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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 length. 

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 resmfacing the TBA 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 sh01ten the rehab phase 
significantly. Side effects as luxation, instability, length differences were expected to appear 
less frequently. 
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Operative Orthopadie 
und Traumatologie 

Th~ Mlni111ally 1,l'lvasive Anterolateral Approach Combined with Hip 
dnh:1y Resurfacing ' ' ' ' ' 
Ludger Gerd~smeyer1,2, H~ns Gollwitzer2, Peter Diehl3, Bjorn Buttgereit'\ Maximilian Rudert1 

Absb~ct .', ' ,' ,' ,, , 
', obJed:r\te · ,' , ', ', ,' •' ', 

Minimally i11vasive anterolateral approach in hip resurfac­
ing with complete preservation of muscular integrity. 

Indications 
Prima iy or secondaiy osteoarf:hrltls of the hip. 

Contraindkations' 
Approach: 
-Nohe. 
Onlaylmplant: , 
- Females > 55 years with osteoporosis. 
- Males > 60 yea rs with osteoporosis. 
- Severe varlis deformity (CCD [collodia physeal] angle 

< 100°). 
- History of metal allergy. 
- CII nically relevant renal Insufficiency. 
- Radiologic appearance ofavascular necrosis stage 3 and 

4 according to Ficat. 
- Femoral head cysts >, cm In diameter. 

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

OperOrthopTraumatol 2009, Nr.1 Cl UUAH & VO!lH 

capsul~ an~ anterior,di;IC?~ation of t~e hip Ylith compl~te 
proximal ~elease of the capsule. Dislocation of the femoral 
head and dorsal positioning, reaming of the acetabulum 
t<i implanHhe cementless acetabufar component, exposi­
tion and reaming of the femoral head in extension/adduc­
tion and external rotation, implantation of the cemented 
on lay endoprosthesis. 

Postoperative Management 
Prophylaxis of thromboembollsm and periarticular ossifi­
cation. ~ehabllitation with weight bearing as tolerated 
starl!ng cm the d~y of surgery, ergometer training from 
day 4 after surgery. 

Results 
:31 patients with osteoarthritis underwent on lay resurfac­
ing vfa a mlnlnially invasive approach. The Harris Hip 
Score Improved from 43.9 to 97.1 at 12 months after sur­
gery.Adverse events such as fracture, dislocation, nerve or 
muscle lesions did not occur, and cllnlcally significant 
thromboembollsm or infection was not observed. 

Keywords 
Minimally invasive· Hip· Approach· Onlay · 
Prosthesis· Osteoarthritis· Resurfacing 

Oper o,rthop Traumatol 2009;21:65-76 
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Der minimalinvasive anterolaterale Zugang zur Implantation einer Hiiftoberflachenprothese 

Zusammenfassung 
Operationsziel 

Implantation einer HOftonlay-Femurkappenendoprothese 
Obereinen minimalinvasiven anterolateralen Zugang mit 
komplettem Erhalt der muskuliiren lntegritat. 

lndikationen 
Primare und sekundiire Koxarthrose. 

Kontraindikationen 
Zugang: 
-Keine. 
Onlay-Femurkappenendoprothese: 
-Frauen> 55Jahre mit Osteoporose. 
-Manner> 60 Jahre mit Osteoporose. 
-Schwere Coxa vara (CCD-[Centrum-Collum-Diaphysen-] 

Winkel< 100°). 
-Metallallergie. 
- Klinisch relevante Niereninsuffizienz. 
- Hiiftkopfnekrose Stadium 3 und 4 nach Ficat. 
-Femurkopfzysten > 1 cm Im Durchmesser. 

Operationstechnik 
Rikkenlagerung mit der Mogllchkeit, durch Aufklappen des 
Operationstischs das Hiiftgelenk zu extendieren, gerader 
Hautschnitt entlang dem Septum intermusculare und 
stumpfe digitale Priiparation der Muskelliicke zwischen 
Musculus gluteus medlus und Musculus tensorfasciae la-

Introductory Remarks 
Resurfacing in total hip arthroplasty experiences a re­
vival in modem 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 ace tabular 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 usage of advanced materials with better tribo­
Jogical 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 Resektlon der vorderen Gelenkkapsel, Luxatic 
des Femurkopfes nach ventral und komplettes Kapselre­
lease am Azetabulum. Luxatlon des Kopfes in die dorsale 
Luxationsstellung, Frasen des Azetabulums fur die zemen· 
lose Implantation der modularen azetabularen Komponer 
te. In Extenslon/Adduktion und AuBenrotation Darstellun 
des Femurkopfes und Formfrasen des Kopfes, lmplantatio, 
der zementierten femoralen Komponente. 

Weiterbehandlung 
Prophylaxe einerThrombose und periartlkularer Ossifika­
tionen. Beginn der Mobilisation am Operationstag mlt 
schmerzadaptierter Belastung, Ergometertraining ab derr 
4. postoperativen Tag. 

Ergebnisse 
31 Patlenten mit einer Koxarthrose wurden Ober elnen mir 
mallnvaslven anterolateralen Zugang mit einer Huftonlay 
Femurkappenendoprothese versorgt. Der Harris-Hip-Seer< 
verbesserte slch 12 Mon ate postoperatlv von 43,9 auf 97,1 
Punkte. Es traten weder Komplikatlonen wie Fraktur, Luxa, 
tlon, Nerven- oder Muskelschaden noch Thrombosen oder 
lnfekte auf. 

Schliisselworter 
Minimalinvaslv, HUfte • Zugang • Onlay · Prothese 
Arthrose · Oberflachenersatz 

substantial bone resection at the femoral head, with lo 
of subchondral sclerotic bone [l, 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 tee 
nique avoids bone resection, enables improved biom 
chanical properties, more anatomic relations of ti 
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 l 
achieved as well. High modularity of the componen 
guarantees better options in the case of revision. Ho, 
ever, complete preservation of the femoral head is aut 
matically followed by a minimized intraoperative silt 
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 
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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 standard anterolateral approach, first de­
scribed by Watson Jones, is used, the preserved femoral 
head prevents adequate exposure and preparation of 
the acetabulum and correct insertion of the acetabular 
component [5]. Suboptimal 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 technique. Excellent exposure of the acetabulum 
and femoral head with complete preservation of sur­
rounding muscles. Resurfacing without bone resec­
tion, but with reconstruction of the individual ana­
tomic structures and relations. 

Advantages 
• Surgery is possible in supine position. 
• Excellent exposure of the acetabulum und femoral 

head. 
• No guidance system (Kirschner 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. 
• Extended duration of surgery. 
• Technically demanding in muscular patients. 

Oper OrthopTraumatol .2009 • Nr, t ID URBAN St VoCEJ. 

Indications 
• Primary and secondary osteoarthritis of the hip. 

Contraindications 
Modified Approach 

• Obesity 3° according to the WHO classification. 
• Previous surgery via anterolateral approach. 

Onlay Resurfacing 
• Females> 55 years with osteoporosis proven by bone 

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

mass measurement. 
• Severe varus 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 concentration 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. 
• Intraoperative change of the surgical strategy to an-

other implant, if indicated. 
• Metal wear. 
• Induction of metal allergy possible. 
• Fracture of femoral neck. 
• Painful hernatoma. 

Preoperative Work Up 
• Physiotherapy to improve range of motion and reduce 

contracture which facilitates the surgical procedure. 
• Physical exercising. 
• Reduction of weight. 
• X-ray: anteroposterior and lateral according to 

Lauenstein. 
• Presurgical peripheral catheter nerve block. 
• Perioperative antibiotic prophylaxis with second- or 

third-generation cephalosporin i. v., single dose; in 
case of surgery duration > 2 h, second application of 
antibiotics is recommended. 
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Surgical Instruments and Implants 
• Standard instruments for hip replacement. 
• Specific instruments and implants for onlay hip resur­

facing (ESKA Implants, GrapengieBerstraBe 34, 
23556 Lubeck, Germany). 

• Specific retractor set (MIOS, provided by Aesculap, 
Am-Aesculap-Platz, 78532 Tuttlingen, Germany) 
used for minimally invasive procedures in total hip 
arthroplasty with smooth and broad design, and cur­
vatures from 30° to 90° to protect muscles. 

• Minimized ace tabular reaming system ( optional). 
• Jet-lavage system. 
• Largely curved insertion instrument, minimally inva­

sive socket impactor (ESKA Implants). 

Surgical Technique 

Figures 1 to 21 

M. gl~leus med, 

"·I-

Figure, 

M. tensor fascias latae 
' 

Patient placed in supine position allowing to hyperextend the 
hip upto30' on the operatingtable.10 cm skin Incision be­
tween the tip of the greatertrochanter and the anterior supe· 
rior illac spine.just above the intermuscu!ar septum between 
the gluteus medius and the tensorfasciae latae. 
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Anesthesia and Positioning 
• Combination of general anesthesia with femora 

nerve block is recommended. 
• Patient-controlled analgesia [9]. 
• Supine position on operating table allowing 30° hi1 

extension by bending the operating table. 
• Contra lateral stabilization of the patient with operat 

ing table fixation tools. 
• Fixation of the contralateral leg. 
• Disinfection and draping of the leg allowing full rang, 

of motion. 

Tractus rnoUbiaJis 

Figure• 
Incision of the fascia within the anterior aspect of the iliotibi. 
band. 
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Flgure3 
Dorsal retraction of the gluteus medlus and gluteus minimus 
by a 60" curved H.ohmann retractor. A blunt and broad retrac­
tor is placed medially of the femoral neck to retract the tensor 
fasciae Jatae anteriorly.A 90• retractor is placed dose to the an­
terior rim of the acetabulum providing good exposure of the 
capsule. 

Flgure4 
Incision of the capsule Is performed in longitudinal direction of 
the femoral neck. Another Incision is placed perpendicular 
along the anterior rim of the acetabulum to release the cap­
sule as much as possible. Complete capsulotomy is essential 
for adequate exposure and to continue resurfacing. 

Figure 5 
The gluteus medius and gluteus minlmus are gently released 
from the lateral 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 
avoid muscle leslons. 

OperOrthopTr.:iumatol 2009 · Nr.1 (D UIISAN &VoG~L 
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Figures 6a and 6b 
Dislocation of the femoral head to an 
anterior position Is achieved by adduc­
tion and external rotation (a). Resec­
tion of surrounding osteophytes ls re­
quired, ifluxation is not possible (b). 

Flgure7 

- ·'t 
'· ' 

a 

The transfer of the femoral head between gluteus medius, gluteus mini mus and the 
ilium from anterior to the dorsal dislocation position has to be done very gently by 
flexion and simultaneous rotations until the final dorsal dislocation position is 
reached. Then, the release of the capsule has to be completed to provide better mobi­
lization of the femoral head. The release 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. 

Figures Sa und 8b 
After capsular release has been fin~ 
ished, the femoral head Is dislocated 
into the dorsal muscular pouch (a) al-
lowing excellent exposure of the ace­
tabulum (b). 
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Figure 9 
After complete exposure of the acetabulum has been achieved, 
reaming is started with the smallest size until the teardrop po­
sition 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 
this step. 

Ffgure10 
Repositioning of the femoral head into anterior dis location by 
gentle abduction and external rotation.Extension of the hip Is 
achieved, ff the operation table is bent up to 30•; exposure of 
the head rs much easier now due to refaxat!on of the gluteus 
medius and gluteus minim us in this position.Two 30• retrac­
tors are placed around the neck for complete exposure of the 
femoral head. 

Figure 11 

The reamer that fits the femoral head loosely has to be chosen 
first to start reaming until the osteophytes are removed and 
the head appears round. 
After all osteophytes have been removed and the head is 
rounded, the next smaller reamer should be used to start final 
head reaming by 2-mm steps until all cartilage Is removed. The 
last measuredreamer corresponds to the largest size that can 
be implanted: Weakening of the subchondral bone stock oc­
curs after extended or asymmetric reaming of the femoral 
head. If the femoral reamer Is used In very close bone contact 
and reaming load Is light, the subchondral bone is kept In ex­
cellent and unaffected condition. 
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Figure 12 

A trial implant is placed on the femoral head in press-fit tech­
nique to verify 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. 

Flgure13 
The second reaming phase starts with the reamer used before 
until the correct acetabular 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 = correct acetabular 
reamer). 
At the end of acetabular reaming, the subchondral can cello us 
structure is reached and subchondral sclerosis is opened to al­
low osseous integration of the Implant. 
If the acetabulum was overreamed while femoral head was de­
creased ln size,a mismatch of the components could result be­
cause a specific femoral component 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. 

Figure14 
The acetabular implant is fixed on the curved impactor.Ace­
tabular Implant size= femoral implant size+ 8 mm. The ace­
tabulum has to be underreamed with the Implant being over­
sized by 2 mm compared to the final acetabular reamer (socket 
size= femoral size+ 8 mm). Malpositionlng of the implants oc­
curs, if exposition 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 malposltionlng. Specific navigation systems 
could be an option to reduce the malpositloning risk. 
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Figures 15a and 15b 
A disposable PE inserter has to be used to impact the 
acetabular Implant (a) until correct positioning and 
depth of the socket are achieved (b). Eccentric Impact 
leads to nonv!sible deformities that Induce peak load 
and increased debris rate and, thus, has to be avoid~ 
ed. If the final acetabularimplant Is seated (b) and 
correction of the Irnplant 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 leads to 
a relevant deformation of the implant and the cone 
Junction between inlay and socket is not possible 
anymore. If the inlay has been inserted in a deformed 
socket, the fixation of the Inlay is no longer cone­
based. Therefore, the specific impactor tools have 
to be used. 

Figure 16 
The Insert should be inserted manuallyto avoid tilt· 
ingfollowed by impacting the Insert with the sin­
gle-use PE impactor. TIiting of the insert must be 
avoided to guarantee an easy removal of the Insert in 
case of revision. 

Flgure17 
Repositioning ofthe femoral head into anterior dis­
location for final reaming. Toflnal!ze reaming, the 
soft reamer rs recommended. The size is determined 
by the acetabular implant (size ofacetabular im­
plant-8 mm• reamer size to finalize the head). 
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Flgure,s 
The trial implant is placed again In anatomically 
correct position guided by the Individual 
neck-head junction.Then, the guiding hole Is 
drllled and widened to facilitate and guarantee 
fast and reproducible implantation of the femo­
ra I component. 

Flgure19 
Jet lavage of the femoral head and prep a ration of 
the low-viscosity bone cement (Heraeus LV ce­
ment, Philipp-Rels-StraBe 8'13, 61273 Wehrheim/ 
Tau nus, Germany). The cup has to be filled until 
2 mm of the guiding pin are still visible. When the 
cement starts to be pasty, the on lay implant has 
to be placed on the femoral head. 

Figures 20a and 10b 
The implant has to be seated with permanent 
pressure and gentle 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 is caused byosteo­
phytes, located at the anterior aspect of the 
head·neckjunction or the corresponding aspect 
of the acetabulum. lfthe osteophytes are re­
moved, recheck for impingement before wound 
closure. 
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Flgure21 
Removal of all instruments. Now, the position of the implants 
can easily be verified byfluoroscopy. If correction of the im­
plants Is required, the specific Impactor tools haveto be used. 
rnsertion of one drain and wound closure. Sterile dressing. 
X~ray control. 

Acelabular component Femo'ral component 

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 drugs 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 th.e drain on day 2 after surgery. 
• Prophylaxis of thromboembolism until full weight 

bearing is achieved. 
• Initiation. of early rehabilitation on day 4 after sur­

gery with 3 x 15 min of cycling on an ergometer (max­
imum 50 W, 80 rpm). 

• Suture removal 12 days after surgery. 

Errors, Hazards, Complications 
• Bony defects of the acet~bulum can occur, if reaming 

is not performed precisely in the central part of the 
acetabulum. Primary instability of the components 
results, if bony integrity of the acetabulum is lost: ad­
ditional screw fixation is recommended. 

• Transient disturbance of the femoral nerve, if retrac­
tors are placed at the anterior aspect of the acetabu-
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lar 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 
minimally invasive approach: the resulting hemato­
ma is clinically of no relevance and resorbed sponta­
neously without any specific treatment. ff prepara­
tion and luxati.on of the femoral head are done gently, 
bleeding risk can be reduced. 

• Mismatch of the components, if the acetabu!um was 
overreamed while femoral head was decreased in 
size: start reaming of the acetabulum first until the 
smallest socket which could be implanted is deter­
mined, followed by reaming of the femoral head to 
the largest size that fits the head. The femoral size 
determin.es the size of the socket. If both components 
cannot be adapted; the onlay procedure cannot be 
performed and surgery has to be changed to a stan­
dard resurfacing. 

• 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 fractures: 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 bas to be changed to fit the new 
femoral component. 

• Loosening of the socket: the socket should be re­
moved and exchanged 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 
kgim2 [26.9-30.3 kglm2]) underwent hip onlay resurfac­
ing via a minimally invasive anterolateral 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 osteoarthritis 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 a 10-scale visual analog rating system (VAS), the 
percentage of fractures and loosening were used as sec­
ondary criteria. 18 out of the 31 patients suffered from 
primary and 13 from secondary osteoarthritis (eight cas­
es of dysplasia, three cases of posttraumatic osteoarthritis, 
and two cases of systemic rheumatoid arthritis). Mean du­
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 cm3 (14-0-510 
cm3). 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? (±3) days, followed by3 weeks of 
rehabilitation. Rehabilitation consisted of pain-adapted 
weight bearing within the full range of motion and ergo­
meter training at a load of up to 50 W and a frequency of 
80 rpm. Cycling was allowed from postoperative day 4, 
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if no secretion was noted. The ergometer 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 to 43.9 points at baseline and subjective 
sensation was scored at 0.6 points on the VAS compan 
8.5 points at baseline. Severe side effects such as frac 
nerve or musculoskeletal lesions, thromboembolism c 
fection and approach-related side effects like de! 
wound healing, limping or muscle insufficiency wen 
observed. Two patients showed relevant hematoma 
load-related pain while cycling and walking withou 
need for revision or another specific treatment follow, 
spontaneous resorption. 

Implant-related adverse events such as loosenin, 
lengthening or dislocation were not found. All X-ra 
aminations 3, 6, and 12 months after surgery showe 
change regarding 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 gehiirt nach wie vor zu 
den erfolgreichsten orthopadischen 
Eingriffen. Standzeiten der lmplan­
tate von iiber 90% nach 1 O Jahren 
sind die Regel beim alteren Patienten 
[17]. Erhalten jiingere Patienten un­
ter 55 Jahre eine Hiiftprothese sinkt 
die Oberlebensrate der lmplantate 
taut schwedischem Endoprothesen­
register auf unter 80% nach 10 Jah­
ren. Es werden aber auch durchaus 
langere Standzeiten bei jungen Pa­
tienten mit konventionellen Hiiften­
doprothesen beschrieben. Als miig­
liche Ursache filr ein friihes Versa­
gen wird v. a. die hohe Aktivitat jun­
ger Patienten diskutiert. Andererseits 
ist auch die langere 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 miiglichst wenig eige-
ne Knochensubstanz zerstiirt und da­
durch eine spatere Wechseloperati­
on erleichtert. Folgerichtig wurde ei­
ne Form des Oberflachenersatzes ent­
wickelt, die im angloamerikanischen 
Raum auch als sog. Hip-Resurfacing 
bezeichnetwird. 

Historische Entwicklung 

Das Konzept des Gelenkersatzes der Hiifte 
in Form des Oberfli:ichenersatzes ist nicht 
neu. Eine erste Form des Oberfliichener­
satzes wurde von Charnley in den 195oer 
Jahren eingefilhrt. Er verwendete Teflon­
schalen, die mit einem frilhen Verschlei.13 

einhergingen und sich als nicht brauch­
bar erwiesen [4J. Wagner begann Mit-
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Der Oberflachenersatz 
am Hi.iftgelenk 

te der 197oer Jahre mit der Implantation 
eines nach ihm benannten Oberfl3.chen· 
ersatzes aus Metall oder Keramik am Fe­
mur und Polyethylen (PE) an der Pfanne 
[31]. Diese Form des Gelenk:ersatzes wur· 
de wegen vielversprechender Friihergeb­
nisse in Europa haufig angewandt. Spa­
ter wurden aber hohe Lockerungsraten 
festgestellt, was zu einem weitreichenden 
Misserfolg und Verruf dieser Art des Ge­
lenkfliichenersatzes fiihrte. In einer Scha­
densanalyse van insgesamt 124 an un­
serer Klinik zwischen 1977 und 1984 im­
plantierten Wagner-Doppelcups konn­
ten Rech! et al. [ 24] 85% der Patienten kli­
nisch und radiologisch nachuntersuchen. 
Bei einer durchschnittlichen Nachunter­
suchungszeit von 107 Monaten traten bei 
104 Doppekups insgesamt 53 Lockerun­
gen auf. Die di.innwandige Polyethylen­
pfanne war dabei hiiufiger betroffen als die 
Femurkomponente. Die Pfanne verformte 
sich unter Belastung und fiihrte dadurch 
in Verbindung mit der groBen ArtiJ.atla­
tionsflache zum erhOhten Abrieb. Dieser 
wurde fiir zum Tell sehr gro:Be Defekte 
im Pfannenbereich verantwortlich ge­
macht, die spezielle Revisionsimplantate 
und Knochentransplantationen notwen­
dig machten. Der starke Abrieb erzeugte 
zum Tell Granulationsgewebe, das nach 
Osteolyse bis zum bindegewebigen Um­
bau des gesamten Femurkopfs gefiihrt hat. 
Obwohl es sich bei diesen Lockerungsvor­
giingen 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 we gen hoher Lo­
ckerungsraten ebenfalls frilh wieder auf­
gegeben wurde. 

Nur wenige Zentren arbeiteten konse­
quent an der Entw'icklung eines Oberfla. 
chenersatzes weiter. Amsh1tz implantierte 
spater modulare Systeme, die aus einem 
Metallkopf und einer Metallpfanne mit ei­
ner dtinnen Polyethylenzwischenschicht 
bestanden. Eine Renaissance des Ober­
fliichenersatzes am Hiiftgelenk entstand 
nach der erneuten Einftihrung der Me­
tall-Matall-Gleitpaarung <lurch bessere 
Fertigungstechniken. Geschmiedete oder 
gegossene Komponenten aus Chrom-Ko­
balt-Legierungen mit ho hem Karbidgehalt 
wiesen exzellente VerschleiBeigenschaften 
auf [22, 33]. Zu Beginn der 199oer Jahre 
entwickelten Wagner [32J in Deutschland, 
Amstutz [26] in den U.S.A. und McMinn 
[18] in England Prothesensysteme, die auf 
dieser Technologie basierten. Von diesen 
wurden nur wenige Modelle implantiert 
und standig Anderungen an Design und 
Verankerungsteclmik vorgenommen, da 
Friihlockerungen immer noch h1iufig be­
obachtet wurden. Erst eine Hybri<lfixie­
rung mitzementfreier Pfanne und zemen­
tierter femoraler Komponente in Kombi­
nation mit der bereits genannten Metall­
Metall-Gleitpaarung setzte sich im neuen 
Jahrtausend <lurch. 

Aktueller Stand der Entwicklung 

Heute bieten praktisch alle gro:Ben Pro­
thesenhersteller ein System fi.ir den sog. 
Oberflachenersatz am Hiiftgelenk an. 
Allen gemeinsam ist eine Metall-Me­
ta11-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. 



ln Simulatorversuchen wurde ein deut­
lich niedrigerer Verschlei:B bei Metall-Me­
tall-Paarungen mit <0,3 mm3/Jahr nach 
der Einlaufphase im Vergleich zu Metall­
Polyethylen-Gleitpaarungen mit einem 
Abrieb von 30-100 mm3/Jahr nachgewie­
sen [ 27 ]. Nach einer gewissen Einlaufpha­
se nimmt der VerschleiB bei den Metall­
Metall-Paarungen ab. Gleiches soil fur die 
Situation gelten1 wenn ein Wechsel der Fe­
murkomponente erfolgt, die Pfanne je­
doch in situ verbleibt. Ob dieS ein Pro­
blem bei der Kombination von .,einge­
laufenen" Pfannen und neuen Gro:Bk6p­
fen darstellt, ist bis her noch nicht bekannt. 
Es muss davon ausgegangen werden, class 
die Kombination aus einem neuen Kopf 
und einer eingelaufenen Pfanne eine ver­
anderte Clearance ergibt, die wiederum 
einen Einfluss auf den Schmierfilm zwi­
schen den Gelenkpartnern hat. Einzel­
ne Hersteller bieten deshalb die Pfannen­
komponente mit Metallinlay an, was ei­
nen spateren Wechsel der artikulierenden 
Flachen <lurch vOllig neue Komponenten 
ermoglicht (1:1 Abb. 1). 

Welche Rolle die Gr6fle und Mor­
phologie der Partikel spielen, ist bis heu­
te noch nicht ganz klar. Plitz [8, 23] geht 
davon aus, class zwar ein geringeres Par­
tikelvolumen im Vergleich zu Metall-PE­
Gleitpaarungen entsteht, bei geringerer 
GrO:Be der Partikel aber eine hOhere Ge-
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Abb, 2 A Femurkappe eines Oberflachenersatzes. In derVergrOBerung sind 
die Vertiefungen in der Oberflache gut sichtbar, die als Reservoire fur die 
SchmierflOssigkeit zwischen den Gelenkpartnern dienen 

Abb. 1 -'4. Modu larer Oberfliichenersatz fOr das HOftgelenk mit zementfrei­
er Verankerung und austauschbarem MetaUinlay (CL-Kappe ,,BS~ CL-Sockel 
,,BS: Metallinlay; CL:cementless, BS: Bionic System; Firma ESKA-Implants, 
Lubeck) 

schnurblut nachweisen. Unklar ist eben­
falls, ob es im Verlauf <lurch die erhOhten 
Metallkonzentrationen z. B. zu einer Hy­
persensitivitat kommen kann und ob eine 
erhOhte Gefahr fiir die Entwicklung von 
sekundaren Entartungen besteht. 

Der Abrieb der Paarung hangt von 
der Makrogeometrie ( GrOBe der Kompo­
nenten, Passform), der Mikrogeometrie 
(Oberflache) und der Schmierung zwi-

() 

samtzahl von Abriebpartikeln vorliegt. 
Bereits in den 197oer Jahren wurde eine 
erh5hte Serumkonzentration van Metall­
ionen (Chrom und Kobalt) bei Metall­
Metall-Paarungen nachgewiesen [5]. Ei­
ne weitere ErhOhung der Ionenkonzen­
tration in Serum und Urin liefi sich beim 
Oberflachenersatz mit groBem Durch­
messer der artikulierenden Komponen­
ten im Vergleich zum herk6mrn1ichen to­
talen Hiiftgelenkersatz mit Metall-Metall­
Gleitpaarung nicht erkennen [14]. 

Da Chrom- und KobaltiOnen in der 
Niere Uber glomerulare 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 d_ie er­
hOhte Konzentration der Metallionen 
selbst als auch filr <las Vorliegen von aller­
gischen Reaktionen auf diese gibt es bis­
her allerdlngs keine nachweisbaren Da­
ten. Es miissen deshalb weitere Beobach­
tungen abgewartet werden, um hier ein­
deutige Empfehlungen aussprechen zu 
k6nnen. A.hnliches gilt fur die Implanta­
tion von Metall-Metall-Gleitpaarungen 
im gebarfahigen Alter. Brodner [3] konnte 
bei Schwangeren mit dieser Gleitpaarung 
zwar erhOhte Konzentrationen der Me­
tallionen im peripheren Blut, jedoch kei­
ne erhOhten Konzentrationen im Nabel-

schen den Komponenten ab. Je grOBer die 
Komponenten bei gleichen iibrigen Para­
metern sind, desto geringer ist der Abrieb c­
[9, 29]. Dass grOfiere Durchmesser der 
Komponenten auch zu einem gr6Beren 
Bewegungsausma:B fiihren, ist sO jedoch 
nicht korrekt Das BewegungsausmaB ist 
entscheidend van dem Verh3.ltnis zwi-
schen Femurkopf- und Halsdurchmesser 
gepragt [2]. Die groflen femoralen Kom­
ponenten senken dennoch die LU:Xations­
neigung des Gelenks deutlich. Auch soil 
die Verwendung van groJ3en Komponen-
ten eher zu einer Kinematik fiihren, die 
dem gesunden Hiiftgelenk im Vergleich 
zum konventionellen Gelenkersatz ahn-
licher ist [ 20]. Die Autoren der Stu die rau-
men jedoch ein, <lass die Ergebnisse <lurch 
ein gewisses Bias in der Patientenwahl be­
einflusst sein kOnnten. 

Um die Schmierung der Komponen­
ten <lurch einen Fliissigkeitsfilm zu erh6-
hen, sind gro:Be Komponenten mit mOg-
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llchst glatter Oberflache von Nutzen [30 J. 
Ein anderer Weg ist die Vera.Jlderung der 
Oberflache <lurch gezielte Vertiefungen, 
die als Fli.issigkeitsreservoire im Ge1enk­
spa1t dienen, die die Menge an Schmier­
film konstant halt en sollen, um damit den 
Abrieb auf ein Minimum zu reduzieren 
(D Abb.2). 

Je grOfier die femorale Komponente, 
umso gr6Ber wird der Knochenverlust 
bei der Implantation der passenden Pfan­
ne. Dieser Sachverhalt erscheint logisch. 
Er trifft v. a. im Vergleich zur konventio­
nellen totalen Htiftendoprothetikzu [16]. 

Ein groBer Unterschied besteht mo­
mentan in der Fixierung der einze1-
nen Kornponenten und ihrer OberfHi­
chen. Plasma gesprayte Oberflachen, 
Chrom-Kobalt-Kugeln und dreidimen­
sional offenzellige Spongiosametallober­
flachen werden derzeit vornehrnlich 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 Locher fiir Schrau­
benk6pfe in der Oberfliiche des empfind­
lichen Gleitfliichensystems offensichtlich 
zum erhOhten Verschlei:B fiihren wiirden. 
Ob die Bearbeitung der Oberfliichen 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 Mag an Spiel ist not­
wendig, um einen konstanten Schmier­
film zwischen den Gleitpartnern zu er­
Jauben. Moderne Fertigungstechniken ge­
wiihrleisten einen reproduzierbaren Spiel­
raum, der messbar ist und ftir den Ober­
flachenersatzim Mikrometerbereich Jiegt. 
Bei der Implantation von diinnwandigen 
Pfannen kann es aber zur Veriinderung 
dieses Spielraumes und damit auch des 
Abriebs kommen. Der im Simulatorver­
such gemessene VerschleiB der Kompo­
nenten muss daher immer als Idealfall be­
trachtet werden. 

Femoralseitig spielen der Zugang 
zurn Hiiftgelenk, die Zurichtung des 
Hiifkopfes respektive Platzierung der 
Komponente und die Verankerung ei­
ne besondere Rolle. Fiir die Durchblu­
tung des Htiftkopfes isl der Zugang zur 
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A. ligal11_enti ccipit1s t€_moriS ~ 
des Ramus aCetabularis · 

A. circllnlffe>ta' tel'T16ris me'di . .ilis -. 

:;:profu:nJ:l;te~-o:rtS .:...~.:.....:... 

A_.:_cJri~rnfl~i~,J~~~ris l_.iter1_1fS: 
'A'( fE!ri,oraUs (s.Uperflcialis) "'-c---"""-"'-

· Ril(Tiu~.­
prof\J~d_us 

Abb. 3 A. Anatomische_ Darstellung der dorsolateralen Region eines T_ech_ten Femur mit R. profundus 
und Auftei!ung der Rr. nutritii, deren Arkiidenbi!dung deutlich erkennbtfr ist. (Mcidifiziert n"ach Till­
mann (2005) Atlas der Anatomie des Me_n_schen. Springer, Heidelberg). 

Abb. 4 .1..·a _HUftkopf, bei dein lediglich die Knorpeloberflache bis aufdie KortikaiiS ~ntf~rnrV,i"uTcle, um 
eine mOglichst physiologische Krafteinleitung Uber eine zementierte Kappezu erreichen. b ROntgen­
bild eines am rechten HGftgelenk implantierten Oberflachenersatzes in der unter Abb. 4a beschrie­
benen Technik. Di_e Pfan~e istzementfrei verankert, die Kappe mit einem niedfigviskOsen Zement fi. 
xiert (Onlay-Femurkopfschale) 

Hiifte _ besonders interessant. So kann 

von der Kompromittierung der Hilft­

kopfdurchblutung bei einer ZerstOrung 

des Ramus profundus der A. circum­
flexa femoris medialis ausgegangen wer­

den (D Abb. 3). Dieser Astist besonders 
bei dem haufig verwendeten hinteren 

Zugang gef.ihrdet, da er im Ansatzbe­
reich der AuBenrotatoren der Hilfte ver­

lauft [10]. Er liegt unterhalb 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 endoprothetischen Versor­

gung der Hilfte ist eine erweiterte LOsung 

der Weichteile notwendig, um die Pfanne 
ausreichend darstellen zu kOnnen. Der 

Implantationsweg wird <lurch den erhal­

tenen Hilftkopf sonst zu stark verdeckt 

und eingeengt. 
Die Zurichtung des Femurkopfes soll­

te mOglichst eine Ausrichtung der Kappe 

auf <las Zentrum des Schenkelhalses er­

lauben. Wenn dies nicht beachtet wird, 

ist <las BewegungsausmaB des Hilftge­

lenks in vielen Fiillen noch mehr einge­

schriinkt, als dies <lurch die ungiinstige­

re Relation zwischen Schenkelhals- und 

Abb. 5 A. Konventionelleroberftachenersatz 
in ze_mentfrelerVerankerungStechriik im ROnt­
genbild 

Kopfdurchmesser bereits vorgegeben ist. 
Ein Beispiel hierfilr ist die Coxa vara epi­

physarea, die mit einer exzentrischen La-
ge des Hiiftkopfs auf dem Schenkelhals 
einhergeht. Wird dieses Missverhiiltnis 
bei der Implantation beibehalten, kommt 

es postoperativ hiiufiger zum femoroaze­
tabuliiren Impingement, was zur Noh-ven-
digkeit der friihzeitigen Revision filhren 
kann. Liegt aber ein konzentrischer Ver-

schleW bei physiologischer Gelenkstel-
lung vor, sehen wir momentan die Indi-

Ci 

kation fiir einen neu entwickelten Ober­

flachenersatz, bei dem lediglich der fe- c·~.') 
morale Knorpel bis auf die Kortikalis ab- . 

getragen und eine Kappe ohne Stiel auf 
diesen zementiert wird (D Abb. 4). Die 

femorale Fixierung erfolgt ilblicherweise 
<lurch niedrigviskOsen Zement. Die Vis-

kositiit und die Dicke des Zementmantels 

werden dabei kontrovers diskutiert. Die 
exzessive Penetration des Zements in die 

Trabekel kann zu einer Nekrose des Kno-

chens in diesem Bereich fi.ihren. Stress­

Shielding kann bier 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 fiihren. So sind die 

Schenkelhalsfraktur und das Impinge-

ment momentan hauptsiichlich fiir die 

implantatassoziierten Fri.ihkomplikati-

onen verantwortlich. 
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1:rg~l.>nisse 

~/e;gelef l(ranke?gt\,vur~ell lW)SCbe~ . 

~,e_i,e_rn_b_e~ ,:i9_p3, _ll~~' f~_b!_l,liff:_2~ps,,_ be_i, 
~fr~Pg~(I~d~_~tk~°,s_,~t;e_~~~-g_ -~-~:_~atJ~rii_n 
('1'i\tleres.Altei41 )ah!e) '1'i\f9 Ober­
fliichepersatzpro,thesen (E~I<!A-~i"nik, 
sy5,te'1')versorgJ (D .• l\bb. 5). ]')as.Sr,s; 
t~,Il\_,~h4' t111,Veiglekh- zu d~n, __ 1~p1im~-, 
't~t_e __ n -an_~_e_r_er Ii~rSt~ll7r-vO~ig ~fientfy_ei 
implan~er,\ Spo.~giosallletall .bil?et. den 

l(_\>riJ~-~~)-_?:V-~hl ~-Wri __ -Bfcken~~'--~7-~---~-s aµth z~w Bch~nkelhals. Eininiay aus ge­
schmiedetem ,M~tall Wifd modulaf in den 
-~9~¥~{:~i?i~,~~{-~t :_tin~, ~:aii-~' _ iiri :i!ah},hi~; 

:--'f~_c-~~~1s,ifo_~_ti6A;au_sget_a_tls_ch_t_ ':-,e~-1:~'~. 
}Ji~f_ ~ir_t~!: :i,c_~ d_i~:' Moili_~_h,~e_if_sp~ohl 
~i~_}n;li~y_,f~r; ei~--~-- G,_rofiK?_Pi~ru,1<U\aJ_ion_, 
~$-' '1\!ch _f_iJ1Jnlay fpr_-_~i~e- St_a~Qaf,d~r,ti­
-~~}~~~!;:}:1:~sJ<:fr~Ip_ik,_ g~gen P?_lke_!~Y]~n 
P.1~r 1'1~/all-lyietallmit gedngfr~J:1 KPpf­
dl.lichJllessern- zu. wahlen. Bei ·ufise!em 
~-hirei1ieffS·~:t· wti_r<Ie; bei:·_:~i1_~r. c1il_r~h­
sch~:1_fti\ch_f~_;~~c~-u~;~riuchU:ng:i~it y~~ 
;t_~/0.?.11_?~~-~- -~~i-~~}.Il~~k,ti_o,n_ o_der_- _a~s~p-
t_~s~J-L?-fk~_r,tipg ___ ~e9~:~~ht~t De} ~er;_i·~--
~:~Pi~CO,F~ _~ti_~ijffi M\\tel~o11 _5-2/Unktf n 

:· ~l~_6-i1,,~r~tiy_~--~-9~-_ll\1:rikte:p_?S~_oP~?t_iV,_ E_s 
WUfde:ri: eine Sche·nkelhalsfraktllr. rind ei:. 
-~~J£~;¥:_~-;'~_d_i_~~-6K~Hdl1)~-I3_e9k;di~_rigs~ 

i·:z~i{~~-?rri fest~eh~_I_t_:,~~ _D~il1iOa? di~ l{evi_--
siorist.ite·bei t.fuseren erstfn Oberflachen-

-~f_i;~Ys_t~.Ill-~~-~-if~~~---16% J1s·J-; 
tJni_~_e_r.- ~-ii_~!a_tif.\1/~.fdf~:._~-~_yisi?Ils;~_: 

!en,i~isclieli{p!1d 17% angegepen [11]. 
• Shi.'l'f i?.et.al,[28] bedchfe11 ilberdas'na0 

tip~_aje ~l.l~~t~H~_£he-Pro_t4e_~_e11_regis!~r ~it 
3497. m_r:~i~g~:a.D1_~G~]?s_~-it eli1-ei: d_1.1rch­
_sd1~it:tJi(}i~_n N_~c-~unt_~isu,_clm:ngs_z_eit ~on. 
_3'.6 ~bp~t_Jp. _Ee~ ti~t_ell_ da_~ei 5_0 S~lie1:1kel_­
~~i-~[riiJ<!~f e~·,_-_-li_. asep_tische_: ~fa_.11ne_nfo­
ck_~rtl':?ge_n, ·4,:aSep,tls~_he felllorc1.fo ,C~pfo-_ 
5:k,e_r.up?e!l_ ~11_d 2 Jhlekt1~:I1e11 _au_f.- I?~e RC~ 
vi_siQn_~raie lag_ i11sges_~Jllt bei 21f'o, Wi_tzleb 
berkhtete iib~r zufiieden s_tellen9e pr~~b­
nis_~e ~ifch :42o _ _o_berflachC!riei~a~en "(Bir­
mingham-Hip und Durom-Cup). 238 Pa­
tie1it"Ci1 wurden n·aCli ·durchschniitlii::h 
2 )~h-re~. n~~huriters~tht. Die -R~_vi~ions­

rafo"'. bCfrug·_i;2%'. _ Patiel1_~~n. _die_-~_ii einer 
D_yspl~si~l,)fiinne v_e_rsQrgt-worden wa_ren, 
wiese~ ein gificllerm_aBen ~ut~s- Erg~bnis 
auf wie die Patienten, die eine Stand_ard­
pfann_e erhalten h3.tten. 

Amstutz et al. [1]pubjizierteh die Er­
gebniss_e_voll 40.0 Hybridoberflac~ener-

/--·:·;_:_:.-,,·:?--·:-: <:;>:·:>·>_:";_ -_ .. _·---:-.: :__ . 
_s"_i~~:n .(~~G~T?_;~-ry~_ r.1~_s_"_)_--?e_i 355 __ Pati_en!en 
"m_it:s!~e:~_:_JPi~-~-~~~il_Alt~~-r?P. 4-s Japien 
~-a~-~-0i_r_ft1itt}'e_7en_ i::iac4~ptqs_u_~li~gs­
z_.~-~t.yq11,_,3,5-iJ~,hr·e~._-,i::iiCli_.-4 Jah,_~fIJ. _,;vare_n 
n~~li-~_4;4% _q~-~e;:w~cljfe}~p~ra!ion_~~~--
b1i~b_e11: Der ____ 131i~1_.e_re rf_~fris:Hif~-~core 
b_-~:tf-ug_._9-3'.:5 -~qHkt~ ... '-~-'.1..-H#ftep~ war_en-_ i_n 
kOnyen!ki~_e,I_lC! · ~ot~l_e _ HiiftprptJieseJl ge­
~~e_cp_s:l_t r?r_~-~_n: )~e,i 3 P_a_tie,11te1 _ka,m es 
~~-r- ,l,,~~#_9~1- a .. ~r::liil_fte;_.I:Ietfto_tOpe Ossi­
fikaUonen (~rooker IIJ-IV) traten in 10% 
der Falle au I · 

Gregori., [11Jbe.rkhte\ilber• 20? kon­
sekiiifr~-<?be,ft]~_clifn_er~_itze· (ri,uro_m-~ys­
t_~I11_) _}l~_H.- ,g_µ_te_~ __ E,rge b_nifs_e1t _ p_a_s _ mittle~ 
f~ Alt~/tw.P_a_ti~11-~ep: be_trug_ 48 _I~lp:e,_ ?~e 
_N\~_churit~~S_lJch~.p~_szeit 212_-J_~hfi.; ~s Jra-
1-~_n_ ~~!-~~:-~~at .. i9_1,1en;-__ 1ru~~ti_9Il.e,_n_-_od_er_ 
·-,i~_cke~u~_ie,n __ -~p[_·.1_¥1kif~~e-_R_e$_~tate 
wu.r.de.n vim De Sinet [7] fiber 200 Pati­
e~t_e_h-_ _P,tib_iJZ_i;~~-~~ :_1ie _d}l -. B}\ri'ilng~iin­
}!ip' Re.surf~cipg \'rh.ruteri. hau,n. Ledig­
lich eine.:schf:nkellialsf;aktllr.' wurde im 

0i_t~el\_{;f _ta.-14;t::h:~:,·B:;·?~r __ ;-_Ill1_p1~nt:,ition 
_ve:rfei_fli~_et:. }!b,e_f-: d~e _ bes_.t~P _.-

1 
~-:_s_ulfa_te, 

berichte.n IJaniel et. al. [ 6], die 446 Pati­
e_~t~~: ~iftfil_e~·Attff~rit~~-5~ Jalfr~TI _mi~ 
ei11~JPi_Bli~)-~g_.Ji~pi Qb,er~_acheners~tz 
~~~sO.rgt_-~---~~~~-.- 1,>ir_Jllittle_r~ Na_chunter-: 
s~~-~u_Ilgs~r~lt _b,~tf?g_ -~i3, J~h,re, D_i_e Nach-·_ 
_ullt~_rs~_cJ;~-µg:~~r~:lg{e,-._:am_ -':fel_efon_- und 
u_~_et::Fi;~g~~~~~-~-·:~ine klipische _ _oder ra­
di0l()gi§£h~ Ko_1;~roJ!e wurde ~icli1: dutch­
gefiilirt. 

Si:hlussfolgerungen 

f?ie_ frfili~_Il __ ?_nd_· J?_itl:elfristi~en Er~ebnfsse 
deS modernen OberfliiChenersatzes-las­
_s_e:~ _hoffe~;·_·1~sS~_pie:.-fani~_f~istig~n·ReSUI-· 
tate, _fbeTifalls p_9si;_1V_~~sf~llj!n.-M?mentan 
silld:die_k,Jin_i};chr~ ~r,J5_t:~Ili_sse_n_och nicht 
mit denen des konventionellen Gelenker~ 
satzes a.Ill Hilft~elenk vergleichbar. Auch 
die-KoITlplika_Honsra_te:ist im·_Ver~l~ich zu 
diese,m.w~it_e;hin erhi::iht. Primare Feh-

- --, -- __ _ ___ --':-\i\C·-'-'.)i_,--
1er-ursachen -Sind Schenkelhalsfr~"ti.iie~ 

~nd_ a_s_er.ti_s~~ _i_Pckf r_ti,~g_.-:-4~-r-f e~{ifl~.-f--:--:::Jt 
K~~pon_<~nte_~o.wie aU?_'.~n_serer §:ii¥t,d_~,s_;_:: ---­
fo111oroa~etab,ul~.r~ __ '.I __ fl1Pi_11~~-!ll<!~}!._;i+\r,_i_~-i:'.,. 
tisCh erscheinen hier die k0rr~kt~-P6:!i1:i~~- -----

~ie_i~n_g·aer_ Pfaµ11~--~rt1 die -kO_r~-~~f .f},~{ >:.: :. 
. d~htung der Kappe auf d~m ScheJ:1ktllials i 

pz_W. :die De,foqilitiit_v~Il Sche_~~ell,i~}~,~-/i-:: 
Hiiftkop£ Eine .iiuflerst kritis.che hi~tti- · 
_ops,stellung _untj. seh,_r_ Sen_aut_Op_ei?~!!_9~~~: 
technik_.s_ind e_r,forde~l{~h,.~iri, 4e~_Eg~fg·_ 
~es Implant_ats_ z':! gew_ah,r1ei~te_n_:: \To_:{~<l}-::, 
NaChteile aes_Ob_erflachener~~t2;7s-:--S,i~,d-_irr.-~ 
D Jab.1 zud)bersichrdargest~llt} ••. 

Frilhe Pehler konnen durch die· Iiii-
p}(lnt_atio~_s_t_~ch~-ik v~r~r_i·a·c;,_~t ·:1·;:fJ'~-~-ti?\t 
w;s _zu M_~9fraktur:_en ~-it Spate77,n-_ff7::U,'.'>--: --
darthio~en tmfor_ de_111_.femo_r~ien ~}?laP,_.::-._<,_;,_:::: 
tatim Schenk~lhals. ftihren l<aJin [:i1j,lli4\, 
weiterer Risikofaktor filr die. Scli"el1ke1:.- -:-- -- ---
h,c1Jfefntl<tut. i~t ·- Jie,_ lfo_t~·rcti,Jn~h~i~tl_i~}µJ~-.:-?.\.? 
de,~ _Femu_rkappe_. ~iefil~rt Z?11!1i E~i~~(:\:_:.}':, 
b_ep d_~s S_~l,1-~Ili{e_lpalse_s ~µ_d:1.tillit Zi:.~i-~-\/;: 
ner Sollbni.c~stelle mjt fragHche'},¥~g,..... • 

. zeitresulta,'.; 1';.f911t[1,9Jen1pfiehlt dk\1)1"!\: 
p1.int_~~ion:4e_s _Ober_fl~~ener~at_2-~_S._(d;ili.~~---->:;:_.\. 
·,n1,1r .og_er_at~uren_,_ die_!n_e_~_r_eitj,sfl~:it~~1~_;} ·· 
Trainmg durchlaufeh haben. Als mog~,lle> 
__ H_i_lfestellungi_um di_e_ ~vid__ente ,_L~nif~f ~- : 
zu Verkii~ze_ll,: ~i::in~te _die -~avigat_~~~}-~ __ .- __ _ 
Zutuift_ein_e ~ri::i~er_~_:~oll_e ·spiele,11._::/i -it(~{i 

purch d¢n gro:Ben_--D_urc~I11,es_s~~--(i_e,s"'-: .-, 
s chenkelhalses _ li~&t .em. _ungiiii~tiges.y ~f -~ 
haltnis vom K_opf-Hal;-Dttrchmessei.:v_o~.<­
Dadllrch kommt-es-·zu einer.'RedtiktiOn 
d-~-s Be_weguri_gs~u_s_m_~Hes __ [~_r ~o~rrit_:·es 
zum AnschlageJl. vom Sche11!<.elh_~}~ __ a11 
(ti,¢ Pfanne Oder d_en r~d~t~Il?i_g~n_:I~J10_­
chen, wird es neben Schmf:rzfn -filr:O.e1i 
P.itiente~ zlr_Subli1X~ti9Ilsp)lariCn1teiie~ ·. 
d~r Kappe in der ffa71_I1_~ k_oin.ri1_~n_.' _Di_e-
~-e ki::i;ine11 _so au~gep_ragt sei_n;_ das_.s -~in 
Wechsel der Femurkomponente erfor­
derlich wird. 

Die neuen Generationen der Me­
ta!Hv!etall-Gleitp~aru)lgen mit groflem 
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Durchmesser weisen aufierst gute Ver­
schleifieigenschaften auf. Diese Ver­
schlei:Beigenschaften kommen aber nur 
dann zum Tragen, wenn die Komponen­
ten optimalimplantiertwurden undkeine 
Randbelastungen auftreten, was den Ver­
schleifi Um <las bis zu 5oofache erh6hen 
kann [21]. Je gr5Ber der Kopfdurchmesser 
wird, desto gr6:13er ,vird jedoch auch der 
Pfannendurchmesser [16}, was wiederum 
dem Ziel eines rn6glichst knochenspa­
renden Eingriffs entgegensteht. Ist eine 
Revision aufgrund des Versagens auf der 
femoralen Seite notwendig, wirddie Pfan­
ne gerade bei gro:Gen Dimensionen natiir­
lich nicht gewechselt werden. Die meisten 
Systeme zum Oberfliichenersatz am Hiift­
gelenk weisen eine Monoblockpfanne auf, 
deren Oberfliiche z. B. aufgrund eines er­
hOhten Verschleifies nicht ausgetauscht 
werden kann. In Simulatorversuchen hat 
sich dies zwar als wenig problematisch er­
wiesen (12], es soil aber zu einer ErhOhung 
der lonenkonzentration kornmen, die in­
direkt auf einen erhOhten Abrieb hinweist. 
Wir geben deshalb einem modularen Sys­
tem den Vorzug, <las auch im Revisions­
fall die Moglichkeit bietet, die Pfanne mil 
einem neuen Inlay zu versorgen. 

Fazit fiir die Praxis 

Der Oberflachenersatz am Hiiftgelenk 
bleibt weiterhin eine reizvolle Alterna­
tive zur sehr erfolgreichen Standarden­
doprothetik. Zunehmende Erfahrungen 
und lnformationen Uber die Fehlerme­
chanismen, die bei diesen Systemen eine 
Rolle spielen, werden helfen, die lmplan­
tate weiter zu optimieren und die lm­
plantationstechnik zu verbessern. 
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Modes of Implant Failure After Hip Resurfacing: 
Morphological and Wear Analysis of 

267 Retrieval Specimens 
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() 

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 
histologically. 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 loosening (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 anchorage. 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. 

T he short-term and midterm outcomes of rnetal-on­
metal hip resurfacing. are e~couragin~, particularly ~n 
younger and more active pat1ents1-5. This has resulted m 

rapid acceptance of the technique, which is demonstrated by a 
7.8% rate of resurfacing among all Australian total hip ar­
throplasties in 2007'. However, the Australian hip registry also 
dearly demonstrates an increased risk of revision within the 
first six to twelve months for hip resurfacing. After this initial 

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 reaming, positioning, and cementation of the 
femoral head1

•
10

• Positioning of the joint components, with an 
emphasis on the cup, has been shown to be crucial for de­
creasing wear11

• Patient selection and surgeon operative expe-
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payments or other benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial 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, or a member of their immediate families, are affiliated or associated. 
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Le~: 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 pattern of the respective 

acetabular cup (radial deviation from a pertect spherical cup). 

rience also appear to play important roles in success rates 12
'
13

• 

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 ion concentration by a re­
duction in joint wear is highly desirable to avoid ion side 

grinding -I : 
-I 

i ! 

lateral 

Fig. 2 

effects15
"
16

• 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 

The 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 

Implant 

femoral neck 

Schematics of the preparation of a retrieval head for the biomechanical, morphological, and histological 

analysis. This study concentrates on the results of the surface and morphology analysis. 

C 

() 



THE :iOi/RNAL'_OF _Bo:~_{ & Jornr ;su~G~_RY-; J~_;_s.oRG 
, VoLuME 9o~A, · suPPLEMENr_ 3 ~: 200s 

lpgic'!l;.ap~· l)i~Wlogis~ ~11a1ysis,.tJi~,e~y perpiittjng. a.b~Jte, ... 
)'ri.aers)a.nd.hig Q.f the\reaso% f9r·. f~~)'Ee. iTll:.· a11aly~is .of .the 

• combined fu<liyidu"1 reports .should yielda realisJkcrnss sec­
tion of thewesent siitiatioI1 inhip resurf~cing .. It could give a 
r~Jlson.abl1, _e~tiefiat~ pf the_ s~tµation: for, an_ ,a~bitrar_y_, p~tient 
011tside a. con1ro~ed dinkal stt1dy. lmplantsfrOI11 sro.een dif­
ferent countri~~ :ve7eindµd;d hnhis study; We did not dis­
_ti~gµish b(!~e-f11 illlplal)tS fro1n_ 4iffere11t 1nan_ufacturers, fince 
al111ost)dentical early failure patterns were obs.erved for all 
implant designs .analyzed". 

Pdtient Di1.ta , 
At(ernpts iyeremadeto obtaiil complet~ sets of patient data 
afid- ffieclical re'c?_rd,s, _ i_uc,hiding _ra_diograP,h_i_c, dOcllm~ntati<;m 

,_, -an9 _defcr_iptfo_n:s_-_°,f the_ i~1plaritatio,n _and ~en1ellting_technique. 
( )Dpe to the nature of.the stu1y, the ~vailability of complete data 

sets could IlOt be guaranteed. The m1mber of available cases 
used. in each analysis will be describ.ed: · 

_Wear Measurement 
Tlit! _su;_fa;ce g~()ffieify of e~ch retricfred _illlplzjit_ was _detennined 
with use of a_ S?o'rdi~_aJe_me?surem~~t:r:ria~hine (_M,it~to_yo _BHN 
'sos, Tokyo> Japai,). Foi- the heads, sixtee11 s.ets of planar data 
'Y!fff collected fro')' the equator to the equ~jorthrough th~pole, 
rot~ted c?n~ecµtively hy l l.5° arnun~ the pplar axis, "-'\th a 
co_qI9ina~~- n1e~s~r~d ~xery ~\n;1-fl1 U_sillg _a,1-rn:lll di~~ter ru_by 
pr99e. Th~.i;t111emethod w~s applied to the aFetabular cups but 
~tarting 2 In.IJ1 belo:w the CUP, rj111. 
. . .. A sphere w.~(fitted to the point ?at~ in a manner that 
excluded r'1e worn '.egio11s and inclu.cled 91'.ly the assumed 
o_ri_gin~ _ullwom illlpl.iflt_slfrf~ce. The qi_stance o_f_e~ch ~rea 9£ the 
tri.irgufaied ,P~ints _ tp)fi~ -}lt1wq_f,ll _iph~rical--_s1.frfilc~ -,,~as cal~u­
lated as radial d~yiation and us~d for. the estimation o.f wear 
yolume. Only deviati<)nS greater}h"11 th~ 3 .f.<:!11 jq:µrncy of the 
me,as1.1re_me_nt_ In~_c~~-ey1i;e~e ,consi_~e_7_ed for the vv,r~r-eStimc1tion 

( ·1 (Fig, 1), This method has been describ.ed in detail previously". 

Morphological Analysis 
Aft_er, deteimi_nati~ir;1 of' the sUifaCe, ge_oflletry, _ im,plants were 
analyzed morphologieally and histologically. A 4-mm .slice was 
cut from the polar section of the head using a diamond saw 
(EXAKT 310, Oklah?ma City, Oklahoma); and then radio­
graphed and photographed (Fig. 2). We attempted to orient 
sections toHe in the plane of the fem?ral neck, although this 
was sometimes difficult to assess in cases 'of fracture within the 
head or when the neck had been cut high. Some variation in 
the cutting plane occurred. 

Cup' Inclination, Edge -Wear,_ and_ Reason fo_r- Revision 
The cup inclination angle was determined· from the antero­
posterior radiograph. Theantetorsion angle of the cup could 
not be determined with confidence since no standardized lat­
eral radiographs were available. The cup inclination alone, 
however, gives no reliable indication of the _loading situation 
of the implant in -situ; therefore, edge-wear pattern_, as deter­
mined from the surface topography measurements was chosen 

-_Fli:::('>'}+;_::?i:;\'-::'_Y?i-'.}:-~:-:-\,''. __ :}_'/;/> ____ _ _/_ _ __ _ _ __/, 
The four_ grouPS of r~vis'ion types and the mode of frai;ture. _Type- O: 
failures"Whh6uf an_acUte fracture; rype 1: failtifes With acute' fract_Ures 
cOinplet;iy: !~s,ide,the -resi.nfa_~ing ti'ead; Type' 2: taiiures ;..,,1th acµtE(, 
fractures involving' the rim of the resllrfacing head; Type 3: 'JciOserii_i,g- of 
the aCetBbu!ar cl.Ip., 

as an indicato_r for the rim-loading situation in th_e patient 
Th_is_ cafegorization_ was not b,1sed_ on the magnitude o_f ,yea~ 
(which is highly dependent on the implantation period), but 
rather on the we~r patt~rn, i!_self~ Patterns 4em__oµstrating a_dear 
de.rnarcati.on between ,egiqns of low and high wear of the in]­
plant were consi,dered a clea.r indication of edge wear (Fig. 1). 

On the basis of the images of the central . slices of the 
femoral head and the inf9rfm1tibn sent by the surgeon, _the _im­
plants ,r,ere allocated.to four revi.sion failure-mode groups (Fig, 
3). Implantations with no im;lication _of an' acute fracture as a 
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TABLE I Wear Rate and Implant Inclination for the Two Components of the Implant Pairs with and without Rim-Loading* 

Number of Implants Mean* Median* Standard Dev1at1on* Mrn1mum* Maximum* 

Wear Rate 
Rim-Loadingt 

No 
Cup 
Head 
Total 

Yes 
Cup 
Head 
Total 

lnclination1' 
Rim-Loading 

No 

·. 

17 0.0016 
12 0.0011 
12 0.0030 

15 0.0435 
14 0.0238 
14 0.0716 

0.0001 0.0038 
0.0000 0.0016 
0.0009 0.0046 

0.0335 0.0441 
0.0256 0.0148 
0.0768 0.0526 

0.0000 
0.0000 
0.0000 

0.0019 
0.0038 
0.0057 

0.0134 
0.0038 
0.0143 

0.1639 
0.0613 
0.1941 

Cup 
Head 

Yes 

17 
12 

49.8 
50.8 

50.5 
50.5 

5.7 
5.6 

42.0 
45.0 

61.5 
61.5 

Cup 
Head 

15 
14 

58.5 
58.1 

57.8 
63.0 

10.3 
11.2 

45.0 
41.0 

75.0 
75.0 

*The values for the wear rate are given in mm3/day, and 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). 
'!'The inclination angle specified for the head represents the inclination angle for the respective cup. The difference in cup inclination angle 
between the 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 I (fracture entirely within the head) or Type 2 (fracture 
outside the edge of the implant). Other fracture modes were not 
identified. These groups are redefinitions of the five groups 
defined in an earlier paper an.d reflect the further information 
gained from the analysis of200 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% (a= 
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. 

Results 

Atotal of 267 specimens were available for analysis. Of 
these, the femoral head component was the most com­

mon (84%). The main indication for surface replacement was 
primary osteoarthritis (75%), followed by hip dysplasia ( 11 % ), 
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 total 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 =c· ) 
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 I). 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 tl1e failures occurred in the first fifty 
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TABLE II Time to Revision for the Different Groups According to Reason for Revision 

P Value§ 

Time to Compared compared Compared 
Reason for Number of Valid Revisiont with with with 

Type Revision Implants* Numbert (days) Type 2 Type 1 Type 3 

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 19 (9.0%) 14 423.4 ± 319.2 0.013 0.485 

0 No acute 52 {24.5%) 33 722.15 ± 479.9 <0.001 0.098 
fracture 

Compared 
with 

Type 0 

0.098 

() 
*The values represent the total 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. tThe values are given as the mean and 
the standard deviation. §The p values pertain to the pahwise comparisons between types (power= 1.00). 

( 

implantations of a respective surgeon. After approximately 100 
procedures, this tendency decreased12-14. 

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 years6

• 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

i 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 oflarge 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 betvveen 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.". Theim­
plants demonstrating edge-loading had a mean inclination 

angle far outside the safe zone (59°). The difference of 8.7° 
betvveen 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-loading20

• 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 pseudotumors21

• Reducing metal wear by opti­
mizing design, materials, manufacturing, and component 
placement should only lead to positive side effects because a 
dose-effect relation benveen metal ion concentration and 
negative side effects is present22

• High metal wear due to in­
appropriate component placement has to be prevented by all 
meansu. A recent clinical study investigating metal ion con­
centrations showed very similar results with respect to critical 
inclination of the cup23

• 

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 also 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 
norm5

'
25

'
26

• 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 mm3/yr)27
• 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 monobloc 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 bone26

• Continuous impingement can also be a 
reason for cup loosening. 

Regarding fractures of the femoral neck, the reasons are 
less clear. The situation 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 forcesw (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 fracture13

• 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 zone30

• 

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 1 to 5 mm was present in 91.4% of the implants31. 
These results, together with a detailed histological analysis, will 
be presented in a later report. 

94 
MODES OF IMPLANT FAILURE AFTER HIP RESURFACING 

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. 11 

NOTE: The authors greatly acknowledge the advice and support of Guido Sauter, MO, !n the his· 
tolog!ca! and morphological analysis of the specimens. 
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Table 1. Baseline Characteristics · 

Charactetistlc H1'A Studies Tl!A Studies 
No. of studies [5 22 
No. ol hlps (patients) 3269 (3002) 6408 (5907) 
Average age, y (SD; range) 46.6 41.4 

(6, ]; 34.2·56.8) (6.1; 32.0-55.4)* 
Average of mean length of 3,9 (2.l; 8,7·0.56)j 8.5 {2.4; l3.5-4.8)i 

follow-up, y (SD; range) 
Bearing surface (no. of studies) 
MOM 15 2 
MOP 0 17 
COP 0 l 
COM 0 I 
Multiple 0 J 

Diagnosis§ 
Osteoarthritis 1853 3709 
Avasrular necrosis 207 892 
Developmental dyspJasia 18[ 446 
Rheumatoid arthritis 24 200 
Childhood disorder 42 66 
Other 113 130 

MOM indicates metal on metal; MOP, metal on poly; COP .. ceramic on 
poly; COM, ceramic on metal; multiple, multiple types of bearing 
sudaces 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 partidpants. 
t Eskclinen 2006 did not provide an average length of foUow•up for 

study participants. 
§ Not all studies listed specific numbers for diagnosis. 

searched to identify additional studies. The search was 
restricted to English language studies. 

Selection Criteria 
Inclusion criteria for studies were established a priori. 

Studies were induded in the systematic review if they met 

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 TI£A with 
modem cementless components or hip resurlacing arthro­
plasty (HRA), (iii) the study either compared THA and FIRA 
groups or reported on a single cohort of either TI!A or FIRA 
patients, and (iv) study reported at least one of the 
predefined primary end points of femoral failure due to 
any reason, femoral failure due to revision, and femoral 
failure due to mechanical reasons. 

Validity Assessment 
Methodological quality assessment was performed by a 

single reviewer by assigning nonrandomlzed studies a 
Methodological Index for NonRandomized Studies score. 

Data Abstraction 
All variables intended for data abstraction werec 

established a priori and included the following: baseline ~) 
participant demographics, interventiorts ('ULA and HRA 
information), and outcome variables. Two reviewers 
independently abstracted outcome data from the 
included studies, and disagreements were solved through 
consensus. The remaining variables were extracted by a 
single reviewer. 

Analysis 
Event 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 (C!s). For 
comparison studies, odds ratios (ORs) and 95% C!s were 
calculated for dichotomous end points. Where possible, 

( Table 2. Total Hlp Arthroplasty Studies Included in Meta-Analysis 
.,uthor Journal (y) Average Follow-Up No. of Hip~..;) Average age (y) 

Aldlngcr et al (8] Acta Drthop Scan (2003) 12 y 47 [54 
Capello ct a I [9J J Bone Joint Surg (2003) 11.2 y 39 1 l l 
Chiu et al [JO] J Arthroplasty (200 I) 7.6y 33 6[ 
D'Antortio et al [I I] Clin Orthop {1997) 6.By 38.4 155 
Dowdy et al (121 J Arthroplasty ( 1997) 5.3 y 42 41 
Ellison eta! (13] J Arthroplasty (2006) 92.6 mo 34.7 249 
EskeUnen et al [14] Aeta Otthop Scan (2006) 10 y <55 5607 
Fye ct al (15] J Arthroplasty (]99S) 84mo 37 72 
Giannikas et al [16] J Anhroplasty (2002) 4.8y 55 7[ 
Glassman et al J17] Orth Tran ( 1996) 8 y 39.1 242 
Jacobsen et al [ 18] Acta Otthop Scan (2003) 7.6 y 50 97 
Keams er al [l 9] Clin Orthop (2006) 8.4 y 41.1 299 
Kim et al [201 J Bone Joint Surg (20041 7y 37 68 
Kint et al [21] J Bone Joint Surg (2003) 9.8 y 46.8 118 
I<ronfck et al (22] Clin Onhop ( 1997) 8,3 y 37.6 174 
McAuley et al [23] Clin Onhop (2004) 6.92 y 40 561 
MCLaughUn et al (241 Clin Ottho (2000) 10.2 y 37 lOO 
Migaud et al [24] J Arthroplasty {2004) 68.7 mo 39.8 78 
Nercessian et al [25] J Arthroplasty (2001) 10.5 y 48.3 52 
Okott et al [26] Orth Tran (1996) 12.5 y 48 46 
Petsatodes et al {27] J Arthroplasty {2005) 13.5 y 47.5 205 
Piston et al [28] 32 35 J Bone.Joint S.\l!fl (1994) 7.5 y 
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Table 3. Hip Resurfacing Studies Included in Meta-analysis 

Author Journal (Y) 

Amstutz et al 129] J Bone Joint Surg (2004) 
Amstutz el al 130] Ortho Clln N Am (2005) 
Amstutz et al 131) J Bone Joint Surg {2007) 
Beaule el al 148] Clin Orthop (2004) 
Beaule et al {32] J Anhroplasty (2004) 
Daniel et al 133] J Bone Joint Surg (2004) 
De Smet et al 134] Orth Clin N Am (2005) 
Hing eta! 150] J Bone Joint Surg (2007) 
Lilikakis et al 1351 Onho Clln N Am (2005) 
Mont et al 136 J J Bone Joint Surg (2006) 
Revell et al 137] J Bone Joint Surg (2006) 
Schmalzried et al 138] Clin Orthop (1996) 
Siclx,I et al [39] J Mech Eng (2006) 
Stelfen et al [40] J Bone Joint Surg (2008) 
Treacy et al [41) J Bone Joint Surg (2005) 

ORs were sununarized using common ORs and their 

(
s,-specrive 95% Cis. 
)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 summary characteristics of all stuclies included 

in the meta-analysis are listed in Table I. Twenty-two 
studies evaluating TIIA with a modern cementless 
femoral components in young patients were identified 
using the aforementioned search criteria. There were 
5907 patients (6408 hips) with a mean average 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 meta­
analysis for THA. 

Fifteen studies evaluating hip resurfacing were identi­
( )i using the aforementioned search criteria. There were 

Table 4. Hip Resurfacing and Femoral Component (TiiA} Used 
in Studies 
Hip Resurfacing Implant 
(Manufacturer) 

ASR (Depuy. Warsaw, IN) 
Birmingham {Smith and 

Nephew, Memphis, TN) 
Conserve {Wright Medical, 

Arlington, TN) 
Corin (Corin Medical, 

Cirf'Jlcester. UK) 
Connet (Stryker, Malwah, NJ) 
Durom (Zimmer, Warsaw. IN) 
McMinn {Corin Medical) 
Wagner (Sulzer, 

Haropshlre, UK) 

Femoral Implant Hip Arthroplasty 
(Manufacrurer) 

ABG (Stryker) 
AML (Depuy) 

Autophor 900 (Osteo AG, 
Selzach. Switzerland} 

Bi·Metric {Biomet, Warsaw. IN) 

CLS (Sulzer) 
Mallory-Head (Biomet) 

Omnifit (Stryker) 
Profile (Depuy) 

SROM (Depuy) 
Taperloc (Biomet) 

Zweymuller (Sulzer) 

Average Follow.up Average Age No. of Hips 

3.5 y 48.2 400 
4.7y 38.l 25 
6y 43.7 59 
3y 34.2 94 
8.7 y 47.5 42 
3.3 y 48,3 446 
2.8y 49.7 252 
5y 52.l 230 
28.5 mo 51.5 70 
38mo 40 42 
6.1 y 43 73 
16 mo 42 21 
202 d 56.8 300 
4.2 y 51.8 610 
24mo 52.I 144 

3002 patients (3269 hips) witlJ a mean average age of 
46.6 years (range, 34.2-56.8 years). The mean average 
follow-up across 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 
TIIA femoral components were cementless designs. All 
hip resurfacing components were of tlJe hybrid type, with 
a cementless acetabular component and a cemented 
femoral component. 

Pooled Failure Rates 
Table 5 lists tlJe pooled failure rates for those stuclies 

reporting overall failure for any reason (revision + radio­
graphic failure) for modem cementless TIIA (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). 

The pooled failure rates of the femoral component in 
both TIIA 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% Cl, 
2.7%-3.7%) ata mean average follow-up of 8.4years. The 
pooled failure rate of tlJe femoral component in hip 
resurfacing using revision of the femoral component for 
any reason (aseptic loosening, infection, dislocation, 
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 llRA 

End point Model n % {95% CI) n 

Overall failure rate FD<ed 15 4.6 (3.7-5.6) 19 
Random 15 3.7 (2.0-6.5) 19 

MA indicates meta-analysls. 

TiiA 

% (95% Cl) 

16.1 (14.9-17.3) 
11.6 (7.5-17.4) 
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'!llble 6. Acetabular Failure Rates 

MA HRA THA 

End point Model n % (95% CI) n % {95% CI) 

Cup failure rate Fixed 15 2.8 (2.0-3.9) 21 14.l (13.1-15.2) 
due to any 
reason 

Random 15 1.4 (0.5-3.4) 21 10.5 (7.0-15.4) 

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

Proportion of Femoral Component Failures 

1 
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, modem cementless 
femoral component failures requiring revision surgery for 
any reason in TBA accounted for 14.7% (95% CI, 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 
[42J. Early results however were poor with unacceptably 
Wgh 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, 
j,h, resurfacing now represents 7.9% of all hip arthro­
\ .;ties, and 46 % of patients younger than 5 5 years 
undergoing arthroplasty in the United Kingdom had a 
resurfacing [ 4 s .46]. 

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

Table 7. Femoral Failure Rates 

En<! point 

Femoral failure rate due to reVision surgery 

Femoral failure rate due to any reason (including radiographic failure) 

Femoral failure due to mechanical failme requiring revision surgery 

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 I 0-year 
follow-up. This femoral component was ultimately 
abandoned due to concerns with surface finish and distal 
geometry. Interestingly, the cemented Chamley femoral 
sterns 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 results of modem cementless THA in young 
patients are quite encouraging [8-28.47]. A meta-analysis 
of cernentless 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 patients) 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. Only 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-tenn data available on the 
current designs of hip resurfacing. The short to inter­
mediate-tenn data that are available. while as whole 
show acceptable results, 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 common 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 

MA 
HRA THA 

Model n % (95°/o Cf) n 0;{) (95% er, 

Fixed 15 2.7 (2.l-3.5) 22 3.l• (2.7-3.7) 

Random 15 2.7 (1.8-4.0) 22 2.7* (2.l-3.51 

Fixed 15 2.8 (2.l-3.5) 22 3.4• (2.9-4.01 

Random 15 2.8 (2.0-4.0) 22 3.2· (2.4-4.2) 

Fixed 15 2.6 (2.0-3.4) 20 u• 11.0-1.11 

Random 15 2.4 (l.5-3.8) 20 u• 11.0-1.11 

• Eskelinen et al tI4] recorded femoral failure rates for modern aad nonmodem femoral stems. In this analysis, outcomes associated with 
nonmodem femoral stems were exduded from the pooled femoral failure rare. 

(J 

(~) 
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cumulative 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 cumulative 
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 failures, 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 
uncertain clinical significance. Interestingly, the older 
age group had improved survivorship compared to a 
younger cohort of patients. Hing [49] also reported an 
independent review of their first 230 hip resurfacing. 
Survivorship for worst case scenario was 97.8% at 5 
years. Radiographic 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 anhroplasty for disease 

other than primary osteoarthritis. Secondary arthritis due 
to avascular necrosis and dysplasia are common 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, respectively, in group of young 
patients with avascular necrosis. Amstutz [31] reported a 
10% failure rate of hip resurfacing in 59 patients with a 
diagnosis 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 J has reported that men lose 18% and women 
25% of their bone mmeral density in the femoral neck 
from age 30 to 70. llitter et al [52] evaluated failure 

(_ )ides of an older generation resurfacing and found that 
,e average time to failure was 9.7 years. All late femoral 

failures (>l O 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 5 5 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 Unized States shows a 7.4% adverse 
event rate and includes 9 nerve palsies and 9 dislocations. 
There were 14 reoperations (7.4%) vvithin the first year 
and 10 for femoral neck fracture [53]. 

As with any procedure, patient selection is critical to 
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. 1n addition, the ability to alter 
the biomechanics of the hip joint with regard to leg 
length and offset are limited with hip resurfacing 
[55,56]. In such instances, patients may be belter 
optimized with THA. 

We have shown in this meta-analysis of modern 
cementless femoral components a low rate of mechanical 
failure (1.3% at 8 years) of the femoral component in 
young patients undergoing THA. The femoral component 
in hip resurfacing likewise shows a low failure rate (2. 7%) 
but only at short-terrn follow-up. In addition, manyoftlie 
total hip studies analyzed implement poor bearing 
surfaces (non-cross-linked polyethylene) with high 
rates of osteolysis. The advent of modem bearing surfaces 
combined with these cementless stem designs is to. be 
hoped to improve on the current results. The strength of 
this study includes the large number of patients analyzed 
with surgery performed by multiple surgeons and a 
variety of Implants. Potential limitations are the retro­
spective review of the study, the limitations of each 
individual study, and the potential overlap of included 
patients who could be potentially reported twice in articles 
by .the same author. 

There is little doubt that hip resurfacing has an appro­
priate role in the arthroplasty arena, and the perceived 
benefits are appealing to both surgeons and patients. The 
pre~ervation of proximal femoral bone stock in a young 
patient is advantageous and may yield to a potentially 
easy conversion to THA when failure occurs [57]. 
Surgeons and patients however should feel comfortable 
with the durability of modern cementless femoral 
component in this patient population. Our meta-analysis 
data show twice the mechanical failure rate of the 
femoral component in hip resurfacing with half the 
follow-up compared to modem cementless femoral 
components in TIIA. We believe that modem cementless 
femoral components should be used as the benchmark 
for· comparison in hip resurfacing. Longer follow-up of 
resurfacing and prospective direct comparison trials are 
required to confirm these findings. 
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