (FeCl, solution). Flakes of spalled material
were observed in the burnished areas suggesting the presence of a mechanical damage due to micromotion
(fretting). Nevertheless, the
extension of the damaged
area was affected by the
test environment suggesting
a  mechanical  damage
chemically enhanced. The
damage extension is
linearly related to the load
level, the stem size and the
number of applied load
cycles. However, the
F s amount of fretted
“ 18 material was estimated

0.6 mg/million cycles.

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

show the burnished areas.

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 cohorts. The first 864
consecutive surgeries performed from August 1995 to December 2000 were included in the first cohort,
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 August 2003 were included in the second
cohott: 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 groups: 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 methodS. 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

hip morphology

Fractures
Necrosis

Mild
hip deformity

Arthritis . Pediatric diseases

kPost—traumatic arthritis \Chondromatosis
Rheumatic diseases Anchylosis
Septic arthritis Coxa vara
Exostosis C '

Moderate
hip deformity

Severe
hip deformity

DDH
Coxa profunda

NPaget disease

.

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

deformity.

Aug 1995 - Dec 2000
848 prostheses

Jan 2001 — Aug 2003

Aug 1995 — Aug 2003
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Average age

54.7 years (16 81)

56.4 y_t_aa_r_ig (14-86)

55.5 years (14-86)

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

Clinical Results

Aty 4y {_.)15\&__
SR e e YD
8% 66.4% 1.6% 24%

None of the 1734 prostheses necded 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 opportunities.



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, 1 for stem undersizing), and 3 for septic loosening. The survival rate of the
modular neck stem, without septic loosening, is 97.5% (C.1. 94.9-100%) at § years (Figure 7). |

100% 7

Straight

- Varus-Valgus
|:| Ante-Retro 8°
-Ante-Retro 15¢

B0%

60% ~

40%

o]
0
20% -
40%
60% -
809%% -
S = short
100% L =long

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 Fig. 7 Survival analysis at 8 years of the modular neck stem.
curve. Non-straight necks were more employed in the No stem failure was due to the modular neck.

second cohort when surgeons familiarity with modularity
opportunities increased.



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.

00 o0
Q

Fig. 8 In the drawing is shown how modular necks could be useful in case of impingement: a long retroverted neck prevents
the 1mpmgcmcmt mdumble extra~rotatmg the leg thh ‘a short stratght 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.

¢) a 15° retroverted neck allows the
correction of the deformity.

eg stance.
we1ght aF moment arm of the abductor muscles force; ay: moment arm of the body wexght The condition for the rotatmnal
equihbrmm of the pelvis about C is Frap =Weay,. b) Ideal solution of hip replacement with a straight short neck and the cup
in the ideal hip center. ¢) 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 (ag = ay).
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SHORT 15° REFROVERTED : LONG 8° RETROVERTED

Case 1. Female, 54 years old, showing a bilateral DDH.

Right hip: a) Pre-op frontal view; b) Post-op frontal view: a short 15° retroverted neck was employed;
b') Post-op frog view; €) and ¢") 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; ) and e') 6.5 years follow-up;

f) frontal view at the last follow-up.

SHORT VARUS LONG STRAIGHT

Case 2. Female, 64 years old, primary arthrithis. Case 3. Female, 57 years old, primary arthritis.

a) Pre-op frontal view: b) Post-op: a short 8° varus  a) Pre-op frontal view; b) Post-op: a long straight
neck was employed; ¢) Post-op frog view; d) 8 years  neck was employed; ¢) Post-op frog view;
follow-up; e) Follow-up, frog view. d) 7 years follow-up; e) Follow-up, frog view.



Modular prostheses allow the surgeon to correct the length of the lowe1 hmb by choosing the offset, the
length and the anti-retroversion of the neck; beSIdGS this is possible avoiding the long-waiting times and
high costs of custom-imade prostheses and assuring the- rehablhty of mechanical tests (done on standard
prostheses) Such moduiarlty is partlcularly useful in cases where. the femoral deformlty is threatening
(only in the 21.6% of group D and i 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 prosthéses implanted with a normal or a
mild anatomlcally deformed hip (groups: A and B) a non-stralght neck has been employed. This resuits
show the poor predlctwe value of a 2b° templating that usually underestimate the feroral neck
anteversmn and . is ‘not useful to plechct the possible causes of 1mp1ngement Fu1therm01e the
unplngement due to a cup malposmomng is usually corrigible, during surgery, by 4 modular neck.
Besides, the p0551b111ty 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
morphologlcal 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,
ﬁeumg"'“w“ dislocation of the modular components'!3* and mostly of fracture: of the modular
neck!s.. These potentlal problems risen in presence of two coupled components (head—neck) could be
worsened in case of a further ‘modularity between the neck and the stem. The experimental study 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 likely to produce more than 10 mg/year of metal debris*?

These experlmental ﬁndmgs are in agreement with the chmcal outcomes. Besides, among the 1734
modular necks implanted in our hospital, out of more than 50.000 modilar 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 betweéen retrieved necks
and those experimentally studied confirmed the absence of corrosion’¢ and the completely absence of
periprosthetic metallosis. These good results are to be related to the corrosion resistant features of the
titanium-titanium couphng and the design of the taper. .

In conclusmn the use of a modular prosthesis should be routinely reserved for dlfﬁcuit prlmary surgeries
or revision. surgeues where the rion-modular prostheses could be not satlsfactory Nevertheless in our
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experience modular tiecks are very useful even for standard procedure to achieve a good 1mp1ant stablhty (\,
and the best implant offset -
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Abstract

Background: Moduiar neck adapters for hip arthroplasty sterns allow the surgeon to modify CCD angle, offset and
femoral anteversion intraoperatively. Fretting or crevice carrosion may lead to faiture of such a moduiar 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 replacernent surgery.

The failed neck adapters were implanted between August 2004 and Novernber 2006 a total of about 5000 devices.
After this period, the titanium neck adapters were replaced by adapters out of cobalt-chromiurm. Until the end of
2008 in total 14% (n = 68) of the implanted titanium alloy neck adapters failed with an average time of 2.0 years
(0.7 10 4.0 years) postoperatively. All, but one, patients were male, their average age being 57.4 years (36 10 75
years} and the average weight 1023 kg (75 to 130 kg). The failures of neck adapters were divided into 66% with
smiall CCD of 130" and 60% with head lengths of L or larger. Assurning an average time 1o failure of 2.8 years, the
curmulative failure rate was calculated with 2.4%,

Methods: A series of adapter faitures of titanium alloy modular neck adapters in combination with a titanium alloy
modular short hip stern was investigated. For patients having received this particular implant cornbination risk
factors were identified which were associated with the accurence of implant failure, A Kaplan-Meier survival-failure-
analysis was conducted. The retrieved implants were analysed using microscopic and chemical methods, Modes of
faiture were simulated in biomechanical tests. Comparative tests included modular neck adapters made of titanium
alloy and cobalt chrome alioy 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 10 - 30 urn 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 micromations 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
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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-
uzes of madular neck adapters have been rarely documen-
ted [5-7]. In 2007, we reported three cases of a failure of a
modular short hip stem [8]. 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 titanitum 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 (BMI) 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 noene with 140°.

A Kaplan-Meier survival analysis (Statistica 7, StatSoft
Europe GmbH, Hamburg, Germany) was undertaken
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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®
uCaP, 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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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

@ 57.2 years (36 - 75 years)

age
weight © 1023 kg (75 to 130 kg)
time in vivo @ 24 months {8 to 48 months)
neck adapter 130°4¢ 130° 2 75° 1354 135% = 75° 140°%/0° 1407 & 75°
{CCD-angle}
29 16 18 5
head length S M L XL KXL unknown
4 22 26 7 4] 3
head diameter 28 mm 32 mm 36 mm
11 50 7
head material CoCrhio Biolox forte Biolox delta
53 2

i3
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Figure 4 Kaplan-Meler 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 oh the retrieval analy-
sis of 47 devices, the complete investigation data being
compiled at the end of 2008. The fracture and modular

| 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
niicrostructure 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) the ¢ross section was prepared by grmdmg.
polishing and etching according to the method by Kroll
(composition 100 ml distilled H,0, 1 ml HF, 3 ml
HNOjy). The investigation was performed by light micro-
scope (Wilde M3Z Herrenbrugg, Switzerland) with a
magnification up to 500-times.

. The chemical composition of the abraswe substances
found in the crevice of the cone connection was deter-

~mined using energy dispersive analysis (EDX} (Oxforth

EDX-Analysensystem INCA 7059 Oberkochern, Ger-
many) and wet chemical dlgestlon 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 Longjumeauy, 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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{right) [18,19).

Figure 6 Test setup for measurement of micromotions in the modular cone connection {left) and particle-contaminated joining area

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 pm and a sensitivity of
0.025 pum 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 Fun/Frax = 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
(B = 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

L o
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Figure 7 Test setub.for feck test (!eft) and stem test {ri ght) with reféi'_éh e‘_
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conditions were altered by modifying pH values and
enhancing chloride concentrations with the use of NaCl,
CaCl, and FeCly to accelerate any eventual tribachem-
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 electron mlcroscope Figure 9 shows a potentlal
micro crack in an area where fretting marks can be séen
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
_rév_ise_d 'COnes'évailablé for examination, a total of 87%

Tab!e 2 In VitI‘O model to 5|mulate the clinical failure
modes with various parameters

3800 N

1 Hz/15 Hz

1,000 cycles, 1.5 minutes rest, 1,000 cycles,
1.5 minutes rest repeat

Dry, Blocd, Serum, Cortical bone particles

Saline 0.9% pH 7 Saline 1.8% pH 2 CaCi;
solution pH 2 FeCl; solution pH 05

Hip contact force
Fradquency .

~ Stress and rest phases

Contamination’
Surrounding medium

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

The findiﬁgs of the corrosive alteration apart of fret-
ting have not been corroborated by biomechanical tests
so far [8;14). Metallographic cross sections of the cone
show a 20 pm up to 30 ym thick layer developing in the
modular joining 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
repassivation. 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 pdtient 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 exammed using a scannmg electron

Figu're'_s Fatlgue_ffau;ture surface of a clinically fa_:ledkt'itamum
neck adapter. . :
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Figure 9 Metallographic analyses revealed microcracks on the cone surface (left) and a potential microcrack in a fretting area (right).
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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 micrometions 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 pm (medial) and 6 % 2 pm (lat-
eral) and with particle contamination 18 % 3 pm (med-
ial) and 15 £ 4 pm (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

neck adapter out of cobalt-chromium were in a clean
condition 3 & 1 pum (medial) and 3 + I pm (lateral) and
with particle contamination 5 + 6 um (medial) and 3 +
2 um {lateral).

In the case of the cobalt-chromium alloy neck adapter,
the contamination of the joining area did not influence
the micromotions significantly (p = 0.43).

In vitro fatigue behaviour of the stem/neck modularity
The neck adapters made of titanium and of cobalt-chro-
mium alloy showed significantly different (p = 0.009)
endurance behaviour. The Ti6AMV 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 with the hip stem was examined in a customised
test setup. The titanium alloy neck adapters fulfilled the
1SO 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 (.7 million cycles (range 0.63 to 0.75). In a

surface
morphology

artfal large flaking

partfal fight flaking no change

amount of the 23% 30 % 12 %
cones

tima to failure 10 - 38 manth f— 39 manth 16 — 38 month
averaged time 24 month 22 month 27 month

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

L 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 modular neck interface. In clean con-
ditions, the load has to be increased up to 5300 N to
provoke a similar failure mode. The redox potentlal mea-
sures fretting corrosion and repasswation on metallic sur-
faces. It shows impresswe!y that 1ntroduc1ng cortical
particles into the- moduiar neck interface generates a
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mechanical disturbance which triggers repassivation pro-
cesses in high frequéncy {Figure 16).

Dlscussmn

This study conﬁrmes that the failure of the adapter can-
not be attributed to any ‘material or processing deviation
or incorrect dlmenswmng 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.
Miecrocracks 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 proveoke 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 pm. 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 [17]. The metallic surface in the crevice becomes
anodic relative to the outer surface, thus triggering an
electrolytic process. The presence of chloride igns which

disturb the passivity, induces pitting corrosion in the

crevice leading to a quick dissolution of the metal

.

Figure .12 Retrieved faultléss fitanium alloy ‘h'e‘ck éd_apter ([_eﬁ) and é_izem {right) without contam!nation and. any 5ign§ of 'cbi'r_ésl:on. _
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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

motion; damage is induced on the fretting region. If the
fretting fatigue strength of the material is exceeded,
microcracks develope on the suwrface. 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
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Figure 14 Micromotions in a clean and particle-contaminated interface (Mean + STD) for titanium and cobalt-chromium alloy neck
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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).
L :

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 increased 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

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 comparison of the different 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.

-
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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 clean joining (blue curve).




Grupp et al. BMC Musculoskeletal Disorders 2010, 11:3
httpi//www.biomedcentral.com/1471-2474/11/3

Table 3 Assessment of the cone adapter made of the
different materials - {ooo = excellent oo = good
0 = moderate)

TiAlov4 Co(r29Mot
mechanical properties
fatigue sirength a0 cOn
stiffiess/modulus of elasticity ) falsle}
notch sensitivity o] [sluls)
crack propagation o on
abrasion o 000
corrosion characteristics
passive layer o0 slsle}
te-passivation fslale} [ss]
fretting corrosion o [elela)
CIBVICE COrotion [wiee o0
aliergic 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 (CoCr29Moé) 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-movements 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. This
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 Jevel, 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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in der Literatur mit 0,07 - 0,5 mm/Jahr [12 23; 25; 31; 36; 40; 41] bzw. 37 - 104,9 mm?*Jahr

[22; 23; 27; 31] angegeben

Eine aktuell im Jahr 2009 nach ISO 14242 ciurchgerhrte Prufung im Medical Center der
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TGA Observations 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 sat.

TGA Observations 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 fernoral only revisions and the 5 acetabular only revisions are said noi 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 impfants 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 refated. 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, impiant retrieval analysis etc is provided) is provided. However, the
sponsor states that he has received no complaints about the Adapter sterm 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 reported elsewhere in the world.

As with other sponsors, ESKA have supplied a fable summarising the avaliable 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.

Goliwitzer et al reports very good results with an ESKA hip systemn - 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 refatively large number) were revised dure to implant fracture. These
are not great results. The authors condlude that

“The fong term results of the spongy metal cup are good, whereas the high loosening
and fracture rate of fully coated siem are a source of concern especiaily with regard
to the difficult revision scenario with frequent massive bone loss.”

Gotze et al state that the stem has since been modified o 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 o

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.






