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Introduction: Recently used hip resurfacing systems remove bone and reduce biomechanical
properties of the femoral neck and ignore the individual joint congruency and position. As
much bone was removed from the head as much the biomechanical properties decrease. The
Onlay Resurfacing technique preserve complete bone stock and individual anatomy without
any change in Offset or leg tength.

Methods:

104 patient with primary osteoarthritis underwent hip onlay resurfacing. Men aged 51 yr, BMI
27,2. An onlay resurfacing system was used for resurfacing with a cemented femoral and a
modular cementless acetabular component was used. The control group (n:104) got a standard
cementless THA. All procedures were performed by one surgeon, minimal invasive antero
lateral approach was used, same post Op treatment in both groups

Results:

In the Onlay Resurfacing group the HHS improved 6 weeks, 6 month and 3 years after
surgery from 46 to 89, to 98 and 98 after 3 years. Compared to resurfacing the THA improved



from 42 to 85, to 92 and 93 after 3 years. At 6 month and 3 years the SF12 score (mental and
physical) improved to normal in both groups.

One neck fracture occurred in the Onlay resurfacing group, one DVT an 1 dislocation in the
standard group. No implant failure in both groups. Blood loss was significant less after Onlay
Resurfacing.

Discussion and Conclusion:

Hip onlay resurfacing preserves maximal bone stock and provides excellent functional

outcome. The outcome was better in the Onlay resurfacing group compared to standard THA.

Combined with minimal invasive surgery patients will be able to shorten the rehab phase
significantly. Side effects as luxation, instability, length differences were expected to appear
less frequently.
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oben beschriebenen erweiterten dorsalen Zugang stabi-
lisiert, oder wir verwendeten zusétzlich zur dorsalen
medialen Inzision einen separaten posterolateralen Zu-
gang.

In unserem Patientenkollektiv trat postoperativ eine
tiefe Beinvenenthrombose auf, welche zundchst mit
Heparin therapiert wurde. Nach 14 Tagen wurde auf ei-
ne orale Marcumar-Medikation wmgestellt. Bei einem
Patienten mif postoperativern Himatom und einem Pa-
tienten mit postoperativem Frithinfekt war jeweils eine
Revisionsoperation mit Spiilung und Débridement er-
forderlich, Der weitere Verlaul war bei beiden Pati-
enten unauffillig. In zwei Fillen wurde aufgrund einer
Arthrofibrose mit Streckdefizit des Kniegelenks eine
Axthrolyse durchgefithrt. Im ersten Fall gelang dies
6 Monate postoperativ in arthroskopischer Technik, im
zweiten Fall war 12 Monate postoperativ eine offene
posteromediale Kapsulotomie notwendig,
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Operative Orthopddie
" und Traumatologie

The Minimally Invasive Anterolateral Approach Combined wnth Hip

Onlay Resurfacmg

Ludger Gerdesmeyer‘ -2, Hans Goliwitzer?, Peter Dieh?, Bjrn Buttgerelt“ Maximilian Rudert’

Abstract

Objective
Minimally invasive anterolateral appfoach It hip resurfac-
ing with complete preservation of muscular integrity.

Indications
Primary or secondary osteoarthritls of the hip.

Contraindications

Approach:

~None.

Onlay Implant:

- Fernales > 55 years with osteoporosls.

—Males > 60 years with osteoporosis,

~ Severe varus deformity (CCD [coliediaphyseal] angle
<100°%).

~ History of metal allergy.

~Clinically relevant renal Insufficiency.

-~ Radiologic appearance of avascular necrosis stage 3 and
4.according to Ficat,

—Femoral head cysts > 1cm in diameter,

Surgical Technique
Supine position with possible overextension of the hip,
longitudinal Incision along the intermuscular septum and
blunt intermuscular dissection between gluteus medius
and tensor fasciae latae, partial resection of the anterior

Oper Orthop Traumatol 2009 - Ni. 1 © URBan & VooeL

capsule and anterior dislocation of the hip with complete
proximal release of the capsule, Dislocation of the femoral
head and dorsal positioning, reaming of the acetabulum
to implant the cementless acetabular component, exposi-
tion and reaming of the femoral head in extension/adduc-
tion and external rotation, implantation of the cemented
onlay endaprosthesis,

Postoperative Management
Prophylaxis of thremboembolism and periarticular ossifi-
cation. Rehabilitation with weight bearing as tolerated
starting on the day of surgery, ergometer training from
day 4 after surgery.

Results
31 patients with osteoarthritis underwent onlay resurfac-
ing via a minimally invasive approach. The Harris Hip

. Seore improved from 43.9 to g7 at 12 months after sur-

gery, Adverse events such as fracture, distocation, nerve or
muscle lesions did not occur, and dinlcally significant
thromboembolism or infection was not observed.

Key Words
Minimally invasive - Hip - Approach - Onlay -
Prosthesis - Osteoarthritis - Resurfacing
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Der minimalinvasive anterolaterale Zugang zur Implantation einer Hiiftoberflichenprothese

Zusammenfassung

Operationsziel
Implantation einer Hiiftonlay-Femurkappenendoprothese
tiber einen minimalinvasiven anterolateralen Zugang mit
komplettem Erhalt der muskuldren Integritat.

Indikationen
Primére und sekundire Koxarthrose,

Kontraindikationen
Zugang:
~Keine.
Onlay-Femurkappenendoprothese:
~Frauen » 55 Jahre mit Osteoporose,
- Minner » 8o Jahre mit Osteoporose.
~Schwere Coxa vara (CCD-[Centrum-Collum-Diaphysen-]
Winkel <100%).
- Metallallergie.
~Klinisch relevante Niereninsuffizienz,
~Hiftkopfnekrose Stadium 3 und 4 nach Ficat.
~Fermurkopfzysten » 1 cm Im Durchmesser,

Operationstechnik
Riickenlagerung mit der M&glichkeit, durch Aufklappen des
Operationstischs das Hiiftgelenk zu extendieren, gerader
Hautschnitt entlang dem Septum intermusculare und
stumnpfe digitale Priparation der Muskelliicke zwischen
Musculus gluteus medius und Musculus tensor fasciae la-

Introductory Remarks
Resurfacing in total hip arthroplasty experiences a re-
vival in modemn orthopedics and becomes more and
more popular. The concept itself has first been estab-
lished in the 1980s [7]. Wagner described a bone-pre-
serving technique already in the mid 1970s, which is still
well known as the Wagner cup arthroplasty [8]. The ap-
proach was excellent, but poor tribological properties
and failures of the polyethylene (PE) used as mono-
block acetabular component resulted in a high early fail-
ure rate. Furthermore, small cement particles were
generated due to significant deformation of the very
thin PE acetabular components during weight bearing,
and these cement particles initiated third body wear and
consecutive failure [3, 4]. Improved technical knowl-
edge and vsage of advanced materials with better fribo-
logical properties have significantly increased survival
rates and initiated a revival of hip resurfacing. All cur-
rent implants used for resurfacing commonly require
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tae, partielle Resektion der vorderen Gelenkkapsel, Luxatic
des Fernurkopfes nach ventral und komplettes Kapselre-
lease am Azetabulum. Luxation des Kopfes in die dorsale
Luxationssteliung, Frisen des Azetabulums filr die zemen
lose Implantation der modularen azetabuliren Komponer
te, In Extension/Adduktion und AuBenrotation Darstellun
des Femurkopfes und Formfrisen des Kopfes, Implantatiol
der zementierten femorlen Komponente,

Weiterbehandlung
Prophylaxe einer Thrombose und periartikularer Ossifika-
tionen. Beginn der Mobilisation am Operatinnstag mit
schmerzadaptierter Belastung, Ergometertraining ab der
4. postoperativen Tag.

Ergebnisse

31 Patienten mit einer Koxarthrose wurden iiber einen mir
malinvasiven anterclateralen Zugang mit einer Hiftonlay
Femurkappenendoprothese versorgt. Der Harris-Hip-Score
verbesserte sich 12 Monate postoperativ von 43,9 auf 971
Punkte. Es traten weder Komplikatlonen wie Fraktur, Luxa.
tion, Nerven- oder Muskelschiden noch Thrombosen oder
Infekte auf.

Schliisselwérter
Minimalinvaslv - Hiifte - Zugang - Onlay - Prothese
Arthrose - Oberfldchenersatz

substantial bone resection at the femoral head, with lo
of subchondral selerotic bone [1, 2, 7]. Resection of su
chondral bone — which shows the best biomechanic
properties — is contradictory to the original concept

resurfacing. By contrast, the onlay resurfacing tec
nique avoids bone resection, enables improved biom
chanical properties, more anatomic relations of tl
femoral head, and an improved head/neck ratio, Wi
the Biosurf surface topography of the femoral implar
a significant reduction of wear and metal debris can |
achieved as well. High modularity of the componén
guarantees better options in the case of revision. Hov
ever, complete preservation of the fermnoral head is aut
matically followed by a minimized intraoperative sit.
An appropriate surgical approach is therefore mand
tory. By using guidance systems such as Kirschner wir
or templates, the approach has to be increased in siz
Therefore, the dorsal approach has been used most fr
quently, which is associated with a high risk of avascul

Cper Orthop Traumatol 2009 - Nit @ UREAN BLVO
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necrosis as a result of cutting the perfusing vessels of the
medial femoral circumflex artery {1, 7]. On the other
hand, if the staudard auterolateraj approach, first de-
scribed by Watson T ones, i used the preserved femoral
head prevents adequate exposure and preparation of
the acetabulum and correct insertion of the acetabular
component [51. Suboptnnal placement is often due to
increased anteversion and inclination, leading to a sig-
nificant increase of metal wear [6]. To prevent these
approach-related side effects, we have developed a
modified anterolateral approach to be described in this
study. This new approach is characterized by excellent
exposure of femoral head and acetabulum, prevention
of avascular necrosis caused by vessel damages and
complete preservation of bone and muscle, which makes
fast-track rehabilitation feasible.

Surgical Principles and Objective
Resurfacing of the femoral head by using a modified
anterolateral approach with minimally invasive surgi-
cal technigue. Excellent exposure of the acetabulum
and femoral head with cornplete preservation of sur-
rounding musctes, Resurfacing without bone resec-
tion, but with reconstruction of the individual ana-
tomicstructures and rélations.

Advantages

= Surgery is possible in supine position.

. Excellent exposure of the acetabulum und femoral
head. '

» No guidance system (Klrscbner wire, navigation,
X-ray) required.

* Protection and preservation of muscle insertions to
the femur,

* Preservation of the anatomic head/neck ratio.

» Extension of surgical approach easy to perform.

* Preservation of the individual anatomy.

Disadvantages :

* Extensive soft-tissue preparation.

» High learning curve compared to standard ap-
proach.

» No long-term follow-up data.

» EBxtended duration of surgery.

* Technically demanding in muscular patients.

Oper Orthop Traumatol zoag - N1 © Ugsan 8 VocEL

Indications
Primary and secondary osteoarthritis of the hip.

Contraindications

Modified Approach

Obesn:y 3° according to the WHO classification.
Prewous surgery via anterolateraf approach,

Onlay Resurfacing

Females > 55 years with osteoporosis proven by bone
1mass measurement,

Males > 60 years with osteoporosis proven by bone
mass measurement.

Severe varns deformity (CCD [collodiaphyseal] an-
gle < 100°),

Severe coxa vara epiphysaria so that roundness can-
not be restored by reaming the head and the femoral
component is seated without full bony contact.
History of metal allergy..

Clinically relevant renal insufficiency because of in-
creased metal ion conceniration due to wear.
Avascular necrosis of the femoral head stage 3 and 4
(Ficat).

Femoral cyst > 1 cm in diameter.

Patient Information

General surgical risks, e.g., thromboembolism, infec-
tion, bleeding, delayed/complicated wound healing,
dislocation, nerve lesions.

Loosening of the implants. .

Implant without long-term follow-up data.

Ectopic ossifications.

Intradperative change of the surgical strategy to an-
other implant, if indicated.

Metal wear, .

Induetion of metal allergy possible.

Fracture of femoral neck.

Pdinful hematoma.

Preoperative Work Up

Physiotherapy to improve range of motion and reduce
contracture which facilitates the surgical procedure.
Physical exercising;

Reduction of weight.

X-ray: anterpposterior and lateral according to
Lauenstein.

Presurgical peripheral cathster nerve bloek,
Perioperative antibiotic prophylaxis with second- or
third-generation cephalosporin iv., single dose; in
case of surgery duration > 2 h, second application of
antibiotics is recommended.

67
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Surgical Instruments and Implants

Standard instruments for hip replacement.

Specific instruments and implants for onlay hip resur-
facing (BESKA Implants, GrapengieBersiraBe 34,
23556 Lidbeck, Germany).

Specific retractor set (MIOS, provided by Aesculap,
Am-Aesculap-Platz, 78532 Tuttlingen, Germany)
used for minimally invasive procedures in {otal hip
arthroplasty with smooth and broad design, and cur-
vatures from 30° to 90° to protect muscles.
Mininmized acetabular reaming system (optional).
Jet-Javage system.

Largely curved insertion instrument, minimally inva-
sive socket impactor (ESK A Implants).

()

Surgical Technique

Figuresito

M. tgnsor tfasciae latas

( 3 . QILIIIGUS med,

Figure1

Patient placedin supine position alfowing to hyperexiend the
hip up to 30" on the operating table.10 cm skin incision be-
tween the tip of the greater frochanter and the anterior supe-
rior iliac spine, just above the intermuscular septum between
the gluteus medius and the tensor fasciae latae.

68

Anesthesia and Positioning

Combination of peneral anesthesia with femora
nerve block is recommended.

Patient-controlied analgesia [9].

Supine position on operating table allowing 30° hiy
extension by bending the operating table.
Contralateralstabilization of the patient with operat
ing table fixation tools,

Fixation of the contralateral leg.

Disinfection and draping of the leg allowing fuil rang
of motion.

Traclus i§olibialis §

§
M. glutaus med.)
|

Flgurez
incision of the fascia within the anterior aspect of the iliotibi.
band.
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Flgure3, :

Dorsal retraction of the g!uteus medius and gluteus minimus
by 60" curved Hohmann fetractor, A blunt and broad retrac-
toris placed medially of the femoral neck to retract the tensor
fasciae (atae anteriorly. A go° retractor is placed close to the an-
terior rim of the acetabulum prowdmg good exposute of the
capsule.

Flgure 4

incision of the capsute Is performed in longitudinal direction of
the femoral neck. Anotherincision is placed perpendicular
along the anterior rim of the acetabulum to release the cap-
sufe as much as possible. Complete capsulotomy is essential
for adequate exposure and to continue resurfacing.

Flgure s

The gluteus medius and gluteus minimus are gently released

from the [ateral aspect of the pelvis. Abduction facilitates the

detachment to create a dorsal muscular pouch for dislocation
of the femoral head from anterior dislocation position to dor-

sal. This Important step should be done digitally and gently to
avold muscle lestons.

OperOrthop Traumatol 2009 - NR1 & UrBAN 8 VoaEL

. Rima
\\ anlarior sup.
) oy, acel

- 1
Collum femoris

69



()

Ty

Gerdesmeyer L, et al. Minimally Invasive ﬂterolateral Appreach in Hip Resurfacing

Elgures 62 and 6b

Dislocation of the femoral head to an
anterior position Is achleved by adduc-
tion and external rotation (a). Resac-
tion of surrounding osteophytes Is re-
quired, if luxation is not possible (b).

Flgure 7

The transfer of tha fermoral head between gluteus medius, giuteus minlmus and the
ilium from anterior to the dorsal dislocation position has to be done very gently by
flexion and simultaneous rotations until the final darsal dislocation position is
reached, Then, the release of the capsule has to be completed to provide better mobi-
lization of the fermoral head, The releasa should be done very close to acetabular bone,
completing a circumferential capsular release of 360° If release is done within a wider
distance to the bone, bleeding can occur.

Flgures Baund 8b

After capsular release has been fin-
ished, the femoral head is distocated
into the dorsal muscular pouch (a) al-
lowing excellent exposure of the ace-
tabulum (b},

70
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Flgureg

After complete exposure of the acetabulum has been achieved,
reaming is started with the smallest size antil the teardrop po-
sltion is reached. Further reaming is done with size increasing
In 2-mm steps until the size of the smallest possible implant Is
reached. The first reaming phase of the acetabulum ends with
thisstep. .

Figure1o

Repaositioning of the femoral head into anterior dislocation by
gentle abduction and external rotation. Extension of the hipls
achieved, if the operation table is bent up to 30"; exposure of
the head Is much easler néw due to relaxation of the gluteus
medius and gluteus minimus in this position. Two 30° retrac-
tors are placed around the neck for complete exposure of the
femoral head.

Flgure n -
The reamier that fits the femoral head loosely has to be chosen {_/J )
first to start reaming untll the osteophytes are removed and
the head appears round,

After all osteophytes have been removed and the head is
rounded, the next smaller reamer shouid be used to start final
head reaming by 2-mm steps until all cartitage is removed. The
last measured reamer corresponds to the largest size that can
beimplanted. Weakeninig of the subchondral bone stock oc-
curs after extended or asymmetric reaming of the femoral
head. If the fenaral reamer is used In very close bone contact
anid reaming load [s light, the subchondral bone is kept in ex-
cellent and unaffected condition.

b
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Flgure 12

Atrial implantis placed on the femoral head in press-fit tech-
nique to verlfy the reaming size. The trial implant is left In
place while the femoral head Is transferred back to the dorsal
dislocation position for final reaming of the acetabulum.

Figure13

The second reaming phase starts with the reamer used before
until the correct acetabufar size is reamed {6 mm larger in di-
ameter than the femur). The correct size is determined by the
femoral size (femoral head reamer + 6 mm = correst acetabular
reamer},

At the end of acetabular reaming, the subchondral cancellous
structure is reached and subchondral sclerosis is opened to al-
low osseous integration of the implant.

i the acetabulum was overreamed while femoral head was de-
creased In size, a mismatch of the components could result be-
cause a specific femoral cornponent needs to fit a specific cor-
responding socket and inlay. To avoid mismatch, we recom-
mend to start reaming of the acetabulum first until the
smallest socket which could be implanted is determined, fol-
lowed by reaming of the femoral head to the largest size that
fits the head. Then, the surgeon can easily continue reaming
the acetabulum to the appropriated size.

Flpure1a

The acetabuiar imgplant is fixed on the curved impactor. Ace-
tabular implant size = fernoral implant size +- 8 mm. The ace-
tabulum has to be underreamed with the lmplant being over-
sized by 2 mm compared to the final acetabular reamer (socket
size = fernoral size + 8 mm), Malpositioning of the implants oc-
curs, if expositlon of the acetabulum is not completed. Large
soft-tissue layers prevent exact positioning of the socket, Inad-
equate position commonly appears as increased Inclination or
anteversion or even both. A complete release of the capsule de-
creases the risk of malpositfoning. Spacific navigation systems
could be an option to reduce the malpositioning risk,
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Flgures1sa and 13b

A disposable PE inserter has to be used to impact the
: acetabularimplant {a) until correct positioning and

j depth of the socket are achieved {b). Eccentric Impact
leads to nonvisible deformities that induce peak load
and increasad debris rate and, thus, has to be avoid-
ed. If the final acetabular implant is seated (b} and
carrection of the Implant Is needed, an asymmetric
impaction on the rim of the socket is not allowed. If
any correction Is needed, the socket-inserting instru-
ment has to be used, Asymmetric impaction [eads to
a relevant deformation of the implant and the cone
Junction betweer inlay and socket [s niot possible
anymore. if the inlay has been inserted in a deformed
socket, the fixation of the infay is no longer cone-
based. Therefore, the specific impactor tools have

to be used,

)

Flgure 16

The Insert shoutd be inserted manually to avoid tiit-
ing followed by tmpacting the insert with the sin-
gle-use PE impactor. Tilting of the Insert must be
avoided to guarantee an easy removal of the nsert in
case of revision,

Flgure17

Repositioning of the femoral head into anterlor dis-
location for final reaming. To finalize reaming, the
soft reamer s recommended. The size is determined
by the avetabular implant {size of acetabular im-
plant~8 mm = reamer size to finallze the head).
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Flgure18

The trial implant is placed again in anatomically
correct position guided by the indlvidual
neck-head junction. Then, the gulding hole Is
drilled and widened to facilitate and guarantee
fast and reproducible implantation of the femo-
ral component.

Flgure1a

Jet lavage of the femoral head and preparation of
the low-viscosity bone cement {Heraeus LV ce-
ment, Phitipp-Reis-Strale 8/13, 61273 Wehrheim/
Taunus, Germany}. The cup has to be filled unti
2mmof the gulding pin ara still visible. When the
cernent starts to be pasty, the onlay implant has
to be placed on the femoral head.

Flgures 20a and 20b

The implant has to be seated with permanent
pressure and gentie hammer impaction (a),
cleaning of the head, jet lavage, and reposition-
ing followed by examination of the range of
motion (b). Femoroacetabular impingement
must be avoided. Check for impingement by
flexion and Internal rotation of the hip. Femoro-
acetabular impingement s caused by osteo-
phytes, tocated at the anterior aspect of the
head-neck junction or the corresponding aspect
of the acetabulum. If the osteophytes are re-
maved, recheck for impingement before wound
closure,
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Flgure 21 _

Rernoval of all instruments. Now, the position of the implants
‘can easi!y be verified by flusroscopy. If correction of the im-
plants is required, the specific impactor tools have ta be used.
Insertion of one drain and wound closure Stenle dressing
X-ray control. : C oo

Acelabular componsft’

Postoperative Management

Continuous passive motion starts on the 1st day after
surgery and is continued until full range of motion is
achieved and soft-tissue swelling has disappeared
marking the start of the outpatient phase.
Nonsteroidal anti-inflammatory drngs and metami-
zole as basic analgesics.

Vital parameters observed continuously on the day
of surgery.

Mobilization with two crutches from the day of sur-
gery with weight bearing as tolerated, increase of
weight bearing up to full weight bearing as tolerated.
We remove the drain on day 2 after surgery.
Prophy!axxs of thromboembolism until full weight
bearing is achieved.

Initiation of early rehabilitation on day 4 after sur-
gery Wwith3 x 15 min of cyclingon an ergometer (max-
imum 50 W, 80 rpm).

Suture remova[ 12 days after surgery

' Errors, Hazards, Complicatmns

Bony defects of the acetabulum can occur, if reaming
is not performed prec1sely in the central part of the
acetabulum. Primary instability of the components
results, if bony integrity of the acetabulum is Jost: ad-
ditional screw fixation is recommended.

Transient disturbance of the femoral nerve, if retrac-
tors are placed at the anterior aspect of the acetabu-

Oper Orthep Traumatol 2009 - Nr1 © Ursan & VoGEL

Jar rim: the retractors should be placed with bony
contact to the anterior acetabulum.

Lesions of small vessels of the gluteal region cause
minor hematoma because the femoral head has to
pass the interval between the dorsolateral aspect of
the acetabulum and the gluteal muscles. These minor
bleedings are difficult to coagulate because of the
mmlmaﬂy invagive approach: the resulting hemato-
ma is ¢linically of no relevance and resorbed sponta-
neously without any specific treatment. If prepara-
tioh and luxation of the femoral head are done gently,
bleeding risk can be reduced.

Mismiatch of the components; if the acetabulum was
overreamed while fernoral head was decreased in
size: start reaming of the acetabulum first until the
smallest socket which could be implanted is deter-
mined, foilowéd by reaming of the fernoral head to
the largest size that fits the head. The femoral size
determines the size of the socket. I both components
cannot be adapted, the onlay procedure cannot be
performed and surgery has to be changed to a stan-
dard resurfacmg

Femoroacetabular impingement: resection of the os-
teophytes located at the anterior aspect of the
head-neck junction or the corresponding aspect of
the acetabulum.

Neck fracture after surgery; resurfacing implants are
associated with neck fractures known as peripros-
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thetic fractuxes: conversion to a standard total hip.
Due to the modularity of the acetabular component,
the socket stays in situ and the inlay is only changed if
necessary.

» Loosening of the femoral component: the head is re-
sected, a short stem or standard femoral stem is im-
planted, and the inlay has to be changed to fit the new
femoral component.

« Loosening of the socket: the socket should be re-
moved and exchanpged for a larger one that provides
primary stability. A new specific inlay has to be im-
planted that fits the femoral component; otherwise,
the femoral component has to be exchanged for a
standard system to fit the new acetabular size.

Results
From December 2005 to June 2006, 31 patients (19
males, twelve females; mean age at the time of surgery
55 years [29-66 years); mean body mass index 29.2
kp/m? [26.9-30.3 kg/m?]) underwent hip onlay resurfac-
ing via a minimally invasive anterclateral approach us-
ing the ESKA onlay implant in all cases. 17 operations
were performed on the right and 14 on the left side. Re-
surfacing was indicated because of primary or second-
ary osteocarthritis of the hip. Patients with ongoing os-
teoporosis were excluded. The primary outcome criteri-
on was defined as a change at follow-up compared to
baseline in regard of the Harris hip scoring system 12
months after surgery. The change in pain perception mea-
sured on & 10-scale visual analog rating system (V.AS), the
percentage of fractures and loosening were used as sec-
ondary criteria. 18 cut of the 31 patients suffered from
primary and 13 from secondary osteoarthritis (eight cas-
es of dysplasia, three cases of posttraumatic ostecarthritis,
and two cases of systemic rheumatoid arthritis). Mean duo-
ration of surgery was 81 min {54-145 min). Operating time
was significantly longer (up to 145 min} in the first ten cas-
es; mean blood loss was measured at 280 cm® {140-510
cm?), Cell saving was performed in all cases. Autologous
blood sampling was not required prior to surgery. To
prevent heterotopic ossification, ibuprofen 600 mg was
administered three times a day over a period of 10 days
and standard thromboembolism prophylaxis was done
until full weight bearing was achieved. Patients stayed in
hospital for a mean of 7 (+3) days, followed by 3 weeks of
rehabilitation. Rehabilitation consisted of pain-adapted
weight bearing within the full range of motion and ergo-
meter training ata load of up to 30 W and a frequency of
80 rpm. Cycling was allowed from postoperative day 4,
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if no secretion was noted. The ergomeler training
done three times a day to a total of 45 min and hi
accepted by the patients.

12 months after resurfacing, functional outcome wa
cellent, The Harris Hip Score improved to 97.1 pr
compared 10 43.9 points at baseline and subjective
sensation was scored at 0.6 points on the VAS compar
8.5 points at baseline. Severe side effects such as frac
nerve or muscnloskeletal lesions, thromboembolism ¢
fection and approach-related side effects Iike del
wound healing, limping or muscle insufficiency were
observed, Two patients showed relevant hematoma
load-related pain while cycling and walking withou
need for revision or another specific treatment follows
SPONtaneots resorption.

Implant-related adverse events such as loosening
lengthening or dislocation were not found. All X-ra
aminations 3, 6, and 12 months after surgery showe
change reparding positioning and loosening. Neithe
nal dysfunction nor metal-related allergic reaction
seen within 12 months after surgery.
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Die endoprothetische Versorgung des
Hiiftgelenkes gehidrt nach wie vor zu
den erfolgreichsten orthopédischen
Eingriffen. Standzeiten der Implan-
tate von ither 90% nach 10 Jahren
sind die Rege! beim dlteren Patienten
[17]. Erhalten jiingere Patienten un-
ter 55 Jahre eine Hiiftprothese sinkt
die Uberlebensrate der Implantate
fayt schwedischem Endoprothesen-
register auf unter 80% nach 10 Jah-
ren. Es werden aber auch durchaus
lingere Standzeiten bei jungen Pa-
tienten mit konventionelien Hiiften-
doprothesen beschrieben. Als még-
liche Ursache fiir ein frithes Versa-
gen wird v. a. die hohe Aktivitét jun-
ger Patienten diskutiert. Andererseits
ist auch die lingere Lebensphase

des jungen Patienten, in der eine Lo-
ckerung der Prothese erlebt werden
kann, von Bedeutung. So erscheint es
sinnvoll, einen Gelenkersatz zu ent-
wickeln, der mdglichst wenig eige-
ne Knochensubstanz zerstort und da-
durch eine spitere Wechseloperati-
on erleichtert, Folgerichtig wurde aj-
ne Form des Oberflichenersatzes ent-
wickelt, die im angloamerikanischen
Raurn auch als sog. Hip-Resurfacing
bezeichnet wird,

Historische Entwicklung

Das Konzept des Gelenkersatzes der Hiifte
in Form des Oberflachenersatzes ist nicht
netw. Eine erste Form des Oberflichener-
satzes wurde von Charnley in den 1950er
Jahren eingefithrt. Er verwendete Teflon-
schalen, die mit einem frithen Verschleift
einhergingen und sich als nicht brauch-
bar erwiesen [4]. Wagner begann Mit-

304 | Der Orthopide 4 - 2007

M, Rudert L. Gerdesmeyer H, Rechl P.Iuhnke R Gradmger

Technlschen Universitat Miinchen -

- Klinik fir Onhopadle und Sportorthopadle der IR,

Der Oberfliichenersatz
am Hiiftgelenk

te der i970er Jahre mit der Implantation
eines nach ihm benannten Oberflichen-
ersatzes aus Metall oder Keramik am Fe-
mur und Polyethylen (PE) an der Pfanne
[31]. Diese Form des Gelenkersatzes wur-
de wegen vielversprechender Frithergeh-
nisse in Europa hiufig angewandt. Spi-
ter wurden aber hohe Lockerungsraten
festgestellt, was zu einem weitreichenden
Misserfolg und Verruf dieser Art des Ge-
lenkftichenersatzes fiihrte. In einer Scha-
densanalyse von insgesamt 124 an un-
serer Klinik zwischen 1977 und 1984 im-
plantierten Wagner-Doppelcups konn-
ten Rechl et al. [24] 85% der Patienten kli-
nisch und radiologisch nachuntersuchen.
Bei einer durchschnittlichen Nachunter-
suchungszeit von 107 Monaten raten bel
104 Doppelcups insgesamt 53 Lockerun-
gen auf. Die diinnwandige Polyethylen-
pfanne war dabei hitufiger betroffen als die
Femurkomponente. Die Pfanne verformte
sich unter Belastung und fithrte dadurch
in Verbindung mit der grofien Artikula-
tionsfliche zum erhshten Abrieb. Dieser
wurde fiir zum Teil sehr grofle Defekte
im Pfannenbereich verantwortlich ge-
macht, die spezielle Revisionsimplantate
und Knochentransplantationen notwen-
dig machten. Der starke Abrieb erzeugte
zam Teil Granulationsgewebe, das nach
Osteolyse bis zum bindegewebigen Um-
bau des gesamten Femurkopfs gefiihrt hat.
Obwohl es sich bei diesen Lockerungsvor-
gingen um ein multifaktorielles Problem
handelt, standen die ungiinstigen Materi-
aleigenschaften im Vordergrund. Salzer
[25] verwendete zur gleichen Zeit eine ze-
mentlos implantierte Keramik-Keramik-
Gleitpaarung, die jedoch wegen hoher Lo-
ckerungsraten ebenfalls frith wieder auf-
gegeben wurde,

Nur wenige Zentren arbeiteten konse-
quent an der Entwicklung eines Oberfla-
chenersatzes weiter. Amstutz implantierte
spiter modulare Systerne, die aus einem
Metallkopf und einer Metallpfanne mit ei-
ner diinnen Polyethylenzwischenschicht
bestanden. Eine Renaissance des Ober-
flichenersatzes am Hiiftgelenk entstand
nach der erneuten Einfithrung der Me-
tall-Matall-Gleitpaarung durch bessere
Fertigungstechniken. Gescluniedete oder
gegossene Komponenten aus Chrom-Ko-
balt-Legierungen mit hohem Karbidgehalt
wiesen exzellente Verschleifeigenschaften
auf {22, 33], Zu Beginn der 19g0er Jahre
entwickelten Wagner [32] in Deutschland,
Amstutz [26] in den U.S.A. und McMinn
(18] in England Prothesensysteme, dieauf
dieser Technologie basierten. Von diesen
wurden nur wenige Modelle implantiert
und stindig Anderungen an Design uad
Verankerungstechnik vorgenommen, da
Frithlockerungen immer noch haufig be-
obachtet wurden. Erst eine Hybridfixie-
rung it zementfrefer Pfanne und zemen-
tierter femoraler Kompenente in Kombi-
nation mit der bereits genannten Metall-
Metall-Gleitpaarung setzte sich im neuen
Jahrtausend durch.

Aktueller Stand der Entwickiung

Heute bieten praktisch alle grofien Pro-
thesenhersteller ein System fiir den sog.
Oberflichenersatz am Hiiftgelenk an.
Allen gemeinsam ist eine Metall-Me-
tall-Gleitpaarung mit hohem Karbidan-
teil, eine zementlose Fixierung der Pfan-
ne und eine meist zementierte Fixierung
der Femurkomponente. Dennoch beste-
hen Unterschiede, die nicht nur die tribo-
logischen Eigenschaften bestimmen.



Leiﬁhema

In Simulatorversuchen wurde ein deut-
lich niedrigerer Verschleifl bei Metall-Me-
tall-Paarungen mit <o0,3 mm?3/Jahr nach
der Einlaufphase irn Vergleich zu Metall-
Polyethylen-Gleitpaarungen it einem
Abrieb von 30-100 mm?/Jahr nachgewie-
sen [27]. Nach einer gewissen Einlaufpha-
se nimmt der Verschleif bei den Metall-
Metall-Paarungen. ab. Gleiches soll fiir die
Situation gelten, wenn ein Wechsel der Fe-
murkomponente erfolgt, die Pfanne je-
doch i sitit verbleibt. Ob dies ein Pro-
blem bei der Kombination von ,einge-
laufenen” Pfannen tind neuen Grofkép-
fen darstell, ist bisher noch nicht bekannt.
Es muss davon ausgegangen werden, dass
die Kombination aus einem neuen Kopf
und einer eingelaufenen Pfanne eine ver-
inderte Clearance érgibt; die wiederum
einen Einfluss auf den Schimierfilm zwi-
schen den Gelenkpartnern hat. Einzel-
ne Hersteller bieten deshalb die Pfannen-
komponente mit Metallinlay an, was ei-
nen spiteren Wechsel der artikulierenden
Flachen durch vollig neue Komponenten
ermdglicht (B Abb. 1). -~ '

Welche Rolle die Grofle und Mor-
phologie der Partikel spielen, ist bis heu-
te nochi nicht ganz Klar. Plitz (8, 23] geht
davon aus, dass zwar ein geringeres Par-
tikelvolumen im Vergleich zu Metall-PE-
Gleitpaarungen entsteht, bei geringerer
Grofle der Partikel aber eine h&here Ge-
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samtzahl von Abriebpartikeln vorliegt.
Bereits in den 1g70er Jahren wirde eine
erh8hte Serumkonzentration von Metall-
ionen (Chrom und Kobalt} bet Metall-
Metall-Paarungen nachgewieéen {s)]. Ei-
ne weitere Erhéhung der Ionenkonzen-
tration in Serum und Urin lief sich beim
Oberflichenersatz mit groflem Durch-
messer der artikulierenden Komponen-
ten im Vergleich zuny herkémmlichen to-
talen Hiiftgelenkersatz mit Metali-Metall-
Gleitpaarung nicht erkennen [14].

Da Chrom: und Kobaltionen in der
Niere iiber glomerulire Filtration aus-
geschieden werden, sollten Patienten
mit Niereninsuffizienz von einer sol-
chen Gleitpaarung ausgenommen wer-
den. Gleiches gilt fiir Patienten mit evi-

_denter Metallallergie. Sowohl fiir die er-

hihte Konzentration der Metallionen
selbst als auch fiir das Vorliegen von aller-
gischen Reaktionen auf diese gibt es bis-
her allerdings keine nachweisbaren Da-
ten. Es miissen deshalb weitere Beobach-
tungen abgewartet werden, um hier ein-
deutige Empfehlungen aussprechen zu
kénnen. Ahnliches gilt fiir die Implanta-
tiori von Metall-Metall-Gleitpaarungen
im gebarfahigen Alter. Brodner [3] konnte
bei Schwangeren mit dieser Gleitpaarung
zwar erhdhte Konzentrationen der Me-
tallienen im peripheren Blut, jedoch kei-
ne erhdhten Konzentrationen im Nabel-

Abb, 2 A Femurkappe eines Oberfldchenersatzes. In der\q’érgrﬁﬂerung sind
die Vertiefungen in der Oberfiiiche gut sichtbar, die als Reservoire fiir die
Schmierflissigkeit zwischen den Gelenkpartnern dienen

Abb. 1« Modularer Oberfkichenersatz fiir das Hﬁftgelen.k_mit zementfrei-
er Verankerung und austauschbarem Metaliinlay (CL-Kappe,BS", Cl-Sockel
+BS, Metallinlay; CL: cementless, 85: Bienic Sy_stem; Firma ESKA-Implants,

schnurblut nachweisen. Unldar ist eben-
falls, ob es im Verlauf durch die erhdhten
Metallkonzentrationen z. B. zu einer Hy-
persensitivitat kommen kann und ob eine
erhélite Gefahr fiir die Entwiclklung von
sekundéren Entartungen besteht.”

Der Abrieb der Paarung hingt von
der Makrogeometrie {Grofe der Kompo-
rienten, Passform), der Mikrogeometrie
{Oberfliche) und der Schmierung zwi-
schen den Komponenten ab. Je grofler die
Komponeriten bei gleichen iibrigeri Para-
metern sind, desto geringer ist der Abrieb
[9, 29]. Dass grofere Durchmesser der
Komponenten auch zu eineni groferen
Bewegungsausmafl fithren, ist so jedoch
nicht korrekt. Das Bewegnngsausmafl ist
entscheidend von dem Verhiltnis zwi-
schen Femurkopf- und Halsdurchmesser
gepragt [2]. Die groRen femioralén Kom-
ponenten senken dennoch die Luxations-
neigung des Gelenks deutlich, Auch soll
die Verwendung von grofien Komponen-
ten eher zu einer Kinematik fithren, die
dem gesunden Hiiftgelenk im Vergleich
zum konventionellen Gelenkersatz dhn-
licher ist [20]. Die Autoren der Studie riu-
men jedoch ein, dass die Ergebnisse durch
ein gewisses Bias in der Patientenwahl be-
einflusst sein k6nnten.

Um die Schmierung der Komponen-
ten durch einen Flitssigkeitsfilm za erhd-
hen, sind grofie Komponenten mit mog-

O
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lichst glatter Oberfliche von Nutzen [30].
Ein anderer Weg ist die Verénderung der
Oberfliche durch gezielte Vertiefungen,
die als Fliissigkeitsreservoire im Gelenk-
spalt dienen, die die Menge an Schmier-
film konstant halten sollen, um damit den
Abrieb auf ein Minimum zu reduzieren
(B Abb.2). o

Je gréiﬂ_er die femorale Komponente,
umso grofer wird der Knochenverlust
bei der Implantation der passénden Pfan-
ne. Dieser Sachverhalt erscheint logisch.
Er trifft v. a. im Vergleich zur konventio-
nellen totalen Hiiftendoprothetik zu [16].

_Ein groBer Unterschied besteht mo-
mentan in der Fixierung der einzel-
nen Komponenten und ihrer Oberfla-
chien. Plasma gesprayte Oberflichen,
Chrom-Kobalt-Kugeln und dreidimen-
sional offenzellige Spongiosametallober-
flichen werden derzeit vornehmlich im-
plantiert. Bisher werden bei keiner Ver-
ankerung Schrauben angewandt, da es
sich bis auf die von der Firma ESKA her-
gestellten Pfannen nicht um modulare
Systeme handelt und Lécher fiir Schrau-
benképfe in der Oberfliche des empfind-
lichen Gleitflichensystems offensichtlich
zum erhdhten Verschieifs fithren witrden.
Ob die Bearbeitung der Oberflichen die
langfristigen Abriebeigenschaften der ar-
tikulierenden Flachen beeinflusst, bleibt
abzuwarten. Gleiches gilt fiir das unter-
schiedliche Spiel oder den Spielraum zwi-
schen den Komponenten {(im angloame-
rikanischen Raum als Clearance bezeich-
net). Ein gewisses Maf} an Spiel ist not-
wendig, um einen konstanten Schmier-
film zwischen den Gleitpartnern zu er-
tauben, Moderne Fertigungstechniken ge-
wilhrleisten einen reproduzierbaren Spiel-
raum, der messbar ist und fiir den Ober-
flachenersatz im Mikrometerbereich liegt.
Bei der Implantation von dilnnwandigen
Pfannen kann es aber zur Verdnderung
dieses Spielraumes und damit auch des
Abriebs kommen. Der im Simulatorver-
such gemessene Verschleifl der Kompo-
nenten muss daher immer als Idealfall be-
trachtet werden.

Femoralseitig spielen der Zugang
zum Hiiftgelenk, die Zurichtung des
Hiifkopfes respektive Platzierung der
Komponente und die Verankerung ei-
ne besondere Rolle. Fiir die Durchblu-
tung des Hiftkopfes ist der Zugang zur

R
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Abb.3 A Anatomlsche Darstellung der dorsolateralen Reglon gines rechten Femur m|t R. profundus
und Aufteﬁung der Rr. nutntu, deren Arkadenblldung deutllch erkennbar ist, (Modlr”zmrt nachTill:

ABb. 4 As Huftknpf be| dem Te g[

eine mogllchst physiologische Kraftemlmtung iber eine zementierte Kappe au

y die Knorpeloberﬂache bis auf die Kortikalis eritfernt wiirde; um

reichen. b Réntgen-

hild eines am rechten Hiiftgelenk implantierten Oberflichenersatzes in der unter Abb. 4a beschrie-
benen Technik. Die Pfanfie ist zementfrei verankert, dle Kappe mit einem nledngwskosen Zerent fi-

xiert (Onlay- Fernu!kopfschale}

Hiifte besonders interessant. So kann
von der Kompromittierung der Hifi-
kopfdurchblutung bei einer Zerstérung
des Ramus profundus der A. circum-
flexa femoris medialis ausgegangen wer-
den (K3 Abb. 3). Dieser Ast ist besonders
bei dem hiufig verwendeten hinteren
_Zugang gefihrdet, da er im Ansatzbe-
reich der Auflenrotatoren der Hiifte ver-
lguft {10]. Er liegt unterhatb der Sehne
des M. obturator externus. Wir bevor-
zugen deshalb den anterolateralen Zu-
gang zum Hiiftgelenk, auch wenn dieser
die Exposition des Schenkelhalses zeit-
weise erschwert. Im Vergleich zur kon-
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ventionellen endoprothétischen Versor-
gung der Hiifte ist eine erweiterte Losung
der Weichteile ndtwendig, um die Pfanne
ansreichend darstellen zu kénnen, Der
Implantationsweg wird durch den erhal-
tenen Hiftkopf sonst zu stark verdeckt
und eiﬁggengt.

Die Zurichtung des Femurkopfes soll-
te moglichst eine Ausrichtung der Kappe
auf das Zentrum des Schenkelhalses er-
lauben. Wenn dies nicht beachtet wird,
ist das Bewegungsausmafl des Hiiftge-
lenks in vielen Fillen noch mehr einge-
schrinkt, als dies durch die ungiinstige-
re Relation zwischen Schenkelhals- und

Abb. SAKonventloneIe 0 erﬂachenersatz
in zementfrexer Verankerungstechmk im Rént-

_genblld

Kopfdurchmesser bereits vorgegeben ist.
Ein Beispiel hierfiir ist die Coxa vara epi-
physarea, die mit einer exzentrischen La-
ge des Hiiftkopfs auf dem Schenkelhals
einhergeht. Wird dieses. Missverhiltnis
bei der Implantation beibehalten, kommt
es postoperativ hiufiger zum femoroaze-
tabuléren Impingement, was zur Notwen-
digkeit der friihzeitigen Revision fiihren
kann. Liegt aber ein konzentrischer Ver-
schleiff bei physiclogischer Gelenkstel-
lung vor, sehen wir momentan die Indt-
kation fiir einen neu entwickelten Ober-
flichenersatz, bei dem lediglich der fe-
morale Knorpel bis auf die Kortikalis ab-
getragen und eine Kappe ohne Stiel auf
diesen zementiert wird (B Abb. 4). Die
femorale Fixierung erfolgt {iblicherweise
durch niedrigviskésen Zement. Die Vis-
kositdt und die Dicke des Zementmantels
werden dabei kontrovers diskutiert. Die
exzessive Penetration des Zements in die
Trabekel kann zu ejrer Nekrose des Kno-
chens in diesem Bereich fithren. Stress-
Shielding kann hier ebenfalls eine Rol-
le spielen und in Verbindung mit einem
kurzen Schaft, der bei der Krafteinlei-
tung ins Femur teilnehmen kann, zu ei-
ner Osteolyse und konsekutiver Fraktur
des Schenkelhalses fithren. So sind die
Schenkelhalsfraktur und das Impinge-
ment momentan hauptsichlich fiir die
implantatassoziierten Frithkomplikati-
onen verantwortlich.

)






Leitthema

Durchmesser weisen duflerst gute Ver-
schleifeigenschaften auf. Diese Ver-
schleifeigenschaften kommen aber nur
dann zum Tragen, wenn dic Komponen-
ten optimal implantiert wurden und keine
Randbelastungen 'auftreten, was den Ver-
schleift um das bis zu 56_0fache erhdhen
kann [211. Je grofier der Kopfdurchmesser
wird, desto grofier wird jedoch auch. der
Pfannendurchmesser [161], was wiederum
dem Ziel eines méglichst knochenspa-
renden Eingriffs entgegensteht, Ist eine
Revision aufgrund des Versagens auf der
feroralen Seite notwendig, wird die Pfan-
ne gerade bei groflen Dimensionen natiir-
lich nicht gewechselt werden. Die meisten
Systeme zum Oberflichenersatz am Hiift-
gelenk weisen eine Monoblockpfanne anf,
deren Oberfliche z. B. aufgrund eines er-
hohten Verschleifles nicht ausgetauscht
werden kann. In Simulatorversuchen hat
sich dies zwar als wenig problematisch er-
wiesen [12], es soli aber zu einer Erhéhung
der lonenkonzentration kommen, die in-
direkt auf einen erhdhten Abrieb hinweist.
Wir geben deshalb einem modularen Sys-
tem den Vorzug, das auch im Revisions-
fall die Moglichkeit bietet, die Pfanne mit
einem neuven Inlay zu versorgen.

Fazit fiir die Praxis

Der Oberflichenersatz am Hiiftgelenk
bleibt weiterhin eine reizvolle Alterna-
tive zur sehr erfolgreichen Standarden-
doprothetik. Zunehmende Erfahriingen
und Informationen liber die Fehlerme-
chanismen, die bei diesen Systemen eine
Rolle spielen, werden helfen, die Implan-
tate weiter zu optimieren und die Im-
plantationstechnik zu verbessern,
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Modes of Implant Failure After Hip Resurfacing:
Morphological and Wear Analysis of
267 Retrieval Specimens

By Michael M. Morlock, PhD, Nick Bishop, Dipl-Ing, Jozef Zustin, MD, Michael Hahn, Dipl-Ing,
Wolfgang Riither, MD, and Michael Amling, MD

Background: Resurfacing of the hip joint is experiencing a revival due to improvements in materials, design, and manu-
facturing techniques. Despite good midterm outcomes, the high early rate of failure and concerns about metal debris
require a detailed morphological and wear analysis of retrieved resurfacing implants in order to understand failure
mechanisms.

Methods: A worldwide collection of hip resurfacing revision devices was initiated, and 267 components were received.
Devices were analyzed by patient demographics, radiographic positioning, and wear, as well as morphologically and
histologlcally. Specimens were grouped into four different failure types. They were also stratified into rim-loaded or non-
rim-loaded groups. Failures were also assessed by surgeon learning-curve effects.

Results: Time to failure was significantly different between the four revision-type groups: Specimens with fractures
involving the implant rim were most common (46%) and failed earliest after surgery (mean of ninety-nine days), followed
by fractures inside the femoral head (20%, 262 days) and loose cups (9%, 423 days). Revisions not due to fractures or
cup leosening (25%) occurred at a mean of 722 days after surgery. Rim-loaded implants exhibited an average twenty-
one to twenty-sevenfold higher wear rate than implants without rim-loading. Rim-loaded implants also showed a steeper
mean cup inclination than their non-rim-loaded counterparts (59° compared with 50°). Most failures occurred during the
learning curve of the surgeon (the first fifty to 100 implantations).

Conclusions: Failures on the femoral side usually occur within the first nine months after surgery and appear to be
most directly related to the implantation technique or patient selection. Later failures are observed mainly due to
acetabular problems, either due to dramatically increased wear or poor cup ancherage. Improper cup anteversion may
be similar to or more important than cup inclination in producing excessive wear.

Clinical Relevance: Femoral neck fractures are the main reason for early hip resurfacing failure. Insufficient cup fix-
ation and positioning can cause later failure and thus, patients at risk of increased wear should be carefully monitored
in order to prevent excessive exposure to metal ions. Appropriate education is required to reduce the length of the
surgeon learning curve.

metal hip resurfacing are encouraging, particularly in

younger and more active patients’™. This has resulted in
rapid acceptance of the technique, which is demonstrated by a
7.8% rate of resurfacing among all Australizn total hip ar-
throplasties in 2007°, However, the Australian hip registry also
clearly demonstrates an increased risk of revision within the
first six to twelve months for hip resurfacing. After this initial

The short-term and midterm outcomes of metal-on-

period, the number of revisions does not differ from that as-
sociated with conventional total hip arthroplasties®. The high
early revision rates are speculated to be related to the difficult
implantation technique, which requires careful sizing of im-
plants as well as rearning, positioning, and cementation of the
femoral head™". Positioning of the joint components, with an
emphasis on the cup, has been shown to be crucial for de-
creasing wear™. Patient selection and surgeon operative expe-

Disciosure: In support of their research for or preparation of this work, ane or more of the authors received, in any one year, outside funding or grants of
less than $10,000 from DePuy, Zimmer, Smith and Nephew, Biomet, and Corin. Neither they nor a member of their immediate families received
payments or other benefits or a commitment or agreement to pravide such benefits from a commercial entity. No commergial entity paid or directed, or
agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with
which the authors, ar a member of their immediate families, are affiliated or associated.
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Fig 1 : o
Left: Determination of the surface geometry of the retrievals with use of a coordinate measurement system, The measured area is highlighted in
red. Middle: Wear pattern of a rim-loaded resurfacing head (radial deviation from a perfect sphere), Right: Wear pattem of the respective

acetabular cup (radial deviation from a perfect spherical cup}.

rience also appear to play important roles in success rates'>".

These factors have been investigated in a previous study by us
in a sample of fifty-five retrieved failed implants’, Currently,
the number of available retrievals has increased to more than
267.

The previous study focused on the biomechanical,
morphological, and, in particular, tribological aspects related
to failure. With respect to the effect of wear debris, it is ac-
cepted that a reduction in metal jon concentration by a re-
duction in joint wear is highly desirable to avoid ion side

grinding

Fig, 2

MODES OF IMPLANT FAILURE AFTER HIP RESURFACING

effects™**, The purpose of the present study was to identify the
main reasons for revision surgery and to analyze the influence
of component alignment on total joint wear by investigating
complete revisions (head and cup couples of the same joint).

Materials and Methods
he implants in this study were obtained from an inter-
national retrieval program, which was initiated in 2004.
This study gives surgeons the opportunity to submit implants
retrieved at revision for a detailed biomechanical, morpho-

Histology

cuts

medial

Schematics of the preparation of a retrieval head for the biomechanical, morphological, and histofogical
analysis. This study concentrates on the results of the surface and marphology analysis.



min clfrom ¢ stirface topography measurement was chosen- '
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1 Wear Rate and Implant Inciination for the Two Components of the Implait Pairs with and without Rim-Loading* - -

MODES OF IMPLANT FAILURE AFTER HIP RESURFACING

© Number of Implants = Mean* %" -Median* Stahdard Deviation*® Minimum* - Maximum*
Wear Rate
Rir-Loadingt
No . :
© Cup 17 0.0016 0.0001 0.0038 0.0000 0.0134
Head 12 0.0011 0.0000 0.0046 0.0000 0.0038
Total 12 0.0030 0.0009 0.0046 0.0000 0.0143
Yes
Cup i5 0.0435 0.0335 0.0441. 0.0019 0.1639
Head 14 0.0238 0.0258 0.0148 0.0038 0.0813
Totai 14 0.0718 0.0768 0.0526 0.0057 0.1241
Inclinationy:
Rinr-Loading
No.-
Cup 17 49.8 50.5 5.7 42.0 61.5
Head 12 50.8 50.5 5.6 46.0 61.5
Yes
Cup 15 58.5 57.8 10.3 45.0 75.0
Head 14 58.1 63.0 11.2 41.0 75.0
*The values for the wear rate are given in mma/day. ard the values for inclination are given in degrees. tThe difference in wear rates between the
Implants with and without rim-loading was significant for the cup (p = 0.003), the head {p < 0.001), and the total joint (p = 0.001) {power = 0.99).
IThe inclination angle specified for the head represents the inclination angle for the respective cup. The difference in cup inctination angle
between ihe implants with and without rim-loading was significant (p = 0.011) {power = 0.56).

revision reason were Type 0. If there was cup loosening, they
were categorized as Type 3. Implants demonstrating an acute
fracture were allocated, depending on the fracture morphology,
to Type 1 (fracture entirely within the head} or Type 2 (fracture
outside the edge of the implant). Other fracture modes were not
identified. These groups are rédefinitions of the five groups
defiried in an earliér paper and reflect the firther information
gained from the analysis of 200 additional retrievals™; -~

Statistical Analysis

Statistical analyses were performed with use of one-way anal-
ysis of variance (fracture type), two-way analysis of variance
{edge loading, implant type), and linear regression (inclination
angle compared with wear rate). The Tukey B (equal variance)
and Tamhane T2 (unequal variance) post hoc comparison tests
were used. The probability of a type-I error was set at 5% (o =
0.05) for all analyses, The standard deviation was used through-
out to describe the spread around average values, Test power was
reported, where applicable.

ResuHs
Atotal of 267 specimens were available for analysis. Of
these, the femoral head component was the most com-
mon (849). The main indication for surface replacement was
primary osteoarthritis (75%), followed by hip dysplasia (1196},
osteonecrosis (6%), posttraumatic arthritis (5%), and rheu-
matoid arthritis (4%). The proportion of implants from fe-
male patients was 49.5%.

A total of thirty-seven implant couples (head and cup
of the same joint) were received. Wear results are presented
only for the implant pairs in order to address the wear rate of
the totdl joint. Rim-loading with edge wear was observed
in 54% of the pairs (Table I). The daily volumetric wear rate
was significantly higher for edge-loaded implants by a factor
of twenty-two to twenty-seven (Table I). The cup wear rate
showed a trend to be larger than the head wear rate (p =
0.160, Table I). There was also a trend for rim-loading to
affect cup wear more than head wear (p = 0.183), The cup
inclination angle was higher for implants with edge wear by
a mean of 8.7° (Table 1), The variation in cup inclination was
about two times greater for implants with edge wear. A sig-
nificant correlation between cup inclination angle and
volumetric wear rate across all implant pairs was found
(r* = 0.28, p = 0.019).

Approximately two-thirds of the implants were revised due
to fracture {(66.5%, Table II). A large variation in implantation
period was observed, with a peak in the first fifty days postop-
eratively. Rim fractures occurred at a mean of ninety-nine days
after implantation, and head fractures occurred at a mean of
262 days (Table II). Revisions for cup loosening occurred in 9%
of the implants at a mean of 423 days, and revisions without
fracture or cup loosening occurred in 25% of the implants at a
mean of 722 days (Table II).

The learning curve of the surgeon is blamed frequently
as the cause for the high early failure rates. This is supported by
the current data: 39% of the failures occurred in the first fifty

)
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n"'le.t_o Rg_\(i_sidn fo_f "ighe'lef_érgnt G'r'q'ups A'céprding to Reason f_qr“_R_ev_isio_n

MODES OF IMPLANT FAILURE AFTER HIP RESURFACING

P Value§
Time to Compared Compared Comparecd Compared
Reason for Number of Valid Revisionf with with with with
Type Revision Implants* Numberf (days) Type 2 Type 1 Type 3 Type O
2 Rim fracture 98 (46.2%) 72 99.1 + 96.3
1 Head fracture 43 {20.3%) 37 262.4 + 249.3 0.002 0.485
3 Loose cup 18 {9.0%} 14 423.4 £ 319.2 0.013 0.485 0.028
o No acute 52 {24.5%) 33 72215+ 479.9 <0.003 0.098
fracture
*The values represent the totat number of specimens with the respective reason for revision. The total number of implants does not add to 267
because implant pairs were only counted once and the final pathologic assessment for some of the last implants was not yet available at the time
‘}\ of publication. TThe values represent the number of specimens with complete data sets used for analysis. $The values are given as the mean and
the standard deviation. §The p values pertain to the pairwise comparisons between types (power = 1.00).

implantations of a respective surgeon. After approximately 100
procedures, this tendency decreased™™,

Discussion
Since the present study is not a controlled clinical trial, we
cannot give an indication of the actual rate of failure of hip
surface replacement procedures. Such information is available
elsewhere in the literature. In Australia, the rate of revision is
currently 4.4% within five years®. The present study, however,
can provide an impression of the actual clinical situation, and
it would be anticipated that the samples submitted represent
a random sample of the total population of hip-resurfacing
failures. Along with the well-documented problems of femoral
neck fracture, it was found in this study that 33.5% of the
revisions occurred without an acute fracture due to cup
loosening or other nontraumatic reasons. While fractures oc-
, cur mostly within the first nine months, revision for other
" reasons can be expected to occur after more than one year
(cup loosening) or two years (other reasons). In general, early
failures are mostly associated with the femoral component,
whereas later failures tend to be associated with problems on
the acetabular side. Acetabular problems include poor primary
stability of the cup and inadequate cup positioning,

The positioning of implants has had a large effect on the
function of large diameter metal-on-metal bearings. The good
wear characteristics of these bearings are based on the gener-
ation of a fluid-film layer. Anything that disturbs this film will
severely increase wear. As the contact zone between cup and
head approaches the rim of the cup (edge-loading), the ef-
fective contact area is reduced, thereby increasing stresses and
disrupting the fluid layer. This can lead to a dramatic increase
in metal wear (in this study, the maximum total wear rate for
an implant pair amounted to 71 mm®/yr).

The mean cup inclination angle for implants without
edge-loading was 50°, which is at the border of the “safe zone”
of 40° = 10° that is advocated by Lewinnek et al.””, The im-
plants demonstrating edge-loading had a mean inclination

angle far outside the safe zone (59°). The difference of 8.7°
between instances of edge-loading and normal wear is signif-
icant, but at a rather low level. This suggests that another
parameter, namely anteversion, may be as important, or even
more so, for edge-loading®™. Unfortunately the anteversion
angle could not be determined in this study. Massive metal
wear is also suspected to be sometimes involved In the de-
velopment of pseudotumors™. Reducing metal wear by opti-
mizing design, materials, manufacturing, and component
placement should only lead to positive side effects because &
dose-effect relation between metal ion concentration and
negative side effects is present™. High metal wear due to in-
appropriate component placement has to be prevented by all
means'. A recent clinical study investigating metal ion con-
centrations showed very similar results with respect to critical
inclination of the cup™.

During revision of fractured heads, the cups can fre-
quently be left in situ. This is considered as one of the ad-
vantages of hip resurfacing. A new bedding-in phase occurs,
mainly on the new head, and the wear that occurs during this
phase is markedly lower than the wear that takes place during
the bedding-in phase after primary implantation™. This re-
duction in bedding-in wear after revision is due to the opti-
mized contact situation on the cup side since bedding-in of the
cup has already taken place. However, it is important that the
new head be an identical replacement with regard to size and
orientation. In situations in which a malpositioned cup has
caused heavy wear, it must be noted that revision of the head
alone does not solve the problem. Should signs of heavy wear
be observed at revision, the cup should 2lso be replaced.

The low wear of modern, correctly positioned hip-
resurfacing components fulfills the predictions of simulator
studies, despite the greater number of cycles physiologically
than the 1 million per year per leg that is taken as the testing
norm™**, The wear rates for the third and fourth-generation
surface replacements that are being studied are clearly
lower than those for first-generation metal-on-metal joints
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(6 mm?®/yr)”. For preclinical testing in the future, more strin-
gent testing conditions should be imposed on implants, which
are designed for younger and more active patients.

‘With regard to the question of cause of failure, the ex-
planations have to be viewed as somewhat speculative at this
point in time. Revisions without an acute fracture due to ex-
cessive wear can often be attributed to the positioning of the
cup. The cup loosenings we observed should not be attributed
to surface replacement itself but rather to the more difficult
task of seating monobloe cups. Monobloc cups have no screw
holes and consequently provide no view of the acetabular floor.
Furthermore, large metal-on-metal bearings exhibit high start-
up moments, which must be counteracted by their anchorage
capacity in the bone™, Continuous impingement can also be a
reason for cup loosening.

Regarding fractures of the femoral neck, the reasons are
less clear. The sitvation becomes simpler if the fractures are
separated into the two types defined in this study. Rim frac-
tures can arise from notching (cutting the femoral neck during
reaming), high implantation forces® (in-house measurements
have even indicated peak impaction forces up to 20 kN), or
cysts, all of which can lead to stress concentrations and local
overloading of the bone, increasing the risk of fracture™, The
second fracture type observed involved fractures inside the
head. These occurred later than the rim fractures (Table II}.
The reasons for this could be initial microfractures underneath
the implant (e.g., due to high implantation forces) and con-
sequent osteonecrosis of the bone proximal to these fracture
zones, leading to failure at the transition to the necrotic zone™.

In this report, the problems of patient selection or ce-
menting technique, which can generally be blamed for high
implantation forces, were not addressed. These factors also
play an important role in the failure scenario. A first analysis
showed that a cement mantle thickness outside the desired
corridor of | to 5 mm was present in 91.4% of the implants®,
These results, together with a detailed histological analysis, will
be presented in a later report,

MODES OF IMPLANT FAILURE AFTER HIP RESURPACING

There is evidence from clinical studies that hip-
resurfacing implants provide a valuable addition to the tra-
ditional designs of hip prostheses. Due to the technology
available to date, nearly all of the implant-related problems of
the first and second generation of hip resurfacings have been
resolved. However, it must be recognized that resurfacing is
challenging to the surgeon and requires extremely accurate
and precise planning and surgery. Deviations can lead to early
failures at a higher rate than is seen in other types of estab-
lished hip prostheses, From a biomechanical perspective, this is
not surprising: the shorter the implant, the smaller the margin
of error. The superior wear characteristics of large hard-hard
bearing couples, in comparison with those of traditional poly-
ethylene bearings, come with the trade-off of greater sensitivity
to cup malpositioning. The wear increase caused by malposi-
tioning does not occur in a gradual way but rather in a sudden
dramatic way. Finally, it should be reiterated that, in percentage
terms, most of the failures occur at the start of the learning
curve, This is unacceptable for the patient. Increased efforts,
such as compulsory educational and assessment schemes,
should be undertaken to minimize technical errors and mal-
positioning of the components during surgery. &
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Table 1. Baseline Characteristics

Characteristic HRA Studies THA Studies

Neo. of studies 15 22

No. of hips {patients} 3269 (3002) 6408 {5907)
Average age, ¥ (SD range) 46.6 41 .4

{6.1; 34.2-56.8) {6.1; 32.0-55.4)*
Average of mean length of 3.9 (2.1; 8.7-0.56)t 8.5 (2.4; 13.5-1.8)}
follow-up, v (SD; range)
Bearing surface (no. of studies)

MOM 15 2
MOP 4] 17
cop 0 i
COM 0 1
Multiple o 1
Diagnosis§
QOsteoarthrids 1853 3709
Avascular necrosis 207 892
Developmental dysplasia 181 446
Rheumatoid arthritis 24 200
Childhood disorder 42 66
Cther 113 130

MOM indicates metal on metal; MOP, metal on paly; COP, ceramic on
poly; COM, ceramic on metal; multple, multiple types of bearing
surfaces studied.

* McLaughlin, 2000; Aldinger 2003; and Eskelinen, 2006, did not
record a mean age of study participants.

t Treacy 2005 did not provide an average length of follow-up for
study participants.

{ Eskelinen 2006 did not provide an average length of follow-up for
study partidpants,

§ Not all studies listed specific numbers for diagnosis,

searched to idertify additional studies. The search was
Iestricted to English language studies.

Selection Criteria
Indlusion criteia for studies were established a priori.
Studies were inciuded in the systematic review if they met

Table 2. Total Hip Arthroplasty Studies Induded in Meta-Analysis

Cementless Femoral Components in Young Patients ® Springeretal 3

each of the following: (i) study design was a randomized
controlled trial or observational, (ii) study participants were
young adults (mean age, <55 years) undergoing THA with
modern cementless components or hip resurfacing arthro-
plasty (HRA), (iii) the study either compared THA and HRA
groups or reported on a single cohort of either THA or HRA
patents, and {iv) study reported at least one of the
predefined primary end points of femoral failure due 1o
any reason, femoral failure due to revision, and femoral
faflure due to mechanical reasons.

Validity Assessment

Methodological quality assessment was performed by a
single reviewer by assigning nonrandomized studies a
Methodological Index for NonRandomized Studies score.

Data Abstraction
All variables intended for data abstraction were

established a priori and included the following: baselineC}
participant demographics, interventions (THA and HRA
information), and outcome wvariables. Two reviewers
independently abstracted outcome data from the
induded studies, and disagreemenis were solved through
consensus. The remaining variables were extracted by a
single reviewer.

Analysis

Bvent and survival rates were respectively calculated
and recorded from included studies. Where possible, rates
from single-arm THA or HRA studies were pooled, and
forest plots were constructed. Pooled rates were displayed
with their respective 95% confidence intervals (CIs). For
comparison studies, odds ratios (ORs) and 95% Cls were
calculated for dichotomous end points. Where possible,

(

Average age {y)

TP

-

<uthor Journal (y) Average Follow-Up
Aldinger et al (8] Acta Orthop Scan (2003) 12y 47 154
Capello et al [9) J Bone Joint Surg (2003) 1.2y 39 1L
Chiu et al [10} J Arthroplasty (2001 7.6y 33 51
D'Antonlo et al [11) Clin Orthop {1997) 68y 38.4 155
Dowdy etal {12) J Anthroplasty (1997} 53y 42 41
Ellison et al {13) J Arthroplasty (2006) 92.6 mo 34.7 249
Eskelinen et al [14] Acta Orthop Scan (2006) 10y <55 3607
Fye ¢t al {15] J Arthroplasty (1998) 84 mo 37 72
Giannikas et al {16} J Arthroplasty (2002) 48y 35 71
Glassman et al [17) Orth Tran (1996) 8y 39.1 242
Jacobsen et al [18] Acta Orthop Scan (2003) 76y 50 97
Kearns et al [19] Clin Orthop (2006) BAy ALl 299
Kim et al [20] J Bone Joint Surg (2004) 7y 37 68
Kim et al [21] J Bone Joint Surg (2003} 98y 46.8 118
Kronick et af {22] Clin Orthop (3997) 83y 376 174
McAuley er at [23] Clin Orthop {2004} 692y 40 561
McLaughlin et 2} [24) Clin Otrtho (2000) 102y 37 100
Migaud et a} [24] ¥ Arthroplasty {2004) 68.7 mo 39.3 78
Nercessian et al [25] J Arthroplasty (2001) 105y 48.3 52
Ofcott et al {26 Orth Tran (1996) 125y 48 46
Petsatodes et al |27] J Arthroplasty (2005) 135y 47.5 205
Biston et al [28) 75y 32 35

J Bone Joint Surg (1994)

No, of Hips\ﬂ’"’
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Table 3. Hip Resurfacing Studies Included in Meta-analysis

No. of Hips

Author Journat (v) Average Follow-Up Averape Age

Amistutz et al [29] J Bone Joint Surg {2004} 3.5y 48.2 400
Amstutz et al [30] Ortho Clin N Am (2005) 47y 38.1 257
Amsiutz e al 131} J Bone Joint Surg {2007) 6y 43,7 59
Beaule et al [48] Clin Orthop (2004) 3y 34.2 94
Beaule et al [32] J Anthroplasty {2004) 87y 47.5 42
Daniel et al [33] J Bone Joint Surg (2004) 33y 483 446
De Smet et al [34] Orth Clin N Am {2005) 28y 49.7 252
Hing et al [50) J Bone Joint Surg {2007) 5y 52.1 230
Lilikakis et al |35] ortha Clin N Am {2005} 28.5 mo 51.5 70
Mont et a} {36} J Bone Joint Surg (2006) 38 mo 40 42
Revell ¢1 al [37] J Bone Joint Surg (2006) 6,1y 43 73
Schinalzried et al [38] Clin Orthop {1996) 16 mo 42 2y
Sicbel et al {39] J Mech Eng (2006) 2024 56.8 300
StelHen et al {40} J Bone Joint Surg (2008) 42y 518 610
Treacy et al [41] J Bone Joint Surg (2005) 24 mo 52.1 144

ORs were summarized using common ORs and their
(-:rsp:criye 95% Cls.

.For each end point, the results of both the fixed and

random effect models were displayed to provide opportu-

nity to interpret the results of both models. Comprehensive

Meta-analysis (version 2.0) software (Biostat, Englewood,

NJ) was used to perform all statistical analyses.

Results

Baseline surnmary characteristics of all studies included
in the meta-analysis are listed in Table 1, Twenty-two
studies evaluating THA with a modern cementless
femoral components in young patients were identified
using the alorementioned search criteria. There were
5907 patients {6408 hips} with a mean ayerage age of
41.4 years {range., 32-55.4 years). The mean average
follow-up across all studies was 8.5 years {range, 4.8-13,5
years). Table 2 lists the studies included in the mea-

analysis for THA.
Fifteen studies evaluating hip resurfacing were identi-
( }i using the alorementioned search criteria. There were

Table 4, Hip Resurfacing and Femoral Component {THA) Used
in Studies

Hip Resurfacing Implant Femoral Implant Hip Arthroplasty

{Manufacturer) {Manufacrurer)
ASR (Depuy. Warsaw, IN) ABG (Stryker)
Birmingham {Smith and AML (Depuy}

Nephew, Memphis, TN)
Conserve (Wright Medical,
Arlington, TN)
Corin {Corin Medica),
Cirencester, UK)
Cormel {Stryker, Malwah, NJ}
Durom (Zimmer, Warsaw, IN)
McMinn (Corin Medical)
Wagner {Sulzer,
Harnpshire, UK)

Autophor 900 {Osteo AG,
Selzach, Switzerland)
Bi-Metric (Biomet, Warsaw, IN)

CLS {Sulzer)
Mallory-Head [Biomer)
Omnifit (Stryker)
Profile (Depuy)

SROM {Depuy)
Taperioc (Biomet)
Zweymuller (Sulzer)

3002 patients (3269 hips) with a mean average age of
46.6 years {range, 34.2-56.8 years). The mean average
follow-up acxoss all studies was 3.9 years (range, 0.56-8.7
years}). Table 3 lists studies included in the meta-analysis
for hip resurfacing. Table 4 lists the components
evaluated in the meta-analysis for THA and HRA. All
THA femoral components were cementless designs. All
hip resurfacing components were of the hybrid type, with
a cementless acetabular component and a cemented
femoral component.

Pooled Failure Rates

Table 5 lists the pooled failure rates for those studies
reporting overall failure for any reason (revision + radio-
graphic failure) for modern cemeniless THA {n = 19) and
HRA {n = 13). Table 6 lists the acetabular failure rate for
those studies reporting overall acetabular failure rate
using failure for any reason (revision + radiographic
failure) for modern cementless THA (n = 21) and HRA
{n = 15), X

The pooled failure rates of the femoral component in
both THA and hip resurfacing with various end points are
listed in Table 7. The pooled failure rate of the femoral
component in THA using revision of the femoral compo-
nent for any reason (aseptic loosening, infection, disloca-
tion, fracture, osteolysis, and others) was 3.1% (95% CIL
2.7%-3.7%) ata mean average follow-up of 8.4 years. The
pooled failure rate of the femoral component in hip
resurfacing using revision of the femoral component for
any reason (aseptic loosening, infection, distocation,
fracture, and others) was 2.7% (95% CI, 2.1%-3.5%) at
a mean average follow-up of 3.9 years.

Table 5. Overall Failure Rates
MA HRA THA .
Model n % {95%CI) n % (95% CI)

Overall failure rate  Fixed 15 4.6{3.7-5.6) 19 16.1 {14.9-17.3)
Random 15 3.7 {2.0-6,5) 15 11,6 (7.5-17.4)

MA indicates meta-analysis,

End point
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Table 6. Acetabular Failure Rates

MA HRA THA
¥od point Model n % (95%CI) n % {95% CY)
Cup fallure rate  Fixed 15 2.8(2.0-3.5) 21 141 ({13,1-152)
due to any
neason
Random 15 1.4 (0.5-3.4) 21 10.5 (7.0-154)

The mechanical failure rate of the femoral component in THA,
defined as femoral revision for aseptic loosening, was
1.3% (95% CI, 1.0-1.7) at a mean average follow-up of
8.4 years. The mechanical failure rate of the femoral
component in HRA, defined as femoral revision for aseptic
loosening or femoral neck fraciure, was 2.6% (95% Ci,
2.0-3.4) at a mean average follow-up of 3.9 years.

Proportion of Femoral Component Failures
Femoral component failures requiring revision surgery
. any reason accounted for 70.7% (95% Cl, 57.9-80.9)
of all failures in HRA. In contrast, modern cementless
fermoral component failures requiring revision surgery for
any reason in THA accounted for 14.7% (95% CIL 10.3-
20.6) of all failures.

Discussion

The concept of hip resurfacing is not new. In fact, the
procedure was first introduced in the 1930s and has
spanned several decades of technological advancement
[42]. Early resulis however were poor with unacceptably
high rates of wear, osteolysis, and component loosening
[43,44]. With the rising success of THA, the use of
hip resurfacing diminished substantially in the United
States. The advent of newer bearing surfaces, better
fixation options, and improved surgical techniques
have led to a resurgence of hip resurfacing. In Australia,
bin resurfacing now represents 7.9% of all hip arthro-

sties, and 46% of patients younger than 55 years
undergoing arthroplasty in the United Kingdom had a
resurfacing [45,46].

Proponents of hip resurfacing often cite poor results of
THA in the young patient as justification for hip
resurfacing. Many of these studies commonly cdited,
however, include an older generation of cementless
stems, cemented stems, and the use of suboptimal

bearing surfaces resulting in high rates of osteolysis and
aseptic loosening [3,4]. Callaghan et al [3) reported the
result of cemented and hybrid fixation in a group of
patient younger than 50 years. The hybrid group had an
18% failure rate of the femoral component and 24%
prevalence of radiographic loosening at 5-year to 10-year
follow-up. This femoral component was ultimately
abandoned due to concerns with surface finish and distal
geomelry, Interestingly, the cemented Charnley femoral
stems in this group had a femoral component failure rate
of only 5% at 20 years, Joshi et al [4], however, reported
a 51% survivorship at 20 years in young patients (age,
<40) with osteoarthritis. Both acetabular and femoral
components were cemented.

The resulis of modern cementiess THA in young
patients are quite encouraging [8-28,47]. A meta-analysis
of cementless femoral component survivorship in young
patients {9 studies) in our study was 95% at 12 years. In
addition, the mechanical failure rate of the femoral stem
is extremely low, 1.3% at a mean average follow-up of
8.4 years. Petsatodes et al [27] reported on the results of
205 hips {195 parents) with an average age of 47 years.
Survivorship at 17 years using a fully porous-coated stem
was 98% using femoral revision for any reason as an end
point, Qnly 2 stems were revised at 10 years for aseptic
loosening. Ellison et al {13] reported on the results of 249
hips (201 patients} with an average age of 34.7 years
using a proximally coated femoral component. The
survivorship at 15 years using revision of the femoral
component for aseptic loosening was 99.2%.

Presently, there are no long-term dats available on the
current designs of hip resurfacing. The short to inter-
mediate-texm data that are available, while as whole
show acceptable resuits, is concerning the femoral
component. In reviewing 15 current studies available
on hip resurfacing, the overall pooled failure rate is low
(4.6%) {29-41,48,49]. The femoral component failure
rate was 2.7% at 3.9 years: however, it accounted for
70% of all the failures in resurfacing arthroplasty. The
most commen reasons are femoral neck fracture and
aseptic loosening of the femoral component.

The 2007 Australian registry reports a cumulative
percentage of revision rate for hip resurfacing of 3.8%
[46]. For patients younger than 55 years, this 5-year
cumulative revision rate was 2.8%. In comparison, the

Table 7. Femoral Failure Rates
MA HRA THA

End point Model a % (95% CI) n % (95% CI}
Femoral i) isi Fixed 15 2.7 (2.1-3.5) 22 3,1% (2.7-3.7)
ailure rate due to revision SUrgery Random s 27 {1_3_4_0) p” g (2.1_3.51
Femoral fail including radiographic failure) Fixed 15 2.8 (2.1-3.5) 22 3.4% (2.9-4.0)
re et duc o any reason (i 8 Bp Random 15 2.8 {2.0-4.0) 22 3.2% (2.4-4.2)
Femoral fall ical failure requiring revision surge: Fixed 15 2.6 (2.0-3.4) 20 L.3* (1.0-1.7)
re due to mechanica) alhure xeduining e Random 15 2.4 (1.5-3.8) 20 1.3* (1.0-1.7)

————

* Eskelinen et al [14] recorded femoral failure rates for modern and nonmodern femoral stems. In this analysis, outcomes associated with
nonmodern femoral stems were excluded from the pooled femoral failure rate.

)
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cumulatlve percentage of revision rate for THA {all
components, all ages) was 2.8%. For cementless THA in
patients younger than 55 years, the 5-year cumulauve
percentage of revision rate was 3. l% :

Steffen [40] recently reported on the results of 610 hip
resurfacings done at an independent center. Overall
survivorship at 7 years was 95%. There were 23 failures
{3.7%) requiring revision. Of the 23 fallures, 13 occurred
in the first year after surgery and 57% of failures were on
the femoral side. In addition, 30% of patients had
radiographic evidence of femoral neck narrowing of
unceriain dinical significance. Interestingly, the older
age group had improved survivorship compared to a
yoinger cohort of patients. Hing [49] also reported an
independent review of their first 230 hip resurfacing.
Sumvors}np for worst case scemario was 97. 8% at 5
years Rachographic review however revealed 6 patients

ith progressive radiolucent lines around the femoral

“omponent, and 18 femoral components {8%) had
migrated into varus. :

Young patients often require arthroplasty for disease
other than primary osteoarthritis. Secondary arthritis due
to avascular necrosis and dysplasia are comnon in this
age group. Revell et al [37] and Mont et al [36] in
separate studies reported survivorship of 93.2% at 6 years
and 94.5% at 41 months, respecnvely, in group of young
patients with avascular necrosis. Amstutz [31] reported a
10% failure rate of hip resurfacing in 59 patients with a
dlagnoszs of dysplasia at 6 years.

With no long-term data available, it is difficult to
predict what if any failure mechanisms may develop.
Narrowing of the femoral neck has been reported but is
of unknown clinical consequence at this point {50}. Beck
et al [51] has reported that men lose 18% and women
25% of their bone mineral density in the femoral neck
from age 30 1o 70. Ritter et al [52] evaluated fallure

“pdes of an older gerieratton resurfacmg and found that
" ie average time to failure was 9.7 years. All late femoral
failures (>10 years) had shown evidence of narrowing of
the femoral neck.

Most surgeons would agree that hip resurfacing is
technically more demanding than primary THA. The
surgeon's learning curve has been shown to be sub-
stantial and may require up to 55 to 60 cases to diminish
the complications related to surgical technique [7). The
first 537 cases monitored in the Food and Drug Admin-
istration post market analysis of the Birmingham hip
resurfacing in the Uniied States shows a 7.4% adverse
event rate and includes 9 nerve palsies and 9 dislocations.
There were 14 reoperations (7.4%) within the first year
and 10 for fernoral neck fracture [53].

As with any procedure, patient selection is critical 1o
the success of any procedure, and hip resurfacing may
be particularly sensitive to patient selection [54].
Beaule et al [48] demonstrated a 12 times greater
relative risk of early complications in hip resurfacing in
patients in patients with a Surface Arthroplasty Index

Score greater than 3. In addition, the abﬂuy 1o alter
the biomechanics of the hip joint with regard to leg
length and offsel are limited with hip resurfacing
[55,56]. In such instances, patients may be better
optimized with THA. _

We have shown in this meta- ana]ysls of modern
cementless femoral components a low rate of mechamca] _
failure (1.3% at 8 years) of the femoral component in
young patients undergoing THA. The femoral component
in hip resurfacing likewise showsa low failure rate (2.7%)
but only at short-term follow-up. In addition, Hany v ofthe
total hip studies ana]yzed lmplement poor beanng
surfaces (non—cross-linked polyethylene) with “high
rates of osteolysis, The advent of modern bearing surfaces
combined with these cementless stem desxgns is.to be
hoped to improve on the current results. The st):ength of
this study includes the large number of patients. analyzed
with surgery performed by muliple surgeons ‘and a
variety of implants. Potentia} limitations are the retro-
spective review of the study, the limitations of ‘each
individual study, and the potential overlap of inictuded
patients who could be potentially reported twice in arudes
by the same author. 5

There is little doubt that hip resurfacing has an appro-
priaie role in the arthroplasty arena, and the percelved
benefits are appealing to both surgeons and pancnts The
preservation of proximal femoral bone stock in a young
patient is advamageous and may yield to a potenually
casy conversion to THA when failure occurs. [57].
Surgeons and patients however should feel comfortable
with the durability of modern cemenitless femoral
component in this patient population. Our meta- analysxs
data show twice the mechanical failure rate of the
femoral component in hip resurfacing with half the
follow-up compared to modern cementless femoral
components in THA. We believe that modermn cementless
fermoral components should be used as the benchmark
for comparison in hip resurfacing. Longer follow-up. of
resurfacing and prospective direct comparison ‘ma]s are
required to confirm these findings.
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