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ROTATIONAL STABILITY OF DIFFERENT HIP REVISION SYSTEMS
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The authors present an experimental investigation that compares the primary rotational fixation of 4 revision stems.

Methods: Each stem was implanted into 4 synthetic femora. Micromotion of stem and bone was measured at defined sites
under torque application. Femoral neck osteotomy and AAOS type I and I1I defects were simulated by reproducible saw lines.

Results: Up to a type I defect, all implants are capable of bridging the substance loss in a rotationally stable manner. The
relative movements show a dependence both on the bone defect and on implant design. Even within the basic design types
clear differences (p < 0.0001) are partially observable. Major differences were seen in type I1I defects. Whereas the conical stem

designs had the ability to bridge the extensive defect the cylindric shapes showed no rotationally stability.
Conclusion: As the major fixation area the femoral isthmus plays a decisive role for all tested stems. Due to enormous and
partly selective load transmission of the conical stems the cylindrical designs is good for type I defects. In case of an extensive

substance loss the decision should be a conical implant.
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Introduction

Revision hip replacements are complicated
surgeries because the femoral quality is often
reduced by large substance losses. Stem fixation in
terms of a sufficient primary stability is therefore a
great challenge for the orthopaedic surgeon.

These  problems are  predominantly
counteracted with cementless long-stemmed
revision implants in order to achieve a bridging
of deficient structures and a bone remodeling.
Relative micromotions at the implant-bone
interface represent a quantitative measurement
to determine the primary stability and the
initial rotational stability can serve as a
valuable indicator for successful integration
and function of cementless prosthesis stems
[2, 9]. We compared the primary stability of
4 current revision stems with different design
parameters with a well-established measuring
device and a standardized in vitro comparison
of the primary (torsional) stability of revision
hip stems [3-5, 10—14].

Methods

We investigated the cylindrical Helios® stem
(Biomet Germany GmbH, Berlin, Germany) and
the Standard-Range-Of-Motion®—“Revision stem*
(S-ROM®) (DePuy Orthopedics Inc., Warsaw,
USA) which consists of a prosthesis module and
metaphyseal —sleeves. The Modular-Revision-
Prosthesis® (MRP®) (Peter Brehm, GmbH,
Weisendorf, Germany) is conically shaped in
longitudinal direction and exhibits, in cross section, a
star shape formed by parabolic longitudinal grooves.

The same shape is the Wagner-Self-Locking
stem (Wagner-SL®) (Zimmer Inc., Warsaw, USA)
which is a monoblock and some kind of father of
all revision stems. All components are made of a
titanium wrought alloy (Fig. 1).

The study followed a standardized protocol
developed for the characterization of revision
prostheses from our working group [4]. The
relative movement between stem and bone is
measured on several levels to show the primary
fixation under different AAOS defect model
conditions.
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Fig. 1. Survey of the 4 revision hip stems
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Results

The Helios® implant exhibited a nearly
constant relative movement from proximal to
distal, except for the distal stem tip. In the isthmus,
the closest contact with the femur. The MRP®
prosthesis exhibited an extreme moment transfer
in the distal isthmus, what suggests a very close
contact between the stem and the femur. Relative
to the points P1 and P4, it thus found its main
fixation zone in the isthmus. Proximal and distal
portions of the stem behaved similarly to those of
the Helios® prosthesis. The main fixation of the
S-ROM® stem was also located in the isthmus but
the rotational moment transfer was the strongest
in the proximal portion (site P2). On one side, a
comparatively small metaphyseal movement of the
stem was notable while on the other side, the tip
of the stem exhibited a high value. The Wagner-
SL® stem, similar to MRP® prosthesis, showed
a major fixation in the distal isthmus (P3) but
demonstrated another fixation pattern. The bone
and prosthesis curves diverged proximal and distal
extreme, and particularly proximal registered a
relative movement at AP1 = 20 mdeg/Nm.

In the femur with AAOS type I defect the
Helios® prosthesis qualitatively maintains its
modus. Although the relative movements AP1, AP2
and AP3 increase two-fold, the isthmus remains the
main fixation zone (Fig. 2). The MRP® prosthesis
clearly loses more stability than the Helios®
stem. The S-ROM® prosthesis exhibits an almost

unchanged fixation modus. Only at the tip of the
stem (P4) a somewhat stronger decrease of the
rotational stability occurs. The Wagner-SL® stem
shows hardly any changes, so that the modus even
remains almost quantitatively comparable (Fig. 3).
The S-ROM stem tip moves clearly more in the
femur than those of other prostheses. At once, it
anchors in the most stable way proximally. Except
for the Helios® prosthesis, all prostheses maintain
their main fixation region in the distal or proximal
isthmus. The Wagner SL exhibits the significantly
smallest relative movement in the distal isthmus
(P3).

In the femur with the Wagner transfemoral
approach and later with the AAOS type III
defect, the sites P1 and P2 disappear due to the
defect expansion. In the Helios® implant extreme
movements appeared that were not measurable
(Fig.4) with the applied measurement technique
(out of range). The MRP® prosthesis exhibits only
a fraction of these movements. A prosthesis curve
bending at the site P3 (not shown) indicates a firm
interconnection in the remaining fixation section.
The fixation modus of the S-ROM® prosthesis
shows that the stem tip represents the main
fixation point, although it cannot be described now
as primarily stable. The Wagner-SL® stem, on the
other hand, shows a stable fixation (Fig. 5). Its
main fixation lies now in the region of the stem tip
while the farther proximally located bone is only
negligibly forced into torsion.
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Fig. 2. The Helios shows with the AAOS I defect a good
overall fixation

Fig. 3. Wagner stem with an AAOS I defect. It shows the extreme
strong contact at the isthmus area with high primary fixation
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Fig. 4. The same approach with the Helios shows the limitation
of this stem. This stem can not fixate anymore

Discussion

The Helios® prosthesis cannot reproduce its
fixation modus for proximal femoral defects, the
total fixation in the femur with an AAOS type I
defect and with the transfemoral approach AAOS
type III defect, there was no sufficient primary
stability. Thereby the highest relative movements
of up to AF = 659.49 mdeg/Nm were determined.

The MRP® prosthesis is preferred when a
proximal fixation is not possible [6, 8, 19]. The
results confirm the picture of a prosthesis fixed in
the distal isthmus. In the femur with femoral neck
resection at AF3 = 0.94 mdeg/Nm it produces such
extreme torque transfers at one particular point
than were measured in the movement analysis of
cemented prostheses [13]. From this it follows
that an extensive press fit is present. D.C. Wirtz
[19] proposed that a bone in low-grade condition
should be preventatively supported by tension
wires before this stem is inserted. The MRP® stem
also showed a metaphyseal fixation component
that reduced with decreasing defect position. It
is the only implant that can securely bridge an
extensive substance loss in which an implantation
length of less than 8 cm is available, with an almost
constant and a small relative rotational movement
at once. It should thereby be assumed that the
parabolic star profile in combination with the stem
curvature will have advantages compared to the
lamella design of the straight Wagner-SL® stem at
least in an extreme revision situation.

For the S-ROM® prosthesis H.P. Chandler et
al. [1], Cossetto et al. [1996] and M.D. Ohl et al. [7]
describe the fixation principle such that a maximum
“fit and fill“ is achieved. The stem effects therefore
a distal rotational stability without a distal axial

Fig. 5. With the transfemoral Wagner approach, the Wagner
stems still shows a good fixation

fixation. The distal rotation stabilization is proven
here up to the AAOS type I defect. Proximally
the most primarily stable situation was reached
by the S-ROM® prosthesis, whereby the sleeve
system presumably has advantages here. The
segmental AAOS type I defect also shows that the
implant suddenly becomes unstable and performs
clearly larger relative movements. Though the
stem cannot be described here as rotationally
stable anymore, the distal tip anchors somewhat
firmer than the distal isthmus region on the other
side. The author of the conical stem shape Prof.
Heinz Wagner often refers to the similarity of the
Wagner-SL® prosthesis with Morse taper locks
used in the mechanical engineering for joining
of shafts [15, 16]. In this fixation the conical
stem is inserted into the medullary cavity milled
with precise conical reamers. Thus a continuous
contact with cortical bone should be established
allowing the achievement of an equally distributed
rotational stability [15]. This could only partially
be confirmed in our tests. At AF3 = 1.42 mdeg/Nm
in the undamaged femur and at AF3 = 1.61 mdeg/
Nm in the femur with the AAOS type I defect the
implant exhibits a strong and precise main fixation
in the distal isthmus. Similarly to D.C. Wirtz et al.
[18] for the MRP® stem, H. Wagner [1987] and PJ.
Warren et al. [17] also recommend the protection
of a femur with reduced bone quality by tension
wires during insertion of the Wagner-SL® stem.
H. Wagner [ 15, 16] also describes that a rapid bone
consolidation is achieved proximally, which he
attributes to the elastic bending deformation of the
prosthesis. With regard to the relative movements
investigated here it is possible to come to the
conclusion that the prosthesis, at least rotationally,
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exerts mechanical stimulation on the proximal
bone which could theoretically have a beneficial
effect on the consolidation of damaged substance.

Up to an AAOS type I defect, all implants are
capable of bridging a bone substance loss in a
rotationally stable manner. Due to the large and
highly localized load transmission of the conical
implants MRP® and Wagner-SL®, for example,
the cylindrical designs would be advantageous for
segmental or cavitary defects of the AAOS type
I defect in conditions of an optimal “fit and fill“.
In case of an extensive substance loss, as with the
AAOS type 111 defect, the decision should be made
in favor of a conical or star-shaped implant. As the
conical prosthesis stems find their main fixation
region in the distal isthmus, it is preserved for them
in such revision situation. With the cylindrical
designs the proximal isthmus region, which is
important for them, is lost. Thereby the femoral
isthmus holds a key position both for the conically
as well as the cylindrically designed prosthesis
stems, be it in a different way.
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POTAUMOHHAA CTABUJIbHOCTb PA3JINYHBLIX PEBUSNOHHbLIX CUCTEM

M. Tomcen!, E. dxy6oBuy?
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2 Jlabopamopust GUOMEXAHUKU U UMNIAHMOI0ZUYECKUX UCCIedosanull, [etidevbepeckuil ynusepcumem, kageopa opmonedu,

2. [eiidenvbepe, lepmarnus

Ieav — cpaBHUTD TEPBUYHYIO POTAIIMOHHYIO CTAOUIILHOCT YETBIPEX PEBU3HMOHHBIX GE/IPEHHBIX KOMITOHEHTOB.

Memoodwvt. Kaxiyto U3 4eTbipex HOKeK UMILIAHTUPOBAIN B CUHTETUYECKHE Ge/IPEHHbIE KOCTH, TI0CJIE YeTO U3MEPSLI MOMEHT
BpAIIeHNs], KOTOPbI BBI3bIBATT MUKPOIOABUIKHOCTD MEXK/Y HOKKOU U KOCTBIO B OINPeIeeHHbIX yyacTKax. C TOMOIIBIO MTUJIbI
ObLIM CMOJIEJMPOBAHBI BOCIIPOU3BOANMbIE OCTEOTOMUHM Hieiiku Oeapernoil koctu u gedextbl I u 111 Tuna o kiaccubukanmm
AAOS.

Pesynomamot. [lo 1 tuna nedekra BKIIOYUTENBHO BCe UMILIAHTATHI BBIJIEPIKIBAJIK TIOTEPIO BENECTBA KOCTU U JIEMOHCTPU-
POBAJIM POTAIIMOHHYIO cTaOHIBHOCTH. OTHOCHTEIbHAST HECTAOHIBHOCTD 3aBUCEIA KaK OT TUITA KOCTHOTO JieheKTa, Tak U OT KOH-
CTPYKIMU UMILIaHTaTa. J[aske MeKIy OCHOBHBIMU TUIIAMM KOHCTPYKIUiT uMmenuch yerkue paznuuus (p<0,0001). HauGoubiiue
pasiuust 661t otMedenbl mpu 111 turie nedextoB. B To BpeMst kKak KoHnduecKue OefipeHHbIe KOMIIOHEHTBI OBLIU CIIOCOOHBI TIPO-
THBOCTOSATH OOMIUPHBIM JieDeKTaM, UMILIAHTATH TIUIHHAPUYECKO GOPMBI He MOKA3bIBAIN POTAIIMOHHOI CTAGUIBHOCTH.

3axmouenue. TnaBHOU 061acThi0 (DUKCAIMU JJIS BCEX MPOTECTUPOBAHHBIX HOKEK SIBJISIETCSI UCTMYC KaHasla GeIpeHHOIT KO-
cti. BBULy TOTO, 4TO KOHUYECKIe HOKKH MepeialoT Ha KOCTh OUeHb 3HAYUTEILHYIO 11 HEPABHOMEPHYIO HATPY3KY, ITpH JledeKTax
[ Tuma npeAnoYTHTENbHEE IMHAPUYECKIE KOHCTPYKIMU. B ciryuae o6IMpHOil moTepr KOCTHON TKAHU 11e1eco00pasHo uc-
0JIb30BaTh KOHUYECKUN GePEHHBII KOMIIOHEHT.

Kmouesbie cioBa: PEBU3NOHHDBIE 6eI[peHHI)Ie KOMIIOHEHTBI, pOTallUOHHAaA CTabMIIBHOCTb.
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