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Ahbhstract: The WMomechanica inlay testing of a newly developed moduar cem ented acetatnlar component
gystem is under investigation. The aim of thiz study, wasto determine how strong the bondage of the inlay
with the metal shell iz in inevitro testing. & Cem entable Dl etal-Cup (C-MICY was crafted inthe commonlyused
sizes. Its material (cobalt-chromien -molybdenan alloy) was configired to the needs of cementation For
biotm echatical inlay testing standard test methods for determining the sria disassembly force of a modular
acetabdar device were used Pushinfout and Torsion as well aslever- out inlay tests were performed The mean
maximal push-out force for the 28mm irlay was 1.140 kI, for the 32mm test inlay was 2483 kN, Mean results
for the lever-out toroue fior test it ay 22 num were 14.40 M, for the test ind ay with 22 mm it was 4593 Him. The
test resultsfor the torsi on tests: Inlay 22 mmc 17 545 Nm and 53 252 Nm for test Inlay 32 mm. The reanlts of these
biomecharical experiments have prover a high stability for the anchorage of the inlays in this newly developed

C-MAIC - cup.
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INTRODU CTION

Urtil now for a cemented hip prosthesis three
versiors of a polyethylene cup are comum ercially avalable
(standar d shape, asymmetric of snap). After completion
of bore- cement bonding no subsequert changes of cup-
position is possible.

We developed a modda cementable acetabdar
component system (C-MIC) in collaboraion with an
implant marmfacturer (ESEA Implants GmbH, Luebeck,
Crermany). We report the devel opirert and biom echard cal
testing of a new acetabular cup system that has the
advatitages of the cementless method of hip replacem ent
in a cem ented cup. After fiv ation of the metal-cup a great
vatiety of irdays can be attached Polyethnd ene-, ceramie-
of polyettelene “snap-inlays”, even with  different
geometries (straight of asynmetsic), canbe combdned with
differert head-dian eters. This facilitates the adjustment to
characteristics Lke patient-age the individual amourt of
activity or anatomic vatieties. Furthermore,  after
suboptimal positioned and cemented cups, correction is
possible by the use of aspnmetric or stap-irdays. The
guestion of this study was how strong the bondage of
differert sized standard PE irll ays with the metal shell isin
Drvifro testing,

MATERIALS AND METHOD 5

After conceptual wotk regarding the design of
implart and possible inlays (Paech o o, 2007) a
hemispheric metal-cup for cemented fixvation was crafted
inthe commoedy used sizes. [ts material (cobalt- cheomi -
molybdernen  dloy) was corfigred to the needs of
cemertation (Fig. 17

Fig. 1:The developed implant
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Fig 2: Construction details of the inner side

Fig.3: Torsion and axial disassembly force test setup

The concave side shows narrow-channels which
facilitate an optimal allocation and adhesion of the bone-
cement. The apex-cone acts as a spacer and thereby
permits a constant cement layer thickness

On the femoral side its features include the polished
cup-flange with six notches and three milled chamfers
(Fig. 2). The chamfers allow the removal of an already
anchored inlay, for this a specific lever was developed.
This design is wvery versatile as it allows different
custornized  inlays We developed Polyethylene
(PE, ultra-high melecular weight) and ceramic-inlays
with an internal diameter of 28 32 and 36 mm
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Fig 4 Specimens tested

Furthermore, specific mlays likze asymmetric (10°, 207 and
snap-inlays were developed. This would enable the
surgeon to react on different intra-operative situations
e.g. dislocation or subluxation without the need for cup
removal and re-implantation.

Al components are accredited according to the
European Community (CE-label) allowing an immediate
clinical application The mechanical stability of the inlay-
cup interface is tested using a standardized experimental
design.

Tarsional force tests were performed with a
servomotoric testing machine (3chenk Hydropuls FPA
404, Carl Schencl AG, Darmstadt, Germany), axial force
tests were done with a hydraulic testing machine (Schenlk
Hydropuls PA 404, Carl Schenck AG, Darmstadt,
Germany, Fig. 3). We used C-MIC outer diameter 42 and
66 roum (internal diameter 22 and 3 2mum) metal copswith the
following specimen (Fig. 4):

15 pes. PE-Inlay C-MIC, ID = 28 mm for OD =48 mm
15 pes. PE-Inlay C-MIC, ID = 32 mm for OD = 66 mm

Test procedure:: Push infout: Standard test method for
determining the axial disassembly force of a modular
acetabular device was the American standard test
procedure (ASTMF 1820-03) To determine the resistance
against inlay loosening, the axial force required to
push the inlay out of themetal back was determined.
The inlay was pressed into the metal back using a ball
headl at a constant feed rate of 0.04 mm min™' (mazx load
20001, Fig 3).
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Fig. 5 Test set-up for the inlay press-in (left) and press-
out (right)

Fig. & Test set-up for the inlay lever-out test

)

Fig 7: Sketch of the test set-up for the inlay torque test

All assembled dry a room
temperature The metal back was placed upside down on
an idler ring with appropriate clearance against the inlay.
Thepush out load was applied by means of a cylindrical
punch through a bore on the backside of the metal shell
at a constant feed rate of 0.04 mm min~" (Fig. 5).

SPECIMENS WEre
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Lever out: This test procedure 15 based on a test method
described by Tradonsky of af (1993). To determine the
resistance against inlay loosening, the lever-out force
recuired to tilt the inlay out of the metal back was
determined The inlay was pressed into the metal back
using a ball 2 head at a constant feed rate of 0.04 mm min~!
(max load 2000y, All specimens were assembled dry at
roomm temperature (Fig. 6).

To determine the lever out force, a small haole (5.5 mm
diameter) was drilled into the inlay about & mm bel ow the
ritn. A alever anm ametal rod was inlayed into the hole
andloaded. The lever arm ws. the fixed fulcrum was set to
28 mm (ID 28mm specimens) and 21 mm ID 32mm
specimens). A metal loading rod was used to apply the
test force at a constant feed rate of 2 mm min™" Prior to
the static torsion test the inlay was pressed into the metal
back using a ball head (D28 Biolox delta 28-12/14, D32
Biclox delta D12/14) at a constant feed rate of 0.04 mm
min~ ! fmeax. load 20000T). All specimens were assembled
diy at room temperature (Fig. 7).

The load was applied versuz a ceramic ball that has
keen glued into the Polyethylene inlay. For statistical
analysis the program 343, Version 2.2 (ZAS Institute,
Catry, TTSA) was used.

RESULTS

Push infout: The test results for the push-out force of 28
and 32 mm internal diameter inlays shown in Table 1.

Lever-out test: The resulting torque has been calculated
by the applied force and the lever arm between the force
application and the fized fulcrum (31 mm for the ID 28
inlay and 88 mm for the ID 32 mm inlay).

The test results for the lever-out torque testing
were shown in Table 2.

Finally the the torsion testing gained shown in

Table 3.

Tahle 1: The test results for the push-out force of 28 and 32 mm

Test InsertID 28 Iletal back IDZE F oz [KH)

1 DaE501 072501 1.025

2 DAE401 72601 1.132

3 062001 072501 1.117

4 D6E6E01 72601 1.169

5 DTE01 072501 1.259
Tvlean 1.140
Std dene 0.085

Test InsertID 32 Iletal back [D32

1 070501 72800 2412

2 70701 Q72700 2622

3 70601 72800 2337

4 DAR401 Q72700 2518

5 o0z 072700 2.526
Tvlean 2483
Std dene 0.110
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Table 2: The test results for the lever-out torque testing

Test Ingert ID 28 Metal back ID28 Torque [Nm]
1 968801 972601 13.11
2 968001 972501 12.41
3 967801 972601 15.66
4 968101 972501 15.93
5 969201 972501 14.87
Mean 14.40
Std dev 1.56
Test Tnsert D 32 Metal back TD32
1 970301 972800 46.41
2 969301 972700 49.82
3 970401 972800 42.93
4 969601 972700 47.14
5 969701 972800 43.34
Mean 45.93
Std dev 2.85
Table 3: The torsion testing
Test Insert ID 28 Metal Back ID28 Torsion [Nm]
1 968201 972501 16.032
2 969101 972601 17.921
3 968701 972501 19.286
4 968901 972601 17.234
5 968301 972601 17.251
Mean 17.545
Std dev 1.188
Test Tnsert D 32 Metal back TD32
1 969501 972800 51.921
2 970001 972700 47.200
3 969901 972800 54.652
4 970101 972700 56.053
5 969801 972800 56.435
Mean 53.252
Std dev 3.819
DISCUSSION

It can be stated that the push-out force achieved by
the TD 28mm inlay tested here is above the average range
of modular hip implants tested by Tradonsky et al. (1993)
and Blamer (1997). The push-out force achieved for the
32 mm inlay was above the 90% percentile of the above
mentioned studies. It can be stated that the lever-out
moment achieved by the 28 mm inlay tested here is close
to the median of modular lp implants tested by
Tradonsky ef al. (1993) and Blomer (1997).

The lever-out moment achieved by the 32mm inlay
tested herein is above the mean of modular hip implants
tested before Tradonsky et al. (1993) Blomer (1997). The
mean torsional fixation strength of the inlays tested was
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foundtobe 17.55 Nm for the 28mm inlay and 53.25 Nm for

the 32mm inlay after specimen assembly with a preload of
2000 N, when compared to the literature this 15 close to the
median value of modular hip implants tested before
Tradonsky et al. (1993) and Blomer (1997).

We have developed a acetabular cup implant that
should combmme the advantages of both cemented and
cementless mmplants. A mimmized risk of acetabular
fracture, immediate full weight bearing and a versatility of
numercous different inlay types could be gained at the
same time. The use of modemn femoral head diameters
(32 and 36 mm) 1s also possible, increasing the range of
motion for the joint and reducing the risk of luxation

CONCLUSION

The results of these biomechanical experiments have
proven a high primary stability for the anchorage of the
inlays m this newly developed C-MIC-cup.

The CMIC-system could also be used for complex
revision or specific mdications (e.g. hip-dysplasia),
acetabular revision with a cemented metal-backed
component using a cup that 1s manufactured for cement
free use has been reported in a large series (Wang et al.,
2006). To further reduce the risks of failure by the PE mlay
wear, ceramic inlays could also be used with this
acetabular shell.
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