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Abstract The survival of acetabular components depends on
several factors: wear, osteolysis and septic or aseptic
loosening. Osteolysis seems to be the main cause for concern
in cementless arthroplasties. Acetabular osteolysis results
from particle debris and segmental unloading of acetabular
bone by rigid sockets. We investigated a cementless elastic
monoblock socket with regard to acetabular osteolysis and
aseptic loosening in a cohort of young patients. We evaluated
158 hip arthroplasties with a minimum follow-up of ten years
(ten to 18) and a mean age of 42 years (18-50). The overall
revision rate at 14 years was 80% with a 98% survival rate for
aseptic loosening. The mean polyethylene wear rate was
0.11 mm/year. Progressive acetabular osteolysis was seen in
3% of patients evaluated. In conclusion, we found low pelvic
osteolysis rates, acceptable overall wear rates, satisfactory
overall survival and excellent survival rates for aseptic
loosening of'a cementless elastic monoblock socket in patients
younger than 50 years. Ongoing tribology developments and
knowledge about acetabular bone adaptations behind acetab-
ular implants will further lower wear and osteolysis rates and
optimise survival rates of cementless sockets.

Introduction

Although cementless sockets seem to be the primary option
for young patients, there are not many reports presenting
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long-term survival data for cementless sockets in patients
under 50 years [1-5]. Nearly all describe long-term results
using rigid metal-backed acetabular systems.

In 1967 Robert Mathys Sr. developed the uncoated
cementless RM elastic monoblock acetabular component
(Fig. 1). This socket was based on the philosophy that the
elastic modulus of the polyethylene RM socket (approxi-
mately 1,000 N/mm?), in contrast to rigid metal shells
(approximately 105.00 N/mm?), mimics the elastic properties
of acetabular bone (approximately 500-600 N/mm?). The
resulting physiological distribution of articular forces protects
the acetabular bone and provides optimal conditions for
ingrowth, and subsequent long-term component fixation. The
purpose of this retrospective study was to evaluate the effect
of the cementless elastic monoblock socket on acetabular
osteolysis and long-term survival for aseptic loosening in
young patients.

Materials and methods

During the period from 1990 to 1997, 158 hip arthroplasties
were performed on 131 patients less than 50 years old. The
mean age was 42.4 years (range 16-50); 67 were female
and 64 were male. The indications for hip arthroplasty in
this cohort are presented in Table 1.

A posterolateral approach was used in all patients, with
direct full weight-bearing while allowing crutches during
the first six weeks after surgery. The cementless RM
monoblock (Mathys Ltd., Bettlach, Switzerland) socket
was used in all patients. This monoblock socket is made
from ultrahigh molecular weight polyethylene (UHMWPE)
sterilised by gamma irradiation in air (Chirulen, ISO 5834/2
from GUR 1120, MediTECH, Vreden, Germany) with a
heat pressed titanium coating using two anchoring pegs and
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Fig. 1 Cementless Robert Mathys elastic monoblock socket

additional screw fixation for primary stability. In 99 hips a
CLS Spotorno (Zimmer Ltd., Warsaw, IN, USA) femoral
stem was used, 38 hips received an isoelastic RM (Mathys
Ltd., Bettlach, Switzerland) stem, 16 hips a Wagner SL
stem (Zimmer Ltd., Warsaw, IN, USA) and in five hips a
Wagner cone stem (Zimmer Ltd., Warsaw, IN, USA) was
implanted. All femoral heads were 28 mm with metal on PE
articulation in 58 hips and ceramic on PE in 100 hips. All
patients received perioperative antibiotics and deep vein
thrombosis prophylaxis.

At the latest outpatient visit, all patients were clinically
evaluated using the Harris hip score (HHS) and the Merle
D’Aubigné/Postel questionnaires (Fig. 2). We defined an
excellent to good clinical score as HHS of 100-80 and
Merle D’ Aubigné/Postel of 18—14.

Radiographic evaluation

Observations and measurements were based on standardised
anteroposterior pelvic and lateral hip radiographs made early
in the postoperative period and at the latest follow-up visit.
Correction of magnification was attained for all measurements
using the femoral head. All radiographs were evaluated by
two authors (DP, JB) and disagreements were resolved
through consensus.

Socket migration was evaluated using the method
described by Massin et al. [6]. Acetabular component
migration of >3 mm in the vertical or horizontal plane and
change of cup inclination of >8° were classified as
radiographically loose [7]. Wear was measured using
methods described by Kang et al. [8]. Acetabular osteolysis
was evaluated using the acetabular zones described by
DeLee and Charnley [9]. It was deemed significant when
progressive, measuring >2 mm and occupying more than
50% of the acetabular zones. Heterotopic ossification (HO)
was graded according to Brooker et al. [10].
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Statistical analysis

We classified failure as revision of the acetabular component
due to septic or aseptic loosening and PE wear. Survival
analysis was calculated using the Kaplan-Meier method. We
performed both best and worst case scenario analysis during
the survival analysis. A logistic regression model was
performed to evaluate the effect of patient age, gender, stem
type, diagnosis, previous surgery and acetabular inclination on
acetabular revision. Cox’s proportional hazards model was
used to examine the survival rates for different patient and
component factors.

Results

The mean follow-up period was 13.2 years (range ten to
18). During this period, four patients (five hips) died
without any relationship to the performed arthroplasty.
Clinical and radiographic analysis showed no complications
of their arthroplasty. Four patients were lost to follow-up,
mainly due to emigration.

Acetabular survivorship analysis

During the study inclusion period 158 hip arthroplasties
were performed in 131 patients. Acetabular revision had
been performed on 20 patients by the latest follow-up.
During our latest follow-up two patients were scheduled for
acetabular revision. Our survival analysis was performed on
the basis of 22 (14%) acetabular revisions. The reasons for
revision and additional data are listed in Table 2.

At ten years four patients (3%) had undergone acetabular
revision. At the time of the latest follow-up two patients
(1%) had undergone revision for aseptic loosening, two
patients (1%) for malposition and four patients (3%) for
trauma sequelae. In seven patients (4%) acetabular wear
was the primary reason for revision. During seven (4%)
femoral revisions the surgeon decided perioperatively to

Table 1 Preoperative diagnosis

Hips (V)
Primary osteoarthritis 46
Secondary osteoarthritis
Rheumatoid disease 29
Hip dysplasia 38
Osteonecrosis 13
Trauma 16
Other causes 16
Total 158
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Study Inclusion N=158 hips

Lostto FU N=3 Deceased N=5 Revisions N=20

Radiological and Clinical Follow up N=130

Planned for Revision N=2

Surviving Hips N=128

Fig. 2 Study inclusions

revise the acetabular component for minor to severe wear of
the socket.

A worst case survival analysis showed 98% survival (95%
confidence interval: 95-100) at ten years and 80% survival
(95% confidence interval: 72-89) at 14 years (Fig. 3).
Survival for aseptic loosening of the RM cup at ten and
14 years was 99% (95% confidence interval: 98—100) and
98% (95% confidence interval: 96-100) (Fig. 4). Survival
analysis for wear showed 99% survival (95% confidence

Table 2 Revision summary

interval: 98-100) at ten years and 86% survival (95%
confidence interval: 78-94) at 14 years follow-up. Wear
analysis for the two featured articulations showed 80%
survival (95% confidence interval: 68-91) for the metal on
PE articulations and 95% survival (95% confidence interval:
87-100) for the ceramic on PE articulations at 14 years
(Fig. 5).

Log-rank analysis for type of articulation and revision
showed a statistical difference (p=0.009) in favour of the

Age M/F Implantation Indication Revision Indication Articulation Stem
Case

1 46 M 23-9-1992 Sec. 28-9-1992 Malposition cup Metal-PE RM
2 45 M 10-06-1994 Prim. 12-10-1994 Malposition cup Ceramic-PE CLS
3 43 M 21-4-1992 Sec. 9-1-1998 Trauma Metal-PE RM
4 46 F 13-1-1993 Sec. 15-4-1999 Aseptic loosening Metal-PE CLS
5 45 M 17-8-1992 Sec. 19-2-2004 Wear® Metal-PE RM
6 25 M 15-5-1990 Sec. 8-4-2004 Wear® Metal-PE RM
7 40 M 18-1-1994 Sec. 10-5-2004 Wear® Metal-PE CLS
8 42 F 24-2-1992 Sec. 1-1-2005 Trauma Metal-PE RM
9 43 F 30-11-1992 Sec. 20-1-2005 Wear® Metal-PE CLS
10 28 F 19-12-1991 Sec. 15-4-2005 Wear” Metal-PE RM
11 49 M 22-6-1993 Sec. 15-9-2005 Trauma Metal-PE CLS
12 47 F 22-10-1993 Prim. 4-11-2005 Wear” Metal-PE CLS
13 29 F 10-11-1992 Sec. 23-11-2005 Wear” Metal-PE RM
14 48 M 21-6-1993 Prim. 19-1-2006 Aseptic loosening Metal-PE CLS
15 25 F 24-1-1994 Sec. 2-8-2006 Wear” Metal-PE CLS
16 48 M 4-11-1992 Prim. 12-9-2006 Wear® Metal-PE RM
17 46 M 10-11-1995 Sec. 12-9-2006 Trauma Ceramic-PE CLS
18 45 M 3-4-1995 Sec. 9-10-2006 Wear” Ceramic-PE CLS
19 30 F 13-4-1993 Sec. 28-2-2007 Wear” Metal-PE CLS
20 49 M 16-04-1993 Prim. 17-7-2007 Wear® Metal-PE CLS
21 47 F 28-12-1993 Prim. 20-08-2007 Wear® Ceramic-PE CLS
22 43 M 16-11-1992 Sec. 05-09-2007 Wear® Metal-PE CLS

? Primary reason for revision is femoral osteolysis with acetabular wear

b - .. .
Primary reason for revision is acetabular wear

@ Springer



1448

International Orthopaedics (SICOT) (2011) 35:1445-1451

Survival Function

1.0

08

06~

0.4

Cum Survival

02+

0,0+

T T T
00 50 100 150 200

Fuyr

Fig. 3 Kaplan-Meier curve of the overall survival of the RM cup

ceramic on PE articulations. The Cox proportional hazards
regression analysis showed a 6.8 (1.5-30.5) times higher
odds ratio for revision in a metal on PE articulation. A
logistic regression model showed no effect on revision for
factors including age, stem type, gender, diagnosis, previous
surgery and acetabular inclination.

Femoral revision

During the follow-up period, 24 patients (15%) underwent
femoral revisions. Sixteen RM stems, six CLS stems and
two Wagner stems had been revised prior to the follow-up.
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Fig. 4 Kaplan-Meier curve of survival rate for aseptic loosening of
the RM cup
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During seven of these procedures, acetabular revision was
simultaneously performed due to wear of the monoblock
RM system. All patients who underwent exclusively a
femoral revision remained in the survival analysis for the
RM acetabular component.

Clinical results

Of the remaining 130 hip arthroplasties, 102 (79%) had
excellent to good HHS. At the latest clinical evaluation,
nine patients (7%) showed fair and 19 (15%) had poor
results. Only 11 patients (9%) showed poor clinical results
using the Merle D’ Aubigné/Postel questionnaire. All other
patients achieved excellent to good scores on the Merle
D’Aubigné/Postel questionnaire.

Radiographic results

Pelvic radiographs were available for all patients who were not
lost to follow-up and who were still alive. In Table 3
radiographic parameters are shown comparing the revised
group with the non-revised group. At the final follow-up
three sockets showed a significant advancement in inclination
and also showed significant horizontal and vertical migration.
Two patients showed only a significant vertical migration.
Two patients were considered as outliers for horizontal
and vertical migration (5.0 mm, 10.5 mm and 10.5 mm,
32.5 mm, respectively). The first patient showed excellent
clinical scores with significant wear and refused revision
due to lack of symptoms. The second patient had a poor
clinical score, showed significant wear but refused revision.
We analysed the migration patterns for the two articulations
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Fig. 5 Kaplan-Meier curve for wear of the RM cup and articulation
type
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Table 3 Radiological evaluation

Non-revised sockets

Revised sockets

Postoperative At follow-up Postoperative Before revision
Patient numbers N=130 N=130 N=20 N=20
Inclination (range) 35° (10-63) 35 (10-60) 37° (18-62) 37° (19-63)
Migration horizontal 1.9 mm 1.4 mm
Migration vertical 2.4 mm 1.8 mm

Wear (Kang et al. [8])

0.11 mm/year (range 0—0.68)

0.16 mm/year (range 0.02—0.46)

used in our study. All reported outliers mentioned above
were patients with a ceramic on PE articulation. We found
no statistical difference for either horizontal (mean:
1.5 mm; 1.9 mm), vertical (mean: 1.8 mm; 2.3 mm) and
inclination (mean: 2.3°; 2.8°) migration for, respectively,
the metal on PE and ceramic on PE articulations.
Heterotopic ossification, HO was seen in 46 patients (grade
1=18, grade 2=11, grade 3=15, grade 4=2). Significant
progressive acetabular osteolysis was seen in four patients
(3%), mainly cavitary osteolysis found in DeLee and
Charnley zone 1 adjacent to the fixation screws.

Complications

In our cohort seven arthroplasties (4%) had one or more
dislocations, two of which required simultaneous acetab-
ular and femoral revision and in three cases in isolated
femoral stem revisions. There were three infections for
which one patient underwent operative débridement.
Femoral fractures were seen in six cases: three during
implantation and three during the follow-up period. One
patient showed sciatic nerve irritation due to a postoper-
ative haematoma; the symptoms resolved following
conservative treatment. Surgical treatment was indicated
for two patients suffering from grade 4 HO. Two patients
had postoperative urinary tract infections which were
treated with oral antibiotics.

Discussion

Total hip arthroplasty (THA) is a very successful orthopaedic
procedure [11], but there is no consensus in defining the
optimal socket fixation method, especially for young
patients [12]. Although cementless sockets are often
advocated in young patients, patients younger than
50 years are more susceptible to wear, osteolysis, implant
loosening and failure because of their increased activity
level [13—15]. Publications specifically investigating long-
term results for a homogeneous group of cementless
sockets in patients under 50 years are scarce. McLaughlin

and Lee reported a 56% revision rate at ten years using the
T-Tap socket in patients aged 50 years or less [1].
Comparable results were published by Utting et al. who
reported 55% impending Harris-Galante I revisions at a
mean follow-up of 13.6 years for patients with a mean age
of 40 years [4]. The same socket was used by Crowther
and Lachiewicz and Duffy et al., both with better survival
rates of 98 and 88%, respectively, at ten years in young
patients [2, 3]. Kim et al. implanted 102 Duraloc Option
acetabular components in 73 patients with a mean age of
38 years [5]. They reported a cumulative acetabular
survival of 99% at 11 years.

All these publications, however, concern long-term
results of modular acetabular systems.

In a review of the Finnish Arthroplasty Register in
2008, Mikeld et al. raised concerns about wear-related
revisions for modular cementless sockets [16]. The
authors emphasised this problem because of the high
proportion of reported liner/wear-related problems. In
2002 Young et al. reported a comparative study between
modular and monoblock systems, both using PE sterilised
by gamma irradiation in air [17]. In that study the
monoblock system demonstrated a lower mean true wear
rate and significantly (p=0.01) less osteolysis. Liner-shell
conformity, optimisation of clearance, increased polyeth-
ylene thickness, absence of a locking mechanism and no
liner-shell micromotions (backside wear) are factors in
favour of monoblock systems.

The PE that had been gamma irradiated in air, which we
used in our study, showed a mean articular wear of 0.11 mm/
year. These values correspond well with articular wear in the
literature on cementless modular sockets (0.08 and 0.18) [18,
19], monoblock sockets (0.05-0.17) [20, 21] and even
cemented sockets in young patients (0.06 and 0.12) [22,
23]. In our study, approximately one third of the articulations
used were metal on PE. In accordance with other authors
[21, 24, 25], this resulted in an increased risk for revision for
PE wear with a survival of 80% (95% confidence interval:
68-91) at 14 years compared with a superior long-term
survival rate of 95% (95% confidence interval: 86.8—100) for
a ceramic on PE articulation. The ceramic on PE articu-
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lations showed a non-significantly higher mean migration
rate mainly due to the several outliers found in our analysis.

Seven sockets were revised during femoral revision
surgery. Regional acetabular PE wear was estimated to
range from minor to severe during femoral revision surgery
although during preoperative planning there was no
intention to perform an acetabular revision. The decision
to revise the acetabular component was simplified due to
the relative ease with which the socket can be revised.
Nearly all known monoblock sockets are made by fixing a
PE liner into a rigid metal shell during fabrication. In cases
of an impending revision, the all poly construction of the
RM socket has the advantage over these metal-shelled
monoblock sockets due to its relatively easy revision
method [26, 27]. Using an acetabular reamer and sufficient
irrigation, the socket can be removed with the least amount
of acetabular bone stock damage.

Almost all instances of progressive periacetabular
osteolysis seen on the pelvic radiographs were cavitary
osteolytic lesions mainly found in DelLee and Charnley
zone 1. This could be explained by the adjacent screw
which can act as a pathway for PE particles.

The osteolysis rates found in our study of the RM socket
compare favourably to data reported on cementless acetab-
ular components [17, 28] and are comparable to the known
low osteolysis rates for monoblock sockets [21, 29].

The concept of a coated elastic monoblock socket has
remained unique. The advantage of this concept is the
osseointegration potential of the titanium coating which does
not affect the elastic properties of the socket. The elastic
modulus of the socket permits transmission of physiological
articular stresses and thereby reduces acetabular stress
shielding and the development of acetabular osteolysis.

In 2008 Ihle et al. reported the longest follow-up for an
RM socket [24]. They presented data on 93 consecutive
RM sockets at a mean follow-up of 19 years. Cumulative
acetabular survival analysis for any reason showed an
excellent survival rate of 83% (95% confidence interval:
73-90) at 20 years. Regression analysis showed a fourfold
risk for acetabular revision in younger patients.

A worst case survival analysis of the 158 hip arthroplasties
reported in our study showed the somewhat lower survival of
80% (95% confidence interval: 72-89) at 14 years. The
patients presented in our study, however, had a lower mean
age (42 vs 52) and there were more metal on PE articulations
which resulted in more wear and revisions.

This study presents long-term follow-up data relating to
a cementless elastic monoblock socket in a large cohort of
young patients with a nearly complete clinical and
radiological follow-up. A drawback of this study is the
retrospective design, two different articulation types and the
different stem types used which both interfere with
determining the survival of the RM socket alone. Although
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this study has limitations, our report shows good clinical
outcome, low osteolysis rates and excellent long-term
survival rates for aseptic loosening of a cementless elastic
socket in young patients.

Ongoing tribology developments and knowledge concern-
ing acetabular bone adaptations behind acetabular implants
will further lower wear and osteolysis rates and could
optimise survival rates of cementless sockets.
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